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Preface

This book complements another title, Trenchless Technology: 
Pipeline and Utility Design, Construction, and Renewal, published 
by McGraw-Hill and WEF Press in 2005. The main idea for 

this book came from a series of trenchless techno logy operator and 
inspector training schools the author has offered since 1998. The 
need for proper planning and partnering among owners, engineers, 
and contractors in design, contract and project execution is especially 
critical in trenchless technology projects where many uncertainties 
are involved. However, development of new equipment and methods 
and increased level of equipment sophistication and capabilities is 
not a substitute for experience and training of operators and field 
personnel, even it has increased this need. A safe and successful 
trenchless project depends on skills, training, and experience of 
operators, field personnel, and project inspectors. The main objec-
tive of this book is to highlight some critical aspects of trenchless 
installation and inspection, and provide conceptual guidelines for 
proper execution and quality control of these projects. This book 
will be of use for all parties in a trenchless project as it provides 
planning, design and construction, inspection, and project manage-
ment concepts.

Chapter 1 begins with an overview of buried pipe history, pipe-
soil interaction, and continues with comparison of open-cut and 
trenchless method of pipe installation. A description of trenchless 
installation methods, including conventional pipe jacking, utility 
tunneling, horizontal earth boring (horizontal auger boring, horizon-
tal directional drilling, microtunneling, pilot-tube microtunneling, 
and pipe ramming), are included. An important part of this chapter 
includes characteristics and applications, including capabilities and 
limitations for trenchless installation methods. This information will 
be helpful to utility owners and design and consulting engineers to 
properly select appropriate trenchless installation methods based on 
their project specifics and site conditions. This chapter concludes 
with a summary of safety considerations and potential risks/impacts 
to pavements and adjacent utilities.
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Chapter 2 focuses on existing pipeline renewal and replacement 
methods. It includes planning and design process, method appli-
cability, and descriptions of different renewal and replacement 
methods. To help with planning and method selection process, this 
chapter includes decision support systems for both gravity and 
pressure pipeline systems. This chapter concludes with an overview 
of emerging design concepts, and presents detailed design calcula-
tions for partially deteriorated and fully deteriorated pipes and pro-
vides sample technical specifications.

Due to emerging importance of water conservation and quality 
of service to customers, Chap. 3 is dedicated to spray-on coatings 
and linings for potable water pipe renewals. Such topics as method 
selection criteria, site investigation requirements, pipe inspection 
requirements, installation considerations, quality control, and project 
closeout requirements are covered in this chapter. In conclusion, 
descriptions of four common spray-on linings and coating materials, 
namely, cement mortar, epoxy, polyurea, and polyurethane are 
described and compared.

Chapter 4 covers one of the most important topics in pipeline 
installation and inspection, namely, the pipe-soil interactions. To 
present a better understanding of the concept, a comparison of open-
cut and trenchless installation is provided in this chapter. Other 
important topics, such as the concept of flexible and rigid pipe as well 
as common methods of pipe failures are included in detail. This chapter 
continues with pipe selection considerations for cement-based pipes, 
asbestos-cement pipes, vitrified clay, plastic pipes, glass-reinforced 
pipes, and metallic pipes. For each pipe type, manufacturing process, 
applicable standards, joint types, and advantages and limitations are 
presented.

Due to the importance of the horizontal directional drilling (HDD) 
method of pipe installation, Chap. 5 is devoted to this method. The 
topics included are method descriptions for large, medium, and small 
(Maxi, Midi, and Mini) methods of HDD, site investigation require-
ments, drilling operations, drilled path design, drilling fluids, instal-
lation loads, contractual considerations, inspection and construction 
monitoring. To present an understanding of concepts and parameters 
involved in design of HDD projects, at the conclusion of the chapter, 
a simplified bore planning and pipe load calculation for use of high-
density polyethylene pipe (HDPE) for Mini-HDD projects is provided. 
Similar concepts can be developed for larger size HDD projects and 
different pipe materials.

Chapter 6 presents a full coverage of pipe replacement method 
which is another growing application for trenchless technology. The 
main branch of pipe replacement is pipe bursting, which is covered 
in great detail. The topics presented include design considerations, 
investigation of existing pipe and site conditions, geotechnical inves-
tigation requirements, risk assessment plan, ground movements, plans
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and specifications, submittals, quality control/quality assurance issues, 
construction considerations, and safety considerations. The last sec-
tion of this chapter is devoted to pipe load calculations, to provide a 
simplified approach for better understanding of forces encountered 
in the field. While this chapter is mainly focused on HDPE, which is 
product of choice for pipe bursting, the same concept can be applied 
to other pipe materials.

Chapter 7 concentrates on Cured-in-Place Pipe (CIPP) technology, 
which is the most common method for renewal of deteriorated exist-
ing pipes. The chapter covers full description of CIPP technology, and 
continues with site compatibility and applications, effects of existing 
pipe defects, and installation methods. Due to a large number of fac-
tors influencing quality installation of CIPP, there have been a num-
ber of issues regarding final inspection and acceptance by owners. 
Therefore, this chapter provides a section on inspecting installation 
of CIPP, and covers possible CIPP defects and causes, accepted 
tolerances, repair types, and possible monetary penalties. While 
throughout this book, partnering among owners, design and consult-
ing engineers and contractors/installers are emphasized, there might 
be situations that owners may have to correct a defective CIPP instal-
lation, and contractors may offer a deduction in order for owners to 
be able to accept the installation and pay the balance of payment to 
the contractor. Therefore, these suggested guidelines can be used as 
bases for considerations that are mutually accepted to both parties. It 
should be noted that including harsh language in the bid documents 
and/or unacceptable and unreasonable tolerances in the contract 
and specifications will result in contractors submitting higher bids 
(with more contingencies) or not submitting bids at all.

Chapter 8 is dedicated on quality assurance/quality control con-
siderations for trenchless installation and replacement methods. The 
idea for this chapter came around the concept that most trenchless 
installations are conducted in urban settings and “under a road, 
street, or pavement.” So basically, the trenchless installation must be 
safe for the general public, road embankment and the operational use. 
This chapter provides suggested guidelines for the “road authority” 
or the “transportation agency” to evaluate requests for trenchless 
installations (such as road crossings), issue permit, and inspect the 
installation. It provides simple charts and checklists for the inspec-
tors to observe compliance with the main parameters of permit, to 
ensure a safe and quality installation is completed. This chapter is 
written in such a way that provides a standalone presentation of 
trenchless installation methods (microtunneling, horizontal direc-
tional drilling, horizontal auger boring, pipe ramming, conventional 
pipe jacking, pilot-tube microtunneling, and pipe replacement) with 
introduction, pipe material, and construction considerations. For 
each method, it presents a simple inspection guide, which includes 
preinspection plan review and construction inspection.
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Chapter 9 covers two main areas of any construction and specifi-
cally trenchless technology project: planning and safety. Without a 
good plan, there will not be a safe and productive project. Obviously, 
planning starts at the project inception and continues with project 
installation and completion. So all parties in a construction project 
have a role in planning, but the initial planning conducted by the 
owner and the design/consulting engineer has the greatest impact 
over successful completion of the project. Among decisions made 
and information collected during the initial planning include, project 
objectives, surface and subsurface investigations, jobsite logistic 
requirements, screening of alternatives and method selection, reason-
able and realistic expectations and tolerances, risk and hazard assess-
ment, contingency plans, and safety requirements. The owner of the 
project has the main responsibility in the safe and productive comple-
tion of the project, as he or she set all the rules and expectations for 
the contractor/installer to follow. Simply said, without a quality plan 
and quality contract, there will not be a quality and safe trenchless 
installation.

Concluding our thoughts will require an emphasis upon plan-
ning ahead, proper surface and subsurface investigations, proper 
technology selection, appropriate design and specifications, quality 
control and inspections, team play and partnering among all parties. 
The best time to begin avoiding and resolving disputes is at the very 
beginning by making absolutely sure that each party understands 
the conditions on which the bid proposal is based. Contracts, whether 
written or oral, should be carried out in good faith to their full 
intent.

This book has addressed important aspects of typical trenchless 
technology installation and inspections. It is intended as a reference 
for design and consulting engineers, utility owners, pipeline pro-
fessional, government agencies, municipalities, contractors, manu-
facturers, professionals who are involved with planning, design, 
construction, operation, and maintenance of underground pipelines 
and utility systems. This book is also intended as a reference for 
formal and classroom training of both young and experienced engi-
neers and pipeline professionals to complement knowledge gained 
from field operations.

Mohammad Najafi, Ph.D., P.E.
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New Developments

Since 1990, when, by the establishment of the North American 
Society for Trenchless Technology (NASTT), the trenchless 
technology industry started and organized in the United 

States, many major accomplishments have been made. The organiza-
tional activities have been led by many developments in trenchless 
equipment and methods. These developments include manufactur-
ing more powerful and versatile horizontal directional drilling 
equipment, including new locating and tracking tools by Digital 
Control, manufacturing of first microtunneling boring machine 
(MTBM) in the United States in 1997 by Akkerman, Inc., and develop-
ment of more capable pipe bursting/replacement and pipe ramming 
equipment. On the area of renewing deteriorated and old pipelines, 
we have seen developments in pipeline inspection technologies, and 
new gravity and pressure pipelines (such as new potable water distri-
bution spray-in-place pipe by 3M water infrastructure) and manhole 
renewal methods. Other developments include new methods and 
tools in existing pipeline inspections (such as use of laser and pipe 
scanning technologies, and use of ground penetrating radar∗), under-
ground mapping and utility locating, see ahead technologies, curved 
pipe jacking and microtunneling, new MTBM cutterheads (such as 
high pressure flushing systems), new steering and tracking tools for 
horizontal auger boring machines, and new on-grade installations 
for gravity pipelines. The examples of on-grade installation are 
Vacuum Boring System (AXIS®) by Vermeer (see Fig. 1), ArrowBore®

by Trenchless Flowline (see Fig. 2), Ditch Witch Grade Drilling 
Method® (see Fig. 3), and new restraint joint PVC pipe for trenchless 
applications by S & B Technical Products  (see Fig. 4).

Many times, contractors may choose more than one method to 
address project challenges. Examples of these “hybrid” technologies 

∗Ground penetrating radar (GPR) is a real-time, nondestructive testing technique 
that uses radio waves to image pipes. Referred to as Pipe Penetrating Radar®

(PPR) by SewerVUE, this emerging method can be used to detect pipe wall cracks, 
changes in material, reinforcing location and placement, and pipe wall thickness 
for concrete, polyethylene, vitrified clay, and similar pipe materials.
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FIGURE 1 AXIS® Vacuum Boring System. (Source: Ariaratnam et al., 2010.)
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Sight/Relief Hole

FIGURE 2 ArrowBore®. (Source: Trenchless Flowline.)
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FIGURE 3 Ditch Witch Grade Drilling Method®. (Source: Gunsaulis and Levings, 2008.)



are horizontal directional drilling (HDD) with pipe ramming, such 
as Conductor Barrel®, Drill Stem Recovery, Bore Salvage®, Pullback 
Assist®, and Pipe Ram Rescue® (see Fig. 5) for retrieving a disabled 
MTBM, all offered by TT Technologies.

When HDD procedure reaches its limits—for example, on 
extremely long crossings with large pipe diameters—the Herrenknecht 
Pipe Thruster offers the necessary extra power. Installed at the target 
pit, it pushes the pipe string with a thrust force of up to 750 tons 
towards the entry point. Furthermore, it distributes the forces acting 
on the pipe, since the pipe string is pulled (by the HDD rig) and 
pushed (by the Pipe Thruster; see Fig. 6) at the same time. The pipe 
string is handled with the specially developed clamping segments 
which are suitable for pipe coatings and diameters of 20 to 60 in. 
A further advantage of the Pipe Thruster is its mobility. It can be 
installed in densely built-up areas and in inaccessible terrain.

Design engineers, utility owners, and contractors should consider 
the existing and proven methods, and those viable methods that will 

Metallic Restraint Casing

Metallic Restraining Ring

Standard
Rieber Gasket

FIGURE 4 New Bulldog Restraint Joint System for trenchless applications of PVC 
pressure pipes. (Source: S & B Technical Products.)
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FIGURE 5 Pipe Ram Rescue. (Source: TT Technologies.)



be available or under development. Further, it should be noted that 
underground pipeline construction and renewal projects present 
many risks. There is no guarantee that the methods presented in 
this book will be successful at all times and at all project and site 
(surface and subsurface) conditions. Moreover, there is no endorse-
ment and/or recommendation of the proprietary methods, pipe 
materials, and brand names mentioned in this book. The specified 
method characteristics, diameter range, maxi mum installation, typi-
cal appli cation, and accuracy is based on project and site condi tions,
type of equipment used, and experience and training of the crews 
and the operators. Design engineers, project owners, contractors, 
government agencies, and all other par ties involved in trenchless 
technology projects should consider the risks involved and assume 
appropriate contingencies in the contract documents. Methods suc-
cessfully used in some applications may not be applicable in other 
conditions due to change in project, site, and/or soil conditions. 
Design engineers and pipeline owners need to be involved in the 
selection of appropriate trenchless methods for their specific project 
conditions and do not leave the trenchless method selection entirely 
to the contractor.

As a final word, trenchless technology is developing at a fast rate. 
Therefore, everyone involved in a trenchless technology construction 
and renewal should keep abreast of latest developments. Some sources 
of further information are provided at the end of this book. Other 
sources are professional and trade conferences, industry magazines, 
technical journals, professional and trade associations, and compa-
nies and organizations involved in trenchless equipment manufac-
turing, engineering, and contracting. Many information and case 
studies of past projects are accessible through Web sites of these 
organizations.
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FIGURE 6 Pipe Thruster. (Source: Herrenknecht AG.)
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CHAPTER 1
New Pipeline 
Installations

1.1 Buried Pipe History
The history of buried pipes started about 2500 B.C., when the Chinese 
delivered water through bamboo pipes. In some Mediterranean 
countries, clay pipes supplied water to villagers at a central well. Bur-
ied pipes in  Persia, called “khanats,” were rock-lined tunnels, dug by 
hand back under the mountains, to collect clean water and pipe it as 
much as 30 mi to parched cities on the plains. In ancient Greece, pipe-
lines and tunnels were constructed to distribute water in urban areas. 
From A.D. 100 to 300 in Rome, with plenty of low-cost slave labor, 
pipes became the guts of the infrastructure for the emperor and elite. 
Water was delivered to Rome in aqueducts and distributed in lead 
pipes to the mansions of the elite and to their luxurious Roman baths. 
The “fall of Rome” may have been brought about, in part, by those 
lead pipes. The acidic water of Rome dissolved lead from the pipes. 
The elite were lead-poisoned. Lead caused impotence, and the few 
successful pregnancies produced heirs who were imbeciles.

In North America, European settlers fashioned pipes by boring 
logs. Later they made wooden pipes from carefully sawed staves held 
together by steel hoops. The concept was adapted from coopers who 
made wooden barrels and tubs. Some old wooden stave pipes are still 
in service. Iron had been known since 1000 B.C., but before the Renais-
sance, iron was used mostly to make spears, swords, and shields. In 
A.D. 1346, iron was used to make guns. Those guns became the inspi-
ration for iron pipe—the dream of “ingeniators” (the ingenious ones)—
because of the demand for water in the burgeoning cities and because 
iron was stronger than bamboo or clay. Iron pipes became reality in 
England in 1824 when James Russell invented a device for welding 
iron tubes (gun barrels) together into pipes. Costly, handmade, iron 
pipes supplied gas for the gas lamps in the streets and the dwellings 
of the elite. In 1825, Cornelius Whitehouse made long iron pipes by 
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2 C h a p t e r  O n e

drawing flat strips of hot iron through a bell-shaped die. Then came 
the Bessemer process for making steel, and the open-hearth furnace 
for production of large quantities of steel. Steel pipes became reality. 
The urban way of life changed. Community expanded into metrop-
olis. The “guts of the city” became steel pipes for water and clay 
pipes for sewage.

1.1.1 The Pipe-Soil Interaction
The evolution of pipes was by trial and error. How many lives were 
lost in cave-ins when the Persians excavated tunnels ahead of rock 
lining? How could Romans predict that lead pipes would poison 
them? Evolution of pipes proceeded empirically—not by design. 
Design of buried pipes started in 1913, when Anson Marston became 
the dean of engineering at Iowa State College. He noted, with con-
cern, how transportation bogged down during every rainstorm and 
every spring thaw when “dirt” roads became quagmires of mud. The 
dean sought a remedy. He called for action with publicized resolve: 
“Let’s get Iowa out of the mud.” He recognized that to get Iowa out 
of the mud, he had to get the water out of the roads. His remedy was 
buried drainpipes along the roads. It worked. The nation was 
impressed. A Federal Highway Research Board was formed with 
Marston as the first director. Marston came out with the first engi-
neered design of buried pipe, an equation for soil load on pipe. In those 
days, drainpipes were clay or concrete—both rigid. He left design of 
the pipe up to the manufacturers to make pipe strong enough to with-
stand his Marston load. The idea was radical—performance specifica-
tion, not the traditional procedure specification. The test for pipe 
strength was a three-edge-bearing (TEB) load. A pipe was supported 
on two wooden 2 × 4’s close together and one 2 × 4 on top onto 
which load was applied. The load at failure, divided by a safety fac-
tor, was to be greater than the Marston load. Clearly, design was 
conservative.

The Armco Company had developed flexible pipe of corrugated 
steel. Steel was available in coils from which corrugated pipe could 
be fabricated. But the flexible pipe could not support a Marston 
load under a three-edge-bearing test in the yard. When buried, 
however, flexible pipe worked. Armco sponsored a research project 
at Iowa State College. The project was assigned to a young faculty 
member, M. G. Spangler. Using a soil box, Spangler showed that 
flexible pipe deflects under soil load and develops horizontal soil 
support on the sides of the pipe. Corrugated steel pipe could be 
used as culverts and drain pipes. Spangler derived the Iowa formula
for predicting the horizontal expansion of buried, flexible pipe 
based on a horizontal soil modulus of elasticity, E’. The derivation 
was elegant and correct, except for the definition of E’. The soil 
modulus was corrected by Spangler’s student Watkins and the 
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modified Iowa formula was published (Watkins and Spangler, 1955). 
The Iowa formula is not a basis for design of pipe, but rather it pre-
dicts ring deflection of flexible pipe when buried and shows the 
importance of the soil embedment. Spangler is considered as “the 
father of pipe-soil interaction.”

1.2 Open-Cut Method of Pipe Installation
The conventional method for construction, replacement, and renewal 
of underground utilities has been trenching or open cut (OC), an indi-
rect method of pipeline installation. Open-cut methods involve digging 
a trench along the alignment of the proposed pipeline, supporting 
trench walls (or sloping sides of trench), constructing bedding or 
foundation, placing the pipe sections in the trench, embedding the 
pipe sections, and backfilling the trench and compacting operations 
(see Fig. 1.1). In open-cut construction, the construction effort is con-
centrated on such activities as managing the traffic flow through 
detour roads, trench excavation and shoring, shielding or sloping, 
dewatering (if needed), backfilling and compaction operations, and 
reinstatement of the surface. This leads to a small part of the construc-
tion effort actually being focused on the final product, which is the 
pipe installation itself. In some cases, the double handling of the soil, 
including trenching, stockpiling, hauling, backfilling, compacting, and 
reinstating of the ground and pavement alone may amount to 70 percent 
of the total cost of the project.

Additionally, open-cut methods include higher “social costs.” 
Social costs include costs to general public (such as traffic disrup-
tions, noise, and dust), negative impacts to the environment (higher 

Backfill
In situ

soil

Trench
walls

Haunch
area

Embedment
(Height varies)

Bedding

Foundation

FIGURE 1.1 Open-cut installation. (Howard, 2002.)
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carbon emissions due to higher fuel consumptions), safety hazards 
of trenching (cave-in hazards, traffic accidents, falls into trench, and 
so on), damage to trees and tree roots, reduction in service life of 
pavement,∗ and possible damage to existing utilities and structures 
due to trenching operations. Najafi (2005) presents a breakdown of 
the social costs including an analysis of the life-cycle cost of the project.
As such, and considering all the project parameters, the open-cut 
method in most cases could be a time-consuming and inefficient 
method of pipe installation.

Trenchless technology is a process for construction, renewal, 
and replacement of underground pipelines and utilities with mini-
mal surface and subsurface disruptions. Trenchless technology 
methods provide more opportunities for direct installation of pipe-
lines and ducts with welded and fused or bell and spigot and 
retrained joints, thereby, reducing possibilities of leaks and joint 
misalignments and settlements. Jacking pipes, commonly used in 
trenchless installation, have higher degree of accuracy, which 
requires the installation by specialized and qualified contractors. 
Due to the larger wall thickness requirements, higher strength mate-
rials, and lower tolerances requirements, jacking pipes have a higher 
resistance to stresses due to shear loads. The pushing-in of the jack-
ing pipes guarantees a higher positional accuracy and a lower dis-
turbance of the natural soil in the embedment area so that optimum 
bedding is achieved. 

Another important benefit of trenchless technology is the fact 
that in open-cut method, through the soil prism above the pipe, 
soil backfill and traffic loads act directly on top of the pipe, caus-
ing pipe deflections in flexible pipes and more stress in rigid pipes. 
In comparison, studies have shown that due to arching effects of 
soil in trenchless technology installations, the loads on the pipe 
are considerably less and more uniformly distributed around the 
pipe surface, resulting in minimum pipe deflections. Figure 1.2 
illustrates a comparison of pipe loads in trenchless and open-cut 
methods.

Trenchless installation methods significantly reduce the amount 
of excavation, backfilling, compaction, and pavement replacement. 
In the trenchless installation method, the most costly item is the pipe 
installation, usually estimated on a linear foot basis, while in the 
open-cut method excavation, backfilling, pavement replacement, and 
shielding or shoring are the major cost items and are estimated on a 
cubic yard or square foot basis.

∗Studies have shown approximately up to 60 percent reduction in the life of 
pavement due to lateral cracking after pavement cuts.
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1.3 Comparison of Construction Operations 
Table 1.1 presents a comparison of construction operations for open-
cut and trenchless technology methods.

1.4 Trenchless Technology Methods
Since mid-1980s, when trenchless technology as an industry was estab-
lished, the trenchless technology equipment and methods have grown 
tremendously. Many developments have occurred in the trenchless 
equipment and methods. These developments include manufacturing 
more powerful and versatile horizontal directional drilling (HDD) 
equipment, utility locating and tracking tools, more sophisticated 
microtunneling (MT) equipment, and more capable pipe-ramming, 
horizontal auger-boring (HAB), and tunneling equipment, as well as 
better pipe materials and proprietary joints. In the area of renewing 
deteriorated and old pipelines, developments have been in pipeline 
inspection technologies, pipe bursting, and new pipeline renewal 
methods in all areas of water, sewer, gas, and oil applications.

Trenchless technology methods are divided into three main 
areas: (1) construction and installation of new pipelines and utili-
ties (discussed in this chapter); (2) renewal; and (3) replacement of 
existing, old, and deteriorated pipelines and utilities (discussed in 
Chaps. 2 and 3). Trenchless technology applications for new instal-
lations include pressure pipes, gravity pipes, culverts, and drain-
age structures under roads, railroads, and river crossings, and 
installation of cables and telecommunications ducts. Table 1.2 
presents primary and alternative applications for trenchless tech-
nology methods for new installations, renewals, and replacements. 
Figure 1.3 illustrates different trenchless new installation method to 

Soil and traffic loads Soil and traffic loads Soil and traffic loads

Trenchless installation Open–cut installation

Rigid pipe Flexible pipeRigid pipe & flexible pipe

FIGURE 1.2 Comparison of pipe loads in trenchless and open-cut methods.
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Construction Operations Open-Cut Trenchless 

Route surveying Yes Yes

Land and easement acquisitions Yes Yes

Mobilizing equipment and personnel Yes Yes

Preparing the right-of-way (ROW) (cleaning and 
grubbing)

Yes Maybeb

Transporting and storing pipe and other materials Yes Yes

Topsoil stripping Yes No

Grading Yes No

Stringing (transporting and laying of pipe on the 
ROW)

Yes Maybeb

Transporting welding machines and other 
equipment to site

Yes Yes

Welding, ultrasonic, and x-ray checking of welds Yes Yes

Installing protective coating at pipe joints Yes Yes

Testing pipe for external coating integrity Yes Yes

Trenching (including shoring, sloping or shielding) Yes No

Dewatering Yes Yes

Lowering pipe into trench or shaft/pit Yes Yes

Installing block valves and terminus equipment Yes Yes

Hauling select soil Yes No

Backfilling Yes No

Compacting backfill soil Yes No

Disposing extra soil Yes No

Leak testing (hydrostatic testing) and/or internal 
inspection

Yes Yes

Reinstatement of ground Yes Maybeb

Final inspection Yes Yes

Demobilizing equipment and personnel Yes Yes

Installing cathodic protection facilities Yes Yes

Preparation of as-built Yes Yes

aTrenching, backfilling, dewatering and reinstatement of ground make up 70% of cost for 
open-cut projects. 

bRequired for certain types of horizontal directional drilling, pipe bursting, and continu-
ous sliplining methods.

TABLE 1.1 A Comparison of Construction Operations for Open-cut and Trenchless 
Technology Methodsa
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Application
Primary Trenchless 
Technology Methods

Possible Trenchless 
Technology Methodsa

Installation of a New Pipe

Gravity pipe (sanity 
and storm sewers)

Conventional pipe jacking 
(CPJ), utility tunneling (UT), 
microtunneling (MT)

Horizontal directional 
drilling (HDD)

Pressure pipes 
(water, gas, and oil)

Horizontal directional 
drilling (HDD)

Conventional pipe 
jacking (CPJ), utility 
tunneling (UT)

Road and railroad 
crossings

Horizontal auger boring 
(HAB), pipe ramming (PR)

Horizontal directional 
drilling (HDD)

Cables and 
telecommunications

Mini horizontal directional 
drilling (Mini-HDD)

Piercing method (PM)

Renewing an Existing Pipe

Gravity pipes (sanity 
and storm sewers)

Cured-in-place pipe (CIPP), 
sliplining (SL), modified 
sliplining (MSL)

Close-fit pipe (CFP)

Pressure pipes 
(water, gas, and oil)

Close-fit pipe (CFP), 
cured-in-place pipe (CIPP), 
spray-in-place pipe (SIPP)

Sliplining, coatings and 
linings (CL)

Culverts and 
drainage structures

Cured-in-place pipe (CIPP), 
sliplining (SL), modified 
sliplining (MSL)

Coatings and linings 
(CL)

Replacing an Existing Pipe

Pressure pipes 
(water, gas, and oil)

Pipe bursting (PB), pipe 
reaming (PRM)

Parallel pipeline using 
horizontal directional 
drilling (HDD)

Gravity sewer pipes 
(sanity and storm 
sewers)

Pipe bursting (PB), pipe 
reaming (PRM)

Parallel pipeline using 
microtunneling or pilot 
tube microtunneling 
(PTMT)

Service laterals Pipe bursting (PB) Parallel pipeline 

Culverts and 
drainage structures

Pipe bursting (PB), pipe 
ramming (PR)

Horizontal auger boring 
(HAB), microtunneling 
method (MTM)

aApplication of these methods requires special tools or equipment, specialized contractor 
and operator experience, improved construction practices, and/or may cost more than 
the main methods. In some cases, the method might be new in the area of this applica-
tion, and capabilities of the method currently are not fully proven.

TABLE 1.2 Primary and Alternative Applications for Trenchless Technology 
Methods
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be used based on the application. Section 1.5 provides more infor-
mation on specific trenchless installation methods.

1.5  Three Main Divisions of Trenchless 
Technology Methods

Figure 1.4 divides trenchless technology methods into three main 
areas: (1) new installation or construction methods, (2) renewal meth-
ods, and (3) replacement methods. New installation methods include 
all the methods for new utility and pipeline installations as shown in 
Fig. 1.3, where a new pipeline or utility is installed. Trenchless renewal 
methods include all the direct (compared to indirect for open cut) 
methods of renewing, rehabilitating, and/or renovating an existing, 
old, or host pipe (in this book collectively called existing pipe or utility).
Figure 1.5 also illustrates the subcategories of the new installation 
methods. Trenchless replacement methods include all the inline
(compared to installing a new parallel pipeline) where an existing, 
old, or host pipe is fractured and pushed into the soil or fractured and 

FIGURE 1.3 Applications of trenchless installation methods.

Conduits
Cables and

telecommunications

Road and railroad
crossings

Gravity pipes
Sanity and storm

sewers

Pressure pipes Water, gas and oil

Diameter
range >
42 in.

Diameter
range commonly

for 12–42 in.

Diameter
range 4–

30 in.

Horizontal directional
drilling

Conventional pipe
jacking and

utility tunneling

Microtunneling

Pilot-tube
microtunneling

Horizontal auger
boring and pipe

ramming

Mini-HDD and
compaction methods

New installation
methods

Pressure and
gravity pipes

Trenchless technology
methods

New installation
methods

Renewal methods Replacement methods

FIGURE 1.4 Main divisions of trenchless technology methods.
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removed and a new pipe is installed in its place. In the inline replace-
ment method, the existing pipe acts like a pilot hole to guide the 
installation of the new pipe in the same space as the existing pipe 
occupied originally. It is understood that sometimes point repairs 
may be required before a renewal or replacement method can be 
used. Many times, most cost-effective new installation, renewal, or 
replacement may include utilization of several trenchless methods to 
adapt to the specific conditions of the project. For a safe, successful, 
and cost-effective trenchless operation, certain conditions and require-
ments must be met as explained in this book.

1.6 Trenchless Installation Methods
Trenchless installation methods include all the methods of installing 
new pipelines or utility systems below ground surface without direct 
installation into an open-cut trench. As Fig. 1.5 illustrates, trenchless 
installation methods are further divided into two broad categories of 
worker-entry and nonworker-entry installations. Conventional pipe 
jacking (CPJ) and utility-tunneling (UT) techniques require workers 
inside the tunnel during the excavation and pipe installation. How-
ever, horizontal Earth-boring methods includes techniques in which 
the tunnel or borehole excavation is accomplished through mechanical 
means without workers being inside the tunnel or borehole. Conven-
tional pipe jacking is differentiated from utility tunneling by the soil 
support structure. It can be identified as a “one-phase” installation, 
where pipe sections are installed at the same time when soil excavation 
is made. In utility tunneling, first the tunnel is excavated and lined 
with a tunnel liner plate or wood lagging and steel ribs. After comple-
tion of the tunnel, the pipe sections are “transported” one by one and 
installed in the tunnel. After all pipe sections are installed, the annual 
space between the liner and the outside face of the pipe may be grouted. 
Both conventional pipe jacking and utility tunneling may utilize the 
same excavation equipment [such as a tunnel boring machine (TBM)]. 

1.6.1 Conventional Pipe Jacking
Conventional pipe jacking (PJ), a method of pipe installation where 
prefabricated pipe sections are jacked or pushed behind the tunnel 
boring machine or other tunnel excavation methods. In this method, 

New installation
methods

Conventional pipe jacking Utility tunneling Horizontal Earth boring

FIGURE 1.5 Trenchless installation methods.
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the operator works behind the tunneling face, so the applicable 
dimaters are for work-entry pipes (usually more than 42 in.). Pipe 
jacking is also a concept used in several trenchless technology meth-
ods, including microtunneling, horizontal auger boring, and pilot 
tube microtunneling (see Chap. 8).

Where prefabricated pipe sections are jacked behind the cutter-
head. Figure 1.6 illustrates a mechanical cutting method. In this the 
conventional pipe jacking method, new pipe sections are jacked from 
a drive or entry shaft or pit (also called jacking shaft or pit) toward 
exit or receiving shaft or pit so that the complete string of pipe is 
installed simultaneously with the excavation of the tunnel. Since the 
pipe sections are jacked in this method, the pipes are designed and 
manufactured to take both jacking and permanent loads (soil, hydro-
static, and traffic). However, usually jacking loads (while different 
from permanent loads) control the pipe design. The main compo-
nents of a conventional pipe jacking operation include

• Entry and exit shafts

• Tunnel-boring machine (TBM), earth-pressure balance machine 
(EPBM), open shield excavator, and so on, as described in 
later sections.

• Spoil removal system (such as a conveyer belt and haul units/
moving carts over tracks)

• Jacking frame

• Hydraulic jacks

FIGURE 1.6 Conventional pipe jacking operation.
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• Thrust block

• Intermediate jacking stations (if needed)

• Lubrication and pumping equipment

• Ventilation system (for the operator who works at the tunnel 
face)

• Laser guidance system

• Pipe sections

• Ancillary equipment (crane, backhoe, loader, dump trucks, 
and so on)

Types of Conventional Pipe Jacking Pipe jacking concept is divided 
into two main categories: worker entry and non-worker entry. 
Figure 1.7 divides worker entry pipe jacking into open shield and 
closed shield. Non-worker entry is divided into three categories, 
i.e., microtunneling, guided boring (such as pilot tube microtun-
neling), and unguided boring (such as horizontal auger boring 
and pipe ramming). 

Open shield pipe jacking can be carried out manually known as 
open hand shield or mechanically. Open hand shield is an open face 
shield in which manual excavation takes place as shown in Fig. 1.8.

Open shield wheel tunnel boring machine (TBM) is a shield hav-
ing a rotating cutting head in which the face may be separated from 
the rest of the shield by a bulkhead. Various cutting heads are avail-
able to suit a broad range of ground conditions. Figure 1.9a shows the 
wheel tunnel boring machine.

Pipe jacking

Worker entry

Open shield

Hand mine Mechanized

Wheel tunnel
boring machine

Excavator
tunnel

boring machine

Slurry Slurry

Horizontal
auger
boring

Pilot tube
method

Earth pressure
balance
machine
(EPBM)

Earth pressure
balance
machine
(EPBM)

Unguided
boring

Guided boringMicrotunnelingClosed shield

Non-worker
entry

FIGURE 1.7 Types of pipe jacking.
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Open shield excavator tunnel boring machine (TBM) is an open 
face shield in which a mechanical excavator is mounted for excava-
tion purposes. Figure 1.9b shows the excavator tunnel boring 
machine

Closed shield is divided into two categories, i.e., worker entry oper-
ation and microtunneling remote operation. Worker entry operation 
is further divided into three categories which are defined as follows:

 1. Earth-pressure balance machine (EPBM): A full face tunnel bor-
ing machine in which the excavated material is transported 
from the face by a balanced screw auger or screw conveyor. 
The face is supported by excavated material held under pres-
sure behind the cutter head in front of the forward bulkhead. 
Pressure is controlled by the rate of passage of excavated 
material through the balanced screw auger or valves on the 
screw conveyor. Figure 1.10a shows the worker entry EPM 
machine.

 2. Slurry machine: A soft ground full face tunnel boring machine 
in which the excavated material is transported from the face 
in a slurry. Various cutting heads are available to suit broad 
range of ground conditions. The pressure of slurry is used to 
balance the ground face pressure. Figure 1.10b shows the 
worker entry slurry machine.

FIGURE 1.8 Open hand shield. (Source: Pipe Jacking Association.)
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FIGURE 1.9 (a) Open shield wheel TBM. (b) Excavator TBM. (Source: Pipe 
Jacking Association.)

1.6.2 Utility Tunneling
In the utility-tunneling (UT) technique, the same process as conven-
tional pipe jacking is used, except that in the utility-tunneling method, 
a temporary support structure (called a liner) is simultaneously con-
structed as the excavation of tunnel proceeds. Normally, the support 
structure or liner is traditional tunnel liner plates (TLP) or steel ribs 
(SR) with wooden lagging (WL). After completion of the tunnel, pipe 
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sections are transported inside the tunnel, and the annular space 
between the liner and the pipe is normally grouted. Due to separate 
phases of liner installation and pipe installation, the utility tunneling is 
called a two-step or two-phase operation, while conventional pipe 
jacking is called a one-step or one-phase operation. In general, person-
nel are required inside the pipe to perform the tunneling and soil-
removal operations. The main components of the utility-tunneling 
method are the same as conventional pipe jacking, except in the utility 

FIGURE 1.10 (a) Worker entry EPBM. (b) Worker entry slurry machine. 
(Source: Pipe Jacking Association.)
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tunneling, the jacking frame, intermediate jacking stations, thrust 
block, and lubrication and pumping equipment are not required. Since 
the pipe sections are not jacked in the utility-tunneling method, the 
pipes are designed and manufactured to take only permanent loads. 
Figure 1.11 presents an inside view of a utility-tunneling project. 

1.6.3 Horizontal Earth Boring
In the horizontal Earth-boring methods (HEBs), workers may work 
in the shaft or pit, but usually do not enter the borehole or enter the 
installed pipe. Therefore, these methods can be used for small-
diameter pipe installations (4 in. or more). The horizontal Earth-
boring method is further divided into a number of methods as 
shown in Fig. 1.12. These methods are briefly described in the fol-
lowing sections.

Horizontal Auger-Boring Method
The horizontal auger-boring (HAB) method is a cost-effective pipe-
jacking operation for installing a steel casing pipe where the pipe is 

FIGURE 1.11 Inside view of a utility tunneling operations.

Horizontal Earth
boring

Horizontal auger
boring

Horizontal
directional driling

Microtunneling
Pilot-tube

microtunneling
Pipe ramming

FIGURE 1.12 Horizontal Earth-boring methods.
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crossing a road, highway, or railroad track. This process simultane-
ously jacks a steel casing from a drive pit under the road or railroad, 
while removing the spoil through the steel pipe by means of a rotat-
ing flight auger. The auger is a flighted tube having couplings at each 
end that transmit torque to the cutting head from the auger-boring 
machine located in the bore pit and transfers spoil back to the drive 
pit. The casing supports the soil around it as spoil is being removed. 
Usually, after completion of casing installation, a product pipe is 
installed using spacers and the annular space is filled with a grout. 
The conventional HAB equipment provides a water hose for grade 
control and has no steering capability for alignment. The line and 
grade control for HAB equipment are available but not all contractors 
have this capability.

Figure 1.13 illustrates a schematic of HAB operation. ASCE 
Manuals and Reports on Engineering Practice No. 106, Horizontal 
Auger Boring Projects (ASCE, 2004), provides full details on HAB 
methods.

The key components of HAB include 

• A cutting head, consisting of a set of cutters mounted on the 
front face of the boring machine, to cut earth by the rotation 
of the cutters 

• An auger with its front end connected to the cutting head and 
its tail end connected to the prime mover that drives the sys-
tem, to convey the spoil to outside the borehole

• A nonrotating casing around the rotating auger, which is the 
pipe to be installed

• A prime mover that provides the torque to rotate the auger 
and the cutters, and provides the thrust to advance the pipe 
(casing) along with the cutting head and the auger

• A system to inject lubrication (bentonite slurry) around the 
pipe, to reduce friction between the pipe and the surrounding 
earth in order to facilitate the advancement of the pipe during 
the action of boring 

• Control and monitoring equipment, such as water-level (most 
common), radio tracking systems, or inertia systems

Horizontal Directional Drilling Method
Horizontal directional drilling (HDD) is a steerable system for the 
installation of pipes, conduits, and cables along a desired profile 
using a surface-launched drilling rig. This method requires the drill-
ing of a pilot bore which is then enlarged with the use of a reamer 
prior to the installation of the product pipe. Depending on the diam-
eter of the product pipe, multiple enlargements may be required. The 
excavation is performed by fluid-assisted mechanical action of the 



FIGURE 1.13 Track-type horizontal auger-boring operation. (Iseley et al., 1999.)
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cutterhead. The first stage of installation consists of drilling a small-
diameter pilot hole along the desired centerline of a proposed profile. 
The subsequent stages of installation consist of enlarging the pilot 
hole to the desired diameter to accommodate the product pipe and 
the eventual pull of the product pipe through the enlarged borehole. 
To avoid heaving of the surface and reduce possibility of damaging 
adjacent utilities, the reaming or enlargement process should be 
achieved by pulling only and not by pushing the reamer. This can be 
achieved by adding drill rods from the product pipe side and con-
tinuing reaming operation by pulling a slightly bigger-size reamer 
(step-up) until the desired borehole size is achieved. 

As the name horizontal directional drilling implies, this method 
has a unique capability to track the location of the cutterhead and 
steer it during the drilling process. The result is a greater capability in 
placing the utilities in difficult underground conditions. The direc-
tional drilling methods can be classified into three broad categories of 
small (Mini-HDD), medium (Midi-HDD), and large (Maxi-HDD). 
Table 1.3 presents comparison and main features of HDD methods.

Drilling Procedures Trailer-mounted drill rig is brought to one side of 
the obstacle (river, lake, road, and so on). Sections of the product pipe 
to be used for crossing, and other ancillary equipment, are brought to 
the opposite side of the obstacle. Drilling and pipe installation are 
done in two or three steps. In the first step, a small pilot hole of 2 to 
6 in. diameter is drilled along the desired path (i.e., a near-horizontal 
curved path beneath the obstacle to be crossed) of the pipeline. As 
drilling proceeds, segments of the drill pipe are added to form the 
pilot string. Through the pilot string, drilling fluids (also called drill-
ing mud, usually a bentonite and/or polymer slurry) is pumped 
through the nozzles in the drill bit to lubricate the drill, and to carry 
the cuttings (spoil) back to the rig side. Step 1 ends when the drill bit 
has emerged from the ground of the pipe side.

In step 2, called prereaming, the drill bit is removed from the 
product pipe side, and a reamer assembly is attached to the pilot 
string to enlarge the borehole. Prior to pulling in large pipes, it is 
often desirable to pull the larger reamer through the borehole with-
out the pipe attached to swab the borehole. By reversing the direc-
tion of the rotation of the pilot string, the rig is now used to pull 
the reamer into the pilot hole. Segments of the drill pipe are 
added on the pipe side to the pilot string as they are being pulled 
back. This step is specifically required to prevent the contractor from 
pushing the reamer through the borehole, which may cause heaving 
of ground surface and damage to nearby utilities. Step 2 ends when 
the reamer covers the entire path, and starts to emerge from ground 
on the rig side. Several passes of step 2 may be needed for large-
diameter pipes which require large boreholes that cannot be created 
in a single pass. 



Type
Diameter
(in.)

Depth
(ft)

Drive Length 
(ft)

Torque 
(ft-lb)

Thrust/Pullback 
(lb)

Machine
Weight (ton) Typical Applications

Large 
(Maxi)

24–60 Less than 
equal to 200

Less than equal 
to 10,000

More than 
100,000

More than 
100,000

More than 
equal to 30

Pressure pipelines 
for river, shore 
approaches, and 
highway crossings

Medium
(Midi)

12–24 25–75 Less than equal 
to 900

900–7000 20,000–100,000 Less than 
equal to 18

Pressure pipelines 
for river and highway 
crossings

Small
(Mini)

2–12 Less than 
equal to 15

Less than equal 
to 600

Less than 
equal to 950

Less than equal 
to 20,000

Less than 
equal to 9

Telecom and power 
cables, ducts and gas 
lines

TABLE 1.3 Comparison of Main Features for Typical HDD Methods
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In step 3, a larger reamer is used to achieve the desired size bore-
hole (usually 1.5 times the outside diameter of the product pipe) and 
to pull the product pipe under the obstacle along the borehole. The 
product pipe is connected to the reamer (usually in the shape of a 
flywheel and swivel). The swivel, connected between the reamer and 
the carrier pipe, allows the pipe to be pulled through and not to be 
rotated with the reamer and the drill pipe. Drilling fluids are pumped 
through nozzles in the reamer to lubricate the pipe being pulled and 
to remove the spoil. Step 3 ends when the entire pipeline is pulled 
into the borehole beneath the obstacle. Table 1.4 presents approxi-
mate reamer diameters with respect to outside diameter of the 
product pipe.

In large-size and some medium-size HDD systems, a downhole 
survey system is used to pinpoint the location of the drill head from 
aboveground. Several such systems are available commercially, and 
all provide good accuracy. For small-size and some medium-size 
HDD systems, a walkover survey system is used, where the drill 
head is located from signals emitted by a transmitter, housed behind 
the drill head. The signals are identified and interpreted on the sur-
face by a receiving instrument, which is usually walked over the drill 
head location. Figures 1.14 through 1.16 illustrate the three phases 
of an HDD operation. Due to importance and popularity of the 
HDD method in the installations of a wide variety (pipe materials, 
diameters, lengths and applications) of pipes and conduits, Chap. 5 
is dedicated to this method.

Microtunneling 
The microtunneling (MT) method is mainly used for installation of a 
gravity pipeline such as a sanitary or storm sewer. Microtunneling 
boring machines (MTBM) are laser guided and remotely controlled 
which permit accurate monitoring and adjusting of the alignment 
and grade as the work proceeds so that the pipe can be installed on 
precise line and grade. While initially microtunneling methods were 
developed for pipes 36 in. (900 mm) or less, currently the same tech-
nology is used for larger pipes where a remote-controlled technology 

Product Pipe Outside 
Diameter

Approximate Reamer 
Diameter

Less than 8 in. ODa + 4 in.

Between 8 and 24 in. OD × 1.5 in.

More than 24 in. OD + 12 in.

aOD—outside diameter of product pipe

TABLE 1.4 Reamer Diameters
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FIGURE 1.14 HDD step 1: Pilot-hole drilling. (Source: Mears.)
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FIGURE 1.15 HDD step 2: Prereaming. (Source: Mears.)
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FIGURE 1.16 HDD step 3: Product-pipe pullback. (Source: Mears.)
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is required. These methods require a drive shaft for jacking the pipe 
and an exit shaft for retrieving the MTBM. The microtunneling 
method include main components of:

• Remote controlled: The MTBM is remotely operated from a 
control panel, normally located on the surface. This method 
excavates and removes the soil and installs the pipe. 

• Laser guided: The guidance system usually is a laser beam pro-
jected onto a target in the MTBM, capable of installing gravity 
sewers or other types of pipeline which require accurate line 
and grade.

• Jacking system: The process of constructing a pipeline by con-
secutively pushing the MTBM through the ground using a 
jacking system.

• Face support: Continuous pressure is provided to the face of 
the excavation to balance groundwater and earth pressure.

The microtunneling method installs pipe with an accuracy of 
±1 in. in both the horizontal and vertical alignments. The most com-
mon spoil-removal system for microtunneling is a slurry transporta-
tion system. With proper planning, soil identification, and MTBM 
selection, microtunneling methods are applicable to many types of 
soils, either above or below groundwater table. Figure 1.17 illustrates 

FIGURE 1.17 Schematics of a microtunneling operation. (Iseley et al., 1999.)
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a schematic of a microtunneling operation. The American Society of 
Civil Engineers (ASCE) has also published Standard Construction Guide-
lines for Microtunneling (CI/ASCE 36-01, currently under revision) with 
information on planning, design, pipe materials, and construction 
aspects of microtunneling (ASCE, 2001). Figure 1.18 presents sequence 
of microtunneling and pipe-jacking operation.

Pilot-Tube Microtunneling
Pilot-tube microtunneling (PTMT), also called guided auger boring, 
guided boring, and auger drilling, originated in Europe for installa-
tion of 4- to 6-in. service lateral connections and was introduced in 
1995 in the United States. Pilot-tube microtunneling is an alternate 
and cost-effective method to conventional microtunneling. Pilot-tube 
microtunneling combines the accuracy of microtunneling, the steer-
ing mechanism of a directional drill, and the spoil-removal system of 
an auger-boring machine. PTMT employs auger and a guidance sys-
tem using a camera-mounted theodolite and a target with electric 
light emitting diodes (LEDs) to secure high accuracy in line and 
grade. When conditions are favorable (mainly soft soil conditions, 
drive distances less than 300 ft, and pipe diameters less than 30 in.), 
pilot-tube microtunneling can be a cost-effective tool for the installa-
tion of gravity pipes. This technique also can be used for house con-
nections direct from existing sanitary sewer manholes. Among the 
most notable reasons for the popularity of this method are its low 
initial cost, shallow installations, small workspace requirement, and 
small jacking pits. 

PTMT Operation The PTMT operation begins with excavation of driv-
ing and receiving shafts. These shafts are usually 6.5 to 8.0 ft in diam-
eter. The larger shafts are usually square or rectangular. The PTMT 
machine is then lowered down into the drive shaft and is set to pre-
cise line, grade, and height from a control point established using 
surveying techniques. The guidance system for PTMT consists of a 
theodolite with a camera independent of jacking frame, and a moni-
tor screen. The accuracy of completed gravity sewer depends upon 
setup of a theodolite, which is also adjusted to height, grade, and line. 
Figures 1.19, 1.20, and 1.21 illustrate the stepwise PTMT installation 
operation.

The first step involves the installation of a pilot tube precisely 
over the center line of the prospective sewer or water line as shown in 
Fig. 1.19. During this process the spoil is displaced by a slant-faced 
steering head. Pilot tube is directed at precise line and grade during 
advancement. The hollow stem of the pilot tube provides an optical 
path for the camera to view the LED target in the steering head, dis-
playing the head position and steering orientation. This establishes 
the center line for the installation of the new pipe.
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FIGURE 1.18 Microtunneling and pipe-jacking construction sequence.
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In step 2, the pilot tubes at the drive shaft are connected to a 
reamer with a diameter slightly larger than the diameter of the prod-
uct pipe. Following the reamer is the auger casing, which helps in 
transporting the spoil back to the shaft. The spoil is then removed by 
a muck bucket or a vacuum truck, depending on the soil type. Step 2 
is complete when the reamer and the auger reach the reception shaft. 
This operation is shown in Fig. 1.20.

FIGURE 1.20 PTMT operation, step 2: Insert auger casing. (Source: Bohrtec, 
2008.)

FIGURE 1.21 PTMT operation, step 3: Replace auger casing with product 
pipe. (Source: Bohrtec, 2008.)

FIGURE 1.19 PTMT operation, step 1: Installation of pilot tube. (Source: 
Bohrtec, 2008.)
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The third step is to replace the auger casing with the product 
pipe which has the same diameter as the auger casing. The product 
pipes are pushed one by one as the auger casings are removed from 
the opposite shaft as shown in Fig. 1.21. There is no spoil removal in 
this step.

Depending on the application, the second and third steps of the 
three-step PTMT can be combined, resulting in a two-step PTMT. In 
this case, the reamer funnels the excavated material into the auger 
casing which is coupled inside the product pipe. Once the product 
pipes are installed, the auger casings can be removed by jacking 
through either shaft. 

Pipe-Ramming Method 
Similar to horizontal auger-boring method, pipe-ramming method is 
mainly used for installation of pipelines and utilities for road and 
railroad crossings. Using an air compressor, this method hammers a 
steel casing pipe inside the ground from a drive pit. The pipe might 
be hammered closed end (for diameters less than 8 in.), or open end 
(for diameters of 8 in. or more). When using large diameters, the spoil 
is pushed out of the steel casing using air pressure, fluid pressure, 
and mechanical means, such as a bobcat (for large diameters) or 
combination of these methods. 

The dynamic energy of a percussion hammer attached to the end 
of the casing pipe is used to install the pipe from a drive pit to a recep-
tion pit. In this method, the ramming equipment does not create a 
borehole; rather, it acts as a hammer to drive the pipe through the 
soil. The product pipe can be used mainly for pressure applications 
(such as water and gas); however, if the casing is large compared to 
the product pipe, the product pipe may be installed using spacers on 
grade for sewer applications. In this method, casing pipe provides a 
continuous soil support and overexcavation is not required. 

Method Description For pipes of up to 8 in. diameter, the pipe can be 
driven either by having the leading end of the pipe in a wedge or cone 
shape. For ramming operations with the pipe face closed (also called 
impact moling or compaction method; see the following section), the 
soil is compressed around the pipe as it is being rammed and there is 
no spoil removal. 

For pipes larger than 8 in., the leading end is usually left open 
and a band is installed around the outside edge of the leading sec-
tion. The band serves a dual purpose: (1) it reinforces the leading
edge; and (2) it decreases the friction around the casing. Figure 1.22 
illustrates a schematic of open-faced pipe-ramming operation. The 
leading edge cuts a borehole equal to the diameter of the leading-
edge band. The spoil enters the pipe, is compacted, and is forced to 
the rear of the pipe. For long lengths or in certain soil conditions (such 
as stiff clays or sands), a steel pipe is installed on the top of the 
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rammed pipe to supply water, bentonite, and/or other drilling lubri-
cants to facilitate spoil removal and reduce friction. Special adapters 
connect pipe of different sizes to the ramming tool. After the adapters 
are in place, the ramming tool is connected with lugs welded to the 
pipe. These lugs are used to hold straps, chains, or hoists linked to the 
ramming tool. After each section of the pipe is rammed, another seg-
ment is welded or joined by interlocking and the procedure is repeated 
until the whole length of the pipe is completed. After the completion 
of ramming, cleaning out of the pipe can be done by a variety of 
methods, including a pipe cleaning pig or plug and high-pressure air, 
or auguring.

The size of bore pit required for pipe ramming (PR) and the 
lengths of the rammed pipes are dependent on project conditions. If 
sufficient space is available, the bore pit is constructed to enable the 
pipe to be driven in longer sections. In the case where the area is con-
gested, the pipe is driven in smaller sections, which requires more 
time for welding these smaller sections.

For situations where the line and grade are not critical, the pipe in 
the pit can be supported by suspension from construction equipment 
such as backhoes, cranes, and side-boom tractors; by concrete, wood, 
or block supports; or directly on the pit floor. In cases where the line 
and grade are critical, the pipe is supported by adjustable bearing 
stands, launch cradles or platforms, I-beams, and auger boring 
machine tracks.

ASCE Manuals and Reports on Engineering Practice No. 115 on Pipe 
Ramming Projects (ASCE, 2008), provides complete information on the 
pipe-ramming technique. The following sections describe new pipe 
ramming innovations:

Using Pipe Ramming in HDD Projects Bore (product pipe) salvage: A 
pneumatic pipe rammer may effectively be used to salvage a stuck 

FIGURE 1.22 Pipe ramming. (Source: TT Technologies, Inc.)
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product pipe. For this procedure, a pneumatic pipe rammer is 
attached to the exposed end of the partially installed product pipe in 
an orientation that tends to pull the pipe from the ground. This can be 
accomplished through a fabricated sleeve. A winch or other type of 
pulling device is used to assist the rammer during the pipe removal 
operation. The percussive power of the pipe rammer is often suffi-
cient to free the stuck pipe and allow it to be readily removed from 
the ground.

Drill Stem Recovery: There are two possible configurations for apply-
ing a pneumatic pipe rammer to assist in drill stem recovery. Depend-
ing on the situation, contractors can directly pull the drill stem from 
the ground using the power of a ramming tool or, if the stem is still 
attached to the drill rig, they can use the ramming tool power to push 
on the opposite end of the stem to assist with the drill rig pullback 
action.

Pullback Assist: The pullback-assist technique helps install the product
pipe in problematic situations. For example, when drilling underwa-
ter or in loose flowing soil conditions, or when there is loss of drilling 
fluid circulation, a condition known as hydrolock can occur. 
Hydrolock results when the pressure at the leading end of the prod-
uct pipe restricts its forward movement. Alternatively, soil pressure 
along the side of the pipe due to partial collapse of the borehole may 
cause additional frictional drag, thus inhibiting the pipe movement. 
In such cases, the required pull forces may exceed the drill rig’s pull-
back capability or the product pipe’s tensile strength. The percussive 
pushing action of a pipe rammer applied at the tail end of the product 
pipe may be used to help free the immobilized pipe.

The pullback assist technique has been successfully used on steel 
pipe as well as high-density polyethylene. The technique can be used 
initially as a precaution in anticipation of possible problems, such as 
those described above, or after the pipe has become immobilized. 
Response time, however, is a key factor. The rate of success greatly 
improves as the response time decreases. Therefore, many drilling 
contractors bring ramming equipment to directional drilling sites 
enabling them to respond quickly to problems that may develop.

Conductor Barrel: The success of a drilling operation can often be 
determined before initiating the drilling operation. If the soil condi-
tions at the planned entry point are problematic, the success of the 
entire project may be jeopardized. In such cases, the conductor barrel 
process may be appropriately used. The conductor barrel technique 
differs slightly from the preceding methods because it is incorporated 
into the initial boring plan, rather than being deployed only in the 
event of a problem that may arise at some stage. In this method, a 
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clear pathway is created through poor soil conditions, allowing the 
actual drilling operation to begin in more preferable soil conditions. 
Areas with loose, unsupported soils are prime candidates for the con-
ductor barrel method.

During the conductor barrel process, open-face casings are 
rammed into the ground at a predetermined angle until desirable soil 
conditions are met. The spoil is removed from the casing with an 
auger or core barrel. Drilling then proceeds within the casing, begin-
ning at a point where more desirable soil conditions are encountered. 
In addition to assisting drilling operations at the start of the installa-
tion, the conductor barrel can prevent situations in unstable soils in 
which drilling fluids under pressure force their way into waterways 
or wetlands, acting in a similar fashion to containment cells. The con-
ductor barrel may also serve as a low friction section, facilitating 
pullback.

Impact Moling* Impact moling (also known as compaction method, 
earth-piercing tools, soil-displacement hammers, impact hammers, 
percussive moles, or pneumatic moles) is used to install small-
diameter pipes, ducts, and cables (less than 10 in.). In this method, 
percussion or hammering action of a pneumatic piercing tool is 
used to create the bore by compacting and displacing the soil rather 
than removing it. The method typically is nonsteerable and should 
be used with caution. Steerable systems have reached the market in 
recent years.

When properly planned and executed, impact moling can be a simple 
and cost-effective trenchless installation method. Utility companies 
widely use this technique for installation of service connections to 
gas, water, and sewer mains, usually under sidewalks, driveways, 
and other short crossings under 150 ft. General advantages of impact 
moling are low operational and investment costs, relative simplicity in 
operating, minimal or no excavation beyond the necessary connec-
tion pits or termination points for the installed product, and minimal 
public disruption. Support equipment is limited to a small air com-
pressor, and perhaps a small backhoe or trencher, to open and rein-
state the connection/termination pits.

Feasibility of the method is restricted by its generic limitations 
(limited boring diameter and length) and by local ground conditions 
that can greatly affect performance. Adverse ground conditions 
may include cobbles, dense dry clays, and other noncompactable 
soils. Such soils may drastically reduce penetration rates and con-
tribute toward surface upheaval and/or deviation from the desired 

∗For more information, visit Guidelines for Impact Moling, TTC Technical Report 
#2001.03, available at: http://www.ttc.latech.edu/publications/guidelines_pb_
im_pr/moling.pdf.

http://www.ttc.latech.edu/publications/guidelines_pb_im_pr/moling.pdf
http://www.ttc.latech.edu/publications/guidelines_pb_im_pr/moling.pdf
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straight-line path. It is highly recommended to trace the bore path 
while boring to detect path deviation so the bore may be aborted for 
another attempt before damage to pavement or nearby facilities are 
caused. Steerable moles address the path deviation shortcoming of 
nonsteerable moles and are poised to expand the usability of the 
method by virtue of being able to bore the curved path.

Method Description Impact moles consist of an enclosed steel tube 
containing an air-powered piston (also referred as the striker) that 
strikes the nose of the tool driving it forward. A bore is formed by 
displacing and compacting the soil laterally. The friction between the 
ground and the mole body prevents the mole from rebounding back-
ward. Repeated impacts of the piston advance the unit through the 
ground. There is no rigid connection between the mole and the inser-
tion pit, and the progress of the mole relies upon the frictional resis-
tance of the ground for its overall forward movement. There are two 
main types of impact moling:

 1. Nonsteerable moles typically involve the excavation of two 
pits: an insertion pit and a receiving pit. After the careful 
alignment of the mole in the insertion pit, the tool is expected 
to advance through the ground in a straight line. A single per-
son can operate the mole. Due to potential steering control 
difficulties and possibilities of damaging the road structure, 
some highway departments and municipalities have banned 
this method.

 2. Steerable moles may be launched from the surface or from a 
pit. The operation requires a two-man crew. A walkover 
tracking system is used, as in directional drilling industry, 
where one operator walks the bore route with a walkover 
locator device and monitors the progress of the tool in the 
ground. The other operator is a tool operator who imple-
ments the required course corrections using the guidance 
controls. A product pipe, cable, or cable duct can either be 
directly towed into the bore during the boring procedure or 
subsequently inserted into place after the borehole is com-
pleted (providing suitable soil conditions for unsupported 
borehole). Usually the mole first creates the unsupported 
bore, and on removing the unit from the receiving pit, the 
product pipe is attached to the air hose and pulled into the 
bore (the most popular mode of operation), or the pipe is 
sometimes pushed into its place.

Impact moling can also be used for dead-end bores, in which case 
the tool is reversed after the bore is completed and removed from the 
ground through the insertion pit. Figure 1.23 illustrates a schematic 
of impact moling operation.
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1.7  Characteristics and Applications of Trenchless 
Construction Methods

This section provides information on the various trenchless methods 
and their applicability to the individual types of pipelines and utility 
installations. Restriction on the selection of a construction method 
may include ground conditions, availability of experienced trench-
less technology contractors and appropriate equipment, cost, safety, 
and the technical feasibility of the method desired. The materials pre-
sented in this section should only be used as a guide. Each project is 
unique and for a safe and successful operation, judgment of a profes-
sional engineer knowledgeable in trenchless technology methods is 
required. Standard pipe sizes, bore lengths, and bore depths are con-
siderations in determining the appropriate method. Table 1.5 pres-
ents main characteristics of trenchless methods for new installations 
including range of lengths and diameters. Table 1.6 provides appro-
priate techniques for specific applications. 

Table 1.7 presents minimum safe installation depths for various 
trenchless installation methods categorized into different pipe diame-
ters and soil conditions. While minimum installation depths depend 
heavily on subsurface conditions, method used and pipe diameter, 
other factors such as type of trenchless equipment used, operator’s 
skills, project location, surface conditions, and adjacent utilities and 
structures are also important. It should be noted that as technology 
develops, each method may expand its capabilities including range of 
depth, length, and diameter applications. The installation depth should 
be determined on case-by-case basis, considering all the risks.

Table 1.8 presents selection of trenchless method based on the type 
of pipe, pipe installation, and method of excavation and soil removal.

FIGURE 1.23 Impact moling. (Source: TT Technologies.)



Trenchless Method
Diameter
Range (in.)

Inst. Length 
(ft)

Max
Depth (ft) Pipe Materialc Typical Application Accuracy

Conventional pipe 
jacking & utility tunneling

42 & up 
(144 in.)

1600–3500 N/Aa RCP, GRP, steel Pressure & gravity pipes ± 1 in.

Auger boring 
(conventional)

4–60 600 N/Aa Steel Road & railroad crossings ± 1% of the 
bore length

Auger boring steered on 
gradea

4–60 600 N/Aa Steel Pressure & gravity pipes ± 1 in.

Auger boring steered on 
line + gradea

4–60 600 N/Aa Steel Pressure & gravity pipes ± 12 in.

Mini-HDD 2–12 600 60 HDPE, steel, PVC, 
ductile iron

Pressure pipes/conduits/
cables

Varies

Midi-HDD 12–24 600–2000 100 HDPE, fusible PVC, 
steel, ductile iron

Pressure pipes Varies

Maxi-HDD 24–60 2000–6000 200 HDPE, steel Pressure pipes Varies

Microtunneling 12–136 1500 N/Ab RCP, GRP, VCP, DIP, 
steel, PCP

Gravity pipes ± 1 in.

Pilot tube microtunneling 6–30 300 N/Ab RCP, GRP, VCP, DIP, 
steel, PCP

Small-diameter gravity 
pipes

± 1 in.

Pipe ramming 4–140 400 N/Ab Steel Road & railroad crossings Dependent 
on setup

aNot all the contractors have the necessary equipment and required experience to use this method.
bMaximum depths are dependent on practical capability of using a shaft or pit to remove spoil and provide the necessary tools and materials.
cSteel—Steel Casing Pipe; RCP—Reinforced Concrete Pipe; GRP—Glass-Fiber Reinforced Plastic Pipe; PCP—Polymer Concrete Pipe; VCP—Vitrified Clay 

Pipe; DIP—Ductile Iron Pipe; PVC—Polyvinyl Chloride Pipe; HDPE—High Density Polyethylene Pipe; MDPE—Medium Density Polyethylene Pipe.

TABLE 1.5 Main Characteristics of Trenchless Installation Methods 
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1.8  Capabilities and Limitations of 
New Installation Methods

Trenchless technology methods have many benefits over traditional 
open-cut and trenching techniques such as reducing or eliminating 
traffic disruptions, damage to pavement and road structure, noise 
and dust, and safety hazards. While trenchless technology methods 
provide many benefits, it should be recognized that there are some 
conditions where trenchless applications are not appropriate, and 
open-trench excavation may be necessary. Adverse subsurface condi-
tions such as presence of boulders and cobbles, abandoned man-
made objects and structures, specific project conditions, and/or 
uncertain location of existing utilities may preclude the use of trench-
less technology. Refer to Chap. 10 for more information on project 
management and safety considerations for trenchless construction 
methods.

1.8.1 Conventional Pipe Jacking and Utility Tunneling

Advantages
Conventional pipe jacking and utility tunneling can be accomplished 
through almost all types of soils with a high degree of accuracy. Since 
the operator is located at the excavation face, he can see what is tak-
ing place and take immediate corrective action for changing subsur-
face conditions. The tunnel face can be readily inspected visually or 
by using a video camera. When unforeseen obstacles are encountered, 

Trenchless 
Method Water

Sanitary 
and Storm 
Sewers Gas Electricity Telecommunications

PJ and UT N/A Yes No No N/A

HAB Yes Marginal Yes Yes Yes

HDD Yes Marginal Yes Yes Yes

MT No Yes No No No

PTMT Yes Yes No No No

PR Yes Marginal Yes Yes Yes

Yes—Method is suitable to this application, No—Method is not suitable to this applica-
tion, Marginal—Special tools or considerations/contractor experiences are required, 
N/A—not applicable or not usually applied.

TABLE 1.6 Appropriate Techniques for Specific Applications



Pipe Diameters 
(in.)

Soil
Conditions PJ/UT

HAB
(ft)

HDD
(ft) MT PTMT PR (ft)

Small (<12)

Clayey

6 ft of cover 
or 3 times 
outside diameter 
whichever is more

4

4

6 ft of cover 
or 3 times 
outside diameter 
whichever is more

4 ft of cover or 3 times 
outside diameter 
whichever is more

2
Silty 4

Sandy 6

Gravely 6

Medium
(12~24)

Clayey 6

8 3
Silty 8

Sandy 12

Gravely 20

Large
(>24)

Clayey 10

25 4
Silty 14

Sandy 20

Gravely 25

aAmong other factors, minimum depth depends primarily on the type of soil and diameter of the pipe. Unstable soil conditions (such as running sand) 
require deeper installations, while more stable soils such as hard clays would allow for shallower installations. Also, small diameters (less than 12 in.) 
would allow for shallower installations.

TABLE 1.7 Minimum Depth Guidelines Based on Soil Conditions and Diameters for Trenchless Installation Methodsa
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Methoda

Pipe/Casing
Installation Mode Suitableb Pipe/Casing

Soil Excavation 
Mode Soil Removal Mode

CPJ Jacking Steel, RCP, GFRP, PCP Manual or 
mechanical

Augers, conveyors, manual carts, 
power carts, or hydraulic

UT Manual Steel, RCP, GFRP, PCP Manual or 
mechanical

Augers, conveyors, manual carts, 
power carts, or hydraulic

HAB Jacking Steel Mechanical Augers

HDD Pulling Steel, PVC, HDPE, DI Mechanical and 
hydraulic

Hydraulic

MT Jacking Steel, RCP, GFRP, PCP, VCP, DIP Mechanical Hydraulic (slurry)

PTMT Jacking RCP, GFRP, VCP, DIP, Steel, PCP Mechanical Augers

PR Hammering/driving Steel Mechanical Augers, hydraulic, compressed air, 
mechanical skid

PBc Pulling/pushing (Steel, clay, HDPE, PVC, GFRP)d

(Clay, concrete, cast iron, steel, 
DIP)e

Mechanical Compaction

aHAB—horizontal auger boring; PR—pipe ramming; CPJ—Conventional pipe jacking; HDD—horizontal directional drilling; MT—microtunneling;
PB—pipe bursting.

bSteel-steel casing pipe, RCP—reinforced concrete pipe, GFRP—glass-fiber reinforced plastic pipe, PCP—polymer concrete pipe, VCP—vitrified clay 
pipe, DIP—ductile iron pipe, PVC—polyvinyl chloride pipe, HDPE—high-density polyethylene pipe, MDPE—medium density-polyethylene pipe.

cSee Chaps. 2 and 6 for more information on pipe bursting.
dMaterial suitable for use as a new pipe during pipe bursting.
eMaterial suitable for existing pipe to be replaced using pipe bursting.

TABLE 1.8 Selection of Trenchless Method Based on Type of Pipe, Pipe Installation, and Method of Excavation and Soil Removal
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they can be identified and removed. Many options are available for 
handling the soil conditions.

In utility tunneling, only a small jacking force sufficient to drive 
only the shield or TBM has to be developed. Also, jacking pipes are 
not required, so potentially pipes with less wall thickness than jack-
ing pipes can be used.

Limitations
Pipe jacking and utility tunneling are specialized operations. As with 
any other trenchless technology methods, these methods require a lot 
of planning and coordination. While these operations can potentially 
be conducted on a radius, it is recommended that all directional 
changes be made at the shafts. In the pipe-jacking method, the pipe 
should be strong enough to resist jacking forces. Hence not all types 
of pipes can be used for this operation.

In the utility-tunneling method, the liner is classified as a tempo-
rary structure. Therefore, a product pipe (also called carrier pipe) 
must be transported and installed inside the tunnel and the annular 
space between the product pipe and the tunnel liner filled with grout 
to provide adequate support.

1.8.2 Horizontal Auger Boring 

Advantages
The major advantage of auger boring is that the casing is installed as 
the borehole excavation takes place. Hence, there is no uncased bore-
hole that substantially reduces the probability of a cave-in, which 
could result in surface subsidence along the bore path. Also, with use 
of proper cutterhead and construction practice, this method can be 
used in a wide variety of soil types, which makes it a very versatile 
method.

Limitations
Horizontal auger boring is generally unsteerable; however, some 
basic steering systems are available and some contractors may use 
innovative methods (walk-over tools, inertia systems, etc.) to 
achieve accurate line and grade installations. This method requires 
entry that must accommodate pipe section lengths (usually 20 ft 
and up) and reception pits to retrieve the cutterhead. To identify 
obstacles such as large boulders, running sands, or very soft 
ground conditions, a thorough site investigation is required. Hori-
zontal auger boring can accommodate rocks up to one-third of the 
diameter of the casing. The casing must be made of steel, to accom-
modate the steel augers turning inside the casing. With larger cas-
ing pipe installations (worker entry), it is possible to use smaller 
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casing tubes with augers inside to remove spoils. If excessive 
thrust force is applied at the excavation face and not enough soil 
materials excavated and removed, there is a risk of heaving. Unless 
a special push-on jointing system is used, the welding of two pipe 
sections may take several hours. After completion of casing instal-
lation, the product pipe is installed using spacers or other means 
(a two-phase process).

1.8.3 Horizontal Directional Drilling 

Advantages
The major advantage of HDD is its steering capability. In case of hit-
ting obstacles, the drill head can be pulled back and guided around 
the obstacle. As the HDD system can launch from the ground surface, 
only small entry and reception pits (to collect drilling fluids) are 
required. Therefore, the setup time is relatively shorter than other 
trenchless installation methods. The single HDD drive length that 
can be achieved (up to 6000 ft) is longer than any other non-worker-
entry trenchless method. 

Limitations
The disposal of the slurry mixed with soil cuttings needs to be con-
sidered in advance, especially when no fluid recycling method is to 
be used. Although the U.S. Environmental Protection Agency (EPA) 
does not consider bentonite and certain polymers toxic materials, the 
acceptability of such spoil material varies among local agencies as 
well as landfill owners.

A thorough site and subsurface investigation is very important, as 
corrective measures applied midway in the drilling or back-reaming 
operation can be very time consuming and costly. When boring 
under roadways or other environmentally sensitive areas, the use of 
pressured fluid may cause serious concerns regarding the possible 
deleterious effect of slurry migration laterally and vertically (also 
called frac-outs). Care should also be taken to prevent possible ground 
movement and loss of slurry to the pavement for shallow soil cove 
installations.

While Mini-HDD equipment is portable, self-contained, and 
designed to work in small, congested areas, Maxi-HDD operations 
may require a relatively large area for the drilling rig and associated 
equipment at the rig side. A comparable large area is generally 
required at the product pipe side. Other limitations include the pos-
sibility that the bore may collapse in some granular (gravelly and 
sandy) soils. In very soft soils, the steering ability may become diffi-
cult. Not maintaining enough fluid flow to remove cuttings may 
cause a “hydrolock” situation, potentially causing heaving of soil or 
pavement above.
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1.8.4 Microtunneling 

Advantages
The microtunneling method is capable of installing pipes to accurate 
line and grade tolerances. It has the capability of performing in diffi-
cult ground conditions without expensive dewatering systems and/
or compressed air systems to pressurize the tunnel face. Pipe can be 
installed at a great depth without a major cost increase. The depth 
factor becomes increasingly important as underground congestion is 
increased, or a high water table and difficult ground conditions are 
encountered; where open-cut method becomes very costly. In this 
method, safety is enhanced, as workers are not required to enter the 
tunnel. The carrier (product) pipe, with sufficient axial load capacity, 
can be jacked directly without the need of a separate casing pipe or 
lining for soil support.

Limitations
The capital cost of equipment is high. However, on projects where 
this method has been competitively bid against other tunneling meth-
ods, the unit price costs have been competitive. Some MTBM systems 
have difficulty in soils with boulders more than one-third of the 
machine diameter. 

1.8.5 Pilot-Tube Microtunneling

Advantages
The change-over and setup times for this method are short. The 
machine technology and operation is simple. The investment costs 
for the equipment is reasonable. The space needed to set up the equip-
ment is small. 

Limitations
The use of the soil displacement principle is only possible in soil that 
can be displaced [approximately with a standard penetration test 
(SPT) of less than 50]. Steerability becomes difficult with increasing 
jacking distance. Because of the absence of position monitoring and 
steering capabilities during the reaming process, obstacles or collaps-
ing soil layers may cause directional deviations. This may lead to 
constraining forces at the coupling point of the pilot drill-rod string 
with the reamer and, in extreme cases, fracture the joint.

1.8.6 Pipe Ramming

Advantages
The pipe-ramming method is an effective method for installing pipes 
and utilities under roads and railroad tracks. The versatile pit sizes, 
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maximum drive length, and ability to handle different soil conditions 
makes this method a practical and economical technique for install-
ing steel pipe casing. This method does not require any thrust block 
as the ramming action impulses the pipe by the percussion tool. A 
single size of pipe-ramming tool and the air compressor can be used 
to install a wide variety of pipe lengths and sizes. Ramming tool can 
be used for vertical pile driving, angular ramming, or pipe replace-
ment (bursting). It can also be used for assisting in HDD and MTBM 
rescue operations.

Limitations
The major limitation of the pipe-ramming method is the minimal 
amount of control over line and grade. Therefore, the initial setup is 
of major importance. Also, in the case of obstructions, like boulders 
or cobbles, especially for pipes with small diameter, the pipe may be 
deflected. Therefore, sufficient information on the existing soil con-
ditions must be available to determine the proper size of casing to 
be used. Other drawbacks include high noise levels that are typical 
for pipe ramming (if no noise suppression is used). Unless special 
push-on jointing system is used, the welding of two pipe sections 
may take several hours. After completion of casing installation, the 
product pipe is installed using spacers or other means (a two-phase 
process).

1.9  Planning and Safety Considerations
Although trenchless installation methods significantly reduce the 
negative impacts of open-cut trenching to quality of life and reduce 
damage to pavements, and surrounding infrastructure, there are 
some potential effects that should be understood. Many of the trench-
less methods described in this book may have several potential risks. 
Some of these risks are common to several methods, while others 
apply to a particular method. These potential risks should be consid-
ered in the planning, design, and preconstruction phase of the proj-
ect, and when deciding on a specific trenchless technology method. 
Some risks can be reduced or mitigated by selection of experienced, 
qualified contractors and trained/certified machine operators. While 
generally jobsite safety is the responsibility of the contractors, project 
owners and consulting/design engineers also have a responsibility 
for ensuring proper method selection, and eliciting information on 
safety and operational plans of the contractor by including require-
ments for submittals in the bid documents. 

A safe job starts with a good planning and design, proper geo-
technical and site investigations, and decisions made during the 
inception of the project, including the profile and alignment of the 
installation. It is important that the owner and the engineer convey 
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all the data, including geotechnical reports and soil bore information 
to the contractor. This will help the contractor to make adjustments in 
machine selection and installation methods. 

The following are examples of these risks with more information 
provided in Chap. 10.

• Borehole collapse/subsidence.

• Ground displacement/upheaval.

• Ground vibrations damaging nearby utilities and struc-
tures.

• Excessive fluid pressures (such as in HDD operations) 
damaging/breaking nearby utilities.

• Excessive use of torque/thrust.

• Use of forward thrust power in HDD operations to ream the 
borehole (this practice may heave the ground, damage the 
pavement, and damage nearby utilities).

• Striking underground utilities during reaming and pullback 
operations (such as HDD method). It should be noted that in 
HDD operations, the back-reaming and installation of prod-
uct pipe may take a shallower profile than original planned 
borehole.

• Lack of keeping a safe distance from parallel and crossing 
utilities.

• Lack of proper entry/access/exit pit excavation and support 
systems.

• Risks involved in operating boring and jacking machines and 
use of hydraulic and air hoses, and power tools.

• Confined space entries.

• Work zone traffic accidents.

• Fall into shafts and pits.

• Overhead power lines.

• Striking natural obstacles (tree roots, boulders, etc.) and man-
made obstacles (mass of concrete, abandoned underground 
tanks, and other structures).

• Ground variability and mix-face conditions.

• Exceeding jacking capacity or torque capacity of boring 
machines (such as machine upset in horizontal auger boring).

• Exceeding jacking capacity of the thrust block or backstop.

• Exceeding jacking capacity or pulling capacity of the product 
pipe.

• Uncovered or unmarked surface potholes.
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• Lack of proper work gear [personal protection equipment 
(PPE)], such as lack of insulated boots and gloves (in HDD) 
and eye protection glasses.

• Use of machine power to change back-reamers, cutterhead or 
other tools.

• Eye injuries from high-pressure drilling, other fluids, or fly-
ing objects.

• Caught-in/crushed-by accidents from rotating/moving 
components.

• Fire and/or explosion from breached gas lines.

• Lack of safety training of crew and/or lack of “tool box” or 
safety meetings.

• Improperly cutting unrestrained or spooled plastic pipe.

• Lack of good communication (hand signals, two-way radios, 
etc.) among machine operators and crew members.

• Lack of good planning and job site organization, such as 
assigning responsibilities and tasks to subcontractors, parties, 
or organizations that do not have the type of expertise and 
authority required to conduct those tasks. 

Loose, cohesionless, and granular soils are more susceptible to 
borehole collapse if a casing or a pipe is not advanced properly 
while the soil is being excavated. Pipe-jacking and horizontal auger-
boring are most affected by this type of soil with respect to tunnel 
or borehole collapse or ground subsidence. 

The main concern with pipe bursting (see also Chap. 6) is sur-
face heaving which potentially can cause outward ground displace-
ment along the pipe alignment. The displacement is typically local-
ized, and their effects dissipate rapidly from the bursting operation. 
Some causes for displacement or upheaval during pipe bursting 
include

• Shallow depth of the existing pipe

• The ground displacement is directed upward

• The new pipe diameter is significantly larger than that of the 
existing pipe

Ground displacements in pipe bursting can cause damage to nearby 
utilities if they are within 2 to 3 times the diameter of the new pipe. 
Ground vibrations can affect the surrounding soil and adjacent utili-
ties and structures within a few feet of pipe alignment. This can be 
caused by pneumatic pipe bursting, as well as pipe ramming. 

As a final word, a safe and productive construction project starts 
with a good plan and follows with implementing that plan (like the 
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saying “plan the work and work the plan”). Underground construc-
tion in general and pipelines and utility construction specifically are 
risky operations, therefore, for a safe and successful project, coop-
eration of all parties in the construction process (owner, engineer, 
contractor, subcontractor, regulatory agency, and so on) is required 
with a well-defined plan and organization to complete the work. 
Figure 1.24 presents a summary of planning and safety consider-
ations for planning and design phase and construction phase of the 
project. 

FIGURE 1.24 Sample planning and safety considerations.
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1.10 Cost Estimating and Bidding
Unit price contracting is the most common method for bidding and 
cost estimating of trenchless projects. Other methods of bidding 
trenchless installations include lump sum and cost-plus or time and 
materials. Table 1.9 presents a sample unit price bid for a HDD water 
pipe installation project.

Item
No. Item Description Quantity Unit

Unit
Cost

Total 
Price

1 Mobilization, bonds, insurance 1 ls $______ $______

2 Stormwater Pollution Prevention 
Plan

1 ls $______ $______

3 Trench and Excavation Safety 
Plan

13,936 lf $______ $______

4 12" DR-18 C900 PVC water line 5,010 lf $______ $______

5 12" Gate valve and valve box 2 ea $______ $______

6 Service line pressure reducing 
valve

19 ea $______ $______

7 12" × 12" tapping saddle 1 ea $______ $______

8 Cut and plug existing 6" water 
line

52 ea $______ $______

9 Fire hydrant assembly 13 ea $______ $______

10 Reconnect existing fire hydrant 11 ea $______ $______

11 Remove existing fire hydrant 11 ea $______ $______

12 Bore without encasement – 12" 
DR18 C900

861 lf $______ $______

13 16" bore without encasement – 8" 
DR18 C900

156 lf $______ $______

14 New service line and meter 
stop-recon to ex. meter

133 ea $______ $______

15 Asphalt pavement replacement 2,855 lf $______ $______

16 Gravel pavement replacement 2,360 lf $______ $______

17 Traffic control plan 1 ls $______ $______

18 Disinfection and testing 1 ls $______ $______

TOTAL ORIGINAL BID: $______ 

TABLE 1.9 A Sample Unit Price Bid for a HDD Water Pipe Installation Project
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1.11 Summary
This chapter presented an overview of different trenchless installation 
methods with their range of applications, capabilities, advantages 
and limitations. Owing to its many benefits, trenchless construction 
has become the method of choice to replace traditional open-cut pipe-
line installations. Through trenchless construction a better-quality 
pipe is installed, permanent soil and traffic loads on the pipe are 
reduced, which results in extending the pipe’s service life  and lower-
ing life cycle cost of the project. 



CHAPTER 2
Existing Pipeline Renewal 

and Replacement Methods

2.1 Introduction
Trenchless renewal and replacement methods can be used to renew 
both gravity and pressure pipelines. Range of applications include 
sanitary sewers, storm sewers, culverts and drainage structures, pota-
ble water pipes, natural gas and oil pipelines, sewer manhole struc-
tures, and so on. Each method has certain capabilities and limitations 
that make them more suitable for specific applications and specific 
conditions. The decision process to select a specific method should 
consider many factors, including nature and extent of existing pipe-
line deterioration and problems, type of application, pipe geometry 
(see Fig. 2.1), as well as plans for future pipe applications, costs and 
availability of contractors and technology providers. Although numer-
ous cross-sectional shapes are available, the circular shape is the most 
common shape for a pipe because it is hydraulically and structurally 
efficient under most conditions. A pipe-renewal selection should also 
consider construction cost, potential for clogging by debris, limita-
tions on headwater elevation, pipe depth, and hydraulic performance 
of the new pipe. The site (soil conditions, surface conditions, and 
availability of space for installation), and project-specific conditions 
(length of pipe, bends, alignment conditions, bypassing requirements, 
future and current land use, and so on) would also influence selection 
of a specific method.

2.1.1 Existing Pipe Underperformance
There are a wide variety of factors that affect performance of 
existing pipes. Among these factors, structural loads (soil and live 
loads), corrosion, excessive fluid pressure, inadequate flow capac-
ity, scour, and erosion of streambed and embankments are most 
common. Existing pipe performance is closely related to the rate of 
deterioration and the service life. Noninspected and nonmaintained 
pipes deteriorate faster than expected due to various service, 
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environmental, hydraulic, and social conditions, which often lead 
to emergency repairs. Table 2.1 provides a summary of factors to 
consider, grouped under surface, subsurface, and existing pipeline 
conditions, pipe service requirements, constructability. and strengths 
and limitations, when a project is considered for trenchless renewal 
and/or replacement.

The pipeline renewal and replacement method selection process 
is indeed a complicated one. As mentioned above, many parameters 
and factors must be considered to reach an optimum solution. The 
decision must be made during the planning phase and reevaluated 
during the design and preconstruction phase of the project. The 
project owner and design engineer must identify the appropriate solu-
tions and consult with contractors and technology providers during 
the design and preconstruction phase. However, the decision-mak-
ing process should not be left to contractors to be decided in the 
bidding phase.

2.2  Planning Trenchless Renewal/Replacement Project
The total process of a construction project includes project definition, 
preliminary planning, project design, procurement of major items, 
project construction, and project startup. During the project defini-
tion, preliminary planning, and project design stages, major decisions 
are made concerning overall project size and complexity, project loca-
tion, time constraints, level of quality, and costs.

Generally speaking, planning is done by all the parties in different 
stages of a construction project, but the initial planning is typically 
done by the project owner using the services of an engineer. The proj-
ect background may also have a great impact on the planning process 
itself. The planning phase for a conventional project can proceed in a 
more regulated and ordered fashion than that for an emergency pipe 
repair or replacement due to a collapse in a roadway (see Fig. 2.2). In 
an accelerated schedule such as for an emergency, the priority of 
speed of completion may outweigh all other priorities. This may lead 
to selection of a project delivery system and contracting method that 
allows a greater focus on speed, such as design-build, cost plus, and 
the like, with a much higher cost to accelerate operations.

EllipticalCircular Rectangular Pipe arch ArchMetal box culvert

FIGURE 2.1 Common existing pipe shapes.
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• Surface Conditions
• What is the topography?
• What are the surface features?
• What and where are the existing utilities located?
• What and where are the sensitive areas within the project site?
• What historical data is available for the project site?
• Is the existing pipeline under a road, lake, or river? What are accessibility 

issues?
• Subsurface Conditions

• What are the general soil types, locations, and in-situ conditions?
• What is the potential for the presence of rocks, cobbles, or boulders?
• Is groundwater present? If yes, what is its depth?
• What is the soil’s corrosion potential?
• What is the soil’s settlement potential?

• Existing Pipeline Conditions
• What is the external condition of the existing pipe?
• What is the potential for the presence of external voids around the existing 

pipe?
• What are the internal conditions of the pipe?
• What is the condition of existing manholes/on-line structures?
• Where are bends, fittings, valves, service connections, concrete encasements, 

casing pipes, and other factors specific to the existing pipe located? Does 
existing pipe have repair sleeves installed?

• Determination of the New Pipe Service Requirements
• What flow capacity is required?
• What length of pipe is under consideration?
• What is the corrosion potential?
• What are the structural requirements?

• Constructability and Site Limitations
• What safety issues need to be considered?
• What type of access into the existing pipe is available?
• What are the surface impacts of the construction techniques?
• What are the easement needs of the construction techniques?
• What impacts will groundwater have?
• What are the scheduling limitations and constraints?
• Will bypass pumping and flow control be required during the construction?
• What is the impact of other utilities?

• Strengths and Limitations of Potential Renewal/Replacement Methods
• Are the proposed material and method a proven technology with available 

competent contractors?
• What is the availability of the technology?
• What is the anticipated service life?
• What are the potential method’s maintenance requirements?
• What are the initial and long-term costs?
• How well does the potential solution satisfy the identified service 

requirements?
• What level of quality assurance/quality control is available?

TABLE 2.1 Pipeline Renewal/Replacement Parameters
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It is important in the planning process for the project owner to 
clearly identify, define, and communicate the project priorities to all 
those working on the project. The project owner should also perform 
a self-audit of their project management to help ensure that conflict-
ing priorities are not inadvertently introduced into the project. The 
following sections present detailed activities for the various renewal 
and replacement methods.

2.2.1 Planning Activities
Proper planning helps to ensure that the project will meet the needs 
and priorities of the owner. The major activities that are typically per-
formed during the planning phase include establishing project 
requirements and objectives, assessing background, such as identify-
ing screening risks, constraints, and alternatives, collecting data, and 
evaluating and selecting alternatives for design. Project planning 
involves thorough considerations of all the project parameters such 
as soil conditions, productivity, surface access, waste disposal, avail-
able surface area, and so on. The trenchless contractor should also be 
creative for any feasible approaches to enhance the project efficiency.

Background Assessment
This activity identifies and evaluates the background factors for the 
project. The background factors are usually nontechnical factors that 

FIGURE 2.2 High emergency cost expected for the pipe failures in urban 
areas (Source: City of Fort Lauderdale Public Works Department.)
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establish the conditions and limitations of the project along with set-
ting the project priorities. Many of these factors may be available 
through existing pipe records, such as original installation data 
such as, age of the existing pipe, type and class of existing pipe mate-
rial, diameter, profile and alignment, size of trench, and backfill 
materials, bedding, and compaction, history of pipe problems with 
solutions provided (such as leaks or collapse, overflow, and types of 
repairs and/or actions taken in the past).

Screening of Alternatives
This activity will provide a general screening of potential solutions 
based upon the technical conditions and needs of the project. The 
purpose of this activity is to further eliminate candidate solutions, 
and identify the type of design data that must be collected for the 
project to proceed.

Data Collection
This activity includes investigations that provide the information 
required to evaluate and screen candidate alternatives for consider-
ation in the design phase. Data collection may provide information 
relating to flow conditions, physical conditions, subsurface condi-
tions, and existing pipe conditions. Surface survey, geotechnical 
investigations, and internal cleaning and subsequent inspection of 
existing pipe (with use of CCTV or other methods) will accomplish 
this goal.

Evaluation and Selection of Alternatives
This activity includes the final screening of alternatives and the selec-
tion of alternatives for proceeding into design. The final screening is 
based upon the preliminary known data in addition to the data col-
lected during this activity.

2.2.2 Design Process
Pipe-renewal design involves a set of equations considering factors 
such as groundwater, soil, traffic loads, and other loadings condi-
tion. As for any structural design, there are many variables and 
parameters used in the design of the pipe wall thickness, including 
material properties, pipe geometry, and loading conditions, includ-
ing assumptions for a safety factor and long-term material proper-
ties, which provide the required performance requirements to resist 
the loads. There is no single design equation that can be used for all 
different conditions that must be taken into account for the proper 
design of a pipeline renewal and replacement method. For proper 
design, it is necessary to divide these conditions into different 
groups. 
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For both gravity flow and internal pressure, design equations 
have been categorized into partially and fully deteriorated on the 
basis of ASTM F1216-09, as described in the following sections. See 
Secs. 2.7 and 2.8 for sample design calculations and sample specifica-
tions, respectively.

Partially Deteriorated Pipe
A partially deteriorated existing pipe is defined as one where the 
pipe is cracked or corroded, but has no missing pipe sections. The 
soil-pipe system in this case is capable of supporting all the soil, and 
surface loads. In this case, the new pipe is designed to support exter-
nal hydrostatic loads due to groundwater as well as withstand the 
internal pressure in spanning across specific cracks and holes in the 
original pipe wall.

Fully Deteriorated Pipe
In this condition, the existing pipe is not structurally sound and can-
not support soil and live loads or is expected to reach this condition 
over the design life of the renewed pipe. This condition is evident 
when sections of the original pipe are missing, the pipe has lost its 
original shape (possibly collapsed), or the pipe has corroded or fail-
ing due to the effects of the fluid, atmosphere, soil, or applied loads. 
The two basic design concepts are summarized in Table 2.2.

The specific design process for potable water pipelines (see Chap. 3) 
will also include the following considerations:

• Internal corrosion: Lining must provide a highly effective, 
corrosion-resistant barrier between the inside diameter (ID) 
of the existing pipe and the conveyed product.

• Water quality problems associated with pipeline internal corrosion 
and deposits: Lining must remove the pipe internal tubercula-
tion and corrosion which contributes to conveyed water-quality 
problems.

Existing Pipe Conditions Design Objectives

Partially deteriorated Liner design guarantees long-term hole/
gap spanning capability under design 
operating conditions. Structural support 
is necessary from the existing pipe to 
withstand general operating pressures/
external loads.

Fully deteriorated No structural support available from 
existing pipe against internal/external 
pressures/loads.

TABLE 2.2 Current Structural Design for Pipeline Renewal Systems
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• Flow capacity problems arising from pipe internal tuberculation 
and deposits: Lining must present a smooth surface to the con-
veyed liquid, which helps maximize the flow capacity of the 
lined pipe. Due to extremely low friction coefficient of the 
new liner, it is possible to increase the hydraulic capacity of 
heavily tuberculated pipes.

• Leakage from corrosion holes and failed pipeline: Lining must pro-
vide a continuous and pressure-tight envelope inside the 
existing pipeline which must be designed to effectively span 
corrosion holes and joint gaps.

• Vacuum Collapse: Ensure that the liner will not collapse if the 
lined pipe is subject to an internal vacuum during the service. 

• Groundwater level is above the invert level of the existing pipe: The 
groundwater may enter the annulus of existing pipe and liner 
through leaking joints/corrosion holes, and others in the 
existing pipeline. The resulting external hydrostatic pressure 
of water on the liner has the potential to cause the liner to 
collapse (buckle). 

Sample design calculations are presented at the end of this chapter.

2.3  Applicability of Trenchless Renewal 
and Replacement Methods

Trenchless renewal and replacement methods can be used to line,
rehabilitate, upgrade, or renovate (collectively called renewal methods) 
existing pipelines. There are also methods that can replace and/or 
enlarge existing pipelines in situ. These methods are collectively called 
in-line replacement methods. Throughout this book, the term “renewal” 
is used when lining methods are applied to extend the design life of 
pipelines. When trenchless methods are used to repair pipelines 
without extending their design life, the term “repair” is used. The 
basic trenchless renewal and replacement methods are presented in 
Fig. 2.3 and can be categorized according to their application for grav-
ity and pressure pipes, as presented in Table 2.3.

Factors to be considered while implementing any pipe renewal 
and replacement method and how the method is advantageous over 
other competing techniques include:

• Social cost

• Life span (durability)

• Reliability

• Environmental impacts
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Trenchless
replacement

methods
(TRM)

Coatings and
linings
(CL)

Close-fit pipe
(CFP)

Trenchless
renewal and
replacement

methods

Thermoformed
pipe

(THP)

Cured-in-place
pipe (CIPP)

Sliplining
(SL)

Modified
sliplining
(MSL)

FIGURE 2.3 Basic trenchless renewal methods.

Basic Method Gravity Pipe Pressure Pipe

Pipe-Lining Methods

Cured-in-place pipe Yes Yes

Sliplining Yes Yes

Close-fit pipe Yes Yes

Coatings and linings Yes Yes

Modified sliplining Yes No

Thermoformed pipe Yes Yes

Trenchless Replacement Methods

Pipe bursting Yes Yesa

Pipe removal Yes No

Pipe extraction Yes No

aOnly pipe splitting method (a variation of static pipe bursting), is suitable for pres-
sure water or natural gas pipes (such as existing cast iron or ductile iron pipes).

