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MANUALS AND REPORTS
ON ENGINEERING PRACTICE

(As developed by the ASCE Technical Procedures Committee, July 1930,
and revised March 1935, February 1962, and April 1982)

A manual or report in this series consists of an orderly presentation of
facts on a particular subject, supplemented by an analysis of limitations
and applications of these facts. It contains information useful to the
average engineer in his or her everyday work, rather than findings that
may be useful only occasionally or rarely. It is not in any sense a “stan-
dard,” however; nor is it so elementary or so conclusive as to provide a
“rule of thumb” for nonengineers.

Furthermore, material in this series, in distinction from a paper (which
expresses only one person’s observations or opinions), is the work of a
committee or group selected to assemble and express information on a
specific topic. As often as practicable, the committee is under the direction
of one or more of the Technical Divisions and Councils, and the product
evolved has been subjected to review by the Executive Committee of the
Division or Council. As a step in the process of this review, proposed
manuscripts are often brought before the members of the Technical Divi-
sions and Councils for comment, which may serve as the basis for
improvement. When published, each work shows the names of the com-
mittees by which it was compiled and indicates clearly the several pro-
cesses through which it has passed in review, in order that its merit may
be definitely understood.

In February 1962 (and revised in April 1982) the Board of Direction
voted to establish a series entitled “Manuals and Reports on Engineering
Practice,” to include the Manuals published and authorized to date, future
Manuals of Professional Practice, and Reports on Engineering Practice.
All such Manual or Report material of the Society would have been ref-
ereed in a manner approved by the Board Committee on Publications and
would be bound, with applicable discussion, in books similar to past
Manuals. Numbering would be consecutive and would be a continuation
of present Manual numbers. In some cases of reports of joint committees,
bypassing of Journal publications may be authorized.
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PREFACE

This manual was prepared by the Task Committee on Belowground
Pipeline Networks for Utility Cables of the ASCE Pipeline Planning and
Design Committee and of the ASCE Underground Pipeline Asset Man-
agement Committee, in a cooperative effort, under supervision of the
Pipeline Division. The manual provides a general overview of methods
for placing utility cables belowground, including formal underground
conduit systems and relatively low-cost direct-buried facilities, with
emphasis on a belowground cable network that represents a cost-effective
and space-efficient installation. The Pipeline Planning and Design Com-
mittee, under the leadership of Chairman Sam A. Arnaout, in cooperation
with the Underground Pipeline Asset Management Committee, under the
leadership of Chairman Thomas D. Iseley, are responsible for the efforts
leading to this publication. The committees would like to thank contribu-
tors, task committee members, and reviewers, whose names follow, for
their support, time, and effort. The Task Committee chairmen greatly
appreciate the support and guidance provided by the U.S. Department of
Transportation and the FHWA Turner-Fairbank Highway Research
Center.

Lawrence M. Slavin, Task Committee Chair
Oleh Kinash, Task Committee Co-Chair
ASCE Belowground Pipeline Networks for Utility Cables
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1
INTRODUCTION

1.1 SCOPE

Underground pipes, or conduits, represent a routine means of installing
and protecting cables, including telephone, cable television (CATV), and
electric power supply lines. An array of such pipes, often encased in
concrete, is typically part of a formal conduit network, including manholes
placed at access points along the route, and is commonly used in urban
areas and other locations for which the periodic placement of such cables
is planned or anticipated. In contrast, the use of individual pipes or ducts
placed in a trench, similar to direct-buried' cables is less common, but has
occasionally been used by individual utilities to provide a degree of
upgrade capability not otherwise provided by conventional, low-cost,
direct-buried construction methods. Such applications have not been used
on a routine or coordinated basis among the utilities, although such utility
companies may be sharing a single, joint-use trench. In the present context,
joint-use refers to the sharing of aboveground or belowground facilities
by several utilities or organizations using cables, such as electric power
and communication (telephone or CATV) companies.

The objective of this book is to present a brief description of present
and past practices for the placement of utility cables belowground, includ-
ing conventional underground conduit systems and direct-buried
methods, as well as more recent techniques in which individual pipes or
ducts may be advantageously deployed in conjunction with direct-buried
cables. Related design, construction, and operational requirements and

!See the Glossary for the definition of terms used throughout this book.



