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1: About the Author

: ohn Messner is the Charles and Elinor Matts Professor of Architectural Engineering and the Director of the
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13: Preface
1

This book provides an overview of the building industry, the projects performed within the industry, and methods to plan and
manage the delivery of a construction project. This book closely aligns with the topics and learning objectives of the AE 372 class
at Penn State. The book is a resource for the class that does not carry the cost of a typical textbook, and even better, it is free. The
content will continue to grow and mature. Please share any errors or suggestions for improvement. Instead of purchasing a
textbook, I hope that all students will be able to use your funds to support learning experiences, for example, field trips to see
construction projects or other educational experiences. And most important, please ensure that you have the proper Personal
Protective Equipment (PPE) to be safe when visiting and working on construction sites.

John Messner
Charles & Elinor Matts Professor
Penn State University
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1.1: Introduction to the Building Industry

4b Learning Objectives

After reading this chapter, you should be able to:

o Learn the Characteristics of the AEC Industry
o Understand the variety of projects performed within the industry
o Describe the scope and scale of the industry

The Building Industry is large, in fact, very large. The overall industry is the 2nd largest industry in the United States economy, 2nd
only to the healthcare industry. Within the United State market, the industry accounts for 6.1% (2016 data) of the annual Gross
Domestic Product (GDP) of the economy (Market Realist Website). The GDP is the value of all goods and services within an
economy. Therefore, the Industry accounts for the same percentage of the economic transactions in the economy.

A reliable source of information on the construction sector is the U.S. Census Bureau. They maintain monthly data related to work
put into place along with employment (see sample data from website image in Figure 1). Visit the link to see the most recent data

reported.
Value of Construction Put in Place at a Glance
November 2021
[ Seasonally Adjusted Annual Rate | | Not Seasonally Adjusted
[ (millions of dollars) [ (millions of dollars)
Total 1,625,882 XLS (39k) PDF (57k) [ 136,498 XLS (39k) PDF (61k)
Private 1,273,607 XLS (42k) PDF (69k) | | 107,605 XLS (43k) PDF (73k)
[ Residential 796,308 XLS (35k) | PDF (42K) [ 67,044 XLS (35k) |  PDF (42k)
Nonresidential 477,299 XLS (35k) PDF (42k) 40,560 XLS(35k) [  PDF (41k)
Public 352,275 XLS (39k) PDF (53k) 28,893 XLS (3%) |  PDF (57k)
[ state and Local 325,581 XLS (42k) | PDE(71k) 26,647 XLS (42k) |  PDF (78k)
[ Federal 26,694 XLS (35k) | PDF (26Kk) 2,246 XLS (35k) |  PDF(27k)

Figure 1-1:
Construction Spending with Private and Public Breakdown (Source: U.S. Census Bureau accessed Jan. 8, 2021)

One challenge when discussing our industry is to define the scope and terminology used to describe the industry, or in some cases,
subsets of the industry. At a broad level, some people refer to the industry as the Construction Industry, Building Industry,
Architecture / Engineering / Construction (AEC) Industry, or even the Architecture / Engineering / Construction / Operation
(AECO) Industry. People frequently use these terms interchangeably, and I will also do so throughout this book. The industry
typically focuses on all the employees and tasks required to plan, design, construct, operate, and manage the delivery and
operations of the built environment (commercial buildings, infrastructure, and industrial facilities). It is important to note that when
people use the term ‘Construction Industry’, they are typically referring to the design, construction, and operations of facilities, not
just the process to deliver a new facility. And when they use the term ‘Building Industry’, they are typically discussing all types of
facilities, not just commercial and residential buildings.

The industry can be separated into different categories. One common breakdown is by the type of owner, and in particular, if the
owner is a private entity (an individual or company) vs. a public (or government) entity. Another is to separate the industry by the
type of facilities that are constructed. In this manner, we can separate the industry into four broad areas:

1. Commercial Buildings;
2. Infrastructure;

3. Industrial; and

4. Residential.

See the following information for some common definitions of these sectors.

https://workforce.libretexts.org/@go/page/41262
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Commercial Buildings: Buildings and enclosures that contain a structure with enclosed space with an enclosure
system with a non-industrial purpose. They may be fully enclosed, such are apartments or office buildings, or they may be partially
open such as stadiums or monuments. Examples of buildings include office buildings, apartments, hospitals, rail stations, stadiums,
arenas, and many more. Commercial buildings are typically designed by an architect. There may be many different types of
owners.

i

Infrastructure: Infrastructure facilities serve as core facilities that serve the public, which are not buildings. This
category is sometimes referred to as ‘heavy’ construction. Examples include roads, bridges, dams, locks, and tunnels. These
facilities are typically funded by the government. The design is typically led by an engineer such as a civil engineer. New
infrastructure projects typically require a long planning and design phase.

ﬁ Industrial: Industrial facilities house core industrial processes and the design of the facility is focused on the
industrial process. Examples include refineries, power plants, chemical plants, and manufacturing facilities. The design of these
facilities is heavily dependent on the process that they support, so they are frequently designed by specialty engineers in
collaboration with civil engineers. Most of these projects are privately funded. Many of these projects are schedule-driven in order
to start the process as soon as possible.

-
LI
Residential: Residential buildings are built to house individuals or families. For the purpose of defining markets,
the residential sector is focused on single-family detached housing or duplexes. These structures are typically wood, and they may
be designed by an architect, or even a residential builder. While there are large-scale residential developers, many residential
buildings are built by smaller companies. The barriers to entry into the residential market are less than other sectors since the

buildings have a lower cost and lower level of sophistication. But, there are also many residential construction companies that fail
each year.

Note that this is not a perfect set of categories since it is sometimes difficult to define clear lines between the categories, as well as
defining how to separate a large project into smaller components, but these categories do help us define the types of players in each
market, and the typical characteristics of these different market sectors. Residential construction is a unique sector of our industry,
and the market conditions for residential construction can vary significantly from the rest of the industry.

The construction industry is a major source of employment, especially if you also consider all the manufacturing industries that are
supported by construction. In the United States, in 2016 it was estimated that the Industry was employing 7.3 million workers
(2018 data) (see Fig. 1-2). This is 4.5% of the overall workforce. The Bureau of Labor Statistics is estimating that the workforce
will grow at a rate of 1.1% per year between 2018 and 2028 (https://www.bls.gov/emp/tables/emplo...try-sector.htm). In more
recent statistics (see Figure 3), the industry employs over 7.5 million people. 14% of these jobs are current employees who are
members of a union, which is down from 17.5% in 2000, although quite steady over the past 7 years. Note that these employment
figures do not include all professional service employment related to the industry, nor do they include all the manufacturing jobs

related to building supplies or transportation services for products to be shipped to the jobsite.

https://workforce.libretexts.org/@go/page/41262
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Employment by major industry sector

Other available formats: (XLSX)

Table 2.1 Employment by major industry sector

Figure 1-2: Employment

Projections

for

Industry ~ Sectors

from

Percent Compound Annual Rate of
Thousands of Jobs Change Distribution Change
2008 - 2018 - [
Industry Sector 2008 2018 2028 2018 | 2028 2008 2018 2028 2008 - 2018 | 2018 - 2028
Total(1)(2) 149,276.0/ 161,037.7/169,435.9|  11,761.7 8,398.2| 100.0/ 100.0| 100.0 0.8 0.5
Nonagriculture wage and salary(3) 137,991.0(149,803.7 157,662.0)  11,812.7 7,858.3| 924 93.0 93.1} 0.8 0.5
Goods-producing, excluding agriculture | 21,277.9| 20,661.3) 20,872.7| -616.6| 211.4| 143) 12.8] 123 -0.3| 0.1
Mining 7099 6833 7279 26,6 446/ 05 04| 04 -0.4| 0.6
Construction 7,162.5| 7,289.3 8,096.85 126.8 807.5 48 45 4.8 0.2| 1.1
Manufacturing 13,405.5| 12,688.7 12,048.0| -716.8| -640.7 9.0 79 7.1 -0.5 -0.5
Services:providing exciuding special 116,713.1/129,142.4 1367893 12,4293 7,646.9| 782 802 80.7 1.0 0.6
industries | |
Utilities 558.8)  554.6 537.2| 4.2 -174| 04 03 03 -0.1] -0.3
Wholesale trade 5,875.0, 5,852.5 5,754.0 <225 -08.5 39 3.6 3.4 U.Ui -0.2
Retail trade 15,289.1| 15,833.1 15.6?9.4; 544.0| -153.7| 102 9.8 93 0.4: -0.1
Transportation and warehousing 4,5136| 5419.1] 57414 905.5| 3223] 30] 34| 34 18| 0.6
Information N 2,983.8 2,828.1| 28337  -1557| 56| 20 18 17 0.5 0.0
Financial activities 8,206.1 8,568.8) 8,840.4| 362.7| 2806/ 55 53 5.2 04| 03
Professional and business services 17,792.3| 20,999.5| 22,661.9) 3,207.2| 1,662.4| 11.9 13.0) 134 1.7| 0.8
Educational services 3,039.8) 3,7275 4,201.0| 687.7| 4735 200 23| 25 2.1 1.2
Health care and social assistance 16,188.6| 19,939.3| 23,3354/ 3,750.7| 3,396.1| 10.8/ 12.4| 13.8 2.1 1.6
Leisure and hospitality 13,436.2| 16,348.5 17,904.9 2,912.3 1,556.4| 9.0, 10.2| 10.6 2.0 0.9
Other services 6,320.5 6,622.4 6,716.7 301.9 94.3| 42! 4.1 4.0 0.5 0.1
Federal government 2,762.0, 2,796.00 2,670.2 34.00 -1258| 1.9 17 1.6 0.1] -0.5
State and local government 19,747.3| 19,653.0/ 19,904.0| -94.3| 2510/ 13.2] 122] 117 0.0] 0.1
Agriculture, forestry, fishing, and ‘ g [
hunting(4) 2,071.4| 2,310.0/ 2,320.6| 238.6 106 14/ 14| 14 1.1! 0.0
Agriculture wage and salary 1,208.6| 1,547.2 1,587.2 3386/ 40,0/ 08 1.0/ 09 25| 0.3
Agriculture self-employed 862.8] 7628/ 7334 -100.0| -29.4| 06 05 04 -1.2| 0.4
Nonagriculture self-employed | 92136/ 89240/ 94534 -280.6 520.4| 62| 55 5.6 -0.3 0.6
Footnotes:
1 Employment data for wage and salary workers are from the BLS Current Employment Statistics survey, which counts jobs, whereas self-employed and
agriculture, forestry, fishing, and hunting are from the Current Population Survey (household survey), which counts workers,
2 Individual sectors do not necessarily add to major sectors due to rounding.
3 Includes wage and salary data from the Current Employment Statistics survey, except private households, which is from the Current Populations Survey. Logging
waorkers are excluded.
4 Includes agriculture, forestry, fishing, and hunting data from the Current Population Survey, except logging, which is from Current Employment Statistics survey.
Government wage and salary workers are excluded.

the US Bureau of Labor

Statistics  (Source:

https://www.bls.gov/emp/tables/employment-by-major-industry-sector.htm accessed Jan. 2, 2020)

It is important to note that the number of employees within the construction industry can be significantly impacted by economic

conditions. Figure 3 shows the construction sector employment against time. As you can see from the graph, the economic

recession in 2007 and 2008 had a very significant impact on employment, going from approximately 7,600 employees in 2006 to

5,500 in 2009. This significant employment fluctuation can be a significant challenge. Once people leave the industry, it can be

challenging to hire new workers. In fact, the most frequently cited challenge of general contractors right now is the lack of a skilled

workforce. It is interesting to note that the recent COVID-19 pandemic has been the latest impact on employment in our industry.

The initial onset of the pandemic in early 2020 caused a very abrupt, significant negative impact on employment, but that impact

was very short-lived. Figure 1-4 shows the employment trend that includes more recent data, although the time periods are not

displayed well in the image. It is interesting to note that the current employment (as of December 2021) is almost the same as the
employment prior to the COVID-19 pandemic.
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Figure 1-3: Employment Trend for Construction Employment from 1999-2019 (Source: US Bureau of Labor Statistics accessed
July 1, 2022)
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Figure 1-4: Employment Trend for Construction Employment from 1985 to 2022 (Source: US Bureau of Labor Statistics accessed
Jan 8, 2022)

While the size and scale of the industry are impressive, this overall size and the nature of developing the built environment can also
have significant negative impacts on environmental sustainability. Buildings account for 39% of all greenhouse gas emissions, and
70% of all electricity use (http://www.eesi.org/files/climate.pdf). The construction of the built environment can also add to the
noise, light, water, air quality, and other pollutants. These negative impacts can be substantial, and there is a very important need
for all members in the industry to focus on minimizing the negative environmental impacts of our industry. There are increasing
efforts to address these impacts through increased awareness along with metric systems that provide recognition, and sometimes
stipulations through zoning regulations and code requirements, for improved sustainability measures. Examples of these metric
systems include the US Green Building Council’s LEED rating system (the most frequently used in the US), the Green Building
Initiative’s Green Globes certification, the Living Building Challenge by the International Living Futures Institute, and Building
Research Establishment Environmental Assessment Method (BREEAM).

Each year, Engineering News Record (ENR) performs a survey of all larger contractors, as well as designers and owners. ENR then
compiles lists of the largest companies by category. One of the reports that they perform is the Top 400 Contractors list. It is
important to note that this list is compiled from company self-reported data, not audited financial statements, and the rankings
within the list are specific to revenue, which is the value of the revenue that the company receives for annual work performed. For
large construction management firms, much of the revenue that they receive is then paid to their subcontractors and suppliers. But
this data does show some interesting information. Figure 1-4 shows the breakdown of the revenue by ENR’s project categories.
This shows that in 2017, 53% of the revenue from the Top 400 contractors was from Buildings. It also shows that the second-
largest category is Transportation, but it is a significantly smaller percentage, at 14%. It is important to note that the recent

Infrastructure Investment and Jobs Act federal funding bill will significantly increase this funding for transportation.
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Figure 1-4: Top 400 Contractors — Revenue by Project (Source: ENR 2021)
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Construction Spending Relative to GDP in the US (Source: Statista: The Statistics Portal (2018) Website:
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Figure 1-5: Construction Spending Relative to GDP in the US (Source: Statista: The Statistics Portal (2018) Website:
https://www.statista.com/statistics/...lative-to-gdp/ Accessed on July 26, 2018)

Professional Engineering Licensure

Professional Engineering Licensure plays an important role to ensure that engineers who develop designs and manage the processes

to bring them into reality are competent and qualified. Architectural Engineering and Civil Engineering students who complete
their degrees should strongly consider a pathway toward becoming a licensed Professional Engineer (PE). For some disciplines, a
PE is required to perform certain work tasks, e.g., structural plans must be verified by a PE for submission for a building permit. A
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PE can also be helpful to illustrate your capabilities when applying for job opportunities or to show your engineering background

in a job that may or may not require an engineering degree.

The National Council of Examiners for Engineering and Surveying (NCEES) was established to provide uniformity across states

related to obtaining a PE license, although individual states within the U.S. administer the licensing process per their laws and

rules, which may have additional requirements.

To obtain a PE License, a professional must:

e Pass the Fundamentals of Engineering (FE) exam (after completing 2 years of an ABET Accredited Engineering Degree
program);

o Graduate from an ABET Accredited Engineering Program;

¢ Gain four years of progressive experience (note that a graduate degree can count for a year of experience);

o Complete an application to qualify to take the Principles and Practices Exam; and

e Pass the Principles and Practices Exam.

After you receive your PE in Pennsylvania, you are required to obtain at least 24 hours of continuing education per each 2-year
time period to maintain your licensure status. Also note that once a candidate has taken and passed the FE exam, they will be
notified that they have passed. At this point, it is up to the individual to apply for certification as an Engineer In Training, EIT.
When you have graduated, go to the following Professional Credential Services website and follow the instructions on the
webpage. The progressive experience only starts following receipt of your EIT status.

For additional information, please see the following online resources:

e NCEES Fundamentals of Engineering Webpage along with FE Exam study and practice materials

¢ Guide to Professional Engineering Licensure for Construction Engineers

Review Questions

Employment in the building industry is consistent, regardless of economic
conditions.

O True O False

® Check °

©ooo0o00

Independent Activity:

Go online to see the latest reported construction market information from the US Census Bureau. Using seasonally adjusted annual
rates, answer the following questions.

a, What is the current annual size of the Construction Market within the US?

b. How much has the market grown or declined in the last year?

c. What percentage of the market is public sector construction?

This page titled 1.1: Introduction to the Building Industry is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated

by John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.2: The Lifecycle of a Building Project

4b Learning Objectives

After reading this chapter, you should be able to:

o Define the four primary phases of the lifecycle of a building project
o Describe various unique aspects of a building project in relation to the manufacturing industry
o Define the total cost of ownership, and the impact of decision timing on overall lifecycle cost

The Construction Industry is composed of projects. A core skill set for everyone within the industry is the ability to manage
projects, whether you work in project development, architectural design, engineering design, construction or facilities management.
Project Management is ‘the application of knowledge, skills, tools, and techniques to project activities to meeting project
requirements’ (PMBOK Guide 2000). Projects are not unique to construction. For example, some other industries are also very
project-focused, e.g., aircraft, computer software, shipbuilding, etc. The Project Management Body of Knowledge Guide
(PMBOK) has been developed by the Project Management Institute (PMI) as a general set of knowledge for managing a project.
The core management areas identified in PMBOK includes the following (from PMBOK Guide and the Construction Extension of
the PMBOK Guide):

e Project Integration Management

e Project Scope Management

e Project Time Management

e Project Cost Management

e Project Quality Management

e Project Resource Management, including Human Resources (Construction Extension highlights additional resources beyond the
standard Human Resources in PMBOK)

¢ Project Communications Management

e Project Risk Management

e Project Procurement Management

¢ Project Health, Safety, Security, and Environmental Management (in Construction Extension, but should be in every project)

¢ Project Financial Management (in addition to cost) (in Construction Extension)

e Management of Claims in Construction (in Construction Extension)

The Process to Deliver a Facility

A building project is composed of processes. A process is ‘a series of actions bringing about a result’ (PMBOK). Each process is
performed by a person or organization Generally, there are two broad categories of processes: project management processes and
product-oriented processes (PMBOK).

A project proceeds through a lifecycle. A facility is planned, designed, constructed, and operated (see Figure 2-1). This lifecycle,
and the importance of taking a lifecycle perspective on projects, has sometimes been referenced as a Cradle-To-Grave perspective.
From a lifecycle perspective, all materials and systems should be evaluated relative to their value in supporting the lifecycle goals
of a building or facility.
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Figure 2.1: Facility Lifecycle Phases

Some have expanded upon the concept of Cradle to Grave by considering the lifecycle as a continuous process and proposing a
reference to Cradle to Cradle (C2C). C2C emphasizes the need to consider the reuse or recycling of products that are used within
the delivery of a building.