TABLE 2.3 Application of Trenchless Renewal and Replacement Methods
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• Productivity and schedule

• Quality of installation

• Project cost-effectiveness

• Applicability and constructability 

Table 2.4 present specific applications of renewal and replacement 
methods for common pipeline problems. Table 2.5 presents the main 
characteristics of specific renewal and replacement methods. More 
information on the main methods of lining and replacement systems 
are provided in the following sections with additional installation con-
siderations for pipe replacement and CIPP are presented in Chap. 6 and 
Chap. 7 respectively. Figure 2.4 illustrates a guide to select a trenchless 
renewal, replacement or repair method. Due to the importance of coat-
ings and linings (CL) in potable water pipe applications, Chap. 3 is 
dedicated to these methods.

2.3.1 Cured-in-Place Pipe
The cured-in-place pipe (CIPP) process involves the insertion of a 
resin-impregnated fabric tube into an existing pipe by use of water or 
air inversion or winching. Usually the fabric is a polyester material, 
reinforced fiberglass, or similar. Usually water or air is used for inver-
sion process. The pliable nature of the resin-saturated fabric prior to 
curing allows installation around curves, filling of cracks, bridging of 
gaps, and maneuvering through pipe defects. CIPP can be applied for 
structural or nonstructural purposes. Figure 2.5 shows a CIPP instal-
lation process.

2.3.2 Sliplining
Sliplining (SL) is mainly used for structural applications when the 
existing pipe does not have joint settlements or misalignments. In this 
method, a new pipeline of smaller diameter is inserted into the existing 
pipe and usually the annular space between the existing pipe and new 
pipe is grouted. This installation method has the merit of simplicity 
and is relatively inexpensive. However, there can be a loss of hydrau-
lic capacity.

Sliplining can be categorized into two main categories: continuous 
and segmental. The continuous sliplining method involves accessing 
the deteriorated pipe at strategic points and inserting high-density 
polyethylene (HDPE) or polyvinyl chloride (PVC) pipe, joined into a 
continuous pipe string. The segmental sliplining method involves 
the use of short sections of pipe that incorporate a flush sleeve joint 
commonly used in microtunneling and pipe-jacking processes. 
Figure 2.6 illustrates a schematic diagram for the conventional sliplin-
ing process.



Renewal Method
Joint
Problems Corrosion

Cracks/
Holes

Inflow, Infiltration, 
& Exfiltration

Structural 
Problems

Inadequate
Hydraulic Capacity

Extension of Service 
Life of Existing Pipe

Cured-in-place pipe Marginal Yes Yes Yes Yes Marginal Yes

Sliplining Marginal Yes Yes Yes Yes No Yes

Close-fit pipe Marginal Yes Yes Yes No Marginal Yes

Thermoformed pipe Marginal Yes Yes Yes Yes Marginal Yes

Coatings and 
linings

No Yes Marginal Yes Marginal No Marginal

Modified sliplining Marginal Yes Yes Yes Yes No Yes

Trenchless 
replacement 
methods

Yes Yes Yes Yes Yes Yes Yes

a Marginal means special preparation (such as a point repair) may be required before installation of the renewal/replacement method and/or the 
renewal/replacement solution may be effective dependent on the specific product (manufacturer), quality of application, and project conditions.

TABLE 2.4 Applications of Renewal/Replacement Methodsa
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Method Diameter Range (in.)
Approx Inst. 
Length (ft) Liner Material Applications

Cured-In-Place Pipe

Inverted in place
Winched in place

4–108
4–108

3000
1000

Thermoset resin/fabric composite
Thermoset resin/fabric composite

Gravity and pressure pipelines
Gravity and pressure pipelines

Sliplining

Segmental 4–100 1000–2000 HDPE, PVC, GRP Gravity and pressure pipelines

Continuous 4–63 1000 HDPE, PVC Gravity and pressure pipelines

Modified Sliplining

Panel lining More than 48 in. Varies GRP Gravity pipelines

Spiral wound
4–100 (Worker entry 
application can go larger)

1000 HDPE, PVC Gravity pipelines 

Coatings and Linings

Coatings and 
linings

4–180 and larger 1500 Cement mortar/shotcrete Gravity and pressure pipeline

3–180 and larger 1500 Epoxy Gravity and pressure pipeline

4–98 and larger 500 Polyurethane Gravity and pressure pipeline

Dependent on the type of 
product and manufacturer

500 Polyurea Gravity and pressure pipeline

TABLE 2.5 Main Characteristics of Trenchless Renewal and Replacement Methods 55



Method Diameter Range (in.)
Approx Inst. 
Length (ft) Liner Material Applications

Close-Fit Pipe

Close-fit pipe 
structural

3–63 1000 HDPE, MDPE Gravity pipelines

Close-fit pipe 
AWWA class III or 
class IV (depends 
on floor pressure)

3–63 1000 HDPE, MDPE Pressure pipelines

Thermoformed Pipe

Thermoformed 
pipe

4–24 500–1500 HDPE, PVC Gravity and pressure pipelines

Lateral Renewal

Lateral renewal 4–8 100 Any Gravity pipelines

Point Source Repair or Localized Repair

Robotics 8–30 N/A Epoxy resins/cement mortar Gravity

Grouting N/A N/A
Chemical gel grouts, 
cement-based grouts

Gravity

Internal seal 4–24 N/A Special sleeves Gravity

Point CIPP 4–48 50 Fiberglass, polyester, etc. Gravity

Trenchless Replacement Methods 

Pipe bursting 4–48 1500 HDPE, PVC, DI, GRP Gravity and pressure pipelines

Pipe removal Up to 36 300 HDPE, PVC, DI, GRP Gravity and pressure pipelines

Pipe extraction Up to 24 500 Clay, Ductile Iron Gravity and pressure pipelines

TABLE 2.5 Main Characteristics of Trenchless Renewal and Replacement Methods (Continued)
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2.3.3 Modified Sliplining
Modified sliplining (MSL) includes methods in which pipe sec-
tions or plastic strips are installed in close-fit inside existing pipe 
and the annular space is grouted. There are two variations of modi-
fied sliplining method: panel lining (PL), and spiral wound process 
(SWP).

Panel linings can be used to structurally renew large-diameter 
(more than 48 in. or worker-entry) pipes. This method can accommo-
date different shapes, such as noncircular pipelines. The main type of 
material for this method is fiberglass. Figure 2.7 presents a panel 
lining method.

Existing pipeline
problems

Extensive
problems

Is increase
in flow capacity

necessary?

Is reduction of
flow capacity
permissible?

Is renewal
technically
possible?

Is
replacement
economically
justifiable?

Are there
other limitations for

replacement?

RenewalLocalized
repairs

Would renewal
reduce flow
capacity?

Yes

Yes

Yes

YesNo

YesNo

No

No

Yes No

Replacement

No

Localized
problems

Recurrent
localized
problems

FIGURE 2.4 Decision support system for selection of a trenchless renewal, 
replacement or repair methods.
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The spiral wound process uses a layered composite PVC liner and 
cementitious grout to renew both worker or non-worker entry into 
the existing pipes. The combination of the ribbed profile on the PVC 
liner and the highly fluid nature of the grout produce a highly inte-
grated structure with the PVC liner “tied” to the existing pipe through 
the grout. The structural strength of the renewed pipe is determined 
by the grout characteristics. Figure 2.8 presents a schematic of a spiral 
wound process.

2.3.4 Coatings and Linings
The spraying of a thin cemnet-mortar or a polymer coating on the 
internal surface of existing pipe is another method of pipeline renewal. 

FIGURE 2.5 CIPP installation process. (Source: Insituform Technologies.)

Winch

Pipe to be rehabilitated Welded plastics continuous pipe

Pulling-in excavation for
two-sided pulling-in

Guiding roll Roller
block

Heating element
butt-welding machine

Pulling head
with cable

FIGURE 2.6 Schematic diagram for conventional sliplining process with annular 
space. (Stein, 2001.)
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For non-worker-entry pipes (usually for existing pipe less than 48 in. 
diameter), coatings and linings methods can provide improved 
hydraulic characteristics and corrosion protection. Additionally, spe-
cific polymer materials may enhance the structural integrity of the 
pipeline and seal joints or leaks. The lining materials may include 
cementitious materials, epoxy, polyester, silicone, vinyl ester, poly-
urea and polyurethane. They are sprayed directly onto pipe walls using 
remote-controlled traveling sprayers. For worker-entry pipes, sprayed 
cement-mortars (shotcrete or gunite) are effective and widely used 
for renewing pressure pipes and gravity sewers and can be used for 
structural purposes. Figure 2.9 illustrates a coating process. Chapter 3 
presents a detailed analysis of coatings and linings methods for pota-
ble water pipe applications.

Joint

Prefab panels are inserted into an active sewer and grouted

Prefab panels

Injection

Existing
pipe

FIGURE 2.7 Panel lining method. (Source: Channel Line.)

Profile spool

Power unit

Winding
Existing pipe Liner

FIGURE 2.8 Schematic diagram for spiral wound process. (Source: Sekisui 
SPR.)
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2.3.5 Close-Fit Pipe 
This type of trenchless pipeline renewal temporarily reduces the 
cross-sectional area of the new pipe before it is installed. After place-
ment, liner expands to its original size and shape at the jobsite, just 
to provide a close fit with the existing pipe and for pressure (more 
common) and gravity applications. This method can be used for both 
structural and nonstructural purposes. Lining pipe can be reduced 
on-site and reformed by heat and/or pressure or in case of thin poly-
ethylene pipe. There are two versions of this approach: structural and 
semi-structural. Figure 2.10 presents a semi-structural close-fit pipe 
(CFP) process.

2.3.6 Thermoformed Pipe 
Thermoformed is a terminology in North America for pipes that are 
reduced in cross-section in factory, by folding. After insertion, the 
liner is heated (thermoform) to conform to the existing pipe dimen-
sions with a close fit. Both PVC and PE can be used for this method, 
but PVC is more common. A sample thermoformed pipe (THP) is 
illustrated in Fig. 2.11.

FIGURE 2.9 A resin lining process. (Source: Raven Lining Systems.)
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2.3.7 Lateral Renewal 
Sewer service laterals can be renewed using any of the methods used 
for renewal of main pipelines such as chemical grouting, cured-in-
place pipe, close-fit pipe, pipe bursting, and spray-on coatings and 
linings.

FIGURE 2.10 A semi-structural close-fi t pipe going through diameter 
reduction process.

FIGURE 2.11 Thermoformed pipe.
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2.3.8 Point Source Repair or Localized Repairs 
Point source repairs are considered when local defects are found in a 
structurally sound pipeline. Remote-controlled resin injection to seal 
localized defects in the range of 4 to 24 in. (100 to 600 mm) in diameter 
are available. Four specific applications can be addressed with these 
methods: 

 1. To maintain the loose and separated pieces of unreinforced 
existing pipe in alignment to ensure load-bearing equivalent 
of the masonry arch.

 2. To provide added localized structural capacity or support to 
assist the damaged pipes to sustain structural loads.

 3. To provide a seal against infiltration and exfiltration.

 4. To replace missing pipe sections. 

Figure 2.12 presents a localized repair technique.
Chemical grouting can be used in cases where compression 

rings are used, to stop the leakage when grout is “injected” or 
“forced” into the defective joint. Chemical grouting can also be 
done from the surface above the repair area via probe grouting. 
This process not only seals the leak, but also stabilizes the surround-
ing soils behind the pipe. It should be noted that a new liner in a 
pipe cannot be considered complete if the soil surrounding the pipe 
still contains voids potentially creating an unstable and shifting 
environment.

FIGURE 2.12 Internal seal point repair. (Source: Miller Pipeline Corporation.)
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2.3.9 Trenchless Replacement Methods
When capacity of pipelines is found to be inadequate, the pipe can be 
replaced with a trenchless replacement method. There are two main 
types of trenchless replacement methods: pipe bursting and pipe 
removal (also called pipe eating, see Table 2.5). See Chap. 6 for more 
information on pipe replacemnt methods. 

Pipe Bursting
Pipe bursting, as the name implies, uses a hammer to break the existing 
pipe and force broken fragments bursting head into the surrounding 
soil while a new pipe is pulled and/or pushed in its place simultane-
ously. There are different variations of pipe bursting method:

• Pneumatic pipe bursting: a pneumatic hammer is used to break 
the existing pipe.

• Static pipe bursting: the energy to break the existing pipe is in 
the pulling with no percussion action. Compared to pneu-
matic method, this is a quiet operation and action preferable 
in clayey soils or when there is need to cut (split) cast iron or  
ductile iron pipe.

• Hydraulic pipe bursting: the bursting head articulates to 
create the bursting action, without the noise of the pneu-
matic systems but pulled along with a cable like pneumatic 
systems.

• Insertion method (also called pipe expansion): this method jacks a 
new rigid pipe (such as clay) into the existing pipe. Clay and 
ductile iron are the two most widely used segmental pipes.

Figure 2.13 illustrates a schematic of pipe bursting operation. This 
method can be used to replace natural gas, water, and sewer pipes. 
This technique is useful in size-for-size replacement and up-sizing of 
pipeline sections. A pit is excavated to make new insertion possible 
based on the required bending radius of the new pipe. Pipe bursting 
is applied for pipes ranging from 4 to 48 in. The length of installa-
tion is based on the project and site conditions and can be in the 
400 ft range.

The pipe-bursting technique may not be applicable when 
replacement occurs in hard soil conditions, such as “expansive” 
clays, densely compacted soils and backfills, or soils below the water 
table. In addition, pipe bursting projects could be complicated fur-
ther by close proximity to other underground utilities (less than 10 
times outside diameter of new pipe), past point repairs that rein-
force the existing pipe with ductile materials, and a collapsed sec-
tion of existing pipe. See Chap. 6 for a complete discussion of pipe 
bursting method.
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ASCE Manual of Practice on Pipe Bursting Projects (MOP 
No. 112) provides a full description of pipe bursting method and 
different existing and new pipe applications.

Pipe Removal
Pipe removal, also known as pipe eating, can be performed by use of 
a horizontal directional drilling (HDD) rig, a horizontal auger boring 
(HAB) machine or a modified microtunnel boring machine (MTBM). 
In this method the existing pipe is broken into small pieces and taken 
out of ground by means of slurry (in HDD or MTBM method) or 
auger (in HAB method).

2.4  Sample Decision Support Systems 
for Gravity and Pressure Pipes

Considering the project requirements and capabilities and limitations 
of available trenchless renewal and replacement methods, Figs. 2.14 
and 2.15 illustrate sample decision support systems that can be used 
for gravity and pressure pipes, respectively. The reason to use a deci-
sion support system is to optimize the method-selection process 
based on the requirements of the project and priorities set by the 
project owner. No textbook or software program can make a proper 

FIGURE 2.13 Pneumatic pipe bursting method. (Source: TT Technologies.)
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recommendation for specific conditions and requirements of a proj-
ect, so it is recommended that consulting and design engineers work 
with project owners to rank and weigh project priorities and then 
make recommendations for specific methods. The selected methods 
can then be advertised for bids. 
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FIGURE 2.14 Decision support system for pressure pipe renewal methods. 
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FIGURE 2.15 Decision support system for gravity pipe renewal methods. 
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2.5  Emerging Design Concepts for Pipeline 
Renewal Systems*

A conventionally buried pipe is designed to “carry” or “transfer” all 
the loads, which includes the weight of soil backfill placed over it, 
hydrostatic pressures, vacuum, internal working pressures, and loads 
applied at the ground surface. As mentioned earlier, current  methods 
for structural design of flexible gravity pipe liners by the Appendix X1 
of ASTM F1216-09 consider two external load cases for dimensioning 
of the liner pipe. The first is sustained hydrostatic pressure due to 
groundwater acting in the annular space between the liner pipe and 
the existing pipe. The second load case assumes that overtime earth 
and traffic loads will be transferred from the existing pipe-soil struc-
ture to the new liner pipe. This concept is particularly true in the 
treatment of the “fully deteriorated pipe condition” by ASTM F1216-
09, for two reasons described below:

 1. The soil load reaching the liner pipe is overestimated by treat-
ing the liner as it had been directly buried in a trench. The 
more correct liner pipe condition, even in circumstances where 
the existing pipe may continue to deteriorate after renewal, 
is a tunnel lining situation (Schrock and Gumbel, 1997). 

 2. The formula used to describe liner pipe response to transferred 
soil load, and hence calculate the required wall thickness, has 
been incorrectly modified from an already conservative theory 
for open-cut applications, which entail further irrational safety 
factors (Gumbel, 1998).

The basic design concept proposed at the ASCE Pipeline Division 
Web site (www.pipelinedivision.org) is to develop buckling pressure 
or safe water head charts for each renewal technique. These charts 
incorporate existing pipe imperfections, but allow variations of the 
existing pipe imperfections. The most appropriate form of chart may 
vary according to the type of renewal technique and/or liner material 
(ASCE, Pipeline Division). Reader is encouraged to refer to the publi-
cations by ASCE pipeline division for more information.

2.5.1 Long-Term Testing 
The design life of pipeline systems has always been a major con-
cern due to early deterioration of some pipe materials as well as 
unexpected and excessive repair and maintenance costs. For 
example, there are limited established design methodologies for 
all pipe lining systems. The existing ASTM Standard F1216-09, 

∗For more information see www.pipelinedivision.org. 

www.pipelinedivision.org
www.pipelinedivision.org
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provides information on design methods and procedures for the 
renewal of gravity and pressure pipes, for cured-in-place pipe 
(CIPP) method. The data obtained from short-term tests cannot be 
used for forecasting design life of plastic liner pipes. For predic-
tion of structural failure of flexible pipes, when subjected to an 
external hydrostatic pressure, there are various methods available. 
The most widely used approach involves the modification of the 
Timoshenko equation covering the buckling of unconfined pipe 
(Timoshenko and Gere, 1961).

Additionally, ASTM D2990-01, “Test Method for Tensile, Com-
pressive and Flexural Creep and Creep-Rupture of Plastics” pro-
vides a test of simply supported beam samples of plastic where 
“creep modulus” is measured over 10,000 hours with extrapolating 
long-term values. These data are used to define an apparent long-
term flexural modulus of elasticity for use in the buckling equa-
tions. ASTM D1598-02, ASTM D2992-06, and ASTM D2837-08 are 
used to test pipe samples that are subjected to a varying internal 
pressure to fail the lining pipes in 10,000 hours. Graph of hoop 
stress with respect to time is plotted on the log scale and extrapo-
lated to determine long-term hoop stress on the existing pipe and 
the lining. Table 2.6 presents the expected useful life of various 
renewal methods in service life extension of the pipe based on vari-
ous publications indicated.

2.6 Summary
With the continued aging of existing pipelines and underground 
infrastructure, the need for renewal of these pipelines is increasing. 
The needs for improving quality of life, reduction of inconvenience to 
the society make trenchless renewal methods more attractive for 
pipeline owners and public agencies. The main benefits of trenchless 
renewal methods are not only being cost-effective, but also these 
methods provide environmentally friendly and sustainable con-
struction operations. Extensive project planning and background 
assessment is required for proper execution of pipeline renewal and 
replacement projects.

This chapter presented a summary of different trenchless renewal 
and replacement methods with factors to consider when selecting a 
specific method. These methods have become method of choice to 
traditional open-cut pipeline installations and replacements. Trench-
less renewal and replacement methods stop leaks, resist corrosion 
and abrasion, and install a new pipe in place of the existing and dete-
riorated pipe and provide a new design life. Pipeline replacement 
systems can break or remove the existing pipe and install a new pipe 
with the same or larger diameter without digging a trench. This chapter 
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also presented applications, characteristics, capabilities, and limita-
tions of various trenchless renewal and replacement methods.

2.7 Sample Design Calculations for CIPP
This section presents CIPP design calculations for fully and partially 
deteriorated pipe. Tables 2.7 to 2.14 represent the minimum CIPP 
cured polyester composite physical properties of cured liner compos-
ites, ovality factors, standard trench widths, ku’ values, load influ-
ence coefficients for live loads, Manning coefficient ‘n’ for typical 
pipeline materials, and gravity pipe flow comparison.

Method Material Used
Expected
Useful Life Reference

Spray-in-
place-pipe

Cement mortar > 50 years
Deb et al. (AWWA, 
1990)

Epoxy resin > 75 years Watson, 1998

Polyurea > 50 years 3M water 

Cured-in-
place-pipe

Thermoset resin/
fabric composite

> 50 years
TTC report, 1994

Sliplining Polyethylene 50 years
Silbert et al. 
(AWWA, 2002)

Thermoformed 
ThP

PE & PVC 100 years
Najafi & Gokhale, 
2005

Close-fit pipe PE & PVC > 50 years
Selvakumar et al. 
(EPA 2002)

Modified
sliplining

HDPE, PE & PVC > 50 years
Silbert et al. 
(AWWA, 2002)

Pipe bursting
PE, PVC, HDPE 
& GRPb > 50 years

Silbert et al. 
(AWWA, 2002)

Pipe removal
PE, PVC, HDPE 
& GRPb > 50 years

Silbert et al. 
(AWWA, 2002)

a Expected useful life is a loose term that depends on many factors, such as quality 
of design and installation, liner pipe material, thickness, and its properties, pipe 
loadings and pipe environmental conditions, type of application, fluid proper-
ties, and existing pipe conditions and level of its deterioration.

b Glass reinforced pipe (GRP) has a useful life in excess of 100 Years [Silbert et al. 
(AWWA, 2002)]. 

TABLE 2.6 Expected Useful Life of Various Pipe Renewal Methodsa
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Property Test Method
Min. per ASTM 
F1216-09

Enhanced
Resin

Modulus of elasticity ASTM D790-07 250,000 psi 400,000 psi

Flexural stress ASTM D790-07 4500 psi 4500 psi

TABLE 2.7 Minimum CIPP Cured Polyester Composite Physical Properties

Physical Property
Polyester/
Vinyl Ester

Premium Poly/
Vinyl Esterb Epoxy

ASTM Test 
Method

Flexural strength, 
� (psi)

4500–
5000

4000–
5000

5000 D 790-07

Flexural modulus 
of elasticity, 
E (psi)

250,000–
350,000

350,000–
500,000

300,000 D 790-07

Flexural modulus 
of elasticity 
reduced to account 
for long-term 
effects, EL (psi)

125,000–
175,000

175,000–
300,000

75,000–
180,000

—

For pressure 
pipes only: 
tensile strength, 
�t (psi)

2500–
3500

N. R.c 4000 D 638

a Values shown are for typical resins used in the CIPP process. Specific physical properties 
should be obtained from an CIPP representative for the particular resin system used 
and local field conditions encountered.

b Premium vinyl ester systems will affect the chemical resistance of the final product; 
contact an CIPP representative for assistance.

c N. R. = not recommended.

TABLE 2.8 Typical Physical Properties of Cured Liner Compositesa

Ovality, % (q) 0 1.0 2.0 4.0 5.0 6.0 8.0 10.0

Factor C 1.00 0.91 0.84 0.70 0.64 0.59 0.49 0.41

TABLE 2.9 Typical Ovality Factors
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Soil Type w (lb/ft3) ku� (dimensionless)

Sand & gravel 110 0.165

Saturated topsoil 115 0.150

Ordinary clay 120 0.130

Saturated clay 130 0.110

TABLE 2.11 Typical ku′ Values

Liner Pipe 
Diameter (in.)

Trench Width, 
Bd (ft)

4 1.75

6 2.00

8 2.25

10 2.50

12 2.50

15 3.50

18 3.75

21 4.00

24 4.50

30 5.00

36 5.50

42 6.00

48 6.50

54 7.00

60 7.50

72 8.50

84 9.50

96 10.50

TABLE 2.10 Standard Trench Widths



(X/2Hs)a (Z/2Hs)b  or  (1.5/Hs)d

(Bc/2Hs)c 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.5 2.0 5.0

0.1 0.019 0.037 0.053 0.067 0.079 0.089 0.097 0.103 0.108 0.112 0.117 0.121 0.124 0.128

0.2 0.037 0.072 0.103 0.131 0.155 0.174 0.189 0.202 0.211 0.219 0.229 0.238 0.244 0.248

0.3 0.053 0.103 0.149 0.190 0.224 0.252 0.274 0.292 0.306 0.318 0.333 0.345 0.355 0.360

0.4 0.067 0.131 0.190 0.241 0.284 0.320 0.349 0.373 0.391 0.405 0.425 0.440 0.454 0.460

0.5 0.079 0.155 0.224 0.284 0.336 0.379 0.414 0.441 0.463 0.481 0.505 0.525 0.540 0.548

0.6 0.089 0.174 0.252 0.320 0.379 0.428 0.467 0.499 0.524 0.544 0.572 0.596 0.613 0.624

0.7 0.097 0.189 0.274 0.349 0.414 0.467 0.511 0.546 0.584 0.597 0.628 0.650 0.674 0.688

0.8 0.103 0.202 0.292 0.373 0.441 0.499 0.546 0.584 0.615 0.639 0.674 0.703 0.725 0.740

0.9 0.108 0.211 0.306 0.391 0.463 0.524 0.574 0.615 0.647 0.673 0.711 0.742 0.766 0.784

1.0 0.112 0.219 0.318 0.405 0.481 0.544 0.597 0.639 0.673 0.701 0.740 0.774 0.800 0.816

1.2 0.117 0.229 0.333 0.425 0.505 0.572 0.628 0.674 0.711 0.740 0.783 0.820 0.849 0.868

1.5 0.121 0.238 0.345 0.440 0.525 0.596 0.650 0.703 0.742 0.774 0.820 0.861 0.894 0.916

2.0 0.124 0.244 0.355 0.454 0.540 0.613 0.674 0.725 0.766 0.800 0.849 0.894 0.930 0.958

Distribution load
aX/2Hs = Distributed load width (ft) divided by twice the depth to the top of liner pipe (ft)
bZ/2Hs = Distributed load width (ft) divided by twice the depth to the top of liner pipe (ft)
Concentrated load
cBc/2Hs = Outside diameter of liner pipe (ft) divided by twice the depth to the top of liner pipe (ft)
d1.5/Hs = 1.5 divided by depth to the top of liner pipe (ft)

Source: “WPCF Manual of Practice No. FD-5, Gravity Sanitary Sewer Design and Construction,” 1982, by ASCE and WPCF.

TABLE 2.12 Load Influence Coefficients for Live Loads
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Fully Deteriorated Pipe DR 
Parameters:   Groundwater 50 percent of soil cover
 120 lb/ft3—soil density
 1000 psi soil modulus
 50 percent flexural modulus reduction
 H20 traffic loading

Pipe Material ‘n’

Liner pipea 0.009–0.012

Vitrified clayb 0.013–0.017

Concrete 0.013–0.017

Corrugated metal 0.019–0.030

Brick 0.015–0.017

a Selection of the liner pipe ‘n’ is based on the condition of the underlying pipe. 
For example: If a low range ‘n’ is selected for the existing pipe, select a low range 
liner pipe ‘n’.

b The values shown are for pipes in fair to poor condition from “Applied Hydrau-
lics for Technology” by J.D. Kanen.

TABLE 2.13 Manning Coefficient, ‘n’, for Typical Pipeline Materials

Existing Pipe 
Roughness Coefficient, ‘n’

Insitupipe Dimension Ration (D/t)

30 40 50 60

0.014 117% 122% 126% 128%

0.015 125% 131% 135% 137%

0.016 133% 140% 144% 146%

0.017 141% 148% 153% 155%

aAssumes liner pipe ‘n’ = 0.010
Existing pipe flow = 100 %

TABLE 2.14 Gravity Pipe Flow Comparison Percent Existing Full Flow 
Capacity after Liner Installationa
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Maximum Existing 
Pipe Ovality 
Percentage

Depth of 
Pipe (Soil 
Cover) (ft)

Required DR (d/t)

Ei = 250,000 psi Ei= 400,000 psi

2% 4'–10'
11'–15'
16'–20'
21'–24'

DR57
DR48
DR42
DR39

DR66
DR56
DR49
DR46

5% 4'–10'
11'–15'
16'–20'
21'–24'

DR52
DR44
DR39
DR36

DR61
DR52
DR45
DR42

10% 4'–10'
11'–15'
16'–20'
21'–24'

DR45
DR38
DR33
DR31

DR52
DR45
DR39
DR36

Gravity Pipe, Fully Deteriorated Condition

Designed by:
Checked by:
Date: 09/29/2009

Project name Design example—48 in. diameter
Location Anytown, U.S.
Client

Design Criteria
Pipe mean inside diameter (in.) 48.00 in.

Ovality (q) % 2 %

Pipe minimum inside diameter (in.) 47.04 in.

External water (Hw, ft above invert) 12.00 ft*

External water (Hw, ft above crown) 8.00 ft*

Depth of soil (H, ft above top of pipe) 16.00 ft

Soil modulus (Es) psi 1000 psi

Liner pipe flexural modulus (E) psi 250,000 psi

Liner pipe flexural strength (S) psi 4500 psi

Reduction to account for long-term effects (%) 50%

Soil density (w) lb/ft³ (Table 2.11) 120 pcf 

Live load (concentrated) lb (p) 16,000 lb

Live load (distributed), (p) psf

Distributed load width, (X) ft

Distributed load length, (Y) ft

0 psf

8 ft

20 ft

Factor of safety, N 2.00

*Plus internal vacuum if applicable
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Design Calculations for CIPP

I. Buckling analysis (modified AWWA formula)

q
N

R B E C
E I

Dt w s
L= × × ′ × ′ × ×

×⎛
⎝
⎜

⎞
⎠
⎟

⎡

⎣
⎢

⎤

⎦
⎥1 32

3

1
2

Solve for t,

 
t D

N q

E R B C E

t

L w s

  
 

= × ×

×⎛
⎝
⎜

⎞
⎠
⎟

× × ′ × × ′

⎡

⎣

⎢
⎢
⎢0 721

1

2

.
⎢⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

1
3

 

where qt = total external pressure on pipe, psi

 = × +
× ×

+0 433
144

. H
w H R

Ww
s w

s

 Hw = height of water above top of pipe, ft 
 w = soil density, lb/ft3

 Hs = height of soil above top of pipe, ft
 Rw = water buoyancy factor

 = 1 – 0.33 minimum value = 0.67×
⎛

⎝
⎜

⎞

⎠
⎟

H
H

w

s

,

 Ws = live load, psi (Wsc and/or Wsd )
 D =  mean inside diameter of existing pipe (or liner pipe 

outside diameter), in.
 C = ovality factor

 = 

1
100

1
100

2

– q

q

⎛

⎝
⎜

⎞

⎠
⎟

+
⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

3

 q = ovality

 q = 100 maximum diameter – mean diameter
mean di

×
aameter

⎛

⎝
⎜

⎞

⎠
⎟

 N = factor of safety, typical value = 1.5 to 2 
 B′ = coefficient of elastic support

= 
1

1 4 0( ).+ −e Hs65

 EL =  flexural modulus of elasticity of liner pipe, psi, reduced 
  to account for long-term effects 
 I = moment of inertia, in.(4/in.) = t3/12

 t = liner pipe thickness, in.
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a. Determine load

 q H
w H R

Wt w
s w

s= × +
× ×

+0 433
144

.  

 R
H
Hw

w

s

= ×
⎛

⎝
⎜

⎞

⎠
⎟1 0 33– .  

 Rw = 0.835 

 w = 120 pcf 

1. Live load
a. Concentrated

 W
C P F

Dsc
sc sc=

× × ×
×

0 33
12

.
 

where Wsc = concentrated live load, psi
 P = concentrated load, lb
 Fsc = impact factor (concentrated)
 Csc = load influence coefficient (concentrated)
 D =  inside diameter of existing pipe (or liner pipe outside 

diameter), in.

b. Distributed

 W
C p F

sd
sd sd=

× ×
144

 

where Wsd = distributed live load, psi
 p = applied surface load, psf
 Fsd = impact factor (distributed)
 Csd = load influence coefficient (distributed) 
 D =  inside diameter of existing pipe (or outside diameter), in.

Concentrated L.L P = 16,000 lb
 Csc = 0.03826 (Table 2.12) 
 Fsc = 1.00
Distributed L.L P = 0 psf
 Csd = 0.000 (Table 2.12)
 Fsd = 0.00

 Wsc psi= × × ×
×

=0 33 0 03826 16 000 1
12 48

0 35. . , .   

 Wsd psi= × × =0 000 0 0
144

0 00. .   

 Ws = Wsc + Wsd = 0.35 psi 

2. Total external load

 qt = × + × × +0 433 8 00 120 16 0
144

0 35. . . .835
 

 qt = 14.90 psi 
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a. Calculate coefficient of elastic support

 ′ =
+ ×

⎡

⎣
⎢

⎤

⎦
⎥ =×B    

1
1 4 2 178

0 414
0 065 16( . )

.
.  

b. Calculate ovality reduction factor

 C =

⎛

⎝
⎜

⎞

⎠
⎟

⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

 
1 2 0

100

1 2 0
100

2

3

– .

– .
==  0 836.  

c. Calculate EL

 EL = E – (E × reduction factor to account for long-term effects) 
EL = 250,000 – (250,000 × 0.5) = 125,000 psi 

d. Determine minimum CIPP thickness in buckling

t D

N qt

E R B C EL w s

  = × ×

×

× × ′ × × ′

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

⎡

⎣

⎢
⎢
⎢
⎢

0 721
1

2

.

⎢⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥

1
3

 t      

  

 
= × ×

×⎛

⎝
⎜

⎞

⎠
⎟

0 721 48 00

2 0 14 90
1

125 000

2

. .

. .

, ×× × × ×

⎡

⎣

⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

       0.835 0 414 0 836 1000

1
3

. .
 

 t = 1.01 in. (external pressure, deteriorated conduit) 

e. Check minimum stiffness requirement

 
E I
D

E
DR

  
  

  × =
×

≥
3 312

0 093
( )

.  

where DR = Dimension Ratio, DR = D/t
 Solve for t,

 t   =

×
⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

48

250 000
12 0 093

3

1
3

,
.

 

 t = 0.790 in. (min. stiff. limitation, deteriorated conduit)
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II. Deflection (spangler formula)

 
Y
D

K L W W
E
DR

E

s

s

=
× × +

×
+ × ′

×
( )

. ( – )
.

1 5 1
0 061

100

3

 

where Y = vertical deflection of Liner pipe, in

 
Y
D

= deflection ratio, expressed as a percentage

 L = empirical lag factor, taken as 1.25
 K = bedding constant, taken as 0.083
 W = earth load, psi
 Ws = live load, psi (Wsc and/or Wsd)

 DR = liner pipe dimension ratio
 
= D

t
 E′s =  modulus of soil reaction, psi (typical value 

700–1500 psi)

a. Determine loads
1. Earth load (modified Marston Formula)

 W
C w Bd=

× ×
144

 

where W = earth load, psi
 Bd = trench width, ft
 w = soil density, pcf

 C = 1
2

2

 –
–

e
H

B
s

d

ku

ku

′⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

′

 e = 2.718
 k = a ratio of horizontal to vertical pressures 
 u′ =  coefficient of sliding friction between the backfill 

and trench walls (Table 2.11)
 Hs = soil depth to top of pipe, ft
 Bd = 6.5 (Table 2.10) 
 ku′ = 0.13 (Table 2.11) 

 C =
×

=

× ×⎛

⎝
⎜

⎞

⎠
⎟

1 2 718
2 0 13

1 82

2 0 130 16
6 5– .

.
.

– .
.

 

 W = × × =1 82 120 6 5
144

9 85. . .  psi  
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2. Live load

 Ws = 0.35 psi (from I1) 

a. Calculate deflection

 Dimension ration (DR) = = 48.00
1.01

= 47.6D
t

 

 
Y
D

= × × +

× −

0 083 1 25 9 85 0 35
250 000

1 5 47 6 1 3

. [( . . ) . ]
,

. ( . )
++ ×

×
( . )0 061 1000

100
 

 
Y
D

 = 1.68 % < 5 % allowable? O.K.  

III.  Buckling due to external water pressure (modified Timoshenko) 
restrained buckling analysis

 P
K E

v
C
N

L=
× ×

× ×
2

1
1

12 3( – ) ( – )DR  

solve for t,

 
t D

K E C
P N v

L

=
× × ×
× ×

⎡

⎣
⎢

⎤

⎦
⎥ +

2
1

1
2

1
3

( – )

 

where  D =  mean inside dia. of existing pipe (or liner pipe outside 
dia.), in.

 t = liner pipe thickness, in.

 DR = dimension ratio, 
D
t

 P =  allowable restrained buckling pressure, psi (or allowable 
external pressure measured above the pipe invert)

 K = enhancement factor (typically 7)
 EL =  flexural modulus of elasticity of liner pipe, psi, reduced 

to account for long-term effects
 C = ovality reduction factor

 = 

1
100

1
100

2

3

– q

q

⎛

⎝
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⎞

⎠
⎟

+
⎛
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⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
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 q = 100 maximum diameter – mean diameter
mean diamet

×
eer

⎛

⎝
⎜

⎞

⎠
⎟

 v = Poisson’s ratio (0.30 typical for liner pipe)
 N = safety factor (typically 1.5 to 2)

a. Determine load

 P
hw       =

×
= × =

62 4
144

12 62 4
144

. . 5.20 psi  

b. Calculate thickness

K = enhancement factor = 7.00 
v = Poisson’s ratio = 0.30 

 t =
× × ×

× ×
⎡

⎣
⎢

⎤

⎦
⎥ +

48

2 7 125 000 0 84
5 20 2 1 0 3

1
2

1
3, .

. ( – . )
 

 

 t = 0.88 in. (external pressure buckling) 

IV. Pressure limited due to stress

               1 5
100

1
100

0 5 1
100

2. – .× × +
⎛

⎝
⎜

⎞

⎠
⎟ × × +

⎛

⎝
⎜

⎞

⎠
⎟ × =

q q q S
DR DR

PPN
 

where S = flexural strength of liner pipe, psi
Solve for t,

        1 5 2 0
100

1 2 0
100

48 0 5
2

. . . – .×
⎛

⎝
⎜

⎞

⎠
⎟ × +

⎛

⎝
⎜

⎞

⎠
⎟ ×

⎛

⎝
⎜

⎞

⎠
⎟t

 ×× +
⎛

⎝
⎜

⎞

⎠
⎟ ×

⎛

⎝
⎜

⎞

⎠
⎟ =

×
1 2 0

100
48 4500

2 5 20
.

.t

 70 5024 24 48 432 7
2

. – . .
t t

=  

 432.69t2 + 24.48t – 70.5 = 0 

 t = 0.376 in. (maximum compressive hoop stress) 

V. Select minimum CIPP thickness
a. Thickness limitations

1.01 in. : External pressure, deteriorated conduit (AWWA)
0.790 in. : Minimum stiffness limitation, deteriorated conduit
0.878 in. : External pressure buckling
0.376 in. : Maximum compressive hoop stress

b. Minimum design thickness = 1.01 in. (25.6 mm) DR = 47.6
Design case: external pressure, deteriorated conduit (AWWA)
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Partially Deteriorated Pipe DR
Parameters: Groundwater 50 percent of soil cover

Maximum Existing 
Pipe Ovality 
Percentage

Depth of 
Pipe (Soil 
Cover) (ft)

Required DR (d/t)

Ei = 250,000 psi Ei = 400,000 psi

2% 4'–10'
11'–15'
16'–20'
21'–24'

DR69

DR61

DR56

DR42

DR80

DR71

DR66

DR62

5% 4'–10'
11'–15'
16'–20'
21'–24'

DR63

DR56

DR52

DR49

DR73

DR65

DR60

DR57

10% 4'–10'
11'–15'
16'–20'
21'–24'

DR54

DR49

DR45

DR42

DR63

DR57

DR52

DR49

Gravity Pipe, Partially Deteriorated Condition

Designed by:

Checked by:

Date: 09/29/2009

Project name Design example—48 in. diameter

Location Anytown, U.S.

Client

Design Criteria

Pipe mean inside diameter (in.) 48.00 in.

Ovality (q) % 2%

Pipe minimum inside diameter (in.) 47.04 in.

External water (HW, ft above invert) 12.00 ft

Depth of soil (H, ft above top of pipe) 16.00 ft

Soil modulus (Es) psi 1000 psi

Liner pipe flexural modulus (E) psi 250,000 psi

Liner pipe flexural strength (S) psi 4500 psi

Reduction to account for long-term effects (%) 50%

Factor of safety, N 2.00
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Design Calculations for CIPP

I. Buckling due to external water pressure (modified Timoshenko)
Restrained buckling analysis

 P
K E C

N
L=

× ×
× ×

2
1

1
12 3( – ) ( – )v DR

 

Solve for t,

 

t D

K E C

P N
L

=

× × ×
× × ( )
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⎥
⎥

+
2

1
1

2

1
3

– v
 

where D =  mean I.D. of existing pipe (or Liner pipe outside 
diameter), in.

 t = liner thickness, in.

 DR = dimension ratio, 
D
t

⎛

⎝
⎜

⎞

⎠
⎟

 P =  allowable restrained buckling pressure, psi (or 
allowable external pressure measured above the pipe 
invert)

 K = enhancement factor (typically 7)
 EL =  flexural modulus of elasticity of liner, psi, reduced to 

account for long-term effects
 C = ovality reduction factor

 = 
1 –

100

1 +
100

2

3

q
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 q = ovality

 q = 100 maximum diameter – mean diameter
mean diamet

×
eer

⎛

⎝
⎜

⎞

⎠
⎟

 N = factor of safety, typical value = 1.5 to 2 
 υ = Poisson’s ratio = 0.3

a. Calculate external pressure

 P
Hw=

× 62 4
144

.
= 5.20 psi  

b. Calculate thickness

 t = 0.88 in. 
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II. Pressure limited due to stress

 1 5
100

1
100

0 5 1
100

2. – .× × +
⎛

⎝
⎜

⎞

⎠
⎟ × × +

⎛

⎝
⎜

⎞

⎠
⎟ × =q q q SDR DR

PP N×
  

where S = flexural strength of liner, psi = 4,500 psi
Solve for t,

 70 5 24 48 432 7
2

. – . .
t t

=  

 432.7t2 + 24.48t – 70.5 = 0 

 t = 0.376 in. (maximum compressive hoop stress) 

III. Select minimum CIPP thickness

Thickness Limitations
0.878 in. : External pressure buckling
0.376 in. : Maximum compressive hoop stress
Minimum design thickness = 0.88 in. (22.3 mm)
Design case: External pressure buckling

2.8 Sample Specifications for CIPP
This section presents sample specifications for CIPP.
 1. Intent

 1.1  It is the intent of this specification to provide for the recon-
struction of pipelines and conduits by the installation of a 
resin-impregnated flexible tube, which is tightly formed 
to the original conduit. The resin is cured using either hot 
water under hydrostatic pressure or steam pressure 
within the tube. The cured-in-place pipe (CIPP) will be 
continuous and tight fitting. The work shall be completed 
within (to be determined) calendar days from the “Notice 
to Proceed.”

 2. Referenced documents
 2.1  This specification references standards from the American 

Society for Testing and Materials, such as: ASTM F1216-09 
(Rehabilitation of Existing Pipelines and Conduits by the 
Inversion and Curing of a Resin-Impregnated Tube), ASTM 
F1743-08 (Rehabilitation of Existing Pipelines and Conduits 
by Pulled-in-Place Installation of Cured-in-Place Thermoset-
ting Resin Pipe [CIPP]), ASTM D5813-04 (Cured-in-Place 
Thermosetting Resin Sewer Pipe), ASTM D790-07 (Test 
Methods for Flexural Properties of Un-reinforced and 
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Reinforced Plastics and Electrical Insulating Materials), and 
D2990-09 (Tensile, Compressive, and Flexural Creep and 
Creep-Rupture of Plastics) which are made a part hereof by 
such reference and shall be the latest edition and revision 
thereof. In case of conflicting requirements between this 
specification and these referenced documents, this specifi-
cation will govern.

 3. Product, manufacturer/installer qualification requirements
 3.1  Since sewer products are intended to have a 50-year design 

life, and in order to minimize the owner’s risk, only proven 
products with substantial successful long-term track 
records will be approved. All trenchless rehabilitation prod-
ucts and installers must be preapproved prior to the formal 
opening of proposals. 

   Products and installers seeking approval must meet all 
of the following criteria to be deemed commercially 
acceptable:
3.1.1  For a product to be considered commercially proven, 

a minimum of five successful wastewater collection 
system projects of a similar size and scope of work 
shall be performed in the United States and docu-
mented to the satisfaction of the owner to assure 
commercial viability.

3.1.2  For an installer to be considered as commercially 
proven, the installer must satisfy all insurance, finan-
cial, and bonding requirements of the owner, and 
must have had at least 5 (five) years active experience 
in the commercial installation. 

3.1.3  Sewer rehabilitation products submitted for approval 
must provide third party test results supporting the 
structural performance (short-term and long-term) of 
the product and such data shall be satisfactory to the 
owner. No product will be approved without inde-
pendent third party testing verification.

3.1.4  Both the rehabilitation manufacturing and installa-
tion processes shall operate under a quality manage-
ment system which is third-party certified to ISO 
9000 or other recognized organization standards. 
Proof of certification shall be required for approval.

3.1.5  Proposals must be labeled clearly on the outside of 
the proposal envelope, listing the product name and 
installer being proposed. Only proposals using pre-
approved products and installers will be opened and 
read. Proposals submitted on products and/or from 
installers that have not been preapproved will be 
returned unopened.
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3.1.6  The owner authorizes the use of proven materials 
that serve to enhance the pipe performance specified 
herein. Proven materials have passed independent 
laboratory testing, not excluding long-term (10,000 
hours) structural behavior testing, and have been 
successfully installed to repair failing existing pipes 
in the United States for at least 4 years. 

   Documentation for products and installers seeking 
preapproved status must be submitted no less than 
2 weeks prior to proposal due date to allow time for 
adequate consideration. The owner will advise of 
acceptance or rejection a minimum of three days prior 
to the due date. All required submittals must be satis-
factory to the owner.

 4. Materials
 4.1  Tube—The sewn tube shall consist of one or more layers of 

absorbent nonwoven felt fabric and meet the requirements 
of ASTM F1216-09, Sec. 5.1 or ASTM F1743-08, Sec. 5.2.1 or 
ASTM D 5813-04, Secs. 5 and 6. The tube shall be con-
structed to withstand installation pressures, have sufficient 
strength to bridge missing pipe, and stretch to fit irregular 
pipe sections.
4.1.1  The wet out tube shall have a relatively uniform 

thickness that when compressed at installation pres-
sures will equal or exceed the calculated minimum 
design CIPP wall thickness.

4.1.2  The tube shall be manufactured to a size that when 
installed will tightly fit the internal circumference and 
length of the original pipe. Allowance should be made 
for circumferential stretching during installation.

4.1.3  The outside layer of the tube shall be coated with an 
impermeable, flexible membrane that will contain 
the resin and allow the resin impregnation (wet out) 
procedure to be monitored.

4.1.4  The tube shall contain no intermediate or encapsu-
lated elastomeric layers. No material shall be 
included in the tube that may cause delamination in 
the cured CIPP. No dry or unsaturated layers shall be 
evident.

4.1.5  The wall color of the interior pipe surface of CIPP 
after installation shall be a relatively light reflective 
color so that a clear detailed examination with closed 
circuit television inspection equipment may be 
made.

4.1.6  Seams in the tube shall be stronger than the non-
seamed felt material. 
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4.1.7  The tube shall be marked for distance at regular inter-
vals along its entire length, not to exceed 5 ft. Such 
markings shall include the manufacturers name or 
identifying symbol. The tubes must be manufactured 
in the United States.

 4.2  Resin—The resin system shall be a corrosion resistant poly-
ester or vinyl ester system including all required catalysts, 
initiators that when cured within the tube create a compos-
ite that satisfies the requirements of ASTM F1216-09, and 
ASTM F1743-08, the physical properties herein, and those 
which are to be utilized in the submitted and approved 
design of the CIPP for this project. The resin shall produce 
a CIPP that will comply with the structural and chemical 
resistance requirements of this specification.

 5. Structural requirements
 5.1  The CIPP shall be designed as per ASTM F1216-09, App. X1. 

The CIPP design shall assume no bonding to the original 
pipe wall. 

 5.2  The contractor must have performed long-term testing for 
flexural creep of the CIPP pipe material installed by his 
company. Such testing results are to be used to determine 
the long-term, time dependent flexural modulus to be uti-
lized in the product design. This is a performance test of the 
materials (tube and resin) as defined within the relevant 
ASTM standard. A percentage of the instantaneous flexural 
modulus value (as measured by ASTM D790-07 testing) 
will be used in design calculations for external buckling. 
The percentage, or the long-term creep retention value uti-
lized, will be verified by this testing. Retention values 
exceeding 50 percent of the short-term test results shall not 
be applied unless substantiated by qualified third party test 
data to the owner’s satisfaction.  The materials utilized for 
the contracted project shall be of a quality equal to or better 
than the materials used in the long-term test with respect to 
the initial flexural modulus used in the CIPP design.

 5.3  The enhancement factor “K” to be used in “Partially Dete-
riorated” design conditions shall be assigned a value of 
seven.

 5.4  The layers of the cured CIPP shall be uniformly bonded.  
It shall not be possible to separate any two layers with a 
probe or point of a knife blade so that the layers separate 
cleanly or the probe or knife blade moves freely between 
the layers. If the layers separate during field sample 
testing, new samples will be required to be obtained 
from the installed pipe. Any reoccurrence may cause 
rejection of the work. 
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 5.5  The cured pipe material (CIPP) shall conform to the struc-
tural properties, as listed in Table 2.7∗. 

 5.6  The required structural CIPP wall thickness shall be based 
as minimum, on the physical properties in Sec. 5.5 or greater 
values if substantiated by independent lab testing and in 
accordance with the design equations in the App. X1. 
Design considerations of ASTM F1216-09, and the follow-
ing design parameters:

Design safety factor (typically used value) =        2.0         

Retention factor for long-term flexural modulus 
to be used in design
(As determined by long-term tests described in 
Sec. 5.2 and approved by the owner)

=     50–75%

Ovalitya (calculated from X1.1 of ASTM 
F1216-09)

=         %

Enhancement factor, K =  See Sec. 5.3  

Groundwater depth (above invert of existing 
pipe)a

=         ft

Soil depth (above crown of existing pipe)a =         ft           

Soil modulusb =         psi         

Soil densityb =         pcf          

Live loadb =  H20 Highway  

Design condition (partially or fully deteriorated)c = c

a Denotes information, which can be provided here or in inspection 
videotapes or project construction plans. Multiple lines segments 
may require a table of values.

b Denotes information required only for fully deteriorated design 
conditions.

c Based on review of video logs, conditions of pipeline can be fully 
or partially deteriorated.

(See ASTM F1216-09 Appendix). The owner will be sole judge as to 
pipe conditions and parameters utilized in design

 5.7  Any layers of the tube that are not saturated with resin 
prior to insertion into the existing pipe shall not be included 
in the structural CIPP wall thickness computation.

 6. Testing requirements
 6.1  Chemical resistance—The CIPP shall meet the chemical 

resistance requirements of ASTM F1216-09, App. X2. CIPP 

∗Please see “Table 2.7. Minimum CIPP Cured Polyester Composite Physical 
Properties”
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samples for testing shall be of tube and resin system similar 
to that proposed for actual construction. It is required that 
CIPP samples with and without plastic coating meet these 
chemical-testing requirements.

 6.2  Hydraulic capacity—Overall, the hydraulic cross-section 
shall be maintained as large as possible. The CIPP shall 
have a minimum of the full flow capacity of the original 
pipe before rehabilitation. Calculated capacities may be 
derived using a commonly accepted roughness coefficient 
for the existing pipe material taking into consideration its 
age and condition. 

 6.3  CIPP field samples—When requested by the owner, the 
contractor shall submit test results from field installations 
of the same resin system and tube materials as proposed for 
the actual installation. These test results must verify that 
the CIPP physical properties specified in Sec. 5.5 have been 
achieved in previous field applications. Samples for this 
project shall be made and tested as described in Sec. 10.1.

 7. Installation responsibilities for incidental items
 7.1  It shall be the responsibility of the owner to locate and des-

ignate all manhole access points open and accessible for the 
work, and provide rights-of-access to these locations. If a 
street must be closed to traffic because of the orientation of 
the sewer, the owner shall institute the actions necessary to 
provide access during this for the mutually agreed time 
period. The owner shall also provide free access to water 
hydrants for cleaning, installation and other process related 
work items requiring water.

 7.2  Cleaning of sewer lines—The contractor, when required, 
shall remove all internal debris out of the sewer line that 
will interfere with the installation of CIPP. The owner shall 
also provide a dumpsite for all debris removed from the 
sewers during the cleaning operation. Unless stated other-
wise, it is assumed this site will be at or near the sewage 
treatment facility to which the debris would have arrived in 
absence of the cleaning operation. Any hazardous waste 
material encountered during this project will be considered 
as a changed condition. 

 7.3  Bypassing sewage—The contractor, when required, shall 
provide for the flow of sewage around the section or sec-
tions of pipe designated for repair. Plugging the line at an 
existing upstream manhole and pumping the flow into a 
downstream manhole or adjacent system shall make the 
bypass. The pump(s) and bypass line(s) shall be of adequate 
capacity to accommodate the sewage flow. The owner may 
require a detail of the bypass plan to be submitted.
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 7.4  Inspection of pipelines—Inspection of pipelines shall be 
performed by experienced personnel trained in locating 
breaks, obstacles, and service connections using close cir-
cuit television (CCTV) inspection techniques. The pipeline 
interior shall be carefully inspected to determine the loca-
tion of any conditions that may prevent proper installation 
of CIPP. These shall be noted and corrected. A video record 
and suitable written log for each line section shall be pro-
duced for later reference by the owner.

 7.5  Line obstructions—It shall be the responsibility of the con-
tractor to clear the line of obstructions such as solids and roots 
that will prevent the insertion of CIPP. If preinstallation 
inspection reveals an obstruction such as a protruding ser-
vice connection, dropped joint, or a collapse that will pre-
vent the installation process, that was not evident on the 
pre-bid video and it cannot be removed by conventional 
sewer cleaning equipment, then the contractor shall make a 
point repair excavation to uncover and remove or repair the 
obstruction. Such excavation shall be approved in writing 
by the owner’s representative prior to the commencement 
of the work and shall be considered as a separate pay item.

 7.6  Public notification—The contractor shall make every effort 
to maintain sewer service usage throughout the duration of 
the project. In the event that a connection will be out of ser-
vice, the longest period of no service shall be 8 hours. A 
public notification program shall be implemented, and 
shall as a minimum, require the contractor to be responsible 
for contacting each home or business connected to the sani-
tary sewer and informing them of the work to be conducted, 
and when the sewer will be off-line. The contractor shall 
also provide the following:
a.  Written notice to be delivered to each home or business 

the day prior to the beginning of work being conducted 
on the section, and a local telephone number of the con-
tractor they can call to discuss the project or any poten-
tial problems.

b.  Personal contact with any home or business, which can-
not be reconnected within the time stated in the written 
notice.

 7.7  The contractor shall be responsible for confirming the loca-
tions of all branch service connections prior to installing the 
CIPP.

 8. Installation
 8.1  CIPP installation shall be in accordance with ASTM F1216-

09, Sec. 7, or ASTM F1743-08, Sec. 6, with the following 
modifications:



90 C h a p t e r  T w o

8.1.1  Resin impregnation—The quantity of resin used for 
tube impregnation shall be sufficient to fill the vol-
ume of air voids in the tube with additional allow-
ances for polymerization shrinkage and the potential 
loss of resin during installation through cracks and 
irregularities in the original pipe wall, as applicable. 

8.1.2  Tube insertion—The wet out tube shall be positioned 
in the pipeline using either inversion or a pull-in 
method as defined within relevant ASTM standards 
previously stipulated. If pulled into place, a power 
winch or its equivalent should be utilized and care 
should be exercised not to damage the tube as a result 
of pull-in friction. The tube should be pulled-in or 
inverted through an existing manhole or approved 
access point and fully extend to the next designated 
manhole or termination point.

8.1.3  Temperature gauges shall be placed between the tube 
and the existing pipe’s invert position to monitor the 
temperatures during the cure cycle.

8.1.4  Curing shall be accomplished by utilizing hot water 
under hydrostatic pressure or steam pressure in 
accordance with the manufacturer’s recommended 
cure schedule. 

 9. Reinstatement of branch connections
9.1  It is the intent of these specifications that branch connections 

to buildings be reopened without excavation, utilizing a 
remotely controlled cutting device, monitored by a CCTV. 
The contractor shall certify a minimum of two complete func-
tional cutters plus key spare components are on the job site 
before each installation or are in the immediate area of the 
jobsite and can be quickly obtained. Unless otherwise directed 
by the owner or his authorized representative, all laterals will 
be reinstated. No additional payment will be made for exca-
vations for the purpose of reopening connections and the 
contractor will be responsible for all costs and liability associ-
ated with such excavation and restoration work.

10. Inspection
10.1  CIPP samples shall be prepared for each installation desig-

nated by the owner/engineer in accordance with ASTM 
F1216-09, Sec. 8.1. Pipe physical properties will be tested in 
accordance with ASTM F1216-09 or ASTM F1743-08, Sec. 8. 
The flexural properties must meet or exceed the values 
listed in the Table 2.7∗ of this specification, Table 1 of ASTM 

∗Please see “Table 2.7. Minimum CIPP Cured Polyester Composite Physical 
Properties”
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F1216-09, or the values submitted to the owner/engineer 
by the contractor for this project’s CIPP wall design, which-
ever is greater.

10.2  Wall thickness of samples shall be determined as described 
in paragraph 8.1.6 of ASTM F1743-08. The minimum wall 
thickness at any point shall not be less than 87 ½ percent of 
the submitted minimum design wall thickness as calculated 
from the parameters in paragraph 5.6 of this document.

10.3  Visual inspection of the CIPP shall be in accordance with 
ASTM F1743-08, Sec. 8.6.

11. Clean-up
11.1  Upon acceptance of the installation work and testing, the 

contractor shall restore the project area affected by the 
operations to a condition at least equal to that existing 
prior to the work.

12. Payment
12.1  Payment for the work included in this section will be in 

accordance with the prices set forth in the proposal for the 
quantity of work performed. Progress payments will be 
made monthly based on the work performed during that 
period. 
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CHAPTER 3
Spray-on Coatings and 
Linings for Renewal of 

Potable Water Pipe 
Distributions

3.1 Introduction
Spray-on coatings and linings∗ have been used to protect and renew 
pipelines and other infrastructure (tanks, reservoirs, clarifiers, pri-
mary and secondary retention and treatment basins, pump stations, 
diversion boxes, manholes, and other structures) for decades. 
Shotcrete, an air-assisted spray-on lining method for cementitious 
products, was developed at the beginning of the twentieth century 
in Allentown, Pennsylvania, and became accepted as a construction 
method in 1910. Today, high-tech polymer coatings and composite 
lining methods are used to restore, protect, repair, and renew a wide 
range of pipelines and concrete, masonry, and steel structures.

The principal objective of a coating or lining for potable water 
pipe application is to apply a monolithic layer that inhibits further 
deterioration. Type of deterioration is dependent upon pipeline infra-
structure under consideration. In water pipes, it is characterized by 
tuberculation, scale buildup, and corrosion that can significantly 
reduce flow capability and water quality (see Fig. 3.1). In sanitary 
sewers, coatings and linings are effective at eliminating infiltration 
while providing containment. In corrosive sanitary sewer environ-
ment, pipe crowns, pump stations, and manholes can lose an inch or 
more of concrete in less than a year. Coatings and linings can mitigate 

∗The distinction between coatings and linings is not clear so the terms are used 
interchangeably in practice.

93
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further degradation and, if needed, can structurally enhance and 
renew severely damaged pipelines.

The primary materials used for coatings and linings fall into four 
broad categories of cementitious materials and polymers which include 
cement-mortar, epoxy, polyurea and polyurethane (see Fig. 3.2). These
methods are sometimes used in conjunction with one another. For 
chemical resistance and monolithic coverage, adhesion is generally 
regarded as a required attribute of coatings and linings. For structural 
enhancement, adhesion may or may not be a desired property.∗ Other 
attributes of coatings and linings vary greatly between polymers and 
cementitious. Some coatings and lining materials may be excellent 
for bridging cracks and holes, but may have low chemical resistance 
owing to inherently higher porosity; others may exhibit excellent 
long-term strength, but poor adhesion in damp environments. As for 

∗Research is ongoing in this area. For more information, please refer to applicable 
ASTM, AWWA, and ASCE standards and practice guidelines (currently under 
preparation) as well manufacturers of these products.
†Carbon fiber is another renewal method which is mainly used for large diameter 
transmission pressure pipe applications.

FIGURE 3.1 Excessive tuberculation in water pipes. (Source: 3M Water 
Infrastructure.)

Cement-
mortar

Epoxy

Coatings and linings for renewal
of potable water pipes

Polyurea Polyurethane

FIGURE 3.2 Basic coatings and linings materials for renewal of potable water 
pipes.†
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any renewal method, true project needs should be evaluated and 
matched with proven product attributes. 

Moisture can weaken a lining’s curing process as well as its ability 
to bond to the existing structure. Although moisture is relatively easy 
to mitigate in above-surface structures, it cannot be completely avoided 
below grade, especially in pipeline structures. Therefore, a lining with 
high moisture tolerance offers an adhesion advantage for pipeline 
projects. Epoxies and polyureas can generally be formulated to offer 
the best moisture tolerance, although some polyurethanes also offer 
moderate tolerance or require the use of an epoxy primer. Other attri-
butes to consider include structural enhancement, permeability and 
chemical resistance, quick return-to-service, future maintenance and 
repair requirements, and ease of tapping and service connections.

3.2 Water Distribution Pipe Applications
Many water utilities are faced with the problem of aging water pipe 
networks and the associated increasing costs. It is estimated that most 
water utilities have 20 to 30 percent unaccounted water problems due 
to aging and leaking water pipeline systems. Major water utilities in 
the United States, on average, face 20 to 60 water main breaks per 
year causing loss of millions of gallons of treated water and, at the 
same time, facing high costs of emergency repairs together with addi-
tional social costs and customer inconvenience. At the same time, 
increasingly limited resources require efficient use of available main-
tenance and renewal funds. Leakage, water quality, and structural 
failures are few among the various problems faced by water utilities.

Majority of these problems are caused by corrosion, as well as soil 
movements, traffic loads, and excessive pressures. Decay of water 
pipes and the need for an appropriate corrosion protection lining 
material is a great challenge to the water industry. The main objec-
tives of coatings and linings are to provide corrosion protection, 
increase hydraulic capacity and water quality, but they can also be 
used for structural enhancements. An ideal coating and lining 
method, to provide these properties, must not contain any volatile 
organic compounds (VOCs), must be environmentally friendly, long-
term durability, resistant to live (hoop, transverse and longitudinal 
stresses, vacuum pressure, water hammer) and dead loads (soil 
and hydrostatic pressure), chemical attack, and meet all applicable 
governmental, regulatory, and industry standards to be safe for pota-
ble water applications (in the United States, all potable water lining 
materials need to be certified according to ANSI/NSF 61). Other 
desirable properties of the coatings and linings may include rapid 
cure, smooth and pinhole-free coating, meeting adhesion require-
ments with the existing pipe, being locally available with certified 
and experienced contractors, and being cost-effective.

For structural applications in worker-entry, larger-diameter pipe-
lines, reinforced sprayed cement mortars (shotcrete and gunite) on 
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carbon fiber can be effectively used. Non-worker-entry water pipes 
may require coatings and linings to be applied with a centrifugal lin-
ing machine. In this case, lining material is pumped to a high-speed, 
rotating application head of the centrifugal lining machine. As the 
machine is pulled through the deteriorated pipe, a uniform thickness 
liner is applied. American Water Works Association (AWWA) classi-
fies water pipe renewal methods into four categories as summarized 
in Table 3.1.

For structural applications (category IV, in Table 3.1), the lining 
material must provide a new design life to the existing pipe. For semi-
structural applications (categories II and II), the liner may provide the 
following properties:

• Sufficient toughness to survive the dynamic loadings

• Sufficient ductility to accommodate any joint displacements 

• Sufficient shear strength to maintain longitudinal continuity 
in the presence of unrestrained ground movements

• Sufficient flexural strength to provide long-term corrosion 
voids spanning capability

3.3 Selecting a Water Pipe Renewal Method
The key elements for the selection of a specific method for renewal of 
potable water pipes are:

• Nature of problem the pipe is facing and the objectives for the 
renewal method

• Existing pipe material, dimensions, and features (bends, align-
ment, joints, history of previous repairs, depth, degree of cor-
rosion, and so on) 

System Class

Non-structural Semi-structural Structural

Class I Class II Class III Class IV

Corrosion 
protection

Yes Yes Yes Yes

Gap spanning 
capability

No Yes Yes Yes

Inherent ring 
stiffness

No (Depends 
on bonding)

No (Depends 
on bonding)

Yes 
(Self support)

Yes 
(Self support)

Survives 
burst failure of 
existing pipe

No No No Yes

TABLE 3.1 Structural Classification of Lining Systems
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• Types and locations of appurtenances such as valves, fittings, 
and fire hydrants

• Number and type of service connections

• Length of time the pipe can be out of service or bypass 
requirements

• Site- and project-specific factors (surface and subsurface 
conditions)

• Overall cost of the renewal method (material and installation)

3.4 Installation Phases of Coatings and Linings
The successful installation of coatings and linings depends on many 
factors such as transportation of lining material from shop to the 
project site, ambient temperatures at the site, and cleanliness of the 
internal surface of the existing pipe as well as existing pipe condi-
tions, geometry, alignment, and defects. Among these parameters, 
the most important factor is the proper installation technique as 
shown in Fig. 3.3. Figure 3.3 illustrates the various steps and sequences 
for successful coating and lining installations. Further details on 
these steps are provided in the following sections.

Coatings & linings
process

Phases

Divisions Planning

Site
preparation

Entry access
point preparation

Cleaning &
inspection

Condition
assessment

Material
selection

Equipment
readiness

Potholing

Traffic
diversion

Flushing

Disinfection

Post-lining
inspection

Curing

Coupon/sample
collections

Installation
of lining

Conditioning of
lining

Reconnections
& reinstatement

of service

Backfilling

Surface
restoration

Site cleaning

Waste
disposal

Quality
control

Delivery &
documentation

Sampling

Testing

Activities

Preparatory
work Lining Closeout

IVIIIIII

FIGURE 3.3 Steps and sequences for coatings and linings. (Source: 3M Water 
Infrastructure.)
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3.5 Planning and Site Investigations 
Every pipe renewal project is unique and requires a careful site inves-
tigation before installation can begin. In the planning phase of a 
project, surface and subsurface survey information provide assistance 
in determining the suitability of the coating and lining methods. 
Project owners must provide available existing pipe and site infor-
mation in the bid documents, so contractors can submit realistic 
bids. Additionally, contractors must conduct their own surface and 
subsurface investigations, as bid data might be outdated at the time 
of bid submission and installation phase. Possibilities of unantici-
pated obstacles such as presence of debris, silt, and other deposits, 
which may make the task of lining difficult, must specifically be 
investigated.

Accurate information would lead to reduction of installation 
problems, quality issues, reworks and change orders, and associated 
social costs. The investigation of a lining site includes evaluation of 
the number and condition of service laterals, easement restrictions, 
potholing locations and regulations, and environmental concerns. A 
surface and subsurface survey may include the following steps:

• Work area requirement

• Location of all existing utilities

• Utilities and structures adjacent to proposed pit locations

• Surface features, descriptions and layouts of roadways, side-
walks, and so on

• Visible subsurface utility landmarks such as fire hydrants, 
valves, and so on

It is essential to determine all valve and fire hydrant locations 
along the full length of the existing pipe. It is recommended that con-
tractor or installer physically check all the dimensions supplied by 
the project owner in the form of drawings, videos and DVD’s, and 
reports to ensure accuracy. Once surface and subsurface surveys are 
completed, pit locations and thickness and section lengths of the lin-
ing installations can be determined. Proper site inspection is also 
important for selection of appropriate lining parameters and deter-
mination of any modifications in lining design thickness. 

3.6 Pipe Inspection 
The main objective of pipe inspection is to examine the condition of the 
existing pipe before and after liner installation. Closed-circuit televi-
sion (CCTV) is usually the method of choice to inspect the interior of 
water pipes and also to evaluate quality of installed pipe. Valves, 
water hydrants or other appropriate locations may be used as inspec-
tion insertion points.
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3.6.1 Objectives of Prelining Inspections 
The purpose of a prelining inspection is to ensure a successful liner 
installation. This inspection provides a good idea of the degree of 
cleaning required to prepare the existing pipe before the start of a lin-
ing operation. A prelining inspection may also reveal the need for 
other forms of preparations required before lining, such as removal 
of protruding lateral service connections. The state or presence of the 
following issues may be revealed during the prelining inspections:

• Leaking valves and ferrules

• Leaking stop taps

• Dropped joints

• Protruding ferrules

• Structural problems (cracks, holes, and so on)

• Cleaning and possibilities for re-cleaning requirements

• Pipe bends that can affect cleaning and lining processes

3.7 Pipe Cleaning Methods
Cleaning of existing water pipes is prioritized based on the age of the 
pipeline and the frequency of the problems it encounters. In most of 
the water pipes, sediments accumulate and biofilms develop, increas-
ing the risk of color, taste, and odor problems, along with the chance 
of coliform regrowth.

Cleaning must be performed on the section of the existing pipe to 
be lined. Before isolating and cleaning the section, water flow must 
be stopped or bypassed. The section of pipe will then be emptied and 
cleaned. The cleaning technique chosen depends on the pipe mate-
rial, previous lining, and entry point locations. It must be noted that, 
if the structural condition of the existing pipe is poor and the pipe 
wall is thin, then some cleaning methods may result in damage to the 
pipe section being cleaned. Figure 3.4 illustrates a conventional clean-
ing method using a steel rod. Table 3.2 presents a summary of water 
pipe cleaning methods.

Machine Steel rods

Water/debris

Cleaning head Water supply

FIGURE 3.4 Rack-feed boring machine using steel rods. (Source: Water UK.)
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Method Procedures

Drag
scrapers

Designed to remove hard deposits and nodules. This is made 
up of spring steel scrapers mounted on a central shaft. These 
scrapers remove deposits as they are winched through the 
pipe. The central shaft is fitted with a towing eye at each end 
to allow the scraper to be pulled back if necessary. These are 
available for all pipe sizes ranging from 2 in. (50 mm) to 
12 in. (300 mm). 

Power boring Hydraulically powered device utilized to remove tuberculation 
and encrustation from the water pipes. The device is a rack-
feed boring machine, a compact, diesel-powered unit using 
hydraulic pressure to rotate steel cutter blades at 750 rpm 
through the pipe.

High-
pressure 
water jetting

High-pressure water jets are pulled through the pipe so 
high-velocity water blasts deposits and films from the pipe 
surface.

Poly pigging This is similar to soft swab pigging except that it differs in its 
construction. For softer scales, the pig is simply foam covered 
by a plastic shell, while for harder scales abrasive materials 
are adhered to the pig’s exterior.

Air scouring Volumes of air and water are alternately introduced to the pipe 
through fire hydrants, creating turbulence that scours film, 
and lifts and transports sediment.

Rodding Uses an engine and a drive unit with sectional rods. As blades 
rotate, they break up the deposits and loosen the debris.

Balling A threaded rubber cleaning ball that spins and scrubs the 
interior of the pipe as flow increases in the pipelines.

Flushing Introduction of alternatively high flow rate of water into the 
pipes, removing floatables, sands, and grids.

Soft swab 
pigging

Foam plug is forced through the pipe using water.

Chemical
cleaning

Acid is circulated through a closed system, dissolving mineral 
scale, biological growth, and corrosion by-products. Finally 
the pipe is flushed and disinfected. Some common chemicals 
used are H2S gas, bioacids, digester, enzymes, catalysts, 
hydroxides, and neutralizers.

Scooter This is a hydraulic method. Round, rubber-rimmed, hinged 
metal shield is mounted on steel framework on small wheels, 
which works as a plug to build a head water. This action 
scours the inner walls of the pipeline.

Source: Adapted from AWWA M28, Rehabilitation of Water Mains.

TABLE 3.2 Water Pipe Cleaning Methods
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3.8 Installation Considerations
Coating and lining thickness must be designed based on the existing 
pipe conditions, requirements and future use. Required quality assur-
ance measures may include compliance with design specifications 
and expected test results in accordance with applicable contract doc-
uments and manufacturer’s recommendations. The contractor and 
installer must be experienced and certified by the manufacturer for 
the specific liner application. The thickness of the lining during instal-
lation can be controlled by the flow rate of the lining material and 
retrieval speed of the application head. This process is usually auto-
mated and computerized for advanced applications. If desired, the 
actual thickness of the liner installation may be determined through 
coupon sampling. The contractor may need to submit lined coupons 
for owner’s evaluations or for testing. 

3.9 Disinfection Methods
Disinfecting of water pipes after renewal has been a common indus-
try practice for many years. The first AWWA standard covering this 
practice was approved in September 1947 (as 7D.2-1948). In 1986, the 
designation of this standard was changed to AWWA C-651; the latest 
revision is ANSI/AWWA C-651-05. There are five main types of dis-
infection methods identified in AWWA standards as summarized 
below. It should be noted that according to project location and water 
utility regulatory requirements, additional steps (such as several 
flushings, requirements for boiling water for a certain period, etc.) 
may be required after lining installations.

3.9.1 Tablet Method 
AWWA C-651 recommends the use of an average chlorine content of 
25 to 150 mg/L for duration of 24 to 72 hours. Preferably, disinfection 
should be carried out overnight; however, not on a day before the 
weekend or holidays.

3.9.2 Continuous Feed Method
The chlorine may be added in the form of dissolved calcium hypo-
chlorite, sodium hypochlorite, liquid chlorine, or chlorine gas. Among 
these, dissolved chlorine gas offers the “best” disinfection; however, 
environmental concerns and new regulations have made this option 
less desirable. The chlorine concentrations vary from 25 to 60 mg/L 
for durations of 24 to 72 hours.

3.9.3 Slug Method 
This method is generally used in conjunction with the tablet 
method. After the tablet method is completed and flushed, a heavily 
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concentrated slug of chlorine is added to the pipe and slowly forced 
through the system. The concentration of the slug is monitored and if 
the free chlorine residual drops below 50 mg/L, additional amount of 
chlorine is added. Several utilities use this method at a concentration 
of 300 to 500 mg/L. Disposal and treatment of the heavily chlorinated 
water can become a problem with this method (ANSI/AWWA, 
2005).

3.9.4 Ozonation
Ozone being an unstable molecule of oxygen, which readily gives 
up one atom of oxygen providing a powerful oxidizing agent, is 
toxic to most waterborne organisms. Ozonation is an effective 
method to inactivate harmful protozoans from forming cysts. 
This method also works well against almost all other pathogens. 
Ozone gas is prepared by passing oxygen through ultraviolet 
light or using a “cold” electrical discharge. To use ozone as a dis-
infectant, it must be created on-site and added to the water by 
bubble contact. 

3.9.5 U.K. Method 
According to “Technical Guidance Notes No. 4—Distributor System 
(Renovated Mains),” contained in Principles of Water Supply Hygiene 
and Technical Guidance Notes, the lined pipe must be disinfected using a 
maximum of 0.013 oz/gal (100 mg/L) of free chlorine. After the dis-
infection, the lined pipe must be flushed for a minimum period of 
one hour at a velocity of 1.64 ft/s (0.5 m/s) for available water pipes 
before return to service. For lined pipe sections with dead ends, a 
flow regime must be established such that the residence time does 
not exceed one hour in the first 24 hours of service after recommis-
sioning (Water UK, 2007).

3.10 Pipe Sample Testing
Table 3.3 presents some of the coatings and lining testing methods 
based on ASTM standards. 

3.11 Quality Control
The liner quality must be acceptable if proper cleaning and application 
procedures are followed. Project documentation, for delivery to the 
project owner, may include testing results from laboratory (if required); 
printouts from the lining rig, postinspection DVD, and so on. Table 3.4 
presents a description of common defects found after the application 
of the lining and its recommended prevention and remedies. 
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3.12 Safety
In order to complete the work satisfactorily and accident free, it is the 
responsibility of the contractor to be familiar with and follow all the 
federal, state, and local regulatory safety requirements. All required 
personal protective equipment (PPE) must be fully functional and 
follow U.S. Occupational Safety and Health Administration (OSHA) 
guidelines. Contractors need to identify all possible work hazards 
[traffic management, pit excavation and protection (see Fig. 3.5), safe 
disposal of extra lining materials (see Sec. 3.15), worker safety during 
the existing pipe cleaning and liner installation, and so on] of lining 
and submit a safety management plan to the project owner before 
start of the lining operations.

Test Method and 
Standard Brief Description

Dry film thickness 
(ASTM D1186)

An electronic thickness gauge is used to measure 
the dry film thickness and compare with previously 
obtained film thicknesses, so that changes due to 
swelling and shrinkage can be measured to 
+ 0.0254 mm (+ 1 mil) in accuracy.

Knife adhesion 
(ASTM D6677)

Cutting the lining through the existing pipe with a 
utility knife to probe adhesion. Adhesion is then rated 
on a scale of 1–10 depending on the difficulty of 
removal and size of the chips. 
10–Lining difficult to remove.
01–Lining can be easily peeled.

Pull-off adhesion 
(ASTM D4541)

This test is also utilized to verify adhesion, cohesive 
strength, and pull-off strength of the lining system. 

Undercreep holiday 
(ASTM D1654)

To determine the corrosion of the existing pipe when 
the lining is peeled off.

Blistering
(ASTM D714)

This test is used to evaluate the degree of blistering 
that may develop when coated sample is subjected 
to conditions, which will cause blistering. Blistering is 
rated on the size and density of the blisters.

Lining impedance 
measurement 
(ASTM G42)

An accelerated procedure for determining 
comparative characteristics of lining systems applied 
to pipe for the purpose of preventing corrosion 
that may occur in service where the pipe will be 
exposed to high temperatures and is under cathodic 
protection. This test measures barrier properties of 
the linings and coatings, and its permeability. 

TABLE 3.3 Lined Pipe Testing Methods
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Deficiency Description
Prevention Method and 
Possible Remedial Actions

Lining over 
debris

Lining over corrosion, loose 
debris in pipe, inadequate 
pipe cleaning.

If the fault is localized, it is 
best to rectify by excavation 
and removal of faulty pipe 
section. If faulty pipe section 
is extensive, it must be totally 
replaced. 

Blistering and 
bubbling

Round, raised sections 
of hardened coatings and 
linings caused where there 
is graphitization on cast 
iron pipe walls. It must be 
noted that not all instances 
of graphitization cause 
blisters.

If blisters are isolated, they 
may be cosmetic in nature 
and do not create a long-term 
weakening of the lining. The 
integrity of the lining is not 
compromised and no remedial 
action is taken.

Uncured lining Malfunction of the lining 
machine. Only section of 
pipe lined with hardened, 
fully cured lining may be 
returned to service.

Using CCTV or other 
inspection methods will reveal 
any sections of uncured lining 
which must be removed and 
relined. 

Uneven or thin 
lining

Machine malfunction, 
excessive friction along 
the hose during winching 
back through the pipe, 
unsatisfactory design of 
application head, protruding 
obstacles in pipe. 

Short length can be replaced 
with new pipe and longer 
lengths can be relined. 
Protruding obstacles can 
be identified during CCTV 
inspection.

Slump Caused by applying an 
excessive thickness of 
coating or lining to the pipe 
surface or overheating the 
components.

The extra volume of the lining 
material can reduce the 
desired pipe diameter.

Water damage Usually caused by 
undetected standing water 
or ground water leakage 
through pipe.

The extent of fault must be 
accurately measured by CCTV 
inspection. Short length can 
be replaced with new pipe 
and longer lengths can be 
recleaned and relined. 

Pinholes Pinhole or discontinuity in 
the lining.

Must be repaired by relining 
or as directed by the owner or 
the city engineer.

Source: AWWA, 2002.

TABLE 3.4 Summary of Defects and Remedial Actions
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3.13 Reconnecting Appurtenances
Dependent on liner material and installation method, fittings, valves, 
and fire hydrants may need to be taken out, drained; cleaned from all 
dirt, dust, and debris; capped; and stored as part of liner installation 
preparation. After lining installation, it is necessary to support heavy 
valves (12 in. or 300 mm and larger), with treated timbers, crushed stone, 
concrete pads, or a thoroughly tamped trench bottom. Fire hydrant must 
be installed in a manner which will provide complete accessibility and 
minimum possibility of damage from vehicles or injury to pedestrians. 
The outside of the hydrant must be above the finished ground.

All valves must be inspected upon reconnection to ensure proper 
working order after liner installation. Valves must be set and joined 
to a pipe as set forth in the AWWA standards∗ for the type of connec-
tion ends furnished. All valves and appurtenances must be installed 
at the correct alignment and rigidly supported. Any damage to these 
appurtenances must be repaired or replacement with new ones may 
be required.

Local water utilities may provide their own specifications which 
must be followed. Some water utilities may prefer to conduct service 
lateral and appurtenance reconnections with their own crews, so 
contractor’ work ends with the liner installation. 

3.14 Surface Restoration and Site Clearing
Backfilling pits are one of the most important phases of water pipe 
renewal. The purpose of backfill is not only to fill the pits, but also 
to protect the pipes and provide support for valves and hydrants. 

∗C222-08, Standard for Polyurethane Coatings for the Interior and Exterior of 
Steel Water Pipe and Fittings; C620-07, Standard for Spray-Applied In-Place Epoxy 
Lining of Water Pipelines, 3 in. (76 mm) and Larger; C602-06, Standard for Cement-
Mortar Lining of Water Pipelines in Place 4 in. (100 mm) and Larger.

FIGURE 3.5 Pit Protection.
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Backfill materials must be in good quality and free from cinders, frozen 
material, ashes, refuse, boulders, rocks, or organic materials. Park-
ways and other nonpaved areas may not need compaction, depending 
on the potholing size, conditions and project requirements. If needed, 
pit flooding may be used to obtain the necessary compaction 
requirements. 

After pit backfilling, additional pieces of pipes, extra fittings,
tools, and incidental materials, such as debris and excess spoil mate-
rials, must be removed from the jobsite or right-of-way (ROW). All 
undamaged walkways and pavements must be cleaned. All grass 
areas must be reseeded and/or replaced with sod, shrubs, trees, and 
other plants as per their original conditions or better. Damaged and 
removed pavement must be repaired/replaced according to the 
municipality, local government, or Department of Transportation 
(DOT) specifications and standards.

3.15 Waste Disposal
The contractor must be familiar with all the regulations for han-
dling and disposing of the lining materials and chemicals, such as 
the following:

• Unused lining materials and other contaminated materials 
must be returned to shop/warehouse or be disposed of in accor-
dance with applicable safety and waste disposal regulations.

• Uncured materials must be disposed in a facility permitted to 
accept chemical waste.

• Cured (or polymerized) waste must be taken to appropriate 
sanitary landfills. The contractor is responsible for assuring 
that all permits and other types of disposal documentation 
are completed and distributed as required by regulatory 
agencies.

• Since regulations vary, based on the coating and lining mate-
rial, applicable federal, state, and local regulations before dis-
posal must be followed.

3.16 Descriptions of Coatings and Linings Methods
The following sections provide specific information on each of the 
four basic coating and lining methods.

3.16.1 Cement-Mortar Linings
Cement-mortar spray-in liner has been in existence since the 1900s and 
is one of the most common lining methods used today. The first suc-
cessful trial of spray applied cement lining took place in early 1930s
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(AWWA-C602, 2000). Cement-mortar-lined pipes are centrifugally 
lined to ensure that a uniform thickness of mortar is distributed 
throughout the length of the existing pipe. Cement-mortar linings 
prevent tuberculation by creating a high pH at the pipe wall. They act 
as a physical barrier between water and the existing pipe with a 
smooth finish, which potentially may increase hydraulic capacity of 
the existing pipe, in spite of slight internal diameter reduction. The 
protective properties of cement linings are due to two properties of 
cement: chemically alkaline reaction of the cement and water reduc-
tion in contact with the iron pipe.

Cement-mortar lining is applied by a rotating spray head con-
nected to a hose that is attached to the lining rig. Mortar is supplied 
to the machine through the high-pressure hose, and a uniform thick-
ness of lining is applied as the machine moves through the existing 
pipe at a constant speed. The thickness of the applied liner is directly 
related to the speed at which the machine moves. After the liner has 
been applied, a rotating or conical drag trowel provides a smooth 
finish (see Fig. 3.6).

Installation Procedure of Cement-Mortar Linings*

 1. Inspecting the existing pipe to determine the location of 
valves, hydrants, bends, level of deterioration, displacement 
of joints, and so on.

FIGURE 3.6 Cement-mortar lining troweled fi nish. (Source: www.cementlining.
com.)

∗Refer to Table 3.9 for detailed description about the steps involved during the 
installation of spray-on coatings and linings.

www.cementlining.com
www.cementlining.com
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 2. Bypassing water flow.

 3. Thoroughly cleaning existing pipe and removing all films, 
loose materials, debris, and silt prior to the lining. 

 4. Inserting the lining head connected to the lining rig into the 
pipe.

 5. Supplying mortar to the machine through high-pressure 
hoses and ensuring uniform application of lining from the 
sprayer at a constant speed.

 6. Troweling of the applied cement-mortar with either rotating 
trowels or spatulas attached to the lining head.

After the completion of the application, the lining is cured in a con-
trolled environment to prevent rapid loss of moisture. Usually CCTV 
or another inspection method is used to inspect quality of installa-
tion. Table 3.5 represents advantages and limitations for cement-
mortar lining methods.

3.16.2 Epoxy Linings 
Epoxy lining was first introduced in the United Kingdom in the 
late 1970s and introduced in the North America in the early 1990s. 

Advantages Limitations

1. Minimum service 
interruption compared 
to other pipe renewal 
methods.

2. Protects deterioration 
of pipe against further 
corrosion.

3. For worker-entry pipes, 
reinforcement can be 
used to provide structural 
support (shotcrete and 
gunite).

4. Usually entry and exit 
pit is required, no major 
excavation is necessary.

5. Usually flow capacity 
is improved due to 
smoothness of lining 
surface compared to the 
original surface of the 
existing pipe.

1. Bends, valves, and fittings must be 
removed prior to lining.

2. Bypass is required.
3. Curing time is dependent on curing of 

cement and may take a long time.
4. Dependent on the lining thickness, there 

may be a slight reduction of pipe internal 
diameter.

5. Does not enhance structural integrity of 
the pipe.

6. Cement-mortar lining may result in high 
pH water. 

7. Usually plugs ¾ in. or less valves or 
lateral connections.

8. Quality and durability of installation 
is dependent on the adhesion to the 
internal surface of the existing pipe, 
which in turn is dependent on the degree 
the existing pipe cleaned.

TABLE 3.5 Advantages and Limitations for Cement-Mortar Linings



C o a t i n g s  a n d  L i n i n g s  f o r  P o t a b l e  W a t e r  P i p e  D i s t r i b u t i o n s  109

American Water Works Association approved epoxy materials potable 
water use in 1995 (ANSI/NSF 61 Standard). The primary reason for 
using this type of lining technique is to overcome the water quality 
problems caused by corrosion of iron pipes. Epoxy linings are usually 
classified as a nonstructural technique. Epoxy lining is applied to the 
interior surface of existing pipes with a smooth surface finish that 
helps prevent further corrosion and tuberculation. Epoxy can effec-
tively halt the recurrence of these problems if the existing pipe is 
properly cleaned and lining is adequately applied according to speci-
fications and manufacturer’s guidelines. Figure 3.7 presents removing 
of epoxy spray head from the pipe. Similar to cement-mortar linings, 
epoxy linings require use of a specialized machine and spray head 
(see Fig. 3.8a). 

Epoxy resin products are composed of two components, base and 
hardener. These two components are supplied in different colors. 
When mixed, they form a third distinct color. Figure 3.8 (b) shows the 
finished epoxy lining. Table 3.6 represents advantages and limita-
tions of epoxy linings.

3.16.3 Polyurea 
Polyurea pipe lining is a rapidly growing market due to polyurea’s 
ability to solve difficulties other lining methods face, such as the 
existing pipe moist or infiltration conditions, and installation speed. 

FIGURE 3.7 Epoxy spray head is removed from the pipe. (Source: CuraFlo Inc.)
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Advantages Limitations

1. Has a higher “C” coefficient than 
cement mortar and better improves 
flow capacity of the existing pipe.

2. Provides a smooth, pinhole -free lining.
3. Resistant to corrosive water.
4. Does not block service connections.
5. Only entry and exit pit is required, no 

major excavation is required.
6. Protects further deterioration of 

existing pipe against corrosion.
7. No major reduction in the existing pipe 

diameter.

1. Bypass is required.
2. Pipe must be dry and free 

from standing water during 
application.

3. Does not enhance the 
structural integrity of the 
existing pipe.

4. Tees and bends can pose 
installation difficulties.

5. Minimum cure time can be 
16 hours.

TABLE 3.6 Advantages and Limitations of Epoxy Linings

FIGURE 3.8 (a) Spray head for epoxy lining; (b) Finished epoxy lining. 
(Source: CuraFlo Inc.)

(a) (b)

With a suitable existing pipe surface preparation and substrate 
conditions, polyurea provides fastest return to service than com-
peting lining materials. During a field evaluation, it was shown 
that polyurea application does not plug service laterals and appur-
tenances (see Fig. 3.9).

Polyurea is formed from reaction of two components, isocyanate 
and amine resin. These components, unlike those created by the 
crystalline nature of some polyurethane hard segments, form a urea 
linkage, which is highly flexible. The material is moisture tolerant 
and has low viscosity, thus it can be easily pumped to remote spray 
head locations. It provides high build slump resistant linings, and 
dependent on manufacturer and class of material (structural or non-
structural) excellent adhesion characteristics. Finished linings are 
hard, glossy, and free of surface tack or greasiness. Polyurea linings 
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provide long-term corrosion protection and have excellent abrasion 
resistance. 

Figure 3.10 illustrates the spray head for polyurea lining appli-
cation. Table 3.7 represents advantages and limitations of polyurea 
linings.

3.16.4 Polyurethane
Polyurethanes were first used in the mid 1970s in North America 
to seal underground fuel tanks from corrosion. During the same 
time it was used in Europe to protect oil and gas pipelines. With 

FIGURE 3.9 Polyurea application does not plug service laterals.
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further development in technology in 1980s, polyurethane lining 
systems were used successfully in water industry (AWWA-C222, 
2008). The major advantages of elastomeric polyurethanes are 
their excellent flexibility, elongation properties, and impact and 
abrasion resistance. 

FIGURE 3.10 Polyurea lining spray head. (Source: 3M Water Infrastructure.)

Advantages Limitations

1. Provides continuous barrier lining and 
prevents leak and further internal 
corrosion.

2. Smooth surface improves flow capacity.
3. Rapid setting and same day return to 

service.
4. Contains no volatile organic compounds 

(VOCs)
5. No plugging of service connections.
6. May accommodate bends exceeding 22.5°.
7. Dependent on the manufacturer and 

product, may provide a semi-structural 
lining (Class III).

1. Not fully structural lining 
material.

2. Pipe must be dry and 
free from standing water 
during application.

TABLE 3.7 Advantages and Limitations for Polyurea Linings
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Polyurethane linings are based on the exothermic reaction 
between di- or poly-isocyanates and compounds with hydroxyl 
end-groups such as polyols. It is the exothermic nature of this reac-
tion that provides fast-setting, cold-temperature curing ability, and 
unlimited film build-up of polyurethane linings. Polyurethane 
linings consist of sprayable and castable versions. The sprayable 
version involves lining in various formulations having a mix ratio 
of 1:1 with balanced viscosity between base and hardener. The cast-
able version is basically a mix, pour, and cast method of application. 
Figure 3.11 shows a typical sprayer used for polyurethane applica-
tion. Table 3.8 represents advantages and limitations for poly-
urethane linings.

FIGURE 3.11 Polyurethane lining spray head. (Source: 3M Water Infrastructure.)

Advantages Limitations

1. Exhibits good chemical and impact 
resistance.

2. Inner chemical structure with much less 
cross-linking that allows for the lining’s 
elastic nature.

3. Cures in minutes to an hour.
4. Offers the added benefit of better safety 

and environmental parameters when 
compared to the solvent-based materials.

5. Good abrasion resistance.
6. Very flexible and can withstand large 

movements and bends before displaying 
cracking or disbondment.

1. Poor adhesion with the 
existing pipe.

2. Polyurethane is moisture 
sensitive.

3. Polyurethane has higher 
permeability rating than 
polyurea.

4. May be more expensive 
compared to other linings.

TABLE 3.8 Advantages and Limitations for Polyurethane Linings
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3.17 Installation Procedures 
Table 3.9 presents the steps for installation of spray-on coatings and 
linings. Figure 3.12 presents the schematic view of lining-installation 
process.

Steps Tasks Objectives & Considerations
1 Project Planning •  Evaluate surface and subsurface conditions:

A. As-built drawings
B. Crossing and nearby utilities
C. Job site access and restrictions
D. Traffic management
E. Storage and laydown area
F. Soil conditions

2 Locating 
Appurtenances

• Evaluate number of valves, bends and fittings
• Locate the entry and exit pits

3 Excavating Pits • Excavate and protect entry and exit pits
4 Pre-cleaning 

Inspection
• Check the level of cleaning required 

5 Cleaning •  Remove corrosion, sediments, debris and 
standing water

6 Post-cleaning 
Inspection

• Check for leaking joints, valves, fittings, 
pinholes and missing pipe sections, if any 

7 Lining 
Preparation

• Verify lining mix ratio, material temperature, and 
pump output as required by liner manufacturer

8 Lining 
Installation

• Monitor the flow rate and the retrieval 
speed of the spray head

• The speed of the spray head must be 
slow-enough to produce a uniform liner as 
required per specifications

9 Capping Lined 
Pipe

• Prevent the contamination of and/or water 
from entering the pipe by capping the ends 
of the lined pipe

10 Curing • Cure lining as required per specifications
11 Testing •  New fixture valves are installed and the 

system is tested to ensure no water leaks 
remain and that water pressure has been 
restored

12 Post-lining 
Inspection

• Verify quality of the lining work and inspect 
the lined pipe

13 Disinfecting 
Lined Pipe

• Disinfect the lined pipe with one of the 
methods described in Sec. 3.9

14 Restoring Water 
Service

• Establish connections, appurtenances, and 
job closeout

∗Refer to Sec. 3.16.1 for detailed installation procedure of cement-mortar lining.

TABLE 3.9 Installation Steps for Spray on Coatings and Linings∗
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3.18 Comparison of Coating and Lining Methods 
Cement-mortar, epoxy, polyurea, and polyurethane are the major 
materials available today for potable pipe coating and lining applica-
tions. They provide added benefits of corrosion protection and, 
dependent on the product and manufacturer, may provide some 
structural enhancements. Certain differences exist between products 
due to specific material properties and type and quality of applica-
tions of these products. Table 3.10 present a summary of major differ-
ences for these materials.