2 BELOWGROUND PIPELINE NETWORKS FOR UTILITY CABLES

guidelines are also provided. Finally, specific design and implementation
information is provided for a cost-effective, space efficient hybrid joint-
use system for utility cables that provides many advantages relative to
previous or existing methods of belowground construction. In general,
however, it is not the intention of this book to provide or duplicate exist-
ing detailed design, construction, or installation specifications and infor-
mation as currently used by the various utilities for their belowground
cable facilities. Such information is available within the individual utilities
or their representative organizations. Although much of the information
in this book is applicable to a variety of applications, some of the informa-
tion tends to be more appropriate for specific portions of the power and
communication networks, e.g., the local distribution system toward the
customer end of the network.

The book is divided into six chapters. This chapter includes a descrip-
tion of the general categories of construction methods relevant to utility
cables. Chapter 2 provides a description of underground conduit systems,
including an overview of installation, operation, and maintenance proce-
dures. Chapter 3 provides analogous information for direct-buried
systems, including the limited use of pipes or ducts. A description of
various methods for installing cables within ducts is contained in Chapter
4, which also includes an explanation of basic engineering principles gov-
erning such installations. Chapter 5 presents a detailed description of a
particular example of a belowground cable network (BCN), including
related planning, design, maintenance, and management rules for this
hybrid system, which combines the advantages of direct-buried and
underground conduit construction methods. Chapter 6 reviews the status
of the described BCN, including the results of recent field applications and
anticipated future introduction into industrial applications. A glossary of
terms and a list of references are provided at the end of the book. This
manual is useful for new and experienced engineers alike in road and com-
munity construction, as well as utility owners, contractors, municipalities,
other project owners, and other industry professionals. It provides both
introductory and specific design and construction information to support
the implementation of the proposed hybrid belowground cable network.

1.2 BACKGROUND

There are basically three modes of construction for outside plant
facilities for communication and electric power supply lines. These are
the following;:

1. aerial or overhead plant in which the cables are individually sus-
pended between utility poles placed on the order of 100 to 300 ft
apart,
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2. belowground plant, consisting of an array of parallel conduit paths,
typically 4- to 6-in.-diameter pipe, spanning the distance between
relatively large manholes, separated by distances on the order of 500
to 1,000ft, and

3. belowground plant installed by directly burying the cables within
the soil, including cables along a road or highway and service drops
to the home.

Because of the significantly different characteristics of the two below-
ground methods, mode 2 has been specifically designated as “under-
ground (conduit) plant” to distinguish it from mode 3, which uses
individual “direct-buried” cables. Unfortunately, this terminology has not
been universally adapted outside of the communication and power indus-
try, where the terms “underground” or “buried” may be used inter-
changeably, to refer to mode 2 or mode 3. (In this book, the type of below-
ground construction described is clear from the context.)

Figure 1-1 illustrates a typical distribution utility pole application,
including sharing or joint usage, of the pole for supporting electric power
supply and communication lines.

Figure 1-2 illustrates typical belowground (i.e., underground conduit
and direct-buried) construction alternatives.

All three modes have been commonly used in the industry, with an
increasing amount of belowground facilities being placed relative to aerial
plant in more recent decades, primarily driven by regulations. For
example, the large majority of new construction in local (residential) sub-
divisions deploys direct-buried facilities, and communities and various
levels of government are also demanding a greater portion of below-
ground construction along roads and thoroughfares, primarily because of

Figure 1-1. Typical Joint-Use Utility Pole Application.
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cables installed
within ducts

Figure 1-2. Typical Belowground Construction. (a) Underground Conduit
(Courtesy of Underground Devices) and (b) Direct-Buried.

aesthetic and safety considerations. Utility pole collisions account for a
significant fraction of automotive fatalities along the nation’s roads and
highways. The extensive conduit facilities of underground plant (mode
2) are appropriate for limited applications, such as those associated with
the trunk or feeder portions of the traditional telecommunication network,
because of the high cost of this method of construction. The construction
of the conduit networks is material- and labor-intensive and requires
significant manhole real estate, but it does provide flexibility, including
the capability to postpone installation of expensive trunk or feeder facili-
ties (e.g., for fiber-optic cables) until the need arises. Such underground
conduit systems are also the only viable alternative in metropolitan or
large urban areas, where overhead lines and future digging are not
options.