Sanvido et al. (1990) developed a detailed process model to define the various tasks that need to be completed to deliver and
operate a facility. The process model is titled the ‘Integrated Building Process Model’ (IBPM). This model is created using the
IDEFO process modeling approach. Each ‘process’ (a box) can be expanded into another more detailed process map showing
additional detail. The Level 1 process map shows five main activities within the process:

1) Plan Facility

2) Design Facility
3) Construct Facility
4) Operate Facility
5) Manage Facility

Note that the Manage Facility process interacts with the remaining four project phases, so we will not consider this as a primary
product-oriented process of the project lifecycle, but instead, a map that shows typical management tasks that need to be completed
(a project management-oriented process). Also, note that IDEFO process mapping does not necessarily indicate a linear sequence.
Many of these processes can overlap, and they may not be in the specific order in which they will be performed. The Level 1
process map is included in detailed process maps are included in Figure 2-1. The more detailed process maps for each of the 5
phases are included in Figure 2-2 through 2-6 within the following sections describing each phase. If you wish to see detailed
information about any process, you can reference the Integrated Building Process Model technical report.

Planning Phase

During the planning stage, the Owner of the facility will need to define their project needs, identify the general budget and
schedule, and potentially identify a site for the building. The owner may employ the services of an architect, contract developer, or
other professional to help them define their needs, and identify the resource requirements. The final outcome of the planning phase
is a ‘Program’, or in some countries, a ‘Brief’, which clearly defines the owner’s needs and a plan to design and construct the

facility. They will also need to identify, and sometimes purchase, a site for the facility.
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Figure 2-2: Integrated Building Process Model (IBPM) — Level 1 — Provide Facility (Source: Sanvido et al. (1990) An Integrated
Building Process Model, Penn State, University Park PA)

Design Phase

Within the design phase, a designer will interpret the needs of the owner into a design for the facility which is to a level of detail
that it can be built. The design phase is frequently divided into three levels of design:

o Schematic Design (SD): Perform an evaluation of the owner’s needs, and develop an initial design concept. Typically, the
industry has considered this level of design to be approximately 30% complete.

o Design Development (DD): Expand the initial concept to define the systems that will be used and general materials. Typically,
this has been considered approximately 60% design completion.

o Construction Documents (CD): Finalize the design details to a level that they can be built. Complete all design specifications

and construction drawings.

The full scope of these design tasks will typically be defined within the contract with the designer (or integrated team if using a
more integrated delivery approach). To see the typical definitions of the scopes within these phases, you can view the typical
Owner — Architect Agreement from the American Institute of Architects (AIA) within their ATA B101 document (see pages 6 — 8 of
this online sample document for the definitions of each phase).
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Figure 2-3: Integrated Building Process Model (IBPM) — Plan Facility (Level 2) (Source: Sanvido et al. (1990) An Integrated
Building Process Model, Penn State, University Park PA)

Construction Phase

Within the construction phase, a contractor will lead the assembly and construction of the facility. This will include the
procurement of all the elements needed to build the facility, including arranging for the elements to be transported to the site. After
arrival, the building component will be assembled on-site and tested to ensure the appropriate level of quality. The constructed
facility will also require any inspections by governing authorities to ensure that it is safe to use for its intended purpose. For a
building project, the primary construction phase typically ends when the contractor obtains a ‘Certificate of Occupancy’. The
Certificate of Occupancy is issued by the local governing authority or code office, and it certifies that the building complies with

the codes and requirements and that the owner can occupy the building.
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Figure 2-5: Integrated Building Process Model (IBPM) — Construct Facility (Level 2) (Source: Sanvido et al. (1990) An Integrated
Building Process Model, Penn State, University Park PA)

Operations & Maintenance Phase

The Operations & Maintenance (O&M) phase is typically the longest phase within the facility lifecycle. In this phase, the owner
will use the facility for its intended purpose, and they will need to operate and maintain the functionality of the facility. In some
research, up to 80% of the entire lifecycle cost of a facility is spent in the operations phase. Activities that occur within the phase
include the maintenance of equipment, the replacement of materials and equipment that require replacement, and minor renovations
to allow for revisions of facility use. This phase is also sometimes referred to as Facility Management (FM), and an owner may
perform the facility management services within their own internal employees, or they may hire a 3rd party FM service provider.
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Figure 2-6: Integrated Building Process Model (IBPM) — Operate Facility (Level 2) (Source: Sanvido et al. (1990) An Integrated
Building Process Model, Penn State, University Park PA)

Manage Facility

In addition to the unique four phases, there is a need to coordinate and manage the process and resources throughout the lifecycle.
These processes were defined within the IBPM within the Manage Facility process (see Figure 2-7). Note that this is NOT a phase
of a project, but instead tasks that are performed throughout the lifecycle process.
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Figure 2-7: Integrated Building Process Model (IBPM) — Manage Facility (Level 2) (Source: Sanvido et al. (1990) An Integrated
Building Process Model, Penn State, University Park PA)

Unique Aspects of Construction

Projects and the structure of the industry have several unique characteristics that influence our management approaches. Several
characteristics include:

o All projects are unique. Even if a project is a duplicate design of another project, the project will be located on a unique site,
which includes unique constraints.

o Projects are performed outside, at least until an enclosure is developed. This is different from manufacturing which may occur
within a controlled environment. Therefore, construction is influenced by the environmental conditions of the geographic
location of the project.

o The Construction Industry has many companies. The AGC states that there are over 650,000 companies that employ workers
within the construction industry. This is a very large number of firms, and some of these companies may only have one
employee. But it is also important to note that the largest contractors are quite large, but it is still a fragmented industry with
many companies.

o There are many organizations that work together to deliver a project. It is not uncommon to have more than 20 companies
working on the construction of a project, with workers in the field, and there are many other companies involved in designing
the facility, and supplying materials and equipment to the project.

¢ Design and Construction companies do not tend to perform much research and development. Due to the lower profit margins in
the industry, and a shorter-term focus, most firms do not invest in research. There are certainly exceptions, but as a percentage,
the industry has very low investments in R&D.

o The industry is impacted by geographic ties. Since buildings are constructed in many different locations, there are different code
requirements in different locations and different companies with employees and experience in working in the local markets.

o The industry has a high rate of business failures. Due to a large number of smaller firms, it is not uncommon for businesses to
fail.
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e There is a low barrier to entering the construction market. In fact, it is quite easy for an individual to open a construction
company. It may only require some simple paperwork, or they may need to apply for a contractor license.

o Organizations change from project to project. It is very rare to have the same organizations work together on multiple projects.
This requires members in the industry to specialize in working with new team members since the mix of team members,
including designers and contractors, will change on each project.

¢ Construction is a hybrid industry. Some tasks are service tasks, e.g., the design of a facility or managing the delivery of a
facility. Other tasks are closer to manufacturing, with a focus on producing the facility. Examples of these tasks include building
the structure, installing the mechanical/electrical/plumbing (MEP) equipment, or installing the facade. Therefore, the industry is
a hybrid between a service and manufacturing industry.

Total Cost of Ownership

It is critical for the owner, and the entire project team, to view a project from a total cost of ownership (TCO) perspective, which
considers the costs, along with overall environmental impact, of all phases of the project lifecycle. It is very important to note that
the vast majority of the decisions that influence the lifecycle cost of a facility are made in the earliest phases of a project, e.g.,
planning and early design phases. This concept has been included in quite a few different diagrams. Figure 2-8 is a simple
representation that shows the construction costs over time (dashed line) where the costs are low in the beginning, and accumulate
over time. The ability to influence the cost is represented by the solid line which shows that it is much more difficult to influence
costs as the project design and construction continue. For example, in the early stages of a project, it is much easier to alter a
system to reduce costs, but after the design is developed and the materials are ordered, then it can be very difficult to reduce overall
costs, even if it is a less expensive system, due to the costs of making the change. It is also interesting to consider the overall
business and societal costs and impacts of a facility. Some have estimated (although not with much data) the overall impact of
facilities on organizations and society, and they show that the societal impacts of facilities are significantly greater than the initial
cost of design and construction (see Figure 2-9).
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Figure 2-8: Cost / Influence Curve (Source:

https://www.cmu.edu/cee/projects/PMbook/02_Organizing_For_Project_Management.html )
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Fig. 2-9: Relative cost of Design and Construction compared to Operations, Performance, and Social Impact (Source: Mark Bew
Presentation (available at https://www-smartinfrastructure.eng.cam.ac.uk/files/moving-from-productivity-to-social-outcomes-mark-
bew.pdf))

Chapter Review Questions

Fill in the following four primary phases of the lifecycle of a facility;

Fill in the following four primary phases of the lifecycle of a facility:
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1. What are the four primary phases of the lifecycle of a facility?
2. As the project progresses through time, the ability to influence the cost of the project increases. (True / False)
3. There are many different companies within the Construction Industry. (True / False)

4. Every construction project is unique. (True / False)
5. What are the three traditional levels of the design completed within the design phase, and what is the percentage of design
completion that is typical for each level?
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1.3: Project Participants and Roles

4b Learning Objectives

After reading this chapter, you should be able to:

o Define the types of companies and organizations that exist in the Construction Industry
o Identify typical tasks and activities performed by the different types of organizations

Introduction

It takes many different organizations and individuals to develop, design, build and operate a building project. This chapter will
focus on the different types of organizations and the various roles that an organization may perform on a project.

The Owner

Every building project has one or more owners. The owner is the organization, or individual, who has legal title to the building, and
typically, the land upon which the building occupies. There are many (many) different types of owners. Some are individuals, e.g.,
it is typical for an individual or multiple individuals to own a single-family detached residential house. In other instances the owner
may be a private company, e.g., a corporation may own its headquarters building and manufacturing plants. Other projects are
initially built by a speculative developer who owns the building during construction but intends to sell the building and property
after it is complete, aiming to profit from the development. An example of a speculative developer is a company that develops a
new apartment building, and then, following occupancy (or possibly earlier), sells the building to a separate company that will own
and operate the building. These speculative developers take on the risk of delivering the project, but they can make high profits if
the project is delivered successfully and they sell the property for a profit. Other projects are owned by public (government)
owners, which could be federal, state, or local owners, or even international government entities. Examples of public owners
include the General Services Administration (GSA), the different branches of the military, the Department of Veterans Affairs, the
Commonwealth of Pennsylvania, the State College Borough, the State College Area School District, and the Pennsylvania
Department of Transportation (PENNDOT).

Many of our core facilities that form that support the public, e.g., roads, bridges, schools, correctional facilities, airports, parks, and
dams are owned by a public owner. It is interesting to note that there has been an acceleration of more collaborative public projects
through Public-Private Partnerships (P3). Through a Public-Private Partnership, the government may provide some long-term
concessions, or payment guarantees, to a private sector partner, and then the private sector partner develops and frequently operates
and maintains the project. An example is the Dulles Greenway project in Leesburg, VA. For this project, a private company (TRIP
IT) purchased land to construct a private toll road from Dulles Airport to Leesburg, VA. The organization was provided a 37 1/2
year concession from the Virginia Department of Transportation to allow the private company to collect a toll from each vehicle
that used the road. After 37 1/2 years, the road ownership will revert to the Virginia Department of Transportation. The owner was
able to leverage the future toll revenue stream to raise the funds needed to construct the project. This specific type of Public-Private
Partnership has also been r referred to as a Build-Operate-Transfer (BOT) project. This approach can be used for schools
(guaranteed payment per student per year) or correctional facilities (guaranteed payment per inmate). In addition to operating the
facility, sometimes these awards also include providing all services, e.g., a prison operator may manage the entire facility.

Some projects have a separate 3rd party developer who is not the owner. A contracted developer can help an owner by guiding
them through the delivery process and helping to perform tasks that are the responsibility of an owner.

The owner has a very unique role on the project since they will pay for the facility, and they are the entity that defines the overall
scope and contractual structure for hiring all other participants on the project. It is critical that core services providers spend time
understanding the core business and values of the owner so that they can provide high-quality service to them.

Service Providers

Most projects, potentially excluding privately developed small residential projects, have many different companies that are engaged
in delivering and operating a facility. These companies may be very targeted, with a strong specialty in a very specific area.
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Examples include a specialty lighting design firm that only performs lighting design, or a specialty controls company that only
focuses on installing Heating, Air Conditioning, and Ventilation (HVAC) control systems. But there are many firms that can
perform a number of roles on a project. For example, some architectural firms will perform architectural design, mechanical system
design, electrical system design, structural design, and site design. Some contractors will manage the delivery of the entire project
along with performing concrete construction, framing, and other specific trades on a project. These companies that can perform
many different roles on a project do not fit into one specific category of company.

Overall, everyone who performs services for an owner are service providers (and in some people’s terminology ‘contractors’ since
they are contracted to perform work for the owner). To identify some typical categories of companies, the later sections will divide
the different roles performed by companies into the following categories: Designers, Design Consultants, Contractors, Specialty
Contractors, and Vendors & Suppliers.

Designers

There is typically a lead designer(s) on a project who takes responsible charge of delivering a comprehensive, integrated design for
the project. On commercial building projects, this company is typically an Architectural firm, but on industrial or infrastructure
projects, it is most likely to be an Engineering firm. The designer typically engages in a contractual relationship directly with the
owner, and their responsibility is to manage and produce the design documents within the design phase of a project. Some design
firms are quite specialized, e.g., a residential architect who focuses only on single-family houses. Other design firms may be very
diverse and operate in many different market sectors, e.g., offices, hospitals, hospitality, and correctional facilities. Design firms
can also vary in the market geographic market that they serve. For example, some designers will focus on a local market, and
specialize in the codes and construction methods within that market, and they will also build relationships with the local code
enforcement and governmental approval agencies, which can be helpful when aiming to gain fast approval of designs. Other
designers will work across many geographic markets and may have multiple offices either within one country or internationally.
These companies may form a joint venture with a more local designer when working on complex projects to ensure that there is
local representation on the project. Finally, some designers work on very specific scopes of work within the design process, e.g.,
architectural design or early schematic design, while others may perform many different scopes of work within their organization,
e.g., architecture, structural, mechanical, interior design, and lighting design, to name a few. These more full-service designers will
need to hire and maintain a diverse team of architects and engineers within their organizations to be successful.

Design Consultants

A lead designer will typically hire additional design consulting firms to perform targeted scopes of design work. These may include
scopes such as structural design, lighting design, mechanical system design, electrical design, landscape design, or other specialty
areas. Design consultants are typically smaller firms with a specialty in an area, although there are certainly several large design
consulting firms. Many students within the structural, mechanical, and lighting / electrical options within Architectural Engineering
will work for these design consulting firms, as well as possibly working for more integrated lead design firms.

Contractors

The prime contractor(s) focus on the management of the construction of the project, along with potentially performing specific
trade work. The prime construction contractor may be referenced by a diversity of names depending upon the project delivery
approach (discussed in the next chapter) and upon the scope of work that they self-perform with their own workforce. For example,
if they simply manage the construction activities performed by others, they may be referenced as a Construction Management firm.
If they are self-performing work, along with coordinating the work of other trades, they may be referenced as a General Contractor.
Overall, the services performed by a prime contractor vary significantly.

Similar to design firms, there are many different types of construction companies. Some are very small, while others are very large.
Some focus on targeted geographic markets or types of buildings/facilities. And some perform significant scopes of work on a
project while others focus on the management and planning of the construction activities while subcontracting a very large portion
of the work.

One distinguishing characteristic of the prime contractor(s) is that they hold a direct contract with the owner. They accept the
primary responsibility and risk related to constructing the facility.

@ https://workforce.libretexts.org/@go/page/41264



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://workforce.libretexts.org/@go/page/41264?pdf

LibreTexts"

Specialty Contractors

A Specialty Contractor performs a specific scope(s) of construction within the project. Examples of specialty contractors are
concrete contractors, mechanical contractors, drywall contractors, masonry contractors, roofing contractors, electrical contractors,
etc. The companies typically focus on self-performing (with their own labor force) the work for a single trade, or sometimes
multiple trades. Specialty contractors will be responsible for purchasing the materials, procuring the equipment, installing, and
testing the construction activities for their scope of work. Specialty contractors can be a great source of knowledge within a specific
trade or system. They accept a fair amount of risk since they are financially responsible to put their work into place, and they may
be able to get a good profit margin if successful, but also may lose a fair amount of money when things do not go as planned. On
some projects, you will hear people referring to specialty contractors as ‘subcontractors’ or ‘trade contractors’. Their contract is
typically with the lead contractor for the project (which is why they are sometimes referred to as subcontractors), but it can be more
appropriate to recognize their specialty area by referencing them as specialty contractors.

Vendors and Suppliers

Vendors and suppliers are companies that support the project by providing different building materials or equipment to the project.
Examples include concrete suppliers, lumber suppliers, mechanical equipment manufacturers, electrical equipment manufacturers,
excavation equipment rental companies, etc. Some of these vendors and suppliers are very large, and others may be smaller, local
vendors. The key difference between a vendor or a supplier, as compared to a specialty contractor, is that they do not have a
workforce located on the construction site. Instead, they may manufacture or purchase items, and then deliver them to the site for
others to use or install.

Concluding Comments

It is very important to realize that companies can perform many roles on a project, so it is quite difficult to define the specific
company type for some organizations. For example, some companies perform both design and construction services, such as
integrated design-build firms. Some developers will both owner properties and develop them as speculative (at risk) developments,
while also being a 3rd party contracted developer. Some industrial contractors will perform all engineering services on a project,
procure all the material (and maybe even own several supply chains such as piping) and perform the fabrication and assembly. The
important takeaway is that companies can enter either one very specific role on a project, or series of projects, or they can enter into
many different roles. In the next chapter, we will discuss typical project delivery methods used on projects.

This chapter has also not discussed many other participants in the delivery of a project. Projects must always interface with the
local government authorities, including the code office, zoning office, and other services, e.g., fire department. Projects will also
have insurance, and potentially bonding, companies involved. And most projects have some financial agencies involved in lending
money to the owner during the delivery of the project.

Chapter Review Questions

A speculative developer typically has the goal to develop a project and own
the property for a long time period.

O True O False
® Check °
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1.4: Project Delivery Methods

4) Learning Objectives

After reading this chapter, you should be able to:

o Understand the different aspects included in typical project delivery methods
o Define the impact of various organizational structures on delivering a project
o Describe the different payment methods for contractors on a project

o Explain the types of award methods for selecting team members

« Draw an organizational chart for multiple types of organizational structures
e Describe the meaning of ‘partnering’ and ‘fast-tracking’

Project owners use many different approaches to procure the services needed to design and build a facility. Some facilities are quite
easy to build, relatively speaking, such as a simple single-family detached house. This type of building may allow an owner to
simply hire one entity to both design and build their building. Others are very complex facilities, such as a large industrial facility
or a complex hospital or lab. These can engage many organizations. But no matter how complex, the owner, and other project
participants, have many decisions to make related to developing their strategy to acquire the services that they need to deliver their
facility. These decisions can be developed into an overall Project Delivery approach.

It is important to note that prior to developing the overall project delivery strategy, an owner must clearly define the scope
boundaries of a project. For example, sometimes an owner will seek to build multiple buildings on a large parcel. If so, then the
owner will need to decide whether to make each individual building a project, or group the buildings into a single project. For
office buildings, the owner may need to decide whether to have the core and shell be one project, and the tenant fit-out is a second
project or multiple additional projects. These decisions define the extent of the project scope.

Primary Elements of a Project Delivery Strategy:
Several core project delivery decisions that will influence the project include:

1. Defining the organizational structure;
2. Defining the contracting method(s) (payment method(s)); and
3. Defining the award method(s).

These decisions are certainly related to each other, and we will explore some typical combinations.

