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Preface

This book could actually have been titled “Bridging the Gap” or, as we refined our proposal
further, “Bridging Several Gaps.” Throughout our academic careers, we have taught numerous
construction management courses at the undergraduate and graduate levels, including Introduction
to Construction Management, and we both have construction industry experience. One of us has
over 40 years of experience as a construction practitioner and has often directly supervised recent
graduates from college programs in construction. We felt there was a gap in the available textbook
coverage, in that most books geared for an introduction to a construction management course
are likely titled Introduction to Project Management. Students just embarking on their construction
management or construction engineering education need to be provided with an introduction to
the construction industry, particularly as it relates to early internships and job opportunities after
graduation, for construction field engineers or project engineers. Most of these students will not be
achieving the position of project manager for five to seven years, and some of them never will have
that title. We therefore structured this book as an introduction to the construction industry, specifically
targeted for the project engineer.

Another gap we feel exists in university construction education is for architectural and civil
engineers. Most existing introductory books are written from the client or architect’s perspective.
Those which feature construction applications only utilize commercial construction case studies.
These books are difficult to adapt to engineering programs, most of which have an Introductory
Construction course. Therefore, we have also bridged this gap by developing a heavy-civil case
study project and weaving examples from that project, along with a mixed-use case study project,
throughout the book. Descriptions of both of our cases are included in Appendix A, and example
documents are included in many of the chapters. Review questions and advanced application
exercises, including math problems, are included in each chapter and connect to these cases as well.
Additional case study backup, along with answers to the review questions, is included on a com-
panion website (www.routledge.com/cw/migliaccio). The projects, companies, and participants
described in our case studies are fictitious, but the detailed estimates, schedules, and example
documents are based upon similar actual projects that the authors participated in professionally.
Additional appendices include the Abbreviations, Glossary, and Index.

Each of our chapters features specific applications of construction management principles and
tools for the project engineer. Early chapters begin with a basic foundation in construction man-
agement and entry-level field and project engineering responsibilities. Each chapter builds upon its
predecessors, similarly to a contractor building upon a structure’s foundations and superstructure.
Responsibilities increase for the project engineer, eventually culminating with advanced project
engineering applications, including risk management and our final Introduction to construction project
management chapter.

We would like to thank estimating instructor and industry professional Larry Bjork, Associate
Professors Ken Yu Lin and Abdel Aziz, and civil engineering Associate Professor Steve Muench for
their advice and review of chapter drafts. Dean and Professor John Schaufelberger provided us with
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early input and mentoring, and his words of wisdom are always welcome. Jane Holm contributed
an early draft of Chapter 13, and we appreciate her passion for sustainability. We want to also
thank Kel Mejlaender for helping us with proofreading, editing, and streamlining all the chapters
in this book. Dr. Migliaccio had the opportunity to work for PCL Construction on three different
projects during the writing of this book, and his exposure to applied jobsite project engineering
applications was very beneficial. Matt Glassman at PCL Construction provided several figures for
this book. Lastly, we would like to thank the University of Washington construction management
students, who were able to use drafts of this material in the classroom and provide us with real-
time feedback.

We hope you enjoy the material and what we feel is a unique approach to an Introduction to
Construction Project Engineering. Please feel free to contact us with suggestions for future editions—
did we bridge the gap?

Giovanni Migliaccio (gianciro@uw.edu) and
Len Holm (holmcon@aol.com)
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1 Introduction

The built environment

Several definitions of “Built Environment” (BE) exist. Some definitions can be quite broad to
include essentially anything humankind creates that is not living, such as automobiles, planes,
buildings, infrastructures, trains, and even shoes and clothing. Throughout this book, a common
definition of the built environment will be used to include facilities and physical infrastructures that
add or change functions in the underlying natural, economic, and social environments. Therefore,
the focus is limited to structures we design and build. This includes buildings for people to live and
work in, roads and bridges for cars to drive on, airports and airplane hangars for planes to operate
from, railroad tracks, tunnels, and trestles for trains to use, and monuments for people to admire.
Thus, shoes and clothing are not considered part of the built environment, but the factory they
were produced in is part of the built environment. Paintings and sculptures are not part of the built
environment, but the museums they are hosted in and the public spaces they are placed in are part
of the built environment.

Built environment industries

Developing the built environment—adding or changing functions in the underlying natural,
economic, and social environments—means first envisioning facilities and physical infrastructures.
These facilities and infrastructures have residential, commercial, governmental, industrial, rec-
reational, transportation, and utility uses. Once envisioned, the next step is building them. These
tasks are multi-faceted and highly specialized, so several types of businesses exist that support
their clients to help develop the built environment. In categorizing these businesses by industry,
this book refers to the North American Industry Classification System (NAICS), which “is the
standard used by federal statistical agencies in classifying business establishments for the purpose
of collecting, analyzing, and publishing statistical data related to the U.S. business economy”
(NAICS 2017). An essential BE industry includes companies within the Architectural, Engineering,
and Related Services NAICS category, which provide planning, design, and other consulting
services. It is these services that institutions, clients, and contractors require to envision built
environment undertakings. The title of this book includes the word “construction,” because
companies within the Construction category are those physically translating design into facilities
and infrastructures. Together, companies within the Architectural, Engineering, and Related Services
and Construction NAICS categories directly contribute to the economic output of a nation, while
indirectly supporting other industries. Given their built environment-centered focus, these com-
panies are sometimes referred to as a single industry: the architecture—engineering—construction
industry (AEC). The following sections provide a current overview of these industries through
critical statistics from the United States (U.S.) Bureau of Labor Statistics (BLS) and the U.S.
Bureau of Economic Analysis (BEA).
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Architectural, engineering, and velated services (AE)

AE businesses provide a large number of services that are needed to develop the built environment,
including architectural, landscape architectural, engineering, drafting, surveying and mapping,
and testing services. According to the BEA data, the gross output of the AE industry peaked in
2008 at $285 billion. Though the AE industry was hit by the Great Recession, its economic per-
formance has slowly recovered since 2011. In 2015, its gross output was equal to $280 billion,
nearing its 2008 peak.

Construction

Construction businesses provide many services that are needed to develop the built environment,
including the construction of buildings and infrastructures. Construction services may contribute
to the development of new facilities/infrastructures, as well as additions, alterations, repairs, or
maintenance to existing facilities/infrastructures. NAICS subdivides construction businesses into
three sectors: (a) Construction of Buildings, (b) Heavy and Civil Engineering Construction, and
(c) Specialty Trade Contractors.

According to the BEA data, the dollar value of the construction industry reached a peak in 2006
when it added $698 billion to the U.S. economy, which was equal to 5.0% of the gross domestic
product (GDP) of the United States, with a gross output of $1,345 billion. While the industry was
hit hard by the Great Recession between 2007 and 2010, its economic performance has improved
again since 2011. In 2016, its dollar value added $784 billion to the U.S. economy, which was equal
to 4.2% of the GDP, with a gross output of $1,433 billion. Whereas these economic statistics are
massive in absolute numbers, the contribution of the construction industry to the GDP has been
fluctuating from 3.5% to 5% since 1947.

The built environment by functional role and occupation

There are many different agencies, companies, and people involved in the built environ-
ment. The project owner, also simply referred to as the owner or the client, is the com-
pany or individual at the top of the organization chart. The project owner will have in-house
representatives who contractors and designers communicate with and report to. Some larger
owner companies may also have in-house design and construction capabilities. The owner’s
facility manager and maintenance personnel take over operations of the building once the con-
struction is complete.

The design team is headed by an architectural firm for commercial projects and by a civil engin-
eering firm for heavy-civil projects. These firms will have a contact person, who may carry the
title of project manager (PM), similar to that of a contractor. The lead design firm also employs a
variety of other design disciplines, such as landscape architecture, structural engineering, mech-
anical engineering, and electrical engineering. There are a variety of other firms involved in the
development of built environment projects that may contract directly with the owner as consultants
or serve the lead design firm as sub-consultants in various specialties, including estimating, sched-
uling, lighting, and waterproofing. Each of these consulting firms will have a variety of individ-
uals working for them in addition to their PM, including the architect, lead designer, engineers,
draftsmen, computer-aided design (CAD) or building information modeling (BIM) technicians,
specification writers, and shop drawing checkers.

Employees in the architecture and engineering disciplines are a significant portion of the AEC
industry, as shown by its employment data. Table 1.1 shows the most recent employment and wage
estimates for some of the architecture and engineering occupations that support the AEC industry.
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Table 1.1 2016 Employment and Wage Estimates for Selected Architecture and Engineering Occupations

Occupation Title Employment Mean Hourly Wage Annual Mean
Wage
All Occupations 140,400,040 $23.86 $49,630
Architecture and Engineering Occupations (All) 2,499,050 $40.53 $84,300
Architects, Surveyors, and Cartographers 174,720 $36.66 $76,260
Licensed Architects (*) 99,860 $40.61 $84,470
Landscape Architects 19,420 $33.08 $68,820
Surveyors 43,340 $30.52 $63,480
Engineers (All) 1,635,420 $46.37 $96,440
Civil Engineers 287,800 $43.14 $89,730
Electrical Engineers 183,770 $47.41 $98,620
Environmental Engineers 52,280 $42.56 $88,530
Health and Safety Engineers (**) 25,410 $43.36 $90,190
Mechanical Engineers 285,790 $43.17 $89,800
Drafters and Technicians (***) 688,900 $27.66 $57,530
Architectural and Civil Drafters 96,810 $26.10 $54,290
Civil Engineering Technicians 72,150 $25.06 $52,120
Environmental Engineering Technicians 16,550 $25.24 $52,500
Surveying and Mapping Technicians 53,920 $21.87 $45,490

(*) Except Landscape and Naval Architects
(**) Except Mining Safety Engineers and Inspectors
(***) Drafters, Engineering Technicians, and Mapping Technicians

Adapted from U.S. Bureau of Labor Statistics, May 2016 National Occupational Employment and Wage Estimates, United
States (BLS 2017)

Based on these estimates, architecture and engineering occupations employ nearly 2.5 million
individuals, equal to 2% of the domestic workforce. However, a large number of these individuals
work for owner organizations or other entities that support the development of the built environ-
ment, such as governmental regulatory agencies.

There are a variety of firms that fit under the title of contractors. The prime contractor is typ-
ically the firm that contracts with the owner and, in turn, employs subcontractors and suppliers.
A construction manager (CM) or a general contractor (GC) usually serves as the prime contractor
on a project. Specialty contractors are firms that focus on one type of work, such as electrical,
whereas the GC is responsible for all of the work. Specialty contractors usually, but not necessarily,
participate in a project as subcontractors. Most of these firms will be introduced in Chapter 3.
Subcontractors and suppliers are also the focus of Chapter 19.

Every general or specialty contractor customarily employs PMs, superintendents, project engin-
eers, foremen, and craftsmen. Construction management firms usually do not employ foremen
or craftsmen, but they will have PMs, superintendents, and project engineers. Every large con-
struction firm will have hundreds, if not thousands, of employees who fit these and other titles.
However, a smaller construction firm is often led by its proprietor, who needs to multi-task. One
of the authors’ fathers was a carpenter and a self~employed master-builder GC, who wore many
hats at the same time, including those of accountant and estimator.

Employees of construction firms are the largest portion of the AEC industry, as shown by its
employment data. Table 1.2 shows the most recent employment and wage estimates for some of
the construction occupations that support the BE industry. Based on these estimates, construc-
tion occupations employ nearly 5 million individuals, equal to 4% of the domestic workforce.
Figures 1.1 and 1.2 show employment and wage estimates by construction trade.



Table 1.2 2016 Employment and Wage Estimates for Selected Construction Occupations

Occupation Title Employment Mean Hourly Wage Annual Mean Wage
All Occupations 140,400,040 $23.86 $49,630
Construction Managers (¥)(**) 249,650 $47.84 $99,510

First-Line Supervisors of Construction 538,220 $32.71 $68,040

Trades and Extraction Workers (***)

Construction Trades Workers (**) 4,216,890 $22.88 $47,580

Helpers, Construction Trades 228,590 $14.86 $30,900

Other Construction and Related Workers 403,940 $22.92 $47,670

(*) Including all individuals who “Plan, direct, or coordinate, usually through subordinate supervisory personnel,
activities concerned with the construction and maintenance of structures, facilities, and systems.” This is a broad
description that could include project managers, project superintendents, and project engineers.

(**) Excluding first-line supervisors.

(***) Including all individuals who “Directly supervise and coordinate activities of construction or extraction
workers.” This statistic is cumulative and the data do not allow the segregation of supervisors of construction trades
from supervisors of extraction workers.

Adapted from U.S. Bureau of Labor Statistics, May 2016 National Occupational Employment and Wage Estimates, United
States (BLS 2017)
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Figure 1.1 Construction Employment by Trade (May 2016)
Adapted from U.S. Bureau of Labor Statistics, May 2016 National Occupational Employment and
Wage Estimates, United States (BLS 2017)
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Figure 1.2 Construction Annual Average Wages by Trade (May 2016)
Adapted from U.S. Bureau of Labor Statistics, May 2016 National Occupational Employment and
Wage Estimates, United States (BLS 2017)

There are many different specialized trades or crafts involved in construction, from plumbers
to ironworkers to electricians, among others. Some of these trades are included in the categories
listed in Table 1.2. They are all experts in their focus area and it is a gross misrepresentation to call
them all “laborers” or simply “workers.” Instead, their mastery in a construction trade should be
recognized by correctly identifying and distinguishing one trade from another. Table 1.3 lists and
describes major construction occupations by trade and provides employment and wage estimates
as of May 2016.

The built environment by project type

There are many differences between the AEC industry and other industries, such as automotive
manufacturing. Foremost, AEC products are built projects. Each project is unique and is built on a
separate site at a different time, under different weather conditions, with different design parameters
and different design and construction teams, especially at the craftsman level. Cars are instead made
in a factory’s assembly line. The exact same car is mass-produced, over and over again.

The built environment can be subdivided or classified in a variety of fashions. One of the most
common classifications of the built environment is by use:

e  Residential building projects include single-family homes, apartments, condominiums, and
retirement facilities. These projects usually consist of low- or mid-rise buildings that rely on



Table 1.3 Major Construction Occupations by Trade

Occupation Job Summary Employees 2016 Mean
Annual Pay
Boilermakers Boilermakers assemble, install, and repair boilers, closed vats, and other large vessels 16,600 $62,200
or containers that hold liquids and gases.
Carpenters Carpenters construct and repair building frameworks and structures—such as 676,980 $48,340
stairways, doorframes, partitions, rafters, and bridge supports—made from wood
and other materials. They also may install kitchen cabinets, siding, and drywall.
Construction and Construction and building inspectors ensure that construction meets local 94,960 $61,250
Building Inspectors and national building codes and ordinances, zoning regulations, and contract
specifications.
Construction Equipment Construction equipment operators drive, maneuver, or control the heavy machinery 412,190 $49,810
Operators used to construct roads, bridges, buildings, and other structures.
Construction Laborers Construction laborers and helpers perform Laborers: 912,100 $37,890
and Helpers many tasks thz.tt require physical labor on Helpers: 228.590 $30,900
construction sites.
Drywall and Ceiling Tile Drywall and ceiling tile installers hang wallboard and install ceiling tile inside 111,650 $48,460
Installers, and Tapers buildings. Tapers prepare the wallboard for painting, using tape and other materials.
Many workers both install and tape wallboard.
Electricians Electricians install, maintain, and repair electrical power, communications, lighting, 607,120 $56,650
and control systems in homes, businesses, and factories.
Elevator Installers and Elevator installers and repairers install, fix, and maintain elevators, escalators, 22,240 $76,860
Repairers moving walkways, and other lifts.
Flooring Installers and Flooring installers and tile and marble setters lay and finish carpet, wood, vinyl, and 77,410 $43,950
Tile and Marble Setters tile.
Glaziers Glaziers install glass in windows, skylights, and other fixtures in storefronts and 47,140 $47,260
buildings.
Hazardous Materials Hazardous materials (hazmat) removal workers identify and dispose of asbestos, lead, 44,280 $45,500

Removal Workers

radioactive waste, and other hazardous materials. They also neutralize and clean up
materials that are flammable, corrosive, or toxic.



Insulation Workers

Tronworkers

Masonry Workers

Painters, Construction
and Maintenance

Plumbers, Pipefitters, and
Steamfitters

Roofers
Sheet Metal Workers

Solar Photovoltaic
Installers

Insulation workers install and replace the materials used to insulate buildings to help
control and maintain the temperatures in buildings.

Ironworkers install structural and
reinforcing iron and steel to form and
support buildings, bridges, and roads.

Reinforcing:

Structural:

Masonry workers, also known as masons, use bricks, concrete blocks, concrete, and
natural and manmade stones to build walls, walkways, fences, and other masonry
structures.

Painters apply paint, stain, and coatings to walls and ceilings, buildings, bridges, and
other structures.

Plumbers, pipefitters, and steamfitters install and repair pipes that carry liquids or
gases to, from, and within businesses, homes, and factories.

Roofers replace, repair, and install the roofs of buildings using a variety of materials,
including shingles, bitumen, and metal.

Sheet metal workers fabricate or install products that are made from thin metal
sheets, such as ducts used in heating and air conditioning systems.

Solar photovoltaic (PV) installers, often called PV installers, assemble, install, or
maintain solar panel systems on roofs or other structures.

56,770

20,020
69,440

77,560

217,280

451,500

116,410

134,450

8,870

$45,070

$53,600
$56,040

$51,770

$41,510
$54,870
$42,080
$51,080

$42,500

Adapted from U.S. Bureau of Labor Statistics, Construction and Extraction Occupations, United States (BLS 2015)



10 Introductory concepts

mainly light-frame construction. High-rise condo and apartment buildings have a primarily resi-
dential focus. However, these projects are often considered commercial due to their reliance
on construction techniques and materials similar to those of commercial and government
projects.

o Commercial and governmental building projects include building projects for uses other than resi-
dential or heavy industrial. These projects may consist of low-, mid-, or high-rise buildings
that rely on a more specialized spectrum of construction techniques and materials than light-
frame construction. Examples include offices, fire stations, libraries, retail stores, and schools.
Given the breadth, this sector is often subdivided into subsets. For instance, hospitality projects
are a subset of commercial projects in terms of construction techniques and materials but
with a narrow focus on hospitality, such as movie theaters, restaurants, hotels (sometimes
developed with construction techniques and materials similar to those of residential projects),
and golf courses (sometimes developed with construction techniques and materials similar to
those of heavy-civil projects). Similarly, healthcare projects are another commercial subset with
a stronger focus on building technologies and systems. Mixed-use projects include crossover
building projects that include several different uses under the same roof. An extreme example
would be a downtown high-rise building hosting below-grade parking and a bowling alley,
a retail space at street level, a restaurant on the second floor, a boutique hotel on the next five
floors, condominiums on the ten floors above, and a swimming pool on the roof. A simpler
example of a mixed-use project is the subject of a case study we will use throughout this text-
book and briefly described in Appendix A.

*  Heavy-civil or infrastructure projects include roads, bridges, tunnels, dams, and the distribution
lines, related buildings, and structures for utilities (i.e., water, sewerage, petroleum, gas, power,
and communication). One of our case studies for this book is a heavy-civil highway overpass
project, and it is briefly described in Appendix A.

*  Heavy-industrial projects include, but are not limited to, power plants, chemical plants, and oil
refineries. Since these projects include facilities that are process-oriented, their design and
construction is highly dependent upon the specific process to be carried out in the facility.

Book overview

This book is organized into four major sections, A—D. The content and learning objectives of each
section are described below.

Section A — Introductory concepts

In addition to this introductory Chapter 1, Section A features five additional chapters, which
provide the reader with a basic understanding of construction management topics, which the
rest of the book relies upon. Chapter 2 expands upon the types of built environment projects
introduced above. The major phases that each project experiences from planning, design, and
pre-construction, through construction, close-out, commissioning, and operations are discussed.
Additionally, the impacts of different design decisions on projects are evaluated against each of
these phases.

As discussed above, there are many different participants in construction, including project
owners, designers, and contractors. All of these project participants are elaborated on in Chapter 3,
along with different corporate structures. Chapter 4 introduces the reader to project delivery,
beginning with the traditional design—bid—build (DBB) method and the more recent construction
manager/general contractor (CM/GC), design—bid (DB), and integrated project delivery (IPD)
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methods. A comparison of public versus private clients and their preferred delivery processes is also
explored. Procurement selection methods and types of contracts are the focus of Chapter 5.

Chapter 6 is the introduction to the rest of the book. A brief introduction to estimating, sched-
uling, and project controls provides the foundation for several subsequent more detailed chapters
on each of these topics. The role of the project engineer (PE) is discussed in each of these chapters
and throughout the book. Each section builds upon the others and adds more advanced and tech-
nical tasks and responsibilities for the PE. Each chapter also narrates the latest technological tools
available to a PE in the context of the chapter topic.

Section B — Field engineering

We have introduced the terms “field,” “office,” and “advanced project” engineering, along with
the customary “project” engineering, in this book. Many companies use the terms interchange-
ably. We are not making any hardline distinctions here; rather, we are using the terms loosely for
areas the project engineer may work on or types of activities he or she may be tasked with. We
will generically use the term “project” engineering for all positions and responsibilities throughout
the book. In Section B, we focus on the entry-level project engineer who works in the field or
jobsite trailer and may assist the project manager, project superintendent, or senior project engineer
with their duties and responsibilities to achieve project success, in terms of cost, time, quality,
and safety. All of these project controls are important, but a construction project that meets its
schedule and cost goals and is of acceptable quality is not truly a successful project if someone is
seriously injured. Safety control is the focus of Chapter 7 and discusses a variety of safety tools and
documentations involving workers’ compensation insurance, drug and alcohol testing, hazardous
material planning, and heavy-civil equipment management.

Production control, or cost and schedule control of the field, is primarily the responsibility of
the superintendent. The field or project engineer will support the superintendent with cost coding,
development and maintenance of work packages, and schedule monitoring. Chapter 8 discusses
these topics and some of the PE’s production control responsibilities. Chapter 9 revolves around
a series of activities that we label as “active” quality control (QC) and monitoring; these are pro-
ject-specific efforts and not generic or boilerplate. The PE assists the superintendent with active
QC activities, such as subcontractor coordination, third-party testing and inspection, and QC
documentation.

Section C — Office engineering

The project engineer’s role as described in Section C is more office than field based, but that
office may also be at the jobsite. Although early design review is customarily the responsibility of
more advanced team members, the PE will support estimators, schedulers, and project managers
in a variety of fashions. Some of the activities described in Chapter 10 include value engineering,
shop drawing review, and request for information (RFI) management. Chapter 11 continues with
other document control activities performed by the PE, including submittals, assisting the super-
intendent with daily job diaries, meeting notes, and record document updates.

Chapter 12 builds upon many of the cost and schedule activities performed by the PE as introduced
in Chapter 8, but now with a project manager and home-office support focus. Discussion in this
chapter revolves around integration of the four pillars of project success; they must all work together
to achieve a successful construction project. Earned value management is an advanced technique
used to determine the cost and schedule status of an activity or the entire project. The PM develops
a monthly cost forecast that the PE can assist with, as well as other home-office reporting activities.
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Sustainability concepts are frequently implemented in BE projects today. Although it used to be a
choice of some owners to implement some sustainability concepts, today many of these concepts
are mandatorily addressed in the building code and others just make economic and moral sense.
Sustainability is the topic for Chapter 13.

Chapter 14 includes a detailed discussion of project close-out. Close-out is often the role of the
project engineer and the foreman because the PM and the superintendent have both moved off
to another project. There are many close-out activities required before the contractor can receive
its retention. The PE will participate in early close-out planning, commissioning, and construc-
tion close-out, including the punch list, contractual and financial close-out, and warranty man-
agement. Chapter 15 is dedicated to the topic of modeling project documents, including the use
of BIM and civil information modeling (CIM). Chapter 16 focuses on updating estimates and
schedules with current data.

Section D — Advanced project engineering

Many of the topics introduced in Section D of the book could be the subject of standalone books,
and in most cases they are. Here, we simply provide a brief introduction to a set of advanced topics
that senior project engineers will rely upon. In many cases, senior project engineers will actually
function as assistant project managers; sometimes, they will even have the opportunity to run a
smaller project. Most construction management books start with the basic estimating and sched-
uling foundation, but the entry-level project engineer will not have much of an introduction to
these topics in the field until they have had a few years of experience. We therefore placed them
in the last section of this book. As stated earlier, each chapter and each section of the book builds
on its predecessors with increasing levels of responsibility for the PE. Although the new project
engineer will not take the lead on many of the activities in this section, they will have oppor-
tunities to assist project managers, estimators, schedulers, and superintendents in the tasks and
processes.

In Chapter 17, we differentiate between types of estimates: budgets, detailed estimates (including
lump sum bids and unit price bids), and guaranteed maximum prices (GMP). We then walk the
reader through the estimating process from developing a work breakdown structure (WBS) and
performing quantity take-offs (QTO) through pricing and estimating jobsite indirect costs. We
introduce schedule types in Chapter 18, differentiate between top-down and collaborative sched-
uling processes (including pull planning), and recommend procedures to obtain subcontractor and
foremen buy-in to the schedule.

Most of the work on any jobsite is performed by subcontractors, so awarding subcontractor
agreements and purchase orders to suppliers is an important first buyout step in the cost con-
trol process. Chapter 19 discusses the project engineer’s role in subcontract development and the
administration and jobsite management of these important second-tier team members. During
construction, change orders (COs) will arise for a variety of reasons, and the management of the
change order process is critical to the GC’s success. In Chapter 20, we differentiate between change
order proposals (COPs) and formal contract change orders and we describe the project engineer’s
role with gathering COP backup and assembling fair pricing.

There are a multitude of risks in construction management, and the project team’s ability to
understand sources of risks and cultivate methods to avoid them and transfer risks to other parties is
an advanced project engineering and project management role. Chapter 21 introduces the critical
topic of risk management. Our final chapter, Chapter 22, is both a summary of this book and an
introduction to project management. Once project engineers have got this far, they are ready for
the next step in their career path, which is accompanied by increased responsibilities. Many of the
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topics we introduced earlier in the book are included in project management books, but our focus
throughout has been on the role of the project engineer. In this final chapter, we briefly expand
those topics to the project management level and introduce a few advanced topics, such as claims,
dispute resolution, and construction leadership.

Case studies

We have described two different case studies in Appendix A. The Rose mixed-use project is
an apartment building in Portland, OR. This project is a wood-framed building over a cast-
in-place concrete podium. The owner selected the GC on a negotiated basis and entered into
a guaranteed maximum price contract with them. The Interstate 90 highway overpass project
is a heavy-civil unit-price bid project just outside of Missoula, MT. Example documents from
both of these projects are used throughout the book and additional documents are available on
the companion website. Many of our review questions and applied advanced exercises also use
information from these projects. In addition, we have included appendices for the abbreviations
and glossary and an index to assist with navigation through an Introduction to Construction Project
Engineering.

Summary

Construction project engineers work with other professionals toward the development of the
built environment in the form of facilities and infrastructures. AEC industries are those oper-
ating toward this goal. Although their economic output fluctuates over time, it is often above
4% of the domestic GDP. Moreover, AEC industries employ above 5% of the domestic work-
force. They employ professionals, such as architects and engineers, as well as craftsmen, such as
electricians, ironworkers, and carpenters. Most of these careers are highly specialized, so their
mastery should be recognized by correctly identifying and distinguishing one specialty from
another. While facilities and infrastructures are the products of AEC industries, they are achieved
through specialized processes shaped around projects. Projects vary largely depending on their
intended products, but they can be classified into four major groups by product types: residential
buildings, commercial and governmental buildings, heavy-civil facilities or infrastructures, and
industrial facilities.

To provide students with a comprehensive overview of the duties and responsibilities of construc-
tion project engineers, this book is organized into four major sections. The organization of this book,
from basic to more advanced topics, is, we feel, unique but logical for an introduction to construction
management with a primary focus on the project engineer. The reader may have already noticed the
abbreviations and technical terms introduced in this chapter. This use is common in construction, so
we include an appendix for abbreviations. Additionally, we provide a glossary for most of the terms
introduced in the book narration.

Review questions

1. Other than the examples we listed in this chapter, what are three additional examples of the
built environment that would fall under the book’s definition? What would be three examples
that would fall under a broader definition of built environment?

2. List another specialty design firm that might work for a commercial project, beyond those
listed in this chapter.

3. When might a heavy-civil project have an architect serving as a sub-consultant?
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4. Carpenters and plumbers have hammers and wrenches in their toolboxes. What sorts of tools

do project managers and project engineers use?
5. Why do you suppose new college graduates do not start their careers on day one as PMs?
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2 Built environment projects

Introduction

The built environment (BE) industries produce and modify facilities and physical infrastructures
through a broad set of activities aimed at adding to or changing the residential, commercial, gov-
ernmental, industrial, transportation, and utility functions of the underlying natural, economic,
and social environments. However, the underlying environments can make these tasks easy or
hard, and each undertaking is uniquely different. As a result, construction projects are the standard
approach to produce, renew, or modify facilities and infrastructures.

Activities can be project activities or mass-production activities. Projects are used by many
industries as a way to organize activities to achieve a particular aim. Examples of projects include
the development of a new medical device, the delivery of a healthcare program to address the
specific needs of a target group, the attempt by a large company to set up a business branch in a
new country, and the construction of a new apartment building. A popular definition of a project
explains why certain activities, including most of those used to develop the built environment,
revolve around projects. As defined by the Project Management Institute (PMI), a project is “a tem-
porary endeavor undertaken to create a unique product, service, or result” (PMI 2016; p. 8). Mass-
production activities are not projects because they are not creating a unique product. Moreover,
mass production is not temporary because its duration is undetermined and depends on the mar-
ketability of a particular product, such as a specific model of an airplane. Therefore, activities
leading to mass-produced goods belong to repetitive manufacturing processes.

The adjectives “unique” and “temporary” qualify a group of activities as a project. They also
explain how project activities differ from the repetitive activities needed for mass production.
‘Whereas various industries may rely on both project and mass-production activities, built environ-
ment industries mainly rely on project activities for the construction of facilities and infrastructures.
A comparison against the aviation industry will explain the focus on projects among built environ-
ment industries. The aviation industry uses projects to develop working prototypes of airplanes for
mass production. In aviation, a prototype would be the first instance of an airplane, so this proto-
type is unique. Moreover, the group of activities necessary to develop the prototype is temporary
because the project ends once it reaches its objective. Afterward, the mass production of airplanes
based on the prototype may result in many thousands of instances of the same airplane. By contrast,
a typical construction project aims for the delivery of a facility or infrastructure and ends once this
facility or infrastructure is completed. However, mass-produced goods, such as electrical outlets
and door handles, are also necessary to produce the built environment. Some BE projects also
follow repetitive processes similar to those in manufacturing, as in the case of large-scale single-
family home subdivision projects.

Nonetheless, most construction projects are largely different from manufacturing. As built envir-
onment facilities and infrastructures are the intended final product and will not be mass-produced,
the activities to create them are temporary, which means that they are assigned a defined scope,
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a clear timeframe, and a set of resources, such as people, equipment, and materials. Moreover,
each facility or infrastructure project is unique to its underlying natural, economic, and social
environments.

The built environment and its underlying social, economic, and natural environments are
related. The term sustainable project is used to define the ability of the facility or infrastructure to
strike a balanced fit with its underlying social, economic, and natural environments. This topic is
becoming more important to construction and project engineering tasks and will be discussed in
detail as part of Chapter 13.

Example

A road project may be initiated by a city to address an increase in traffic due to population
growth in a suburban area. This project will need to produce an infrastructure that fits
within its underlying social, natural, and economic environments:

»  Social environment: Studies will be performed to evaluate how the new road will benefit
the public, and outreach activities will be conducted to involve and/or inform the public
during the design and construction process;

*  Natural environment: Environmental studies will be performed to evaluate if the impact
on the natural environment is overriding the expected advantages of the new road.
These studies will also suggest mitigation measures that would be necessary to reduce or
nullify these impacts during construction; and

*  Economic environment: The impact of the project on the local economy will be evaluated,
including the impact of the cost of this project on the city economy at completion. Also,
the impact of construction activities on existing businesses will be evaluated, and miti-
gation measures may be needed during construction to minimize this impact.

Another aspect of a construction project’s uniqueness is the multitude of organizations and people
working together to achieve the project objectives, namely, the project team that changes from
project to project. In terms of organization, facilities and infrastructures are usually developed
by project owners for their end users, designed by design firms, and built by construction firms; these
are the four main participants in a BE project, as will be discussed in Chapter 3. For instance, a
multi-billion dollar new highway turnpike system around a state capital may be needed to relieve
city traffic while providing a way around the city for pass-through vehicles. This system will be
developed by the state transportation agency on behalf of the state’s citizens. The turnpike would
probably be delivered through many road projects, each staffed by a different set of designers and
builders.

Construction projects are sometimes related to each other because some project owners may decide
to fulfill a larger set of needs through a series of projects. For instance, due to the magnitude of the
previously cited turnpike, it may be difficult for the state transportation agency to identify design
and construction firms that are large enough to handle all of the risks associated with such an under-
taking. Instead, the turnpike could be delivered through a series of separate projects, which will need
to be well coordinated. Breaking down a large undertaking into smaller projects is common for
infrastructures or groups of facilities. When this approach is used, it is common to define the entire
undertaking as a program or masterplan, which is to its construction projects as an entire puzzle is to
its pieces. A program would provide its BE projects with the general guidelines necessary to achieve
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the overarching set of needs while leaving each project to define its own set of objectives that does
not conflict with these guidelines. For simplicity, we will only refer our discussion to individual con-
struction projects as part of this book.

Evaluating project success

Evaluation of the success of BE projects is sometimes a challenging task for numerous reasons.
First, projects are usually delivered through efforts by multiple parties, each having different pri-
orities and objectives. Using a generic project as an example, we can discuss these conflicting
objectives and priorities. The project owner of a commercial development will consider a project
successtul if it achieves its objectives, is delivered on time, and does not cost more than planned.
The design team will consider the same project successful if it provides the design firm with a
monetary reward and results in a quality facility that will enhance their reputation. Finally, the
construction team will consider the project successful if it provides a monetary reward and does
not result in injuries or casualties. Therefore, different parties may come to work on a project
with different priorities. Any BE project is initiated by a project owner who should set the project
objectives, but the project is developed by other project parties on behalf of this project owner.
Achievement of the owner’s objectives will accomplish overall success of the project, but it is the
owner’s responsibility to convey their objectives to the other project parties and to facilitate their
alignment. Therefore, these project objectives should be clearly identified as soon as possible at
the project onset.

Second, project objectives may differ greatly across construction projects. Yet it is still important
that the project parties speak the same language when it comes to evaluating project success. To
this end, the success of built environment projects is traditionally evaluated along four measur-
able dimensions that constitute the pillars for success of BE projects in the United States: cost, time,
quality, and safety, as shown in Figure 2.1. Cost relates to achieving the project objectives within the
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provided budget. Time relates to achieving the objectives within the provided timeframe. Quality
relates to meeting the project owner’s expectations and needs, as well as all existing codes. Safety
relates to achieving the objectives without accidents or fatalities.

However, true project success can only be achieved through a balanced performance of all four
of these dimensions. For instance, it would be difficult to define a project as successful if anyone
died during construction, even if the final facility was completed on time and on schedule and
met the quality expectations. Similarly, a significant cost overrun would make it difficult to claim
success for a project that was completed on time, up to the quality expectations, and without safety
issues. However, all parties may assign different importance to each of these dimensions, which
may make it difficult to maintain the desired balance throughout all of the project phases. Still, a
coordinated effort to translate priorities by individual parties into measurable benchmarks along
each of these dimensions is crucial to project success. This ability to coordinate parties acts as a
binding agent and is often a precursor to project success.

Finally, not everything is measurable, and several additional factors act as the foundation to pro-
ject success, such as the ability to organize the project team by clearly identifying the roles and respon-
sibilities of each party, the ability to establish and maintain successtul communications among project
parties, and the ability to record communications through appropriate document control.

Project phases

As previously stated, facilities and infrastructure projects are usually developed on behalf of project
owners, who are sometimes also the end users, designed by design firms, and built by construction firms;
these are the four main participants in a BE project. Once a project owner has identified that a
built environment undertaking will help fulfill their needs, a project is initiated and a process will
take place that will result in the completion of the facility or infrastructure and its placement into
operations.

Since many built environment projects require significant time and financial investments, they
are usually phased. Moreover, many owners follow a phase-gate model to authorize expenditures
on projects, where each project has a gate at the end of each phase. The decision on opening the
gate to the next phase is usually based on what was produced in the previous phase. If the gate is
opened, funds and time will be provided for carrying out the following phase.

In the remainder of this section, we will use examples from the private and public building
sectors to define and describe the main phases of a built environment project. Although the ter-
minology for infrastructure and industrial facility projects may differ, these projects are delivered
through a similar sequence of project phases, which is shown in Figure 2.2. These major phases
include planning, design, construction, and operations.

Planning

During this initial phase, the seed for a potential new built environment project is planted
(i.e., project initiation) and a project concept is developed (i.e., conceptualization), as shown in
Figures 2.3A and 2.3B. This phase occurs once a project owner realizes some needs or wants,
evaluates alternative approaches to achieve these needs, including approaches that would require
the initiation of a new built environment project, and generates a project concept. Depending
on the industry sector and the project owner, other known names for this phase are programming,
pre-design, front-end planning, and pre-project planning. This phase is performed by the owner and
should not be confused with the pre-construction planning and start-up phase that is performed
by a general contractor.
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In the private sector, this phase is part of the project owner’s business planning process. For
instance, while performing its business planning, a private industrial company may realize the
need to increase production of its goods to fulfill an increase in market demand in a remote region.
The company may increase production at an existing industrial facility by increasing work shifts or
build a new facility to fulfill the increase in demand. To compare these options, the company needs
to develop a rough concept of the new facility to be used to estimate its costs. After performing
a comparative analysis of these two options, the company concludes that initiation of a project to
build a new factory in proximity to the target market would be preferable and more remunerative
than an increase in shifts at the existing industrial facility.

In the public sector, this phase is part of the community or regional planning process. For instance,
while performing its community planning process, a city may realize the need to reduce its
fire department response time in a certain neighborhood. The city may add fire trucks at a fire
station in a nearby neighborhood or build a new fire station in the given neighborhood. To
compare these options, the city needs to develop a rough concept of the new fire station to be
used to estimate its costs. After performing a comparative analysis of these two options, the city
concludes that initiation of a project to build a new fire station would be preferable, because the
addition of fire trucks to the existing station would not provide adequate response times during
rush hours.

As described in these examples, during the project planning phase, alternative approaches to ful-
fill needs are generated, analyzed, and compared. The alternatives may envision and conceptualize
new built environment undertakings. If a new built environment undertaking is selected, the pro-
ject is initiated and based on the concept used to make the decision. As part of this phase, different
facility sites or infrastructure alignments may be investigated as alternatives. The project planning
phase is typically led by the project owner with their own personnel, even though consultants may
be hired to carry out some analyses and support the owner’s decision-making process. One of the
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most common types of analysis performed at this stage is the feasibility analysis (or Study), which
evaluates the proposed project’s ability to fulfill the needs, as well as the technical and economic
feasibility of the project concept.

Design

The design phase, shown in Figure 2.3C, can be divided into four subphases, namely, conceptual
design, schematic design, design development, and construction documents. They are often part of the
phase-gate model used to authorize expenditures.

An initial conceptual design (i.e., project concept) is actually developed during the planning phase
as part of the conceptualization of the project idea. Conceptual design may be led by the project
owner with their own personnel, but a design consultant is usually hired to help develop a con-
cept based on sound design principles. Based on the project concept, a preliminary cost estimate is
usually performed at this time.
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Once a project idea is formed around a project concept, the next step is to develop a schematic
design that expands the project scope, which can be used as the basis for later design development.
It is common for project owners to assemble an early design team that will develop a set of graph-
ical documents that add detail to the initial concept. As part of this subphase, it should be verified
that the facility concept can be built on the available site, and if not, the conceptual design should
be revised. At the end of this phase, the owner will be provided with a schematic design package
and a cost estimate for review and approval. Schematic design usually results in a designed facility
with dimensions only at the macro level. Although it is becoming more frequent for designers to
develop three-dimensional building models by using computer-aided design (CAD) or building
information modeling (BIM) software, the design is usually provided to the owner in the form
of drawings, including a site plan, floor plans, sections and elevations, and printed renderings.
Moreover, the design team often provides a presentation to the owner where three-dimensional
information and simulated walkthroughs can be shown. Chapter 15 includes information on
three-dimensional information modeling techniques. The cost estimate is based on the most reli-
able level of dimensional information provided in the schematic design package and is usually
based on estimated floor areas or building volumes.

Once the schematic design has been approved by the owner, the design firm will proceed with
the design development (DD) subphase. As part of this phase, the design firm will work toward the
production of a design package that will outline the specifications and include architectural infor-
mation, such as floor plans, sections, and elevations, as well as layouts of structural, mechanical,
electrical, and plumbing systems. These drawings will be produced at a higher scale than those with
the schematic design. They will include full dimensions and provide door and window details, as
well as information on materials. The design package will be submitted for review and approval
to the owner. Often, the design firm would also provide a presentation to the owner in which
additional content can be provided, including updated cost estimates, a preliminary construction
schedule, three-dimensional renderings, and results of analysis on the owner’s “hot button” issues.

Once the owner and design firm complete the review and revision of the design development
package, the design team proceeds with the final stage of design to produce the construction documents.
Construction documents take the design to a greater level of detail to include construction details
and specifications for materials; they are used to finalize the price of construction. The level of
detail achieved in the contractual document set is decided by the owner and may vary greatly with
different project types and project delivery methods.

Construction

Project owners rely on the construction team to lead the construction phase. During this phase,
the construction team members first plan and prepare for the construction process. Later, they
perform and/or oversee field activities and carry the responsibility for the outcome. Traditionally
this phase can be subdivided into four subphases:

e Construction planning and start-up (also known as traditional pre-construction),
¢  Construction execution,

¢ Construction control and administration, and

¢ Construction close-out.

The main goal of the construction planning and start-up subphase is to plan and prepare for con-
struction, as shown in Figure 2.3D. On projects delivered with a design—bid—build delivery (see
Chapter 4), this subphase also incorporates some pre-construction activities as follows:
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e pricing,

*  project scheduling, including logistics and phasing,

»  pre-qualification of subcontractors and suppliers,

* solicitation and selection of specialty contractors,

* analysis and purchasing of materials and products,

* review of construction documents, including constructability analysis, and
* assistance with obtaining sustainability certification.

Recently, the term pre-construction services has grown in popularity to identify a set of activities
broader than simple construction planning and start-up. These additional activities are allocated to
the construction team when it is brought on board early on a project. Through this early involve-
ment, the team is expected to improve the plan for construction. Therefore, activities traditionally
performed as part of construction planning and start-up are included as part of a larger a-la-carte
menu of services that project owners can elect to purchase from the construction team. Under
these circumstances, activities that were traditionally self-performed by the project owner staff or
by the design team will be totally or partially performed by the construction firm. Examples of
pre-construction services provided during various phases may include:

*  Planning (the contractor is not involved in this phase except in rare circumstances and project
types):
*  scope definition,
* selection of design team and responsibility to coordinate design and construction team
members, and
* selection of project delivery method.
*  Design:
* site analysis and evaluation,
* investigation into local codes and zoning rules,
*  value engineering analyses,
*  constructability analysis at all stages of design and for all systems,
* design phasing and coordination,
* carly procurement,
* safety planning,
* quality management planning,
» life-cycle cost analyses, and
* scheduling, estimating, and pricing at all stages of design.

The construction execution phase will deliver the facility or infrastructure as it was designed, as
shown in Figure 2.3E. This phase is focused on field activities that will be discussed in Section B
of this book.

The main goal of the construction control and administration subphase is to oversee the construction
execution and to enforce coordination among the project parties. This phase is focused on jobsite
office activities that will be discussed in Sections C and D of this book.

The construction close-out subphase will complete all of the construction tasks and gather all docu-
mentation required to close out the construction contract and complete the project. This process
may take up to a year after the certificate of occupancy is issued and incorporates four concurrent
processes: field close-out, contractual close-out, financial close-out, and in-house close-out ana-
lysis. This phase and its subphases will be described in detail in Chapter 14.
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Figure 2.4 Influence Curve

Operations

Once construction is complete, the facility or infrastructure is ready to be put into operations,
which means the project owner can start using it, as shown in Figure 2.3F. For many projects
and most of the participants, the project objectives are fulfilled at construction close-out, so the
operations phase is not part of the project, although operations is the next phase of any facility or
infrastructure life cycle. However, a facility or infrastructure may be the object of several other
projects during its lifetime, after its initial execution. Typical post-completion project objectives
include retrofitting to add functions that were not provided in the initial project, performing
extraordinary maintenance to the whole facility or infrastructure, revamping to improve the
underlying design, or demolishing it to restore the initial natural conditions or to prepare the land
for other uses.

Impact of early decisions on later expenditures

Among the many slogans regarding how to achieve project success, one standout for built environ-
ment projects is to “do it right the first time.” This message captures an important truth about BE
projects: decisions made early on have a greater impact on the project outcome over the facility or
infrastructure lifetime than later decisions. This concept is graphically illustrated by the influence
curve shown in Figure 2.4 and is explained through the following examples.

Planning: Infrastructure alignment or facility location

One of the main decisions to be made during the planning phase relates to where the built envir-
onment facility or infrastructure will be located. For example, a road alignment would be identi-
fied at this stage and used to perform all the impact analyses required for a permit. Similarly, the
location of a new facility will be decided at this time. Any error in this phase will affect the ability
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of the facility or infrastructure to fulfill its needs. Moreover, any later change to decisions made at
this stage may have substantial to catastrophic impact on the project. A change in a road alignment
may require new studies to be performed and an amendment to the initial permit to be obtained.
Similarly, the later realization that a project site may not be fit for its intended use will force the
project owner to identify and acquire a new piece of land, obtain new permits, and redesign the
facility to the new site constraints.

Early design: Building layout

Some of the major decisions to be made during the early design phase of a new building are those
related to its siting, including its orientation and layout. Decisions made at this stage heavily affect
all of the subsequent phases. Incorrect decisions during this phase may affect the ability of the
facility or infrastructure to fulfill its needs, but any change to these early decisions would have a
significant impact on the project’s cost and schedule. For instance, a realization that the building
has been designed with the wrong orientation or layout will require either acceptance of a faulty
design for construction or a redesign of the facility.

Late design: Detailed design of bathrooms

This is probably the latest stage when decisions with an impact on the project may be changed. For
instance, at this time, the bathroom layout will be finalized, along with the layout of its mechan-
ical, electrical, and plumbing (MEP) systems. Since public bathrooms need to be compliant with
the Americans with Disabilities Act (ADA), any error may affect the project’s ability to meet ADA
code requirements. Still, this is the time to implement changes to the design without construction
rework or constraints on the building’s use.

Pre-construction: Selection of specialty contractors

One of the major decisions to be made at this stage is the selection of specialty contractors for
various items of work. Whereas these decisions do not have catastrophic effects on the usability of
the building or infrastructure, they may hit the project’s cost, quality, and time performance. For
instance, selection of a painting contractor without the necessary manpower to deliver the scope
may result in quality issues and delays. This would result in potential claims for additional com-
pensation or penalties for late completion of the project.

Construction: Changed delivery schedule of materials

Ideally, all major decisions on the construction of a building should be made during the pre-
construction phase. However, some decisions made during the construction phase may create
significant issues. For instance, on a high-rise project, the delivery of materials needs to meet the
requirements stated in the traffic control permit and is often assisted by the project’s tower crane.
Therefore, if a delivery needs to be changed, the permit may need to be modified and the new
delivery needs to be verified against the availability of a time slot for the tower crane.

Project engineering applications

As will be described in Chapter 3, project engineers work for a construction firm. Therefore,
they will be involved in many of the project phases when a construction firm is onboard. Project
engineers include entry-level employees and professionals with several years of experience. Most
of the less-experienced project engineers will be involved in the central phases of construction,
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including project execution, control, and administration. Participation in these phases will provide
the necessary knowledge of the project and experience to allow the same project engineers to assist
the project manager in the close-out. More experienced project engineers will also be beneficial
in pre-construction, when they are often delegated specific sections of the project planning and
start-up. When pre-construction services are associated with early contractor involvement, highly
experienced project engineers can be called upon to assist the project manager in providing early
pre-construction services, such as estimating, scheduling, and procurement, based on their know-
ledge and experience.

Summary

Facilities and infrastructures are developed as projects due to the uniqueness of the underlying natural,
social, and economic environments and the femporary nature of the undertakings. Once initiated,
BE projects require multiple parties to coordinate the achievement of project success that ultimately
accomplishes the project objectives, which are project owner-dependent. However, built environ-
ment industries have developed a common language to allow all parties to align and therefore refer
to the four measurable pillars of project success as cost, time, quality, and safety.

Similarly, all BE projects follow a sequential phasing of activities and undergo four major
phases, namely, planning, design, construction, and operations. Project engineers operate on a project as
employees of construction firms. Experienced project engineers support the project management
team in the traditional pre-construction phase of planning and for actual construction. However,
recently, project owners are trying to secure early contractor involvement in the form of add-
itional pre-construction services. Thus, pre-construction often expands broadly and becomes a
new phase of the project that overlaps with design and, rarely, planning. Since early decisions can
have immense impact on the project success, only highly experienced project engineers will be
called upon to support the project management team in these broader activities.

Review questions

‘What are two characteristics that define a project?

‘What are the four typical design phases of a construction project?
‘What are the four dimensions to measure project success?

‘What other factors act as the foundation to project success?

Provide three examples of pre-construction activities during planning.
Provide three examples of pre-construction activities during design.
List the construction subphases of a project.

NN

When do less experienced project engineers get involved on a construction project?

Exercises

1. Provide examples of issues that may affect project success in any of the four dimensions.
2. Perform an Internet search on the following construction issues:

a.  Safety and accidents: For instance, you could use the search string “construction accident”
on Google News or Bing News. Select an article on a project and read it. Submit a short
summary of what happened and on what type of project.

b.  Cost overruns: For instance, you could use the search string “construction cost overruns”
on Google News or Bing News. Select an article on a project and read it. Submit a short
summary of what happened and on what type of project.
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c.  Delays: For instance, you could use the search string “construction delay” on Google
News or Bing News. Select an article on a project and read it. Submit a short summary of
what happened and on what type of project.

d.  Quality issues: For instance, you could use the search string “construction defects” on
Google News or Bing News. Select an article on a project and read it. Submit a short sum-
mary of what happened and on what type of project.

Reference
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3 Participants in built environment projects

Introduction

As discussed in the previous chapter, all built environment (BE) projects follow a similar life
cycle. In this chapter, we learn that these projects also involve the same types of participants,
which include businesses, organizations, and individuals. Most of the project participants are
involved in multiple projects. However, like actors in movies, project participants can serve
different roles on different projects. This chapter describes different ways to classify project
participants, as well as some of the more common roles present on BE projects. A relation-
ship between the organizations and individuals exists and is easy to capture by considering
that organizations employ individuals, including construction project engineers. Moreover,
organizations may be liable for the actions of their employees, and their legal status affects the
exposure to liability for business owners.

In terms of classifications, project participants can be defined by their functional role, legal status,
and contractual role. In this chapter, we will first discuss organizations operating in the built envir-
onment based on their functional role. Then, we will discuss businesses by their legal status. Last,
we will discuss the relationship between organizations and individuals. The contractual roles will

be discussed in Chapters 4 and 5.

Organizations

Each project will have a different team of organizations that will operate under a web of con-
tractual relationships, also known as contractual frameworks. Chapter 4 will provide insight on
different approaches for weaving a contractual framework. Chapters 5 and 19 will describe how
organizations are selected for the project team and how contractual agreements are used to bring
them into a project.

Construction projects are usually developed on behalf of project owners and end users, designed by
design firms, and built by construction firms; these are the four main functional roles on any BE pro-
ject. Other organizations include insurance companies, sureties, authorities having jurisdiction (AHJs), and
various consulting and technician firms, such as land surveyors. The remainder of this section will
describe the functional role of these organizations on a built environment project.

Project ownership and use

Each project has its own project owner who evaluates the end user’s needs before establishing the
project scope and objectives, sets a timeline to achieve these objectives, and secures funds for the
project. Oftentimes, a project owner is also the end user.

In this book, the term client is sometimes used in referring to the project owner. Although in
each project contractual relationship, we can identify a client and a provider, the term client will
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Figure 3.1 Ownership and Use at Completion

be used in this book only to refer to the project owner in the context of direct relationships with
design consultants and contractors. The concept of ownership may also apply to owners of com-
panies. For simplicity, we will use the shorthand term owner or client when referring to the project
owner for the rest of this book, except when it is clearly stated otherwise.

An important difference among project owners is their funding source—public versus private.
A homebuilder is an example of a project owner who fully finances their projects with private
funds. A city is an example of a project owner that fully or partially finances its projects with public
money. Project owners who rely on public money are called public owners and are subject to strict
rules to allow for transparency and fairness. As shown in Figure 3.1, two characteristics affect a
project owner’s functional role on a project: (1) the owner’s plan for using the facility or infrastruc-
ture at project completion, and (2) the owner’s plan for retaining ownership at project completion.
These characteristics correspond to the three main scenarios shown in Figure 3.1, which include
build-to-use, build-to-lease, and build-to-sell projects. Some examples are provided to clarify how
these characteristics may manifest and affect a project.

Scenario 1: Build-to-use projects

Some project owners build facilities for their own use. Therefore, they will not only retain own-
ership at completion, but they will also be end users of the facility. Private citizens, governmental
agencies, and companies that need facilities to support their core business often build these facilities
for their own use.
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Examples

* A prospective homeowner buys a piece of land and has his or her dream home built on it.

* A university needs a new library building and decides to have it built on a vacant
campus lot.

*  An oil company needs to revamp an existing refinery that it has just purchased.

As the end users of facilities, owners should be able to identify the needs that the project must
fulfill and set the project objectives accordingly. Moreover, they will be motivated to build some-
thing that will reduce costs during the operations of the built facility. Therefore, the homeowner
will probably attempt to obtain a durable and comfortable home, the university will seek a library
building that is both durable and inexpensive to operate and maintain, and the oil company will
seek a facility that is easy and safe to operate while limiting the need for extraordinary maintenance.

Scenario 2: Build-to-lease projects

Some owners initiate projects to build facilities that they will own at completion but will lease
to short- or long-term tenants. Build-to-lease projects are usually those carried out by real-estate
developers whose main core business is developing and managing real-estate properties. The deci-
sion to retain ownership at completion is sometimes only temporary because some developers
decide to build and lease for a few initial years of the facility’s life cycle but then sell later. The lease
terms will change greatly depending on the facility type and will state the developer’s responsi-
bilities in terms of operations or maintenance costs. Depending on the facility type and market,
tenant expectations may vary quickly over time and among tenants, which will ultimately affect
the project objectives.