Parameter Cement-Mortar Epoxy Polyurea Polyurethane

Corrosion 
protection

Passive
permeable 
barrier

Dielectric
impermeable 
barrier

Effective 
and
corrosion-
resistant 
barrier

Effective and 
corrosion-
resistant 
barrier

History AWWA Standard 
since 1955
ANSI/AWWA 
C602-06

Introduced 
in U.K. water 
industry in the 
late 1970s; 
Standard 
ANSI/AWWA 
C-620-07

Has been 
in use for 
10 years

Has been 
in use for 
65 years; 
Standard 
ANSI/AWWA 
C222-08

Pipe
preparation/
cleaning

Scraper method Rack-feed 
boring

Drag
scraper, 
power
boring,
jetting

Drag scraper, 
power boring, 
jetting

Lining
environment

Wet or damp 
pipe: no 
standing water

Dry pipe 
required

Dry pipe 
required

Dry pipe 
required

TABLE 3.10 Cement-Mortar, Epoxy, Polyurea, and Polyurethane Comparison

Rack-feed boring
machine

Air
compressor

Lining rig

Lined pipe
sectionCleaning

head

Corrosion/
encrustation

Umbilical
hose drum

Static mixer

FIGURE 3.12 Schematic view of lining-installation process. 
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3.19 Ongoing Research on Liner and Pipe Interactions
The decision making process for determining a renewal strategy is 
generally driven by a condition assessment of existing pipeline. 
Internal and external corrosion and pit depth measurements made 
on pipe samples, can provide predictions regarding the residual life 
of pipe. The corrosion damage is normally concentrated in localized 
“hotspots” rather than being universal damage. Failure of these 
pipelines commences with the appearance of transverse fractures or 
“back breaks” where soil and ground movement combined with 
traffic loads and thermal movements cause tensile stresses to be 
induced in the inherently brittle cast iron. Therefore, for structural 
enhancement lining to be effective, it must survive the sudden energy 
release imposed upon it when pipelines fail under this degree of 

Parameter Cement-Mortar Epoxy Polyurea Polyurethane

Typical lining 
thickness

4–8 mm for 
4–12-in. pipe 
and 8–12 mm 
for more than 
12-in. pipe 

Minimum
1 mm typical 
2–4 mm

Minimum
1 mm 
typical
2–5 mm

Minimum
1 mm typical 
2–5 mm

Curing time 
before 
disinfection

Minimum 24 h Minimum 16 h 
(can be less 
for some 
products)

Minimum
1 h

Minimum 2 h

VOC (lb/gal) 0.00 0.30 0.00 0.00

Application
method

Centrifugal,
mechanical,
pneumatic,
hand application

Plural
component
spray

Plural
component
spray

Plural
component
spray

Curing
procedure

Moist curing 
or accelerated 
curing

Maintain
temperature

Not
required

Not required

Structural 
enhancement

No No Yes Yes

Odor
generation

No odor Strong odor 
during curing

No odor Strong odor 
during curing

Bonding to 
concrete

Good Strong Extremely 
strong 

Weak 

TABLE 3.10 Cement-Mortar, Epoxy, Polyurea, and Polyurethane Comparison 
(Continued)
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loading and, thereafter remain intact and bridging the crack left after 
fracture. This requires the structural enhancing liner to have enough 
elongation, as well as cohesive strength that exceeds the adhesion of 
the lining to the existing pipe. Class 2 and 3 should meet these 
requirements.

After a pipeline has failed by transverse or shear fracture, move-
ment of the pipe can continue at that point. The lining must therefore 
be able to accommodate such movement which can take the form of 
angular deflection. 

Figures 3.13 and 3.14 illustrate the results. The assembly is sub-
jected to a three-point flexural loading in a universal testing machine. 
Displacement controlled loading was applied and the deflection of 
the joint monitored as a function of load. 

3.20 Summary
This chapter focused on spray-on coating and lining methods for 
renewal of potable water distribution pipes. Potable water pipe 
renewal is relatively a new market for trenchless renewal methods. 
These methods have many advantages over other trenchless renewal 

FIGURE 3.13 Six inch ID fractured cast iron pipe previously lined with polyurea.

FIGURE 3.14 Six inch sheared cast iron pipe previously lined with polyurea.
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methods, including fast return to service (and significantly reducing 
or potentially eliminating the need for bypass pumping), providing 
a barrier for corrosion protection, filling minor cracks and holes, 
and in certain products, enhancing the design life of the existing 
pipe (a semi-structural product). Polyurethane, epoxy, and polyurea 
lining methods do not plug the service connections, valves, and other 
appurtenances and can also accommodate minor bends.



CHAPTER 4
Pipe and 

Pipe Installation 
Considerations

4.1 Introduction
Pipeline construction has considerable uncertainties owing to the 
complex nature of the pipe-soil system. More complexity applies to 
trenchless methods when a machine is used to install the pipe blindly. 
However, trenchless technology only disturbs the ground in the area 
of pipe zone, but open-cut disturbs the soil from the ground surface.

Structural designs of pipelines employ models for calculation of 
different behavioral factors such as deflection, buckling, cracking, 
and so on, that are based on particular assumptions for interaction 
between pipe and soil. Since pipe and soil are typically designed as 
integral systems, it is crucial that the construction process achieves 
this design objective. While project plans and specifications provide 
the basic requirements for construction and installation, the site con-
ditions often vary from those anticipated during design. These vari-
ations must be considered by the contractor and construction 
engineer. Often, alternate or additional construction considerations 
are necessary to address unexpected or unspecified conditions.

4.2 Pipeline Construction Using Open-Cut Method
Pipeline installation using open-cut method involves mobilization of 
material, labor, and machinery to obtain, assemble, install, inspect, 
and test the pipeline system. Underground pipeline installation may 
seem relatively straightforward: (1) dig a trench, (2) lay the pipe in the 
trench, and (3) fill the trench back in. However, in reality, pipeline 
installation involves many important engineering and construction 
considerations. An underground pipeline system incorporates both 
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properties of pipe and soil to form a composite structure. Accordingly, 
structural designs of underground pipelines include specifications for 
the surrounding soil. The idea is for the system to be able to withstand 
the imposed demands through a composite action of the pipe-soil 
structure. If properly designed and constructed, this composite action 
is often advantageous and can be used to enhance the load-carrying 
capacity of pipelines. It follows that proper installation is extremely 
important to the performance of underground pipeline structures. Of 
particular importance are considerations for (1) proper selection and 
compaction of soils for foundation, bedding, embedment, and back-
filling; (2) proper control over geometrical configurations of trench 
excavations (width, height, and others); (3) control over appropriate 
soil cover; (4) control of line and grade of the pipe; and (5) controlling 
groundwater in the trench. In addition, appropriate care must be 
taken during transportation, handling, and installation to avoid 
cracks, gouges, buckling, and other forms of structural damage.

Soils, on the other hand, require different properties for different 
subcomponents of an underground installation (e.g., foundation, 
bedding, trench walls, and so on). Some of the important properties 
considered in design include soil stiffness (modulus), density, type of 
soil, and moisture content. Achieving the design properties in the 
field requires careful monitoring of construction activities along with 
testing and evaluation. The complexity of soil behavior introduces 
considerable uncertainty in defining and measuring of soil proper-
ties. The problem is augmented by spatial variability of natural soils 
combined with practical necessity to estimate the properties from 
very limited amount of sampling and testing. While designs use lim-
ited information measured at few strategic points, construction must 
be carried out over the entire spectrum of variability of soils. Coeffi-
cient of soil reaction (E’) represents soil variability and is not directly 
measurable, but must be back-calculated using observed pipe deflec-
tions which might be dependent on the pipe depth also.∗ For this 
reason, E’ is not a property of soil alone (like Young’s modulus), but 
is a function of the pipe-soil system. This integral treatment of pipe 
and soil is common in current design standards. Therefore, that the 
outcome of design and construction of pipelines is not the pipe alone, 
but the entire pipe-soil structure.

4.3 The Pipe-Soil System
As said previously, pipelines, specifically those using flexible pipe, 
are designed as composite structures with pipe and soil forming an 
integral system to resist the applied loads. The pipe-soil structure 
generally comprises the pipe, the in situ soil in the foundation and 

∗AWWA M45 “Fiberglass Pipe Design” Manual provides one of the most 
commonly used procedure for determining the E’ values.
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the trench walls, and placed soils (for bedding and backfilling) at 
locations below and around the pipe. Ideally, installation of placed 
soils should achieve a state as close to the in situ state of soils as 
possible. However, this is practically impossible to achieve and 
appropriate compaction methods are needed. A typical layout of a 
trenched pipe installation and the associated terminology are illus-
trated in Figs. 4.1 and 4.2 and described in Table 4.1.

Springline

Haunching

Bedding

Haunch zone

Pipe zone

6 to 12 in.
(150 to 300 mm)

P
ip

e 
em

be
dm

en
t

Excavated trench width

Foundation
(may not be required)

Final backfill

Initial backfill

FIGURE 4.1 Typical cross-section of an underground pipeline installation for fl exible 
pipe. (Source: ASTM D2321, 1989.)

Bottom of the pipe
Haunch

zone

Invert

Crown

Top of the pipe

FIGURE 4.2 Pipe cross-section terminology.
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4.3.1 Rigid Pipes and Flexible Pipes
Broadly speaking, pipe materials fall into two categories: rigid and 
flexible. Rigid pipes sustain applied loads by means of resistance 
against longitudinal and circumferential (ring) bending. Under 
maximum loading conditions, rigid pipes do not deform suffi-
ciently enough to produce horizontal passive resistance from the soil 

Term Description

Trench walls

The trench walls are comprised of undisturbed in situ 
soils through which a trench is excavated. Depending 
upon the type of soil they may be vertical or require 
sloping.

Bedding

Bedding is the soil placed on top of foundation 
and provides uniform support and grade for the 
pipe, except at pipe bells or large couplings where 
overexcavation is usually specified.

Foundation
The foundation may comprise of undisturbed in situ 
soil or have imported soils to replace any unsuitable 
material at the bottom of the trench.

Embedment
Embedment is comprised of material placed around 
the pipe providing a supporting structure. It consists of 
the bedding, haunching, and the initial backfill.

Haunch zone

Haunch zone is the area between the bottom of 
the pipe and the spring line. Backfill material in the 
haunch zone is critical in transferring forces in the 
lateral direction.

Springline Springline is the horizontal centerline of the pipe.

Initial backfill
The initial backfill protects the pipe from final backfill 
placement. It typically begins at the springline of the 
pipe and continues about 6 to 12 in. on top of the pipe.

Final backfill
Material placed over the embedment up to the ground 
level.

Pipe zone
Depth of trench wall occupied by the pipe equal to the 
outside diameter (OD) of the pipe.

Trench width

Often specified in pipe design, this dimension must 
allow realistic side clearances to the outside diameter 
of the pipe, including belled ends and trench support 
systems.  Excessive widths caused by careless 
excavation increase paving, loads on the pipe, quantities 
of earthwork and possibly the top width of the trench, 
affecting right-of-way, surface finishing, and so on.

TABLE 4.1 Explanation of Pipeline Installation Terminology (Howard, 1996)
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surrounding the pipe. Typical examples of rigid pipes are clay pipes 
and concrete pipes. On the other hand, flexible pipes are capable of 
deforming (without damage to the pipe) to the extent that the passive 
resistance of soils on the sides is mobilized providing additional sup-
port. ASTM standards define flexible pipes as pipes that deflect more 
than 2 percent of their diameter without any sign of structural failure. 
Typical examples include ductile iron, high density polyethylene 
pipe (HDPE), steel, and polyvinyl chloride (PVC) pipes. Common 
terminology used to characterize properties of rigid and flexible pipes 
is strength and stiffness. While strength refers to the ability of rigid 
pipes in resisting loads and resulting stress in the pipe materials, 
stiffness refers to the ability of flexible pipes in resisting deflection. 
Pipes that overlap these two categories are sometimes referred to 
as semirigid, semiflexible. or intermediate pipes. However, such dis-
tinction is seldom made in current design standards (Moser and 
Folkman, 2008). Examples of different types of rigid and flexible 
pipes are given in Table 4.2.

Rigid and flexible pipes differ in the way they transfer the applied 
loads to the surrounding soil structure. Figure 4.3 gives a simplified 

Rigid Flexible

Concrete pipe
Vitrified clay pipe
Prestressed concrete cylinder pipe
Reinforced concrete pipe
Bar-wrapped concrete cylinder pipe
Asbestos-cement pipe
Fiber-cement pipe

Steel pipe
Ductile iron pipe
Polyvinyl chloride pipe
Polyethylene pipe
Fiberglass reinforced plastic pipe
Acrylonitrile-butadiene styrene pipe

TABLE 4.2 Examples of Rigid and Flexible Pipes

(a) Rigid pipe (b) Flexible pipe

FIGURE 4.3 Load transfer mechanisms for rigid and fl exible pipes.
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illustration of the load transfer mechanism for both types of pipes 
due to the vertical soil pressures. As can be seen from Fig. 4.3, rigid 
pipes sustain vertical loads by virtue of the material strength alone 
and with very little deflection. On the other hand, flexible pipes 
tend to deflect and use the horizontal passive resistance of the soil 
on the sides. As described in the following sections, this difference 
in behavior has important consequences in analysis, design, and 
installation of pipelines.

4.3.2 Soils
Soils are formed over several geologic periods through physical, 
chemical, and temperature effects (collectively known as weathering) 
on rocks and minerals. For engineering purposes, soils are often 
classified as boulders, cobbles, gravel, sand, silt, and clay depend-
ing upon the particle sizes and Atterberg limits. Particle sizes for 
different soils can vary over a broad range with boulders having 
sizes in excess of 300 mm and clay having sizes less than 75 μm 
(Howard, 1996). This wide variation in particle sizes results in a 
wide variation of mechanical properties of soils. Furthermore, natu-
ral deposition resulting from weathering often entails a highly vari-
able soil composition. Although, in localized areas such as along a 
short pipe trench, the soil composition may appear more constant, 
the contractor must always be alert to changes in the characteristics 
of soils exposed during pipeline construction.

The first step in determining properties of soil is soil identifica-
tion. ASTM D2487-06 describes a system for classification of soils for 
construction (see Table 4.3), which is a version of the Unified Soil 
Classification System (USCS). According to this system, four basic 
soil types have been identified, gravel, sand, silt, and clay. Boulders, 
cobbles, and organic soils such as peat, and others, are ignored because 
they are generally not used in pipeline construction (Howard, 1996). 
The USCS classification groups soils according to particle sizes into 
several categories such as silty gravel (GW), silty sand (SM), elastic 
silt (MH), and so on (see Table 4.3). These categories range from 
purely gravel, sand, silt, or clay to categories that are a combina-
tion of these basic types (e.g., silty sands, [SM]). In addition to pro-
viding an estimate of soil properties, such categorization gives the 
experienced contractor tools to compare a site with other locations 
and determine the required equipment and methods of construc-
tion (ASCE, 2009).

The desired properties of soil in pipeline construction are dif-
ferent from other types of construction owing to the integral nature 
of the pipe-soil structure. In most other types of construction, soils 
are expected to have enough bearing capacity to sustain the imposed 
dead weight of the structure. In pipeline construction, however, the 
weight of the pipeline is typically less than the weight of the earth 
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Main Divisions
Group 
Symbol Typical Names

Course-
grained
soils
More 
than 50% 
retained 
on the 
0.075 mm 
(No. 200) 
sieve

Gravels
50% or 
more of 
course
fraction
retained 
on the 
4.75 mm 
(No. 4) 
sieve

Clean
gravels

GW
Well-graded gravels and gravel-
sand mixtures, little or no fines

GP
Poorly graded gravels and gravel-
sand mixtures, little or no fines

Gravels
with
fines

GM
Silty gravels, gravel-sand-silt 
mixtures

GC
Clayey gravels, gravel-sand-clay 
mixtures

Sands
50% or 
more of 
course
fraction
passes
the 4.75 
mm
(No. 4) 
sieve

Clean
sands

SW
Well-graded sands and gravelly 
sands, little or no fines

SP
Poorly graded sands and gravelly 
sands, little or no fines

Sands
with
fines

SM Silty sands, sand-silt mixtures

SC Clayey sands, sand-clay mixtures

Fine-
grained
soils
More 
than 50% 
passes the 
0.075 mm 
(No. 200) 
sieve

Silts and clays
Liquid limit 50% 
or less

ML
Inorganic silts, very fine sands, 
rock four, silty or clayey fine 
sands

CL
Inorganic clays of low to medium 
plasticity, gravelly/sandy/silty/
lean clays

OL
Organic silts and organic silty 
clays of low plasticity

Silts and clays
Liquid limit greater 
than 50%

MH
Inorganic silts, micaceous or 
diatomaceous fine sands or 
silts, elastic silts

CH
Inorganic clays or high plasticity, 
fat clays

OH
Organic clays of medium to high 
plasticity

Highly organic soils PT
Peat, muck, and other highly 
organic soils

Source: ASTM D2487

TABLE 4.3 Unified Soil Classification System (USCS)
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displaced by it. Therefore, if trenchless technology methods were 
used, where the pipe is installed with minimal disturbance to the 
surrounding soil, the only variable in design would be the strength 
of the pipe. So, for trench installations, restoring soil to its undis-
turbed state is desirable although it may be practically impossible 
(Petroff, 1995).

4.3.3 Pipe-Soil Interaction
Whether a pipe is rigid or flexible has profound effect on the way 
in which it interacts with the surrounding soil. The interaction 
between pipe and soil influences the magnitude of loads exerted on 
the pipe and the manner in which the pipe transfers these loads to 
the surrounding soils. Calculation of loads exerted on underground 
pipelines can be traced back to the studies conducted by Anson 
Marston during the early part of the twentieth century. The results 
were later expanded by M. G. Spangler and R. K. Watkins and are 
still in use today (Moser and Folkman, 2008). Figure 4.4 provides 
an illustration of the soil load distribution on rigid and flexible 
pipes. In the case of rigid pipes, the theory proposes that the soil in 
the side prism tends to settle relative to the central prism. This 
causes the pipe to assume full load of the central prism and a por-
tion of the load from the side prisms. In contrast, a flexible pipe 
tends to deflect, which result in a lowering of the pressure from the 
central prism.
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FIGURE 4.4 Trench load comparisons for rigid and fl exible pipe. (Najafi , 2005.)
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Soils Arching Effect
Marston’s theory (Spangler, 1982) proposes that the load due to the 
weight of the soil prism above an underground pipeline is modified 
by arching action. According to this theory, part of the soil weight is 
transferred between side prisms and the central prism, resulting in 
either an increase or decrease in the effective weight of soil above the 
pipe. Arching effects could be classified as either positive or nega-
tive. Positive arching effects decrease the vertical pressure exerted 
on the pipeline whereas negative arching effects increase the vertical 
pressure.

For pipelines installed in a trench, insufficiently compacted back-
fill and embedment material are more compressible than the adjacent 
native soil that has become well-compacted through natural consoli-
dation. The more compressible backfill and embedment material has 
a tendency to consolidate and settle more than the native soils. As a 
result, some of the vertical soil load is transferred through shearing 
stresses between the side prisms and the central prism and creates 
positive arching. The degree of transfer depends upon the type of 
backfill material and how well it is compacted. This arching action 
can be used advantageously for both rigid and flexible pipes by mak-
ing the bedding immediately underneath the pipe more compressible 
than the adjacent bedding. However, care must be taken in order to 
avoid differential settlement of the pipe, especially for rigid pipes.

Assuming well-compacted soils in bedding and backfill, positive 
arching effects occur in the case of flexible pipes that deflect owing 
to their lower stiffness. This phenomenon is expected to naturally 
occur in trenchless installation of pipelines. The relative downward 
movement of the central prism within the trench mobilizes upward 
shearing stresses along the sides and creates an arching action that 
partially supports the soil column weight above the structure (see 
Fig. 4.5). In addition to this action, passive resistance of the soils adja-
cent to the pipe is mobilized and aids in transfer of loads. In contrast 
and again assuming well-compacted soils in bedding and backfill, 
negative arching occurs in the case of rigid pipes that do not deflect 
owing to their high stiffness. Owing to the relatively low stiffness of 
soils on the sides, shearing forces are transferred from the side prisms 
to the central prism increasing the effective vertical soil load on the 
pipe (see Fig. 4.5).

Installation conditions can have a significant effect on the soil 
loads acting on underground pipelines. In a long-term behavior study 
in Norway (Vaslestad et al., 1994), a 5.25 ft (1.6 m) diameter circular 
concrete culvert was constructed with imperfect trench condition (the 
compressible material was expanded polystyrene foam) with 46 ft 
(14 m) embankment height. Vertical earth pressure directly above the 
culvert was only 25 percent of the soil prism weight. Horizontal earth 
pressure at the mid elevation of the culvert, however, was 73 percent 
of the soil column weight above that elevation. In the same research, 
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the vertical pressure above a box culvert with 32.8 ft (10 m) backfill 
height but with 1.7 ft (0.5 m) of expanded polystyrene foam placed 
immediately above the culvert was 50 percent of the pressure due to 
the weight of the soil prism above. However, the vertical pressure 
above an identical box culvert under the same embankment height 
without the foam, and with normally compacted backfill, was about 
120 percent of the soil prism weight. These examples indicate that 
installation methods and culvert shape can strongly influence the 
magnitude and distribution of earth pressures on rigid culverts.

The magnitudes of the loads exerted on culverts depend on arch-
ing effects, which are the result of relative deformation of the backfill 
in a certain zone above the culverts. This deformation is related to 
both the soil and the structural stiffness. In the case of flexible culverts, 
culvert deformation results in arching effects, which reduce the verti-
cal loading regardless of the installation method. Typically, the verti-
cal earth pressure on flexible culverts is less than that due to the weight 
of the prism of soil above the culvert. For rigid culvert installation, 
arching effects can also be achieved by introducing compressible 
material into the backfill. In the case of positive projecting embank-
ments, arching results in vertical earth pressures that are greater than 
that due to the weight of the prism of soil above the culvert. Thus, 
according to the Marston’s theory, the vertical earth pressures on cul-
verts are a function of the installation method, the soil and structural 
stiffness, the geometry of the structure, and the boundary condition 
with the natural ground. It is worth noting that even for flexible cul-
verts, a load reduction is achieved as differential settlements transfer 
loads to the surrounding soil adjacent to the structure.

PrismPrism

PillarSoil arch

Rigid pipeFlexible pipe

FIGURE 4.5 Arching effects for fl exible and rigid pipes. (Gabriel, 2006.)
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4.3.4 Behavior of Rigid Pipes
As noted earlier, rigid pipes are designed to transmit loads through 
their material strength. Since rigid pipes do not deflect appreciably, 
their design does not consider the horizontal passive resistance of the 
side soils. Therefore, the allowable load on rigid pipes depends only on 
the strength of the pipe and the strength of the soil below the pipe. This 
is usually represented by the following relationship (Howard, 1996):

 Load on the pipe pipe strength soil strengt= × hh
safety factor  (4.1)

Typically, the strength of the material of a rigid pipe is determined 
in the laboratory by the three-edge bearing test (Fig. 4.6). The three-
edge bearing strength is load per unit length required to cause either 
crushing or critical cracking of the pipe (Moser and Folkman, 2008). 

Strength of soil refers to the amount of support on the bottom half 
of the pipe and depends on the properties of soil and the contact area. 
Figure 4.7 illustrates two extremes of contact area available for pressure 

Rigid
steel

member

Bearing
strips

FIGURE 4.6 Three-edge bearing test. (ACPA, 2000.)

Point
load

Distributed
load

FIGURE 4.7 Load distribution on rigid pipes.
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distribution below a rigid pipe (Howard, 1996). The point load is the 
worst possible support case, which gives the strength equal to the 
three-edge bearing test. For distributed load case, as for trenchless 
installation, the strength of the pipe may be enhanced due to uniform 
distribution, of stress as shown in Fig. 4.7. Research has shown that 
the load required to cause failure in installation conditions is typi-
cally greater than the three-edge bearing strength owing to distribu-
tion of forces (Moser and Folkman, 2008). To ensure appropriate 
distribution it is vitally important to achieve design densities in the 
haunch area of the pipe.

The ratio of field strength of a rigid pipe to the three-edge bearing 
strength is called a bedding factor and is given by

 Bedding factor
field strength

three-edge bea
=

rring strength
 (4.2)

Bedding factors are specified by different manufacturers for dif-
ferent types of pipes based on the placement methods and materials 
used.

4.3.5 Behavior of Flexible Pipes
Unlike rigid pipes, flexible pipes are designed to transmit part of the 
load to the side soils. As the load on the pipe increases, the vertical 
diameter of the pipe decreases and the horizontal diameter increases. 
The increase in horizontal diameter mobilizes the lateral resistance of 
the soils as shown in Fig. 4.8. Change in vertical or horizontal dimension 
of a pipe is usually represented as a percent change and is given by

 Percent deflection change in diameter
pipe diame

=
tter

100×  (4.3)

Consider the flexible steel pipe, which is a perfect circle when it is 
laid on top of the bedding and no soil load has been placed. Steel is a 
linearly elastic (not viscoelastic) material. After backfilling, though, 
the steel pipe deflects. When first deflection takes place, two things 
happen. First, soil arching reduces the soil load on the steel pipe. So 
the load the pipe is resisting has decreased. Second, the material in 
the haunch zone has been further compacted by the expansion of the 
horizontal diameter. In other words, using Eq. (4.4), the numerator 
has decreased because of soil arching and the denominator has 
increased because the soil’s stiffness has increased due to compaction 
from the pipe’s horizontal expansion.

 Pipe deflection load on the pipe
pipe stiffness

=
++ soil stiffness

 (4.4)

Nevertheless, the load on the pipe has not been reduced suffi-
ciently yet. The pipe further deforms to the shape given by the 
second deflection in Fig. 4.8. The load on the pipe reduces further 
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due to soil arching. Soil stiffness increases because of greater density 
of the embedment material in the haunch.

Now, the resistance of the combination of the pipe’s stiffness and 
the soil’s stiffness is great enough to prevent further deflection. That 
is how the pipe-soil system stabilizes.

4.4 Common Modes of Pipeline Failures
Underground pipeline failures can occur in several different modes 
and owing to different types of causes. Rajani (2001) presents three 
principal aspects of the physical failure mechanisms in pipelines:

 1. Pipe properties, material type, pipe-soil interaction, and qual-
ity of installation

 2. Internal loads due to operational pressure and external loads 
due to soil overburden, traffic loads, frost loads, and third-
party interference

 3. Material deterioration due largely to external and internal 
chemical, biochemical and electrochemical environment

While the third aspect is usually relevant only in service condi-
tions, the first two are very much applicable during and immediately 
after pipeline installation. Table 4.4 presents some of the factors that 
affect failure mechanisms in pipelines. For more information on pipe-
line deterioration, refer to Najafi (2005).
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FIGURE 4.8 Load distribution on fl exible pipes.
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Failure mechanisms for rigid pipes and flexible pipes differ in 
several respects. In general, rigid pipes fail in tension and crack rather 
than deform, if the imposed loads exceed the pipe’s inherent strength. 
Clarke (1968) reports the following major causes of failures in rigid 
pipelines:

• Inadequate load-carrying capacity of pipes

• Nonuniform bedding

• Inappropriate construction methods (e.g., excessive trench 
widths)

• Use of rigid jointing material resulting in a lack of axial flexi-
bility and extensibility in pipeline

• Differential thermal deformation or moisture movements

• Differential settlement

Flexible pipes, in general, do not crack but fail by excessive 
deformation, buckling, or pipe flattening. Also, flexible pipes are 
more accommodating of faulty installation of embedment, bedding, 
or foundation because of their ability to deform. However, improp-
erly placed embedment material could lead to loss of side support, 
which is vital for flexible pipes and could result in overdeflection or 

Pipe Factors Environmental Factors

Type of pipe and pipe 
material

Defects during manufacturing

Location of the pipe Damage during transportation, handling and 
installation

Diameter Soil loads (which depend on the type of 
soil, density, level of compaction, etc.)

Length Point loads from projecting rocks, etc.

Type of soil and embedment Internal pressure loads

Joining method Axial loads due to temperature, water 
hammer, etc.

Internal/external corrosion 
Protection

Frost loads in soils

Wall thickness Freezing and expansion of water

Depth of installation Loads due to expansive soils

Bedding conditions Third-party damage

Foundation conditions Traffic loads

TABLE 4.4 Factors Affecting Pipeline Failures
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flattening. Farshad (2006) reports the following major causes of fail-
ure in flexible pipeline:

• Fracture

• Buckling

• Weathering, color, and dimensional changes

• Voids, blisters, and delaminations

• Fatigue and corrosion 

• Clogging of the pipe system

Specific mechanisms for failure of a pipeline also depend upon 
the type of material of the pipe. Structurally, a pipeline is said to have 
failed when the performance limits of its material have been reached. 
Although underground pipelines and the soil embedment around 
them are designed as an integral system, structural failure of the 
embedment soil leads to eventual failure of the pipe material. There-
fore, the following discussion on failure mechanisms for rigid and 
flexible pipes focuses only on the failure modes of the pipe itself.

4.4.1 Failure Modes in Rigid Pipes
Rigid pipe failures occur when the performance limits for the pipe 
material are reached. Performance limits for rigid pipes may be cate-
gorized into

• Ring flexure

• Longitudinal flexure

• Shear

• Radial tension

• Longitudinal tension

• Cracking

• Wall crushing

Depending on the specific pipe material, actual mechanisms of 
failure may vary. For instance, radial tension due to hoop stresses 
may cause rupture of reinforcement in prestressed concrete cylinder 
pipe (ASCE, 2009). Ring flexure in concrete and clay pipes causes 
quarter point cracking as shown in Fig 4.9. In cast-iron pipes, longitu-
dinal bending forces could cause circumferential failure of the pipe as 
shown in Fig. 4.10 (Makar, 2001). 

Other mechanisms of failure include longitudinal cracking caused 
by pipe wall thinning and pressure surges in cast-iron pipe as shown 
in Fig. 4.11 and spiral cracking of cast-iron pipe as shown in Fig. 4.12 
(Makar, 2001).
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Ring flexure refers to cross-sectional bending of a pipe where 
the vertical diameter tends to decrease and horizontal diameter 
tends to increase. Owing to the high stiffness of rigid pipes, crack-
ing at quarter points occurs before the pipe is able to deform (see 
Fig. 4.9). Longitudinal flexure is caused when a pipe is forced to 
behave as a beam resulting in axial bending stresses (see Fig. 4.13). 
Major causes for bending action include nonuniform bedding sup-
port, differential settlement, and ground movement due to external 
forces such as earthquake, frost, expansive soils, and so on (Moser 
and Folkman, 2008).

FIGURE 4.9 Flexural failure in rigid pipe resulting in quarter point cracking.

Circumferential crack

FIGURE 4.10 Circumferential failure of rigid cast-iron pipe. (Makar, 2000.)
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FIGURE 4.11 Longitudinal splitting of rigid cast-iron pipe. (Makar, 2000.)

Region of wall thinning due to corrosion

Longitudinal crack

FIGURE 4.12 Spiral crack in rigid cast-iron pipe. (Makar, 2001.)

Missing pipe section

Spiral crack

FIGURE 4.13 Bending or fl exural failure in pipelines. (Rajani et al., 1995.)

Circular or circumferential break

Poor bedding Swelling clays

Poor compaction

Frost load

“Sagging” “Hogging”
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Some of the major causes of longitudinal bending or beam effect 
are (Moser and Folkman, 2008):

• Differential settlement of manholes or other structures that 
the pipe is connected to

• Nonuniform settlement or erosion of bedding

• Expansive soils

• Frost loading

• Nonuniform foundation

• Tree root growth pressure

Shear failure occurs in large-diameter rigid pipelines owing to 
excessive shear stresses. Figure 4.14 illustrates an example of 
shearing of bell joints in large-diameter (> 18 in.) cast-iron pipe. 
Longitudinal tension may be caused due to temperature effects 
or shrinkage of the embedment soil around the pipe (Moser and 
Folkman, 2008).

FIGURE 4.14 Bell shearing in large-diameter cast-iron pipes. (Makar, 2001.)
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4.4.2 Failure Modes in Flexible Pipe
Flexible pipe failures occur when the performance limits for the pipe 
material are reached. Performance limits for flexible pipes refer to 
(Moser and Folkman, 2008):

• Wall crushing

• Wall buckling

• Deflection

• Strain limit

• Longitudinal stress

• Wall loss (due to corrosion)

Wall Crushing
Wall crushing occurs when the in-wall compressive stresses reach the 
yield stress or the ultimate stress of the pipe material. This type of 
failure occurs when pipe is embedded in very stiff material and sub-
jected to very high loads (Massicotte, 2000). It is characterized by 
localized yielding at the springline of the pipe and usually occurs in 
smaller-diameter pipes with thicker walls. Figure 4.15 provides an 
illustration of this type of failure. Normally ring compression is the 
influential stress causing this type of failure, although bending 
stresses may also cause wall crushing (Moser and Folkman, 2008).

Wall Buckling
This type of failure occurs in pipes with low stiffness embedded in 
low stiffness soils. It is usually caused due to the pressure around the 
pipe or creation of vacuum inside (Moser and Folkman, 2008). Design 
of large-diameter pipes may be governed by buckling, especially in 
conditions of high soil pressure and low stiffness soil (Reddy, 2002). 
Figure 4.16 gives an illustration of this phenomenon. Buckling is pri-
marily dependant on the stiffness of the pipe, which in turn depends 

FIGURE 4.15 Wall crushing of fl exible pipes. (Moser and Folkman, 2008.)
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on the type of material and the pipe geometry (diameter, wall thick-
ness, and so on). Resistance against buckling may be increased by 
stiffening the pipe walls by providing corrugations or by improving 
the soil stiffness. The soil stiffness may be improved by using a better 
embedment material, by providing better compaction, or both.

Deflection
Flexible pipes have relatively low bending stiffness when compared 
with rigid pipes. Owing to this fact, deflection is an important factor 
in design and installation of a flexible pipeline. Although flexible 
pipes are designed to deflect in order to initiate the passive soil resis-
tance, deflection control is necessary to avoid the pipe from flattening 
or reversing its curvature. Deflection control plays an important role 
in the determination of quality of pipeline installation and can be a 
good indication of its long-term performance (Reddy, 2002). Deflec-
tion limits for flexible pipes usually range from 2 to 7.5 percent 
depending upon the pipe material (Howard, 1996). Typical deflection 
scenarios are illustrated in Figs. 4.17 and 4.18. The factors that affect 
pipe deflection include:

• Pipe stiffness

• Soil resistance (type, density, modulus of elasticity, and mois-
ture content)

• Applied loads

• Trench configuration (geometry and embedment)

• Haunch support

• Construction stages

• Time

• Temperature

• Variability in construction procedures and in soil characteristics

FIGURE 4.16 Wall buckling of fl exible pipes. (Moser and Folkman, 2008.)
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Longitudinal Tensile Failure
In general, rigid or flexible pipe products are not designed to with-
stand longitudinal tension. Longitudinal failure in pipes can occur due 
to several factors that are given below (Moser and Folkman, 2008): 

• Thermal expansion or contraction

• Longitudinal bending

• Poisson’s ratio (due to internal pressure)

The tendency of a pipe to move in the axial direction is resisted by 
the frictional forces of soil surrounding the pipe. This creates longitu-
dinal stresses that can cause a circular break at weaker cross-sections 
(cross-sections weakened by corrosion or cracking). Figure 4.19 illus-
trates longitudinal tensile failure in pipes. Figure 4.20 illustrates the 
effect on pipe due to the loads.

FIGURE 4.17 Ring defl ection of a fl exible pipe. (Moser and Folkman, 2008.)

FIGURE 4.18 Reversal of curvature due to overdefl ection in fl exible pipes. 
(Moser and Folkman, 2008.)
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Pipe Wall Loss (Due to Corrosion)
Corrosion of metallic pipe can lead to structural failure as it affects 
its wall thickness. Pipe wall thickness is critical to the pipe perfor-
mance specifically for pressure applications, where steel pipes are 
usually used.

4.5 Pipe Selection Considerations
Although economics is one of the engineering considerations during 
the design and selection of pipe material for a pressure or gravity 
sewer system, there are several other factors that are also important. 
These considerations include the following:

• Type of fluid to be transported (potable water, wastewater, 
storm, sewer, water, oil, gas, and so on.).

• Construction conditions and methods used.

• Life expectancy and related life-cycle cost analysis.

• Flow characteristics, such as corrosiveness and abrasion of 
wastewater.

• Ease of handling and installation of pipe.

Increase in normal
load due to frost action

Frictional resistance

“Pitting” - corrosion

Circular or circumferential break

Soil shrinkage

Thermal expansion or contraction

FIGURE 4.19 Longitudinal tensile failure in pipes. (Rajani et al., 1995.)

Soil load

Side
support

FIGURE 4.20 Side support for fl exible pipes. (NCSPA, 2000.)
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• Pipe physical and chemical properties.

• Availability of diameter sizes, pipe section lengths, and joints 
(specifically for trenchless technology).

• Construction and operational stresses in the pipe. In many 
cases for trenchless technology projects, the construction 
stresses in the pipe exceeds the operational stresses.

• Location and pipe environment (inland, offshore, in-plant, 
corrosiveness of soil, and so on).

• Type of burial or support (underground, aboveground or 
elevated, underwater, and so on).

• Hydraulic properties of the pipe.

4.6 Rigid Pipes
The following sections present main types of rigid pipes.

4.6.1 Cement-Based Pipes
Pipes in this category include concrete pipe as well as asbestos-cement 
pipe. Both types incorporate portland cement as the base material. 
Concrete pipes are designed with or without reinforcements and are 
used for both pressure and gravity applications. Asbestos-cement 
pipe is composed of a mixture of portland cement, silica, and asbestos 
fiber and was used in North America mainly in potable water appli-
cations, though many sewer systems also have asbestos-cement pipes 
in service. Asbestos-cement pipes have not been manufactured or 
installed in the United States since the late 1980s, but large quantities 
of the pipe continue to be in service in water systems at various 
locations. It is therefore important for engineers to have a working 
knowledge of the properties of this material. Both concrete and 
asbestos-cement pipes are rigid conduits and are accordingly designed 
for installation.

Concrete Pipes
Trenchless construction with concrete pipe was first performed by 
the Northern Pacific Railroad between 1896 and 1900, when the pipe 
was installed by jacking. The jacking of concrete pipe is performed 
both for pressure and gravity applications. Concrete pressure pipes 
are also installed by tunneling methods. For small-diameter pipe in 
short tunnels, such as those under a highway or a railroad, it is a com-
mon practice to slide the pipe through a liner followed by grouting 
the interspace.

Manufacturing Concrete pipes can be made with any of the five types 
of Portland cement. There are five manufacturing processes used in 
North America, four of which use mechanical means to place and 
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compact a dry concrete mix [zero slump with low water-cement (w/c) 
ratios] into a form. A conventional wet mix and casting method is 
used in the fifth one. Each method is briefly discussed below:

 1. Centrifugal casting: The form is rotated, acting as a centrifuge, 
while the concrete mix is fed into it. Vibration and compac-
tion are also employed to consolidate the concrete mix. The 
centrifuge promotes extraction of water from the mix.

 2. Dry casting: Low-frequency, high-amplitude vibrations are 
used to distribute and compact the dry mix in the form in this 
process. The form is then removed and the pipe cured.

 3. Packerhead process: In this process, a high-speed rotating 
device, the packerhead, acts as the inner wall of the form and 
compacts the concrete against the walls of the form. As the 
concrete is fed from the top of the form, the packerhead grad-
ually moves up.

 4. Tamping: The concrete is mechanically compacted with oscil-
latory tampers between the walls of the outer form and an 
inner core. This method is declining in use.

 5.  Wet casting: This method is typically employed for the manu-
facture of large-diameter pipes, using a concrete mix with 
higher water content than the other four methods. Again, the 
pipe is made between the inner and outer walls of a form.

Types of Concrete Pipes There are six different types of concrete pipes 
used for pressure and sewer applications:

 1. Nonreinforced concrete pipe (CP): Used for nonpressure appli-
cations only, this pipe is manufactured in diameters of 4 
through 36 in., in lengths up to 8 ft. Produced in three classes, 
its minimum strength requirement is the three-edge bearing 
per ASTM C14. Since it is nonreinforced, structurally, it can 
only exhibit a brittle failure mode. 

 2. Reinforced concrete pipe (RCP): Typically produced to meet 
ASTM C76, there are three types of reinforcements available 
for RCP-welded wire reinforcing, hot-rolled rod made of 
Grade 40 or 60 steel, and cold-drawn steel wire made from 
hot-rolled rod. It is used in nonpressure and low-pressure 
applications of up to 55 psi. There are five load-bearing 
capacities, ranging from 1350 to 3000 in units of lb-force/ft of 
diameter/ft of length known as “D-Load.” Higher load 
capacities can be specially designed for unusual combina-
tions of fill height or live load as per ASTM C655.

 3. Prestressed concrete cylinder pipe (PCCP): Often used in high-
pressure applications, PCCP is a composite pipe of concrete 
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and steel, capable of handling up to 500 psi. There are two 
types of PCCP-lined cylinder pipe and embedded cylinder 
pipe. A welded cylinder core with joint rings attached at both 
ends exists in both types. After curing, the pipes are wrapped 
with hard-drawn wire under high tensile stress, and then 
coated with cement slurry. Available diameters range from 
24 to 144 in. AWWA C301 is the governing standard.

 4. Reinforced concrete cylinder pipe (RCCP): This is similar to 
PCCP, but uses reinforcing cages in place of the hard-drawn 
wire. Standard AWWA C300 requires that the pipe be designed 
to withstand both internal and external pressure. Available 
diameters range from 24 to 144 in. Pressure applications are 
its main use.

 5. Bar-wrapped steel-cylinder concrete pipe: Also known as preten-
sioned concrete cylinder pipe, the steel cylinder is internally 
lined with a cement mortar lining. Once cured, a steel rod, 
under tension, is wrapped around the cylinder. Another 
cement mortar lining is then placed on the wrapped cylinder. 
Smaller-diameter pipes are considered rigid, whereas larger 
diameters behave as flexible conduits. AWWA C303 is the 
standard governing its manufacture and testing. Like the pre-
vious two types, bar-wrapped concrete pipe is also used in 
pressure applications. 

 6. Polymer concrete pipe (PCP): Polymer concrete originated more 
than 20 years ago in Germany. This type of pipe provides a 
corrosion-resistant concrete as needed for piping applications 
that require high concrete compressive strength and resis-
tance to corrosive chemicals. These pipes are made by mixing 
a high-strength, thermosetting resin with oven-dried aggre-
gate to form a type of concrete. The resin within the mix pro-
vides for bonding the aggregate much like portland cement 
does in traditional concrete pipes. Figure 4.21 illustrates typi-
cal sections of polymer concrete pipes.

FIGURE 4.21 Polymer concrete pipe.
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The pipe sections are cast vertically with an inner and outer form 
and are vibrated for compaction. After the forms are removed, the 
section is heated in a kiln to finish curing the resin. These pipes can 
typically be used to carry highly aggressive wastes, for pipe jacking 
as they have very high compressive strengths (up to 17,000 psi), or for 
microtunneling. They can also be used for gravity flow or pressure 
applications. Some manufacturers are also making polymer pipes 
in sizes appropriate for use as manholes. Also, semielliptical and 
circular liner pipes have been developed for sliplining sewers. There 
are several ASTM standards for the product.

Polymer concrete pipes have several benefits including high 
strength, corrosion resistance (they can be used in environments with 
pH ranges of 1 to 13), low wall roughness, and high abrasion resistance. 
The use of polymer concrete pipes is becoming more common in the 
following areas: direct bury, sliplining, jacking and microtunneling, tun-
neling, and above-the-ground applications. One of the main disadvan-
tages in the past was the high cost associated with importing the pipe; 
its high cost relative to alternative materials limited its use to only niche 
markets where its superior qualities were needed. Another characteris-
tic to be accounted for especially in the larger diameters is that, since it 
is nonreinforced, PCP can only exhibit a brittle failure mode if the exter-
nal load-bearing capacity is exceeded. However, since 2002, polymer 
concrete pipe has been manufactured in the United States under the 
brand name of Meyer pipe. This is now enabling competition with 
products such as glass-reinforced pipe (GRP) for jacking installations.

Fiberglass sleeve joints are made separately, with elastomer seal-
ing and spacing rings laminated into the sleeve. Factory fitting of the 
couplings to the end of the pipe is performed and pressure testing is 
done up to 35 psi. As an alternative to the couplings, stainless steel 
collars are also available.

Applicable Standards Table 4.5 lists reinforced concrete pipe stan-
dards that are widely used in trenchless installations. Typical avail-
able diameter ranges are also given.

Joint Types The concrete pipe industry has developed several different 
types of joints for the various types of pipes. Selection of the appropriate 
joint is based on the stringency of the application for water tightness. 

Pressure Standards Nonpressure Standards Available Diameters (in.)

ASTM C361 — 12–108

AWWA C300 — 30–144

AWWA C302 — 12–144

— ASTM C14, C76, C655 12–144

TABLE 4.5 Concrete Pipe Standards
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Although bell-and-spigot type joints are available for open-trench 
applications, trenchless methods such as microtunneling and pipe 
jacking dictate that the joint be flush with the outside wall of the pipe 
barrel. Therefore, the tongue and groove joint or the modified tongue 
and groove joint is ideal. Table 4.6 shows joint types that may be used 
in trenchless construction. Also available are mastic or mortar joints, 
which are not well-suited to prevent leakage except for transient hydro-
static heads below about 5 psi. Above that pressure threshold, a gas-
keted joint meeting ASTM C443 is probably appropriate. ASTM C990 
requires an in-plant hydrostatic test of 10 psi as “proof of design.”

A proprietary concrete and PVC composite pipe, PipeForm™, 
with an inner and outer PVC liner that gives it the strength of con-
crete and the corrosion resistance of PVC, has been used in microtun-
neling and pipe-jacking projects for gravity applications. In addition 
to preventing corrosion, the PVC outer shell also reduces external 
skin friction during jacking (as long as it is not damaged by abrasion 
during the process), while the internal liner improves flow. Available 
diameters range from 18 through 36 in. Distribution of jacking forces 
at the end surface is maximized by steel or plastic collars and rubber 
gaskets. Details of the joint are shown in Table 4.6. 

Advantages and Limitations Table 4.7 presents a summary of advan-
tages and limitations of concrete gravity and pressure pipes. The wide-
spread use of large-diameter concrete pipe in water and sewer appli-
cations is an indication of the material’s acceptance at the municipal 
level. The vast selection of available diameters and pipe lengths is a 
convenience to the design engineer and contractor. On the pressure 
side, availability of various structural and pressure strengths also 
makes it convenient. The ability of manufacturers to make pipes 
capable of handling very high pressures in large diameters has 
resulted in its specification on some high-profile trenchless projects 
in recent years. Because a specialized work crew is not needed; cost 
of labor for concrete pipe installation is not high. For trenchless con-
struction, the high compressive strengths give it a definite advantage 
over some other pipe materials.

When used in open-cut construction, many concrete pipes 
installed in gravity applications 20 to 30 years ago have shown signs 
of poor performance. Leakage through joints and cracks in the pipe 
has been a constant source of inconvenience to municipalities. For 
contractors, the heavy weight of concrete pipes can make it difficult to 
install when compared to some alternative materials. Concrete pipe’s 
sensitivity to bedding conditions in both shallow and deep installa-
tions has resulted in pipe failures by shear and beam breakage in many 
instances. Compared to flexible pipe types, due to their low wall 
stiffness, only about 10 percent of the system’s capacity is attribut-
able to the pipe wall thus requiring that a structural “exoskeleton” of 
carefully compacted, select material must be carefully constructed 
around the pipe and for an additional height above the top of the pipe.



Joint Type Cross Section

Mastic filled tongue and groove joints (ASTM C990) for low head 
applications.

Compression type rubber gasket joints with internal bell and spigot 
with the gasket and joint meeting ASTM C443 or C361. Intended 
for use with pipes meeting the loading requirements of ASTM C14, 
C76, and C655.

Steel end ring joint. This is a high pressure joint, intended for 
use with ASTM C361. C361, Sec. 8.1, permits (3) joint material 
combinations, “Joints shall utilize steel joint rings, steel bells 
and concrete spigots, or be formed entirely of concrete.” Most 
RCP manufacturers can make an “all concrete” rubber gasketed 
joint that will pass a 72 psi test for “high pressure” performance 
category.

PipeForm™ joint. This proprietary product is a concrete-PVC 
composite, used in pipe jacking and microtunneling.

Steel
reinforcement

Exterior collar

Compression
rein

Plastic inside liner & collar

Plastic outer shell

Concrete core

TABLE 4.6 Concrete Pipe Joints
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In trenchless installation, however, concrete pipe is much less 
sensitive to bedding conditions in the circumferential direction. For 
RCP, roughly 90 percent of the load bearing capacity of the soil/structure 
“system” is in the pipe wall. 

In terms of “beam breakage,” the statement is partially correct. 
RCP is not designed for beam strength. But, that is the reason for the 
relatively short joint lengths in use––so that one length of pipe may 

Advantages Limitations

1. Specialized work crew not 
required for installation

2. Large selection of available 
nominal diameters 

3. Wide variety of pipe lengths 
available

4. Large selection of both 
structural and pressure 
strengths

5. Relatively low cost of 
maintenance

6. Capability to withstand very 
high pressures

7. Ideal for pipe jacking 
applications owing to high 
compressive strengths

8. Internal corrosion can be 
significantly reduced by using 
thermoplastic lining

9. External sulfate corrosion may 
be reduced by an additional 
sacrificial wall thickness 
determined by the Pomeroy/
Parkhurst ‘AZ’ design method 
is more commonly added to 
the inside of the pipe wall to 
counter the corrosion from 
biogenically generated H2SO4.
Alternatively, it is possible 
use Type V sulfate-resistant 
Portland cement.

1. In open-cut construction, pipe is 
sensitive to bedding conditions-
shear failure and beam breakage 
may occur

2. Handling and installation 
difficulty because of heavy weight 
except where weight would be 
advantageous because of flotation 
concerns

3. Susceptible to external corrosion in 
acidic soil environments

4. Highly vulnerable to hydrogen sulfide 
attacks and internal microbiological-
induced corrosion at crown. 
A concern in sanitary applications 
only.

5. Generally difficult to repair, 
particularly in cases of joint leakage 
or failure in pressure pipes

6. Tendency to leak because of high 
pipe wall porosity and shrinkage 
cracking

7. Without internal lining, life span is 
significantly reduced in the case of 
sanitary sewer applications and only 
then if there is a high potential for 
H2S generation

8. Somewhat lower abrasion 
resistance—internal scouring can 
occur if solid content and flow 
velocities are high

9. Reinforcements in PCCP can 
corrode or fail without little or no 
external evidence

TABLE 4.7 Concrete Pipe Advantages and Limitations
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move differentially with respect to the adjacent length. RCCP, on 
the other hand with their longer joint lengths are checked for longi-
tudinal beam strength.

The susceptibility of concrete pipe to both internal and external 
corrosion has also come to the forefront in recent years. For sanitary 
sewers where the possibility of hydrogen sulfide generation is a 
possibility, many engineers and city authorities now require con-
crete pipes to be internally lined because of their experience with its 
deterioration. Studies suggest that unlined RCP can show signs of 
deterioration in as little as 5 years after installation. Failures owing 
to hydrogen sulfide attacks and internal microbiological-induced 
corrosion at the crown of RCP have also been a topic of study in 
recent years. In pressure applications, the loss of prestress as a result 
of reinforcement wire corrosion and breakage in PCCP can lead to 
pipe failures in high-pressure lines. Research to assess the risks of 
such failures has been undertaken by various engineers and enti-
ties. The preceding discussion about hydrogen sulfide corrosion is 
obviously not an issue in storm sewer applications.

Asbestos-Cement Pipe
With the asbestos-related litigations of the 1980s, bans were placed 
on all construction materials that used asbestos. Pipe was no excep-
tion. In 1986, the U.S. EPA published a proposed regulation on the 
commercial uses of asbestos in which a ban on the manufacture and 
installation of asbestos-cement (AC) pipe was proposed; this pro-
posal was later carried out. Many AC manufacturing plants relo-
cated to other countries, and production in the United States came 
to a complete stop. In the early 1990s, the ban on the pipe was 
lifted, but today AC pipe is no longer manufactured in the United 
States. Many countries of the world, including Mexico, continue to 
specify and install asbestos-cement pipe for both water and sewer 
applications. 

Worldwide usage of AC pipe increased from 200,000 miles in the 
1950s to 2 million miles in 1988. In the United States, it was estimated 
that by 1988, over 300,000 miles of AC pipe was in service in water 
systems. According to the Association of Asbestos Cement Product 
Producers, AC pipe is still used in the southwestern United States, 
but it must be imported from Mexico. However, this usage is cer-
tainly an anomaly. The hazards of asbestos inhalation are increased 
during removal of the pipe, so utilities have chosen to keep them 
in the ground. These pipes are regularly tapped and maintained, 
so a working knowledge of the material is helpful. There are no 
known instances of trenchless municipal piping construction with 
AC pipe.

Manufacturing Asbestos-cement water and sewer pipe is a fiber-
reinforced, cementitious product, composed of an intimate mixture 
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of portland cement and silica. The controlled blending of these basic 
raw materials is built up on a rotating steel mandrel and then com-
pacted with steel pressure rollers into a dense homogenous struc-
ture in which a strong bond is affected between the cement and the 
asbestos fibers. A smooth interior surface results from this process. 
Final curing of the product is done in an autoclave employing high-
pressure steam for dimensional and chemical stability.

Joint Types AC pipes were joined together by means of a gasket-joint 
coupling (also referred to as a double-bell coupling joint). The ends of 
two pieces of pipe were slipped into the gasketed coupling, effec-
tively creating two water-tight seals. Some manufacturers permitted 
angular movements of up to 5° at joints. Figure 4.22 shows a typical 
AC pipe joint.

Advantages and Limitations Among its advantages, its long opera-
tional life, immunity to corrosion, light-weight in smaller diameters, 
and watertight joints may be mentioned. Known limitations of the 
pipe include a low flexural resistance as a whole, easily damaged by 
construction equipment because of its brittle nature and a low chem-
ical resistance. Significant research was done to study the effects of 
dissolved asbestos fibers in drinking water on human health. AC 
pipe manufacturers and the American Water Works Association do 
not recommend the use of this piping material where water is highly 
aggressive as corrosive water, such as acidic water with a low pH was 
more likely to attack piping products.

4.6.2 Vitrified Clay Pipe 
The second group of rigid pipes among piping materials is vitrified 
clay pipe (VCP). The use of VCP in sanitary sewer systems throughout 
the United States is yet to be matched by any other piping material. 
For two centuries, VCP was the only commercially available material 
capable of withstanding the chemically aggressive environments 

FIGURE 4.22 Joint cross-section of coupling-joint in AC pipe.
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of sanitary sewers. The earliest recorded use of clay pipe in the 
United States was in Washington, D.C., in 1815. Clay pipe is not 
used in pressure applications because of its inherently low tensile 
strength.

Only 50 years ago, the sanitary sewer engineering community 
followed the philosophy that leakage of wastewater through pipe 
joints was an acceptable methodology for effectively transporting 
suspended solids and reducing excessive flows within a sewer sys-
tem. Clay pipes were therefore designed with a low emphasis on the 
effectiveness of their joints. This philosophy soon changed as engineers 
realized the hazards posed by wastewater leakage to soils and 
groundwater sources. The EPA’s role in reducing infiltration or inflow 
(I/I) with the passing of several congressional legislations such as the 
Water Pollution Control Act of 1972 and the Clean Water Act of 1977 
were major factors in emphasis shifting to the requirement of water-
tight joints in sewer pipes. All factory-applied clay pipe jointing sys-
tems, whether on bell-and-spigot pipe or plain-end pipe, are designed 
to provide resilience and flexibility to accommodate minor pipe 
movement. All compression type jointing methods meet the require-
ments of ASTM C425, which requires that the joints should not leak. 
With the proper installation, a clay pipe sewer system can meet stan-
dard infiltration or exfiltration requirements. Furthermore, an inde-
pendent study done by the University of Houston demonstrated that 
the joints of vitrified clay pipe exceeded the industry standards. In 
the arena of trenchless construction, clay pipe’s ability to withstand 
high compressive loads and external abrasion has resulted in a sig-
nificant rise in its acceptance and use in pipe-jacking and microtun-
neling applications.

Manufacturing
Vitrified clay pipe is made of selected clay and shale that are aged to 
various degrees, and blended in specified combinations. Large crush-
ing wheels grind the clay in a heavy perforated metal pan until the 
finely ground clay passes through the perforations. The ground raw 
materials are mixed with water in a pug mill. The mixture is then 
forced through a vacuum, deairing chamber until a smooth, dense 
mixture forms. The mixture is extruded under extremely high pres-
sures to form the pipe. After drying, the newly formed pipe is placed 
in kilns and heated to temperatures of approximately 2000°F. The fin-
ished pipe then undergoes a QA/QC testing.

Applicable Standards
A relatively high minimum compressive strength of 7000 psi makes 
clay pipe a good contender for jacking and microtunneling installa-
tion. In 1994, ASTM C1208 opened new doors for clay pipe in the 
trenchless construction arena (see Table 4.8).
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Joint Types
Also known as pretensioned concrete cylinder pipe. The evolution of 
joints in clay pipe is a shining example of the results of research, 
development and innovation within the piping industry. From its 
earliest days of having no joints to its present-day joint types, clay 
pipes have seen several iterations over the course of a century. To 
arrive at its present-day compression joints, clay pipes went from 
having no joints to field-applied cement joints to field-applied bitu-
mastic joints to factory-installed cement mortar or bitumastic joints, 
and finally to the compression seal joint. One manufacturer even 
makes a molded polyurethane joint attached to the spigot end and a 
PVC collar, which is shrunk and rapidly fitted and sealed to the socket 
end of rigid vitrified clay pipe barrel as shown in Figure 4.23.

The jointing system in ASTM C1208 clay jacking pipe is a preci-
sion ground recessed joint, ensuring dimensional accuracy and high 
end-bearing capacity. A stainless steel sleeve with elastomeric seals is 

Pressure 
Standards Nonpressure Standards

Available 
Diameters (in.)

NA

ASTM C-1208: Standard 
Specification for Vitrified Clay 
Pipe and Joints for Use in 
Microtunneling, Sliplining, Pipe 
Bursting, and Tunnels

4–42

TABLE 4.8 Product Standards

FIGURE 4.23 Innovative joints in clay pipe. (Source: Can Clay Corporation.)
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used for jointing, as shown in Fig. 4.24a and b. The sealing element is 
compressed between bearing surfaces to promote watertight integ-
rity. The ends of the pipe are fitted with a compression ring to distrib-
ute the jacking forces of installation.

Advantages and Limitations
Table 4.9 summarizes some of the advantages and limitations of clay 
pipe. The inert nature of clay pipe was the reason behind its wide 
acceptance for use in sanitary sewer applications in years past. Resis-
tance to both internal and external corrosion was its main advantage 
over other traditional piping materials such as concrete and cast iron. 
Clay pipes are also abrasion resistant making it a suitable material in 
sewers with high solid content. Its low sensitivity to temperature dif-
ferentials prevents any significant expansion and contraction when 

Sleeve
(may have
centering ring)

Sleeve may be
affixed to the pipe
at the factory with
or without a sealing
element

Sealing element
(may be affixed or recessed
unto pipe gasket configuration
and location may vary)

Compression ring

(a) (b)

FIGURE 4.24 (a) and (b) Jointing system in ASTM C1208 clay jacking pipe.

Advantages Limitations

1. Resistant to both internal and 
external corrosion

2. Proven history of long life of the 
pipe itself

3. Improved joints have been 
available since 1970

4. Ability to handle high 
compressive forces, making it 
ideal for jacking installations

5. Abrasion resistant

1. Available for gravity applications 
only because of the 
characteristics of the pipe

2. Sensitive to bedding conditions – 
may be subject to shear and beam 
failure

3. Poor joints in pipe installed prior 
to 1970 may lead to leakage and 
root intrusion problems

4. Short lengths, resulting in more 
pipe joints

5. Very brittle – frequently high 
breakage during shipping and 
handling

TABLE 4.9 Clay Pipe’s Advantages and Limitations
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buried in the ground. In recent years, the ability of clay pipes to with-
stand external abrasion and relatively high compressive forces has 
led to its wide usage in trenchless applications such as microtunnel-
ing and pipe jacking.

Although the inert characteristics of the material made it ideal 
for use in aggressive environments such as sanitary sewers, the 
inability of clay pipes until recently to manufacture effective joints 
has resulted in a drastic reduction of its use in sewer systems. 
Though innovation within the industry has led to better performing 
joints in recent years, the millions of feet of clay pipe installed in the 
ground decades ago are now responsible for I/I problems in sewer 
systems throughout the United States and Canada. Its susceptibility 
to shear and beam breakage owing to poor bedding conditions and 
ground movement has caused numerous leaks and cracks in a 
number of sewer systems where it was used. The short lengths in 
which clay pipes are manufactured (usually 8 ft or less) increases 
the number of joints in a sewer main line, thus raising the chances 
of leakage through joints. Root intrusion through clay pipe joints 
has led municipalities to institute annual root control measures in 
older systems.

4.7 Plastics Pipes
Plastic pipes were introduced in the late 1950s in North America. The 
three main types of plastics pipes include PVC, high-density polyeth-
ylene or cross-linked polyethylene (HDPE, PEX), and glass-reinforced 
pipe (also called fiberglass pipe). PVC and PE fall into the group of 
thermoplastics, while GRP and PEX is a thermoset pipe. The properties 
of thermoplastics for construction material applications are better 
appreciated with an understanding of viscoelastics, discussed in the 
Sec. 4.8.1. Thermoset plastics are processed by a combination of 
chemicals and heat, and once formed, cannot be reshaped. Both ther-
moplastic and thermoset pipes are considered to be flexible pipes and 
are designed accordingly.

In the field of municipal trenchless construction, PE has been the 
dominant piping material in the past decade. By butt-fusion of suc-
cessive lengths of PE pipe, or by using coiled PE, a long jointless pipe 
is created, which can be installed by trenchless methods such as hori-
zontal directional drilling (HDD). PE is also used in open-trench con-
struction. Traditionally, PVC has been the most dominant material for 
open-cut installations in the North American water and sewer mar-
kets because of its bell-and-spigot gasket-joints, its light weight in 
smaller diameters, and ease to work with. In recent years, several 
manufacturers have also created proprietary PVC products with 
modified joints for trenchless installation. GRP pipes are used in the 
United States for both pressure and gravity applications, though the 
latter is the more prominent use.
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4.7.1 Properties of Viscoelastic Pipe Materials
PVC and PE are thermoplastics, and thus, viscoelastic materials. 
Viscoelastic materials exhibit elastic as well as viscous-like charac-
teristics. A material that deforms under stress, but regains its origi-
nal shape and size when the load is removed is classified as elastic. 
Viscous materials, on the other hand, after being subjected to a 
deforming load, do not recover their original shape and size once 
the load is removed. In reality, all materials deviate from the linear 
relationship between stress and strain (Hooke’s law) at some point 
in various ways.

Defining the direct relationship between stress and strain when 
a load is applied to a material is the most common way to evaluate 
the strength and stiffness of that material. Graph A in Fig. 4.25 illus-
trate the linear relationship between stress-strain in elastic materials. 
In an ideal elastic material, strain returns to zero as soon as the mate-
rial is unloaded, and the linear relationship is not typically time-
dependent. But it should be noted that in all materials, this behavior 
is valid only up to a certain stress point, called the yield point, after 
which the strain in the material will increase dramatically by creep, 
before finally failing.

In the set of curves, B, in Fig. 4.25, it can be seen that the stress-
strain relationship is somewhat different for viscoelastic materials 
than it is for elastic materials. Clearly, we no longer see a directly 
linear relationship between stress-strain, and the gradients of the 
curves depend on the loading time. In other words, for a given stress 
level, the longer the loading time, the larger the strain reached. 
Creep is defined as continuing deformation (increasing strain) 
with time when the material is subjected to constant stress. As a 

Relaxation

Creep

Yield point

A

B

Loading time

ε0 ε Strain (%)

Viscoelastic material behavior

Elastic material behavior
σ Stress (MPa)

σ0

FIGURE 4.25 Stress-strain relationship in elastic and viscoelastic materials. 
(Janson, 1999.)
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consequence of creep, failure of the material will occur after load is 
applied for a certain amount of time. So time dependency is a major 
factor to consider in viscoelastic material behavior. An important fact 
is that the time to failure is inversely proportional to the applied 
stress. In thermoplastic pressure pipe, it is therefore possible to find 
and apply a stress level that is low enough to ensure that the theo-
retical time to failure will surpass the design life of the pipeline.

In thermoplastic pipe applications, creep is prevented because 
the deflection of the pipe is kept constant, as is the case in buried PVC 
gravity (or pressure) pipe. Consequently, it can be seen from Fig. 4.25 
that the initial stress decreases with time, and is referred to as the 
relaxation property of thermoplastic piping materials. These basic 
properties of viscoelastic materials, such as PVC and PE, enable engi-
neers to design pipelines that ensure both structural integrity and the 
long-term design life of their municipal piping systems.

4.7.2 Polyvinyl Chloride Pipe
Polyvinyl chloride (PVC) was discovered almost accidentally in the 
nineteenth century when German scientists, observing a newly cre-
ated organic chemical gas, vinyl chloride (C2H3Cl), discovered that 
when it is exposed to sunlight, a chemical reaction took place, result-
ing in the creation of an off-white accumulation of solid material. Since 
then, scientists had observed the first polymerization and creation of a 
new plastic material, PVC. In 1839, a technical paper was published 
detailing the observations of the process. In 1912, several decades after 
its accidental discovery, Fritz Klatte, another German, laid the ground-
work for the technical production of PVC. The oldest known PVC 
pipe was manufactured and installed in the 1930s in World War II in 
Germany and continues to be in service today. The technology was 
brought to the United States following World War II and by the mid-
1950s ASTM groups were organized for plastic pipe standardization.

Manufacturing
A vinyl chloride molecule comprises carbon, hydrogen, and chlorine, 
configured as shown in Fig. 4.26a. PVC is obtained by polymerization 
of single units of the vinyl chloride molecule, which join to create 
long chains, and ultimately form PVC resin, Fig. 4.26b. 

H

C

H

H

C

CI

(a) (b)

FIGURE 4.26 (a) and (b) Vinyl chloride molecule and PVC chain.
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PVC pipe is manufactured by first blending PVC resin with stabi-
lizers, pigments, lubricants, processing aids, and functional additives; 
and heating this mixture to a temperature in the 400°F range. This 
causes the components to properly fuse and convert into a malleable 
state. In this molten form, the material is mechanically extruded into 
the pipe. Following the completion of the extrusion process, the pipe 
is allowed to cool, after which QA/QC testing is performed, before 
the final delivery to the end user.

Types of PVC Pipe
There are three distinct types of PVC pipes manufactured in the 
world, each differentiated by either the way in which it is manufac-
tured (which dictates the directional orientation of the molecules), or 
by the content of modifiers in its chemical formulation (which affect 
the ability of the pipe to withstand impacts by absorption and dissi-
pation of the energy). The term PVC is a generic designation, which 
includes PVC-U (unplasticized PVC), PVC-O (molecularly oriented 
PVC), and PVC-M (modified PVC).

 1. PVC-U: Unplasticized PVC is widely used piping material 
in water and sewer systems in North America. The molecular 
structure of PVC pipe is a random arrangement of long chain 
molecules, where molecular entanglement is prevalent 
throughout the length of the pipe. In general, the PVC mole-
cules do not exhibit any definite directional orientation, and 
therefore, a generally uniform strength prevails in both the 
radial (circumferential) and longitudinal directions. Testing 
has shown that the modulus of elasticity in 15-year-old PVC 
is only slightly higher in the longitudinal direction than in the 
radial directions. For simplification, the term PVC as used in 
this chapter will denote PVC-U, the conventional type of PVC 
most used in pipe manufacture. PVC pipes are manufactured 
for both pressure and gravity applications. All PVC pressure 
pipes (ASTM and AWWA standards) must meet the cell clas-
sification 12454, indicating a tensile strength of 7000 psi, and 
a modulus of elasticity of 400,000 psi. PVC pressure pipes 
have a hydrostatic design basis (HDB) of 4000, per ASTM 
D2837, to which a design factor of 2.0 is applied. This reduces 
the long-term design stress to 2000 psi. PVC gravity pipes are 
typically manufactured to cell class 12454 or 12364, where the 
latter has a tensile strength of 6000 psi and a modulus of elas-
ticity of at least 440,000 psi.

 2. PVC-O: Molecularly oriented PVC is made in the United 
States by the expansion of the conventional PVC pipe; during 
the expansion process, the molecules become oriented in a 
generally radial or circumferential direction. This molecular 
reorientation increases the strength of the pipe in the hoop 
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direction. Also, the resulting HDB is increased from 4000 to 
7100 psi. Consequently, this stronger material can have a 
thinner wall than a conventional PVC pipe of the same pres-
sure capacity. The manufacture process of PVC-O in the 
United States uses both of the technologies available for 
manufacturing the product. Both the batch (offline) and con-
tinuous (inline) processes are used. PVC-O pipe is not used 
in gravity applications.

 3. PVC-M: Modified PVC is produced by incorporation of addi-
tives or impact modifiers to enhance the toughness of the mate-
rial. Resistance to fracture by absorption and dissipation of 
energy is an evidence of the toughness of the pipe material. 
PVC-M is made and used mainly in Europe and Australia, 
whereas only one manufacturer in the United States produces 
this type of pipe for nonburied applications.

Solid Wall and Profile Wall PVC Pipes
PVC pipes are available for pressure applications only as solid wall 
pipes. For gravity applications, both solid wall and profile wall pipes 
are manufactured. Solid wall pipe, as the name suggests, are made of 
a continuous wall of PVC of uniform thickness, as shown in Fig. 4.27a. 
Profile wall pipe, on the other hand, is braced spirally or circumferen-
tially with structural shapes, but provides a smooth-wall interior, as 
shown in Fig. 4.27b. Profile wall pipes economize on the amount of 
material needed for fabrication; by altering the shape of the wall, the 
same stiffness as solid-wall pipe is achieved, using less material. 
Profile wall pipes generally fall into three categories—open profile 
(OP), closed profile (CP), and dual-wall corrugated profile (DWCP). 
OP pipes have their rib enforcements exposed on the outside of the 
pipe. CP pipes make use of a closed profile that provides a continu-
ous outer wall where the wall sections are hollow and are often 
described as an I-beam or honeycomb. DWCP pipes have a smooth-
wall waterway, braced circumferentially with an external corru-
gated wall.

(a) (b)

FIGURE 4.27 (a) and (b) Solid wall and profi le wall PVC pipe.
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From a design perspective, both solid wall and profile wall PVC-
gravity pipes are limited to a vertical deflection of 7.5 percent, per 
ASTM and Uni-Bell recommendations. For pressure pipe, AWWA 
M45 “Fiberglass Pipe Design” Manual recommends a deflection limit 
of 5 percent.

Generally, profile wall pipes are used for open-cut installations as 
well as trenchless renewal processes such as sliplining. Pipes used for 
sliplining have modified joints that facilitate their installation by seg-
mental sliplining.

PVC Applicable Standards and Products for Trenchless Construction
Although there are several widely used bell-and-spigot gasket-joint 
PVC pressure and gravity piping standards in North America written 
by organizations such as AWWA, ASTM, and CSA, products dis-
cussed in this chapter are specifically for trenchless applications. 
They are proprietary in nature in that they have uniquely designed 
jointing systems that enable the pipe to be pulled or pushed for vari-
ous trenchless construction methods (TCMs). Table 4.10 outlines 
details on each product along with pictures of joints. Also, there are 
several types of PVC piping products geared toward use in trenchless 
renewal market. Typically, these are profile wall pipes with proprie-
tary joints. Information on these products is not included in this 
chapter but more details may be obtained from manufacturers or 
Uni-Bell PVC Pipe Association. Table 4.10 presents a summary of 
PVC pipe standards and joint systems.

 1. Fusible C-900™, Fusible C-905™, and Fusible PVC™: Until 
recently, PE was the only available thermoplastic pipe option 
that used butt-fused joints in the United States, and this was 
the case for well over 30 years. In the late 2003, the water or 
wastewater industry saw the introduction of Fusible PVC, 
or Fusible C-900, or Fusible C-905. A first of its kind, this 
product combines a proprietary formulation and fusion pro-
cedure that allows lengths of PVC pipe to be joined together 
in a continuous string for installation through a variety of 
methods, including HDD, sliplining, pipe bursting, and direct 
bury applications. Although Fusible PVC is primarily for 
nondrinking water applications like recycled water, force-
mains, gravity drains, and sewer applications, Fusible C-900 
or Fusible C-905 are specifically for use in potable water 
systems. The pipes are manufactured to all requirements of 
AWWA C900 and C905, and are National Science Foundation 
(NSF) certified. Surface scratches of up to 10 percent of the 
pipes’ outside diameter are accepted, per AWWA, during 
pull-in of all PVC pipes. A major advantage of the fusible 
pipe is that those municipalities already using conventional 
PVC can now use the same material in trenchless construction, 



Pipe Type Standard Compliance Joint Diameter

Fusible C-900™, 
Fusible C-905™, 
Fusible PVC™

AWWA C900/C905 4 through 48 in.

TerraBrute™ AWWA C900
4 through 12 in., capability 
to go up to 48 in.

CertaLok™ AWWA C900/C905

Coupling

Pipe Spline Gasket

4 through 16 in.

Internally 
Restrained
PVC Pipe

AWWA C900 4 through 12 in.

TABLE 4.10 Trenchless PVC Products and Standards
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enabling the design of a complete PVC system. It also allows 
municipal entities to inventory a single type of fittings and 
restraints for all situations. Tapping is also performed in the 
same manner as gasket-joint PVC pipes.

 2. TerraBrute™: This product meets AWWA C900 standard 
requirements, but has a modified bell-and-spigot joint as 
shown in Table 4.10. Currently manufactured in diameters of 
up to 12 in., this pipe has been used in several buried and at 
least one nonburied pressure application in Canada. The bell-
and-spigot joint modification increases the tensile load capac-
ity of the pipe joint by a factor dependant on the diameter 
and the wall thickness of the pipe. Also, controlling the num-
ber of pins, pin diameter, depth of groove in the spigot, and 
wall thickness of the internal ring can optimize the tensile 
capacity of the joint. Installation involves insertion of the 
spigot into the bell, alignment of the pins with the metal band 
built into a groove on the spigot, and then hammering down 
of the pins. Once again, utilities in Canada have the ability to 
build complete PVC systems, even when portions of a project 
comprise trenchless construction.

 3. Certa-Lok C900/RJ™: This is another product conforming to 
AWWA C900 and C905 standards, with a proprietary joint 
type that makes the product ideal for trenchless installation 
via HDD. The pipe is also NSF certified for potable water 
usage. This was the only PVC alternative for trenchless con-
struction in the past decade. The Certa-Lok C900/RJ is used 
in the new construction of water distribution or transmission 
lines or sewer force mains, or for new gravity sewer main 
installation. The joint has a groove machined in the pipe and 
in the coupling to allow the insertion of a flexible thermoplas-
tic spline that provides a full 360° restrained joint with evenly 
distributed loading. Available diameters currently include 
4 through 16 in., in both DR18 and DR14. The recent intro-
duction of 16-in. pipe uses a fiberglass-based coupling joint 
system. According to contractors, availability of 16 in. pipe 
has been an issue since it was introduced. 

 4.  Internally restrained PVC pipe: This product also conforms to 
AWWA C900. The joint is patented and is licensed to several 
PVC pipe and fabricated fitting manufacturers. The mecha-
nism consists of a metal casing that sits adjacent to the Rieber 
gasket in the bell; and the casing is molded into the “race-
way” of the bell during pipe belling. A C-shaped grip-ring 
with several rows of unidirectional serrations is manually 
inserted into the casing at the manufacturing facility. Both the 
casing and the grip ring are made of ductile iron that has been 
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coated using an electrocoating process that achieves a uni-
form thickness and provides superior corrosion resistance. 
When the pipe arrives at a jobsite, the bell already contains 
the casing with the grip ring inserted in it, and no additional 
hardware is needed to provide a restrained joint. Internally 
restrained PVC pipe is suitable for HDD or for direct-bury 
applications that require a restrained joint. The brand names 
for the product are BulldogTM, Diamond Lok 21TM, Eagle Loc 
900TM, and Royal BulldogTM. 

Advantages and Limitations
The greatest contributor to the rapid adoption of PVC pipe in water 
and sewer systems is its inherent ability to withstand both internal 
and external corrosion. Vast amounts of corrodible piping materials 
are being replaced each year by PVC. Pipes with proprietary joints for 
trenchless installation have high tensile strengths, allowing for long 
lengths to be pulled in at a time. Abrasion resistance has been an 
advantage over alternative cementitious piping materials. Low inter-
nal friction enables the use of smaller-diameter pipe in both pressure 
and gravity applications.

The sensitivity to temperatures on a long-term basis requires 
thermoplastics such as PVC to be derated in pressure applications. 
Pipe that is not formulated with a higher amount of ultraviolet inhib-
itor results in lowered impact strength after 2 years of continuous 
exposure to sunlight. PVC cannot be deflected longitudinally as much 
as alternative thermoplastics. The minimum bending radius for fus-
ible PVC pipe is about 250 times the pipe diameter. Poor bedding can 
cause excessive deflection and failure in thinner wall pipe. PVC pipe 
is more susceptible than alternate thermoplastics to rapid crack prop-
agation. Rapid crack propagation could result in long running cracks 
(hundreds of feet) in the event pressurized pipe is impacted or 
improperly tapped. Table 4.11 presents a summary of the advantages 
and limitations of PVC pipe.

4.7.3 Polyethylene Pipe
Polyethylene (PE) belongs to a group of thermoplastics known as 
polyolefins, materials made by polymerization of olefin gases includ-
ing ethylene, propylene, and butylene.

Polyethylene (PE) was first discovered by a German scientist, Hans 
von Pechman in 1898, but the discovery was never commercialized. PE 
was rediscovered in the United Kingdom in 1933 by the Imperial 
Chemical Company and later commercialized in 1939 to manufac-
ture insulation for telephone and coaxial cables. The development 
of low-pressure reactors in the late 1950s greatly improved the 
commercial manufacture of PE resins, and led to the commercial 
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development of PE pipe in the 1960s. Early PE pipe use was mainly 
in the gas industry. Today, more than 95 percent of new and replace-
ment gas distribution pipe in the North American is PE pipe. Other 
applications of PE pipe gradually spread to industrial and municipal 
systems. Since the development of high-density PE materials in the 
1970s, a significant use for PE is sliplining renewal of nonpressure 
gravity sanitary sewers. The development of ASTM and AWWA 
pressure piping standards led to the widespread use of PE pressure 
pipe in municipal applications in North America over the past 
decades. This is due to the recognition of the advantage of a corro-
sion resistant, fused pipeline in reducing water loss and pipeline 
ruptures. Many municipalities that have already been specifying 
another thermoplastic material, are using PE in trenchless and open-
trench installations. Open-cut waterworks projects are being per-
formed with PE pipe at an increasing rate. Also, the wider accep-
tance of trenchless technology construction methods for new 
construction and renewal of water and sewer systems has placed PE 
pipe at the forefront of the no-dig industry. Today, PE is the most 

Advantages Limitations

1. Resistant to both internal and 
external corrosion

2. Gasket-joints and fusible joints 
have an excellent track record 
of leak-free performance. 

3. All four restrained-joint PVC 
products have high tensile 
strengths for HDD and other 
trenchless processes

4. Highly abrasion resistant for 
sewer applications

5. Low internal frictional 
resistance for both pressure 
and nonpressure applications

6. At least 2.5 times stronger 
than other thermoplastic pipe 
(higher stiffness, higher HDB)

7. Expansion is significantly 
lower than in alternative 
thermoplastic piping material

1. Sensitive to operating temperature, 
must be derated in case of long-
term exposure to temperatures 
above room temperature

2. Sensitive to ultraviolet light if 
exposure is greater than 2 years 
(unless pipe is formulated with 
higher ultraviolet [UV]-inhibitor level)

3. Less longitudinal flexibility than 
alternative thermoplastic piping 
material

4. Thinner-walled sewer pipe is 
sensitive to bedding conditions.

5. Susceptible to chemical permeation 
in cases of gross contamination

6. Susceptible to impact damage in 
cold temperatures

7. Susceptible to rapid crack 
propagation failure. Tapping of 
fused PVC pipe must be done with 
extreme caution.

TABLE 4.11 Advantages and Limitations of PVC Pipe
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widely used piping material for trenchless methods such as horizon-
tal directional drilling (HDD) and pipe bursting (PB) for new instal-
lation and renewal of municipal pressure and nonpressure piping 
systems. PE used for pipes in North America are generally classified, 
on basis of density (crystallinity) and suitability for pressure service. 
Higher density provides greater hardness, stiffness, and tensile 
strength. 

ASTM classifies PE piping materials having specified density 
ranges as low density (LDPE), MDPE, or HDPE. HDPE displays the 
highest stiffness whereas LDPE is the most flexible. LDPE is not 
used for pressure piping, but due to its flexibility is used for pneu-
matic instrument controls. MDPE pressure piping is predominantly 
used for gas distribution. HDPE nonpressure piping materials are 
used for electrical and communications conduit and nonpressure 
corrugated and profile wall pipes. HDPE pressure piping materials 
are used for solid-wall pressure pipes for gas, water, force mains, 
nuclear and industrial process piping, and for solid-wall nonpres-
sure applications such as sanitary sewers and culverts. Gas pipes 
are generally made from MDPE. Municipal water and sewer pipes 
and industrial pipes are generally made from HDPE. At 73°F the 
pressure rating of HDPE is about 25 percent higher than MDPE 
pipes. In 2005 ASTM standards were modified to allow the intro-
duction of an improved HDPE with significantly improved perfor-
mance capabilities. HDPE materials commonly used for municipal 
piping have a code of either PE3608 or PE4710. The PE4710 mate-
rial has a pressure rating 25 percent higher than PE3608 material 
(i.e., 25% higher pressure than PE3608 material). With few excep-
tions, both materials have a design service life of 100 years in typi-
cal municipal water or sewer applications.

Manufacturing
The manufacturing process for HDPE pipe is plastic extrusion where 
molten PE resin extruded under pressure through specially designed 
extrusion machines and dies that form the melt into pipe. The pipe is 
drawn into cooling tanks to solidify and cool the pipe. A second 
method for producing large-diameter PE pipe is to extrude a wall 
profile onto a rotating mandrel. Wall profiles can have hollow sec-
tions to reduce the amount of material but maintain circumferential 
stiffness. Once the pipe section is created, the mandrel is collapsed 
and removed from the pipe ID. A third method for corrugated profile 
wall PE pipe is to extrude a thin wall pipe into a corrugator that has 
vacuum blocks that draw the pipe into a corrugated wall profile and 
cool it. Corrugated pipes can be produced with an ID liner for a 
smooth waterway, and a noncorrugated OD layer for a smooth OD. 
Solid wall, PE pipes are typically designed for internal pressure, but 
are used for pressure and nonpressure services. Spiral wound and 
corrugated profile wall pipes are for nonpressure service. A third 
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technique is corrugated vacuum block extrusion that is used for cor-
rugated profile wall HDPE pipe.

PE resin is manufactured from the base ethylene molecule 
(Fig. 4.28), a colorless gas composed of two double-bonded carbon 
atoms. Polymerization of the ethylene is performed with various cat-
alysts, under heat and pressure, during which the double bond 
between the carbons is broken, resulting in the formation of a bond 
with another carbon atom. Polymerization produces long carbon-
carbon chain molecules.

Copolymer PE pipes resins are formed by copolymerization with 
other monomers such as butene, hexene, and octane. Copolymeriza-
tion produces a molecular structure with copolymer side chain 
branching. Side chain branching and molecule length significantly 
affect short- and long-term properties, and have a lesser effect on 
mechanical properties such as density, ductility, and hardness. Homo-
ploymers, resins manufactured without comonomers, are not used 
for PE piping.

Engineering Properties
PE pipe materials are identified by categorizing physical property 
performance into numerically identified ranges in accordance with 
ASTM D3350. The resulting cell classification identifies cell ranges 
for density, melt flow rate, flexural modulus, tensile strength, slow 

Polyethylene

Hydrogen atoms

Double
bond

Carbon
atoms

Ethylene
gas

FIGURE 4.28 Ethylene molecule and polyethylene chain. (Source: Plastics 
Pipe Institute, 2000.)
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crack growth resistance, and long-term hydrostatic strength. Higher 
numerical cell classifications represent higher cell property range 
values. UV resistance is identified with a letter code at the end of the 
cell classification. ASTM D3350 also includes additional minimum 
performance requirements for thermal stability, brittleness tempera-
ture, and tensile elongation. 

PE pipe materials are generically identified by a material desig-
nation code that identifies the acronym for the type of plastic, ASTM 
D3350 cell values for density and slow crack growth (SCG) resistance, 
and the hydrostatic design stress (HDS) rating for 73°F water in hun-
dreds of psi with tens and units dropped. For example, PE3408 is a 
polyethylene material having density and SCG resistance meeting 
ASTM D3350 density cells 3 and 4, and a HDS rating of 800 psi. Typi-
cal material designation codes for PE pressure piping materials∗ are 
PE3408, PE3608, and PE4710. Table 4.12 provides material designa-
tion codes and typical ASTM D3350 cell classifications. Figure 4.29 
shows the HDPE pipe readied for pullback in a directional bore.

Applicable Standards
Environmental stress cracking may occur where the pipe is subjected 
to excessive stress concentrations due to improper embedment or 
excessive bending strain due to improper installation. Solid wall 
HDPE pipes manufactured to AWWA and ASTM standards are typi-
cally used for trenchless installation applications. OD-controlled 
pipes are required for butt-fusion joining that produces a continuous 
conduit ideal for pull-in installations such as HDD. Renewal methods 
such as pipe bursting also provide a good match for use of HDPE 
pipe. Testing has shown that surface scratches sustained during 
installation of up to 10 percent of the pipe’s minimum wall thickness 

∗PE materials used for pressure piping are listed in PPI TR-4.

Material Designation Code
Typical ASTM D3350 
Cell Classifications

PE3408 PE345444Ca

PE3608 PE345464C

PE4710 PE445474C or PE445574C 

a C identifies minimum 2 percent carbon black in the PE compound for UV resis-
tance.  For color products, E identifies color with UV resistance.  C compounds 
are suitable for long surface or above grade service.  E compounds are suffi-
ciently stabilized for storage, but must be buried.

TABLE 4.12 Material Designation Code and Cell Classifi cation
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do not detrimentally affect short- or long-term performance. Table 4.13 
presents solid wall HDPE pipe standard for trenchless installations.

Joints
Butt-fusion of PE pipe is performed using commercially available 
fusion machines and performed in accordance with ASTM F2620, 
“Heat Fusion Joining of Polyethylene Pipe and Fittings.” The steps 
involve preparing ends of two pieces of pipe by planning the ends 
using special radial blades, heating the ends with a heat plate 
(after which the heat plate is removed), and finally fusing the ends 
together by application of pressure. Fusion joining parameters are 
specified in ASTM F2620. Both internal and external beads can be 
removed prior to installation. For pressure applications, the internal 

FIGURE 4.29 HDPE pipe readied for pullback in a directional bore.

Standard Available Diameters PE 4710 PE 3608

AWWA C901-08 ½–3 in. Available Available

AWWA C906-07 4–63 in. Standard 
pending

Available

ASTM D3035-08 ½–24 in. Available Available

ASTM F714-08 3–63 in. Available Available

TABLE 4.13 Solid Wall HDPE Pipe Standards for Trenchless Technology
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bead has a negligible effect on flow. In nonpressure gravity design, 
some engineers believe that the turbulent flow created by the bead is 
helpful in keeping solids suspended in the flow; others feel it is detri-
mental to the flow.

Other types of joints in HDPE pipe include electrofusion and 
bell-and-spigot gasket joints.

Advantages and Limitations
The continuous jointless conduit that results from the butt-fusion of 
HDPE pipe makes it an ideal piping material for pull-in installations 
such as horizontal directional drilling and pipe bursting. HDPE pipe’s 
ability to withstand both the internal and external corrosion is advan-
tageous for both water and sewer systems. Its high flexibility is a 
favorable characteristic during trenchless installations; there is no 
need for very long entry pits other than for larger diameters and deep 
installations. A very low internal resistance to flow makes it a good 
material for both pressure and nonpressure gravity systems. In pres-
sure water systems, the expansive forces of freezing water do not 
cause the pipe to crack. In very cold temperatures, HDPE has a high 
resistance to failure by impact. The pipe also resists shatter-type or 
rapid crack-propagation failure.

In the early years of manufacture, environmental stress cracking 
was a concern for HDPE pipe. In the past 25 years, higher-quality 
resins have successfully overcome this problem in HDPE pressure 
pipes. The butt-fusion of HDPE necessitates the use of a skilled labor 
force. The fused joint is allowed to cool for an additional 30 minutes 
after removal from the fusion machine prior to installation. In the 
case of thick wall pipes (> 2 in.) extra cooling may be required. The 
high sensitivity of HDPE to temperature differentials requires special 
design considerations for above grade pipelines. (Transitions from 
HDPE pressure pipe to gasket joint pressure pipe requires a thrust 
anchor.) However, buried forcemain lines require no special installa-
tion for thermal affects. Buried or sliplined gravity flow pipes gen-
erally require a wall anchor where they terminate in a manhole. 
All pipes must be designed for the proper pressure and be derated 
for surge and fatigue loads, temperature, corrosion, earthquake loads, 
C factor, installation, and others. Table 4.14 presents the advantages 
and limitations of HDPE.

4.7.4 Glass-Reinforced Pipe (Fiberglass Pipe)
The third type of plastic pipe is glass-reinforced pipe (GRP), also 
commonly referred to as fiberglass pipe. Unlike PVC and HDPE, GRP 
is made of a thermoset material. GRP was first manufactured in 
the United States in the 1950s, as an alternative to corrosion-prone 
concrete and steel materials. Using a patented centrifugally cast man-
ufacturing process, Perrault Fibercast Corporation of Oklahoma 
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manufactured the first fiberglass-reinforced polyester resin pipe. 
Traditionally used in industrial applications throughout the world, 
GRP is rapidly gaining market shares in North America for large-
diameter municipal water and sewer applications. Municipal sewer 
installation include direct bury (open-cut), sliplining (premier prod-
uct for 48 in. and larger), direct jacking, casing carrier (tunnel liner) 
and above ground on piers. As a plastic material, GRP is designed as 
a flexible conduit and is installed accordingly.

Manufacturing
Fiberglass composites are made of glass fiber reinforcements, ther-
mosetting resins, and other additives such as small aggregates, cata-
lysts, hardeners, accelerators, and the like. Types of resin used include 

Advantages Limitations

  1.  Resistance to both internal and 
external corrosion. Low internal 
friction. Smooth interior. 

  2.  Butt-fused joints effectively 
create a continuous jointless 
leak free joint.

  3.  Abrasion resistant. Use to 
convey sand and fly ash slurry. 

  4.  High ductility and flexibility. 
Lightweight in smaller 
diameters.  Typical minimum 
bend radius of 25–30 times pipe 
diameter.

  5.  Excellent resistance to fatigue 
and repetitive surge pressures.

  6.  May be repaired using 
mechanical couplings and 
saddles.

  7.  High resistance to failure 
by impact, even at very low 
temperatures.

  8.  Resists shatter-type or rapid 
crack-propagation failure.

  9.  Does not easily crack under 
expansive forces of freezing 
water.

10. PE with carbon black has a long 
UV resistance.

1. Older PE materials are subject 
to environmental stress 
cracking due to improper 
embedment or excessive local 
bending. Newer materials, 
like PE 4710 have enhanced 
resistance.

2. Trained labor and special 
equipment required for butt-
fusion. However, training 
is available for equipment 
manufacturers and distributors 
nationwide.

3. Slightly smaller inside 
diameter than other pipes of 
the same outside diameter 
size. However, proper design 
will minimize this issue.

4. Cannot be located unless buried 
with metallic wire or tape.

5. Sensitive to temperature 
differentials, resulting in 
expansion and contraction 
unless restrained by soil 
embedment after burial.

6. Unprotected color products 
usually cannot have more than 
5 years of UV resistance.

TABLE 4.14 Advantages and Limitations of HDPE
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epoxy, polyester, and vinyl ester. The amount and orientation of the 
glass fibers increase the mechanical strength of the pipe. GRP is man-
ufactured using one of the two methods:

 1. Centrifugal casting: This is the most widely used method of 
manufacture of GRP for municipal applications in North 
America. In this process, glass fiber reinforcements, resins 
and aggregates are placed in a rotating steel mold. The cen-
trifugal action of the mold removes air from the composite, 
resulting in a dense laminate, free of voids. Material proper-
ties can be altered by varying aggregate content, resin type, 
and cure and reinforcement type, quantity or orientation. The 
pipe is removed from the mold after heat curing.

 2. Filament winding: There are two distinct processes for filament 
winding––continuous and discontinuous. Filament winding 
involves impregnating several glass reinforcing strands with 
a matrix resin and then the application of the wetted fibers to 
a mandrel under controlled tension in a predetermined pat-
tern. Repeat of this process results in the desired wall thick-
ness. In the continuous process, an advancing mandrel causes 
the pipe to form. Fiber rovings, resin, and aggregate are 
added to make the pipe. The pipe is then cured and cut into 
desired lengths. In the discontinuous process, a standard 
length of mandrel is rotated, and resin, glass, and aggregate 
are added to produce pipe that is helically reinforced. The 
process allows for the formation of a continuous bell-end, 
monolithic with the pipe wall.

Applicable Standards
There are currently three widely-used pressure and nonpressure pip-
ing standards, used in trenchless installations. Standard pressure 
classes for AWWA C950 include 50, 100, 150, 200, 250, and over 250 
psi. From the available pipe diameters, it can clearly be seen that GRP 
offers an alternative to other large-diameter traditional piping mate-
rials (Table 4.15).

Pressure 
Standards

Nonpressure 
Standards

Available 
Diameters (in.)

— ASTM D3262 8–144

ASTM D3517 — 8–144

AWWA C950 — 1–144

TABLE 4.15 GRP Standards for Trenchless Construction
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Joints
There are a variety of joints that have been developed over the years 
for GRP. The Fiberglass Pipe Handbook (1989) lists the following types: 
coupling or bell-and-spigot joints, mechanically coupled joints, 
restrained coupling or bell-and-spigot joints, butt and wrap joints, 
bell-and-spigot with laminated overlay, bell-and-spigot adhesive 
joint, flanged joints, and mechanical joining systems. 

HOBAS, the leading manufacturer of municipal GRP, has varia-
tions of the above-described joints. For new trenchless construction, 
pipe-jacking in particular, they offer two separate types of joints: flush 
bell-spigot joint for gravity flow pipe jacking, and the flush fiber-
wound collar (FWC) coupling for pressure pipe jacking. A third type 
of joint exists for use in the renewal of gravity pipe by sliplining.