Project Organizational Structure

The project organizational structure focuses on the approach that is used to organize the team members. This structure can have a
significant impact on team responsibilities, roles, level of risk, and interactions. The organizational structure is defined by the
contracts that are put into place by the team members. For example, in a Design-Bid-Build approach, the Owner will sign separate
contracts (or agreements) with a Designer and a General Contractor. Each contract will clearly define the scope of services to be
performed by each entity. The 7 organizational structures that may be used include:

¢ Design-Bid-Build with a GC (also known as Traditional Delivery)
e Design-Bid-Build with multiple prime contractors

¢ CM Agent with GC

e CM Agent with multiple prime contractors

e CM at Risk

e Design-Build

o Integrated Project Delivery (IPD)

Design - Bid - Build with a General Contractor

Often referred to as ‘traditional’ delivery, the design-bid-build with a General Contractor (DBB with GC) remains quite
commonplace. In this approach, an owner will initially hire a design firm (typically an Architect for a commercial building project).
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The designer will fully develop the design documents, through the completion of the Construction Documents phase (100%
complete), and then the Owner will release the documents for the bid for a single organization (the General Contractor) to perform
all scopes of work in the project. The potential general contractors will provide a bid to the owner. Typically, the owner will then
select the lowest bidder, although they may use a different award method (see later in the chapter). The owner will then enter into a
contract with the Constructor (a General Contractor) to construct the building. A diagram showing the project organizational
structure for DBB with GC is shown in Figure 1. This figure shows solid lines for contracts. It includes a dashed line between the
design and contractor to illustrate the influence that the Designer has on the Constructor based on the owner’s contracts. For
example, the architect will typically review the constructor’s payment request prior to payment. The architect will also typically
review the completed work of the constructor to ensure that it meets the defined quality in the contract. If it does not, the architect
will develop a deficiency list (frequently referred to as a punchiest) that will need to be addressed prior to acceptance of the GC’s
work by the owner. It is critical to understand that the architect will have influence over the GC, but the Architect will not hold any
contract with the GC. This becomes very important if there is a claim on the project since claims will typically only follow contract

Notes
Solid Line = Contract between

two parties

relationships.

Dashed Line = Oversight by one

party to another party based upon
owner contracts

Designer

Oversight Constructor Designers are typically placed on

__________________ {General Contractor) left side of the organizational

(Arch/Engr) )
chart to represent time sequence.

Trade contractors may also be

r_ j r_r— T} referenced as subcontractors or
ialty contractors.

p

Design Consultants [ Trade Contractors

Figure 1: Design — Bid — Build with General Contractor (Project Organizational Chart)

The DBB with General Contractor (GC) approach is a common method for public procurement. It has been viewed by many in the
public sector as an approach to provide fair competition for entities who competitively bid on the project, and a clear selection
criterion (low bid) when delivered with a competitive bid award method. There are also many other entities that use this approach.

Some benefits of DBB with GC are:

o The GC knows the full scope of the project, as defined in the construction documents, prior to providing a bid for the work;

e The Owner can select a design firm independent of their ability to construct a project;

e The Owner has clear criteria to select the constructor (low bid) since the Design-Bid-Build approach almost always aligns with
a low bid selection process. The bidders may need to prequalify to bid on the project.

e The Owner may get a lower price if the scope is well defined and there is strong competition for bidding on the project.

But there are some significant challenges with this approach. These include:

o There is no opportunity for a contractor to provide input into the design process, which can limit the potential for gaining early
cost estimates, constructability feedback, and feedback to improve opportunities for modularization or prefabrication.

o It is not always clear that the low bidder will yield the lowest final cost since there tend to be higher rates of change orders
given this approach.

e This is a slow delivery approach since the design must be 100% complete prior to putting the documents out to bid.

Design — Bid — Build with Multiple Prime Constructors

One variation of Design-Bid-Build is for the owner to separate the scope of work into multiple trade or scope packages, and then
independently bid each package. This yields a similar structure to DBB with GC, but instead of a single GC, there are multiple
trade contractors (see Figure 2). This approach carries many of the same advantages and disadvantages as the DBB with GC. One
envisioned additional advantage of this approach is that the Owner will not pay overhead costs for a GC to manage the other prime
trade contractors. But, one additional disadvantage is that the Owner will now take on additional responsibility in the management
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of the various prime contracts. This will require additional coordination and administrative effort for the Owner. For less
experienced owners, this additional burden can be quite challenging.

1 |

__Dversight Prime Constructor 1 _| Prime Constructor 2
(e.9., Mechanical Contractor) f‘ (e.g., Steel Contractor)

'

r ] | Prime Constructor 3 \.__| Prime Constructor 4

(e.g., General Contractor) (e.g., Electrical Contractor)

Design Consultants

Notes

Solid Line = Contract between two parties

Dashed Line = Oversight by one party to another party based upon owner contracts

Number of Prime Contractors will vary. Designer has limited oversight responsibility to all prime contractors.

Design is 100% complete prior to procuring prime contractors.

Prime constructors may contract with 2nd tier subcontractors.

Figure 2: Design — Bid — Build with Multiple Prime Constructors (Project Organizational Structure)
Note that this delivery approach is sometimes required by public procurement regulations in a small number of public owners. One
public owner that sometimes requires DBB with Multiple Prime is the Commonwealth of Pennsylvania. For state-funded projects
in Pennsylvania, there is a minimum requirement per the Separations Act, 71 P.S. §1618 that the owner use a multiple-prime
delivery system with each prime construction contract being competitively bid. The minimum number of prime contractors
includes 1) general construction, 2) electrical, 3) plumbing, and 4) heating and air conditioning. For this reason, there are a number
of schools and other public projects funded by the Commonwealth of Pennsylvania that must be delivered with this approach.

Construction Management Agent with General Contractor

The Design-Bid-Build delivery approach requires significant interactions by the owner of the project during the delivery process.
To assist with the tasks that need to be completed by an owner, and provide significant expertise to deliver a project effectively,
some owners will deliver a project with a Construction Management Agency. This CM Agent will be a paid entity that helps an
owner perform their required activities in the delivery process, including the oversight of procurement of entities throughout the
project, administering of contracts, planning and coordinating construction activities, approving payment requisitions, overseeing
overall project safety and quality, providing constructability input into the design, along with many other tasks. This CM Agent
arrangement is particularly valuable for complex projects, or for projects that have an owner who may not have the resources or
expertise to manage the project effectively.
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Designer
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Design Consultants

Trade Contractors

Notes

Solid Line = Contract between two parties

Dashed Line = Ovarsight by one party to ancther party based upon owner contracts
Mumber of Prime Contractors will vary.

CM Agent has significant oversight including planning, payment requests, contract
terms, etc.

Design is 100% complete prior to procuring prime contractors,

CM Agent is hired early to assist with preconstruction services and procurement of
general contractor,

General contractor contracts with subcontractors.

Figure 3: Construction Management (CM) Agent with a General Contractor (GC) (Project Organizational Chart)

The CM Agent will review the operations of the General Contractor (GC), and report important information to the Owner. It is
important to note that the CM Agent has no direct contract with the General Contractor. This limits the liability and responsibility
between the General Contractor and CM Agent. If the GC were to file a claim, they would need to do so with the Owner, since
claims will follow the contractual relationships. In some instances, the CM Agent with a GC arrangement may pose a scenario
where one market competitor will be overseeing another market competitor, which can be a challenging dynamic.

Construction Management Agent with Multiple Prime Contractors

This approach places a CM Agent into the organizational structure of the DBB with Multiple Prime Contractors. This can be quite
helpful in assisting with some of the challenges inherent in the DBB with Multiple Primes. For example, the CM Agent can be
hired early in the process, and then provide construction input into the design, and monitor cost estimates throughout the design
phases. The CM Agent can also organize and prepare the different bid documents to hire multiple trade contractors. Finally, the CM
Agent can supplement the owner’s resources to coordinate the contractors and administer their contracts. This is a common method

to use when there are procurement regulations that require DBB with Multiple Prime Contractors.
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Design is 100% complete prior to procuring prime contractors.

CM Agent is hired early to assist with preconstruction services and procurement of prime constructors.

Prime constructors may contract with subcontractors.

Figure 4: Construction Manager (CM) Agent with Multiple Prime Constructors (Project Organizational Chart)

Construction Management at Risk

Construction Management at Risk is an approach where the owner will hire a designer to develop the facility design, and
sometimes, usually early in the design process, they will hire a construction management company to perform both construction
services during design along with managing the overall construction of the facility. The services that they will provide during
design will include reviewing the design for constructability, developing bid packages for the hiring of trades, identifying and
prequalifying trades, and performing cost estimates. A CM at Risk will eventually Guarantee a price for the project. This is
frequently performed through a Cost + Fee with a Guaranteed Maximum Price (GMP) contract, but it could also be through a lump
sum contract (see details later in this chapter). The CM is at risk since they directly hold all contracts with the trade contractors, in
contrast to the CM Agency where the Owner holds the contracts with the trade contractors. A CM at Risk is a good delivery method
to allow an owner to hire a preferred designer, still have some checks and balances in the system, yet also gain benefits from early
constructor involvement. This approach allows for collaboration between the design and CM, although this collaboration is not
always as close as some of the more integrated approaches of Design-Build or IPD.

Notes
Solid Line = Contract between
Iwo parties

Dashed Line = Coordination

Trade contractors may also be

referenced as subcontraciors or
Designer . Coardination __ CM at Risk specialty contractors.
(Arch/Engr)

[

Design Consultants ] Trade Contractors

Figure 5: Construction Management (CM) at Risk (Project Organizational Chart)

This delivery method may also be referenced by different names. In particular, within the highway construction sector, this delivery
method is known as Construction Management/General Constructor (or CMGC).
Design-Build

Design-Build (DB) is focused on having a single entity perform both the design and construction of a project. Within the Design-
Build approach, an Owner will hire a single entity after developing a program for the project. The program will outline the
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requirements for the project, e.g., space requirements and other designed outcomes. The design-build entity will then perform the
design of the facility and be responsible for construction.

A core and unique aspect of design-build is the single contract between the Owner and the Design-Build entity. The design-build
entity will be a legal entity but could take many different forms. For example, it could be an integrated design-build company, or a
single-purpose joint venture developed between a design firm and a construction firm to pursue a project. In many instances, the
design-build entity is a construction company, which then subcontracts the design tasks to a designer. Or in some cases, the design-
build entity is a designer, who subcontracts construction to a construction company, although this is rare.

Notes
Owner

e legal contract between

—— owner and design-builder.
The design-builder could be a
single company or it could be a
joint venture between two
companies.

Design-Builder

Mgn Sonstiiants

Figure 6: Design-Build (Project Organizational Chart)

This single entity approach for both design and construction allows for many potential benefits. It allows for a very tight integration
of construction means and methods with the design of the facility. It also allows the team to develop accurate cost estimates
throughout the early design phases, and identify approaches to save costs and provide added value within the construction process.

While there are many benefits to the integration that can occur in Design-Build, there are also some potentially negative aspects. A
primary concern that may be expressed within design-build is that the owner may not have an independent advocate within the
checks and balances of having both a design and construction contract. In a more traditional approach, the design firm frequently
has some oversight role of the contractor, and the contractor has an opportunity to share their opinions regarding the designer with
the owner. In a design-build project, the owner does not have a second opinion in the same manner, and therefore, may not receive
the same feedback. The owner may also have concerns that the design-build firm is trying to maximize its success to the detriment
of the project. While these are valid concerns that must be appropriately managed through project control systems and hiring a
high-quality team, many owners find design-build to be a very effective method to deliver a project.

Integrated Project Delivery (IPD)

Integrate Project Delivery (IPD) is a newer contracting format where the entire team is engaged in the successful delivery of the
project, including the owner, designer(s), and contractor(s) through a very integrated, shared risk/reward approach. Projects
delivered using the Integrated Project Delivery organizational structure have core members enter into an Integrated Form of
Agreement (IFoA). This IFoA is a single contract for the project that is signed by all core team members, including the owner. This
is a very unique structure that is unlike other delivery methods. Typically, all core members will share the risks of designing and
delivering the project, along with the potential financial rewards if the project is delivered on or below the target budget while
meeting the other project goals.
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(1 1

[Design Ccmsu!tanis] { Trade Contractors ]

Notes
All entities within the circle sign into a multi-party agreement
All primary IPD parties share in the profit or loss of the project

They will hire additional consultants and trade contractors for portions of the project scope
Figure 7: Integrated Project Delivery (IPD) (Project Organizational Chart)
Figure 4-8 shows a survey of IPD projects that were performed in 2010. While adoption has continued to increase since 2010, there

are still very few projects that are delivered using the IPD approach.

Figure 8: IPD Projects in 2010
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There are typically many unique management aspects associated with IPD projects. For example, the integrated team will
frequently form a cluster group at the beginning of the project to manage particular scopes of work or focused issues. They will
frequently set up a ‘big room’ to collocate the team to a common location to better integrate the design and construction team
members. During design, the team will frequently use target value design approaches to ensure that they are designing the project
to budget. They will also frequently leverage lean construction methods, including pull planning and the Last Planner System, to
manage production. These different systems will be discussed in more detail in a later chapter. A good discussion of the IPD
delivery approach is included in by AIA (2007).

Contracting Method

There are many items covered within a contract. One of the most significant items in the contract in relation to the delivery
approach is the payment terms, which define how payments are made from one party to another. Common payment terms include
lump sum, cost plus a fee, cost plus a fee with a Guaranteed Maximum Price (GMP), or unit cost.

Lump-Sum

In a lump sum payment approach, the owner will pay a fixed amount to the contractor for the work performed. This amount is paid
on a periodic basis, typically each month. For the prime contractor(s), a Lump Sum arrangement typically corresponds with a
traditional, design-bid-build delivery approach, although it can be used with other organizational structures. Within a Lump Sum
contract, the contractor will either make a profit, if they can construct the building for less than the lump sum value, or they will
lose money if they can not construct the building for the value. This transfers a significant amount of the risk for financial
performance to the constructor. If the contract scope is changed or there are errors in the construction documents that increase the
cost of construction, the constructor can file for a change order to increase the lump sum value. A lump sum payment arrangement
may also be referenced as a stipulated sum arrangement. It is also important to note that many owner-designer contracts have a
stipulated sum (or lump sum) amount. This value may be estimated as a percentage of the total project costs, but the value is
frequently incorporated into the contract as a stipulated sum. The design firm may also have additional compensation amounts, e.g.,
reimbursement for travel to the site or meetings.

Cost Plus a Fee

The Cost Plus a Fee approach leaves the final contract value open. It is a contractual arrangement where the owner (or a separate
prime contractor) pays for all costs of performing the work, including labor, materials, equipment, and potentially other costs, plus
an agreed-to fee. The fee may be a lump sum fee or it may be a percentage of the cost of work. A Cost Plus a Fee arrangement is
typical for projects where the full scope is not well defined, and the owner wishes to start the work. This contracting method carries
a significantly lower risk to the contractor. The contractor will need to account for all of their costs, and share these details with the
owner. This approach is frequently referred to as Open Book since the contractor will share their accounting with the owner, and
the owner typically has the right to perform a full audit of the books.

Cost + Fee with Guaranteed Maximum Price (GMP)

To overcome one of the challenges with Cost + Fee contracts, many Owner — Construction Manager (or some others) contracts
have a Cost + Fee with GMP. In this approach, an owner will pay all the costs of work along with a fee to a maximum agreed-to
value. If the contractor exceeds the value of the GMP, then they will only receive the GMP value. If they spend less than the GMP
value, then there are savings. Cost + Fee with GMP contracts will define what happens with savings. In many instances, they are
shared between the owner and the contractor at some percentage, e.g., 50-50 or 75-25. In other instances, all the savings may go to
the owner. With the Cost + Fee contract, the contractor will provide invoices accounting for all the costs that they have incurred.
This is an Open Book approach since the owner can audit the accounting on the project.

Unit Price

For some scopes of work, although not typically an entire project, an owner or contractor will pay a supplier or subcontractor a unit
price amount for a scope of work. For example, the contractor may pay for concrete by a cubic yard of a specific mix design, or an
excavation subcontractor may be paid by the cubic yard of excavated material. A benefit of the unit price payment method is that
you can set up a project with a clear cost per unit, while not necessarily knowing the full scope of the work. A downside for the
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contracting entity is that there is no guaranteed final cost since it is dependent on the quantity, and there must be a quality method
to document the actual quantity performed.

Award Method

When one party would like to hire another party to perform a service or provide a product, the party must decide how they will
select the other party. There are many different approaches to selecting the method that they will use to award the contract. For
design and construction contracts, these methods can be broadly categorized into a) competitive bid, b) prequalified competitive
bid, c) best value selection, and d) negotiated selection.

Competitive Bid

One traditional method to select a contractor is to select the lowest cost contractor in a competitively bid arrangement. In this
approach, all contractors will submit a bid, and the Owner, or selecting entity, will review the bids and select the lowest cost
qualified bidder. This approach is very commonly used for public projects, along with many private projects.

Prequalified Competitive Bid

One challenge of an open competitive bid is that the owner may select a contractor who technically fits the qualifications, but that
the owner does not feel has more advanced qualifications. In some instances, an owner will proceed with a 2 step process. They
will first prequalify a subset of the potential bidders, through the review of a qualification submission for each potential bidder.
Then, they will ask each of the prequalified bidders to submit a bid for the cost of the project, and they will select the lowest cost
bidder from the prequalified contractors.

Best Value Selection

Another approach to selecting a contractor is to develop a best-value selection process. In this approach, the owner will identify the
criteria that they value, and develop an approach to weigh each of the criteria. These criteria may include the quality of the team,
experience on a similar project, plan for approaching the project, and other criteria. They will also include cost as a factor, but not
as the only selection factor. Once these criteria are identified, then the owner will review the submissions from potential contractors
and rate each of the criteria. The final item to be reviewed and weighted will be the cost. The selection will occur based upon the
contractor who rates the highest in the combined weighted equation. This approach can yield the selection of a contractor who
aligns more closely with the values of the project.

Negotiated Selection

A final approach to selecting a contractor is to identify an entity (or entities) that you would like to hire, and then directly negotiate
a mutually acceptable agreement with the entity. This has the benefit of being able to select the entity directly, but this may not be
allowed in many public organizations due to a lack of competitive selection. There are exceptions in public procurement laws, but
this is typically not allowed.

Project Organizational Charts

It is very common to draw a project organizational chart (sometimes simply called an ‘org’ chart) that identifies all primary parties
on a project. These charts also show the contractual relationships between the parties, indicated by lines in the diagram. Note that
project organizational charts focus on the relationships between the organizations on the project, unlike an organizational chart for
personnel within a single organization.

Project organizational charts can sometimes be quite graphic, with companies using their logos or other symbols, or they may
simply show the entities and their relationships. In the examples that follow, we will keep the project organizational charts simple,
and simply show the core attributes of the delivery strategy. Figure 9 shows a relatively simple sample organizational chart for a
design-bid-build structure. Figure 10 includes a more comprehensive organizational chart that you would see for larger projects
with more trade contractors and more design consultants. Also, note that each sample has a legend that you would want to include
with an organizational chart. In addition to showing the contract lines, you could also include the contract type on these lines, e.g.,
LS for a lump sum, or Cost+ for cost plus a fee. These are not included in the samples below.
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Penn State
University
(Owner)

.................... OVt

Structural MEP Steel Electrical Painting
Designer Designer Contractor Contractor Contractor

(Design Consultant) (Design Consultant) (Trade Contractor) (Trade Contractor) (Trade C )

Mechanical Plumbing

Legend: Contractor Contractor

Solid line = Contract (Trade C ) (Trade Contractor)

Dashed Line = Non-contractual

oversight

Notes

Add the actual names for each organization into the box, along with their role on the project.