A developer of a build-to-lease project may expect a high tenant turnover and large variation in
expectations from tenant to tenant for the facility, which will motivate them to build a facility that can
be easily adapted to the changing needs of commercial tenants. Under these circumstances, the facility
will not be completed until a tenant for a retail or office space is selected, which results in phases of
construction. The first phase will be to design and build a core and shell, including the building structure,
envelope, site work, and building systems. Once a tenant is secured for the space, a tenant improvement
(TI) phase will be carried out that will focus on finishes, partitions, and trimming of mechanical, elec-
trical, and plumbing (MEP) systems. The TI phase can be performed by the owner on behalf of the
tenant or by the tenant. For facilities operating in the long-term lease market, developers will attempt
to secure tenants before the core and shell phase is completed, which may result in late changes to the
project scope to accommodate specific needs by early tenants that the owner has secured.

Examples

* A land-use commercial developer and property manager develops a new strip mall in a
suburban area to be subdivided into commercial units for lease. This owner is motivated
to develop a building that is durable and fits the needs of the prospective tenants. Since
the facility life is expected to be much longer than the average length of a lease, tenants
are expected to change over time. These characteristics suggest a phased approach, with
the core and shell separate from the T1.
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*  Asimilar situation would be represented by a residential property developer committed
to building and owning multi-family properties. This owner is also motivated to
develop a building that is durable and fits the needs of the prospective tenants. The
building should also be easy and economical to maintain and operate because the devel-
oper will perform maintenance on the apartments and common areas, as well as operate
them. However, this project would not need to be phased because apartment finishes
are identified by the target tenant market (e.g., luxury, mid-range, or short stay), which
is often dictated by the location of the building.

Scenario 3: Build-to-sell projects

Some owners build facilities to sell them at construction completion. Build-to-sell projects are
usually those carried out by real-estate developers whose main core business is to buy and develop
land and then profit from the increased value. Since these developers will not be involved in the
operation and maintenance of the built facility, lifetime considerations for durability and operations
and maintenance (O&M) costs may be limited to their target client’s interests.

Example

*  Ahomebuilderacquires a plot of land, applies for permits, and develops a new single-home
suburban subdivision while selling 200 individual homes to prospective homeowners
and constituting a homeowner association to manage the common areas.

Design firms

Project owners rarely design their own facilities. Most projects are designed with the support of
design firms that will devise a facility to meet the end user’s needs and the owner’s time and cost
constraints. Simple projects may be designed by a single design firm, but design expertise is highly
specialized, so it is common for a project to require services by more than one design specialty.
Design firms are businesses that employ licensed design professionals. Licensures are specific to
design specialties, such as architecture, electrical, mechanical, or civil engineering. Moreover,
licensure is state-specific, so a building project based in the State of Michigan will need an archi-
tect licensed to operate in that state. Larger design firms will employ licensed professionals in many
disciplines, but smaller firms may only have a few employees.

In the United States, it is customary for an architecture firm to lead the design process for
building projects with the support of consultants from other design specialties. The design activ-
ities for civil projects are usually led by a civil engineering firm, which will secure consultants in
other specialties as needed to design the project scope. Similarly, the design activities for industrial
projects are usually led by industrial engineering firms that will design the industrial processes and
secure consultants in other disciplines as needed to build a facility that will host these processes.

Construction firms

Project owners rarely build their own facilities. Instead, most projects are built with the support of
construction firms. Whereas these firms vary largely depending on the industry sector in which they
operate, most of them would fall into one of several major groups.
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o General contractors (GC): These construction firms are responsible for the overall planning
and coordination of construction operations. They are generalist firms that have knowledge
of the whole process to provide overall supervision and coordination. They usually per-
form some work themselves and hire specialty contractors for other work items. General
contractors employ jobsite office and field management personnel, as well as a specialized
workforce in the scopes they self-perform. The amount and type of scope a GC would
self-perform is highly dependent on the project type and the contractor, and there are some
general contractors that do not self-perform any construction activity. For instance, a GC
operating in the commercial building sector would frequently self-perform structural work
but would hire electrical, mechanical, and plumbing specialty contractors. Therefore, this
GC will employ project managers, project engineers, superintendents, and foremen. In
addition, they will employ craftsmen, such as carpenters and laborers. This firm may own
some construction equipment but will most likely lease specialized and expensive pieces of
equipment. However, if the same GC is hired to perform work in a location outside of its
primary business area, it may decide to hire a local structural specialty contractor instead of
employing new skilled workers.

* A construction manager is similar to a general contractor, except they do not self-perform scope
and, therefore, do not hire direct labor.

* A heavy-civil contractor operating in the road construction sector would probably self-perform
most direct tasks, including earthmoving and paving work. This firm will employ project
managers, project engineers, superintendents, foremen, equipment operators, and laborers.
They also often own a fleet of construction equipment to support their self-performed
operations.

o Specialty contractors: These construction firms are responsible for specialty areas. These firms
employ a highly specialized workforce and own specialized tools and equipment to support
the tasks they perform. Examples of specialty contractors include earthmoving, electrical,
mechanical, plumbing, and painting contractors.

e Suppliers: These firms provide only materials and equipment for the project. Their contribu-
tion is usually limited to supporting the installation by others of the materials or equipment
they provide. When required to perform installation, they would act as subcontractors and
would need to provide liability insurance.

o Agency construction managers coordinate the work of prime contractors who contract directly
with the owner but do not perform work themselves.

Other participants

Many other entities and individuals participate in built environment projects, even if they do not
directly contribute to the activities necessary to complete a project. This section provides an over-
view of a few selected participants that will frequently be encountered on construction projects.
An AHJ is defined in the National Electrical Code as “an organization, office, or individual
responsible for enforcing the requirements of a code or standard, or for approving equipment,
materials, an installation, or a procedure” (NFPA 2017; pp. 33-34). For instance, a city will have
jurisdiction on construction activities within its boundaries. Therefore, a project located within
the city’s boundaries will need to obtain numerous permits before commencement. The project
will need to abide by city codes. City officials will review the application for permits and issue the
permits if the application is in compliance with the city codes. Once construction activities are
in progress or completed, inspections are performed to evaluate if the work is compliant with the
city codes. There are many AHJs, and the location of a project and its type will dictate which AH]J
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will apply to it. Other examples of AHJs are federal, state, and local agencies, counties, and Native
American sovereign nations.

Insurance companies and construction sureties are companies that are willing to take some of the
liability associated with the design and construction activities for a fee. These entities rarely inter-
vene in the project and only in response to the occurrence of specific events. There are some
important differences between insurances and sureties. The following paragraphs provide an over-
view of these differences, which will also be discussed within Chapter 21 on risk management.

»  Insurance companies use analyses to evaluate the chances that an event may occur and its finan-
cial impact on a project and to establish a premium price for them taking on that risk. Risks
are usually grouped by category and packaged into standard insurance company policies.
An insurance policy is a contractual document between the insurance company, the insurer,
and the entity or individual that requests coverage against the risks, the insured. Examples
of standard insurance policies for the built environment include professional liability insur-
ance, errors and omission insurance, general liability insurance, property insurance, builder’s
risk insurance, business owner insurance, worker compensation insurance, and construction
vehicle insurance.

o Construction sureties investigate the project and its participants to evaluate if the chances of an
event occurring are low enough to issue a bond. Three types of bonds are prevalent in the
industry: bid, performance, and payment bonds. By issuing a bid bond, a surety is assuring the
bid-receiving party (often the project owner) that the bid-submitting party (usually a con-
struction firm) is submitting its price proposal in good faith and will enter into a contract for
services at the proposed price and that the surety will provide performance and payment bonds
if they are needed. By issuing a performance bond, a surety is assuring the service-receiving party
of protection from economic losses in case the service-providing party (usually a construction
firm) is not able or willing to fulfill the contractual expectations. By issuing a payment bond,
the surety is assuring the service-receiving party that the service-providing party (usually a
construction firm) will pay subcontractors, direct labor, and material suppliers on the project.
Unlike insurance policies, which are agreements between two parties, bonds are agreements
between three parties: the principal, the obligee, and the surety. Figure 3.2 describes the rela-
tionship between these three parties and provides an example of a bid bond.

Land surveyors are licensed professionals who perform construction surveys, to identify the position
of the proposed facility or infrastructure, and other surveys, such as site utilities and topography
mapping. Owners, design firms, and construction firms rely on the services of land surveyors
throughout a project life cycle because it is necessary to establish property boundaries, terrain
slopes, and building work positions.

Business legal status

Project participants mostly interact under contractual agreements, which are legal documents
stating the duties and obligations of the parties. However, participants in projects can be human
beings or business entities. Once they are created, businesses are given rights and responsibilities,
some similar to those applicable to individuals. Different forms of businesses exist in built envir-
onment industries. The most common forms of business are sole proprietorships, partnerships,
corporations, limited liability companies (LLCs), and joint ventures (JVs). Note that the concept of
ownership is used in this section when referring to business ownership, in contrast to the rest of the
book where ownership always refers to project ownership.
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Figure 3.2 Construction Insurance and Construction Bonds

Sole proprietorships

Sole proprietorships are recognized as the most common type of business operating in the built envir-
onment industries. A sole proprietorship is popular because it is easy to start and maintain a business
that is owned and managed by one individual, the sole proprietor. Therefore, there is no distinction
between the business and its owner, who is entitled to all profits but is also fully responsible for the
actions of the business. Requirements for forming a sole proprietorship change depending on the
state jurisdiction; this action may not require any formal filing with the state. However, all permits
and licenses required to operate in an industry or a location still need to be obtained by the pro-
prietor. For instance, a handyman can operate as a small painting business, but he would still need
to obtain insurance and a commercial license if so dictated by the jurisdiction where he operates.
Additional advantages of operating as a sole proprietorship include its flexibility (because the business
can go where the owner wants), its speed or response (because all decision-making is done by a single
person), and its easiness to terminate (because the owner can decide at any time to terminate the
business or sell it). The disadvantages of operating a sole proprietorship include the unlimited personal
liability, the limitations in raising money to grow and/or operate the business, and the heavy decision-
making burden, which falls on the sole proprietor.
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Partnerships

Partnerships are businesses in which two or more people or entities share ownership. Partnerships
can be seen as a shared form of proprietorship because partners contribute to the business in the
form of resources and talents. Similarly to a proprietorship, a partnership is closely associated with
its owners, namely, the partners. Also, profits are passed through to the partners and are taxed with
other personal gains. However, a partnership can independently own property, hire employees,
and undertake (or be the subject of) legal action. Partners can be one of two types: general and
limited partners. General partners share the responsibilities, profits, and losses of the business. If
not specified otherwise in the partnership agreement, partners equally distribute profits, liabilities,
and management duties. Limited partners only contribute assets and do not participate in man-
aging or operating the business. In return for their limited involvement, limited partners do not
participate in liability beyond their initial contribution. The addition of limited partners is a way
for a partnership to raise capital while providing immunity to the investor. Every partnership must
list at least one general partner.

Corporations

Corporations are legal entities owned by shareholders. Forming a business as a corporation is a way
to separate the ownership from the management and operations, which limits the liability to the
stakeholders for only their initial contribution. Stakeholders appoint a board of directors, which
selects and oversees business operations led by officers, including a chief executive officer (CEO),
a chief operating officer (COO), and a chief financial officer (CFO). Unlike proprietorships and
partnerships, corporations file taxes separately from their stakeholders. The profits of a corporation
are taxed at a corporate tax rate, which is often lower than the personal income tax rate. If the
management decides to distribute part of the profits among the shareholders, these distributions, or
dividends, are subject to double taxation at the individual level. Two types of corporations exist: Type
C and Type S. Type C is as described above, and Type S corporations are specially created through
an internal revenue service (IRS) tax election to avoid double taxation on dividends.

Limited liability companies (LLC)

Limited liability companies combine features of corporations and partnerships. Owners of an LLC
are referred to as members. Similarly to a corporation, an LLC would limit personal liability from
ownership. Similarly to a partnership, an LLC would avoid double taxation by passing through all
of its profits and losses to its members.

Joint ventures (JV)

Joint ventures are business entities that resemble general partnerships but can include in their part-
nership natural or juridical persons or governmental agencies. The main characteristic of a joint
venture is its temporary scope because JVs are created for only a limited period of time or for a
single project. The main reasons for using a JV on a project are to pool financial, physical, and
human resources and for spreading risk. For example, many mega-infrastructural projects are built
by joint ventures of construction companies that pool their personnel, equipment, and bonding
capacities while spreading the risk of failure.

Individuals

Project participants also include individuals, such as a prospective homeowner, who initiates the
process of hiring designers and builders to develop a custom home on a piece of land. Also,
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most projects are developed by employees of organizations for other organizations, which are
represented by their own employees. Each project will have a different team of individuals that
will operate within the contractual framework under a web of relationships that identify the duties
associated with the job title, as well as the responsibilities and authority associated with the hierarch-
ical position within the project.

For example, if a university wants to build a new training facility for its football team, one of
the university employees in the capital project office will be assigned the duty, responsibility, and
authority to serve as the owner’s representative on this project. He or she will interact with the
lead architect working for the architecture firm that has been hired to design the training facility.
Later, the owner’s representative will also interact with the project manager of the selected builder
of the facility. Working closely with the general superintendent, the project manager has the
ultimate duty, responsibility, and authority to make decisions for fulfilling the project objectives,
as stated in his or her company’s contract with the university; in addition, he or she will delegate
duties, responsibilities, and authority to the project engineers as required. The building team will
also oversee work performed by the subcontractors’ employees. Figure 3.3 shows a simple project
organizational chart.

Each of the businesses participating in the delivery of a built environment project relies on its
employees. Here, we will outline some of the more common individual roles within each of the
major participants.

Project owner’s employees and agents

When a project owner frequently develops built environment projects, its staft may include indi-
viduals with expertise in one of the built environment disciplines. One of these employees will
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lead the owner’s organization and act as the owner’s representative with external entities, including
coordination with AHJs, insurance companies and sureties, and design and construction firms.
However, smaller owner organizations or individual owners usually rely on the external services of
a design firm and/or an agency construction manager to serve the role of owner’s representative. When
both a design firm and an agency construction manager are employed, the design firm serves as the
owner’s representative during the initial phases of the project and the agency construction manager
becomes involved during pre-construction and sees the project to its completion. The internal or
external owner’s representative often serves multiple roles, including (a) serving as the point of
contact between the organization he or she works for and the other participants of the project, and
(b) reporting to the upper management of the organization he or she works for. The owner’s rep-
resentative is sometimes called the owner’s project manager. In public works, this individual may be
called the resident engineer, as in the case of a state road project.

Design firm’s employees and consultants

A design firm employs—or temporarily secures through consulting—individuals, including
licensed designers in the specialty discipline the design firm operates in. For any given project,
it is common for a design firm to act as the lead and hire other design firms as consultants in the
design specialties that are needed. Each design firm involved in a project will usually have indi-
viduals serving three roles: a designer of record, a lead designer, and additional design staff, including
design architects, engineers, and drafters. Although the lead designer often serves as the designer
of record, two different individuals could serve in these roles. The designer of record will be the
licensed individual who files a building permit request. The lead designer will be the individual
who is charged with overseeing and managing a wider design staff toward project completion. This
individual is sometimes called the design project manager.

Construction firm’s employees

Construction firms employ many management specialists in addition to construction labor.
Construction firms employ individuals with different levels of education, numerous job titles, and
varying levels of authority. Though the title of project manager is well known inside and outside
of the industry, most built environment projects are too complex to have only one individual in
charge of the overall project success, field operations, relationships with client, communications
with AHJs and other project participants, and project documentation handling. These duties are
instead carried out by many individuals.

Construction firms frequently appoint a project executive, whose main duties include building long-
term relationships with other project participants, improving the firm’s reputation, and reporting
to insurance and surety agents and to upper management or stockholders. This individual, also
referred to as officer-in-charge, is usually someone with deep knowledge of the construction sector,
including competitors, because he or she is expected to forecast how project actions may affect
the future business of the firm beyond the completion of any given project. This individual will
not customarily be located on one project site. Instead, he or she will visit all of the projects that
are assigned and will also be called on to interact with project executives in the other project
organizations when the project and/or field management teams on each side have not been able
to come to an agreement on a given issue. For example, a commercial building general contractor
will assign a project executive to a new project with the task of looking at the project success and
also at enhancing the firm’s reputation with the project owner to secure future business while
maintaining successful long-term relationships with specialty contractors or design firms that the
firm strategically partners with. Job titles for project executives serving in this project-oversight
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role vary across construction firms and include CEO, COQO, account executive, senior project
manager, and vice-president of construction operations.

Project management staff usually operate under the project executive. Since the project executive
is rarely project-based, construction firms usually appoint a project manager, whose main duties and
responsibilities are to achieve project success within the contractual requirements and, eventually,
propose changes to the contractual requirements if they are needed to achieve a more successful
outcome. This individual acts as the firm’s lead individual on the project. When the firm’s scope is
too small to justify the full-time allocation of an employee, the project manager may be in charge
of more than one project and may be located in the main office. This is the typical scenario for pro-
ject managers working for specialty contractors that perform only a limited portion of a project’s
scope or for general contractors on smaller and tenant-improvement projects.

Field operations require a completely different skillset from project management, one that is
unique to construction materials and methods. Construction firms usually staff their projects with
a field manager who is in charge of field operations. The job title used by general contractors for
this individual is usually project superintendent (or simply superintendent), or general superintendent to
identify the lead field manager when more than one superintendent is employed on a project.
For example, a heavy-civil general contractor may staff a large highway project with a general
superintendent and additional superintendents for each of the road segments and day and night
shifts. Similarly, a building general contractor may staff a large building project with a general
superintendent and additional superintendents for major work items, such as structures, finishes,
or envelope. When the firm’s scope is small, a general foreman (or simply foreman) will serve this
role. This is the typical scenario for specialty contractors who perform only a limited portion of a
project’s scope.

Whereas the project executive is involved in the project only periodically, the project manager
and superintendent navigate the project’s day-to-day activities. The relationship and authority of
these two individuals change depending on the firm’s culture, the individual’s experience and
knowledge, and the project type. Two scenarios are prevalent. Some projects are organized with
a superintendent serving in a subsidiary position to the project manager. This scenario is feas-
ible when a project manager with extensive field experience is assigned to the project. On other
projects, the two individuals share or divide duties depending on their background, so they may
operate at the same level, even if with a slightly different focus. This scenario is feasible when the
pair’s knowledge and experience complement each other, such as when a knowledgeable project
manager may lack field experience relevant to the project, which is then instead provided by the
superintendent.

The project manager often relies on one or more project engineers, who are delegated certain
duties and report to the project manager or superintendent. For instance, a building project can
have project engineers for overseeing structure, envelope, finishes, and building systems. These
project engineers would oversee the delivery of these work items. Most project engineers do
not carry job titles specific to their scope, but they may be layered by experience. Job titles fre-
quently used include project engineers to identify entry-level assignments, field engineers to iden-
tify entry-level assignments that strictly relate to field activities, senior project engineers to handle
advanced assignments, including the management of subcontracts, and assistant project managers
to identity individuals receiving on-the-job training (O] T) to become project managers. A few
specialty project engineering positions have appeared in the industry, including:

e safety engineers, project engineers who are fully vested in construction safety;
e mechanical, electrical, and plumbing coordinators (MEP), project engineers on building projects who
are fully vested in overseeing MEP specialty designers and contractors;
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*  building information modeling (BIM) engineers, project engineers who handle modeling and visu-
alization of project documents; and

*  sustainability engineers, project engineers who handle contractual requirements specific to sus-
tainable projects.

Note: for the rest of this book, we will simply utilize “project engineers” when referring to all of
these individuals.

Obviously, construction firms also employ construction labor for scope items to be self-
performed. Labor is usually organized into crews. Each crew is led by a foreman, whose main duty
and responsibility is to direct and lead craftsmen and report to a superintendent. Usually, a foreman
also performs work alongside his or her crew. On large projects, a general foreman may be charged to
oversee multiple crews. Craftsmen usually include a mix of journey-level craftspeople and apprentices.
Apprentices are entry-level workers who are learning a trade through OJT under the supervision
of other highly skilled workers. Journey-level craftspeople are experienced workers who have been
recognized to be fully qualified to perform the skills of their trade through a process, the formality
of which varies across jurisdictions and trades. They have learned their trade usually through com-
pletion of an apprenticeship or training program, including classroom time, practical work experi-
ence, or a combination of both. Journey-level workers can work without full-time supervision.
Some trades also identify master journey-level craftspeople to recognize journey-level workers with
higher levels of experience and skills.

Summary

The delivery of built environment projects requires the interaction of many businesses, organizations,
and individuals. Major organizations directly participating in built environment projects include pro-
ject owners, design firms, and construction firms. However, other organizations and individuals
often perform important and crucial roles, including land surveyors, insurance companies, sureties,
and AHJs. Private organizations operate under specific business forms depending on how ownership
and control relate to each other. Proprietorships and partnerships give full control of the business to
the owners who are, therefore, fully liable for the business enterprise. Corporations and LLCs sep-
arate ownership from control to limit the liability on the owners and make it easier to raise capital
for the business. Organizations employ individuals with different duties, responsibility, and authority.
Project owner organizations often rely on internal or external owner’s representatives to oversee the
project delivery. Design firms mostly employ licensed professionals who can apply for permits and
serve as designers of record, with support from other licensed design professionals. To execute the
project, construction firms employ many individuals with numerous job titles to fill their project
organization needs, including project managers, superintendents, foremen, and project engineers.

Review questions

Who is a journey-level craftsman?

Who is an apprentice?

Who is an MEP coordinator?

‘What are the characteristics of a general partner?

What is the liability exposure of a proprietor?

Why would a project owner request a payment bond from the general contractor?

Among a general contractor’s employees, who is mainly responsible for setting up the jobsite,
including utilities and trailers?

Nk o=
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Exercises

1. An owner requests a general contractor to secure a performance bond for its scope of work.
Sketch a diagram identifying which is the PRINCIPAL, which is the SURETY, and which is
the OBLIGEE under this situation.

2. Without looking ahead to the next chapters, list five responsibilities of a GC’s project manager.

3. Inaddition to the items listed in question 7 above, provide five other responsibilities of a GC’s
superintendent.

4. List ten different and unique types of construction craftsmen who a project engineer may work
with on a typical commercial building project.

5. Draw a project organizational chart for a building project that includes the following indi-
viduals: a project executive, a project manager, a general superintendent, a safety engineer, an
MEP coordinator, a project engineer and a superintendent for structure, a project engineer and
a superintendent for envelope, and a project engineer and a superintendent for finishes.
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4 Project delivery

Introduction

As discussed in the previous chapter, projects have their own life cycle. All built environment
projects follow a similar life cycle and involve most of the same types of participants, although
phases may overlap and participants may interact differently depending on the owner’s approach
to deliver a project. The owner’s strategy to finance a project is also relevant, because it may affect
how a project is delivered.

The owner’s initial plan on how to deliver the project is called the project delivery method (PDM).
As briefly stated by Gibson and Walewski:

[-..] a project delivery method [...] defines the relationships, roles, and responsibilities of project team
members and the sequence of activities required to complete a project

(Gibson and Walewski 2001; p.1)

At the onset of any project, an owner has two options to provide services to the project, self-
performing them or contracting them out. The higher the number of contracts used to deliver
a project, the higher the need for coordination to keep everyone aligned to the same project
objectives. Ideally, the simplest scenario for an owner would be to not have any contracts and to
self-perform all of the work themselves, but this would require the owner to design and construct
the project with their own staff. This scenario—sometimes called project delivery through force
account—is extremely rare and will be described later in this chapter. Most built environment
projects are instead delivered through several contracts for services, each following a similar con-
tract delivery cycle to that shown in Figure 4.1a.

When a service is contracted out, the owner will need to clearly convey their expectations
through a written contractual agreement that will describe the contract’s scope of work and may
package more than one service. However, this document is usually enforceable only if the other
party had the opportunity to negotiate and approve its terms. Typical contractual agreements
for architecture—engineering—construction (AEC) services will be discussed in the next chapter.
Contracting out may occur in different ways, but it usually involves procuring external expertise for
the project, which can be represented as a cycle that is repeated as many times as needed to deliver
the whole project, as shown in Figure 4.1b. The selected PDM will dictate if each iteration will
occur sequentially or concurrently to other iterations. Concurrency increases the need for coordin-
ation among contracted providers.

Consequently, the owner’s decision to go with a specific PDM strongly affects the role and
responsibilities of all project team members and how they will work together. This decision will
also affect what portion of the life cycle will be affected, how many external entities will be
involved in delivering this portion, and when they will be selected and perform their services under
a contractual agreement. For instance, if an owner decides to have two separate firms delivering
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Figure 4.1 Project Contracting and Contract Delivery Cycle

design and construction services, each firm will enter into a separate contract with the owner to
deliver their scope of work. If the owner decides to have the design completed before construction
begins, the builder will not be involved in the design, so there may be more risk that design flaws
will affect the execution of the construction activities.

Project delivery is becoming increasingly important as new ways to deliver and finance construc-
tion projects have been introduced, experimented with, and modified. This chapter introduces
vocabulary used by industry practitioners to discuss project delivery and describes many common
project delivery methods used in the industry. Moreover, it provides a structure for evaluating what
project delivery method may be in place on a specific construction project and for understanding if
and how a project delivery deviates from one of the more common PDMs.

This chapter intends to provide a brief introduction to this topic so that readers can gain a fur-
ther understanding through examples in subsequent chapters and observation of actual industry
projects. Moreover, this chapter does not discuss how project delivery affects subcontracts, which
are used by prime contractors to procure the services and materials necessary to complete the scope
of work. Subcontracts are described in Chapter 19.

Project delivery methods

Whereas some project delivery methods expand through construction into the operations and
maintenance phases, the most common project delivery methods are (1) limited to the initial
portion of the life span that ends at completion of the construction phase, and (2) constrained by
how design and construction services may be packaged into contracts and the timing of these
contracts. Traditionally, project delivery methods have been classified by their contractual struc-
ture, which is visually represented through a hierarchical diagram, also known as the project frame-
work. This section describes several delivery methods and their project frameworks, as shown in
Figure 4.2. However, new ways to deliver and finance construction projects are often introduced,
which modify these methods and result in hybrid approaches.

Separated contracting of design and construction services

The first group of PDMs separates the delivery of design and construction services to the project,
either by sequencing or overlapping them.
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Design—bid—build (DBB)

Under the DBB method, design and construction services are delivered to the project separately
and, mostly, sequentially as shown in Figure 4.2a. First, the owner designs the project with in-
house staff or enters in an early contract with a design firm that will produce a design package to
be used as the basis for pricing construction services. Then, construction contractors are asked to
review and price the project based on the design. In the public sector, this review and pricing phase
is called the bid phase because laws for public work projects often require construction contracts
to be awarded to the lowest bidder. Therefore, the design and construction contracts are usually
timed in a sequential fashion. As a result, the construction company that will build the project is
usually brought on board once most of the design decisions have been made.

This approach to delivering projects is often called the traditional method because it was the
prevalent approach for delivering public projects in the 20th century and is still the most common
approach to delivering heavy-civil public projects. In the private sector, owners are legally entitled
to use the delivery method that they prefer. Still, DBB is often the method of choice because of
the design community’s familiarity with its processes and the legal community’s reliance on its
contractual agreements.

DBB example

A small company needs a new office building. This is a big investment for this firm, so its
management prefers to evaluate all design options and finalize the design for the new office
building before committing more funds by hiring a general contractor, who will procure
materials and specialty trades to build the project.

e This owner does not have in-house design expertise, so they hire an architecture firm
(the provider of design services) to help evaluate design options and produce a design
package. This will include plans and specifications that can be used by the owner to
understand that they are getting what they need and by a contractor to price the costs for
constructing the building as designed. This firm brings its own engineering consultants
for designing the foundation, the structure, and the building systems. [Note: Owners
with in-house design expertise may not hire an external firm.]|

e During the design phase, the owner, who does not have in-house construction expertise,
selects and hires an agency construction management (ACM) firm (the provider of con-
struction management services). The firm can help in selecting a general contractor once the
design is completed and supervise the execution of the project. Also, the ACM will review
the design to identify potential issues with its constructability and provide suggestions
before the design is used as the basis of assumption for pricing the project. [Note: Owners
with in-house construction management expertise may not hire an external firm.|

*  Once the design is completed, the owner and the ACM (if any) work to identify a gen-
eral contractor (the provider of construction services) who will price the project based on
what needs to be built, how it needs to be done, and when it needs to be ready. The what
is usually defined in the scope of work, which can be identified by reviewing the design
drawings. The how defines methods and quality requirements, which can be identified
by reviewing the project specifications. The when may be stated by the owner in their
solicitation and will affect how the contractor will develop their schedule and select and
assign resources to the project. These pieces of information will be discussed in more
depth in Chapter 5 because they constitute the foundation of a construction contract.
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Construction management at risk (CMR)

Under CMR, the owner contracts separately for design and construction services, which is similar
to DBB, as shown in Figure 4.2b. However, the timing is different because the CMR 1is usually
retained early on to allow early contractor involvement, which means the CMR will have an
opportunity to review and comment on the design before it is finalized.

CMR evolved from the common use of agency construction managers in DBB. Whereas an
ACM is simply a consultant to the owner, a CMR, as defined by the Construction Management
Association of America (CMAA), is a firm that

[-..] acts as [a] consultant to the owner in the predesign and design phases, but as the legal equivalent of a
general contractor during the construction phase. When a CM is bound to a price, either fixed or a GMP,
the most fundamental character of the relationship is changed.

(CMAA 2017)

This change in role occurs when the CMR assumes a risk by committing to deliver the project
according to the contractual requirements typical of a construction contract between an owner and
a general contractor. Once the role changes, the owner—CMR relationship changes because the
construction manager begins to protect themselves. For this reason, a CMR is also called a general
contractor as a construction manager (GC/CM) or a construction manager as a general contractor
(CM/GC). This is the two-step nature of CMR, with the second phase usually starting at the
60-90% design complete range, as shown in Figure 4.2b.

CMR example

A developer is planning a new high-rise tower to include underground parking, retail at
ground level, and an upper-story hotel and apartments. Operators for the retail and hotel
spaces have not yet been identified. This is the largest project to date for this developer, so
their management prefers to retain some control over the design. Still, time is money, so the
developer would like to overlap the design and construction activities without waiting for
a hotel operator to decide details on that portion of the building. Therefore, the developer
decides to use a CMR approach, where an architect and builder are selected early on and
work together to further the design to a level of detail that can be priced.

*  This owner does not have in-house design expertise, so they hire an architecture firm
(the provider of design services) that will help understand what they are getting and
work collaboratively with the builder to further the design to a level of definition that
can be priced. They then continue to work collaboratively to complete the design and
assist the builder during the construction.

*  Soon after the designer is selected, the owner selects and hires a builder under an ACM
contract (the provider of construction management services). This builder will work
collaboratively with the designer to further the design to a level of definition that the
builder can price.

*  Once the architectural and structural design reaches around 60% completion, the owner
and builder reach a price agreement on the structural scope and sign a contract that
locks the price of the structure and establishes prices for the envelope, building systems,
and finishes. Prices for the remaining scope items are tentative and frequently called
allowances. The builder is now acting as a CMR and can move forward to finalize the
structural design and begin the construction, which they will self-perform.
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¢ Once the remaining design packages reach about 90% completion, the owner and builder
reevaluate the allowances and adjust them upward or downward depending on the new
available information. As soon as the owner and builder reach an agreement on each
scope item, they lock the price. Once the price is locked, the builder can move forward
by either self-performing or contracting out each of these scope items.

Combined contracting of design and construction services

Other PDMs combine the delivery of design and construction services for the project either by
packaging them into a single contract or by establishing a multi-party contractual environment.

Design—build (DB)

Under DB, the owner enters into a single contract with an entity that will design and build the
project. Thus, this contract will combine design and construction services. Acting as the single
point of responsibility with the owner, the design-builder could be either a joint venture (JV)
of firms or an individual firm that will subcontract out some of the services. For large projects,
it is common that several construction firms will joint-venture by jointly constituting a new
company that will be dissolved once the project is completed. For most projects, it is common
for a general contractor to act as the design-builder while hiring a design firm to provide design
services. Firms may be requested to list their consultants and/or subcontractors as part of the
qualification submittal. Under any approach, the line of communication between the owner
and the design consultants or subcontractors goes through the design-builder once the project
price is set.

Among owners, DB has become popular due to several advantages over DBB, including having a
single point of responsibility for design and construction, accelerated delivery, increased collabor-
ation between designer and builder, and incentives for innovation. Still, the timing of design—build
contracts may vary significantly. In the rest of this section, the three most common DB variations
will be discussed. One variation of DB is the engineering, procurement, and construction (EPC)
method that is mostly used in the industrial and utility sectors. EPC is usually based on a reim-
bursable contract that is established early on. Moreover, delivering a project through EPC usually
provides a more turnkey experience for the owner.

PROGRESSIVE DESIGN-BUILD (PDB)

Under PDB, the contract is awarded early on. First, the owner selects an entity to act as the design-
builder. Since little to no design is available, the selection is prevalently based on qualifications.
The DB entity will work jointly with all parties, including its design consultants and the owner,
to evolve the design to the point that it can be priced. At this point, a new contract can be signed
between the owner and the design-builder, as shown in Figure 4.2¢. To this end, PDB’s two-step
nature makes it similar to CMR. PDB is the most recent variation of DB and was introduced
to overcome some of the issues with price-competitive DB, including claims. Claims will be
introduced in Chapter 22.

COMPETITIVE DESIGN-BUILD (CDB)

Under CDB, the design—build contract is awarded once a portion of design is completed by the
owner. A common level of design definition to award a CDB would be between 10% and 30%
design completion, as shown in Figure 4.2d. First, the owner designs the project with in-house staft



46 Introductory concepts

or enters into a first contract with a design firm that will produce a preliminary design package to
be used as the basis for identifying the project’s scope. Since some design is available, the owner will
use this design information to convey what they want to competing firms. Moreover, the availability
of some designs allows potential design-builders to price the project and, therefore, the selection
also incorporates a price competition aspect. Sometimes, competing firms are requested to take this
early design and move it forward enough to provide the owner with an understanding of where the
project will be aiming if a certain firm is selected. This enhanced design is part of the firms’ proposal
together with information about costs, quality, safety, and schedule. Once a design-builder is signed
on the project, the owner and the design-builder will work jointly within the contractual bound-
aries, so there is less owner control over the later design. Whether the design is self-performed by the
design-builder or a service provided by a design consultant to the design-builder, the management
of design services is substantially different from DBB. Whereas the project owner is highly involved
in design activities under DBB and in the initial phase of PDB, involvement is limited under CDB to
contractually allocated responsibilities for design quality control and assurance (QC/QA). Any fur-
ther involvement results in potential change orders and affects the initial CDB contract price. Change
orders are discussed in Chapter 20.

BRIDGING DESIGN-BUILD (BDB)

Under BDB, the design—build contract is awarded later than in the previous two processes. Whereas
BDB is very similar to CDB, as shown in Figure 4.2¢, this method relies on a set of advanced design
documents (bridging documents) that constitutes the basis of the contract. Therefore, the owner’s
design consultant will enhance the level of design definition beyond what is usually achieved
under CDB.

Integrated project delivery (IPD)

IPD is the most recent approach to project delivery and is based on lean construction principles. As
defined by the American Institute of Architects (AIA), IPD is

[--.] a project delivery approach that integrates people, systems, business structures and practices into a
process that collaboratively harnesses the talents and insights of all participants to optimize project results,
increase value to the owner, reduce waste, and maximize efficiency through all phases of design, fabrication,
and construction.

(AIA 2007; backcover)

From a contracting standpoint, IPD substantially differs from all other project delivery methods
in the fact that it relies on one multi-party contractual agreement. All the contractual lines in the
DBB, CMR, and DB forms are based on two-party agreements, whereas IPD contracts are multi-
party. As a minimum, they include the three main parties—the owner, the designer, and the gen-
eral contractor—but they can sometimes incorporate additional parties, such as specialty designers
and contractors or vendors. A basic framework for IPD is shown in Figure 4.2f.

Project delivery dilemmas

Project delivery terminology

Language used to describe project delivery often lacks consistency. Therefore, the terms project
delivery, procurement, and contracting are sometimes used interchangeably. To limit confusion on this
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topic, we will refer to project delivery as the act of achieving project objectives, to procurement as the
act of purchasing external services and materials necessary to deliver a project, and to contracting
as the act of establishing a contract for services and materials. Similarly, different ways to deliver
projects can be interchangeably called project delivery methods, systems, routes, approaches, or
systems,
and “strategies” as equivalent when used in reference to project delivery, “delivery method” will
be used throughout the book.

LEINT3 EEINT3

strategies. Although the authors of this book consider the words “methods, routes,”

Contracting versus self-performing

At the onset of any project, an owner has two options to provide services to the project, self-
performing or contracting out. Under the first option, an owner would self-perform, which means
the owner would carry out the work with their own forces. This approach is more frequent with
design and construction management services because owners that deliver many projects often
employ in-house design and construction management staff. When the same approach is used with
construction services, the owner delivers the project via force account, which translates into the direct
performance of construction work by use of labor, equipment, materials, and supplies furnished
by the owner and used under their direct control. This approach is ideally the simplest because
the owner would (1) not need to have any contracts, (2) retain complete control, (3) increase the
speed of response, and (4) enhance the quality of work. However, this option would require the
owner to (1) keep the workers employed, which is possible only if the owner continually delivers
projects; (2) increase the payroll expenses, including base salaries, fringe benefits, and continuous
training and education on evolving construction technologies; (3) own and maintain tools and
equipment; and (4) fight the tendency for specialized skilled trades to lose the competitive edge as a
result of operating in a non-competitive environment. These limitations and disadvantages of self-
performance usually motivate owners to contract the services necessary for the delivery of a pro-
ject, such as design and construction. Force account construction is sometimes used for repairs and
maintenance. For instance, some cities own their own paving equipment and hire their own crews
for repairing potholes and overlaying road pavement.

As previously mentioned, there are alternative project delivery methods from those discussed
in this chapter. Similarly, some of the described project delivery methods can be customized to
better fit an owner’s needs and desires. One example of another project delivery method is multi-
prime contracting (MPC). This method takes the DBB method of fragmentation of scope among
contracts to a new level. Whereas DBB mostly splits design and construction scopes into two
separate contracts, MPC splits, and eventually rearranges, the design and construction scopes into
more than two contracts. An owner who selects MPC is deciding to self-perform most of the
coordination that is traditionally contracted out to the design firm and/or the general contractor,
as discussed in the following example.

MPC example

A school district in the urban area of a major U.S. city needs to create a new two-story
above-ground primary school in its revitalized downtown to support the growing school-
age children who reside in numerous new condominium buildings. This school district
has significant experience in renovating its existing buildings through direct contracts with
different trades, including mechanical, electrical, plumbing, and envelope. Many recent
renovations were successful while being conducted on an accelerated schedule, so the district
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staft developed an ability to competently coordinate all of the trades that are needed to work
in the same building at once.

*  This owner does not have in-house design expertise, so they hire an architecture firm
(the provider of design services) to help evaluate design options and produce a design
package. This package will include plans and specifications that can be used by the
owner to understand that they are getting what they need and by a contractor to price
the costs for constructing the building as designed. This firm brings its own engineering
consultants for designing the foundation, structure, and envelope. [Note: Owners with
in-house expertise may not hire an external firm. Instead, they could use a multi-prime
approach for design by hiring the engineering consultants individually.]

*  Since the school district retains its own staff individuals with construction management
expertise, it does not need to hire an external ACM firm.

*  Once the design is completed, the owner’s staft works to identify specialty contractors to
deliver the individual components of the projects, including:

*  An earthmoving contractor who will prepare the land for construction,

*  Astructural contractor who will build a shallow foundation and structure according
to the provided design package,

*  An envelope contractor who will fabricate and install the selected building envelope,

* A mechanical and plumbing contractor who will design and install heating and
plumbing systems,

* An electrical contractor who will design and install the electrical system, and

* A finishes contractor who will frame and paint, lay floor covering, design and install
cabinets, and install doors and furniture provided by the owner.

*  During the construction execution, the owner’s decision to not hire a general con-
tractor translates into being directly responsible for self-performing some of the general
contractor’s responsibilities, including the coordination and supervision of the multiple
contracts with their specialty contractors and lead designer.

Public versus private ownership

Another substantial difference in project delivery is the type of ownership. Private owners are
usually legally entitled to use whatever delivery method they prefer. Therefore, the private
sector utilizes a larger variety of delivery approaches, including hybrids of the traditional project
delivery methods. On the other hand, public owners develop and deliver projects with taxpayer’s
money, so they are constrained by the laws, codes, and/or regulations in their jurisdiction. For
instance, each state in the United States usually regulates public works through the state code,
which also identifies which delivery methods are allowed for use on public works and which are
not. Therefore, this code constrains public agencies within the state in their selection of project
delivery method.

Project delivery features

As discussed earlier, increasing numbers of project delivery methods are used in the built envir-
onment, including hybrids of the ones discussed here. Whereas the public sector is constrained
by laws, each private owner could hypothetically develop their own project delivery method or a
multitude of them. This prompts a few questions:
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*  What are the important features of the delivery method for the project that a contractor will
be working on?

*  How are they recognized?

*  How will they affect the work of a project engineer?

Project delivery methods can be differentiated by several features, including:

e the project life span, which identifies the period of facility life covered by the project delivery;

e the risk allocation method, which identifies the degree to which owner’s transfer risks to
industry providers;

* the contract packaging method, which identifies the degree to which contracts for different
project services are combined; and

* the participation of industry providers, including construction firms, to the project financing.

The following examples are provided to help recognize delivery features in projects:

*  When an owner decides to deliver a project through the design—bid—build method, they are
also deciding that the project will end at construction close-out. Under DBB, the owner
allocates many of the risks associated with construction to a general contractor. This method
does not combine contracts for design and construction services. Finally, the designer and the
contractor are not usually expected to contribute to the financing of the project beyond the
invoicing cycle.

e Similarly to DBB, use of design—build for a project results in the project ending at construction
close-out. Under DB, the owner allocates the risks associated with design and construction to
an individual entity, the design-builder. Therefore, this method combines the design and con-
struction services into a single contract. However, the design-builder is not usually expected to
contribute to the financing of the project beyond the invoicing cycle.

e  When an owner decides to deliver a project through the design—build—finance—operate
(DBFO) method, they are also deciding to extend the project life beyond construction close-
out to include a certain period of operation. The DBFO method allocates the risks associated
with design, construction, and operation services, in addition to allocating a variable amount
of the risks associated with financing. Finally, this method combines contracts for design, con-
struction, and operation services. It also uses finance methods that include a funding compo-
nent acquired by industry providers.

Project finance features

As previously stated, the owner’s strategy to finance a project is relevant and may affect how a pro-
ject is delivered. Therefore, a definition of project financing and a conceptual knowledge of the
features of the approach for financing a project are relevant. A project finance method is defined as a
system for acquiring or providing funds from different sources and combining them for financing
a project during its delivery. Project finance methods can be differentiated by:

e the project life span, which identifies the part of the life of the corresponding facility that is
financed;

* the types of financing sources that provide funding to the project (e.g., owner, lenders, or
contractors); and

* the types of financing vehicles that are used (e.g., equity or loan).
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The following examples are provided to help recognize the financial features in projects.

* A cell phone operator is granted a governmental license to build and operate a cell phone net-
work in a new country. The operator lacks the $5 billion necessary to deliver the network.
Therefore, they enter into a contract with a worldwide telecommunication company that
will plan, design, build, finance, and maintain the network. Acting on behalf of the project
owner—i.e., the cell phone operator—the telecommunication company will oversee all pro-
ject phases and will hire and pay design and construction firms while managing these contracts.
Once the network is operational, the telecommunication company will be reimbursed for its
financing through a percentage of the revenues from the network subscribers over the initial
five years of operations. At the end of this period, the cell phone operator will pay any residual
amount, including interests, in a balloon payment.

* A public mass transit agency needs to fulfill a transportation need for the residents in its region.
Although planning has shown the agency how it may fulfill this need, funding for its design
and construction is lacking. Thus, the agency puts a proposition for a temporary tax increase
in local taxes on the ballot.

e A state road transportation agency needs to envision how to deliver a new statewide cor-
ridor that will facilitate freight transportation while reducing traffic congestion for motorists.
Several technical options are available that include only additional roads or a mix of roads and
rails, but the agency lacks funding for their delivery. Thus, the agency initiates a public com-
petition among private entities to suggest both a technical and financing option for achieving
the agency’s objectives. Everything is on the table, and private parties can propose any of the
technical options, as well as a financing scenario.

Project engineering applications

Role and responsibilities

The role and responsibilities of construction project engineers will be significantly different
depending on the PDM because the scope of work and the time of involvement in the project life
cycle will be different. The role and responsibility of a project engineer on a DBB project will
mostly rely on a fully designed scope of work. Therefore, the amount of pre-construction activ-
ities will be limited to reviewing construction documents for inconsistencies and coordinating
with subcontractors to facilitate the production of shop drawings. On the other hand, project
engineers working on DB and CMR projects may need to be fully involved in a broad range
of pre-construction services to forecast issues and proactively address them. Any shortfall in this
reading-the-crystal-ball exercise will result in problems that the project engineer will need to
solve later.

Communications

PDMs that rely on overlapping phases of the project life cycle require more intense communica-
tion among all field and office project parties. The general contractor’s project engineers serve an
important role in ensuring that this communication occurs daily and regularly. Therefore, project
engineers working on projects where communications are expected to be more intense should
be well-versed in understanding how to better communicate with others while adapting their
own communication style to that of others. Communications may have contractual implications,
so project engineers should be familiar with the contract(s) they are operating under and the
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subcontract(s) they are overseeing. Since contracts are often contextual to the project delivery
method, this contract review will require tuning of a project engineer’s knowledge base.

Summary

In construction, the project delivery method is the owner’s plan for how to deliver their project. A
good understanding of the adopted PDM provides a navigation compass to project engineers and
project managers alike. Today, certain industry sectors and their owners are quickly evolving and
pushing the boundaries of project delivery. Whereas, in the 1950s, a large majority of new project
engineers could think they would work for most, if not all, of their career on DBB projects, project
engineers today are expected to be adaptable to the owner’s approach for delivery. This chapter
was just a brief introduction to the topic of project delivery and has hopefully sparked interest in
the reader. The forthcoming chapter will continue to build upon these concepts by discussing pro-
curement and contracting.

Review questions

‘What is a project delivery method?

‘What project delivery method is frequently called traditional?

‘What project delivery method is most commonly used to deliver heavy-civil public projects?
How might the role of a project engineer be different on a CMR versus a DBB project?
‘Which of the delivery methods described in this chapter are most applicable to each of our case
studies included in Appendix A?

e

Exercises

1. Sketch the contractual framework for each of the following project delivery methods:
Design—bid—build

DBB with agency construction management

Design—build

Design—build with agency construction management

Design—build—maintain

me e o

Construction management at risk
2. Rev1ew the following case examples, sketch their contractual frameworks, and suggest the
project delivery methods they may refer to:

a.  An owner enters into a contract with a joint venture that includes three companies (A, B,
and C) and provides them with a program for a roadway that includes schematic design
and incomplete specifications. Under the joint-venture agreement, Company A will be
responsible for design, Company B will self-perform most construction activities and
oversee subcontracts, and Company C will maintain the roadway for 15 years after
completion.

b. An owner hires a firm to design a facility and then hires another firm to provide con-
struction expertise during the design process. Once 60% of design has been completed,
the second firm signs a guaranteed maximum price contract and takes on most of the
construction risks.

c.  An owner designs a facility with in-house personnel and then selects the company that

provides the lowest price for the construction based on the provided design package.
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d. An owner enters into a contract with a firm that will completely design, coordinate, and
manage the construction process for the facility.

e. An owner fully designs an office building with in-house personnel and then selects a
builder who will perform earth and structural works; three specialty contractors who will
design and build mechanical, electrical, and plumbing systems; and another builder who
will coordinate finishes through a series of subcontracts.
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S Procurement and contracting

Introduction

Whereas the delivery method selected by a project owner identifies the overall framework for
delivering its project, procurement and contracting are two additional and necessary aspects of
project delivery that will affect the project execution. To deliver a built environment (BE) pro-
ject, several project participants will be selected through procurement to operate under contracts
that will be formed and negotiated through contracting. Contracts can be categorized into prime
contracts, subcontracts, and other contracts. Figure 5.1 provides examples of each for a hypothet-
ical design—bid—build project where the project owner is assisted by an agency construction
manager.

Prime contracts are agreements between the project owner and another party. In the figure, the
three prime contracts are between the project owner and the design firm, agency construction
manager, and general contractor (GC).

Subcontracts include all contracts following the hierarchical structure of the project delivery
method that do not involve the project owner. In Figure 5.1, contracts between the GC and
each of the electrical contractor, the envelope contractor, and the joint-venture entity between
the mechanical and plumbing contractors are subcontracts for construction services. One of the
main characteristics of subcontracts is that they mirror some of the language of the overarching
prime contract to enforce coordination among project participants and promote their alignment
to the overall project objectives. For instance, the payment section of the subcontract between the
GC and the electrical contractor will probably follow the pay when paid approach. This mirrors
the prime contract between the project owner and the GC, in that the electrical contractor
should not expect payment by the GC before the general contractor receives payment from the
project owner.

Most of the contracts on a BE project are either prime contracts or subcontracts. However,
there are exceptions, which we will categorize as other contracts. As an example of other contracts,
Figure 5.1 shows a joint-venture agreement between the mechanical and plumbing contractors
that team up to sign a subcontract with the GC. Therefore, the plumbing and mechanical joint
venture is brought to the project with a subcontract, but they hold a joint-venture agreement with
each other for the duration of the project.

Procurement overview

Procurement is the act of purchasing the external services and materials necessary to deliver a
project. Any time that a project participant needs materials or services, they will initiate pro-
curement to select another project participant who will provide them. For instance, a project
owner can initiate procurement to select a design firm that is qualified for this type of facility or
infrastructure and, later, enter into a prime contract with the selected firm. Similarly, a GC can
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Figure 5.1 Types of Contracts

initiate procurement to select specialty contractors to help them achieve the project objectives by
delivering portions of the facility within their specialty, such as electrical systems or mechanical
systems.

Although project owners initiate procurement on a project by selecting design and construc-
tion firms with which to negotiate a prime contract, procurement is not a privilege of project
owners. In fact, design and construction firms working under prime or subcontracts also rely upon
procurement to purchase external services and materials through subcontracts. However, project
owners can directly or indirectly influence the procurement of subcontractors.

Procurement selection methods

Several features shape the procurement of a contract. First, the decision of how to select a pro-
spective project participant will influence the selection and is best accomplished upfront, which
translates into identification of what decision criteria will guide the selection. Although any criteria
could be used, criteria revolving around the dimensions of project success that were discussed in
Chapter 2 are a good place to start. Therefore, cost, time, quality, and safety criteria are preva-
lent in any procurement decision. However, the importance of each may vary across projects. For
instance, a bank may base its selection of a design firm and a construction firm around quality and
safety criteria when dealing with the construction of its new headquarters. However, the same
bank may base its selection around price and time criteria when dealing with the construction of
a new suburban branch office.

Another important feature of procurement is the selection process, which can be finalized in a
single step or over multiple steps. This feature is often dependent on the owner’s desire to manage
competitiveness of the business environment for design or construction services. For instance, the
bank will have more chance to purchase services at a lower price for its new suburban branch office
when more construction firms compete for the contract, but this will also mean that the selection
process may become overwhelming for the bank. Therefore, the bank could decide to perform a
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pre-qualification on the basis of specific criteria to shortlist the most credible firms before asking
for more information from each of the finalists.

Moreover, when procuring a prime contract, some project owners may “‘deepen’ their selection
by asking competing general contractors to propose some of their subcontractors and then evaluating
each GC together with its team. Project owners may elect to use this approach if some components
of the project are particularly important to them and they want to have a strong say in the selection
of specialty firms that will deliver that component. A similar outcome could be obtained by using
multi-prime contracting delivery, in which each specialty firm operates under a prime contract.
However, this delivery method increases the coordination burden on the project owner.

The remainder of this section describes several procurement methods with a focus on their selec-
tion decision criteria and selection process. However, new ways to procure construction contracts
are often introduced and these methods become modified, which results in hybrid approaches.

Competitive bidding selection

Sometimes called low bidding, this procurement approach uses price as the main criterion to select
construction firms. Projects delivered through design—bid—build delivery often rely on this pro-
curement method to select a construction firm to operate under a prime contract. Competitive
bidding is prevalent in public projects because it is expected to provide the lowest price through
competition among firms, and it may even be required by law. Prime contractors may also rely on
competitive bidding to select specialty contractors that will operate under subcontracts. The use of
price-based competitive bidding to select design firms is discouraged by professional societies and
rarely used to award major design contracts.

In a typical design—bid—build scenario, a design package is developed early on by the project owner
or by their design consultants. The project owner will first accept the design package and then pro-
vide it to competing construction firms together with a proposed contract. Construction firms that
decide to compete for the contract will use the design package as the basis for estimating the project
cost. Then, they will review the proposed contract to evaluate its risk allocation, add their markup
based on their risk considerations, and submit a bid price to the project owner. The process used to
develop a bid price will be discussed in Chapter 17. By submitting a bid, a construction firm is usually
committing to signing the contract at the bid price if its bid is the lowest. However, if the design is
flawed or needs to be changed later, most contracts entitle the construction firm to a contract change
by negotiating a change order with the project owner, as discussed in Chapter 20.

Competitive bidding is popular due to its simplicity. However, there are several risks associated
with using only the price for selecting a new project participant. Variations to a simple selection of
the low bidder exist to overcome some of these issues, a few of which are discussed below.

By adopting the competitive bidding procurement approach, the owner selects a construc-
tion firm based on a price, which is based on the design package. Therefore, the quality of the
design package is often what makes or breaks the effectiveness of competitive bidding. Design flaws
enhance the risk of conflicts during the contract administration and price escalations through con-
tract changes. Several factors contribute to the quality of design and its constructability or buildability.
First, the accuracy and completeness of information on existing site conditions provide a foun-
dation for the design, so a design based on incorrect site information is often heavily flawed. The
gathering of accurate site information is often difficult because extensive site investigations may
be very expensive or too difficult to perform without disturbing the existing site conditions.
Owners often address this issue by incorporating in the contract specific processes for handling
risks associated with differing site conditions, which will be discussed in Chapter 20. Second, the
experience and expertise of the design firm with the project type and location is crucial to forecast
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issues and differing site conditions. Therefore, owners rarely use competitive bidding to select design
firms because selection of a design firm should not be based on price alone. Third, design is a human
activity and the time available for completing the design package affects the risk for human errors.
Since project owners bear most of the risks associated with defective design, they should refrain
from accelerating the design schedule. Fourth, the level of definition in the design package affects
how competing construction firms price project elements. An incomplete level of design definition
forces competitors to make assumptions while developing their bid price. These assumptions may be
the basis for later disagreement with the project owner. Therefore, competitive bidding should only
be used when an accurate and complete design package can be provided to contractors, so that the
number and magnitude of these assumptions is reduced. However, it is almost impossible to produce
a 100% complete set of plans and specifications. Last, the use of construction knowledge and experi-
ence is important during design to identify issues that could impede the constructability of the facility
or infrastructure as designed. A design package with significant constructability issues is expected to
result in significant price adjustments because change orders are not priced competitively but are
instead negotiated with the selected construction firm.