In contrast, direct-buried plant (mode 3) represents a relatively low-
cost method for placing individual cables belowground between any
desired terminations, but the method loses flexibility with respect to
future additions or replacements. Indeed, the inherent lack of such
upgradability has been a primary factor in inhibiting the desired wide-
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spread deployment of new wireline telecommunication technologies,
based on the use of fiber-optic cables, in established areas and communi-
ties with buried facilities. (Newly constructed areas using direct-buried
construction temporarily escape this problem, only to face it in the future,
when still newer technologies are desired or maintenance is necessary.)
Conversely, existing communities served by aerial distribution plant
(mode 1) have been ready candidates for such upgrades. Similarly, energy-
hungry consumers and industries continue to push the limit of existing
power lines that need to be replaced or supplemented. Thus, in addition
to the relatively low cost to install and maintain aerial facilities, flexibility
represents another reason for the continuing deployment of aerial lines.

The increasing deployment of wireless technologies (e.g., cellular
phones and satellite TV) has greatly affected the communication industry,
resulting in lost revenue for some of the wireline-based utilities. Nonethe-
less, it will be a long time, if ever, before cable-based wireline communica-
tions become replaced and discarded. Wireless technology is inherently
inferior to wireline (e.g., copper, fiber, or coaxial) technologies with
respect to various characteristics and features (e.g., security, reliability,
quality, information capacity, and possible independence from batteries
or commercial power), thereby inhibiting elimination of physical cables.
The present major investment in new wireline facilities by the major tele-
phone companies, wherever feasible, bears witness to this principle. Fur-
thermore, “wireless” systems often contain wireline portions for various
segments, such as for interconnecting towers and cell sites. Although
various alternatives are being pursued for new, renewable energy sources
for electric power, the use of physical cables for providing electric power
supply to homes and industries will be required for the indefinite future.

The current trends for buried construction across much of the country
introduce potentially serious problems when upgrades and maintenance
are inevitably required in the future. In such cases, digging in established
areas is typically required, often accompanied by damage to public and
private property, including roads, and associated traffic problems. Fur-
thermore, safety problems arise when digging in an area with existing
utilities. Even when proper procedures (e.g., one-call notification, identi-
fication, utility location, and manual exposure) are followed, accidents
can occur, resulting in property damage, personal injury, and possibly
death. The use of trenchless technology, including horizontal directional
drilling (HDD), following proper procedures, reduces the degree and
likelihood of such problems but does not eliminate them and typically
has a significant cost penalty. Thus, although current trends in the wide-
spread use of buried construction are desirable, there is an urgent need
to modify present construction practices to avoid unfortunate future
problems, including significant safety issues. Chapter 5 of this manual
provides specific design and implementation rules for a hybrid,
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cost-effective, space-efficient joint-trenching system for utility cables com-
bining the advantages of direct-buried and underground conduit con-
struction methods.

Current practices for the placement of communication and power
supply lines and the shared usage of facilities (e.g., poles, underground
conduit systems, and trenches), for all three modes of construction are
supported by utility industry standards and documents, including the
National Electrical Safety Code (IEEE 2007) and the Telcordia Blue Book—
Manual of Construction Procedures for the telephone industry (Telcordia
2007). Such practices are also encouraged by transportation authorities,
including the Federal Highway Administration (FHWA 1993) and the
American Association of State Highway and Transportation Officials
(AASHTO 2005). Transportation corridors directly benefit by such effi-
cient usage of the valuable right-of-way space alongside roads and high-
ways, as well as from reduced damage to the environment, improved
aesthetics, and possible improved safety for vehicular traffic.