Represent all contractual lines with a solid line.
If there are oversight relationships, e.g., a designer oversees payments for a GC, or a CM Agent oversees payment and planning for prime
contractors, these relationships can be represented using dashed lines.

Avoid using logos or images unless specifically desired by the client.
Figure 9: Sample project organizational chart showing the owner at the top with several specific firms as the designer, general
contractor, and other designers and trade contractors (link to template draw.io file)
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(Designer)
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(Design Consultant)

(Trade Contractor)

_[Geotechnical Engineer ~_[ Steel Contractor

(Design Consultant) ] (Trade Contractor)

Energy Engineer Mechanical Contractor
(Design Consultant) (Trade Contractor)
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(Design Consultant) (Trade Contractor)
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Lighting Engineer Elevator Contractor
(Design Consultant) (Trade Contractor)
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(Trade Contractor)
Legend: Facade Contractor
Solid line = Contract (Supplier)
Dashed Line = Non-contractual
oversight Excavation Contractor
(Supplier)
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Notes

Add the actual names for each organization into the box, along with their role on the project.
Represent all contractual lines with a solid line.

If there are oversight relationships, e.g., a designer oversees payments for a GC, or a CM Agent oversees payment and
planning for prime contractors, these relationships can be represented using dashed lines.

Avoid using logos or images unless specifically desired by the client,

Figure 10: Sample project organizational chart with different format to show a larger number of design consultants and trade

contractors (link to template draw.io file)
When drawing a project organizational chart, it is typical to have the owner at the top of the chart. The owner initiates all of the
prime contracts on the project. By saying ‘prime’ contracts, that means that an entity is directly contracted with the owner. As we
proceed vertically through the project organizational chart, the levels of contracts are sometimes referenced by their relationship to
the prime contractors. For example, a party that contracts with a prime contractor is sometimes referenced as a ‘subcontract’, or
sometimes (but not often) a first-tier subcontractor. This means that the subcontracted party has a direct contract with a prime
contractor. Then, if a subcontractor initiates a separate contract with a trade contractor, they may be referred to as a ‘second-tier
subcontractor’. For example, an owner may contract with a general contractor as a prime contractor. Then, the general contractor
may contract with a mechanical specialty trade contractor via a subcontract. The mechanical trade would be a subcontractor. The
mechanical specialty trade may then contract with a controls contractor who would be a second-tier subcontractor. The sample
project organizational charts in the figures above only have prime and subcontractor parties, they do not include any second-tier
subcontractors.

Payments, roles, and responsibilities follow these contract lines. In the above example, the owner would pay the prime contractor,
the prime constructor will then pay the subcontractors, and the subcontractors will then pay the second-tier subcontractors.

It is helpful to use a graphics program when developing a project organizational chart. The charts used in this book were developed
in diagrams.net. This is a free, open-source software application. You can either download the application locally or you can use a
browser-based version of the application at https://diagrams.net The sample organizational charts in this chapter can be downloaded
as a template document at this link. There are multiple pages in this file that you can easily use to select the appropriate
organizational structure and modify the template organizational chart as needed.
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Related Topics

There are several related topics that some may consider within the project delivery methods area. The following items focused on
partnering and fast-tracking are NOT project delivery methods, but instead, they are related to the delivery of projects and the
relationships of the project team members.

Partnering

The Construction Industry Institute (CIT) (1996) defined partnering as “a long-term commitment between two or more
organizations as in an alliance or it may be applied to a shorter period of time such as the duration of a project. The purpose of
partnering is to achieve specific business objectives by maximizing the effectiveness of each participant’s resources.” International
Partnering Institute (IPA) defined “construction partnering as a structured process that brings a design and construction team
together regularly throughout the life of a project. Partnering provides a space for communication, improved strategy, and issue
resolution.”

The partnering process, which may be contractual or non-contractual, puts in place a series of collaboration approaches aimed at
improving the relationships between project participants, regardless of the formal delivery method used. For example, on projects
with a formal partnering agreement, the partnering program will typically work to develop a formal partnering charter for the
project, focused on defining how the team seeks to work together and how they will ensure valuable collaboration. Items that may
be included in a comprehensive partnering program include (IPA 2022):

o Partnering Specification: To guide the partnering process and balance the power of everyone in the room
o Charter: Co-created by the team in kick-off session(s) to establish goals and strategies to meet the goals
o Issue Resolution Process: To define an approach to the fair resolution of issues

e Anonymous Surveys: To collect feedback on progress toward goals

o Follow-up Sessions: To update goals, and identify and resolve issues, held at least quarterly

e Lessons Learned Session(s): To capture and learn from experiences

o A neutral professional facilitator: To guide the team through the partnering process

IPA presents the timeline for partnering as shown in Figure 11.

Typical Project Delivery Timeline:

I The Collaborative Partnering Process J

Construction Closeout

Follow-up
Sessions

Kick-off

Closeout

Team establishes:
Project Charter
Issue Resolution Process

| Monthly Surveys to Track Goals and Analyze Trends

Team Reviews
Lessons Learned

Team identifies
and resolves issues

b4

Monitors progress

Fig. 11: The Collaborative Partnering Process (Source: [PA 2022)
Partnering can be implemented across all delivery methods. Partnering has been shown to aid in timely issue resolution and
improved schedule, cost, and quality. It can help the teamwork, together, to focus on core project goals, and to learn from the
project experience, as a team.

Fast-Tracking

Simply put, fast-tracking is the overlapping of the design and the construction process. If a project is fast-tracked, then the
constructors will start to build some portions of the project, e.g., demolition, excavation, foundation, and possibly structural
elements while the designers continue to develop the more detailed design. This fast-tracking will reduce the overall schedule, but
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it must be managed well to reduce the risks associated with building portions of the project prior to design completion. Fast-
tracking can be achieved in many different delivery methods provided the contractors are procured prior to the completion of the
design. Therefore, by definition, we can not fast-track in a design-bid-build delivery approach since we need the design to be 100%
complete prior to procuring a contractor. But, we can fast-track a project using the CM-at-Risk, CM Agency, Design-Build, and
IPD delivery approaches. With the CM approaches, it is important that the CM procure the trades needed to complete the fast-
tracked work tasks prior to completion of design.

It is important to note that some people may use the terminology of fast-track and design-build interchangeably, but they are very
different topics. Fast-tracking is focused on the parallel scheduling of activities. Design-build is a project delivery approach.

Recent Research

Research has supported the value of more integrative delivery methods. An initial study, performed by Konchar and Sanvido
(1995) focused on comparing three broad delivery methods (Design-Bid-Build, CM at Risk, and Design-Build). The study
reviewed a significant amount of data related to overall project performance on 351 projects. The conclusions of the study clearly
illustrated that Design-Build projects outperformed other delivery methods when comparing cost, schedule, and quality metrics.
Specifically, the data indicated that DB has 6% less cost growth than DBB, DB projects were completed 33% faster than DBB, and
DB projects had a 10% higher rating for quality than DBB (Konchar and Sanvido, 1998).

More recently, a new dataset of 212 U.S. projects was developed and analyzed (Molenaar and Franz, 2018). In 2018, this data was
analyzed to evaluate relative cost, schedule, and quality metrics based on the delivery method adopted for a project. A summary of
the quantitative data from the study is shown in Figure 12 (extracted from the study’s final report). Note that the column titled ‘This
Study’ is the data analyzed in 2018. This data shows general consistency with the original data from 1998, with Design-Build
generally outperforming the CM at Risk, and CM at Risk outperforming the Design-Bid-Build delivery approach.

Table 5: Comparison of results between 1998 CII study and this study

1998 CII Study This Study

DB vs. CMRvs. DB vs. 3 DBvs. CMRyvs. DB vs. 3
Performance Measure CMR (%) DBB (%) DBB (%) R CMR (%) DBB(%) DBB(%) R
Unit Cost 4.5 less 1.5 less 6less 99 1.9 less 1.6 more 0.3less 99
Cost Growth 12.6less 7.8 more 52less 24 2.4 less 1.4 less 38less 22
Schedule Growth 2.2 less 92less 1l.4less 24 39less 2.2 more 1.7 less 21
Construction Speed 7 faster 6 faster 12 faster 89 13 faster 20 faster 36 faster 88
Delivery Speed 23 faster 13 faster 33 faster 87 61 faster 25 faster 102 faster 89

Fig. 12: Comparison of Performance Metrics by Delivery Method — Comparing 1998 and 2018 Data (Source: Molenaar and Franz,

2018)
It is important to note that these study results do not suggest that every project should use a design-build delivery approach. In fact,
the study was performed prior to the advent of the more recent Integrated Project Delivery (IPD) approach. A more recent study
evaluated the different project delivery attributes that influenced the overall project performance on projects.

Overall, it is clear that well-managed projects that leverage higher levels of integration of team members and budget transparency
can yield high levels of success.

Selecting a Project Delivery Method

Several guides and tools have been developed to assist owners in the selection of delivery methods. One of the earliest tools
developed was the Project Delivery Selection System (PDSS) by Vesay (1991). This simple decision matrix aimed to point an
owner to potential delivery approaches that may be most appropriate for their project given a series of project characteristics. In
particular, Vesay developed a decision tree using 6 project characteristics which include:

1. Scope Definition: Is the scope of the project clearly defined at the time of procurement? (Well Defined/Poorly Defined)
2. Time Ciriticality: Is time critical to achieving project success? (Yes/No)
3. Owner Experience Level: Is the owner experienced with managing the delivery of projects? (Yes/No)
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4. Team (or potential team) Experience Level: Is the team, or the pool of potential team members, experienced with the delivery of
similar projects? (Experienced/Inexperienced)

5. Quality Level: Is the level of desired quality equivalent to industry standards or above industry standards? (Industry Standard
(i.s.) or Above Industry Standards (a.s.))

6. Cost Criticality: Is the first cost of the facility critical to success? (Yes/No)

From the answer to these six questions, the PDSS recommends the consideration of one or more potential delivery methods and
payment methods. Note that it may point to one suggested method, multiple suggested methods, or suggest that a characteristic be
revised prior to proceeding, e.g., more clearly develop the scope prior to proceeding with the project. The decision trees from Vesay
(1991) with some additional revisions to include the IPD delivery method are shown in Figure 13 (delivery method) and Figure 14
(payment method). These decision trees are simply meant to guide an owner. Specific project characteristics may limit the potential
selection of methods (e.g., a procurement law or restriction). Characteristics may also guide an owner to one method over another,
e.g., previous history with a successful team.

The Project Delivery Selection System (PDSS) Decision Tree
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Figure 13: Project Delivery Selection System (PDSS) Decision Tree

https://workforce.libretexts.org/@go/page/41265



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://workforce.libretexts.org/@go/page/41265?pdf

Li breTexts*

The PDSS Tabulated Solutions
Scope Definition
Well Defined Scope Undefined Scope Well Defined Scope Undefined Scope
1 2 3 4
Nuf':lt]ner Or::::::lr.;nal 0':::::3{:“' Contract Strategy Contract Strategy

1| TD CMA, CMGC LS GMP, CPF

2 | TD, D-B, IPD* CMGC, CMA, IPD* LS GMP

3|TD CMA, CMGC LS GMP, CPF

4 | TD, D-B, IPD* CMGC, IPD* LS GMP

5(TD CMA LS GMP

6 | TD CMA LS GMP

7 | TD,CMA CMA LS GMP

8 | TD,CMA CMA LS GMP

S|TD CMA, CMGC LS GMP
10 | TD, D-B, IPD* CMGC, CMA, IPD* LS GMP
11 | TD CMA, CMGC LS GMP
12 | TD, D-B, CMGC, IPD* | CMA, CMGC, IPD* LS GMP
13 | DON'T BUILD DON'T BUILD DON'T BUILD DON'T BUILD
14 | DON'T BUILD DON'T BUILD DON'T BUILD DON'T BUILD
15 | DON'T BUILD DON'T BUILD DON'T BUILD DON'T BUILD
16 | DON'T BUILD DON'T BUILD DON'T BUILD DON'T BUILD
17 | CMA, D-B, IPD* CMGC, CMA, D-B, IPD* | GMP, CPF CPF,GMP
18 | CMGC, D-B, IPD* CMGC, CMA, D-B, IPD* | GMP CPF, GMP
19 | D-B,CMA, IPD* CMGC, CMA, IPD* CPF CPF, GMP
20 | CMGC, D-B, IPD* CMGC, CMA, IPD* GMP CPF, GMP
21 | CMA CMA GMP, LS GMP
22 | CMA CMA GMP, LS GMP
23 | CMA CMA GMP GMP
24 | CMA cMA GMP GMP
25 | D-B,CMA, IPD* CMGC, D-B, IPD* GMP CPF,GMP
26 | D-B, CMGC, IPD* CMGC, D-B, IPD* GMP CPF, GMP
27 | D-B,CMA, IPD* CMA, D-B, IPD* GMP CPF, GMP
28 | D-B, CMGC, IPD* CMA, D-B, IPD* GMP CPF, GMP
29 | DON'T BUILD DON'T BUILD DON'T BUILD DON'T BUILD
30 | DON'T BUILD DON'T BUILD DON'T BUILD DON'T BUILD
31 | DON'T BUILD DON'T BUILD DON'T BUILD DON'T BUILD
32 | DON'T BUILD DON'T BUILD DON'T BUILD DON'T BUILD

LEGEND (Organizational Structure): LEGEND (Contract Strategy):
TD - Traditional (Design-Bid-Build) LS - Lump Sum

D-B ~ Design Build

IPD - Integrated Project Delivery*®

CMA - Construction Management (Agency)

CMGC - Construction Management (General Contractor/CM @ Risk)

The PDSS Model - Tabulated Solutions
*Adapted from Vasey, T. and Sanvido, V.E. (1992) to include IPD Organizational Structure

GMP - Guaranteed Maximum Price
CPF - Cost Plus Fee

Figure 14: Project Delivery Selection System (PDSS) Tabulated Solutions

A more recent study yielded the Maximizing Success in Integrated Projects: An Owner’s Guide by Leicht et al. (2016). This guide
outlines additional items to consider when selecting and managing the delivery of a project. This document highlights the
importance of three critical features when delivering projects:

1. Early involvement: When possible, get the primary builder, and if possible, the trade contractors involved early in the project
design phase;

2. Qualifications-based selection: When possible, employ some form of qualifications-based selection, not just low-cost; and

3. Cost Transparency: When possible, select a contracting approach that provides cost transparency between the owner and the
prime constructor(s). This would include payment methods such as cost plus fee or cost plus fee with a guaranteed maximum
price.

Review questions
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When you develop an organizational chart, you represent contracts betwen
two parties with a dashed line.

O True O False
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1.5: Introduction to Construction Cost Estimating

4b Learning Objectives

After reading this chapter, you should be able to:

o Define typical cost estimating methods that are used within the Construction Industry
o Describe the types of cost information available to various participants within the industry
o Describe relative levels of accuracy for different estimating approaches

Introduction to Cost Estimation for Construction Projects

Construction cost estimating is both an art and a science. To be an effective estimator, you need to be able to interpret a facility
design, and visualize and plan the approach toward building the facility. The best estimators are also very good at understanding
previous construction costs and interpreting the conditions that will add or reduce future costs.

Construction cost estimates (‘estimates’) are created at many different points in time throughout a project. The owner may develop
very early feasibility estimates to determine if a project is economically viable. A designer or construction manager may develop a
series of progressively detailed estimates during the design process to ensure that the project is being designed to the owner’s
budget. A general contractor or trade contractor will develop estimates to determine their bid or budget values for a project. And
there may be multiple estimates developed to determine the impact of various design options, or develop a cost estimate for a
design change during the construction process.

Construction cost estimates are also developed to different levels of detail, and different levels of accuracy. One method of defining
levels of detail is to follow the RS Means levels of detail. They define 4 different types of estimates at progressive levels of detail
as follows:

Rough Order of Magnitude (or Averaged Square Foot) Estimate

These estimates leverage average statistical values for the cost per unit or cost per square foot for a building. They are projected to
be accurate to within +/- 20%, although this accuracy can be highly variable. This estimate can be performed with very limited
information, e.g., how many cars for a parking garage or an approximate number of square feet for an office building. This estimate
can be performed in the planning phase, and should only take approximately 10 minutes to perform.

Modeled Square Foot Estimate

These estimates leverage predefined model buildings to aim to develop a building that is representative of the future building. This
approach is projected to be accurate to within +/- 15%, but again, this can be very variable depending upon the levels of
assumptions. The Modeled Square Foot estimating approach requires that you have an approximate building footprint, know the
structural system, and know the facade system. This estimating approach can be implemented in the Schematic Design phase and
will typically take approximately 1 hour to perform.

Assemblies (or Systems) Estimate

An assemblies estimate is developed by identifying, quantifying, and pricing each of the assemblies within a project. They are
projected to be accurate to within 10%. To perform an assemblies estimate, you need to know the system-level design and be able
to perform quantity takeoffs for the various systems. This typically can occur within the Design Development phase. It will
typically take approximately 1 day to develop this type of estimate, with much of the time spent on performing quantity takeoffs
(quantifying the amount of each item).

Unit Price (Detailed) Estimate

A unit price estimate is a very detailed estimating approach where you define each of the items contained within the project, and
price these items after defining the specific construction methods that will be used to construct them. This approach can be accurate
to within +/- 5% of the cost, although this depends on the complexity of the project. To perform this type of estimate, the design
must be quite complete, so it is typically done near or at the end of the construction documents phase. It can take up to 3 weeks to
perform a detailed estimate of all items in a building, with a significant amount of time spent on performing quantity takeoffs.

@ 0 e @ @ https://workforce.libretexts.org/@go/page/41266



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://workforce.libretexts.org/@go/page/41266?pdf
https://workforce.libretexts.org/Bookshelves/Construction/Fundamentals_of_Building_Construction_Management_(Messner)/01%3A_Chapters/1.05%3A_Introduction_to_Construction_Cost_Estimating

LibreTexts"

There is a chapter in these notes devoted to each of these estimating methods.
Sources of Estimating Data:

To develop an estimate of the cost to construct a facility, it is important to identify data sources that will be used for the estimate.
There are many different potential data sources. They can be divided into the following categories:

1. Actual Cost Data:

Depending upon the level of detail, and time available, you can obtain actual price quotes and actual cost information for some, or
many, of the elements that will be included in the estimate. For example, if you are going to subcontract portions of the project,
e.g., the concrete or steel trade, you can request quotes from one or multiple potential trade contractors. You can also contact
suppliers to get firm quotes on the cost of specific materials and equipment. Finally, you can get actual wage rates for workers on
the project, although you will still need to develop estimates for how many hours the work activities will take. If you can get firm
quotes from subcontractors and suppliers, with a time period to accept and contract with them for the supplies and equipment, then
you have a high degree of confidence in the actual costs for the portions of the project estimate.