As clearly stated in the previous examples, selection of a construction firm on price alone ignores
the other tangible and intangible factors that affect project success, and it may result in the selection
of an unreliable firm. To address this issue, other preliminary steps or requirements are often added
to the selection process. By extending the selection to another quantitative factor, time, some
owners may adopt a price and time selection (also known as A+B bidding in the heavy-civil sector),
in which competitors need to submit a project duration along with their bid price. This approach
is quite useful for owners who would benefit from an early completion. Under this procurement
process, each day of project duration is assigned a monetary value, and the bid price would be the
sum of the estimated price plus the time monetary value.

To take into consideration other selection factors, some owners may pre-qualify firms before
inviting them to submit a bid. The selection would still be based on price, but only firms meeting
pre-qualifying requirements would be allowed to submit a bid. The pre-qualification step can
be carried out on a project-by-project basis or periodically. Some owners maintain a list of pre-
qualified firms, which is updated periodically. To stay on the list, firms will be evaluated based on
their performance with the given owner, but they may also be required to provide information
and references for projects carried out for other project owners. However, this approach may not
make sense for project owners that do not frequently deliver BE projects. Under these situations, an
owner can add a pre-qualification step by issuing a request for qualifications (RFQ) to interested
firms. Then, the project owner will evaluate the qualifications and screen firms that will be invited
to submit a bid. The pre-qualification step is used to evaluate firms on criteria other than price and
to pre-qualify those firms that meet minimum requirements on criteria other than price.

Another approach to pre-qualify contractors is to ask them to bond the project. In this case, the
project owner is outsourcing investigation on the reliability of the competing construction firms
to sureties. These sureties will take some of the risks associated with a potential failure of the firms
to perform (issuance of performance bond) or pay their subcontractors and vendors (issuance of
payment bond). The role of sureties on BE projects was introduced in Chapter 3 and will be fur-
ther discussed in Chapter 21.

Last, selection of a construction firm based only on price does not promote innovation or allow
for facility-life considerations during construction. This issue can be addressed by incorporating
contractual incentives for construction firms to propose changes to the design package that would
add value or reduce costs. This is usually undertaken by including the opportunity to submit value
engineering (VE) change proposals during contract execution. If accepted by the project owner, cost-
reductive VE change proposals may result in some of the savings being shared with the contractor.
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Similarly, project owners can provide for price adjustments to address value-adding VE change
proposals throughout the construction process.

Example

A city’s department of transportation is planning to solicit bids for a road project in an urban
area. The three main project objectives are to get the best price, to complete the project
within 150 calendar days, and to incentivize contractors who will reduce the impact of con-
struction on road users. To this end, the owner adopts an A+B bidding procedure to select its
prime contractor. Construction firms competing for this contract are invited to submit a bid
amount and a project duration in calendar days. Bids that would envision a project duration
longer than 150 days would be deemed not responsive and excluded. A daily monetary value
of $15,000 will be assigned to each construction day based on an estimate of road user costs.
Table 5.1 shows the submitted bids by four contractors.

Table 5.1 A+B Bid Summary

Contractor Bid Amount (A) Project Duration in Road User Cost A+B Bid
Calendar Days (B)
A $ 4,500,000 150 days $ 15,000/day $6,750,000
B $ 4,870,000 110 days $ 15,000/day $6,520,000
Contract Price Low Bid
C $ 4,700,000 125 days $ 15,000/day $6,575,000
D $ 4,200,000 180 days $ 15,000/day Excluded

In this example, Contractor B has the lowest A+B bid, so a contract of $4,870,000 would be
awarded to this contractor under the agreement that the project will be completed within
110 calendar days. To incentivize on-time completion, this contract includes a liquidated
damage (LD) clause, in that final payment to the contractor would be reduced by an amount
of $15,000 for each day of late completion.

Best value selection

This procurement approach is designed to align prospective firms with the project owner’s object-
ives by asking them to develop a proposal that allows for best value selection for the project. This
approach attempts to overcome some of the issues present in competitive bidding. Best value selec-
tion is more flexible because it can be adapted for use under any project delivery method. Also, by
de-emphasizing the importance of price alone, best value selection adopts a multi-criteria selection.
Other selection criteria can vary and include both qualitative and quantitative criteria. Examples
of qualitative criteria include references, experience with the project type, and experience and
qualifications of the proposed project staff, including the project manager and superintendent.
Examples of quantitative criteria include price or fee percentage, target project duration, and safety
performance indices.

Best value selection usually follows either a one-step or two-step selection process. Under the
one-step process, competing firms are invited to respond to a request for proposal (RFP) that
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details the expected content of proposals and describes the selection process. Since all interested
proposers will submit information at the same time, review of the proposals could be cumbersome.
Therefore, this process is preferably used when the project is smaller or simpler, the information to
be submitted is limited in scope, or less competitors are expected.

In all other situations, a two-step process is preferred. Under two-step selection, competing
firms are first invited to respond to an RFQ by submitting information on their firms that would
help the project owner identity which firms would have the best chance to achieve all of the pro-
ject objectives at the best value. Then, the project owner will usually invite three to five shortlisted
firms to respond to an RFP, when each firm will develop their proposal for delivering the project.
As stated earlier, best value selection can be adopted on different project delivery methods. For
instance, it could be used to replace a competitive bid for selecting a prime contractor based on a
completed design. This approach would be similar to a competitive bidding situation with pre-
qualification. The main difference would lie in the shortlisting of a given number of firms instead
of the pre-qualifying of all firms that meet certain requirements. Still, best value is more fre-
quently used to select project participants under design—build and construction management at risk
delivery methods, as discussed in Chapter 4. Since best value still weighs price, competing firms
are expected to provide a price as part of their proposal, which is highly dependent on the quality
of the design. Therefore, best value selection is used when a fair amount of design has already been
completed and can be used to provide a basis for estimating the project cost.

Qualification-based selection

Similarly to best value selection, qualification-based selection is highly flexible and can be adapted
for use under any project delivery method. However, this selection process de-emphasizes the
importance of price by adopting a multi-criteria selection in which the price criterion is minim-
ally weighted, if considered at all. This characteristic results in the selection of project participants
without a price being available for their scope of work. The resulting contract would therefore be
based on other issues, such as cost-reimbursable terms.

Sole-source selection

This procurement approach is radically different from those previously described, because it excludes
competition. Instead, a participant is selected in advance because they are the only one capable of
providing the service or are preferred to satisty the project needs for justifiable reasons, so compe-
tition is not needed. This is a common approach for selecting specialized project components. For
instance, an equipment manufacturer can be sole-sourced to provide a new turbine for an existing
electrical plant because it is the only manufacturer that produces a turbine of the right power and
dimensions to fit in the existing facility. Similarly, the selection of a specialty contractor to install
artificial turf for a high school football field may result in sole-sourcing the only firm able to pro-
vide the service for the selected material. The decision to use this non-competitive approach often
requires justification, including investigations of potential competitors or prior good references.
Unlike the previously described procurement approaches, the burden of this data gathering would
be on the selecting party.

Contracting overview

Once a new project participant is selected, contracting is the process of establishing a contractual
relationship for services and materials through the development of a written agreement expressing
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the expectations, responsibilities, and protections of each party. Contracting for construction ser-
vices is substantially different from contracting for design services.

Traditionally, the process of establishing a contractual relationship for design services is often
based on reciprocal trust between parties. In this case, the purchasing party trusts the technical
expertise of the designer, whose selection is usually based on qualifications. Moreover, design
contractual documents often create an agency relationship by authorizing the designer to act as
an agent on behalf of the client for various decisions, such as permitting or design interpretation.
Agency relationships are implicitly trust-based. Contracting for construction management and
pre-construction services retains many of the elements of design contracting, including the agency
relationship.

On the other hand, the process of establishing a contractual relationship for construction ser-
vices is based on an arm’s-length transaction, which legally means the two parties are working in their
self-interest during the contracting and are free of reciprocal pressure or duress. As a result, con-
struction contractual documents are expected to be thorough, grounded in the design developed
at the date of the contract, and crafted to allocate risks among contractual parties. Design—build
contracting retains many of the elements of construction contracting, but it often results in the
production of contractual documents that more flexibly adapt to the project objectives. In the
remainder of this book, only contracting and contractual documents for construction services will
be discussed because they are the most relevant to the duties of a construction project engineer.

Construction contract documents

A contractual relationship for construction services and materials relies on a set of written
documents. The main document is a contractual agreement. Through a legal concept called incorpor-
ation by reference, the construction contractual agreement is also used to incorporate the other con-
tractual documents, such as:

e The general conditions document, which describes the operating procedures that the owner usu-
ally uses on all projects of similar type;

e The special conditions document, which describes the operating procedures that are unique
requirements for the project;

e The construction drawings, which provide a graphical description of the project, including its
geometrical information and often its materials; and

e The construction specifications, which provide a textual description of the project, including
any additional information on its materials, quality acceptance processes, or other perform-
ance expectations. Construction specifications are usually organized according to some
standardized classification system. For instance, the Construction Specification Institute (CSI)
MasterFormat is a commonly used classification system for organizing data about construction
requirements, products, and activities.

To incorporate other documents, the contractual agreement must refer to them, provide them as
attachments, and clearly state that they are included as part of the contract, as shown in Figure 5.2.
This approach allows for the organization of the rights and obligations of each signatory party into
a set of documents that describes what needs to be built, how it needs to be done, and when it needs
to be ready. The what is usually defined in the scope of work, which is summarized in the con-
tractual agreement and detailed in the construction drawings, the how is the methods and quality
requirements, which can be identified by reviewing the project specifications and conditions,
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Figure 5.2 Construction Documents

and the when will be stated in the contractual agreement. As a minimum, a construction contract
includes the information listed below:

*  Who: The signatory contractual parties and any relationship to other parties;

*  What: The work to be performed;

»  Where: The location of the project;

*  When: The time allowed to perform the project, including any financial disincentive for late
completion (under liquidated damages);

*  How much: The pricing method, including contract price, if known, or the process to evaluate
costs to be reimbursed and fees to be awarded;

*  How to get paid: The payment method, including processes to obtain progress and final
payments; and

*  Other hows: Processes to address issues that may arise during contract administration, including
changes to the contract, disputes, unforeseen circumstances, design flaws, and termination of
the contract.

Prime contracts

A contractual relationship for construction services and materials between a project owner and a
construction firm relies on a set of documents that is usually drafted by the project owner and their
consultants. The main document is a contractual agreement, also known as the construction (prime)
contract. This document defines the rights and obligations of each signatory party, including the
construction firm. Drafted by the owners, prime contracts for construction services are submitted
to the selected construction firm for review and acceptance. During the review, the parties may
decide to re-negotiate some of the contractual terms before signing the contract. Various factors,
including the nature of ownership (private versus public) and the project delivery and procurement
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methods, affect whether there is room for negotiation and what can be negotiated. Private owners
tend to provide more opportunities for negotiation than public owners do, because public owners
can rarely negotiate anything that may have affected the selection. For instance, if a construction
firm was selected by a public agency based on their price and time offer, the contract sum and the
delivery time cannot be changed. Most public procurement laws would forbid negotiating terms
that were used to make the selection or affect it.

Subcontracts

A contractual relationship between a construction firm and an entity other than the project
owner also relies on a set of documents. The main document is a contractual agreement, also
known as the construction subcontract. Similarly to a prime contract, this document should define
exactly and explicitly the rights and obligations of each signatory party. Subcontracts for con-
struction services are usually developed by the buyer of the services, who is frequently a prime
contractor, and replicate aspects of the prime contractual documents to share some of the prime
contract risks with the subcontractor. Subcontracting is discussed in Chapter 19.

Standard forms of agreement

Whereas large private organizations and public agencies often develop their own set of contrac-
tual documents, sets of standard forms of agreement are also available through various industry
organizations. These sets include documents, sometimes improperly named standard contracts,
which can be adapted to a specific project by filling in the blanks in the template. Some sets of
standard forms of agreement are most frequently used by owners who do not use a proprietary set
of documents:

e AIA Contracts, developed by the American Institute of Architects (AIA): Figure 5.3 shows the
relationship between some of the AIA contract documents;
e ConsensusDocs, developed by 40 leading associations in the construction industry;

OWNER

A201
General Conditions

ARCHITECT | ———- CONTRACTOR

| |
c401 A401
| 1

CONSULTANT SUBCONTRACTOR

Figure 5.3 AIA Documents
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*  NAHB Contracts, developed by the National Association of Home Builders (NAHB) for resi-
dential projects; and

»  Engineers Joint Contract Documents Committee (EJCDC) Contract Documents, developed by a coali-
tion of three major organizations of professional engineers, namely, The American Council of
Engineering Companies, The National Society of Professional Engineers, and The American
Society of Civil Engineers — Construction Institute.

Types of construction contracts

Information to be contained in a contractual agreement is highly dependent upon the project.
Therefore, contractual terms can vary greatly among projects, with the exception of the pricing
and payment methods. In fact, pricing methods for construction contracts mostly fall within three
types: (a) cost plus a fee (with or without a guaranteed maximum price), (b) unit prices, and (c) lump
sum. The pricing method often affects the payment method. As with the project delivery and
procurement methods, the owner also selects the project pricing and payment methods for prime
contracts.

Cost plus a fee

This pricing method, also referred to as simply cost plus, prices the contract by adding up two
elements. The first element is the cost to perform the contract work, which is the sum of the direct
costs (the costs of construction, including labor, materials, subcontracts, and equipment that can be
directly related to specific work items) and the portion of indirect costs that are not directly related
to any specific scope of work but apply to the entire contract. The second element is the fee, which
can be expressed as a percentage of the cost element, as a fixed amount, or through an incentive
fee. Under a cost plus with incentive fee, the contract “provides for the initially negotiated fee to
be adjusted later by a formula based on the relationship of total allowable costs to total target costs”
(GSA 2017; subpart 16.405-1). The fee element allows the construction firm to charge the con-
tract for the expected profit, as well as the portion of indirect costs that cannot specifically apply
to the contract work but that represents the cost of doing business, also known as the home-office
indirect costs.

The cost plus method offers advantages and disadvantages to both parties. Since the pricing is
cost-dependent, the payment method will require the construction firm to show its costs through
open-book accounting, which provides transparent access to cost information for the purchasing party
but adds more bureaucracy to the contract administration. From their nature, cost plus contracts
are especially advantageous when the design is not complete and for complex projects because
they do not allow the contractor to hide contingencies. For instance, a project owner using this
method to contract with a prime contractor would have information on all subcontracted work
and prime contractor labor and material costs, but they would also need to review all invoices
before processing a monthly payment. However, it also means that the contract price is unknown
at the start, which creates uncertainty about the contract price so it cannot be used as a selection
factor.

To address this price uncertainty, cost plus contracts can add a guaranteed maximum price (GMP)
condition. When a GMP is added to a cost plus contract, the contractor is taking the risk of cost
overruns beyond the GMP. Under a cost plus with GMP contract, the owner is agreeing to pay for
the work up to the GMP value, which acts as a price cap for the owner. On the other hand, it is dif-
ficult to secure a firm GMP too early in the design phase because the contract work is still vaguely
defined. If a cost plus contract is signed early on, for instance, under construction management at
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risk project delivery, the GMP cap would only be added later, once the design package has evolved
enough to allow the contractor to price it. As a rule of thumb, the design package should reach
60-90% of design completeness before an accurate GMP can be developed. These percentages
should not be considered in absolute terms for each item of the scope of work, as discussed in the
next example.

Example

A developer secures a cost plus contract with a general contractor for a high-rise condo-
minium project early in the design. Once the design package evolves to roughly 30% design
completeness, the parties agree on a GMP for the sitework, earthwork, and structural scope,
because these elements of design have already reached 60-90% completion. However, the
envelope, building systems, and finishes are still vaguely defined. To budget funds toward
these scope items, the parties estimate their price at the current level of definition. These
tentative values are called allowances and are not intended to cap the price. Instead, they are
used to guide design and to identify cost overruns early on.

Unit prices

This method provides a ballpark contract price by summing estimated prices for each scope item.
These prices are obtained by multiplying the quantities associated with each scope item—estimated
by the project owner—by the unit prices, which are provided by the contractor. The use of the
unit price method is common on public works and heavy-civil projects, such as roads and utilities.
Under this contract, the construction firm will provide a list of unit prices for various work items
during procurement, such as cubic yards of excavation or linear feet of 6" drainage pipe. Since
these prices are dependent on quantities, the project owner provides estimated quantities and bears
the risk associated with quantity estimating errors, whereas the contractors bear the risk of pricing
errors. This method is often associated with contractual adjustments for quantity variations outside
a contractually set range. It is also often associated with a matching payment method where the
project owner’s inspectors evaluate quantities in place and compare them against billed quantities
before authorizing progress and final payments. Since somewhat reliable quantities are necessary,
design activities should be at an advanced stage at the contracting time, similarly to the lump sum
method. However, the unit price method does not transfer the risk of erroneous quantity take-
off to the contractor, which is beneficial for heavy-civil projects where quantities may be only
tentative.

Example

A city wants to secure maintenance contracts for two of its neighborhoods to fill potholes in
gravel roads with a compacted sand/gravel mix. The city selects a construction firm whose
unit prices suggest the lowest total project price for the two neighborhoods. Each contract
allows for renegotiation of unit prices when estimated quantities are off by £ 20%. During
construction, these quantities are adjusted to the actual values, which affects the total price,
as shown in Table 5.2.
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Table 5.2 Unit Price Contract Summary

Procurement Actual

Quantities Unit Bid Contract Quantities Unit Bid Price Contract

(Cubic Yards)  Price Price (Cubic Yards) Price
Contract 1 1,200 $ 600/cy  $ 720,000 1,100 $ 600/cy (bid)  $660,000
Contract2 1,000 $ 600/cy  $ 600,000 1,400 $ 640/cy $896,000

(renegotiated)

Lump sum

This pricing method, also referred to as stipulated sum or fixed sum, prices the contract upfront.
Therefore, this method is preferable for projects where the design is sufficiently complete, so that
the construction firm can reasonably estimate project costs, but it has also been used to price
design—build contracts based on incomplete design packages. However, the use of this method
when the design 1s incomplete tends to inflate the project price by incorporating contractor’s con-
tingencies for risks that may not materialize. Whereas the lump sum price can cumulatively price
all work to be performed, a schedule of values (SOV’) is usually adopted to break the price down into
work items and is used to identify progress payments through an assessment of the percentage of
completion of each item. SOVs can be used under any contract type. The CSI MasterFormat 1s a
commonly used approach to present a schedule of values.

Project engineering applications

The role and responsibilities of construction project engineers in procurement or contracting vary
significantly depending on the project delivery method, because the scope of work and the time of
involvement in the project life cycle is different. The role and responsibilities of a project engineer
in procurement can include supporting the team in quantity take-off and pricing during bidding,
contacting potential subcontractors and gathering information to shortlist them, soliciting price
proposals from potential subcontractors and vendors, and checking references on a subcontractor
qualification-based procurement process. During contracting, project engineers are often asked
to review subcontracts prepared by the project manager for the scope items they will oversee the
performance of. More experienced project engineers may be asked to prepare draft subcontracts
for review by the project manager or the superintendent.

Summary

The project delivery method is the owner’s plan for how to deliver their project. Procurement
and contracting define critical operating procedures for implementing that plan. Project delivery
begins with the identification of the project objectives, and it continues with the selection of a pro-
ject delivery method that will help to fulfill these objectives. However, most project owners rely
on other project participants for specific work items. Procuring and contracting these participants
to the project team is similar to recruiting players for the football team of a university. Once the
team is assembled, the project will be executed with each team member playing a role on the field
that is dictated by their contract. If the wrong party is selected for a role or that party is provided



Procurement and contracting 65

with improper instructions through its contract, it may make it difficult for all parties to succeed
on the project.

Review questions

‘Which procurement method should be used to place the most emphasis on price?

Which procurement method should be used to place the least emphasis on price?

‘Which procurement methods allow an owner to use multiple decision criteria?

‘What is a schedule of values? Can a schedule of values be used under a cost plus a fee contract?
Under a cost plus a fee with GMP contract, who is initially responsible for price escalation
beyond the GMP? Who retains savings under the GMP?

6. Under a lump-sum contract, who is initially responsible for price escalation beyond the lump
sum? Who retains savings under the lump sum?

e

Exercises

1. Review the information provided in the example of A+B bidding in Table 5.1.
a.  Which contractor would be awarded the contract if road user costs were estimated to be
$9,000/day?
b. Which contractor would be awarded the contract if road user costs were estimated to be
$5,000/day?
2. Review the information provided in the example of a unit price contract in Table 5.2.
a. Ifthe actual quantities for Contract 1 were 1,300 cy, what would be the contract final price?
b. If the actual quantities for Contract 1 were 1,600 cy and the extra quantities were
discounted by 10% of the unit bid price, what would be the contract final price?

Reference

General Service Administration (GSA). (2017, January 19). Federal Acquisition Regulations (FAR):
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6 Introduction to estimating, scheduling,
and project controls

Introduction

Estimating, scheduling, and project controls are the major topics in construction project manage-
ment that are introduced briefly in this chapter, the last chapter in Section A, before we transition
to the individual operations performed by field and project engineers. However, these topics will
be discussed in detail throughout numerous other chapters, including:

Chapter 7: Safety control and reporting
Chapter 8: Production control and reporting
Chapter 9: Quality control and reporting
Chapter 10: Design review

Chapter 11: Project documentation

Chapter 12: Cost engineering

Chapter 16: Cost and schedule updates
Chapter 17: Cost estimating

Chapter 18: Planning and scheduling

In each of these chapters, and others, we will dive deeper into the field and office roles of project
engineers, with each chapter progressively adding more advanced topics and responsibilities. This
chapter is not a duplication of what is to come but rather just a brief introduction to these topics
and the subsequent chapters.

Once a construction firm is selected for a project, various phases ensue sequentially, as shown in
Figure 2.3:

*  Pre-construction, including at a minimum, planning and start-up,
e Control and administration,

e Construction execution, and

e Close-out.

The estimate and schedule are developed during the pre-construction phase. Project control
systems are set up during the start-up phase and occur primarily in the control phase, but they are
documented all the way through the close-out phase. The natural order of progression is as shown
in Figure 6.1.

Estimating

In Chapter 17, we discuss estimate types, basic estimating processes, and estimating skills. The
three most common types of estimates include budget estimates, which are performed to identify
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early budget expectations for the project owner; bid estimates, which include lump sum and heavy-
civil unit-price bids and are used to participate in competitive bidding; and guaranteed maximum
price (GMP) proposals, which are popular on many privately negotiated projects.

Cost estimating is the process of collecting, analyzing, and summarizing data to prepare an
educated projection of the anticipated cost of a project. Costs can be classified into direct costs,
indirect costs, and markups. Direct costs directly relate to specific work items. For instance, the cost
of building a concrete column—including self-performed labor and materials—would be a direct
cost. Similarly, the cost of installing lighting fixtures by an electrical subcontractor—including
labor and materials—would be a direct cost. Indirect costs refer to either jobsite overhead or home-
office overhead. Jobsite overhead costs are the additional costs of doing construction, which do not
directly relate to any specific scope of work but apply to the project as a whole. Examples of jobsite
overhead costs include the salaries of the project manager, the superintendent, and the project
engineers. Home-office overhead costs are the costs for doing business and do not relate to any specific
construction project. Examples of home-office overhead costs include the salaries of individuals in
the home office and the costs of maintaining the home office. Markups are not actual costs. Instead,
they refer to the reward of doing business in the form of profit and the risk of adverse circumstances
in the form of insurance and contingencies. Contract terms will affect the need for a contractor to
incorporate contingencies into their price.

Similarly to the construction of a building, estimating is a logical process consisting of a series of
steps. The estimating process applies to all construction firms, including prime and subcontractors.
However, the role of prime contractors is broader in nature because they are responsible for
acquiring subcontractors and providing a combined price proposal to the project owner.

Once upper-management decides the project is going to be pursued and is “estimate-worthy,” a
lead estimator is assigned. Project cost estimates may be prepared either by the project manager and
project engineers or by staff estimators from the estimating department of the construction firm.
All of the steps necessary to prepare a complete bid or proposal are shown later in Figure 17.1. We
will briefly introduce a few of the steps here.

Quantity take-off

The quantity take-oft (QTO) step involves counting work items and measuring volumes leading
to the development of a bill of quantities documented in QTO sheets. An example of a QTO sheet

Indirect Cost Estimates

Direct Cost
Estimate

Control

Early Summary Schedule

Figure 6.1 Project Controls
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is shown later in Figure 17.3. The drawings are marked up to indicate that quantities have been
“taken-oft” the drawings and placed on the QTO sheets. The QTO process may be manually or
electronically performed. A couple of straightforward examples follow.

Building project QTO example

As a junior estimator, you have been assigned the task of the door, frame, and hardware
QTO. You may simply go to the door and hardware schedule and take counts, separated by
type (wood doors versus hollow metal doors, hollow metal door frames versus aluminum
frames), and develop totals for each one. However, the floor plans may have slight variations,
so a thorough estimator would compare the door and hardware schedule against the floor
plans. These quantities are then noted on the QTO sheets; they will be summarized and later
transferred to pricing recap sheets. The door, frame, and hardware count may result in the
following list:

e 3-0 X 7-0 single hollow metal door frames: 33 frames

e Hollow metal door leafs: 42 leafs

e 3-0 X 7-0 solid-core cherrywood door frames and leafs: 295 each

*  Wood slider doors: 160 leafs

e Bi-fold doors: 18 each

¢ Door hardware, one set for each leaf: 515 sets
After successfully sharing your door, frame, and hardware QTO with the lead estimator or
project manager you are working for, you may be asked to go back and look at the drawings
to add counts for door signage, glass relites, and grouted hollow metal door frames.

Heavy civil QTO example

You are a project engineer for the Gateway Construction company, which is bidding on the
Montana [-90 overpass project in three weeks. You have been assigned the task of estimating
the volume of concrete, square feet of formwork, and number of anchor bolts needed for
the F10 pile caps. You note from the foundation plan and pile cap schedule that there are 15
F10 pile caps, each of them measuring 10-feet square by 2.5-feet deep with eight embedded
1-inch diameter by 12-inch long anchor bolts (ABs), which will later receive 6-inch square
hollow structural section (HSS) columns. You will note all of this on the QTO sheet, simi-
larly to the following list:

* 15EA @ 10" X 10' X 2.5" deep = 3750 CF (rounded)

e 3750 CF + 5% waste = 3956 CF, /27 CF/CY = 147 CY of concrete

* 15EA @8 ABs/EA =120 EA 1" X 12" ABs

* 15 EA @ 4 sides of 10" long by 2.5' deep = 1,500 SFCA of formwork
After successfully showing this QTO to your project manager, you may be asked to perform
the same process for the other types of pile caps and perhaps the concrete grade beams as well.
The quantities are extended, totaled, and underlined, ready to be transferred to the pricing
recap sheets.
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Pricing

The pricing step is divided into self-performed labor pricing, material pricing, and subcontract pri-
cing. The direct labor cost is computed by using productivity rates in man-hours per unit of work
performed (i.e., MH/EA) and current local labor wage rates (i.e., $/ MH). Material and subcon-
tract prices are developed most accurately by using supplier and subcontractor quotations. Refer to
Chapter 17 and the companion website for a complete pricing recap sheet example. Some simple
pricing short notations from both of our examples above follow:

¢ Building project example: 515 door leafs and hardware sets @ 6 MH/ EA = 3,090 MHs @
$29/ MH = $89,610 labor cost (plus burden added “below the line”)

e Heavy civil project example: 120 EA 1" X 12" ABs @ $18.10/ EA to purchase = $2,172
material cost

e Heavy civil project example: 147 CY of concrete @ $12.50/ CY to pump = $1,838 pumping
subcontractor

Note: In an effort to use gender-neutral language to reflect an increasingly diverse workforce,
some companies are replacing the term man-hours with person-hours (PH). This terminology is
less common and not widespread, so we decided to follow the traditional terminology in the rest

of this book.

Summary and markups

The estimate summary page is divided into “above-the-line” and “below-the-line” sections. Costs
calculated on the pricing recap sheets and transferred to an estimate summary page are considered
as direct costs; they are included above the line on the estimate summary. Jobsite overhead costs (also
known as general conditions) are also construction costs but are considered as “indirect” costs, in
that they are not directly related to any specific scope of work but rather apply to the whole job.
Development of a general conditions estimate is schedule-dependent. If the project is 14 months
(i.e., 60 weeks) long and we are going to employ a superintendent at a wage of $2,200 per week,
then we need to include $132,000 in our general conditions for the superintendent. Even though
general conditions are considered as indirect costs, they are usually included above the line and
regarded as a cost of the work, but contract terms have some bearing here.

There are a variety of percentage add-ons or markups below the line. Four of the most common
markups include labor burden—which includes fringe benefits plus labor taxes (if not included
with the direct and indirect wage rates on the pricing recaps)—liability insurance, excise tax (state-
dependent), and fee. Home-office indirect costs are combined with desired profit to produce the
fee markup. The final fee and the final total bid at the bottom of the estimate summary page are
often determined by the contractor’s officer-in-charge (OIC) at the last minute before the price is
turned in to the client. The fee calculation depends upon several conditions including company
volume, market conditions, labor risk, and resource allocations. Jobsite general conditions and
summary estimates for our case studies are included in Chapter 17, and the companion website
hosts more detailed versions.

Scheduling

Many see planning and scheduling as the same operation, but they are slightly different,
with proper planning preceding development of the project schedule. Project engineers will
not have as much of a role in planning as they will in scheduling but should welcome the
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opportunity to become involved in development of the project plan whenever it is offered.
Planning is usually performed by the project manager and superintendent with the assistance
of other experienced and specialized contractor personnel. Planning includes performing the
following tasks:

*  Developing a work breakdown structure (\WBS);

* Identifying a logic for work activities and restraints on starting or completing activities;

*  Evaluating the availability of manpower for self-performed work;

*  Developing a subcontracting plan, including what work is to be subcontracted versus
self-performed,;

»  Estimating activity durations from the labor hours on the direct-work pricing recap sheets and
from subcontractor input;

»  Forecasting material and equipment delivery dates;

* Identifying owner/architect restraints, such as design package releases, receipt of permits, and
delivery of owner-supplied equipment; and

*  Selecting means and methods of construction, including choices of concrete formwork (rented
versus site-fabricated), internally or externally rented equipment, and hoisting (tower crane or
crawler and/or forklift).

The development of the actual schedule document is a more simple and mechanical process than
the development of a proper project plan. It is not as simple as entering all of the above information
into scheduling software and plotting a schedule, although some do it that way. A good detailed
contract schedule will go through several rough drafts and edits, each of which is reviewed by the
superintendent and his or her foremen, along with key subcontractors.

Although we said at the outset of this chapter that the estimate leads to the schedule and both
lead to project controls, an early summary schedule is actually necessary to complete the jobsite
general conditions estimate and to verify if the planned approach would meet any contractual
deadline or milestone. However, an accurate summary schedule will not be developed until after
the detailed construction schedule is completed. Summary schedules may be as short as 15-20 line
items or up to 40-50 line items long. Summary schedules may also be included with responses to
requests for proposals (RFPs), and they are sometimes attached to the prime construction contract
agreement as an exhibit.

Many project owners and contractors prefer a detailed schedule to be attached to the contract
as an exhibit. Detailed construction schedules are often over 100 line items long, with many
stretching to thousands of line items on larger complex projects, especially lump sum public works
projects. The schedule is a construction management tool and should follow the Pareto principle,
also known as the 80-20 rule, in that 20% of the activities will require 80% of the time. The
schedule should be detailed enough that progress can be accurately measured and foremen and
subcontractors can develop their three-week look-ahead schedules from it. However, it should not
be so detailed that management of the schedule takes on a life of its own. For instance, the auger-
cast piling should be shown, along with the pile caps and the formwork for the pile caps, but it
is not necessary to treat the application of spray-on grade beam form oil as a separate item. The
detailed schedule should be posted on the meeting room walls in the general contractor’s jobsite
trailer, and the superintendent should provide the project owner with a schedule status update each
week in a meeting. For building projects, this meeting is usually called the owner—architect—con-
tractor (OAC) meeting. A summary schedule and a three-week look-ahead schedule are included
in Chapter 18, and a more detailed contract schedule is included on the companion website.



Estimates, schedules, and project controls 71

Project controls

In Chapter 2, the task of evaluating the success of built environment projects was introduced,
together with the four measurable dimensions that constitute the pillars to success of built envir-
onment (BE) projects: cost, time, quality, and safety, as shown in Figure 2.1. Project controls include
a set of processes put in place for evaluating the achievement of project success throughout the
project delivery. Thus, project controls adopt processes to evaluate the achievement of any of
the four stated objectives. This approach has progressed from the historical approach of assessing
the achievement of cost, schedule, and quality by adding a fourth set of processes designed to
evaluate safety goals, which is of foremost importance in the construction industry. Moreover,
Figure 2.1 illustrates the importance of setting up a document control system according to
contract requirements, so that information is collected and is easy to retrieve for controlling
the project. Whereas document control does not directly measure the achievement of project
success, a sound approach to document control contributes to success on a project. Therefore,
this textbook will also discuss the main document control processes. In this section, we will
briefly introduce each of these controls, and they will all be elaborated on more fully in subse-
quent chapters.

Can we really “control” our craftsmen and subcontractors? Can we force them to do something
for a given cost and in a set amount of time and at the level of quality that we require, all while
staying safe? What if they don’t do it? Can we penalize them? We can terminate a direct-hire
employee who does not perform quality work. We can require a subcontractor to remove their
employee who violates safety rules or even terminate a subcontractor that is not meeting the
schedule, although this is more difficult than it sounds. Our way to best “control” is actually to
actively “manage” the process well. Project controls are achieved by having the right people in
the right place at the right time and providing them with the necessary tools and equipment so
that they can do their best to match cost, schedule, quality, and safety expectations and document
everything according to contract requirements.

Document control

The control of documents does not guarantee or directly measure project success. Therefore,
document control is not considered a dimension of success to be measured and controlled over
time. However, the setting up of a document control system that is appropriate for the given pro-
ject is one of the most important tasks for the project manager and project engineer during project
start-up. This system will allow the project team to accurately track down and document success
in safety, cost, time, and quality.

Safety control

Whereas safety was only recently added to the dimensions for measuring construction project
success, most construction firms now predicate the concept of “safety first” in their core business
practices. Safety control is accomplished similarly to quality control, with clear expectations and
continual open communication. Even if a project has a full-time safety inspector or the corporate
safety officer visits the site weekly, most see the general contractor’s (GC) superintendent as respon-
sible for safety control—this is similar to expectations of quality control. General contractors and
their superintendents have been found in some situations to be not only contractually responsible
for safety, but legally responsible. Regardless of who is officially designated as the point person
for safety control, we are all responsible for observing potential safety hazards and reporting any
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violations. Some of the proactive safety control efforts (further described in Chapter 7) performed
by the superintendent, with assistance from the project engineer, include:

*  Preparing a project-specific safety plan for submission to the project owner,

*  Employing only subcontractors with proven safety records,

*  Requesting subcontractors to sign up to the GC plan and/or to prepare project-specific safety
plans for submission to the GC for approval,

*  Conducting new subcontractor and craftsmen safety orientation meetings, and

*  Holding weekly safety meetings, usually first thing Monday morning, and requiring attendance
for all on site.

If safety violations occur, the superintendent can follow different pathways, which are listed in
order of severity: (a) issue a written warning, (b) terminate a direct or subcontractor craftsman,
(¢) fine or back charge a subcontractor, or (d) terminate the subcontractor. The severity of the vio-
lation will suggest to the superintendent which pathway is the most appropriate. If accidents occur
and someone is injured, there are additional inspections and documentation required, as further
discussed in Chapter 7.

Cost control

Cost control and schedule control are both elaborated on in Chapter 8. There are five phases of cost
control. The first phase begins with an accurate estimate and schedule. All five of our cost control
phases are depicted in Figure 6.2. This same figure will also be discussed later in Chapters 8 and
16. Many of our chapters will connect to these phases in more detail, along with the role of the
project engineer, but what follows here is a brief introduction to each phase.

Estimate
or
Schedule

Control Process

w—

Figure 6.2 Cost/Schedule Control Process
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Estimate

As introduced earlier, the estimate is an assembly of measured material quantities, competitive
market-rate material unit prices, historical direct labor productivity rates, current direct labor
wage rates, competitive subcontract quotes, and a series of markups and fees. To better prepare the
management team for cost control, the estimate should be assembled by work packages and every
line item in the estimate assigned an individual cost code.

Correct

No estimate or schedule is perfect. After the contractor receives notice of award of its bid or pro-
posal, the estimate must be corrected with the actual subcontract and purchase order buyout values
(see Chapter 19) and entered into the company’s cost control system. If the estimator made any
mistakes, these must be corrected now, with potential modifications to contingency funds or fees.
The superintendent and project engineer cannot begin construction and effectively control costs
with an incorrect estimate.

Record

This is the largest and most time-consuming phase in the cost control process. The recording of
actual costs is also a function most often performed by project engineers. Some of the ways the
engineer is involved in recording costs include:

e Assisting foremen and superintendents with development of work packages,

*  Entering direct labor cost codes on time sheets,

*  Entering cost codes on short- and long-form purchase orders and subcontract agreements (see
Chapter 19),

e Verifying that supplier and subcontractor monthly invoice amounts match their contract values,

e Entering cost codes on supplier and subcontractor invoices, and

e Assisting the project manager with monthly fee forecast development (see Chapter 12).

One of the book’s authors spent an entire year, including a very cold winter in Pennsylvania in a
triple-wide trailer, manually entering cost codes daily for 1,000 pipefitters on a power-plant pro-
ject and then researching incorrect entries the following morning. Project engineers have to pay
their dues in order to progress into project management, and it sometimes starts with cost coding,
so this should be looked at as a project engineering “get-to” and not a “have-to.”

Modify

As stated, there is not a perfect estimate nor will many construction projects proceed “exactly”
according to the original plan and schedule. Continual comparison of actual costs recorded against
the estimate will uncover variances that will warrant attention and potential adjustment by the
project team. The contractor cannot wait until the project is finished to find out if it has made
money. At that time, there is nothing that can be done to fix the problem. Costs may differ from
the estimate for a variety of reasons, including:

*  The estimate was plagued by errors,

e The project team is not implementing construction according to the original plan,

e Subcontractors or suppliers are not performing,

¢ Self-performing field crews are not performing,

¢ Site management team members, including the project manager (PM) and superintendent, are
not performing,
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*  The GCis performing work that was the responsibility of a subcontractor or the project owner,
*  The project owner and/or designer have added scope or affected the planned work sequence,
e The occurrence of inclement weather,

e The discovery of unforeseen conditions,

e The schedule has been lengthened, or

e There is an abuse of overtime.

Once the reason for the cost overrun is understood, the plan or process may need to be adjusted or
modified by the project team; with luck, the cause will be discovered soon enough to implement
the adjustment. Some of the corrective actions or “fixes” might include:

»  Enforcing subcontract agreements,

*  Back charging subcontractors,

*  Changing subcontractors (this is difficult to do),

*  Submitting a change order proposal to the project owner (see Chapter 20),
*  Changing in-house GC personnel,

»  Utilizing different means and methods or equipment,

*  Expediting the schedule, or

*  Using overtime selectively (sometimes spending money can save money).

As-built

An as-built estimate, as well as an as-built schedule, is an important historical tool that experienced
contractors utilize to successtully procure future construction projects. The time to start development
of the as-built estimate is when the cost control process is started, with a detailed and cost-coded
estimate. During the course of construction, material costs and labor hours are accurately recorded,
along with measurement of the actual quantities installed, to develop as-built material unit prices and
as-built labor productivity rates. The as-built estimate is definitely part of the close-out process (see
Chapter 14), but the sooner it is prepared, the more accurate the results will be. These figures should
be shared by the project team with staff estimators for incorporation into the contractor’s estimating
database. In this manner, the last phase of cost control, the as-built phase, is actually the first phase for
the next project, and the cost control cycle in Figure 6.2 repeats itself.

Time control

The task of updating and modifying costs and schedules is discussed in Chapter 16. As indicated
earlier, we do not necessarily “control” schedules or time as much as we manage the process.
This begins with a detailed and collaboratively developed schedule, not a top-down schedule.
A discussion on the importance of a collaborative scheduling process is provided in Chapter 18.
Project engineers can be tasked to assist the superintendent with recording actual schedule
statistics. Marking up of the contract schedule with actual start and completion dates, along with
actual material delivery dates, is integral to development of the as-built schedule. The project
superintendent will provide a status report on the schedule at the weekly project team meeting.
Three-week schedules developed by the GC are also shared with the project owner and designer
during this meeting. Subcontractors will provide the superintendent with their own three-week
look-ahead schedules, often at the Monday morning foremen’s meeting. As will be discussed in
Chapter 16, a schedule only needs to be revised and reissued if there are major deviations. New
schedules must be incorporated into the prime contract and each subcontract and potentially lead
to cost ramifications.
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Quality control

Before any attempt is made to control quality, an understanding of quality is foremost. The con-
cept of quality is fluid and subjective. Where users may judge a project’s quality based on its ability
to fulfill the user’s needs, the project owner may additionally judge a project’s quality based on
its “bang for the buck” or its ability to achieve excellence. This will vary widely, depending on
whether the project is for the project owner’s headquarters or for a suburban warehouse. In the
absence of clear indications, a construction firm would judge quality based on the project con-
formance, as described in the contractual documents. Therefore, it is important that the project
owner conveys their quality expectations through these documents.

However, quality control (QC) management first starts with the project owner employing the
most qualified design professionals and giving them adequate time and financial resources to pre-
pare a quality design. The next step is for the project owner and designer to clearly communicate
their well-defined and reasonable quality expectations in the contract documents. This should all
be discussed at the owner—designer—contractor pre-construction meeting. Just as the project owner
needs to select a quality GC, the GC needs to select qualified subcontractors and suppliers. Similarly
to the design team, all of these firms need to have adequate cost and time allowances, proper materials
and equipment, and most importantly, qualified field craftsmen in order to do a quality job. As
discussed more fully in Chapter 9, the superintendent and project engineer manage quality among
the subcontractors on the jobsite in a variety of fashions, including:

*  Pre-construction meetings,

e Submittal approvals,

e Thorough and timely requests for information (R FIs),

* In-process work inspections,

e Follow-through with non-conformance reports (NCRs) and QC log maintenance, and
*  Final punch lists and work acceptance.

Project engineering applications

The project engineer assists the project manager and superintendent with a variety of estimating,
scheduling, and project control functions. These roles and responsibilities are described in the
upcoming chapters in detail. We have subdivided our textbook into increasingly advanced project
engineering areas of responsibility, which may correspond into dividing the position or title of
“project engineer” into loose subdivisions. Titles vary depending on the contractor and the pro-
ject. Many will use the generic term “project engineer”, as we will do as well. However, we will
later refer to different project engineering duties as follows:

* Field engineering is intended as assisting the superintendent on the jobsite; Section B,
Chapters 7-9.

*  Project engineering is intended as assisting project managers, estimators, and schedulers,
whether located in the jobsite or main office, job-size dependent; Section C, Chapters 10-16.

*  Senior project engineering is intended as assisting the project manager in all or some of the PM
functions and potentially runs smaller projects as the PM; Section D, Chapters 17-22.

Summary

The summary section for this chapter is really a brief introduction to the rest of our book. Estimating
is the process of measuring and counting all of the material quantities, “taking them oft” the
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drawings, and applying market material rates and historical labor productivity. Subcontractors per-
form 80% or so of the field work on a construction project, so incorporation of competitively bid
subcontract prices is paramount to a successful GC estimate. The GC’s officer-in-charge will input
the fee and other markups that are applied “below-the-line” on the estimate summary.

Scheduling starts with good planning. There are many types of schedules used on a construction
project, including summary, detailed, or contract, as well as three-week look-ahead schedules. But
schedules are only useful as construction management tools if they are collaboratively developed
by the GC, including its superintendent, and with input from its subcontractors. We will discuss
four different project control processes in this textbook, namely, cost, schedule, quality, and safety
control. Essential to the contractor delivering a successful project to a satistied client, all success-
related types of controls rely on appropriate document control, with project engineers being very
involved in processing the documents for each of these processes.

This chapter was just a brief introduction and overview to many construction management and
project engineering operations. Hopefully, it will have sparked interest in the reader. Forthcoming
chapters will continue to build upon these concepts.

Review questions

1. What are the four types of project controls?

2. What is the difference between planning and scheduling?

3. Which occurs first, the detailed construction estimate or the detailed construction schedule,
and why in that order?

4. What is the difference between “manage” and “control” with respect to any of our project
management control functions?

Exercises

1. Prepare an argument for why you as a contractor would want to (a) include only the summary
schedule as a contract exhibit or, conversely, (b) include a detailed schedule as the contract exhibit.

2. Prioritize the four types of controls. If you had to drop one in order to get the project
completed, which would it be?

3. Prepare an argument for why you feel a recent civil engineering or construction management
graduate would learn the most by being (a) in the jobsite trailer working for the superintendent
as a field engineer, (b) in the home office assisting staff schedulers and estimators, (c) a project
engineer assisting one project manager in all of his or her capacities in the trailer on the jobsite,
or (d) a project or office engineer working out of the home office but assisting several project
managers on several projects with their RFIs, submittals, and meeting notes.

4. Otbher than the items bulleted above under cost control/modity, list another reason costs may
exceed the estimate and an alternative solution for that problem.
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7 Safety control and reporting

Introduction

Construction is an extremely dangerous industry. According to the Occupational Safety and
Health Administration (OSHA) and the Bureau of Labor Statistics (BLS), 937 fatalities occurred
in construction in the U.S. during calendar year 2015, which is equal to approximately 21% of
private industry employment-related fatalities during the same calendar year (BLS 2016). In add-
ition to fatalities, construction jobsite injuries and illnesses aftect the construction industry’s work-
force more than most others. Most construction jobsite fatalities are connected to four causes
that are named by OSHA as the Construction Fatal Four and account for about 64% of con-
struction fatalities: Falls (~39%), Struck by Object (~10%), Electrocutions (~7%), and Caught-in/
between (~7%) (OSHA 2017). The latter group includes construction workers killed when caught-
in or compressed by equipment or objects and workers killed when struck, caught, or crushed in
collapsing structures, equipment, or materials. These statistics show the importance of safety in
construction.

Fatalities, injuries, and illnesses affect the construction workforce, so there is a moral obliga-
tion for the industry as a whole to do better. However, there are many additional ramifications
associated with poor safety performance in construction, including:

*  Jobsite medical attention,

e Damage or destruction of materials, and cleanup and repair costs,
e Unproductive labor time, and potential loss of trained labor,

¢ Workforce morale,

e Construction schedule delays or work slowdown, and

e Lawsuits and other legal and administration expenses.

In addition to fatalities, injuries, and illnesses, narrowly avoided incidents (also known as near
misses) are indicators of safety shortfalls because these events have the potential to result in fatal-
ities, injuries, illnesses, or damage.

OSHA does not only compile statistics; it has the responsibility of overseeing safety standards
on construction projects in addition to other industries. The Occupational Safety and Health
Act established OSHA, but it allows states that desire to administer their own industrial safety
programs to do so, as long as their requirements are at least as stringent as those imposed by OSHA.
Many states, therefore, have their own self~administered programs.

Control of safety performance should not be limited to counting fatalities, accidents, and
near misses. Instead, it should continually evaluate workers’ exposure to hazards and implement
measures to reduce them; safety professionals consider this to be the best approach for protecting
workers. To this end, control measures have been categorized hierarchically to help implement
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Elimination Physically remove the hazard

Substitution Replace the hazard

Engineering Controls Isolate people from the hazard

Effectiveness

Administrative Controls Change the way people work

Personal Protective Equipment (PPE) Protect the worker

Figure 7.1 Hierarchy of Hazard Controls
(Adapted from NIOSH 2016)

comprehensive and effective safety control programs. Figure 7.1 shows the Hierarchy of Controls as
promoted by the National Institute of Occupational Safety and Health (NIOSH).

During the initial planning phases, construction firms can pursue elimination or substitution
of hazards through their selection of construction processes, including their choice of means and
methods. Elimination and substitution of hazards are considered the most effective safety control
measures. However, once construction processes have been selected, elimination and substitution
are difficult—if not infeasible—to implement, because each construction process carries its own
hazards. However, safety knowledge and technology provide opportunities for implementing
engineering controls that will isolate people from these hazards. For instance, dust exposure is a
known hazard for drywall craftsmen. This exposure is heightened during drywall sanding activ-
ities. Nonetheless, drywall sanding is often necessary to achieve the project objectives. Thus,
if the dust exposure hazard exists, how can we isolate our drywall craftsmen from it? NIOSH
research has shown that use of a pole-sanding vacuum control system is expected to substantially
reduce dust exposure from hand-sanding. Therefore, if these craftsmen are provided with the
right tools, it will reduce their exposure. The next levels of hazard control include changing
the way people work through administrative measures or protecting workers with personal
protective equipment (PPE). These measures are widely discussed throughout the rest of this
chapter.

At the industry level, construction firms are encouraged to improve safety through a carrot-
and-stick approach. Construction firms that have a poor safety performance will be subject to
higher fines by OSHA or state agencies, which will increase insurance rates, a somber work-
force morale, and a bad reputation among other construction firms and project owners. On the
other hand, construction firms that are able to improve their safety performance will improve
their reputation and workforce morale while reducing or nullifying fines and decreasing
insurance rates.

Construction firms operate their business through projects, so improvements to safety at the
project level are crucial. There are three major aspects of site safety: (a) safety of those working on
the site, (b) safety of those visiting the site, and (c) safety of the general public near the project site.
Safe operations of construction equipment relate to all three aspects. Construction firms produce
project-specific safety plans to address all of these aspects.
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Safety is a complex issue, and this chapter only provides an overview on a few safety control and
reporting topics, including:

*  Developing project-specific safety plans and job hazard analyses (JHAs);

* Implementing industry-wide safety control measures, including workers” compensation insur-
ance programs, drug and alcohol abuse monitoring, and communications systems for haz-
ardous materials;

* Implementing project-specific safety control measures, including continuous supervision,
crew-level pre-task safety checklists, weekly safety meetings and inspections, and safety
training; and

*  Reportingsafetyissues, includinginspection reports, and near misses and accident investigations.

Project-specific safety planning

Most large building and civil construction companies have an in-house company safety program
for their direct employees and their projects. The effectiveness of these programs, however, is dir-
ectly related to the executive management’s commitment to safety. In addition, project-specific
safety programs are developed for each project. The site management, including project man-
agers and superintendents, are responsible for the safety of workers, equipment, materials, and the
general public on their project sites. Their responsibility is not only ethical but often contractual
and even legal. The site management must set the standard regarding safety on their projects,
lead workers by example, and enforce safety procedures at all times throughout the project. To
this end, a continual safety awareness campaign is required, which focuses on reducing hazards.
Standard elements of project-specific safety programs include a project-specific safety plan—
which relies on comprehensive and task-specific JHAs—and ongoing safety initiatives designed
to control hazards.

Project-specific safety plan

Potential safety hazards exist on all construction projects, and project-specific safety plans are
necessary to proactively manage these hazards. Project-specific safety planning is a logical process
that examines the potential hazards associated with construction activities. The planning process
requires an understanding of construction practices and the site-specific conditions in which they
will be performed. Public work bid projects require the general contractor to submit such plans at
pre-construction conferences. Private and negotiated clients may require that these plans be sub-
mitted with the proposal package. A project-specific safety plan serves many purposes, such as:

* Identitying key personnel and their safety roles and responsibilities,

e Establishing the chain of communication on safety,

e Describing specific safety awareness training and orientation programs to be utilized,
*  Listing the hazard identification and control methods for the prevention of incidents,
* Identifying an emergency response plan, and

*  Defining the inspection requirements to evaluate the project’s safety program.

Comprehensive and task-specific job hazard analyses

Construction jobsite accident prevention starts with a safety hazard analysis of each construction
task that is to be performed. Therefore, initial steps for implementing a project-specific safety plan
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Gateway Construction Company
2201 First Avenue
Spokane, WA 99205
509-642-2322
JOB HAZARD ANALYSIS
Project: I-90 Overpass, Montana, Job 1732
Phase: 1: Structural Excavation, Shoring, and Foundations
Construction Activities Potential Hazards Hazard Mitigation
1. Excavation Equipment striking workers Morning safety meeting
Bright clothing
Backup alarms
Fall into excavation Guardrail
Bright flagging
2. Auger cast piling Equipment striking workers Morning safety meeting
Bright clothing
Backup alarms
Slipping on waste and spills Backhoe cleaning waste
Dedicate one laborer
3. Vertical rebar Impalement Orange caps on rebar
4. Flagger Struck by traffic Certified flaggers only
Proper clothing and signs
Coordinate with police
Struck by our equipment Morning safety meetings
Certified flaggers only
Proper clothing and signs
5. Material deliveries Truckers striking workers Stop trucks at gate
Inform of safety rules
Truckers striking equipment Stop trucks at gate
Inform of safety rules
Prepared by: Randy Buckwater, Superintendent
CC: Client, Designer, Subcontractors, PE, Foremen

Figure 7.2 Comprehensive Job Hazard Analysis

include performing an initial comprehensive identification and analysis of potential hazards that
will guide the identification of task-specific hazard mitigation measures. An example of a compre-
hensive hazard identification and analysis is shown in Figure 7.2. Comprehensive JHAs are often
followed up by task-specific hazard analyses, such as the one shown in Figure 7.3 for the glazing
subcontractor on a tenant improvement project.

The comprehensive JHA should be prepared during the project planning process. This JHA
becomes the basis for the project-specific safety plan and usually includes:

* A description of the construction processes,
* A list of the hazards associated with each process, and
*  The plan for addressing each hazardous situation.