2
UNDERGROUND CONDUIT SYSTEMS

2.1 GENERAL

A typical underground conduit system is made of an array of ducts at
fixed horizontal and vertical spacing, spanning distances of hundreds of
feet or more, between which they are terminated in manholes or other
belowground structures. The ducts may be constructed of a wide variety
of materials—in the past, including clay, concrete, or fiber-cement, with
more modern systems including various types of plastic products.
This book does not provide a detailed list of all types of supplier products
that may be used as part of an underground conduit system. Such
informationisreadily available from pipe vendorsand other manufacturers.
Briefly, however, plastic products are currently the dominant product
in the market for cable conduit applications. Polyvinyl chloride (PVC) is
the most common type of duct used, but high-density polyethylene
(HDPE) is also widely used. Duct sizes of 4- to 6-in. diameter are commonly
used. In most cases, the installed ducts are placed in a trench (Figs. 2-1
and 2-2), following recommended practices for trench preparation
and backfill, possibly encased or capped in concrete for additional
protection, as indicated in Fig. 1-2(a). Additional information is provided
in Section 2.2.

The conduits are terminated at underground structures, typically
belowground manholes or vaults, within which utility equipment, splices,
or both may be located (Fig. 2-3). Common manholes are not waterproof
and may collect water and possibly undesirable gases; proper procedures
must be followed on entering such structures. In some cases, controlled
environment vaults are used to contain sensitive equipment and hard-
ware (Telcordia 1994). Although both communication and electric power

7
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Figure 2-2. Underground HDPE Conduit System (Courtesy of A-D
Technologies).

supply cables and equipment may be safely contained within the same
structure (IEEE 2007), common practices often deliberately avoid this
option. Thus, the bank of conduits within a trench may contain both types
of cables,' but the conduits serving communication facilities would often
terminate in separate manholes than those serving electric power.

!Communication and power cables must be placed within separate conduits unless they are
operated and maintained by the same utility.
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Figure 2-3. Telephone Vault (Courtesy of Oldcastle Precast).

Figure 2-4. Polymer Concrete Handholes (Courtesy of Quazite, Hubbell Power
Systems, Lenoir City).

Underground conduit systems may also include other components in
addition to the basic array of conduits and typical manholes or vaults
suitable for man-entry and access. Smaller structures, such as handholes
(Fig. 2-4), may conveniently be provided in the network for local access
to individual ducts or to contain hardware.

2.2 DESIGN AND CONSTRUCTION REQUIREMENTS

Underground conduit systems have been in common use for many
years, and extensive practices and procedures have evolved to help ensure
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their efficient and safe design and use. Such practices have been provided
by the communication and power utilities, as well as suppliers of
associated products. The basis for many of the current procedures is the
original set of Bell System Practices, primarily developed within the
telecommunication industry under the auspices of the original American
Telephone & Telegraph Company (AT&T). A particularly important
document is the National Electrical Safety Code (NESC), published by the
Institute of Electrical and Electronics Engineers (IEEE 2007). The NESC is
reissued every five years and contains safety requirements for the wireline
communication and power supply industries within the United States, as
applicable to outdoor facilities under the control of the utilities. The
NESC—typically the most recent edition, but sometimes an earlier issue—
is adopted as a requirement imposed on the utilities by the public service
commissions in most states.

2.2.1 Safety-Based Requirements

The NESCisintended to providebasicsafety rules for the communication
and power supply utilities, but it is not intended to be a design document.
Nonetheless, many of the requirements directly or indirectly affect the
design and construction, as well as the use, of underground conduit
systems. Although Chapter 1 of this manual suggests that there is a clear
distinction between the mode 2 (underground conduit system) and mode
3 (direct-buried cables) methods of construction, in practice there have
been variations in each category that tend to blur the differences. The
NESC attempts to define the two categories as follows [emphasis added]:

While it is often the practice to use duct and conduit interchangeably, duct,
as used herein, is a single enclosed raceway for conductors or cable; conduit
is a structure containing one or more ducts; and conduit system is the com-
bination of conduit, conduits, manholes, handholes, and/or vaults joined
to form an integrated whole.

The NESC adds, “For cables installed in a single duct not part of a
conduit system,” the rules for direct-buried cable apply.