2. Historical Cost Data: Company Data

If you can not obtain actual cost quotations, or for work activities that a contractor will directly perform, they can leverage
historical data from their own projects. For example, if you are a concrete contractor and you are developing an estimate for the
concrete work on the concrete work on a future office building, you can review the actual costs and production rates from previous
projects that your company has performed. When doing so, it is critical for the estimating team to fully understand the context of
the previous projects, along with how the project team tracked their costs. If a company maintains good records of previous project
costs and production rates, then it can relatively easily develop estimates for similar future projects that are quite accurate.

3. Historical Cost Data: National / Regional Averages

For organizations that do not have their own data available, there are organizations that collect cost data, and then report this data
through online databases or cost estimating guides/books. These organizations are typically collecting data from many projects that
are performed in many locations, and then averaging and modifying this data to represent average national construction costs. The
data will also be compiled at different levels of detail, e.g., individual work activities, building systems, and overall building level
costs. It is always important to keep in mind that the data in these cost guides/databases are averaged data, and individual site
conditions, project complexity, and other factors may significantly impact potential costs. Therefore, these are the easiest source of
data to find but are not as reliable as accurate, well-organized company data sources.

The most broadly used data source for historical data is the information from R.S. Means. R.S. Means has a series of books that
outline costs for a variety of project types and levels of detail (see Figure 5.1 for cover pages) For example, they have guides for
Unit Price estimating, Square Foot estimating, and Assemblies Estimating. They also have guides for various specific trades, e.g.,
concrete, steel, masonry, mechanical and electrical. And they have some guides for specific purposes, e.g., renovations, facility
management, and green buildings. Finally, they also have guides with cost differentials based upon the labor used, e.g., the Open
Shop cost guide for non-union labor. It is important to note that all guides unless specifically noted as ‘Open Shop’ are priced with
wage rates for a union or prevailing wage workforce.
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RS Means Guide Samples
Source: RS Means Wabsite (2018)

Figure 1: Cover Pages for R.S. Means Estimating Manuals (for Penn State students, most manuals are available in the Engineering
Library)

Impact of Time on Cost

As time progresses, it is typical for costs to escalate, at least in most economic conditions. Broadly, this is known as inflation, and
we typically measure this cost escalation by pricing a series of goods over time and seeing how the price changes from one time
period to another. The most typical measure in the US for inflation is the Consumer Price Index (CPI), which is calculated from a
typical basket of goods that an average person may buy, e.g., food, gas, etc.

When we estimate projected building costs, there are similar cost escalations that occur, but these escalations are more targeted
toward the cost escalation of building materials and the labor cost for construction. Therefore, it is more accurate to consider cost
escalation by calculating the escalation of a construction-related ‘basket of goods’. RS Means has developed several specific cost
index values, similar to CPI but focused on construction. These include the Building Cost Index (BCI) which contains typical
products and labor for building construction; the Construction Cost Index (CCI) which is much broader to cover roads, bridges, and
infrastructure; and the Material Cost Index for building materials.

When we perform cost estimates for building projects, we will focus on using the BCI value since it is more targeted to buildings.
If you compare BCI values for two periods in time, then you can transition relative economic values between these times with a
simple calculation of ratios. The BCI, CCI, and MCI are all reported in the Engineering News Record publication, which is
published each week (see Figure 2). Monthly and annual averages are also available on the ENR website and are included in Figure
3.
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CONSTRUCTION ECONOMICS

ENR’s 20-city a\crage cost mdc\cq, wages and material prices. Historical
data and details for ENR’s 20 cities can be found at ENR.com/economics
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componant up 0.1%.
Figure 2: Construction Economics Section from Engineering News Record (reported weekly in ENR)

ENR'S BUILDING COST INDEX HISTORY (1915-2021)

2022 | 7359.09

2021 6459 6493 6545 6612 6754 6876 7006 7201 7214 | 7244 7255 7289 6912
2020 6214 6217 6218 6234 6239 6247 6258 6268 6300 6344 6392 6445 6281
2019 6107 . 6108 6110 6110 6112 6118 6131 6147 6147 . 6169 6179 6199 6136
2018 5921 5932 5942 5954 5995 6005 6043 6060 6081 6093 6093 6105 6019
2017 5734 5742 5789 5802 5816 5826 5844 5862 5873 5867 5902 5914 5831
2016 5561 5588 | 5605 5632 5637 5636 5659 5669 |5657 |5681 5690 5722 5645
2015 5497 5488 | 5487 5501 5490 5507 5510 5514 5541 |5543 |5563 5574 5518
2014 5324 5321 5336 5357 5370 5375 5383 5390 5409 5442 5468 5480 5387
2013 | 5226 5246 | 5249 5257 5272 5286 5281 5277 5285 |5308 |5317 5326 5278
2012 5120 5122 5144 5150 5167 5170 5184 5204 | 5195 5204 | 5213 5210 5174
2011 4969 5007 5010 5028 5035 5059 5074 5091 5098 5104 5113 5115 5058
2010 4800 4812 4811 4817 4858 4888 4910 4905 4910 4947 4968 4970 4883
2009 4782 4765 4767 4761 4773 4771 4762 4768 | 4764 | 4762 4757 4795 4769
2008 4557 . 4556 4571 4574 4599 4640 4723 4733 4827 . 4867 4847 4797 4691
2007 4432 4432 4411 4416 4475 4471 4493 4512 | 4533 | 4535 4558 4556 4485
2006 4335 . 4337 . 4330 4335 4331 4340 4356 4359 4375 . 4431 4462 4441 4369
2005 4112 4116 4127 4168 4189 4195 4197 4210 | 4242 | 4265 4312 4329 4205
2004 3767 3802 3859 3908 3956 3996 4013 4027 4102 4129 4128 4123 3984

Fig. 3: ENR’s Building Construction Cost (BCI) Index History (partial) from 2022 to 2004

When using the RS Means data, it is valuable to know that the data within a cost guide is updated to be consistent with the index
values for January of the year on the cover. For example, if you have a 2021 RS Means Building Construction Cost Guide, all cost
data will be statistically modified to be consistent with the January 2021 BCI.

If you are a private organization that maintains your own cost data, you will also want to modify the data based upon the time of
construction. Individual companies may maintain their own information to modify these costs. For example, Turner Construction

maintains, and even publishes, its own cost index over time which is available online.
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The escalation of costs over time can vary significantly, but on average, construction costs have historically risen approximately
3% per year. When we estimate future construction costs, we need to consider the projected future cost increases. Throughout this
class, unless otherwise noted, a projected escalation of 3% per year can be used for future construction cost escalation. Companies
will be reviewing their recent experience and projected future market conditions to establish the escalation values that they project
when developing their cost estimates. This can have a significant impact on their final economic success on certain types of
projects, e.g., lump-sum contracts, especially for projects that span several years.

Modify Index Values for Location

Construction costs vary by geographic location to due differences in material, equipment, and labor costs. These variations can be
significant. These cost variations can be caused by many factors, including local costs of resources, site conditions (e.g., urban
construction tends to cost more than rural), availability of contractors, taxes, and overall region or country economics. In the 2021
International Construction Market Survey by Turner & Townsend, they found Tokyo, Hong Kong, and San Francisco to be the 3
most expensive cities in the world to build (see Figure 4 for the top 10 most expensive places to build). It is interesting to see that 4
of the top 10 most expensive locations are major cities within the United States.

Ten most expensive places to build

| Tokyo 2 HongKong 3 San 4 New York 5 Geneva
Francisco City )

6 Zurich 7 Boston 8 London 9 Los Angeles () Macau
Figure 4: Top 10 Most Expensive Places to Build (Source: International Construction Market Report 2021 by Turner & Townsend)

In the RS Means data, they develop all their data into a national average for publishing, and then they publish Location Factors for
different cities. For example, a location factor for Dickinson, North Dakota can be identified in the Location Factor table which is
included in the back of each of the Gordian Guides with RS Means data (see Figure 5). The national average is 1.0, and the
commercial construction location factor for Dickinson is 0.85. Therefore, if a building is estimated from the guide to cost $100
million, then the estimated cost in Dickinson would be $85 million. Gordian publishes both residential and commercial location
factors in some tables. Note that the residential location factors are targeted toward single-family detached residential, not
residential apartment buildings which would be considered commercial construction. Some guides also publish specific City
Indexes which are more specific for altering the cost for both time and location within a given city. RS Means publishes city

indexes for 20 large cities in the US.

Location Factors

STATE/ZP | Iy Residential || Commercial

NORTH DAKOTA (CONTD)

586 Dickinson 76 s ||
| 587 Minot 84 89

588 Wiliston 76 84

OHIO

430432 Colurnbus 94 95

433 Marion 91 91

Figure 5: Location Factor Table from Cost Estimating Manual
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There are also international indexes that allow estimates to be transitioned from one country to another, although this is certainly
not as accurate for many purposes.

Understanding the Audience

One important aspect of cost estimating is to always understand and project your audience for the estimate. If you are developing
an estimate for an owner, early in the project, you will want to make sure that the owner is aware of the potential variation, and that
you clearly define what is included in the estimate, and which items are not included. For example, if you perform a Rough Order
of Magnitude estimate using RS Means, the estimate will include construction costs, but it will not include the design fees, land
cost, or extensive site work. These inclusions and exclusions vary by the type of estimate performed.

RS Means — What is Included?

RS Means data is collected from actual projects. This data collection approach, and the statistics performed after collection, can
influence their ability to draw future projections from the data. Therefore, each of the 4 estimating methods defined in RS Means
approaches has some items excluded. The following items are always excluded from RS Means data estimates due to their high
level of variability on projects:

e Land cost
e Detailed site work
o Financing costs

The following additional items may be excluded from some of the types of estimates:

o Designer fee (not in ROM or Unit Cost — unless added)
o Contractor fee and home office overhead (not in Unit Price unless specifically added)
o Contractor general requirements (not in Unit Price unless specifically added)

Review Questions

Which of the following items are never included in an RS Means data within
the Gordian estimating guides (mark all that apply):

[ ] Construction costs
[ ] Financing costs
[ ] Design fees

[ ] Land cost

® Check 0

©ooo0000

£ Reuse D Rightsofuse <> Embed HP

1. List the four types of estimates, along with their relative accuracy levels.
2. Which of the following items are never included in an RS Means cost guide (mark all that apply):
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o Construction costs
o Land cost
o Designer fees

o Financing cost
3. When modifying an estimate for time on a highway project, you can use a ratio of the Construction Cost Index (CCI) for the

estimated time of cost data and the actual time for the construction. (true / false)
4. From the tables in this chapter, what was the Building Construction Cost (BCC) index value in January 2015?
5. Based on the location factor data in Figure 4, the cost for construction in Columbus Ohio is higher than the average cost of

construction within the United States. (true/false)

This page titled 1.5: Introduction to Construction Cost Estimating is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.6: Rough Order of Magnitude (ROM) Cost Estimating

4b Learning Objectives

After reading this chapter, you should be able to:

o Understand the benefits and limitations of the ROM estimating approach

e Develop a Rough Order of Magnitude estimate for a building project

o Perform cost estimate translations considering time factors and location factors

o Identify the appropriate locations to find the R.S. Means cost data tables used for ROM estimates

Introduction

At the earliest stages of a project, an owner or developer will seek a general cost estimate for a facility. At this early stage, they may
not have much information about a building. They may only know general information about the use of the facility, or know the
general size of the building. At this earliest stage, there is a possibility to develop cost estimates based upon statistical data from the
cost of buildings of a similar type. If a contractor builds a large quantity of a particular type of building in the location of a future
building, they may be able to provide valuable insight into the cost of similar buildings in the area. Without this type of insight,
cost guides, such as RS Means, provide a method, based upon statistical averages and deviations, to calculate a very rough cost
estimate for a facility simply based upon a future use or size projection.

The Rough Order of Magnitude (ROM) estimating approach is used at the earliest stages of the project, and could also be
sometimes referred to as a ‘napkin’ estimate since you could write it on a napkin while having lunch with a client. These estimates
can be valuable to an owner or developer since they gain a relative scale of the costs which can be very valuable for determining
the overall economic feasibility of a project. They can also provide insights into the impact of various levels of quality that they
may be able to develop for a given budget.

Performing a Rough Order of Magnitude (ROM) Estimate with RS Means Data

The tables and information for performing a ROM estimate with RS Means cost data are included in a section toward the end of the
Assemblies Estimating Guide. The title used for these data tables within RS Means Guides is ‘Square Foot Estimate’ which can be
misleading since the values are calculated in a significantly different manner than the Modeled Square Foot Estimates that will be
included in the next chapter. The tables, simply several pages of data, provide statistical average cost data for each type of facility
with a distribution showing the 1/4 (25%) of project cost and the 3/4 (75%) of the project cost. With the average, 1/4 and 3/4
values, you can then develop an estimated cost per square foot for a facility based upon the expected level of quality and difficulty

in construction. A detailed description of the values and how they are calculated is included in Figure 6-1 from the Assemblies Cost
Guide.
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Square Foot Costs

Square Foot and Cubic Foot Building Costs

The cost figures in Division K1010 were derived from more than 11,200
projects contained in the Means Data Bank of Construction Costs, and include
the contractor’s overhead and profit, but do not include architectural

fres or land costs. The figures have been adjusted to January of the current
year. New projects are added 1o our files each year, and omdated projects
are discarded. For this reason, certain costs may not show a uniform anmual
progression. In no case are all sulxlivisions of a project listed.

These projects were located throughout the US. and reflect a tremendous
variation in SF. and C.F. costs, This is due to differences, not only in labor
and material costs, but also in individual owner’s requirements. For
instance, a bank in a birge city would have different features than one in a
rural arca. This is true of all the different types of buildings analyzed
‘Ihercfore, caution should be excrcised when using Division K1010 costs.
For example, for court houses, costs in the data bank are local court house
costs and will not apply 1o the larger, more elaborate federal court houses,
As a general nule, the projects in the 174 column do not include any site work
or equipment, while the projects in the 3/4 column may include both
equipment and site work. The median figures do not generally include

site wiork

Nonc of the figures “go with® any others. All individual cost items were
computed and tabulated separately. Thus the sum of the median fligures for
PMumbing, HVAC, and Electrical will not normally total up Lo the total
Mechanical and Flectrical costs arrived at by separate analysis and tabulation
of the projects.

Each building was analyzed as 10 total and component costs and percentages.
The figures were arranged in ascending order with the results tabulated as
shown. The 1/4 column shows that 25% of the projects had lower costs, 75%
higher. The 3/4 column shows that 75% of the projects had lower costs,

25% had higher. The median column shows that 50% of the projecis had
lower costs, S0% had higher.

There are two times when square foot costs are useful. The first is in the
conceptual stage when no details are available. Then square foot costs make
it useful staning point. The second is after the bids are in and the costs

can be worked back into their appropriate units for information purposes,
As soon as details become available in the project design, the square foot
approach should be discontinued and the project priced as to its particular
components. When more precision is required or for estimating the
replacement cost of specific buildings, the current edition of RSMeans
Square Foot Costs should be used

In using the figures in Division K1010, it is recommended that the median
column be used for preliminary figures if no additional information is
available. The median figures, when multiplied by the ol city construction
cost index figures (see City Cost Indexes) and then multiplied by the
project size modifier in RK1010:050, should present a fairly accurate base
figure, which woukl then have to be adjusted in view of the estimator’s
experience, local economic conditions, code requirements, and the owner’s
particular requirements. There is no need to factor the percentage figures
as these should remain constant from city (o city. All tabulations mentioning
air conditioning had at least partial air conditioning

The editors of this book would greatly appreciate receiving cost figures on
one or more of your recent projects, which would then be included in

the averages for next year: All cost figures received will be kept confidential
except that they will be avernged with other similar projects 1o arnve at

SF. and CF. cost figures for next year’s book. See the last page of the book
for details and the discount avaitable for submitting one or more of your

projects

Figure 6-1: Description of the Rough Order of Magnitude Estimating Approach with RS Means Data
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To perform the estimate, you can either have an approximate footprint or size (square foot) for the building, or you may know the
programmatic use of the facility along with a key use quantity, e.g., number of cars for a parking garage, number of beds for a
nursing home. If you only know the programmatic units, you can easily convert these units to an approximate square foot value
leveraging the Space Planning table provided in RS Means (see Flgure 6-2).

Square Foot Costs RK101

Table K1010-031 Unit Gross Area Requirements

The figures in the table below indicate typical mnges in square
feet as a function of the “occupant” unit. This table is best used in
the preliminary design stages to help determine the probable size

requirement for the total project. See RK1010050 for the typical total size
ranges for various types of buildings.

Gross Area in S.F.
Building Type Unit 1/4 Median 3/4

Apartmenls Upit 660 860 1,100
Auditorium & Play Thealers Seat 18 2% 38
Bowling Alleys Lane 940
Churches & Synagogues Seal 2 28 39
Dormilones Bed 200 230 275
Fratemity & Soronity Houses Bed 220 315 370
Garages, Parking Car 325 355 385
Hospitals Bed 685 850 1,075
Hotels Rertal Unit 475 600 710
Housing for the Elderly Unit 515 635 755
Housng, Public Unit 700 875 1,030
Ice Skating Rinks Total 27,000 30,000 36,000
Motels Rental Unit 360 465 620
Nursing Homes Bed 290 350 450
Restaurants Seal 23 29 39
Schools, Elementary Pupd &b Pl 90

Junior High & Middle 85 110 129

Senior Hgh 102 130 145

Vocational v 110 135 195
Shooting Ranges Pamt 450
Theaters & Movies Seat 15

Figure 6-2: Unit Gross Area Requirements — Space Planning

RS Means also publishes a table that includes the estimated cost per square foot for many types of facilities. A sample is shown in
Figure 6-3. After defining the appropriate level of quality, you can identify an approximate cost per square foot for the building.
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Once you know the estimated square foot, and an approximate square foot value, you will then be able to modify the cost per
square foot based upon the overall size of the facility relative to the average facility size for the data within RS Means. This Size
Modifier is important since the cost per unit (square foot) of a building will vary based upon the size of the building. Larger
buildings have a lower cost per square foot than smaller buildings due to the crews learning the construction methods and being
more productive, along with the ability to get lower material costs due to quantities purchased. In addition, there is less overhead
per unit of cost, and there is typically a lower amount of facade per floor area which reduces costs. Due to all of these factors, the

unit (per square foot) cost for a larger building is lower, even though the absolute cost of the building will be higher than a smaller
building.