Task-Specific Job Hazard Analysis (JHA)

Activity/Work Task: Install glass curtain wall and wall panels Overall Risk Assessment Code (RAC) (Use highest code) M

Project: Tenant Improvementof 2™ Floor Restaurant Lounge Risk Assessment Code (RAC) Matrix

Contractor: Old Fashioned Glazed Visions (OFGV) . Probability
Severity
Date Prepared: 3/9/17 Frequent | Likely | Occasional | Seldom | Unlikely
Prepared by (Name/Title): Jill Smith - OFGV Site Superintendent catas_t_mphic H H M
Critical H H M L
. R b . . Marginal H M M L L
Reviewed by (Name/Title): Jill Smith - OFGV Site Superintendent Negligible | = | 7 1 1 1

Notes: (Field Notes, Review Comments, etc.) Step 1: Review each “Hazard” with identified safety “Controls” and determine RAC (See above).

3

“Probability” is the likelihood to causeanincident, near miss, or accident

Competent Person(s): andidentified as: Frequent, Likely, Occasional,Seldomor Unlikely RAC Chart
Jill Smith - OFGV Site Superintendent “Severity” is the outcome/degree ifanincident, near miss, or accident
Jack Spade — OFGV Glazier Foreman did occur and identified as: Catastrophic, Critical, Marginal, or Negligible H High Risk
Step 2: Identify the RAC (Probability/Severity)as E, H, M, or L for each M = Moderate Risk
“Hazard” on AHA. Annotate the overall highestRAC at the top of AHA. L = Low Risk
Job Steps Hazards Controls RAC
1. Liftingglassupto thelounge 1. Sharp cornerson the frame, 1. Gloves100%, keep workarea cleanand keep fingers away L
2. Stageglass smashing fingers while drilling fromarea where drillingis done.
3. Remove old glass holesinframe and running IGU 2. Keephandsclearor use a blockwheninstalling stops and L
4. DrillholeforlGU cable cables snap cover.
5. Install newglass 2. Fall hazard 3. 100% tie off whenremovingandinstallinglower glass. M
6. Hook upIGU cable 3. Trip/slip Dangertape work area.
7. Install stopsandvinyl 4. F.0.D. 4, Cleanasyouinstallall, thrash of papermust go intoa L
5. Protecting existing frame garbage can or bag.
6. Pinchpoints 5. Handle material with caution, protectfrom scratchesand L
7. Particleineye damage.
6. 100% eye protections L
7. Inspectload before forklifting. L
. Training Requirements/Competent . .
Equipmentto be Used or Qualified Personnel name(s) Inspection Requirements
® Reach forklift ® Forklift card e Inspectforklift daily
® Drill,impactgunsand handtools ® None ® Quarterlyinspection and labeling of electricpower cords

Figure 7.3 Task-Specific Job Hazard Analysis
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Once subcontractors are secured to the project, task-specific JHAs can be requested from them
or produced as part of work planning exercises for self-performed activities. Comprehensive and
task-specific JHAs are among the construction management tools utilized in active safety control
programs.

Safety control

Several safety initiatives designed to control hazards constitute another element of project-specific
safety programs. Some of these initiatives are implemented industry-wide, such as workers’ com-
pensation insurance programs, drug and alcohol abuse monitoring, and communications systems
for hazardous materials. Other initiatives are implemented differently across contractors and
projects, including continuous supervision, crew-level pre-task safety checklists, weekly safety
meetings and inspections, and safety training.

Workers’ compensation insurance programs

State workers” compensation laws mandate coverage for all personnel on a jobsite. Workers’ com-
pensation insurance is a no-fault insurance program that protects a contractor from being sued
by their employees as a consequence of injuries sustained on the jobsite and provides compensa-
tion to workers who are injured on the job, regardless of who is at fault. Workers’ compensation
benefits cover:

*  Medical expenses,

*  Lost wages when unable to work,

*  Rechabilitation for a new vocation if necessary, and
*  Pensions for long-term disabilities, if necessary.

Many states control workers’ compensation insurance and provide access to this insurance through
state-administered funds, whereas others rely on private insurance companies. Workers’ compensation
premiums have two components. The first is the base premium that is applied to each separate work clas-
sification; different crafts have different rates based upon their frequency and severity of accidents. The
second component is the premium modifier, known as the experience modification rating (EMR). This
is based on the volume of claims made by a contractor’s employees. Typical company rates range from 0.5
to 2.0, with 1.0 serving as the baseline. Companies with good safety records typically have EMRs below
1.0.Since a contractor must pay workers’ compensation premiums for each hour that each craftsman is on
the jobsite, this significantly adds to the labor cost. Firms that have poor safety records have high EMRs,
which results in labor costs that are higher than for those with good safety records and low EMRs. As
previously discussed, this is one of the carrot-and-stick approaches that regulate safety at the industry level.
Therefore, project managers, project engineers, and superintendents are incentivized to emphasize safety
on their projects, so their employers can earn low EMRs and have competitive labor rates, which would
place them in a position to be able to post lower bids and win more construction projects.

To reduce the volume of claims, injured construction craftsmen should be returned to the jobsite
as soon as 1s reasonable. Any craft employee injured on a project needs to be taken to a physician for
examination and determination of the extent of the injuries and the type of work, if any, that the
injured worker is able to perform. Based on the physician’s instructions, the construction company
should devise a return-to-work strategy for the craftsman. This may include recuperation, physical
therapy, reduced work hours, and/or modified work assignments. R eturn-to-work programs should
be designed to benefit the injured worker and reduce the workers’ compensation claims cost, which
will affect the company’s EMR.
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Drug and alcohol abuse monitoring

The construction industry is one of the most dangerous in the United States. Craftsmen under the
influence of drugs or alcohol on the jobsite pose serious safety and health risks to themselves and all
those who work on the site. To combat drug and alcohol abuse, most contractors have established
policies prohibiting substance use prior to or while on the site. A key element of this program is
a requirement for periodic drug and alcohol testing. The testing requirements usually apply to
all individuals working on the project site, whether they are employed by the contractor or by a
subcontractor. Subcontractors generally are required to administer their own substance-testing
programs, or they are not allowed to work on that project. Individuals refusing testing or failing
to pass a test are removed from the jobsite. Many contractors require testing during the hiring
process, after an accident, or when a foreman or superintendent believes an individual’s behavior
warrants testing. Some states allow random testing, but there are different rules on enforcement. It
is a good practice for contractors to use third-party testing companies to ensure fairness in imple-
mentation and compliance with legal requirements. Selected administrators should stay up to date
on the rules and court cases at state and national levels.

Hazardous materials communications

OSHA requires chemical manufacturers, distributors, and importers to provide a safety data sheet
(SDS)—formerly known as a material safety data sheet (MSDS)—to communicate hazards for all
chemical products. SDSs are short technical reports that identity all known hazards associated with
particular materials and provide procedures for using, handling, and storing the materials safely.
They also include information on first aid measures. SDSs must be provided for each material used
on site. A copy of the SDS for each hazardous chemical must be made available to all craftsmen
before a material is utilized on the project site. The project engineer usually collects these as
a required submittal from all suppliers and subcontractors. Copies of SDSs for all construction
materials should be maintained in an accessible on-site location.

Ongoing project-specific safety activities

Most construction projects are unique, and construction workers are constantly expected to famil-
iarize themselves with new working environments. However, craft workers may only work on
a project site during certain phases of work and then move on to another project. This ongoing
change in the composition of the workforce presents significant challenges to the project team.
Therefore, once the construction activities begin, continual safety awareness is maintained
through continuous supervision, crew-level pre-task safety checklist exercises, mandatory training
orientations, and weekly safety meetings and inspections.

Continuous supervision

Accidents usually occur on construction sites due to a lack of safety procedures and/or implementa-
tion of those procedures. Accident prevention requires a commitment to safety, proper equipment
and construction procedures, regular jobsite inspections, and good planning. Everyone on the
jobsite must understand the need to work safely and be alert for any unsafe conditions. The general
contractor’s (GC’s) superintendents should:

*  Enforce proper use of PPE by craftsmen,
*  Require PPE be worn by all on the site,
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*  Coordinate efforts to keep the jobsite clean, and
»  Teach emergency procedures to all craftsmen.

Safety procedures and techniques are identified for each element of work to minimize the poten-
tial for accidents. Many methods are utilized to reduce the risks associated with safety hazards,
including:

*  Modifying construction techniques,

*  Keeping employees away from the hazard,

*  Displaying warning signs, including backup alarms on equipment,
*  Training, and

* Requiring PPE.

As shown in Figure 7.1, PPE is the last resource for controlling hazards. Therefore, when it is
prescribed, each jobsite employee must wear the appropriate PPE to mitigate loss. The jobsite
management team identifies general PPE requirements as part of the job hazard analysis and
requires that all contractor and subcontractor craftsmen wear it. These requirements are spe-
cified in the accident prevention section of the project-specific safety plan. Usually, the min-
imum requirements include wearing a hard hat, safety glasses, and safety shoes at all times when
working on the site. However, some contractors may be more restrictive as part of their com-
pany safety programs or because of specific hazards on the given projects. Similarly, some tasks
may require additional PPE. Several types of PPE are available, but some of the most commonly
encountered on a construction site include:

e Hard hats,

»  Tight-fitting, bright protective clothing,

e Safety glasses or goggles,

e Safety shoes and gloves,

e Earmuffs or ear plugs,

e Personal fall protection systems, such as safety harnesses, and
*  Respirators.

Crew-level pre-task safety checklist exercises

Project-specific safety plans frequently prescribe pre-task safety checklist exercises at the begin-
ning of each work shift. These exercises are conducted by each crew to identify daily tasks and
evaluate corresponding hazards and control measures. They are a proactive, self-administered
approach to remind craftsmen about safety measures through a self-guided process. Sometimes,
foremen or superintendents lead these exercises and may integrate them with pep talks, which are
short talks frequently based on anecdotes around the hazards that the craftsmen will be exposed as
part of their daily tasks.

Training and mandatory orientations

Project-specific safety plans also prescribe training requirements. Standard training requirements
include mandatory safety orientations for all workers and visitors. As part of the orientation, min-
imum requirements for PPE are also discussed. In addition, training is conducted for hazards
associated with each element of work, and mitigation strategies are required from all work crews
prior to allowing them to start work. This task is often assigned to one of the project engineers.
In addition, most superintendents require safety meetings and morning stretch and flex exercises
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prior to allowing the workers to start their shifts. Monday morning safety meetings also include
refreshers on potential risks and mitigation methods for work scheduled to be performed that
week. Requirements on training certifications and the identification of competent persons are
also listed in the project safety plan. Under these requirements, each subcontractor should produce
certifications for their craftsmen and identify a competent person who will enforce their safety
plan, including any task-specific requirement for PPE that is more restrictive than those applicable
to the whole jobsite.

Weekly inspections

In addition, weekly safety inspections are usually conducted at the jobsite to identify hazards and
ensure compliance with job-specific safety rules. These inspections are often performed by a home-
office safety officer or an on-site project engineer on smaller projects. During these inspections,
hazards are identified and categorized by their gravity, and the jobsite is evaluated against other
safety requirements in the project-specific safety plan. It is common to encounter a three-tier
approach for categorizing hazards:

e Class A: These hazards are the most serious because they have the potential to result in injuries,
permanent disabilities, and even fatalities. They may also refer to hazards that could result in
an extensive loss of structure, equipment, or material.

e Class B: These hazards also have serious consequences because they can result in recordable
incidents, which would require medical aid or modified work assignments, serious injuries or
illnesses, temporary disabilities, and disruptive but not extensive property damage.

e Class C: These hazards may cause minor, non-disabling injuries or illnesses or non-disruptive
property damage.

This categorization system is designed to guide the inspectors in their follow-ups. Whereas com-
munication of Class C hazards to the foremen or subcontractor may suffice, the occurrence of Class
B hazards will require immediate escalation to the project manager and superintendent. Similarly,
some project-specific safety plans prescribe immediate escalation of Class A hazards beyond site
management.

Weekly meetings

Lastly, whereas every project meeting should address safety in some manner, most of the general
contracting firms conduct weekly safety meetings on Monday mornings with all workforce on site,
including direct-hire employees and subcontractor craftsmen. These meetings are used to review
any major hazard that is expected for the week to come, as well as near misses and injury events
that occurred in the previous week. In addition, safety personnel from the subcontractors may be
invited to present on a rotating basis to share with all of the workers on site their expected hazards,
how they plan to control them, and what other crews need to know to not impede their safety
efforts. A significant challenge to the organization of these meetings is the increased employment
of workers for whom English is a second language, which requires safety meetings to be conveyed
in languages other than English.

Equipment control

Most building contractors will rent their equipment from outside sources or require each sub-
contractor to provide their own equipment. Conversely, heavy-civil contractors often own many
pieces of equipment. Whereas equipment ownership provides opportunities for improved profits,
it also increases the contractor risk exposure. All contractors must pay attention to the safety
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implications associated with the use of construction equipment through performance of periodic
inspections. However, heavy-civil contractors carry more responsibilities, some of which include
management of the following:

*  Maintenance log;

*  Backup alarms;

*  Use of direct-hire operating engineers (OEs) versus employment of operated equipment,
which must be contracted as a subcontractor, not a supplier;

e Licensed and/or certified OEs;

*  Regulated breaks for OEs;

*  On-ground equipment coordinators, foreman, potentially “oilers” and “riggers;”

*  Communication with flaggers;

*  Maintenance check for hydraulic leaks;

»  Environmentally controlled refueling stations;

*  On-ground bright protective clothing for all in the vicinity (if not all on project); and

*  Secured lockup for evenings and weekends.

Safety reporting

Besides the general contractor’s weekly inspections, OSHA or state safety agencies can perform
their own inspections. These external inspectors can issue citations for safety violations and shut
down operations considered to be life-threatening. Stiff fines may be levied for violations. Large
construction firms are required to maintain detailed records for OSHA, but regardless of size, all
contractors should do so. They are required to maintain a log of all jobsite injuries and illnesses
and submit an annual report to OSHA at the beginning of each year. The jobsite injury log must
contain the following information:

*  Date of injury,

*  Name of employee,

*  Occupation of employee,
*  Description of injury, and
*  Lost time due to injury.

In addition to the log, contractors are required to submit a separate one-page description of each
illness or injury. This supplemental record of occupational illness or injury includes a description
of how the injury occurred, the place of the accident, the employee’s activity at the time of injury,
and the exact nature of the injury, including affected body parts.

Accident and near-miss investigation

Administration of safety processes is an important aspect of construction management. The creation of a
safe working environment is a function of the physical conditions of the working environment and the
behavior or working attitude of individuals working on the site. A safe working environment results in
increased worker productivity and reduces the risk of injury. Accidents are costly, lead to disruption of the
construction schedule, and require significant management time for investigation and reporting. There
are many potential costs due to a construction accident, including workers’ compensation and general
liability insurance rate increases. Performing accident investigations and reporting their result is strongly
recommended and is often a mandatory requirement by OSHA. However, accidents sometimes do not
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occur by chance. Near-miss events are indicators of accidents waiting to happen. As part of proactive
safety management, contractors often implement near-miss reporting systems, which replicate (to a minor
extent) some of the accident investigation procedures, to promote a safety culture among craftsmen
through continual recognition and reporting of near-miss events.

All construction jobsite accidents should be investigated promptly by site management, usually
by the superintendent and/or the project-specific safety manager. Moreover, an individual or inde-
pendent inspection team may be needed for serious accidents, such as the collapse of construction
in progress. These third-party safety professionals are used to conduct major accident investigations
to avoid biased findings. Accident investigations have some common steps and intended outcomes.
As part of the accident investigation, the initial step is to secure the scene to allow for the inves-
tigation to occur. This also means assessment of potential hazards and verification that it is safe to
enter. The investigator will then collect the facts from witnesses and the project team to describe the
incident and the sequence of events that led to it. This step is intended to achieve one of the major
outcomes: define what happened. Next, the investigator will attempt to identify the root and con-
tribution causes that will need to be addressed to avoid the same incident from reoccurring. This
step is intended to identify why the accident happened. Finally, the investigator will evaluate and
recommend procedures or policies to be adopted to minimize the potential for future occurrence.
An accident investigation by the GC’s site management is kept in the project file. Photographs
should be included with the report to document conditions at the accident site. Some clients will
require a copy of each accident report. Fatalities must be reported to OSHA within 8 hours, and
in-patient hospitalization, amputation, or eye loss must be reported within 24 hours. Reports must
be submitted to OSHA, as well as kept on file with the construction company. Figure 7.4 shows an
example of an investigation report form.

Example

Assume your flagger was unfortunately struck by a passenger car, unrelated to the construc-

tion project. Some of the issues that the safety officer would be concerned with, possibly with

assistance from the project engineer, would include:

e Has the employee been taken for medical attention and, if so, is he or she okay and can
they be returned to work that day or in the near future?

*  Who was the foreman in charge of the employee? Did he or she witness the accident and
file a written report?

*  Were the police called, and do we have a copy of the police report and report number?

e Do we have photocopies of the driver’s license, insurance card, and registration?

*  Have photographs been taken from all angles possible?

e Has our insurance carrier been notified?

Do we have a replacement flagger in place, and has he or she been educated on this
occurrence?

Use of technology

Technology affects safety in many different ways. First, new tools and PPEs are continually
introduced by vendors, and it is up to the general contractor to learn and decide which tools would
help improve their performance. Screening new tools goes hand in hand with reviewing the
effectiveness of the tools being adopted. Recently, it was discovered that a major vendor of safety
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Gateway Construction Company
2201 First Avenue
Spokane, WA 99205
509-642-2322

ACCIDENT INVESTIGATION FORM

Project Name:

Project Location:

1. Name of injured person:

2. Date and time of accident:

3. Job title of injured person:

4. Nature of injuries sustained by injured person:

5. Describe the accident and how it occurred:

6. What was the cause of the accident?

7. Were all company safety policies being followed? If no, explain:

8. Was PPE required? Was all required PPE being worn? If no, explain:

9. Describe the job site conditions at the time of the accident:

10. Had the injured person been properly trained to perform the assigned tasks?

11. Witnesses:

Prepared by Date

Figure 7.4 Accident Investigation Report Form

gear had sourced latches for their fall protection kits from a manufacturer overseas. Where these
latches had been rated, a series of near-miss events showed that their strength was questionable.
As a result, several contractors were subject to a recall and forbidden to use any of these latches on
their construction sites.

Other technologies that are changing jobsite safety management include the use of mobile apps
for near-miss events and hazard monitor reporting. Reports and visual information from the
site are often uploaded to central databases for corporate use, including tracking safety perform-
ance and documenting safety efforts. For instance, Autodesk BIM 360 Field app and web-based
portal allows contractors to create checklists and capture visual information on site hazards that
can be shared with the whole team or assigned for follow-up to specific team members.
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Project engineering applications

Similarly to quality control, project safety implementation is ultimately the general contractor’s
superintendent’s responsibility, often contractually and legally. Still, everyone working on a con-
struction jobsite is responsible for safety, because we all have a moral responsibility to report a
potential safety issue to site management for resolution. Field engineers and project engineers are
often assigned to be the eyes and the ears for site management. In addition, project engineers can
support the superintendent or project safety inspector in various tasks, including:

e Facilitating Monday morning safety meetings,

*  Producing safety meeting notes,

e Coordinating receipt of project-specific safety plans from subcontractors,

e Collecting SDSs and making them available to all for review,

*  Logging safety violations,

*  Preparing pep talks on specific safety topics for the whole workforce or for craftsmen in
supervised trades,

e Performing or facilitating safety observation walks,

e Performing safety inspections in support of the GC’s on-site/off-site safety personnel,

*  Reporting lack of safety compliance to the superintendent or safety officer, and/or

*  Analyzing data for safety reporting.

Summary

Construction is a dangerous industry, and jobsites pose many hazards to construction craftsmen, as
well as the general public around a site. To minimize the potential for construction injuries, OSHA
has established national safety standards that are enforced through a jobsite inspection program.
Because of the importance of safety management, most construction firms have developed safety
programs and employ full-time safety professionals. The GC’s project manager and superintendent
are responsible for safety on the construction site. It is their contractual, moral, and ethical respon-
sibility to enforce good safety practices.

Prevention of construction accidents is paramount to a good safety program. This is accomplished
by identifying all hazards that are associated with each work activity and developing plans for elimin-
ating, reducing, or responding to these hazards. This is known as job hazard analysis. Substance abuse
can also result in accidents, so an effective substance abuse program is needed to remove individuals
from the jobsite who are under the influence. Personal protective equipment should be provided, and
successful enforcement minimizes the risk of jobsite injuries. Construction employees need to be
informed of all hazardous chemicals that will be used on the project, their potential effects, and the
emergency and first aid procedures. Project-specific safety plans are developed to identify hazards that
may occur and specific measures necessary to reduce accidents.

Any accident that may unfortunately occur on a construction site should be thoroughly
investigated to identify key learnings. The objective is to determine why the accident or incident
occurred and identify procedures or policies to minimize the potential for future occurrence of
similar accidents. A construction firm’s safety record has a significant impact on its labor cost.
Workers” compensation insurance rates are based on the history of claims submitted by the con-
struction firm’s craftsmen—safer contractors have lower rates!
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Review questions

—_

How does the EMR affect a contractor’s labor costs?
. What type of information would have to be reported to OSHA regarding a construction
injury in which a carpenter broke her arm?
What are the three objectives of a construction accident investigation?
‘What is a project-specific accident prevention plan?
What are SDSs? Why are they on construction sites?
What are the four prime causes of injuries in construction?
What is OSHA’s role in construction safety management?
Why is jobsite safety a significant construction management issue?
9. What is the purpose of a job hazard analysis?
10. What are three ways to reduce the risk created by a hazard on a construction site?
11. Why is substance abuse an important safety issue on a construction jobsite?
12. How are drug and alcohol abuse programs in the construction industry typically administered?
13. What are four types of PPE that are required on most construction projects?

[\S]

e

Exercises

1. Prepare a job hazard analysis for the construction of the wood framing on the Rose Collective
mixed-use apartment project.

2. During a weekly inspection, you find that a subcontractor has just brought a bucket of Hilti
Smoke and Acoustic Spray CP 572 on site and is planning to use it. Once back at the trailer,
you realize that the SDS is missing for this product. It is your concern to verify that first
aid measures on site are adequate to deal with this material. Can you find the SDS for this
material and verify what first aid measures are recommended?

3. Develop the section of the phased accident prevention plan for the I-90 project that covers
mobilization and the early site preparation phase of the project.

4. What can you tell about a contractor who has an EMR of 1.7 and another with an EMR
of 0.7?

5. Which construction trade is likely to have a higher workers’ compensation base rate:

a. Concrete laborer or administrative assistant?
b. Drywall installer or pile driver (pile buck)?
c. Electrician or window-blind installer?

d. Operating engineer or field engineer?
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8 Production control and reporting

Introduction

Production control and reporting is an important element of construction project management.
As stated in Chapter 2, cost and time are two critical dimensions of project success, with the
others being quality and safety. Therefore, the jobsite project team is responsible for ensuring that
the project is completed on schedule and within budget. To accomplish this challenging task, pro-
duction controls—or cost and time controls—are established to monitor progress throughout the
project. The project manager, superintendent, and project engineer must work together to ensure
that all contractual requirements are fulfilled while a profit is earned on the project. Early com-
pletion of a project results in reduced jobsite general conditions costs, which can improve profits.
However, acceleration of tasks may increase direct costs due to various issues, including ineffi-
ciencies, overtime, rework, and safety issues. This type of trade-off decision between the four
pillars of project success is an advanced topic that will be discussed in Chapter 22. In this chapter,
we will examine several techniques for cost and schedule control at the field level. Additional
control processes with a focus on supporting project manager and home office are discussed in

Chapter 12.

Cost control

Cost control begins with the assigning of cost codes to the elements of work identified during
the work breakdown phase of developing the cost estimate. The development of a work breakdown
structure will be discussed in Chapters 17 and 18 as part of estimate and schedule development. Cost
codes allow the project manager, the project engineer, and the superintendent to monitor project
costs and compare them to the estimated costs. The objective is not to rigidly keep the cost of each
element of work under its estimated value but rather to monitor that the total cost of the completed
project is forecasted to be under the estimated cost. Some uses of actual cost data include:

*  Providing the project client with a cost report, which may be an open-book contract
requirement;

e Evaluating the effectiveness of the jobsite project management team;

*  Developing a database of historical cost data that can be used in estimating the cost of future
projects;

*  Monitoring project costs, identifying any problem areas, and selecting mitigation measures;

e Identitying additional costs incurred as a result of changes and process change order proposals
(see Chapter 20); and/or

e Identifying costs for completing work that was the responsibility of a subcontractor and pro-
cessing associated back charges.
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After the bid or baseline estimate is established, the cost control process, as depicted in Figure 6.2,
involves the following steps that were discussed in Chapter 6:

e Cost codes are assigned to each element of work;

*  Once the bid or proposal is accepted by the client, the cost estimate is corrected based on buyout
values. These are the actual values of the subcontracts and supplier bid packages. Project buyout
will be discussed in Chapter 19;

e Actual costs are fracked for each work item by using the assigned cost codes;

* The construction process is adjusted, if necessary, to reduce cost overruns, which includes
potential change orders and/or back charges; and

*  Actual quantities, costs, and productivity rates are recorded, and an as-built estimate is prepared.

All jobsite costs must be monitored, but the items that primarily involve the greatest risk to the
general contractor (GC) include:

e Direct labor,
*  Equipment rental, and
*  Project administration, also known as jobsite overhead or general conditions.

It is possible to lose money on material purchases, but with good estimating skills, it is not
probable, and the risk is not as great as it is on direct labor. Costs of direct labor are based
on estimated productivities, which can vary depending upon multiple factors. The same holds
true with subcontractors. The subcontractors have quoted prices for specific scopes of work,
and they therefore bear the risk associated with their own labor and equipment. However, a
subcontractor’s failure to perform may increase the cost of project administrative staff for the
general contractor, including project engineers’ time for overseeing and eventually assisting the
struggling subcontractor.

Controlling costs is difficult if the project team does not start with a detailed estimate. For
example, let’s suppose there was a $1,014 cost overrun on the sidewalks of the I-90 case study. The
aggregate cost analysis shown in the upper quadrant of Table 8.1 does not provide sufficient detail
to identify the cause. The project cost control team should use a more detailed cost breakdown, as
shown in the lower quadrant of Table 8.1, to determine the cause of the cost overrun.

Table 8.1 Aggregate and Detailed Cost Analyses

Quantity ~ Unit  Estimated Actual Cost
Variance
Unit Cost* Unit Cost*
Price* Price*
Aggregate Sidewalks 600 SY $13 $7,800 $14.69 $8.,814 —$1,014
Cost
Analysis
Detailed Sidewalks 600 SY $13 $7,800 $14.69 $8,814 -$1,014
Cost Edge formwork 1,350 LF $1.00 $1,350 $ 0.80 $1,080 $270
Analysis Buy concrete 66 CY $80.00 $5,280 $78.00 $5,148 $132
Place concrete 66 CY $3.00 $ 198 $4.00 $ 264 —-$66
Finish walks 5,400 SF $0.18 $ 972 $0.43 $2,322  —$1,350

* without markups
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The detailed cost breakdown makes it easy to see that the problem is not with the formwork
installation, concrete procurement, or concrete placement. Instead, the majority of the overrun
is due to concrete finishing. Why did this overrun happen? Maybe the concrete mix was too
wet or too dry. Maybe the sidewalks were rained on before they could be finished. Maybe
personnel changes were necessary. Maybe the estimator assumed a broom finish, but a more
expensive hard-trowel finish was required. There could be a variety of reasons. Use of a detailed
cost breakdown allows the jobsite project team to identify specific issues, so they can focus on
evaluating them.

Cost codes

To be able to control costs, they must be tracked accurately and compared against the buyout-
corrected estimate. The first step is to record the actual costs incurred and input the information
into a cost control database. Cost codes are used to allow comparison of actual cost data with the
estimated values. There are several types of cost codes used in the industry. The best system to use
on most projects is the coding system selected for the project files. Many construction firms have
adopted the Construction Specification Institute (CSI) MasterFormat system, but some project
owners may require a different system. An example of this type of coding system is:

(project number) (CSI work package) (element of cost)

The project number is assigned by the construction firm, the CSI work package code is from the
MasterFormat system, and the element of cost is the type of cost. An example of element of cost
coding is:

Direct Labor
Equipment Rental
Direct Material
Subcontract

B

With this system, the cost code for steel beam placement direct labor on the 1-90 bridge overpass
(project # 1732) deck would be:

1732.05-32-00.1
The cost code for redi-mix concrete purchase for the bridge deck would therefore be:

1732.03-32-00.3

Depending upon the size of the construction firm, the type of work, and the type of client and con-
tract agreement, the general contractor may perform job cost accounting in either the home office
or in the field. Generally, the smaller the firm and the smaller the contract value, the more likely
that all accounting functions will be performed in the home office. On larger projects, the project
team may have a jobsite accountant, even if automation and information technology is reducing
the need for decentralized accounting. However, the type of contract and how it addresses reim-
bursable costs may also have some effect on where the construction firm performs the accounting
function. Let’s say, for example, the project is a $200 million aerospace manufacturing facility that
has a negotiated guaranteed maximum price (GMP) contract that allows for all on-site accounting
to be reimbursed. Whereas it may be more cost-effective to perform accounting out of the home
office with the assistance of the accounting department, according to the terms of the contract, the
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client will not pay for activities conducted off the project site; therefore, an accountant is required
in the jobsite trailer.

Regardless of where the cost data are collected and where the checks are prepared, most of the
accounting functions on a project are the same. The process begins with a buyout-corrected esti-
mate. Actual costs are then incurred, either in the form of direct labor, material purchase, or sub-
contract invoice. Cost codes (those matching the file system and the estimate) are recorded on the
time sheets and invoices. Often recording of cost codes is initiated and performed by the project
engineer. The coded time sheets and invoices are then passed to the superintendent and project
manager for approval. Sometimes, the officer-in-charge (OIC) or the project owner (on cost plus
projects) may also want to initially approve each invoice. After the time sheets and invoices are
coded and approved, the cost data are input into the cost control system.

One important aspect of this phase of cost recording is the accurate coding of actual costs. If
costs are accidentally or intentionally coded incorrectly, the project team will not really know how
they are doing on that specific item of work. Some superintendents may have their project engin-
eers intentionally code costs against items where there is money remaining, rather than against the
correct work activity, thereby hiding overruns. With this approach, the jobsite staff will not be able
to monitor and collect accurate cost data if coding errors occur. All costs should be coded correctly
to provide the project team with an accurate accounting of expenditures.

Work packages

Control or management of direct craft labor and equipment rental cost is the responsibility of
the superintendent, often with assistance from a field engineer or project engineer (PE). The
key to getting the foremen and superintendents involved in cost control is to get their personal
commitment to the process. One successful way for the general contractor to do this is to have the
superintendent actively involved in developing the original estimate. If the superintendent said it
will take six ironworkers working three days to plumb the structural steel, he or she will endeavor
to see to it that the task is completed within that time.

Some construction executives believe that superintendents should not be told the true budgeted
value of each work package. This is a poor practice, because the foremen and superintendents are
key members of the project team and have critical roles in making the project a success. They
should be provided with the actual budgeted cost for installation, both in materials and man-hours,
as well as the scheduled time for installation, for each work package.

A good technique for monitoring project cost is to develop a direct-work project labor curve
similar to the one shown in Figure 8.1 for the Rose Collective case study. For this example,
all of the direct work has been combined into one curve; it is not separated by craft or work
package, as will be discussed below. It is important to have the superintendent or foreman record
the actual hours incurred weekly and chart them against the estimate; the PE can help with
this. If the actual labor used is under the curve, the foremen and their crews are either beating
the estimate or behind schedule. The opposite is true if the hours are above the curve. This
simple method of recording the man-hours provides immediate and positive feedback to the
project team and is, therefore, usually preferred to monitoring dollar expenditures. The advan-
tage of estimating with unit man-hours (UMH) over unit prices for labor is that foremen and
superintendents think in terms of crew size and duration; they do not think in terms of $13 per
square foot of sidewalks.

Many in the construction industry, especially estimating consultants to the project owner or
designer, think in terms of organization, according to the strict CSI MasterFormat. As a result,
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Figure 8.1 Project Labor Curve

since CSI division 03 is for concrete, all concrete work is lumped together and not formatted in
the estimate according to systems or assemblies. Therefore, all concrete foundations, slabs on grade
(SOQG), columns, elevated decks, and walls are grouped together. This may even result in grouping
off-site pre-cast concrete with on-site cast-in-place or tilt-up concrete. Conversely, any work that
may be specified in another CSI division, such as structural excavation and backfill or footing
drains or structural steel embeds, will not be grouped with the concrete work, even though these
activities are performed together.

However, contractors do not organize their estimate by relying blindly on the CSI
MasterFormat. Preparation of the work breakdown structure (WBS), as described in Chapters 17
and 18, is also more efficiently done by work packages or assemblies than a pure CSI approach.
Work packages are a method of breaking down the estimate into distinct packages or assem-
blies and systems that match measurable work activities. For example, footings—including
forming, reinforcing steel, and concrete placement—could be a work package. The work is
planned according to the number of hours in the estimate and monitored for feedback. When
the footings are complete, the superintendent and management team will have immediate cost
control feedback. Work packages apply best to those who estimate and track costs by system,
rather than a pure CSI approach. When a system is complete—such as footings, slabs on grade,
or steel columns—the project team immediately knows how they are doing with respect to the
overall estimate.

One of the most evident advantages of planning construction by assembly or work packages,
in lieu of CSI, is the ability to monitor progress in both time and cost. When an assembly such as
punch window installation, which is part of CSI division 08, is complete, the contractor will know
exactly what the windows cost and how long it took for their installation. He or she will then have
immediate feedback as to how the original budget and schedule look. If all of CSI Division 08 was
grouped together, including windows, storefront, interior and exterior doors, frames, door hard-
ware, and access doors, the contractor would not necessarily know how the budget was looking
until all of this work was complete.

Which items should the project team track? The 80-20 rule applies here and elsewhere in con-
struction management. Eighty percent of the cost and the risk lie with 20 percent of the activities.
Therefore, those activities deserve the most attention in cost control. The jobsite project team
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should evaluate and mitigate the largest risks. The estimate should be reviewed to identify those
items or systems that have the most labor hours. Work packages should be prepared for those items
that the cost control team believe are worthy of tracking and monitoring. Each work package
should be developed by the foreman who is responsible for accomplishing the work, maybe with
assistance from the project engineer. Some examples of simple straightforward assemblies that

ng

warrant work packages on our apartment case study project include:

*  Spot footings,

*  Cast-in-place (CIP) concrete elevator pit,

e Garage SOG,

*  Wood backing,
e Roof accessories,

e Doors/frames/hardware,
e Toilet accessories, and

*  Kitchen appliances.

Contractors think of work in terms of assemblies or systems, which are based on the selected
workflow and not strictly on the CSI Masterformat classification. The concept of work packages
involves grouping all items of work into one assembly, regardless of CSI, supplier, or craft installa-
tion. In this way, the contractor knows what that assembly costs and where it fits into the project
schedule. Decisions on the means and methods of construction belong to the contractor, and the
superintendent leads these decisions. The superintendent also efficiently assembles all the materials,

labor, and equipment necessary to construct the work.

Project:
System/Area:

Work Days:

Actual Crew Size:
Actual Daily Hours

Manpower Curve:

Hours:

Estimated Crew Size:
Estimated Daily Hours:
Accumulated Hours:

Accumulated Hours:

190 Overpass, Job 1732
Pilecaps

Date Developed: 5/20/18

Foreman: Frank Smith

Actual:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17| Totals:
3 3 3 3 3 4 4 4 4 4 4 4 4 4 3 0 0
24| 24| 24| 24| 24| 32| 32| 32| 32 32) 32| 32| 32| 32| 24 0 0
24| 48| 72| 96| 120{ 152 184| 216| 248| 280| 312| 344| 376 408| 432| 432| 432| 432
2 2 2 3 3 3 4 4 4 5 5 5 5 2 2 1 1
16 16 16 24 24 24 32 32 32 40 40 40 40 16 16 8 8
16| 32| 48] 72| 96| 120[ 152| 184 216| 256 296| 336| 376 392| 408] 416| 424| 424
Finished below estimate,
but late
Scheduled:

Figure 8.2 Foreman’s Work Package
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Example: Work package for concrete pile caps

The superintendent is meeting with his or her foreman to plan the work and hand over the
work package for assembly. To envision an effective operation, the superintendent will consider:

*  The auger-cast piling subcontractor’s schedule and contact information (i.e., when the
auger-cast piling subcontractor is expected to be on site, and who the subcontractor’s
contact person is to expedite or get insurance papers from);

e The foundation plan and details;

e Approved installation submittal drawings and schedule for reinforcement steel delivery;

* Any requests for information (RFIs) processed for this work;

e Contact information for the backhoe subcontractor who will clean up the auger-cast
spoils and excavate and backfill around the pile caps and grade beams. If off-site material
is needed for select backfill, then supplier contact information for the approved material
is also needed;

e If plumbing or electrical underground work was necessary prior to the concrete work or
sleeves were provided through the concrete, then coordination with those subcontractors
1s necessary;

*  Delivery schedule and laydown for formwork material, whether the forms are to be job-
assembled or rented from a supplier;

e Availability of tools and equipment, such as forklift, welder, compressor, etc.;

e Anchor bolts and templates for the structural steel columns, which will sit atop the pile caps;

e Assignment of a surveyor to control grades and lines;

e Schedule allotment from the detailed contract schedule, such as three weeks;

e Estimated installation hours from the estimate, crew size, and personnel selections, such
as three to four men working for three weeks for a total 432 man-hours;

*  Approved submittal for concrete redi-mix design, along with an estimate of 140 cubic
yards of concrete required;

e Contact for the third-party inspectors for rebar, concrete slump, and backfill compac-
tion; and

*  Most commercial and civil concrete 1s pumped; therefore, the availability of a pump sub-
contractor, along with pump size, and the rental rates and contact information.

There are likely additional details and information that the foreman will need, but this is just
an example of all the elements that might go into one simple work package. Work packages
for systems—such as elevated concrete decks, structural steel, wood framing, siding, or
roofing—would be even more involved, but this is all necessary to prepare a thorough work
package to assure a successful construction operation. Figure 8.2 shows an example work
package cost control worksheet. The detailed estimate for this system is shown in Chapter 17.

Schedule control

Schedule control, or management, involves monitoring the progress of each activity in the con-
struction schedule and determining the impact of any delayed activities on the overall completion
of the project. Schedule control is just as important as cost control, because the project team must
ensure substantial completion is achieved prior to the required contractual completion date. If this
does not occur, liquidated damages may be owed to the client to compensate for the project not
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being completed on time and extended jobsite general conditions will quickly erode any planned
profit. Proper schedule management is very similar to cost control. First, the field team needs to
be given all of the detail to properly do their job controlling the schedule. Then, superintendents
utilize information from the general schedule to develop short-interval schedules, also known as
look-ahead schedules, that provide details on the workflow and are used to continually monitor pro-
gress, and communicate with direct labor and subcontractors. Look-ahead schedules are frequently
developed and updated, and their interval may be two, three, or four weeks depending on the
project complexity and intensity. Meanwhile, project engineers in the field and foremen observe
work advancement and feed the superintendent with up-to-date snapshots on field activities in the
form of completion and advancement logs. An example of a graphical log for a high-rise building
project is provided in Figure 8.3.

These look ahead schedules and completion logs have a different purpose from the schedule updates
and development that will be discussed in Chapters 16 and 18, respectively. Master schedules and
their updates look at the project as a whole with the target of completion. On the other hand, short
interval schedules and their updates look at providing quick feedback to highlight issues as they
occur and make corrective actions to avoid these issues. This may substantially impact the master
schedule, as well as the performance of the project in terms of quality, safety, and cost. For instance,
the completion log in Figure 8.3 shows a few issues that may need to be addressed immediately.
First, the drywall subcontractor has either left behind or encountered conflicts with its work in one
apartment in Level 27. Similarly, the casework subcontractor has not completed installation of the
kitchen and vanity cabinets in a few apartments on Level 29. Lastly, the flooring subcontractor seems
to be holding everyone up on Level 28. These pieces of information would be useful agenda items
for the foreman’s meeting and would eventually justify individual meetings with site supervisors from
these subcontractors. The superintendent will then report construction progress at the weekly pro-
ject coordination meetings when the jobsite project manager will review the progress with the pro-
ject team. The project manager will lead a discussion on the causes of any delay or issue. Moreover,
the project manager should select appropriate mitigation measures with the project engineer and
superintendent. Such measures may include expediting material delivery, increasing the size of the
workforce, working extended hours, facilitating issue resolution by increasing close-up coordination
and supervision of specific subcontractors, or making changes to the GC’s own processes that have
failed or are inefficient. Updated short-interval schedules will be developed to intensively manage all
accelerated work. These are all activities that the PE can assist the superintendent with.

Use of technology

The activities described in this chapter may benefit from various technological advances. Some
construction firms rely on integrated technologies for performing all steps. For instance, some
contractors have their own enterprise resource planning (ERP) platform, which is used to manage
accounting, billing, safety reporting, and other processes. The costing application is pre-populated
with cost codes, which follow corporate guidelines. The project management team will review
these pre-populated codes and adapt them to the project. This approach is that followed by other
industries where automation is taking over many tasks. However, many contractors still use tech-
nology to support only some steps or each step independently and rely on manual entry for trans-
ferring information from one step to the other. Small contractors may still perform all of these
tasks manually, but technology is reducing the need for manual coding. Still, project staff should
be able to review codes and understand them, so that specific items in subcontractor invoices can
be linked to budget line items. For instance, if an invoice includes plywood, should it be charged
to formwork or temporary structures?
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As for all controlling and monitoring activities in the field, the workflow is based on a three-step
approach: (a) performing continual field observations and measurements; (b) documenting and
archiving information into a repository, such as a physical file cabinet or an electronic database; and
() extracting information from the repository and analyzing it to provide up-to-date reporting on
how the project field activities are faring against the budget and the schedule plans.

Field observations and measurements

In the field, a broad assortment of technology tools is available to project engineers to input
what they are observing. Depending on what the project engineer wants to record, different
tools may be used. However, the type of information to be recorded may vary in scope and
detail. Whereas visual observations were converted into a narrative in the past, they are now
frequently captured through standard or 360-degree digital photography. If ground-level visual
observations are not possible, they can be enhanced with drones that take photos from the sky.
Drone photography is especially useful to visually represent work advancement in heavy civil
projects. If visual information is not sufficient, laser scanners are used to provide dimensional
information.

Repository for field observations and measurements

Most information collected on field production is frequently recorded electronically into a data-
base. However, some of the input from the field may have been recorded on paper. In this case,
the project office will probably have a file cabinet where the paper documentation is recorded and
archived. Whereas documents in this cabinet once served as the permanent project repository,
the cabinet now mostly serves as a temporary repository until a project engineer is charged with
reviewing the information and inputting it into an electronic database. The paper version is then
scanned and uploaded into the database. Electronic repositories used to be databases stored locally
on a computer or server in the project office. Larger companies now also have corporate databases
that are often web-based and can be accessed on computers, tablets, or mobile phones through an
internet browser.

Example No. 1: Produce weekly completion log on a high-rise project

A project engineer has been tasked to develop a weekly update to the finish completion log,
such as that shown in Figure 8.3. To perform this task, the project engineer will need to walk
all levels and apartment units where finish tasks have been started, according to the master
schedule. The goal of the completion log is to report to the superintendent and project man-
ager on how activities are proceeding, if delays have occurred, and if issues have arisen in any
place in the building. Information on any task for any apartment unit by floor level could be
inputted into a tablet through a checklist or an electronic form, which would be electronic-
ally processed to produce a completion log similar to Figure 8.3. If a tablet is not available,
the project engineer could still perform the task by recording his or her observations on paper
on a clipboard. Obviously, this approach would add another step to the project engineer’s
workflow because he or she would need to enter the data into a computer system to produce
the log. Moreover, data entry errors may occur when transferring the information from
paper to the computer system for analysis.
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Information extraction for report generation

All electronic databases allow users to query the repository to create specific reports. Initially, this
feature was only available toward the end of the process. However, the recent advent of mobile
and cloud computing has resulted in the appearance of multiple mobile applications that integrate
the processing steps. Therefore, project engineers can input information in the field directly into
the repository, while they can also run queries from the field for quickly evaluating what they are
observing.

Example No. 2: Produce daily reporting on floor installation

A project engineer is tasked with completing a daily report on floor installation for a new
school building. Floor plans are available in portable document format (PDF) format. The
project engineer is provided with a tablet with Bluebeam or some other application that
allows area take-offs. Using the tablet, the project engineer observes the areas where floor
installation has been completed, highlights them on the floor plans, and uses the take-off fea-
ture to compute quantities in place. These quantities are inputted on an electronic form that
is linked with a Microsoft PowerBI tool, which produces a comparison between the actual
and estimated production totals. If the floor installation was self-performed by the project
engineer’s employer, the project engineer could also obtain man-hours from the flooring
foreman. This additional information would also allow a comparison between the actual and
estimated costs of the floor task.

Project engineering applications

Project engineers have an opportunity to be actively involved in field production control and
reporting on both heavy civil and building projects. As stated elsewhere, they can assist with:

e Estimating, including quantity take-off (QTO) and pricing direct work,
e Buyout of subcontractor and supplier bid packages,

*  Drafting subcontracts and purchase orders,

*  Cost coding supplier and subcontractor invoices,

e Charting whole-project labor curves, and/or

e Establishment and maintenance of foremen work packages.

The project engineer does not do any of this work in a vacuum. All of it will be done with the
mentoring and oversight of more experienced project team members, such as the chief estimator
and scheduler, the project manager, and the superintendent, along with in-field forecasting and
reporting from the craft foremen—the people ultimately responsible for execution of the work.
The project engineer can play a valuable supporting role in several of these activities. In addition,
the PE plays a key part in improving the company’s estimating database through input of accurate
as-built estimates. The size of the project team also plays a role in what a PE may be asked to do.
On big projects, a senior PE would review subcontractor invoices and submit them to the PM for
final review. On a small- to medium-sized job, the PM may perform these tasks.
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Summary

Production controls, including cost and schedule control, are essential project manager, project
engineer, and superintendent functions. The project team must ensure that the project is completed
within budget and on schedule. Cost codes are used to track project costs and compare them with
the budgeted (or estimated) value for each element of work. Work package analysis provides the
jobsite project team with a method for tracking the direct labor cost, which represents the greatest
risk on the project. Schedule control involves monitoring the progress of each scheduled activity
and selecting appropriate mitigation measures to overcome the effects of any schedule delays.
However, the control and monitoring of field production relies on: (a) performing continual field
observations and measurements; (b) documenting and archiving information into a repository,
such as a physical file cabinet or an electronic database; and (c) extracting information from the
repository and analyzing it to provide up-to-date reporting on how the project field activities are
faring against the budget and the schedule plans.

Review questions

1. Assuming standard CSI specification sections, what would the cost codes be on the Rose
Collective mixed-use apartment project (# 414) for:
a.  Second floor apartment wood framing labor,
b. Gypsum wall board (GWB) subcontractor, and
c. Kitchen appliance purchase?

2. What are four uses of actual project cost data?

3. What are the three steps necessary to successfully control and monitor field production?

4. Why is the original cost estimate corrected based on buyout data?

5. What three types of project costs present the greatest risk to the jobsite team?

6. What are project labor curves used for?

7.  What is a foreman’s work package used for? What are the advantages of planning the construc-
tion operations with work packages, rather than a pure CSI approach?

8. What are two other terms used for grouping of construction operations into work packages?

9. Other than the examples listed earlier, what are three assemblies or systems that might warrant
the development of a foreman’s work package on a typical project?

Exercises

1. What might be missing from the pile cap work package assembly discussed above?

Prepare a list of items and considerations for either: (a) a structural steel work package assembly,
or (b) a wood framing work package.

3. Some contractors do not share their true estimates and schedules with their foremen. Prepare
an argument for (a) why it is a good idea to share all this information and, conversely, (b) why
it is a bad idea to share this information with the foremen.

4. Planning construction by work packages is not limited to general contractors. By using our
Rose apartment case study as an example, break down the work for either the plumbing sub-
contractor, the heating, ventilation, and air conditioning (HVAC) subcontractor, or the elec-
trical subcontractor into at least five distinct work packages or assemblies or systems.

5. List five reasons why a heavy-civil GC would be more inclined to perform work directly with
their own crews versus hiring subcontractors. Simply saying better cost, schedule, quality, and
safety control are not enough.
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List five reasons why a commercial GC would be more inclined to perform work with
subcontractors versus hiring their own crews. Simply saying better cost, schedule, quality, and
safety control are not enough.

Prepare a list of the top ten systems or assemblies from our Rose apartment case study project
that deserve the most cost control attention and fall within the 80—20 rule.

Provide an explanation of how and why the pile cap work package in Figure 8.2 followed the
course it did and turned out in that fashion.

By utilizing another case study project, prepare a work package for direct labor for a system
of work, such as concrete foundations, cast-in-place concrete walls, tilt-up concrete walls, or
slabs on grade. Attach the original portion of the estimate that refers to this work package.
Assume the following percentages complete and spent:

Portion of Work Portion of Estimate
Complete Spent
Excavation: 100% 110%
Form work: 95% 85%
Reinforcement steel or mesh: 90% 80%
Concrete placement: 40% 50%
Slab finish (if appropriate): 50% 65%
Tilt-up panel erection (if 20% 15%

appropriate):
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Introduction

The concept of quality will differ depending on the industry. Furthermore, different project
owners will interpret quality differently and often adapt their quality expectations to the pro-
ject. In Chapter 5, an example was introduced on how a bank would probably have different
expectations when building a suburban branch office than when building its new headquarters. For
the headquarters, the bank may want to use the building as a way to convey the financial soundness
of the company. For the suburban branch, the motivation could be based on value by optimizing
the “bang for the buck” while satisfying the users’ needs. Independent from the owner’s view-
point on quality, a construction firm will use the contractual documents to identify the owner’s
quality expectations. Therefore, it is paramount for the project owner to convey their expectations
through these documents. During the project delivery, however, the contractor can identify gaps
in the contractual documents that could result in quality shortfalls. Chapter 10 will discuss how
gaps can be identified and addressed.

A contractor’s approach for managing quality is an important element of construction project
management. As stated in Chapter 2, quality is one of the four critical dimensions of project success,
with the others being cost, time, and safety. Shortfalls in quality performance may have serious
implications and affect the time, cost, and profit on a project. If quality issues need to be addressed,
a contractor has to allocate project resources to perform rework, which may delay project comple-
tion and will increase costs. Quality shortfalls also offer long-term implications by affecting the
overall reputation of the construction firm. The construction firm’s greatest marketing assets are
satisfied clients, and delivery of quality projects is critical to achieving customer satisfaction.

All individuals in the contractor’s project team must work together to ensure that all materials
used and work performed on a project conform to the requirements of the contract plans and
specifications. Non-conforming materials and installations must be replaced at the contractor’s
cost, both in terms of time and money. This means that the contractor must bear the financial cost
of tearing out and replacing the non-conforming work and that additional contract time is not
granted for the impact the rework has on the construction schedule. Quality management is essen-
tial to ensure all contract requirements are achieved while minimizing rework. Similarly to safety
control, all members of the project team, not just the superintendent, need to proactively manage
the quality control process of the construction project.

Project-specific quality control planning

The general contractor’s (GC’s) jobsite project team must ensure quality materials are procured and
received, quality craftsmen and subcontractors are selected, and all workmanship meets or exceeds
contract requirements. This proactive approach to selecting effective procedures and processes to
deliver quality projects can be pursued through different management systems, such as fotal quality
management (TQM), and lean construction. All these management systems rely on careful planning
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that outlines an effective inspection process to ensure quality results. Project quality plans include
both quality assurance (QA) and quality control (QC) processes. QA processes outline the method-
ology to be followed to assure quality results and tend to be similar across projects of the same type.
QA processes are based on predicting what can go wrong in order to outline QC processes that
would allow the contractor to find quality issues, if any are present. Therefore, quality plans iden-
tify how variations from standards are measured through quality control, how to ensure quality
control is occurring according to the QA processes, and when actions should be taken to correct
all variations or deficiencies. Effective quality planning starts with a detailed study of the contract
documents to determine the project’s unique quality and testing requirements.

Quality plans are developed during the pre-construction phase or project start-up to docu-
ment the QA/QC procedures to be used on the project, which is a similar approach to developing
project-specific safety plans, as was discussed in Chapter 7. Whereas QA processes are usually iden-
tified at the company level, adapted for the specific project, and implemented through external
audits, QC procedures included in the project-specific quality plan are developed and implemented
by the jobsite team. We will refer to the project-level QC processes in the rest of this chapter.

Most project owners require submission of quality plans, but the submission timing varies greatly,
depending on the procurement method and the type of owner. Some private owners require
quality plans to be submitted with the cost and schedule proposals, along with project-specific
safety plans, during contract negotiations. Submission of quality plans may also be requested as part
of the proposal under best value and quality-based selection. When quality is not a criterion for
selection, such as under competitive bidding for public works, the project owner may still require
QA/QC plans to be submitted by the successtul GC at the pre-construction meeting.

QC processes are a prime example of “active” versus “passive” quality management. Active
quality management is defined as taking measures to prevent mistakes and assure that the pro-
ject goes well the first time around, rather than repairing non-conforming work after the fact.
A project-specific quality plan is developed that identifies QC systems for each major work
package. To manage quality on a project, a contractor will need to implement several tasks as part

of their QC plan, including;:

e Studying the prime contract agreement for contract quality expectations,

e Reviewing and adapting QA processes,

e Developing a site-specific QC plan that includes clear expectations and roles for all team
members, including the project owner and designers,

e Submitting the site-specific quality plan to the project owner and design team for review and
approval,

*  Employing best value quality subcontractors,

e Requiring subcontractors to also submit project-specific QC plans,

e Utlizing in-house QC resources/specialists supplemented on an as-needed basis by third-party
inspectors,

e Reviewing the design for gaps and promptly submitting requests for information (R FIs) to the
project owner and design team for review and approval,

e Inspecting materials before unloading,

e Developing pre-installation mock-ups,

*  Conducting in-process pre-inspections,

e Documenting non-conforming work and seeking remedy of any through contractor’s
punch lists,

e Performing formal punch list inspection and resolution, and

e Preparing for post-project warranty management (see Chapter 14).
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Implementation of the quality control plan

Implementation of the QC plan requires that only specified materials are procured and quali-
fied subcontractors are employed. Shop drawings and certificates of compliance with reference
standards submitted by the suppliers and subcontractors must be carefully reviewed to ensure that
all materials used on the project meet contractual requirements. During the review, the contractor
project team may identify gaps in the contractual documents; these would need to be discussed at
the weekly meeting with the owner and design team and may need to be addressed and documented
through a formal RFI. Individuals assigned the duty of performing quality inspections should
also participate in the review and submittal process, so they can become familiar with procured
materials. Similarly, individuals assigned the duty of receiving materials should compare delivered
materials against submittals and contractual requirements.