In the flush bell-and-spigot joint type, as shown in Fig. 4.30, the 
sleeve is fitted to the pipe end, which has been machined-down so 
that the joint outside the diameter is same as the pipe itself. An elas-
tomeric gasket, contained in a groove on the spigot end of the pipe, 
effectively seals the joint. The flush FWC coupling is a modified ver-
sion of the FWC coupling (a filament-wound sleeve with an EPDM 
elastomeric membrane, the coupling is bonded to one end of the pipe 
during manufacture).

Advantages and Limitations
Table 4.16 outlines some advantages and limitations of GRP. Excellent 
internal and external corrosion resistance in natural soils and corro-
sive wastewater and industrial applications has given GRP an advan-
tage over traditional piping materials in large diameters. It also 
displays better abrasion resistance than cement-based pipes. It is sig-
nificantly lighter than a concrete pipe of the same diameter. For pres-
sure applications, a variety of available pressure classes makes it 
widely desirable to engineers and contractors.

Although GRP is noncorrodible, it is susceptible to strain corro-
sion in the presence of certain chemicals, such as those found in the 
sanitary sewers, where pH is less than 4. This can be overcome dur-
ing design, by ensuring that the stresses are kept within a certain 
limit. Certain chemical contaminants can permeate the pipe. During 
installation, pipe may be damaged by a severe impact force.

FIGURE 4.30 GRP fl ush bell-and-spigot joint for trenchless installation. 
(Source: Hobas Pipe USA.)
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4.7.5 Metallic Pipes
Metallic pipes in present-day use include ductile iron pipe and steel 
pipe. The precursor to ductile iron was cast-iron pipe. Metallic pipes 
have traditionally been used in pressure applications, but some areas 
of North America use them for gravity sewer applications also. Most 
metallic pipes used in the past were installed by open-cut methods. 
Recent acceptance of trenchless technologies has led to the manufac-
ture of metallic pipes with joints suited for pull-in or jacking installa-
tions. Steel pipe with welded joints is a product of choice for large-
diameter HDD applications (usually more than 22 in. diameters), 
horizontal auger boring (HAB), and pipe-ramming (PR) projects. See 
specific chapters in this book for more information on these methods.

Ductile Iron Pipe
Ductile iron pipe was developed in the 1940s from grey cast iron by 
distributing the graphite into a spherical form instead of a flake form. 
This was achieved by the addition of inoculants such as magnesium to 
molten iron. It resulted in the ductile nature of the new pipe, in addition 
to higher strength, impact resistance, and other improved properties. 
The commercial production of ductile iron pipe begun in 1955, and by 
the 1970s, it had almost completely replaced cast-iron pipe in munici-
pal applications. Since 1980, gray cast-iron pipe for pressure pipe appli-
cations (not soil pipe) has not been produced in the United States.

Advantages Limitations

1. Good internal and external corrosion 
resistance in ordinary soils

2. Better abrasion resistance than 
cement-based pipes

3. Light weight compared to alternative 
materials

4. Various pressure classes available for 
pressure pipe

5. Excellent hydraulics due to smooth 
interior

6. Cast pipe has fixed OD and gasketed 
joints that seal on OD

7. Dimensionally stable for fluid service 
and weather exposure

8. Very high compressive strength 
(10,000 to 15,000 psi) so ideal for 
jacking

1. Susceptible to impact 
damage

2. Resin selection is 
important for some 
chemicals

TABLE 4.16 GRP Advantages and Limitations
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The main use of ductile iron pipe is in water systems. However, 
the availability of thermoplastic and thermoset pipes and newer sub-
stitute materials represents some significant competition to ductile 
iron since the late 1960s. The newer materials are lighter (where this 
might be judged an advantage), in some cases less expensive, and 
perform many of the required functions within a distribution system. 
Above all, plastic pipes are inherently suited to withstand most forms 
of both internal and external corrosion that can be a concern to unpro-
tected ductile iron pipe in some service environments.

However, corrosion problems for ductile iron pipe can overcome 
by the use of appropriate corrosion protection. The protection meth-
ods include cement mortar or polymer linings for internal corrosion 
protection, maintenance of flow properties, and polyethylene encase-
ment per ANSI/AWWA C105/A21.5, or in uniquely aggressive 
environments cathodic protection, for external corrosion. A newer 
approach to iron pipe corrosion control, called the design decision 
model (DDM), has been developed by the Ductile Iron Pipe Research 
Association (DIPRA). This method tailors the chosen corrosion pro-
tection method of the pipeline based on several factors including 
substantial history, the corrosion potential of the specific environ-
ment involved, and the critical nature/priority of the specific pipe-
line involved.

In recent years, various manufacturers have also developed 
restrained joints for ductile iron pipe; therefore, the industry is able to 
offer its products to the trenchless construction industry. Today ductile 
iron pipe can be used for HDD, pipe bursting, casing and carrier pipe 
installation, and sliplining. The use of ductile iron pipe in sewer systems 
is less in comparison to its use in potable water distribution and trans-
mission. Nevertheless, some municipal agencies use ductile iron pipe 
for their gravity flow applications. Flexible, restrained joint ductile iron 
pipes are particularly attractive for some HDD installations. In HDD 
applications, joints can rapidly be assembled in field conditions with 
minimum equipment or highly skilled technicians. The pipe also can be 
installed with limited access, and need not be bent (nor result in high 
bending stress/strain) when installed in a normal curved drill path.

Ductile iron pipes are flexible conduits and are designed and 
installed accordingly. However, when internal cement-mortar lining 
is specified, the vertical deflection of the pipe is limited to 3 percent 
instead of 5 percent. Ductile iron pipes with flexible linings, such as pro-
prietary ceramic, epoxy, and fusion-bonded epoxy primer/heat-fused 
polyethylene topcoat linings are limited by ASTM A716 and A746 
standards to 5 percent deflection.

Cast-Iron Pipe It is important to have an understanding of the prede-
cessor of ductile iron pipe, the cast-iron pipe. Cast-iron pipe has been 
used throughout the world for many years in portable water systems. 
In the United States, cast-iron pipe was introduced in the early 1800s. 
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Also referred to as gray cast iron, it accounts for a very large portion 
of buried water-piping material throughout North America even 
today. Cast iron is a very strong, but brittle material. Early unlined 
installations of cast-iron pipe has lasted more than a century in some 
cases on account of the sheer thickness of the walls of the pipes. The 
thick walls played a sacrificial role as they slowly corroded over the 
years. Internal tuberculation in unlined cast-iron pipes has caused 
severe hindrance to flow in most cases. Figure 4.31 presents a sample 
of internal tuberculation in unlined cast-iron potable water pipe.

Manufacturing The principal raw material used in producing ductile 
iron pipe is recycled ferrous material, including scrap steel; scrap iron, 
and other ferrous materials obtained from shredded automobiles, 
appliances, and others. While ductile iron is very similar in basic 
chemical makeup to gray cast iron, ductile iron is instead produced by 
treating molten low-sulfur base iron with magnesium under closely 
controlled conditions. The startling change in the metal is character-
ized by the free graphite in ductile iron being deposited in nodular 
form, instead of flake-form as in gray iron. With the free graphite in 
nodular form, the continuity of the metal matrix is at a maximum, 
accounting for the formation of a far stronger, tougher ductile mate-
rial. Ductile iron is roughly twice the strength of gray iron (ductile 
iron has greater yield strength than ASTM A36 carbon steel) and 
further surpassing gray iron in ductility and impact characteristics. 

FIGURE 4.31 A sample of internal tuberculation in unlined cast iron potable 
water pipe. (Source: 3M Corrosion Protection Products.)
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The pipe is cast using a centrifugal method, after which it is annealed 
in furnaces. An asphaltic coating is applied to the outside of the pipe, 
while the interior is coated with a cement-mortar lining. Unlike gray 
iron pipe, ductile iron pipe will bend significantly without breaking 
when subjected to even quite great loads, impacts, or deflections.

Applicable Standards Table 4.17 lists a number of standards available 
for trenchless applications. It should be noted that these pipes can 
also be installed via open-cut methods. For trenchless pull-in installa-
tions, the joints must be restrained, as discussed in the following sec-
tion. In recent years, ductile iron pipes with restrained joints have 
been used in trenchless construction methods (TCM) as well as for 
trenchless renewal and replacement methods (TRMs).

Joints Restrained joints in ductile iron pipe are available primarily 
to accommodate the thrust forces acting on a pipeline. However, 
pipes with these restrained joints have been used in recent years for 
various types of trenchless projects, both new constructions as well as 
renewals. HDD and pipe bursting have been the most common appli-
cations of the restrained joint ductile iron pipe. The joints are capable 
of withstanding tensile forces encountered during pull-in process.

Proprietary restrained joints have been designed by various manu-
facturers which incorporate a push-on gasket and special bell design 
in conjunction with their restraint mechanisms. Because of their pro-
prietary nature, the push-on gaskets used in these joints may not be 
compatible with standard push-on gaskets. In the 350 psi allowable 
working pressure range, the joints are suitable for pipe diameters of 
4 through 24 in. In the 250 psi range, the joints are available for diame-
ters of 30 through 64 in. Figure 4.32 shows five such proprietary joints.

Advantages and Limitations Table 4.18 summarizes the advantages 
and limitations of ductile iron pipe. The high load-bearing capacity, 
high impact strength, and high beam strength makes it a sturdy pip-
ing material for pressure applications. There are many different 
types of joints, including restrained joints, which are used in trench-
less applications. The long lengths of ductile iron pipe (20 ft) mini-
mize the number of joints within a water or sewer system. The wide 

Pressure Standards Nonpressure Standards Available Diameters (in.)

— ASTM A716

4–64— ASTM A746

AWWA C150/C151 AWWA C150/C151

TABLE 4.17 Applicable Ductile Iron Standards for Trenchless Technology
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FIGURE 4.32 Proprietary ductile iron restrained joints used in trenchless 
construction.

Advantages Limitations

1. Wide variety of internal and 
external corrosion protection 
systems available 

2. Internal cement mortar lining 
prevents tuberculation and 
enhances hydraulic capability

3. Strong material, with high 
load bearing strength, impact 
strength, and beam strength

4. Wide variety of joints 
enable various applications, 
including trenchless 

5. Available for both pressure 
and gravity applications

6. Wide range of diameters and 
pressure classes available

7. Long laying lengths reduce 
joints in the system

8. Pipe is highly resistant to 
chemical permeation in 
contaminated areas

1. Highly susceptible to corrosion, 
both internally and externally, 
unless protected

2. Not all available corrosion 
protection methods are effective

3. Internal cement mortar lining is 
easily damaged if struck with a 
backhoe.

4. Cathodic protection is cost 
prohibitive and is rarely used in 
municipal systems

5. Polyethylene encasement is easily 
damaged and subject to improper 
installation

6. Heavy weight, resulting in high 
cost of labor

7. Lack of flexibility is an obstacle in 
trenchless installations

8. Gaskets in the joints are highly 
vulnerable to chemical attack in 
contaminated soils

TABLE 4.18 Advantages and Limitations of Ductile Iron Pipe
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availability of various pressure classes and diameters makes it easily 
desirable to engineers and specifiers. The pipe itself is highly resistant 
to chemical permeation. Also, there are various internal and external 
corrosion protection systems available.

Ductile iron is susceptible to internal and external corrosion. 
Although there are a variety of corrosion protection systems, they do 
not all perform equally. Cathodic protection is too cost prohibitive for 
use in the municipal systems. The internal cement-mortar lining pre-
vents the deflection of the pipe beyond 3 percent, even though ductile 
iron is a flexible conduit. External polyethylene encasement is easily 
damaged, for example during tapping, and is subject to careful instal-
lation. The heavy weight of ductile iron pipe raises the cost of labor. 
Although the pipe itself resists chemical permeation, the gasket at the 
joint does not. 

Steel Pipe
Steel pipes, made from a versatile refinement of iron, have seen a wide 
range of usage for more than a century and a half. The development 
of high-strength steel pipes has made it possible to transport fluids 
such as natural gas, crude oil, and petroleum products over long dis-
tances. Initially, all steel pipes had to be threaded together, which was 
difficult for large pipes, and they often leaked under high pressure. 
The development of electric arc welding machines in 1920s made it 
possible to construct leak-proof, high-pressure, large-diameter pipe-
lines. One of the earliest steel water pipe installations in the United 
States, still in service today, was in San Francisco in 1863. Develop-
ments in technology have given way to riveted steel pipes evolving 
to the automatically welded steel pipes of today. Various other devel-
opments have resulted in the creation of different types of joints as 
well as effective mechanisms for prevention of corrosion, making 
steel more versatile for trenchless and open-trench applications.

In municipalities, steel pressure pipes are used today in large-
diameter potable water transmission applications. In municipal 
trenchless construction, steel pipes are used as casing pipe in pro-
cesses such as microtunneling, jacking, boring, and pipe-ramming 
because of their high stiffness and compressive strengths. There have 
even been several large-diameter spiral-welded steel pressure pipe 
installations in Texas, Washington, and Hawaii via horizontal direc-
tional drilling.

Corrugated Steel Pipe Corrugated steel pipes have been used for 
more than a century in gravity applications such as drainage and 
storm sewers. Though corrugated steel pipes have been used in 
some sanitary sewers, this is not the case today. Due to their rela-
tively low-compressive and tensile strengths, corrugated steel pipes 
are not used in trenchless or pressure applications. Therefore, a 
detailed discussion of corrugated steel piping products has been 
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omitted in this chapter. The American Iron and Steel Institute’s 
Modern Sewer Design is an excellent source for information on cor-
rugated steel piping systems.

Manufacturing Steel pipes used in municipal applications are man-
ufactured by an automatic welding process. There are generally 
three types of steel pipe, each identified by the way in which it is 
manufactured:

 1. Rolled and welded pipe: This is one of the oldest methods of 
steel pipe production, where plates of steel are rolled into 
cylindrical pipes, usually 6 to 12 ft in length, then welded in 
the circumferential and longitudinal directions. The pipes 
used in casing applications for trenchless technology are of 
this type. They are also used in other types of applications.

 2. Electric resistance welded (ERW) pipe: ERW pipes are generally 
manufactured and used in smaller diameters up to 24 in. 
ERW is a single straight seam welding process where contin-
uous coils of treated, low-carbon steel, called skelp, are 
shaped into cylindrical pipes by edge-forming, and then 
welded at the seam. These pipes can be manufactured in 
lengths of up to 100 ft. They are used in water systems, as 
well as other industrial applications.

 3. Spiral welded pipe: Starting with continuous rolls of steel simi-
lar to the type used for ERW pipe, the steel is fed into a 
machine and spirally wrapped against buttress rolls to form 
the pipe. The edges of the spiral pipe are then welded in and 
out by a double-submerged arc process. Spiral welded steel 
pipes are used in municipal water transmission applications 
in diameters of up to 156 in. Trenchless processes such as 
HDD have been used to install this type of pipe in the potable 
water systems.

Corrosion Protection—General There have been many approaches to 
corrosion-protection of all kinds of pipes through the centuries. There 
are decades of practical experience with many applications and cor-
rosion-protection systems of iron and steel pipes, in particular. There 
are field and laboratory studies of gray and ductile iron pipes in 
widely divergent soil types, and also in some notably very corrosive 
actual soil burial test sites, by the Ductile Iron Pipe Research Associa-
tion (DIPRA) working in many cases in close conjunction with the 
utilities involved. Both unprotected iron and steel pipes will rapidly 
corrode in some soil environments, and in these environments suit-
able corrosion protection must be provided. It is also being discov-
ered (in more recent applications of pipes that have not been around 
as long) that other piping materials, such as variously reinforced 
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concrete, plastics, and composites, as well can also undergo forms 
of corrosion or environment-/stress-related deterioration that are 
perhaps not now quite as obvious or known to many pipeline 
practitioners.

Corrosion Protection—Ductile Iron Pipe American National Standard 
Institute (ANSI) and American Water Works Association (AWWA) 
have developed multiple standards for corrosion protection of iron 
pipe and fittings. These standards include ANSI/AWWA C104/A21.4 
for internal cement-mortar lining, ANSI/AWWA C105/A21.5 
for polyethylene encasement (this standard also contains a soil-
evaluation procedure in the appendix that is helpful for practitioners 
to determine when standard pipes with thin asphaltic shop coatings 
can be direct buried in specific soils and when the supplementary 
polyethylene wrap should be applied as opposed to installing stan-
dard pipe without wrap), and AWWA C116 for fittings that in their 
normal production processes are coated inside and outside with 
fusion-bonded epoxy (FBE) instead of cement mortar. 

More recently and building on these standards and other exten-
sive experience, CORRPRO Company working with DIPRA as well 
as ductile iron pipe manufacturers has conducted a 2-year study of 
corrosion and corrosion-protection characteristics. This study has 
included field and laboratory evaluations related to short- and long-
term polarization rates under varying conditions, corrosion-rate 
reduction, and corresponding cathodic current criterion. This infor-
mation was then analyzed in conjunction with an extensive database 
from 1379 physical inspections of buried iron water lines. The result 
of the study is a risk-based corrosion protection design strategy for 
buried ductile iron pipelines referred to as the design decision model 
(Kroon et al., 2004 and Bonds et al., 2004).

Corrosion—Steel Pipe The steel pipe industry has also been proactive 
in readily recommending and providing corrosion protection mecha-
nisms to end users, despite the higher costs of some processes. Accord-
ing to the steel pipe industry, “Corrosion protection systems that 
include coatings, monitoring systems, and cathodic protection 
(installed incrementally as needed) are very cost effective.” There are 
a number of standards and processes for both internal and external 
corrosion protection of steel pipe, including cement-mortar lining, 
paints and polyurethane linings, tape coatings, coal tar enamel coat-
ings, cement-mortar coatings, and epoxy and polyurethane coatings. 
Furthermore, the steel pipe industry acknowledges the use of cathodic 
protection as an effective and/or necessary method of protection to 
complete the corrosion protection process.

Corrosion of Concrete, Composite, and Plastic Pipes All common pip-
ing materials can be deteriorated or corroded and designers should 
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consult with manufacturers to learn pipe product limitations. It 
should be noted that sulfates and chlorides as well as low resistivity 
soils in general can corrode various concrete pipes, and gasoline con-
tamination has been known to result in swelling and bursting of some 
buried plastic pipes, whereas such contamination will not burst 
metallic pipes. 

The coverage of the topic of corrosion in this chapter is intended 
to make the reader aware of one of the significant problems being 
faced by pipeline industry today. These problems include corroding, 
deteriorating, and/or failing water and sewer lines. There are cur-
rently huge amounts of pipeline system underground, some of which 
are without effective corrosion protection or other provisions for 
adverse environmental conditions. Pipe leakage and failure in these 
unprotected pipelines can significantly influence rate of unaccounted-
for-water and inflow/infiltration in future. It is essential for engineers 
to be aware of the problems and available engineering solutions as 
they design and renew the pipeline systems of the future. Proper cor-
rosion protection will ensure that the full potential of all piping mate-
rials for use in specific applications is realized in the long run.

Applicable Standards The nonpressure standard ASTM A139 Grade B 
is the type of casing pipe used in the gravity trenchless construction. 
A pipe manufactured to the ASTM A139 standard requires hydro-
static testing because it is often also used for medium internal pres-
sure applications. As the use of the pipe for casing depends only on 
its structural capabilities, the hydrostatic test is not required. To 
exclude the hydrostatic test from the original standard, the casing 
pipe standard is referred to as ASTM A139, Grade B (no hydro). The 
pressure pipe standard AWWA C200 is used in large-diameter HDD 
projects for water transmission; in past years, some challenging proj-
ects in Texas, Washington, and Hawaii have used this steel pipe stan-
dard. Permalok™ steel pipe is manufactured as a proprietary joint 
type product for casing pipe and pressure trenchless applications. 
The ASTM standards to which the pipe must be compliant are listed 
in Table 4.19.

Pressure Standards Nonpressure Standards Available Diameters (in.)

AWWA C200 ASTM A139 Grade B

3–144 and higher

ASTM A36, ASTM 
A515, grade 60 or 
ASTM A572, grade 
42–with T7 type joint

ASTM A36, ASTM 
A515, grade 60 or ASTM 
A572, grade 
42–with PERMALOK™ T5 
type joint

TABLE 4.19 Applicable Standards for Steel Pipe for Trenchless Construction
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Joints There are several types of welded joints available for steel 
pipe, each suited for a specific application:

 1. Bell-and-spigot lap-welded joints

 2. Butt-welded joints (single-V butt-welded, and double-V butt-
welded)

 3. Butt strap welded joints

 4. Mitered lap-welded joints

There are also a number of nonwelded joints:

 1. Bell-and-spigot rubber gasket joints

 2. Harness joints

 3. Carnegie shape rubber gasket joints

 4. Mechanical couplings

 5. Split-sleeve mechanical coupling

For steel casing pipe used in boring and pipe-jacking applica-
tions, it is important that there are no irregularities in alignment at 
the joints. If the casing is not straight, the ability of the contractor 
to keep the pipe in-line and on grade is affected. Lap-welded joint 
products are not recommended for jacking and boring installa-
tions. Though spiral-welded pipes can be used for casing, it is a 
common practice to use a straight seam or seamless pipe. For joint-
ing, both ends of the pipe can be beveled for welding, as in the 
single-V butt-welded joint, Fig. 4.33. Another recommendation for 
achieving a good circumferential weld at the joint is to bevel one 
end of the casing pipe to a standard 37° bevel, and square cutting 
the other end.

For casing and pressure pipe trenchless applications, a patented 
product line, Permalok, offers two mechanical push-on joints. It is 
particularly attractive to the trenchless excavation industry because 
the joints are designed to be flush with the interior and exterior sur-
faces of the pipe (see Fig. 4.34). This joint type eliminates the time 
required for welding traditional-type steel pipes. Although using the 
Permalok pipe is approximately 2.5 times faster than welding, it costs 
more. Permalok joints are used for HDD, pipe ramming, and hori-
zontal auger boring. Joint quality is further enhanced because the 
Permalok connector is consistently round and perpendicular to the 

FIGURE 4.33 Single-V butt-welded joint.



P i p e  a n d  P i p e  I n s t a l l a t i o n  C o n s i d e r a t i o n s  181

pipe axis. Its unique machined groove makes stabbing and aligning 
easy and quick. Also, the Permalok design, combined with the use of 
a sealant such as RTV silicone, prevents leakage under considerable 
pressure. Standard specifications, listed in Table 4.19, ensure that all 
pipe manufactured by Permalok meet guidelines. The T5 profile was 
patented for steel pipe casing applications in 1993 and has been used 
in numerous trenchless excavation projects nationwide. The T7 pro-
file is capable of withstanding pressures of up to 300 psi, and is used 
in trenchless pressure pipe applications. Figure 4.34 illustrates the 
Permalok interlocking jointing system.

Advantages and Limitations Table 4.20 lists some of the advantages 
and limitations of steel pipe. With its high tensile strength, steel 
pipes are capable of handling high pressures in water transmission 
applications. The high compressive strength of steel pipe makes it a 
good material for jacking and boring. Assembly of nonweld joints is 
relatively easy owing to push-on bell-and-spigot gasket joints. Steel 
pipe has been known to adapt well in locations where ground move-
ments occur. Good hydraulic properties of internally lined steel 
pipe make it ideal for use in municipal water systems. The avail-
ability of various methods and standards for both internal and 
external corrosion significantly prolongs the useful design life of 
the pipe.

Though various corrosion protection mechanisms are available, 
the pipe is highly prone to corrosion attacks unless the protections are 
used. This can be costly. In large diameters, the pipe’s ability to han-
dle external pressure is low. Air vacuum valves must be used in large-
diameter lines to eliminate the possibility of pipe collapse, but this is 
an added cost to the system. Welding of pipe joints requires skilled 
labor and is time consuming.

T5 female

T5 male

T7 female

T7 male
O rings

FIGURE 4.34 Interlocking jointing system. (Source: Permalok.)



182 C h a p t e r  F o u r

4.8 Summary
This chapter presented an overview of pipe-soil interaction system 
describing behavior of rigid and flexible pipes under different load-
ing and environmental conditions. To provide an aid in pipe selec-
tion, this chapter provided detail description of different types of 
pipes such as cement based, plastic (PVC, PE, GRP), and metallic 
pipes. Manufacturing process, applicable standards, joint types, 
and the advantages and limitations of each type of pipe were also 
provided.

Advantages Limitations

1. Various standards and 
methods are available 
for internal and external 
corrosion protection

2. High tensile strength
3. High compressive strength
4. Easy to assemble, nonweld 

joints available
5. Adopts well to locations 

where soil movements occur
6. Good hydraulic properties 

when internally lined

1. Prone to internal tuberculation 
and external corrosion, subject to 
electrolysis

2. Use of internal and external corrosion 
protection raises price of the product

3. Low resistance to external pressures 
in large-diameter sizes

4. Air vacuum valves are necessary in 
large-diameter lines

5. Welding of joints require skilled labor 
and is time consuming

6. Special care required to ensure proper 
alignment at joint in welded pipe

7. Fully dependent on proper installation 
to limit deflection and collapse.

TABLE 4.20 Advantages and Limitations of Steel Pipe



CHAPTER 5
Project 

Considerations 
for Horizontal  

Directional 
Drilling

5.1 Introduction
Horizontal directional drilling (HDD), one of the most common 
trenchless installation methods, allows installation of pipelines and 
conduits below ground using a surface-mounted drill rig. The rig 
places a drill string at a shallow angle with the horizontal and has 
tracking and steering capabilities. Due to the importance and popu-
larity of HDD in trenchless technology industry, a dedicated chapter 
is allocated in this book. 

For all categories of HDD, of Maxi, Midi, and Mini (see Chap. 1), 
a successful installation requires the use of similar practices, including 
proper advance planning, equipment selection, and setup. Figure 5.1 
illustrates an HDD installation. 

Mini-HDD is used for boring holes several hundred feet in length, 
for placing pipes of up to 12 in. in diameter and at depths of up to 30 ft. 
Mini-HDD is appropriate for placing local distribution lines (includ-
ing service lines or laterals) beneath streets, private property, and 
along right-of-ways. In comparison, Maxi-HDD is a relatively sophis-
ticated class of HDD. It is employed for boring holes several thou-
sand feet in length and placing pipes up to 60 in. diameter, at depths 
up to 200 ft. Maxi-HDD is appropriate for placing pipes under large 
rivers or other broad crossings and obstacles. Applications that are 
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intermediate to the Mini- or Maxi-HDD categories may utilize appro-
priate “Midi” equipment of intermediate size and capabilities.

Due to the high importance and large expense associated in accom-
plishing Maxi-, and possibly Midi-, HDD operations, such as major 
river-crossings, experienced engineers are typically engaged to help 
plan and design the overall installation, including use of appropriate 
hardware and software programs and navigational equipment. Mini-
HDD is relatively a low-cost procedure, which typically does not 
employ the services of professional engineers. Nonetheless, since 
improper Mini-HDD procedures, including incorrect bore planning, 
pipe loading, and equipment setup, can lead to problematic installa-
tions, including inadvertent return of drilling fluids and possible dam-
age to nearby buildings and facilities, the second portion of this chap-
ter (Secs. 5.4 and 5.5) presents relatively an easy-to-understand bore 
planning guidelines and pipe loading calculations for such operations. 
Same concepts can be utilized for Midi- and Maxi-HDD operations.

5.2 Method Description
Directional drilling methods utilize steerable soil drilling systems to 
install both small- and large-diameter pipes. In most cases, HDD is a 
two-phase process. Phase 1 involves drilling a pilot borehole of 
approximately 2- to 6-in. diameter along the proposed design center-
line. In phase 2, the pilot borehole is enlarged by use of a backreamer 
to the desired diameter to accommodate the pipeline. At the same 

Rig side Pipe sidePilot borehole

Rig side Pipe sideReaming

Rig side Pipe sidePull back

Drill pipe

Drill pipe

Drill pipe
Swab

Swivel

Product
pipe

Reamer

Drill bit

FIGURE 5.1 Generic HDD installation. (Source: Trenchless Engineering 
Corporation.)
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time, the product pipe is connected to the end of the drilling rod by a 
swivel and pulled back through the enlarged pilot borehole. How-
ever, for large-diameter pipes, a separate (intermediate) phase 
comprising several passes of backreaming (or “prereaming”) may be 
necessary to enlarge the borehole to the desired size. In this case, the 
pullback operation is performed simultaneously with the final back-
reaming operation. The pilot borehole is drilled with a surface-
launched rig with an inclined carriage, typically adjusted at an angle 
of 8° to 20° with the ground surface. Figure 5.1 illustrates a generic 
HDD installation.

The boring of the pilot borehole is accomplished by rotation of 
the cutterhead, assisted by the thrust force and drilling fluids trans-
ferred from the drill string. The mechanical cutter may vary from a 
slim cutting head with a slanted face for small- and short-bore appli-
cations (Mini) to a diamond-mounted roller cutter used with mud 
motors for large and long crossings (Maxi), as illustrated in Fig. 5.2. 
For Mini-HDD systems, directional steering control is accomplished 
mainly by the slanted cutter head face. For Maxi-HDD, a bent hous-
ing (a slightly bent section between 0.5° and 2.75° of the drill rod) is 
used to deflect the cutterhead axis from the local direction. In both 
Mini- and Maxi-systems, a curved path can be followed by pushing 
the drill head without rotating, and a straight path can be drilled by 
applying simultaneous thrust and torque (rotation) to the drill head.

Steering assemblies

Deflection shoe
Used with Mini to mid

size drill rigs

Wedge

Deflection
0.5 in. to 2.75 in.

Used for normal soil conditions
9-7/8 in. or 12-1/4 in.

Note:

Note:
Used for solid rock conditions

B in. or 12 in.

Soil conditions will also determine what degree deflection will be
used for the bent sub. Bent sub deflection angle varies from
0.5 in. deflection up to 2.75 in. deflection.

Deflection

0.5 in. to 2.75 in.

Size and type of drill bit, and or downhole drill
motor, is field determined by the drilling foreman.

Roller cone drill bit

Downhole drill motor

FIGURE 5.2 Maxi-HDD drilling and steering mechanism.
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5.3 Maxi-HDD Considerations
Maxi-, and larger-size Midi-, HDD operations are commonly used for 
obstacle crossings, such as a river, lake, roadway, an environmentally 
sensitive area, and shore approaches, or a combination of such situa-
tions (see Fig. 5.3). Product pipe selection (material, wall thickness, 
grade, coating, and others) is an important part of the HDD design 
process.

The American Society of Civil Engineers (ASCE) Manual of 
Practice (MOP) No. 108, Pipeline Design for Installation by Horizontal 
Directional Drilling, and American Society for Testing and Materials 
(ASTM F1962), Standard Guide for Use of Maxi Horizontal Directional 
Drilling for Placement of Polyethylene Pipe or Conduit Under Obstacles, 
Including River Crossings, provide overall guidelines for a Maxi-
HDD operation, addressing preliminary site investigation, safety 
and environmental considerations, regulations and damage pre-
vention, bore path layout and design, implementation, and inspec-
tion and site cleanup (ASCE, 2005; ASTM, 2005).

5.3.1 Site Investigation Requirements 
As in any construction project, the first step in an HDD installation 
is a thorough investigation of the site at which the work will be 
undertaken. As part of this investigation, a route must be selected 
with sufficient space for the various HDD equipment and opera-
tions. Figures 5.4a and b illustrate the space requirements for the rig 
and product pipe sides of the operation. An appropriate site inves-
tigation will also include both surface and subsurface surveys. 
Although each survey may be performed by different specialized 
engineering consultants, it is important that the results be integrated 
onto a single plan and profile drawing, which will be used by the 
contractor to price, plan, and execute the HDD operations. Accurate 
measurements for this drawing are important, as it will be used by 
the contractor for downhole navigation.

FIGURE 5.3 Maxi-HDD installation to cross beneath obstacles.
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Surface Survey
A topographic survey should be conducted to accurately describe the 
working areas where construction activities will take place. During 
this survey, all underground utilities and possible obstructions to the 
HDD operation must be identified. After proper route selection, both 
horizontal and vertical references must be clearly established so they 
can be used as a basis for specifying hydrographic and geotechnical 
data. A typical survey for river crossings should include overbank 
profiles on the crossing centerline extending from approximately 150 ft 
landward of the entry point (rig side) to the length of the prefabri-
cated pull section landward of the exit point (pipe side). Survey ties 
should also be made to topographic features near the crossing.

For significant waterways, a hydrographic survey will be required 
to accurately describe the bottom contours. Typically, it should consist 
of readings along the crossing centerline and approximately 200 ft 
upstream and downstream. This scope can be expanded to include 
more upstream and/or downstream ranges if this data is required to 
analyze future river activity.

Subsurface Survey
A subsurface survey for a Maxi-HDD installation should define the 
geological characteristics and engineering properties of the subsur-
face material through which the drilled path will pass. It should 

Tools/equipment/spare parts

Mud pump

Fluid system & tank

Drill pipe Crane

Entry point
Rig ramp

Power unit/control cab

Workspace limits

(a)

Bentonite storage

150 ft

100 ft

Tools &
spare parts

Exit point

Pipe handling
equipment

(b)

Prefabricated pull section
supported on roller stands

Fluid system &
tank (optional)

Mud pump
(optional)

Workspace limits

150 ft

50 ft
100 ft

FIGURE 5.4 (a) and (b) Typical space requirements for the rig and pipe sides of the 
HDD operation. (Source: ASCE, 2005.)
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include both a review of existing geological information and site-
specific data obtained from exploratory soil borings. The extent of the 
subsurface survey should be governed by practical economic limits.

The existing geological data should be reviewed to determine the 
general subsurface conditions at the specified location. The site-
specific geotechnical investigation should be conducted to confirm 
the probable subsurface conditions through which the river crossing 
will be installed. The number and location of borings, as well as the 
use of other exploratory techniques, will be based on local conditions 
taking into account the preliminary drilled-path design. Borings 
should be located approximately 50 ft off the crossing centerline and 
should extend to approximately 30 ft below the deepest crossing pen-
etration depth.

The sampling interval and technique will be based on site-
specific conditions and should be designed to accurately describe the 
subsurface materials. If rock is encountered, the borings should at a 
minimum penetrate the rock to a depth sufficient to confirm that it is 
bedrock, and preferably should extend beyond the HDD crossing’s 
penetration depth to provide detailed information about the bedrock 
properties. The following data is required from the borings:

• Standard classification of soils (USCS)

• Gradation curves for granular soils

• Standard penetration test (SPT) values, where applicable

• Cored samples of rock with rock quality designation (RQD) 
and percent recovery

• Unconfined compressive strength for rock samples

• Moh’s hardness for rock samples

The results of the geotechnical investigation should be presented 
in the form of a geotechnical report containing a brief description of 
local geology, engineering analysis, boring logs, test results, and a 
geotechnical profile of the subsurface conditions beneath the river 
or lake.

5.3.2 Drilling Operations 
The drilling operations for HDD are typically divided into three 
phases, depending on the size of the product pipe being installed and 
soil conditions: pilot borehole, preream and pullback, as described in 
the following sections.

Pilot Borehole Phase
Pilot borehole construction in Maxi-HDD is achieved by using a 
nonrotating drill string with an asymmetrical leading edge. The 
asymmetry of the leading edge creates a steering bias, while the 
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nonrotating aspect of the drill string allows the steering bias to be 
held in a specific position while drilling. If a change in direction is 
required, the drill string is rotated such that the direction of bias 
agrees with the desired change. Leading edge asymmetry is typically 
accomplished with a bent sub or bent motor housing located several 
feet behind the bit (see Fig. 5.2). A straight path is maintained by 
applying simultaneous thrust and torque (rotation) to the drill head.

In soft soils, drilling progress is typically achieved by hydraulic cut-
ting with a jet nozzle. If hard areas are encountered, the drill string may 
be rotated to drill without directional control until the hard spot has 
been penetrated. Mechanical cutting action required for harder soils or 
rock may be provided by a positive displacement mud motor, which 
converts hydraulic energy from drilling fluid to mechanical energy at 
the drill bit. This allows for bit rotation without drill string rotation.

The actual path of the pilot borehole is monitored during drilling 
using a steering tool positioned near the bit as shown in Fig. 5.5. The 
steering tool provides continuous readings of the inclination and 
azimuth at the leading edge of the drill string. These readings, in con-
junction with measurements of the distance drilled, are used to calcu-
late the horizontal and vertical coordinates of the steering tool rela-
tive to the initial entry point on the surface. When the drill bit 
penetrates the surface at the exit point opposite the horizontal drill-
ing rig, the pilot borehole is complete.

Preream Phase
Enlarging the initial pilot borehole is typically accomplished using 
a single backreaming operation, simultaneous with pullback of the 
product pipe, or––for larger pipes and/or harder soils––by means 
of several prereaming passes prior to product pipe installation. 
Reaming tools consist of a circular array of cutters and drilling fluid 
jets, and are often custom made by contractors for a particular bore-
hole size or type of soil (see Fig. 5.6). For a prereaming pass, a reamer 
attached to the drill string at the exit point is rotated and drawn back 
toward the drilling rig, thus enlarging the pilot borehole. Drill rod is 
added behind the reamer as it progresses toward the drill rig to ensure 
that a string of pipe is always maintained in the borehole. It is also 
possible to ream in the opposite direction, away from the drill rig, in 
which case a reamer fitted onto the drill string at the rig is rotated and 
thrust forward, however, in certain soil and project conditions this 
may cause ground disturbance and surface heave.

Pullback Phase
Pipe installation is accomplished by attaching the prefabricated prod-
uct pipeline section behind a reaming assembly at the bore exit point 
and pulling the reaming assembly and pipeline section back toward 
the drilling rig. This is undertaken after completion of the preream-
ing phase, or, for smaller diameter lines in relatively soft soils, directly 
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FIGURE 5.5 Magnetic wireline survey. (Source: ASCE, 2005.)

FIGURE 5.6 Different types of reamers. (Source: Trenchless Engineering 
Corporation.)
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after completion of the pilot borehole. A swivel is utilized to connect 
the pipeline section to the reaming assembly to minimize torsion 
transmitted to the product pipe. The aboveground pipeline section at 
the pipe-entry end is supported using a combination of roller stands, 
pipe handling equipment, or a flotation ditch to minimize tension 
and prevent damage to the pipe (see Fig. 5.7).

5.3.3 Drilled Path Design
To maximize the advantages offered by HDD, and help ensure a suc-
cessful installation, it is important to understand the obstacle to be 
crossed and to carefully select the route. For example, a river is a 
dynamic entity. Not only should its width and depth be considered, 
the potential for bank migration and scour during the design life of 
the crossing should also be taken into account. It should be recog-
nized that there is flexibility in locating a pipeline to be installed by 
HDD in both the horizontal plane and the vertical plane.

For the majority of drilled installations, there are six parameters 
which define the location and configuration of the drilled path. These 
are the entry and exit points, the entry and exit angles, the depth, and 
the radius of curvature. These parameters, or their limiting values, 
should be specified on the contract plan and profile drawing. 

Line
pipe
string

Pull head

Swivel
Swab

Drill stem

FIGURE 5.7 Pullback operation. (Source: Trenchless Engineering Corporation.)
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Bore Path Entry and Exit 
Entry angles should be between 8° and 20° with the horizontal. Exit 
angles should be designed to facilitate breakover support during pull-
back (i.e., the exit angle should not be so steep that the pull section 
must be severely elevated in order to guide it into the drilled bore-
hole). For relatively large-diameter pipes, the exit angle should gener-
ally be less than 10°. Figure 5.8 illustrates the entry and exit points.

Depth of Cover
Adequate cover should be provided to maintain crossing integrity 
throughout the design life of the pipeline being installed. Typically, 
Maxi-HDD crossings should be designed to provide greater than 20 ft 
of cover. This minimum depth aids in reducing inadvertent drilling 
fluid returns and provides a margin for error in existing grade eleva-
tion and pilot-borehole calculations, as well as dynamic variances in 
the river bottom. The depth of cover must be increased beyond these 
minimum criteria for installations beneath sensitive obstacles such as 
major waterways, highways, and railroads. Geotechnical factors should 
also be considered when selecting the vertical position of the pipeline.

Drill Rod Radius of Curvature 
A conservative industry guideline (ASTM, 2005) indicates the mini-
mum radius of curvature of the drill rods should be approximately 

 (Rrod)min = 100 Drod (5.1)

where (Rrod)min = minimum radius of curvature of drill rod, ft
 Drod = nominal diameter of drill rod, in.

In practice, drill rod manufacturers may allow a lower radius of 
curvature. The corresponding allowable degree of curvature or bend-
ing applies to bends in a vertical (profile), horizontal (plan), or 
inclined plane. The “Equipment and Product Restraints” section in 
Sec. 5.4.1 and Fig. 5.14 provide additional information regarding drill 
rod bending capability, and various associated terminologies. It 

FIGURE 5.8 Entry and exit points. (Source: Trenchless Engineering Corporation.)
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should be noted that in Maxi-HDD operations, due to the larger size, 
and greater stiffness of product pipes being installed, the minimum bore 
path radius of curvature may depend on the product pipe diameter. 

Maxi Horizontal Drilling Rig
Equipment required for a typical Maxi-horizontal drilling operation 
can be transported to the job site in approximately seven tractor-trailer 
loads. A workspace of 100 ft by 150 ft is typical (Fig. 5.4a) at the drill 
rig side. A similar size area at the bore path exit (pipe entry), plus a 
50 ft wide segment of sufficient length to accommodate the assembled 
pipe and associated equipment and handling (see “Product Pipeline 
Fabrication” section below, and as indicated in Fig. 5.4b), will be ade-
quate for most operations. If necessary, the workspace at the drill rig 
side for HDD equipment may be reduced to a minimum of 60 ft by 150 
ft, but this would restrict the size and capacity of the drilling rig. Space 
requirements will vary depending on the make and model of the drill-
ing rig and the position of the various components. However, the 
locations of the principal components (drill rig carriage, drill rod, and 
control trailer) are fixed by the entry point. The rig carriage must be 
positioned in line with the drilled segment and close to the entry point. 
The control trailer and drill rod must be positioned adjacent to the rig.

The workspace must be cleared and graded level. The related 
equipment is typically supported on the ground surface. Timber mats 
may be used where soft ground is encountered.

Product Pipeline Fabrication
Pipeline fabrication is accomplished using the same construction meth-
ods employed to lay a pipeline in a trench, therefore requiring similar 
workspace. The location of the fabrication workspace is controlled by 
the drilled segment exit point. Space must be available to allow the 
pipe to be fed into the drilled borehole. It is preferable to have work-
space in line with the drilled segment and extending back from the exit 
point the length of the assembled pipeline plus 200 ft. This will allow 
the pipeline to be prefabricated in a single continuous length prior to 
installation. If sufficient space is not available, the pipeline may be 
assembled in several sections, to be welded or fused together during 
installation, or restraint joints can be used (see Chap. 4).

This workspace must also be cleared, but need not be graded level. 
Equipment is typically supported on the ground surface. Timber mats 
may be used where soft ground is encountered. Figure 5.4b provides 
additional information describing the pipe side of the operation.

5.3.4 Drilling Fluids
The primary functions of drilling fluids in Maxi-HDD systems include 
cutting or jetting of soft soils, transmission of rotary power to a mud 
motor, cleaning of cutters, cooling of downhole tool and electronics, trans-
portation of suspended cuttings, stabilization of the drilled borehole 
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and lubrication (reduction of friction) for drill rods tools and product 
pipe. The impact of HDD on the environment, including potential reg-
ulatory problems, and associated misunderstandings, typically involves 
the use of drilling fluids. An awareness of the function and composition 
of HDD drilling fluids is imperative in producing a permittable and 
constructable HDD crossing design. Drilling Fluids in Pipeline Installa-
tion by Horizontal Directional Drilling is a detailed discussion of drilling 
fluids relative to HDD installations (Hair, 1994).

In a recent study by the Gas Technology Institute, it was reported 
that inadvertent drilling fluid return occurs in the majority of HDD 
operations. Since this event often cannot be prevented, prior to con-
struction, the contractor should prepare for inadvertent drilling fluid 
return, as discussed in the “Inadvertent Returns” section below.

Composition
The primary component of drilling fluid used in HDD pipeline installa-
tion is freshwater. In order for water to perform the necessary functions, 
a viscosifier is typically added to modify its properties. The viscosifier 
used almost exclusively on HDD installations is naturally occurring 
bentonite clay. The properties of bentonite used in drilling fluids are 
often enhanced by the addition of polymers. This enhancement typi-
cally involves increasing the yield (i.e., reducing the amount of dry 
bentonite required to produce a given amount of appropriate drilling 
fluid). For use in drilling fluids, standard bentonite yields in excess of 
85 barrels of fluid per ton of material. The addition of polymers can 
increase the yield to more than 200 barrels per ton of material.

Mixing Water
It is standard practice on an HDD river crossing to draw water for 
drilling fluid directly from the waterway. Where sufficient amounts 
of freshwater are not available, water may be obtained from a nearby 
municipal source or hauled to the crossing location. Substantial 
amounts of water are required; therefore ample trucking and storage 
are critical, if water must be hauled to the site.

Disposal of Excess Drilling Fluids
The preferred method of disposal for excess drilling fluid on an HDD 
installation is dispersal at the drill site. As an alternative, excess fluid 
may be hauled to a remote disposal location. Disposal of excess drill-
ing fluid in a waterway is not recommended and may not be allowed 
by regulatory agencies. The methods of disposal applied to a specific 
crossing will be dependent upon the size and location of the crossing 
as well as any applicable local, state and national regulations, and 
may include:

• Land farming––spread over an open area and mix with native 
soil
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• Mix with backfill materials 

• Transport to landfills

Proper documentation of drilling fluid disposal is usually 
required and includes volume removed, results of contamination 
testing, property owner agreement, and landfill license (see Fig. 5.9).

In addressing regulatory concerns, it is important to recognize 
that HDD drilling fluid is composed typically of water, bentonite, 
and drilled spoil. The major component of the fluid is water normally 
taken from a waterway or municipal source. For most HDD installa-
tions, the only foreign material introduced to the location is bentonite 
(a naturally occurring clay), possibly enhanced with polymers, with 
known characteristics and disposal recommendations. Applicable 
disposal regulations should be similar to those governing sedimenta-
tion and erosion control, hydrotest water disposal, or general con-
struction spoil disposal.

Recirculation
The primary method of effectively dealing with excess drilling fluid 
disposal is to minimize the excess. This is accomplished by recirculat-
ing drilling fluid returns to the extent practical. Recirculation on an 
HDD waterway crossing is complicated by the fact that a significant 
portion of the drilling fluid returns often occur at the exit point, on 
the bank opposite the drilling rig. This requires either two drilling 
fluid systems to be utilized or transportation of returns from the exit 
point to the drill rig location. Transportation of drilling fluid returns 
can be accomplished by truck, barge, or a temporary recirculation 
line drilled beneath the bottom of the waterway. Site-specific condi-
tions will determine which system is most advantageous.

Inadvertent Returns
An important HDD task involves management of uncontrolled sub-
surface discharge of drilling fluids. Under ideal circumstances, 

FIGURE 5.9 Drilling fl uid disposal can be a major operation in Maxi-HDD operations. 
(Source: Trenchless Engineering Corporation.)
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drilling fluid exhausted at the bit or reamer will flow back to the sur-
face through the annulus between the outside of the drill rod and the 
drilled borehole. In practice, however, this does not always occur. 
Drilling fluid will tend to flow along the path of least resistance. This 
can lead to dispersal into the surrounding soils or possible discharge 
to the surface at some random location. When random flow to the 
surface occurs, it is referred to as an inadvertent drilling fluid return or
frac-out.

Inadvertent drilling fluid return is not a critical problem in an 
undeveloped location. However, in an urban environment or high-
profile recreational area, inadvertent returns can be a major problem 
(see Fig. 5.10). In addition to the obvious public nuisance, drilling 
fluid flow can buckle streets or wash out embankments. Drilling 
parameters should be adjusted to maximize circulation and minimize 
the risk of inadvertent returns. Nonetheless, the possibility of lost cir-
culation and inadvertent returns cannot be eliminated. Contingency 
plans addressing possible remedial action should be made in advance 
of construction and regulatory bodies should be informed. In particu-
lar, the contractor should prepare a method of rapid detection, an 
inventory of containment materials, establishment of ingress/egress 
routes, and agreed upon cleanup methods.

5.3.5 Product Pipe Specifications
In many cases, the minimum pipe wall thickness and associated 
material requirements (e.g., yield strength) for safe operation during 
its operational (service) life will be determined by applicable codes 
and regulations. However, the load and stress analysis for a pipeline 
placed by HDD is different from that applied for the placement of 
conventionally buried pipelines because of the relatively high-tension 
loads, bending, and external fluid pressures acting on the pipeline dur-
ing the installation process. These loads may be higher than the design 
service loads. Thus, stresses and loads imposed during the installation

FIGURE 5.10 Inadvertent fl uid returns in the urban environment.
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stage should be reviewed and analyzed in addition to the subsequent 
operating stresses to ensure that acceptable limits are not exceeded. 
ASCE 108, and ASTM F1962, are useful references for such purposes 
(ASCE, 2005; ASTM, 2005). Such procedures would be further refined 
by competent engineering expertise, including an analysis of pipe 
and soil characteristics and interactions, often including the use of 
relatively sophisticated software tools.

A brief discussion of the installation and operating loads which 
affect an HDD installation is presented in the following section and 
Sec. 5.5.1.

Installation Loads
During installation, a pipeline installed by HDD is subjected to the 
following loads as it is pulled into a properly prereamed borehole.

 1. Tension: The product pipe is subjected to tension as it is pulled 
through the borehole by the drill rig. This tensile load is 
required to compensate for:

• Frictional drag due to contact between the outer surface of 
the pipe and the wall of the borehole.

• Fluidic drag on the pipe due to the drilling fluid in the 
borehole.

• Effective (submerged) weight of the pipe as it is pulled 
through elevation changes in the borehole.

  The frictional drag is due to a combination of effects leading 
to normal (perpendicular) pressure between the pipe and the 
borehole walls, including the submerged (buoyant) weight of 
the pipe as it rests (or is pushed) against the borehole surface 
in the relatively dense drilling fluid, lateral bending forces 
imposed on a relatively stiff product pipeline (e.g., steel) at 
bends along the route, and increased bearing pressure at 
route bends due to local tension in the pipe. Fluidic drag is 
due to the drilling fluid flow relative to the pipe surface. 
Depending upon the position of the pipe along the submerged 
path, the longitudinal component of the buoyant weight of 
the pipe locally increases or decreases the required tension.

 2. Bending: The pipe is subjected to bending as it is forced to 
negotiate the curves in the borehole. Local bending stresses 
are proportional to the ratio of the pipe diameter to the radius 
of curvature. These stresses must be added to those due to the 
pulling tension to determine the peak tensile stress along the 
installed path. In general, the bending stresses will be more 
significant for a pipe with significant stiffness (e.g., steel pipe) 
than a relatively flexible product (e.g., polyethylene), depend-
ing on the pipe diameter.



198 C h a p t e r  F i v e

 3. External pressure: The pipe is subjected to external pressure 
from drilling fluid in the annulus, surrounding the pipe, due 
to the hydrostatic pressure head, as well as the pressure incre-
ment due to the drilling fluid introduced at the reamer. This 
pressure may lead to instability or collapse of the pipe during 
the installation stage, possibly aggravated by the simultane-
ous tensile stresses acting on the pipe. It is also possible that 
collapse may occur following installation, prior to the opera-
tional stage and corresponding internal pressurization. The 
drilling fluid/slurry is typically assumed to solidify over a 
period of weeks or months, prior to which the relatively dense 
slurry continues to apply external hydrostatic pressure to the 
pipe. Polyethylene pipe, a commonly used pipeline material 
for HDD installations, is characterized by reduced collapse 
strength over extended load duration, and this phenomenon 
must be considered during this preoperational stage.

In order to reduce the required tensile force, as well as the effec-
tive external hydrostatic pressure on the pipe, it is a common practice 
for Maxi-HDD installations to add ballast fluid (water or drilling 
fluid) to the interior of the pipe, particularly for plastic products. 
The ballast fluid will significantly reduce the buoyant weight and 
corresponding frictional drag forces, as well as provide internal 
pressure to eliminate or reduce likelihood of collapse during the 
preoperational stage.

Operating (Service) Loads
With one exception, the operating loads and stresses in a pipeline 
installed by HDD are not materially different from those experienced 
by pipelines installed by open-cut techniques; therefore, past procedures 
for calculating and limiting stresses can be applied. One exception 
relates to elastic bending. A pipeline installed by HDD will contain 
elastic bends corresponding to the route curvature. Bending stresses 
imposed by the HDD installation method should be checked in com-
bination with other longitudinal and hoop stresses to ensure that 
acceptable limits are not exceeded. The operating loads imposed on a 
pipeline installed by HDD include:

• Internal pressure: With the exception of cable conduit, or grav-
ity sewers, the pipeline is deliberately pressurized to transport 
the fluid through the interior. The pressure causes circumfer-
ential tensile stresses, as well as possible longitudinally 
induced tensile stresses due to Poisson’s ratio effects.

• Elastic bending: The pipeline is subjected to elastic bending 
resulting from the pipe conforming to the shape of the drilled 
borehole, similar to that of the installation stage described 
above.
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• Thermal: The difference between the temperature at initial 
construction and the later operating temperature of the pipe-
line can result in tensile or compressive longitudinal stresses.

• External pressure: The pipeline is subjected to long-term exter-
nal pressure resulting from vertical loads that may be imposed 
on the pipe from the overhead soil as well as possible surface 
live or dead loads. These effects will typically be of greater 
significance for a plastic (e.g., polyethylene) pipe than a steel 
pipeline.

External Coating
External coatings used in HDD installations should be smooth and 
resistant to abrasion. Historically, pipelines installed by HDD in allu-
vial soils have usually been coated with corrosion coating only. 
Weight coating is generally not required. The deep, undisturbed 
cover provided by HDD installation has proven adequate to restrain 
buoyant pipelines.

The corrosion coating most often used on HDD crossings is thin 
film fusion bonded epoxy (see Fig. 5.11). This coating is popular 
because it is highly durable, and the field joints can be coated using a 
compatible fusion bonded epoxy system. For crossings installed in 
rock, highly abrasive soils, or soil conditions which might involve 
point loads, a protective coating should be used in addition to the cor-
rosion coating. The protective coating need not have corrosion preven-
tion properties, but must protect the underlying corrosion coating.

5.3.6 Specifications and Drawings
The HDD technical specifications should clearly define all details rela-
tive to HDD performance. Job specific details such as pilot borehole tol-
erances, water sources, and drilling fluid disposal requirements should 
be included in the specifications or an accompanying job specific section 
or a list of submittals. In addition to the technical specifications, the con-
tract documents should contain a plan and profile drawing. The drawings 

FIGURE 5.11 Coating inspection.
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should complement the technical specifications by providing a clear 
presentation of the crossing design as well as the results of topographic, 
hydrographic, and geotechnical surveys.

5.3.7 Contractual Considerations
Once design of the crossing is complete, a set of contract documents 
should be produced for solicitation of bids from contractors and to 
govern construction of the crossing. Contract documents should be 
structured to clearly present technical, commercial, and legal require-
ments. Contract forms applied to HDD projects can be separated into 
four basic categories: lump-sum, turnkey (design-build), daywork (cost-plus)
or unit price (footage). For a lump-sum contract, the contractor is paid 
a fixed amount for delivering a drilled segment in accordance with 
plans and specifications. Payment is based on performance and does 
not vary with the time or effort expended. A turnkey contract is simi-
lar to lump-sum, but the contractor assumes responsibility for the 
design phase as well construction phase of the operation. For a day 
work contract, the contractor is paid a fixed amount per day, or pos-
sible other unit of time, for providing equipment, required personnel, 
and service, in accordance with the contract documents. For the unit 
price contract, the contractor is paid based on the footage of pipe 
actually installed, as measured horizontally on the surface.

Lump Sum Contracts
In most cases, Maxi-HDD installations are advantageously bid using 
standard lump-sum contracts. (For convenience, bid prices may be 
broken down for analysis.) Applicable technical specifications and 
drawings should be included in the contract documents. A lump sum 
contract allows the contractor the option of providing the most effi-
cient, cost-effective installation, without motivation to do an unnec-
essarily long or more complicated installation. 

Turnkey (Design-Build) Contracts
A key aspect of this type of contracting is the partnering concept. The 
owner and the contractor work closely together in planning, design, 
cost control, scheduling, site investigations, and possibly land acqui-
sition or easement and project financing. A turnkey operation has the 
potential of significantly reducing project cost and delivery time 
while avoiding design-construction conflicts by having only one con-
tractor accountable for the entire project.

Daywork (Cost-Plus) Contracts
Because of the evolving nature of HDD technology, the industry has 
employed many contract variations. Typically, these variations 
involve negotiating a completion incentive into a cost-plus (daywork) 
contract. Significant technical advances have been made because of 
owner willingness to assume the risk of cost overruns or completion 
delays for prospective HDD installations which were not contractually
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feasible. However, a day-work contract requires much greater over-
sight by the owner than a typical lump sum or turnkey contract.

Although a cost-plus contract may not specify contractor perfor-
mance in terms of installation details, standards of contractor per-
formance are required and should be clearly defined. The required 
performance primarily involves the provision of equipment of a 
specified capacity. The components of equipment should be listed as 
well as conditions with respect to downtime, maintenance, crews, 
fueling, etc. In additional, items in the scope of work which can be 
contracted on a lump-sum basis, such as mobilization and site prepa-
ration, should be broken out, priced on a lump-sum basis, and gov-
erned by appropriate performance specifications.

Unit Price (Footage) Contracts
For a unit price contract, the owner estimates the number of units 
included for each element (activity) of work, such as linear feet of 
installed product pipe. In addition, the contract may include ancillary 
work such as tie-ins, pit excavation, mobilization and demobilization, 
or traffic control––typically provided on a lump-sum basis, as well as 
other items the owner or engineer may require, to be listed separately.

The contractor determines the unit price bid for the various items 
in the contract, as listed by the owner. The contractor should include 
overhead and profit within the unit prices, and reflect all the costs for 
each element of work, such as utility locating and potholing. It should 
be noted that actual unit price portion may change from estimated 
values based on the quantity of work realigned in the field.

The unit price contracting method is most commonly used for 
installation of pipelines using Mini- and Midi-HDD systems.

5.3.8 Inspection and Construction Monitoring
The primary objectives of an inspector involved in construction mon-
itoring on an HDD installation are to assist in the interpretation of the 
contract documents and to verify conformance, or nonconformance, 
by the drilling contractor. In the conduct of this task, it is important 
that the inspector document his or her observations and actions. 
Should a question or dispute arise after the installation is complete, 
the inspector’s notes may provide the only source of confirming data 
and information. Since a drilled installation is typically buried with 
deep cover, often under an inaccessible obstacle, its installed condi-
tion cannot readily be confirmed by visual examination.

Directional Performance
The inspector should be concerned with directional drilling perfor-
mance with respect to two basic measures: position and curvature. 
The contractor must install the pipeline such that the drilled length 
and depth of cover specified by the contract are satisfied. Further-
more, the contractor must not provide a path such that the pipeline 
will be damaged or overstressed during installation or subsequent 
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operation. The inspector should ensure that bends are not drilled at a 
radius of curvature less than the recommended minimum. If an 
apparently overly small radius occurs, the unacceptable portion of 
the borehole should be redrilled. If redrilling is not practical or proves 
unsuccessful, the problematic section should be reviewed with the 
design engineers to consider the possibility the pipe can function 
properly and that the codes and specifications governing design of 
the pipeline are not violated.

The actual position of the drilled path usually cannot be visually 
confirmed. Therefore, it is necessary for the inspector to have a basic 
understanding of the downhole survey system being used by the con-
tractor and be able to interpret its readings. It is not necessary for the 
inspector to continuously observe and approve the drilling operation. 
However, progress should be monitored periodically and problems 
addressed so that remedial action can be taken as soon as possible. 

Drilling Fluids
The inspector should document all drilling fluid products being used, 
the contractor’s pumping pressures and rates, and details relative to 
drilling fluid circulation at the endpoints of the HDD installation. The 
right-of-way and surrounding areas should be examined regularly for 
inadvertent returns. If inadvertent returns occur, they should be 
contained or cleaned up in accordance with the specifications and 
permits, and their locations monitored for continuing problems. See 
the “Disposal of Excess Drilling Fluids” section in Sec. 5.3.4 for addi-
tional information.

Additional Concerns
Depending upon the contractual and technical aspects of an HDD 
installation, there are numerous additional details which should be 
reviewed and documented. These may consist of gauge readings, pro-
duction rates, equipment failure, downtime, etc. During pullback, it is 
important to record the contractor’s operations relative to handling of 
the pipeline. Anti-buoyancy control measures, if used, should also be 
recorded. Following the completion of pullback, the condition of any 
visible pipe and coating at the leading edge of the pull section should be 
documented. The final steps in accepting project delivery may include:

• Preservation of entry and exit stakes until the pilot borehole 
is completed.

• Staking and verification of the distance, alignment, and ele-
vation between the final as-built and initially designed entry 
and exit points. 

• Maintenance of the following survey information for gener-
ating certified (“as-built”) documentation:

• Tabular data

• Preparer’s assumptions
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• Calculation methods

• Copies of field-generated data 

It is noted that the position of the desired drill path, and as-built 
pipeline, are only as accurate as the preconstruction survey.

5.4 Mini-HDD Considerations
Although typically a lower-cost, less critical operation than Maxi-
HDD, it is nonetheless critical that proper procedures be used in the 
planning, equipment setup and operation for a Mini-HDD installa-
tions. Improper procedures may result in compromised utility lines, 
including those being installed as well as existing facilities in the 
vicinity, sometimes leading to safety hazards. In other cases, the final 
installation parameters (location, depth, etc.) may fail to meet the cri-
teria of the inspector or utility owner. Thus, the availability of appro-
priate practices for Mini-HDD operations is extremely valuable. Such 
procedures would presumably be performed by contractors and their 
personnel that have the requisite skill and formal training, as well as 
extensive on-the-job experience.

It is also important, however, that the owners of the facility have a 
good understanding of the relevant HDD procedures and practices, 
and also participate in the planning and preliminary stages. Further-
more, it is important that owner’s inspectors have sufficient knowl-
edge to help ensure that the product pipes are placed correctly. Issues 
of concern include the reliability of the installed product, customer 
relations and safety, as well as possible environmental issues. It is 
noted that Rule 410C of the National Electrical Safety Code (IEEE, 
2007) requires that the contractor provide a designated (qualified) 
person (e.g., an operator/foreman) to be in charge of the operation and 
equipment, including responsibility for its safe operation.

Mini-HDD is primarily used to install pipes and conduits below-
ground for utility distribution lines along road or street right-of-way, 
and to place service lines. Although there are many similarities among 
the various HDD categories, this section presents a set of procedures 
specific for Mini-HDD, and some Midi-HDD, applications, providing 
details for bore planning and product pipe loadings.

Similar to Maxi-HDD operations, the Mini-HDD drill string cre-
ates a pilot borehole which is subsequently enlarged to a greater 
diameter during a reaming operation, typically simultaneous with 
final pullback of the product pipe or utility line. Figures 5.12 and 5.13 
illustrate these two stages of the typical Mini-HDD process. The cre-
ation of the pilot borehole and the reaming operations in Mini HDD 
are accomplished by fluid-assisted mechanical cutting provided by 
rotating the drill string. The procedure typically uses a high pressure, 
but low volume drilling fluid flow, to minimize the creation of voids 
during the initial boring and subsequent backreaming operations. 
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As mentioned earlier, the drilling fluid helps stabilize the borehole, 
remove cuttings, provide lubricant for the drill string and product 
pipe, and cool the drill head. The slurry surrounds the product pipe, 
typically filling the annulus between the pipe and the bored cavity 
and providing a permanent supportive filling. In contrast, for Midi- 
and Maxi-HDD operations, and for hard or rocky soil conditions, 
“mud motors” powered by the drilling fluids may be used. The use 
of such mud motors would only be applicable for the larger Midi-
HDD machines.

Tracking of the initial pilot bore path is accomplished by a manually 
operated overhead (walkover) receiver or a wireline (nonwalkover) 

FIGURE 5.13 Mini-HDD, backream, and pullback operations. (Source: Outside 
Plant Consulting Services.)
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guidance tracking system incorporated into the drill string. The walk-
over system (Fig. 5.12) is more common, for which the receiver is 
placed above the general vicinity of the drill head to allow a determi-
nation of its location and depth, and to indicate drill head orientation 
for determining steering information to be implemented from the 
drill rig. The information may be relayed to the drill rig operator by 
direct communication from the tracker, or transmitted remotely. 
Steering is achieved by controlling the orientation of the drill head, 
which has a directional bias, and pushing the drill string forward 
with the drill head oriented in the direction desired. Continuous rota-
tion of the drill string allows the drill head to bore a straight path. 

The most common type of pipe utilized for Mini-HDD operations 
traditionally has been high density polyethylene (HDPE), due to its 
relatively high tensile strength characteristics and the absence of 
potentially vulnerable joints. Other products, however, have been 
successfully installed, including various types of polyvinyl chloride 
(PVC) pipes and ductile iron pipes. Field fusible and restraint joint 
PVC represent recently introduced products designed to be installed 
by HDD or other pulling type applications. Either a single pipe or a 
bundle of small pipes may be placed (e.g., HDPE “innerducts” for 
communications applications). For the latter case, the desired com-
munication cable—fiber, coaxial, or copper—may subsequently be 
installed into the innerduct path, as convenient. Although it is possi-
ble to directly pull back a bare cable into the borehole, such a proce-
dure is not recommended for most cables, unless special protection 
(armor, etc.) is provided (Telcordia, 2007).

5.4.1 Mini-HDD Planning

General Considerations
The owner or project engineer will provide the general requirements 
for the path of the pipe, including location within the right-of-way, 
path of laterals to residence or building, etc. The actual layout, how-
ever, will vary from case to case, depending upon the specific obstacles 
or specified utility line architecture. For Mini-HDD projects, the detailed 
bore path for each segment will be determined on-site, in advance of 
the operations, by the selected contractor, utility and/or regulatory 
engineer.

Equipment and Product Restraints

Drill-Rod Constraints The planned path must be consistent with the 
steering capability of the drill string and the allowable radius of cur-
vature of the steel drill rods based upon the corresponding bending 
stresses in the steel rods and joints. Although some soil conditions 
will inhibit sharp steering maneuvers, path limitations will often be 
based upon fatigue strength considerations of the rods. A given rod 
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may be able to withstand a single bend cycle corresponding to a rela-
tively sharp radius of curvature, but the rotation of the rod during the 
boring operation results in flexural cycles, which may eventually 
cause cumulative fatigue failure. The diameter of the drill rod is an 
important parameter affecting its stiffness, steering capability, and 
the allowable bend radii. 

There are several terms that may be used to describe the bending 
capability of a drill rod, including the “radius of curvature,” (bend 
radius) “90° bend radius,” and “angular change per rod,” as illustrated 
in Fig. 5.14. The significance of the radius of curvature dimension, and 
the 90º bend radius terms are often a source of confusion in the Mini-
HDD industry. Whereas engineers are familiar with the radius of cur-
vature (or bend radius) dimension, construction personnel often use 
the 90º bend radius dimension, equal to the distance along a 90° portion 
(quadrant) of the perimeter of the circular path, since the latter term 
may be more readily identified or measured during a boring operation, 
for a bend in a horizontal plane. Similarly, the maximum angular 
change per rod is a practical measure of the rod behavior. It is impor-
tant that the construction personnel understand the significance of the 
terms in relation to drill rod specifications to avoid overstressing the 
rod or, conversely, underutilizing its capability.

The following relationships are applicable:

 90º bend radius (ft) = 90 × rod length (ft)/angular change (deg/rod)
(5.2a)

 radius of curvature (ft) = 90º bend radius (ft)/1.57 (5.2b)

 radius of curvature (ft) = 57.3 × rod length (ft)/angular change (deg/rod)
(5.2c)

“Degrees per rod”

“90° bend radius”

Rod or pipe

“Radius of curvature”
or

“Bend radius”

FIGURE 5.14 Drill rod or product pipe curvature terminology. (Source: 
Outside Plant Consulting Services.)
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For a typical Mini-HDD drill rod of approximately 2-in. diameter, 
the corresponding radius of curvature given by Eq. (5.1) is 200 ft. In 
practice, manufacturers will typically allow a 100-ft radius of curva-
ture for a 2-in. rod, confirming the conservative nature of Eq. (5.1). 
Such a bending capability corresponds to a 90° bend radius of approx-
imately 155 to 160 ft, or an angular change of 5.5° to 6.0° per 10 ft drill 
rod, consistent with Eq. (5.2). The corresponding allowable degree of 
curvature or bending applies to bends in all horizontal (plan) or verti-
cal (profile)—or inclined—planes.

Product Pipe or Conduit Constraints
In general, the allowable radius of curvature for the product pipe 
will be provided by the pipe manufacturer. For pipes or conduits 
constructed from plastic or other relatively flexible material, and the 
relatively small diameter pipe installed by a typical Mini-HDD 
operations, the bending limitation of the drill rods as given in Eq. 
(5.1) is typically sufficiently large to be compatible with that of the 
product pipe. For these cases, related bending stresses need not be 
explicitly considered in addition to the tensile stresses, as discussed 
and estimated in Sec. 5.5 for polyethylene pipe. However, for steel 
product pipe, guideline such as that given by Eq. (5.3) would be 
applicable:

 Rmin = 100 D (5.3)

where Rmin =  minimum radius of curvature of product pipe, or bore 
path, ft

 D = nominal diameter of product pipe, in.

For other materials, including pipe or conduit assemblies con-
taining joints or couplings of lower strength than that of the basic 
pipe element, the manufacturer’s recommendations should be fol-
lowed regarding minimum radius of curvature. In the absence of 
such low strength joints or couplings, and other related product infor-
mation, the following formula may be used (Hair, 1988):

Rmin = E · D/(SMYS · F1 · 24) (5.4)

where E =  elastic modulus, for the material and temperature of 
interest, psi

 SMYS = material specified minimum yield stress, psi
 F1 = design factor (< 1.0)

In this case, the corresponding bending stresses should be consid-
ered in addition to the estimated tensile loads, as determined for the 
product pipe used (ASCE, 2005). It is noted that the peak pulling load 
tensile stress for the pipe does not necessarily occur at the points of 
peak bending stresses.
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5.4.2 Bore Path Layout and Design—Vertical Trajectory

Depth of Cover
The nominal depths will be specified by the owner, including mini-
mum and maximum, and consistent with other existing utility loca-
tions, as determined by the preliminary investigations. A minimum 
depth of cover of 36 in. is desired to reduce the potential for drilling 
fluid penetration to the surface and avoid the tendency for the drill 
head to rise to the free surface, thereby complicating the steering 
operation during the initial pilot bore. In addition, typical industry 
guidelines recommend a minimum ratio of 10-to-1 for depth of cover 
to final borehole diameter to avoid surface heaving effects, for a pos-
sible compaction process during reaming and pullback in appropri-
ate soil conditions. In such cases, spoils disposal is minimized since 
the displaced soil is compacted into the surrounding walls of the 
borehole. For shallower burial or noncompactable soil conditions, the 
drilling operation must use appropriate drilling fluids designed to 
remove at least a portion of the spoils during the initial boring or 
reaming operations. A greater volume of drilling fluid would gener-
ally be required to remove the soil from the borehole in a soil removal 
process, in comparison to a compaction process. It is the responsibil-
ity of the contractor to understand and utilize drilling fluid technol-
ogy to form the borehole without surface heaving.

Figure 5.15 shows recommended minimum depth of cover for 
conditions compatible with the nominal 10-to-1 ratio for compactable 
soils, as well as for the case including a spoils removal process––
assuming a 5-to-1 ratio. The increasing depth as a function of bore-
hole (and pipe) diameter allows some degree of inefficiency of soil 
removal, reduced potential for any surface heave or settlement, and 

Final borehole diameter, in.

Compaction

0
0

20

40

60

80

100

120

140

160

2 4 6 8 10 12 14 16

Spoils removal (Mini-HDD)D
ep

th
 o

f c
ov

er
, i

n.

FIGURE 5.15 Recommended minimum depth of cover of borehole. (Source: 
Outside Plant Consulting Services.)
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also helps offset a possible tendency for the pipe to gradually rise 
toward the surface due to flotation effects in saturated soil condi-
tions. If a lower depth of cover than that indicated in Fig. 5.15 is nec-
essary, it is recommended that the final borehole size be gradually 
enlarged using several (one or more) prereaming passes, prior to the 
final pullback of the pipe, accompanied by careful monitoring of the 
drilling fluid pressures. In addition to observing the minimum depth 
guidelines, excessive depths may not be practical for future mainte-
nance activities on the installed pipes or utility lines.

Bore Path Profile (Vertical Plane) Trajectory
The radius of curvature of the drill rod path and the entry angle of the 
rod to ground surface will determine the depths achievable at the 
beginning of the bore path. Figure 5.16 illustrates a Mini-HDD bore 
profile trajectory, including pits at the entry area and possibly along 
the route. These pits may be required for pipe splicing, completing 
lateral connections, or to expose existing utilities. The pits may also 
be useful for collecting drilling fluids from the boring or backreaming 
operations. In order to achieve a specified depth at a particular point 
(e.g., point 1 or 2, Fig. 5.16) at the beginning of a bore, the front of the 
drill rig must be setback an appropriate distance from the point of 
entry. This distance will also depend upon the rod entry angle, which 
is determined by the drill carriage angle. Typical Mini-HDD drill car-
riages allow an entry angle in the range of 5° to 25° (10 to 45 percent
grade). Some locating systems provide the elevation angle in percent 
grade (vertical rise or drop per unit horizontal distance, times 100). 
For convenience, the angle in degrees is approximately equal to half 
the percent grade or pitch.
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FIGURE 5.16 Bore path profi le/trajectory (vertical plane). (Source: Outside Plant 
Consulting Services.)
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Setback Distance
The shortest setback distance corresponds to a bore path segment 
comprising a straight line extending from the drill rig directly toward 
the point of entry (e.g., point 1; see Fig. 5.16):

S1 = d1/Tan β

≈ d1/β (5.5)

where S1 =  shortest setback distance from entry point to point of 
interest, ft

 d1 = depth of point of interest, ft
 β =  bore entry angle, radians or (approximately) percent 

grade.

This formula corresponds to a drop at a constant grade angle. It 
should be noted that the depth of the bore path would continue to 
increase beyond this point, over the distance required for the drill 
rods to develop a concave-up curvature and achieve a horizontal 
trajectory.

If it is specified that the bore path be essentially level at the depth 
and point of entry, a longer setback distance will be required to allow 
the path to reach the desired depth, and a horizontal trajectory, at a 
decreasing rate of descent. This corresponds to the geometry leading 
to point 2 in Fig. 5.16. In this case, it is assumed that the bore is initi-
ated along a straight path, without any curvature or steering, for a 
distance equal to one full drill rod length (e.g., 10 ft, for typical Mini-
HDD machines) in the ground. This is a recommended industry prac-
tice to avoid lateral bearing loads at the front of the drill rig. The 
upward desired curvature may be introduced during the placement 
of subsequent drill rods. The minimum setback distance corresponds 
to a path with the first few rods inserted such as to continue the 
straight (sloping) trajectory, and the subsequent rods placed with the 
leading rod then creating a path at the minimum allowable radius of 
curvature, as follows:

 (S2 )min = l C os β + (Rrod)min Sin β

 + {d2 – l Sin β – (Rrod)min (1 – Cos β)}/Tan β 

≈ l + (Rrod)min β + {d2 – l β – (Rrod)min β 2/2}/β (5.6)

where (S2 )min =  minimum setback distance from entry point to point 
of interest, with level trajectory, ft

 d2 = depth at point of interest, ft
 l = drill rod length, ft 

The setback distances of Eqs. (5.5) and (5.6) are shown in Fig. 5.17 
for a typical 10 ft long drill rod and an allowable 100 ft radius of 
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curvature, for various entry angles. Figure 5.17 also indicates the 
minimum depths at which the trajectory may become level. Thus, for 
a bore entry angle of 15°, a depth of 72 in. will be achieved at a set-
back distance of slightly in excess of 20 ft using a straight trajectory 
segment. In comparison, a setback distance of at least 35 ft is 
required to reach the same depth with a level bore angle at that 
point. Figure 5.17 indicates that this particular entry angle, for the 
assumed radius of curvature, is not consistent with achieving a level 
bore at depths shallower than 72 in. In such cases, the trajectory 
would exceed the desired depth (i.e., beyond the point of interest, 
such as the entry pit). If it were necessary to remain within a specified 
maximum depth along the entire path, including near the entry point, 
a shallower entry angle or sharper (smaller) radius of curvature, or 
both, would be required, as quantified in the following section.

Minimum Depth at Level
Due to the recommendation that the first rod be placed in the ground 
such as to define a straight entry, and its subsequent path curvature 
consistent with the minimum allowable radius of curvature, there is 
a minimum depth at which the trajectory will become level, depend-
ing upon the entry angle. This depth may be calculated by:

 (d2)min = l Sin β + (Rrod)min (1 – Cos β)

≈ l β + (Rrod)min β2/2 (5.7)

Figure 5.17 shows the minimum depth value for the case of a 15° 
entry angle.
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FIGURE 5.17 Setback distances. (Source: Outside Plant Consulting 
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Depth/Setback Implications
If the determined setback distances or drill rig carriage angle consis-
tent with the project maximum depth specifications are not practical, 
consideration should be given to receiving approval from the owner 
allowing increased depths in the transition area following the entry 
pit. If necessary, smaller diameter, more flexible, drill rods may be 
considered if consistent with anticipated thrust and torque loads. 
Smaller radii of curvature than the manufacturer’s limits may be 
used by the contractor if it is recognized that reduced service life may 
result for the drill rods. If the steering conditions in the soil preclude 
a sufficiently sharp upward turn, mechanical assistance may be pro-
vided at the entry pit to apply an upward bending moment on the 
rod. It is noted that the corresponding radius of curvature is not nec-
essarily applied to the product pipe, which may only be pulled as far 
as the entry pit. Otherwise, the product pipe bend limitations dis-
cussed above should be observed.

Horizontal Distance to Rise to Surface
Figure 5.16 also illustrates the horizontal distance required for the 
head of the drill string to reach the surface from its present bore path. 
The minimum distance to reach the surface from a point on a level 
trajectory (e.g., point 3) corresponds to that of steering upward at the 
minimum radius of curvature, and is given by:

(S3)min = {2 d3 (Rrod)min }½ {1 – d3/[2(Rrod)min]}½

≈ {2 d3 (Rrod)min}
½ (5.8)

where (S3)min = distance to rise on arc from level trajectory, ft
 d3 = depth at point of level trajectory, ft

This distance, S3, is shorter than the distance, S5, corresponding to 
rising partially on an arc and then (e.g., point 4) continuing boring at 
a straight path at an upward angle to the surface:

 (S5)min = (Rrod)min Sin α + {d3 – (Rrod)min (1 – Cos α)}/Tan α 

≈ (Rrod)min α + {d3 – (Rrod)min α2/2}/α (5.9)

where (S5)min =  distance to rise on arc from point on level trajectory 
to specified exit angle, ft

 α =  bore exit angle, radians or (approximately) percent 
grade.

The horizontal rise distances S3 and S5 from a level trajectory are 
shown in Fig. 5.18 for a 100 ft radius of curvature and various exit 
angles. The maximum possible exit angle is limited by the depth.
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For a drill head oriented at an upward grade, the horizontal dis-
tance to rise to the surface (e.g., from point 4) is

S4 = d4/Tan α 

≈ d4/α (5.10)

where S4 = distance to rise to surface at constant rise angle, ft
 d4 = depth, ft

The values for the depth d4 and elevation angle α used in the 
above formula may be obtained by information provided by the drill 
head locating system. This formula corresponds to a rise at a constant 
grade angle, and the results are shown in Fig. 5.19.

5.4.3 Overall Bore Path Layout and Design

Bore Path (Horizontal) Planar Trajectory
In plan view, typical bore paths are relatively straight trajectories 
between the entry and exit points, and pass through intermediate 
access points, as required. A degree of route curvature in the hori-
zontal plane may be accommodated by the steering capability of the 
Mini-HDD system, consistent with the recommended bend radius 
of the drill rods (and product pipe) and steering capability within 
the soil.
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Bore Path Layout
The contractor must understand the right-of-way (ROW) constraints 
and the general path requirements and utility line architecture for 
planning the bore paths. This includes paths for pipes for distribution 
lines along the ROW and for services for individual residences or 
structures. The anticipated route must take into consideration the 
location of other existing utilities (Telcordia, 2007).

For a smooth level area without any underground utilities, a 
visual survey and simple sketch may be sufficient for defining the 
bore route. In more complicated situations, a transit or other type of 
surveying equipment may be required. In general, a proposed bore 
path plan view and profile layout should be prepared indicating the 
surface grade and important surface features, location of existing 
below ground utility lines, reference points, etc. The bore path layout 
should also show anticipated access pits for utility connections or lat-
eral service lines, and the bore depth at critical points such as access 
pits or utility line, as well as at other reference points along the route. 
For relatively level surfaces, a taut string at a convenient height, span-
ning the distance between the entry and exit points, will establish the 
average grade of the bore, representing a basis for determining the 
nominal trajectory of the bore path. 

The string may also provide a reference for verifying the proper 
depth during the actual operation in the presence of minor surface 
depressions or irregularities, and serves as a basis from which to 
interpret the guidelines of Sec. 5.4.2, which assumes a level surface 
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grade. Thus, for the simplification purposes, the bore entry and exit 
angles are defined relative to the average grade. For large surface 
depressions or mounds (e.g., of height greater than the depth of inter-
est and extending over a long expanse, on the order of the minimum 
drill rod bend radius or greater), the bore should attempt to follow a 
path at the nominal specified depth below the average surface pro-
file. Available industry tools may be used to provide assistance dur-
ing the planning and construction phases.

The path should avoid unnecessary bends and consecutive left and 
right, or upward and downward curves. Such trajectories are difficult 
to follow and may lead to over-steering and excessive bends, resulting 
in increased stresses in the drill rods and greater pulling forces during 
the installation of the pipe. A heavy rope or line placed on the surface 
may serve as a convenient means of defining a gradual curve consis-
tent with the desired path radius of curvature. The radius of curvature 
of the path may be estimated by:

 Ravg = ΔS/Δφ (5.11)

where Ravg = average radius of curvature along path segment, ft
 ΔS = distance along path, ft

 Δφ = angular change in direction, radians

Thus, a change of 0.1 radian (approximately 6°) per 10 ft corre-
sponds to a radius of curvature of approximately 100 ft.

Accuracy and Tolerance
The deviation of the actual bore route from the proposed path should 
be within a specified tolerance and such as to meet the intent of 
required separations from existing facilities. Both vertical and hori-
zontal limits should be specified by the owner, consistent with local 
regulations. Some regulations require that new construction activities 
be a minimum of 18 in. from either side of the outer edge of existing 
facilities (Telcordia, 2007).

Unintentional bore path deviations may result from attempting 
to follow a bend with sharp curvature, drill head misalignments 
caused by cobbles or other obstacles, or soil conditions in general. 
Deviations may be reduced by decreasing the interval between suc-
cessive drill head location determinations. Unless otherwise speci-
fied, the drill head should exit at the surface or access pit within a 
12-in. radius of the target point. It is generally less difficult to meet 
such a condition for a target point in a pit than at the surface in a 
gradually rising bore profile (see Fig. 5.16). The allowable horizontal 
and vertical deviations along the bore route should also be specified 
by the owner. Typically, horizontal and vertical deviations along the 
bore route should be within ± 18 in. of the proposed path. 
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Separation from Existing Utilities
To help maintain an 18 in. separation from an existing facility along 
the route, the proposed bore path, including the radius of the widest 
cutter/reamer, should be at least 36 in. laterally offset from, or below 
or above the verified depth of the closest edge of the facility (Telcordia, 
2007). An exception includes the case of the bore path crossing an 
exposed utility, at which point the desired physical separation, or 
noninterference, can be positively verified (IEEE, 2007).

5.5 Pipe Load Calculations
As said earlier, the product pipe must be capable of withstanding the 
corresponding various loads experienced during the operational (ser-
vice) phase, and during the installation and preoperational phases. It 
is therefore recommended that the product pipe be independently 
verified to be able to withstand the service loads corresponding to 
internal pressurization, if appropriate, as well as soil and surface loads, 
such as experienced in a conventional trench installation; see The Plas-
tics Pipe Institute Handbook of Polyethylene Pipe, Plastics Pipe Institute 
(PPI, 2008). Regarding the installation phase, a method intended for 
Maxi-HDD projects installing polyethylene pipe is provided in ASTM 
F1962, Standard Guide for Use of Maxi Horizontal Directional Drilling for 
Placement of Polyethylene Pipe or Conduit under Obstacles, Including River 
Crossings (ASTM, 2005). In comparison, a simpler technique would be 
more appropriate for typical lower cost, less sophisticated Mini-HDD 
operations. Thus, a simplified methodology is presented in this sec-
tion to estimate the required pull loads on polyethylene pipe installed 
by Mini-HDD systems. This simplified procedure also evaluates the 
potential collapse tendency of the polyethylene pipe during the instal-
lation or post-installation (preoperational) phases. 

The methodology and associated formulae are based upon 
approximations to the more complex set of equations and procedures 
provided in ASTM F1962. The objective is to provide a convenient 
means of identifying potentially problematic Mini-HDD installations 
and/or to aid in the pipe selection process, in contrast to the exten-
sive planning or analytical investigations characteristic of typical 
Maxi-HDD projects. The proposed mathematical model reflects the 
major route parameters (bore length, planned bends) and buoyant 
force for an empty polyethylene pipe, and also accounts for unplanned 
curvatures (undulations) resulting from path corrections in a typical 
Mini-HDD installation.

Although the methodology is primarily conveniently described 
with respect to Mini-HDD installations, the results are also applicable 
to Midi-HDD operations. The procedure is applicable to commonly 
used high-density polyethylene (HDPE) pipe, based on its character-
istically low-bending stiffness. 
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5.5.1 Pipe Load Calculations
Figure 5.20 illustrates a typical geometry for a major (Maxi-HDD) 
operation, corresponding to a river crossing. The indicated path cor-
responds to that shown in ASTM F1962 and comprises four segments, 
including those spanning the pipe entry to exit point (L2, L3, L4) and 
the excess length (L1) remaining after the span has been accomplished. 
Thus, the length of the actual crossing, Lbore, is given by

 Lbore = L2 + L3 + L4

In some cases, the intermediate horizontal segment, L3, may be of 
zero length. Due to the typically low pipe entry angle, α, and exit 
angle, β, and gradual path curvature, the depth of the crossing, H, is 
small compared to the transition distances L2 and L4.

Pull Force
Using the above terminologies, ASTM F1962 provides a set of recur-
sive relations to predict the required pull force ––TA, TB, TC, and 
TD–– corresponding to the leading end of the pipe reaching point A,
B, C, and D (see Fig. 5.20). Thus,

 TA = eυa α · υa · wa · (L1 + L2 + L3 + L4) (5.12a)

 TB = eυb α · (TA + υb · |wb| · L2 + wb · H – υa · wa · L2 · eυa α ) (5.12b)

 TC = TB + υb · |wb| · L3 – eυb α · (υa · wa · L3 · eυa α) (5.12c)

 TD = eυb β · (TC + υb · |wb| · L4 – wb · H – eυb α · [υa · wa · L4 · eυa α]) (5.12d)

where wa and wb are the empty (above ground) and buoyant weights of 
the pipe, respectively, and υa and υb. are the corresponding coefficients
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Direction of Bore

FIGURE 5.20 Nominal Maxi-HDD route (river crossing). (Source: Outside Plant 
Consulting Services.)
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of friction. Equation (5.12) is sufficiently general to consider the pos-
sible implementation of anti-buoyant measures to reduce the other-
wise high values of wb for polyethylene pipe. In the absence of such 
anti-buoyancy measures, or with low friction pipe supports (e.g., roll-
ers) outside the borehole, the maximum pull force will tend to occur 
toward the end of the installation (e.g., TC or TD).

Equation (5.12) is based upon conventional Coulomb friction, 
which assumes that drag forces on the pipe are proportional to the 
normal bearing forces applied at the pipe surface, with the propor-
tionality constant designated as the “coefficient of friction.” Such 
bearing forces may be due to the dead (empty) weight of the pipe 
where above ground, the buoyant weight of the submerged pipe 
(possibly mitigated by anti-buoyancy measures), bearing/bending 
forces associated with pulling a stiff pipe around a curve, or bearing 
forces resulting from (previously induced) axial tension tending to 
pull the pipe snugly against any locally curved surfaces.

For the case of polyethylene pipe, of typically low bending 
stiffness relative to that of the steel drill rods that created the grad-
ually curved original borehole path, the corresponding bearing/
bending forces may be ignored. However, the tension-induced 
bearing forces are primarily dependent upon the cumulative bend 
angles, which may be significant, independent of the gradual 
nature or variable direction of such curves or degree of pipe bend-
ing stiffness, and are included in the analysis. Such effects com-
pounded, and in some situations may become the dominant source 
of drag, essentially controlling practical placement distances. This 
phenomenon is referred to as the “capstan effect” (i.e., the operat-
ing principle of the “capstan winch,” see Fig. 5.21) and is the basis 
of the exponential terms in Eq. (5.12). In particular, the following 

Pulls large load
(head tension)

Rotating capstan/drum

Minimal
tail load
required

FIGURE 5.21 Capstan winch (practical application of the capstan effect). 
(Source: Outside Plant Consulting Services.)
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relationship illustrates the basic phenomenon for the idealized case 
of a weightless, flexible pipe:

 F2 = F1 · eυ θ (5.13)

where F1 represents axial tension at the entry point of a bend of mag-
nitude θ (radians), υ is the local coefficient of friction between the 
product pipe and borehole wall surface, and F2 is the required axial 
tension at the exit point of the bend. In practice, the impact of the actual 
weight of the pipe may be reflected in the preceding tension, F1.

Pipe Collapse
ASTM F1962 provides the critical (buckling) pressure, Pcr, as given by 
Eq. 5.14

 Pcr = 2 E · fo · fR /{(1 – μ2) · (DR – 1)3} (5.14)

where E = material modulus of elasticity
 μ = Poisson’s ratio
 fo = ovality compensation (reduction) factor

 fR = tensile stress reduction factor

The dimension ratio, DR, refers to the ratio of the pipe outer diameter 
to its (minimum) wall thickness. In a discussion of ASTM F1962, 
Petroff (2006) explains the significance of these terms. The material 
properties, E and μ, for the viscoelastic HDPE pipe depend upon the 
load duration, fo accounts for initial or subsequent out-of-roundness, 
and fR recognizes a potential reduction in collapse strength in the 
presence of significant tensile loads during the installation phase. 
Petroff (2006) also provides an explanation of the possible sources 
and nature of the pressure loads on the pipe, including that due to 
hydrostatic pressure associated with drilling fluid or groundwater 
pressure, and asymmetric earth pressure that cause ring deformation, 
as well as the implications of their time dependent characteristics. In 
general, the detailed consideration of the interaction of the various 
phenomena, and the consequences for the product pipe, is relatively 
complex and not within the scope of this book. 

5.5.2 Simplifications for Mini-HDD Applications
The detailed application of Eq. (5.12) to determine the required ten-
sile load on the pipe during the installation phase, and Eq. (5.14) to 
evaluate the possibility of pipe collapse during installation or the 
post-installation (preoperational) phase, would be tedious for typical 
Mini-HDD applications. On the other hand, application to potentially 
problematic installations would be desirable, although not necessar-
ily feasible, for most Mini-HDD personnel, in spite of their being 
otherwise well-trained in this technology. Thus, the reduction of 
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these equations to relatively simple formulae and practical proce-
dures, albeit at a possible loss of precision, would be beneficial, as 
described in the following sections.

Pull Force
In order to reduce the complexity of Eq. (5.12) for Mini-HDD installa-
tions, the procedure is limited to polyethylene pipe without the use of 
anti-buoyancy techniques. Such techniques are typically not employed 
for Mini-HDD operations. Substituting specific (conservative) values 
for several of the parameters, and a comparison of the typical magni-
tudes of the resulting calculations, allows a major simplification of 
the predicted pull force at the end of the installation, TD. In particular, 
values of the frictional coefficients υa and υb are assumed to be equal 
to 0.5 and 0.3, respectively, and pipe entry and exit angles, α and β,
are assumed to be 20°. Thus, it may be shown that Eq. (5.12d) can be 
simplified to

 TD ≈ Lbore · wb · (1/3) (5.15)

It is recognized that, under appropriate conditions and actual instal-
lations, the pull force may achieve its maximum level prior to point D
in Fig. 5.20. However, with the present basic theoretical model, under 
the assumed conditions and conservative parametric values, the pre-
dicted tension at point D would be a maximum, or reasonably close 
in magnitude to a previously occurring (predicted) maximum value.

For Mini-HDD installations, the above estimate TD must be mod-
ified to account for the possibility of additional path curvature due to 
deliberate route bends as well as the likelihood of unplanned undula-
tions resulting from path corrections. The presence of such character-
istics in the final (as-built) path will increase the required pull force, 
consistent with the capstan effect described above. These effects may 
be conservatively estimated by the applying the exponential term in 
Eq. (5.13) to the tension TD, such that

 TD
1 = TD · eυb θ (5.16)

represents the net final tension, for which the angle θ is selected as 
equal to the total additional route curvature. The latter may be 
expressed as

 θ = n · (π/2) (5.17)

where n is equal to the number of additional 90° route bends due to 
the cumulative route curvature, as described below. Considering the 
assumed value of υb of 0.3, combining Eqs. (5.15) to (5.17) yields:

 TD
1 ≈ [Lbore · wb · (1/3)] · (1.6)n (5.18)
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It is interesting to note that Eq. (5.18) does not include the depth 
of the route, H, which is explicitly included in the original Eq. (5.12). 
The mathematical simplifications have essentially eliminated this 
dependency as a relatively minor effect, as appropriate for the simpli-
fication purposes.

Additional Path Curvature 
The value of n in Eqs. (5.17) and (5.18) may be expressed as

 n = n1 + n2 (5.19)

where n1 = effective number of deliberate/planned 90° route bends
 n2 =  cumulative curvature due to the unplanned undulations. 

For example, if a deliberate horizontal (planar) bend of 45° to the 
right, in order to avoid an obstacle or follow a utility right-of-way, is 
followed by another 45° horizontal bend to the left, each 45° bend is 
equal to half of a 90° bend, corresponding to a total of ½ + ½ = 1 full 
90° bend (i.e., n1 = 1).