K1010 | Project Costs
NI COSTS
K1010 | Project Costs w | = —1

01 | 0000 | Auto Sales with Repair SE 0l

0100 Architechsal 98,50 110 119 58% 4% 67%

0200 Plumbing 825 86 15 | 4Ba%|  5.20% 6.80%

0300 Mechanica 1105 1480 1635 a0%|  BI0% 10.15%

0400 Flectica Y] A | 25 905% |  11.70% 15.90%

0500 | Total Project Costs 163 173 17 =
02 | 0000 | Banking Institutions 3

0100 Archlectural 149 183 m 59% 65% m”

0200 Plumbing 3 835 e | 21%| 33% il

0300 Mechanical 1190 1645 1940 | sa0x 10.75%

0400 Electrical i) % ] 1045% | 1305% 15.90%

0500 Total Prject Cosls s 27 278 30 -
| 0000 [ Court House 3

0100 Architectural 7850 7850 7850 BAS0%| 54508 54.50%

70200 Pumbing 2% 29 296 207%|  20M% Z07%

0300 Mechanical 1855 1855 18.55 129%|  1295% 12.95% |

0400 Electncal ] 2 b7 16608  1660% 16.60%

0500 Total Project Costs 14 143 143 =
04 | 0000 | Data Centers SF.

0100 Archtectural n m 1 68% 63% 68%

0200 ~ Pumbing 970 970 970 %] 3II% 3%

0300 Mechanical 2450 250 250 94s%| 945y 945%

0400 Electrical 350 2350 150 % % ]

0500 Total Project Costs ¥ %1 261 21
05 | 0000 | Detention Centers SF,

0100 Architectural 164 174 184 52 5% 60.50%

0200 Plumbing 1735 a 550 SI5%|  1.10% T75%

0300 Mechanical p?) 3150 3750 755% |  9.50% 13.80% |

0400 Electrical % 250 5550 1000% | 1489% TT95%
oo Total Project Costs 218 23 u5 =

Figure 6-3: Example of ROM Estimate Tables

To account for this in the ROM estimate, you need to calculate a cost modifier by comparing the estimated size of the planned
building to the average size published for the RS Means facility type. This ratio of relative sizes can then be used within the Size
Multiplier graph to identify a multiplier for the estimated value (see Figure 6-4).
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Square Foot Costs

RK1010-050 Square Foot Project Siu Modﬂer

One factor that affects the S.F. cost of a particular building is the size. In The Square Foot Base Size lists the median costs, most typical project size in
general, for buildings built to the same specifications in the same locality, the  our accumulated data, and the range in size of the projects.

hryuhﬁdn;wﬂhzwﬂtthFmThbisrhwmﬂdywﬂt termined by dividing project
decreasing contribution of the exterior walls plus the economy of scale HE??,?&T,&'LW"&%TMM&W‘% Vith
bdoww? W‘d""”" f:I: larger buildings. mm'm';ec"“ version Scale ’”“m this factor, enter the Area Conversion Scale at the appropriate Size Factor
- ms‘;:t'm tor to mp";“mm typical size building to and determine the appropriate cost multiplier for your building size.
Sizs Factor
Example: Determine the cost per SF. for a 152,600 SF. vl 2. 2. 2. 2. 0. 2.9,
Multi-family housing. N P— o
Proposed bullding area = 152600 SF. ., u f— v Lu
" Typical size from below = 76,300 S.F. . ™ L 10
Enter Area Conversion scale at 2.0, intersect curve, 3 W 10
read horizontally the appropriate cost multiplier of .94. % e
Size adjusted cost becomes .94 x $187.00 = $175.78 » Arva Conversion Scalo
based on national average costs. E o
- - 85
Note: For Size Factors less than .50, the Cost Multiplier is 1.1 ] S S— I T -
For Size Factors greater than 3.5, the Cost Multiplier is .90 Wi LA M e T e
Size
— i | |
Auto Saies with Repar SI71.00 lﬁg 8200 - 28,700
Banking Institutions 268.00 26,300 3300 - 38,100
Detention Centers 283.00 42,000 12,300 - 183,300
Fire Stabions 214.00 ; 14,600 6,300 - 29,600
Hospitals 360,00 137,500 54,700 - 410,300
Industrial Buidings 59350 16,500 5,100 - 200,600
Medical Clinics & Offices 212.00 5,500 2,600 - 327,000
Mixed Use 194,00 49,900 14,400 - 49,900
MultiFamiy Housing 187.00 76,300 12,500 - 1,161,500
Nursing Home & Assisted Living 12500 16,200 1,500 - 242,600
Office Buildings 176.00 10,000 1,100 - 930,000
Parking Garage 4200 174,600 99,900 - 287,000
Parking Garage/Mixed Use 157.00 5,300 5,300 - 318,000
Police Stations 273.00 15,400 15,400 - 31,600
Public Assembly Buildngs 253.00 30,500 2,200 - 235,300
Recreational 275.00 2,300 1,500 - 223,800
Restaurants 273.00 6,100 5500 - 42,000
Retal 102.00 28,700 5800 - 61,000
Schools 204.00 30,000 5500 - 410,800
University, College & Private School Classroom & Admin Buidings 261.00 89,200 9,400 - 196,200
University, College & Private School Dormitories 204.00 50,800 1,500 - 126,900
University, College & Private School Science, Eng. & Lab Buildings 262.00 39,800 36,000 - 117,600
Warehouses 113.00 2,100 600 - 303,800

Figure 6-4: Size Modifier Table for ROM

What is Included in the ROM Values?

The ROM estimate is simply a statistically averaged cost with some distributions for a particular type of building in the RS Means’
dataset. The data is for the total construction cost. Therefore, the ROM estimated value does NOT include the designer fee for the
project. It also excludes the typical items that are excluded from all RS Means cost data, e.g., land and financing costs. It does
include the contractor’s general conditions and fee since these values are contained within the total construction cost values.

Please reference the course slides to see additional details regarding the Rough Order of Magnitude estimating approach.

Steps to Develop a Rough Order of Magnitude (ROM) Estimate

The following are the steps to develop a ROM estimate by using the Gardian estimating manual with the actual square foot cost
data from RS Means.

1. Identify the Project Size

As previously discussed, the project size may be determined from an approximate building footprint if one exists, or you can
calculate the approximate size by using the Space Planning Table in the Gardian manual (see Figure 6-2). This table includes
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approximate sizes for different building types based upon a unit of measure.

2. ldentify the Square Foot Unit Cost

Using the Project Costs table in the Gardian guide (see Figure 6-3), identify the estimated cost per square foot for the project. You
can select the median costs, or the 1/4 or 3/4 cost values, based upon the projected level of quality for the project.

3. Modify the Cost per Square Foot to Account for Project Size

Use the project size modifier graph and tables (see Figure 6-4) to identify the cost multiplier. See Figure 6-4 and the description
earlier in this chapter for details regarding this calculation. After identifying the Cost Modifier from the graph, you will then
calculate a modified cost per square foot for the building by simply multiplying the Square Foot Unit Cost from Step 2 by the Cost
Modifier.

4. Calculate the Building Cost

The overall building cost estimate can be calculated by multiplying the cost per square foot by the estimated square foot quantity in
Step 1. It is important to note that this estimated value is for an average location in the United States with a construction time of
January of the year of the Gardian cost guide.

5. Modify the Building Cost for Time and Location Factors

The estimated cost should be modified for the time of construction and the location. This is performed by calculating a time
multiplier and a location multiplier. Mathematically, it does not matter whether you modify for time or location first, but it is
important to modify for both of them. More details regarding the time multiplier and location multiplier can be found in Chapter 5
and in our class presentations.

6. Make Additional Modifications if Appropriate

There are many other items that you may include in the ROM. The ROM calculation using the Gardian approach does not include
design fees, so if a design and construction cost estimate is required, you can add approximate design fees. The estimate will also
not include land and financing costs. These could be added depending upon the purpose of the estimate.

Review Questions

HE S ° B Y 4l A\ LA - A~ /
The ROM estimate using RS Means data from the Gordan Guide mcludes aII
construction and land costs for a building.

O True O False
©

EERT N LR _ |

T Reuse (DRightsofuse <> Embed HP

This page titled 1.6: Rough Order of Magnitude (ROM) Cost Estimating is shared under a CC BY-NC-SA 4.0 license and was authored, remixed,
and/or curated by John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.7: Modeled Square Foot (SF) Cost Estimating

4b Learning Objectives

After reading this chapter, you should be able to:

o Describe the benefits and limitations of the Modeled Square Foot (SF) estimating approach
o Develop a Modeled Square Foot estimate for a building project
o Identify the appropriate locations to find the R.S. Means cost data tables used for Modeled Square Foot estimates

Introduction

As additional details are known about a building, a project team can develop a Modeled Square Foot estimate based upon
previously composed model projects that have been developed in the Gordian Guide for SF Estimating with RS Means data. This
method focuses on identifying the building type, and a small number of core building parameters (exterior facade and structural
system) to define an estimated cost per square foot. Additions can then be included within the estimate.

The descriptions contained in Figures 1 and 2 show a description of the content contained on the 2 pages for each building type that
are contained in the Square Foot Estimating Guide. These descriptions are referenced from the beginning of the estimating Guide.
This Guide is simply composed of a series of Square Foot pages per building type. The initial part of the Guide is for residential
buildings (houses), and the latter section is for commercial buildings. There are also some individual assemblies included toward
the end of the guide, along with other tables and information.
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Figure 1: Introduction of the Modeled Square Foot Estlmatlng Approach (Source: Gordian Square Foot Costs with RS Means Data
2018)
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Medel costs calculated for a 3 story building
with 10 stery height and 22,500 square feet
of floor area
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Figure 2: Continuation of Introduction of the Modeled Square Foot Estimating Approach (Page 2 of each building) (Source:
Gordian Square Foot Costs with RS Means Data 2018)

A square foot estimate can be performed at the early stages of a project, for example, during schematic design. To perform the

estimate, you will need to have as a minimum an approximate footprint for the building, an understanding of the type of structural

system, a proposed facade type, and an estimated floor to floor height. If you do not know any of these items, you could still

develop an estimate using various assumptions.

The Modeled SF Estimating approach is very different from the ROM Estimating approach described in the previous chapter. The
Modeled SF Estimating approach is taking more detailed building assemblies, e.g., structural system elements, mechanical system

elements, etc., and building a ‘model’ estimate for a fictitious building that would be similar to the facility type. RS Means

leverages average assembly components when designing these model buildings, but the estimating sheets are not based upon an

actual building. In this way, they can build many modeled buildings making various assumptions about overall facility size and the

quantity of perimeter. The perimeter length is particularly important in this form of estimating since larger amounts of perimeter

per gross square footage of the building will cause the building to be more expensive since the facade is an expensive element

within a building. This method can also account for variations in floor height since increasing floor height will increase overall

building cost due to extra vertical elements (e.g., plumbing, structure, elevator, etc.) along with larger amounts of the facade.

In contrast, the Rough Order of Magnitude (ROM) method presented in the previous chapter is based on the Reported Square Foot
costs from a data set of many previous building projects. The Reported Square Foot method that we used for the ROM estimates
simply uses average building costs across the dataset. The average costs are not calculated from any detailed characteristics or

system types within the building. Therefore, the Modeled SF Estimating approach can be much more accurate than the previous

ROM approach.

Figures 7-3 and 7-4 include a sample of the two pages for one of the building types. In particular, these pages provide a description
of a 4-8 Story Hosptial. You will notice that the building type has a reference number, which is M.340. These reference numbers
help RS Means keep track of the data that they compile, and also allow users to refer back to the assumed data. You will notice that

D06
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almost all elements of data reported in the Gordian guides (based upon RS Means data) have some form of the reference number,
whether it is a building, a system within a building, a component, or a construction crew type.

Figure 7-3 is highlighting, in the Blue box, the base unit cost for a typical 4-8 story hospital that is 200,000 square feet (SF). Note
that the base building cost is initially pulled from the data table from the overall square footage of the entire building. You do not
want to select the base cost from the linear feet of the perimeter, but instead, modify for the perimeter of the building after you have
identified the base building cost from the square foot area. The table includes various exterior wall types, and some buildings also
include alternative structural systems. In our example, if the hospital is 200,000 sf and has a fiber cement facade, then the projected
cost for the building will be $273.80 per square foot. This number would then need to be modified for the linear feet of the
perimeter with the average linear feet of the perimeter in our example being 866 LF (see the second number in the Blue column).
The cost would also need to be modified for story height, location, time, and other quality/scope related items. If there is a
basement in the facility, there is a different number provided within the Gardian guides, which is highlighted in the yellow box. A
step-by-step procedure for developing a SF cost estimate is included in the next section.

COMMERCIAL/INDUSTRIAL
|NST|TUT|ONA/|. / M.340 “OSP“H', 4-8 S‘IOI'Y

]
I!
[
n
4 ]
J
s
:
A\

Costs per square foot of floor area

, SF. Area 100000 125000 150000 1750008 200000 1225000 250000 275000 300000
- Exterior Wall -t

; LF. Perimeter 816 1116 1200
Curtain Wl Rigid Sieel 301.60 286.55 286.75 285.50
Mefol Parel Rigid Sieel 28610 28380 28220 27825 ) 277.25 Q27650 27595 27545 27505
Brick Veneer Reinforced Concrele | 30250 29955 29750 29140 | 290.10 [§289.10 28830 28765 28715

29770 29670 29585 29525
28410 28340 28285  282.40
I——

Stone Veneer Reinforced Concrele 31450 31095 30850 30045
ELFS. Reinforced Concrele 29545 29280 29105  286.05

1.50 1.25 1.20 1.05
085 075 0.80 075

Perimeter Adj., Add or Deduc! Per 100 LF. 325 260 ﬁ.ZO 1.90
Story Hgt. Adj., Add or Deduct Per | FL. 110 1.05 1.05 090
For Basement, add $ 39.80 per square oot of basement areo

The above costs were calculated using the basic specilications shown on the facing poge. These costs should be odjusled where necessary for design allematives and owner's requirements.
Figure 3: Sample Hospital Project Square Foot Estimate (Modified from Gordian Square Foot Costs with RS Means Data 2018)
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Hospital, 4-8 Story
Uit Unit ‘Cost. | %OF
Cost | PerSE | SubTokl
A, SUBSTRUCTURE
1010 | Standard Foundations Poured concrete; wip and spread fooings; 4 foundasion wall SEGrownd | 452 ]
1020 | Specicl Foundation N/A - - "
1030 | Slab on Grade & reinloreed slob on grode SF Slob 14.85 248 L.7%
2010 | Bosemant Excovation St preparation for gab and trench for loundotion well ond looting 5.F. Ground Al 03
2020 | Bosement Walls N/A = = -
B, SHELL &
B10 Superstructure
1010 | Floor Construction Oipan wab sioel joih, slob lorm, concrete, lireprooled steel columns | S.F Floos u.lal 12.63 ] 7%
1020 | Rool Conuction Metal deck on open wab sisel joink, columni. 5. Rook 10.98 1.83
B20 Exterior Enclosure
2010 | Exterior Walls Fiber camont siding on metal such, inwioied 70% of woll SF Wall 19.25 420
2020 | Exerior Windows Aumingm diding windows 30% of woll Each 589 245 8%
2030 | Esxterior Doors Asminum ond gl double doon, hollow metol egress doon Each 7340 1.02
B30 Reofing
3010 | Rool Coverings Singla ply membeane, sione balod S.F. Rool 7.02 1.7 0.6%
3020 | Roof Opanings Rool haiches S5 Rool 1 04
€, INTERIORS
1010 | Parttions Concret block partiions, gypsam bocnd on mesol seds 10 5.F, Floor/LF. Porflion | S.F. Partiion 7.08 787
1020 | Interior Doors Single leat hollow metcl doors, fire doors 90 S.F Flooe/Door Each 1268 .39
1030 | Fisings Hospital curtaing 5.8 Floor 1.32 132
2010 | Stair Construction Concrets fillod metcl pan Flight 12,600 1.63 21.5%
3010 | Wall Finishes 5% Point, 15 % coramic woll il 5F Serdoce. 342 759
3020 | Floor Finishes BO% vieyl tile, 20% ceromic , 200 terrarro S.F Floor 9.20 .20
3030 | Cailing Finishes Acoussic cading files on suspanded chonael grid SF Celing | 6,30 630
D, SERVICES
D10 Conveying
1010 | Elevotors & Lits Six trochion geored hospitol slevciors l Each |:3s_mn| 705 | 28%
020 | Escalotors & Meving Walks | N/A - = -
D20 Plumbing
2010 | Plumbing Fixtures Medicol, potient & specicly, supply ond drainage ) Foutorn/415 S.F Floos foch 3149 7.57
2020 | Domestic Woler Distribufion | Electric woser heater S.F. Floor 11.60 11.60 9%
2040 | Rain Water Drainoge Rool drains SF Roof 456 76
D30 HVAC
3010 | Energy Supply Condiioned it with hot wier rshect system S.F Foar 448 4.48
3020 | Heat Genesling Systems Sieam boiler for services Each 43750 55
3030 | Cooling Generating Sysems | Chillens S.F. Floar e e 242%
3030 | Terminol & Pockoge Unis N/A - - -
3090 | Other HVAC Sys. & Equipment]| Hot water boders, ductwork, VA terminals, ventilafion syslem SEHoor | 4040 | 4040
D40 Fire Profection :
4010 | Sprinklers Wl pipe spinkler sysiem | SEF. Floor | 102 | 3m l %
4020 | Stondpipes Siendpips 5. Floor 57 57
D50 Elecirical
5010 | Elecirical Sarvice/Diskribuion | 2000 ampers sarvice, panel boord and iseders 5.F. Floor 2.25 225
5020 | Lighting & Bronch Wiring Fluorescant fixtures, receplodes, switches, A.C_ ond misc. power SF. Floor 2087 2087 139%
5030 | Communications & Security ddresscble clorms, smergency lighting, i d phone wiring SF. Floor 2.54 254
5000 | Other Blactricol Sysiems Emergency genercior, 400 Kw with fuel ionk, UPS sysem SF Floor o7 o7
E. EQUIPMENT & FURNISHINGS '
1010 | Commereiol Equipment N/A - = =
1020 d Equi y and kitchen equipment SF. Floor 2178 2176 125%
030 | Vehisulox Equipment N/A - - -
’:.‘020 Movechle Furnishings Fatient woll sysiems SF Floor 341 a4
F. SPECIAL CONSTRUCTION
1020 | Integroted Construction N/A | - | - ‘ - | vk
1040 | Specicl Fociliies NA o - -
G, BUILDING SITEWORK N/A
Sub-Total 20096 100%
CONTRACTOR FEES [General Requirements: 10%, Overheod: 5%, Profit: 10%) 2% | 00
ARCHITECT FEES % 2261

Total Building Cost  273.80
Figure 4: Example Hospital Square Foot Cost — Page 2 (modified from Gordian Square Foot Costs with RS Means Data 2018)
It is important to note that the Modeled SF Estimating approach includes the cost of all of the assemblies used in the building (see
Figure 4 which shows the assemblies for the one highlighted model building), and it also includes the overall contractor fees and
architects fees. These are included at the bottom of the 2nd page (see Figure 4). You can also modify your estimate with common

additions that are listed on the first page of each of the modeled facilities (see Section 9 in Figure 1). These common additions are
included for each facility type.

Steps to Develop a Modeled Square Foot Estimate:

1. Find the Correct (or closest) Model in the Square Foot Estimating Manual

The Gordian Square Foot Estimating Manual contains many different types of buildings, but certainly not all types of buildings. In
particular, if you have an unusual building type, or a mixed-use facility (e.g., 3 stories of parking, 2 stories of retail, 5 stories of
office, and 5 stories of a hotel), then you will not be able to find an exact match for your building type. Therefore, you may need to
leverage several different model types, and then average, or weighted average, the building types in order to approximate either a
cost per square foot for the entire building, or a cost per square foot for the sections of the building.
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2. Perform Quantity Takeoffs

To complete a SF estimate, you will need to calculate the SF per floor for the buildings, along with calculating the linear foot of
perimeter for a typical floor. In addition, you will need to calculate the overall SF of the building, by adding up the SF for each
floor. If there are duplicate floor layouts, this can be easily performed by multiplying the floor area by the number of floors in the
building. Additionally, you will need to know the overall average estimated floor to floor height.