In addition to oversight of the general contractor’s own direct crafts, the jobsite team must
manage the quality of the subcontractors. Because subcontractors often comprise more than 80%
of the work on a building project, ultimate quality success depends upon these valuable team
members. Proactive project-specific quality plans from the GC and each of the subcontractors are
essential toward achieving that goal, in addition to extensive testing and inspections of all direct
and subcontracted work.

Subcontractors

The general contractor’s reputation for quality work is greatly affected by the quality of each
subcontractor’s work. Quality subcontractors are not necessarily the least-cost subcontractors, but
in the long-term, they will deliver a superior project. The term “best value subcontractors” refers
to those who will deliver an optimized service in terms of cost, time, safety, and quality. This can
be visualized through this formula:

Best Value Subcontractors = f (Cost, Time, Safety, Quality)

Before scheduling each subcontractor to start work, the project superintendent must ensure that
their area of the site is ready for them. Quality requirements should be emphasized at subcon-
tractor pre-construction meetings. Mock-ups, which are standalone samples of completed work,
should be planned to establish the workmanship standards for critical features. Mock-ups are likely
required to be constructed prior to actual work to establish QC standards. Subcontractors may
be required to prepare mock-ups for exterior or interior finishes to establish the required level of
workmanship. Figure 9.1 is an example of a mock-up of mechanical equipment. By developing a
mock-up, a subcontractor will fully understand the quality requirements before being allowed to
start work on the project. An example of a mock-up for the Rose mixed-use case study project
would be a separate, standalone, apartment unit. This could be built out in adjacent warehouse
space, including furnishings. Mock-ups for apartments, if properly accomplished, can later be used
for pre-leasing showrooms. Subcontractor mock-ups are examined and often punch listed, i.e.,
reviewed against contract documents for compliance as a part of the preparatory inspection for
each phase of the work.

Tests and inspections

Proactive quality control starts with selection of best-value subcontractors and a thorough
submittal process. Approved materials and equipment are then procured by using the methods
described in Chapter 19. All materials and equipment should be inspected as they are being
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Figure 9.1 Example of a Mock-Up

delivered to the project site. They should be examined and compared to their purchase orders and
submittal documentation; this duty is often assigned to a project engineer (PE). If the materials
or equipment are not as specified, they should not be unloaded from the truck and should be
rejected. Unfortunately, issues with materials or equipment may be detected too late to reject
delivery. Under these circumstances, the project engineer should at least describe any deviation
from the process on the paperwork and request their replacement. Materials on site and waiting
for installation need to be re-inspected weekly to ensure they are safe and protected against the
weather and damage.

Full-time in-house GC-provided QC inspectors may be specified for large or complex projects,
such as hospitals. Some contractors attempt to substitute a foreman or assistant superintendent who
already has other responsibilities. If a full-time inspector is specified in the contractual documents,
the general contractor must provide one and include the cost in the general conditions part of the
estimate. Qualified inspectors should be chosen to ensure that all self-performed and subcontracted
work meets contract specifications. On less complex or smaller projects, the quality control and
safety inspection functions may be performed by the GC’s superintendent, foreman, or project
engineers or by home-office staff specialists during weekly visits. Management of the jobsite quality
process includes establishing standards in specifications and contracts, inspections, and necessary
rework. Checklists are developed and included in the QC plan as tools for inspectors to check for
critical items. An example QC checklist for the vinyl plank flooring for the Rose apartment case
study project is shown in Figure 9.2.

Inspectors conduct initial inspections to ensure workmanship meets contractually established
quality control standards. Daily follow-up inspections are conducted to ensure continuing compli-
ance with contract requirements. Building inspectors and design team members should be scheduled
to visit the site throughout the course of the project to ensure that all work is inspected prior to
being covered by other work items. These inspections should ensure that all preliminary work
has been completed and accepted before the next subcontractor begins its work. Subcontractors
should not build over work that has been improperly installed by a previous subcontractor. Doing
so constitutes acceptance of an unacceptable substrate.
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Reliable Construction Company
1401 Watertront Avenue
Portland, OR 97210

QUALITY CONTROL CHECKLIST

Spec: 09680 System: Vinyl Plank Flooring, First Floor Only
Date: 9/27/2019 Conforms?
Project: Rose MXD Collective, Job 414 Yes No |
1 Verify gypcrete moisture content is acceptable Y

2 Clean subsurface before application Y

3 No other subcontractors in area at this time Y

4 No exposed glue shown Minimal
5 No turned-up edges or corners No

6 No scuffs on tiles OK

7 No gaps between tiles OK

8 Finish close to wall to allow base to be covered w/l1/8"

9 Direction consistent (N-S) or (E-W) N-S

10 Transition strips Y Replace 1
11 Surplus material left for owner's use Open

12

Notes: Subcontractor will correct deficiencies within one week

Surplus materials will be turned over after the fourth floor is completed

Inspector(s): David Arnold/QC, Joseph Wilson/Foreman, Jennifer Forsythe/PE

Figure 9.2 Quality Control Checklist

The owner—GC prime contract for most projects should address uncovering work for inspec-
tion. Work covered contrary to the architect’s or engineer’s request or in conflict with contract
requirements is to be uncovered at the contractor’s expense if deemed unacceptable. The design
team may request that additional work also be uncovered for inspection. For instance, building
codes require that plumbing pipes and electrical conduits receive a coverage inspection before
gypsum wall board is installed; similarly, site utilities are inspected before they are covered with
soil. The contract often includes language that allows the owner or designer to ask for uncovering
work components, if they are not certain of what has been installed. If installed materials are
found not to conform to contract requirements, the re-inspection and correction costs are then
the contractor’s responsibility. If the work is instead found to be according to the contractual
requirements, then the owner pays for the inspection.

Contract specifications should identify work items that require testing and inspection. Whereas
some owners could perform inspections with their own forces, it is common for third-party
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professional testing and inspection agencies to be engaged to perform the testing. The project
owner usually employs these firms directly, outside of the GC’s control, to guarantee their inde-
pendence. Oftentimes, this arrangement is a permitting requirement from one of the authorities
having jurisdiction (AHJs), such as the municipality where the project is located. For a building
project, the owner—GC prime contract agreement often requires independent third-party testing
and inspection of:

e Underground utility backfill, soil compaction, and shoring systems,
e Reinforcing steel and post-tension cables,

e Cast-in-place and pre-cast concrete,

»  Structural steel fabrication and field welding,

*  Fireproofing, roofing, and waterproofing,

*  Glazing, windows, and curtain-walls, and

*  Elevators.

In addition to inspecting materials and installed assemblies, operational systems testing, balancing,
and commissioning are scheduled to ensure that all mechanical, electrical, and plumbing or piping
(MEP) systems meet contractual performance criteria. MEP testing is discussed in Chapter 14.

If a proactive quality management system has been used on the project, the GC will perform
pre-punch inspections on its self-performed and subcontracted work. Project engineers are often
delegated this task. These inspections will result in the identification of issues and the communi-
cation of them to subcontractors with a timeline for resolution. For instance, once a subcontractor
has completed its scope for the apartments in the mixed-use case study project, a project engineer
would walk the apartment and use colored tape to highlight imperfections in painting, casework,
and appliances and fixture installation. If the inspection is intended to highlight issues with mul-
tiple subcontractors at once, tape of different colors will make it easier for each subcontractor to
identify their issues before the owner’s punch list inspection is conducted. Examples of issues that
can be raised during these inspections are shown in Figure 9.3. Some of the examples refer to an
individual issue and are self-explanatory:

*  Example A: It appears that the electrician left out one of the wires during the installation of the
pendant lighting fixture. The electrical subcontractor should address this issue.

e Example C: The dryer vent duct was installed without using the hole in the shelf. The appliance
subcontractor should address this issue.

e Example D: A plumbing trim is missing in the washer/dryer closet. The plumbing subcon-
tractor should address this issue.

e Example F: The power cord for the electric oven was passed through the wrong hole in the
cabinet. The appliance subcontractor should address this issue.

Other examples are more complex and may be due to one issue causing the others:

e Example B: An imperfection in the drywall was patched but not sanded. The drywall subcon-
tractor should address this issue. Also, final painting was not completed. This issue seems to
be caused by the drywall issue. The painting subcontractor should address this issue once the
drywall contractor has addressed the drywall issue.

e Example E: There are several scratches on the flooring and marks on the countertop. These
issues seem to be a result of frade damage and should be addressed by the countertop and
flooring subcontractors. However, what is the oven appliance doing in there? After a close
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Example A Example B Example C

Example D Example F

Figure 9.3 Examples of Pre-Punch Issues

review of the issue, it is evident that the cabinet faceplate did not allow the installation of
the oven. Therefore, the casework subcontractor should address this issue by ordering and
installing the correct faceplate; then, the appliance subcontractor can complete its installa-
tion. Finally, the flooring and countertop subcontractors can address the trade damage.

Examples B and E provide a good opportunity to remember that a project engineer does not
only need to identify quality issues, but he or she is often required to review the issues within
the work sequence and to identify the best approach toward their resolution. If a project engineer
had simply marked the issues in Example E and requested their resolution within a week by all
subcontractors without identifying the best sequence, the flooring and countertop subcontractors
may have addressed their issues first. Then, the appliance subcontractor may have re-tried to install
the oven and re-damaged the floor and countertop without being able to complete the task. All of
these events would have happened while the casework subcontractor was still unaware that he or
she needed to order the correct cabinet faceplate.

As the project nears completion, the GC will schedule the punch list inspection with the owner
and/or its representatives. Generally, this official inspection is conducted by the superintendent,
an owner’s representative, and a representative of the design firm. The project engineer may also
participate to record findings. All deficiencies are noted on the official punch list, which is a list of
items remaining to be completed or corrected. If pre-punch inspections have been performed, the
size of the punch list should be minimal.

When all deficiencies listed on the punch list have been corrected, the general contractor
schedules the final inspection to verify that all required work has been completed in conformance
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with contract requirements. The final inspection is also conducted by the superintendent, an
owner’s representative, and a representative of the design firm. The punch list and other aspects of
project close-out are also discussed in Chapter 14.

Quality control reporting

Project owners commonly require formal QC reports from the GC and expect the GC to pro-
actively manage them. These reports list any deficiencies that have been identified as a part of the
ongoing testing and inspection process. All deficiencies identified should be listed on a deficiency
list, non-conformance-report (NCR), or QC log such as the one shown in Figure 9.4. The super-
intendent will utilize the NCR log and discuss progress on open items during the weekly owner—
contractor coordination meeting, which will be described in Chapter 11.

The superintendent, foreman, or quality control inspector will walk the project when each sub-
contractor finishes its portion of the work to identify necessary rework. Any deficiencies noted
should be listed in the NCR or QC log. As previously stated, some contractors refer to this pro-
cess as a “pre-punch” or “contractor punch.” All rework should be completed before follow-on
subcontractors are allowed to start work. Deficiencies should be corrected promptly to minimize
the size of the official punch list.

Quality control inspectors prepare daily reports, similar to the one illustrated in Figure 9.5, to docu-
ment their inspection activities and any deficiencies identified. These daily inspection reports should
be reviewed by the superintendent, field engineer, and all of the project management team. Non-
conforming issues should be entered in the deficiency log and tracked until they have been corrected.
Third-party testing agency reports are completed daily and sent to the client, designer, and general
contractor’s superintendent. Sometimes the city or AHJ will also receive structural inspection reports.
Deviations documented in these reports should also be added to the QC log.

Reliable Construction Company
QUALITY CONTROL LOG
PROJECT: Rose Collective, Job 414 SUPERINTENDENT: Susan Thompson DATE: Aug 1, 2019
PAGE: 5 of 10
No.| Rework Description Location | Contractor Date Sub GC
Entered | Corrected | Verified
111 | Vinyl floor peeling Unit 332 Wilson Floors 10/24/19
112 | Vandal broke storefront | SW corner, | Greater Glazing | 10/24/19
window street level
113 | Roof leak near stair tower| Grid C x 10 | Rick’s Roofing |10/24/19 |10/31/19 ST
114 | Concrete rock pockets in | Lower floor | Reliable CC 10/24/19 [ 11/1/19 ST
garage cols columns
115 | Elevator call button Cab #2 General Elevator | 10/24/19
malfunction
116 | Dead rhododendron Roof Green Thumb | 10/24/19 | 10/26/19 ST
on roof garden, NE

Figure 9.4 Quality Control Log
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Reliable Construction Company
1401 Waterfront Avenue
Portland, OR 97210

IN-PROCESS QUALITY CONTROL INSPECTION REPORT

Date: August 15, 2019
Project: Rose Collective MXD Apartments, Job 414
Weather: Sunny, 72 degrees

Work Inspected: Green Roof System

1) Acceptability of roofing underlayment

2) Roof paver laydown — flatness, tight joints, direction
3) Topsoil sieve analysis

4) Irrigation piping: Leaks? Test pressure?

5) Size and quantity of plants

6) Subcontractor tie-off and spotter for safety

Deficiencies Noted:
1) There are a few dead plants already, especially the rhododendrons
2) There is a ponding near the stair shaft, not sure if this is a green roof or a roof issue

Inspector(s):  David Arnold/QC, and Jennifer Forsythe/PE

Figure 9.5 QC Inspection Report

Use of technology

Quality control and reporting is one of the field activities that has been most affected by new tech-
nologies. In the optics of proactive quality management, laser scanning can be used jointly with
three-dimensional (3D) modeling during pre-construction to verify how the designed product will
fit within the contextual conditions. Therefore, a new retaining wall between a city park and a new
municipal facility can be modeled and the model inserted into the actual laser scanning of the slope.
Similarly, laser scanning is used to compare the as-built product against the designed product that
was modeled in 3D. When measurements are not needed, laser scanning is replaced by 360-degree
photography. For instance, a contractor working on an accelerated schedule could quickly perform
pre-cover surveys of the interior of a building through 360-degree photos. This task used to be
performed through standard digital photography, but 360-degree photography has speeded up its
performance. For instance, a contractor needed six to nine hours to perform a traditional pre-cover
photographic survey of 11 apartments, whereas they can now capture the same surface through
360-degree photography in one to two hours, which is a consistent saving.

Drones are another technology used in field activities. Some construction firms utilize them
to verity the quality of elements that are not easy to reach. For instance, a drone equipped with
a high-resolution camera can fly around a high-rise building and allow an inspector to visually
verify the quality of caulking on the envelope. Tablet apps are also prevalent in the field. For
instance, Autodesk BIM 360 Field and Procore are used to run quality checklists, record issues
during pre-punch and punch list inspections and communicate issues directly to the party respon-
sible for addressing it. These tools are designed to enhance the work of project engineers, not to
replace a good understanding of built environment processes. Costly errors may be created by
young project engineers who over-rely on these technologies without using them within the con-
text of their education and field knowledge.
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Project engineering applications

Implementation of field construction QC is ultimately the responsibility of the superintendent, but
project engineers in the field support this process in a variety of fashions:

e Process timely and specification-compliant submittals,

*  Receive material deliveries and verify that the product matches the approved submuittals,

e Support direct crafts and subcontractors by answering their questions and/or processing
detailed and timely R FIs through the design team,

* Logging and routing testing and inspection reports,

* Logging NCRs and expediting their resolution,

*  Witnessing and documenting successful MEP start-up, testing, and balancing,

e Participating with pre-punch and punch list walkthroughs, including possibly authoring the
formal punch list,

e Expediting subcontractor resolution of punch list issues and punch list log updating, and/or

e Actively participating in close-out activities (see Chapter 14).

Summary

A proactive quality control program is essential to project success, both in terms of a satisfied client
and a profitable project for the general contractor. Poor quality work costs the contractor both time
and money and can result in the loss of future projects from the client. Because subcontractors play
such a major role in construction, only best value subcontractors should be employed. Subcontractor
selection based only on the lowest bid will not necessarily assure the highest quality, possibly just
the opposite. The project manager, project engineer, and superintendent must ensure that all
materials and work conform to contract requirements. Quality materials must be procured, and
qualified craftsmen and subcontractors selected to install them. Workmanship must meet or exceed
contractual requirements. An effective quality management program achieves quality standards
with a minimum of rework, increases cost efficiency, improves the likelihood of schedule compli-
ance, and satisfies the client and design team.

QC inspectors should inspect all work, whether performed by the GC’s direct workforce or by
subcontractors. Materials are inspected for conformance with contract specifications upon arrival
on the jobsite. Mock-ups may be required to establish workmanship standards. Each phase of work
is inspected as it progresses, and a punch list inspection is conducted when most of the work has
been completed. All deficiencies identified during this walkthrough are recorded on the punch list.
The final verification inspection is conducted by the design team after all outstanding deficiencies
have been corrected.

Technology is changing the way project engineers perform quality control and reporting, but it
does not replace the basic knowledge requirements to operate successfully in construction. Useful
technologies can result in costly errors if this cardinal rule is forgotten and project engineers use
technology tools as black boxes without verifying how their use may enhance or contrast with the
objective of delivering a quality product.

Review questions

1. Why do clients, rather than the GC, contract with third-party testing agencies?

2. Why are materials that are stored on site periodically inspected?

3. Why should subcontractors not be allowed to build over work that was improperly done by a
previous subcontractor?
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4. What is the primary objective of an active quality control program?

5. What processes are used to actively manage quality on a construction project?
6. Why are project-specific quality control plans needed?

7. Why are mock-ups required?

8. Why should quality control inspectors be involved in the submittal process?
Exercises

1. What quality control organization would you recommend the contractor use on our civil case
study project?

2. In addition to the apartment unit, what are two mock-ups that the general contractor should
require subcontractors to construct for the Rose mixed-use apartment project?

3. Develop a quality control checklist for the storm water system, including catch basins (or
another significant assembly) for our civil case study.

4. What might be two additional tasks we could add to the QC plan task list shown in the
Project-specific quality control planning section above?
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Introduction

In this chapter, we will discuss contractor involvement with reviewing design documents, during
both pre-construction and construction. During the pre-construction phase of a construction pro-
ject, design review involves value engineering studies and contractor and consultant proposals. The
design team collects design corrections and change revisions from various sources and prepares pre-
bid addenda. During construction, contractors further the design review with design submittals,
such as shop drawings and requests for information (RFI). The process of incorporating changes
into the design is a collaborative effort by both the design and contractor teams.

Design review during pre-construction

The pre-construction phase happens before construction occurs, of course. There are many activ-
ities performed during pre-construction by the project owner and by the design team. On design—
bid—build (DBB) projects, pre-construction activities are owner-led, and contractors have limited
to no involvement with the project owner and design team during design development.

However, the emergence of novel project delivery methods is providing the general contractor
(GC) with opportunities to participate in the pre-construction phase. On construction manage-
ment at risk (CMR) projects, owners will engage a general contractor early in the design process
for a fee to assist the designer and owner with the quality of their design. Under CMR, design
activities are still owner-led. On design—build (DB) projects, the design-builder entity—usually
led by a GC—will also be secured early in the design process. However, different DB models will
result in a different governance model for the design phase. Under progressive DB, the owner will
lead or co-lead pre-construction activities and the GC will provide assistance, similarly to CMR.
Under bridging DB, the owner will lead pre-construction activities and the GCs will review the
outcome while preparing their proposals and negotiating the contract. Under competitive DB,
the design-builder will review what has been done by the owner up to the request for proposal
(RFP) and will lead pre-construction activities afterward.

Some of the activities that will be performed during pre-construction include:

e Constructability review, including evaluation of potential changes to the design to make it
easier to build (i.e., less cost and time) and with improved quality and safety goals in mind,

*  DBudgeting,

e Scheduling,

* Identification of long-lead materials (possibly bidding and awarding) and ordering long-lead
materials and equipment (such as elevators and structural steel), and

e Value engineering.
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Some public agencies may employ an independent pre-construction services team in lieu of a GC
on a consulting basis; this team will contribute to many of the above activities as well.

Value engineering

Formal value engineering (VE) is a methodical process to evaluate a project’s design in order
to obtain the best value for the cost of construction. This includes analyzing selected building
systems. The goal of such analysis is to seek cost-efficient methods of performing the same function
as the original design but at a lower life-cycle cost and without sacrificing reliability, performance,
or maintainability. Value engineering studies may be performed at all stages of project delivery and
by different project participants. However, the effectiveness of VE studies decreases as the design
advances. The most effective time to conduct these studies and to significantly impact costs is
during early design development, as was discussed in Chapter 2 and shown in Figure 2.4.

Independently from when they occur, the goal of value engineering studies is to select the
highest value materials and systems for construction. The essential functions of each component
or system are studied to estimate the potential for value improvement. The VE study team needs
to understand the rationale used by the designer and their team in developing the design and the
assumptions made in establishing design criteria and selecting materials and equipment. The intent
of value engineering is first to develop a long list of alternative materials or components that might
be used, often through a brain- storming process. Preliminary cost data are designer generated,
and functional comparisons are made between the alternatives and the design components being
studied. The goal of the team is to determine which alternatives may meet the owner’s functional
requirements and provide more value to the completed project. To this end, estimated life-cycle
cost data should be developed for each alternative. The advantages and disadvantages of each VE
alternative are identified, and a shortlist of options—representing those with the best values—is
selected for refinement in preparation for presentation to the designer and the owner.

There are a series of scenarios for project parties to implement value engineering at different
stages of a built environment (BE) project:

The project owner and their consultants before a contractor is brought on a project,
The contractors competing for the award of a construction contract,

A construction firm during design development as a pre-construction service, and
The general contractor during construction.

bl s

The first scenario will not be discussed because it does not involve a construction firm and their
project engineers. The second scenario occurs when the procurement process promotes value
engineering by incorporating it into the selection process. Under this scenario, contractors are
invited to propose value engineering ideas to that owner. If approved, these ideas will enhance
the scoring of the proposing contractor. This approach is easy to adopt in private sector procure-
ment. However, its implementation is more difficult in the public sector, where contract award
must be transparent. Still, in the predominantly public heavy-civil sector, this approach is gaining
popularity by allowing proposers to submit alternative technical concepts (ATCs) to the project owner
for their approval. ATCs are deviations from the project concept, design, or specifications. Once
approved, an ATC can be incorporated into the final proposal, which provides a competitive
advantage for the contractor proposing it. For instance, a contractor competing on a design—build
contract for a highway interchange may submit an ATC to change the interchange schematic
diagram, which would save the owner a substantial sum in land acquisition and environmental
mitigations while providing an infrastructure that performs equally as well as or better than the
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original design. If the owner accepts this suggestion, this contractor will be able to incorporate
the new diagram in its proposal and it will be scored higher thanks to the lower price proposal.
ATC:s are either design-centered or construction-centered. The former are usually proposed by
the design consultants on the contractor team and priced by senior project engineers or estimators
under the project manager’s supervision. The latter are proposed by the superintendent and other
senior site management and priced by senior project engineers or estimators under the project
manager’s supervision.

Under the third scenario, the contractor is brought on board before design completion, so it may
review and price the design to date while supporting the owner-led team during the completion
of the design. This scenario mostly occurs under CMR and DB delivery methods. The fourth scen-
ario always occurs when a construction contract is in place, and the GC continues VE throughout
construction to promote internal efficiency and maximize profit. However, some contracts incen-
tivize the GC into submitting VE change proposals for approval by the project owner by sharing
some of the resulting savings.

Under the fourth scenario, the next step in the VE process is preparation of formal value engin-
eering proposals. The VE proposal looks very similar to a post-contract change order, including all
detailed costs, markups, and substantiation. Detailed technical and cost data developed to support
the recommendations should be included. The advantages and disadvantages of each option are
explained. Each VE proposal is tracked in a log, similar to other document control or tracking logs
managed by the GC’s project engineer (PE), including requests for information (R Fls), submittals,
change orders, and close-out logs. The VE proposals are submitted to the designer and the owner
for approval. If approved, the proposals are incorporated into the design. If this occurs during the
bid or negotiation process, the results may be issued through addenda, as discussed below. Value
engineering proposals approved after the construction contract is awarded must be incorporated
into the contract with a formal contract change order. When project owners want to incen-
tivize post-award submission of VE proposals, they may include a separate contract clause that
distinguishes change order proposals from value engineering change proposals (VECPs). Under the
VECP clause, the contract describes how VE cost savings will be shared among the parties. In any
case, changes will need to be estimated. Change order estimates are introduced in Chapter 20.

Addenda

Addenda (plural for addendum) are formal revisions to bid packages originated by the design team.
There are a variety of reasons for the issuance of addenda, including:

* Added scope from the designer and/or project owner,

*  Correction of design errors discovered either by the designer or by contractors while pre-
paring their estimates,

e Incomplete bid package from the design team,

* Incorporation of meeting notes documenting contractor attendance at the pre-bid meeting, as
well as contractor-generated questions and design and owner team answers, and

*  City permit comments and revisions.

There is no exact quantity of addenda required to be issued. Some projects will receive only one
addendum, others several. Language will be included with each addendum requiring contractors
to notify all subcontractors and suppliers of the content. It is customary that addenda are not
issued during the final week of bid preparation, but occasionally contractors will receive the last
addendum as late as the day the bid is due, which makes it extremely difficult to incorporate it into
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their estimates. The GC will be required to note on its bid form all of the addenda that they
received and incorporated into their bid. An omission of an addendum from the bid form would
be sufficient reason to reject that contractor’s bid.

After the contractor is selected, the design team should incorporate all of the addenda and issue
the final set of contract drawings. It is easier for the builders to construct the project from one
comprehensive set of drawings and specifications, rather than a multitude of addenda. We will
discuss the handling of document records, including versioning of drawings and specifications, in

Chapter 11.

Design review throughout construction

A design package is rarely 100% complete at the time of the contractor’s bid or even when con-
struction commences. Even when construction expertise is available during pre-construction, it
is expected that the design will further develop during construction, especially early on, but at a
slower pace than during pre-construction. Many elements of the design are too detailed to include
with the bid documents, and many others are left up to the contractor’s means and methods. This
is true especially with subcontractors that have a design—build scope, such as the mechanical,
electrical, and plumbing (MEP) contractors. The routing of one-inch electrical conduit and one-
half-inch copper pipe would be difficult for the design team to accurately draw and dimension.
Components that require off-site fabrication, such as structural steel and casework, are other scope
items that continue to be designed throughout the early phases of construction. The design team
reflects on their drawings where the final elements are to be placed, but their exact detail and sizing
is often left up to the supplier or fabricator.

Specialty contractors and suppliers submit their portion of the design to the GC, the design
team, and the project owner for their reviews. Design submittals act as the contractual vehicle
to receive preliminary acceptance before further financial commitment. However, submittals
are not limited to design deliverables but are also used to seek preliminary approval to pur-
chase materials, fabricate assemblies, or install materials or assemblies. We will discuss all the
different types of submittals in Chapter 11. In this section, we will elaborate on one major type of
submittal, design submittals (such as shop drawings), which reflect one of the contractors’ major
contributions to evolving design during construction. In addition, we will introduce requests for
information. RFIs are used by contractors to ask questions and clarify the design team’s intent
throughout the course of construction. In this chapter, we will discuss, in detail, how responses
to RFIs are originated. In Chapter 11, we will discuss how responses to RFIs are recorded and
documented on the contractual documents.

Design submittals

Contractors prepare design submittals to reflect their interpretation of the designer’s intent and
send those submittals to the designer for confirmation and, hopefully, approval. One of the major
types of submittals originated by the construction team is shop drawings. Many in the built envir-
onment industry refer to all drawings prepared by second-tier vendors as shop drawings, but that
is not technically correct. In fact, design submittals include:

*  Shop drawings,

»  Fabrication drawings,

* Installation drawings, and
*  Coordination drawings.
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The processes of creating and processing different types of design submittals are similar. The
specifications will indicate which areas of work require design submittals, such as shop drawings.
To prepare these design submittals, it is customary for the supplier or subcontractor to employ
design engineers, who will prepare these drawings for approval, before proceeding with construc-
tion activities. Before submitting them to the owner and their consultants, the GC is required
to review these design submittals to verify that they meet the intent of the specifications and the
dimensions are accurate. Figure 10.1a shows an example review of a design submittal by a GC.
These design submittals are sometimes used by subcontractors to inquire about design uncertain-
ties. Therefore, the GC’s project engineer will also need to verify if these inquiries are legitimate
and would need the submission of an RFI or confirmation that the information is available some-
where in the contractual documents. Figure 10.1b shows an example of such an inquiry.

These drawings are created in a larger scale and will include sizes and details that the contract
drawings did not contain. Some of the materials and systems that are customarily submitted as a
design submittal include:

e Shoring systems,

¢ Concrete reinforcement steel,

e Structural steel,

¢ Wood and steel trusses,

*  Fireproofing,

e Curtain-wall and storefront systems,

¢ Elevators, and

*  Mechanical, electrical, and plumbing systems, including materials and equipment.

Requests for information

Requests for information are one of the most important tools for contractors during the construc-
tion control and administration phase. RFIs allow contractors to submit inquiries to the designer
and the owner on unclear aspects of the design. Therefore, RFIs help to bring the design to the
level of definition that is necessary for quality, quick, and efficient construction. Even with the
technology tools available today, some conflicts will not be discovered until work is well underway.
Many unforeseen conditions are exposed during construction, such as when the backhoe excavates
for the site utilities or during selective demolition. Similarly, on building projects, the contractor
may discover that the fire protection heads and lights are roughed-in for the same locations or the
light pendant fixtures on the kitchen countertop island will interfere with the cabinet doors. R FIs
are a specific type of written communication that can be used to document questions and record
responses on such issues.

Ifany member of the construction team discovers a construction document or site condition discrep-
ancy and needs clarification from the designer or owner for resolution, they will typically generate an
RFI. Similarly to design submittals, R FIs may be transmitted on paper or electronically. RFIs can be
originated by several of the construction participants; they may be written either by subcontractors,
by suppliers, or by the general contractor. Questions generated by subcontractors or suppliers are sub-
mitted to the GC’s project engineer (who manages those subcontractors or suppliers) for review prior
to their submission to the owner or designer. As shown in Figure 10.1B, subcontractors may embed
their RFI in the design submittal, but subcontractors can also prepare a separate RFI.

R FIs are generally managed by project engineers who maintain a log indicating the status of each
question, such as that shown in Table 10.1. As with most construction logs, including submittal
and sketch logs, the RFI log is generally maintained by project engineers. It is important that the
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Figure 10.1 Example Communications on Design Submittals

log identifies who generated the question and who is expected to respond. Open items on the log
should be reviewed during the coordination meetings with the project owner and the designer.
This log and any other documents distributed in the meeting should be an attachment to the
meeting notes. Meeting notes and other construction management tools will be discussed in our
next chapter on document control.

Verbal responses to RFIs should not be accepted by the construction team. If the designer does
not provide a written answer, the project engineer should write the designer’s verbal direction in
the answer portion, document the source and time, and route the RFI back through the designer.
All responded and resolved R FIs should be routed to the appropriate GC office and field staff, as

well as the originating subcontractor. They should also be sent to any other subcontractors and




Table 10.1 RFI Log

RFI# Title Initiated Sub ~ Date Sent  Assigned To Date Due  Date Drawing/ Posted to Status
By RFI# Returned ~ Spec Ref  Contractual
Documents

001 Underpinning pile installation Sub1 01 3/31/2015  Geotechnical consultant  4/7/2015  4/17/2015 5/28/2015  Closed
sequence

002 Drywall shaftwall clarifications GC 4/6/2015  Geotechnical consultant ~ 4/13/2015  4/6/2015  A6.00-  4/6/2015 Closed

A6.20
003 Unit demizing wall clarification GC 4/6/2015  Architect 4/13/2015 4/6/2015  A2.70-  4/6/2015 Closed
A2.85

004 Roof patio framing GC 4/6/2015 Architect 4/13/2015  4/6/2015  A8.26 4/6/2015 Closed

005 Shoring tiebacks conflict with side ~ GC 4/9/2015  Geotechnical consultant  4/16/2015 4/23/2015 SH 5/29/2015  Closed
sewers drawings

006 Garage entry door GC 4/16/2015  Architect 4/23/2015  4/17/2015 4/16/2015  Closed

007 Crane surcharge W-2 to W-5 Sub1 02 4/27/2015  Structural engineer 5/4/2015  4/28/2015 5/29/2015  Closed

008 Ultility sheds pile interference GC 4/29/2015  Owner 5/1/2015  4/30/2015 SH2.0 5/29/2015  Closed
at north property line

008.1 Underpinning piles at utility sheds ~ GC 5/12/2015  Geotechnical consultant  5/13/2015 Open

009 Soldier pile utility conflicts at GC 4/29/2015  Geotechnical consultant  5/1/2015 SH2.0 Open
north-east corner

010  Lagging attachment to south-east Sub1 03 5/4/2015  Geotechnical consultant ~ 5/5/2015  5/5/2015 5/29/2015  Closed
property footing

011 Underpinning benching Sub1 04 5/4/2015  Geotechnical consultant  5/5/2015  5/6/2015 5/29/2015  Closed

012 Pile S-1 to S-4 modifications Sub1 05 5/5/2015  Geotechnical consultant ~ 5/5/2015  5/5/2015  SH3.2 5/29/2015  Closed

012.1  Pile S-1 to S-7 modifications revised Sub 1 06 5/6/2015 Geotechnical consultant  5/8/2015  5/7/2015  SH3.2 5/29/2015  Closed

013 Stud rail base plate size GC 5/5/2015  Structural engineer 5/12/2015 5/14/2015 S7.06 5/29/2015  Closed

014 South building foundation over GC 6/26/2015  Structural engineer 7/3/2015 Open
property line

015 Existing conditions — 8" side sewer ~ GC 5/7/2015 Architect 5/14/2015 C6.00 Open

016  Foundation at pile S-4 GC 5/18/2015  Geotechnical consultant  5/25/2015 5/18/2015 5/29/2015  Closed

017 Tower crane foundation pier move ~ GC 5/18/2015  Structural engineer 5/25/2015 Open

018 Piles N-1 to N-8 modifications Sub1 07 5/19/2015  Geotechnical consultant ~ 5/21/2015 5/19/2015 5/29/2015  Closed

019 Duct bank routing in garage GC 5/26/2015  Architect 6/2/2015 Open

019.1  Duct bank routing in GC 7/27/2015  Architect 8/3/2015  8/11/2015 S§2.07 8/14/2015  Closed
garage — Revised

020 Pile N-8 modification Sub1 08 5/27/2015  Geotechnical consultant  5/28/2015 5/27/2015 5/29/2015  Closed

021 P-7 plumbing sump vaults — Mat Sub2 01 6/8/2015  Structural engineer 6/15/2015 6/15/2015 S3.01 8/14/2015  Closed

footing
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suppliers who may be involved or impacted. All answered R FIs should be reviewed for impacts on
the project scope and schedule.

Regardless of the author or originator of the RFI, there are a few basic rules that should be
followed by project teams.

*  RFIs should be submitted in writing: Asking questions and receiving responses is only one part of
proper RFI management. It is crucial to make sure the response is available to everyone who
needs it. On a typical building or civil construction project, hundreds of R FIs may be needed,
so tracking them properly is important to ensure a response has been received and the people
needing that response have been informed. Project engineers may contact one of the owner’s
consultants with time-sensitive questions, so these verbal questions should be followed up with
written confirmation in the form of an RFI with a proper tracking number.

o Subcontractors and suppliers must route REIs through the GC: The GC is ultimately responsible
for managing RFIs, verifying their validity, and updating contractual documents with RFI
responses, as we will discuss in Chapter 11. Many subcontractors will want to use their own
R FI forms and not the GC’s or the project owner’s. If the GC allows this, these subcontractors’
R FIs will then be submitted as an attachment by using an official cover with the RFI tracking
number. Maintaining consistency in RFI tracking numbers is crucial for documenting
responses on contractual documents.

*  RFIs should be submitted according to the requirements in the contractual documents: Most gen-
eral contractors or subcontractors would prefer to use their own form, but some contract
specifications will dictate the form to be used, especially on public works lump sum or unit
price projects. Even on private projects, some architects or project owners may have their own
customized forms that they wish the contractors to use, which will have been identified in the
contract special conditions.

*  RFIs should be focused: The number of separate clarifications requested on a single RFI should
be limited. If too many questions are asked, the designer may wait to respond until he or she
has answers to all of the questions. This may delay the overall response. On the other hand, if
several issues are related to each other, it may be best to consolidate them under an individual
RFI, rather than submitting piecemeal R FIs that may result in inconsistent responses.

*  RFIs should be clearly written: In order to elicit a clear answer, each RFI must be written in an
objective manner and be complete, concise, and accurate. It must reference specific contract and
specification sections and should be supported with appropriate documentation. Supporting
documentation may include specification sections, photographs, drawings, and sketches.

*  RFIs should lead to a buildable response: When formulating questions on an RFI, it is important
to convey what responses are viable for construction. If the RFI is asked too broadly, it may
result in responses that are not buildable or may conflict with other contractual documents,
schedule constraints, or price assumptions. When the risk of conflicts arises, it is best for the
project engineer in charge to have the RFI reviewed by the superintendent or project manager
before submitting it.

Although RFIs often carry a negative connotation, a proper RFI process can be a valuable tool
for the construction team. Unfortunately, some contractors looking for change order opportun-
ities may generate unnecessary RFIs. As a result, some designers and project owners dislike the
RFI process, because it costs them time and money to respond. This negates the RFI’s role as a
design-continuation tool. If a conflict is discovered early enough, the RFI can actually mitigate a
change order, and in that way, it is a contractor’s contribution toward continuation of the design
process and helps with quality control. RFIs are an important early step in the quality control
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process. The quantity of RFIs generated on any project depends upon the design and construction
teams, the contract format, the complexity and value of the project, and the quality of the design
documents. The more complete and coordinated the design, the fewer R FIs will arise in the field.
Project teams that have worked together previously tend to have fewer questions. Also, the project
delivery method and contract type are known to affect the number of RFIs on a project. Usually,
integrated project delivery (IPD) and DB projects tend to have significantly fewer R FIs than DBB.
Also, CMR delivery usually leads to a lower number of RFIs. Moreover, cost plus contracts also
tend to have fewer R FIs than do competitively bid lump sum or unit price projects. A sample RFI
for the Rose mixed-use development (MXD) case study project is included as Figure 10.2.

RELIABLE CONSTRUCTION COMPANY
1401 Waterfront Avenue, Portland, OR 97201
(503) 719-9874

REQUEST FOR INFORMATION

Project: Rose Collective Mixed Use Apartment Date: July 19, 2018
Area/System: RFI No. 101
To: Creative Spaces, Inc Related RFIs: NA
Address: 444 Hill Street

Portland, OR
Attention: Robert Jackson
Required Response Date: July 27, 2018
Subcontractor/Supplier Forwarding Question: NA Sub’s RFI No. NA
Subject: Door 6-06 Fire Rating
Detailed Description/Request:
The door schedule calls out the 6-06 conference room door as a 20 minute rated door.

However, this door has to be installed within a one hour rated wall. Please confirm the
fire rating of this door.

Attached/Referenced Drawings/Photographs/Specifications:

Cost or Schedule Impacts:  Unknown at this time

Please reply to: Jennifer Forsythe, Project Engineer
Architect/Engineer Response:

Signed: Robert Jackson Date: July 22, 2018

File Code: 414/RFI

Figure 10.2 Example RFI
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Incorporation of design changes

Before bids are submitted, design changes are documented through the use of addenda, as discussed
above. After the contract has been executed, design changes are incorporated through formal con-
tract change orders, as will be discussed later in Chapter 20.

During construction, design changes may be originated in a variety of fashions, including
answers to requests for information, as just discussed. Approved copies of design submittals and
shop drawings may also include changes in the design. In addition, there are a variety of formal
documents that the design team may utilize to inform the construction team of changes, including:

o Sketches (SKs);

*  Architect’s supplemental instructions (ASIs), for example, American Institute of Architects
(AIA) form G710;

*  Field orders or field work orders (FOs or FWOs);

*  Construction change directives (CCDs), for example: AIA form G714 (see Chapter 20);

*  Construction change authorizations (CCAs);

*  Work changes proposal requests (PRs), for example, AIA form G709;

*  Meeting notes, which may also document a change in direction from the owner or designer; and

*  New or revised full-size drawings or complete specification sections.

Contractors will document all design-changing documents and track them on logs. Many of these
documents will also be reviewed at the weekly meeting with the owner and designer. Ideally, any
design change will be incorporated into the contract documents, including full-size drawings and
specification sections, and will be issued to the GC in a request for change order or a change order
proposal (COP). However, some project teams find it more efficient and economical to work from
these documents without issuing a new set of drawings or specifications. Incorporation of these
changes into the contractor’s set of record drawings is discussed in Chapter 11.

Use of technology

Several technologies are changing the way contractors review design, including the use of elec-
tronic plan rooms, building information modeling (BIM), and laser scanning.

Construction projects have previously relied on the use of paper-based plan rooms as a central
repository for all construction documents, including full-sized drawings and specifications. The
downside of this approach is that it is difficult to keep all documents up to date with the most
recent information, including change orders and RFI responses. Moreover, to access information,
a project team member needs to be in the room. To overcome these issues, contractors are increas-
ingly using the concept of electronic plan rooms, in that all project documents are in an electronic
repository, either a project server or a remote cloud computing repository. Although physical plan
rooms may still be implemented, they are enhanced through touchscreen displays, mobile com-
puting stations, and tablets to allow project members to access the latest set of documents. Various
software applications are used to support the implementation of electronic plan rooms, including
Bluebeam, BIM360 docs, and PlanGrid.

Today, the use of building information modeling tools is pervasive in the construction industry,
especially in the building sector. These tools will be discussed in detail as part of Chapter 15,
but it is worth mentioning here how BIM fly-through simulations are used to perform cross-
reviews of different design packages. Fly-throughs allow project engineers to virtually implement
all design packages and perform clash detection analyses to identify conflicts and inconsistencies.
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For example, a conflict between electrical conduits and mechanical ducts could be detected by
modeling the electrical and mechanical shop drawings and running clash detection.

Another technology that is frequently used to verify site conditions is laser scanning. If a con-
tractor has some doubts on the site conditions reported on the drawings, they could use laser
scanning to survey the existing conditions and compare them against the assumed conditions in
the drawings.

Project engineering applications

Pre-construction services are not typically performed by project engineers, other than assisting
chief estimators or project managers. A project engineer may become involved during pre-
construction by soliciting and expediting subcontractor value engineering proposals and tracking
them on the VE log. Routing of addenda to every subcontractor and supplier who might be
bidding on a project is difficult, but the project engineer can make sure that known subcontractors
and suppliers have been notified. During construction, the project engineer will also manage
shop drawing logs, including expediting and reviewing all submittals. Project engineers play a
major role in the management of requests for information. The GC’s own foremen will bring in
their questions. The project engineer will review the contract documents and, if answers are not
readily available, will prepare RFIs on behalf of the foremen. Subcontractors prepare requests for
information and submit them to the general contractor’s project engineer for review, who logs
and forwards them to the design team. Management of the RFI log and discussion of outstanding
issues at the owner—designer—contractor meeting is a project engineering responsibility. There are
many methods that the design team may use to change the design, and it will also be the project
engineer’s responsibility to log and disseminate these documents to subcontractors and suppliers
and eventually incorporate them into the GC’s set of record drawings.

Summary

General contractors who have an opportunity to participate in design review during the pre-con-
struction phase can help the project owner and designer seek alternative methods and materials
that will provide better value to the project. Value engineering proposals are the vehicle that
project managers and estimators use to research these topics and provide specific cost and sched-
uling impacts. Any questions or changes that affect the contract documents before the project has
received bids must be documented by the design team and issued to bidding contractors through
formal addenda. All addenda are typically incorporated into the documents after bid, and a “for-
construction” contract set of drawings and specifications is produced.

The construction team continues to input to the design throughout the construction phase,
especially in the early stages. Contractors prepare shop drawings and other forms of submittals for
areas of work that were either too detailed for the design team to effectively draw or that required
off-site pre-fabrication, such as structural steel. Most projects will have some issues that require
additional clarification from the designers by the construction team. Requests for information are
the most common construction management tool used for this process and are an active method
of quality control. Some projects, especially competitively bid public works jobs, can experience
thousands of RFIs, so successful management of that process is critical to the success of the pro-
ject. If discrepancies are discovered early enough, R FIs can actually reduce the quantity of change
orders.

It is important to follow contractually prescribed procedures to ensure a successful RFI process,
especially on projects that have many questions. All contractors should be clear and accurate in
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R FIs. The specific problem must be stated in simple and objective language. Photocopied portions
of drawings or specifications should be attached, if needed to clarify the issue. Photographs of exact
field conditions are also often attached. Test reports, letters, submittals, or other documentation
may also be needed. Even if the reviewing party already has some of this information, the question
must be drafted so that it is completely self-explanatory. The RFI author should do all that is pos-
sible to assist the designer in answering the question. All pertinent information must be included.
If the project engineer knows of a good and logical solution, he or she should recommend it.
However, the contractor should not assume how the architect or engineer would respond and not
forward the question nor should they answer it themselves and be in error.

The GC’s project engineer should diligently review each RFI before forwarding to the designer.
During construction, many designers have often moved on to another project and/or their con-
struction administration budget may be nearly expended. The construction team should not waste
the designer’s time and money, challenge their patience, and jeopardize the team relationship that
has been built by asking irrelevant or superfluous questions. The construction team should attempt
to find an answer in the documents internally before submitting the RFI to the designer. But, if
the answer is not clearly in the documents, the question should be processed. All design changes
must be incorporated into the contract documents. There are a variety of tools used by both the
design and construction teams to accomplish this, including technology tools.

Review questions

1. Before a project has been bid, designers issue addenda changing the design. What do they issue
post-bid?

Are all value engineering proposals cost reductions? Why might a project owner consider a

N

change that increases the price?

Why does the design team not indicate the exact location of each item in the project?

‘Why should the GC diligently review a vendor’s shop drawings?

Why are RFIs used on construction projects?

Why do some designers resist R FIs?

Why do some designers welcome R Fls?

When is the RFI log reviewed?

‘Who should prepare an RFI?

Are verbal RFI responses sometimes acceptable? If so, how should they be ultimately

SoeN UL

—_

documented?

—_
—_

. Do all RFIs result in change orders?

Exercises

1. You have been asked to conduct a value engineering study to determine the most cost-
effective type of curtain-wall window system for the Rose case study project retail level. What
functions would you consider essential in your analysis and what cost data would you consider
in conducting the study?

2. Today it is customary for the designer to require the GC to stamp all submittals with an
“approved” stamp and the GC, in turn, to require the same from their vendors before
submitting. Why?

3. Asthe GC’s PE on the Rose mixed-use case study project, prepare an RFI asking for direction
regarding the upgraded elevator cab finishes.
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As the GC’s PE on the [-90 overpass project, prepare an RFI where the contract documents
are in conflict with the actual site conditions.

Assume you are a GC competitively bidding a privately owned new warehouse against seven
other contractors. In the request for quotation, the client has asked for voluntary VE proposals
to accompany your bid. Do you comply? Why or why not?

How would your answer to Exercise 5 differ if you were the only GC proposing on a negotiated
project?

What are the advantages and disadvantages (there are several) of (a) the design team issuing
all changes with new full-size drawings and complete specification sections or, conversely, (b)
never revising the contract documents and only issuing 8%2 X 11 design changes?
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Introduction

Early on in their careers, project engineers will be more involved with document control processes
than with cost, schedule, quality, and safety controls directly. Project site management staff—
including project managers, superintendents, and project engineers—do not build construction
projects with hand and power tools like carpenters, laborers, ironworkers, plumbers, and electricians.
Rather, they make decisions and document them in paper or electronic records. Therefore, one of
their tools is proper document management and control. Any discussion of construction manage-
ment revolves around construction management documents; in a sense, almost every component
of construction management relies on document control. As shown in Figure 2.1, all of the pillars
of project success utilize documents as a means of communication. Although document control
tools are discussed throughout the whole book, this chapter summarizes some of them. Some of
the documents that site management use as tools include, in no particular order:

*  Requests for Information (R FIs), *  Non-conformance reports (NCRs),
*  Proposals, e As-built drawings,

*  Architect’s supplemental instructions (ASIs), ¢  Shop drawings,

*  Subcontracts, e Safety inspections,

e Purchase orders, * Logs,

e Lien releases, e Letters,

e Submittals, e Daily job diaries,

*  Payment requests, e Change order proposals,

e Schedules, e Punch lists,

e Estimates, *  Work packages,

e Warranties, e Cost forecasts,

*  Operation and maintenance (O&M) manuals, ¢  Insurance certificates,

e Prime contract agreements, e Permits,

*  Memorandums, *  Meeting notes ... and many more.

In Chapter 10, we introduced shop drawings and RFIs. In this chapter, we will integrate those
topics again and discuss in detail submittals, the superintendent’s daily job diary, meeting notes,
and record document creation and maintenance.

Submittals

In our last chapter, we introduced design submittals, such as shop drawings prepared by contractors
and suppliers, as a means of continuing the design process through the early stages of construction.
In this section, we will introduce other types of submittals and discuss the submittal process.
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The preparation and processing of submittals is a major element of active quality control. By
definition, the submittal is a document or product generated by the construction team to verify
that what they plan to purchase, fabricate, deliver, and ultimately install is in fact what the design
team intended by their drawings and specifications. It serves as one last check of the design val-
idity. Submittal requirements for a project are contained in the specifications of the contract. On
a building project, the procedures for processing submittals are generally in CSI Divisions 00 and
01 of the contract specifications. On civil projects, submittals include drawings, test results, and
any other documents, as described in the governing standard specifications. For instance, federally
funded roadway and bridge projects refer to the Standard Specifications for the Construction of
Roads and Bridges on Federal Highway Projects by the U.S. Department of Transportation.

Although this is not their original intent, submittals also serve as a tool for the general contractor’s
(GC’s) project team to flush out errors that the subcontractors and suppliers may have made in their
bids, especially with product substitutions. Although subcontractors and suppliers are supposed to
have bid their scope according to the subcontract, which incorporates plans and specifications, the
GC does not want to discover too late that they have misinterpreted the contractual guidelines.

Example

A general contractor does not want to be in the situation of receiving 100 kitchen refrigerators
that lack ice-makers if the contractual documents required refrigerators equipped with this
feature. Although the supplier could solve this issue by retrofitting the refrigerators in the
field, the resulting two-week schedule delay will also affect the schedule of the plumber who
has completed his or her rough-in for the ice-makers and is expected to connect them. If a
supplier had been required to submit the product data for the refrigerators before ordering
them, this issue would not have arisen. Moreover, even if the issue can be solved, the two-
week delay may impede turning the building over to the project owner in a timely fashion,
which will delay the leasing of the apartments. In return, the project owner will delay release
of retention funds to the general contractor and may request compensation for the delay, if
this is allowed by the liquidated damages clause in the prime contract.

Submittals come in a variety of formats. As stated, shop drawings and other design submittals are a
major group of submittals. Early on in the construction phase or late in the pre-construction phase,
construction mock-ups are also common for specific areas of work to allow the design team to estab-
lish expected quality levels. Mock-ups are often regarded by contractors to be expensive submittals,
because that work is performed out of sequence. There are a variety of product data sheets, including
safety data sheets (SDSs), that will be provided to the general contractor by all construction firms
delivering materials to the job. Product data includes color charts for finished materials and physical
samples of materials, which can be bricks, tiles, carpet, and millwork. A sample laminate material
already approved by the architect is shown in Figure 11.1.

Although adequate for cost estimating by contractors and for construction of some basic scope
items, contract drawings prepared by the design team typically do not show sufficient detail to
be suitable for fabrication and production of many required construction materials. In addition
to submittals being one of the first steps in the quality control process, they are also one of the
final steps in the design process, as discussed in the last chapter. The manufacture or fabrication
of construction materials often requires that the contract drawings be amplified by detailed shop
drawings that supplement, enlarge, or clarify the project design. These descriptive drawings are
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Figure 11.1 Submittal of a Physical Sample of Material

prepared by the manufacturers or fabricators and are provided to the purchasing organization,
either the GC or a subcontractor. Shop drawings and other submittals are reviewed by the GC’s
project engineer to ensure conformance with the contract drawings and specifications before being
forwarded to the designer. Submittal cover sheets are used to transmit these materials to the designer.
The format for the cover sheet may be prescribed in the special conditions of the contract.

Process

Managing submittals is an important duty of a general contractor during the construction con-
trol and execution phase. To this end, a general contractor is required to identify a process to
promote consistency among all the individuals working in the project team. One of the first
steps for the GC’s project team, including project engineers, is to skim and scan the contract
specifications for submittal requirements. Ideally, this is done before awarding subcontracts and
purchase orders so that the submittal expectations of the GC by the design team are passed along
to the second-tier vendors. Submittal planning involves the development of a submittal schedule,
which is given to the project owner and his or her consultants for review, and an expediting or
submittal log to manage the submittal process with subcontractors and suppliers. Essentially,
the GC will “submit” the “submittal schedule” for approval. This is to ensure that all items the
owner and designer expect to be submitted will be accounted for. A flowchart of the submittal
planning process is shown in Figure 11.2. In addition to identifying items that require submittal,
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the GC should also review the submittal schedule with the project superintendent to verify that
the timing of the submittal process will support oft-site fabrication, material delivery, and the
construction schedule.

Upon receipt, each submittal should be thoroughly reviewed by the GC to confirm compli-
ance with the contract specifications and drawings, because vendors may attempt to substitute
a less-expensive, non-specified product. This review should minimize the chances of the GC’s
project manager and project engineers later being in the position of explaining, for example, why
the millwork supplier submitted oak trim molding when a more expensive vertical grain Douglas
fir trim molding was clearly required by the contractual documents. In addition to reviewing the
trim molding sample, the shop drawings should also be reviewed for dimensions that fit the current
installation.

Each submittal is assigned a number and entered into the submittal log. This log is updated and
discussed at the weekly owner—contractor coordination meeting, as well as at subcontractor coord-
ination meetings. To maintain focus on what is pending approval, so as to expedite its resolution,
discussion should be limited to submittal materials and documents that the project owner and his
or her consultants have received. Some GCs will assign a submittal number for every item prior
to processing any submittals. These numbers can be tied to the specification section numbers. For
example, structural steel shop drawings may be simply “submittal number 8” for the entire project
or they may be number “05-30-00-3" for the third submittal in steel specification section 05-30-00.
Whichever method is chosen, each submittal should be uniquely numbered to allow efficient
logging, filing, and future retrieval.

The special conditions of the contract will determine if the GC is to forward submittals for pro-
cessing and approval to the architect, engineer, project owner, city, or directly to sub-consultant
designers. The submittals may be reviewed by several people, either concurrently or sequentially.
The GC’s project manager or project engineer should set up the submittal log to be able to docu-
ment the entire review process and all the stakeholders. After receipt of the processed submittal
from the approving party, the general contractor needs to review the decision and log it accord-
ingly. If changes have been made to materials by the owner or the designer on the submittal,
the GC’s project team, likely the project engineer (PE) and superintendent, should make a note
for potential change orders. Depending on the project type and the project team, the range of
decisions may vary. For instance, many owners and designers return submittals with one of the
following four options checked on the designer’s submittal stamp:

*  Approved,

*  Approved as noted,

e Revise and resubmit, and/or
*  Rejected.