It is considerably more difficult to predict or determine the value 
of the cumulative unplanned curvature, n2, since this will obviously 
vary among installations due to soil conditions, and expertise of the 
crew. However, the following rule may be used to provide a reason-
able estimate for a Mini-HDD operation:

n2 ≈ Lbore (ft)/500 ft (5.20)

That is, there may be assumed to be effectively one 90° bend, due 
to path corrections, for each 500 ft of path length. This rule is based 
upon limited experiences, including analyses of sample as-built data 
provided in Mini-HDD equipment user manuals. The above-
suggested value is consistent with the general magnitude of the 
corresponding curvature of the actual installed paths. It is noted that 
this value is not necessarily intended to be a conservative estimate, 
and that significant variability may be anticipated.

The magnitude of unplanned path curvature provided by Eq. (5.20)
is intended to be applicable to a Mini-HDD operation, which typi-
cally uses steel drill rods of approximately 2-in. diameter. Larger 
diameter drill rods are stiffer and, therefore, result in more gradual 
path deviations and corrections, resulting in a reduced level of path 
undulations. Thus, when applying the above procedures to a Midi-
HDD operation, a reduced value of n2 should be used. In particular, 
since the rod stiffness is directly proportional to rod diameter, the fol-
lowing general value is implied

 n2 ≈ [Lbore (ft)/500 ft] · [2-in./d (in.)] (5.21)
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where d refers to the diameter (in.) of the steel drill rod. For example, 
it is possible to say that a 4-in.-diameter drill rod would correspond 
to one 90° bend every 1000 ft.

The above linear dependence of (unplanned) curvature on rod 
diameter is consistent with maintaining an equivalent stress level in 
the steel rod, and corresponds to approximately one-third that typi-
cally allowed by bending specifications provided by drill rod manu-
facturers. Although, in principle, this same rule may be extrapolated 
to Maxi-HDD, using corresponding large diameter drill rods, it is 
considered excessively conservative for such well-planned, well-
controlled installations.

Buoyant Weight In order to apply Eq. (5.18), it is necessary to deter-
mine the buoyant weight, wb, of the portion of the polyethylene pipe 
submerged in the drilling fluid in route segments L2, L3, and L4, illus-
trated in Fig. 5.20. ASTM F1962 provides general formulae for calculat-
ing the effective buoyant weight of the pipe under various conditions, 
including empty, filled with water, and filled with drilling fluid. For 
Mini-HDD case of interest, for which the pipe is empty, and, as sug-
gested in ASTM F1962, the specific gravity of the drilling fluid (mud), 
γb, is conservatively assumed to be equal to 1.5, the buoyant weight 
may be conveniently determined by

 wb (lb/ft) = 0.5 · D2 – wa (lb/ft) (5.22)

where D is the outer diameter (in.) of the product pipe. The value of 
wa may be obtained from the manufacturer, specifications for each 
specific product pipe (diameter and DR rating).

Pipe Collapse
The critical pressure, Pcr, as given in Eq. (5.14), may be expressed in 
terms of an equivalent head (ft) of water, for idealized conditions in 
which the ovality reduction factor, fo, and tension reduction factor, fR,
are assumed equal to 1.0. Since the (effective) material stiffness, E,
and Poisson’s ratio, μ, are dependent upon the load duration, the 
critical pressure is also dependent upon duration. Table 5.1 is based 
upon Eq. (5.14), and industry provided pipe characteristics (PPI, 
2008), and is applicable to any HDPE pipe diameter.

Since the drilling fluid is of significantly greater density than 
water, the indicated pressure head (ft) values of Table 5.1 must be 
reduced by a factor of 1 divided by γb. The values must be further 
adjusted (reduced) for possible initial elevated temperature (PPI, 2008) 
as well as aforementioned ovality and tensile load considerations.

There are two phases to be considered with regard to possible 
collapse of the pipe. During the installation phase, 1- to 10-hour 
strength would be appropriate, in combination with anticipated val-
ues of fo and fR during this period. For the post-installation phase, a 
1000-hour collapse strength is employed as the maximum period 
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during which the drilling fluid applies hydrostatic pressure on the 
pipe, subsequent to which it is conveniently assumed to thicken and 
actually provide support against possible earth-imposed loads, or by 
which time the soil has locally redistributed is relaxed around the 
pipe to provide some lateral support against buckling. For this post-
installation phase, the tension reduction factor, fR, is equal to 1.0.

Based upon the ovality reduction factor dependency trend pro-
vided in ASTM F1962, and consistent with the present simplified 
approach, it is reasonable to assume a maximum overall value of fo of 
approximately 0.5 to account for ring deformation due to initial oval-
ity plus the value induced by installation or post-installation load-
ings. Such deflections may be induced by bending, aggravated by ten-
sion-induced wall bearing pressure, or possible postinstallation soil 
loads.

The greater collapse strength at 1 to 10 hours relative to that at 
1000 hours, would tend to be offset somewhat by the tension reduc-
tion factor, fR, during installation as well as the degradation at possi-
ble elevated temperature as the polyethylene pipe rests on the surface 
prior to installation. However, these latter degrading effects would 
not be experienced simultaneously, or with the pipe being placed 
at its maximum depth and distance. Therefore, the 1000-hour (postin-
stallation) collapse characteristics, as adjusted, are conveniently 
employed to evaluate the vulnerability to collapse. Based upon the 
above discussion, Eq. 5.23 is derived

 H (ft) = 1000-hour water head · fo · fR/γb

 = 1000-hour water head · (0.5) · (1.0)/(1.5) 

or,
 H (ft) = 1000-hour water head/3.0 (5.23)

where H is the allowable head of drilling fluid (ft) (i.e., maximum 
pipe depth).

Duration
Pipe Diameter to Thickness Ratio (DR)

7.3 9 11 13.5 15.5 17 21
Short term 2896 1414 724 371 238 177 91

1 hour 1714 837 429 219 141 105 54

10 hours 1436 702 359 184 118 88 45

100 hours 1205 588 301 154 99 74 38

1000 hours 1019 498 255 131 84 62 32

1 year 880 430 220 113 72 54 28

50 years 649 317 162 83 53 40 20

TABLE 5.1 Ideal Critical Pressure (Water Head, ft) for Unconstrained HDPE Pipe 
(73° F)
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5.5.3 Applications

Pull Force
Equations (5.18) through (5.21) provide means of predicting the peak 
pull force, TD

1, on the pipe during a Mini- (or Midi-) HDD installa-
tions. The predicted load should then be compared to the safe pull 
strength for the pipe, which is provided in Table 5.2 for HDPE for a 
variety of pipe sizes. The safe pull strength (lb) is based upon the safe 
pull tensile stress (SPS), as applied to the pipe cross-section (PPI, 
2008). The SPS accounts for the effective load duration, assumed to be 
one hour for the Mini-HDD applications, and a significant reduction 
(less than half) relative to the nominal tensile test strength of HDPE 
(3200 lb/in.2) to limit nonrecoverable viscoelastic deformation 
(Petroff, 2006). 

ASTM F1962 requires that the predicted peak tensile load to be no 
greater than the corresponding safe pull strength, without requiring 
additional margin or the employment of any explicit safety factor. 
This is considered reasonable for a typically well-planned, well-
controlled Maxi-HDD operation since there is a degree of conserva-
tism incorporated into the employed material properties, and in the 
other parametric values. However, for a typical Mini-HDD installa-
tion, there may be a wide variability in the as-built route characteris-
tics, such as the degree of actual path curvature and undulations, as 
discussed in the “Pull Force” section in Sec. 5.5.2, and other depar-
tures from the idealizations with various approximations and assump-
tions incorporated into the simplifying model described herein. It is 
therefore required that:

 TD
1 [Eqs. (5.18) to (5.22)] <safe pull strength (Table 5.2) (5.24)

by a reasonable margin (e.g., depending upon the application), it may 
be desired that the predicted tension TD

1 be no more than approxi-
mately half the safe pull strength indicated in Table 5.2.

Nominal
Size
(in.)

Pipe Diameter to Thickness Ratio (DR)

7.3 9 11 13.5 15.5 17 21

2 2998 2505 2096 1739 1530 1404 1085

3 6511 5439 4551 3777 3324 3049 2356

4 10,762 8991 7524 6244 5494 5040 3895

6 23,327 19,488 16,307 13,533 11,909 10,924 8442

8 38,399 32,080 26,844 22,278 19,603 17,982 13,897

12 86,398 72,180 60,398 50,125 44,108 40,461 31,268

TABLE 5.2 Safe Pull Strength (lb), HDPE Pipe, 12 Hours
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Pipe Collapse
ASTM F1962 specifies that the effective applied pressure to be less 
than the collapse load as given by Eq. (5.14), but with a safety factor, 
such as 2-to-1. As applied to Eq. (5.23) for Mini-HDD applications, 
the requirement, therefore, corresponds to:

 H (ft) ≤ 1000 hour water head (Table 5.1)/6.0 (5.25)

Such additional margin is intended to account for loads or degrad-
ing effects not previously directly considered, such as a possibly 
extended period for the drilling fluid/slurry to thicken and provide 
the anticipated lateral support.

This procedure is considered reasonably conservative for Mini-
HDD installations for drilling under roads or most other obstacles. 
For river or creek crossings, in which the soil loads may be influenced 
by the overlying water, additional considerations may be warranted, 
such as discussed by Petroff (2006). For such cases, it may be desired 
to use a greater safety factor or a longer term collapse strength.

5.5.4 Design Example
The appropriate wall thickness of an HDPE pipe, for a given diame-
ter, may be conveniently determined by the application of Eqs. (5.24) 
and (5.25). As an example, consider the feasibility of installing a 4-in. 
HDPE pipe of DR 11 rating, for a relatively long 600 ft Mini-HDD 
route, including one deliberate 90° planar bend, and placed at a rela-
tively large depth of 30 ft.

The following physical properties apply to the HDPE pipe and 
specified route:

 Lbore = 600 ft 

 D = 4.50 in. 

 wa = 2.3 lb/ft 

 H = 30 ft 

Based upon these values, the following values may be directly 
calculated:

 n1 = 1.0 (one deliberate 90° bend) 

 n2 = Lbore (ft)/500 ft 

 = 600 ft/500 ft 

 = 1.2 (additional equivalent 90° bend) 

 n = n1 + n2

 = 1.0 + 1.2 

 = 2.2 

 wb = 0.5 · D2 – wa (lb/ft) 

 = 0.5 · (4.50)2 – 2.3 (lb/ft) 

 = 7.8 lb/ft 
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Thus, Eq. (5.18) predicts a peak pull load of

 TD
1 = [Lbore · wb ·  (1/3)] · (1.6)n

 = [600 ft · 7.8 lb/ft · (1/3)] · (1.6)2.2

 = 4387 lb 

Equation (5.24) then requires that this predicted installation load, 
4387 lb, be significantly less than the relevant safe pull strength 
(nominal 4-in. pipe, DR 11) indicated in Table 5.2 for HDPE pipe. The 
corresponding safe pull strength of 7524 lb, allows a safety factor of 
1.72, representing a reasonable margin. Although the example con-
siders a 4-in. pipe, for a given DR value, the predicted pull load, TD

1,
and the safe pull strength are both proportional to the square of the 
outer diameter. The conclusions are, therefore, independent of the 
pipe diameter. It is noted that the use of the DR 11 pipe in a longer, 
nominally straight route of 800 ft—beyond the generally accepted 
limit (600 ft) for Mini-HDD applications—would also be predicted to 
be have an equivalent margin of safety.

Regarding the potential vulnerability to collapse, either during or 
after installation, Eq. (5.25) requires that the peak installation depth, 
or 30 ft, be no greater than one-sixth the relevant head of water (1000 
hours, DR 11) indicated in Table 5.1 for HDPE pipe. This corresponds 
to a safe depth of 255 ft divided by 6.0, or 42.5 ft, independent of pipe 
diameter. Thus, the relatively large 30 ft proposed installation depth 
is within the capability of the DR 11 wall thickness.

This relatively difficult (long, deep) installation(s) demonstrates 
that a DR 11 HDPE pipe represents a reliable selection for the large 
majority of Mini-HDD applications, and is, in fact, consistent with 
field experience. Thinner-walled pipe (higher DR rating) may be 
successful in many cases, as may be verified by specific calculations 
for the route of interest. It is also emphasized that the present 
methodology for pipe DR selection does not prove that a thinner-
walled pipe, such as DR 17 commonly used, would not be successful 
in practice in individual installations, but as in most design proce-
dures, it should be noted, is intended to serve as a caution that this 
design may be marginal (nonconservative).

5.6 Summary
This chapter has presented general background as well as basic 
design and project management considerations for HDD. Both Maxi-
HDD and Mini-HDD operations were discussed. Although typical 
Mini-HDD installations are individually less critical than more com-
plex, extensive Maxi-HDD projects, it is nonetheless important to 
follow proper planning and installation practices to help assure a 
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successful projects. Improper procedures may result in damaged or 
compromised facilities, including those being installed as well as 
existing utilities in the vicinity. 

Various manuals or guides, as well as software tools, are available 
in the industry, to help plan the bore and determine loads applied to 
pipelines during a Maxi-HDD installation, including during the sub-
sequent operational stage. In particular, ASTM F1962, provides a 
planning and design methodology appropriate for polyethylene pipe. 
This chapter provided analogous information for Mini-HDD installa-
tions, including a simplified method for estimating corresponding 
loads and evaluating the potential for polyethylene pipe to withstand 
the installation and postinstallation forces. Additional details for 
such installations are provided in TR-46, Guidelines for Use of Mini-
Horizontal Directional Drilling for Placement of High-Density Polyethylene 
Pipe,  published by Plastics Pipe Institute (PPI, 2009).

Although the Mini-HDD formulae and methodology discussed 
in this book are only applicable to polyethylene pipe, with its charac-
teristically low stiffness, same concept can be used for pipes with 
greater stiffness, such as PVC, and possibly steel or iron. It is empha-
sized that it is not the intention to apply the present simplified Mini-
HDD methodology to a large scale, well-engineered Maxi-HDD 
operation. For such applications, the detailed design process, and 
presumably greater accuracy, associated with more conventional 
engineering procedures and trained construction crew, including 
application of ASTM F1962 is warranted. The more detailed proce-
dures may more properly account for actual field parameters, such as 
bore path entry and exit angles, depth, frictional characteristics, and 
buoyancy effects (including possible anti-buoyancy techniques), as 
well as more detailed consideration of collapse potential.



This page intentionally left blank 



CHAPTER 6
Project Considerations 

for Pipe Replacement 
Methods

6.1 Introduction
Existing sewer, water, and natural gas pipes can be replaced by three 
basic methods of pipe bursting—pneumatic, hydraulic, and static 
pull. In addition, there are proprietary trenchless pipe replacement 
systems that incorporate significant modifications to the basic pipe-
bursting technique, including pipe reaming, the impactor method, 
and pipe extraction (also called pipe insertion). Pipe reaming is the 
most common method of pipe removal, where the broken pieces of the 
existing pipe are actually taken out of the ground with the use of 
slurry drilling fluids (see Sec. 6.3.1). The basic difference among these 
systems is in the source of energy, the method of breaking the existing 
pipe and some consequent differences in construction operations that 
are briefly described in the following sections. The selection of a spe-
cific replacement method depends on soil conditions, groundwater 
conditions, degree of upsizing required, type of new pipe, original 
construction of the existing pipeline, depth of the pipeline, avail-
ability of experienced contractors, and the like.

6.2 Pipe Bursting
Pipe bursting was first developed in the United Kingdom in the 
late 1970s by D. J. Ryan & Sons in conjunction with British Gas, for 
the replacement of small-diameter, 3- and 4-in. cast-iron gas 
mains (Howell, 1995). The process involved a pneumatically driven, 

229



230 C h a p t e r  S i x

cone-shaped bursting head operated by a reciprocating impact pro-
cess. This method was patented in the United Kingdom in 1981 and 
in the United States in 1986; but expired in April 2005. When it was 
first introduced, pipe bursting was used only in replacing cast-iron 
gas distribution pipes and later was employed to replace water and 
sewer pipelines. By 1985, the process was further developed to install 
up to 16-in.-outer-diameter (OD) medium-density polyethylene 
(MDPE) outside pipe. 

Replacement of sewers in the United Kingdom using sectional 
pipes as opposed to continuously welded polyethylene pipe was 
described in a paper by Boot et al. (1987). Up to 2006, approximately 
9000 mi of high-density polyethylene (HDPE) pipe has been installed 
by bursting (Najafi, 2006). Currently, pipe bursting is used to replace
waterlines, gas lines, and sewer lines throughout the world.

Pipe bursting is too widely used to replace deteriorated pipes 
with new pipes of the same or larger diameter, utilizing the same 
existing pipe space (so more appropriate for urban conditions, 
where usually underground space is crowded with utilities). This 
method is an economic pipe replacement alternative that reduces 
disturbance to business and residents when compared to the open-
cut technique. Pipe bursting is especially cost-effective if the exist-
ing pipe is out of capacity, deep, and/or below the groundwater 
table (GWT). Upsizing refers to replacement of the existing pipe 
with a pipe one standard size larger (e.g., replacing 8-in. pipe with 
a 10-in. size is one upsize). Similarly, two-size upsizing is replace-
ment of the existing pipe with a pipe two standard sizes larger, 
such as, replacing 8-in. pipe with a 12-in. size.

Pipe bursting typically involves insertion of a cone-shaped burst-
ing head into an existing pipe. The base of the cone is larger than the 
inside diameter of the existing pipe and slightly larger than the out-
side diameter of the new pipe to reduce friction and to provide space 
for maneuvering the pipe. The back end of the bursting head is con-
nected to the new—for example, polyethylene (PE)—pipe and the 
front end is attached to a cable or pulling rod. The new pipe and 
bursting head are launched from the insertion shaft and the cable or 
pulling rod is pulled from the pulling shaft/pit or manhole (depen-
dent on the method and upsize required to retrieve the bursting 
head), as shown in Fig. 6.1. The bursting head receives energy to 
break the existing pipe from several possible sources: a pulling cable 
or rod (static method), a hydraulic source (hydraulic method), or an 
air compressor (pneumatic method). The energy breaks the existing 
pipe into pieces and expands the diameter of the cavity. As the burst-
ing head is pulled through the existing pipe debris, it creates a bigger 
cavity through which the new pipe is simultaneously pulled from the 
insertion shaft. There are many variations to this method that are pre-
sented in the following sections.
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6.2.1 Pneumatic Bursting Systems
Currently this method, the most common pipe-bursting method is 
the pneumatic system (see Fig. 6.2). The bursting tool is a soil dis-
placement hammer driven by compressed air and operated at a rate 
of 180 to 580 blows per minute. It is similar to a pile-driving opera-
tion, but in a horizontal orientation. The percussive action of the 
hammering cone-shaped head is also similar to hammering a nail 
into the wall; each hammer pushes the nail a short distance. With 
each stroke, the bursting tool cracks and breaks the existing pipe. The 
expander on the head, combined with the percussive action of the 
bursting tool, push the fragments into the surrounding soil, provid-
ing space to pull in the new pipe. The expander can be front end 
(attached to the front of the hammer) for pipes smaller than 12 in. or 
back-end (attached to the back of the hammer) for pipes larger than 
12 in. The front-end expander allows withdrawing the hammer 
through the new pipe after removing the expander from the existing 
manhole or the pulling shaft. The tension applied to the cable keeps 
the bursting head aligned with the existing pipe and pressed against 
the existing pipe wall, and pulls the new pipe behind the head. An air 
pressure supply hose is inserted through the new pipe and connected 
to the bursting tool. The bursting starts once (1) the head is attached 
to the new pipe, (2) the winch cable is inserted through the existing 
pipe and attached to the head, and (3) the air compressor and the 
winch are set at constant pressure and tension values. The process 
continues with operator supervision until the head reaches the pull-
ing shaft at which point it is separated from the new pipe and 
retrieved.

6.2.2 Hydraulic Bursting Systems
In the hydraulic bursting system, the pipe bursting process advances 
from the insertion pit to the reception (pulling) pit in sequences, which 

(a) (b)

FIGURE 6.1 The pipe bursting operation. (a) Insertion Shaft, and (b) Pulling Shaft.
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are repeated until the full length of the existing pipe is replaced. In each 
sequence, one segment of the pipe (which matches the length of the 
bursting head) is burst in two steps: first the bursting head is pulled 
into the existing pipe for the length of the segment, and then the 
head is expanded laterally to break that pipe. The bursting head is 
pulled forward with a winch cable, which is inserted through the exist-
ing pipe from the reception pit, and attached to the front of the bursting 
head. The rear of the bursting head is connected to the new pipe and 
also hydraulic supply lines that are inserted through the new pipe. The 
bursting head consists of four or more interlocking segments, which 
are hinged at the ends and at the middle. An axially mounted hydrau-
lic piston drives the lateral expansion and contraction of the bursting 
head (Najafi, 2005). This method of pipe bursting is not common.

6.2.3 Static Bursting Systems
The second common method of pipe bursting is the static pull sys-
tem. In this method, a relatively large tensile force is applied to the 
cone-shaped expansion head through a pulling rod assembly or cable 

Expander

Direction of bursting

Existing pipe

Winch line
Pneumatic tool

New pipe
Air hose

Pulling eye

B – A = Upsize

B = OD of expander

Expander

Overcut = distance between OD of expander
and OD of new PE pipe, or annular space. 

Overcut

New PE

A = ID of existing pipe

A B

FIGURE 6.2 The bursting head of the upsize concept. (PPI, 2008.)
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inserted through the existing pipe. The cone transfers the hori-
zontal pulling force into a radial force breaking the existing pipe 
and expanding the cavity, providing space for the pipe, as shown 
in Fig. 6.3. The steel rods, each about 4 ft in length, are inserted into 
the existing pipe from the pulling shaft. The rods are usually screwed 
together. When the rod string reaches the insertion shaft, the bursting 
head is connected to the rods and the new pipe is connected to the 
rear of the head. A hydraulic unit in the pulling shaft pulls the rods, 
one rod at a time, and the rod sections are unscrewed and removed. 
The process continues until the bursting head reaches the pulling 
shaft, where it is separated from the HDPE pipe. If cable is used 
instead of rod, the pulling process continues with minimum inter-
ruption, but the tensile force of a cable compared to a rod section is 
limited.

Pipe splitting is a form of static pipe-bursting method for breaking 
and replacing cast-iron or ductile iron pipes by longitudinal slitting. 
At the same time, a new pipe of the same or larger diameter may be 
drawn behind the splitting tool. This method has a splitting wheel or 
cutting knives that slit the pipe longitudinally at two more lines along 
the side of the pipe.

6.3 Pipe Removal Systems
Pipe removal (also known as pipe eating) is a replacement tech-
nique based on horizontal directional drilling (HDD) technology 
(more common), the microtunneling boring machine (MTBM), or 
horizontal auger boring (HAB) technology. This method excavates 
the existing pipe in very fine particles and removes them rather than 
displaces them into the surrounding ground, as it would be for 

Expander

Direction of bursting

New
HDPE

Hydraulic
power

Pin joint
tooling

Blade set or
ductile slitter

FIGURE 6.3 The static pull bursting. (Source: HammerHead®.)
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HDD, MTBM, or HAB methods. Pipe removal is further divided 
into several methods as follows:

• Pipe reaming and impactor methods: These techniques use a spe-
cially designed variation of the HDD process to excavate the 
existing pipe in fragments and remove them rather than dis-
place them, and pull a new pipe to replace the existing pipe.

• Pipe eating: This technique consists of a microtunneling 
machine, which has been specially adapted to allow the exist-
ing pipeline to be broken up, and removed. The MTBM has a 
larger diameter than the existing pipeline. In the United States, 
due to the high cost of microtunneling for this application, this 
equipment rarely has not been used for this application. Hori-
zontal auger boring equipment has successfully been experi-
mental in several projects.

• Pipe ejection or pipe extraction: These techniques remove the 
existing pipe as whole from the ground, by pushing and/or 
pulling it toward a reception pit where it is broken and 
taken out.

6.3.1 Pipe Reaming
Pipe reaming is a pipe replacement technique that uses an HDD 
machine with minor modifications. After pushing the drill rods 
through the existing pipeline and connecting the rods to a special 
reamer (see Fig. 6.4), the new pipe string is attached to the reamer via 
a swivel and towing head. As the drill rig rotates the drill rod string 
and simultaneously pulls it back, the existing pipe is pulverized and 
replaced by the new pipe. Removal of the existing pipe is accom-
plished by mixing the ground material with the drilling fluid and 
transferring it to an exit point for collection via a vacuum truck. Direc-
tional drilling contractors can add inexpensively modified reamers of 
various types for different pipe materials and ground conditions. 
Pipe reaming is limited to nonmetallic pipeline replacement. The pat-
ented InneReam System can accomodate the surrounding environ-
mental conditions (groundwater, sand, rock, concrete encasement, 
and the like) with certain modifications. Contact Nowak Pipe Ream-
ing Inc., for more information.

Direction of reaming

FIGURE 6.4 Pipe reaming method. (Source: Nowak Pipe Reaming Inc.)
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6.3.2 Impactor Method
The patented impactor method is a system that combines the HDD 
method with pipe bursting, as shown in Fig. 6.5. The bursting head 
(impactor) receives air through the HDD drill rod. The drill rod is 
connected to an air supply and bores to an entry manhole. Then the 
drill rod is pushed through existing pipe to the next manhole or exit 
pit. Then, the impactor device, after it is attached to the drill stem and 
to the new pipe, is activated and pulled into the existing pipe. While 
pulling back, the impactor system bursts the existing pipe by com-
bined action—of pulling using the HDD rig and hammering with the 
impactor device—breaking the existing pipe and replacing it with the 
new pipe. The impactor system overcomes blocked existing pipes. 
Contact Hammerhead Company for more details.

6.3.3 Pipe Ejection, Extraction, or Insertion
This method pushes or jacks a new pipe into the existing deteriorated 
pipe. This system utilizes the columnar strength of segmented 
“bell-less” jacking pipe to advance the “lead train” through the exist-
ing pipe. The lead train consists of five sections: the lead a heavy steel 
guide pipe which maintains the alignment within the center of the 
existing pipe; the cracker which fractures the existing pipe; the cone 
expander which radially expands the fractured line into the sur-
rounding soil; the front jack, a hydraulic cylinder, which provides 
axial thrust to the penetration/compaction pieces; and the pipe 
adapter, which provides mating surfaces, linking the new pipe to the 
front jack.

The last section, the pipe adapter, is fitted with a lubricant injec-
tion port where lubricant (polymer or bentonite) can be injected 
into the annular space surrounding the new replacement pipe; the 

FIGURE 6.5 The impactor process combines HDD with pipe bursting. 
(Source: HammerHead®.)
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introduction of a lubricant allows for the efficient replacement of 
existing pipelines even in soft sticky clays or wet sands.

Dual flexible hose sections, which transport lubricant and hydrau-
lic fluid to the front train, are fed through each new pipe section. 
Each new hose section is connected to previous sections and to the 
operator’s control panel with quick-disconnect couplings. Using the 
new pipe as a support column, the front jack advances the lead train 
into the existing pipe independent of the advance of the new pipe 
column. The new pipe is jacked behind the lead train piece by 
piece by the jacking frame (in the jacking pit). The primary jacking 
frame applies the required thrust to advance the new pipe column 
(as the front jack is retracted). Instrumentation and controls at the 
operator’s control panel (at the jacking frame) allow the operator to 
“feel” his or her way through the existing pipe as the new pipe col-
umn and front train are “inch-wormed” into the existing pipe. On 
completion of the pipe replacement, the lead train is disassembled 
inside a typical 4-ft diameter-receiving manhole and the new pipe is 
jacked into its final position. Figure 6.6 illustrates pipe insertion 
using the Tenbusch Insertion Method™.

6.3.4 Pipe Eating
The pipe removal process can potentially be executed by horizontal 
auger boring, a process that excavates the existing pipe and surround-
ing soil by using a rotating cutting head attached to an auger that 
continuously removes the excavated soil. Other potential methods of 
pipe eating are using a modified version of the MTBM or using pipe 
ramming equipment.

6.4 Existing Pipe Materials
In most bursting applications, the existing pipe is composed of a 
rigid material such as vitrified clay pipe (VCP), cast iron, plain con-
crete, asbestos, or some plastics. Reinforced concrete pipe (RCP) can 
be replaced when it is not heavily reinforced or if it is substantially 
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FIGURE 6.6 The Tenbusch Insertion Method™.
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deteriorated. The diameter of the existing pipe typically ranges 
from 2 to 30 in., although bursting of larger diameter existing pipes 
is becoming more common. A segment of 300 to 400 ft is a typical 
length for bursting, although significantly longer runs have been 
completed using more powerful bursting systems. However, point 
repairs on the existing pipe, particularly using ductile materials; can 
create problems. For a comprehensive discussion of existing pipe 
materials, refer to Pipe Bursting Manual of Practice (MOP), No. 112,
published by the American Society of Civil Engineers (ASCE, 2007).

6.5 Replacement (New) Pipe Material
High- and medium-density polyethylene (HDPE or MDPE), collec-
tively called “PE”, have been the most widely used replacement pipes 
for pipe bursting applications. Polyethylene pipe may utilize high-
performance PE4710 material, with somewhat greater strength capa-
bility than conventional pipe. The main advantages of PE pipes are its 
continuity, flexibility, and versatility. The continuity, which is obtained 
by butt fusing together long segments in the field, reduces the possi-
bility of stopping the installation process. For small diameters (4 in., 
or less), the pipe may also be supplied in continuous lengths on a reel. 
The PE pipe flexibility allows bending the pipe for convenient inser-
tion in the field. In addition, it is a versatile material that meets other 
requirements for gas, water, and wastewater applications. The rela-
tively smooth interior surface reduces the friction between the fluid 
flow and the pipe wall, which allows increased flow capacity. The 
smooth exterior surface also reduces the friction between the soil and 
the pipe, facilitating the pulling operation (see Sec. 6.10.2). The rela-
tively higher thermal expansion coefficients of HDPE pipes, requires 
proper installation and restraint. 

The internal surface of PE pipe is smoother than that of the con-
crete or clay pipe. For gravity applications, the following Cheesy-
Manning equation [Eq. (6.1)] demonstrates that the flow capacity of 
the PE pipe is 44 percent greater than those of the concrete or clay 
pipes, assuming the internal diameter for the existing clay or concrete 
pipe equals that of the replacement PE pipe.

Q
n

A r SH= 1 49 2 3. ( ) /  (6.1)

where Q = flow quantity (ft3/sec)
 n = Manning roughness coefficient (dimensionless)
 A= internal cross-sectional area of the pipe (ft2)
 rH = hydraulic radius (ft)
 S =  slope of the energy line, which is parallel to the 

water surface and pipe invert if the flow is uniform 
(dimensionless)
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The n value for clay or concrete pipes is assumed to be between 
0.012 and 0.015, in comparison to approximately 0.009 for PE 
(Lindeburg, 1992).

In addition to PE, other pipe materials can be polyvinyl chloride 
(PVC), ductile iron, VCP, or RCP. With exception of PVC and ductile 
iron, VCP and RCP cannot be assembled into a single pipe string, 
prior to the bursting operation, which allows a continuous pulling 
operation. However, they can be jacked into position one by one 
(thereby requiring less staging distance) behind the bursting head or 
maintained in compression by towing them via a cap connected to 
the cable or rod that passes through these pipes. Therefore, the static 
pull system is the only bursting system that can be used with RCP 
and VCP pipes. The joints of these pipes must be designed for jacking 
applications.

For a comprehensive discussion of new pipe materials, refer to 
Pipe Bursting Manual of Practice (MOP), No. 112, published by the 
American Society of Civil Engineers (ASCE, 2007).

6.6 When Is Pipe Bursting a Preferred Solution?
For repair and replacement, conventional techniques require open-
cut excavation to expose and replace the pipe. Alternatively, the pipe-
line can be trenchlessly renewed by inserting a new lining, or replaced 
by pipe bursting. Chapter 2 described several pipe-lining methods 
such as cured in place pipe, close-fit pipe, and sliplining. The main 
advantage of the lining methods over pipe bursting is the need for 
little or no excavation for access to the pipeline. In contrast, pipe 
bursting has the advantage of increasing the pipe capacity by more 
than 100 percent, as described below.

Pipe bursting is most cost advantageous compared to the lining 
techniques when:

• There are few lateral connections to be reconnected within a 
replacement section.

• The existing pipe is structurally deteriorated.

• Additional capacity is needed.

For pressure applications, a 41 percent increase in the inside pipe 
diameter doubles the cross-sectional area of the pipe and consequently 
doubles the flow capacity of the pipe. For gravity applications, after 
some algebraic manipulation to the Chezy-Manning equation 
[Eq. (6.1)], it is shown that a 15 and 32 percent increase in the inside 
diameter of the pipe combined, with the smoother pipe surface 
can produce a 100 and 200 percent increase in the flow capacity, 
respectively.
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Pipe bursting has substantial advantages over open-cut replace-
ments; it is much faster, more efficient, and often less expensive than 
open-cut, especially in sewer applications due to the large depths at 
which gravity sewer pipes are typically installed. The large sewer 
depth requires extra excavation, shoring, and dewatering which sub-
stantially increases the cost of open-cut replacement. The increased 
depth has only a minimal effect on the cost per foot for pipe bursting, 
as shown in Fig. 6.7. Specific studies carried out in the United States 
have shown that pipe bursting cost savings are as high as 44 percent, 
with an average savings of 25 percent, compared to open-cut 
(Fraser et al., 1992). This cost saving could be much greater if the soil 
conditions are difficult such as, hard rock. Furthermore, open-cut 
excavation can cause significant damage to nearby buildings and 
structures (Atalah, 2004).

In addition to the direct cost advantage of pipe bursting over 
open-cut, pipe bursting, as a trenchless technique, has several in 
social cost savings, including less traffic disturbance, road or lane 
closing, improved productivity, less business interruption, and less 

Average unit cost comparison between pipe bursting and
open-cut pipe replacement, a case study from U.K.
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environmental intrusion. Pipe bursting creates minimal interfer-
ence with other utilities and less safety hazards (for both operators 
and the public) due to reduced open excavation.

6.7 Pipe Bursting Project Classification
The ASCE Pipe Bursting Manual of Practice (ASCE, 2007) classifies 
bursting projects into three categories, in terms of difficulty: Class 
A—routine, Class B—moderately, difficult to challenging, and Class 
C—challenging to extremely challenging. The characteristics defin-
ing the appropriate classification are provided in Table 6.1, based on 
these criteria. Note that the degree of difficulty increases as more than 
one of the above criteria applies (ASCE, 2007).

6.7.1 Pipe Bursting Applicability and Limitations
Pipe bursting is used to replace waterlines, gas lines, and sewer 
mains, as well as sewer lateral connections. Typical replacement 
length is between 300 ft and 500 ft; however, in favorable conditions, 
longer drives have been completed successfully. The size of pipes 
being burst typically ranges from 2 to 30 in., although larger size 

Criteria
A

Routine
B

Moderately
C

Challenging

Depth Less than 12 ft 12 ft–18 ft More than 18 ft

Existing
pipe

4 in.–12 in. 12 in.–20 in. 20 in.–36 in.

New pipe 
diameter

Same size or one 
diameter upsize

Two diameter upsize Three or more 
diameter upsize

Burst
length

Less than 350 ft 350 ft–450 ft More than 450 ft

Trench 
width

Relatively wide trench 
compared to upsized 
diameter

Trench width less 
than 4 in. wider than 
upsize diameter

Incompressible 
soils (very dense 
sand, hard clay 
or rock) outside 
trench

Soil Compressible soils 
outside trench (soft 
clay, loose sand)

Moderately
compressible soils 
outside trench 
(medium dense to 
dense sand, medium 
to stiff clay)

Constricted trench 
geometry (width 
less than or 
equal to upsize 
diameter)

TABLE 6.1 Pipe Bursting Classification (ASCE, 2007)
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pipes can be burst. Pipe bursting is commonly performed size-for-
size and one-size upsize above the diameter of the existing pipe. 
Larger upsize (up to three pipe sizes) have been successful, but the 
larger the pipe upsizing, the more energy is required and greater 
ground movement will be experienced. It is important to pay close 
attention to the project surroundings, depth of installation, and soil 
conditions when replacing an existing pipe, especially in unfavorable 
conditions such as expansive soils, pipe repairs made with ductile 
material, collapsed pipe, concrete encasement, sleeves, and adjacent 
utility lines.

Pipe bursting has the following specific limitations: 

• Insertion and pulling shafts are required, especially for larger 
bursts.

• Excavation for service lateral connections is required. 

• Expansive soils may cause difficulties.

• A collapsed (existing) pipe segment may require excavation 
at that point to allow the insertion of pulling cable or rod and 
to repair pipe sag.

• Point repairs with ductile material can interfere with the 
bursting and replacement process.

• If the existing sewer line is significantly out of line and grade, 
the new line will also tend to be out of line and grade, although 
some corrections of localized sags are possible.

6.8 Design Considerations
The design phase starts with collecting information regarding the 
existing pipe, including current flow volume for bypass pumping, 
lateral connections, trench width, backfill compaction levels, and 
manhole locations. This phase also includes locating nearby utilities, 
investigating soil and trench backfill material, and developing risk 
assessment plans. The designer completes this phase with the devel-
opment of detailed drawings and specifications and complete (final) 
bid documents which include a listing of required submittals. The 
drawings should provide all relevant information concerning the 
existing pipeline and environment, such as diameter and material, 
plan view and profile, nearby utilities and structures (crossing and 
parallel), repair clamps, concrete encasement, fittings, and the like. 
Some of this information may be collected by means of a closed 
circuit television (CCTV) system or equivalent.

6.8.1 Utility Survey
The presence and nature of surrounding utilities will have a signifi-
cant impact on the success of the pipe-bursting operation, and the 
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design engineer must therefore identify and locate these existing util-
ities as accurately as possible. However, the exact location of these 
utilities will be identified during the construction phase through 
visual locating, such as vacuum potholing. The identification of 
nearby utilities is critical for the following reasons:

• The presence of nearby utilities may eliminate pipe bursting 
as a viable construction method.

• Existing utilities may affect the location of insertion and 
pulling/jacking shafts.

• Allows protection of existing utilities from the ground move-
ment of the bursting operation.

• Reduces the risk of injuries and fatalities to the workers and 
public by avoiding damage to existing utilities.

• Contractors need to know the number of utilities to be 
exposed, to be properly reflected in their bid.

See Chap. 9 for more information on utility locating.

6.8.2 Investigation of Existing Pipe and Site Conditions
Investigation of the existing pipe condition assists in selecting the 
suitable renewal technique and provides the exact location of the lat-
eral connections. The nature and condition of the existing pipe may 
render pipe bursting as an unsuitable solution. The presence of sags 
in the pipeline may require correction prior to bursting. The existing 
pipe (diameter, material, and conditions) and the diameter of the new 
pipe guide the contractor in the selection of an appropriate type of 
bursting system, size, and accessories, and should, therefore, be 
reflected in the bid documents. The site conditions and surface fea-
tures may affect the locations of the insertion and pulling shafts, stag-
ing area for fused pipe, traffic control planes, and layout for the 
required bursting system components.

6.8.3 Insertion and Pulling Shaft Requirements
When planning for shaft locations, the engineer identifies locations 
where excavation is required to replace manholes, valves, lateral 
connections, or fittings. If excavation at the manhole location is not 
necessary or feasible, shaft excavation at other locations may be 
considered. In selecting the location of these shafts, the engineer has 
to consider the following:

• Sufficient staging area for the replacement pipe to avoid 
blocking driveways and intersecting roads.
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• Shaft length should be sufficient to allow alignment of the 
bursting head with existing line and for the new pipe to bend 
safely from the entry point to the ground surface.

• Space for the construction equipment, including backhoe, 
loader, crane, and the like.

• Nearby flow bypass discharge location or space to lay bypass 
lines without blocking driveways and intersecting roads.

• Traffic control around shafts.

• Soil borings close to proposed shafts.

• Discharge locations for dewatering, if necessary.

• Ability to use same shaft to insert or pull pipes more than 
once.

In general, the engineer recommends locations for the insertion 
and pulling shafts but leaves the final determination to the contractor 
(through a submittal process), subject to minimizing excavation and 
disturbance to the surrounding environment.

6.8.4 Geotechnical Investigation Requirements 
The soil and subsurface investigations include collecting the neces-
sary technical information to properly design the project. It assists 
the contractor in submitting a proper bid by selecting the appropri-
ate bursting system (type and size), shoring of the pulling and inser-
tion shafts, dewatering system, compacting backfill material, and 
others, thereby increasing the chance of success during the con-
struction phase of the project. Thus, if the original soil borings 
(during the existing pipe installation) are available, they should be 
reviewed and provided as part of the supplemental information 
available to the bidders. The determination of the trench geometry 
and backfill material and compaction is important for the designer 
and contractor.

The soil investigation activities comprise performing soil bor-
ings, standard penetration tests (SPT), groundwater level determina-
tions, trench geometry investigation, and native soil and trench 
backfill material classifications. If the presence of washouts or voids 
around the existing pipe is suspected, a ground penetrating radar 
(GPR) survey may assist in determining the locations and magni-
tudes of these voids. Special attention should be given to the pres-
ence of obstacles that may render pipe bursting not feasible, such as 
the presence of rock, hard cemented dense soils, very soft or loose 
soils, reinforced concrete encasement, very narrow trench in hard 
soils or rock, or ductile iron point repairs. If contaminated soil is sus-
pected, the type and extent of contamination should be identified 
and indicated in the contract documents. The contractor should be 
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instructed to take the necessary measures to handle and dispose of 
this contaminated soil.

The soil around the pipe (backfill and native soil) must be com-
pressible in order to absorb the diametric expansion. Compressible 
soils are ideal because the outward ground displacements will be 
limited to an area surrounding the pipe alignment, as shown in 
Fig. 6.8. Soils with long “standup time” allow the overcut (expanded 
borehole) to remain open for most of the bursting operation, thus 
reducing the friction force between the soil and the pipe thereby 
reducing pulling forces and axial stress on the new pipe. Usually 
original backfill material is suitable for bursting followed by (increas-
ing difficulty) compressible clay, loose cobble, beach and running 
sand, densely compacted clay, and sandstone. Somewhat less favor-
able ground conditions for pipe bursting also include soils below the 
watertable and expandable clays. Special soils such as highly expan-
sive soils or collapsible soils may also cause problems.

Elastic zone

Plastic zone

New pipe

Existing
pipe

Rock trench

FIGURE 6.8 Cavity expansion and the plastic and elastic zones. 
(Source: Handbook of Polyethylene Pipe, 2008.)



P r o j e c t  C o n s i d e r a t i o n s  f o r  P i p e  R e p l a c e m e n t  M e t h o d s  245

In very soft or loose soils, significant ground movement may take 
place causing significant sags in the new pipeline and damage to 
nearby structures. In severe situations, the soil particles migrate to 
the interior of the existing pipe, converting the bursting operation 
into a piercing operation.

Although there may be some plausible advantages in performing 
pipe bursting below the ground watertable—for example, possible 
reduced friction between the pipe and soil, as well as reduced effec-
tive soil pressure on the pipe due to the buoyant force of the soil 
above—this situation presents significant problems. The groundwa-
ter flows toward the insertion shaft, complicating the operation. Thus, 
in general, dewatering should be performed. 

6.8.5 Maximum Allowable Operating Pressure 
For pressure applications such as water, gas, and force mains, the 
maximum allowable pressure should be determined based on the 
maximum surge pressure that pipe will be subject to and the maxi-
mum operating pressure for the pipe. The HDPE pipe should be 
designed to withstand the maximum allowable operating pressure 
(MAOP) and surge pressures according to conventional design pro-
cedures, such as provided in the Plastics Pipe Institute’s Handbook of 
Polyethylene Pipe. DR 17∗ is typically used for bursting pressure or 
gravity pipe unless a higher pressure rating is required. In short, 
relatively shallow bursting runs, where high tensile and vertical 
forces are not expected, DR 21 may be used (see Sec. 6.10).

6.8.6 Risk Assessment Plan
It is important to pay close attention to the project surroundings 
(surface and subsurface conditions) to identify unfavorable condi-
tions and possible risks. The risk conditions require extra attention in 
order to ensure the safety of the construction personnel and public, as 
well as surrounding facilities and infrastructure. Most underground 
and pipeline construction projects entail some risks due to unknown 
subsurface conditions. The risks associated with pipe bursting include 
damage to nearby facilities, failure to complete the project using the 
selected technology, and time and/or budget overrun. The risk of 
damage to nearby utilities, buried structures, and pavement increases 
under adverse soil conditions, improper construction techniques, 
design errors, inaccurate location of utilities, and the like. There are 
also risks associated with flow bypass, dewatering, shoring, and the 
like, if inappropriate procedures are employed. The additional risks 

∗The dimension ratio (DR) of the pipe is the outer diameter divided by the wall 
thickness.
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that may halt or impede the bursting operation and/or create prob-
lems include:

• Settlement at insertion/pulling pits if the density of the back-
fill exceeds that of native soil.

• Bursting through curves.

• Concrete encasement or steel point repair of existing pipe.

• Excessive bursting lengths.

• Damage to the new (replacement) pipe from sharp edges or 
fragments of existing pipe being burst/split.

• Damage to laterals from bursting of main line.

• The presence of rock under the existing pipe may create a 
“bump” in the replacement pipe.

• Collapsed replacement pipe (see Sec. 6.10.4).

Projects within the Class C category (challenging to extremely 
challenging as indicated in Table 6.1) must be carefully examined in 
terms of required forces and ground displacements. In addition, due 
to the enlargement of the borehole and accompanying compaction of 
surrounding soil, the depth of the existing pipe affects the extent of 
ground displacement above the pipe. If the pipe is shallow, damage 
to the pavement may take place. Saw cutting the pavement prior to 
bursting might be advisable. If the existing pipe is below the ground-
water table (GWT), the difficulties increase. Insertion and pulling 
shafts will be larger and more complex as the depth increases.

If there are unacceptable sags in the existing sewer line, these sags 
must be corrected before bursting. The sags can be corrected by local 
excavation, surface grouting, or grouting from within the pipe. Some 
reduction of sag magnitude may be expected (without corrective 
measures) from the bursting operation, but the extent to which the 
problem is corrected depends on the relative stiffness of the soil below 
the sagging section. 

If there is erosion of the soil around the pipe, the bursting head 
and the following new pipe will tend to deviate toward the void or 
lower density region. Similarly, if there is a hard soil layer or rock 
close to the pipe, the bursting head will tend to displace toward the 
softer soil. In shallow conditions, the ground will deviate mostly 
upward toward the ground surface. If the conditions change substan-
tially along the length of the burst, this may cause some change in the 
grade and/or alignment of the pipe. When the grade is critical, these 
possibilities should be considered.

As mentioned in Chap. 2 trenchless operations in general and pipe-
bursting projects specifically can be performed successfully and safely 
if site and project conditions are known before bursting and appropri-
ate measures are taken to address these conditions. There are well-
known solutions to all of the above mentioned risks and problems, and 
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experienced project engineers or construction managers identify these 
risks and develop risk management plans to address them. These plans 
include quantification of the likelihood of the identified events and 
their associated impact or degree of damage. It also includes measures 
to eliminate, mitigate or transfer these risks. One of the general mea-
sures to mitigate the project risks is building and maintaining partner-
ships among owners, engineers, contractors, equipment manufactur-
ers, and pipe suppliers. The identification and development of a 
realistic plan to manage and share risks appropriately and setting a 
contingency plan, is an important part of effectively communicating 
responsibilities, defining roles, and building a partnering team.

6.8.7 Ground Movements
The pipe-bursting process creates a cavity in the soil around the pipe 
through which the new pipe is pulled. This cavity creates a compres-
sion plastic zone around the new pipe outlined by an elastic zone, as 
shown in Fig. 6.8. The magnitude of the compression and the dimen-
sions of these zones correlate with the amount of upsizing, the 
diameter of the existing pipe, and the type of soil (Atalah, 1998). 
Based on investigations of the ground movements and vibrations 
associated with bursting small-diameter pipes in soft soils (Atalah, 
1998) and with large-diameter pipes in rock conditions (Atalah, 2004),∗
guidelines have been developed for safe separation distances from 
existing nearby utilities, structures, and pavement.

There is a strong correlation between the distance from the pipe-
bursting tool and the level of vibration. The vibrations due to bursting 
are seen to rapidly decline to levels that do not cause damage to build-
ings. For structurally sound residential buildings, minimum separa-
tions of 11 ft in hard soil and large-diameter bursting conditions and 8 ft 
in soft soils and small-diameter conditions are recommended. Corre-
sponding minimum separations of 8 ft and 4 ft are recommended from 
structurally sound commercial structures. Considering pipes as “buried 
structures,” studies by Atalah (2004) suggest that 7½ ft represents a safe 
separation distance for pipe-bursting operations for either small- or 
large-diameter structurally sound pipes, in various soils, with reduced 
spacing possible for small sizes. While below-ground pipelines where 
pipe bursting required may include pipes installed in the right of way, 
which are usually far from the residential or commercial buildings, 
possibility of damage to nearby buildings and adjacent pipelines must 
be thoroughly investigated during the planning and design phase of 
the project. It is also recommended to document the existing state of 
these structures documented (with photos and videos/DVDs) to 
protect the pipe-bursting project owner from unfounded claims.

∗The investigation of the large-diameter bursting in rock conditions included 
upsizing 24-in.-diameter reinforced RCP pipes by 50 percent. The studies of the 
small-diameter bursting in soft soils included upsizing 8- and 10-in.-diameter VCP 
by 30 percent.
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6.8.8 Drawings and Specifications
The contract documents typically include the contract agreement, 
general conditions, special conditions, project plans, specifications, 
geotechnical report, and CCTV records. The plans and specifications 
for pipe-bursting projects should have all the required information 
for a typical open-cut water or wastewater pipeline projects plus the 
information listed in this section. The drawings should provide infor-
mation about the existing site conditions and the underground utili-
ties. Description of site constraints (i.e., work hours, noise, etc.) and 
the procedures to review the CCTV data should be listed in the notes 
section in the drawings. The drawings may also include information 
to show erosion and sediment control requirements, flow bypassing 
plans, and service connection and reinstatement details, and should 
typically include:

• Limits of work; horizontal and vertical control references

• Topography and survey points of existing structures

• Boundaries, easements, and rights-of-ways (ROW)

• Existing utilities, sizes, locations, and pipe materials

• The verification requirements for existing utilities

• Plan and profile of the design alignment

• Existing point repairs, encasement, sleeves, and others

• Construction easement and the allowable work areas around 
the insertion and pulling pits

• Details for lateral connections and connections to the rest of 
the network

• Restoration plans

• Existing flow measurements for bypass pumping

• Quality control and assurance measures (Sec. 6.8.10)

The technical specifications supplement the drawings in commu-
nicating the project requirements. Information to be included in the 
technical specifications should include

• General considerations

• Minimum contractor qualifications

• Permit matrix and responsibilities

• Safety requirements with focus on confined space entry, 
flow bypass, and shoring

• Scheduling requirements and construction sequence

• Submittals (Sec. 6.8.9)
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• Pipe materials and manhole considerations

• Standards and tolerances for pipe material, wall thickness 
and class, testing and certification requirements

• Construction installation instructions for pipe joining and 
handling

• Fittings, appurtenances, and connection-adaptors

• Acceptable material performance criteria and tests

• Construction considerations

• Flow bypassing, downtime limits, and service reinstate-
ment requirements

• Spill and emergency response plans

• Traffic control requirements

• Erosion and sediment control requirements

• Existing conditions documentation (e.g., photographs, 
videos, interviews)

• Protection plan for existing structure and utility (ground 
movement monitoring)

• Accuracy requirements of the installed pipe

• Daily construction monitoring reports

• Field testing and follow-up requirements for pipe joining, 
pipe leakage, disinfection, backfill, and others

• Site restoration and spoil material disposal requirements

6.8.9 Submittals
In addition to the submittals needed for a traditional open-cut proj-
ects, the submittals for pipe-bursting projects usually include the 
following: site layout plans, sequence of bursting, shoring design 
for all the excavations signed by a professional engineer, bypass 
pumping plan, manufacturers’ specifications of the selected burst-
ing system and its components, dewatering plan, new pipe mate-
rial, lateral connections material and plans, contingency plans, and 
the like. The site layout plans would show the location of the inser-
tion and pulling shafts, dimensions of shafts, traffic flow, safety and 
communication plan, storage space to store and lay the new pipe, 
and the like. Site restoration and clean-up plans should also be 
included in the submittals.

6.8.10 Quality Assurance/Quality Control Issues
The project specifications should state the quality assurance (QA) 
and quality control (QC) measures required to ensure that the project 
is executed according to the contract specifications. In addition to the 
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quality control and quality assurance measures usually specified for a 
traditional open-cut projects, there are several measures specific to 
pipe-bursting operations. These measures can take the form of tests, 
certifications, inspection procedures, and the like. Extensive listing of 
the relevant required submittals, careful preparation of the submittals, 
and carefully review and approval of the submittal are significant 
steps in the QA/QC program. The QA/QC program should state the 
performance criteria for the product line and the acceptable tolerance 
from these criteria. For example, the invert of the new pipe should not 
deviate from the invert of the existing pipe by more than a specified 
number of inches, the depth of sags in the new pipe should not exceed 
one inch, and the difference in the vertical and horizontal dimensions 
of the new pipe diameter (ovaling) should not exceed 2 percent.

The QC program should state how these performance criteria 
will be measured, tested, and checked. Some of the methods for veri-
fying performance are post-bursting CCTV inspection, pressure test-
ing, and mandrel test. The surface and subsurface displacement-
monitoring program should be outlined in the specifications along 
with the acceptable amount of ground movement. Certifications from 
the manufacturers of the bursting system, replacement pipe, and 
other materials may be required to verify that these products meet 
the contract specifications, based on tests conducted by the manufac-
turer or a third party. For challenging projects, the presence of the 
bursting system manufacturer representative at the jobsite may be 
required. The owner’s quality assurance program should ensure that 
the field and management team of the contractor have the knowledge 
and the experience needed to complete the project successfully and 
are able to respond appropriately to unforeseen problems.

It is critical that the contractor ensure that the replacement pipe 
meets the specifications before, during, and after bursting. Adhering 
to the quality control and quality assurance plans during the manu-
facturing and shipping to the site, along with proper unloading of the 
pipe, reduces risk of pipe damage. Pipe fusion operations should be 
performed by well-trained (preferably certified) workers under 
appropriate supervision to reduce the risk of future pipe problems 
when repair would be difficult and costly. For pressure applications, 
the new pipe should be inspected and pressure tested prior to burst-
ing, as well as after completion of the installation.

6.8.11 Dispute Resolution Mechanisms
As for any trenchless methods, the contract should include clauses 
addressing the possibility of different site conditions and unforeseen 
conditions that allow contract time and amount adjustment if the 
conditions at site materially differ from the conditions expected and 
indicated in the bid documents. See Chap. 9 for more information on 
geotechnical baseline reports (GBR) and other dispute resolution 
mechanisms.
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6.8.12 Permitting Issues
As for any trenchless methods, permits from all affected parties 
should be secured before the start of the bursting phase. Some of 
these permits could be secured by the owner and its representatives, 
and the rest should be secured by the contractor. The responsibilities 
for obtaining the individual permits should be outlined in the speci-
fications and stated on the drawings. Permits to burst under the road 
and to modify the regular traffic flow according to the project traffic 
control plan should be secured from state department of transporta-
tion (DOT) or municipality/local government having jurisdiction. If 
the pipe crosses beneath a runway, taxiway, drainage ditch, irrigation 
channel or canal, or railroad track, permits should be secured from 
the appropriate regulating agencies and/or owners of these facilities. 
Advance notices to any affected residents or businesses should take 
place before the bursting operation to inform them about road clo-
sures, night or weekend work, service disruptions, driveway block-
ings, and the like, and keep them posted with the project progress 
and any changes.

6.8.13 Cost Estimating
Estimating pipe-bursting projects for bidding purposes should be as 
detailed as possible. For each project, the contractor should estimate 
the labor, material, and equipment necessary for excavation and shor-
ing of pits, pit bottom stabilization (concrete or gravel), bursting sys-
tem setup, pipe fusion, lateral connection excavation, bypass pump-
ing, bursting, service reconnection, shaft backfill, surface restoration, 
and potential dewatering. As shown in Fig. 6.7, the cost per foot of 
pipe-bursting installations are less than that of open-cut in unfavor-
able (average or light traffic) situations. Figure 6.7 also shows that 
that cost is less than that of open-cut in favorable (heavy traffic) con-
ditions if the depth of cut is more than 10 ft. 

In addition to providing the owner with the total price of the 
project to compare different bids, the bid form should provide the 
owner with a mechanism for payment based on the actual quanti-
ties during construction. The unit prices in the form can also be used 
to resolve disputes amicably. It is recommended that the bursting 
operation be measured in linear footage and segmented by classifi-
cation or sections from manhole to manhole or from insertion to 
pulling shafts. Segmentation by run or bursting class provides the 
owner and the contractor with fair pricing mechanism and helps 
reduce disputes. Lateral connections should be measured by the 
number and type, required, indicated as separate bid items, and 
segmented by depth. Cleaning, testing, and post CCTV of the new 
line should also be a separate bid item. Bypass pumping can be 
priced as a lump sum or estimated for each section by number of 
days required.
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6.9 Construction Considerations
Once the owner has accepted a bid, based upon the bidding process, 
a notice to proceed is issued. Then, typically, the contractor takes the 
following steps:

• Preconstruction survey

• Cleaning or pigging of line, if necessary

• CCTV inspection, if necessary

• Excavations at services for temporary bypass

• Setting up temporary bypass with connections to customers

• Excavation of insertion and pulling shafts

• Joining (fusing or assembling) individual new pipe sections, 
as necessary

• Setting up the winch or hydraulic pulling unit and insertion 
of pulling cable or pulling rods inside the existing pipe

• Installation of hoses through the new pipe to attach to burst-
ing head (air supply hoses or hydraulic hoses for pneumatic 
or hydraulic systems respectively), as appropriate

• Connection of bursting head to pulling cable or rod

• Pipe bursting and replacement with new pipe

• Removal of bursting head and hoses from the pipe

• Post installation inspection

• Pipeline chlorination, flushing, and testing if it is not prechlo-
rinated (for potable water pipes)

• Reconnection of services and reinstating manhole connections

• Site restoration and project close out

It should be noted that, if allowed by the water agency and local, 
city and state guidelines, prechlorination of potable pipe saves installa-
tion time and bypass pumping. In this method, prechlorination and 
testing is conducted above ground, and left to stand for 24 hours. Then, 
new pipe is flushed, and pulling head is welded to the pipe to keep 
pipe ends sealed hygienically. After completion of bursting operation, 
a super chlorinated swab is passed through the new pipe. After removal 
of swab, the new pipe is flushed and commissioned, and service later-
als are connected. Usually one water sample is taken after commission-
ing and another after 24 hours of commissioning (see Fig. 6.9).

Butt fusion of HDPE replacement pipe is carried out prior to the 
bursting operation, so that all fused joints can be chlorinated (for 
waterlines), checked, and tested. The pipe should not be dragged 
over the ground, and rollers, pipe cutouts, or slings should be used 
for both insertion and transportation of the pipe. The ends of water or 
gas pipes should be capped to prevent the entry of contaminants.
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6.9.1 Typical Pipe-Bursting Operation Layout
The first step in planning the pipe-bursting operation is the optimiza-
tion of the locations of the insertion and pulling shafts by using the 
insertion shafts to insert the new pipe in two (opposite) directions. 
This optimization reduces the amount of excavation, mobilization, 
and demobilization efforts. These shafts should preferably be located 
at manholes or lateral connections in sewer lines and at fire hydrants 
or gate valves in water applications. The length of the run between 
the insertion and pulling shafts should not generate friction forces 
that exceed the capabilities of the bursting system and the tensile 
strength of the new pipe (see Sec. 6.10). The next step is to ensure that 
the area around every shaft is sufficient for safe operation of the nec-
essary equipment and material staging. 

The insertion shaft contains a flat section and sloped section; the 
flat portion must be sufficiently long to allow alignment of the center-
line of the bursting head with that of the existing pipe. The slopped 
section must be sufficiently long to allow the HDPE pipe to bend 
without damage to the pipe (i.e., accommodate the manufacturer’s 
bending radius requirements). HDPE pipes can typically be cold bent 
to a radius of 25 to 30 times the OD of the pipe, depending on the DR 
value. For example, for 18-in diameter HDPE pipe with a DR of 17, 
the minimum length of the insertion shaft is a horizontal length of 
12 times the diameter of the new pipe (18 ft) plus a sloped length 
of 2.5 times the depth of the shaft, as shown in Fig. 6.10. The width of 
the pit depends on the pipe diameter and required working space 
around the pipe. The pulling pit must be large enough to allow for 
operation of the winch or pull-back device, along with removal of 
the bursting head. Due to the flexibility of HDPE pipe, the outside 
lay-down area of the pipe prior to insertion does not necessarily have 
to be in line with the existing pipe.

(a) (b)

FIGURE 6.9 (a) Prechlorination and (b) sampling. (Source: Murphy Pipelines and 
Hammer Head.)



254 C h a p t e r  S i x

Acceptable arrangements for traffic control (based on DOT and 
local government regulations, and for the joined new pipe), with 
minimum inconvenience to nearby residents and businesses, must be 
carefully considered. The flow bypass pumping and pipe layout 
should be also planned. If it is necessary to dewater, safe and proper 
flow discharge plans are required. The contractor has, presumably, 
previously (see Sec. 6.8.9) submitted the jobsite layout plan that 
reflects the intended method of construction and addresses the above 
considerations. The contractor does not start the bursting operation 
before the engineer has reviewed and approved the jobsite layout 
plan. The site inspector enforces the adherence to this plan unless 
there is a valid reason for the deviation, and has been approved 
by the engineer or owner. If contaminated soil is excavated, the con-
tractor must take the necessary measures for handling and disposal 
of the contaminated soil.

6.9.2 Shoring the Entry and Pulling Shafts
Proper shoring of the entry and pulling shafts is essential for the 
safety of the workers and the stability of the surrounding environ-
ment. The trench shoring or bracing must be constructed to comply 
with Occupational Safety and Health Administration (OSHA) stan-
dards. There are several available means of shoring these shafts: 
trench box, solder pile and lagging, steel sheet piles, corrugated pipes, 
and the like. In addition, if space is available, another option is to 
slope the sides of the shaft to provide stability. The judgment and the 
supervision of a competent person (as defined by OSHA) or a quali-
fied geotechnical engineer is required to ensure the shoring is safe.

In static pipe bursting method, the winch will thrust against the 
wall of the pulling shaft on one side. This side must be capable of 
withstanding the corresponding pressure. Since the pulling forces 
in static bursting applications are relatively high, in such cases the 
contractor should construct a thrust block to distribute the forces 

12 × d2.5 × D
Polyethylene pipe 

Existing pipe with crown
removed to spring line

Winch assembly

Direction of insertion

D

D = Depth to invert
d = Diameter of liner pipe 

FIGURE 6.10 Insertion shaft dimensions for HDPE pipe with DR 17.
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over a reasonably large area. The thrust block, shoring, and soil 
behind the shoring must be able to withstand the stresses from the 
pulling system. The passive earth pressure of the soil must exceed 
the stresses generated by the pulling system with an acceptable factor 
of safety.

6.9.3  Matching System Components to Reduce 
Risk of Failure

One of the most critical activities prior to initiating the bursting project 
operation is to ensure that the system has sufficient power to burst 
the existing pipe segment between the insertion shafts to the pulling 
shaft. Additionally, the bursting system must overcome the friction 
between the soil and the outside surface of the new pipe with a rea-
sonable margin of safety to account for unforeseen repair sleeves, 
clamps, and the like. In general, the bursting system components 
should be appropriately matched to the project; for example, the 
winch capacity should be compatible with the bursting head size and 
the conditions of the job.

The contractor should adhere to the sizing guidelines stated in 
the operations manual issued by the bursting system manufacturer to 
match the system with the needs of the job. The manufacturer should 
be consulted if there is any doubt regarding the adequacy of the 
system for that specific run under those particular conditions (soil, 
depth, type of pipe, etc.). Lubrication of the outside surface of the 
new pipe with polymer or bentonite (depending on the type of soil) 
can reduce the coefficient of friction between the pipe and the soil, 
and consequently, reduce the required pulling force.

6.9.4 Nearby Utilities
The contractor must perform its due diligence to identify, locate, and 
verify the nearby underground utilities prior to digging the shafts 
and initiating the bursting operation. This includes contacting the 
local one-call center and request representatives of the utilities mark 
their existing lines on the ground surface. Then the contractor should 
then verify the exact location and depth of these utilities via careful 
hand digging and/or vacuum excavation. Manual excavation may 
be required within a few inches from the existing utilities to avoid 
damage. Vacuum excavation is an excellent tool to expose utilities 
with minimum surface excavation and minimum risk to the existing 
utility.

Underground utilities that are in good conditions are unlikely to 
be damaged by vibrations at distances of greater than 2½ ft from the 
bursting head for small sizes (less than 12 in. in diameter), in soft 
soil, which is a typical application for pneumatic pipe-bursting 
operations (Atalah, 1998). The safe distance for large-diameter 
bursting (up to 24 in.) is about 7½ ft (see Sec. 6.8.7). These guidelines 
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are generally consistent with that reported by Rogers (1995), indi-
cating that ground displacements are unlikely to cause problems at 
distances greater than 2–3 diameters from the pipe alignment. Utili-
ties that are closer to the bursting head than these distances should 
be exposed prior to bursting so the vibration from the bursting 
operation would be isolated or reduced prior to reaching the utility 
in question.

6.9.5 Bypass Pumping
One of the objectives of the bursting project team (owner, engineer, 
contractor, etc.) is to minimize customers’ service interruptions. The 
key for achieving this objective is the bypass pumping system. For 
water applications, the system should be able to deliver the needed 
flow volume with the specified pressure to the customers. For gravity 
applications, the system should be able to adequately pump the 
upstream flow and discharge it to the manhole downstream of the 
run being burst. The plan should ensure that the bypass system has 
adequate pumping capacity to handle the flow with emergency 
backup pumps to ensure no interruption to existing services. The 
bypass pipes and fittings should have sufficient strength to withstand 
the surge water pressures. Contractual arrangements between the 
owner and contractor should be made regarding responsibility for 
maintaining service to customers.

6.9.6 Dewatering
The pulling and the insertion shafts should be dry during installation 
to avoid disturbing bursting operations. Installation of a dewatering 
sump pump at one corner of the shaft is required. If the pipe invert 
is significantly below the GWT in sandy or silty soils, a more elabo-
rate dewatering system is recommended such as well-point system, 
deep wells, or larger sump and pump system. As the water level is 
drawn down, soil particles tend to travel with the water toward the 
dewatering system undermining utilities and structures. Therefore, 
as it is the case with every dewatering system, the contractor should 
take all necessary measures to prevent the migration of the soil par-
ticles from underneath nearby buildings and utilities. Since the dis-
charge flow volume in this case is expected to be large, a suitable 
discharge permit in compliance with the EPA requirements may be 
necessary. If a sump pump is used, preliminary treatment of flow to 
reduce the sediments before discharging into water streams may be 
required. 

6.9.7 Ground Movement Monitoring
The safety of nearby utilities, buildings, and structures due to ground 
movement is always important. For extremely challenging pipe-
bursting operations (Class C, Table 6.1), preconstruction survey and 
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monitoring of ground movement is advisable. A preconstruction 
survey should document all nearby buildings and structures that 
have cracks, cosmetic problems, and structural deficiencies. The 
elevations of carefully planned settlement points (on nearby build-
ings and on the ground surface) around the insertion and pulling 
shafts should be surveyed prior to bursting, during bursting, and 
after bursting. These preconstruction surveys and elevations moni-
toring can significantly reduce the risk of law suits to the contractor 
and the owner.

6.9.8 Manhole Connections
The thermal elasticity of the PE material causes changes in the pipe 
length, for example, 1 in. change in length per 100 ft of pipe for each 
10°F temperature change. Therefore, in extreme hot or cold weather 
when there is significant difference between the temperature of the 
deep soil and the ambient air temperature, it is recommended to 
allow the pipe to rest for 12 to 24 hours prior to tie-ins. Also, when 
PE pipe has been pulled to a significant portion of its allowable ten-
sile load, it may be prudent to let the pipe rest before connecting to 
other pipes, fittings, manholes, and lateral connection. This allows 
the pipe to recover from any stretching that may have occurred dur-
ing bursting. For other pipe materials, the manufacturer should be 
consulted.

In most pipe bursting applications, the existing pipe is old and 
deteriorated, including the manholes along the line. In most cases, it 
is therefore economical, on a life-cycle cost basis, to replace the exist-
ing deteriorated manholes and use their locations for pulling or inser-
tion shafts. When existing manholes are replaced with new ones, con-
nections to HDPE pipe can be made using flexible rubber manhole 
connectors called “boots.” A pipe clamp is used to tighten the boot 
around the HDPE pipe as shown in Fig. 6.11.

If the existing manhole is in reasonable conditions, and it is judged 
to be capable of providing adequate future service, the manhole 
benching is removed and the pipe opening is enlarged to allow the 
passage of the bursting head. Expandable urethane grout and oakum 
can be used to create a seal between the existing pipe opening and the 
HDPE pipe, as shown in Fig. 6.12. The flexibility of HDPE pipe may 
facilitate its movement through this opening.

Frequently, the inlets and outlets of the manhole are damaged 
during the bursting operation, such that the resulting inlet or outlet is 
no longer round. A low shrink polymer cement grout may then be 
used to repair the damage. To obtain a good seal to the HDPE pipe, a 
special PVC fitting with bell-end and sand texture outer surface (as 
shown in Fig. 6.13) may be used. The grout bonds to the manhole and 
the rough sandy surface of the PVC fitting provides a good seal. The 
gasket between the PVC fitting and the HDPE pipe allows the HDPE 
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FIGURE 6.11 Connecting HDPE pipe to new concrete manhole. (Source: Handbook 
of Polyethylene Pipe, 2008.)
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FIGURE 6.12 Connecting HDPE pipe to existing manhole. (Source: Handbook 
of Polyethylene Pipe, 2008.)
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FIGURE 6.13 (a) and (b) Connecting HDPE pipe to existing manhole with 
damaged inlets/outlet. (Source: Handbook of Polyethylene Pipe, 2008.)
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pipe to move if expansion or contraction occurs. The PVC fitting 
requires HDPE pipes with SDR of 21 or lower. 

6.9.9 Pipe Connection to Other Pipes
HDPE pipes are joined to other PE fittings by heat fusion or 
mechanical fittings. They are joined to other material by means of 
compression fittings, flanges, or other qualified transition fittings 
(PPI, 2008).

6.9.10 Pipe Bursting Water Mains
The most common materials for existing water mains are cast iron, 
ductile iron, and PVC. All three can be replaced by pipe bursting, but 
each requires a different piping burst approach. Cast-iron pipe is a 
relatively brittle material, and, therefore, the basic pipe bursting sys-
tem is sufficient to shatter the pipe. PVC pipes are not brittle and 
require multiblade cutting accessories in front of the bursting head to 
facilitate cutting the pipe. Ductile iron pipe is also not brittle; there-
fore, pipe splitting is the most suitable bursting system.

Connections between the replacement HDPE pipe and remaining 
segments of existing pipe (non-HDPE pipe), including valves, are 
accomplished by mechanical joint (MJ) adapters, which are butt fused 
to the HDPE pipe. A gland ring is then used to make a restrained con-
nection between the two types of pipes. Figure 6.14 shows connec-
tions to PVC or ductile iron pipes made using a female MJ connector, 
which is butt fused to the HDPE pipe. This connection provides a 
restrained connection.

Ductile iron
or PVC pipe

Retaining
gland

Stainless steel
reinforcing collar

Gland ring

Pipe ODStandard MJ
gasket

D3 D2

L

FIGURE 6.14 Connection to existing PVC or DI pipes using female MJ adapter. 
(Source: Handbook of Polyethylene Pipe, 2008.)
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6.9.11 Service Connections
The service (lateral) connections stated in the submittal list should 
explain the proposed material and connection procedures. Inspec-
tion of the existing pipe normally provides the location of service 
connections. In replacing water and gas lines, metal detectors can 
often be used. Standard practice is to locate, expose, and disconnect 
services prior to pipe bursting. Service connections can be made 
with Inserta Tee®, specially designed fusion fittings, or strap-on sad-
dles. Figure 6.15 shows an electrofusion saddle with a cutter attached, 
which is convenient to hot tap HDPE pipe lines for water or gas 
applications.

 For sewer applications, a “window” is cut in the HDPE pipe wall, 
and then one of the above fittings is used to connect the new HDPE 
pipe to the lateral connection. The Inserta Tee connection is a three 
piece service fitting consisting of a PVC hub, rubber sleeve, and stain-
less steel band, as shown in Fig. 6.16.

The Inserta Tee is a compression fit into the cored wall of a sewer 
mainline and requires no special tooling. Inserta Tees are designed to 
connect 4- through 15-in. services to all known solid wall, profile, 
closed profile, and corrugated pipes. The PE lateral connection 
options include fusing a lateral HPDE pipe to the main line and plac-
ing an electrofusion sewer saddle. Fusing a lateral PE to the main PE 
line requires curved iron that allows heating the ends and exposed 
surfaces of both pipes. This connection requires a highly skilled fusion 
worker because it is usually made in a tight space. 

An electrofusion saddle is mounted on the opening for fusion 
with the main line, as shown in Fig. 6.17. It is important to ensure 
that all exposed surfaces are clean and maintained in an acceptable 

FIGURE 6.15 Electrofusion saddle with cutter attached. (Source: Handbook 
of Polyethylene Pipe, 2008.)
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condition for the fusion operation. Strap-on saddles use a PE or PVC 
saddle that are lined with a rubber layer; the saddle is strapped around 
the main line using a stainless steel band, as shown in Fig. 6.17. 
After testing and inspecting the line and the connections, the exca-
vation is backfilled and the line returned to service. Additional 
details for gravity and pressure service connections are presented in 
the Handbook of Polyethylene Pipe (2d ed., PPI, 2008).

6.9.12 Grooves on the Outside Surface of the Pipe
A common misconception regarding pipe bursting is that the pipe 
fragments from the existing pipe can damage the HDPE pipe as it is 
pulled into the cavity. British Gas conducted a detailed study on 
bursting cast-iron pipes and concluded that there is no significant 
damage to the HDPE replacement pipes. Related supporting research 

FIGURE 6.16 Insert a tee fi ttings for sewer lateral connections. (Source: 
Handbook of Polyethylene Pipe, 2008.)

New PE main

Electrofusion saddle
with gasketed socket
outlet

PVC pipe

PVC 45° elbow

Polyethylene strap-on
service saddle

Polyethylene branch saddle
fused onto liner

Elastomeric gasket
between saddle and liner

Stainless steel
band clamps

Side-wall
fusion bead

Extrusion weld
(optional)

FIGURE 6.17 Pipe fusion and strap-on saddle sewer lateral connections. (Source: 
Handbook of Polyethylene Pipe, 2008.)
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conducted at Louisiana Tech University and Bowling Green State 
University, Ohio, indicates any possible grooves are very shallow and 
narrow when bursting clay, asbestos, and concrete pipes. The widest 
groove was 0.07 in. across and the deepest groove was 0.03 in., as shown 
in Fig. 6.18. Cast iron, clay, concrete, and asbestos pipes generally 
shatter without producing sharp shards that may potentially produce 
significant damage to HDPE pipe (Atalah, 1998, 2004). An exception 
to this rule occurs when attempting to significantly upsize ductile iron 
(DI) pipe. It is therefore recommended to limit PE replacement pipe to 
size-on-size bursting, or a single upsize, when bursting DI pipe. If 
larger upsize of DI pipe is required, HDPE pipes with a protective 
outside surface, similar to that shown in Fig. 6.19, may be used.

FIGURE 6.18 Grooves on the outside surface of the HDPE pipes after bursting. 
(Source: Handbook of Polyethylene Pipe, 2008.)

FIGURE 6.19 Protecting the HDPE pipe from shards. (Source: Handbook of 
Polyethylene Pipe, 2008.)
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If the PE replacement pipe will be dragged for a long distance 
over rough surface or pavement, the contractor can reduce the risk of 
scratching the pipe by placing it on cut-outs of available (scrap) PE or 
PVC pipe to keep the pipe off the rough surface. Sometimes it is nec-
essary for the contractor to push down on the replacement HDPE 
pipe with the bucket of the excavator to ensure that the HDPE pipe is 
properly aligned with the existing pipe at the entry point in the inser-
tion shaft (see Fig. 6.12), in the event the shaft is not of sufficient 
length. Wheels similar to those shown in Fig. 6.20 reduce the risk of 
grooves or scratches on the HDPE pipe. When the head of the pipe 
reaches the pulling shaft, the pipe should be inspected for surface 
damage. Surface scratches or defects in excess of 10 percent of 
the wall thickness should be rejected.

6.9.13 As-Built Drawings
As-built drawings are usually required for any underground utility 
construction including pipe-bursting projects. The bursting contrac-
tor should mark the new pipe, manholes, ancillary structure informa-
tion on a copy of the drawings marked and dedicated as the as-built. 
The contractor should document on these drawings any changes to 
the original layout of the underground utilities and structures that 
occurred during the construction phase. For example, rerouting any 
utility due to the excavation of the shafts, reconfiguration of other 
utilities required for bypass pumping, and others, should be marked 
on the as-built drawings. These changes shown on the as-built 
drawings should be verified and used to update the corresponding, 
certified-record electronic files (GIS) for the utility.

6.9.14 Contingency Plan
An important submittal in trenchless technology projects is the con-
tractor’s contingency plan. Most contractors have contingency plans 

FIGURE 6.20 Protecting the HDPE pipe from grooves using wheels on the bucket. 
(Source: Handbook of Polyethylene Pipe, 2008.)
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that include planned corrective actions if certain events take place. 
Pipe-bursting projects require specific additions to their standard 
contingency plan. Some of these specific events that are unique to 
pipe bursting and should be addressed include:

• Excessive ground movement or vibration

• Slow bursting progress or stuck bursting head

• Problems with bypass system and with diverting and recon-
necting the services to the customers

• Damage to existing water, gas, sewer pipes and power cable, 
and the like

• Dewatering problem in insertion or pulling shaft or at lateral 
connection pit

Specific issues and potential solutions are briefly discussed in 
Sec. 6.9.16.

6.9.15 Safety Considerations
Standard safety procedures, as followed in typical open-cut construc-
tion, should also be followed in bursting projects. In addition, the 
workers should understand the components of the bursting system 
and how they function, with special attention to the moving parts in 
the system. The workers should be trained and equipped with the 
necessary tools for confined space entry. The winch pushes against a 
thrust block that (along with the soil behind it) must withstand the 
forces applied by the winch. The stability of the soil behind the thrust 
block should not be compromised. During the flow bypass, the 
upstream pipe will be plugged; these plugs should be braced and, 
preferably, remotely inflated and deflated. Prior to bursting, the con-
tractor must ensure that there is no gas line or power line close to 
bursting head. 

6.9.16 Potential Problems
The best method for dealing with potential pipe-bursting problems is 
avoidance or minimizing probability of occurrence by properly fol-
lowing the design and construction precautions indicated in this 
chapter. However, if some of these precautions are not followed or in 
the event of unforeseen circumstances, problems may occur. Some 
of the causes of such problems include excess (existing) pipe sag, 
relatively large soil displacement, inadequate protection of nearby 
utilities, inappropriate bursting system, unforeseen obstacles, and 
unexpected site restrictions.

If, prior to initiating the bursting operation, the existing pipeline is 
determined to display excessive sag, this condition may be repaired 
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using the previously discussed techniques. However, if such a condi-
tion was discovered after initiating bursting, the contractor can repair 
the sag by exposing the problematic location and adjusting the soil 
beneath the pipe. Replacement of a section of pipe may be necessary at 
this excavation. If direct excavation at the location is not feasible, grout-
ing or otherwise stabilizing the soil beneath the pipe may be possible.

If excessive ground movement is anticipated close to an existing 
structure, a ground movement and vibrations monitoring plan should 
be developed (see Sec. 6.9.7). If problematic levels (see Sec. 6.8.7) are 
observed, a slower the rate of bursting is mandated. If the ground 
movement remains excessive, the bursting operation should be halted 
until an analysis of the causes and corrective options is conducted. If 
there is a deteriorated or old gas line, waterline, or sewer line that is 
particularly close to the bursting head and at risk of damage, exposure 
of the line significantly reduces risk of damage. The corresponding 
excavation should be performed using means that do not damage the 
line, such as vacuum or manual excavation. If the existing pipe is shal-
low and there is a high risk of damaging the surface pavement, saw 
cutting the pavement prior to bursting prevents the spreading of the 
damage to the rest of the pavement. After the operation is completed, 
the pavement over the trench can be repaired. In the absence of a viable 
solution, one option includes abandoning the pipe-bursting method.

If the bursting is significantly slower or more difficult than antic-
ipated, the contractor should attempt to determine the cause and con-
sider available corrective actions. Possible reasons and solutions for 
low bursting progress, or excessive pull force, include:

• The bursting system does not have sufficient power relative 
to the application (upsize percentage, large diameter, length, 
etc.). If the problem becomes evident shortly after the start of 
the run, the bursting system should be upgraded with one 
that has more power. If the problem occurs when the unit is 
close to the pulling shaft, toward the end of the run, the oper-
ation should be continued until the bursting head reaches the 
pulling shaft. At that point, the system may be upgraded for 
performing the next run, unless it is determined that an iso-
lated problem, such as that due to a repair ductile clamp or a 
fitting, and unlikely to occur again. As an alternative to 
employing a more powerful bursting system, the length of 
the runs may be reduced. If the problem arises in the middle 
of the run, at a location where excavation is feasible, the burst-
ing head should be exposed by a new shaft and the system 
upgraded. The introduced shaft can serve as an insertion 
shaft for the remainder of the run.

• The soil around the pipe prone to flowing or running, possi-
bly leading to excessive friction and associated elevated pull 
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forces (see Sec. 6.10). Lubrication of outside surface of the 
pipe with suitable lubricant is an effective way to reduce 
required pulling force on the new pipe by reducing the fric-
tion between the pipe and the soil. The key to applying this 
solution is establishing a lubrication manifold and lubrica-
tion line and pumping the lubricant during the bursting 
operation.

• Certain components or accessories of the system (for exam-
ple, the winch, air compressor, hydraulic components, cut-
ting accessories in front of bursting head, etc.) are under sized 
or not compatible with the application. The addition of appro-
priate accessories in front of the bursting head is assumed in 
order to cut PVC fittings, ductile clamps or fittings, and the 
like, reducing the potential of stopping or slowing the burst-
ing operation. If necessary, these components should be 
upsized (within the allowable range of that system).

• Breaking or shattering the existing pipe in running soil, below 
the GWT, may result in the pipe filled with soil, converting 
the bursting operation to a piercing operation. After verifying 
that the bursting head did not damage any nearby waterline, 
the site should be dewatered.

6.10  Sample Pipe Load Calculations

6.10.1 Introduction
A method for estimating pipe loads on HDPE pipe for a Mini-
horizontal directional drilling (Mini-HDD) operation was described
in Chap. 5. It would be advantageous to obtain similar estimates for 
such loads due to a pipe-bursting operation. Unfortunately, such 
attempts are hampered by the wide range of possible field conditions 
and their effect on the loadings. Thus, only a rough guide or “rule-of-
thumb” may be obtained, based on a combination of theoretical pre-
dictions and review of practical field results. Nonetheless, the process 
of arriving at such estimates yields valuable insight into the mechan-
ics of the pipe-bursting operation and an understanding of the sig-
nificant parameters impacting such a process, aiding the user in 
achieving a successful installation.

6.10.2 Pulling Loads—Theoretical Considerations 
In principle, the required pulling loads on the replacement pipe may 
be determined by estimating the normal (perpendicular) pressures 
applied to the pipe as it is pulled through the expanded borehole or 
cavity created by the bursting head. In particular, the pulling load 
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must be equal or exceed the drag force imposed on the pipe which 
may be based a conventional Coulomb friction model. This theoreti-
cal model assumes that friction or drag forces on a moving body are 
proportional to the local normal bearing forces applied to its surface, 
with the proportionality constant designated as the “coefficient of 
friction.” Such bearing forces may be due to the dead (empty) weight 
of the pipe, pressure on the pipe due to vertical or lateral pressure 
imposed by the soil, bearing/bending forces associated with pulling 
a stiff pipe around a curve, or bearing forces resulting from (previ-
ously induced) axial tension tending to pull the pipe snugly against 
any locally curved surfaces.

For the simple case of a replacement pipe pulled along the bottom 
of a stable cavity, with clearance between the pipe and internal cavity 
walls, as illustrated in Fig. 6.21, the required tension T1 is given by

T1 = w × L × ν (6.2)

where w = weight of the pipe per unit length (lb/ft)
 L = length of the pipe within the cavity (ft)

ν =  coefficient of friction between the pipe and cavity 
surfaces (dimensionless)

Equation (6.2) also assumes that there is no significant restraining 
load at the trailing end, such as due to reel resistance for a continuous 
length pipe. Such resistance, or tail load, would result in an equiva-
lent increased load at the leading end.

It is a relatively simple matter to apply Eq. (6.2) to a particular 
pipe and application, based upon an assumed value, or range of val-
ues, for frictional characteristics. For example, 4-in. DR 17 pipe of 

Pipe
Cavity

Weight, w

Length, L

Tension, T

Frictional drag due to weight of pipe

Coefficient of friction, ν

Drag (lb)

FIGURE 6.21 Replacement pipe pulled through stable cavity.
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HDPE material weighing 1.53 lb/ft, an assumed coefficient of friction 
on the order of 0.5, and an arbitrarily long section length of 1000 ft 
corresponds to a drag force, or required pulling load, of 765 lb.

The predicted load should then be compared to the safe pull 
strength for the pipe, which is provided in Table 6.2 for HDPE for a 
variety of pipe sizes. The safe pull strength (lbs) is based upon the 
safe pull tensile stress (SPS) as applied to the pipe cross-section. The 
SPS is a conservative value that accounts for the load duration, 
assumed to be 12 hours, as well as a significant reduction (less than 
half) relative to the nominal tensile strength of HDPE (3200 lb/in.2)
to limit nonrecoverable viscoelastic deformation (Petroff, 2006). 
For MDPE pipe, the values in Table 6.2 must be adjusted by a factor 
of 0.75.

It is recognized that the new-bursting operations may impose 
dynamic impact loads on the pipe, not reflected in the steady-state 
movement assumed in the present simplified analyses. Such transient 
effects may be expected to increase the peak steady-state loads by 
approximately 25 percent for HDPE pipe (Atalah, 1998). Due to the 
brevity of the transient load duration, as well as the conservative 
nature of the SPS value, such effects are not considered significant for 
the present calculations.

It is readily confirmed that the pull load (765 lb) calculated 
before is an order of magnitude below the indicated 4000 lb safe 
pull strength of Table 6.2. In general, the installation distances 
appear to be essentially unlimited compared to that based upon 
actual field present experiences, as outlined in Table 6.1, with simi-
lar conclusions independent of wall thickness (DR value). It may 
therefore be concluded that the simple model indicated in Fig. 6.21 
and Eq. (6.2) represent idealized conditions, not typically encoun-
tered in practice. In particular, the assumption that the expanded 
borehole remains stable, along its entire length, as illustrated in 
Fig. 6.21, is optimistic.

Previous studies (Atalah, 1998) indicate that the borehole may be 
expected to collapse along at least a portion of the length, directly 

Nominal Pipe Diameter to Thickness Ratio (DR)

Size (in.) 7.3 9 11 13.5 15.5 17 21

4 8,600 7,200 6,000 5,000 4,400 4,000 3,300

6 18,500 15,500 13,000 11,000 9,500 9,000 7,200

8 31,000 26,000 21,500 18,000 16,000 14,500 12,000

12 69,500 58,000 48,500 40,500 35,500 32,500 26,500

24 246,000 205,500 172,000 142,500 125,500 115,000 94,500

TABLE 6.2 Safe Pull Strength (lb) HDPE (PE3608) Pipe, 12 Hours
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subjecting the pipe to pressure from the soil at the top and its sides, as 
illustrated in Fig. 6.22. A conservative estimate may, therefore, assume 
that the borehole collapses along the entire length of the bore. Fur-
thermore, the “prism load” corresponding to the height of soil above 
the pipe may conservatively be used to estimate the local radial soil 
pressure applied around the circumference, C. Thus, the reconsidered 
required tension, T2, would now be given by

 T2 = γ × d × C × L × ν    (6.3)

where d = depth of cover above the pipe (in.)
 C = pipe outer circumference (in.)
 γ = soil density (lb/ft3.)

As mentioned before, it is a relatively simple matter to apply 
Eq. (6.3) to the 4-in. HDPE pipe considered previously. In this case, 
however, a segment length of only 100 ft, as well as a relatively 
shallow depth of 5 ft, is considered, corresponding to that which 
should be a readily accomplished installation, based on Table 6.1. 
For the present calculations, a relatively low value of soil density 
(γ equal to 100 lb/ft3) and frictional coefficient (ν equal to 0.3) are 
assumed, the latter possibly corresponding to the use of lubricant, 
such as bentonite. The calculation results in a drag force exceeding 
17,500 lb, more than four times the 4000 safe pull strength provided 
in Table 6.2, for a DR 17 HDPE pipe. This broad inconsistency 
between actual field capabilities and the theoretical predictions 
confirms the degree of excessive conservatism reflected in Eq. (6.3), 
due to the assumed extent and magnitude of the applied soil loads 
for typical applications.

Consistent with the widely varying assumptions reflected in 
Eqs. (6.2) and (6.3), as directly related to the degree of stability of the 
created cavity, the corresponding required tensile forces—and 

Pressure, P

Pipe circumference, C

Length, L

Tension, T

Frictional drag due to soil weight/pressure in collapsed borehole

Coefficient of friction, ν

Drag (lb)

Drag (lb)

FIGURE 6.22 Replacement pipe pulled through collapsed borehole.
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placement distances—can vary over a wide range, implying that it 
will be difficult to confidently predict practical placement distances 
for a given pipe system (specified material, diameter, wall thickness, 
and the like).

While recognizing the inherent difficulty in providing a generally 
accepted, conservative design protocol for the broad range of possi-
ble pipe-bursting operations, the availability of a “rule-of-thumb” 
would be useful to help during the planning stages. Such a rough 
guide is presented in Sec. 6.10.3, as well as in Sec. 6.10.4.

6.10.3 Pulling Loads—Planning Guide
The extremes inherent in the above theoretical models are associated 
with the degree and extent to which the expanded borehole (cavity) 
may collapse, and the method by which the resulting soil loads is 
estimated. A reasonable approach in developing a more useful rule-
of-thumb or guide would be to assume a moderate degree of cavity 
collapse and/or reduced soil loads that reflect a degree of soil arch-
ing, and compare the resulting predictions to the relatively recent 
field experiences included in Table 6.1.

Previous studies (Atalah, 1998) have indicated that the potential 
for collapse of the borehole encompasses a wide range of possibili-
ties, including collapse along the entire length as well as collapse of a 
lesser extent, for example, approximately 25 percent of the length. 
The same studies included estimates of estimated soil loads some-
what less than the simple prism load, reflecting soil arching. An over-
simplified, but convenient, means of attempting to account for these 
effects is to use a modified version of Eq. (6.3), based on an effective 
length equal to 25 percent that of the actual section∗,†, and an effective 
depth given by

 deff = d for  d/D < 5 

 = 2/3 d  for  5 ≤ d/D < 10 

 = 1/2 d  for  10 ≤ d/D < 20 

 = 1/3 d  for  20 ≤ d/D (6.4)

where D is the nominal (trade size) pipe diameter of the HDPE 
replacement pipe (in.). (The approximate nature of this simplification 
obviates the need to carefully distinguish between the nominal and 
the actual outer diameters of the product pipe.)

∗ The weight of the pipe itself, along the entire length L, is insignificant 
compared to the soil loads, and may be ignored for these calculations.

† The 25 percent factor also reflects the possible (likely) reduced radial soil pressure 
due to variation around the pipe circumference.
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Based on these assumptions, and the preceding assumed values 
for soil density and frictional coefficient, the estimated pull force 
Eq. (6.3), leads to:

 Tguide (lb) = deff (in.) × D (in.) × L (ft)/6 (6.5)

where deff is given by Eq. (6.4) and the conversion units for the 
various parameters are reflected in the “6” in the denominator of 
Eq. (6.5).

For example, for the 100-ft-long, 5-ft-deep installation of the 4-in. 
HDPE pipe considered in Sec. 6.10.2, for which Eq. (6.3) yielded a pull 
force in excess of 17,500 lb, Eq. (6.5) predicts a required pull force on 
the order of only 2000 lb, based on deff of half the actual depth (for 
d/D = 60 in./4 in. = 15). Thus, this operation would appear to be well 
within the capability of the DR 17 HDPE pipe under consideration.

As another example, consider a 250-ft section of 12-in. HDPE DR 
17 pipe, placed with 10-ft cover. Based on Eq. (6.5), a required pull 
force of approximately 30,000 lb is predicted, within the tabulated 
safe pull strength of 32,500 lb. This result is consistent with field expe-
riences indicating a “routine” (see Table 6.1) operation for an installa-
tion of this approximation geometry.

6.10.4 Pipe Collapse Conditions
In addition to potential failure by excessive pulling tension, it is pos-
sible that the HDPE product pipe can significantly deform or collapse 
during the installation phase or during the postinstallation (e.g., 
operational) stage. A relationship for critical (buckling) pressure, Pcr,
is given in ASTM F1962-05 (ASTM, 2005) for unconstrained collapse 
under uniform external (hydrostatic) pressure:

 Pcr = 2 E fo · fR /{(1 – μ2) · (DR – 1)3} (6.6)

where E = material modulus of elasticity (psi)
μ = Poisson’s ratio (dimensionless)

 fo = ovality compensation (reduction) factor (dimensionless)
 fR = tensile stress reduction factor (dimensionless)

In a discussion of ASTM F1962-05, Petroff (2006) explains the 
significance of these terms. The material properties, E and μ, for the 
viscoelastic HDPE pipe depend on the load duration, fo accounts for 
initial or subsequent out-of-roundness, and fR recognizes a potential 
reduction in collapse strength in the presence of significant tensile 
loads during the installation phase.

In the case of pipe bursting, and consistent with above discus-
sion, it must be anticipated that at least a portion of the expanded 
bore path will be unstable and, therefore, tends to collapse with the 
soil descending, applying vertical (and possibly a degree of lateral) 
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pressure on the pipe. In general, the detailed consideration of the 
interaction of the various phenomena, and the consequences for the 
product pipe is relatively complex. In particular, it is not clear that the 
model represented by Eq. (6.6) is appropriate for the asymmetric soil 
pressures applied to a partially constrained pipe in the cavity created 
by the bursting operation. However, for the present purpose of devel-
oping an easy-to-apply planning guide, it is again desired to make 
some simplifying assumptions. Thus, the effect of the estimated 
asymmetric earth pressure, assuming a locally collapsed cavity, is 
compared to the critical load as indicated in Eq. (6.6), recognizing that 
the procedure may be somewhat conservative due to a degree of lat-
eral constraint that may be provided to the pipe.