3. Identify the Cost per Square Foot for the building

By using the main table within the estimating manual (see Figure 3 for example), identify the cost per SF of the building based
upon the total building SF (top row) and the structural system/facade type (left column). Make sure that you use the total SF to
identify the unit cost. You will use the LF of Perimeter in a later step. If the exact SF is not identified as a column in the table, you
can interpolate between the lower and higher SF cost columns to calculate the overall cost per SF.

4. Adjust the Cost per SF to consider LF of Perimeter Wall and Story Height

After identifying a base cost per square foot, you can modify the cost per square foot to account for higher or lower overall
amounts of the perimeter wall and the cost of additional (or reduced) floor height. To adjust for the perimeter wall, you will first
identify the estimated quantity of LF given the column that you used for your SF of building. In the example in Figure 3, if you
have a building of 200,000 SE, you would expect 866 LF of the perimeter wall. If the actual LF is higher than 866, then the
building will cost more per SF due to the additional cost of the facade. Therefore, you can calculate the additional cost by looking
at the adjustment factor in the next to the bottom row in the table. For our example, this shows that there is an additional $1.60 per
SF for every additional 100 LF of the perimeter. By using this ratio, you can easily calculate the adjustment factor.

You will also need to adjust the cost per base SF by the overall story height. If you look on Page 2 for any model, you will find the
typical floor to floor (or Story) height. In Figure 4, you can see this typical story height for our example of 12'. By referencing the
adjustment factor in the bottom row of the table, you will see that each additional 1’ of story height will add (or reduce) $0.85 per
SF of building area.

5. Calculate the Total Base Cost

After modifying the cost per SF for the perimeter and story height, then the total base cost can be estimated by multiplying the cost
per SF by the total SF for the building.

6. Calculate the Additional Basement Cost

The cost per SF of the basement area is identified in the estimating table, at the bottom of the table (see the yellow box in Figure 3.
To calculate the basement cost, multiply the cost per SF of the basement area by the takeoff quantity for the basement. This value
can then be added to the Total Base Cost.

7. ldentify any Common Additions

On the first page for each model, there is a list of potential common additions (see Section 9 in Figure 1 for an example). These
common additions can include items such as furnishings/appliances, elevators, etc. These additional items would be added to the
total cost after calculating the estimated total cost.

8. Modify for Time and Location

You will need to modify the overall cost for both time and location, similar to the previous methods. See the previous chapters for
additional details. Just a reminder that the overall Building Cost Index (BCI) or Construction Cost Index (CCI) for an estimating
manual is taken as the January BCI or CCI for the year on the cover of the manual.

9. Add Additional Items

Based upon the purpose of the estimate, you may add other items to the estimated value. These could include an overall
contingency for unforeseen items, land costs if purchasing the land, excavation and sitework costs, permitting fees, and financing
costs for construction loans. It is important to note that the fees for the contractor and the fees for the design are incorporated into
the SF estimating approach (see the blue box in Figure 4). It may also be beneficial to present the number as a range (e.g.,
$2,000,000 +/- 15%) and it is also helpful to round the final number, at least to the closest $1,000 depending upon the value and
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audience. It can be confusing or potentially misleading if the number looks too precise when it remains an approximate amount for
the project.

Review Questions

A Modeled Square Foot Estimate is typically more accurate than the
Reported Square Foot cost approach used for ROM estimates.

O True O False

® Check °

©Qooo

T Reuse D Rightsofuse <> Embed HP

This page titled 1.7: Modeled Square Foot (SF) Cost Estimating is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.8: Assemblies Cost Estimating

4b Learning Objectives

After reading this chapter, you should be able to:

o Describe the benefits and limitations of the assemblies estimating approach
o Develop an assemblies estimate for a building project
o Calculate the approximate cost differentials for selecting various system options for a project

Introduction

Once a project design progresses to a level where systems are defined, the team can continue with estimates that leverage the
system information. If we refer back to our design phases, this level of estimates is primarily aligned with design development,
when the systems are being designed, although some systems may be designed prior to this phase. These systems could include
items as simple as the number of lavatories or toilets. It could also be more complex such as an assemblies estimate per square foot
of building area for a mechanical system, such as rooftop units. It is important to note that some of the quantities used to develop
the assemblies are straightforward, such as number of units for the lavatories, although others are more abstract, such as the square
footage of the building for the mechanical system. An estimating team within a construction firm may have their own assemblies
costs that they have historically tracked and categorized. This chapter will focus on using the Gordian guide for assemblies as a
public source of cost information.

Assemblies estimates for commercial building projects are typically organized by CSI Uniformat 2 categories (see Figures 1 and 2)

since they align with the overall building systems. This classification system is focused on building systems such as substructure
(A), shell (B), interiors (C), services (D), equipment and furnishings (E), special construction and demolition (F), and building
sitework (G) (see Figure 1 and 2 for the more detailed level 2 and 3 for each of these main — level 1 — categories).
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Figure 1 - ASTM UNIFORMAT Il
Classification of Building Elements (E1557-97)

Level 1
Major Group Elements

Level 2
Group Elements

Level 3
Individual Elements

A. SUBSTRUCTURE

A1D Foundations

A1010 Standard Foundations
A1020 Special Foundations
A1020 Slab on Grade

A20 Basement Construction

A2010 Basement Excavation
A2020 Basement Walls

B. SHELL

B10 Superstructure

B1010 Fleor Construction
B1020 Reof Construction

B20 Exterior Closure

B2010 Exterior Walls
B2020 Exterior Windows.
Exterior Doors.

B30 Roofing

B3010 Roof Covernings
83020 Reof Openings

©C. INTERIORS

'C10 Interior Construction

'C1010 Partitions
‘1020 Interior Doors.
‘1030 Specialties

G20 Staircazes

'C2010 Stair Construction
'C2020 Stair Finishes

'C20 Interior Finishes.

‘3010 Wall Finishes
'C3020 Floor Finishes
C-2020 Ceiling Finishes

D. SERVICES

D10 Conveying Systems

D1010 Elevators
01020 Escalstors & Moving Walks
D1020 Msterisl Handling Systems

20 Plumbing

D2010 Plumbing Fixtures

D2020 Domestic Water Districution
D2030 Sanitary Waste

D2040 Rain Water Drainage

D2050 Special Plumbing Systems

D230 HVAC

D2010 Energy Supply

D3020 Heat Generating Systems

D2030 Cooling Generating Systems

D3040 Distribution Systems

03050 Terminal & Package Units

D2DED Controls & Instrumentation

D3070 Special HYAC Systems & Equipment
D3020 Systems Testing & Balancing

D49 Fire Protection

4010 Fire Protection Sprinkier Systems
D4020 Stand-Fips & Hose Systems
4020 Fire Protection Speciaities

D4040 Special Slectrical Systems

DED Electrical

DED10 Electrical Service & Distribution
D5020 Lighting & Branch Wiring

DE030 Communication & Security Systems.
DE040 Special Electrical Systems

E. EQUIFMENT & FURNISHINGE

E10 Equipment

£1010 Commercial Equipment
E1020 Institutional Equipment
£1020 Vehicular Equipment
E1040 Other Equipment

E20 Furnishings

2010 Fixed Fumishings
E2020 Movable Fumishings

F. SFECIAL CONSTRUCTION

F10 Special Construction

F1010 Special Structures

& DEMOLITION F1020 Integrated Construstion
F1030 Special Construction Systems.
F1040 Special Facilites
F1050 Special Controls & |nstrumentation
F20 Selective Buiding Demoiition | F2010 Buikding Elements Demelition
F2020 Hazardous Components Abatement
Figure 1: Uniformat IT — Categories A to F
Figure 2 - ASTM UNIFORMAT Il
Classification of Building Related Sitework (E1557-97)
Level 1 Level 2 Level 3

Major Group Elements

Group Elements

Individual Elements

. BUILDING SITEWCRK

'G10 Site Preparation

G1010 Site Clearing

G1020 Site Demolition & Relocations
G1020 Site Earthwork

G1040 Hazardous Waste Remediation

G20 Site Improvements

52010 Roadways
G2020 Parking Lots
52030 Pedestrian Paving
G2040 Site Davelopment
‘G2050 Landscaping

G20 Site CivilMechanical Utilities

G3010 Water Supply & Distribution Systems
@2020 Sanitary Sewer Systems.

33020 Storm Sewer Systems

‘G3040 Heating Distribution

‘G050 Cooling Distribution

G0 Fuel Distribution

GIOTDOther Civil / Machanical Utilities

‘G40 Sit= Electrical Utilities

‘G4010 Electrical Distribution

G4020 Exterior Lighting

G4030 Exterior Communications & Security
G4040 Other Electrical Utilities.

'GE0 Other Site Construction

GE010 Service Tunnels
(@5020 Other Site Systems & Equipment

Figure 2: Uniformat II — Element G for Building Sitework

To develop a full assemblies estimate for a project, an initial takeoff of the quantities for each type of building system is needed,
along with an understanding of the type of building systems. The Gordian Assemblies Estimating Guide contains directions
regarding the information provided for each assembly. Figures 3 and 4 contain the descriptions for the different information that is
published for each of the assembly categories within the Gordian Assemblies Guide with RS Means data.
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Each assembly is defined within the Gordian guide with a unique identifier along with a clear description of the detailed items

within the assembly. For example, the stair construction assembly (A1010) shown in Figure 4 is developed by combining six more

detailed items for a cast-in-place (C.I.P.) foundation wall. These six items are shown in the System Components section (noted with

the number 5 in the image). These detailed items include formwork, reinforcing, reinforcing material handling, concrete, and

finishing. It is important to note that you can read more details about what is included, and what is not included, in the description.

For example, in Figure 4, we can see that excavation and backfill are not included in the foundation wall assembly. This assembly
will be estimated with the unit of ‘cost per linear foot’ of the wall (see number 4 in Figure 4). It is important to note that you can
not see the details for every assembly, but instead, you only see the details for one typical assembly per page. This one example is
highlighted with its unique 12-character identifier (see number 1 in Figure 3 for example and the reference in number 2 in the same

figure). For the remaining assemblies, you may need to assume the specific detailed items included, or you may have access to this

information if you use the online version of the cost guides.

Unique 12-character

o Identifier

Our assemblies are identified by a
unique 12-character identifier. The assemblies
are numbered using UNIFORMAT 11, ASTM
Standard E1557. The first 5 characters represent
this system to Level 3. The last 7 characters
represent further breakdown in order to arrange
items in understandable groups of similar tasks.
Line numbers are consistent across all of our
publications, so a line number in any assemblies
data set will always refer to the same item.

Information is available in the

Reference Section to assist the estimator

with estimating procedures, alternate pricing
methods, and additional technical information.

The Reference Box indicates the exact location
of this information in the Reference Section. The
“R" stands for “reference,” and the remaining

characters are the line numbers.
9 Our assemblies descriptions appear
in two formats: narrative and table.
Narrative descriptions are shown in a hierarchical
structure to make them readable. In order to
read a complete description, read up through
the indents to the top of the section. Include
everything that is above and to the left that is
not contradicted by information below.

Reference Box

Narrative Descriptions

Narrative Format

C20 Stairs

€2010 Stair Construction
Gereral Design: See migrence section  Minimum tread width is 117 for commencial
for code Maximum height and ©° for residential.
Dbetween 8 12 usual slar angle
hthwwwum mmmmmmmm
i b Gost Per Fiight: Table below lists tha cost
25 (Fiseq) + tread = 25. per flight for 4'-0 wide stairs.
Riser x treac! = 70 o 75. Side walls are not incluced.
Maximum riser height is T for commercial, 2Engs are included.
B-1/4" for residential,
Usual riger height is 6-1/2" o 7-1/4",
COST PER FUGHT
System Components oy | e o [ T
SYSTEM C2010 1100560
STARS, C.LP. CONCRETE 12 RSERS
Concrele i place, ree standing stans ool il salety beads @wwo| LA mp| | 2638
Concrete i pace, e stancing stas landing 20| sk 16960 5788 T84S
Cast dom nosing sert, abr suaface, precied, " wide 1 4 g I2ow| Ea 918 2840] 113640
i caing, welded, 2val 76" bigh 1 1/2° poe 18000| LS a9 209%)  1,00%
Vol rzing wih e, st ppe (10 1] 13450 199.24 53414
TOIAL psearm|  3ameo|  sans0
COST PER FLIGHT
€2010 110 | Stairs R
470 | Stars, CLF. concrete, wib bindng. 12 nsers, wio sosng ~ 145 1500 ECTE)
[ e nosrg 2 = 2600 L5 5125
E5 Wiandng, 17 1o, who rosng 1 73
%0 W rosing 255 1,300 5,850
[ &0 T8 mers, w/o rosng A ; 580
0580 #Weh osig 3228 (L] 7400
50 70 roess, who rosog s 133 7050 |
0600 With norg. 3500 5,050 8,950
KU — f e wR X L¥i4]
0620 With nosing 4575 5900 10478
EXd 2t Yor whoseg e, wo iy 5575 [Fi] (33
0540 Wb kg 182 152 9450
£ T8 o, wab iy, 9675 | *
0680 20 ey, wilbh iy 11,500 25| 13950
o0 4 rers, wih gy, [EL ] 55 6,425 |
ono Metal pan stars lor conrele infd, picked ra), 12 risess, wo becing 8225 1.200 9425
7% T TOB0 1207
| ono 16 risas. wilh bning 13600 2200] 15,800
(2] 70 e, Wl 6300 2601|1900
o7 24 risers, wih g 19,100 2915 o
KL ot von bead § ppu ral, 12 nsers, wis landng [+1 T.200 3A7%
o800 en uagag 10,500 1500 12,700
00 TE reers, = g, [EE] 720 15,30
0840 20 rasss, i bning 16,400 2600] 13,000

For supplemental customizable square foot estimating forms,

visit: www.RSMeans.com/2018books

Figure 3: Description of Gordian Assemblies Guide information per Assembly (Source: Gordian Assemblies Estimating Guide)
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Table Format o Unit of Measure
; All RSMeans data: Assemblies include
A10 Foundations a typical Unit of Measure used for
A1010 Standard Foundations estimating that item. For instance, for continuous
footings or foundation walls the unit is linear
The Foundation Bearing Wal System feet (L.F.). For spread footings the unit is each
includes: forms up fo & high flour usest (Ea.). The estimator needs to take special care
concrete &nd vibrated;
e ot vt i e o o that the unit in the data matches the unit in the
ot e o o takeoff. Abbreviations and unit conversions can
igned with mink be found in the Reference Section.
[Excavation and backfil are nol included.
Piease see the reference section for further
design and cosl information.
a 9 System Components
| COSTPRRLE | System components are listed
AR 2T e L L separately to detail what is included in
SYSTEM AL010 105 1500 developmen ice.
FOUNDATION WALL, CAST I PLACE, DIRECT CHUTE, 4 10GH, §° THICK the . o the Sotel system; pric.
foumuons ao0| s 640 @ 40
Reeloeng 130 b ml L7 V]
Uninang ehrcng % 8 o
s - I - " Table Descriptions
Pucs concas, oec chute ood [ i in Table descriptions work similar to
Pt e e i oL e e [ 2 Narrative Descriptions, except that if
10T an 5628 M| there is a blank in the column at a particular line
number, read up to the description above in the
A1010 105 | Wall Foundations ok
VALL FEIGHT PLACIG CONCRETE FENFORCING WALL CHTFALE.
(&) HETHOD [CY.per LF) (LBS.perLF) | THICKMESS(M) [TWAL | DL | TOIAL
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Figure 4: Description of Gordian Assemblies Guide information per Assembly (cont.) (Source: Gordian Assemblies Estimating
Guide)
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Steps to Complete an Assemblies Estimate

RSMeans data: Assemblies—

How They Work (continued)

Sample Estimate o Viork Performed -
Thes sample the el of an esty including a ‘on the installing contractor's work. Thess figures represent the totasl oy
taily of the RSMesns dats lines. Published sssemblies costs mclude all €08t to the ownes The Location factor with RSMeans data is applied at maul--—-un-fd-whd—nmr:
markugs for Labor burden and prafit for This 10 MK the CON Of the wark 10 3 Apeciic it 3 nd . i s o, okt @ Location Factor
estemate adds 2 summary of the markugs spplied by & general contractor location.
"
Sales Tax faaa: trom the “Locatios Facior™ table or the “Tity Cost indeses” table
b e it i e o s . a0 1 e e, e
|Project Name: Interior Fit-out, ABC Office seabaiony wade e,
|Location: Anywhere, USA Data: 11M/2018 8TD A000y e S30EY Lan 19 10 5N o 1 asmeiy sental e
Humber Oty.  Unit Bubtotal i by 00
C1010 124 1200 Wood pariiton, Z x 4 @ 16" OC wS/F" FR gypsum board 560000 SF $2.,856.00} 9 ey et
€1020 114 1800 Metal door & frame, flush hollow core, 30° x -0 2000 Ea $2.510.00} s T i b et e e Architect's Fee
C3010230 0080 Painting, brushwark, primer & 2 coats 1120000 SF B T s n e
€3020410 0140  Carpet, tufied, nylon, roll goods. 17 wide, 26 az 240000 SF SA4240] 15 of proect com.
C3030210 6000  Acoushic colings, 24° x 487 the, 180 grid suspension 200000 SF $1,260.00
5020 125 0560  Recaplacies incl plite, box, conduil, wirs, 20 A duplex 8000 Ea $2,320.004 Genaral Contractor Overhead Contingency
o ) : o) Thia artry reprasent the ganera cnmractis mackup o 3l & factar for conbrgancy iy b Mided B any sstimTe o
D5020 125 0720  Light swilch ind plate, box, conduil, wire, 20 A single pole 2000 Ea £568.00) RN PSS sepresant e coukof uskowen TR may GEC betsen
05020 210 0560 wm.wm.mmumsr 200000 SF £2 226 00f e i
ly Subletsl $14,002.80] G’ General Contractor Profit design a8 which the sstmate 1 dore, and the commractor’s swement of
Py
Sales Tax @ o 5% $350.07
Ganeral Requirerants @ o ™ $960.20
Subtotal A
GC Overnead ° 5% $ 70665
GOROIAN
Subtotal B 18,090,
GC Profit @ e < B% $804.90
Sublotal C 16,004.71
Adjusted by Location Factor 0 182 $10.474.22
Architects Fee @ 0 % §1,557.94
Contingency @ o 15% s2921.13
Project Total Cost $13,950.29
= You arn loee and adljusi it 1o your
& copy of this & available

Figure 5: Description of Steps to Complete an Assemblies Estimate (Source: Gordian Assemblies Estimating Guide)
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A10 Foundations |

A1010 Standard Foundations

The Spread Footing System includes:
excavation; backfill; forms (four uses); all
reinforcement; 3,000 p.s.i. concrete (chute
placed); and float finish.

Footing systems are priced per individual
unit. The Expanded System Listing at the
bottom shows various footing sizes. It is
assumed that excavation is done by a truck
mounted hydraulic excavator with an
operator and oiler.

Backfill is with a dozer, and compaction
by air tamp. The excavation and backfill
equipment is assumed to operate at 30
C.Y. per hour.