However, jurisdictional and/or legal implications may lead to different wording, such as the replace-
ment of “approved” with “reviewed” to limit potential legal implications on design responsibilities.
Also, the specifications may suggest different ranges of options depending on the given deliverable.
For instance, the Washington State Department of Transportation (WSDOT) categorizes one of
the design submittals, working drawings, into five categories depending on content:

e Type 1: These drawings must be submitted to the project owner at least seven calendar days
before the work represented by the submittal begins for its information.
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*  Type 2 and 2E: These drawings must be submitted to the project owner at least 20 calendar
days before the work represented by the submittal begins for its review and comment.

*  Type 3 and 3E: These drawings must be submitted to the project owner at least 30 calendar
days before the work represented by the submittal begins for its review and approval.

[Adapted from the WSDOT Standard Specifications for Road,

Bridge, and Municipal Construction (WSDOT 2017; pp. 1-30)]

This is an example of how project owners may tie timing to expected decisions on submittals.
Therefore, submittals that do not need review, comments, or approval only need to be sub-
mitted seven days before starting work to allow for timely inspections. On the other hand,
submittals that need review and approval need an early submittal. Conditions for deciding what
submittals will require early processing will be discussed in the next section.

When a review and/or approval is expected, the general contractor will monitor and record its
receipt on the log. The submittal will then be returned to the originating subcontractor or supplier,
which will then release the materials for order if it was approved. Other contractors and suppliers
may need to review processed third-party submittals. For example, the electrical contractor will
need to see the mechanical equipment shop drawings to verify that power is provided in the right
voltage and in the right locations. It is the originating supplier or subcontractor’s responsibility to
also check for changes of scope made by the design team on the submittal disposition and promptly
notify the GC.

Early submittals

The special conditions of the specifications may require the general contractor to prepare a schedule
of submittals early in the mobilization or start-up phase of the project. Even if not required, this is a
good tool for the GC to manage vendors. This may be in addition to the submittal log preparation
discussed above. The reason the design team may request a schedule is to be able to schedule its
in-house review efforts. The team does not want to get hit with 90% of the contractors’ submittals
all during the third week of the project. Submittals need to be turned in and approved before
materials are installed on the project. Submittals for products needed for early phases of construc-
tion should be submitted as a part of project start-up. This is to provide time for the designers to
approve them and for the materials to be delivered to the project site without delaying scheduled
activities. If materials are released for order and/or delivered to the site before submittal approval,
the supplier has taken the risk of rejection and removal of materials, which will have an adverse
schedule impact. Submittals should be prioritized so that those materials needed on the jobsite
early and those that have longer lead times are submitted early.

Example of Early Submittals

*  Reinforcement steel (rebar) shop drawings,

*  Concrete design mixes,

e Embedded steel (such as anchor bolts),

*  Select backfill samples,

e Structural steel shop drawings,

*  Elevator shop drawings, and

*  Long-lead mechanical and electrical equipment.
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Similarly to quality control, submittal timing is also critical to the success of the overall construc-
tion schedule. Late or rejected submittals delay material fabrication and deliveries, which also
affects cost.

Superintendent’s daily job diary

As introduced earlier, all the construction documents discussed in this and other chapters are
important to a project’s success, and this is particularly true of the superintendent’s daily diary.
Some construction professionals also refer to the diary as a daily journal, log, or report. The job
diary is one of the most important construction management tools and jobsite records. It is viewed
as contemporaneous documentation of each day’s events. Additional uses include:

*  Record of daily job activities,

*  Change order backup,

e Back charge and claim defense and preparation, and
*  Schedule progress.

An example entry in the superintendent’s daily job diary for the 1-90 case study project is shown
in Figure 11.3. There are many different forms that are utilized in the industry, and most of
them have common features. Each construction firm should select a standard form to use on
all projects. Some of the important information that should be recorded in a superintendent’s
diary are:

*  Project name and job number,

e Name of superintendent authoring the diary,

*  Date and week day,

*  Weather conditions, including wind speed,

*  Manpower for all contractors, including the GC’s direct crafts,

* Active work areas and daily progress,

*  Hindrances or delays,

*  Deliveries, including construction equipment,

e Visitors, including the owner, architect, and inspectors, and

*  Accidents, although they will also be noted on an accident report.

Although completion of the diary may be delegated to the assistant superintendent, foreman,
or project engineer, the project superintendent should fill out the diary. Because of its historical
importance, the diary should be prepared by the superintendent, who is responsible for field activ-
ities. This individual will also retain a copy of the diary for his or her own record. The diary should
be completed at the end of each day. Postponing this task until the next morning, or doing five of
them at the end of the week, detracts from accuracy. Ideally, the diary should be handwritten in
permanent ink. This helps support authenticity and originality. Of course, many superintendents
are now preparing their diaries on their computers or tablets. To some extent, this negates the
originality of this important historical record, so it is best if electronic diaries are printed out and
hand-signed in permanent ink.

Subcontractors are usually required to complete daily diaries and provide copies to the GC.
These diary entries provide the general contractor with direct evidence of subcontractor man-
power and their view of daily progress. If there is a problem or restraint noted on a subcontractor’s
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GATEWAY CONSTRUCTION COMPANY
2201 First Avenue, Spokane, Washington 99205
(509) 642-2322

Daily Job Diary

Project: Interstate 90 Highway Overpass Job Number: 1732
Superintendent: Randy Buckwater, Date: October 14, 2018,  Day: Monday
Today’s Weather: Sunmny, 56 degrees, Slight NW Wind at 7 MPH

Activites Completed:
Shoring for upper deck is ongoing, should be complete by 11/1. Electrical subcontractor is installing underground
electrical ductbank at the SE off-ramp. Flagging traffic each day.

Problems Encountered:

There was a passenger car accident, unrelated to our project about 10:00 am this morning. No one was injured, but
the ambulance and police showed up. Traffic backed up considerably and impacted our truck and equipment access to the
site. The State Patrol interviewed me and Cathy our flagger. I asked the Trooper to send a report to our home office in

Spokare.

Materials and Equipment Received Today:
Formwork, Rebar, Light Tower; backhoe for electrician

Rental Equipment Returned:
Walk-behind jumping jack

On-Site Labor/Crafts/Subcontractors/Hours Worked:

Carpenters: 6 craftsmen at 8 hours

Laborers: 2 men_at 10 hours

[ronworkers: 2 ironworkers at 8 hours

CM Finishers:

Masons:

Electricians: 4 sparkies (2 men and 2 women) at 6 hours each
Drywallers:

Plumbers:

HVAC Tinners:

Painters:

Other: Forklift OE at 8 hours, Flagger @ 10 hours

Figure 11.3 Sample Entry on the Superintendent’s Job Diary for the I-90 Case Study Project

diary, the general contractor’s project team should deal with it immediately. Some project owners
may require copies of the general contractor’s daily diaries, as well as the subcontractors’ diaries.
Similarly to the preparation of three-week schedules, the requirement for subcontractors to pro-
vide diaries should be included in their subcontract agreements.

Meeting notes

Construction meetings and meeting notes are also extremely valuable processes and tools on
any project. Construction meetings provide an avenue for direct and timely communication and
information exchange. Creating the action and obtaining the decisions necessary to maintain the
scheduled flow of work enhances that communication. The meeting itself is a tool that should be
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used to assist in construction of a project. There are many different meeting types; some of the
more common include:

*  Pre-bid meetings, conducted by the lead designer;
e  Pre-construction meetings:
*  between the project owner, designer, and contractor,
*  between the GC and any required authority having jurisdiction (AHJ), and
*  between the GC and subcontractors, chaired by the GC’s project manager (PM);
»  Safety meetings led by the GC’s superintendent or safety inspector;
»  Foremen meetings led by the GC’s superintendent;
*  Subcontractor coordination meetings led by the GC’s PM;
*  Weekly owner—architect/engineer—contractor (OAC/OEC) meetings led by the GC’s
PM; and
*  Weekly change order, RFI, and submittal coordination meetings.

We will utilize the weekly OAC/OEC meeting as the basis for this discussion on meeting notes;
the processes and products are similar for most meetings. This meeting should follow a written
agenda. Use of the previous meeting’s notes provides an easy and natural path to follow. There are
many additional uses for meeting notes, including;:

»  List of meeting attendees,

*  Record of meeting discussions and decisions,

*  Record of pending items from previous meetings that were discussed,
e List of action items and due dates,

»  Transmission of any handouts distributed during the meeting, and

* Announcement of next meeting.

Customarily, the GC’s project manager will chair the weekly OAC/OEC coordination meeting
and is responsible for publishing meeting notes. A meeting may be too large for the project man-
ager to both chair and record meeting notes. In such instances, a project engineer may assist
with taking the notes. Notes should be prepared and distributed the same day that the meeting is
conducted, which serves as timely notification for decisions and open action items.

Similarly to the daily diary, meeting notes provide a formal historical record and are relied upon
heavily in case of a dispute. Meeting notes often serve as supportive data for letters, change orders,
and RFIs. They should be filed and stored along with the project files. Meeting note formats may
occasionally vary according to specific projects, topics, and attendees. Individual project meeting
notes used within a construction firm should follow the same format throughout the firm and
often require the following items/processes:

*  Heading: Project name, date/time/location of meeting, and identification of the note taker;

» Attendance list and the firm each attendee represents;

*  Each new business note item should be numbered with that meeting number as its prefix. Open
or unresolved items should be carried forward as old business. The meeting number prefix also
indicates the age of open issues. Some firms use the meeting date as the item number;

e Decisions and action items;

*  Dates actions are due and individuals responsible for each action;

* Any handouts and logs should be referenced and, if at all possible, attached, regardless of
source. This way the project manager can avoid an individual indicating that he or she did not
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receive a copy of an item distributed during the meeting. This includes the RFI log, submittal
log, ASI or sketch log, and change order proposal (COP) log; and

*  The notes should be distributed to all attendees, those absent, and any others who are affected
by the notes.

Record documents

There is not just one set of drawings and specifications on any typical project. There likely are
many sets, and some of them need to be retained as record drawings. There are several different
types of record drawings that the GC will utilize and retain, including:

e The set of drawings estimated and bid from;

e The documents referenced in the original contract;

e The permit set of drawings, as stamped by the municipality—this set is required to be available
in the contractor’s office for review by the inspector;

*  Approved submittal drawings;

e The current set of contract drawings, as incorporated into the contract through change
orders; and

e As-built drawings.

As the project progresses, new drawings are customarily issued and should be incorporated into the
prime contract through change orders. A drawing log should be kept; it should list each drawing,
every revision number, and the dates they were issued. This log may be maintained by the design
team, the construction team, or both. It should be periodically distributed to make sure that all
contracting team members have the current set of drawings and that these drawings have also been
incorporated into all subcontracts and purchase orders. The requirements for posting and storing
different types of record drawings are usually defined in the front-end of the specifications (CSI
Divisions 00 and 01) or in the special conditions to the contract.

As-built drawings are the final set of record drawings and will also be discussed in Chapter 14.
As-built drawings are developed by marking up final locations of installed materials on the con-
struction drawings. These important drawings will be used by the owner as a reference for how
the project was actually constructed and are valuable for maintenance and future revisions. The
superintendent is responsible for maintaining the as-built drawings to ensure that they reflect any
changes made during the construction of the project, but this is usually done with help from a PE.
The as-built drawings are often “red-lined” on the current contract set. Approved RFIs and any
sketches or ASIs will be taped to the back of the preceding drawing as well. If all documents are
in electronic format, a project engineer may lead the preparation of the as-built drawings, but they
should have input and support from the superintendent and foremen who installed the materials.

Use of technology

Document control is probably the task that has been the most affected by technology changes.
Whereas paper documents are often required or recommended for legal reasons, most contractors
handle project documents electronically. Documents are either stored on project or corporate
databases that act as repositories or on the cloud services provided by many technology vendors.
Updating of contractual documents also heavily relies on technology. As an example of how pro-
ject engineers rely on technology for some of their tasks, the next section discusses the process of
electronically recording R FIs on contractual documents.
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Electronic posting of RFIs to drawings

Once RFIs have been returned to the GC, this information should be annotated on the drawings
so that anyone using them would know about the newly available information. Performing this
task electronically provides the advantage of having a single, electronic, set of drawings for anyone
to access. However, this also means that all printed sets of drawings will need to be replaced peri-
odically. As shown in Figure 11.4, the RFI process includes five steps. As discussed in Chapter 10,
the initial two steps are designed to originate the RFI, which is the duty of the construction team.
The third step is designed for the owner and their consultants to respond to the RFI. The last two
steps are designed to close the RFI once a response is returned and are the duty of the construction
team. The RFI closure process instructs how to post RFIs on contractual documents and when the
RFI can be considered closed on the RFI log, as shown in Figure 11.4. This process starts once the
project engineer has obtained a response to his or her RFI from the project owner or once their
consultants have reviewed the response and found it satisfactory. If the response is not satisfactory,
the project engineer needs to evaluate if he or she needs to reformulate the question through a
revised RFI or simply resubmit the same RFI to obtain a complete response.

If the response is satisfactory, it is necessary to amend the current set of drawings by incorp-
orating the new information into it for all to use. This is achieved by posting the RFI on the
documents. A similar process can be used to post other changes or information, including ASIs.
Depending on the level of technology implementation by the construction firm, this task may
result in a new set of drawings fully or semi-integrated with the new information. Semi-integra-
tion can be achieved by highlighting the portion of the drawings that is affected by the new infor-
mation and then adding a stamp with the RFI tracking number that points toward the clouded
areas. This is shown in Figure 11.5. By reviewing the updated set of drawings, any member of the
construction team who is planning work in the clouded area will know that he or she also needs
to review the RFI and the response before moving forward with construction activities. The RFI
and its response will be stored either in a file cabinet or in an electronic database.

Some contractors prefer full integration, which is achieved by creating a file that incorporates
both the RFI and its response and then hyperlinking it to the RFI stamp that is placed in a pro-
ject server or on the cloud services provided by many technology vendors. Now, by reviewing
the updated set of drawings, any member of the construction team that is planning work in the
clouded area can click on any RFI stamp and automatically access the RFI and its response. A fully
integrated set of drawings allows a reduction in the steps necessary to access information. However,
successful implementation also relies on a robust jobsite network that allows all members of the
construction team to access information and allows RFI documents to be accessible as needed.

No: Need to reformulate question
( Mo: Incomplete response
RFI Origination v RFI Closure Process

Review e \ \ \\ \ \
Contractual mormatien |~ Prepare \ RFI \ Satisfacto \ Posted to \
o gapis ) P Send RFI} Yes ) a v Yes | Post RFI ostedt® 3 | Close RFI
ocuments identified [ RFI Response / esponse / Drawings
or Submittals / / /
Contractor Owner/Designer Contractor

Figure 11.4 RFI Management Process
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Project engineering applications

Similarly to what we discussed in chapter 10, management of the submittal process is one of
the major areas of involvement for project engineers. The early development of a submittal log,
submittal schedule, and incorporation of submittal requirements into each subcontract and pur-
chase order will improve the chances of quality and schedule success for all construction team
members. After award, the PE will expedite receipt of submittals, review them to verify that they
conform to contract expectations, and forward them on to the design team.

Although authoring of the daily diary should be the responsibility of the superintendent,
the project engineer can assist with that process by collecting subcontractor diaries, validating
manpower and equipment on site, recording schedule accomplishments, and distributing the
completed diary to appropriate parties. Similarly, publication of the weekly OAC/OEC coord-
ination meeting notes is the responsibility of the project manager, but assisting with notetaking
during the meeting, documenting attendance, preparing logs to be distributed, attaching those
logs to the meeting notes, and distributing meeting notes are all activities for which the PE will
support the PM.

There are a variety of record documents on any construction project. One typical role for the PE
is to post RFIs, ASIs and sketches, and other design-changing information on to the current record

08/10/2015  BY: GCM | ——

q
SECTION 0 4
RFI# 0029 B :
Subject: Permanent Power Duct Bank
Eniry Details for Cutting Lagging
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Figure 11.5 Sample RFI Posted on Drawings
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document set in the contractor’s office. This task is predominantly performed with computer aid,
as shown in the previous section.

Summary

There are many different types of construction management documents, in addition to the contract
documents that were discussed in Chapter 5 as well as this chapter. The creation, maintenance, and
control of construction documentation is the primary focus of project managers, superintendents, and
project engineers. Foremen and construction craftsmen build the project with their hands, supported
by tools and construction equipment. Project managers, superintendents, and project engineers utilize
construction documentation for their daily management tools. Chapters 10 and 11 have discussed a
few of the construction documents; many others are referenced throughout this textbook.

Submittals are a continuation of the design process by the construction team, at least through the
early to middle phases of the construction control and execution phase. Submittals provide add-
itional detail to the contract drawings and specifications, which provide the designer and owner
with assurance that the GC, subcontractors, and suppliers will all be providing and installing the
correct materials. Submittals take on a variety of formats, including shop drawings, mock-ups, cut
sheets, and physical samples. In addition to validating the design intent, submittals are an early
form of quality control and schedule assurance. Project engineers play a major role in RFI and
submittal coordination and the corresponding log maintenance.

The superintendent’s daily diary is one of the most important and authentic documents on a
construction project. It is prepared at the completion of each day by the GC’s project superin-
tendent, as well as by all subcontractors’ superintendents. It is a contemporaneous record of jobsite
progress. Similarly, meeting notes, especially those from the weekly owner—contractor coordin-
ation meeting, are an important construction management record authored by the GC’s project
manager, often with help from one of the project engineers. In the case of a legal dispute, the diary
and the meeting notes are among the first and most important documents collected by attorneys.
They must both be kept accurate and objective.

There are several different types of record documents, from those the contractor originally
prepared in its bid, to the drawings the City issued the permit against, to those drawings referenced
in the prime agreement. The most current set of drawings and specifications that the construction
team is building are record drawings; these require ongoing markups incorporating actual field
conditions and direction from the design team. The final set of drawings, reflecting the as-built
conditions, is prepared by the contractors and will be turned over to the project owner for long-
term maintenance and future building modifications. The project engineer will play an active role
in keeping the current record set of drawings up to date, as well as inputting to the final as-built
set of drawings.

Review questions

1. Why are submittals (e.g., shop drawings, product data, or product samples) required from
suppliers?

Who reviews vendor submittals in the GC’s office, and what is he or she looking for?

Who (which firm) is responsible for preparing submittals?

‘Who (which firm) is responsible for approving submittals?

‘What is the difference between a contract drawing and a shop drawing?

AN AN

List five items that should require preparation of a submittal on a wooden-frame multi-family
construction project, beyond those discussed in this chapter.
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7. Why would a submittal be considered part of the quality control process?

8. Why would a submittal be considered part of the design process?

9. When is the submittal log reviewed?

10. Who on the GC’s team often prepares or drafts meeting notes?

11. Who on the GC’s team is responsible for the accuracy of the weekly owner—designer coord-
ination meeting notes?

12. When should the meeting notes be distributed and why?

13. List at least five important types of information that are recorded on a daily job diary.

14. Who should originate a diary, and why?

15. Why would it be important for a drawing log to be up to date?

16. How are as-built drawings created?

Exercises

1. Prepare a submittal coversheet for the green roof for the Rose mixed-use apartment case study
project. Use the project schedule and other documents included on the companion website to
assist in identifying approximate dates and lead times.

2. Prepare a submittal coversheet for an item on the I-90 case study project that may not nor-
mally require a submittal. Select an item that may involve some uncertainty. Explain why you
selected the item.

3. Prepare a set of meeting notes for your classroom discussion as if it were a construction meeting.

4. Let’s hope this doesn’t happen on your projects, but how might a diary be misused or
misrepresented? What would be the ramifications of this?

5. Create a typical job diary for either or both of our case study projects for the following dates.
Use the project schedule on the website for reference. Make any reasonable assumptions:

(@ January 21, 2019 (zero degrees and an ice-storm in Montana, and/or rain for 45 days
straight in Oregon),
(b) August 21, 2018 (a clear day in Oregon, and/or 100 degrees in Montana).
Reference

WSDOT. (2017, August 7). WSDOT Standard Specifications for Road, Bridge, and Municipal Construction.
Retrieved September 27, 2017, from www.wsdot.wa.gov/Publications/Manuals/M41-10.htm
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Introduction

In previous chapters, we have discussed various project control activities, including safety con-
trol (Chapter 7), cost and schedule control (Chapter 8), quality control (Chapter 9), and docu-
ment control (Chapters 10 and 11). In this chapter, we will integrate all of those controls into
jobsite field work planning, including cost control activities beyond those introduced in Chapter 8.
Pre-construction planning and scheduling are project management or advanced project engin-
eering functions that are performed with the support of the superintendent. Here we will focus
on integrated cost engineering plans and operations accomplished by the project manager, project
engineer, and project superintendent. These plans are both fixed and fluid. Contractors have fixed
estimates, schedules, and installation teams, but all elements often require adjustment and modifi-
cation as the project progresses.

In this chapter, we elaborate on the integration of project control activities with planning for
field work. Earned value analysis is one method that combines cost and schedule and compares
plans to actual performance. Each project must report on all these control operations to upper
management, their home office, and sometimes the project owner. Some of those reporting tools
include the monthly cost and schedule forecasts, end-of-project as-built estimates, and as-built
schedules. Although a lot of the home-office reporting is spearheaded by the project manager, pro-
ject engineers play a vital information gathering and support role.

Integration of cost, time, quality, and safety goals into construction work

In previous chapters, we have discussed the four important dimensions of construction project
success, which must be integrated cohesively on a construction project and act as the pillars to
success. Project controls are designed in line with these pillars:

Project Success = f (Cost, Time, Quality, Safety)

This equation was depicted in Figure 2.1. A thorough work plan will address each of these elem-
ents individually and then integrate them holistically. Each element has its own goals that the
project team must endeavor to achieve, but a truly successful construction project will require all
of the elements to successtully work together. To this end, control processes are shaped to support
the pillars; if one control process fails, that particular work package or even the entire project
might fail.

Cost control starts with a detailed and accurate estimate, which includes and separates
subcontractor-performed from general contractor (GC) performed work. The estimate should
be assembled and cost-coded by systems, such as doors, frames, and hardware. Time control is
managed through schedules. The contract schedule should also be arranged in systems and be
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detailed enough to allow subcontractor interfaces and the assembly of three-week look-ahead
schedules. This approach to formatting the estimate and schedule allows the project engineer and
superintendent to efficiently plan detailed construction operations.

Quality and safety control are major focuses of the project superintendent. Many construction
firms have corporate quality and safety control officers. Many larger projects, such as our two
case studies, have quality and safety control inspectors on the jobsite; sometimes, this is a contract
requirement. Smaller companies and smaller projects will rely on the superintendent to supervise
these areas along with his or her other responsibilities.

Timely and eflicient processing by the project engineer of requests for information (RFIs) and
submittals, along with accurate subcontracts and purchase orders is required before any construc-
tion can begin. If construction for a work package has begun, but some issue arises that could have
been solved earlier, it will likely disrupt construction execution. A workable plan requires integra-
tion of all these control functions. For instance, if construction for structural steel has begun, but a
dispute with the supplier on a purchase order for the crane rental, a delayed RFI response on weld
thickness, or the lack of a jobsite safety plan submission by the erection subcontractor occurs, the
project will probably suffer cost and schedule impacts.

In addition to integrating all of the control functions, the superintendent must also assemble
several individuals and construction companies into an efficient jobsite team. On large projects,
it is common to see hundreds, if not thousands, of craftsmen and up to 100 subcontracting firms
and suppliers. This adds to the complexity of the project, because it is not uncommon that 80% of
these firms have not worked together on a prior project and they may have different goals in mind
for their firms than the general contractor’s (GC’s) goals. Still, subcontractors are vital members
of the project team, and the superintendent must find a way for both them and the GC to be
successful in order for the project to succeed. A construction organization chart should be thought
of as a complicated spider’s web. If any of the main cords of the web are torn, the web will fail.
We introduced different individual project roles in Chapter 3. Figure 12.1 shows a sample pro-
ject organization chart that emphasizes the field side of the project. These firms and individuals
must all be successtully coordinated by the GC’s project team, especially the general contractor’s
superintendent.

Some general contractors feel that they have more control of cost, schedule, quality, and safety
with their own crews, rather than subcontractor crews. This is especially true on heavy-civil
projects, where ownership of the right equipment fleet is sometimes a prerequisite to get the con-
tract. However, the GC will have more flexibility with crew choice on private projects, when
procurement includes some negotiation. This is not usually possible on most public projects,
when the contract and, usually, the subcontracts are awarded to the lowest bidder. As will be
discussed in Chapter 19, several factors go into the selection of subcontractors and suppliers
on projects when contracts are negotiated, similarly to the situation of the GC—owner rela-
tionship, whereas under a low-bid procurement, subcontracts are awarded almost exclusively
to the low-bidding subcontractor. There are advantages and disadvantages of self-performed
versus subcontracted work and most experienced construction professionals can effectively argue
either side.

Earned value management

Earned value management (EVM) analysis is a technique used by some contractors to determine the
estimated value of the work completed to date, also known as earned value (EV), and compare it
with the actual cost of the work completed. EVM can be applied to analyze the project as a whole
or each activity individually.
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Figure 12.1 Project Organizational Chart

Building Envelope

The most effective use of earned value to a general contractor’s jobsite project team is to track
direct labor, which represents the construction contractor’s greatest project risk. Both man-hours
and labor costs can be used to perform an EVM analysis. However, man-hours, not labor cost, is
best for monitoring direct labor, because counting hours from timecards is easier and does not have
to take into account different hourly rates for a wide mix of apprentices, journeymen, and foremen.

EVM is an additional tool to evaluate how the project is doing against the initial plan. For
instance, the work-package curve developed in Chapter 8 and shown in Figure 8.2 reflected the
man-hours planned by the foreman and the actual man-hours used for the I-90 case study pile-cap
installation. Whereas this curve provided useful information at completion, it did not answer some
of the crucial questions. During the first week when the actual man-hour curve was below the
estimated curve, did this necessarily indicate that the foreman was under budget? Could he or she
have been behind schedule? The project team could actually be ahead or behind schedule and over
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or under budget because the work package compared only estimated to actual hours and did not
consider the amount of work accomplished.

Therefore, by adding a third, or earned value curve, EVM combines forecasted effort with
actual effort in man-hours and schedule performance. This allows the project team to analyze the
cost and schedule performance as a whole. The EV curve plots the quantity of work performed
against the hours that were originally estimated for installing that quantity. Therefore, at any
given time, the value necessary to plot the EV curve for an activity is equal to the estimated
productivity in man-hours per unit multiplied by the number of units in place at the time of
reporting. If the cumulative percent completed is known, this curve is determined by plotting the
total number of man-hours estimated for the work package multiplied by the cumulative percent
completed.

Figures 12.2 and 12.3 include the earned value analyses for the door, frame, and hardware
(DFH) installation in the 1st and 2nd floors of the Rose Collective mixed-use apartment case study
project. If the field engineers have used field measurements and estimated productivity rates to find
that 32% of the work has been installed by the end of day four, then 32% of the estimated hours
have been “earned.” In other words, 112 of the total 352 hours estimated have been earned, so 112
is plotted on day four. This method of monitoring will provide more accurate feedback to the pro-
ject team for appropriate cost and schedule reporting and correction if required.

Two different metrics of measurement are now available by using all three curves in concert: schedule
and cost variances. By analyzing the values of these variances, EVM allows the project team to answer
the following questions:

* Are we right on schedule, ahead of schedule, or behind schedule, and by how many days?
e Are we right on budget, over budget, or under budget, and by how many hours?

Schedule status

The schedule status is evaluated by using the schedule variance in man-hours (MH). This variance
is determined by subtracting the estimated effort in MHs from the effort necessary to achieve the
earned value.

Schedule Variance (MH) = Earned Value (MH) — Estimated/Scheduled (MH)

Note: As we mentioned before, in an effort to use gender-neutral language to reflect an increas-
ingly diverse workforce, some companies are replacing the term man-hours with person-hours
(PH). This terminology is less common and not widespread, so we decided to follow the trad-
itional terminology in the rest of this book.

If this variance returns a negative value, it means the project or activity is behind schedule. If it
returns a positive value, it means the project or activity is ahead of schedule.

For instance, DFH installation on the 1st floor of the mixed-use development (MXD) project
is returning a negative schedule variance in MHs on day six, which means the activity is behind
schedule. To determine how many days behind schedule, we will need to compute the schedule
variance in time units, which is calculated by measuring the horizontal distance between the
earned value and estimated curves, as shown in Figure 12.2. This graphical analysis is suggesting
that this activity is roughly one day behind schedule.

Conversely, DFH installation on the 2nd floor of the MXD project is returning a positive
schedule variance in MHs on day six, which means the activity is ahead of schedule. To determine
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Man-Hours

Reliable Construction

Rose Collective MXD, Job 414

Work Days:| 1 2 3 4 5 6 7 8 9 10 11 12 Totals

Estimated Hours (Daily), 32 32 32 32 32 32 32 32 32 32 32

Estimated Hours (Cumulative) 32 64 96 128 160 192 224 256 288 320 352 352

Actual Hours (Daily), 24 24 24 24 24 24
Actual Hours (Cumulative)| 24 48 72 96 120 144

Earned Hours (Daily) 28 28 28 28 28 28
Earned Hours (Cumulative)| 28 56 84 112 140 168

Schedule Variance| -4 8 2 <16 -0 | -24
Cost Variance 4 8 12 16 20 24

Earned Value Curve: 1st Floor D/F/HW
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300
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250
Schedule Variance (werk days) |
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175 192 hours Schedule Variance (MH) =
= Earned (MH) - Estimated/Scheduled (MH)
150
125
100 Cost Variance (MH) =
Earned (MH) - Actual (MH)
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50
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0
1 2 3 - 5 6 7 8 9 10 11
Work Day
——Estimated/Scheduled === Actual -+ Earned

Figure 12.2 MXD Case Study: Earned Value Analysis for DFH Activities on 1st Floor

how many days the work is ahead of schedule, we will again need to compute the schedule vari-
ance in time units, which is computed by measuring the horizontal distance between the earned
value and estimated curves, as shown in Figure 12.3. This graphical analysis is suggesting that this

activity is roughly one day ahead of schedule.

Cost status

The cost status is evaluated by using the cost variance. This variance is determined by subtracting

the actual effort in man-hours from the effort necessary to achieve the earned value.

Cost Variance = Earned Value — Actual Cost
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Reliable Construction

Rose Callective MXD, Job 414

Work Days: 1 2 3 4 5 6 7 8 9 10 11 12 Totals
Estimated Hours (Daily)| 32 32 32 32 32 32 32 32 32 32 32
Estimated Hours (Cumulative)| 32 64 96 128 160 192 224 256 288 320 352 3152
Actual Hours (Daily)| 40 40 40 40 40 40

Actual Hours (Cumulative)| 40 80 120 160 200 240

Earned Hours (Daily)| 36 36 36 36 36 36

Earned Hours (Cumulative)| 36 72 108 144 180 216
Schedule Variance| 4 8 12 16 20 24
Cost Variance| -4 £ -12 -16 -20 -24

Earned Value Curve: 2nd Floor D/F/HW

. Cost Variance (MH) =
275 = Earned (MH) - Actual (MH)

192 hours

Schedule Variance (work days)

Man-hours

Schedule Variance (MH) =
= Eamed (MH) - Estimated/Scheduled (MH)

1 2 3 4 5 6 7 8 9 10 11
Work Day

——Estimated/Scheduled === Actual -+ Earned

Figure 12.3 MXD Case Study: Earned Value Analysis for DFH Activities on 2nd Floor

If this variance returns a negative value, it means the project or activity is costing more than
estimated. If it returns a positive value, it means the project or activity is costing less than
estimated.

For instance, DFH installation on the 1st floor of the apartment project is returning a positive
cost variance on day six, which means the activity is costing less, because it has taken 24 fewer
man-hours than expected to achieve the earned value, as shown in Figure 12.2. Conversely,
DFH installation on the 2nd floor of the apartment project is returning a negative cost variance
on day six, which means the work activity is costing more, because it has taken 24 more man-
hours than expected to achieve the earned value, as shown in Figure 12.3.
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Home-office reporting

The degree of autonomy any jobsite project team has from the home office varies depending upon
the culture of the construction company, the complexity of the project, contract terms, and the
individual team members involved. Nevertheless, there will always be input and guidance from the
home office to the jobsite and reporting accountability from the jobsite back to the home office.
Many construction firms require the project manager (PM) to prepare a monthly report to man-
agement. This report summarizes results against the four dimensions of project success, as well as
other critical project issues, such as subcontractor performance and project owner and/or designer
progress on their own duties, including processing of R FIs and change orders. The superintendent
will contribute significantly to the quality and safety portions of that report with assistance from
the project engineers. Three methods of home-office reporting include monthly cost and fee
forecasts, end-of-project as-built estimates, and as-built schedules.

Forecasting

The project manager is responsible for developing a monthly cost forecast for the project that will be
shared with the officer-in-charge and the executive management. In preparing this report, the pro-
ject manager often relies on the assistance of the project engineer, field foremen, and superintendents.
The contractor’s bonding and banking partners may also have an interest in the monthly forecast.
The project owner may be sent a copy of the monthly forecast in the case of a cost plus contract that
relies on open-book accounting. This forecast includes line items for all areas of the estimate, cost
to date, and estimated cost to complete. Each of the major areas of work receives a separate forecast
page, and each of those is broken down for all categories of work. The major categories of the esti-
mate include:

e Direct labor,

e Direct material,

*  Subcontractors and major material suppliers,

*  Jobsite administration or general conditions, and

*  Percentage markups, including fee, excise tax, contingency, and insurance.

Table 12.1 illustrates only the summary forecast page for the Rose Collective case study pro-
ject. The complete forecast is often as long as the original detailed estimate, possibly 20 pages
and hundreds of line items. It is a best practice to include a narrative with the monthly forecast
explaining the significant differences from the previous month’s forecast, as well as a work plan for
continuing or improving performance throughout the remainder of the project. The management
team cannot afford to wait until the project is complete to measure and report the overall project
cost. It is not only too late to take corrective action, but it is also too late to accurately determine
why the team deviated from the plan.

There can be several other management reports, either generated by the project manager or the
accounting department, according to the construction firm’s practices and the requirements of any
specific owner or project. Popular reports include the weekly labor report, monthly job cost history
report, equipment log, and accounts payable report. All these reports are computer-generated and
are accurate to the degree that the information regarding actual costs was accurately input. These
reports can occur weekly or monthly, but either way, home-office-generated cost control reports
are likely to be too late for implementing any corrective action in the field. However, they are
needed in the home office to evaluate the company exposure and success across all of its projects.



Table 12.1 MXD Case Study: Monthly Forecast Summary

Reliable Construction Company

MONTHLY FORECAST SUMMARY PAGE

Project: Rose M XD Job No.: __414 PM: Jason Campbell Date: _1/1/2019
CSI Estimate Change Current Cost Cost Forecast Variable
Division Description Totals Orders Contract To-Date To-Go Cost +/-

1 General Conditions $1,573,437 $1,573,437 $629,375 $944,062 $1,573,437 $0
2 Sitework $1,744,453 $1,744,453 $1,525,000 $275,000 $1,800,000 —$55,547
3 Concrete $2,097,716 $22,250 $2,119,966 $1,650,250 $520,000 $2,170,250 —$50,284
4 Masonry $0 $0 $0 $0 $0 $0
5 Structural Steel $1,001,353 $1,001,353 $150,000 $875,555 $1,025,555 —$24,202
6 Wood $2,355,625 $75,003 $2,430,628 $201,003 $2,175,000 $2,376,003 $54,625
7 Thermal and Moisture $1,494,665 $1,494,665 $175,000 $1,319,665 $1,494,665 $0
8 Doors and Windows $1,194,164 $1,194,164 $222,300 $950,125 $1,172,425 $21,739
9 Finishes $1,782,986 $1,782,986 $0 $1,505,000 $1,505,000 $277,986
10 Specialties $115,183 $115,183 $0 $115,183 $115,183 $0
1 Equipment $462,830 $100,000 $562,830 $75,000 $487,830 $562,830 $0
12 Furnishings $31,305 $31,305 $0 $31,305 $31,305 $0
13 Special Construction $0 $0 $0 $0 $0 $0
14 Elevators $472,000 $472,000 $100,000 $372,000 $472,000 $0
15 Mechanical $1,686,879 $1,686,879 $375,000 $1,301,002 $1,676,002 $10,877
16 Electrical $1,264,850 $1,264,850 $85,000 $1,179,850 $1,264,850 $0
Total Cost: $17,277,446 $197,253 $17,474,699 $5,187,928 $12,051,577 $17,239,505 $235,194
Fee @ 5% $863,872 $9,863 $873,735 Saving

Other Markups $557,469 $7,890 $565,359

Total Contract: $18,698,787 $207,116 $18,905,903

Forecast Loss: $0

Forecast Savings: $235,194

GMP Savings Split: 80% Client, 20% GC = $47,039

Current Contract Fee: $873,735

Forecast Final Fee:

$920,774
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As-built estimates and schedules

When a project is close to completion, project managers and project engineers are often too busy
and excited about starting the next project to develop as-built estimates for a completed project.
Accurate as-built estimates, like as-built drawings and as-built schedules, are important histor-
ical reporting tools for a construction firm. Revision of the estimate with actual cost data assists
in developing better future estimates. This is particularly true if actual unit price data, which
require input of actual quantities as well as actual cost, are determined. These data can help with
developing the firm’s database and provide project managers and estimators with accurate cost
factors for future use. Updating of the schedule and estimate and submission of relevant inputs
to the home office, including as-built estimates and as-built schedules, will also be discussed in
Chapters 14 and 16.

Just as an as-built estimate is important for estimating future work, an as-built schedule is helpful
in scheduling future projects. Similarly to estimating, the greatest risk in scheduling is the deter-
mination of direct craft workforce productivity. The project manager or home-office scheduler
should develop a personal set of productivity factors based on actual prior experience and historical
data. These factors will help future jobsite project teams establish realistic activity durations when
scheduling their next projects.

Use of technology

Cost engineering tasks rely highly on technology. Database applications are used to support cost
engineering functions for a variety of different purposes. There are several software systems avail-
able that allow a contractor to maintain a customized database and prepare reports for multiple
uses. Moreover, data visualization tools are being used to automatically develop weekly reports
and monthly progress reports, as shown in Figures 12.4 and 12.5. Figure 12.5 shows the evolution
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=A 12 Average Weekly Install

Weeks in Progress
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12/10/2016 12/17/2016 12/24/2016 12/31/2016  1/7/2017  1/14/2017  1/21/2017  1/28/2017  2/4/2017  2/11/2017

Figure 12.4 Weekly Report using Microsoft Power BI
(Credits: Matt Glassman, PCL Construction)
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Figure 12.5 Transition from Written Monthly Progress Reports to Web-based Automatic
Reporting with Microsoft Power BI
(Credits: Matt Glassman, PCL Construction)

of reporting made by a major general contractor and how the use of databases and data visualiza-
tion tools, such as Microsoft Power BI, have allowed this company to reduce the effort required to
produce monthly reports.

Project engineering applications

Traditionally, college graduates in civil, architectural, or construction engineering or construction
management who decided to work for a construction firm were placed on a typical career path.
This led to advancement into a project management position after several years of experience as
a project engineer in the field and in the jobsite office. However, many contractors are finding
it useful to identify those employees who are more interested in field activities and to help them
mature into a career path that leads to them becoming construction superintendents. Whether
one’s goal 1s to become a project manager or a superintendent, previous experience in working in
the field as a carpenter, laborer, or ironworker can be preparatory for success in this career path.
Comprehension of the planning necessary to construct an assembly and what materials, tools, and
equipment are necessary is an extremely valuable asset. Project engineers, whether situated in the
office or in the field, will be more valuable to their firms and will progress faster in their careers if
they have this understanding and a background in construction assemblies. Project reporting is a
major duty for site managers, such as project managers and superintendents.

The jobsite project engineer will support the superintendent with work planning activities and
reporting in a variety of fashions, including:

e Making sure purchase orders and subcontracts are written in a timely and complete manner,
e Processing RFIs and submittals before construction of a system begins,
*  Expediting material deliveries so that materials are ready for foremen when needed,
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*  Assisting the project manager with transitioning from foreman work packages to earned value
studies and analysis,

*  Forecasting direct work quantities and man-hours to-go, and/or

*  Preparation of as-built estimates, which are not simply reporting actual costs but require the
input of actual installed quantities to determine as-built unit pricing. The same holds true for
as-built schedule development. It is a function of project engineering to collect final installa-
tion quantities and compare them with actual material costs and actual man-hours, to prepare
as-built estimates and as-built schedules.

The project engineer will also support the project manager with assembly of cost, schedule, quality,
and safety control data to be reported to the home office. This may be done in a formal monthly
report, potentially accompanied by a presentation and site visit from the contractor’s officers. More
advanced project engineering support includes assistance with change orders and pay requests, as
will be introduced in later chapters.

Summary

As well thought out as any pre-construction plan may be, it typically does not go into enough detail
for the jobsite management team, particularly the superintendent and project engineer, to manage
the construction work. Assembly of work activities into standalone work packages, also known as
assemblies or systems, is more efficient for both planning and reporting progress on construction
work than planning with the CSI categories. Many elements go into the assembly of a complete
work package, including material, tools, equipment, cost estimate, schedule, and subcontractor
interfaces. In the field, the project superintendent must integrate the original estimate and con-
tract schedule with the project-specific quality and safety control plans, along with documentation
backup. This is all accomplished with the assistance of the project engineer. A more advanced tech-
nique, utilized for cost and schedule control, is earned value management analysis. This compares
the scheduled and estimated value of work completed with the actual duration and cost incurred.

The project manager receives input on all of the project controls from his or her team members
and keeps the contractor’s home office informed. Often separate reports, be they weekly or twice
monthly, will be prepared for each of the controls. Sometimes a monthly status report is prepared
that covers these issues, as well as client and designer relations. The home office cannot wait until
the project is complete to find out if the bid fee has eroded, the schedule is delayed, someone was
hurt, or the client’s quality expectations were unfulfilled. An efficient control system allows for
correction and modification if timely communication and document tools are in place.

One of the most important cost reporting tools generated by the PM is the monthly cost forecast.
It is essentially a re-estimate of the entire project on an activity-by-activity basis, incorporating
costs incurred to-date, schedule status, and actual productivity rates and forecasting the costs and
time remaining to complete the project. As-built estimates are developed to create unit price data
that can be used on future estimates. As-built schedules are prepared to allow schedulers to develop
historical productivity factors for use on future projects.

Review questions

1. What is the difference between pre-construction planning and jobsite construction work
planning?

2. What are as-built estimates used for?

3. What are as-built schedules used for?
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‘What is an earned value analysis used for?

Of the four control pillars, which was most likely “originated” before the project started by
the project manager, project engineer, or superintendent?

Of the four control pillars, which will most likely be “controlled” or managed after construc-
tion begins by the project manager, project engineer, or superintendent?

How frequently should a project manager develop a cost and fee forecast?

What percentage of the work was scheduled to be complete by day four in Figure 12.3, and
how much had been accomplished?

Exercises

1.

Prepare a cost forecast for the work activities from Chapter 8, Exercise 9, based upon the
work packages already developed. Forecast the remaining hours needed and calculate the total
under- or overrun this system will achieve. Convert the hours to dollars by using the wage
rates from Chapter 17 or other local current rates. List out the possible reasons why the under-
or overruns could be occurring and what corrective actions should be taken. If all continues
on this same trend (proceeds at the same rate as it has been), calculate what the historical as-
built unit man-hours will be.

Prepare additional earned value curves by starting with the work package example presented
in Chapter 8, Figure 8.2. Draw a curve where the work is over budget and behind schedule,
and another where the team is on budget and ahead of schedule. Prepare a narrative explaining
why these situations might be occurring.

Referring to the earned value curves in Figures 12.2 and 12.3, if each of these work packages
proceeds on the same trend, when will they be complete and will the final hours be over or
under budget?

Of the four control pillars, which do you feel is the most important and/or least important to
these stakeholders? Note that there are not any exact answers here.

Project owner

Lead architect or engineer

General contractor

Major subcontractor

o a0 oP

Authority having jurisdiction



13 Sustainable built environment

Introduction

This book focuses on the built environment, so we will be discussing sustainability as it relates to
the design and construction industries and their projects. Although many of the sustainable aspects
of a facility or infrastructure project are a result of how design decisions affect operations, other
aspects relate to the manner in which the construction is performed. Achievement of sustainability
in the built environment means the planning and execution of a construction project in such a
manner as to produce a facility or infrastructure that fits in its social, economic, and natural envir-
onments, as shown in Figure 2.3F. At the same time, efforts to minimize, nullify, or better yet
reverse any adverse impact of the construction process on the natural environment, economy, and
society will contribute to sustainability.

As shown in Figure 13.1, sustainability is often represented by a three-legged stool, often known
as the triple bottom line, which is based on society, economy, and the natural environment. These
dimensions overlap and sometimes have mismatching objectives. For instance, most people in
the 1980s and 1990s would have said they wanted less pollution and healthier buildings, but if
business owners could not make a profit, they would not pay the extra cost to use sustainable
products in their buildings and operations. Once it was discovered that healthy buildings improve
workforce productivity, business owners became motivated to produce better buildings because
of the economic return generated by this productivity improvement. All parties involved in built
environment industries, including architects, engineers, building officials, owners, contractors,
and suppliers are now more inclined to work together to achieve an optimal triple bottom line for
their projects. However, it is crucial for a project owner to state their sustainability goals among the
project objectives and write contractual documents that clearly convey them. This allows designers
and contractors to develop the project along these guidelines.

However, evaluation of the sustainability of a project is a difficult task. Economic and environ-
mental attainments are usually quantifiable, but social attainments are difficult to directly link to a
built environment project and often cannot be quantified. Moreover, construction firms can only
minimally contribute to the broader economic and societal attainments. Examples of this involve-
ment include construction firms’ efforts to achieve economic soundness by staying on budget,
reduce societal impacts by creating a safe and healthy work environment, and limit impacts on
businesses and residents affected by the project construction. These attainments are discussed in
several chapters of this book outside the context of sustainability. On the other hand, environ-
mental attainments will be the major focus of the rest of this chapter.

The built environment is a major contributor to domestic greenhouse gas (GHG) emissions.
Whereas statistics specific to infrastructures are not available, the most recent statistics from the
U.S. Environmental Protection Agency (EPA) show that buildings contribute 13% of the domestic
GHG emissions. This statistic excludes the emissions from electricity use in buildings, which are
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Figure 13.1 Triple Bottom Line

compiled under a different category, Electricity and Heat Production. That category also includes
emissions from electricity use in industry and cumulatively contributes 29% of the domestic GHG
emissions (EPA 2017). Still, it is estimated that, in 2016, the commercial and residential sectors,
respectively, purchased 36.6% and 37.9% of the electricity (EIA 2017). Therefore, we can esti-
mate that the emissions from electricity use in buildings are around 21% of the domestic GHG
emissions, which brings the total emissions from buildings up to 33%. Even if this value excludes
infrastructures, it can be concluded that the built environment is a major contributor to domestic
GHG emissions.

Environmental attainment of a built environment project can be measured in terms of its actual
performance by evaluating the GHG emissions from development and operation of the facility or
infrastructure. However, this approach would not allow project parties to control the outcome and
would miss other impacts on the natural, social, and economic environments. Environmental sus-
tainability in the built environment can go beyond GHG emissions by considering other aspects,
such as:

*  Reducing energy consumption and reliance on fossil fuels,
*  Reducing the need for transportation of materials,

*  Reducing water use and protecting natural resources, and
*  Minimizing air pollution and protecting air quality.

Various systems have been developed to rate projects based on their expected attainment, so that
project parties can receive guidance in their decision making during the project phases. In the
remainder of this chapter, the concept of sustainability will be defined and contextualized within
the built environment. The role and responsibility of design and construction professionals will
then be discussed through examples. Subsequently, an overview of various systems for evaluating
the sustainability of materials, products, and projects is included. A discussion of how project
engineering tasks relate to sustainability concludes the chapter.
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Defining sustainability

Before we focus on built environment projects, it is paramount to introduce the concept of sustain-
ability at large. The following expression provides a good approach to introducing this concept:

We do not inherit the earth from our ancestors; we borrow it from our children.
(LEED 2009)

The term sustainability pertains to many facets of life and is not new to humanity, but its current
meaning is grounded in a 1987 report of the United Nations (UN) World Commission on
Environment and Development. At the time, the commission was chaired by G. H. Brundtland
and included, as U.S. representative, William D. Ruckelshaus, who had formerly worked under
the Nixon and Reagan administrations. This report, titled “Our Common Future,” but frequently
referred to as the Brundtland Report, introduced the concept of sustainable development, which
provided the foundation for what is now referred to as sustainability. Some excerpts from this report
are included and commented on in this section to provide a grounding for policies and practices on
sustainability in the built environment that will be discussed in the rest of this chapter.

The Brundtland Report introduces sustainable development as an objective for human develop-
ment in the 21st century:

Humanity has the ability to make development sustainable to ensure that it meets the needs of the present
without compromising the ability of future generations to meet their own needs.

(UN 1987, sect. 27)

Sustainable development is proposed to create a worldwide integrated approach to deal with envir-
onmental, economic, and social change in the world:

The concept of sustainable development provides a framework for the integration of environment policies
and development strategies ... The pursuit of sustainable development requires changes in the domestic and
international policies of every nation.

(UN 1987; sect. 48)

As defined, sustainable development does not mean stopping economic growth; instead, it means
seeking a new type of growth that would allow meeting the needs and aspirations of future
generations while addressing poverty and underdevelopment:

Sustainable development seeks to meet the needs and aspirations of the present without compromising the
ability to meet those of the future. Far from requiring the cessation of economic growth, it recognizes that the
problems of poverty and underdevelopment cannot be solved unless we have a new era of growth in which
developing countries play a large role and reap large benefits.

(UN 1987, sect. 49)

This means that a balanced approach between economic growth and its environmental impacts
should be pursued through policies that seek growth while protecting the natural environment. This
can be done by proactively focusing on sources of environmental problems, rather than symptoms:

Economic growth always brings risk of environmental damage, as it puts increased pressure on environ-
mental resources. But policy makers guided by the concept of sustainable development will necessarily
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work to assure that growing economies remain _firmly attached to their ecological roots and that these roots
are protected and nurtured so that they may support growth over the long term. Environmental protection
is thus inherent in the concept of sustainable development, as is a _focus on the sources of environmental
problems rather than the symptoms.

(UN 1987, sect. 50)

World diversity is recognized by the report by giving each country the freedom to pursue sustain-
ability through its own policies while accepting that sustainable development should be a globally
shared objective; still, the report recognizes that development is aimed toward globalization, and
therefore, international relations will be crucial to achieve sustainable development:

No single blueprint of sustainability will be found, as economic and social systems and ecological conditions

differ widely among countries. Each nation will have to work out its own concrete policy implications. Yet
irrespective of these differences, sustainable development should be seen as a global objective. ... No country
can develop in isolation from others. Hence the pursuit of sustainable development requires a new orienta-
tion in international relations.

(UN 1987; sect. 51-52)

Sustainable built environment

‘What makes a building or infrastructure sustainable? There are many steps that owners, designers,
and builders can take to build sustainably, starting with choosing the right site. A building site that
is within city limits is often more sustainable than development in a rural area on undeveloped land
(for example, farm or forest land), because it would have a reduced impact on the natural envir-
onment; it already has access to power and water and has an infrastructure nearby. The size of the
building’s footprint on the site is also a consideration. If the building’s footprint is smaller and allows
for landscaped areas, less water will run off the site, which will mitigate erosion and/or the spread of
pollutants. The use of renewable building materials is another important step toward sustainability.
Renewable materials are those that can be reproduced at a rate that meets or exceeds the rate of human
consumption; renewable materials should not be considered as able to meet infinite demand.

There are many options available to architects and builders so that they can tailor a sustainable
building to fit their clients’ needs. Some popular choices include:

e Specifying heating, ventilating, and air conditioning (HVAC) systems that do not emit hydro-
fluorocarbon (HFC) and hydrochlorofluorocarbon (HCFC) gases,

e Installing low-flow faucets and toilets,

e Using light-emitting diode (LED) or compact fluorescent lamp (CFL) light fixtures that are
on system timers, and

e Setting up a recycle program, both during construction and after close-out.

Once a sustainable structure is built and the owner or tenants move in, it then becomes extremely
important to operate and maintain the building sustainably. The owner has invested in high-
quality systems, and if they are not programmed correctly or working efficiently, the expected sus-
tainable attainment will not be achieved. An example would be if the HVAC unit was not balanced
or was not properly programmed to heat or cool the building. Most contractors and subcontractors
are now offering owners maintenance packages or classes for facility managers. Several rating and
certification programs that are discussed later in this chapter require the building’s owner to sub-
ject their projects to checkups every one to five years to maintain their sustainability rating.
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Roles and responsibilities of project parties

The design, construction, and operation of projects have environmental, economic, and social
impacts. As previously stated, sustainable construction requires evaluation of these potential
impacts and selection of strategies that emphasize the positive impacts while minimizing the
negative impacts. The roles of designers, such as architects, engineers, contractors, and suppliers,
with respect to designing and building sustainable projects often appear intermixed, especially by
owners desiring some type of sustainability certification.

In the building sector, even when the intention of all parties is to produce a sustainable or
“oreen” building for the client, the roles are actually quite distinct. Architects and engineers spe-
cify building materials and produce drawings. They interpret building codes and the owner’s
program and desires, and they represent all that information in a set of contract documents, which
were introduced in Chapter 5. Some sustainable efforts by the design team might include:

* Identifying a building orientation (i.e., location) on the site that would minimize energy
consumption,

*  Enhancing local energy generation, such as using solar photovoltaic panels,

*  Selecting energy-efficient HVAC and electrical systems,

*  Specifying building products and components, such as operable and properly placed windows,
to maximize natural lighting and ventilation, local building products requiring less driving
and fuel consumption for deliveries, and materials that use less energy in manufacture and in
end use, and

* Incorporating recycled materials into the specifications.

The overall sustainability of a project is greatly influenced by the design, but the builder can influ-
ence the environmental and social impact of the construction operations. In most cases, contractors
do not “choose” materials or where materials are installed. The construction team’s responsibilities in
producing a sustainable building include:

*  Demolishing or recycling materials in an efficient manner,

*  Providing a bus for craft workers or vouchers for the public bus system,

*  Reusing materials and minimizing construction waste,

*  Using recycle bins and separating materials on the jobsite,

*  Minimizing noise, light, and air pollution during construction,

*  Protecting and restoring the natural environment,

*  Eliminating storm water runoff and soil erosion,

*  Selecting construction materials with high recycled content,

*  Providing the exact products specified by the design team, and

»  Tracking all paperwork to support the materials installed and processes used.