The critical pressure, Pcr, as given in Eq. (6.6) may be expressed in 
terms of an equivalent head (ft) of water, for idealized conditions in 
which the ovality reduction factor, fo, and tension reduction factor, fR,
are assumed equal to 1.0. Since the (effective) material stiffness, E,
and Poisson’s ratio, μ, are dependent upon the load duration, the 
critical pressure is also dependent upon duration. Table 6.3 is based 
on the corresponding information provided in ASTM F1962-05 or 
related industry information (Petroff, 2006), and is applicable to any 
diameter HDPE pipe. For MDPE pipe, the tabulated values must be 
adjusted by a factor of 0.75.

Since the soil is of significantly greater density than water, the 
indicated pressure head (ft) values of Table 6.3 must be reduced by a 
factor of 1/γ, for which purposes the soil density is conservatively 
assumed to be double that of water. The values must be further 
adjusted (reduced) for the aforementioned ovality and tensile load 
considerations, as well as possible initial elevated temperature (ASTM 
F1962-05, App. 3).

In general, there are two phases to be considered with regard to 
possible collapse of the pipe during, or soon following, the installa-
tion. During the installation process, the short term, or possibly 

Duration Pipe Diameter to Thickness Ratio (DR)

7.3 9 11 13.5 15.5 17 21

Short term 2,896 1,414 724 371 238 117 91

10 hours 1,436 702 359 184 118 88 45

100 hours 1,205 588 301 154 99 74 38

1,000 hours 1,019 498 255 131 84 62 32

50 years 649 317 162 83 53 40 20

TABLE 6.3 Ideal Critical Pressure (Water Head, ft) for Unconstrained HDPE 
(PE3608) Pipe (73°F)
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10 hours, strength would be appropriate, in combination with antici-
pated values of fo and fR during this period. For the postinstallation 
phase, a 1000-hour collapse strength is conveniently assumed as which 
time the soil has locally redistributed itself around the pipe to provide 
some lateral constraint against collapse, in combination with the rela-
tively tight clearance between the replacement pipe and the expanded 
borehole walls, characteristic of a pipe-bursting operation. For this 
postinstallation phase, the tension reduction factor, fR, is equal to 1.0. 

Based on the ovality reduction factor, dependency trend provided 
in ASTM F1962, and consistent with the present simplified approach, 
it is reasonable to assume a maximum overall value of fo of approxi-
mately 0.5 to account for ring deformation due to initial ovality plus 
that induced by postinstallation loadings.

The greater short-term (or 10-hour) collapse strength relative to 
that at 1000 hours would tend to be offset somewhat by the tension 
reduction factor, fR, during installation, as well as the degradation at 
possible elevated temperature as the HDPE pipe sits on the surface 
prior to installation. However, the latter effects would not be experi-
enced simultaneously, as the pipe is placed at its maximum depth 
and distance. Therefore, the 1000-hour (postinstallation) collapse 
characteristics, as adjusted for the above soil density and ovality con-
siderations, are conveniently employed to evaluate the vulnerability 
to collapse. Based upon the above discussion, the following planning 
guide is determined:

 Hall (ft) = 1000 hour water head × fo × fR/γ 

 = 1000 hour water head × (0.5) × (1.0)/(2.0) 

or,

 Hall (ft) = 1000 hour water head/4.0 (6.7)

where Hall is the allowable (maximum) pipe depth.

An additional degree of margin (safety factor) may exist due to 
soil arching effects, reducing the effective load on the pipe), as well as 
the aforementioned degree of lateral constraint of the pipe provided 
within the cavity.

As an example, consider the feasibility of installing a 4-in. DR 17 
pipe at a depth of 12 ft. Applying Eq. (6.7) results in

 Hall (ft) = 1000 hour water head/4.0 

 = 62 ft/4.0 

 = 15.5 ft 

Thus, the present planning guide indicates that the proposed 12-ft 
depth is reasonable.
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It is noted that the above guidelines do not apply to applications 
with significant surface loads, such as vehicular traffic. For such 
cases, minimal depth requirements would also apply to avoid the 
effect of large surface loads. In addition, the ability of the pipe to suc-
cessfully perform its long term function, including the ability to with-
stand external soil loads as well as internal operating pressure, should 
be confirmed, using conventional design procedures (PPI, 2008). 

6.11 Summary
This chapter presented pipe replacement methods, primarily based 
on the use of HDPE pipe. Although other pipe materials may be used 
for pipe bursting, many references are made to HDPE since HDPE is 
most commonly used material for this application. In comparison to 
other renewal methods, including conventional open-cut construc-
tion, pipe bursting is often the method of choice when the existing 
pipe has few service lateral connections, is significantly deteriorated 
and, most importantly, requires additional capacity. This chapter dis-
cussed the predesign, design, and construction phases of pipe burst-
ing. In addition, a relatively simple concept for estimating the pulling 
loads applied to the new pipe is provided to help determine the gen-
eral feasibility of the HDPE pipe to withstand these forces. While PE 
pipe was used for pipe loading calculations, similar concept can be 
used for calculating loads on other types of pipe materials. The cor-
responding estimates allow the selection of an appropriate pipe wall 
thickness (DR value).

Polyethylene pipe has been most commonly used as a new 
replacement pipe, but other materials have also been successfully 
used; see Sec. 6.5. The reference to HDPE in this chapter by no means 
implies that this book endorses or recommends use of HDPE pipe 
over other types of pipe materials, a decision that needs to be made 
by the project owner and design engineer, considering specific project 
and site conditions. Chapter 4 presents a full discussion of different 
pipe materials and advantages and limitations of each.
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CHAPTER 7
Construction and 

Inspection for 
Cured-in-Place Pipe

7.1 Overview of the CIPP Technology

7.1.1 Background
Cured-in-place pipe (CIPP) installation is one of the most widely 
used methods of trenchless pipeline renewal for both structural and 
non-structural purposes, and can be used for water, sewer (sanitary, 
storm, culvert), oil, and gas applications. The CIPP technology is used 
to renew deteriorated, leaking, and outdated pipelines for a new 
design life of 50 years. 

The CIPP method involves a liquid thermoset resin-saturated 
material that is inserted into the existing pipeline by hydrostatic or 
air inversion, or mechanically pulled with a winch, a cable, and infla-
tion. The material is heat-cured in place resulting in a CIPP product. 
Insituform Technologies introduced CIPP in the United Kingdom in 
1971 and entered the United States market in 1976. Currently CIPP 
technology is offered by a large number of companies.

As for any other pipeline renewal method, CIPP design and 
installation is based on factors, such as the existing pipe condition, its 
defects, its applications (type of fluid and its properties) and its envi-
ronment, nature of problem or problems involved, and future use of 
the pipeline. A existing pipeline system can exhibit a number of dif-
ferent defects. The defect can be structural in nature, operational or 
maintenance related, built into the system during construction, or 
can be a mix of different types of problems.
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7.1.2 Method Description
Cured-in-place pipe (CIPP) is a thermoset resin system (polyester, vinyl 
ester, or epoxy) that is delivered via a felt, fiberglass, or carbon fiber 
tube of the design thickness specified. After cleaning and inspection, 
the existing pipe is used as a mold. The soft, resin impregnated and 
saturated, tube is inserted by inverting the tube into position using 
water or air. Another method is to first pulling the tube into place by a 
winch and then inflating it with air or water. Once in place and properly 
inflated, the resin is cured using hot water, steam, or ultraviolet light, 
resulting in a new pipe within a pipe. See Sec. 7.4 for more information.

Although originally developed for sanitary sewer applications, 
CIPP may be manufactured to suit many pipeline shapes, and can 
accommodate deformations and changes in direction of the pipe. 
Using this technology, pipe lengths up to half mile have been installed 
successfully in one single operation. 

7.2 Site Compatibility and Applications
Cured-in-place pipe (CIPP) can be used effectively for a wide range 
of applications that include sanitary and storm sewers, gas pipelines, 
potable water pipelines, chemical and industrial pipelines, and pres-
sure pipelines. There are a variety of tube materials and configura-
tions, including reinforced or nonreinforced, that can be used with a 
variety of liquid resin systems, to address structural and corrosion 
resistance requirements. The physical properties of CIPP make it 
especially suitable for different types of pipe geometries including 
straight pipes, pipes with bends, pipes with different cross-sectional 
geometries, pipes with varying cross-sections, pipes with lateral con-
nections, and deformed and misaligned pipelines. However, several 
factors must be evaluated before choosing CIPP as the method of 
renewal for an individual project. Factors such as space availability, 
chemical composition of the fluid carried by the pipeline, the number 
of laterals, the number of manholes, installation distance, renewal 
objectives, structural capabilities of the existing pipe, and the like, 
must be assessed before making a choice on the renewal system. CIPP 
is also used for localized repairs in a wide range of pipe applications.

The possibility of negotiating bends depends on the installation 
and curing process of the various systems. Pipe liners that are inverted 
during insertion can often negotiate bends up to 90°. There are, how-
ever, limitations to the degree of bending that ultraviolet (UV) cured 
liners can manage. Bends can also present problems for liners that are 
pulled into place, because the liner must remain on the underlying 
protective foil and must under no circumstance become twisted. It is 
important to be aware that vertical folds and wrinkles may occur in 
the liner when negotiating sharp bends. Table 7.1 presents an over-
view of CIPP applications and possible limitations.
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Pipeline Type Suitable

Sewers Yes

Gas pipelines Yes

Potable water pipelines Yesa

Chemical/industrial pipelines Yesb

Straight pipelines Yes

Pipelines with bends Yes

Circular pipes Yes

Non-circular pipes Yesc

Pipelines with varying cross-sections Yesd

Pipelines with lateral connections Yese

Pipelines with deformations Yesf

Pressure pipelines Yesg

a Several CIPP lining systems are approved for lining potable water pipelines and 
can be combined with other lining systems to provide sufficient strength.

b As each manufacturer uses different types of resin, reinforcement, etc., the 
chemical resistance of liners varies. If special characteristics are required, indi-
vidual manufacturers should be contacted in order to help finding the most 
suitable product for specific requirements with regard to chemical content, con-
centration, temperature, etc.

c All the described methods are suitable for lining main pipelines with circular, 
egg-shaped, or V-shaped cross-sections.

d Some proprietary liner systems allow CIPP techniques to be used in pipelines 
with varying cross-sectional area.

e Laterals can be reinstated using a robotic cutter. It is presently possible to reopen 
laterals on pipelines with a diameter of more than 4 in. (100 mm). In man-entry 
systems, laterals are reopened manually. With some CIPP systems, watertight 
connectors can be fitted between laterals and main lines.

f CIPP can be used where deformities are minor.
g A few liner manufacturers can supply laminates suitable for pressure 

pipelines.

TABLE 7.1 Overview of CIPP Applications and Possible Limitations

7.2.1 Effects of Pipe Defects 
While cured-in-place pipe can be installed in a variety of shapes and 
configurations, levels of pipeline defect may dictate where the CIPP 
may not effectively renew the existing pipe or when additional reme-
dial work is required before CIPP installation. With a thorough 
knowledge of pipeline defects, the designer can determine if a pipe 
can be renewed or must be replaced, what renewal or replacement 
method to use, or if the pipe must initially be spot repaired. 
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There are several ways to categorize and classify pipelines defects. 
Table 7.2 presents sample defect codes that may be used in sewer pipes. 
Similar codes can be used for different types of pipes. Table 7.3 presents 
a six category pipeline condition assessment system.

The defects listed in the “Condition Description” column of 
Table 7.4 include only the most common/critical defects affecting 
the structural integrity of a pipeline. Also, in this column, “light,” 

Defects Codes Defects Codes

Brick gone BG Tile broken TB

Brick loose BL Tile cracked TC

Crown gone CG Tile gone TG

Peeling T-lock PTL Tile loose TL

TABLE 7.2 Sample Defect Codes used in Sewer Pipes

Category Sample Defects
Action/
Response

Response
Period

I

• Severe corrosion throughout 
• Few areas with tile remaining 
• Exposed rebar 
• Soil voids visible

Renewal or 
replacement

Immediate

II
• Heavy to severe corrosion
• Large areas with tile missing
• Some rebar corrosion

Renewal or 
replacement

2–3 months

III
• Moderate to heavy corrosion
• Many large areas with tile 

missing

Follow-up
investigation

1 year

IV
• Light to moderate corrosion
• Some large areas with all the 

tile missing

Follow-up
investigation

3–5 years

V
• Slight corrosion in some areas
• Patches of tile missing

Follow-up
investigation

5 years

VI
• No corrosion visible
• Some individual tiles missing

Follow-up 
investigation

5–10 years

a Overlapping of categories can occur as a result of the six categories lending themselves 
to subjective interpretations.

TABLE 7.3 Six Category Pipeline Condition Assessment Systema



Category Condition Description Action Required
Defect Score 
(points/ft)

A
Very good
• Condition is almost like new pipeline 

pipe

No repairs
• Future routine inspection

Less than 10

B

Good to fair condition
• Light cracks localized
• Light corrosion localized
• Light roots localized

No immediate repairs
• Possible preventive measures such as chemical addition, 

other treatment, or maintenance to stabilize existing condition
• Schedule next inspection in the order of pipeline system priority

10–25

C

Fair to poor condition
• Moderate cracks/fractures
• Moderate corrosion continuous
• Moderate infiltration continuous
• Moderate roots continuous

Routine repairs
• Includes planning, environmental documentation, technical 

investigations, design, reviews, bid and award following 
established priorities. Possible preventive measures

25–65

D

Very poor condition
• Severe cracks/fractures
• Broken pipe with holes
• Severe corrosion
• Severe infiltration/roots

Expedited repairs
• Includes fast track construction, accelerate planning/design, 

and preventive measures to avoid emergency

More than 65 

TABLE 7.4 Pipeline Condition Categories (Continued)281



Category Condition Description Action Required
Defect Score 
(points/ft)

E

Emergency condition
• Collapsed pipe/street
• Dirt pipe (CPD)
• Crown of pipe gone (CPC, CG)
• Void in backfill around pipe
• Full flow obstruction/blockage

Emergency repair
• Initiate urgent procedure

Ranking
score not 
applicable

Table Notes:
A.  All televised pipelines are ranked on a priority point per ft basis according to the severity of their defects. The ranking list is further subdivided into 

categories to identify and quantify the urgency of the corrective work needed.
B.  The identification and ranking procedures are conservative. Certain defects may receive a high number of points to move them into the emergency 

category and to target them for immediate review. For example, upon discovery, a perceived emergency condition, although questionable, should be 
placed into Category E for immediate review by the P.E. in charge of emergencies. 

C.  Upon verification of an emergency condition, special order procedures for emergency pipeline repair work are initiated. Otherwise, the condition is 
upgraded to Category D. Once the emergency repair is completed, the repaired pipeline is ranked according to the remaining defects. 

D.  Category E condition pipelines must be repaired as quickly as possible (in accordance with emergency procedures) and therefore, should not be 
included on a priority list of pending projects.

TABLE 7.4 Pipeline Condition Categories
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“moderate,” and “severe” are meant to take into account the overall 
severity as well as frequency of defects affecting the entire pipe.

In another method, inspected pipelines can be assigned Catego-
ries A, B, C, and D on the basis of their unit scores, as listed in the 
“Defect Score” column of Table 7.4. Category E defects can be identi-
fied solely on the presence of critical defects noted during the closed-
circuit television (CCTV), or other inspection methods. The defect 
score is not applicable for Category E pipelines. 

The National Association of Sewer Services Companies 
(NASSCO)–Pipeline Assessment Certification Program (PACP), 
defines, in detail, each defect category and provides a program to 
train CCTV operators to identify these defects in a common 
descriptive language uniform for the United States and Canada. 
The condition data identified by the CCTV operator are then com-
piled and, through the use of a rating system, a priority level for 
renewal is assigned. This condition assessment will allow the 
designer to select the most applicable technology to accomplish the 
renewal. Based on NASSCO guidelines, Table 7.5 presents different 
types of defects that will impact CIPP installations. Figures 7.1, 7.2, 
and 7.3 represents the structural, operational and maintenance, 
and construction defects respectively.

7.3 Main CIPP Characteristics 
As said previously, the primary components of CIPP are a flexible 
fabric tube and a thermosetting resin system. For typical CIPP appli-
cations, the resin is the primary structural component of the system. 
These resins generally fall into one of the unsaturated polyester, vinyl 
ester, and epoxy generic groups, each of which has distinct chemical 
resistance and structural properties. 

Unsaturated polyester resins were originally selected for the first 
CIPP installations due to their chemical resistance to municipal sew-
age, good physical properties in CIPP composites, excellent working 
characteristics for CIPP installation procedures, and economic feasi-
bility. Unsaturated polyester resins have remained the most widely 
used systems for the CIPP processes for over three decades.

Vinyl ester and epoxy resin systems are used in industrial and 
pressure pipeline applications, where their special corrosion and/or sol-
vent resistance, tensile strength, and higher temperature performance
are needed. These systems can also be used in sanitary sewer sys-
tems. In drinking water pipelines, epoxy resins are required.

The primary difference between heat cured and UV light cured 
resins is how the resin cure is activated and the workable life of 
the resin catalyst mixture (time from when the resin is first mixed, 
or catalyzed, until it cures at a specified temperature). Heat acti-
vated resins are designed to cure when a heat source is applied for 



Defect Type Defect Description Possible CIPP Impact

Structural Defects (see Fig. 7.1)

Cracks A crack in the pipe is visible, but the pipe is 
still in place with no distortion.

Cracks typically will not reflect through the CIPP. This pipe 
condition is in an ideal time to renew the pipe. CIPP installation 
will result in a well-shaped, round pipe within a pipe.

Fractured pipe A crack that has become visibly open although 
the sections of pipeline pipe wall are still in 
place and not moved or displaced.

Fractures typically will not reflect through the CIPP. This pipe 
condition is still in an ideal time to renew the existing pipeline, 
resulting in a well-shaped pipe within a pipe.

Broken pipe Pipe where pieces are noticeably displaced and 
have moved from their original position.

The CIPP can be installed when the pipe is broken, but the 
displaced pipe sections will reflect in the final installed product.

Pipes with holes Hole refers to a pipe which visibly has an 
unintentional hole in the pipe wall. Service 
connections are intentional holes in the pipe. 
A hole can be where the pipe has broken away 
and is missing.

The CIPP can be installed with a hole in the pipe. The hole 
configuration will reflect in the final installed product much like 
a service connection dimple. Stabilization of the surrounding 
soil structure should be evaluated.

Deformed pipe The pipe is damaged to the point that the 
original cross-section of the pipeline is 
noticeably altered.

The CIPP can be installed when the pipe is deformed, but 
the deformation will reflect in the final installed product. If 
the crown of the pipe has developed a reverse curvature, the 
installed CIPP must be designed by a qualified engineer to 
determine the design requirements.

Collapsed pipe A collapse is where deformation is so great 
there has been a complete loss of integrity of 
the pipeline with more than 40 percent of the 
cross-sectional area lost.

The CIPP should not be installed when the pipe collapse is 
greater than 40 percent of its cross-sectional area. A point 
excavation should be made to correct the collapsed section, 
and then the CIPP should be installed.

Joint problems Joints can be offset, separated or angled. The CIPP can be installed when the pipe is offset, separated, 
or angled less than 40 percent of the cross-sectional area. The 
existing condition, however, will reflect in the final installed product.
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Pipe surface 
damage

Surface damage can appear in a number 
of ways. The surface can be rough, it can 
have aggregate missing or projecting, steel 
reinforcement visible and projecting, and more.

Most surface damage will not prevent the proper installation of 
CIPP.

Missing pipe 
sections

A section of pipe is missing with only the dirt 
left in place.

Typically, a preliner is installed first. Then the CIPP is installed 
inside the preliner. Grouting and stabilizing the surrounding 
soils should be evaluated.

Previous point 
repairs

An area of the existing pipeline system that 
was previously excavated and repaired with an 
undersized pipe section.

A CIPP liner can be installed, but will significantly wrinkle through 
the undersized pipe section. The better alternative is to replace 
the undersized pipe with the correct size and then install the CIPP.

Brick pipe 
defects

Include missing bricks, missing mortar, and 
loss of crown key and dropped invert.

A CIPP liner can be installed but will take the shape of the 
existing brick pipe. The alternative is to partially repair the 
existing pipe and restore its shape, then install the CIPP.

Operational and Maintenance Defects (see Fig. 7.2)

Deposits & 
tuberculation

A multitude of different types of deposits may 
be found in an existing pipeline system.

All deposits should be removed from the existing pipe before 
installing the CIPP.

Tree roots Roots are commonplace in various forms in a 
pipeline including fine roots, tap roots, medium 
roots, and root balls.

All roots must be removed from the existing pipe before 
installing the CIPP.

Infiltration/
inflow (I & I)

Infiltration into a pipeline can range from a 
weeper, a dripper, a runner to a gusher.

CIPP can be installed effectively, with minor infiltration such as 
weeper, drippers, and runners. Gushers should be sealed or a 
preliner used before installing the CIPP.

Obstructions in 
the pipe

Obstructions in the pipeline can vary from 
bricks and debris to pipes and cables installed 
through the pipeline.

All obstructions that will prevent the proper installation of the 
CIPP must be removed from the existing pipe.

TABLE 7.5 Existing Pipe Defects and Possible CIPP Impacts



Defect Type Defect Description Possible CIPP Impact

Construction Defects (see Fig. 7.3)

Protruding 
service 
connections
(hammer tap)

A protruding connection or hammer tap is a 
service connection installed, by a plumber into 
the main pipeline, usually by breaking a hole in 
the mainline and inserting the lateral pipe.

Protruding service connections should be cut back to within 
½-in. to 1-in. of the pipeline pipe wall before installing the CIPP.
Lining over a long protruding connection may be possible 
however this will create a significant protrusion in the 
CIPP which may cause a blockage.

Intruding joint 
seal

Joint seal material between two pipe sections 
has become loose and is protruding into the 
pipeline pipe.

All significantly intruding joint seals should be removed, from 
the existing pipe, before installing the CIPP.

Pipe shape 
change

This occurs when a pipeline changes shape 
either from round to oval or from one size to 
another without the existence of a manhole at 
the change location.

Pipeline pipe size changes can be accommodated with a 
custom designed tube. Some CIPP wrinkling, and gaps behind 
the CIPP, will occur at the transition point of the size change.

Pipe material 
change

This occurs when the pipe material is changed 
in mid-section without a manhole being 
constructed.

Pipeline material changes should not affect the installation of a 
CIPP unless the size also changes. Then a custom tube should 
be fabricated.

Pipe alignment 
change

During installation, pipe joints may be deflected 
and brick pipe may be constructed to follow a 
curve in the road.

Small deflections and curves (see Section 7.2) in alignment 
of an existing pipe are typically not a concern when installing 
a CIPP.

Source: NASSCO

TABLE 7.5 Existing Pipe Defects and Possible CIPP Impacts (Continued)
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(a) Partially deteriorated (b) Fully deteriorated

FIGURE 7.1 (a) and (b) Structural defects. (Source: Insituform Technologies.)

(a) Encrustation (b) Roots

FIGURE 7.2 (a) and (b) Operational and maintenance defects. (Source: Insituform 
Technologies.)

(a) Deposits (b) Break-in, protruding laterals

FIGURE 7.3 (a) and (b) Construction defects. (Source: Insituform Technologies.)
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a prescribed period of time. The workable life of a heat activated 
resin can be extended using ice or refrigeration to keep the resin tem-
perature at a reduced level.

UV light activated resins are designed to cure when a UV light 
source is applied for a short period of time. The workable life of a UV 
light activated resin is typically equal to the resin life after being man-
ufactured. If the wet-out tube remains isolated from UV light, then it 
can remain stored for weeks and months.

Ambient cured resins are designed to cure in a fixed period of time 
at a predetermined temperature after the resin and the catalysts are 
mixed together. Typically, if the ambient temperature is higher than 
the baseline temperature, the resin cure rate will be faster, conversely, 
if the temperature is lower, then the resin cure rate will be slower.

The primary function of the fabric tube is to carry and support the 
resins until it is installed and cured. This requires that the fabric tube 
withstand installation stresses with a controlled amount of stretch, but 
with enough flexibility to dimple at side connections and expand to fit 
existing pipeline irregularities. The fabric tube material can be woven or 
nonwoven with the most common material being a nonwoven, needled 
felt. Impermeable plastic coatings are commonly used on the exterior 
and/or interior of the fabric tube to protect the resin during installation. 
The layers of the fabric tube can be seamless, as with some woven mate-
rial, or longitudinally joined with stitching or heat bonding.

In addition to the type of resin, the primary differences between 
the various CIPP systems are in the composition and structure of 
the tube, method of resin impregnation (by hand, by vacuum, or by 
pressure), installation procedure, and curing process. Typical CIPP 
design properties are shown in Table 7.6.

7.3.1 Tube Wet-Out
Wet-out is the process of introducing the catalyzed resin liquid into 
the fabric tube. Wet-out of a tube liner can be accomplished several 
ways. The traditional wet-out is termed vacuum impregnation. Other 
systems that are equally as efficient are resin immersion and resin 
bath wet-out.

Property
ASTM Test 
Method

Polyester
(psi)

Vinyl Ester 
(psi)

Epoxy
(psi)

Tensile strength D638-08 2000–2500 2500–3500 3500–4000

Flexural strength D790-07 4000–5000 4000–5000 4000–5000

Flexural modulus D790-07 250,000–
500,000

250,000–
350,000

300,000–
400,000

TABLE 7.6 Typical CIPP Design Properties
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In the case of vacuum impregnation, once the resin and catalyst 
have been mixed, it is pumped into the fabric tube. Serial vacuum 
impregnation involves placing a vacuum suction attachment at pre-
determined intervals, evacuating the tube of air, allowing the resin to 
fill the evacuated liner area and patching the tube to seal the penetra-
tion of the vacuum device. Other impregnation techniques include 
resin bath immersion or utilizing gravity for the resin/catalyst mix-
ture to fully impregnate the tube. Regardless of the method, total satu-
ration of the fabric tube is critical and mandatory. Most tube coatings are 
transparent, which allows for a visual confirmation that the tube has 
been thoroughly wet-out with no apparent visible dry spots existing. 
During vacuum impregnation (wet-out) operations, the tube is fed 
through a set of rollers with a predesigned gap setting. The roller gap 
setting determines the volume of resin/catalyst mixture that is 
impregnated per unit length of wet-out tube. The roller gap setting 
will predetermine the final wall thickness of the cured pipe. If the gap 
is not set wide enough, the tube will have insufficient resin and may 
be below design standards. If the gap setting is too wide, excess resin 
will be placed in the tube. Figure 7.4 illustrates the resin impregna-
tion (wet-out) process.

Factory wet-out is the most common method for vacuum impreg-
nating the resin/catalyst system into the fabric tube. In the factory, the 
materials are stored in a controlled environment not subjected to 
weather or severe temperature changes. Typically, the resin is stored 
in large containers under controlled temperatures and the tube is 
allowed to reach required temperature under the factory environment. 

Tube wet-out process 

In-line mixer
Gap rollers

Serial vacuum

Conveyor 

FIGURE 7.4 The resin impregnation (wet-out) process. (Source: Insituform 
Technologies.)
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The wet-out equipment is generally fixed in place and can be main-
tained on as needed basis. Tubes can be wet-out using a static mixing 
system that regulates and combines the correct amounts of resin and 
catalyst for a proper wet-out of the tube. Once the tube is wetted-out, 
it can be placed, on ice, into a refrigerated unit and delivered to the 
job site. The majority of CIPP tube wet-out is performed in a factory 
setting. Specially designed truck trailers make it possible to haul large 
diameter and long length tubes.

7.4 CIPP Installation Methods
As mentioned earlier, there are two basic methods of CIPP installa-
tion: the pulled-in-place process and the inversion process. Different 
manufacturers provide specific variations of these techniques. This 
section provides more details for each method.

7.4.1 Pulled-in-Place Process
Using a power winch, the impregnated tube is typically pulled 
through an existing manhole or other approved access point, fully 
extending the tube to the next designated manhole or termination 
point. Water and/or air are used to inflate the liner after it is pulled in 
the existing pipe. Care needs to be exercised not to overstress and 
damage the tube during pull-in as a result of increased friction, espe-
cially where curve alignments, offsets, protruding services, and other 
friction-producing existing pipe conditions are present. The pulling 
force induced on the tube, as it is being pulled into the existing pipe, 
should be monitored and should not exceed the recommended maxi-
mum allowable pulling force for the size and thickness of tube being 
installed.

7.4.2 Inversion Process
In the inversion method, the resin saturated tube is inserted through 
an existing manhole or other approved access point and then installed 
into the existing pipe by means of a pressurized (water or air) head, 
with a volume sufficient to fully extend the tube to the next desig-
nated manhole or termination point. The speed of inversion typically 
should not exceed 30 ft per minute for small diameter tubes. Larger 
diameter tubes are installed significantly slower as recommended by 
the manufacturer. Figure 7.5 illustrates inversion technique of CIPP 
installation.

In order to monitor the curing temperature, a thermocouple or 
temperature measuring device is installed at access points between 
the existing pipe and the CIPP liner at the pipe invert or 6 o’clock 
position. These devices can be placed at each end and at all inter-
mediate manhole access points along the length of the installation. 
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The manufacturer should be consulted for a recommended use of 
thermocouples applicable to their liner system. The thermocouple 
wires can be used for both pull-in and inverted techniques, and are 
critical for monitoring the curing of the resin/catalyst system. These 
sensors must be installed before the tube is in place or before the 
tube is pressurized. 

7.4.3 Preliner Options
In some cases it may be necessary to install a preliner into the existing 
pipeline to prevent washout or contamination of the resin, or to 
reduce friction during liner installation. A preliner may be required 
for heavily leaking pipelines, existing pipes located under ground-
water, in contaminated soils, and existing pipes containing coatings 
that are not compatible with the liner and resin being installed. Pre-
liners will remain in place and become part of the liner pipe installa-
tion. Depending on the nature of the leakage or friction, two other 
options are available: grouting of the existing pipeline to eliminate all 
infiltrating water, or installing a foil along the invert of the existing 
pipe to reduce friction during pull-in of the CIPP liner.

7.4.4 CIPP Liner Curing
As said earlier, there are three methods of resin curing. The most com-
mon method is curing by hot water. In this method, cure temperatures 
are monitored at access points and at each end of the installation. 
Figure 7.6 illustrates hot water curing. The second method is curing 
with hot air or steam. In this method, once the liner is in place and 

FIGURE 7.5 Inversion technique of CIPP installation. (Source: Insituform 
Technologies.)
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properly inflated with air, the resin is cured using steam. Typically 
the CIPP components (such as tube material and resin) must be an 
integrated system specially designed for steam curing. 

The third method is UV light curing. First, a fiberglass liner is 
pulled and inflated into the existing pipe. Then a CCTV camera with 
the UV light apparatus is inserted in one end and pulled to the oppo-
site end recording the precure condition of the liner. The UV light 
apparatus is then pulled back to cure the liner, at a regulated speed, 
with the CCTV camera recording the curing process.

7.5 Inspecting CIPP Installation
A variety of project and site conditions can exist during the CIPP 
installations. Conditions can vary from wet to dry and from hot to 
cold environments. The inspector must document site and existing 
pipe conditions and make sure that the CIPP is installed according to 
the contract and specifications.

The inspector must become thoroughly familiar with the con-
tract documents for the project and most importantly the technical 
specifications. The technical specifications will guide the inspector 
about inspection areas, documentation requirements, test samples 
(identification, type, number of test samples required, location, 
maintenance and delivery, testing agency, documentation, and so 
on), to ensure that the CIPP is installed with specified quality. The 
specifications determine degree of inspection a specific project 
requires. Table 7.7 presents the various actions to be taken by the 
inspector on various operations before, during, and after installa-
tion of CIPP.

FIGURE 7.6 Hot water curing. (Source: Insituform Technologies.)
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Operation Inspector Actions

Liner material delivered on site •  Inspect the liner condition and verify that the delivered material is not damaged nor has 
prematurely exothermed before it is installed.

•  The liner wet-out report should be reviewed and matched to the liner material and resin, 
submitted by the contractor for the project. Record all information on the inspector report.

Sample homeowner notification •  Verify that homeowner notifications have been distributed as required in the contract documents 
and document on inspection report.

Preinstallation cleaning and 
CCTV inspection of the pipe

•  View CCTV inspection video of the existing pipe just prior to the installation of the liner by the 
contractor. Note condition and cleanliness of pipe.

Pipe plugging or bypassing •  Document the type of flow bypass provided by the contractor, including size and number of 
pumps and the size of the discharge piping installed by the contractor, as specified or required.

Traffic control •  Document the traffic control provided by the contractor including detours, flagmen, and police 
details as required by approved submittals.

Liner samples for testing •  Document that provisions for liner samples have been made by the contractor and record on 
inspection report.

Monitoring CIPP cure •  Maintain complete and accurate records of every step of the curing process and record all 
thermocouple temperatures from the start of the process to complete cool down of the liner.

TABLE 7.7 Inspector Action on Various Operations



Operation Inspector Actions

Cure pipe samples •  Obtain samples of the cured liner directly from the contractor at the project site.
•  Send cured liner samples to an approved laboratory, maintaining a written chain of custody.
•  Review laboratory test results of the cured liner samples and compare to specified requirements 

in the contract documents.
•  Expedite testing and test results in a timely manner.

Service line reconnection • Verify and document the condition of all service connections reinstated by the contractor.

Quality assurance & testing • Visually inspect the installed CIPP and record all defects and any infiltration that is observed.

Defect documentation • Record all defects encountered and have manufacturer recommend repair procedures.

Fit in existing pipe •  Check fit between the existing pipe and the CIPP at the manhole and record on the inspection 
report.

Installation lengths •  Check the length of the CIPP. It should protrude several inches into each manhole or at a 
minimum be cut flush with the manhole wall. Document on inspection report.

Physical property testing of 
cured CIPP

•  Verify CIPP physical property compliance with the contract document requirements through 
implementation of testing methods.

•  Verify water tightness of CIPP in accordance with the specified requirements of the contract 
specifications and document on the inspection report.
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Liner is not properly or 
sufficiently iced down at 
the folds in the liner during 
transport in the refrigerated 
container (premature exotherm)

•  Cutout the exothermed section and, if possible, use this liner in another pipe.
•  Discard liner and furnish a new liner for installation.

Odors •  The resin component of the CIPP is typically a styrene-based material. The odor of styrene can 
typically be detected in extremely small quantities and may be detected at the manhole openings 
and sometimes it will migrate into a home if the home’s trap is defective. The presence of 
styrene can be readily detected at levels of 1–2 parts per million (ppm) or less. The threshold 
for continuous exposure to styrene in a confined factory setting is 50 ppm. When exposed to 
the atmosphere, styrene will dissipate very quickly. When an odor is detected it should normally 
dissipate in a matter of several hours and should not present a harmful environment for 
personnel in the vicinity of the installation. If styrene odors are detected in a residence, ventilate 
to eliminate the odors.

Source: NASSCO

TABLE 7.7 Inspector Action on Various Operations (Continued)
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7.6 Pipe Plugging or Bypass Pumping 
Bypass pumping of the existing fluid is required for the installation of 
CIPP. With most small diameter pipelines, plugging may be adequate, 
but must be monitored on a regular basis to prevent flow backups. 
Service connections in the residential systems typically do not require 
bypass pumping. The homeowners are notified usually a week or 
two in advance and again 24 hours in advance to refrain from heavy 
use of water while the CIPP installation process is underway. A small 
amount of water from the service connection typically will not affect 
the installation of the CIPP. In commercial and industrial applications 
it may be necessary to bypass flow from each individual service con-
nection, since flow interruption may not be an option. In these cases, 
individual cleanouts are identified and a small pump is set-up direct-
ing the flow to the mainline bypassing. In most cases, the project 
owner will require a pumping capacity that is equal to the anticipated 
peak flow (either recorded or anticipated) for the line section, plus 
50 to 100 percent redundancy in the event the primary system fails 
to function. Most pump rental suppliers will determine bypass 
pumping suction and discharge configurations and setup require-
ments at the jobsite. However, pumping operations for the duration 
of the project is typically the responsibility of the general contractor. 
Figure 7.7 illustrates typical bypass pumping setup for a large vol-
ume of existing flow.

FIGURE 7.7 Typical bypass pump setup for a large volume of existing fl ow.
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7.7 Quality Assurance and Testing

7.7.1 CIPP Inspection and Acceptance 
The CIPP installation may be inspected visually if appropriate. Addi-
tionally, CCTV is commonly used for pre- and postinstallation inspec-
tion purposes. Variations from true line and grade may be inherent 
with CIPP because of the conditions of the existing pipe. However, 
certain conditions must be met, such as the new CIPP should not 
show any infiltration of groundwater. At the conclusion of the instal-
lation, all service connections must be accounted for and reconnected. 
Table 7.8 presents sample defect codes for CIPP lining evaluation.

7.7.2 Workmanship 
The CIPP should be continuous over the entire length of an installa-
tion and be free of dry spots, lifts, and delaminations. If these condi-
tions are present, the CIPP will be evaluated for its functionality to 
meet the applicable requirements of the contract documents. If the 
CIPP does not meet the requirements of the contract documents or the 
functions expected based on the technical specifications, the affected 
portions of CIPP may have to be repaired according to the contract 
provisions. Some project owners may apply a penalty in addition to 
the CIPP repair and/or replacement requirements (see following sec-
tions). See Sec. 2.8 for sample CIPP technical specifications.

7.7.3 Quality Control Issues

Design Issues
The key design consideration in CIPP liner installation is the ability of 
the cured-in-place pipe to withstand buckling due to ground water 

Defects Codes Defects Codes

Lining shrinkage LS Lining bubbles LB

Lining wrinkles LW Lining fins or folds LF

Foreign inclusions FI Lining delamination LD

Lining cracks LC Hot dogs HD

Dry spots DS Mis-cuts MC

Lining wrinkles LW Annular space AS

Lining elongation LE Lining thickness LT

Lining dimples LD Lining lumps LL

Under-cuts UC Overcuts OC

TABLE 7.8 Sample Defect Codes for Pipeline Lining Evaluation
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and collapse due to soil and live loads. The resin and the lining tube 
make a composite material to determine the design thickness of the 
CIPP. The types of resins have been described in Sec. 7.3. There are 
generically two types of lining tubes––nonreinforced and reinforced 
liners. The reinforced liners can be divided into fiberglass and carbon 
fiber laminates.

Creep causes the CIPP to change shape, reducing its capability to 
resist external pressures. Factors influencing the design of a liner 
include physical properties of lining technology, and site and project 
specific conditions as shown in Table 7.9. The pipe wall thickness 
design is based on the anticipated effects on pipeline creep due to 
external loads over a 50-year period as specified by ASTM F1216-09, 
Eqs. X1.1 and X1.3. See Sec. 2.7 for sample CIPP design calculations.

Quality Issues
This section describes a suggested method for addressing CIPP qual-
ity issues. First, the project inspector will review CCTV post video 
within two weeks of submittal by the contractor. In the event the 
inspector finds that a corresponding tolerance level has been 
exceeded, the inspector will flag the defect and handover the CCTV 
post video to the project manager representing the owner or the city 
engineer for secondary review. If the project manager agrees that the 
defect is in excess of acceptable tolerance levels, he or she will deter-
mine acceptable remedies to correct the defects at no extra cost to the 
project owner. If the contractor chooses not to correct the defects, a 
deductive penalty can be imposed against the contractor. Once the 
corrective work has been performed by the contractor to the satisfac-
tion of the project manager and the inspector, full payment for the 
CIPP must be issued. In the event the contractor chooses to accept 
the penalty deduction stipulated in the contract rather than to correct 
the defect, a change order will be issued for the deduction and the 
remaining balance for the subject CIPP installation will be paid to 
the contractor.

Condition of Pipe Design Parameters Liner Thickness

Partially deteriorated Groundwater level increases Increases

Ovality increases Increases

Fully deteriorated Groundwater level increases Increases

Soil cover increases Increases

Ovality increases Increases

Soil modulus increases Decreases

TABLE 7.9 Factors Affecting Design of CIPP
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Testing Issues
CIPP samples must be tested based on the ASTM guidelines previ-
ously mentioned. If testing results fall short of required flexural 
modulus or thickness requirements, the required stiffness and actual 
stiffness of the lining samples will be compared. After comparison, if 
the average of actual stiffness is greater than 94 percent of the required 
stiffness, the pipe will be accepted, but marked as noncompliant and 
a deductive penalty proportional to the stiffness deficiency can be 
assessed against the contractor. A change order will be issued for the 
deductive penalty, in proportion to the deficiency, and the remaining 
balance for the CIPP section will be paid to the contractor. If the aver-
age of actual stiffness for the CIPP section is less than 94 percent of the 
required stiffness, the CIPP section will not be accepted and the con-
tractor will be required to install a second liner over the first liner to 
compensate for the deficiency, at no extra cost to the project owner. 
Full payment for the CIPP section will be issued to the contractor after 
the second liner is properly installed and accepted. Assuming an 
acceptable second liner is properly installed, no deductive penalty will 
be imposed against the contractor.∗

To identify every defective condition and to suggest every correc-
tive measure or penalty is beyond scope of this book. This section is 
only intended as a guide to aid in identifying physical conditions of 
the installation, applying appropriate corrective measures, and assign-
ing deductive penalties for defective installations, which should all 
be included in the bid and contract documents. This way the contrac-
tors know, before the bidding and start of the project, what expected 
quality measures are and possible outcomes if these quality measures 
are not met. This way, many quality problems, disputes, and potential 
litigations may be avoided. The final decision for application, enforce-
ment, and final acceptance will ultimately be made by the owner’s 
project/construction manager or the city engineer on a case by case 
basis and as stipulated in the contract documents. Using codes pro-
vided in Table 7.8, Table 7.10 presents a summary of potential CIPP 
defects, suggested acceptable tolerances, and possible repaired types 
that may be required. Figure 7.8 illustrates potential CIPP defects.

∗The measured wall thickness has much more impact upon buckling resistance 
than the flexural modulus. Its value adjusts the buckling resistance by its cube 
power and is not directly proportional. Design engineers and project owners 
should be cautioned that contractors may submit higher bids, or choose not 
to submit a bid, if the contract contains unjustified quality requirements, low 
tolerance expectations, and possibilities of penalties or rework. Including or 
not including such language in the contract and justification of level of quality 
required needs to be evaluated based on project owner’s needs, on the true 
project hydraulic, structural, and performance requirements, and must be 
evaluated in case by case basis using judgment of a knowledgeable professional 
engineer. 



Defects Probable Cause Accepted Tolerance
Repair
Requirements Repair Types

Monetary 
Penalties

Wrinkles/fins/
folds (LW)/(LF)

Undersized or 
deteriorated localized 
section of existing pipe.

Generally
5 percent of 
nominal diameter 
in top and 3% of 
nominal diameter 
in bottom of the 
existing pipe 
is tolerated, 
assuming such 
does not impede 
the normal flow 
characteristics.∗

Repair if exceeding 
5 percent of 
nominal diameter 
of existing pipe 
along top of the 
pipe (from 9 to 
3 o’clock position) 
and 3 percent of 
nominal diameter 
of existing pipe 
along bottom of the 
pipe (from 3 to 
9 o’clock position). 

Removal of wrinkles 
(fins) and coat area 
with approved epoxy 
material. Trim to 
within 1/4 in. of 
pipe wall surface.

No deduction, 
assuming adequate 
thickness is 
achieved.

The corrugated 
pipe may have been 
measured incorrectly 
at the inside diameter 
or high point of the 
corrugations, rather 
than the center of the 
corrugations.

The wrinkles are 
relatively minor 
and should not 
impede the flow 
characteristic of the 
pipe.

No action required. N/A No deduction, 
assuming adequate 
thickness is 
achieved.
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Wrinkles (fins)— 
circumferential

1. Low head during 
inversion.

2. Pipe undersized due 
to deterioration in 
local area.

The wrinkle is 
acceptable if it 
does not disrupt 
or impede the 
normal flow 
characteristics of 
the pipeline.

The wrinkle should 
be cut out if it 
impedes the flow.

Removal of wrinkles 
(fins) and coat area 
with approved epoxy 
material. Trim to 
within 1/4 in. of 
pipe wall surface.

No deduction, 
assuming adequate 
thickness is 
achieved.

Blisters/
bubbles

Inadequate bond 
between the fabric 
and the coating during 
manufacture.

Repair if exceeding 
5 percent of 
nominal diameter 
of existing pipe.

Leaking pipe at 
defective blister.

1. Short liner patch 
repair.

2. No trimming 
or grinding 
permitted; point 
repair with lined 
section installed 
flush with original 
liner required. 

No deduction, 
assuming a proper 
point repair or 
dig and replace 
is completed. If 
contractor chooses 
not to dig and 
replace a deduction 
can be applied for 
the reach.†

Lifts in liner 1.  Premature pressure 
loss during 
installation.

2. Insufficient cure time 
calculated.

Repair if lift in liner 
is exceeding 
5 percent of 
nominal diameter 
of existing pipe.

The lift should be 
cut out.

If the lift is hard, 
remove the liner 
section or remove 
the lift area and 
install a new liner.

N/A

TABLE 7.10 Addressing Potential CIPP Defects
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Defects Probable Cause Accepted Tolerance
Repair
Requirements Repair Types

Monetary 
Penalties

Bulges/
lumps (LL)

1. Displaced broken 
or fractured pipe 
typically visible near a 
pipe joint.

2. Debris or rocks 
remaining in the pipe 
invert that was lined 
over.‡

Repair if bulges or 
lumps in liner is 
exceeding 5 percent 
of nominal diameter 
of existing pipe 
or if causing flow 
restrictions.

A new bulge in the 
invert, caused by 
residual debris left 
in the pipe that 
impedes the flow 
characteristics of 
the pipeline, should 
be cut out.

1. The area where 
the existing 
liner has been 
removed should 
be replaced by a 
short-liner patch 
repair.

2. Install point 
repair with 
smooth
transition.

No deduction, 
assuming a proper 
point repair or 
dig and replace 
is completed. If 
contractor chooses 
not to dig and 
replace a deduction 
can be applied for 
the reach.†
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Pinholes, cuts, 
and leaks 
through coating

1. Defects in the coating 
caused during 
manufacture and/or 
installation.

2. Liner may have 
been punctured 
during delivery and 
installation into the 
existing pipe.

3. When pulling the 
robotic cutter through 
the lined pipe, if the 
cutter bit is extended, 
damage to the liner 
coating may occur.

Pipe should have no 
visible leakage.

Should be repaired 
if leaking.

The area where the 
existing liner has 
pinholes should 
be patched with a 
short-liner repair.

N/A

Soft spot in liner 1.  Cold spot at the 
bottom of the pipe.

2. No thermocouple 
installed to check 
curing temperatures.

3. Not heated long 
enough to cure the 
entire liner.

A soft liner is 
not acceptable 
and needs to be 
reheated and 
hardened or cut 
out.

All of the soft areas 
need to be cut out.

As recommended by 
the manufacturer.

N/A

TABLE 7.10 Addressing Potential CIPP Defects (Continued)
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Defects Probable Cause Accepted Tolerance
Repair
Requirements Repair Types

Monetary 
Penalties

Dry tube or 
white spots

Liner not properly 
wet-out before 
installation.

Dry liner sections 
are not acceptable.

Dry liner section 
needs to be 
removed.

Short liner (patch 
repair) installed over 
dry area.

N/A

Hole in the liner Pilot hole cut in liner or 
other defect.

Holes in the liner 
are not acceptable.

The hole needs to 
be repaired.

Holes can be 
repaired with epoxy 
as recommended 
by the manufacturer 
Short liner installed 
over the hole. 

N/A

Loose or peeling 
vacuum patches

Patch not properly 
bonded to the liner after 
vacuum line is removed.

No action required 
unless pipe is 
leaking.

Should be repaired 
if leaking.

If leaking, install a 
short liner over the 
loose vacuum patch. 

N/A

Crack in the 
liner

Shrinkage cracks may 
occur in smooth pipe 
where there is little or 
no locking between the 
existing pipe and the 
CIPP.

N/A N/A A short liner repair 
is installed over the 
cracked area.

N/A

Defective and 
leaking bung 
holes

Bung hole in liner (resin 
injection hole) was not 
patched correctly and is 
leaking.

No action required 
unless pipe is 
leaking.

Should be repaired 
if leaking.

A short liner repair 
is installed over the 
cracked area.

N/A
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Seam tape, 
loose, blistered 
or leaking

Seam tape inadequately 
bonded during 
manufacture.

N/A N/A Tape should be 
removed to prevent 
potential flow 
blockage.

N/A

Annular space 
between existing 
pipe and liner 
at manhole/ 
annular space 
(AS)

1. Insufficient pressure 
to fully expand the 
liner.

2. The end of the liner 
was not pulled 
sufficiently into the 
manhole for full 
expansion at the 
manhole face.

3. A factor of existing 
pipe geometry.

N/A Should be repaired 
if leaking

1. If leaking 
between the 
existing pipe and 
the CIPP, inject a 
hydrophilic type 
grout to stop the 
leakage.

2. If no leakage, 
a cementitious 
grout can be 
used to fill the 
space.

No deduction, 
assuming a proper 
seal is achieved 
at each end and 
lateral. If contractor 
chooses not to 
dig and replace, 
a deduction can 
be applied for the 
reach.†

Ground water 
leakage between 
the liner and 
existing pipe at 
the manhole

Small gap between 
liner and existing 
pipe allowing water to 
penetrate.

N/A N/A In groundwater 
situations install 
a hydrophilic seal 
at the manhole 
interface between 
the existing pipe 
and the liner.

N/A

Adapted from NASSCO
∗Wrinkles/fins/folds are diameter dependent, for example, 1/4-in. is a small wrinkle especially in medium and large CIPP.
†Contractors may choose to offer a deduction if the product does not meet the specification and is not acceptable to owner.
‡The debris and rocks should have been removed during cleaning operations.

TABLE 7.10 Addressing Potential CIPP Defects (Continued)
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7.8 Summary
The CIPP technology can address a wide variety of pipeline prob-
lems. However, if pipe defects are not identified in the early stages 
of deterioration and are allowed to cause a pipe collapse, the CIPP 
technology may no longer be applicable and traditional methods of 
excavation and replacement may become the only solution. The 
inspection of a CIPP installation starts with a thorough knowledge of 
the technical specifications for the project and a full knowledge of 
CIPP technology. In order to properly inspect CIPP installations, 
inspectors need to understand quality requirements of specifications. 
Quality measures and possible outcomes of not meeting these quality 
measures should be clearly stated in the bid documents. Owners and 
engineers should have reasonable tolerances for CIPP installations 
based on requirements of their projects. Unreasonable quality mea-
sures may result for contractors to submit higher bids or discourag-
ing contractors from submitting bids.

(a) (b)

FIGURE 7.8 (a) and (b) Lifts (CIPP defect).



CHAPTER 8
Inspection and Quality 

Assurance/Quality 
Control for Trenchless 

Installation and 
Replacement Methods

8.1 Conventional Pipe Jacking

8.1.1 Introduction
Conventional pipe jacking is defined as a system of directly installing 
pipes behind a shield machine by hydraulic jacking from a drive shaft 
such that the pipes form a continuous string in the ground. Usually 
personnel are required inside the pipe to perform the excavation 
[such as operating a tunnel boring machine (TBM)] or spoil-removal 
process. The excavation can be performed manually or mechanically 
(see Fig. 8.1).

8.1.2 Materials

Pipe
The type of pipe used for the pipe-jacking method must be capable of 
transmitting the required jacking forces from the thrust plate in the 
jacking shaft to jacking field or TBM. Steel reinforced concrete (RCP), 
cenrifugally cast fiberglass-reinforced polymer mortar (CCFRPM), 
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and polymer concrete (PCP) are the most common types of pipe used 
in pipe jacking.

Allowable Forces
Pipe to be jacked must be specifically designed by the pipe manufac-
turer with sufficient reinforcing and wall thickness to resist, without 
buckling or crushing, the horizontal, vertical, and longitudinal loads 
applied to it during the jacking operating.

Pipe Dimensions

 1. The minimum diameter for a pipe installed by pipe jacking 
must be 42 in. OD or 36 in. ID, as the method requires people 
working inside the jacking pipe. Although no theoretical 
maximum size limit is specified, the most common diameter 
ranges from 48 to 72 in., with the largest being approximately 
12 ft in diameter.

 2. Steel pipe must have a minimum wall thickness of 0.25 in. or 
as specified in the current DOT standard specifications for 
construction, whichever is larger. Concrete pipe must have a 
minimum wall thickness as specified in current DOT stand-
ard specifications for construction. Likewise, CCFRPM and 
PCP must have similar minimum wall thickness specifica-
tions. See the specific pipe manufacturer’s literature for more 
information.

FIGURE 8.1 Conventional pipe jacking. (Source: Akkerman, Inc.)
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 3. Steel pipe must have a roundness tolerance, so that the differ-
ence between the major and minor outside diameters must 
not exceed 1 percent of the specified nominal outside diame-
ter, or 0.25 in., whichever is less. Likewise, concrete pipe, 
CCFRPM, and PCP must have a similar roundness tolerance.

 4. Pipe must have square and machine-beveled ends. The pipe 
end maximum out-of-square tolerance must be 0.04 in. 
(measured across the diameter).

 5. Pipe must be straight. 

 6. Pipe must be without any significant dimensional or surface 
deformities. All pipes must be free of visible cracks, holes, 
foreign material, foreign inclusions, blisters, or other delete-
rious or injurious faults or defects. Any section of the pipe 
with a gash, blister, abrasion, nick, scar, or other deleterious 
fault greater in depth than 10 percent of the wall thickness 
must not be used and must be immediately removed from 
the site. 

 7. Any of the following defects warrants pipe rejection: 
• Concentrated ridges, discoloration, excessive spot rough-

ness, and pitting
• Insufficient or variable wall thickness
• Pipe damage from bending, crushing, stretching, or other 

stress
• Pipe damage that impacts the pipe strength, the intended 

use, the internal diameter of the pipe, and internal rough-
ness characteristics

• Any other defect of manufacturing or handling

Pipe Joint Cushion
A cushioning material must be used between pipe segments to assist 
in distributing the jacking loads evenly across the section of the pipe, 
and to prevent chipping or breaking of the pipe ends due to concen-
trated pressure caused by any slight irregularity of the pipe ends. 
The most common type of material used as a cushion material is 
particleboard.

8.1.3 Construction

Minimum Allowable Depths
The recommended minimum depth of cover must be 6 ft or 2 times 
outside diameter of the pipe. For slurry pipe jacking minimum depth 
cover must be 6 ft or 3 times outside diameter of the pipe. In locations 
where the road surface is superelevated, the minimum depth of the 
bore must be measured from the lowest side of the pavement surface. 
Conventional pipe jacking can work with least cover of all systems.
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Equipment

 1. Jacking frame: A jacking frame must be constructed of guide 
timbers, backstop, and pushing or jacking head. Guide tim-
bers or rails must be constructed to the exact line and grade 
of the pipeline and must be anchored in such a manner as to 
be capable of maintaining the alignment and gradient 
throughout the jacking operations.

 2. Backstop: The backstop must be constructed as to provide a 
bearing area capable of supporting no less than 200 percent of 
the estimated maximum jacking pressure and must be per-
pendicular to the alignment of the pipe. It must be anchored 
and braced in a manner to ensure that this position will be 
maintained throughout the jacking operation.

 3. Jacking head: The pushing or jacking head must be constructed 
to fit the pipe to be jacked and to ensure that the pressure 
developed by the jacks will be evenly distributed on the 
periphery of the pipe. An opening large enough to permit the 
entrance of men and materials must be left and maintained in 
the jacking head.

Method Description

 1. The contractor must excavate the boring and receiving pits at 
the approved locations. Any required sheeting, shoring, or 
bracing that is required to provide for safe working condi-
tions must be provided by the contractor.

 2. After the excavation is completed, the placing and jacking of 
the pipe must follow immediately to avoid unnecessarily dis-
turbing the stability of the embankment and roadbed.

 3. The contractor must dewater the pit excavation in a manner 
appropriate for the conditions.

 4. The leading section of the pipe must be equipped with a jacking 
head securely anchored thereto to prevent any wobble or vari-
ation in alignment during the boring and jacking operation.

 5. The driving end of the pipe must be properly protected 
against damage, and the intermediate joints must be similarly 
protected by the use of sufficient bearing shims to properly 
distribute the jacking stresses. Any section of pipe showing 
sign of damage must be removed and replaced, or repaired.

 6. Efforts must be made to avoid loss of earth near the cutting 
head.

 7. If jacking pressures are high, the contractor is to be 
allowed to work uninterrupted, (24 hours a day/7 days 
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a week), until the pipe has been jacked between the speci-
fied limits.

 8. If appreciable loss of soil occurs during the boring and jacking 
operation, the voids must be packed promptly to the greatest 
extent practicable with flowable fill (see DOT flowable fill 
requirements). 

 9. The contractor must protect the excavation until the opera-
tion is complete and the excavation is backfilled.

Overcut Allowance
When using this method, the allowable overcut is 1 in. greater than 
the outside diameter of the pipe. 

Soiltight Joints
Soil tight pipe joints are required to ensure the integrity of the road-
bed. Pipe must be constructed to prevent earth infiltration through-
out its entire length. Conventional pipe jacking is normally for use 
above the water table or for de-watered ground.

Lubrication Fluids
Lubrication fluids are required for this method of pipe installation to 
reduce jacking forces.

Pipe Locating and Tracking 

 1. During construction, monitoring, and plotting, boring 
progress must be undertaken to ensure compliance with 
the proposed installation alignment and allow for appropri-
ate course corrections to be undertaken. Longer drives over 
500 ft should have intermediate jacking shaft installed.

 2. Pipe installed by this method must be located in plan as 
shown on the drawings, and must be no shallower than 
shown on the drawings unless otherwise approved. 

Jacking Force Calculation

 1. The estimated jacking force must not exceed one-third of 
specified allowable jacking capacity of the pipe to avoid pipe 
damage.

 2. The estimated jacking force must exceed the resistant force 
required to install pipes with the microtunneling method.

 3. Influential factors of the estimated jacking force include
• Length of drive
• Weight, grade, and diameter of the pipe
• Height of the overburden
• Soil characteristics
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• Water table and dewatering operations
• Load on the face of TBM
• Operational interruptions
• Overcut size
• Lubrication
• Alignment and/or grade corrections
• Intermediate jacking stations

 4. If the operation is interrupted by more than a few (8) hours, 
the jacking force required to install the remained of the pipe 
may increase up to 20 to 50 percent of the original jacking 
force estimate. 

Figure 8.2 suggests a checklist for inspection of pipe-jacking 
operations.

8.2 Microtunneling

8.2.1 Introduction
The work for microtunneling methods generally includes jobsite 
planning and mobilization, construction of drive (jacking) and exit 
(receiving) shafts, and simultaneous tunneling and jacking of the 
pipe sections. After completion of the microtunneling operation, the 
work continues for service lateral connections, construction of man-
holes over the drive and reception shafts, and all other necessary 
related work items, such as site restorations.

Microtunneling is a remotely controlled, laser guided, pipe jack-
ing operation that provides continuous support to the excavation 
face. Theoretically, pipes of 12 to approximately 90 in. or even more 
can be installed using microtunneling. The process starts with jacking 
of a microtunnel boring machine (MTBM) and pipe sections from a 
jacking shaft (Fig. 8.3) to a reception shaft. The machine has a closed 
faced shield. Figure 8.4 illustrates the front and back of a microtun-
neling machine.

Excavated soil is removed using auger removal system or hydraulic 
removal system with slurry fluid (more common), which also 
counterbalances groundwater and earth pressures. The MTBM is 
guided by a laser or other survey device mounted in the jacking shaft, 
which projects a beam onto a target in the articulated steering section 
of the MTBM. The MTBM is steered by extending or retracting 
remotely controlled steering jacks. Figure 8.5 illustrates the schematics 
of microtunneling operation. 

Most of the microtunneling machines are equipped with a cone 
crusher. They are designed in such a way that cobbles, boulders, and 
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Construction Inspection 

Review job-site layout including: distance from access pits to roadbed, proposed
sheeting and bracing, materials storage and fabrication area, safety devices (barrels,
guardrail, etc.), and dewatering pit locations.

Note unique or special items /circumstances: ___________________

Verify traffic control is consistent with the permit requirements, one call service
has been contacted, and the DOT / agency permit is on-site.

Verify job-site layout is consistent with the approved plans, especially the alignment
of the pipe and machine.

Verify continuous monitoring records indicate bearing and grade of the leading edge
of the pipe is consistent with the approved plans, dewatering effort is satisfactory, soil
volume removed is consistent with projection, and that workers understand the
contingency plan.

Verify pipe characteristics are consistent with permit requirements.

Verify jacking pipe is certified for jacking, the pipe has a smooth interior and exterior
surfaces, is used within the entire influence area of the roadbed, has clean and square
ends, joints are watertight, defective pipe is not used, and damaged pipe is jacked
through to the receiving access pit and removed.

Verify the jacking head fits square with the pipe.

Verify the back-thrust block is structurally adequate, jacking force is within the range
of calculated jacking force, and that the jacking force is recalculated whenever the
operation is stopped.

Inspection Guide for Pipe Jacking (PJ) 

Preinspection Plan Review 

Review geotechnical and soil reports. 

Ensure DOT / agency facilities and nearby utility information are shown on the
plans and profiles and that the proposed alignment does not interfere with them.

Note the minimum cover above the top of the pipe and below the pavement surface,
or ground elevation (for longitudinal installations outside the influence of the
roadway) is _____ ft.

Review contingency plan. 

Pipe material class ________________.
Pipe material yield strength _______ksi.
Allowable pipe jacking force _____ ton.
Pipe diameter _______________ in.
Pipe wall thickness __________ in.
Overcut diameter ___________ in. 

FIGURE 8.2 Sample checklist for inspection of pipe jacking operations.
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pieces of rock up to a maximum size of around one-third of the exter-
nal diameter of the cutterhead can be crushed to a particle size, which 
can be conveyed through the discharge pipe. Figure 8.6 illustrates 
common types of microtunneling cutterheads.

Quality Assurance/Quality Control
Quality assurance/quality control (QA/QC) is an important ele-
ment in the prequalification and selection of microtunneling con-
tractors, pipe selection, and using appropriate equipment that must 
be addressed in the bid documents and project specifications. Good 
quality control is also important in the inspection of the pipe, and is 
necessary during the installation process. Difficult jobs require 
contractors to demonstrate that they have sufficient work-related 
experience (or have a joint-venture agreement with a MTBM manu-
facturer) by meeting prequalification requirements. The MTBM must 

Permit No. __________________________
Inspector: ___________________________
Date: _______________________________

Verify sufficient lubrication fluid quantity is used, and a lubrication system properly
injects lubricant on the inside and outside of the pipe.

Verify any unsuccessful tunnel is back-filled immediately.

Verify each end of the pipe is enclosed, restorations are completed, and attach
Inspector’s Daily Report (IDR), form 2228.

FIGURE 8.2 Sample checklist for inspection of pipe jacking operations. (Continued)

FIGURE 8.3 Jacking shaft.
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be compatible with expected ground conditions. Contract specifica-
tions must address (possibly through submittal requirements), 
methods for slurry disposal, lubrication, intermediate jacking sta-
tions, shaft construction and MTBM entry and exit seals, installation 
monitoring, possible dewatering, and ground restoration, among 
other subjects.

Preinstallation/Construction Planning
Prior to construction, underground utilities must be located and visu-
ally confirmed. A preconstruction survey must be made of the area to 
establish a damage and settlement baseline. A plan for addressing 
traffic control, handling and disposal of spoils, shaft construction and 
safety must be developed prior to beginning construction. Proper 
shaft construction is a key quality control issue. Groundwater and 
soil entry into the shaft must be controlled and minimized, especially 

FIGURE 8.4 Front and back of a microtunneling machine.
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during breakout. The exit and entry seals must be monitored and 
maintained. The MTBM must be thoroughly inspected prior to launch. 
Recording and monitoring of key measurements such as distance, 
machine torque, thrust, steering jack pressure and position, inclina-
tion and position, roll, slurry charge and discharge pressures and flow 
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FIGURE 8.5 Microtunneling with hydraulic spoil removal in single-phase 
jacking. (1) Remote hydraulic power pack; (2) MTBM control container; 
(3) slurry pit valves; (4) crane way; (5) bentonite pump; (6) slurry feed pump; 
(7) cooling tank; (8) jacking frame back adapter; (9) keyhole jacking frame; 
(10) pipe clamp; (11) sealed intermediate jacking station; (12) MTBM trailing 
dolly with booster pump; (13) MTBM increase kit; (14) MTBM; (15) mixed face 
cutterhead with carbide discs and scrapers. (Source: Akkerman, Inc.)

(a) (b) (c)

FIGURE 8.6 (a) Standard cutting heads in the form of tri-bar soft ground cutterhead. 
(b) Quad-bar soft ground cutterhead. (c) Mixed ground rock cutterhead with disc 
cutters. (Source: Akkerman, Inc.)
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rates, bag samples of soils from separation plant, and unusual prob-
lems encountered during excavation must be conducted. 

Post–QA/QC Assessment
The visual inspection of microtunneling installations includes line 
and grade, joints, pipe damages (such as cracks, joints shoving, and 
so on), deformations, lateral connections, and linings and coatings 
(if available). The pipe’s grade and alignment must be checked 
against plans/specifications and the pipe must be tested for joint 
integrity and design pressure.

Acceptance tests of nonaccessible pipes are carried out by means 
of closed circuit television (CCTV) technology according to NASSCO 
guidelines or laser inspection or other methods. For flexible jacking 
pipes (such as GRP and steel) the deformation is to be checked regard-
ing its correspondence with acceptable tolerance limit set in the 
design specifications. The check on the diameter change can be car-
ried out either optically or mechanically (e.g., calibration measuring 
and/or laser measuring apparatus; see Fig. 8.7). For measuring line 
and grade (horizontal and vertical positional deviation) in nonacces-
sible sewers, the following measuring devices and systems can be 
applied: inclinometer (vertical deviation), hose leveling unit measur-
ing pressure (vertical deviation), and/or laser target beam (vertical 
and horizontal deviation).

8.2.2 Pipe Materials
Jacking pipe must be obtained from one manufacturer. Pipe must be 
specifically designed and certified for microtunneling by the pipe 
manufacturer and must comply with ASTM and ASCE (ASCE Stand-
ard Construction Guidelines for Microtunneling) specifications for 
use in microtunneling. The pipe joints must consist of an elastomeric 
sealing element, sleeve, and a compression cushion ring as required 
by applicable ASTM and ASCE standards. The pipe must be free from 
any imperfections that would impair the pipe’s installation or use.

FIGURE 8.7 Measuring pipe deformation. (Source: Stein and Partner.)
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Allowable Forces
The allowable jacking strength capacity of pipe must be capable of 
withstanding the maximum jacking forces imposed by the operation. 
The specified allowable jacking capacity of the pipe must be 2 times 
greater than the maximum jacking forces imposed by jacking opera-
tions as identified by theoretical calculations.

Pipe Requirements

 1. The pipe diameters used for microtunneling method is 
dependent on the size of the microtunnel boring machine. 
The minimum size of the microtunnel machine is 12 in., and 
the maximum size is limited by the maximum size of pipe 
suitable for pipe jacking.

 2. There are certain provisions for pipe thickness (or DR) based 
on the pipe material. For example, steel pipe may need to 
have a minimum wall thickness of 0.25 in. or as specified in 
the approved standard specifications for construction.

 3. Pipe must be round. Steel pipe must have a roundness tolerance, 
so that the difference between the major and minor outside diam-
eters must not exceed 1 percent of the specified nominal outside 
diameter, or 0.25 in., whichever is less. Likewise, concrete and 
other types of pipes must have similar roundness tolerances.

 4. Pipe must have square and machine-beveled ends. The pipe 
end maximum out-of-square tolerance must be 0.04 in. 
(measured across the diameter).

 5. Pipe must be straight. The maximum allowable straightness 
deviation over any 10-ft length of steel pipe is 0.125 in.

 6. Pipe must be without any significant dimensional or surface 
deformities. All pipes must be free of visible cracks, holes, for-
eign material, foreign inclusions, blisters, or other deleterious 
or injurious faults or defects. Any section of the pipe with a 
gash, blister, abrasion, nick, scar, or other deleterious fault 
greater in depth than 10 percent of the wall thickness, must 
not be used and must be immediately removed from the site. 

 7. Any of the following defects warrants pipe rejection: 
• Concentrated ridges, discoloration, excessive spot rough-

ness, and pitting
• Insufficient or variable wall thickness
• Pipe damage from bending, crushing, stretching, or other 

stress
• Pipe damage that impacts the pipe strength, the intended 

use, the internal diameter of the pipe, and internal rough-
ness characteristics

• Any other defect of manufacturing or handling
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Again, all pipe sections that do not comply with the specifications 
and/or show signs of defects or cracks must be immediately removed 
from the jobsite.

Pipe Transportation and Storage
Jacking pipes must be properly transported and stored at the con-
struction site in such way that they are secured against rolling and 
sliding. Excessive stacking heights must be avoided so that pipes in 
the lower part of the stacks are not overloaded. Stacks of pipes should 
not be placed close to open trenches or shafts. Pipes with protective 
coatings must be stored on supports above ground to avoid damage 
to coatings and joints. All pipe sections must be stored on supports in 
very cold weather to avoid ground freezing. Elastomeric jointing 
components must be kept clean and be protected from sunlight, 
hydrocarbons, and extreme temperatures. 

Careless handling can damage all pipe components. Any kind of 
high impact or point loadings create a hazard for sensitive elements 
of pipe joints, linings, or coating systems. Specific examples include

• Ends of concrete pipes are sensitive to impact damages due to 
the large weight of each pipe section.

• Pipe coatings made of relatively soft materials can be dam-
aged during handling and backfilling. They may also become 
brittle in cold weather and must be handled with extra care.

• Rubber gaskets are subject to damage from sunlight or 
improper lubricants.

Pipes, pipeline components, and joint accessories must be 
inspected on delivery to ensure that they are appropriately marked 
and comply with the design requirements. Jacking pipes and pipe 
joints must be marked with manufacturer, production date, nominal 
size, appropriate ASTM standards, and production date. All pipe sec-
tions must be measured at each end for dimensional consistency 
(diameters and lengths), and those outside of tolerance limits must be 
marked and removed from the jobsite.

Extreme care must be taken when jointing unwelded, threaded, 
or infused pipe to ensure that the joints remain free of any foreign 
materials. Relatively small particles of foreign material can cause 
joint leaks, especially during high-pressure testing. Pipe joints using 
rubber gaskets are especially sensitive to contamination by any loose 
earth. These gaskets require lubricant and must be placed in accord-
ance with the manufacturer’s recommendations. Preventing gasket 
contamination must be part of the contractor’s plan. The lubricant 
must conform to the manufacturer’s criteria because joint failures 
have occurred when certain types of rubber were attacked by the 
chemistry of improper lubricants. 
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Protective Coatings
Pipeline coatings and linings that are specified for corrosion protec-
tion need to be protected against damage during all construction 
operations. Damaged coatings must be repaired in accordance with 
the pipe and/or coating manufacturer’s guidelines and pipe sections 
with coating damage must be replaced. When necessary, cathodic pro-
tection systems must be supplied and installed in accordance with the 
project plans and specifications. A corrosion engineer must be retained 
to monitor the installation of all cathodic protection systems. 

8.2.3 Construction

Minimum Allowable Depths
The recommended minimum depth of cover for microtunneling must be 
6 ft or 3 times outside diameter of installed pipe, whichever is greater. In 
locations where the road surface is elevated, the minimum depth of the 
bore must be measured from the lowest side of the pavement surface.

Overcut Allowance
Overcut is the annular space between the excavated bore and the outside 
diameter of the pipe. When using microtunneling method, the allowable 
overcut must not exceed the outside pipe radius by more than 1 in. for 
soft ground, but overcut for large machines in rock will require 1.5 in.

Watertight Joints

 1. Watertight pipe joints are required to ensure the integrity of 
the soil-pipe structure and street/roadbed. Pipe must be con-
structed to prevent water leakage or earth infiltration 
throughout its entire length.

 2. Pipe manufacturers provide proprietary joints for microtun-
neling and other trenchless technology methods. More infor-
mation on watertight specification for each type of pipe 
material can be obtained through specific pipe material asso-
ciation and/or specific pipe manufacturer.

Lubrication
Appropriate lubrication must be used to reduce jacking forces in dif-
ferent types of soil. The most common lubrication is bentonite.

Slurry Spoil Removal Syayem
The pumping rate, pressures, viscosity, and density of the slurry 
must be monitored to ensure adequate removal of spoil. The excess 
slurry must be contained until it is recycled or removed from the 
site. All slurry fluids must be disposed of or recycled in a manner 
acceptable to the appropriate local, state, and federal regulatory 
agencies.
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Pipe Installation
Profile and alignment of microtunneling operation must be shown on 
the approved construction drawings. The contractor must grant the 
engineer/inspector access to all data and printouts obtained from 
MTBM, such as position of the MTBM, the fluid pressures, jacking 
loads, and spoil removal.

Jacking Force Calculation

 1. As a minimum, the estimated jacking force must not exceed 
half or one-third of specified allowable jacking capacity of the 
pipe to avoid pipe damage. Pipe manufacturer will provide 
specific safety factor for the type of pipe used.

 2. Influential factors for estimating jacking force include
• Length of the drive
• Weight, grade, and diameter of the pipe
• Height of the overburden
• Soil characteristics
• Water table and dewatering operations
• Calculated load on the shield (face pressure)
• Operational interruptions (i.e., consideration for swelling 

of soil)
• Overcut size
• Lubrication
• Any operational change in line and grade
• Possible use of intermediate jacking stations
• Pipe material, its dimensional consistency and squareness

If the operation is interrupted by more than 8 hours, the jacking force, 
required to install the remainder of the pipe sections, may increase up 
to 20 to 50 percent of the original jacking force estimate. Figures 8.8 
through 8.11 presents sample jacking loads for different soil conditions 
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FIGURE 8.8 Design graph for silty soil.
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FIGURE 8.9 Design graph for clayey soil.
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FIGURE 8.10 Design graph for sandy soil.
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FIGURE 8.11 Design graph for clayey gravel soil.
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and pipe diameters experienced in an evaluation program. These 
jacking load curves can only be used as a guide (rough order of mag-
nitude) and comparison purposes for different pipe diameters and 
soil conditions, and cannot be used for estimating jacking loads on an 
actual project. It should be noted that the actual jacking loads may 
fluctuate during pipe installation but will increase as jacking distance 
increases.

Figure 8.12 suggests a checklist for inspection of microtunneling 
operations.

8.3 Pilot-Tube Microtunneling 

8.3.1 Introduction
Pilot-tube microtunneling (PTMT) is a hybrid version of conventional 
microtunneling. Pilot-tube microtunneling combines the accuracy of 
microtunneling, the steering mechanism of a directional drill, and 
the spoil-removal system of an auger-boring machine. PTMT 
employs augers to transport spoil and a guidance system that 
includes a camera-mounted theodolite. The target uses electric 
light-emitting diodes (LEDs) to secure high accuracy in line and 
grade. When project conditions are suitable, pilot-tube microtun-
neling can be a cost-effective tool for the installation of small-
diameter pipes of sewer lines or water lines. This technique can also 
be used for house connections direct from the main line sewers. 
Typically, pilot-tube machines can be used in soft soils and at rela-
tively shallow depths. Jacking distances of 500 ft have been accom-
plished with newer guidance systems.

PTMT requires various components to function simultaneously 
for a successful installation. The integration of these components 
with each other plays a key role in productivity of a PTMT installa-
tion. Discussed below are the important components of PTMT. 

8.3.2 Design of the Pipe
Design of the pipe must include the following:

 1. Service loading of the pipe: The permanent (service) loading of 
the pipe for the specified designed life including, but are not 
necessarily limited to internal operating, transient and test 
pressures, soil overburden, surface loads, and external static 
water head. The installation loads that the pipes would be 
subjected to, which include but are not limited to, jacking 
forces, external pressure from groundwater, soil loads, sur-
face loads, and annular space lubrication injection.

 2. Pipe diameter: The pipe diameter is determined by the capac-
ity of flow required. After the diameter and material of the 
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Review contingency plan. 

Inspection Guide for Microtunneling (MT)

Preinspection Plan Review 

Construction Inspection 

Review geotechnical and soil reports. 

Ensure DOT/agency facilities and nearby utility information are shown on the
plans and profiles and that the proposed alignment does not interfere with them.

Note the minimum cover above the top of the pipe and below the pavement surface,
or ground elevation (for longitudinal installations outside the influence of the
roadway) is _____ ft.

Note proposed pipe characteristics:
Pipe material class ________________.
Pipe material yield strength ______ ksi.
Allowable pipe-jacking force _____ ton.
Pipe diameter _______________ in.
Pipe wall thickness __________ in.
Overcut diameter ___________ in. 

Review job-site layout including: distance from access pits to roadbed, proposed
sheeting and bracing, materials storage and fabrication area, safety devices (barrels,
guardrail, etc.), and dewatering pit locations.

Note unique or special items /circumstances: ___________________

Verify traffic control is consistent with the permit requirements, one call service
has been contacted, and the DOT/agency permit is on-site.

Verify job-site layout is consistent with the approved plans, especially the alignment
of the pipe and machine.

Verify continuous monitoring records indicate bearing and grade of the leading edge
of the pipe is consistent with the approved plans, dewatering effort is satisfactory, soil
volume removed is consistent with projection, and that workers understand the
contingency plan.

Verify pipe characteristics are consistent with permit requirements.

Verify jacking pipe is certified for microtunneling, the pipe has a smooth interior and
exterior surfaces, is used within the entire influence area of the roadbed, has clean and
square ends, joints are watertight, defective pipe is not used, and damaged pipe is
jacked through to the receiving access pit and removed.

Verify the MTBM has the capability to steer, align the face, simultaneously remove
spoil and install pipe, and remotely control the line and grade.

FIGURE 8.12 Sample checklist for inspection of microtunneling operations.
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pipe is fixed the next step is the selection of jacking frame. 
The jacking frames are chosen on the basis of specifications 
and actual site conditions and design requirements. 

8.3.3 Construction Considerations
Every effort must be made to estimate soil conditions as accurately as 
possible. To design a PTMT project, step-wise planning is necessary. 
Following are the different aspects that must be considered while 
planning and designing a PTMT project. 

Equipment

 1. Line and grade control system: The line and grade control sys-
tem includes, but not limited to, a theodolite, lighted target, 
camera, and monitor screen as shown in Fig. 8.13.

 2. Jacking frame: The jacking frame must generate enough force 
to push the pipe from the drive shaft to receiving shaft. The 
design must be such that force is transferred to the pipes uni-
formly. It is very important to select a correct jacking frame 
for a given set of conditions. There are various factors to be 
considered while selecting a jacking frame, like pipe diame-
ter, subsurface conditions, jacking force required, size of shaft, 
and the like. If a wrong jacking frame is selected, the project 
may prove to be very costly to the contractor. Therefore, a 
thorough investigation of the jacking frame specifications 
and project conditions is very essential. Figure 8.14 presents 
the jacking frame for the pilot-tube microtunneling. 

Permit No. ___________________________
Inspector: ___________________________
Date: _______________________________

Verify the back-thrust block is structurally adequate, jacking force is within the range
of calculated jacking force, and that the jacking force is recalculated whenever the
operation is stopped.

Verify sufficient lubrication fluid quantity is used, and a lubrication system properly
injects lubricant on the inside and outside of the pipe, and the volume or pressure of
slurry flow in the supply and return side of the slurry loop is equal and steady.

Verify any unsuccessful tunnel is back-filled immediately.

Verify each end of the pipe is enclosed, restoration is completed, and attach
Inspector’s Daily Report (IDR), form 2228. 

FIGURE 8.12 Sample checklist for inspection of microtunneling operations. 
(Continued)
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 3. Pilot tubes: The pilot tubes as shown in Fig. 8.15 are particu-
larly made of small sections so that they can be accommo-
dated in the shafts. The tubes shall rigidly connect to each 
other, the steering tip, and the enlargement casing, and have 
a clear inside diameter large enough to adequately view the 
lighted target. The tubes shall withstand the torque encoun-
tered in the steering process. 

 4. Enlargement casing: The enlargement casing used must be 
strong enough and must have a diameter slightly larger than 
the product pipe. The casing may match the product pipe but 
by use of the newest powered reaming heads and powered 
cutterheads only one casing is used for many larger product 
pipe size. It must connect properly with the pilot tubes. 

 5. Soil-transportation system: The soil is transported through the 
auger-system train, which is inside the casing.

Monitor

Theodolite

LED target Pilot head

FIGURE 8.13 Line and grade control system. (Source: Bohrtec, 2008.)

FIGURE 8.14 Jacking frame. (Source: Bohrtec, 2008.)
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 6. Soil removal: Suitable system must be provided to remove soil 
from the shafts to the surface.

 7. Hydraulic power unit: The hydraulic power unit shall rest on 
the surface and be connected to the jacking frame by hoses. 
The unit shall meet all applicable noise standards.

 8. Lubricating system: A good lubricating system is important so 
that the pipes can be transported from the drive shaft to the 
receiving shaft under safe load conditions.

 9. Monitoring system: Monitoring system must be capable of con-
tinuously monitoring the jacking pressure, advancement of 
boring head and deviation of the PTMT machine. It is very 
important for a contractor to understand the PTMT opera-
tion, and functions of all the above components, to have max-
imum productivity and accurate installation. 

Surface Survey
It is important to conduct a surface investigation of the PTMT site
before the project begins to locate all the important structures that 
may affect the installation. The survey is typically done along the 
center line of the pipeline. Following are some of the important things 
to be considered while conducting a surface survey:

• The work area requirements at the pit locations

• Grade along the centerline

• Location of roads and other important structure along the 
centerline

• Locating the test pits

• Locating other waterways and wetlands along the centerline

FIGURE 8.15 Pilot tubes. (Source: Akkerman, 2008.)
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Geotechnical Investigation
A geotechnical investigation involves identifying and classifying soil 
conditions along the center line of the installation. It is important to 
know if PTMT is a feasible method for the given conditions. For a 
simple trenchless project or an open-cut project, a geotechnical review 
may be sufficient. In a preliminary geotechnical review, the data is 
gathered from the surrounding constructions such as buildings, 
bridges, another pipeline project, and the like. This review would 
give an approximate estimation of the conditions to be encountered 
at the project site. For PTMT projects, however, it is important to 
know soil stratification at the project site. Boreholes must be made at 
various locations along the centerline of the pipeline to obtain the soil 
samples. These soil samples must be tested in laboratory to know the 
actual soil conditions. Also, the groundwater levels along the center-
line of the pipeline must be measured. It must be verified that there 
are no large stones or cobbles along the centerline of the pipeline. 
PTMT is not a suitable method if there are a large number of boulders 
along the alignment. A thorough geotechnical investigation of the 
project site will lead to a good understanding of the subsurface con-
ditions at the site.

Alignment Consideration
The next step is identifying a feasible pipeline alignment. This can be 
a difficult task, especially if the project is located in an urban area. For 
a trenchless method like PTMT, the alignment most of the time can be 
made straight between two points. The number and alignment of the 
utility lines already laid may play an important role in deciding the 
alignment. If there are too many utility lines, the new pipeline can 
be laid deeper. Similarly, the existence of the structures around the 
project alignment must be considered. The PTMT installation must 
be at a safe distance from any of the laid foundations. The distance 
between the shafts must be considered, which is normally not more 
than 400 ft. Also the space required for machinery around the jacking 
pits must be considered in choosing shaft locations.

Overcut Allowance
The overcut of the enlargement casing must be limited to no more 
than 1 in. of the diameter of the product pipe to be installed.

Lubrication Fluids
Lubricant must be selected by the contractor to achieve successful 
installation of the pipe system. Any additives used must meet NSF 
standard 060.

Figure 8.16 suggests a checklist for inspection of pilot-tube micro-
tunneling operations.
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Inspection Guide for Pilot Tube Microtunneling (PTMT)

Preinspection Plan Review

Construction Inspection 

Review geotechnical and soil reports.

Ensure DOT / agency facilities and nearby utility information are shown on the
plans and profiles and that the proposed alignment does not interfere with them.

Note the minimum cover above the top of the pipe and below the pavement surface,
or ground elevation (for longitudinal installations outside the influence of the
roadway) is _____ ft.

Note proposed pipe characteristics:
Pipe material class ________________.
Pipe material yield strength ______ ksi.
Allowable pipe jacking force _____ ton.
Pipe diameter _______________ in.
Pipe wall thickness __________ in.
Overcut diameter ___________ in.

Review contingency plan. 

Review job-site layout including: distance from access pits to roadbed, proposed
sheeting and bracing, materials storage and fabrication area, safety devices (barrels,
guardrail, etc.), and dewatering pit locations.

Note unique or special items /circumstances: ___________________

Verify traffic control is consistent with the permit requirements, one call service
has been contacted, and the DOT / agency permit is on-site.

Verify job-site layout is consistent with the approved plans, especially the alignment
of the pipe and machine.

Verify continuous monitoring records indicate bearing and grade of the leading edge
of the pipe is consistent with the approved plans, dewatering effort is satisfactory, soil
volume removed is consistent with projection, and that workers understand the
contingency plan.

Verify pipe characteristics are consistent with permit requirements.

Verify jacking pipe is certified for pilot-tube microtunneling, the pipe has a smooth
interior and exterior surfaces, is used within the entire influence area of the roadbed,
has clean and square ends, joints are watertight, defective pipe is not used, and
damaged pipe is jacked through to the receiving access pit and removed.

Verify the thrust block is structurally adequate, jacking force is within the range of
calculated jacking force, and that the jacking force is recalculated whenever the
operation is stopped.

FIGURE 8.16 Sample checklist for inspection of pilot-tube microtunneling 
operations.
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8.4 Horizontal Auger Boring

8.4.1 Introduction
The horizontal auger-boring (HAB) method involves the forming of a 
bore from a drive pit, by means of a rotating cutting head, and install-
ing a steel pipe that serves as a casing for carriers (sewer, water, cable, 
and so on). It is a multistage process consisting of constructing a tem-
porary horizontal jacking platform and a starting alignment track in 
a drive pit at a desired elevation (see Fig. 8.17). The casing pipe is 

Permit No. __________________________
Inspector: ___________________________
Date: _______________________________

Verify sufficient lubrication fluid quantity is used, and a lubrication system properly
injects lubricant on the inside and outside of the pipe and the volume or pressure of
slurry flow in the supply and return side of the slurry loop is equal and steady.

Verify any unsuccessful tunnel is back-filled immediately.

Verify each end of the pipe is enclosed, restoration is completed, and attach
Inspector’s Daily Report (IDR), form 2228.

FIGURE 8.16 Sample checklist for inspection of pilot-tube microtunneling 
operations. (Continued)

FIGURE 8.17 Horizontal auger-boring method. (Source: Midwest Mole.)
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then jacked along the starting alignment track with simultaneous 
excavation of the soil being accomplished by a rotating cutting head 
in the leading edge of the casing pipe’s annular space. The spoil is 
transported back to the entrance pit by a helically wound auger rotat-
ing inside the casing pipe. Horizontal auger-boring typically provides 
limited tracking and steering as well as limited support to the excava-
tion face, unless a modified auger-boring machine is used. This 
method may also be referred to as bore and jack.

Horizontal auger-boring is a well-established trenchless method 
that is widely used for the installation of steel pipes and casings, 
especially under railways and road embankments. It is an economical 
trenchless pipe installation method that can be used under various 
soil conditions in diameters 8 to 72 in. This method can be used 
advantageously to reduce damage to pavements and disruptions to 
traffic, hence reducing the social costs associated with pipeline instal-
lations. Conventional pipe jacking (used for diameters 42 in. and up) 
and pipe ramming (used for diameters 4 to 140 in.) are other methods 
of casing installations.

The basic components of a horizontal auger-boring system 
include the base unit, casing pusher, power pack, auger sections, 
track and track extensions. Cutting bits are available for different soil 
conditions.

For successful execution of boring and jacking projects, presur-
vey of the site conditions for surface features and subsurface geotech-
nical conditions must be done, and utility data must be gathered and 
incorporated in the early stages of design process. It is required that 
the design engineer provide the contractor with sufficient informa-
tion about the nature of the site and the possible obstacles. This will 
help in determining the suitability of utility installation by boring 
and jacking method.

The predesign survey includes the investigation of the general 
site condition, examination of existing underground utilities and 
potential for obstructions, geotechnical investigations (including 
groundwater), environmental conditions, required drive lengths, 
pipe diameters, site access, depth, grade, tolerances, impact to sur-
face activities, location of existing/abandoned/proposed utilities, 
and rights-of-way requirements.

Geotechnical investigation of the site must be performed to iden-
tify the general and any special subsurface conditions. The extent of 
the investigation may vary depending on the knowledge of known 
local geological conditions.

Prior to the design of a boring project, all utilities must be located. 
This process involves the use of several tools, but is not limited to, 
utility locators, vacuum excavators, and use of utility maps. Each 
existing utility is then mapped or plotted, and the bore path estab-
lished to avoid the existing utilities.
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The boring pits must be located at a safe distance from existing struc-
tures to avoid any hazard to the structure or the public. The distance of 
the pit from the roadway must be adequate to allow sloping of the pit 
if necessary. If sufficient sloping cannot be accomplished due to space 
constraints, an earth support system of pit walls must be considered. 
Enough room for safe loading and unloading of equipment, and for 
spoil removal must be provided. Accidents are less likely to occur at 
sites that are open and kept clear of debris.

Typically steel pipes are used for casing in order to prevent the 
potential damage caused by the rotating augers. The casing must 
be of good quality and well prepared. Machine-cut beveled ends 
assure casing alignment, joint end squarness and exact lengths keep 
the head at the correct location relative to the casing, and smooth 
walls reduce the required jacking force and the tendency of the casing 
to rotate during the boring process.

After successful installation of casing pipe, the carrier pipe (also 
called product pipe) can be installed. Carrier pipe is installed by first 
attaching wooden skids or premanufactured casing spacers to the 
carrier pipe before assembly. The carrier pipe is then installed, one 
piece at a time, from either the entry or exit pit. It can be installed by 
pushing by hand or with a boring/jacking machine, or by pulling 
with a winch or other methods. The use of premanufactured casing 
spacers are not recommended for gravity sewers installations as they 
do not allow for differential blocking of the sewer inside the casing.

Postinstallation and installation monitoring includes the following:

• Preparing an as-built drawing. 
• Amount of spoil removal must be checked for possible voids 

outside of the casing. Any voids needs to be grouted with 
approved grouting materials and methods.

• In sandy or unstable soil conditions, there is a possibility of 
void formation in the line of bore, and in this condition grout-
ing of outside of casing is strongly recommended.

8.4.2 Materials 

Pipe
Pipe used in this method includes an external casing pipe (also called 
jacking pipe) and may include an interior carrier or product pipe. 

Allowable Forces
Considerable jacking forces may be required to install pipe using this 
method.

• Casing pipe must be obtained from one manufacturer. 

• The allowable jacking strength capacity of casing pipe must 
be capable of withstanding the maximum jacking forces 



I n s p e c t i o n  a n d  Q A / Q C  f o r  Tre n c h l e s s  I n s t a l l a t i o n  a n d  R e p l a c e m e n t  M e t h o d s  333

imposed by the operation. The specified allowable jacking 
capacity of the casing pipe must be 3 times greater than the 
maximum jacking forces imposed by jacking operations as 
identified by theoretical calculations.

• Steel casing pipe must have minimum yield strength of 
35,000 psi.

Casing Pipe
Steel casing pipe, also known as encasement pipe is most commonly 
used in horizontal auger boring.

 1. Steel casing pipe must have a minimum wall thickness of 
0.25 in. or as specified in the specifications for construction, 
whichever is larger.

 2. Casing pipe must be round. Steel casing pipe must have a 
roundness tolerance, so that the difference between the major 
and minor outside diameters must not exceed 1 percent of the 
specified nominal outside diameter, or 0.25 in., whichever is 
less.

 3. Casing pipe must have square and machine-beveled ends. 
The pipe end maximum out-of-square tolerance must be 0.04 in. 
(measured across the diameter).

 4. Casing pipe must be straight. The maximum allowable 
straightness deviation over any 10-ft length of steel casing 
pipe is 0.125 in.

 5. Pipe must be without any significant dimensional or surface 
deformities. All pipes must be free of visible cracks, holes, 
foreign material, foreign inclusions, blisters, or other deleteri-
ous or injurious faults or defects. Any section of the pipe with 
a gash, blister, abrasion, nick, scar, or other deleterious fault 
greater in depth than 10 percent of the wall thickness must 
not be used and must be immediately removed from the 
site.

 6. Casing pipe must be used within the entire roadbed influence 
area. The roadbed influence area is defined as the subsurface 
area located under the road and shoulder surface, between 
each shoulder point or back of curb, and continues trans-
versely outward and downward from each shoulder point or 
back of curb on a 1-on-1 slope.

 7. Only new casing pipe must be used, unless otherwise 
approved by the engineer/inspector.

 8. Casing pipe must have smooth interior and exterior walls to 
reduce jacking force and prevent casing rotation. 
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 9. The inside diameter (ID) of the casing pipe must be at least 
6 in. larger than the largest outside diameter (OD) of the 
carrier pipe to allow the carrier pipe to be inserted. 

 10. Any of the following defects warrants pipe rejection: 
• Concentrated ridges, discoloration, excessive spot rough-

ness, and pitting
• Insufficient or variable wall thickness
• Pipe damage from bending, crushing, stretching, or other 

stress
• Pipe damage that impacts the pipe strength, the intended 

use, the internal diameter of the pipe, and internal rough-
ness characteristics

• Any other defect of manufacturing or handling

Carrier Pipe
Carrier pipe material may be constructed with any material. The 
carrier pipe diameter must be small enough to insert into the casing 
pipe in conjunction with the casing spacers or wood blocking.

Casing Spacers
Casing spacers or wood blocking is required for all carrier pipes. 
Casing spacers can be wood, plastic, fiberglass, stainless steel, or car-
bon steel. For gravity sewer installations, the void between the casing 
and the carrier pipe must be filled utilizing the cellular grout, sand, 
pea gravel, or other approved product. 

8.4.3 Construction

Equipment
Equipment used for this method varies greatly. However, the basic 
operations of boring, removing tailings, and jacking pipe are essential. 
Please refer to the specific operator’s manual for more information.

Method
A full-size auger section must be used as the lead section of the casing. 

Overcut Allowance
Overcut is the annular space between the excavated bore and the out-
side diameter of the casing pipe. The usual allowable overcut is 1 in. 
greater than the casing pipe radius. 

Watertight Joints
Steel casing joints are to be welded to prevent earth infiltration 
through the joints and to withstand the required installation loads.
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Lubrication Fluids

 1. Lubrication fluids, consisting of a mixture of water and 
bentonite or bentonite/polymer, must be used in the annular 
space between the casing being installed and the native soil. 
This is done primarily to reduce friction on the casing. Lubri-
cation may also be used inside the casing pipe to facilitate 
spoil removal.

 2. Lubrication fluids are specifically recommended for this 
method regardless of the soil conditions.

 3. Grease or hydrocarbons are not allowed for use as lubrication.

Pipe Locating and Tracking
Commonly, a waterlevel  system or other approved method is used to 
monitor grade. A sonar transmitter or other approved method can be 
used for monitoring alignment.