The rules for each category are provided within separate sections of
the NESC document. It is not difficult, however, to imagine that there are
cases in which the construction details may not clearly fall within either
category, and some judgment is required to determine which rules are
applicable. Whereas the NESC attempts to distinguish between the terms
“duct” and “conduit” for its purposes in providing safety rules for the
two general modes of belowground construction, this manual uses these
terms, as well as “pipe,” interchangeably, with the intent clear from the
context.
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The safety rules regarding underground conduit systems cover the
following areas, including indicated requirements:

® Location and position:

o

Location of conduit system, such as to avoid being under other
parallel networks.

Conduit bends of sufficiently large bend radii to avoid damage
to cables to be installed in ducts (to not exceed allowable
bend radii of cables or sidewall bearing pressure under pulling
tension).

Satisfactory conduit alignment to avoid protrusions that may
damage cable.

Minimum separation of supply and communication conduit
systems, including 3 in. of concrete or 12 in. of earth, unless the
parties agree to lesser separation.

Separation of cable conduits from sewer, water, gas, fuel, steam,
or other lines to avoid conflicts; conduit shall not enter the same
structure (e.g., manhole) as lines transporting flammable material

(e.g., gas).

® Excavation and backfill—Satisfactory trench conditions, including
smooth trench bottom, absence of large rocks (>4in.) or sharp edges
within 6in. of conduit, and adequate compaction of backfill.

® For ducts and joints:

o

General design and construction of the ducts so as to avoid
damage to cables in adjacent ducts in the event of a cable fault in
another duct.

Appropriate duct characteristics, including corrosion resistance,
absence of sharp internal edges, sufficient strength to withstand
expected loads (e.g., dead, live, equipment, water table, frost
heave, or thermal effects).

Impact loading added for live loads, but reduced by one-third per
foot of cover (no impact loading required below 3 ft).

Duct restraint methods (e.g., concrete, anchors, or backfill) suffi-
cient to withstand installation, operation, and environmental
stresses.

Sealing of joints between ducts (resulting in a smooth interior
surface for cable installation) and at structure walls (internally
and externally to prevent gas entry).

Proper support at the entrance to manholes to avoid local shear
forces.

e Manholes, handholes, and vaults:

o

Adequate strength of underground structures, including covers,
to withstand expected loads (e.g., dead, live, equipment, water
table, or frost heave); impact loading of 30% added for live loads.
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o For roadway areas, ability to withstand live loads of large trucks
imposing dual-wheel loads of 16,0001b over an area of 10in. x
24in., considering wheel locations resulting in maximum stress
in the structure.

o For nonvehicular areas, the ability to withstand a live load of
3001b/ft* minimum.

o Means of preventing sewer gas from entering (man-entry) struc-
tures and provision of adequate ventilation.

o Cable supports in manholes and vaults designed and mounted to
withstand static and live loads, maintain required clearance
between cables, provide a 3-in. minimum space above the floor
(unless otherwise protected), and allow cable movement to relieve
stresses.

An important consideration in the installation of utility cables for all
types of installations (e.g., overhead, underground, or direct-buried)
relates to the proper grounding and bonding of appropriate metallic
components of such cables and associated equipment and facilities. The
details for such procedures are provided in the NESC.

2.2.2 Design and Construction Guidelines

With some exceptions, the NESC rules as described above typically
only specify end-point requirements and may not provide the design
details necessary to accomplish the objectives. Such details may be
provided in engineering manuals of the various utility organizations, as
well as by suppliers of associated products.

A relevant document for the telephone industry is the Outside Plant
Systems, Outside Plant Engineering Handbook (Lucent 1996). This manual
contains a summary of planning and design guidelines that are based on
the more detailed Bell System practices originally issued by AT&T, and
it provides a list of items that should be addressed for underground
conduit systems, including the following;:

¢ coordination with other utilities and government agencies regarding
their existing and proposed underground facilities;

e possible special construction issues in the location of interest;

e a field survey of the proposed route;

¢ selection of the permanent location for the underground structures
(manholes) based on the following:
o future requirements (growth);
o requirements for subsidiary and branch 