‘When the green building movement appeared in the United States in the 1990s, it was often seen
as expensive and cumbersome by design and construction organizations. Today, it just makes sense
to use products manufactured with renewable resources. The quality, availability, and options
among these products have improved exponentially. In the lumber industry, many innovations
have occurred, from basic forest management to the lumber manufacturing processes. For example,
in the Pacific Northwest, the spotted owl had a significant impact on the farming of old growth
forests, especially on Washington State’s Olympic Peninsula in the 1980s. The outfall of not being
able to use these trees caused the wood products industry to become more creative with using other
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readily available and renewable resources to not only replicate but improve products. Examples
include “engineered” lumber products, such as:

e Trus Joist International® (TJI) floor joists,

e Oriented strand board (OSB) plywood,

¢ Dove-tailed studs, and

e Glue lam beams (GLB), parallel strand lumber (PSL), laminated strand lumber (LSL), and
laminated veneer lumber (LVL).

Sustainability rating and certification systems

At the project level, numerous organizations have developed systems to rate and certify the sustain-
ability level of buildings and infrastructures. Some of these systems are discussed in this section,
which is organized around project types.

Commercial and institutional buildings

Once laws and building codes are in place and the triple bottom line is penciled out, owners,
architects, and contractors begin looking for ways to measure and verify sustainable construction
practices. Many organizations have been created to help in the effort of measuring and verifying
sustainable practices. For the commercial built environment, we will elaborate on the Leadership
in Energy and Environmental Design (LEED) program, the Living Building Challenge, and Green
Globes, which are common measurement methods. We will also discuss alternative systems for
homes and infrastructures.

The Leadership in Energy and Environmental Design rating and certification system was created by
the United States Green Building Council (USGBC), a non-profit organization that was founded
in 1993. The demand for commercial buildings to be certified as sustainable was so great that the
USGBC (the parent organization) created the Green Building Certification Institute (GBCI). The
GBCl is a third-party organization that provides independent review of two programs:

e The certification of green building projects, according to the LEED rating and certification
system, and
e The training of professionals in the industry toward achievement of LEED credentials.

LEED was developed to help building owners and operators become more environmentally respon-
sible and use resources efficiently. Certification of a building starts with the project owner’s deci-
sion to pursue LEED certification early in the design process. As part of the registration process,
the owner establishes goals for the project in each of nine categories. Buildings are certified via a
scorecard and people are accredited through classes and a final exam. Several scorecards were created
for specific categories of building projects: New Construction, Core & Shell, Schools, Retail,
Hospitality, Data Centers, Warehouses & Distribution Centers, and Healthcare. Each scorecard
provides a framework for scoring projects on nine categories. The points available for each cat-
egory vary from one type of project to another, as shown in Table 13.1. Once all the scorecards and
paperwork are turned in by the contractor, the GBCI reviews them.

These categories result in a possible total of 110 points. Based on their scoring, buildings can
achieve four different levels of certification: Certified (40—49 points), Silver (50—-59 points),
Gold (60-79 points), and Platinum (80—110 points). With the current technology and practices,
achieving a Certified or Silver rating is easy to achieve for an experienced designer and contractor
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Table 13.1 LEED Point Breakdown by Project Type

New Core & Schools Retail Hospitality Data ~ Warehouses & Healthcare
Construction Shell Centers Distribution
Centers

Integrative Process 1 1 1 1 1 1 1 1
Location and Transportation 16 20 15 16 16 16 16 9
Sustainable Sites 10 11 12 10 10 10 10 9
Water Efficiency 11 11 12 12 11 11 11 11
Energy and Atmosphere 33 33 31 33 33 33 33 35
Materials and Resources 13 14 13 13 13 13 13 19
Indoor Environmental Quality 16 10 16 15 16 16 16 16
Innovation 6 6 6 6 6 6 6 6
Regional Priority 4 4 4 4 4 4 4 4
TOTAL POINTS 110 110 110 110 110 110 110 110

AVAILABLE

team, whereas Platinum is extremely difficult. Once a building attains a LEED certification, the
owner is provided with a plaque that can be placed in the building to show the level of certifi-
cation, as shown in Figure 13.2. Professionals can also obtain LEED credentials through classes
and examinations. There are three levels of credentials on five different focuses, as shown in
Table 13.2.

The Living Building Challenge (LBC) is a newer rating and certification system that offers the
most strenuous benchmark for sustainability: creating a zero carbon footprint on our environ-
ment. It utilizes most of the LEED requirements but raises the benchmark even higher. Whereas
LEED is focused on minimizing negative impact, LBC rewards buildings that are able to have
positive impact. These structures are so efficient that they use only power generated on site and

Figure 13.2 LEED Gold Plaque
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Table 13.2 LEED Credential Levels

Level Credential Specialty Eligibility How to Get it
1 Green Associate (LEED GA) No eligibility Pass LEED GA exam
requirements
Building Design + No previous LEED
Construction (BD+C) GA credential:
Operations + Maintenance (1) Pass combined
(O+C) GA + AP exam;
Accredited LEED project (2) Pass GA exam
2 Professional (LEED ) ) experience strongly then pass AP exam.
AP) Interior Design + recommended
Construction (ID+C)
Neighborhood Development Previous LEED GA
(ND) credential: pass only
Homes (HOMES) LEED AP exam

LEED AP who have
acquired significant
technical knowledge
and skills

3 Fellow Voted in by peers

captured rainwater runoft to maintain building operations. All building products must be sustain-
able and the completed building will have a “zero carbon footprint.” A zero carbon footprint for
buildings means zero net energy consumption or zero net carbon emissions on an annual basis.
These buildings are considered as an important strategy to achieve energy conservation and reduce
greenhouse gas emissions. The Bullitt Center in Seattle, WA, was the first commercial building to
meet the Living Building Challenge. The citizens of Seattle, especially those active in the built
environment, were very excited about this achievement by the Bullitt Center; it clearly put Seattle
and the Pacific Northwest at the forefront of implementing sustainability in the built environment.
The building is six-stories tall and has a total of 50,000 square feet (SF). Solar panels generate all
the electricity for the building, and rain supplies the water. There is a water treatment plant on site
that treats fresh water and wastewater.

Another rating and certification system, known as Green Globes, 1s distributed and run by the
Green Building Institute (GBI). Green Globes was originally created in Canada and is now avail-
able in the U.S. The Green Globes rating system includes a web-based self-assessment tool, a rating
system for certification of a building, and a guide for enhancing the sustainability of a project. The
website is very interactive and allows easy communication during the construction process. Green
Globes has very similar sustainability standards to LEED. Its requirements are very straightforward
and easy to follow. Its ratings are based on: project management; site; energy; water; resources,
building materials, and solid waste; emissions and effluents; and indoor environment. Based on
verification by a third party, certification can be granted as one to four globes, with four globes
being the highest. Certification levels are based on the percentage of applicable points achieved by
the project. Green Globes is slightly more expensive to certify than LEED.

Residential buildings

The residential built environment industry also has several means of measuring sustainable building
practices. The National Association of Home Builders (NAHB) is a trade association established in
1942 that promotes housing policies. The NAHB analyzes policy issues, works toward finding
ways to improve the housing finance system, and forecasts economic and consumer trends.
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The NAHB created the National Green Home Building Standard (NGHBS) for residential
buildings in 2007. This rating system is for new and remodeled single- and multi-family homes
and residential subdivisions. The NGHBS rating system focus is on:

*  Energy efficiency,

*  Water conservation,

* Resource conservation,

* Indoor environmental air quality,
»  Site design, and

*  Home owner education.

The Home Energy Rating System (HERS) was developed by the Residential Energy Services Network
(RESNET) in 2006. The HERS index is another official verification system for energy perform-
ance in residential construction and is recognized by the Department of Energy, Department of
Housing and Urban Development (HUD), and the EPA as an industry standard. A RESNET
inspector tests and evaluates new and existing homes for energy efliciency. Based on the scorecard
results, a HERS Index score is determined, as shown in Figure 13.3. The lower the index number,
the more energy-efficient is the home.

HERS® Index
4 More Energy

150
Existing 140
Homes 130
120
110
Reference

Home 100

90

80

50 This Home*

Zero Energy
Home 0

' Less Energy
©2013 RESNET

*Sample rating representation.

Figure 13.3 HERS Index
(Image courtesy: RESNET)
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Infrastructure projects

The Greenroads Rating System®™ was created by researchers at the University of Washington and
adapts the certification structure of the LEED system to transportation projects. The system is cur-
rently managed by an independent entity, Greenroads International. This entity provides oppor-
tunities for sustainability education in the transportation sector and manages the certification
process for transportation projects in the U.S. and internationally. The latest version of this system
allows projects to earn up to 61 credits:

* 12 mandatory credits (i.e., “Project Requirements”),

*  45voluntary creditsarranged in five Core Categories: (a) Environment & Water, (b) Construction
Activities, (c) Materials & Design, (d) Utilities & Controls, and (e) Access & Livability, and

* 4 extra credits that are available in a category called Creativity & Effort.

Projects are assigned a cumulative Greenroads score depending on the points earned. Four
certifications levels are currently offered:

*  Bronze (40 points minimum),

e Silver (50 points minimum),

*  Gold (60 points minimum), and
e Evergreen (80 points minimum).

Another rating and certification system, known as Envision, is distributed and run by the Institute
for Sustainable Infrastructure (ISI). This system evaluates projects against 60 sustainability criteria
to evaluate their environmental, social, and economic impacts. These criteria are organized into
five categories:

*  Quality of Life (13 credits),

e Leadership (ten credits),

e Resource Allocation (14 credits),
e Natural World (15 credits), and
e Climate and Risk (eight credits).

Also, this system offers four certifications levels, which replicate those in the LEED system but
with differing percentages:

*  Bronze: To achieve at least 20% of points available,

*  Silver: To achieve at least 30% of points available,

*  Gold: To achieve at least 40% of points available, and
e Platinum: To achieve at least 50% of points available.

Green material and product certifications

At the material and product level, there are many different certifications that help consumers
verify sustainable products that are available for sale, manufacture, and installation in the built
environment. Some of these certifications label products based on their performance against a
single attribute (e.g., energy consumption), whereas others provide an assessment against multiple
attributes. The following are a few of the more well-known product certifications.
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The Environmental Protection Agency established Energy Star as a voluntary program to iden-
tify and promote the use of energy-efficient appliances, heating, and cooling equipment, lighting,
home electronics, commercial roofing, and office equipment. The EPA’s goal is to reduce energy
consumption and pollution. The EPA created a voluntary labeling system for products that meet
the highest level of energy efficiency. Several utility companies offer rebates to owners who install
energy-efficient materials, such as insulation, windows, and appliances.

Green Seal is a non-profit organization, established in 1989, which helps consumers find truly
green products through the Green Seal certification. This certification process is designed to ensure
a product meets a set of multiple performance, health, and environmental criteria, also known as the
Green Seal Standards. Examples of certified Green Seal products include cleaning supplies, construc-
tion materials, paint, paper, food packaging, and soap.

The Programme for the Endorsement of Forest Certification (PEFC) is the largest international forest
certification system. The PEFC recognizes sustainability benchmarks in the forest and across the
supply chain to ensure that forest products are sourced with respect for the highest ecological,
social, and ethical standards. In the U.S., the PEFC has endorsed two certification standards, the
Sustainable Forestry Initiative (SFI) and the American Tree Farm System. By labels or stamps
on the wood products, consumers are able to identify and choose environmentally responsible
products. Today, the PEFC has recognized certification in 30 countries and accounts for approxi-
mately 600 million acres of certified forests.

Environmental project permitting

In addition to what has been discussed thus far, numerous authorities having jurisdiction (AH]Js),
including many state and local agencies, have instituted a variety of environmental requirements
and conditions. The construction team must plan, estimate, incorporate into their schedules,
and implement these accordingly. Depending upon the location of the construction project site,
there may be multiple environmental permits and restrictions placed on construction operations,
regarding issues such as:

*  Noise restrictions governing work days and hours,
*  Parking restrictions for craftsmen,

e Traffic flow,

*  Wetland protection,

e Storm water control,

e Demolition and abatement, and

e Hazardous construction material control.

An early submittal required by the project owner may be a project-specific storm water pollution
prevention plan (SWPPP). This is similar to the safety and quality control plans discussed in pre-
vious chapters. This plan identifies potential sources of storm water pollution on the construction
site and identifies measures to be implemented to eliminate polluted or silt-laden storm water from
leaving the site. This often means taking steps to capture the storm water or retain it to enable
infiltration into the soil. The SWPPP relies on erosion control as a primary means of preventing
storm water pollution. Mats, geotextiles, and erosion control blankets may be used. Sediment
controls provide a necessary secondary means of controlling storm water pollution runoff. Silt
fences are often used as sediment control measures. The plan should address measures to be taken
to control storm water flowing onto and through the project site, stabilize soils on site, protect
storm drain inlets, and retain sediment on site.
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The construction project may include demolition involving the removal of materials that contain haz-
ardous waste, such as lead-based paint or asbestos. Proper documentation and disposal requirements need
to be understood by all parties involved in the removal of the hazardous waste. Spill prevention plans are
often required to reduce the potential for contaminating the soil as a result of construction operations,
such as fueling equipment. Many hazardous materials may be used in construction operations, such as
oil, solvents, paint, and glue, and any excess hazardous materials must be disposed of properly.

Project engineering applications

As mentioned earlier in this chapter, it is the project owner’s responsibility to state their sustain-
ability goals among the project objectives and write contractual documents that clearly convey
them. A contractor’s team, including construction project engineers, would need to know these
requirements and use them as guidelines for delivering the project. A bulk of the contractor duties
relates to documenting the use of sustainable products and materials and the administration of
the rating and certification systems. Therefore, many contractual documents incorporate specific
clauses to convey these requirements. Thus, some of the American Institute of Architects (AIA)
contract documents also provide a revised version to be used on sustainable projects. For instance,
a revised version of the standard A101 contract agreement based on stipulated sum pricing is
available for use on sustainable projects and is called A101 SP. This revised contract document
incorporates by reference a new document named the Sustainability Plan, which is supposed to out-
line all the sustainability requirements of the project owner.

As early as pre-construction planning, the general contractor (GC) should consider sustainability
requirements to achieve a specific certification in the selection of materials, subcontractors, and
construction strategies. Material reuse minimizes construction waste and earns credits toward cer-
tification. Documentation is needed to demonstrate the achievement of certain credits, and the sub-
mission of needed documentation must be included in supply contracts and subcontracts. A project
engineer is often assigned the responsibility of collecting the documentation and assembling the sus-
tainable materials needed for submission to a third-party certification agent to validate achievement
of necessary sustainability credits. Sometimes this individual will also be designated as a “sustain-
ability engineer,” primarily because he or she has been accredited with the specific rating and cer-
tification systems, such as LEED. The estimated cost of the project engineer’s time to manage the
sustainability documentation needs to be included in the general contractor’s general conditions
cost estimate. A LEED requirement for building commissioning may be included with the contract
close-out process. Close-out will be discussed in Chapter 14. As part of the material submittal pro-
cess described in Chapter 11, the GC’s project engineer is usually required to provide the following:

e Site use plan,

¢ Waste management and recycling plan,

e Indoor air quality plan,

e Identification of salvaged, refurbished and reused materials,
*  Recycled content in materials,

*  Regional material sourcing, and

e Certified wood products.

Summary

When the concept of sustainability appeared in the built environment, contractors viewed it as
burdensome. Now, it just makes sense, not only in construction but in everyday life. Formerly, the
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pursuit of sustainability on a project cost more, but today new materials and improved building

methods mean that it is not only reasonable to be sustainable, but it is actually more economical

to operate and maintain a sustainable facility or infrastructure over its life. Sometimes, design

professionals and contractors will incorporate green products and practices in new buildings and

infrastructures, even if it is not an owner-generated requirement. Many municipalities are also
adopting sustainable requirements in their building codes, so in the future, it will not even be an
option to not go sustainable.

Review questions

1. What does the abbreviation LEED stand for?

2. What materials used in the construction process might be recycled?

3. Otbher than the engineered lumber products noted above, what are some examples you know
of that are utilized in the construction process that help reduce our carbon footprint?

4.  What three elements make up the triple bottom line? Which of these three is most important
to design professionals or contractors? Which is most important to an owner? Which is
most important to you?

5. If you were an architect or engineer, what green components might you recommend to
your client?

6. Define “renewable resources.”

7. What would happen if you eliminated one leg from the triple-bottom-line stool depicted in
Figure 13.1?
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14 Close-out

Introduction

As the physical construction of a project nears completion, contractors will transition into a close-
out phase. The jobsite team should develop a project close-out plan to manage the numerous activ-
ities involved in closing out the job. Just as start-up activities are essential when initiating work on a
project, good close-out procedures are essential to timely completion of contractual requirements,
receipt of final payment, and release of retention funds. Some of the reasons the general contractor
(GC) should pursue a timely close-out include:

e To officially end the clock on potential liquidated damages;

e To flush-out late change order proposals by subcontractors and close the door for future
claims: Initiation of the close-out process forces subcontractors to submit their claims;

e To begin the clock on the warranty: Most contracts include a fixed-term warranty, so the
sooner a project is closed out, the sooner the warranty will begin and end;

e To maintain good relations with the project owner, designer, and subcontractors: Since the
GC may need to work with these firms again on future projects, good relationships will be
important to secure and to successfully carry out future projects;

e To minimize jobsite overhead costs: The close-out process ideally requires involvement by the
project manager, the superintendent, the project engineers, and the foremen;

e To receive the final progress payment: Although the last monthly progress payment should not
be tied to close-out, some clients may hold it together with retention funds as an incentive for
timely close-out;

*  To close out the subcontracts and purchase orders as soon as possible: The project manager and
project engineer must work closely with the subcontractors and suppliers to get the project
closed out so that all parties may receive their retention; and

e To receive release of the retention.

An efficient project close-out is not only good for the general contractor, but it is also good for
the project owner. All contractors want to close out a job quickly and move on to another project.
Minimizing the duration of close-out activities generally enhances profit, because it limits jobsite
general conditions costs and facilitates timely receipt of the final payment and release of the reten-
tion. Use of the project manager and superintendent to oversee project close-out can be expensive,
and some contractors rely on less-expensive project engineers and foremen to manage close-out.
Still, an inefficient close-out may inflate the costs and impact the GC’s bottom line on the project.
Moreover, the retention held may be approximately equal to the fee on a typical commercial pro-
ject; therefore, the GC and all its subcontractors cannot realize profits on their projects until the
retention has been collected.

Efficient close-out and turnover procedures also minimize the contractor’s interference with
the project owner’s move-in and start-up activities. A contractor may lose credibility with its
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clients because of inefficient close-out procedures. An unhappy project owner will probably be a
lost client, because they may not give a contractor an opportunity to secure future projects if the
current one was not properly closed out.

Close-out planning

The close-out planning process should begin once the contract is signed, if not when the project was
initially considered for bid. The time it takes to properly close out the project and receive the final
retention can be considerable. If contractual requirements for the final close-out are deemed exces-
sive, they could financially damage the general contractor or its subcontractors. Thus, it is better to
address these risks early rather than later. For example, if early or partial releases of the retention are
going to be requested by the GC and/or its subcontractors, they need to be negotiated into the prime
contract agreement upfront.

When the project is being bought-out, as discussed in other parts of this textbook, the man-
agement team should understand the close-out requirements for each of their subcontractors and
clearly describe those processes within the subcontract and purchase order agreements. Thus, the
project manager (PM) and project engineer (PE) need to search the specifications for close-out
requirements not only for their own direct work but for that of their subcontractors as well.

We use many document control logs in construction, and close-out is no exception. For example,
a close-out log could be created early in the process by the project manager and shared with one
of the project engineers. The engineer may then be tasked with tracking completion of the oper-
ation and maintenance (O&M) manual from the mechanical subcontractor, the warranty from the
elevator manufacturer, the surplus ceramic tile material, the touch-up paint included on the punch
list, the signed-off permits of the utility subcontractor, and the lien release from the shoring con-
tractor. It is by use of a close-out log, similar to the one shown in Figure 14.1, that this process is
properly managed at the jobsite level. The general contractor team should review the specification
sections for each of the subcontractors and list all required close-out items. The log should be sub-
mitted to the project owner or their agent to request approval by utilizing the same process as for
other submittals, as discussed in Chapter 11. Now is the time for the general contractor to get a
clear understanding of what the project owner and their consultants expect at the time the project
is scheduled to be closed out. The log should also be issued to the subcontractors and suppliers early
to remind them of their contractual responsibilities. Some subcontractors may be slow at closing
out their portions of the project, so ongoing reminders from the responsible project engineer are
often necessary.

Close-out implementation

Construction close-out is defined as the process of completing all of the construction tasks and
assembling all documentation required to close out the contract. The prime construction contract
will address requirements for substantial completion and final payment. If mismanaged, close-out
can take up to a year after the receipt of a certificate of occupancy, which results in financial stress
to the general contractor and its subcontractors. In this section, we discuss various elements of
close-out implementation.

Commissioning

Commissioning basically involves testing and re-testing most, if not all, the systems and
components to ensure the project meets the owner’s requirements. The purpose of this phase
is to minimize surprises when the project owner assumes control and operates the completed



SUBCONTRACTOR AND SUPPLIER CLOSE-OUT LOG

Reliable Construction Company

Project Name: Rose MXD, Project Number 414 Project Manager: Jason Campbell Updated: 10/19/19

Description Shoring | Site Supply | Plumbing | HVAC | Electrical | Drywall | Ceramic | Vinyl Paint | Elevator | Landscape
Utilities | Rebar Tile Flooring

Punch complete | X X NA

Turn in permits X X NA NA NA NA NA NA

Extra materials NA NA NA NA Filters | Lamps NA NA NA

O&M manuals NA X NA

As-built drawings | By RCC | By RCC | NA NA NA NA NA NA NA

Final lien release | X X X

Test certificates NA X NA NA NA NA NA X NA

Union affidavits X X NA X X NA

Back charges clear | X X X X X

Demobilized X X NA X X

‘Warranties X X NA X X

Retention released NA

Figure 14.1 Close-Out Log
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facility themselves. A commissioning plan is developed during the design phase that outlines the
commissioning process to be used. Primary commissioning activities include verification testing
of selected equipment and systems, training of the owner’s operating and maintenance personnel,
and identification of any defects or warranty issues that may be realized in the initial years of
operation. Commissioning does not take the place of normal start-up testing and balancing of
the mechanical, electrical, and plumbing (MEP) systems. Instead, it is an additional step. MEP
equipment and system commissioning tests are conducted by using procedures developed for each
specific project based upon on the owner’s requirements.

MEP systems undergo aggressive commissioning tests that are intended to duplicate the climatic
seasons the building will experience. Design days—including extremely warm, cold, and humid
days—are simulated as part of commissioning. The commissioning process may be performed by
a third-party commissioning agent who will be contracted directly by the project owner. The cost
of an independent, third-party commissioning agent may be in the range of one percent of the
total construction cost. Many mechanical contractors also offer commissioning services as part of
their scope of work. Some project owners who have experienced in-house facility managers may
self-perform commissioning. The GC will often designate one project engineer to coordinate
the commissioning efforts of its subcontractors. A separate specification section will define the
roles and responsibilities of the commissioning team. Commissioning teams for large or complex
projects, such as hospital projects, will likely include the following individuals and companies:

*  MEP equipment representatives,

*  MEDP subcontractor PMs and/or superintendents,

*  General contractor’s project manager or project engineer in charge of MEP coordination,
*  Mechanical and electrical engineers,

*  Owner’s maintenance and operation personnel (end-users),

*  Owner’s representative, and

*  Third-party commissioning agent, if specified.

Construction close-out

As was the case with physical mobilization, most of the work related to completing construction
execution and closing out physical aspects of the project is the responsibility of the project super-
intendent. Some of the construction activities associated with closing out construction execution
include:

*  Verifying construction completeness in accordance with contract requirements,
*  Developing the formal punch list and the resolution of outstanding items,

*  Obtaining certificates of substantial completion and occupancy,

*  Facilitating project move-in and occupancy, and

*  Demobilizing resources.

Formal punch list

A punch list is a list of issues that need to be addressed to guarantee completeness in accordance
with contractual requirements. The superintendent, project engineers, and other quality control
specialists inspect completed work and identify deficiencies throughout the construction of the pro-
jectas part of an active quality management program, as discussed in Chapter 9. This ongoing pro-
cess, which ultimately saves all parties money, produces interim punch lists that are one of the tools
a GC will utilize to reduce the size of the final punch list. When the project is nearing completion,
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PUNCH LIST
Reliable Construction Company

Project: Rose MXD, Project 414 Inspection Date: October 24, 2018

Area/System: Apartment Unit 304 Status Date: October 30,2018

Inspection Participants: Ted Warren/Owner, Robert Jackson/Arch, Susan Thompson/Superintendent, David
Arnold/QC, Jennifer Forsythe/PE

Item Description Complete? Verified?
1 Vinyl plank floors edge curling X ST

2 Paint touchup throughout

3 Refrigerator ice maker not connected X

4 Light bulb dim in bedroom 2

5 Master bath faucet drip X ST

6 Missing shower rod X ST

7 Small chip in ceramic tile, powder room X ST

Figure 14.2 Punch List

the GC requests a walkthrough inspection from the project owner and their consultants. The list of
deficiencies identified during this inspection is known as the formal punch list. Figure 14.2 shows
an example of a punch list. Whereas some project owners perform their own inspections to prepare
the formal punch list, this task is usually delegated to an owner’s consultant. On building projects,
the architect or the agency construction manager are frequently tasked with this duty. On civil
construction projects, this might be the project owner or civil engineer. Some consultant design
team members, such as mechanical or electrical engineers, may also develop punch lists specific
to their scope. Many separate groups within an owner’s organization may also develop their own
separate punch lists, depending upon their specialization. The best method would be for all parties
who are interested in inspecting the project to walk the jobsite at the same time. One collective
punch list should be developed at the end and issued to the general contractor. Alternatively, the
owner and design teams may provide input to the GC’s project manager or project engineers, who
will then compile the issues into one official punch list to be shared with all parties.

The final punch list walkthrough should occur early enough to allow the GC and its
subcontractors sufficient time to address the issues prior to the project owner taking occupancy.
If the team is still developing the punch list after the project owner has moved in or assumed
control, it is difficult to determine who did what damage. However, it is a mistake to start the
process too early. If there are still basic construction activities to be completed, additional trade
damage can occur after the walkthrough that would not have been listed on the original punch
list. Therefore, the formal punch list should be developed when all major construction activities
are completed.

A realistic goal for the GC is to take no more than one month to complete all the work on the
punch list. All items on the punch list must be corrected before the project can be considered com-
plete. If the process takes too long, the responsible parties will likely have demobilized, and it may
be difficult to get them back to the jobsite. The punch list should be signed off by each subcon-
tractor and the GC as deficiencies are corrected. A copy of the annotated punch list should be sent
to the owner’s consultant, who is usually the architect on building projects. The architect may then
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wish to re-visit each punch list item and verify its completion or may perform spot-checks on items
or rooms. The architect will then notify the project owner that the punch list has been corrected
and the certificate of substantial completion can be issued.

Certificates of completion

There are two certificates of completion needed for contract close-out. The certificate of substantial
completion is usually issued by the architect on commercial projects and the civil engineer on heavy-
civil public projects. This important certificate indicates the project is sufficiently completed such
that it can be used for its intended purpose, but there still may be some minor deficiencies that
need to be addressed, hence “substantial.” Although all items on the punch list may not have been
corrected, the project owner or their consultant agrees that the project is ready to be used. A list
of the pending issues in the form of an updated punch list should be attached to this certificate.
Receipt of the substantial completion certificate is a significant milestone event; it ends the GC’s
liability for liquidated damages and starts the clock on the warranty period. Contractual comple-
tion is the date by which substantial completion is to be achieved.

The certificate of occupancy (C of O) is issued by the authority having jurisdiction (AH]J) over the
project site, which is likely the city, county, state, or federal government. This is the same agency
that issued the original building permit. This certificate signifies all code-related issues have been
accounted for and that the facility is approved and safe to use. It is often a formality following com-
pletion of all the various inspections and the subsequent approval and sign-off of all other construc-
tion permits. The inspection and approval from the fire marshal for life-safety issues is usually the most
critical step for the issuance of the certificate of occupancy. The project may have minor deficiencies
that are not related to life-safety and still be approved for occupancy. For example, the ceramic tile
base in apartment # 304 may not yet be complete or corrected, but the apartment is still usable. Some
public agencies will issue a temporary certificate of occupancy (TCO), which allows conditional use of
the building for a stated period of time—say six months—while other non-critical work is being
completed, such as landscaping or some interior finishes. The GC needs to obtain both the certifi-
cate of substantial completion and the certificate of occupancy to signify that the project is complete.

Occupancy

Most project owners want to move into their new building as soon as the AHJ allows it to be occu-
pied. Joint occupancy occurs when the project owner accepts and occupies a portion of the facility,
or takes over control, while the contractor is still working in another portion. This may be dictated
by the owner’s need to begin business in the new facility, lease out apartments, or begin moving
equipment and furniture into the building. Whereas joint, dual, or conditional occupancies are
often unavoidable, they may become detrimental if not managed properly. The project team may
have problems differentiating the client’s cleanup and routine maintenance from the construc-
tion punch list and warranty work. It is better for all parties if occupancy is delayed until both
certificates of completion have been obtained and all items on the punch list have been corrected.
If the GC and the project owner are to have joint occupancy, both parties must work together
to establish procedures to accomplish each other’s goals. The project owner’s right to take partial
occupancy of an uncompleted project should be described in the prime contract.

Demobilization

Similarly to mobilization, most building estimators do not always put a line item in their original
estimate for demobilization. Heavy-civil projects have significant mobilization and demobiliza-
tion estimate line items. Demobilizing, or physically moving off the site, involves considerable
work and can be expensive, especially to the general contractor. At that time, there may not
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be funds that can be dedicated to a foreman and small crew to clean up the site. The question
always arises between the GC and its subcontractors as to whose garbage remains. As with the
discussion regarding joint occupancy, garbage accumulation may become mixed between the con-
struction crews and the project owner, if the project owner is also in the process of moving in.
Demobilization involves closing the project office and removing all contractor-owned equipment
from the project site. The project staff is phased out and reassigned to other projects, and record
files are taken to the GC’s home office.

Contractual close-out

Contract close-out begins with checking the specifications for close-out requirements. Ideally this
happens during project start-up, so that the requirements are delineated in each subcontract and
major purchase order. The project manager or project engineer should make a list of what they
think needs to be done and then ask the design team for verification. This list provides a basis for
developing a close-out log, which is similar to an early submittal log. Some of the major items that
the project team will submit during the close-out process include as-built drawings, operation and
maintenance manuals, test reports, extra finish materials, and signed-off permits.

As-built drawings

The development of as-built drawings is a substantial and important close-out process. Actual
dimensions and conditions of the installed work are noted on the contract drawings. The pro-
ject manager and jobsite project engineer should collect all of the as-built drawings from the
subcontractors, according to what is required by the owner in the specifications. Mechanical, elec-
trical, and civil installations are very important, because they include hidden systems that would
cause severe damage if cut or that may need to be accessed during a future remodel or phase.
Usually the general contractor will develop as-built drawings for the architectural and structural
work; MEP subcontractors will prepare their own.

The most appropriate project team member to mark up the as-built drawings is the foreman or
assistant superintendent who oversaw the work, but this job may sometimes be delegated to the
project engineer. The as-built drawings should be submitted to the project owner or designer by
using procedures similar to those used for shop drawings. Projects relying on building informa-
tion modeling (BIM) or computer-aided design (CAD) software for the design process may also
require contractors to record as-built conditions electronically. If electronic as-built drawings are
required, an additional specialized PE is often required on the GC’s team and must be included in
the jobsite general conditions estimate.

Operation and maintenance manuals

O&M manuals are large physical volumes that gather manufacturers’ data regarding operational,
preventive maintenance, and repair procedures for all equipment, as well as many of the architec-
tural finish materials. This information should be collected from all subcontractors and suppliers
and organized in several sets of three-ring binders for the project owner’s permanent service record.
Often, the contract specifications will dictate the format and organization of these documents.
Processing the O&M manuals as a submittal and requesting designer approval is sometimes
required and is always a good idea. Some project owners will request draft copies be submitted for
comments prior to submission of the final copy. The project team should not simply collect pre-
vious submittal data and place it into a three-ring binder. Similarly to as-built drawings, electronic
submission of the O&M manuals may be required. These manuals should include information that
the project owner can use for its operations and maintenance, not marketing propaganda. The
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GC should provide a service to its client, the project owner, and ensure their subcontractor O&M
manuals fully conform to contract specifications.

Test reports

Reports are created during the course of the project as materials and systems are tested. This includes
balancing reports for the mechanical systems. All of these test reports, along with commissioning
documentation, may be bound as a section in the O&M manuals. Collection of these reports and
diligent filing throughout the course of the project by the project engineer will help with final
assembly of the O&M manuals.

Extra materials

Specifications often require the general contractor to supply extra material quantities to the project
owner upon completion to assist with future repairs and remodels. For instance, one to three per-
cent of various architectural materials may be requested; this may include materials such as paint
(of each color used), ceramic tiles, carpet, and ceiling tiles. Management of these extra supplies is
important because construction craftsmen sometimes incorrectly use up these materials for punch
list or change order work and contractors risk being short of materials at the time of turnover.
‘Ways to prevent this are to either lock the materials up or turn them over as they become available
and have the project owner sign for receipt.

Permits

Each subcontractor that was required to provide its own permit from the AH]J also needs to get
it signed off with a final approval from the AHJ. This often includes firms such as electrical, ele-
vator, and fire protection contractors. This indicates that the subcontractor’s work was performed
in conformance with code requirements. The jobsite management team may also be required to
submit to the designer all interim inspection reports or signature cards received from the city or
county throughout the course of the job. Similarly with many other close-out documents, signed-
off permits may be included as a section in the O&M manuals.

Financial close-out

The GC’s project manager is also responsible for financially closing out the project with both the
project owner and the GC’s subcontractors. Upper management and project engineers may assist
in this task. The financial close-out of a project includes several tasks, including negotiating final
change orders with the project owner and, in return, negotiating final change orders with the
subcontractors and suppliers. Additionally, financial close-out includes receipt of final pay requests
from subcontractors and, in turn, issuing of the final pay request to the project owner. Once paid by
the project owner, the GC’s project team should expeditiously release payments to subcontractors.
The pay request process will be accompanied by final lien releases from all of the GC’s vendors and
preparation of the same for the project owner. Many of these tasks are elaborated on in Chapter 22.

In-house close-out
There are many additional in-house close-out activities that are the responsibility of the project

team. Some of these include:

*  The as-built schedule is prepared from actual dates and durations marked up on the jobsite
meeting room schedule. The as-built schedule records actual deliveries and actual activity start
and completion dates;
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e The as-built estimate should be maintained throughout construction or prepared near comple-
tion of the project but not after close-out. Considerable work goes into tracking actual costs.
This is valuable input to the construction firm’s ongoing ability to improve its estimating
accuracy. Input of the as-built estimate into the estimating database is necessary if the database
is to be kept current. Many construction managers will simply input actual costs alongside
the original quantities in the company’s database. This is better than no input at all, but the
most accurate historical cost data are created by combining actual direct labor hours and actual
material costs with actual installed quantities.

Example

If actual material costs and hours are not factored in with the actual installed quantities, the
historical database would be less useful in estimating future projects. Portions of the quan-
tity take-offs (QTOs) for the Rose and I-90 cases described in Chapter 6 would incorporate
actual materials costs and hours as follows:

e Rose Case:
Estimated: 515 door leafs and hardware sets @ 6 MH/EA = 3,090 MHs
3,090 MHs @ $29/HR = $89,610 labor cost
Spent: $82,800 to install 515 door leafs and hardware sets; therefore:
$82,800/$29/HR = 2,855 hours/515 leafs = 5.54 MH/EA labor productivity
e [-90 Case:
Estimated: 120 EA ABs @ $18.10/EA = $2,172 material cost
Spent: $2,620 to purchase 130 ABs; therefore:
$2,620/130 = $20.15/AB unit price to purchase

Warranty management

The project owner is further assured that the project was completed in accordance with all contract
requirements by the issuance of a warranty from the GC. The warranty period specified in most
construction contracts for the entire project is one year after issuance of substantial completion.
The warranty countdown could start earlier on portions of the project occupied by the owner
prior to substantial completion if allowed by the contract. Longer warranties may also be required
in the technical specifications for selected components, such as roofing, glazing, elevators, or an
emergency generator.

In terms of warranty, general contractors should incorporate in their subcontracts the same
contractual requirements as those stated in their prime contract with the project owner. Two
aspects of warranty management should be clearly conveyed in the subcontracts. First, the
warranty period should match that of the prime contract because the general contractor will
rely on the subcontractor that performed the warranted work. Second, collection of subcon-
tractor and supplier warranties is another element of the project close-out process and should
be clearly stated in the subcontracts. One of the authors experienced at first hand a failure in
implementing this common-sense practice when he, as a young project engineer, and his team
were tasked with gathering warranty documentation for electrical panels installed at more than
a hundred cell phone radio stations. This last-minute gathering task was needed because the
electrical subcontract did not require the electrical subcontractors to submit this documenta-
tion in binders, so they left it in the electrical rooms of each site. However, the prime con-
tractor was required to submit a full documentation binder to the project owner, a cell phone
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operator, as part of the close-out. When subcontracts are well drafted, they address this issue,
so the project manager and project engineers can simply request written, original, and signed
warranties and guarantees from all subcontractors and suppliers. All warranties should be sub-
mitted by subcontractors and suppliers on their own letterhead. Warranty submission should
be monitored and tracked in the close-out log, as shown in Figure 14.1. Final payments to
subcontractors and suppliers should not be made until warranty documents have been received.
The warranties can all be inserted as another section in the O&M manuals. If possible, the GC
should keep subcontractor performance bonds active until the end of the warranty period to
protect against any subcontractor failure to respond to warranty claims.

Support for the project owner during the warranty period is also a project management function,
which may be performed by the project manager, superintendent, or project engineer. Warranty
service basically involves some of the following;:

e Receiving warranty claims from the project owner,

*  Logging warranty claims (similar to other document control logs discussed elsewhere),

* Responding to claims with the GC’s direct craft forces or subcontractors,

e Receiving the project owner’s approval that the issue has been resolved and noting it on
the warranty log, and

*  Walking the project with the project owner just before the end of the warranty period to
verify that there are no additional outstanding issues.

Project engineering applications

A jobsite project engineer often plays a critical role in the close-out process by assisting the project
manager and the superintendent in a variety of activities. She or he will utilize many of the docu-
ment processes and technology tools discussed in previous chapters and apply them to the project
close-out activities as well. Some of the PE’s close-out activities would include the following:

*  Verifying subcontractor close-out requirements are included in their contracts;

*  Developing and maintaining the close-out log;

*  Performing interim punch lists;

*  Assisting with development of the formal punch list and expediting its resolution;

*  Collecting various documents and reports to be included in the O&M manuals, such as test
reports, signed-off permits, and warranties;

*  Assisting with development and collection of as-built drawings and O&M manuals, and sub-
mitting and receiving approval from the project owner and design team;

*  Expediting receipt of final change orders, final pay requests, and final lien releases from
subcontractors; and

*  Assisting or providing input in the development of the as-built estimate and as-built schedule.

Young project engineers may overlook this process in their eagerness to move forward to a new
project. Participation in the close-out process should not be looked upon by the jobsite project
engineer as degrading, but rather as empowering. More so than with many of our other construc-
tion management topics, this is an opportunity for a project engineer to take a more major role in
jobsite construction management. Often the project manager and superintendent have demobilized
and started a new construction project, and it remains for a project engineer and a foreman to
efficiently close out the project. This is an opportunity to build long-lasting relationships with
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other contractual parties. The reasons for a client to appreciate a prompt close-out should be
clear by now. The subcontractors appreciate timely release of their retention. Moreover, the GC’s
home-office management team will recognize the project engineer for successfully performing
the tasks necessary to receive their final retention and fee. A well-managed close-out phase often
results with a seasoned project engineer becoming a project manager for this same client on their
next project. In this way, close-out should be seen as a “get-to” and not a “have-to” for a project
engineer.

Summary

Construction close-out involves completing all of the construction tasks and processing all of
the documentation required to close out the contract and to consider the project complete. The
project manager, project engineer, and superintendent work closely together to ensure close-out
procedures are comprehensive and efficient. Good close-out procedures typically result in higher
contractor profits and satistied clients. The management of close-out documentation is the respon-
sibility of the project manager and project engineer, as physical completion of construction is the
responsibility of the superintendent. The project engineer will utilize many of the technology
tools discussed in prior chapters for close-out, in addition to modeling tools introduced in the
upcoming chapter.

As part of active quality management, project engineers and foremen perform walkthroughs as
tasks near completion and develop interim punch lists for subcontractors. As the project nears com-
pletion, the GC will schedule a formal punch list walkthrough with the project owner and/or its
consultants. Any deficiencies noted during this inspection are placed on the formal punch list for
future re-inspection. All deficiencies on the formal punch list must be corrected before the con-
tract can be closed out. A significant project milestone is achieving substantial completion, which
indicates that the project can be used for its intended purpose. On building projects, the architect
decides when the project is substantially complete and issues a certificate of substantial completion.
However, the project owner cannot move in to their new project until a certificate of occupancy
has also been issued by the city, county, state, or federal government.

Financial and contractual close-out of the project is the GC’s project manager’s responsibility
with the support of his or her project engineer. This involves issuing final change orders to
subcontractors and major suppliers and securing their final and unconditional lien releases. As-built
drawings, O&M manuals, warranties, and test reports must be assembled. The project manager or
project engineer should develop a close-out log early in the project to manage the timely submis-
sion of all close-out documents. An efficient close-out of all project activities allows the contractor
to receive its final payment and release of retention, which is its ultimate goal.

Contractors are typically required to repair any defective work or replace any defective equipment
identified by the project owner within the one-year warranty after substantial completion.
‘Warranty response is an important aspect of customer service. Poor warranty response on a pro-
ject may jeopardize the contractor’s ability to obtain future projects from the same project owner.

Review questions

‘What items are tracked on a close-out log?
‘When does the warranty period begin?
From whom should the GC obtain written warranties?

el s

Where would you determine which components require warranties that are longer than
one year?
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b

‘Why is warranty response an important aspect of customer service?

Where does the project engineer obtain the information for the requirements of the O&M
manuals?

‘What is an interim punch list?

When should the formal punch list be developed?

‘Why is substantial completion a significant contractual milestone?

10. Who issues the certificate of substantial completion?

11. Who issues a certificate of occupancy?

o

0 00 N

Exercises

1. Prepare a close-out log for a project other than our case studies. Include at least ten subcon-
tractor and supplier categories.

2. Assume you were the project engineer for the construction of a new hospital. The hospital
administrator has made a warranty claim regarding the failure of a nurse call station. You have
notified the electrical subcontractor, but the subcontractor has failed to take any action. What
action should you take?

3. Draw a flow chart of a material procurement process (pick one from either of our case studies)
starting at the selection of the supplier and ending with receipt of the product warranty. Which
of these activities would be a “get-to” for the project engineer? You will also need to refer to
other chapters in the textbook for this exercise.
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Introduction

Throughout this book, various project documents have been introduced. In Chapter 5, construc-
tion contractual documents were discussed, including the contractual agreement that incorporates by
reference other contractual documents, such as the general conditions, special conditions, construction
drawings, and construction specifications. In later chapters, other documents that are used to manage
construction processes according to the contractual documents were introduced, including project
schedules, project estimates, requests for information (RFls), and change orders.

Management of a project out of all these documents is cumbersome and may result in informa-
tion breakdowns that can negatively affect a project’s outcome. As a result, project team members
from both the design and construction disciplines have continually experimented with approaches
to streamline and visualize the information flow. In the pre-digital era, streamlining efforts
produced the use of project logs and scaled-down models of the project, including scaled architec-
tural models, scaled models of architectural details, and mock-ups. Over the last decades, digital
tools have provided additional opportunities and challenges for both designers and contractors.
This chapter will provide a brief overview of some of these tools, including how they evolved
over time.

To explain the differences between modeling tools, built environment projects will be
categorized into vertical and horizontal projects. Within the scope of this chapter, vertical projects
include buildings and other projects where the vertical dimension is comparable, if not predom-
inant, against the other two. Therefore, a large amount of the design and construction information
about vertical projects deals with vertical dimensions. Typical vertical projects include buildings
and industrial facilities. On the other hand, horizontal projects are defined as those where the hori-
zontal dimensions are predominant in the design and construction information. Infrastructures,
such as roads and utilities are usually classified as horizontal projects. Three-dimensional (3D)
digital modeling tools are usually prevalent on vertical projects. Conversely, horizontal projects
often rely throughout their initial project phases on two-dimensional (2D) modeling tools and may
introduce 3D information to a lesser extent only during the late design and construction phases.

From computer-aided design to full digital modeling of project documents

Before the mid-1980s, design firms highly relied on armies of drafters working in rooms full
of drafting tables to produce drawings for built environment projects. In the late 1980s, 2D
computer-aided design (CAD) software programs were slowly introduced to the design prac-
tice to automate the drafting process and the production of drawings. These programs allowed
for an initial paradigm shift by producing the equivalent of paper drawings on a digital drafting
table, where they could be easily modified, replicated, and resized to the desired scale before
being sent to a plotter to produce a standard set of drawings for procurement and construction.
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The main advantages of this approach were the ease of revising drawings after each meeting
with the project owner and the increased efficiency of developing a single 2D model of the
project that could be printed at various scales depending on the use. However, these programs
were simply electronic drafting tables where the objects on the computer display were just sets
of lines, so they did not affect the underlying design processes. Examples of these programs
include early versions of AutoCAD by Autodesk, MicroStation by Bentley Systems, and CATIA
by Dassault Systémes.

Whereas these new tools were valuable to the design profession, they did not transform the trad-
itional design process, in which facilities were envisioned through 3D sketches and then drawn
as 2D drawings. A common thought among designers was, “Since we conceptualize our projects
in three dimensions, why do we still need to draw them in a two-dimensional fashion?” In the
1990s, new 3D programs were made available. Initially, pre-existing 2D tools were adapted to
allow 3D modeling and create solids shaped as columns and slabs, which led to new versions of
AutoCAD, MicroStation, and CATIA. However, new object-oriented CAD tools also appeared
that allowed the treatment of the typical components of built environment projects as parametric
entities that could be created to populate libraries for use by designers, who could shape and adjust
them to the project needs. Examples of these tools include ArchiCAD by Graphisoft and Allplan
by Nemetschek. These object-oriented CAD tools incorporated parametric modeling that allowed
the creation of more complex assemblies specific to vertical projects, such as windows, composite
walls, and roofs.

This second generation of CAD tools allowed designers to create a 3D digital model of the
expected final product that could be observed from various viewpoints to evaluate its shape and
function and identify potential conflicts between building elements at the macro level. Once
approved, the 3D model could be used to generate 2D drawings for procuring and contracting
construction services. These tools also promoted some initial changes in the underlying design
processes. Object-oriented tools allowed automatic counting of assemblies and volumes, which
provided for rudimentary quantity take-offs. However, several steps of the modeling process were
still not automated, and designers still depended upon other computer tools for structural and
mechanical engineering analyses. Therefore, the initial armies of manual drafters and rooms of
drafting tables were simply replaced by smaller armies of computer drafters and smaller rooms of
computer stations.

Overall, the widespread adoption of CAD tools by design firms introduced digital modeling
and transformed the production of drawings, but it did not significantly affect other construc-
tion documents. In the 1990s and early 2000s, project delivery still relied highly on separated
contracting for design and construction services. As such, on the construction side, the adoption of
CAD tools by designers had a limited effect on contractors, because they were still selected based
on paper documents and expected to abide by them. Moreover, paper drawings were easier to use
in the field than the bulky technology available at the time.

Today, technology is bringing CAD information into the field through the miniaturization of
computing equipment and development of advanced communication technologies. For instance,
tablets allow project engineers, superintendents, and foremen to access the latest set of project
drawings. They also allow builders to attach photos or videos to record as-built conditions.
Moreover, it is now possible to print 3D scaled models of the building or its components that can
be used to communicate with other project team members, as shown in Figure 15.1.

From an information technology viewpoint, the widespread adoption of CAD tools made it
possible to think more boldly, and it initiated a push toward the full integration of multiple com-
puter tools for estimating, scheduling, and planning into a single family of tools that operated
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Figure 15.1 Use of 3D Printing for Project Communications
(Credits: Matt Glassman, PCL Construction)

around a geometric model of the built environment project. This new generation of tools does not
simply support existing design processes—it has radically transformed both design and construc-
tion processes through integration and virtualization. Two families of virtual design and construc-
tion (VDC) tools have been developed in support of vertical and horizontal projects, namely the
building information modeling (BIM) and civil information modeling (CIM) tools that will be discussed in
the rest of this chapter. Differently from CAD tools, which were intended as standalone programs,
BIM/CIM tools are modular. Each major provider of BIM/CIM tools relies on its latest gener-
ation of CAD tools to serve as the core for a wider family of tools that interconnect with each
other to support most design and construction processes. Whereas 2D drawings are still prevalent
in contracting, this technological advance is also introducing the use of 3D models as an additional
contractual document.

Because project teams still rely on large amounts of 2D drawings, design and construction firms
are also using other simplified tools that allow the markup of 2D drawings and hyperlinking of the
drawings with textual documents. This is a way of enhancing communications and collaboration
between team members. Whereas these tools do not model project documents, they have become
prevalent in the practice of a construction project engineer. Therefore, a section of this chapter is
dedicated to markup and collaboration software. Some of these tools include Bluebeam Revu by
Nemetschek, AutoCAD Design Review by Autodesk, and PlanGrid by PlanGrid, Inc.

Building information modeling

One of the earliest object-oriented CAD tools, ArchiCAD by Graphisoft, could be credited as the
precursor of building information modeling, with its virtual building concept already implemented
in the mid-1980s. BIM is not simply a family of computer tools but a new approach toward the
integration of design and construction processes. At this time, BIM is one of the buzzwords in
the delivery of vertical projects. Thus, there is much to say and to learn about BIM. The intent
of this section is to provide an overview of what BIM is and how it is used at different phases of
a project. The recent widespread adoption of BIM tools is due to both the technological advance of
CAD systems and the adoption of project delivery processes that integrate the contracting of design
and construction services. To a different extent, all BIM tools are designed to promote integration
between the geometric model of the intended outcome, processes needed to produce a fully built and
operational project, and various contractual documents. Therefore, a BIM model goes beyond the
three traditional geometric dimensions of 3D CAD systems to also include information such as unit
costs, times of installation, and forecasted energy performance, among many others.
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BIM during planning

As discussed in Chapter 2, a project concept is developed during the planning phase with a plan
for delivering the project. As a result, there is little design to be performed at this time, which
means there is little need for BIM tools. At this time, however, the project owner needs to make
a few important decisions that are related to BIM, including the project delivery method to
be used, if BIM tools should be mandated on the project, and what BIM deliverable should be
produced.

BIM tools are integrated, so their implementation is easier on projects where design and
construction services are integrated. On these projects, the benefits from BIM implementa-
tion can be maximized. However, not all designers and contractors use BIM tools, and if they
use them, they may be using different products. Therefore, making the BIM model one of the
deliverables for a project is an additional contractual requirement, which implicitly mandates
the use of BIM tools and may affect procurement and delivery. This requirement would allow
the owner to receive a comprehensive as-built model of the project, together with the physical
facility, which will make it easier to implement maintenance and retrofits during operations.
However, several tools exist, so it is important for the project owner to evaluate the advantages
and disadvantages of requiring interested designers and contractors to use specific BIM tools
versus using those that they prefer. Even those firms that utilize BIM tools daily in their own
practice may incur additional costs to elevate the quality of their BIM model up to the project
owner’s contractual expectations. These costs would further increase if the project owner is
requiring the design team to prepare the BIM model with a different computer program. To
address this new type of contractual requirement, sets of standardized contractual documents
now include BIM exhibits and addenda documents to be incorporated by reference in the ori-
ginal contractual agreement, including the American Institute of Architects (AIA) E202 and
E203, the ConsensusDocs 301, and the Design—Build Institute of America (DBIA) E-BIMWD.
These standard documents guide the project owner in making the right decisions about BIM
requirements before contracting services.

BIM during design

The core of each BIM platform is usually based on a 3D CAD system, which is mainly a geo-
metric design tool. In a BIM platform, the geometric component, however, is “connected”
with other information contained in databases and other software tools that perform several
necessary analyses and automate the information exchange. Depending on the selected BIM
platform, different opportunities are available to connect internally within the platform of tools
and externally with other computer tools. For instance, one of the most popular BIM platforms,
Revit by Autodesk, includes tools that can be used for designing, fabricating, and installing
architectural components, as well as building systems and structural elements. These tools are
able to easily interact with each other within the Revit platform by using Autodesk’s pro-
prietary language. Moreover, Revit provides the opportunity to communicate with external
tools through various formats for interchanging information, including the popular Industry
Foundation Classes (IFC). This ability to communicate externally with other computer tools
is usually defined as interoperability, and it is a crucial aspect to consider when selecting a BIM
platform or evaluating the project owner’s requirements on BIM. If a project owner is requiring
their team to submit a BIM model in a format that is barely compatible with the platform used
by the designer or contractor, this means they may need to hire a specialty consultant to rec-
reate the model in the required platform.
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BIM during construction

During pre-construction and construction, BIM tools provide several opportunities to support
general and specialty contractors in their construction planning and execution. New tools are con-
tinually developed to improve cost, time, safety, and quality performance, so this section is only
minimally illustrative of what BIM tools can offer to contractors.

For instance, four-dimensional (4D) BIM tools allow contractors to add a time dimension to
3D building components to simulate how they will come together over time. As part of these
simulations, temporary construction elements, including scaffolding, formwork, site facilities, and
equipment, can also be modeled to evaluate any physical constraint of the site, issues with site logis-
tics, and conflicts between the facility being built and overhanging utilities and cranes; this allows
the contractor to forecast potential safety issues.

Moreover, mechanical, electrical, and plumbing (MEP) firms model their systems with BIM and
utilize clash detection tools to verify potential conflicts between systems, as shown in Figure 15.2.
For instance, BIM can be used to verity if conflicts may exist between the mechanical ducts and
the structural, plumbing, or electrical systems during installation. Clash detection exercises allow
for early identification and resolution of these conflicts, which minimizes the risk of field rework
and allows for more certainty in cost and time forecasts. The same approach can be used for retrofit
projects, where the current situation can be digitalized through laser scanning, inputted into the
model, and used to verify MEP elements will fit before fabricating them. Figure 15.3 provides an
example of how these modeling efforts are visualized.