Figure 8.18 suggests a checklist for inspection of horizontal auger-
boring operations.

8.5 Pipe Ramming 

8.5.1 Introduction
Pipe ramming is defined as a trenchless installation of steel casing 
pipes under roads and railroad tracks. A ramming tool attached to 
the rear of a steel pipe drives the pipe into the ground with repeated 
percussive blows. For casing pipe diameters less than 8 in., the pipe 
is installed closed face and soil is compacted around the pipe. For 
casing pipe diameters more than 8 in., the pipe is installed open face 
to allow the soil to enter the pipe during the installation (Figs. 8.19 
and 8.20). The spoils inside the pipe can be removed after the instal-
lation by means of auger, compressed air, and/or water jetting. In 
larger diameters (e.g., more than 100 in.), a small backhoe or bobcat 
can be used for mechanical spoil removal.

Pipe ramming typically requires excavation of two pits. Before 
ramming, both the pipe and the ramming tool are placed into the 
insertion pit and lined up in the desired direction. Alternatively, the 
ramming can be launched without an insertion pit, if the operation is 
started in the slope of an embankment. 

The roadbed influence area is defined as the subsurface area 
located under the road and shoulder surface, between each shoul-
der point or back of curb, and continues transversely outward 
and downward from each shoulder point or back of curb on a 1 on 
1 slope.
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Inspection Guide for Horizontal Auger Boring (HAB) 

Preinspection Plan Review 

Construction Inspection 

Review geotechnical and soil reports. 

Ensure DOT/agency facilities and nearby utility information are shown on the
plans and profiles and that the proposed alignment does not interfere with them.

Note the minimum cover above the top of the pipe and below the pavement surface,
or ground elevation (for longitudinal installations outside the influence of the
roadway) is _____ ft.

Note proposed pipe characteristics:
Casing material ___________________.
Casing material yield strength _____ksi.
Allowable pipe-jacking force _____ ksi.
Casing diameter _____________ in.
Overcut diameter ___________ in.
Casing wall thickness ________ in.
Casing spacers material ____________.
Spacer spacing ________________, carrier material ___________________.
Carrier diameter ____________ in.

Note the inside diameter of the casing pipe, and the outside diameter of the carrier
pipe.  The difference is _______ in. (Typical minimum is 6 in., except for casing
pipes smaller than 8 in.)

Review contingency plan. 

Review job-site layout including: distance from access pits to roadbed, proposed
sheeting and bracing, materials storage and fabrication area, safety devices (barrels,
guardrail, etc.), and dewatering pit locations.

Note unique or special items / circumstances: ___________________

Verify traffic control is consistent with the permit requirements, one call service
has been contacted, and the DOT/agency permit is on-site.

Verify job-site layout is consistent with the approved plans, especially the alignment
of the pipe and machine.

Verify continuous monitoring records indicate bearing and grade of the leading edge
of the pipe is consistent with the approved plans, dewatering effort is satisfactory, soil
volume removed is consistent with projection, and that workers understand the
contingency plan.

Verify pipe characteristics are consistent with permit requirements.

Verify the casing pipe is steel with smooth interior and exterior surfaces, is used
within the entire influence area of the roadbed, has clean and square ends, joints are
watertight, defective pipe is not used, and damaged  pipe is removed.

FIGURE 8.18 Sample checklist for inspection of horizontal auger boring operations.
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Permit No. __________________________
Inspector: ___________________________
Date: _______________________________

Verify cutterhead does not protrude more than 3 in. beyond the leading edge of the
casing pipe, and that full-size auger section is used in the lead section of casing. As a
rule of thumb, for unstable soil, the cutterhead must be inside and for stable soil, the
cutterhead must be outside.

Verify sufficient lubrication fluid quantity is used if necessary, and a lubrication
system properly injects lubricant on the outside of the pipe.

Verify any unsuccessful boring is back-filled immediately.

Verify each end of casing is bulkheaded, restoration is completed, and attach
Inspector’s Daily Report (IDR), form 2228.

FIGURE 8.18 Sample checklist for inspection of horizontal auger boring operations. 
(Continued)

FIGURE 8.19 Schematic view of pipe ramming. (Source: TT Technologies.)

FIGURE 8.20 Culvert installation under railroad using pipe ramming. 
(Source: TT Technologies.)
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8.5.2 Materials

Pipe
Pipe used in this method includes an external steel casing pipe and 
may include an interior carrier pipe. 

Pipe Dimensions and Requirements
Refer to pipe, casing, and spacer requirements for the horizontal 
auger-boring method mentioned in Sec. 8.3.2.

8.5.3 Construction

Equipment
Equipment used for this method varies greatly. However, the basic 
operations of hammering the pipe into position and removing the 
excess soil are essential. Please refer to the specific operator’s manual 
for more information.

Method

 1. Each pipe section must be rammed forward as the excavation 
progresses in such a way to provide complete and adequate 
ground support at all times. Lubrication must be applied 
to the external surface of the pipe to reduce skin friction. 
A hammer frame must be positioned to develop a uniform 
distribution of ramming forces around the periphery of the 
pipe. Special care must be taken by the contractor to ensure 
that the launch seal is properly designed and constructed. 
Special care must be taken when setting the pipe guard rails 
in the pit to ensure a correct alignment.

 2. In open-end ramming, either a prefabricated soil-cutting 
shield must be attached to the front of the casing pipe leading 
edge, or a casing band must be welded around the outside or 
inside edge of the pipe. In closed-end ramming, a cone-
shaped attachment must be welded or threaded to the front 
of the casing pipe.

 3. Whenever possible, the casing pipe must be driven in a con-
tinuous, single run. If space is limited, the job can be com-
pleted in a series of short ramming sections. Length of pipe 
sections must be selected based on available space for an 
insertion pit setup. Casing pipe section length between 20 and 
40 ft is frequently selected. Section lengths between 10 and 60 
ft can be allowed considering the availability of pit space.

 4. The contractor must dispose of all excavated material from 
the pipe ramming and access pit construction operations 
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off-site. Precautions must be taken to ensure worker safety if 
removal of soil is accomplished through the use of a foam pig 
and compressed air.

Overcut Allowance
The standard overcut is between 1/4 and 3/4 in. over radius both on the 
outside and inside of the casing pipe. Overcut up to 1 in. can be per-
mitted depending on the diameter of the ramming tool, depth and 
ground conditions leaving the 6 o’clock open.

Watertight Joints
Soil tight pipe joints are required to ensure the integrity of the road-
bed. Pipe must be constructed to prevent earth infiltration through-
out its entire length. 

Lubrication Fluids

 1. Lubrication must be made of bentonite, water, and/or poly-
mers and used for inside and sometimes outside of the pipe.

 2. A lubrication system must be provided that injects lubricant 
on the inside to facilitate spoil removal and sometimes out-
side of the pipe to lower the friction developed on the sides of 
the pipe during ramming.

Figure 8.21 suggests a checklist for inspection of pipe-ramming 
operations.

8.6 Horizontal Directional Drilling 

8.6.1 Introduction
The elements of an horizontal directional drilling (HDD) installation 
are (see Fig. 8.22)

 1. A rig, which provides the physical means—thrust and torque, 
to open the borehole and pull in the product.

 2. A transmitter/receiver system for tracking the location of the 
bore.

 3. The down-hole equipment—drill pipe, drill bits, and reamers, 
which converts the physical capabilities of the rig to open the 
borehole and pull in the product.

 4. The drilling fluid, which serves to stabilize the borehole, cools 
the down-hole equipment, and removes the spoils from the 
borehole.
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Inspection Guide for Pipe Ramming (PR) 

Preinspection Plan Review 

Review geotechnical and soil reports. 

Ensure DOT / agency facilities and nearby utility information are shown on the
plans and profiles and that the proposed alignment does not interfere with them.

Note the minimum cover above the top of the pipe and below the pavement surface,
or ground elevation (for longitudinal installations outside the influence of the
roadway) is _____ ft.

Note proposed steel casing pipe characteristics:
Casing material yield strength ____ ksi.
Casing diameter _____________ in.
Overcut diameter ___________ in.
Casing wall thickness ________ in.
Casing spacers material ____________.
Spacer spacing ___________________.
Carrier material ___________________.
Carrier diameter ____________ in.

Note the inside diameter of the casing pipe, and the outside diameter of the carrier
pipe.  The difference is _______ in. (Typical minimum is 6 in.)

Review contingency plan. 

Review job-site layout including: distance from access pits to roadbed, proposed
sheeting and bracing, materials storage and fabrication area, safety devices (barrels,
guardrail, etc.), and dewatering pit locations.

Note unique or special items /circumstances: ___________________

Construction Inspection 

Verify traffic control is consistent with the permit requirements, one call service
has been contacted, and the DOT / agency permit is on-site.

Verify job-site layout is consistent with the approved plans, especially the alignment
of the pipe and machine.

Verify continuous monitoring records indicate bearing and grade of the leading edge
of the pipe is consistent with the approved plans, dewatering effort is satisfactory, soil
volume removed is consistent with projection, and that workers understand the
contingency plan.

Verify pipe characteristics are consistent with permit requirements.

Verify the casing pipe is new steel with smooth interior and exterior surfaces, is used
within the entire influence area of the roadbed, has clean and square ends, joints are
watertight, defective pipe is not used, and damaged pipe is removed.

FIGURE 8.21 Sample checklist for inspection of pipe ramming operations. 
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 5. The drilling fluid delivery and recovery system made up of 
tanks, mixing systems, pumps; and, when recycling fluids, a 
system of screens, filters, shakers, cones, and the like to remove 
spoils brought to the surface from the fluid.

QA/QC Procedures
HDD QA/QC measures are provided in the installation contract, and 
by state and local regulations governing underground construction. 
In addition, industry guidelines such as references listed at the end of 
this book are helpful. Below is an overview of QA/QC requirements:

 1. Preconstruction: Prior to construction, geological conditions 
need to be assessed to determine equipment and material 
needs. HDD operator must walk the site to identify potential 
hazards, sources of interference, and special conditions. The 
boreplan must be prepared with adequate setup area and 
separation from utilities.

Permit No. __________________________
Inspector: ___________________________
Date: _______________________________

Verify hammer frame is used to distribute ramming forces around the pipe
circumference, a launch seal is used at face of ramming operation, and a casing band
is applied to the leading edge of pipe in open-end ramming operations, or a cone-
shaped pipe head is attached to closed-end ramming operations.

Verify sufficient lubrication fluid quantity is used, and a lubrication system properly
injects lubricant on the inside and outside of the pipe.

Verify any unsuccessful rammed hole is back-filled immediately.

Verify each end of casing is bulkheaded, restoration is completed, and attach
Inspector’s Daily Report (IDR), form 2228.

FIGURE 8.21 Sample checklist for inspection of pipe ramming operations. 
(Continued )

Reamer

Swivel

Product line

FIGURE 8.22 HDD method.
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 2. Determine geological conditions: The type of soil in the path of 
the installation determines the type of equipments, cutter-
heads, and drilling fluids that are best suited for the project 
and whether HDD is a suitable tool for installing the pipe. 
Depending on the job size, a geological survey may or 
may not be conducted by an experienced geotechnical 
engineer. If no geotechnical survey has been preformed, 
the contractor must look for existing records associated 
with nearby construction sites, as well as other public 
records. Visual inspection of site geology and soil charac-
teristics at the entry and exit pits also provide information 
on soil conditions.

 3. Hazards, obstructions, and utility location: The installation of 
underground utilities using trenchless methods limits vis-
ual verification of conditions near and surrounding the 
installation. As with any underground construction, every 
means must be used to locate and verify existing conditions. 
These means include contacting the local one-call service 
and area utilities, reviewing records, having a locating serv-
ice locate utilities, use locating equipment such as ground-
penetrating radar (GPR). When operating near existing 
utilities or potential hazardous conditions, potholing must 
be used to verify the exact location of the existing utility and 
bore path.

 4. Drilling fluids: As said earlier, drilling fluids stabilize the bore-
hole, which mitigates hydro fracturing (inadvertent return of 
fluids or frac outs) and allows the product pipe to be pulled 
in. The proper mix of drilling fluids is determined by the soil 
conditions and characteristics of the water mixed with the 
drilling fluid. Geotechnical information must be gathered in 
advance of the project and soils extracted from the borehole 
must be tested from time-to-time during the installation to 
verify that the proper drilling fluid mix and additives are 
being used. Water must be checked and adjusted for pH and 
the presence of calcium.

 5. Downhole equipment: The type of downhole equipment to be 
used in an HDD installation depends on the soil conditions, 
depth of the installation, and size and type of the product 
pipe being installed. Different bits and reamers work better in 
different soil conditions. Downhole transmitters come with 
different signal strengths, which must match the depth of the 
installation. In addition, certain installations may require that 
breakaway swivels be used to protect the product being 
installed. Also, pressure sensors can be used to measure fluid 
pressure at the swivel location as well as to measure pulling 
loads on the product pipe.
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 6. Rig and mud circulation and recycling equipment: The rig size, 
and mud system/recycling equipment capacity must match 
the job size. A rig with inadequate torque and trust capability 
will cause the installation to be more difficult, putting the 
installation at risk. Similarly, an under capacity mud circula-
tion system, that is, inadequate tank or pump capacity, or 
recycling system, can have the same consequences.

 7. Installation: A successful installation must follow the planned 
bore with as-built that approximates the planned path, main-
tains specified clearance from hazards and other utilities, 
stays within easement, minimizes and deals with inadvertent 
drilling nearby construction sites, as well as maintains integ-
rity of the road embankment and other nearby structures. 

 8. Record keeping: Tracking systems can provide electronic records 
of the product pipe location. In the event that the tracking sys-
tem does not record installation information electronically, 
accurate manual records must be maintained to verify location 
and compare against the boreplan. Newer systems provide 
planning software as well as recording of installation. Real-
time records must be kept in a driller log of pitch and depth of 
each drill string, the drilling fluids used, and any special condi-
tions encountered in installation. This information provides a 
record for verification of pipe location and drilling operations.

 9. Fluid monitoring: Monitoring drilling fluid returns is also an 
important QA/QC procedure. Generally, drilling fluid, which 
carries soils from downhole, must exit the borehole at the entry 
or exit end of the installation. Drilling fluid flow provides vis-
ual verification that the borehole is open and that the fluids 
are not inadvertently escaping. Lost circulation may be an 
indication that something is wrong. Field tests that measure 
the drilling fluids viscosity and weight can help determine 
the need to adjust drilling fluid mix and the rate at which a 
product pipe can be safely installed. If the drilling fluid is 
being recycled, the recycling equipment must be inspected 
regularly to make sure that it is removing solids from the 
drilling fluid. If the percent solids in the fluid become exces-
sive, adjustments in the system operation must be made to 
avoid damaging equipment.

 10. Bits and reamers safety: Changing bits and reamers can be a 
potential safety hazard. Always use proper communications 
procedures and equipment such as breakout wrenches when 
changing bits and reamers.

 11. Pipe products: HDD can be used to install a number of pipe 
products. The most common are plastic pipes (HDPE and 
PVC) and communications conduits, steel, and ductile iron. 
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Each of these products has specific QA/QC procedures for 
joining pipe sections. 

 12. Postinstallation: A successful installation using HDD is largely 
determined during the installation process. The product pipe 
condition at the exit end of the installation must be examined 
for gouges, cuts, or abrasions. Water and gas pipelines must be 
tested against leaks as specified specifications. The jobsite must 
be restored and all materials including drilling fluids must be 
disposed of, as required by local ordinance or as specified.

8.6.2 Pipe Material Standards
Pipe used for HDD must be smooth, flexible, and have sufficient 
strength to resist tension, bending, and external installation pressure 
loads. This method requires structurally strong joints that resist elon-
gation or cross-section reduction. 

HDPE pipes must conform to the current ASTM D1248-05, 
ASTM D3350-10, and ASTM F714-08. Steel pipe must conform to 
the current ASTM A 53-07 and ASTM 139-06. Ductile iron pipe must 
confirm to the current ASTM 716-95 and ASTM 746-95. PVC pipe 
must confirm to the current ASTM F1962-99 and ASTM D2321-09.

Allowable Forces
In case of HDPE pipe, an extra 6-ft section of the pipe must be pulled 
out of the borehole to check for any sign of stress or damage. Allow-
able pulling force for all diameters must be determined depending 
on the pipe size, wall thickness, manufacturer, field conditions, pull 
distance, bearing capacity of soils, adjacent infrastructure, and all 
other related considerations.

Pipe Dimensions

 1. HDPE pipe may require a minimum DR of 11.

 2. Pipe must be round. Steel pipe must have a roundness toler-
ance, so that the difference between the major and minor out-
side diameters must not exceed 1 percent of the specified 
nominal outside diameter, or 0.25 in., whichever is less. Like-
wise, HDPE, ductile iron, and PVC pipe must have similar 
roundness tolerances.

 3. Pipe must have square and machine beveled ends. The pipe 
end maximum out-of-square tolerance must be 0.04 in. 
(measured across the diameter).

 4. The maximum allowable straightness deviation over any 10-ft 
length of steel casing pipe is 0.125 in. Likewise, ductile iron 
and PVC pipe must have similar straightness tolerances. 
HDPE pipe does not need to be straight.
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 5. Pipe must be without any significant dimensional or surface 
deformities. All pipes must be free of visible cracks, holes, 
foreign material, foreign inclusions, blisters, or other deleteri-
ous or injurious faults or defects. Any section of the pipe with 
a gash, blister, abrasion, nick, scar, or other deleterious fault 
greater in depth than 10 percent of the wall thickness, must 
not be used and must be immediately removed from the 
site.

 6. Any of the following defects warrants pipe rejection: 
• Concentrated ridges, discoloration, excessive spot rough-

ness, and pitting
• Insufficient or variable wall thickness
• Pipe damage from bending, crushing, stretching, or other 

stress
• Pipe damage that impacts the pipe strength, the intended 

use, the internal diameter of the pipe, and internal rough-
ness characteristics

• Any other defect of manufacturing or handling

Protective Coatings (Steel Pipe)
The product pipe may be exposed to significant abrasion during pull-
back. Therefore, a coating to provide a corrosion barrier as well as an 
abrasion barrier is required. The coating must be bonded well to the 
pipe and have a hard smooth surface to resist soil stresses and reduce 
friction. Usually a mill-applied fusion bonded epoxy (FBE) coating is 
required for steel pipes.

8.6.3 Construction

Minimum Allowable Depths
The minimum allowable installation depth of cover of a HDD 
installed pipe under the road and shoulder surface is correlated to 
the pipe diameter. Table 8.1 summarizes the minimum allowable 
depths.

Pipe Diameters (in.) Depth of Cover (ft)

Small (< 4) 4

Mini (4–12) 8

Medium (13–24) 12

Large (> 24) 16

TABLE 8.1 Minimum Allowable Depth
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To help with future locating of installed pipes, installation of a 
trace wire on plastic pipes and submission of an as-built (both plan 
and profile) for all installations are required. In locations where the 
road surface is elevated, the minimum depth of the bore must be 
measured from the lowest side of the pavement surface.

Method

 1. The ends of each section of HDPE pipe must be inspected and 
cleaned as necessary to be free of debris immediately prior to 
joining the pipes by means of thermal butt-fusion. The poly-
ethylene pipe must be of the same type, grade, and class of 
the polyethylene compound used in the process. This process 
provides joint weld strength equal to or greater than the 
tensile strength of the pipe.

 2. The handling of the joined pipeline must be in such a manner 
that the pipe is not damaged by dragging it over sharp or jag-
ged objects. Sections of the pipes with cuts and gouges 
exceeding 10 percent of the pipe wall thickness or kinked sec-
tions must be removed and the ends rejoined.

 3. HDPE pipes must be stored on level ground, free of sharp 
objects, which could damage the pipe. Stacking of the poly-
ethylene pipe must be limited to a height that will not cause 
excessive deformation, bending, or warping of the bottom 
layers of pipes under anticipated temperature condition.

 4. Sufficient space must be allocated to fabricate and layout the 
product pipeline into one continuous pipe length, thus ena-
bling the pull back to be conducted during a single operation. 
If space considerations are discovered that make this impos-
sible, the permit applicant must obtain specific alternative 
instructions from the design engineer.

 5. Sufficient space is required on the rig side of the machine to 
safely set up and perform the operation.

 6. The drill path alignment must be as straight as possible to min-
imize the frictional resistance during pullback and maximize 
the length of the pipe that can be installed during a single pull.

 7. The minimum radius of curvature of HDD path must be 1200 
times the nominal diameter of the pipe to be installed.

 8. The required piping must be assembled in a manner that does 
not obstruct adjacent roadways or public activities. The con-
tractor must erect temporary fencing around the entry and 
exit pipe staging areas.

 9. Several prereams may be employed to gradually enlarge the 
borehole to the desired diameter and reduce road surface heav-
ing potential. No backream diameter increase must exceed 1.5 
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times diameter of the product pipe. Furthermore, during the 
final pullback, the pullback rate must not exceed 10 ft/min. 

 10. The pipe must be sealed at both ends with a cap or a plug to 
prevent water, drilling fluids, and other foreign materials 
from entering the pipe as it is being pulled back.

 11. Pipe rollers, skates, or other protective devices must be used 
to prevent damage to the pipe, eliminate ground drag, reduce 
pulling force, and reduce the stress on the pipes and joints.

 12. The drilling fluid in the annular region outside of the pipe 
must not be removed after installation, and remain in place to 
provide support for the pipe and neighboring soil.

 13. If the drilling operation is unsuccessful, the contractor must 
ensure to fill of any void(s) with flowable fill. 

 14. Entry penetration angles are limited by equipment capabili-
ties. However, according to most HDD drilling rigs’ design, 
the best entry angle must be between 10° and 12°.

 15. Exit angles generally range from 5° (for large-diameter steel 
pipelines) to 12°. However, when high exit angles are encoun-
tered or designed, the pipe must be supported in an elevated 
position during the pullback operation to prohibit the pipe 
from bending, deforming, kinking, or even breaking.

Overcut Allowance
The overcut diameter must not exceed the outside diameter (OD) of 
the pipe by more than 1.5 times diameter of the product pipe, to 
ensure excessive voids are not created, resulting in postinstallation 
settlements.

Watertight Joints
Watertight pipe joints are required to ensure the integrity of the road-
bed. Pipe must be constructed to prevent water leakage or earth infil-
tration throughout its entire length. 

A watertight specification for each type of pipe material can be 
obtained for each pipe material. Refer to the appropriate industry 
specifications for more detailed information.

Drilling Fluids

 1. Drilling fluid must be used during drilling and back-reaming 
operations. Using water exclusively may cause a collapse of 
the borehole while in unconsolidated soils, and may also 
cause soil swelling while in clayey soils. Either case may 
significantly impede the installation of the pipe.

 2. Excess drilling fluids must be contained within a pit or con-
tainment pond, or trailer-mounted portable tanks, until 
removed from the site. 
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 3. Drilling fluids must not enter the streets, manholes, sanitary 
and storm sewers, and other drainage systems, including 
streams and rivers.

 4. Any damage to any DOT highway or non-highway facility 
caused by escaping drilling fluid, or the directional drilling 
operation, must be immediately restored by the contractor.

Pipe Locating and Tracking

 1. During construction, continuous monitoring and plotting of 
pilot drill progress must be undertaken to ensure compliance 
with the proposed installation alignment and allow for appro-
priate course corrections to be undertaken. Monitoring must 
be accomplished by manual plotting based on location and 
depth readings provided by the locating/tracking system or 
by computer generated bore logs, which map the bore path 
based on information provided by the locating/tracking sys-
tem. Readings or plot points must be undertaken on every 
drill rod.

 2. Pipe installed by the HDD method must be located in plan as 
shown on the drawings, and must be no lower than shown 
on the drawings unless otherwise approved. The contractor 
must plot the actual horizontal and vertical alignment of the 
pilot bore at intervals not exceeding 30 ft. This “as-built” 
plan and profile must be updated as the pilot bore is 
advanced. The contractor must at all times provide and 
maintain instrumentation that will accurately locate the pilot 
hole and measure drilling fluid flow and pressure. The con-
tractor must grant the engineer/inspector access to all data 
and readout pertaining to the position of the bore head, the 
fluid pressures, and flows.

Figure 8.23 suggests a checklist for inspection of horizontal direc-
tional drilling operations.

8.7 Pipe Replacement

8.7.1 Introduction
Trenchless pipe-replacement methods are defined as the renewal of 
existing pipelines by the simultaneous insertion of new pipe within 
the path of the existing pipe by the use of using a static pull, hydrau-
lic expansion, or pneumatic bursting device. The existing pipe is frac-
tured, and pushed into the surrounding soil or removed. At the same 
time, a new pipe is either pulled or pushed in the annulus left by the 
expanding operation. The new pipe size cannot significantly exceed 
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Review contingency plan.

Inspection Guide for Horizontal Directional Drilling (HDD)

Preinspection Plan Review 

Review geotechnical and soil reports. 

Ensure DOT/agency facilities and nearby utility information are shown on the
plans and profiles and that the proposed alignment does not interfere with them.

Note the minimum cover above the top of the pipe and below the pavement surface,
or ground elevation (for longitudinal installations outside the influence of the
roadway) is _____ ft.

Note proposed pipe characteristics:
Pipe material _____________________.
Pipe diameter _______________ in.
Pipe wall thickness __________ in.
Overcut diameter ___________ in.
Backream dia. increase _______ in.

Ensure that the appropriate penetration angle and curvature rate are identified.

Review job-site layout including: distance from access pits to roadbed, proposed
sheeting and bracing, materials storage and fabrication area, safety devices (barrels,
guardrail, etc.), and dewatering pit locations.

Review steel pipe coating requirements.

Note unique or special items / circumstances: ___________________

Construction Inspection

Verify traffic control is consistent with the permit requirements, one call service has
been contacted, and the DOT/agency permit is on-site.

Verify job-site layout is consistent with the approved plans, especially the alignment
of the pipe and machine.

Verify continuous monitoring records indicate bearing and grade of the leading edge
of the pipe is consistent with the approved plans, dewatering effort is satisfactory, soil
volume removed is consistent with projection, and that workers understand the
contingency plan.

Verify pipe characteristics are consistent with permit requirements.

FIGURE 8.23 Sample checklist for inspection of horizontal directional drilling 
operations.



350 C h a p t e r  E i g h t

the size of the replaced pipe. The product originally transported by 
the replaced pipe can be temporarily rerouted (bypassed) to prevent 
overflows and provide uninterrupted service.

Pipe Bursting 
In most of pipe-bursting operations, the new pipe is pulled into place. 
The rear of the bursting head is connected to the new pipe, and the front 
end of the bursting head to either a winching cable or a pulling rod 
assembly. The bursting head and the new pipe are launched from the 
insertion pit. The cable or rod assembly is pulled from the pulling or 
reception pit. Pipe bursting may use static, pneumatic, or hydraulic 
method of bursting the existing and host pipe. Pipe bursting must fol-
low conditions set in this document. Figure 8.24 illustrates the pipe-
bursting process.

8.7.2 Materials

Pipe
Pipe used in this method includes an existing host pipe and a replace-
ment pipe. 

Permit No. __________________________
Inspector: ___________________________
Date: _______________________________

Verify steel pipe is new with smooth interior and exterior surfaces, is used within the
entire influence area of the roadbed, has clean and square ends, joints are watertight,
defective pipe is not used, and damaged pipe is removed.

Verify HDPE pipe is supported and secured reasonably with rollers, skates or other
protective devices to prevent damage to the pipe, is new with smooth interior and
exterior surfaces, is used within the entire influence area of the roadbed, has clean and
square ends, joints are butt-fused and watertight, pipe with gouges exceeding 10
percent of the pipe wall thickness or kinked sections is not used, and damaged pipe is
removed.

Verify the pullback rate does not exceed 10 ft/min to avoid heaving.

Verify drilling fluid departs entry and exit drilling points only, and that drilling fluid
in the exterior annular region of installed pipe is not removed after installation.

Verify any unsuccessful drill hole is back-filled immediately.

Verify each end of the pipe is sealed with a cap, restoration is completed, and attach
Inspector’s Daily Report (IDR), form 2228.

FIGURE 8.23 Sample checklist for inspection of horizontal directional drilling 
operations. (Continued)
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Allowable Forces
See appropriate ASTM specification. As a guide, generally the pulling 
force must not exceed the following limitations:

• For less than 16-in. OD, 10 tons

• For 16-in. OD or more, 20 tons

Allowable pulling force for all diameters must be determined 
depending on the pipe material, size, wall thickness, manufacturer, 
field conditions, pull distance, manhole integrity, bearing capacity of 
soils, adjacent infrastructure, related equipment, cable strength, and 
all other related considerations.

Pipe Dimensions

 1. The range in pipe diameters used in this method varies with 
the range in host pipe diameter. The upper size limit is based 
on the capabilities of the installation equipment. See equip-
ment owner’s manual for more specific information.

 2. New pipe must have a minimum standard dimension ratio 
(SDR) of 11.

 3. Pipe must be round. Steel pipe must have a roundness toler-
ance, so that the difference between the major and minor out-
side diameters must not exceed 1 percent of the specified 
nominal outside diameter, or 0.25 in., whichever is less. Like-
wise, HDPE, ductile iron, and PVC pipe must have similar 
roundness tolerances.

Groundwinch® Air compressor

Direction of Bursting

FIGURE 8.24 Pipe bursting. (Source: TT Technologies.)
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 4. Pipe must have square and machine-beveled ends. The pipe 
end maximum out-of-square tolerance must be 0.04 in. 
(measured across the diameter).

 5. The maximum allowable straightness deviation over any 10-ft 
length of steel pipe is 0.125 in. Likewise, ductile iron, and 
PVC pipe must have similar straightness tolerances. HDPE 
pipe does not to be straight.

 6. Pipe must be without any significant dimensional or surface 
deformities. All pipes must be free of visible cracks, holes, 
foreign material, foreign inclusions, blisters, or other deleteri-
ous or injurious faults or defects. Any section of the pipe with 
a gash, blister, abrasion, nick, scar, or other deleterious fault 
greater in depth than 10 percent of the wall thickness, must 
not be used and must be immediately removed from the 
site.

 7. Any of the following defects warrants pipe rejection: 
• Concentrated ridges, discoloration, excessive spot rough-

ness, and pitting
• Insufficient or variable wall thickness
• Pipe damage from bending, crushing, stretching, or other 

stress
• Pipe damage that impacts the pipe strength, the intended 

use, the internal diameter of the pipe, and internal rough-
ness characteristics

• Any other defect of manufacturing or handling

Host Pipe

 1. Most brittle pipe materials make good candidates of host 
pipes for pipe bursting. Ductile pipe must be scored and then 
split as in the pipe-splitting operations described above.

 2. Pipe made of nonductile abrasive material, but with ductile 
reinforcing, is the most difficult to replace using most pipe-
replacement techniques.

 3. Clay and cast-iron pipe are good candidates for pipe burst-
ing. If PVC joints exist on clay pipe, or if ductile repair clamps, 
service saddles, and fittings exist on cast-iron pipe special 
application tools must be used in pipe bursting. Sacrificial 
external sleeve pipes must be used to ensure protection for 
plastic replacement pipes for high-pressure pipe applications 
against sharp fragments of host pipe.

 4. Plain concrete pipe is a good candidate for pipe bursting. 
However, thick plain concrete pipe, reinforced encasements, 
or repair areas in the pipe need special considerations.
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 5. Replacing reinforced concrete pipe is difficult unless the 
concrete and reinforcing steel are deteriorated. Although 
powerful equipment may be used to burst the pipe, care-
ful evaluation must be made on the reinforcement and 
deterioration.

 6. Steel and ductile iron pipe are not suitable for pipe burst-
ing. But in smaller diameters, they can be replaced by pipe-
splitting technique.

 7. PVC and other plastic pipes may be replaced using an appro-
priate combination of bursting and splitting techniques 
according to the strength and ductility of the pipe.

 8. Asbestos cement pipes are generally good candidates for pipe 
bursting. Care must be taken to determine the class of the 
existing pipe. Thicker, higher tensile strength pipes require 
increased bursting forces. Modifications to standard bursting 
heads must include cutter blades to split the pipe.

Replacement Pipe 

 1. High-density polyethylene pipe (HDPE) is normally used as 
replacement pipe for pipe-replacement methods. HDPE 
must be solid wall and in conformance with ASTM F714. 
All pipe and fittings must be new high-density polyethyl-
ene pipe. The pipe material must be manufactured from a 
high-density, high-molecular-weight polyethylene com-
pound which conforms to ASTM D 1248 and meets the 
requirements for Type III, Class C, Grade P-34, Category 5, 
and has a PPI rating of PE 3408. The pipe produced from 
this resin must have a minimum cell classification of 
345434C (inner wall will be light in color) under ASTM D 
3350. The value for the hydrostatic design basis must not be 
less than 1600 psi per ASTM D 2837. Pipe must have ultra-
violet protection.

 2. If there is insufficient space to fuse and layout the PE pipe, 
PVC pipe with a mechanical spline-locking design joint may 
be used for pipe-jacking operations. 

 3. Special flush-joint ductile iron pipe has recently been devel-
oped as a replacement pipe, which can be used as a carrier 
pipe, for either sewer or potable water.

 4. Cast-iron pipe, vitrified clay pipe, and reinforced concrete 
pipe can be used as replacement pipe in pipe-bursting oper-
ations. However, the bursting head and pipe-installation 
technique needs to be modified to avoid significant tensile 
force on pipe joints.
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Pipe Quality

 1. All pipes must be free of visible cracks, holes, foreign material, 
foreign inclusions, blisters, or other deleterious or injurious 
faults or defects. Any section of the pipe with a gash, blister, 
abrasion, nick, scar, or other deleterious fault greater in depth 
than 10 percent of the wall thickness must not be used and 
must be immediately removed from the site. However, a 
defective area of the pipe may be cut out and the joint fused 
in accordance with the procedures stated above. 

 2. Any of the following defects warrants pipe rejection: 
• Concentrated ridges, discoloration, excessive spot rough-

ness, and pitting
• Insufficient or variable wall thickness
• Pipe damage from bending, crushing, stretching, or other 

stress
• Pipe damage that impacts the pipe strength, the intended 

use, the internal diameter of the pipe, and internal rough-
ness characteristics

• Any other defect of manufacturing or handling

8.7.3 Construction

Minimum Allowable Depths
Pipe-replacement systems follow closely the existing alignment and 
grade of the host pipe. Therefore the installation depth is relatively 
the same as the host pipe. However, if the replacement pipe diameter 
is larger than the host pipe diameter, the effective cover above the 
replacement pipe must be calculated as an increase of 10 in. for every 
inch of increased diameter.

Equipment
The contractor must utilize pipe-replacement equipment with ade-
quate pulling/pushing force to complete pulls. The contractor must 
verify the pulling/pushing force exerted on the pipe does not exceed 
the manufacturer’s recommendation for allowable pulling force to 
prevent damage to the pipe. 

Method

 1. Pipe must be assembled and fused on the ground in sections 
equivalent to the length of the anticipated pull.

 2. During installation, all bending and loading of the pipe must 
be in conformance with the manufacturers recommendations 
and must not damage the pipe. 

 3. Manholes must be prepared to ease the pipe-installation proc-
ess along the alignment and grade indicated on the plans. 
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The invert in the manholes must be removed to ease the pipe-
installation process and in such a fashion to accommodate 
the invert replacement. Manhole inverts must be restored 
upon completion with 3000-psi concrete so as to establish a 
minimum 4-in.-thick manhole bottom.

 4. Solid wall pipe must be produced with plain end construc-
tion for heat-joining (butt fusion) conforming to ASTM D 
2657. The polyethylene pipe must be assembled and joined 
at the site using the thermal butt-fusion method to provide 
a leakproof and structurally sound joint. Threaded or sol-
vent-cement joints and connections are not permitted. The 
butt-fused joint must have uniform roll back beads resulting 
from the proper use of temperature and pressure during the 
fusion process. The joint surfaces must be smooth. The joint 
must be watertight and must have tensile strength equal to 
that of the pipe. All defective joints must be cut out and 
replaced. 

 5. Bypass pumping is required for this method when needed; 
dewatering may be initiated prior to any pit excavation.

 6. All laterals must be disconnected prior to pipe-bursting 
operation.

 7. Upsizing is only allowed if soil and site conditions are suita-
ble (new and existing pipe diameters considerations, mini-
mum depth of existing pipe is allowable, and if a minimum 
distance to any existing utility or structure is followed). 

Oversize Allowance
When using this method, the allowable oversize diameter is 1 in. 
greater than the pipe radius. 

Watertight Joints
Watertight pipe joints are very important to the integrity of the road-
bed. Every reasonable effort must be taken to ensure that watertight 
joints are installed. Pipe must be constructed to prevent water leak-
age or earth infiltration throughout its entire length. 

A watertight specification for each type of pipe material can be 
obtained through each pipe material industry. Please refer to the 
appropriate industry specifications for more detailed information.

Lubrication Fluids
Lubrication fluids may be used to facilitate the installation of new pipe.

Pipe Locating and Tracking
Pipe locating and tracking is not required for this method of pipe 
installation. Figure 8.25 suggests a checklist for inspection of pipe-
replacement operations.
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Inspection Guide for Pipe-Replacement Systems (PRS)

Preinspection Plan Review

plans and profiles and that the proposed alignment does not interfere with them. 

Construction Inspection 

Review geotechnical and soil reports. 

Ensure DOT / agency facilities and nearby utility information are shown on the

Verify site surveys before and after installation. 

Note the minimum cover above the top of the existing pipe and below the pavement
surface, or ground elevation (for longitudinal installations outside the influence of the
roadway) is _____ ft.

Note new and host (existing) pipe characteristics:
Host pipe material ________________.
Host pipe diameter ___________in.
New pipe material _____________.
New pipe diameter _________ in.
New pipe dimension ratio ________.
Allowable pulling force ________ ton.

Review contingency plans. 

Review job-site layout including: distance from access pits to roadbed, proposed
sheeting and bracing, materials storage and fabrication area, safety devices (barrels,
guardrail, etc.), and dewatering pit locations.

Verify all laterals are excavated and disconnected.

Verify bypassing plans are adequate.

Note unique or special items / circumstances: ___________________

Verify traffic control is consistent with the permit requirements, one call service
has been contacted, and the DOT / agency permit is on-site.

Verify job-site layout is consistent with the approved plans, especially the alignment
of the pipe and machine.

Verify pit excavation and bypassing efforts are according to plans and satisfactory,
and workers understand the contingency plan.

Verify new pipe characteristics are consistent with permit requirements.

Verify any upsizing is in accordance with permit.

FIGURE 8.25 Sample checklist for inspection of pipe-replacement operations.
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8.8 Access Pits/Driving and Receiving Shafts

 1. Location: The location of drive and receiving shafts must be 
proposed (submitted) by the contractors and approved by 
the design engineer or the state DOT/agency/municipal-
ity based on approved guidelines and regulations and 
project and site requirements. For example, Michigan DOT 
requires a minimum distance of 20 ft, from the edge of the 
paved shoulder or curb to the face of any shaft, equipment, 
and supplies must be maintained in areas posted at 45 mph 
or less; otherwise, a minimum distance of 30 ft must be 
maintained.

 2. Sheeting and bracing: Sheeting and bracing may be required 
whenever any part of the shaft excavation is located within 
the roadbed influence area. For example, an additional earth-
retention structure may be required above and below the 
borehole on the boring face of all shafts to prevent loss of 
road embankment materials during construction.

 3. Surface and groundwater flow: Ground surface around shafts 
and pits must be sloped away so surface runoff moves away 
from shafts and pits. To remove any storm or groundwater 
from shafts and pits, a sump pump must be installed at a pit 
at the bottom of the shaft.

Permit No. __________________________
Inspector: ___________________________
Date: _______________________________

Verify HDPE pipe is supported and secured reasonably with rollers, skates, or other
protective devices to prevent damage to the pipe, is new with smooth interior and
exterior surfaces, is used within the entire influence area of the roadbed, has clean
and square ends, joints are butt-fused and watertight, pipe with gouges exceeding 10
percent of the pipe wall thickness or kinked sections is not used, and damaged pipe is
removed, and the host pipe is inspected with CCTV, and the bursting head diameter is
comparable with the replacement pipe diameter.

Verify sufficient lubrication fluid quantity is used, and a lubrication system properly
injects lubricant on the inside and outside of the pipe.

Verify any unsuccessful borehole is backfilled immediately.

Verify each end of the pipe is enclosed, restoration is completed, and attach
Inspector’s Daily Report (IDR), form 2228.

FIGURE 8.25 Sample checklist for inspection of pipe-replacement operations. 
(Continued)
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 4. Protection:
• Traffic barriers must be installed adjacent to shaft loca-

tions according to the state DOT or an agency having 
jurisdiction or according to the standard specifications for 
construction. Temporary beam guardrail must also be 
installed according to the current DOT or agency having 
jurisdiction or construction specifications.

• Fencing barriers must be installed adjacent to shafts, open 
excavations, equipment and supplies with suitable fenc-
ing and plastic drums to prohibit pedestrian access to the 
work site. Equipment must not be used as fencing to pro-
tect shafts and pits.

• The contractor must construct and operate safe access 
shafts and pits according to OSHA guidelines and/or all 
applicable regulatory requirements.

8.9 Settlement/Heaving Monitoring

 1. This method must be performed in a manner that will min-
imize the movement of the ground in front of, above, and 
surrounding the boring operation, and will minimize 
subsidence of the surface above and in the vicinity of the 
boring. 

 2. Potential settlement must be monitored at each edge of right-
of-way, each shoulder point, each edge of pavement, the edge 
of each lane (or centerline for two lane roads), and otherwise 
at 50-ft intervals along the pipe centerline.

 3. A survey must be performed 1 day prior to initiating this 
operation at each required monitoring location. A similar sur-
vey must then be performed at each location, on a daily basis, 
until the permitted activity has received a final inspection. 
This survey establishes the preexisting and postconstruction 
conditions, and the amount of settlement. All survey read-
ings must be recorded to the nearest one-hundredth (0.01) of 
a foot. Whenever possible, trenchless pipe installations must 
not be installed directly under a pavement crack. Digital pho-
tographs of the pavement conditions must also be taken prior 
and after the pipe installation.

 4. All operations must stop immediately whenever monitored 
points indicate a vertical change in elevation of 1 in. or more, 
or any surface disruption is observed. The contractor must 
then immediately report the amount of settlement to the 
engineer/inspector. 
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8.10 Groundwater Control

 1. Dewatering must be conducted whenever there is a high 
groundwater table level to prevent flooding and facilitate 
the operation. The water table elevation must be main-
tained at least 2 ft below the bottom of the casing at all 
times. When needed, dewatering may be initiated prior to 
any excavation.

 2. Minor water seepage or pockets of saturated soil may be effec-
tively controlled through bailing or pumping. This control 
must be accomplished without removing any adjacent soil 
that could weaken or undermine any access pit, its supports, 
or other nearby structure.

 3. Larger volumes of groundwater must be controlled with one 
or more well points or with staged deep wells. Well points 
and staged deep-well pumping systems must be installed 
and operated without damage to property or structures, and 
without interference with the rights of the public, owners of 
private property, pedestrians, vehicular traffic, or the work of 
other contractors. Any pumping methods used for dewater-
ing and control of groundwater and seepage must have prop-
erly designated filters to ensure that the adjacent soil is not 
pumped along with the water. Well diameter, well spacing, 
and the pump’s pumping rate must provide adequate draw 
down of the water level. Wells must be located to intercept 
groundwater that otherwise would enter the access pit exca-
vation and interfere with the work. On removal of a well, the 
borehole must be filled and grouted according to the specifi-
cations identified in DOT’s flowable fill special provision, 
and DOT’s plugging drill holes special provision.

 4. Existing storm sewers must only be used to discharge water 
from the dewatering operation in accordance with a permit 
obtained from the appropriate storm sewer owner. Filters or 
sediment control devices must be required to ensure that the 
existing system is not adversely affected by construction 
debris or sediment.

 5. If grouting is used to prevent groundwater from entering 
the area of the access pit, the grouting must be installed 
without damage to property or structures and without inter-
ference with the rights of the public, owners of private prop-
erty, pedestrians, vehicular traffic, or the work of other con-
tractors. The material properties of the grout must conform 
to the specifications identified in DOT’s flowable fill special 
provision.
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 6. Whenever a significant amount of unexpected groundwater 
enters an access pit, and a catastrophic pit failure is immi-
nent, the pit must be backfilled immediately, until the ground-
water level is at least 2 ft below the bottom of the pipe.

8.11 Boring/Ramming/Bursting Failure

 1. If anything prevents completion of this operation, the remain-
der of the pipe must be constructed by methods approved by 
the engineer/inspector.

 2. Abandonment of any component of the installation must 
only be allowed as approved by the engineer/inspector.

 3. If an obstruction is encountered which prevents completion 
of the installation, the pipe must remain in place, taken out of 
service, and immediately filled with flowable fill.

 4. The cost associated with encountering obstructions such as 
boulders shall be paid for as extra work.

8.12 Contamination
When an area of contaminated ground is encountered, all operations 
must stop immediately, and must not proceed until approved by the 
engineer/inspector. Any slurry must be tested for contamination and 
disposed of in a manner, which meets local, state, and/or federal 
requirements.

8.13 Bulkhead
In horizontal auger-boring and pipe-ramming operations, casing 
ends must be enclosed or bulkheaded with a commercial grade con-
crete, or approved alternate to seal the ends to prevent water leakage 
or earth infiltration. The concrete must extend longitudinally into the 
pipe end opening to create a minimum 1-ft-thick bulkhead barrier, or 
as required by permit. Engineer/inspector may allow rubber bulk-
heads in special situations.

8.14 Work-Site Restoration

 1. Access pits and excavations must be backfilled with suitable 
material, and in a method approved by the engineer/inspector. 
The shafts must be backfilled and sealed upon completion of 
the microtunneling. The shaft and supports must be removed 
to 10 ft below the original ground surface. The disturbed 
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work-site area must be restored to existing grades and origi-
nal material condition.

 2. The disturbed grass-surface area must be topsoiled, seeded, 
fertilized, mulched, and anchored according the current DOT 
standard specifications for construction. Slopes steeper than 
1-on-3, must be sodded according to the current DOT stand-
ard specification for construction. If a final site restoration is 
not completed within 5 days after completion of the opera-
tion, the installation of temporary soil erosion and sedimen-
tation control measures must be required. 

 3. On completion of the work, the contractor must remove and 
properly dispose of all excess materials and equipment from 
the work site.

 4. The permit, including the surety requirements, must remain 
in effect for a minimum of 1 year after completing the work to 
monitor for settlements of the pavement and/or slope.

8.15 Summary
This chapter presented an overview of quality assurance/quality 
control requirements for major trenchless installation and replace-
ment methods. An overview of each method with sample guidelines 
for permitting and inspection were included. Pipeline owners and 
design and consulting engineers can customize these guidelines 
based for their specific project conditions.
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CHAPTER 9
Planning and Safety 

Considerations for 
Trenchless Installation 

Methods*

9.1 Introduction
Every trenchless project is a unique undertaking. Although similar 
work may have been performed previously, no two projects, no 
matter how close they might be, will have identical job conditions. 
Planning is undertaken to understand potential project problems and 
to develop courses of actions. The goal of planning is to minimize 
resource expenditures and to successfully complete the project in a 
safe and productive manner. Planning is necessary in order to

1. Understand project objectives and requirements
2. Define work elements
3. Develop safe construction methods and avoid hazards 
4. Improve efficiency
5. Coordinate and integrate activities
6. Develop accurate schedules
7. Respond to future changes

8. Provide a baseline for monitoring and controlling execution 
of project activities

∗This chapter is not intended to substitute proper safety guidelines and training 
programs, as provided by OSHA, other regulatory agencies, the industry, or 
equipment manufacturers.

363
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There is no single best way to conduct a construction activity. Per-
formance of a work task depends on variables related to the work, 
such as the type of pipeline and utility application, type and diameter 
of pipe, the location of the project, the work hazards, the various con-
tractual and legal constraints, and so on. 

Early planning will provide more time to carefully consider the 
impacts of all project constraints and to devise efficient strategies for 
dealing with project requirements. For planning purposes, tasks 
should be divided into smaller independent executable subtasks. 
This enables project engineers to structure unwieldy and complex 
problems into smaller digestible tasks. The more time and resources 
allocated for planning at each stage of project, the greater the oppor-
tunity to develop optimal solutions rather than something that is 
“bare minimum.”

In planning trenchless projects it is necessary to give considerable 
attention to safety. Engineers have both a moral and a legal responsi-
bility to the public, to construction workers, and to the end-users of 
the projects to ensure that the workplaces, construction operations, 
and the work environment are safe. The machines that are used in 
trenchless installations can be very sophisticated, but they can also 
present a variety of hazards such as those associated with open-cut 
construction. Safety planning will identify hazards and develop ways 
to protect both the construction workers and the public.

All equipment operations entail risk. The level of safety planning 
that is needed should be based on the specific risks associated with 
work conditions. When risks are identified in advance, and steps are 
taken to control, reduce, or remove them, links are being removed 
from the chain of potential errors. Experience has shown that acci-
dents are usually caused by a chain action of errors.

When the engineer prepares a plan and cost estimate for a trench-
less project, the decision process is often not a list of sequential activ-
ities. The process takes the form of recurrent activities with feedback. 
As decisions are proposed, further investigation and collection of 
more information is usually necessary to reduce uncertainty. 

Contractors have a right to rely on owner-provided information. 
Additionally, many contracts will contain a differing site condition clause. 
Material differences in conditions are applicable in either of two cases. 
A type I differing site condition exists when actual conditions differ 
materially from those “indicated in the contract.” A type II differing site 
condition arises when actual conditions differ from reasonable expec-
tations. These clauses provide the constructor some protection from 
geotechnical risks. They do not, however, eliminate the contractor’s respon-
sibility for performing a thorough examination of project conditions. 

Field investigations, geologic and soil studies, and analysis of 
meteorological data, enable the contractor to better quantify what has 
been presented in the bid documents. The contract documents will 
usually include geotechnical data and information that was gathered 
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during the design phase of the project. Supplemental site visits by the 
contractor are necessary to fully understand jobsite requirements and 
limitations.

Detailed studies of trenchless machine production can be per-
formed only after the all the questions regarding surface and subsur-
face conditions and specific project conditions have been answered. 
At that point, the contractor will be able to undertake production 
analyses based on use of proposed trenchless equipment. This chapter 
is devoted to two most important aspects of a trenchless project: plan-
ning and safety.

9.2 Planning for a Trenchless Project
A successful trenchless construction project requires surface, subsur-
face investigations, and safety considerations. Trenchless installation 
methods require the design engineer to provide the contractor with 
sufficient information to reasonably anticipate the obstacles that might 
be encountered. During the design phase, surface and subsurface sur-
vey information will assist in determining the suitability of trenchless 
installation by specific methods. Obtaining and providing accurate 
surface and subsurface information will result in reducing the possi-
bility of installation problems and change orders during the work as 
well as minimizing the possibility of litigations and disputes. 

9.2.1 Surface Survey and Site Visit
A surface survey is required prior to designing of a trenchless con-
struction project. Each trenchless construction project has specific site 
requirements. The surveys should be conducted along the center line 
of the proposed bore path for a width of 100 ft. As a minimum, sur-
face surveys should include the following:

• Work area requirements

• Existing grade elevation data

• Surface features such as roadways, sidewalks, and utility 
poles

• Boring or test shaft/pit locations

• Waterways and wetlands

• Visible subsurface utility landmarks such as manholes, 
cleanouts, service laterals, or valve boxes

• Adjacent structures to bore path

Review of existing geological or geotechnical reports, maps, aerial 
photographs, and review of depositional history are important in 
developing a preliminary design survey. For example, if the area has 
been subjected to glaciations, then cobbles, boulders, and gravel can 
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be expected. If the area has been subjected to large landslides, trees, 
and other natural or manmade objects may have been buried and 
could be encountered. If the area has been subjected to low-energy 
streams and rivers, then fine-grained deposits may be expected. Con-
versely, high-energy, steeply sloped stream beds may be covered with 
cobbles and boulders from nearby mountains. Reports on surface 
contours and elevations are also important so that any possible 
ground movements, settlements, and heaves can be monitored. Dur-
ing the design and bidding phase of the project, it may be necessary 
for engineers and contractors to visit the project site and visualize the 
degree of job difficulty that may be encountered during the project 
execution.

9.2.2 Subsurface Investigations
Subsurface investigation is the next step to surface survey. Subsur-
face features, which will impact trenchless installations, include 
presence of existing underground pipelines and utilities or other 
manmade structures, and method of their placement. Geotechnical 
conditions, such as existence of solid rock, heavy gravelly soil, and 
boulders and cobbles along the alignment of proposed trenchless 
installation must also be investigated.

Locating Existing Utilities
Trenchless installation projects require the contractor to install the 
pipe without seeing the excavation area. Therefore, the design 
engineers should give contractors a record of potential conflicts and 
utility crossings.

In the United States, the local one-call service like MISS DIG in 
the state of Michigan or the national number 811 should be contacted 
as a first step prior to design and construction of a trenchless project. 
In other countries, and in the absence of one-call service, municipali-
ties and utility companies should be contacted individually to obtain 
the required information. Obtaining as-built and record drawings, 
geographic information system (GIS) data, utility maps, and locating 
pipeline markers are also important. Geophysical methods subsur-
face utility locating may include surface-applied pipe locators, 
ground-penetrating radar (GPR), electrical resistivity imaging, and 
seismic survey. In addition to the information provided by design 
engineers (usually in terms of soil-boring logs and possibly soil 
reports), and contacting utility companies and one-call centers, con-
tractors must positively locate and expose existing utilities running 
parallel less than 10 ft (at specified intervals, such as every 50 ft, 
dependent on proximity and type of existing utility and trenchless 
method used) or where it proposed trenchless alignment crosses 
an existing utility or pipeline. Exposing utilities can be done by 
mechanical equipment (such as a backhoe), hand shoveling, and/or 
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by vacuum excavation equipment. More information on locating 
existing utilities can be found from the references at the end of this 
book.

Subsurface Utility Engineering 
This discussion of subsurface utility engineering (SUE) is based on the 
ASCE standard, Standard Guidelines for the Collection and Depiction of 
Existing Subsurface Utility Data, CI/ASCE 38-02, 2003. SUE can be 
defined as “a branch of engineering that involves managing certain 
risks associated with utility mapping at appropriate quality levels, 
utility coordination, utility relocation design and coordination, utility 
condition assessment, communication of utility data to concerned 
parties, utility relocation cost estimates, implementation of utility 
accommodation policies, and utility design.” The use of SUE offers an 
opportunity for a more comprehensive and organized approach to the 
location of existing underground utilities. This method provides more 
in-depth information regarding existing utilities.

ASCE standards suggest use of four “utility quality levels,” which 
are defined as “professional opinion of the quality and reliability of 
utility information.” Each of the utility data quality levels is estab-
lished by different methods of data collection and interpretation. The 
following sections present descriptions of different quality levels. 
Table 9.1 presents a summary of the four quality levels and their asso-
ciated definitions.

Utility Quality 
Level Definition

D
Information derived from existing records or oral 
recollections.

C

Information obtained by surveying and plotting visible 
above-ground utility features and using professional 
judgment in correlating this information to quality level D 
information.

B

Information obtained through the application of appropriate 
surface geophysical methods to determine the existence 
and approximate horizontal position of subsurface utilities.  
Quality level B data should be reproducible by surface 
geophysics at any point of their depiction.

A

Precise horizontal and vertical location of utilities obtained 
by the actual exposure (or verification of previously exposed 
and surveyed utilities) and subsequent measurement of 
subsurface utilities, usually at a specific point.

TABLE 9.1 Utility Quality Level
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• Quality Level D: The minimum level of information is based on 
existing utility records. Such information is primarily useful 
for the purposes of project planning and route selection only.

• Quality Level C: In addition to the information from Quality 
Level D, this level includes information obtained from a site 
visit and a survey of ground surface features, such as man-
holes, valve boxes, posts, and the like, and correlation of this 
information with existing utility records. As a result, the pres-
ence of additional belowground utilities, or erroneously 
recorded location information of utility lines, may be deter-
mined. Although such information may be adequate for areas 
with minimal belowground facilities, or where possible repair 
is not a major issue, this quality level would typically not be 
sufficient for proceeding with trenchless construction in 
established areas.

• Quality Level B: In addition to the information from Quality 
Level C, for more useful and reliable information, Quality 
Level B surface locators are used to identify and mark the 
existing utility lines.

• Quality Level A: In addition to the information from Quality 
Level B, the highest quality level (Quality Level A) includes 
the use of minimal destructive equipment (such as vacuum 
potholing) at critical points to expose the utility to determine 
the precise horizontal and vertical position of underground 
utilities, as well as the type, size, condition, material, and 
other characteristics. 

The reader is referred to the referenced ASCE standard for a more in-
depth discussion of SUE. However, it is apparent that varying levels 
of existing utility location may be applicable depending on the specif-
ics and objectives of the trenchless project. During the planning phase, 
the design engineer or owner should decide what quality level of 
information for underground utility is consistent with the project 
needs and relate that with their risk management strategy. The SUE 
process offers some potential benefits, such as avoiding conflicts with 
other existing utilities, reducing delays in the construction schedule, 
eliminating additional construction costs, and reducing inconve-
niences to the general public.

The level of utility quality information is an important decision 
that should be made and obtained as early as possible during the 
planning and design phase of the project. 

9.2.3 Geotechnical Investigations
A second phase of subsurface investigation for trenchless installation 
projects involves determination of soil conditions. Once the proposed 
alignment has been identified, a geotechnical investigation should be 
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performed. Investigations for complex installations should comprise 
two phases: a general geotechnical review and a geotechnical survey. A 
geotechnical survey alone may be sufficient for simpler installations.

General Geotechnical Review
A general geologic review involves examining existing geological 
data to determine what conditions might be encountered in the vicin-
ity of the installation. Existing data may be available from past project 
records in the area of the trenchless project (buildings, piers, bridges, 
levees, and so on). Such an overall review will provide information 
that may not be otherwise developed from exploratory borings. This 
step allows the geotechnical survey to be tailored to the anticipated 
conditions at the site, thus enhancing the effectiveness of the geotech-
nical survey.

Geotechnical Survey
For trenchless installations, it is necessary to know the actual soil 
stratification at a given site, the laboratory test results of the soil sam-
ples obtained from various depths, and the observations made dur-
ing drilling exploratory bores. The steps for subsoil investigation 
should include the following:

• Determining the nature of soil at the site and its stratification

• Obtaining disturbed and undisturbed soil samples for visual 
identification and appropriate laboratory tests

• Determining the depth and nature of bedrock, if encountered

• Performing in situ field tests, such as field density and stan-
dard penetration tests (SPT)

• Observing surface drainage conditions from and into the site

• Assessing any special construction problems with respect to 
the existing structures nearby

• Determining groundwater levels, sources of recharge, and 
drainage conditions

The main methods of geotechnical surveys are as follows:

• Hand augers: Suitable only for shallow depths, only disturbed 
or mixed samples of soil can be obtained in this method.

• Test shaft/pits or trenches: This method is suitable for shallow 
depths only, but allows visual observation over a larger area 
than is possible with samples from vertical soil borings.

• Boring test holes and sampling with drill rigs: This is the princi-
pal method for detailed soil investigations. Sampling interval 
and technique should be set to accurately describe the soil 
characteristics, taking into account the site-specific conditions.
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Typically, split spoon samples will be taken in soft soil at 5-ft-
deep intervals in accordance with ASTM D1586.

• Ground penetration radar: Useful in gravels and sands.

• Acoustic (sonar): Useful for determining depth of rock, inter-
faces between soft and hard deposits and buried objects.

• Geophysical methods: Variations in the speed of sound waves 
or in the electrical resistivity of various soils are useful 
indicators of the depth of water table and bedrock.

As said earlier, it is essential that a thorough subsurface investi-
gation is carried out in the design phase to identify the geologic con-
ditions along the pipeline alignment. The anticipated geologic 
conditions comprise the most important factor in the selection of an 
appropriate trenchless installation method for a specific project. 
Groundwater conditions will have an important influence on the 
behavior of the ground and constitute a major factor for loss of 
ground. Groundwater levels should be determined, and pumping 
tests or other field tests should be conducted to estimate the perme-
ability of soil to see if dewatering is necessary and feasible. Contrac-
tors must investigate groundwater conditions just before start of 
trenchless installation, as water table conditions may have changed 
due to change in season when the design investigations were com-
pleted. In summary, the following is a list of recommended informa-
tion to be obtained for a trenchless installation project:

• Soil information based on the unified soil classification 
system (USCS).

• Gradation curves on granular soils.

• Standard penetration test values where applicable (generally 
in unconsolidated ground).

• Particle-size distribution, including presence of cobbles and 
boulders.

• Shear strength of soil.

• Atterberg limits (liquid, plastic, shrinkage limits and plastic-
ity index).

• Moisture content.

• Depth and movement of water table.

• Permeability.

• Cored samples of rock with description, rock quality designa-
tion, and percent recovery. It should be noted that rock hard-
ness (Moh’s hardness or Vickers test), texture, tenacity, and 
formation will determine penetration rate of drilling and tun-
neling equipment.
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• Unconfined compressive strength for representative rock 
samples (frequency of testing should be proportionate to 
the degree of variation encountered in rock core samples). 
Rock should be cored in accordance with ASTM D2113 to the 
maximum depth of the proposed trenchless boring.

• Presence of contaminated soils (such as hydrocarbons and 
the like).

• Climatic data (such as temperature ranges).

• Information on quality of water [e.g., pH values (acidity or 
alkalinity), salinity, to determine possibility for pipe material 
corrosion].

• Special investigations for possible existence of swelling clays, 
or particular chemical conditions.

It is essential that subsurface investigations be conducted by geo-
technical engineers who have knowledge of regional geology and 
hydrogeology as well as an experience in trenchless technology and 
boring/tunneling. If during the exploration of the underground a 
potentially difficult ground is found (such as mix-face conditions 
with sloped layers, presence of boulders and cobbles larger than one-
third diameter of proposed borehole, swelling clays, running sands, 
gravelly soil, and the like), additional investigations must be carried 
out. The complete geotechnical report must be provided to potential 
bidders so they can submit realistic bids.

Settlement Potential
Surface settlement is mainly a result of loss of ground during tunnel-
ing and dewatering operations that cause subsidence. During a 
trenchless installation project, loss of ground may be associated with 
soil squeezing, running, or flowing into the tunnel boring machine 
(TBM) or the cutterhead; settlement due to large overcut size; and 
steering adjustments. Mixed ground conditions, unstable ground 
over stable ground (sand over clay), are the most common reasons for 
overexcavation. The actual magnitudes of these ground losses are 
largely dependent on the type and strength of the ground, ground-
water conditions, size, and depth of the pipe, equipment capabilities, 
and the skill and experience of the operator in operating and steering 
the machine. If passive earth pressure is exceeded, heave of ground 
surface may occur, causing damage to nearby utilities, pavement, 
and other nearby structures.

Geotechnical Baseline Report 
Subsurface conditions can vary, sometimes significantly, within a 
project site. Geotechnical engineers do not possess the ability to 
predict all possible ground variations in advance of trenchless 



372 C h a p t e r  N i n e

technology construction. The design engineers can make educated 
guesses and sensible estimates as to the range of those conditions, 
and can account for potential variations in the design of the project. 
The challenge is for the project owner to secure the services of a 
contractor to construct the project for a fair (to both parties) price. 
The single greatest challenge for the owner is how to deal, contrac-
tually and financially, with the potential variability of the ground 
and groundwater conditions encountered during the trenchless 
work.

Some owners may try to contractually transfer and shift all the 
risk of the subsurface conditions to the contractor through “one-
sided” contract language and a “you bid it, you build it!” mentality. 
However, this will persuade bidders to carry greater contingencies in 
their bids, which increase the cost of the project, and will not neces-
sarily protect the owner from subsequent claims due to unforeseen 
subsurface conditions. Depending on the competitiveness of the mar-
ketplace, bidders may also choose to interpret the available informa-
tion in the most optimistic manner possible, in an effort to present the 
most competitive bid they can. In both instances, there is a high likeli-
hood that the contractor will win subsequent claims for additional 
compensation, because they may be able to prove that conditions 
encountered were materially more costly to bore, drill, excavate, sup-
port, stabilize, or otherwise control, than what they had assumed in 
their bid. There is an abundance of case law supporting the premise 
that the “owner owns the ground,” and that the owner will ultimately 
pay the price of constructing his or her desired pipeline at the site 
along his preferred alignment.

Due to high possibility of changing ground conditions on which 
the bid was based, the presentation of the basis for design in the con-
tract document allows the parties to understand the rationale behind 
the anticipated subsurface conditions. Baseline reports translate the 
facts and interpretations about subsurface conditions to be encoun-
tered into a set of relatively simple statements. The baseline state-
ments may be preceded with a discussion of the potential variability 
and uncertainty of certain conditions; however, the baseline state-
ments should be stated explicitly and in straight-forward, clear terms. 
The use of adverbs and undefined adjectives should be avoided. The 
baseline statements should be comprised of quantifiable terms that 
can be measured in the field during construction. By establishing 
clear baselines as part of the contract documents, the parties are more 
likely to agree on the conditions indicated in the contract, without 
time-consuming and costly arguments.

Baseline statements should be considered as contractual base-
lines, not necessarily geotechnical facts. Preparation of baselines may 
involve the interpolation between, and extrapolation beyond, the 
conditions depicted or inferred by the subsurface information. 
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Illustrative examples are provided in the guidelines document. The 
baselines establish a contractual statement of the conditions to be 
encountered during the work. In setting the baselines, the geotechni-
cal baseline report (GBR) is allocating the risk of all conditions equal 
to or less adverse than the indicated baseline conditions to the con-
tractor. Similarly, the financial risk of encountering conditions sig-
nificantly more adverse than the baseline is allocated to the owner. 
While the baseline does not represent a warranty that the indicated 
conditions will, in fact, be encountered, it does represent a promise 
on behalf of the owner that the baselines will be considered in imple-
menting the differing site conditions (DSC) clause, and will weigh in 
the determination of whether additional compensation for more 
adverse conditions is justified.

The GBR must be prepared by geotechnical engineers familiar 
with trenchless technology. Owners should retain design teams that 
include individuals experience in the design and construction of 
trenchless projects, and should ensure that those individuals will be 
closely involved with the preparation and review of the GBR docu-
ment. The GBR should be developed after the design has been com-
pleted and the drawings and specifications have been advanced to a 
substantial level of completion. Ideally, the GBR should be reviewed 
by a knowledgeable engineer who has not been involved with the 
preparation of the drawings, specifications, or GBR. This indepen-
dent “fresh look” is of critical importance in identifying and alleviat-
ing ambiguities that will inevitably exist within the GBR or between 
the GBR and other contract documents.

The owner should be advised of the range of conditions that 
could be encountered and the designer’s best assessment of the most 
likely conditions to be encountered. The owner should also be 
included in the process of setting the baselines for construction. This 
should include an understanding of the reasonable range within 
which the contractual baseline(s) might be set, including the ramifi-
cations of where the baselines are set on the bid prices and potentials 
for change orders. 

The Geotechnical Baseline Reports for Construction, published by 
the American Society of Civil Engineers (Essex, 2007) provides rec-
ommendations for what should be included in the GBR and what 
should not, and provides a checklist of items to consider when writ-
ing a GBR. This manual provides recommendations of the content 
and wording to be used in baseline statements to improve their clar-
ity and precision, and presents illustrative examples of problematic 
and improved practice in stating baselines. While GBR is recom-
mended for all types of trenchless technology projects, some owners 
and may not consider it to be applicable for smaller trenchless proj-
ects (such as Mini-HDD, horizontal auger boring, or pipe ramming 
operations).
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9.2.4 Permits
Permits are typically permissions granted to the prospective project 
owner from a government agency [such as highway department 
(state Departments of Transportation or DOT), U.S. Army Corps of 
Engineers, a city (municipality) or county∗] to construct or replace a 
pipeline under the existing facility. Permits may have construction 
and fee conditions for occupation of the space beneath the existing 
facility (such as annual fees, maintenance requirements, reporting 
requirements, insurance, etc.). Although the future pipeline owner is 
held ultimately responsible by the entity issuing the permit for any 
violations, the contractor will also be responsible (to the future pipe-
line owner) for compliance with permit requirements pertaining to 
the construction. Permits can require an extended processing time to 
obtain and therefore are typically obtained by the pipeline owner 
during the project design. The contract documents should list and con-
tain a copy of the construction requirements for all permits obtained 
for the project. The contract should also require the contractor to 
adhere to the requirements of the permits. Some typical locations and 
types of permits that could be required for a given trenchless installa-
tion project include

• U.S. Army Corps of Engineers 404 discharge permit†

• Wetlands crossing permits

• Floodplain development permits

• Crossing permits for
• City streets
• County roads
• U.S. and state highways
• Interstate highways
• Railroads
• Waterways

• As mentioned earlier, construction permits can be issued 
by local governments, DOT, river authorities (such as U.S. 
Army Corps of Engineers), regional, state and federal regula-
tory agencies, and funding agencies

∗City, municipality, county, and so on, is collectively called local government.
†Discharge of dredged and fill material into waters of the United States, 
including wetlands. Responsibility for administering and enforcing Section 404 
is shared by the U.S. Army Corps of Engineers (USACE) and U.S. Environmental 
Protection Agency (EPA). EPA develops and interprets environmental criteria 
used in evaluating permit applications, identifies activities that are exempt 
from permitting, reviews/comments on individual permit applications, enforces 
Section 404 provisions, and has authority to veto USACE permit decisions. 
(See www.epa.gov/owow/wetlands/pdf/reg_authority.pdf.)

www.epa.gov/owow/wetlands/pdf/reg_authority.pdf
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• To avoid project delays, it is important that the required per-
mits be identified as early as possible during the project plan-
ning and measures are taken to secure the permits in a timely 
fashion

9.2.5 Job Site Logistics Requirements
The project designer and owner must recognize and address commu-
nity and neighborhood needs in setting up the following details of 
the contract documents, which will direct the contractor in his 
work∗:

• Traffic control

• Storage areas

• Equipment setup areas

• Construction staging areas

• Location of major supporting equipment

• Dust and noise restrictions

• Allowable working hours and working days

• Blackout periods, if any

• Project duration

• Project schedule

• Easement requirements 

This information should be compiled in the bid documents so 
contractors understand the requirements and associated costs with 
avoiding violation of third party rights or unreasonable interference 
with any public or private property and quality of life. When using 
pipe materials that must be butt-fused or welded in advance of 
project start date [such as horizontal directional drilling (HDD), 
continuous sliplining, or pipe bursting] into long lengths, a barricade 
plan should be part of the planning process. It is important to recog-
nize the logistical space requirements associated with the anticipated 
construction techniques during the planning phase of the project. 
In some instances, the availability or lack of available space for logis-
tics will be the controlling factor in selecting a specific trenchless 

∗To avoid interference with “means and methods” of construction, project owners 
and design engineers can ask potential contractors for a series of “submittals” 
to be evaluated, modified and/or approved by the owner or engineer. This way, 
while contractors’ expertise is taken into account, the final approval rests with the 
owner or the engineer on the project.
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installation technique or a pipe material or a specific pipe joint (such 
as welding and butt fusion versus restraint joint).

9.2.6 Length of Installation
The length of the pipe segment that can be installed by trenchless 
technology is another detail that will be impacted by the material 
and selected trenchless method. For example, when segmental 
rigid pipe is chosen; the shaft/pit location can be placed wherever 
it will have the least impact on the area and the costs. If new man-
holes are being constructed or the old ones must be replaced, the 
shafts/pits will be located at these manhole locations. If the man-
holes are being saved, the shafts/pits could be located at service 
lateral excavations and downstream manholes are used as receiv-
ing shafts/pits. 

When flexible pipe is chosen, the impact of fusing, welding, or 
using restraint joints for new pipe sections will dictate shaft/pit loca-
tions. The owner must recognize the limitation of tensile and jacking 
strength of any selected pipe system (material, joints, etc.). In addi-
tion, possible jacking (drive) distances are dependent on the pipe 
material, diameter, geometric tolerances, pipe material moisture 
absorption, steering of the cutterhead, trenchless installation method, 
friction of the surrounding soil on the pipe outer surface, size of 
overcut, and type and amount of lubrication used during the instal-
lation. There is presently no method to accurately estimate pulling or 
jacking forces and to quantify these effects. Therefore, allocation of a 
factor of safety (usually 2) for a given pipe system (specified mate-
rial, diameter, wall thickness, joint, etc.) during the design phase is 
necessary.

9.2.7 Alignment Considerations 
As in all pipeline projects, identifying feasible trenchless technology 
alignments involves evaluating available right-of-way (ROW) and 
easement acquisition issues, and determining the location of the 
existing utilities. Sometimes, alignments are not feasible or economi-
cal for open-cut method, but can be achieved by trenchless technol-
ogy methods. Pipes installed using trenchless technology methods 
can be installed deeper by only increasing the depth of the shaft/pit. 
This can be of significant advantage if a deeper alignment can avoid 
potential conflicts with existing underground utilities, reduce pump-
ing stations, and utility relocations.

Straight horizontal alignments are generally preferred for trench-
less technology projects. Straight alignments provide for more accurate 
control of line-and-grade and for a more uniform stress distribution on 
the pipe and pipe joints, reducing the risk of concentrated loads that 
could damage the pipe.
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To be feasible, a prospective alignment must have adequate jack-
ing and receiving shaft/pit locations available. In addition, prospec-
tive jacking and receiving shaft/pit sites must be spaced at distances 
that are compatible with specific trenchless technology technique. 
The maximum distance a pipe can be installed with a proposed 
trenchless installation method is dependent on parameters such as 
pipe size, structural capacity of the pipe, possible use of intermediate 
jacking stations, thrust capacity of the thrust block and the main jacks, 
soil conditions, effectiveness of the lubrication system, and specific 
project conditions such as operator’s skills in steering the cutterhead 
or the tunnel boring machine (TBM).

Providing adequate space for staging construction operations is 
important so that pipe installation can be completed in an efficient 
manner. Construction access to the jacking shaft/pit must be pro-
vided for hauling spoils, pipe sections, and tunneling/drilling equip-
ment. In urban areas, traffic control requirements must be evaluated 
in selecting and laying out jacking shaft/pit sites. A typical jacking 
shaft/pit site needs enough space for the jacking shaft/pit, slurry 
tanks, a crane, pipe storage, and support facilities and equipment 
(e.g., as a generator, power pack, and bentonite lubrication unit), and 
operator’s trailer. The jacking shaft/pit should be a sufficient distance 
from overhead electrical lines to avoid hazards in operating the crane, 
although in some areas a gantry system can be used instead of a crane 
for smaller pipe sizes. 

The jacking equipment arrangement is quite flexible and space 
requirements can be reduced for smaller sites, if necessary. Frequently, 
jacking shafts/pits have been located in the parking strip along the 
edge of a street with the equipment setup in a linear arrangement. 
Similar linear arrangements have also been used to stage trenchless 
technology operations from the median of wider, more heavily trav-
eled streets without significantly impacting traffic flow. Staging area 
requirements can be further reduced by using same machine location 
to install two drives, one in each direction (see Fig. 9.1). This approach 
further minimizes the environmental impacts of construction by 
reducing the number of jacking shaft/pit locations. Using pipe 
sections with smaller lengths, and indexing jacking equipment with 
several strokes, may allow smaller shafts/pits.

9.2.8  Accuracy and Tolerances Including Settlement 
and Heave

As with other details of the planning phase, the question of settle-
ment and heave will be greatly impacted by many project-specific 
conditions and ground conditions. Trenchless technology has 
advanced so that pipe installation can successfully be performed in 
difficult ground conditions. 
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The design engineer must fully understand the trenchless tech-
nology that has been chosen and have a set of realistic expectations. 
Setting realistic expectations can be difficult since the pipe is installed 
horizontally and may go through different ground conditions empha-
sizing the need for obtaining good subsurface information during the 
planning phase.

Accurate surface monitoring must be undertaken by the project 
owner, public agency, or the contractor as a proof that the trenchless 
operation did not affect the nearby structure. Sometimes the cost of 
repairing pavement heave or settlement may be less expensive than 
reinstatement of ground during open-cut construction which could 
impact local business and traffic in a much more disruptive way. Proj-
ect engineers and owners need to consider that during a trenchless 
technology project, there is a possibility of ground movement that 
may show in the surface in terms of settlement or heave. The extent 
of settlement or heave on the surface is dependent on many factors, 
including type of trenchless method used, pipe diameter, experience 
of operator, equipment used, depth of installation, and soil conditions. 
With proper geotechnical investigations, planning, and contractor 
and method selection, the possibility and/or extent of surface/ground 
movements can be reduced tremendously. 

FIGURE 9.1 Staging HDD equipment to minimize environmental impacts.
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9.3 Trenchless Safety Considerations
There is no doubt that a safe project starts in the planning and design 
phase. Considering trenchless projects are “engineered” jobs with more 
skilled and trained workers than conventional open-cut construction, 
they provide more opportunities for safe operations. Construction 
traditionally has been one of the most dangerous types of work, third 
after mining and agriculture.

In 1970, U.S. Congress passed the Occupational Safety and Health 
Act (OSHAct). This legislation became law on April 28, 1971, and it 
had a significant impact on the construction industry. According to 
OSHAct, the employer has an obligation to provide a place for 
employee that is free from recognized hazards and meets the OSHA 
standards. The employees must comply with the rules, regulations, 
and standards applicable to their type of work.

While the use of trenchless technology is steadily increasing, 
many municipalities, pipeline and utility owners, continue to 
award construction contracts to companies using open-trench 
method; a method that potentially can be hazardous for both work-
ers and the general public. In fact, the OSHA excavation standard 
was revised in 1989 because excavating is one of the most danger-
ous of all construction operations. More workers are killed or seri-
ously injured in and around excavations than in most other phases 
of construction work. Once a trench is opened, it requires the use of 
protective systems, such as shoring and trench boxes to prevent 
cave-ins and trench collapses. The trenches for sewer, water, and 
other pipelines represent the greatest concern for cave-ins because 
of the excavation in urban environments. Sewer lines are typically 
installed at depths of 8 to 15 ft, with some installations as deep as 
40 ft. Water lines are typically installed at depths of 4 to 5 ft, and 
sometimes deeper installations are normal. Gas lines, electric, tele-
phone, and other conduits and cables tend to be placed in shallow 
trenches of about 2 ft deep, but most of the times they require a 
minimum of 3 to 4 ft of cover, depending on the location and regu-
latory considerations.

According to data from the U.S. Bureau of Labor Statistics, 
between the years of 1992 and 2002, 384 construction workers were 
killed by trenching-related injuries, an average of 35 per year (see 
Table 9.2). In most cases, a cave-in was the main event leading to the 
death. Depending on the soil type and moisture content, one yd3 of 
soil can weigh between 3000 and 4000 lb.

Compared to trench excavation, trenchless safety is negatively 
affected by several factors, such as

• Lack of formal safety training: Usually workers and operators 
switch back and forth between jobs that may include both tra-
ditional open-cut and trenchless work. Additionally, workers 
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and operators may receive on-the-job training and not formal 
classroom/field training.

• Lack of industry safety standards: With trenchless methods, cur-
rently there are no specific safety standards which can serve 
as governing guidelines to owners, engineers, and contrac-
tors, to maintain safe working conditions. OSHA has stan-
dards for tunneling activities; however, they are more focused 
on mining and large-diameter tunnels. 

• Lack of accurate statistics: As per OSHA requirements, 
contractors must keep track of accident occurrences, but there 
is no clear differentiation on what technology was used at the 
time of the accident.

Trenchless methods have many advantages, but at the same time they 
have some limitations, including risks to workers and the public. 
Most notably, operators cannot always see what lies ahead and, con-
sequently, may strike the existing underground utilities. Such acci-
dents may result in injuries or deaths depending on the circumstances, 
in addition to the added expense of repairing the damaged utilities 
and other properties. Conditions such as confined spaces inside the 
shaft/pit and tunnels, and activities such as movement of pipe sec-
tions and spoil-removal, working with hydraulic jacks, using machine 
power, and working with pneumatic and hydraulic hoses can poten-
tially cause accidents. A dangerous situation may occur when 
workers are in the shafts/pits and several activities are conducted 
simultaneously in these tight spaces. 

As with any construction project, it is important that safety be 
included in the design phase. For example, subsurface utility engi-
neering will help designers find out what lies underneath and across 
the trenchless installation path. Furthermore, engineers are also 

Year(s)
Number of 
Deaths

Event Leading To 
Injury: Number (%)

Main Occupations Affected: 
Number (% of Deaths)

1992–2002 384 (35/yr) Cave-in, 274 (71%) 
Struck by falling 
object, 18 (5%)

Constr. laborers, 201 (52%) 
Plumbers/pipefitters, 33 
(9%)

2003 57 Cave-in, 38 (67%) Constr. laborers, 33 (58%) 
Supervisors/mgrs, 9 (16%)

Source: BLS Census of Fatal Occupational Injuries Microdata provided to the Center to 
Protect Workers’ Rights. (Plog et al., 2006.)

TABLE 9.2 Trenching-related Deaths from Injuries in Construction, United States, 
1992–2002 and 2003
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required to perform extensive geotechnical investigations. The infor-
mation provided by these investigations will help contractors to 
select proper equipment and tools to safely carry out trenchless 
operations.

9.3.1 Project Safety Planning
A partial checklist for safety planning of a trenchless project may 
include:

• Proper safety training: An effective training program can 
reduce the number of injuries and deaths, property damages, 
legal liabilities, workers’ compensation claims, and missed 
time from work.

• Appropriate work clothing (personal protection equipment): Loose 
clothing never should be worn and allowed around machin-
ery equipment.

• Safe machine and tool operations: It is important that equipment 
operators be qualified and certified for their tasks, and care-
fully follow equipment manufacturers’ machine operations 
and safety guidelines. The employer (contractor) must ensure 
that operators and other workers have demonstrated profi-
ciency in their duties, particularly safety issues. Primary per-
sonnel must have proper training, including classroom and 
field experience. Industry-based training and/or certification 
courses are available from equipment manufacturers, as well 
as professional organizations.

• Safe handling of drilling and lubrication fluids: While drilling flu-
ids are usually considered to be environmentally safe, they
are usually under high pressure and may potentially mix 
with contaminated soils. Workers must be trained in safe 
handling of these fluids.

• Safe crossing and/or parallel installation with existing utilities:
Contractors must ensure that proposed alignment and profile 
of the boring/tunneling operation keeps a safe distance from 
existing utilities and carefully follows the planned alignment/ 
profile during installation.

• Safe repair of damaged utilities: Usually the existing pipeline 
and utility operator must be contacted immediately and a call 
to an emergency phone number (911 for the United States) 
should be made.

• Safe disposal of drilling fluids: The bentonite or polymer mate-
rial used must be certified by the National Sanitation Foun-
dation (NSF). The additive materials should be chemically 
inert, biodegradable, and nontoxic. Petroleum-based or 
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detergent additives should not be used. Although the 
bentonite-water, or commonly used polymer-water-slurry, is 
not inherently a hazardous material, special disposal may be 
required when drilling in an area known to contain toxic pol-
lutants. In such cases, disposal must be in accordance with 
local laws and regulations. It may be necessary to dewater the 
spoils, transport the solids to an appropriate disposal site, 
and treat the water to meet disposal requirements.

• Proper locating and markings of bore path: Prior to the arrival of 
the locators, the contractor should mark the path of the pro-
posed bore route, preferably using a white line or flags, and 
some means of identification. In general, belowground facil-
ities within a minimum lateral distance of 10 ft of the pro-
posed bore path should be marked, unless a greater distance 
is specified by state or other regulations. Other facilities 
known to be in the vicinity, but believed to be beyond 10 ft, 
or otherwise required minimum distance, should be con-
firmed by the corresponding owner. The actual paths and 
depths of identified utility lines are typically not provided 
during the planning process. They may subsequently be 
determined by the owner of the proposed pipe line or its 
representative.

• Proper project startup: Preconstruction meetings with the con-
tractor are useful, and may be particularly important for 
unusual or difficult projects. These meetings are necessary 
when requesting temporary disruption of electric or gas ser-
vice, to reduce the likelihood of associated safety hazards. 

• Risk Assessment Plan: It is recommended that owners include 
provisions in the contract requiring contractors to submit a 
risk assessment plan customized for the specific trenchless 
project.∗ This plan should be reviewed and kept on file for 
implementation and future reference. Contractor risk assess-
ment plan may include (see Table 9.3):
 1.  All work tasks/steps (identification of sequence of work 

steps/tasks)
 2.  Hazards, concerns, and potential accidents (identification 

of hazards for each tasks/step and site hazards that could 
affect workers)

 3.  Controls, preventive measures, and boundaries (a list of 
controls for each hazard) 

 4.  Reference documents (a list of permits, operating manu-
als, and other reference procedures)

∗It should be noted that extent of this risk assessment plan must be in accordance 
with the nature and size of the trenchless project.
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 5.  Required training (a list of training requirements for safe 
execution of each task)

 6.  Work plan outlining the procedure and the schedule to 
execute the work, including list of proposed equipment, 
proposed location of shafts/pits, and so on

 7.  Design of shaft or pit protection systems approved by a 
professional engineer

Work 
Tasks/
Steps

Hazards, 
Concerns,
and Potential 
Accidents

Controls, 
Preventive 
Measures, and 
Boundaries

Supplemental
Documents Training

Drilling
operation

Existing
utilities
strikes

One-call 
system, 
subsur face 
utility 
engineering 
(SUE), 
potholing

Locator’s
manual

Operator
training and 
certification 
programs

Pit
excavation

Traffic 
accidents

Barricades/
flagging shall 
be erected 
around any 
open trenches 
and/or 
excavations 
and 
checked and 
maintained on 
a daily basis

OSHA
regulations

• Company
in-house
training

• Formal 
classroom 
training

Equipment
malfunction

Preoperational 
inspection of 
equipment
by trained 
and qualified 
operators

Operator's
manual

Equipment
dealers and 
manufacturer

Struck by, 
caught in 
between
hazards 
of heavy 
equipment

Only trained 
and qualified 
personnel 
shall operate 
heavy 
equipment

Operator's
manual

Toolbox 
meetings

TABLE 9.3 Sample Submittal: Contractor’s Risk Assessment Plan
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 8.  List of personnel, including backup personnel, and their 
qualifications and experience

 9. Traffic control plan
10.  Drilling fluid management plan, including potential envi-

ronmental impacts, frac-out (inadvertent return of drilling 
fluids) control and mitigation, emergency procedures and 
associated contingency plans

11.  Communication plan among field crew and operator of 
the equipment, which may include use of radios and hand 
signals

Working Shafts/Pits
Frequently, a starting pit will be required at the approach site of the 
bore. If the site conditions allow, the approach site is preferred to be 
the downstream side. The pit should be located far enough (according 
to DOT or local authority requirements) from existing road embank-
ment or structures to allow adequate safety for the structure as well 
as the public. From experience, the pit size must provide the most 
convenient and safest working conditions. The pit should be prop-
erly constructed and prepared to be a safe working place. The success 
or failure of a bore or trenchless project depends on the preparation 
of the pit as well as the machine and operator. Any utilities located 
within the pit locations should be properly supported. If sloping of 
the pit wall is not feasible, sheeting of the pit should be considered. 
The OSHA Code of Federal Regulations 29 provides specific rules for 
pit construction, protection, barricades, traffic control, installation 
and type of ladders used in the pit, and personal safety equipment. 
The boring subcontractor should become familiar with these require-
ments. Such information can be obtained from the regional depart-
ment of labor office.

Engineer’s soil information will specify what to expect in the pit 
and along the bore path. For example, in a wet location, it may be 
required to ring the pit with well points for less than 20-ft-deep pits/
shafts, or with deep wells and submersible pumps if deeper. If ground 
conditions permit, movement of ground water is free and no imper-
vious stratum is close, deeper wells will provide beneficial influence 
further along bore path. The normal range of wellpoint spacing 
ranges from 3 to 12 ft. If the aquifer extends below the subgrade to 
more than 10 ft, spacing of the wellpoint will depend on the quantity 
of water to be pumped. Closer spacing may be necessary in case of 
stratified soil with a layer of clay. If horizontal wells seem appropri-
ate, they may be installed when the radius of influence is greatest at 
the bore pit. The system will need close attention as long as it runs. 

The use of horizontal drilling will permit a smaller, 4 or 6 in., solid 
header line under the highway (railroad, structures, etc.). This will 
also allow contractor to dewater the medium between the two-way 
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roadways (e.g., in the cases of interstate highway crossings). These 
solid pipes may have to be filled with concrete and abandoned after 
dewatering. However, the middle section of the bore may allow for 
deeper zones of influence that benefit both lane-crossings. 

Job Site Preparation
Heavy rainfalls, or the potential fall of a sudden flood, will be most 
costly unless jobsite is prepared before it happens. The site can be sur-
rounded by a berm of sufficient height to prevent flooding. The berm 
needs to be kept high and solid at all times. The location of a pit sump 
pump should also be considered before the pit excavation takes place. 
It can be a matter of life and death should people be in the pit or in the 
bore line when a flush flood occurs. The berm may provide the addi-
tional time needed to recover people and some, if not all, of the tools 
and the equipment. 

The backstop (thrust block) should be designed to withstand 1.5 
to 2 times the expected maximum thrust for the planned bore. It is 
recommenced that a steel plate be used between the track push-plate 
and the backstop. For larger-diameter and longer bores, drive sheet-
ing, and/or a poured concrete pad should be considered. Experience 
and soil conditions will dictate the best method. A good base and a 
secure backstop are essential for all bores. Caution must be taken to 
ensure that the thrust pressures do not damage any existing utilities 
or structures in vicinity of the backstop.

When exposing existing utilities to verify depth, nonaggressive 
“potholing” techniques such as manual tools (with electrically 
insulated/nonconducting handles) or vacuum type excavators must 
be used. It is particularly important to visibly expose and verify the 
location of lines transporting electricity, gas, oil or petroleum prod-
ucts, or other flammable, toxic or corrosive fluids or gases. In general, 
utility lines must be routinely exposed at all anticipated crossings 
with the planned bore path, such as where the route along a right-of-
way crosses laterals or service lines to residences or other structures.

The paths of existing belowground facilities should be marked, 
using paint, flags or equivalent, based on the uniform color code 
developed by the Utility Location and Coordination Council (ULCC) 
of the American Public Works Association (APWA), and/or ANSI 
standard Z535.1 (Safety Colors for Temporary Marking and Facility 
Identification). Table 9.4 presents the uniform color code for different 
utilities.

 The tolerance zone (see Fig. 9.2) also defines the region within 
which the contractor must use nonaggressive methods of digging. 
The width of the zone is specified by local regulations and varies 
among the states. A minimum of 18 in. from the outer edges of the 
facility is recommended, unless a greater distance is specified by state 
or local regulations. For relatively close adjacent parallel utility lines 
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(within twice the minimum specified distance laterally from each 
other), the tolerance zone is determined from the outer edge of the 
outermost utility line on each side. No portion of the cutting tool for 
the pilot bore, or the reamer used to expand the borehole, is allowed 
to enter the tolerance zone. Currently there are no general require-
ments for depth tolerance, so it must be decided on individual project 
conditions.

Shaft/Pit Space Planning 
After all underground and overhead obstructions have been identi-
fied; the proposed drill path should be identified and documented. 
This allows for the evaluation of available right-of-way and easement 

Color Utilities

White Proposed construction path

Red Electric power

Orange Communications

Yellow Gas, oil, steam, petroleum

Green Sewer, drain

Blue Water, irrigation, slurry

Fluorescent pink Temporary survey markings

Purple Reclaimed water, irrigation, and slurry lines

TABLE 9.4 Uniform Color Code Developed by the ULCC

Tolerance zone

Belowground facility
(Section view)

Specified
minimum
distance
(≥18 in.)

Specified
minimum
distance
(≥18 in.)

FIGURE 9.2 Tolerance zone.
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acquisition issues. Proposed drill paths allow for the adequate place-
ment of the jacking and receiving pit locations. Each trenchless 
method has their own requirements for setting spacing of the shafts/
pits. Pit placement is dependent on such variables as type and size of 
pipe, the structural capacity of the pipe, soil conditions, and the type 
of lubrication systems of the pipe.

A typical pit site needs space to allow for the entrance and receiv-
ing pits, slurry separation or water tanks, and equipment and pipe 
storage. The entrance and receiving pits must be at a sufficient distance 
from overhead utilities. Careful planning of space and the drill path 
must also include traffic routes and the level of traffic on those streets. 

Lack of space planning can lead to improperly placed pits, which 
can put improper stress on the tunneling technique. Cramped condi-
tions can also lead to worker injury. 

Regardless of the type of procedure, there are inherent job-site 
hazards. Securing the job site from curious bystanders, and slip and 
fall hazards are considerations that have to be made. Injuries of any 
type increase the liability costs for the construction company and can 
lead to OSHA penalties. Proper planning reduces the chance for many 
of these occurrences.

Planning must also include what-if scenarios on unanticipated 
construction problems. Water seepage into the drill hole or pit can 
lead to boring delays and to failure of the shoring materials that keep 
the pit walls from collapsing. Not only must the water removal pro-
cedure from the pit be considered, but also how the water is removed 
from the job site should be considered.

9.3.2 Hazard Assessment
A first critical step in developing a comprehensive safety and health 
program is to identify physical and health hazards in the workplace. 
This process is known as “hazard assessment.”

Potential hazards may be physical or health-related and a compre-
hensive hazard assessment should identify hazards in both categories. 
Examples of physical hazards include moving objects; fluctuating 
temperatures; high-intensity lightening, rolling, or pining objects; 
electrocutions; and sharp edges. Examples of health hazards include 
overexposure to harmful dusts, chemicals, or radiation. The hazard 
assessment should begin with a walk-through survey of the jobsite to 
develop a list of potential hazards. In addition to reviewing any occu-
pational illnesses or injuries, topics to look for during a walk-through 
survey include 

• Sources of electricity

• Sources of motion such as machines or processes where 
movement may exist that could result in an impact between 
personnel and equipment



388 C h a p t e r  N i n e

• Sources of high temperatures that could result in burns, eye 
injuries or fire

• Types of chemicals used in the workplace

• Sources of harmful dusts

• Sources of light radiation, such as welding, brazing, cutting, 
furnaces, heat treating, high-intensity lights, and the like

• The potential for falling or dropping objects

• Sharp objects that could poke, cut, stab, or puncture

• Biologic hazards such as blood or other potentially infected 
material.

When the walk-through is complete, the contractor should organize 
and analyze the data so that it may be efficiently used in determining 
the proper types of PPE required at the work site. The contractor 
should become aware of the different types of PPE available and the 
levels of protection offered. It is definitely a good idea to select PPE 
that will provide a level of protection greater than the minimum 
required to protect employees from hazards.

The workplace should be periodically reassessed for any changes 
in conditions, equipment, or operating procedures that could affect 
occupational hazards. This periodic reassessment should also include 
a review of injury and illness records to spot any trends or areas of 
concern and taking appropriate corrective action. The suitability of 
existing PPE, including an evaluation of its condition and age, should 
be included in the reassessment.