Other BIM tools allow for concrete volume estimation and rebar placement, with similar
advantages to the clash detection for MEP systems. For instance, concrete modeling tools can be
used to plan concrete lifts on high-rise projects, as shown in Figure 15.4.

Figure 15.2 BIM Model for MEP Coordination
(Credits: Matt Glassman, PCL Construction)
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Figure 15.3 Laser Scanning to Verify Compatibility of Designed MEP against Existing Conditions
(Credits: Matt Glassman, PCL Construction)

BIM models can also be used to support cost estimating efforts for contracts and change orders.
Whereas estimating heavily relies on human intelligence for pricing, BIM tools can automat-
ically produce quantity take-offs (QTOs) that can be used as ballpark numbers to verify that
human-developed QTOs did not miss anything. It is not difficult to believe that the time for fully
automated QTOs is quickly approaching. However, most projects still rely on 2D drawings for
pricing purposes. Even when designers share their models with contractors, these models either
come with disclaimers that shift the risk from using them to the contractor or they are not detailed
enough to produce a complete QTO. Therefore, it is common for the contractor to develop their
own 3D model before linking information from project documents.

BIM during operations

One of the main reasons for project owners to request a BIM model as a deliverable is to use and
update the model throughout operations of the facility. BIM models for operations act as living
as-built models. Several efforts are underway to incorporate into such models the information and
documentation for all equipment installed, pre-cover 360-degree photos, and laser scanning of
the final product. These efforts intend to produce a rich digital model of the physical facility. This
way, the owner’s facility managers can click on a room and access information on materials and
equipment installed, its age, its operating manuals, information on how to reorder it, if there is a
need to replace it, and the location of electrical conduits or plumbing lines behind the gypsum wall
board. One of the efforts to make possible information exchange along the life cycle of a building
is the Construction Operations Building information exchange (COBie) specification developed
by a group of governmental agencies, including the U.S. Army, Corps of Engineers (USACE), the
National Aeronautics and Space Administration (NASA), and the National Institute of Building
Sciences (NIBS). Some of the major software programs for operations and facility management
already provide interoperability with BIM software, including Maximo and TRIRIGA by IBM
Corporation.
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Figure 15.4 BIM Tools for Concrete Volume Estimation
(Credits: Matt Glassman, PCL Construction)
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Civil information modeling

Horizontal projects, such as utilities and road infrastructures, mostly rely on two-dimensional
geometries. To this end, different terms have been used to refer to modeling efforts for these
projects, including civil information modeling, civil integrated management, and infrastructure
BIM (infraBIM or iBIM). Currently, the term civil information modeling is the most used in the United
States when referring to modeling tools for horizontal projects.

Whereas a predominant amount of geometric information in CIM models is two-dimensional,
CIM also includes 3D tools designed to handle project aspects where the third dimension is
important, including mass excavation models, bridge erection simulation, and visualization of
proposals. CIM tools have often been inspired by BIM. However, the variety of these tools is usu-
ally less diverse than those of BIM. The rest of this section will focus on a few CIM features that
are significantly different from the BIM features that have been discussed in the previous section.

Mass excavation models

The use of CIM to support earthmoving operations was motivated by another concurrent techno-
logical advance, namely, the use of construction equipment controlled through global positioning
system (GPS) technology to implement automated machine guidance (AMG). Major earthmoving
equipment manufacturers now offer AMG-enhanced equipment through GPS devices that allow
contractors to automatically control the blades of dozers and graders to optimize the number of
passes and speed of operation. However, the use of these hardware devices relies on the exist-
ence of a mass excavation model that can be imported into the equipment hardware. CIM allows
development of these models. The joint use of CIM and AMG has allowed substantial improve-
ment in performance through cost reduction and schedule certainty. Sometimes, these efforts are
supported by other technologies, such as drone photography and laser scanning. Figure 15.5 shows

Figure 15.5 Laser Scanning to Evaluate Mass Excavation Volumes
(Credits: Matt Glassman, PCL Construction)
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an example of how a major general contractor used laser scanning to survey the current status of a
jobsite and evaluate volumes of excavation.

Integration with geographic information systems

Infrastructure projects usually develop over long distances so they need to be well integrated
within their context. As a result, planning efforts rely on territorial information, which is often
stored in geographic information systems (GIS) that allow public agencies to “link” information
available in economic, demographic, road accident, and traffic databases to the location on 2D
map files. GIS-stored information is usually used to guide planning and conceptual design efforts.
Several efforts exist to automate the information exchange from GIS to CIM, and some public
agencies have already developed protocol interfaces between the two systems.

Markup and collaboration software

BIM and CIM allow project teams to model project geometric information and integrate the models
with other project documents. However, most projects still rely on two-dimensional drawings.
To allow some level of integration of these drawings with other project documents, design and
construction firms can use various tools that allow markup of two-dimensional drawings and
hyperlinking of them with textual documents, as a way to enhance communications and collab-
oration between team members. Some of these tools include Bluebeam Revu by Nemetschek,
AutoCAD Design Review by Autodesk, and PlanGrid by PlanGrid, Inc.

For instance, Bluebeam Revu allows users to create, markup, and organize project documents.
It also facilitates collaboration among team members for revising and using project documents.
Markups can be posted on documents, organized, and assigned to team members for action.
A popular Bluebeam Revu feature allows estimators and project engineers to take oft quantities
directly from portable document format (PDF) files. Another Bluebeam Revu application allows
updated sets of documents to be published with request for information (RFI) markups, as shown
in Chapter 11, which details the electronic posting of RFIs to drawings. This approach allows
contractors to maintain a centralized digital set of documents that is up-to-date. However, the
effectiveness of this application relies highly on the project engineers to promptly post RFIs and
other information on the right documents as soon possible.

Project engineering applications

Project engineers are highly involved in modeling project documents through BIM, CIM, and
markup and collaboration software programs. Project engineers are usually the younger members
in a project team, or at least the most recently graduated from an architecture, engineering, or
construction program. Therefore, their project teams often rely on them to be aware of the latest
technological tools, including those briefly described in this chapter. Independently from their
college training, it is not uncommon for project engineers to receive further on-the-job training
to master specific tools that they will be expected to use. In building projects, contractors often
rely on a project engineer to update the BIM model. These specialized PEs are often called
BIM engineers, and depending on the size of the project, they can be either project- or home-
office-based. Because MEP coordinators are fully vested in overseeing and coordinating MEP
specialty designers and contractors, they are also often delegated with the management of the
BIM functions that pertain to the MEP systems, including clash detection simulations. Any other
project engineer is expected to have enough knowledge of BIM or CIM to access information
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on the model and to acquire mastery of markup and collaboration tools as needed by the scope
items they work on.

Summary

Projects rely highly on numerous project documents, including drawings. As the project evolves,
these documents frequently change, which forces the project team to continually adapt the project
delivery path. To reduce the risk of breakdowns in the information flow, approaches to streamline
this flow are continually evolving. Current project engineering practice still relies on many tools
that were developed in the pre-digital era, including project logs and scaled-down models of the
project, such as scaled architectural models, scaled models of architectural details, and mock-ups.
However, modern information and communication technology is changing how project infor-
mation is handled. CAD systems allow designers to develop 2D or 3D models of a project’s geo-
metric features. BIM and CIM tools allow all project team members to integrate digitally created
geometric models with other project documents and with information on the project context
extracted from GIS or through laser scanning. Technology is also changing how traditional tools
are produced. For instance, 3D printing is now allowing project teams to quickly go from digital
to physical models to improve communications among team members.

Review questions

What is the main difference between 2D and 3D CAD?

‘What projects are a better fit for implementing BIM?

‘What projects are a better fit for implementing CIM?

Briefly explain the concept of AMG.

List the dimensions of a 4D model.

How can project owners mandate specific BIM-related contractual requirements?

SETIFSRER NS



16 Cost and schedule updates

Introduction

Construction managers use various terms in association with estimates and schedules, including
report,” “‘status,
happening at different phases of design and construction and being performed by different individ-
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“create, update,” and “revise.” Some may see them as similar, but all are different,
uals. In Chapters 17 and 18, we will discuss creation of the estimate and schedule, which are advanced
project engineering functions. In Chapters 8 and 12, we discussed field and project engineers’ roles
with cost and schedule control, including how they assist superintendents in the field and report on
the estimate and schedule to project managers and upper management throughout the construction
process. In this chapter, we will discuss cost and schedule updates and particularly the role of the pro-
ject engineer and some of the technology tools that enable him or her to perform these operations.

Cost updating

In an ideal world, if an estimator creates a perfect bid, the project is bought-out exactly according
to that estimate. In such an ideal case, there are no change orders or deviations over the course of
construction and the estimate might not require updating. However, construction is not based on
exact science, which means there are not perfect bids and perfect design packages, so every project
team is likely to see several updates to the original estimate and schedule during the course of the
job. We have repeated Figure 6.2 here as Figure 16.1 for the convenience of the reader. We will
refer to many of these steps or phases of the cost/schedule control process in this chapter.
Updating of the cost estimate starts almost immediately after submission of the original bid on
a lump sum project or a cost proposal on a negotiated project. Errors are realized and must be
corrected, and new information is discovered that can be incorporated into the estimate to make
it even more accurate. In the case of a heavy-civil project, the estimator will do the same with
respect to estimated individual unit price bid items but will also begin to keep a closer eye on the
estimated compared to actual material quantities installed. An estimator develops a rough order
of magnitude (ROM) estimate early in the bid process and continues to refine that estimate, by
making it more accurate with the measurement of quantities and the incorporation of unit pricing
and subcontractor bids. Similarly, the “final” estimate is not really “final” until the project is com-
plete and closed out and the as-built estimate has been incorporated into the company’s database.
After the contractor is notified that they are the successful bidder, they begin to carefully review
and revise their original estimate to see if there are any overwhelming clerical or mathemat-
ical errors, which would allow them to not enter into a contract with the client. Depending on
the jurisdiction, clerical or mathematical errors may allow a contractor to back out from a bid,
whereas judgment errors usually do not. Once the contract is executed, the buyout team, which
includes the project manager and senior-level project engineers, begins to interview subcontractors
and suppliers. The buyout process will result in adjustments to many additional line items in the
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Figure 16.1 Cost/Schedule Control Process

estimate, some up and some down, but it will not change the contract value, especially in a bid
scenario. The buyout and error corrections will be electronically incorporated into the bid esti-
mate by the use of accounting tools, such as journal entries, with the estimate functioning as a
balance sheet, where debits are matched with credits. As one cost code is increased by $1,000
(because it was lower in the original bid), two others must be reduced by $200 and $800, respect-
ively, so the net impact to the bottom line is zero.

If a subcontractor, such as the painter, is bought out for $10,000 more than was included on
the general contractor’s (GC’s) original bid (this can happen for a variety of reasons), then the
contractor’s cost is increased and the fee is reduced. This all occurs on the right-hand side of the
following equation, but the contract value remains the same.

Contract Value = Construction Cost + Fee

This would be the case if there were only one change. But there will actually be several changes in
both directions, some up and some down, all incorporated into the estimate with journal entries
and all balancing out to zero. Estimators and experienced project managers are well aware that the
home office is not interested in a reduced fee, rather just the opposite. These journal entries are
included in the “correct” step in the cost/schedule control process.

Cost recording begins after the estimate is corrected and construction begins. As discussed in
Chapter 8, cost recording involves:

*  Cost-coding the direct-craft foremen timesheets,

*  Cost-coding subcontractor invoices,

*  Cost-coding material invoices, whether they be from long-form or short-form purchase
orders, and

*  Recording actual jobsite general conditions costs.
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The cost process may be modified for a variety of reasons, but the contract value can change only
when formal contract change orders are approved. Change orders are the topic of Chapter 20.
Once a change order is approved, the contract value on the left-hand side of the equation will
increase, if the change is adding to the construction cost. A corresponding increase is neces-
sary on the right-hand side of the equation then as well, likely an increase in subcontract values,
estimates for direct work, and the fee. The project engineer will likely not make these adjustments
to the official estimate but rather will submit the necessary changes to the construction company’s
accounting department. This would be the “modify” step in the cost control process figure.

As discussed in Chapters 6 and 8 and other parts of this textbook, the development of the as-built
estimate occurs as the last step of the cost control process and is a valuable tool to update the con-
struction firm’s database for the benefit of future estimates.

Schedule updating

The schedule update cycle follows a very similar path to the cost update cycle shown in Figure 16.1.
The first schedule will be developed during the estimate or bid process to help establish the
anticipated general conditions costs. Schedules are often required by clients with negotiated requests
for proposals (RFPs) as well. Even contractors bidding unit prices for heavy-civil projects with
owner-provided end dates and liquidated damages will rough out a schedule to determine the
project’s feasibility. All of these schedules are placeholders until the contract is awarded.

Once the contractor is notified of an intent to award by the project owner, a detailed contract
schedule should then be collaboratively produced, as elaborated on in Chapter 18. Just as a con-
struction team cannot perform cost control with an incorrect estimate, they must correct the
schedule to make it easy to monitor and control, as will be discussed below. The steps necessary to
prepare a detailed construction schedule include an analysis by the project superintendent, if he or
she was not part of the original rough or summary schedule development at bid time. The super-
intendent will input his or her expected work plan and work flow and will perform manpower and
crew size analysis. In addition, after subcontractor and supplier buyout, a collaborative approach
to scheduling involves obtaining expected durations and material and equipment delivery dates
from the GC’s major second-tier team members. These dates should then be incorporated into the
detailed project schedule.

In order for a schedule to be an effective construction management tool, it must be utilized and
not just printed out and posted on the wall. This means it should be annotated weekly to monitor
progress in relation to scheduled work. The superintendent customarily reports progress in the
weekly owner—architect—contractor (OAC) meeting. Historically, a plumb-bob tied to a string
has been used to show the advancement of the status line each week during the meeting. Colored
highlighters can be used to visually indicate activities that are ahead or behind. Scheduling soft-
ware programs also have means to depict schedule progress. The overall schedule status and any
important issues should be documented in the weekly meeting notes, which were discussed in
Chapter 11.

Schedules, like estimates, provide a map of where the project team wants to go and how they
are going to get there. The objective is not necessarily to complete each activity exactly within its
scheduled duration but to complete the overall project within the scheduled time. It is likely that
many activities will be completed early and others late. Still, the jobsite project team wants to keep
from finishing the entire project late; the objective is for the variances to average out.

Should the project team ever update or revise a schedule? If so, when and how? Responses to
these questions depend upon both the contract requirements and the project progress. If the pro-
ject is proceeding more or less on schedule, the schedule need not be updated. If the project is
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significantly behind schedule or there have been many change orders, the schedule should be modi-
fied and updated. Because computers have made it easy to revise the original contract schedule, it
is now possible to compare the current schedule with the original contract schedule, which allows
the project manager and project engineer to document schedule impacts when negotiating change
orders. Sometimes it is necessary to revise the schedule, either because of a contract requirement or
because of a substantial change in scope or progress. If it appears that construction progress is sig-
nificantly behind, it may be necessary to develop a new schedule for a variety of reasons, including:

* Incorrect schedule logic,

* Inadequate estimate or schedule,

»  Late material deliveries or lack of equipment availability,
*  Client- or architect-induced delays,

» Additional scope and change orders, or

*  Unusual weather, labor shortages, or inefficiencies.

Just as the project team should not knowingly work from an inaccurate cost estimate, they should
not use an incorrect construction schedule. The construction team must first understand what the
problems are and then endeavor to correct them. This may be done through a variety of methods,
including;:

*  Revising the schedule logic,

*  Paying extra for expedited material deliveries,

* Increasing manpower, working double shifts, and/or working overtime, or
*  Removing and replacing a subcontractor, supplier, or craftsmen.

The project team must carefully assess the impacts of each method selected. Schedule recovery
can usually occur only by accelerating or compressing activities on the critical path, as will be
discussed in Chapter 18. Most of the above revision methods are not without increased costs
and other impacts or risks, including production inefficiencies. The original schedule should be
maintained intact if at all possible, for as long as possible. If a revised schedule is developed, it
must be submitted to all subcontractors to be evaluated for impact on costs and means. Upon
acceptance, the new schedule must be incorporated into every subcontractor and supplier’s con-
tract. Similarly to the incorporation of new drawings into contracts, this is a change order oppor-
tunity for subcontractors.

Home-office reporting

The jobsite management team is responsible for reporting to the contractor’s home office on a var-
iety of topics and to various levels of management; cost and schedule updates are at the forefront.
In the case of an open-book negotiated project, many estimate and schedule updates and monthly
status reports should be made to the client. The contractor’s leadership responsibilities are also
relevant to the corporate shareholders, investors, and bank and bonding companies. The project
manager and project engineer input to the home office through journal entries, change orders, pay
requests, and cost coding invoices, as discussed above. In addition, the project manager will submit
a monthly forecast to revise all cost code projections and confirm the contract fee. All of these
inputs will result in the home office developing a monthly job cost history report, which will be
submitted back to the project team to confirm current accounts and statuses. The jobsite team will
then do an audit of this report, which goes back to accounting, and the cost control cycle repeats.
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Schedules should be maintained in a manner similar to the way that record drawings and as-
built estimates are maintained. They should be marked up and commented upon to reflect when
materials were delivered, activities started, activities finished, rain days, crew sizes, and whatever
else the project manager and superintendent feel is appropriate. Heavy-civil unit price projects
must also record actual material quantities installed. The as-built schedule, similarly to the daily
job diary, becomes a legal tool in the case of a dispute. The recording of actual durations can also
be used to more accurately develop future schedules and should be shared with the home-office
scheduler. The project engineer can assist with all of these processes.

Project engineering applications

Similarly to many concepts in construction management, the ultimate responsibility of cost and
schedule control, as well as subsequent updates, lies with the project manager on the office side
and the superintendent on the field side. But project engineers often have technology skills in their
toolboxes that their senior mentors might not have. In current practice, the use of technology—such
as cost databases, accounting analysis tools, web-based reporting tools, and scheduling software—
is prevalent and a project engineering responsibility. These skills enable them to greatly assist with
updating the estimate and schedule. Some of the specific activities that the project engineer can

help with include:

e Participating in the buyout process by attending meetings and recording changes that impact
the overall estimate or schedule,

¢ Completing journal entries to submit to the accounting department,

¢ Cost coding actual subcontract and supplier expenditures and assisting with direct labor
time sheet coding,

e Assisting with the monthly forecast through the development of field-foremen work packages
and soliciting field input on remaining cost and time to go,

¢ Maintaining the client=GC and the GC—subcontractor and GC—supplier change order pro-
posal and change order logs, and/or

¢ Contributing to the as-built estimate and as-built schedule development during the con-
tract close-out phase.

Summary

Just as a broken hammer or dull saw are ineffective construction tools, so are inaccurate estimates
and schedules. These documents need to be fluid to be effective construction management tools.
The cost/schedule control process is circular and the starting point depends upon an individual’s
experience and the longevity of the construction company. The steps in this control process, as
depicted in Figure 16.1, include (1) Estimate or Schedule, (2) Correct, (3) Record, (4) Modify, and
(5) As-built, and then go back to (1) Estimate or Schedule.

Changes to the estimate and schedule begin shortly after the project is bid, when errors are
corrected and buyout commences. The changes made to the estimate are through journal entries,
where the additive changes have to equal the deductive changes, because the contract bid amount
is firm. Change orders will revise the project estimate, but this will happen on both sides of the
construction equation; essentially, the estimate functions as an accounting balance sheet.

Updating or revising the schedule can be an expensive task and does not need to be a monthly
occurrence; if the project remains on track, leave the schedule be. Use of the schedule to monitor pro-
gress is the superintendent’s responsibility and occurs during the weekly project owner—contractor
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coordination meeting, but the project engineer can assist with annotating the contract schedule for
input to the as-built schedule during the close-out process.

Review questions

1. Who indicates progress on the schedule? When should it be done?

2. When should contractors avoid revising and reissuing the schedule?

3. When is it appropriate to revise the schedule?

4. How is an as-built schedule developed, and when should it be developed?

5. Explain how a journal entry will balance out, even though your elevator subcontract cost has
increased by $20,000.

6. Ifthe GC underruns one line item in the cost estimate, i.e., saves $5,000 on foundations, how
does it affect the contract value for the following contract types? Assume all other costs and
quantities remain as is and as estimated.

a. Lump sum

b. Cost plus with guaranteed maximum price, including an 80—20% savings clause (Note: 80%
of savings would be retained by the project owner and 20% by the contractor)

c. Cost plus with a 10% floating fee

d. Unit price

Exercises

1. By utilizing our case study summary estimate for the Rose mixed-use apartment project from
the companion website, prepare a revised estimate incorporating the following journal entries:
a. Two storm water detention tanks are needed at four months each
b. Structural steel was bought out at $2,100 per ton
c. You have hired one subcontractor to do all glass, glazing, and related work for a lump sum

of $800,000
d. Ourelectrical subcontractor will take care ofall temporary power and lighting requirements
for a lump sum of $50,000, exclusive of monthly utility bills

2. Ignoring exercise one, incorporate the change order proposal from Chapter 20 into our case
study contract estimate. What is your revised fee?

3. By utilizing the Rose mixed-use apartment project detailed schedule from the companion
website, and without changing any logic and/or durations in the schedule, incorporate the
following changes/updates and prepare a report to the home office regarding the project status.
Are we ahead or behind schedule, and by how much?

a. Elevator delivery is delayed one month, and they need two extra weeks for installation

b. Exterior concrete walls were completed 11/1/18

c. The fire protection subcontractor needs 18 days per floor because of concealed heads in
the elevator lobbies

d. The vinyl floor subcontractor has agreed to five more installers, which cuts their time for
each floor by half

4. Utilize the schedule updates in exercise 3 and approach the following task similarly to an

accounting journal entry; i.e., you need to maintain and/or report the original contract com-
pletion date without modification. What reasonable revisions to logic and/or durations do you
make (a) if we are running behind schedule or, conversely, (b) if we are ahead of schedule?
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17 Cost estimating

Introduction

In addition to time, safety, and quality, cost is one of the four pillars to project success, and there-
fore, it is the focus of the project manager, superintendent, and project engineers. Cost control
begins with the development of a detailed and accurate construction cost estimate. Project costs
are estimated to develop a realistic budget within which the jobsite team must construct the pro-
ject. All project costs are estimated in preparing bids for lump-sum or unit price contracts and
negotiating the guaranteed maximum price (GMP) on cost plus contracts. Even when a GMP is
not requested under a cost plus contract, the contractor is expected to provide cost forecasts to the
project owner to facilitate their cash low management.

Estimating can be summarized as the process of: counting and measuring material quantities
from the drawings; applying competitive unit prices to those quantities; adding all the pricing up
to a total, which is ideally a reasonable projection of the final cost of the project; and adding any
markup to guarantee a profit. Cost estimates may be prepared either by the project manager and
senior project engineers or by the estimating department of the construction firm. Even if the
estimate is prepared by the contractor’s estimating department, the jobsite team must understand
how the estimate was prepared, because they will be tasked with building the project within the
budget. This project budget becomes the basis for the cost control system that has been discussed
throughout this book.

There are several good books, reference guides, software programs, and commercial databases
available for construction estimating. Many contractors develop their own process and use
customized spreadsheets that are supported by historical in-house databases. Recognizing how
diverse each contractor’s approach to estimating may be, we offer in this chapter just a brief intro-
duction to some of the estimating activities that may be assigned to project engineers.

Because contractors operate for profit, it is essential for any construction management profes-
sional to acquire good cost estimating skills. The quantity take-oft procedure for a few major
building and civil assemblies will be briefly discussed in this chapter. If an estimator can calculate
the quantity of concrete in a spot footing or count the quantity of hollow-core wood doors, then
he or she has the skills needed to measure almost any material quantity. The same rules of meas-
uring, counting, and pricing apply to most systems.

Although it may be difficult for some project owners to accept, there is not necessarily one
correct total estimate, because numerous variables are subjectively dependent upon the estimator
and the project. Therefore, some estimates are more correct than others, but estimating is not an
exact science. Adjustments in pricing, subcontractor and labor strategies, overhead structures, and
fee calculations are individual contractor decisions that will determine “the estimate” for those
conditions at that time.
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Estimating risk and strategy

Chapter 21 will provide an in-depth overview of how to manage project risks. Moreover, Chapter 8
identified the control of direct labor as one of the contractor’s biggest risks and the estimating of
the anticipated cost of that labor as one of the greatest challenges for the estimator. This is where an
experienced estimator has an advantage. Moreover, estimating is often performed as part of com-
peting for a contract, so the estimating strategy is paramount to a successful competition.

Other estimating risks involve failure to include some element of work or double-counting
another element of work. To minimize errors when developing an estimate, the estimator

should:

*  Develop good estimating practices and procedures,

* Ask other experienced in-house project managers and superintendents to assist with the
estimate,

*  Request bids from only qualified subcontractors and suppliers, and

*  Devise ways to build faster and beat the client’s schedule, which will reduce the jobsite general
conditions estimate.

Similarly to how the planning process precedes scheduling, there are many factors that will affect
the estimating strategy for a specific project. Some of these factors include:

*  The client, architect, and engineers,

e Contract format,

*  Project location,

*  Complexity and accuracy of the drawings and specifications, and

*  Quantity of construction projects under contract but not yet complete.

Types of cost estimates

The project manager who will be assigned to build the project, along with his or her project
engineers and superintendent, should be responsible for developing or providing input to the esti-
mate. Their individual contributions regarding constructability and their personal commitments
to the estimating product are essential to assure not only the accuracy of the estimate but also the
ultimate success of the project. There are several different types of cost estimates. The three most
common estimates are:

»  Conceptual cost estimates: These are often developed several times during design development
by using incomplete or preliminary drawings and specifications, such as schematic design
documents. They are used to set a project budget and verify its accuracy throughout early
design stages. Because they are only indicative of the final cost, they can be used to set a
starting budget on cost plus contracts that are awarded based on qualifications;

*  Detailed cost estimates: These are prepared by using complete drawings and specifications, or
construction documents (CDs), and are used to respond to bids for lump-sum and heavy-civil
unit price contracts; and

»  Semi-detailed estimates: These include elements of both conceptual and detailed estimates,
and they are used to provide a GMP on a cost plus contract or a lump sum price for
heavy-civil design—build contracts. They are usually developed to participate in best value
procurement.
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The procurement approach and the contract type may seem to affect the type of estimate to adopt
in any given case, but it is really the level of design detail that indirectly affects this decision, as well
as the procurement and contract. As a matter of fact, it would be impossible to perform a detailed
cost estimate for a conceptually designed project. However, it is possible to do just the opposite—
i.e., develop a conceptual estimate out of a nearly complete design—and it is actually an early step
of the detailed estimating process that will be discussed later.

The estimating strategy is different with each of these estimate types. The level of detail will
correspondingly differ with each of the estimate types as well. Early estimates based upon prelim-
inary documents include many uncertainties in the form of allowances, contingencies, square footage
pricing, and assembly estimates. The more advanced and detailed the drawings, the more the esti-
mator will utilize historical labor productivity, wage rates, market material pricing, and competi-
tive subcontractor quotations.

The accuracy of an estimate is also directly proportional to the quality of the documents. The
time spent on preparing an estimate also follows those same lines. Conceptual estimates may, at
best, provide an accuracy within & 20% of the final construction cost; semi-detailed estimates are,
at best, within & 5-10% of accuracy; and contractors expect to be within only a few percentage
points of the final cost with their detailed estimates.

Every estimate has similar major elements or categories, including heavy-civil unit price bids.
These categories include:

¢ Direct labor,

¢ Direct material,

*  Direct equipment,

e Subcontractors and major material suppliers,

e Jobsite administration or general conditions, including equipment that cannot be allocated to
individual tasks, and

e Percentage markups, including the fee, taxes, contingency, and insurance.

Conceptual estimates

To those individuals who are not familiar with how the construction industry operates, all
contractors’ estimates are viewed the same, in that they are all “bids” and all contractor-
produced estimates are detailed and completely accurate. This of course is a misconception
because estimates are dependent upon various factors, including the quality and detail of the
design documents. Early conceptual estimates may be developed by contractors or architects
on limited information and produced with little effort. These estimates are not expected to be
“firm” or very accurate. Instead, they should be used to guide conceptual and schematic design
to stay within the approved budget, rather than as firm bids. If subsequent conceptual estimates
show that the initial budget cannot be met, they can be used to go back to the owner to request
either an upward revision of the budget or a downsizing of the project scope. A conceptual set
of drawings can be quickly estimated as follows:

e Early on, historical unit prices for square feet of floor or for cubic feet of building volume can
be used to develop an early estimate.

e When design has advanced enough to allow for a work breakdown among specialties, values
can be used as placeholders for each specialty, also referred to as subcontractor plugs or, some-
times, subcontractor allowances; these values are only educated guesses for the project owner,
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who would need to reevaluate once design progressed. Ideally, these values will be replaced by
subcontractor bids at the end of the detailed estimating process.
*  Percentage add-ons for jobsite administration and markups are used throughout this process.

Most items within a conceptual estimate are usually allowances. Conceptual estimates are cor-
respondingly the least accurate estimate type and should carry substantial contingencies. They
are developed by seasoned estimators, whereas junior estimators may perform quantity take-offs
(QTOs) to support detailed estimating.

Even when a semi-detailed or detailed set of drawings is provided, it is customary for a con-
tractor to also develop a conceptual estimate as soon as the design package is available. Although
this estimate is not used to submit a final price for the project, it is utilized to determine if the
project is the right size for the contractor to pursue and which of their estimating or management
staff would be best suited to work on the detailed portions of the estimating process.

Detailed estimates

Much of the focus of the remainder of this chapter will be on the process of producing detailed
estimates. A detailed estimate takes the longest time to prepare, costs the contractor the most
in personnel resources to produce, and produces the most accurate final figure. Drawings and
specifications that are at least 90% complete are ready for a detailed estimate. A fully detailed set
of drawings is needed to prepare a detailed estimate so that every item of work can be accurately
measured and matched with unit prices or competitive subcontractor bids. Detailed estimates are
most prevalent on projects that are bid either as a single lump sum price, for a new high school as
an example, or as a set of unit prices for heavy-civil projects, such as a highway overpass.

Lump sum bids

Lump sum bids are also referred to as “hard bids,” “fixed price,” or “stipulated sum” and are typic-
ally associated with certain types of public works projects. In a slow economy, project owners on
privately funded projects may solicit lump sum bids and still secure a quality general contractor. In
a busy economy, however, they can secure a quality contractor only through negotiated requests
for proposals (RFPs). Project owners requesting a lump sum bid are primarily interested in just the
bottom line and assume that all contractors can deliver the project with comparable levels of quality,
schedule, and safety. As shown in Figure 17.1, the detailed lump sum bid estimating process includes:

*  Quantity take offs (QTO),

*  Direct work pricing recaps,

*  Subcontractor plugs and later bids,

*  Jobsite indirect general conditions, and
e Markups.

Unit price bids

Unit price bids follow a similar process to lump sum bids, except individual standalone bids are
created for each line in the estimate. Unit price bids typically apply to public works and utility
projects where the drawings will only allow an estimator to compute quantities within a range of
uncertainty. Before letting the project go to bid, the client employs an estimating consultant, or
quantity surveyor, to develop quantities for each line item that all of the contractors are to utilize.
By taking the risk of measuring quantities away from the contractors, this approach subsequently
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| Compile final price

| Receive subcontractor quotes

Determine markups
Prepare bid form
Refine conceptual estimate

| Develop jobsite administration estimate

| Develop summary schedule

Develop subcontractor plug estimates
Develop direct work pricing recaps

Perform quantity take-off for direct and subcontracted work
Make initial calls to subcontractors

Detailed Estimating

Assign estimating team responsibilities
Develop work breakdown structure

Develop an early conceptual estimate
Visit the site

Attend pre-bid meeting (if any)
Review initial project overview

Figure 17.1 Estimating Process

lowers their risk and, theoretically, their contingencies. Projects prone to utilize the unit price
method are typically linear heavy-civil projects, such as projects for highway pavement overlays or
installation of storm drains and sanitary sewers. It is not unusual to see a bid form with 100200
separate line items that the contractor must develop standalone pricing for. The contractor develops
lump sum estimates for each of these line items, including direct labor, material, equipment, and
subcontractor pricing. Typical markups, including the fee and insurance, are also added to each
line item, and the totals are extended across the spreadsheet to the right, to create a comprehensive
unit price. These complete standalone unit prices are then applied to the client’s quantities. All line
item bids are then totaled for one complete lump sum bid. If the actual quantities installed during
construction vary from the bid quantities on any single item, then the contract value is adjusted by
utilizing these individual prorated unit prices. This is the type of estimate developed by Gateway
Construction for the I-90 overpass case study project described throughout this book.

Semi-detailed estimates

Semi-detailed estimates are a hybrid of conceptual and detailed estimates. They are used under
various delivery methods and contract types. For instance, they are typically used to provide a
GMP on a cost plus contract. They are also used to provide a lump sum price for heavy-civil
design—build contracts. By utilizing measured quantities and unit prices, they are produced
to price work packages that have been adequately designed and specified, such as structural
concrete. Subcontractor bids are utilized wherever possible, but subcontractor allowances are
included for areas not yet completely designed, such as interior finishes. For work that is not
fully designed, the contractor will use assembly costs, such as square footage estimates, to verify
allowances.

Reliance on contingencies is more prevalent in semi-detailed estimates than in detailed estimates.
‘When used to produce a GMP for a cost plus contract, the contingencies are known by the project
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owner and the contract is worded to incentivize the contractor to reduce withdrawals from contin-
gency accounts by providing a share of any savings, such as 80% to the project owner and 20% to
the general contractor. In these contracts, a definition of costs that are reimbursable and those that
are non-reimbursable must be established in the contract. Also, costs that are considered jobsite gen-
eral conditions versus those that are considered home office and part of the fee are paramount and
should also be established in the contract before work commences. A GMP was negotiated between
the developer and Reliable Construction for the Rose Collective mixed-use apartment case study
discussed in this and other chapters.

Semi-detailed estimates are also used by design-builders competing for a lump-sum contract for
heavy-civil public works. These contracts are usually awarded on a schematic design and require
prospective design-builders to advance the design for submission jointly with a price proposal for a
lump sum. Given that it would be uneconomical to fully develop the design in the absence of a con-
tract, prospective design-builders will also rely on contingencies and allowances. Contingencies
and allowances, however, will not be shared with the project owner, who is accepting the potential
extra cost in exchange for an early price certainty.

Process

The process of developing a detailed estimate is shown in its entirety in Figure 17.1 and can be
followed when the design is ready for a detailed estimate. However, the same process can be used
to develop semi-detailed estimates by skipping those steps that cannot be performed due to lack
of information.

The initial steps of gathering information provide a foundation for the whole process. One of
the first assignments for the estimating team is to develop a responsibility list and to schedule the
estimate. The estimating process should be scheduled for each project beginning with the dates
for the pre-bid or pre-proposal conference and the date that the bid or proposal is due. With these
milestones established, a short bar-chart schedule can be developed that shows each step and assigns
due dates to the estimating tasks depicted in Figure 17.1. Familiarity with the steps or building
blocks is essential in developing the schedule. Each team member is relying on the others to do their
jobs efficiently, accurately, and in a timely manner. Similarly to a construction schedule, if one of
the individuals falls behind on any one activity, the completion date may be in jeopardy or, more
commonly, the quality of the finished estimate will be affected, unless other resources are applied.

As the estimating team proceeds through the process, information continues to be analyzed,
summarized, and refined, until eventually there is only the final estimate or bid. Here we will
elaborate on some of the most crucial steps that lead to this outcome.

Work breakdown structure

The work breakdown structure (WBS) can take various forms. Graphically, it can be represented
as “a hierarchical decomposition of the total scope of work to be carried out by the project team
to accomplish the project objectives” (PMI 2016; p. 14). However, it may more simply take the
form of a listing of all the work activities shown on the drawings and in the specifications. It is
often prepared in outline form with variable “levels” or degrees of detail, depending on the mix of
self-performed versus subcontracted work and the completeness of the documents. It includes areas
of work, such as foundations, utilities, drywall, floor covering, and plumbing. Before any detailed
estimating is performed, including the quantity take-off, the estimator should have a general idea
of all the work that will be included on the WBS. The first step is to conduct a complete document
overview. The goal is to review the drawings and specifications thoroughly and develop a good
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Project: 1-90 Overpass, Project #1732 Date: 3/25/2018
Estimator: Jim Bradley
Provider
General Contractor Subcontractor
Line # CSI Div Cost Item Description Materials | Labor | Materials | Labor
2 2 Sitework X X X X
3 3 Concrete:
3.1 3 CIP Concrete:
3.1.1 3 Pile Caps:
3.1.1.1 3 Excavate X X X X
3.1.1.2 3 Formwork X X
3.1.1.3 3 Rebar X X
3.1.1.4 3 Anchor Bolts X X
3.1.1.5 3 Purchase Concrete X
3.1.1.6 3 Pump Concrete X X
3.1.1.7 3 Place Concrete X
3.1.2 3 SOG X X X X
3.1.3 3 Columns X X
3.14 3 Elevated Decks X X
3.1.5 3 Gypcrete X X
3.2 3 Pre-cast Concrete X X
4 4 Masonry X X
5 5 Structural Steel:
5.1 5 Rolled Shapes:
5.1.1 5 Fabricate X
5.1.2 5 Install X
5.2 5 Metal Deck X X

Figure 17.2 Project Item List

understanding of the type of project and the systems that are included. The estimator should not
start quantifying or pricing any work items until this overview is complete.

Many estimators format a WBS in outline form, but a project item list is one alternative way
to present the WBS. Figure 17.2 is an abbreviated example for our heavy-civil case study project.
This list is a good reference to use throughout the estimating process and again as a final checklist
to review prior to finalizing the estimate. This item list is not to be considered as a final WBS, just
a good first step. The WBS will continue to evolve throughout the estimating, scheduling, and
buyout processes. As the estimator dives more deeply into the project, there will be several more
detailed levels of the WBS. A good WBS or project item list can also be utilized later to develop
the project schedule, as will be discussed in Chapter 18.
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At this stage, the estimator needs to know which categories of work will be self-performed by
the contractor’s own forces and which will be supplied and installed by subcontractors. The pro-
ject item list has boxes to check for this purpose. Categories of work that general contractors may
perform on building projects include:

e Minor structural hand excavation and backfill,

e Concrete formwork,

»  Concrete reinforcement steel placement,

»  Concrete placement,

*  Concrete slab finishing,

e Structural steel erection,

*  Rough carpentry, and/or

*  Finish carpentry, including doors, specialties, and accessories.

Heavy-civil contractors may also perform earthwork, shoring, paving, and utility work with their
own direct forces, because they may have access to specialized equipment for those operations.
The estimator and the construction team decide which work items should be self-performed or
subcontracted by evaluating several issues, including:

*  Labor: Subcontractors must be used for a work item if the tradesmen needed are not employed
by the general contractor. Although shifting more work to subcontractors is a means of
risk mitigation, there are also additional risks when subcontracting, which are discussed in
Chapters 19 and 21;

»  Specialization: If a subcontractor specializes on a work item, such as finishing concrete, they
may have refined the most efficient and least expensive way to perform the work;

*  Quality: If this is a work item that the subcontractor specializes in, they can often also per-
form it better. Also, if there are problems with quality, a subcontractor is required to repair the
work without increase in cost to the general contractor. Conversely, if the general contractor
is required to repair self-performed work, such as a weld that failed inspection, the general
contractor’s cost will increase;

*  Price: It a subcontractor can perform the work on a fixed price contract for less than what the
general contractor has estimated, then the work may be awarded to the subcontractor;

»  Work load: If the general contractor’s labor forces are tied up on other work, some normally
self-performed items may be awarded to subcontractors. Conversely, if the general contractor’s
volume is low but they want to keep the labor force together, the GC may choose to self-
perform more work items; and

»  Safety and schedule: Many general contractors will argue that they can control and assure project
schedule and safety better with their own forces.

Once the mix of direct versus subcontracted work has been determined, select subcontractors will
be sent solicitations to prepare bids; this is often a role for an experienced project engineer. It is a
good idea to have the subcontractors working to prepare their estimates in parallel with the gen-
eral contractor developing their own estimate for self-performed work. When subcontractors are
notified, they will ask the estimator questions regarding specifications, quantities, and materials.
The project engineer or estimator should be informed about specific subcontractor scope, but
each subcontractor should develop a completely independent estimate. Incorporation of the cost
of subcontracted portions of the work into the project estimate is discussed in detail later in the
chapter.
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Quantity take-off

After the WBS has been completed, the estimator proceeds to count and measure material quan-
tities from the drawings. The goal is to perform detailed measurements and counts for each item of
work that has previously been selected to be self-performed and to record them on quantity take-
off (QTO) sheets. The QTO process is one of the most time-consuming activities in the detailed
estimating process shown in Figure 17.1 and is a necessary early step toward preparing the final
total estimate value.

The proper order of preparing the QTO is customarily the order in which the work will
be performed, such as the foundations before the slab on grade (SOG) before the columns.
This is typical for commercial, civil, or residential projects. This order will accomplish several
tasks, including forcing the estimator to think like the superintendent, that is, the floor system
is built before the walls. Organization of the estimate in this fashion will later assist with the
schedule development and will aid with the development of the project cost and schedule
control systems. All work items should be taken oft prior to pricing. Material quantities are
recorded and later extended out and summarized on QTO sheets similar to the one shown in
Figure 17.3. Good QTO procedures include:

* The drawings should be marked up, whether done by hand with colored pencils and
highlighters or shown on the computer, to indicate what items of work have been taken off.
This will help minimize errors;

e Sketches and assumptions should be developed and preferably noted on the QTO sheets;

*  Quantities should be measured, extended, and summarized as they will be priced and
purchased. For example, concrete is initially measured in cubic feet (CF), but it is purchased
in cubic yards (CY). Concrete reinforcement steel is quantified by the piece, multiplied
by the length per piece, multiplied by the weight in pounds per linear foot, and finally
converted into tonnage. Waste and/or lap are added if appropriate;

e The estimate should appear neat and professionally organized, because upper management
will want to review the estimator’s work prior to bid for completeness and accuracy; and

*  Although most estimating activities are being performed electronically today, paper print-outs
are inexpensive and are a useful method to perform a quality-control check of the estimate.

Every estimator has his or her own “rules-of-thumb” with respect to the amount of waste or lap
to apply to measured material counts. An allowance of 5-10% is common and should be included
on the QTO sheets. Purchasing enough, but not too much, material is important to maintain labor
productivity. Items such as nails, glue, caulking, and rebar tie-wire can be estimated or allowed
for, but determination of exact quantities is difficult and the amount of time the estimator would
need to estimate them would usually exceed the value of the materials. Allowances are usually
sufficient at this stage.

The QTOs developed by the GC for subcontracted work are not as detailed as those for its own
direct work. On lump sum projects, GCs develop early in-house estimates for subcontracted work
that will be used initially as plugs but will later be replaced with competitive quotes when they
are received.

Pricing self-performed work

Each contractor will have their own standard pricing recapitulation sheets—also known as recaps—
to extend these quantities and apply labor and material unit prices. An example of a pricing recap
sheet for our heavy-civil case study is shown in Figure 17.4. All the recapped material quantities
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Gateway Construction Company
Quantity Takeoff Sheet

Project: 190 Overpass Date:  3/25/2018
Owner/Loc: State of Montana, Missoula, MT Estimator: Jim Bradley
Est #: 1
Div #: 03, Pile Caps, Bid Item 172
Ref Description Qty L | W | H
(ea) (f | (ft) | ()
15 each: 2.5'd x 10' SQ with #6 @ (|>" OC rebar |EW T|&B ar|1d 8 Ei‘\ 1" round x 12" long ABs/pile cap:
Structural Excavation: Top of pile cap 2 feet below existing rough grade
Pile Cap Size: 15| 10| 10| 2.5
Hole Size: 15] 12| 12| 4.5 9720 CF
Plus 40% swell @ 27CF/CY=| 504  |Say 500 TCY
SF CF
Formwork: | Concrete | Finegrade:
Concrete: 15| 10| 10| 2.5 1500 3750 1500 SF
@ 9SF/SY=
167 SY
Concrete purchase: | @ 1.055% waste @ 27CF/CY = 147 CY
Rebar: 4 matts @ 21 bars per matt @ 10" long per bar = 840 LF/PC
@ 15 pilecaps = | 12600 #
#6 @ 1.502#/LF @ 2000 #/T = 9.5 tons
Note: no lap or waste ﬁ|gured with spot footings or pile caps
Anchor Bolts: 8 per PC = 120 EA

Figure 17.3 Quantity Take-Off Sheet

are brought forward from the QTOs and entered onto the pricing sheets. The estimator should
not start pricing until all the materials have been taken off the quantity sheets and entered on the
pricing sheets. Similarly to the process for taking the materials off the drawings, each quantity is
circled or highlighted to indicate it has been brought forward to a pricing recap sheet. After all of
the QTO sheets have been brought forward, the estimator begins labor and material pricing.

An alternative ten-page detailed estimate format for our Rose Collective mixed-use develop-
ment (MXD) apartment case study is included on the companion website. In this example, the
separate labor and material unit price columns have been collapsed into one assembly unit price for
each of the several hundred line item estimate entries.

As discussed, the contractor’s direct craft labor productivity is the most difficult item to estimate
and control, and it is therefore the riskiest item. Often a general contractor will review the amount
of labor in an estimate and use this figure as some basis for determining the overall project risk,
thereby determining the appropriate fee to apply. Labor productivity is estimated as man-hours/



Gateway Construction Company

Project: Highway 90 Overpass Date: 3/25/2018
Location: Missoula, MT Estimator:  Jim Bradley
Engineer: State of Montana Estimate #: 1
Division/Category: 03: Pile Caps Bid Item: 172
Description Qty Unit | Material | Material | Labor | Man | Wage Labor Equip | Equip Total
Rate Cost UMH | Hours | Rate Cost Rate Cost Cost
15 each: 2.5'd x 10' SQ with #6 @ 6" OC rebar EW T&B and 8 EA 1" round x 12" long ABs/pile cap:
Layout 1] LS 250 250 16 16 41 656 $906
Structural Excavation 500 TCY 0 0.085 43 40 1700 7.5 3750 $5,450
Hand Ex/Fine Grade 167 | SY 0 0.05 8 33 276 $276
Forms 1500 [ SECA 1.25 1875| 0.075 113 41 4613 $6,488
Rebar 9.5| Tons 1200 11400 15 143 50 7125 $18,525
Anchor Bolts 120 EA 18.1 2172 0.25 30 41 1230 $3,402
Purchase Concrete * 1471 CY 95 13965 0 0 $13,965
Pump Concrete 147 CY 0 0 0 12.5 1838 $1,838
Admixtures 147 CY 2.5 368 0 0 $368
Place Concrete 140| CY 0 0.33 46 33 1525 $1,525
Protect and Cure 11 LS 300 300 5 5 33 165 $465
Strip Forms w/forms $0
Backfill 353| TCY 0 0.1 35 0 6.5 2295 $2,295
30330 438 17289 7882 $55,500

‘Wage Check: System Check:

Labor $ / Hours =

39.44 | $/HR. Checks? Yes

Total $ / CY = $/CY

Checks? Yes

* Although the stated quantity of 140 cubic yards is reflected on the bid form SOV, we have to allow an additional 5% for waste in our workup calcs

Figure 17.4 Pricing Recapitulation Sheet
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unit of work, such as six man-hours (MH) per door. This is referred to as unit man-hours (UMH).
This system allows for fluctuation of labor rates, union versus open shop, geographic variations,
and time. If'it takes 3.25 UMH per door to install an interior hollow metal doorframe in Montana,
it probably takes the same in Mississippi. Appropriate wage rates can be applied for the specific
project. The best source of labor productivity is the estimator’s in-house database. Each estimator
or contractor should develop their own database from previous estimates and previously developed
labor factors. Other sources of UMH data would include published databases or reference guides,
such as RS Means’ Building Construction Cost Data.

Note: As we mentioned before, in an effort to use gender-neutral language to reflect an increas-
ingly diverse workforce, some companies are replacing the term man-hour with person-hour
(PH). This terminology is less common and not widespread, so we decided to follow the trad-
itional terminology in the rest of this book.

Extended man-hours should be rounded off. Fractional man-hours should not be retained on
the pricing recap sheet. Fractional man-hours are difficult to schedule and monitor against for
cost control, let alone difficult to explain to the superintendent why he or she has 1.7 man-hours
to place the gravel for the perforated drain system and not 2 man-hours. As already stated, esti-
mating is not an exact science; although it relies on sound math, good judgment and procedures
are equally important. The man-hours are totaled at the bottom of each pricing page. This figure
will be valuable information later on for scheduling and cost control.

Every contractor will have their own direct wage rates. These vary according to location,
union agreements (if applicable), and the type of work to be performed. Sources of wage rates may
include prevailing wage rates, union rates, merit shop rates, or in-house rates. On non-prevailing
wage projects, only bare (paid to the employee) wage rates are included on the pricing sheets.
Labor burdens or labor taxes are included on the estimate summary page. Labor burden will add
30-60%, depending upon craft, on top of the labor estimate for items such as workers’ com-
pensation, union benefits, unemployment, Federal Insurance Contributions Act (FICA; social
security), and medical insurance. These percentages fluctuate with time and location. The esti-
mator should check with his or her company’s current accounting data before applying a per-
centage. Prevailing wage projects have labor taxes (but not labor benefits) built into the rates. The
prevailing wage rates for our Montana overpass case study project, which were in place in 2017,
are shown in Table 17.1.

Competitive market-rate material unit prices should be solicited from local and specified
suppliers. Suppliers are requested to provide prices for substantial materials that will be purchased
by the general contractor. Price quotations should be received in writing on the supplier’s letter-
head. If telephone quotations are received, company-consistent forms should be used for recording
material pricing, although pricing on the vendor’s letterhead is always preferred. Many material

Table 17.1 Prevailing Wage Rates

Craft Base Wage Fringe Benefits Prevailing Wage Rate
Carpenters $29 $12 $41
Cement Masons $22 $11 $33
Equip. Operators $28 $12 $40
Laborers $24 $9 $33
Electricians $33 $13 $46
Ironworkers $27 $23 $50

Plumbers $36 $17 $53
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quotes are received electronically. Other sources of material prices include in-house historical costs
or previous estimates. Historical prices are not as reliable as current quotes, but it is better than
leaving an item blank. The third choice for material prices are databases or reference guides. These
sources are useful for unusual items for which local quotes cannot be obtained, as allowances or as
subcontractor plugs in early budget development.

Figure 17.4 shows a pricing recap sheet for the 1-90 pile caps. Each of the quantity line items
is extended across. For example: A measured material quantity of 1,500 SFCA (square feet of
contact area) pile cap formwork has been carried forward from the QTO to the pricing recap
page. The material prices are extended by multiplying this quantity of formwork by the material
supplier’s quote of $1.25 per SF to yield a material price of $1,875. The measured quantity is also
multiplied by the historical UMH of 0.075 MH/SFCA to yield 113 man-hours. The carpenter’s
prevailing wage rate of $41 per hour is applied, which yields a total of $4,613 to form the pile caps.
Fractional man-hours and cents are applicable in the unit price or UMH columns of the pricing
recap page only, not the extended columns. Extended prices should be rounded to the nearest
dollar. After all of the unit prices have been applied to the quantities, total costs are recapped for
each page and/or each assembly or system, in preparation to be brought forward to the estimate
summary page.

Pricing subcontracted work

General contractors rely on specialty contractors to perform a majority of the work as subcontractors,
and the best source of pricing is from these specialists. Subcontractors are the ones who will ultim-
ately be required to sign a contract and guarantee performance for a fixed amount of compensa-
tion. General contractors should estimate subcontractor work to develop pre-bid day budgets and
to check the reasonableness of subcontractor bids. This is why general contractors also develop
rough QTOs for subcontracted work. In-house GC estimates for subcontracted work are referred
to as subcontractor plugs or simply plugs. If one low bid of $10,000 for flagging comes in and one
higher bid of $20,000 is available, the general contractor may feel comfortable throwing the high
bid out because their own pre-bid plug was $12,500. The reverse may be true on another system,
if the general contractor’s estimate was nearer the high bid. Once a reliable subcontractor price is
received, the GC’s plug estimate should be replaced with the subcontractor’s price. Another situ-
ation would occur if the general contractor plug was significantly higher or lower than any subcon-
tractor bid. In these cases, the estimator should not assume that the subcontractors, who specialize
in painting, for instance, are all in error and that his or her pre-bid plug is the most correct one.
A spreadsheet or bid-tab should be developed that aids in the analysis of subcontractor and supplier
pricing.

Jobsite administration or general conditions

There are many different uses of the term general conditions, including general conditions to the
contract and home-office general conditions. Jobsite general conditions costs are project-specific
costs and are measurable. It was discussed earlier that estimating direct labor costs is one of the
most difficult and riskiest tasks for the construction estimating team, but estimating jobsite gen-
eral conditions is also difficult. Site-specific general conditions are also referred to by some as
jobsite administration costs, indirect costs, distributable costs, or overhead costs. Jobsite general
conditions are indirect costs that are necessary to manage and supervise the project but are not
necessarily attributable to any specific area of work.

Even if the general contractor is not required to turn in a construction schedule, it is still neces-
sary to develop a relatively accurate schedule prior to preparing a general conditions estimate. By
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utilizing past experience, coupled with the estimated man-hours and with the superintendent’s
input, it is a fairly simple process to prepare a 20-30 line item schedule. The project team will
rough out a schedule based upon these hours, the project’s complexity, and subcontractor input on
durations and deliveries. This schedule is used to develop overall durations for estimating salaried
administration labor, such as supervision and project management, as well as equipment rental
(e.g., a pickup truck). It is not necessary to determine if it will take exactly 440 work days to build
the apartment building, but it is important to know that this structure will take approximately
18 months to construct (not ten or 30) given the site conditions, project complexity, long-lead
material deliveries, anticipated weather, and available manpower. A summary schedule for the
Rose Collective MXD is presented in Chapter 18.

A collapsed summary of Gateway’s 1-90 jobsite general condition’s estimate is shown in
Figure 17.5. The complete general conditions estimate for this project is four pages long and is
available on the companion website. That estimate version includes a generic comprehensive list of
items, which may be considered jobsite general conditions. The complete MXD case study general
conditions estimate is also included on the website. There is not an exact rule for what the total
general conditions costs should be. They could range anywhere from 5% for a larger building pro-
ject to 10% for a smaller building project, for an equipment- and labor-intensive civil or residential
project, or for out-of-town projects. The distinction of which items will be jobsite reimbursable
and which are part of the fee will be spelled out for a cost plus contract and will affect this range.
Many of the individual general conditions line items are project- and site-specific and o