Documentation of the hazard assessment is required through a 
written certification that includes the following information:

• Identification of the workplace evaluated

• Name of the person conducting the assessment

• Date of the assessment

• Identification of the document certifying completion of the 
hazard assessment

9.3.3  Risk Assessment
The risks involved mainly concern the unforeseen circumstances that 
the construction may encounter during a trenchless project. Even if 
the soils have been identified and the trenching method outlined by 
the design firm in the construction contract, classifying and identify-
ing risks by the construction company is the first step before under-
taking any trenchless job. Secondly, the impact of each risk should be 
quantified and assessed. Finally, the mitigation and control of the 
risks identified should be finalized.
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The risks that should be identified are those that affect perform-
ance, productivity, cost, schedule, quality, and safety. As with any 
project, not exceeding the budget and remaining on schedule are the 
primary goal. Risk management’s purpose is to identify all associated 
risks to achieve this goal.

Many risks can be planned for if identified. There are still other 
risks, however, which cannot be planned for, but still must be consid-
ered. Among those are

• Unknown or unexpected ground conditions

• Weather delays

• Unexpected/unplanned alignment or grade changes of pipe-
lines during pipe jacking

• Groundwater fluctuations and surface flooding

• Material shortages due to delay in shipping or supply

9.3.4 Utility Mapping
Any trenchless operation can have its own hazards. There are 
always hazards to construction workers in any type of under-
ground construction; such as hazard of striking existing structures 
or utilities underground. Coordination is required among several 
parties and agencies prior to the start of the project. One of the first 
tasks is locating all the existing utilities. The one-call service (the 
811 number for most of the United States) is essential in locating 
existing underground utilities; however, it would give the contrac-
tor an approximate alignment and no accuracy for the depth of 
utility (see Fig. 9.2). The cost associated with identifying the exist-
ing underground utilities is small when compared to the cost of 
striking a buried utility. 

Additionally, visual checks and physical observations must 
also be made of the planned construction path. Just as important in 
identifying underground utilities is checking the site for evidence 
of substructures such as manhole covers, valve box covers, meter 
boxes, electrical transformers, conduits or drop lines from utility poles, 
and pavement patches to determine if any utilities may have been 
overlooked. Water and gas shutoffs attached to the houses or busi-
nesses in the area signify utility lines, even if they are not marked 
by the one-call service. Depressions in the ground may indicate 
that some type of excavation or trenching has taken place and, 
although there may not be an obstruction present, there is a possi-
bility for some type of fill material that does not resemble the soil 
structure around it. 

Written procedures have to be followed for the probability of 
striking an existing utility. Even if all of the checks and physical 



390 C h a p t e r  N i n e

observations have been made, there is always a small probability that 
something could be overlooked. By having a procedure in place, the 
operating crew will have a set of written instructions to follow that 
can greatly reduce the downtime related to a strike. A list of all utili-
ties, along with their phone numbers and contact personnel, should 
be kept at the jobsite.

9.3.5 Contingency Plans
The last step a company has to plan for in avoiding pitfalls during a 
trenchless project is to have contingency plans developed before the 
job starts to reduce delays. Regardless of the amount of investigation 
or research that may have been done to find existing utilities or struc-
tures, not everything can always be found or located. Even if the 
existing utilities are found, there may be other obstructions; both 
manmade and natural may exist below the surface. A construction 
site of a building long since torn down may have had a pile of dumped 
concrete left during its construction stage. Years ago many low areas 
became dumping areas of old building materials mixed with lumber 
or other organic materials. Only an open-cut method would be able 
to determine what types of materials have been buried.

Natural obstructions that may be present include the root system 
of a large tree that has since been cut down. In gravelly areas, large 
boulders may be present. A contingency plan has to be developed 
before the start of a project if an obstruction is found. Depending on 
what other obstructions may be in the area, changing location of the 
drill is not always possible. Even if an alternative location were pos-
sible, pulling a drill bit would leave a void beneath the surface, which 
needs to be filled with grout.

9.3.6 Communication
Communication guidelines should be established prior to the com-
mencement of trenchless work. There should be good communication 
between the operator and other personnel (usually general laborers) 
to coordinate the drilling operation. Radios should be used for com-
munication, but there should also be hand signals agreed to before-
hand in the case the radios fail or reception is bad. 

For example, communication breakdown can lead to delays 
through contact with existing utility companies if the drill-rig opera-
tor does not understand the direction being given to him or her. 
Because the general laborers may speak very little English, it is impor-
tant that, if the job-site foreman does not speak the language of the 
laborers, at least hand signals are set up that all parties understand.

One last item that must be investigated during the planning/
design stage is the geotechnical makeup of the soil along the length of 
the bore area. Because of the importance and complexity of this por-
tion of the planning stage, it is discussed in Sec. 9.2.3.
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Protection Against Utility Strike
Emergency procedures have to be developed and followed for when 
a buried utility is inadvertently hit. Electrical strikes, gas-line strikes, 
fiber-optic strikes, and water or sewer line strikes all have their own 
emergency procedures that should be initiated to reduce the likeli-
hood of injury.

In an electrical strike, the most important thing to remember is 
for operators and workers to remain where they are and not move. If 
the electrical line contacts the drill rig, the drill operator should 
reverse the bore direction to see if the rig can break contact with the 
electrical line. Whichever worker on site is the safest distance from 
the crossed line should immediately contact the electric company. 
The drill operator should follow the manufacturer’s procedure to 
determine if the drill is electrically charged before attempting to dis-
mount the rig.

When a gas line is struck, the area must be immediately evacu-
ated. The drill operator should shut down all engines and should not 
attempt to reverse the bore. The gas company should immediately be 
contacted.

Fiber optic lines are not as dangerous as an electrical or gas line 
strike, but workers have to remember not to look into the cut ends of 
the cable as severe eye damage can occur. Striking a fiber optic line usu-
ally occurs when digging the entrance or exit pit. Digging should be 
halted until the fiber optic cable company is contacted and the line 
repaired.

A water or sewer strike can be as dangerous to the construction 
crew and bystanders as that of a gas strike. Operations should imme-
diately be stopped. The drill operator should not attempt to reverse 
the bore as sewer lines contain deadly pathogens. Pipe jacking, pipe 
bursting, or pipe ramming cannot reverse the bore and may have to 
dig an access pit to repair the damaged pipe. Medical attention should 
be sought for any workers that may have come in contact with the 
breakage. As with other strikes, the utility company should be con-
tacted immediately.

9.3.7 Equipment Operator Training
Equipment operators not only must have general safety training, they 
also have to be thoroughly trained on the equipment they are operat-
ing. Understanding the equipment through knowledge of the manu-
facturer’s operator’s manual is important. Each trenchless method 
has its own unique training program that the operators need to 
understand. While HDD usually does not include the hazards associ-
ated with digging trenches, the drilling process does involve unique 
hazards that need to be followed by HDD operators. Some of the pre-
cautions are general to all trenchless techniques, others are not. 
Among those precautions are
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• Operators should not exceed the manufacture’s maximum 
torque and thrust.

• If operators notice a sudden slowness or stoppage in prog-
ress, they should stop the operation until possibility of hitting 
an obstruction is determined.

• Operators need to be aware of the hazards of the hydraulic 
action of the drilling fluid while passing through structures 
like roads, bridges, and buildings. There is potential for sub-
sidence or elevation of these structures.

• The machine operator also has to realize that hydraulic oil 
under pressure can penetrate the skin and burn or cause 
blood poisoning. If the operator thinks there is a leak, precau-
tions should immediately be taken.

• When problems do arise with the rig, properly trained per-
sonnel should be the only ones working on the machinery. 
Proper clothing and eye protection should be worn when 
working on equipment.

• Operators need to use caution when moving drill pipe with 
the crane. A tag line may work better when possible.

• Drilling and boring involve rotating equipment that can cre-
ate hazards at the drilling rig, point of entry, and point of exit. 
Caution must be taken to protect these areas with guards and 
barricades. Workers must not wear loose clothing and should 
not be allowed to step over or stand above the rotating parts.

Experience
One of the main contributing factors to the success of a project is the 
experience and amount of training of the crew operating the equip-
ment and steering the head. As stated earlier, even when utilities are 
marked, an inexperienced crew has a higher risk of striking buried 
utilities. An experienced crew is also more likely to salvage a project 
when unexpected conditions are encountered. The investment of 
time and money in training or hiring an experienced crew outweighs 
the cut of repairing damaged utility lines and inherent safety risks.

Manufacturers are committed to the safe operation of their equip-
ment. They offer a variety of resources through their local dealers to 
educate operators in the safe use of the equipment through manuals, 
videos, and one-on-one training. These programs should be used to 
ensure operators are properly trained. 

9.4 Summary
Trenchless methods have many advantages, but at the same time they 
have their own limitations, including risks to workers and the public. 
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This chapter presented an overview of safety issues and discussed 
various parameters that impact a safe trenchless installation. Many 
federal, state, and local regulations are to be followed in a construc-
tion project. Trenchless installations are executed blindly, a thorough 
utility locating is required to prevent strikes. Proper shaft and pit 
planning for spacing and sizing is important for proper working of 
the equipment. Good communication between the operator and other 
personnel should be established. Contractors must conduct a risk 
assessment study before start of the project and submit their safety 
plan to the project owners. This chapter presented a detailed descrip-
tion of planning and safety considerations in trenchless projects.
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APPENDIX C
Acronyms and 
Abbreviations

Description

ABS Acrylonitrile-butadiene-styrene

AC Asbestos cement

ACP Asbestos cement pipe

CCFRPM Centrifugally cast fiberglass reinforced polymer 
mortar

CCTV Close-circuit television

CFP Close-fit pipe

CI Cast iron

CIP Cast-iron pipe

CIPP Cured-in-place pipe

CIPP/SL Cured-in-place pipe/short liners

CL Coatings and linings

CM Compaction methods

CML Cement-mortar lining

CP Closed profile

CP Concrete pipe

CPJ Conventional pipe jacking

DDM Design decision model

DIP Ductile iron pipe

DIPS Ductile iron pipe sized

DOT Department of Transportation

DR Deformed and reformed pipe

DR Dimension ratio
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Description

DSC Differing site condition

DSS Decision support system

DWCP Dual wall corrugated profile

EPBM Earth pressure balance machine

EPDM Ethylene polypelene diene monomer

ERW Electric resistance welded

FBE Fusion bonded epoxy

FF Fold and formed pipe

FR Frictional resistance

FRPP Fiberglass reinforced polyester panel

FWC Fiber wound collar

GBR Geotechnical baseline report

GFRP Glass fiber reinforced plastic pipe

GFRPM Glass fiber reinforced polyester mortar

GIS Geographical information system

GPR Ground penetrating radar

GRP Glass reinforced pipe

GRP Glass fiber reinforced polyester

GWT Ground water table

HAB Horizontal auger boring

HDB Hydrostatic design basis

HDD Horizontal directional drilling

HDPE High density polyethylene

HDS Hydrostatic design stress

HEB Horizontal earth boring

I/I Infiltration/inflow

ID Inside diameter

IJS Intermediate jacking station

ILR In-line replacement

IPS Iron pipe size

JF Jacking force

L-CIPP Lateral––cured-in-place pipe

LCP Lining with continuous pipe
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Description

LDPE Low density polyethylene

LOR Localized repair

L-PB Lateral pipe bursting

LR Lateral renewal

MAOP Maximum allowable operating pressure

MDPE Medium density polyethylene

MH Manhole

MJ Mechanical joint

MOP Manual of practice

MSL Modified sliplining

MT Microtunneling

MTBM Microtunnel boring machine

MTM Manhole-to-manhole

O&M Operation and maintenance 

OC Open-cut

OD Outside diameter

OP Open profile

PACP Pipeline assessment certification program

PB Pipe bursting

PB-HY Pipe bursting–hydraulic

PB-PE Pipe bursting–pneumatic

PB-PS Pipe bursting–pipe splitting 

PB-ST Pipe bursting–static 

PCCP Prestressed concrete cylinder pipe

PCP Polymer concrete pipe

PE Polyethylene

PJ Pipe jacking

PL Panel lining

PM Piercing method

PP Polypropylene

PPE Personal protection equipment

PR Pipe ramming

PRS Pipe replacement systems

PRM Pipe reaming
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Description

PSR Point source repair (same as localized repair)

PTMT Pilot tube microtunneling

PVC Poly-vinyl-chloride

PVC-M Modified poly-vinyl-chloride

PVC-O Molecularly oriented poly-vinyl-chloride 

PVC-U Unplasticized poly-vinyl-chloride 

PVDF Poly-vinylidene chloride

PVDM Polyvinylidene difluoride membranes

QA/QC Quality assurance/quality control

RCCP Reinforced concrete cylinder pipe

RCP Reinforced concrete pipe

RCP Rapid crack propagation

ROW Right-of-way

RQD Rock quality designation

SBR Styrene-butadiene rubber 

SCS Stress corrosion cracking

SDR Standard dimension ratio

SH Shotcrete

SIPP Spray-in-place pipe

SL Sliplining

SMR Sewer manhole renewal

SMYS Specified minimum yield stress

SP Steel pipe

SPT Standard penetration test

SR Spot repair (same as localized repair)

SR Steel ribs

SUE Subsurface utility engineering

SWP Spiral wound pipe

TBM Tunnel boring machine

TCM Trenchless construction methods

TCP Traffic control plan

TEB Three-edge-bearing load

ThP Thermoformed pipe
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Description

TLP Tunnel liner plates

TRM Trenchless renewal methods

TRS Trenchless replacement systems

TT Trenchless technology

UCL Underground coatings and linings

USCS Unified soil classification system

UT Utility tunneling

UV Ultra-violet

VCP Vitrified clay pipe

VOC Volatile organic compounds

WL Wooden lagging

Acronyms for Organizations Related to 
Trenchless Technology

Acronym Description Website

AASHTO American Association of 
State Highway Transportation 
Officials

www.transportation1.org/ 
aashtonew

ACIPCO American Cast Iron Pipe 
Company

www.acipco.org

ACPA American Concrete Pipe 
Association

www.concrete-pipe.org

ACPPA American Concrete Pressure 
Pipe Association

www.acppa.org

AEM Association of Equipment 
Manufacturers

www.aem.org

AGA American Gas Association www.aga.org

AISI American Iron and Steel 
Institute

www.steel.org

ANSI American National Standards 
Institute

www.ansi.org

APC American Plastics Council www.
americanplasticscouncil.org 

www.transportation1.org/aashtonew
www.transportation1.org/aashtonew
www.acipco.org
www.concrete-pipe.org
www.acppa.org
www.aem.org
www.aga.org
www.steel.org
www.ansi.org
www.americanplasticscouncil.org
www.americanplasticscouncil.org
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Acronym Description Website

APGA American Public Gas 
Association

www.apga.org

API The American Petroleum 
Industry

www.api.org

APWA American Public Works 
Association

www.apwa.net

ASA American Shotcrete 
Association

www.shotcrete.org

ASCE American Society of Civil 
Engineers

www.asce.org

ASDWA Association of State Drinking 
Water Administrators

www.asdwa.org

ASME American Society of 
Mechanical Engineers

www.asme.org

ASTM American Society of Testing 
and Materials

www.astm.org

AWWA American Water Works 
Association

www.awwa.org

AWWRF American Water Works 
Research Foundation

www.awwarf.org

BAMI-I Buried Asset Management 
Institute–International

www.bami-i.com

BSI British Standards www.bsi-global.com

CUIRE Center for Underground 
Infrastructure Research and 
Education

www.cuire.org

DIN Deutsches Institut fur www.din.de

DIPRA Ductile Iron Pipe Research 
Association

www.dipra.org 

EPA Environmental Protection 
Agency

www.epa.gov

FHWA Federal Highway 
Administration

www.fhwa.dot.gov

ICRI International Concrete Repair 
Institute

www.icri.org

ISO International Organization of 
Standardization

www.iso.org 

ISTT International Society for 
Trenchless Technology

www.istt.com

www.apga.org
www.api.org
www.apwa.net
www.shotcrete.org
www.asce.org
www.asdwa.org
www.asme.org
www.astm.org
www.awwa.org
www.awwarf.org
www.bami-i.com
www.bsi-global.com
www.cuire.org
www.din.de
www.dipra.org
www.epa.gov
www.fhwa.dot.gov
www.icri.org
www.iso.org
www.istt.com
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Acronym Description Website

JIS Japanese Industrial 
Standards

www.jsa.or.jp

MSS Manufacturer’s 
Standardization Society

www.mss-hq.org

NACE National Association of 
Corrosion Engineers

www.nace.org

NACWA National Association of Clean 
Water Agencies

www.nacwa.org

NAPCA National Association of Pipe 
Coating Applicators

www.napca.com

NASSCO National Association of Sewer 
Service Companies

www.nassco.org

NASTT North American Society for 
Trenchless Technology

www.nastt.org

NCPI National Clay Pipe Institute www.ncpi.org

NCSPA National Corrugated Steel 
Pipe Association

www.ncspa.org

NFPA National Fire Protection 
Association

www.nfpa.org 

NIOSH National Institute of 
Occupational Safety and 
Health

http://origin.cdc.gov/
niosh/

NRCS Natural Resources 
Conservation Service

www.nrcs.usda.gov

NSF National Sanitation 
Foundation

www.nsf.org

NSF National Science Foundation www.nsf.gov

NTSB National Transportation 
Safety Board

www.ntsb.gov 

NUCA National Utility Contractors 
Association

www.nuca.com

NWRA National Water Resources 
Association

www.nwra.org

OSHA Occupational Safety & Health 
Administration

www.osha.gov

PCCA Power & Communication 
Contractors Association

www.pccaweb.org

PPFA Plastic Pipe and Fittings 
Association

www.ppfahome.org

www.jsa.or.jp
www.mss-hq.org
www.nace.org
www.nacwa.org
www.napca.com
www.nassco.org
www.nastt.org
www.ncpi.org
www.ncspa.org
www.nfpa.org
http://origin.cdc.gov/niosh/
http://origin.cdc.gov/niosh/
www.nrcs.usda.gov
www.nsf.org
www.nsf.gov
www.ntsb.gov
www.nuca.com
www.nwra.org
www.osha.gov
www.pccaweb.org
www.ppfahome.org
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Acronym Description Website

PPI Plastics Pipe Institute www.plasticpipe.org

PRC Pipeline Research Council www.prci.com

SPE Society of Plastics Engineers www.4spe.org

SPI Society of Plastic Industry, 
Inc.

www.plasticsindustry.org

SSPC The Society of Protective 
Coatings

www.sspc.org

STI Steel Tank Institute www.spfa.org

TRB Transportation Research 
Board

http://trb.org

TSI Transportation Safety 
Institute

www.tsi.dot.gov

TTC Trenchless Technology 
Center, Louisiana Tech 
University

www.latech.edu/tech/engr/
ttc

Uni-Bell Uni-Bell PVC Pipe Association www.uni-bell.org

USACE U.S. Army Corps of Engineer www.usace.army.mil

USDOT U.S. Department of 
Transportation

www.dot.gov

WEF Water Environment Federation www.wef.org

WRc Water Research Center www.wrcplc.co.uk

www.plasticpipe.org
www.prci.com
www.4spe.org
www.plasticsindustry.org
www.sspc.org
www.spfa.org
http://trb.org
www.tsi.dot.gov
www.latech.edu/tech/engr/ttc
www.latech.edu/tech/engr/ttc
www.uni-bell.org
www.usace.army.mil
www.dot.gov
www.wef.org
www.wrcplc.co.uk


APPENDIX D
Glossary of Terms

ABS: Acrylonitrile-butadiene-styrene; a form of thermoplastic.

AC: Asbestos cement; a composite material used in pipe construction.

AMP: Asset management plan; a structured approach for utilities to 
achieve long-term defined service standards or an external bearing used 
to isolate the final drive from the thrusting force of the machine.

ASTM: American Society of Testing Materials.

Auger: A flighted drive tube having hex couplings at each end to 
transmit torque to the cutting head and transfer the spoil back to the 
machine.

Auger boring: Also horizontal auger boring, a technique for forming a 
bore from a drive pit to a reception pit, by means of a rotating cutting 
head. Spoil is removed back to the drive shaft by helically wound auger 
flights rotating in a steel casing. The equipment may have limited steering 
capability. See guided auger boring.

Auger machine: A machine to drill earth horizontally by means of a 
cutting head and auger or other functionally similar device. The machine 
may be either cradle or track type.

Auger MTBM: A type of microtunnel boring machine, which uses auger 
flights to remove the spoil through a separate casing placed through the 
product pipeline.

Auger TBM: Tunnel boring machine in which the excavated soil is 
removed to the drive shaft by auger flights passing through the product 
pipeline pushed in behind the TBM.

Back reamer: A cutting head attached to the leading end of a drill string 
to enlarge the pilot bore during a pullback operation to enable the carrier, 
sleeve, or casing to be installed.

Backstop: Also thrust block, a reinforced area of the entrance pit wall 
directly behind the track or where the jacking loads will be resisted.

Band: A ring of steel welded at or near the front of the lead section of 
casing to cut relief and strengthen the casing (used in horizontal auger 
boring).

413
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Bedding: A prepared layer of material below a pipeline to ensure 
uniform support.

Bent sub: An offset section of drill stem close behind the drill head that 
allows steering corrections to be made by rotation of the drill string to 
orientate the cutting head (used in horizontal directional drilling).

Bentonite: Colloidal clay sold under various trade names that form a 
slick slurry or gel when water is added; also known as driller’s mud. See 
drilling fluids.

Bits: Replaceable cutting tools on the cutting head or drill string.

Bore: A generally horizontal hole produced underground, primarily for 
the purpose of installing services.

Boring: (1) The dislodging or displacement of spoil by a TBM; a rotating 
auger or drill string to produce a hole called a bore. (2) An earth-drilling 
process used for installing conduits or pipelines. (3) Obtaining soil 
samples for evaluation and testing.

Boring machine: An automated mechanism to drill earth.

Boring pit: Also entrance pit, launch or drive pit; an excavation in the 
earth of specified length, depth, and width for placing the boring machine 
on required line and grade.

Bottom inversion: The CIPP tube is inverted through a specially designed 
elbow located at the elevation of the pipe, typically in a manhole or 
excavated pit.

Breakout: Controls the joint make and/or break mechanism (in HDD 
operations).

Burst strength: The internal pressure required to cause a pipe or fitting 
to fail within a specified time period.

Butt-fusion: A method of joining polyethylene and PVC pipe where two 
pipe ends and are rapidly brought together under pressure to form a 
homogeneous bond. 

Bypass: An arrangement of pipes and valves whereby the flow may be 
passed around a hydraulic structure or appurtenance. Also, a temporary 
setup to route flows around a part of a sewer system.

Bypass pumping: Taking all existing flow in a pipe and routing around 
the section of pipe to be renewed, replaced, or repaired.

Calibration hose: A flexible hose inverted into a pulled-in liner and used 
to hold the resin saturated fabric tube up tight against the existing, old, or 
host pipe until final cure has been achieved.

Can: A principal module, which is part of a shield machine as in 
microtunneling or tunnel boring machines (TBMs). Two or more may be 
used, depending on the installation dimensions required and the presence 
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of an articulated joint to facilitate steering. May also be referred to as a 
trailing tube.

Carbon fiber: A reinforcing material used to strengthen cured-in-place 
pipe.

Carriage: The mechanical part of a nonsplit boring machine that includes 
the engine or drives motor, the drive train, thrust block, and hydraulic 
cylinders.

Carrier pipe: The tube, which carries the product being transported, and 
which may go through casings at highway and railroad crossings. It may 
be made of steel, concrete, clay, plastic, ductile iron, or other materials. 
On occasion it may be bored direct under the highways and railroads.

Cased bore: A bore in which a pipe, usually a steel sleeve, is inserted 
simultaneously with the boring operation. Usually associated with 
horizontal auger boring or pipe ramming.

Casing: See casing pipe.

Casing adapter: A circular mechanism to provide axial and lateral 
support of a smaller-diameter casing than that of the casing pusher.

Casing pipe: A steel pipe usually installed by horizontal auger boring or 
pipe ramming methods to support boreholes under roadways or railroad 
tracks through which a carrier (or product) pipes or ducts are installed. 

Casing pipe method: Method in which a casing, generally steel, is pipe 
jacked into place, within which a product pipe is inserted later.

Casing pusher: The front section of a boring machine that distributes the 
thrusting force of the hydraulic cylinders to the casing and forms the 
outside of the spoil ejector system.

Catalyst: The component of a resin system that induces a reaction to 
form heat and subsequently cure the liner.

Cathodic protection: Preventing corrosion of a pipeline by using special 
cathodes (and anodes) to circumvent corrosive damage by electric 
current. Also a function of zinc coatings on iron and steel drainage 
products is galvanic action.

Caulking: General term which, in trenchless technology, refers to 
methods by which joints may be closed within a pipeline.

Cave-in: The separation of a mass of soil or rock material from the side 
of an excavation, or the loss of soil from under a trench shield or support 
system, and its sudden movement into the excavation, either by falling or 
sliding, in sufficient quantity so that it could entrap, bury, or otherwise 
injure and immobilize a person. 

CCTV: See closed-circuit television inspection.

Cell classification: Method of identifying plastic materials, such as 
polyethylene, as specified by ASTM D3350, where the cell classification 



416 A p p e n d i x  D

is based on these six properties: (1) density of base resin (2) melt index 
(3) flexural modulus (4) tensile strength at yield (5) ESCR (6) hydrostatic 
design basis and color.

Cellar drain: A pipe or a series of pipes that collect wastewater which 
leaks, seeps, or flows into subgrade parts of structures and discharges 
them into a building sewers; by other means, dispose of such wastewaters 
into sanitary, combined, or storm sewers. Also referred to as basement
drain.

Chemical grouting: Method for the treatment of the ground around a 
shaft or pipeline, using noncementitious compounds, to facilitate or make 
possible the installation of an underground structure. 

Chemical stabilization: A repair method in which a length of pipeline 
between two access points is sealed by the introduction of one or more 
compounds in solution into the pipe and the surrounding ground and, 
where appropriate, producing a chemical reaction. Such systems may 
perform a variety of functions such as the sealing of cracks and cavities, 
the provision of a new wall surface with improved hydraulic characteri-
stics or ground stabilization.

Chimney: The small vertical section between a manhole frame and cone, 
which is built from brick, masonry, or concrete adjusting rings.

Chippers: See bits.

CIPP: Cured-in-place pipe; a renewal technique whereby a flexible 
resin-impregnated tube is installed into an existing pipe and then cured 
to a hard finish, usually assuming the shape of the existing pipe.

Circumferential: The perimeter around the inner surface of a circular 
pipe cross section.

Circumferential coefficient of expansion and contraction: The fractional 
change in circumference of a material for a unit changes in temperature; 
expressed as inches of expansion or contraction per inch of original 
circumference. 

Closed face: The ability of a tunnel boring machine to close or seal the 
facial opening of the machine to prevent, control, or slow the entering of 
soils into the machine. Also may be the bulk heading of a hand-dug 
tunnel to slow or stop the inflow of material.

Closed-circuit television inspection (CCTV): Inspection method using a 
closed-circuit television camera system with appropriate transport and 
lighting mechanisms to view the interior surface of sewer pipes and 
structures.

Close-fit: Description of a lining system in which the new pipe makes 
close contact with the existing defective pipe at normal or minimum 
diameter. An annulus may occur in sections where the diameter of the 
defective pipe is in excess of this.
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Coefficient of thermal expansion and contraction: The fractional change in 
length of a material for a unit change in temperature.

Collapse: Critical failure of a pipeline when its structural fabric 
disintegrates.

Collaring: The initial entry location of casing or a cutting head into the 
earth.

Collection system: A network of sewers that serves one or more catchment 
areas.

Collector sewer: A sewer located in the public way collects the 
wastewaters discharged through building sewers and conducts such 
flows into larger interceptor sewers, pumping and treatment works 
(referred to also as street sewer).

Combined sewer system: A single network of sewers designed to convey 
stormwater as well as sanitary flows.

Competent person: One who is capable of identifying existing and 
predictable hazards in the surroundings, or working conditions that 
are unsanitary, hazardous, or dangerous to employees, and who has 
authorization to take prompt corrective measures to eliminate them. 

Compressed air method: In trenchless technology, refers to the use of 
compressed air within a tunnel or shaft to balance ground water and 
prevent ingress into an open excavation.

Compression gasket: A device that can be made of several materials in a 
variety of cross sections and that serves to secure a tight seal between two 
pipe sections (e.g., “O” rings).

Compression ring: A ring fitted between the end bearing area of the bell 
and spigot to help distribute applied loads more uniformly. The 
compression ring is attached to the trailing end of each pipe and is 
compressed between the pipe sections during jacking. The compression 
rings compensate for slight misalignment, pipe ends that are not perfectly 
square, gradual steering corrections, and other pipe irregularities. 
Compression rings are also referred to as spacers.

Conduit: A broad term that can include pipe, casing, tunnels, ducts, or 
channels. The term is so broad that it should not be used as a technical 
term in boring or tunneling.

Cone: The section between the top of a manhole wall and chimney or 
the frame. The diameter of the manhole is reduced over the cone section 
to receive the frame. The cone section may be concentric or eccentric. 

Continuous sliplining: See sliplining.

Control console: An electronic unit inside a container located on the 
ground surface, which controls the operation of the microtunneling 
machine. The machine operator drives the tunnel from the control 
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console. Electronic information is transmitted to the control console from 
the heading of the machine. This information includes head position, 
steering angle, jacking force, progression rates, machine face torque, 
slurry and feed line pressures, and laser position. Some control consoles 
are equipped with a computer that tracks the data for a real-time analysis 
of the tunnel drive.

Control lever: A handle that activates or deactivates a boring machine 
function.

Conventional pipe jacking: Jacking pipe sections simultaneously as tunnel 
excavation proceeds using various forms of TBMs or hand mining (not 
microtunneling or pilot tube microtunneling).

Conventional trenching: See open-cut.

Corrugated pipe: Pipe with ridges (corrugations) going around it to make 
it stiffer and stronger. The corrugations are usually in the form of a sine 
wave a+B181nd are usually made of galvanized steel or aluminum.

Cradle machine: A boring machine typically carried by another machine 
that uses winches to advance the casing. 

Creep: The dimensional change, with time, of a material, such as plastic, 
under continuously applied stress after the initial elastic deformation.

Crossing: Pipeline installation in which the primary purpose is to 
provide a passage beneath a surface obstruction, such as a road, railroad 
track, lake or river.

Crown: (1) Top of pipe segment, or (2) The highest elevation within a 
pipe.

Cured-in-place pipe (CIPP): A lining system in which a thin flexible tube 
of polymer or glass fiber fabric is impregnated with thermoset resin and 
expanded by means of fluid pressure into position on the inner wall of a 
defective pipeline before curing the resin to harden the material. The 
uncured material may be installed by winch or inverted by water or air 
pressure, with or without the aid of a turning belt.

Cut and cover: See open-cut.

Cutterhead: Any rotating tool or system of tools on a common support 
that excavates at the face of a bore; usually applies to the mechanical 
methods of excavation.

Cutter bit (cutter head): The actual teeth and supporting structure that is 
attached to the front of the lead auger, drill stem, or front face of the 
tunnel-boring machine. It is used to reduce the material that is being 
drilled or bored to sand or loose dirt so that it can be conveyed out of the 
hole. Usually applies to mechanical methods of excavation, but may also 
include fluid jet cutting.

Dead man: A fixed anchor point used in advancing a saddle or cradle-
type boring machine.
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Deformed and reshaped: See modified sliplining.

Diameter of reamer: Largest diameter of reamer (in horizontal directional 
drilling).

Dimension ratio (DR): See standard dimension ratio (SDR).

Dimple: A term used in tight fitting pipeline renewal, where the new 
plastic pipe forms an external departure or a point of expansion slightly 
beyond the underlying pipe wall where unsupported at side connections. 
The dimples are used for location and reinstatement of laterals.

Directional drilling: A steerable system for the installation of pipes, 
conduits, and cables in a shallow arc using a surface launched drilling 
rig. Traditionally the term applies to large-scale crossings in which a 
fluid-filled pilot bore is drilled using a fluid-driven motor at the end of a 
bend-sub, and is then enlarged by a washover pipe and back reamer to 
the size required for the product pipe. The positioning of a bent sub 
provides the required deviation during pilot boring. Tracking of the drill 
string is achieved by the use of a downhole survey tool.

Dog plate: See backstop.

Drill bit: A tool that cuts the ground at the head of a drill string, usually 
by mechanical means, but may include fluid jet cutting.

Drill string: (1) The total length of drill rods or pipe, bit, swivel joint and 
so on in a drill borehole. (2) System of rods used with cutting bit or 
compaction bit attached to the drive chuck.

Drilling fluid or mud: A mixture of water and usually bentonite and/or 
polymer continuously pumped to the cutting head to facilitate cutting, 
reduce required torque, facilitate the removal of cuttings, stabilize the 
borehole, cool the head, and lubricate the installation of the product pipe. 
In suitable soil conditions water alone may be used. 

Drive or entry or launch or jacking shaft or pit: Excavation from which 
trenchless technology equipment is launched for the installation of a 
pipeline. In pipe jacking, it incorporates a thrust wall to spread reaction 
loads to the soil.

Dry bore: Any drilling or rod pushing system not employing drilling 
fluid in the process. Usually associated with guided impact moling, but 
also some rotary methods.

Earth piercing: (1) Term commonly used in North America as an 
alternative to impact moling. (2) The use of a tool, which comprises a 
percussive hammer within a suitable casing, generally of torpedo shape. 
The hammer may be pneumatic or hydraulic. The term is usually 
associated with nonsteered devices without rigid attachment to the 
launch pit, relying upon the resistance (friction) of the ground for forward 
movement. During operation, the soil is displaced not removed. An 
unsupported bore may be formed in suitable ground, or a pipe drawn in, 
or pushed in, behind the tool. Cables may also be drawn in.
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Earth pressure balance (EPB) machine: Type of microtunneling or 
tunneling machine in which mechanical pressure is applied to the 
material at the face and controlled to provide the correct counterbalance 
to earth pressures to prevent heave or subsidence. The term is usually not 
applied to those machines where the pressure originates from the main 
pipe jacking rig in the drive shaft/pit or to systems in which the primary 
counterbalance of earth pressures is supplied by pressurized drilling 
fluid.

Earth pressure balance shield: Mechanical tunneling shield that uses a 
full face to support the ground in front of the shield and usually employs 
an auger flight to extract the material in a controlled manner.

Emergency repair: An unscheduled repair that must be made during a 
pipe failure or collapse. This type of repairs may cost many times (usually 
10 times more, not including social costs) of planned repair costs and may 
not be as effective and/or permanent.

Emergency stop: A red, manually operated push button that, when 
activated, stops all functions of the machine.

Entrance pit: (1) See boring pit or drive shaft.

Entry/exit angle: Angle to horizontal (the ground surface) at which the 
drill string enters or exits in forming the pilot bore in a horizontal 
directional drilling operation.

EPDM (ethylene-propylene-diene monomer): Type of rubber that has excellent 
resistance to ozone, sunlight, and oxygen. It also has excellent resistance 
to acids, alkalis, and ketones. Plus, it has excellent heat resistance and 
aging. However it has poor resistance to fuels and oils.

Epoxy: Resin formed by the reaction of bisphenol and epichlorohydrin.

Epoxy lining: A curable resin system based on epoxy resins.

Exfiltration: The leakage or discharge of flows being carried by pipes or 
sewers out into the ground through leaks in pipes, joints, manholes, or 
other sewer system structures; the reverse of infiltrations.

Exit pit: See reception shaft.

Exit shaft: See reception shaft.

Expander: A tool, which enlarges a bore during a pullback operation by 
compression of the surrounding ground rather than by excavation. 
Sometimes used during a pipe bursting process as well as during 
horizontal directional drilling

Face stability: Stability of the excavated face of a tunnel or pipe jack 
operation.

Felt: A material specially designed to soak up, hold, and transport resins 
in place to produce a hard cured-in-place pipe.
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Fiberglass: A high strength material that is commonly layered with a felt 
material to add reinforcement for the resin cured-in-place pipe.

Fillers: Materials used to enhance the capabilities of a resin system.

Film: Either an outer or inner material to protect the resin impregnated 
tube from contaminants.

Flexural modulus: The slope of the curve defined by flexural load 
versus resultant strain. A high flexural modulus indicates a stiffer 
material.

Flexural strength: The strength of a material in bending expressed as the 
tensile stress of the outermost fibers at the instant of failure.

Flight: The spiral plates surrounding the tube of an auger.

Fluid cutting: (1) An old trenchless method where pressurized fluid jets 
are mainly used to provide the soil cutting action. (2) A process using 
high-pressure fluid to wash out the face of a utility crossing without any 
mechanical or hand excavation of the soils in the face. This method is no 
longer allowed.

Fluid-assisted boring or drilling: A type of horizontal directional drilling 
technique using a combination of mechanical drilling and pressurized 
fluid jets to provide the soil cutting action.

Fold and form lining: Method of pipeline renewal in which a liner is 
folded to reduce its size before insertion and reversion to its original 
shape by the application of pressure, or heat, or both.

Fold and form pipe: A pipe renewal method where a plastic pipe 
manufactured in a folded shape of reduced cross-sectional area is pulled 
into an existing conduit and subsequently expanded with pressure and 
heat. The reformed plastic pipe fits snugly and takes the shape of the ID 
of the existing, old, or host pipe.

Force-main: A pipeline that conveys sanitary, combined, or stormwater 
flow under pressure from a pumping (or lift) station to a discharge point 
(treatment plant).

Forward rotation: The clockwise rotation of the auger as viewed from the 
machine end.

Gel Time: The time, at which a catalyzed resin system will begin to cure, 
creating internal heat and thus beginning to harden.

Geographical information system (GIS): A computer software system 
designed to store, manipulate, analyze, and print geographically 
referenced information.

Gravity sewer: A sewer that is designed to operate under open channel 
conditions (below pipe full capacity) up to a maximum design flow at 
which point it will become surcharged.
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Ground mat: Usually used in horizontal directional drilling, metal mats 
rolled out on either side of drill rack for operators and crew to stand on 
during operation to give grounding protection in case of electrical 
strike.

Ground rod: This is a copper or brass rod that is hand driven into the 
ground and is connected to the drill rack and mats to provide adequate 
grounding of an HDD rig.

Groundwater table (or level): Upper surface of the zone of saturation in 
permeable rock or soil (when the upper surface is confined by impermeable 
rock, the water table is absent).

Grout: (1) Material used to seal pipeline and manhole cracks; also used 
to seal connections within pipe or sewer structures. (2) A material, usually 
cement or polymer based, used to fill the annulus between the existing 
pipe and the lining; and also to fill voids outside the existing pipeline. 
(3) A material such as cement slurry, sand, or pea gravel that is pumped 
into voids.

Grouting: (1) Filling of the annular space between the existing, old, or 
host pipe and the carrier pipe. Grouting is also used to fill the space 
around laterals and between the new pipe and manholes. Other uses of 
grouting are for localized repairs of defective pipes and ground 
improvement prior to excavation during new installations. (2) The 
process of filling voids, or modifying or improving ground conditions. 
Grouting materials may be cementitious, chemical, or other mixtures. In 
trenchless technology, grouting may be used for filling voids around the 
pipe or shaft, or for improving ground conditions. (3) A method of filling 
voids with cementitous or polymer grout.

GRP: Glass reinforced plastic, a family of renewal linings. Often 
generically known as reinforced plastic mortar (RPM) and reinforced 
thermosetting resin (RTR).

Guidance system: The guidance system continuously confirms the 
position of the TBM. 

Guide rail: Device used to support or guide, first the shield and then the 
pipe within the drive shaft during a pipe jacking or utility tunneling 
operation.

Guided auger boring: Pilot tube microtunneling. A modified version of 
horizontal auger boring method. 

Guided boring: This term is used in Europe for small diameter horizontal 
directional drilling method.

Guided drilling: See guided boring.

Gunite: A renewal technique that employs steel reinforcement fixed to 
the inside surface of an existing sewer line, which is sprayed with dry 
concrete.
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HDPE: High density polyethylene, see polyethylene.

Head (static): The height of water above any plane or point of references. 
(The energy possessed by each unit of weight of a liquid, expressed as the 
vertical height through which a unit of weight would have to fall to 
release the average energy posed.) Standard unit of measure shall be the 
foot. Head in feet for water is 1 psi = 2.310 ft.

Heat cure: The application of either steam or hot water to cure a resin 
saturated tube.

Heaving: A process in which the ground in front of a tunneling or pipe 
jacking operation may be displaced forward and upward, causing an 
uplifting of the ground surface.

Height of cover (HC): Distance from crown of a pipe or conduit to the 
finished road surface, or ground surface, or the base of the railway.

High density polyethylene: A plastic resin made by the copolymerization of 
ethylene and a small amount of another hydrocarbon. The resulting base 
resin density, before additives or pigments, is greater than 0.941 g/cc.

Hoop stress: The circumferential force per unit areas, psi, in the pipe 
wall owing to internal pressure.

Horizontal directional drilling (HDD): See directional drilling.

Horizontal earth boring machine: A machine used to bore horizontally 
through the earth by means of a MTBM, cutterhead, rotating tool, or 
ramming tool.

Horizontal auger boring: The use of auger boring machines to prepare 
holes by the installation of a casing whereby the spoil is removed by the 
use of augers.

Host pipe: In trenchless renewal and replacement methods. Existing, 
old, or deteriorated pipe.

Hydraulic gradient line (HGL): An imaginary line through the points to 
which water would rise in a series of vertical tubes connected to the pipe. 
In an open channel, the water surface itself is the hydraulic grade line.

Hydrogen sulfide: An odorous gas found in sewer systems with chemical 
formula of H2S.

I/I: Infiltration/inflow; infiltration stands for ground water seepage 
and inflow stands for surface water flow into the gravity collection 
system.

Impact moling: Method of creating a bore using a pneumatic or hydraulic 
hammer within a casing, generally of torpedo shape. The term is usually 
associated with nonsteered or limited steering devices without rigid 
attachment to the launch pit, relying upon the resistance of the ground 
for forward movement. During the operation the soil is displaced, not 
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removed. An unsupported bore may be formed in suitable ground, or a 
pipe drawn in, or pushed in, behind the impact moling tool. 

Impact ramming: See pipe ramming.

Impervious coating: The outer layer of a CIPP tube that will prevent the 
installation water or steam from mixing with the resin system in the 
tube.

Impregnated tube: A felt tube fully saturated with a catalyzed resin 
system.

In-line replacement: The process of breaking out of an existing, old, or 
host pipeline and the installation of a new pipeline at the same location. 
With this method, the existing pipeline will serve as a “pilot bore” for the 
new pipe installation, which might be a different pipe material with the 
same or larger diameter, and will be installed with the same alignment of 
the existing pipe.

Infiltration: Penetration of groundwater into the sewer system through 
cracks and defective joints in the pipeline, or through lateral connections, 
or manholes.

Infiltration or inflow (I/I): The total quantity of water from both infiltration 
and inflow without distinguishing the source.

Inflow: Storm water discharged into a sewer system and service 
connections from sources on the surface.

Interjack pipes: Pipes specially designed for use with an intermediate 
jacking station used in pipe jacking and microtunneling operations.

Interjack station: See intermediate jacking stations.

Intermediate jacking method: Pipe jacking or microtunneling method to 
redistribute the jacking force by the use of intermediate jacking stations.

Intermediate jacking stations: A fabricated steel cylinder fitted with 
hydraulic jacks that are incorporated into jacking pipes strung between 
two pipe segments. Its function is to distribute the jacking load over the 
pipe string on long drives thereby decreasing the total jacking forces 
exerted on the thrust block and pipe sections near the shaft.

Internal seal: Internal seals are used for structural repair pipe joints and 
missing pipe sections. It can be used in both worker entry and non worker 
entry pipes.

Inversion: The process of turning a fabric tube inside out with water or 
air pressure as is done at installation of a cured-in-place pipe (CIPP).

Invert: (1) The lowest point on the pipe circumference; also the defined 
channel in the manhole platform that directs flow from inlet pipe to outlet 
pipe. (2) The inside bottom, lowest elevation, of a pipe. 
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Jacking: The actual pushing of pipe or casing in an excavated hole. This 
is usually done with hydraulic cylinders (jacks), but has been done with 
mechanical jacks and air jacks. 

Jacking force: Force applied to pipes in a pipe jacking operation.

Jacking frame: A structural component that houses the hydraulic 
cylinders used to propel the microtunneling machine and pipeline. The 
jacking frame serves to distribute the thrust load to the pipeline and the 
reaction load to the shaft wall or thrust wall.

Jacking pipes: Pipes sections with smooth outside joints designed to be 
installed using pipe jacking techniques.

Jacking pit: See jacking shaft.

Jacking shaft (also launch or entry shaft): Excavation from which trenchless 
technology equipment is launched for the installation or renewal of a 
pipeline.

Jacking shield: A steel cylinder from within which the excavation is 
carried out either by hand or machine. Incorporated within the shield are 
facilities to allow it to be adjusted to control line and grade.

Joint sealing: Method in which an inflatable packer is inserted into a 
pipeline to span a leaking joint, resin, or grout being injected until the 
joint is sealed and the packer then removed.

Lateral: A service line that transports wastewater from individual 
buildings to a main sewer line.

Lateral connection: The point at which the downstream end of a building 
drain or sewer connects into a larger-diameter sewer. 

Launch pit: See drive shaft or pit.

Lead pipe: The leading pipe designed to fit the rear of a jacking shield 
and over which the trailing end of the shield is fitted.

Light cure: The curing of a CIPP liner using UV light energy in lieu of 
either water or steam.

Liner: A fabric tube that has been saturated with a liquid resin.

Liner plate: A proprietary product, used to line tunnels instead of casing, 
and comes in formed steel segments. When these segments are bolted 
together they form a structural tube to protect the tunnel from collapsing. 
The segments are made so that they may be bolted together from inside 
the tunnel.

Lining: A renewal process where a new pipe or coating material is 
inserted or cured in place to give an existing pipe a new design life. 

Localized (spot) repair: Repair work on an existing pipe, to an extent less 
than the run between two access points or manholes.
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Locator: An electronic instrument used to determine the position and 
strength of electro-magnetic signals emitted from a transmitter (sonde) in 
a directional drilling operation, or from existing underground services, 
which have been energized, thereby identifying its location. In horizontal 
directional drilling it is referred to as a walkover system.

Machine upset: The inadvertent action of a horizontal auger boring 
machine that rotates the machine and track from its normal and upright 
position to another position.

Man-entry: Also worker-entry, describes any inspection, construction, 
renewal or repair process, which requires an operator to enter a pipe, 
duct, or bore. OSHA currently has no minimum size limit for worker-
entry operations; however, they address a much broader concept of 
confined space in Title 29 Code of Federal Regulations Part 1910.146. The 
minimum size for which this is currently permissible in the United 
Kingdom is 900 mm (approximately, 36 in.). Many trenchless technologies 
do not require worker-entry inside the pipe.

Manhole: A structure that allows access to the sewer system.

Manual inspection: Method of sewer inspection that usually involves 
physical entry and hands-on examination. 

Microtunneling: A trenchless construction method for installing pipelines. 
Microtunneling uses all of the following features during construction: 
(1) Remote controlled––The microtunneling-boring machine (MTBM) is 
operated from a control panel, normally located on the surface. The 
system simultaneously installs pipe as spoil is excavated and removed. 
Personnel entry is not required for routine operation. (2) Guided––The 
guidance system usually references a laser beam projected onto a target 
in the MTBM, capable of installing gravity sewers or other types of 
pipelines to the required tolerance, for line and grade. (3) Pipe jacked––
The process of constructing a pipeline by consecutively pushing pipes 
and MTBM through the ground using a jacking system for thrust. 
(4) Continuously supported––Continuous pressure is provided to the 
face of the excavation to balance groundwater and earth pressures.

Microtunnel boring machine (MTBM): See microtunneling.

Midi-HDD: Steerable surface-launched horizontal directional drilling 
equipment for installation of pipes, conduits, and cables. Applied to 
intermediate sized drilling rigs used as either a small directional drilling 
machine or a large guided boring machine. Tracking of the drill string 
may be achieved by either a downhole survey tool or a walk-over 
locator.

Mini-horizontal directional drilling (Mini-HDD): Small diameter horizontal 
directional drilling. In Europe it is called guided boring.

Mixed face: A soil condition that presents two or more different types of 
material in the path of the bore.
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Modified sliplining: A range of techniques in which the liner is reduced in 
cross-sectional diameter before insertion into the carrier pipe. It is 
subsequently restored close to its original diameter, generally forming a 
close-fit with the original pipe. There are different methods of cross 
sectional area reduction.

Needled felt: A highly absorbent felt material specially designed for the 
CIPP tube fabrication.

Non-worker entry: Size of pipe, duct, or bore, less than that for worker-entry.

Occupational illness: Any abnormal condition or disorder caused by 
exposure to environmental factors associated with employment. For 
excavations this might include illnesses caused by the inhilation of toxic 
vapors.

Open-cut: The method by which access is gained to the required level 
underground for the installation, repair, or replacement of a pipe, conduit, 
or cable. The excavation is then backfilled and the surface restored.

Open face shield: Shield in which manual excavation is carried out from 
within a steel tube at the front of a pipe jacking operation.

On-site wet-out: A non-factory tube wet-out that is performed over the 
hole in the field.

Ovality: There are two definitions: (1) the difference between the 
maximum and mean diameter divided by the mean diameter, and (2) the 
difference of the mean and minimum divided by the mean, at any 
one cross section of a pipe, generally expressed as a percentage.

Overcut: The annular space between the excavated borehole and the 
outside diameter of the pipe.

PACP: Pipeline Assessment Certification Program by NASSCO.

Panel lining: Panel lining is a modified sliplining method. The shape of 
the culvert is covered by preparing panels and fitting them to the culvert. 
It can be used to structurally renew large diameter pipes. This method 
can accommodate different shapes.

PE: Polyethylene; a form of thermoplastic pipe.

pH: A measure of the acidity or alkalinity of a solution. A value of seven 
is neutral; lower numbers indicate more acidity.

Physical pipe inspection: The crawling or walking through manually 
accessible pipe lines. The logs for physical pipe inspection record 
information of the kind detailed under television inspection. Manual 
inspection is only undertaken when field conditions permit this to be 
done safely. Precautions are necessary.

Piercing tool: Similar to closed-face pipe ramming, but for small diameter 
(2 to 6 in.) boring; used for cable installations under roadways.
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Pilot bore: The action of creating the first (usually steerable) pass of any 
boring process, which later requires back-reaming or similar enlarging 
process to install the product pipe. Most commonly applied to horizontal 
directional drilling but also used in pilot tube microtunneling and guided 
auger boring systems.

Pilot tube method: See pilot tube microtunneling.

Pinch rollers: Used to control the thickness of the resin impregnated tube 
during wet-out.

Pipe bursting: A pipe replacement method for breaking the existing pipe 
by brittle fracture, using force from within, applied mechanically, the 
remains being forced into the surrounding ground. At the same time a 
new pipe, of the same or larger diameter, is drawn in behind the bursting 
tool. The pipe-bursting device may be based on an impact moling tool to 
exert diverted forward thrust to the radial bursting effect required, or by 
a hydraulic device inserted into the pipe and expanded to exert direct 
radial force or a static hammer. For new pipe, generally a HDPE pipe is 
used, but currently PVC, ductile iron, clay and GRP is also used. Also 
known as pipe cracking and pipe splitting.

Pipe displacement: See pipe bursting.

Pipe eating: A pipe replacement technique, usually conducted by use of 
a horizontal directional drilling rig, in which a defective pipe is pulverized 
during the backreaming operation. Also microtunneling machines 
can be used where the existing pipe is excavated together with the 
surrounding soil as for a new installation. The microtunneling shield 
machine will usually need some crushing capability to perform effectively. 
The defective pipe may be filled with grout to improve steering 
performance.

Pipe jacking: A system of directly installing pipes behind a shield 
machine by hydraulic jacking from a drive shaft, such that the pipes form 
a continuous string in the ground.

Pipe ramming: A nonsteerable system of forming a bore by driving an 
open-ended steel casing using a percussive hammer from a drive pit. 
The soil may be removed from the casing by augering, jetting, or 
compressed air.

Pipe reaming: A variation of directional boring, pipe reaming can be 
used to replace existing clay, asbestos cement, non-reinforced concrete 
and PVC pipe. A reamer is pulled through the existing pipe, which cuts 
the pipe into small pieces. The pipe pieces are flushed out the borehole 
with the drilling fluid.

Pipe segment: A specific portion of the sewer or pipeline system; which 
usually runs between two structures (e.g., manhole, trap tanks, sumps); 
identified with unique sewer or pipe structure ID number.
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Pipe splitting: Replacement method for breaking an existing pipe by 
longitudinal slitting. At the same time a new pipe of the same or larger 
diameter may be drawn in behind the splitting tool. See also pipe bursting.

Pipeline rehabilitation: See pipeline renewal.

Pipeline renewal: The in-situ renewal of an existing pipeline, which has 
become deteriorated. The selection of appropriate renewal method is 
dependent on type of application and characteristics and types of defects 
of the existing pipe. See Chap. 2 for method selection criteria.

Plastic: Any of a variety of thermoplastic and thermoset material used 
in pipeline construction and renewal (e.g., polypropylene, PVC, fiberglass 
reinforced plastics, polyester felt reinforced pipe, epoxy and polyester 
mortars, and so on).

Point CIPP: CIPP techniques entail impregnating fabric with a suitable 
resin, pulling this into place within the sewer around an inflatable packer 
or mandrel, and then filling the packer with water, steam, or air under 
pressure to press the patch against the existing sewer wall while the resin 
cures.

Point repairs: Repair works on an existing pipe, to an extent less than the 
run between two access points or manholes.

Point source repair: See localized repair.

Polyester: Resin formed by condensation of polybasic and monobasic 
acids with polyhydric alcohols.

Polyethylene: A ductile, durable, virtually inert thermoplastic composed 
by polymers of ethylene. It is normally a translucent, tough solid. In pipe 
grade resins, ethylene-hexene copolymers are usually specified with 
carbon black pigment for weatherability.

Polymer coating: It is a thermoset coating made up of inert plastic-like 
epoxies, urethanes and ureas, polyesters, which have a high resistance to 
corrosion; they are applied by trained professionals using special spraying 
equipments and as per the manufacturers specifications.

Polyolefin: A family of plastic material used to make pipes.

Polypropylene (PP): A type of plastic pipe from the polyolefin family. 

Potholing: Digging a vertical hole to visually locate a utility.

Preparatory cleaning: Internal cleaning of pipelines, particularly sewers, 
prior to inspection, usually with water jetting and removal of material 
where appropriate.

Preventative maintenance: Routine maintenance designed to prevent 
pipeline system failures and resulting emergency repairs.

Product pipe: Permanent pipeline for operational use. Pipe for conveyance 
for water, gas, sewage, and other products.
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Protruding: To be projecting outward.

Pull-back force: The tensile load applied to a drill string during the pull 
back process. Horizontal directional drilling rigs are generally rated by 
their maximum pull-back force.

PVC: Polyvinyl chloride; a form of thermoplastic pipe.

Quality assurance: includes developing inspection and testing methods 
to ensure products or services are designed and produced to meet or 
exceed owner requirements.

Quality control: includes providing evidence needed (test results) to 
establish confidence among all concerned, that quality-related activities 
are performed.

Radian: An arc of a circle equal in length to its radius; or the angle at the 
center measured by the arc.

Ramming: A percussive hammer is attached to an open-end casing, 
which is driven through the ground. See pipe ramming.

Receiving pit: (1) See exit pit. (2) An opening in the earth located at the 
expected exit of the cutting head or tunneling machine (TBM). (3) The 
pit that is dug at the end of the bore, opposite the jacking pit. Also 
target pit.

Receiving shaft: See reception shaft.

Reception or exit shaft or pit: Excavation into which trenchless technology 
equipment is driven and recovered following the installation of the 
product pipe, conduit, or cable. See receiving pit.

Registered professional engineer: means a person who is registered as a 
professional engineer in the state where the work is to be performed. 
However, a professional engineer, registered in any state is deemed to be 
a “registered professional engineer” when approving designs for 
“manufactured protective systems” or “tabulated data” to be used in 
interstate commerce. 

Rehabilitation: See renewal.

Reinstatement: Method of backfilling, compaction, and resurfacing of 
any excavation to restore the original surface and underlying structures 
to enable it to perform its original function.

Remote-control system (microtunneling): The remote-control system 
monitors and controls the MBTM, the automated transport system, and 
the guidance system from a location not in the MTBM.

Renewal: All aspects of rehabilitating, reconstructing, renovating, or 
upgrading with a new design life for the performance of existing pipeline 
systems.

Renovation: See renewal.
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Repair: Reconstruction of short pipe lengths, but not the reconstruction 
of a whole pipeline. Therefore, a new design life is not provided. In contrast, 
in pipeline renewal, a new design life is provided to existing pipeline 
system.

Replacement: Replacing an old, existing, or deteriorated pipe with a 
new pipe by use of open-cut, inline replacement (pipe bursting), and/or 
other new installation methods (HDD, microtunneling, etc.). The new 
pipe may have a larger diameter and different pipe material from the 
existing or old pipe.

Resin impregnation (wet-out): A process used in cured-in-place pipe 
installation where a plastic coated fabric tube is uniformly saturated 
with a liquid thermosetting resin, while air is removed from the coated 
tube by means of vacuum suction.

Resins: An organic polymer, solid or liquid; usually thermoplastic or 
thermosetting.

Reverse: In horizontal auger boring, the counterclockwise rotation of 
the auger as viewed from the machine end.

Ring compression: The principal stress in a confined thin circular ring 
subjected to external pressure.

Robot: Remote-control device with closed-circuit television (CCTV) 
monitoring, used mainly in localized repair work, such as cutting away 
obstructions, reopening lateral connections, grinding and refilling 
defective areas, and injecting resin into cracks and cavities.

Robotic cutter: A device used to re-open house connections after the 
installation of a liner without excavation.

Rod pushing: Method of forming a pilot bore by driving a closed pipe 
head with rigid attachment from a launch pit into the soil, which is 
displaced. See thrust boring.

Roller cone bit or reamer: A bit or reamer in which the teeth rotate on 
separate, internal shafts that are usually aligned perpendicular to line. 
Used for boring rock.

Rollers: The rollers that control the exact amount of resin material that is 
required to properly saturate a felt tube.

Rotary rod machine: A machine used to drill earth horizontally by means 
of a cutting head attached to a rotating rod (not an auger). Such drilling 
may include fluid injected to the cutting head through a hollow rod.

Saddle: In horizontal auger boring, a vertical support mechanism to 
hold the casing in position while starting (collaring) the bore.

Saturated tube: See impregnated tube.

SBR (styrene butadiene): Type of rubber that has good abrasion resistance 
and excellent impact and cut-and-gouge resistance. Used as gasket material.
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SDR: See standard dimension ratio

Segmental lining: See sliplining.

Segmental sliplining: See sliplining. 

Self-cleansing: A consequence of good hydraulic design when the pipe 
invert is kept relatively free of sediments by ensuring adequate flow 
velocities.

Semi-structural liner: A liner that in its own entity does not have the 
required strength to withstand internal, external, or both types of loading 
from soil column, traffic, and groundwater pressure for the design life of 
the product, but will offer some level of structural support against internal 
pressure.

Separate system: A system that uses sanitary sewers to convey the 
wastewater and stormwater sewers to carry the stormwater.

Sewer: An underground pipe or conduit for transporting stormwater, 
or wastewater, or both.

Sewer cleaning: The use of mechanical or hydraulic equipment to 
dislodge, transport, and remove debris from sewer lines.

Sewer lateral: A building sewer (sometimes referred to as a sewer lateral 
or house lateral) is the pipeline between the public sanitary sewer line, 
which is usually located in the street, and the indoor plumbing.

Sewer pipe: A length of conduit, manufactured from various materials 
and in various lengths, that when joined together can be used to transport 
wastewaters from the points of origin to a treatment facility. Types of 
pipe are: acrylonitrile-butadiene-styrene (ABS); asbestos-cement (AC); 
brick pipe (BP); concrete pipe (CP); cast iron pipe (CIP); polyethylene 
(PE); polyvinyl chloride (PVC); and vitrified clay (VC).

Shield (shield system): means a structure that is able to withstand the 
forces imposed on it by a cave-in and thereby protect employees within 
the structure. Shields can be permanent structures or can be designed to 
be portable and moved along as work progresses. Additionally, shields 
can be either pre-manufactured or job-built in accordance with 
1926.652(c)(3) or (c)(4). Shields used in trenches are usually referred to as 
“trench boxes” or “trench shields.” 

Shoring (shoring system): A structure such as a metal hydraulic, 
mechanical or timber shoring system that supports the sides of an 
excavation and is designed to prevent cave-ins. 

Shotcrete: Spraying wet concrete (see also gunite). 

Skin friction: Resistance to advancement caused by soil pressure around 
the pipe or casing. 

Slipline: A renewal technique covering the insertion of one pipe inside 
an existing pipe.



G l o s s a r y  o f  Te r m s  433

Sliplining: (1) General term used to describe methods of lining with 
continuous pipes and lining with discrete pipes. (2) Insertion of a new 
pipe by pulling or pushing it into the existing pipe and grouting the 
annular space. The pipe used may be continuous or a string of discrete 
pipes. The latter is also referred to as segmental sliplining.

Slurry: A fluid, mainly water mixed with bentonite and sometimes 
polymers, used in a closed loop system for the removal of spoil and 
for the balance of groundwater pressure during tunneling and micro-
tunneling operations.

Slurry chamber: Located behind the cutting head of a slurry micro-
tunneling machine. Excavated material is mixed with slurry in the 
chamber for transport to the surface.

Slurry line: A series of hoses or pipes that transport tunnel muck and 
slurry from the face of a slurry microtunneling machine to the ground 
surface for separation.

Slurry separation: A process where excavated material is separated from 
the circulation slurry.

Slurry shield method: Method using a mechanical tunneling shield with 
closed face, which employs hydraulic means for removing the excavated 
material and balances the ground water pressure. See also earth pressure 
balance machine. 

Social costs: Costs incurred by society as a result of underground 
pipeline construction and renewal. These include but not limited to traffic 
disruptions, environmental damages, safety hazards, inconvenience to 
general public, and business losses owing to road closures.

Soft lining: See cured-in-place pipe (CIPP).

Spiral lining: A technique in which a ribbed plastic strip is spirally 
wound by a winding machine to form a liner, which is inserted into a 
defective pipeline. The annular space may be grouted or the spiral 
liner expanded to reduce the annulus and form a close-fit liner. In 
larger diameters, the strips are sometimes formed into panels and 
installed by hand. Grouting the annular space after installation is 
recommended.

Spiral weld pipe (casing): Pipe made from coils of steel plate by 
wrapping around a mandrail in such a manner that the welds are a 
spiral helix.

Spiral wound: In this process a new pipe is installed inside the existing 
pipe from the continuous strip of polyvinyl chloride (PVC). The strip has 
tongue and groove casting on its edges. It is fed to a special winding 
machine placed in a manhole, which creates a continuous helically wound 
liner that proceeds through the existing pipe. The continuous spiral joint 
is watertight. Upon completions of the annulus space between the lining 
and the existing pipe wall is usually required.
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Spoil (muck): Earth, rock, and other materials displaced by a tunnel, 
pipe or casing, and removed as the tunnel, pipe or casing is installed. In 
some cases, it is used to mean only the material that has no further use.

Spot repair: See localized repair.

Spray lining: A technique for applying a lining of cement mortar or resin 
by rotating a spray head, which is winched through the existing pipeline.

Springline: (1) An imaginary horizontal line across the pipe that passes 
between the points where the pipe has its greatest cross-sectional width. 
(2) Midpoint of a pipe cross section (equal vertical distance between the 
crown and the invert of the pipe).

Standard dimension ratio (SDR): Standard dimension ratio is defined as 
the ratio of the outside pipe diameter to wall thickness. Same as DR.

Static mixer: A computerized device that provides fast, uniform resin 
and catalyst mixing.

Steering head: In horizontal auger boring, a moveable lead section of 
casing that can be adjusted to steer the bore.

Styrene: A component of polyester and many vinyl ester resin systems.

Subsidence: The settlement of the ground, pipeline, or other structure. 
The effects may not be evenly distributed and/or immediately noticeable. 
Differential settlement may occur.

Sump: A depression usually in the drive pit to allow the collection of 
water and the installation of a sump pump for water removal.

Swivel: In horizontal directional drilling, it is used to attach product 
pipe (to be pulled into drilled hole) to drill pipe to prevent it from rotating.

Target shaft or pit: See reception or exit shaft or pit.

TBM: See tunnel boring machine.

Teeth: See bits.

Televise: Process by which a sewer, pipeline or lateral is inspected with 
a closed-circuit television camera.

Thermocouple: A device used to measure the internal temperature of a 
resin-saturated felt tube during the installation process.

Thermoformed pipe: A type of renewal method that uses polyvinyl 
chloride (PVC) or polyethylene (PE) pipe that is expanded by thermo-
forming to fit tightly to fit inside the existing, old, or host pipe.

Thermoplastic (TP): A polymer material, such as polyethylene, that will 
repeatedly soften when heated and harden and reformed when cooled. 
TPs are generally much easier to recycle than their thermoset (see below) 
counterparts.
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Thermoset (TS): A polymer material, such as rubber, that does not melt 
when reheated. TS polymers can be formed initially into almost any 
desired shape, but they cannot be reformed at a later time.

Thermoset resin: A material, such as epoxies, that will undergo or has 
undergone a chemical reaction by the action of heat, chemical catalyst, 
ultraviolet light, etc., leading to an infusible state.

Thrust: Force applied to a pipeline or drill string to propel it through the 
ground.

Thrust block: See backstop.

Thrust boring: A method of forming a pilot bore by driving a closed 
pipe or head from a thrust pit into the soil which is displaced. Some 
small-diameter models have steering capability achieved by a slanted 
pilot-head face and electronic monitoring. Back reaming may be used to 
enlarge the pilot bore. Also loosely applied to various trenchless 
installations methods. See rod pushing.

Thrust jacking method: Method in which a pipe is jacked through the 
ground without mechanical excavation of material from the front of the 
pipeline.

Thrust pit: See drive pit.

Thrust ring: A fabricated ring that is mounted on the face of the jacking 
frame. It is intended to transfer the jacking load from the jacking frame to 
the thrust bearing area of the pipe section being jacked.

Top Inversion: The CIPP tube is inverted from an inversion ring located 
at the top of the inversion platform.

Torque: The rotary force available at the drive chuck.

Track: A set of longitudinal rails mounted on cross members that support 
and guide a horizontal auger boring machine.

Trench (trench excavation): A narrow excavation (in relation to its length) 
made below the surface of the ground. In general, the depth is greater 
than the width, but the width of a trench (measured at the bottom) is not 
greater than 15 feet (4.6 m). If forms or other structures are installed or 
constructed in an excavation, so as to reduce the dimension measured 
from the forms or structure to the side of the excavation to 15 feet (4.6 m) 
or less (measured at the bottom of the excavation), the excavation is also 
considered to be a trench. 

Trenching: See open-cut or conventional trenching.

Trenchless: A technology that is used for renewal of existing pipelines, 
typically without any excavation.

Trenchless methods: See trenchless technology.
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Trenchless rehabilitation: See renewal.

Trenchless technology: Also NO-DIG, techniques for underground pipeline 
and utility construction and replacement, rehabilitation, renovation 
(collectively called renewal), repair, inspection, and leak detection, etc., 
with minimum or no excavation from the ground surface.

Tube: The fabric material tube used to carry and hold the thermoset 
resin materials in place against the existing pipe prior to curing.

Tuberculation: Localized corrosion at scattered locations resulting in 
knob like mounds.

Tunnel: An underground conduit, often deep and expensive to construct, 
which provides conveyance and/or storage volumes for wastewater, 
often involving minimal surface disruption.

Tunnel boring machine (TBM): (1) A full-face circular mechanized shield 
machine, usually of worker-entry diameter, steerable, and with a rotary 
cutting head. For pipe jacking installation it leads a string of pipes. It may 
be controlled from within the shield or remotely such as in microtunneling. 
(2) A mechanical excavator used in a tunnel to excavate the front face of 
the tunnel (mole, tunneling head).

Ultra violet light cure: See light cure.

Uncased bore: Any bore without a lining or pipe inserted, that is, self-
supporting, whether temporary or permanent. Not recommended except 
in special conditions.

Underground utility: Active or inactive services or utilities below ground 
level.

Upset: See machine upset.

Upsizing: Any method such as pipe replacement or pipe bursting that 
increases the cross-sectional area of an existing pipeline by replacing with 
a larger-diameter pipe.

Utility tunneling: It is general approach of constructing underground 
utility line by removing the excavated soil from the front of cutting face 
and installing liner segments to form continuous ground support 
structures. The product pipe is then transported and installed inside the 
tunnel. The annular space between the liner and the pipe is usually filled 
with grout.

VCP: Vitrified clay pipe.

VCT: Vitrified clay tile or vitrified clay tile pipe.

Velocity head: For water moving at a given velocity, the equivalent head 
through which it would have to fall by gravity to acquire the same 
velocity.

Vinyl-ester: Resin systems used for many industrial applications 
requiring a higher level of corrosion resistance.
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Viscosity: That property of a fluid which determines the amount of its 
resistance to a shearing stress.

Voids: (1) Holes on the outside of the pipe in the surrounding soil or 
material. (2) A term generally applied to paints to describe holidays, 
holes, and skips in the film. Also used to describe shrinkage in castings or 
welds.

Walkover system: See locator.

Washover pipe: In horizontal directional drilling, sometimes (for drilling 
in rock) a rotating drill pipe of larger diameter than the pilot drill pipe is 
used and placed around it with its leading edge less far advanced. Its 
purpose is to provide stiffness to the drilling pipe to maintain steering 
control over long bores, to reduce friction between the drill string and the 
soil and to facilitate mud circulation.

Water jetting: (1) Method for the internal cleansing of pipelines using 
high-pressure water jets. (2) An obsolete and unauthorized method for 
cutting earth with water jetting.

Water table: (1) The depth of the ground water. (2) The upper limit of the 
portion of ground wholly saturated with water.

Weatherability: The properties of a plastic material that allows it to 
withstand natural weathering; hot and cold temperatures, wind, rain, 
and ultraviolet rays.

Wetout: The process of injecting resin into, and distributing it throughout, 
a hose or tube, which will then be installed into the pipeline and cured in 
place.

Winch: Mechanical device used to pull the CCTV cameras or cleaning 
tools through a pipe.
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APPENDIX E
Conversion Table

From To Multiply by
Linear

mil in. 0.001
in. mm 25.4
ft m 0.3048
yards m 0.9144
ft in. 12
mile km 1.609
mile ft 5280

Area
in.2 mm2 645.16
ft2 m2 0.0929
sq yards m2 0.8361
sq mi km2 2.5889

acres km2 4.0469 × 10–3

ha km2 0.01
acres ft2 43,560
m2 ha 104

Pressure
psi kN/m2 6.895
psi atm 0.0680
psi kg/m2 9.80665
psi Pa 6894.757
psi lb/ft2 144
N/m2 Pa 1
atm psi 14.696
atm Pa 101.325
bar Pa 105

bar psi 14.5

439



440 A p p e n d i x  E

From To Multiply by
Specific Weight (weight/unit volume)

lb/ft3 n/m3 157.1
lb/in3 lb/ft3 1728

Forces
lb kN 0.004448
tons kN 9.96401
kN kg(f) 102.0

Velocity
mi/h km/h 1.609
ft/s m/s 0.3048
ft/min m/s 0.00508
ft/min m/min 0.305

Volume Flow Rate
ft3/s gal/min 449
m3/s ft3/s 35.3
m3/s gal/min 15,850
gal/min L/min 3785
m3/s L/min 60,000
m3/s ft3/min 2120
m3/h L/min 16.67
ft3/s m3/h 101.9

Temperature Conversion
°F to °C: deduct 32, multiply by 5, divide by 9
°C to °F: multiply by 9, divide by 5, add 32



AC. See asbestos cement pipes
access pits, 357–358
additional path curvature, 221–222
air scouring, 100t
alignment considerations, 286t, 328, 

376–377
ambient cured resins, 288
American Society of Civil Engineers, 

373
annular space, 305t
appurtenances, reconnecting, 105
arching effect of soils, 127–128, 128f
asbestos cement (AC) pipes

advantages/limitations of, 149
joint types in, 149, 149f
manufacture of, 148–149
overview of, 141
usage of, 148

as-built drawings, 264

background assessment, 48–49
backstop, 310, 385
balling, 100t
bar-wrapped steel-cylinder concrete 

pipe, 143
beam effect, 136
bedding, 121f, 122t
bends, pipelines with, 278, 279t
berm, 385
bidding, 43, 43t
bits/reamer safety, 343
blisters, 103t, 301t
bore path entry/exit, 192, 192f
bore path layout/design

accuracy/tolerance, 215
depth of cover, 208–209, 208f
depth/setback implications, 212
horizontal distance to rise to surface, 

209f, 212–213, 213f, 214f

bore path layout/design (Cont.):
minimum depth at level, 211, 211f
overall, 213–216
path layout, 214–215
planar trajectory (horizontal), 213
profile/trajectory (vertical plane), 

209, 209f
safety and, 382
separation from existing utilities, 216
setback distance, 210–211, 211f
vertical trajectory, 208–213

bore (product pipe) salvage, 27–28
borehole collapse, 269–271
branch connections, reinstatement of, 

90
brick pipe defects, 285t
broken pipe, 284f
bubbles, 301t
buckling analysis for CIPP, 75–77, 

79–80, 82
bulges, 302t
bulkhead, 360
bung holes, defective/leaking, 304t
buoyant weight, 222
buried pipe

history, 1–3
North America and, 1–2
pipe-soil interaction and, 2–3
Rome and, 1

bypass pumping, 256, 296, 296f

calculation
CIPP deflection, 78–79
CIPP design, 69, 75–80, 82–83
CPJ force, 311–312
HDD pipe load, 216–226
load, 267–275, 273t
MT force, 321, 321f–322f, 323
pressure limited due to stress, 80, 83

Index

Note: Page numbers referencing figures are followed by an “f ”; page numbers 
referencing tables are followed by a “t”.
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capstan effect, 218, 218f
carrier pipe, 332, 334
casing pipe, 333–334
casing spacers, 334
cast-iron pipe

ductile iron pipe and, 172–173, 173f
pipe bursting and, 230

CCTV. See closed circuit television
cement-based pipes

AC, 148–149
concrete, 141–148
overview of, 141

cement-mortar linings
advantages/limitations of, 109t
application of, 107, 107f
installation procedure of, 107–108, 

108f
lining methods comparison with, 

115t–116t
overview of, 106–107

centrifugal casting
concrete and, 142
of GRP, 169

Certa-Lok™, 159t, 160
CFP. See close-fit pipe
Cheesy-Manning equation, 237
chemical cleaning, 100t
chemical pipelines, 278, 279t
CIPP. See cured-in-place pipe
circular pipes, 278, 279t
clays, classification of, 125t
closed circuit television (CCTV), 283
closed shield pipe jacking, 11f, 12, 14f
close-fit pipe (CFP), 52f, 52t, 54t, 56t,

60, 61f
clothing, safety and, 381
coatings/linings. See also liner; 

spray-on coatings/linings
existing pipe renewal and, 52f, 52t,

53, 54t–55t, 57–62, 58f, 60f
lining tubes and, 298
vs. pipe bursting, 238
PL, 57, 59f

collapsed borehole, 269–271
collapsed pipe

CIPP and, 284f
HDD and, 219, 222–223, 223t, 225
load calculations, 272–275, 273t

color codes, utility, 385, 386t
communication, 390–391
composite pipes, 178–179
compression type rubber gasket joints, 

146t
concrete pipes

advantages/limitations of, 145, 
147–148, 147t

corrosion protection of, 178–179
CP/RCP, 142
joint types for, 144–145, 146t
manufacture of, 141–142

concrete pipes (Cont.):
overview of, 141
PCCP, 142–143
PCP, 143–144, 143f, 308, 309
pipe jacking and, 308
RCCP/bar-wrapped, 143
standards for, 144, 144t
types of, 142–144

conductor barrel, 28–29
construction considerations

as-built drawings, 264
bypass pumping, 256
contingency plan, 264–265
CPJ, 309–312
dewatering, 256
friction/power, 255
grooves, outside surface pipe, 

262–264, 263f, 264f
ground movement, 256–257, 266
HAB, 334–335
HDD, 201–203, 345–348
manhole connections, 257, 258f,

259f, 260
MT, 24f, 320–323
nearby utilities, 255–256
open-cut vs. trenchless, 6t
operation layout, 253–254, 254f
overview of, 252
pipe bursting, 354–355
pipe connections, 260
pipe-ramming, 338–339
prechlorination, 252, 253f
PTMT, 325–330
replacement methods, 252–267, 

354–355
safety, 265
sag, 265–266
service connections, 261–262, 

261f, 262f
shoring, 254–255
slow bursting, 266–267
soils, 124, 126
water mains, 260, 260f

construction defects, 287f
contamination, ground, 360
contingency plans, 264–265, 390
continuous feed method, 101
contractual considerations, 200–201
conventional pipe jacking (CPJ)

advantages of, 33, 36
allowable forces and, 308
applications, 33t
benefits of, 4, 5f
construction and, 309–312
equipment, 310, 325, 326f
force calculation, 311–312
inspection for, 307–312, 313f–314f
limitations of, 36
main components of, 10–11, 32t
materials used in, 307–309
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conventional pipe jacking (CPJ) (Cont.):
method description, 310–311
minimum depth guidelines, 31, 

34t, 309
MT and, 312, 314f, 321, 321f–322f,

323
overview of, 9–10, 10f, 307, 308f
pipe dimensions, 308
pipe joint cushion and, 309
pipe locating/tracking, 311
pipe used in, 307–308
pipe/soil type and, 35t
types of, 11–12, 11f, 12f, 13f, 14f
worker entry and, 9, 11, 11f

corrosion protection
of concrete/composite/plastic pipe, 

178–179
of ductile iron pipe, 172, 178
in general, 177
of steel pipe, 177, 178

corrugated steel pipe, 176–177
cost estimating

in HDD project, 43, 43t
replacement design considerations 

and, 239f, 251
CP. See nonreinforced concrete pipe
CPJ. See conventional pipe jacking
crack in liner, 304t
cracks, 284f
creep, 298
cross-sections, pipelines with varying, 

278, 279t
culverts, arching effect and, 127–128
cured-in-place pipe (CIPP)

acceptance, 297
background on, 277
buckling analysis for, 75–77, 

79–80, 82
characteristics of, 283, 288–290
defect codes, 297t
defects, effect of pipe, and, 

279–280, 281t–282t, 283, 284f,
285t–286t, 287f

defects, potential, 300t–305t
deflection calculation for, 78–79
design calculations for, 69, 75–80, 

82–83
design issues, 297–298, 298t
design properties of, 288t
existing pipe renewal/replacement 

and, 52f, 52t, 53, 54t–55t, 58f
factors influencing use of, 278
fully deteriorated pipe, 73–74, 74t
gravity pipe flow comparison and, 

73t
inspecting installation of, 292, 

293t–295t, 297
installation methods, 290–292
inversion process, 290–291, 291f
limitations of, 279t

cured-in-place pipe (CIPP) (Cont.):
liner curing, 291–292, 292f
load influence coefficients and, 72t
Manning coefficient ‘n’ regarding, 

73t
method description, 278
minimum thickness and, 80, 83
ovality factors/physical properties 

regarding, 70t
partially deteriorated pipe and, 81
plugging/bypass pumping and, 296
preliner options, 291
pressure limited due to stress and, 

80, 83
pulled-in-place process, 290
quality issues, 298
sample specifications for, 83–91
testing issues, 299
trench widths/ku´ values regarding, 

71t
tube wet-out and, 288–290, 289f
uses of, 277, 278, 279t
workmanship and, 297

curing, CIPP liner, 291–292, 292f
cuts, coating, 303t
cutting heads, MT, 312, 314, 316f

data collection, 49
daywork (cost-plus) contracts, 

200–201
DDM. See design decision model
decision support systems

existing pipe renewal/replacement, 
57f, 64–65, 65f, 66f

for gravity pipes, 64–65, 66f
for pressure pipes, 64–65, 65f

defect codes
CIPP, 297t
sewer, 280, 280t

defects
bung hole, 304t
CIPP, 279–280, 281t–282t, 283, 284f,

285t–286t, 287f, 300t–305t
construction, 287f
in pipes, 279–280, 280t, 281t–282t,

283, 284f, 285t–286t, 287f
seam tape, 305t
spray-on coatings and, 104t

deflection
calculation for CIPP, 78–79
in flexible pipes, 138, 139f

deformed pipes, 278, 279t, 284f
density range, PE, 163
deposits, 285t
depth

of cover, 192, 208–209, 208f
guidelines, 31, 34t, 309, 320, 345–346, 

345t
at level, minimum, 211, 211f
setback implications, 212
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design. See also bore path layout/
design

CIPP, 69, 75–80, 82–83, 288t, 297–298, 
298t

drilled path, 191–193
existing pipe renewal/replacement, 

49–51, 67–68
HDD, 191–193, 208–216, 225–226
open-cut, 119–120
phase safety considerations, 380–381

design considerations, replacement
cost estimating, 239f, 251
dispute resolution mechanisms, 250
drawings/specifications, 248–249
existing pipe/site considerations, 

242
geotechnical, 243–245, 244f
ground movement, 247
insertion/pulling shaft, 242–243
operating pressure, 245
overview of, 241
permits, 251
quality control/assurance, 249–250
risk assessment, 245–247
submittals, 249
utility survey, 241–242

design decision model (DDM), 172
dewatering, 256
differing site condition, 364
disinfection methods, 101–102
dispute resolution mechanisms, 250
downhole equipment, HDD and, 342
drag scrapers, 100t
drawings, 248–249
drill stem recovery, 28
drilled path design, 191–193
drilling fluids

composition/mixing water, 194
disposal of excess, 194–195, 195f
functions of, 193–194
HDD and, 193–196, 195f, 196f, 342, 

343, 347–348
inadvertent returns, 195–196, 196f
recirculation, 195
safe disposal of, 381–382
safe handling of, 381

drilling rig, HDD, 193
drill-rod radius of curvature, 192–193
driving shafts, 357–358
dry casting, 142
dry film thickness, 103t
dry tube, 304t
ductile iron pipes

advantages/limitations of, 174, 175t,
176

cast-iron pipe regarding, 172–173, 
173f

corrosion and, 172, 178
history of, 171

ductile iron pipes (Cont.):
joints, 174, 175f
manufacturing, 173–174
standards, 174, 174t
uses of, 172

earth-pressure balance machine 
(EPBM), 12, 14f

ejection, 234, 235–236
electric resistance welded (ERW) pipe, 

177
electrical strike, 391
embedment, 121f, 122t
enlargement casing, PTMT, 326
EPBM. See earth-pressure balance 

machine
epoxy linings

advantages/limitations of, 110t
lining methods comparison with, 

115t–116t
overview of, 108–109
spray head for, 109, 110f

epoxy resins, 283
equipment operator training, 391–392
ERW. See electric resistance welded 

pipe
ethylene molecule, 164f
evaluation/selection of alternatives, 49
existing pipe materials, 236–237
existing pipe renewal/replacement

applications of, 52t, 54t
CFP and, 52f, 52t, 54t, 56t, 60, 61f
CIPP and, 52f, 52t, 53, 54t–55t, 58f
coatings/linings and, 52f, 52t,

54t–55t, 57–62, 58f, 60f
decision support systems for, 57f,

64–65, 65f, 66f
design process and, 49–51
emergencies and, 46, 48f
emerging design concepts for, 67–68
existing pipe underperformance 

and, 45–46
expected life of renewal methods 

and, 69t
factors to consider regarding, 45–46, 

47t, 51, 53
fully deteriorated pipe and, 50–51, 

50t
lateral renewal and, 56t, 61
long-term testing and, 67–68, 69t
MSL and, 52f, 52t, 54t–55t, 57–58, 

59f
overview of, 45, 51
partially deteriorated pipe and, 50, 

50t
pipe bursting and, 52f, 52t, 54t, 56t,

63–64, 64f
pipe removal and, 52f, 52t, 54t, 56t,

64



I n d e x  445

existing pipe renewal/replacement 
(Cont.):

pipe-lining methods, 52f, 52t, 53, 
57–62

planning activities and, 48–49
point source repair and, 56t, 62, 62f
project planning and, 46, 48–51
replacement methods, 52f, 52t, 63–64
SL and, 52f, 52t, 53, 54t–55t, 58f
THP and, 52f, 52t, 54t, 56t, 60, 61f
trenchless method applicability to, 

51, 52t, 53, 54t, 55t–56t
existing pipe shapes, 46f
expected life of renewal methods, 69t
experience, safety and, 392
external coating, HDD, 199
extraction, 234, 235–236

fabric tube, 288
failures, pipeline

causes summary in, 132–133
common modes of, 131–140
factors affecting, 131, 132t
rigid, 132–134, 134f, 135f, 136, 136f

fiberglass pipe
advantages/limitations of, 170, 171t
joints, 170, 170f
manufacturing, 168–169
overview of, 167–168
pipe jacking and, 308, 309
standards, 169, 169t

fiber-optic strike, 391
filament winding of GRP, 169
final backfill, 121f, 122t
fins, 300t–301t
flexible pipes

behavior of, 130–131, 131f
deflection in, 138, 139f
examples of, 123, 123t
failure causes summary in, 132–133
failure modes in, 137–140, 137f, 138f,

139f, 140f
GRP, 167–171
load transfer and, 123–124, 123f, 126, 

126f, 130–131, 131f
longitudinal tensile failure in, 139, 

140f
metallic, 171–182
PE, 153–155, 161–167, 168t
performance limits and, 137
pipe wall loss in, 140
plastic, 153–182
PVC, 153–161
vs. rigid, 122–124
soil arching effect and, 127–128, 128f
wall buckling in, 137–138, 138f
wall crushing in, 137, 137f

flooding, 385
flush bell-and-spigot joint, 170, 170f

flushing, 100t
folds, 300t
force calculation

CPJ, 311–312
MT, 321, 321f–322f, 323

forces, allowable
CPJ, 308
HAB, 332–333
MT, 318
pipe bursting, 351

formal training, 379–380
foundation, 121f, 122t
frac-out. See inadvertent returns
fractured pipe, 284f
fully deteriorated pipe, 50–51, 50t,

73–74, 74t
fusible PVC, 158, 159t, 160

gas line strike, 391
gas pipelines, 278, 279t
GBR. See geotechnical baseline report
geological conditions, 342
geotechnical baseline report (GBR), 

371–373
Geotechnical Baseline Reports for 

Construction (American Society of 
Civil Engineers), 373

geotechnical investigations, 328
GBR, 371–373
general geotechnical review, 369
overview of, 368–369
requirements, 243–245, 244f
settlement potential and, 371

geotechnical survey
information gathered in, 370–371
methods of, 369–370
planning for trenchless installation, 

369–373
subsoil investigation steps, 369

glass-reinforced pipe (GRP)
advantages/limitations of, 170, 

171t
joints, 170, 170f
manufacturing, 168–169
overview of, 167–168
standards, 169, 169t

gravels, 125t
gravity pipe flow, CIPP, 73t
gravity pipes, 64–65
grooves, outside surface pipe, 262–264, 

263f, 264f
ground movement, 247, 256–257, 

266
ground water

control, 359–360
leakage, 305t

GRP. See glass-reinforced pipe
guide. See inspection guide; planning 

guide, pulling load
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HAB. See horizontal auger-boring 
method

haunch zone, 121f, 122t
hazard assessment, 387–388
HDD. See horizontal directional 

drilling
HDPE. See polyethylene pipe
heat cured resins, 283, 288
heave, 358–359, 377–378
HEBs. See horizontal earth boring 

methods
high-density polyethylene pipe 

(HDPE). See polyethylene pipe
high-pressure water jetting, 100t
hole in liner, 304t
holes, pipes with, 284f
horizontal auger-boring method 

(HAB)
advantages of, 36, 331
allowable forces, 332–333
applications, 33t
bulkhead and, 360
carrier pipe and, 332, 334
casing pipe, 333–334
casing spacers, 334
construction and, 334–335
failure regarding, 360
inspection guide, 336f–337f
introduction, 330–332
key components of, 16, 32t, 331
limitations of, 36–37
materials, 332–334
minimum depth guidelines, 31, 34t
pipe locating/tracking, 335
pipes used in, 332
pipe/soil type and, 35t
presurvey, 331–332
schematic of, 17f
uses of, 15–16

horizontal directional drilling (HDD)
additional path curvature, 221–222
advantages/limitations of, 37
applications, 33t
bore path entry/exit, 192, 192f
bore path layout/design, 208–216
buoyant weight and, 222
calculation applications, 224–225
considerations, 203–205
construction and, 345–348
contractual considerations, 200–201
cost estimation/bidding in, 43, 43t
depth of cover, 192
design example, 225–226
downhole equipment and, 342
drilled path design, 191–193
drilling rig, 193
drill-rod constraints, 205–207, 206f
drill-rod radius of curvature, 

192–193

horizontal directional drilling (HDD) 
(Cont.):

external coating, 199, 199f
fluids, 193–196, 195f, 196f, 342, 343, 

347–348
ideal critical pressure and, 222, 223t
illustration of generic, 184f
impactor method and, 234, 235, 235f
inspection guide, 349f–350f
inspection/construction monitoring, 

201–203
installation elements in, 339, 341, 343
installation loads, 197–198
main features of, 19t, 32t
manuals/guides for, 227
Maxi-HDD considerations, 186–203
method description, 184–185, 184f,

185f, 346–347
Mini-HDD calculation 

simplifications, 219–223
Mini-HDD considerations, 203–216
minimum depth guidelines, 31, 34t,

345–346, 345t
operating (service) loads, 198–199
operations, 188–191, 190f, 191f,

203–205, 204f
overcut allowance, 347
overview of, 16, 18, 183–184
pilot borehole phase, 188–189, 190f
pipe collapse and, 219, 222–223, 

223t, 225
pipe load calculations, 216–226
pipe locating/tracking, 348
pipe material standards, 344–345
pipe/conduit constraints, 207
pipeline fabrication, 187f, 193
pipe-ramming method and, 27–29
pipes used in, 205, 343–344
pipe/soil type and, 35t
planning, 205–207
postinstallation and, 344
preconstruction, 341
preream phase, 189, 190f
procedures of, 18, 20, 21f
product pipe specifications, 196–199
project considerations for, 183–227
pull force and, 217–219, 217f, 219f,

220–221, 224, 224t
pullback phase, 189, 191, 191f
quality assurance/control, 341–344
reamer diameters and, 20t
site investigation requirements, 

186–188, 187f
specifications/drawings, 199–200
steering assemblies, 185, 185f
subsurface survey, 187–188
surface survey, 187
use of engineers in, 184
watertight joints and, 347
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horizontal distance to rise to surface, 
209f, 212–213, 213f, 214f

horizontal earth boring methods 
(HEBs)

failure regarding, 360
HAB, 15–16, 17f
HDD, 16, 18, 19t, 20, 20t, 21f
MT, 20, 22–23, 22f, 24f
overview of, 15, 15f
pipe-ramming, 26–30, 27f, 31f
PTMT, 23, 25–26, 25f

host pipe, 352–353
hydraulic bursting systems, 231–232
hydraulic power unit, PTMT, 327

ideal critical pressure, 222, 223t
impact moling, 29–30, 31f
impactor method, 234, 235, 235f
inadvertent returns, 195–196, 196f
industrial pipelines, 278, 279t
infiltration, 285t
initial backfill, 121f, 122t
insertion, 235–236, 236f

design considerations, 242–243
inspection

access pits/driving/receiving shafts 
and, 357–358

of CIPP installation, 90–91, 292, 
293t–295t

CPJ, 307–312, 313f–314f
ground contamination and, 360
groundwater control and, 359–360
guide for HAB, 336f–337f
guide for HDD, 349f–350f
guide for MT, 324f–325f
guide for pipe jacking, 313f–314f
guide for pipe ramming, 340f–341f
guide for PTMT, 329f–330f
guide for replacement methods, 

356f–357f
HAB and, 330–335, 336f–337f
HDD and, 201–203, 339, 341–348, 

349f–350f
MT and, 312, 314–323, 324f–325f
pipe jacking and, 307–312, 313f–314f
pipe ramming and, 335, 337f,

338–339, 340f–341f
pipe replacement and, 348, 350–357
PTMT and, 323, 325–328, 329f–330f
settlement/heaving monitoring, 

358–359
work-site restoration and, 360–361

inspection, of CIPP installation, 292, 
293t–295t

inspection guide
CPJ, 313f–314f
HAB, 336f–337f
HDD, 349f–350f
MT, 324f

inspection guide (Cont.):
pipe jacking, 313f–314f
pipe-ramming method, 340f–341f
PTMT, 329f–330f
replacement methods, 356f–357f

installation depths, 31, 34t
installation loads

bending, 197–198
external pressure, 198
tension, 197

internally restrained PVC, 159t,
160–161

intruding joint seal, 286t
inversion process, 290–291, 291f
Iowa formula, 2–3
iron pipe history, 1–2

jacking frame
MT, 310
PTMT, 325, 326f

jacking head, 310
job site

logistics requirements, 375–376
preparation, 385–386

joint
cushion, 309
problems, 284f
seal, intruding, 286t
standards, VCP, and, 150

joint types. See also watertight joints
AC, 149, 149f
concrete pipe, 144–145, 146t
ductile iron pipe, 174, 175f
GRP, 170, 170f
PE, 166–167
soiltight joints, 311
steel pipe, 180–199, 180f, 181f
VCP, 151–152, 151f, 152f

khanats, 1
Klatte, Fritz, 155
knife adhesion, 103t

lateral connections, pipelines with, 
278, 279t

lateral renewal, 56t, 61
lead pipe, 1
leaks, coating, 303t
lifts in liner, 301t, 306f
line and grade control system, 325, 326f
liner. See also coatings/linings; 

spray-on coatings/linings
crack in, 304t
curing, CIPP, 291–292, 292f
hole in, 304t
lifts in, 301t, 306f
soft spot in, 303t

lining impedance measurement, 103t
lining methods, vs. pipe bursting, 238
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lining tubes, 298
load calculations

pipe collapse conditions, 272–275, 
273t

pulling load planning guide, 
271–272

pulling load theoretical 
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pipe jacking and, 311
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mastic filled tongue and groove joints, 

145, 146t
material change, pipe, 286t
Maxi-HDD
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allowable forces in, 318
applications, 33t
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inspection guide, 324f
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jacking force calculation, 321, 
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jacking shaft in, 312, 314f
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measuring pipe deformation in, 

317, 317f
overview of, 20, 22
pipe materials, 317–320
pipe requirements, 318–319
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pipe/soil type and, 35t
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standards regarding, 23
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missing pipe sections, 285t
modified PVC (PVC-M), 157
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