Please see the reference section for
further design and cost information.

z COST EACH
System Components quantry | umr VAT, [ TOTAL
SYSTEM A1010 210 7100
SPREAD FOOTINGS, LOAD 25K, SOIL CAPACITY 3 KSF, 3' $Q X 12° DEEP
Bulk excavation 580 CY. 5.21 5.21
Hand trim 9.000 SF. 9.18 9.18
Compacted backfil 260 CY. 1.02 1.02
Formwark, 4 uses 12.000 SF. 9 67.80 76.80
Reinforcing, fy = 60,000 psi 006 Ton 6.30 165 1395
Dowel or anchor boit templates 6.000 LF. 6.12 28,08 34.20
Concrete, f'c = 3,000 psi 330 CY. 4389 43.89
Place concrete, direct chule 330 CY. B4l 841
Float finish 9.000 SF. 360 360
TOTAL 65.31 13095 196.26
COST EACH
A1010 z|o| Spread Footings T
7090 | Spread footings, 3000 psi concrele, chule defivered

7100 Load 25K, sod capacity 3 KSF, 30" sq. x 12° deep 65.50 130 195.50

Load 50K, soil capacity 6 KSF, 30" sq. x 12° deep

[0d0 SOk LapaLil 50 el A

7300 Load 75K, sod capacity 6 KSF, 40 sq. x 12 deep 113 193 306
7350 Load 100K, sol capacity 3 KSF, 60" sq. x 14" deep 283 375 58

o

Figure 6: Example of an Assembly in the Assemblies Estimate (Source: Gordian Assemblies Estimating Guide)
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CSI| MasterFormat 2016 Version

PROCUREMENT AND CONTRACTING REQUIREMENTS
GROUP
+ Division 00 — Procurement and Contracting Requirements

SPECIFICATIONS GROUP
General Requirements Subgroup
« Division 01 — General Requirements

Facility Construction Subgroup
« Division 02 — Existing Conditions
Division 03 — Concrete
« Division 04 — Masonry
Division 05 — Metals
Division 06 — Wood, Plastics, and Composites
Division 07 — Thermal and Moisture Protection
+ Division 08 — Openings
- Division 09 — Finishes
Division 10 — Specialties
Division 11 — Equipment
- Division 12 — Furnishings
« Division 13 — Special Construction
« Division 14 — Conveying Equipment
- Division 15 - 19 — Reserved for fulure expansion

Facility Services Subgroup:
- Division 20 — Reserved for future expansion
« Division 21 — Fire Suppression

+ Division 22 — Plumbing

« Division 23 — Heating, Ventilating, and Air Conditioning (HVAC)
« Division 24 — Reserved for future expansion

« Division 25 — Integrated Automation

- Division 26 — Electrical

« Division 27 — Communications

+ Division 28 — Electronic Safety and Security

- Division 20 — Reserved for future expansion

Site and Infrastructure Subgroup:

. Division 30 — Reserved for future expansion

Division 31 — Earthwork

Division 32 — Exterior Improvements

Division 33 — Utilities

Division 34 — Transportation

Division 35 — Waterway and Marine Construction
« Division 36 - 39— Reserved for future expansion

« s s s .

Process Equipment Subgroup:

« Division 40 — Process Interconnections

Division 41 — Material Processing and Handling Equipment
Division 42 — Process Heating, Cooling, and Drying Equipment
Division 43 — Process Gas and Liquid Handling, Purification and
Storage Equipment

Division 44 — Pollution and Waste Control Equipment

Division 45 — Industry-Specific Manufacturing Equipment
Division 46 — Water and Wastewater Equipment

Division 47 — Reserved for future expansion

Division 48 — Electrical Power Generation

« Division 49 — Reserved for future expansion

. .

v oe e -

Figure 7: Summary of CSI MasterFormat Categories

Review Questions

CSI Masterformat 2018.

O True O False

® Check

References
Gordian. (2018). Assemblies Estimating Cost Guide.

An assemblies estimate developed with RS Means data will be organized by

©ooo0o00

This page titled 1.8: Assemblies Cost Estimating is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John

Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.9: Unit Price Cost Estimating

4b Learning Objectives

After reading this chapter, you should be able to:

o Describe the benefits and limitations of the unit cost estimating approach
o Develop a unit cost estimate for a portion of a building project
o Identify the detailed cost components within a unit price estimate, and how these cost elements are calculated

As the detailed information is developed within the construction documents phase of a project, the project team can develop
detailed cost estimates using the Unit Price estimating approach. The Unit Price estimating approach is focused on identifying a
cost for the materials, equipment, and labor for each of the components within a building. This requires an estimator to perform a
detailed takeoff of all scopes of work.

Unit Price Estimating with R.S. Means Data in the Gordian Guides

Unit Price estimates for commercial building projects are typically organized by the CSI MaterFormat categories (see Fig. 9-1 for
CSI MasterFormat 2016 Version categories). The detailed CSI Materformat breakdown can be found at
https://www.edmca.com/media/35207/masterformat-2016.pdf. In this class, we will use the RS Means data for identifying the cost
for each of the items within the estimate, but it is important to realize that construction companies will frequently use their own
historical cost information for estimating each item. To be successful at using their historical information, they need to make sure
that they are accurately tracking their costs on projects, and placing them in a database that can be easily searched and retrieved.

CSl MasterFormat 2016 Version - Division 22 — Plumbing
« Division 23 — Heating, Ventilating, and Air Conditioning (HVAC)
- Division 24 — Reserved for future expansion
PROCUREMENT AND CONTRACTING REQUIREMENTS - Division 25 — Integrated Automation
GRO,U .F. ' . + Division 26 — Electrical
- Division 00 — Procurement and Contracting Requirements . Division 27 — Communications
+ Division 28 — Electronic Safety and Security
SPECIFICATIONS GROUP . Division 29 — Reserved for future expansion
General Requirements Subgroup
« Division 01 — General Requirements Site and Infrastructure Subgroup:

- Division 30 — Reserved for future expansion

Division 31 — Earthwork

Division 32 — Exterior Improvements

Division 33 — Utilities

Division 34 — Transportation

Division 35 — Waterway and Marine Construction
- Division 36 - 39— Reserved for future expansion

Facility Construction Subgroup

Division 02 — Existing Conditions

Division 03 — Concrete

« Division 04 — Masonry

Division 05 — Metals

Division 06 — Wood, Plastics, and Composites
+ Division 07 — Thermal and Moisture Protection X
« Division 08 — Openings P "‘""f-‘?? Equipment Subgroup: :

. Division 09 — Finishes Division 40 — Process Interconnections

Division 10 — Specialties Division 41 — Material Processing and Handling Equipment
Division 11 — Equipment D:rvision 42 — Process Heating, Cooling, and Drying Equipment
- Division 12 — Furnishings Division 43 = Process Gas and Liquid Handling, Purification and
- Division 13 — Special Construction Storage Equipment .

. Division 14 — Conveying Equipment DFv!sion 44 — Pollution and Wasle Control !Eqummgnl

. Division 15 - 19 — Reserved for future expansion Division 45 — Industry-Specific Manufacturing Equipment
Division 46 — Water and Wastewater Equipment

Division 47 — Reserved for future expansion

Division 48 — Electrical Power Generation

« Division 49 — Reserved for future expansion

= s s o= e

-

- e o

Facility Services Subgroup:
- Division 20 — Reserved for future expansion
+ Division 21 — Fire Suppression

Figure 1: CSI Masterformat 2

If you do not have your own historical cost database, then the next best approach is to use cost data contained within published cost
guides. For our estimating exercises, we will be using the Gordian Construction Cost Estimating Guide with RS Means Data.
Examples of the information published in this Guide are shown in Figures 2 and 3. To develop a cost estimate for an item, you

should first identify the unit of measure for the item. Then, a detailed takeoff will be performed to identify the quantity of the item
within the project. After performing the takeoff, the item can be estimated. You’ll notice that the Guide provides a summary for
both ‘Bare Costs’ and ‘Total Including Overhead and Profit’. The bare costs can be used in an estimate where the estimator
incorporates a separate, specific overhead estimate and actual projected profits.

https://workforce.libretexts.org/@go/page/41270


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://workforce.libretexts.org/@go/page/41270?pdf
https://workforce.libretexts.org/Bookshelves/Construction/Fundamentals_of_Building_Construction_Management_(Messner)/01%3A_Chapters/1.09%3A_Unit_Price_Cost_Estimating
https://www.edmca.com/media/35207/masterformat-2016.pdf

LibreTexts"

After identifying and compiling quantity and cost data for each of the individual items, these items can be combined into the final
estimate. An example of compiling the estimate is included in Figures 4 and 5.

Please reference the course slides to see additional details regarding the Unit Price estimating approach.

RSMeans data: Unit Prices—

BEROIAN

How They Work

All RSMeans data: Unit Prices are organized in the same way.

03 30 Cast-In-Place Concrete
703 3053 - Miscellanec

¢ Dady - Lobor- 2018 Bare Costs Q Total
03 30 53.40 Concrete In Place — | Crow Ouipul Hours Unit  Moleriol  Lobor  Equipmen™* Tolol  Ind 08P
0010 | CONCRETE IN PLACE oL R033105-10 666 @ m
0020 Including forms (4 uses), Grade 60 rebor, concrete (Portland cement - p033105-20

0050 Type 1), plocament and finishing unless otherwisa indicated £033105:50

0300 Beams (3500 psi, 5 kip/LE, 10" spon 03310565 C14A 15.62 12.804 [Y 340 645 58 1,043 1,425
0350 275" span 03310570, " 185510782 | 355 545 19 949 1,275
0500 Chimney foundations (5000 psi), aver 5 CY. 03310585 C14C 32.22 3476 171 167 80 33880 445
0510 (3500 psi), undes 5 C.. Q 0350l BN | 198 2 109 42609 565
0700 Colums, square (4000 psi), 12 x 127, Up to 1% reinforcing by oren C14p 1196 167227 | 380 845 76 1,301 1,775
3540 Equipment pad (3000 psi), 3* x 3" x 6" thick G140 45 1.067 Eo. 44.50 5250 57 97.57 130
3550 4* x 4" x 6" thick [ 30 '1.600 69 77 85 148.85 197
3560 5% 5" x 8" thick 18 2.667 126 132 1.41 25941 340
3570 6’ % 6" x 8" thick | 14 3429 173 169 1.62 34382 450
3580 8’ x 8’ x 10 thick 8 6 _ 370 29 3.18 669.18 860
3550 107 x 107 x 12" thick L v 5 19600 4 645 475 5100 112510 1425

Figure 2: Gordian Cost Estimating Guide Instruction (Source: Gordian Construction Cost Estimating Guide)

are typically used for that task, In this case, Crew C-14H consists of one minutes. Note: the labor-hour figure Is not dependent on the crew size. A

It is important to understand the structure of RSMeans data: Unit Prices, so that you can find information easily and use it correctly.
Line Numbers
Line Numbers consist of 12 characters, which dentify a unique

location in the database for each task. The first 6 or 8 digits

conform to the Construction Specifications institute MasterFormat™
2016, The remainder of the digits are a further breakdown in ardes to
arrange items in understandable groups of similar tasks. Line numbers
are consistent across all of our publications, so a line number in any of
our products will always refer ta the same item of work,
e Descriptions are shown in a hierarchical structure to make
them readable. In order 1o read a complete description, read up
through the indents to the top of the section. Include everything that
is above and to the left that is not contradicted by information below.
For instance, the complete description for line 03 30 53.40 3550 is
"Concrete in place, including forms (4 uses), Grade 60 rebar, concrete
(Portland cement Type 1), placement and finishing unless otherwise
indicated; Equipment pad (3000 psi), 4' = 4' » 6" thick.”
e When using RSMeans data, it is important to read through an
entire section to ensure that you use the data that mm: closely
matches your work, Note that there is additi
shown in the section that may improve your price. There are frequently
lines that further describe, add to, or adjust data for specific situations.
e RSMeans data engineers have created reference information
o assist you in your estimate. If there is information that applies

to a section, it will be indicated at the start of the section The Reference

Section is located in the back of the data set.
Crews include labor and/for equipment necessary to accomplish

each task, In this case, Crew C-14H is used. RSMeans data

Engineers selects a crew to represent the workers and equipment that

Descriptions

RSMeans data

Reference Information

Crews

carpenter fareman (outside), two carpenters, one rodman, one laborer,
one cement finisher, and one gas engine vibrator. Datails of all crews can
be found in the Reference Section.

Crews - Standard

ok, Cont
Eree Ha. Mare Costs Subss O&P Pes LabarHour
B bd
Crow G- 1 K Dy | W owyll Com o
| Copeter foemm ookl | SS90 IED | SIS 5200 || 9% M
2 Carpmstons =N LD | DD SN
1 B e} B o | RS @8
| Lo ET I T ]
1 Com Foten 0% owme | ws e
| Gas Enggne Yiwior 58 B 2 k]
WL Dol Tok L] RN || B SR
@ Daily Output
The Daily Output is the amount of work that the crew can

do in a normal B-hour workday, including mobilization, layout,
movement of materlals, and cleanup. In this case, crew C-14H can install
thirty 4' = 4' » 6" thick concrete pads in a day. Daily output is variable
ind based on mlﬂv Factos, including the size of the job, location,
dl RSMeans data work done in
uwgm (or adequate lighting) and temperate conditions.

Labor-Hours
The figure in the Labor-Hours column is the amount of labor
required to perform one unit of work-in this case the amount
of labor required to construct one 4' x 4' equipmant pad. This figure is
caleulated by dividing the number of hours of labor in the crew by the
daily output (48 labor-hours divided by 30 pads = 1.6 hours of fabor per
pad). Multiply 1.600 times 60 to see the value in minutes: 50 = 1.6 = 96

change in crew size will result in a cormesponding change in daily output,
but the tabor-hoisrs per unit of work will not change.

@ All RSMeans data: Linit Hmlmluﬂemwdmd

Measure used for estimating that item. For conerete-in-

place the typical unit is cubic yards (C.Y.) or each (Ea.). For installing
broadloom carpet it is square yard, and for gypsum board 1t s square
foot. The estimator needs to take special care that the unit in the data
matches the unit in the take-off. Unit comversions may be found in the

Reference Section.
@ Bare Costs are the costs of materlals, labor, and equipment
that the installing contractor pays. They represent the cost, in
LS. dollars, for one unit of work. They do not include any markups for
profit or labor burden.

Unit of Measure

Bare Costs

Bare Total
The Total column represents the total bare cost for the
installing contractor in US. dollars. In this case, the sum of $69

for material + $79 for Labor + $.85 for equipment is $148.85,
m The Total incl O&P column ks the total cost, including averhead
and profit, that the installing contractor will charge the

customer. This represents the cost of materials plus 10% profit, the cost
of labor plus labor burden and 10% profit, and the cost of equipment
plus 10% profit. it does not include the general contractor's overhead
and profit. Note: See the inside back cover of the printed product or the
Reference Section of the electronic product for details of how the labor
burden Is calculated.

Total Incl O&P

Figure 3: Gordian Cost Estimating Guide Instruction (cont.) (Source: Gordian Construction Cost Estimating Guide)
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RSMeans data: Unit Prices—
How They Work (Continued)

: LA 281D,
Labor Equipment  SubContract Estimate Toni
033053403940 Strip footing, 12 x 24°, reinforced 3 cy $5,406.00 $3,808.00 $18.36 $0.00
033053403950  Stip fooling, 12° x 36", reinforced 15 cy. $2,295.00 $1,350.00 §6.45 $0.00
031113653000  Concrete siab edge forms 500 LF. §145.00 $1,280.00 $0.00 $0.00
032211100200  Welded wire labric reinforcing 150 CSF. §2,940.00 $4,200.00 50.00 50.00
033113350300  Ready mix concrele, 4000 psi lor slab on grade 278 CY. $35,584.00 $0.00 §0.00 $0.00
033113704300  Place, siike off & consolidale concrele slab 78 cY. 30.00 $5,031.80 $13066 $0.00
033513300250  Machine float & trowsl concrete siab 15,000 SF. $0.00 $9,450.00 $300.00 $0.00
031516200140  Cul conirol joints in concrele skab 950 54750 $3089.00
03 39 23.13 0300 wmwﬂmm 150 $1,815.00 $1,005.00
Divislon 03 : e e A8 2860 Pioeddt $75,268.77.
083613.102650  Manual 10’ x wmmmw 8 Ea. $10.400.00 $3.600.00 |
083613.102860  Insulation and steel back panel for OH door 800 SF. $4,000.00 $0.00 $0.00 $0.00
 Division 08 - i A S ER000 T e T816,00000 |
1334 19.50 1100 Pre-Enginumdde Buiding, 100’ x 150° x 24 15,000 SF Fir. $0.00 $0.00 30.00 $367,500.00
133410.506050  Framing for PESB door opening, ¥'x 7" ] Oprg. $0.00 $0.00 $0.00 $2,240.00
133419506100  Framing for PESE door opening, 10" x 10° 8 Opng. $0.00 $0.00 $0.00 $5.200.00
133419506200  Framing for PESB window opening, 'x 3 6 Opng. $0.00 $0.00 $0.00 $3.330.00
133419505750  PESB door. 3 x T, single leal 4 Opng. $2,620.00 §700.00 $0.00 $0.00
133419507750  PESB sfiding window, 4' x 3’ wilh screen § Opng. $2,550.00 $600.00 §45.0 $0.00
133419506550  PESB guller, save type, 26 ga., painted 300 LF. $2,220.00 $819.00 $0.00 $0.00
1334 18508650  PESB roof venl, 12° wide x 10' long 15 Ea. §555.00 $3.285.00 $0.00 $0.00
1334 19.50 6500 $0.00 $0.00
5 Divislon 13 i :Mf'. . $382,27000 . - . ﬂim
ﬂ“mw $511,675.07
$80,500.57 $511,675.07
Sales Tax @ 5% 4479.53 2084 10,225.712
Subtotal A 94,070.09 48,276.05 626.65 419,254.62
GCO&P 9.407.1 25634.58 B267 41925.46
Subtotal B 103.477.10 T3.810.63 689.32 461,180.08 $639,257.13
Contingency @ 5% 31,962.86
Subtotal C $671,219.99
Bond @ $1211000 +10% O&P 8,860.10
Subtotal D $680,080.09
Lmﬂmhﬂuﬂmnt Factor 102.30 15,641.84
' i P

This estimate is based on an interactive spreadsheet. You are free to download it and adjust it to your methodology.
A copy of this spreadsheet is available at www.RSMeans.com/2018books.

Figure 4: Unit Price — How They Work (Source: Gordian Unit Price Estimating Guide 2018)
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Sample Estimate
This sample demonstrates the elements of an estimate, including a
tally of the RSMeans data lines and a summary of the markups on a
| contractor’s work to arrive at a total cost to the owner. The Location
‘ Factor with RSMeans data is added at the bottom of the estimate to

adjust the cost of the work to a specific location.

Work Performed
The body of the estimate shows the RSMeans data selected,
including the line number, a brief description of each item, its

take-off unit and quantity, and the bare costs of materials, labor, and
equipment. This estimate also includes a column titled "SubContract.”
This data is taken from the column “Total Incl O&P" and represents the
total that a subcontractor would charge a general contractor for the
work, including the sub’s markup for overhead and profit.

Division 1, General Requirements
This is the first division numerically but the last division
estimated. Division 1 includes project-wide needs provided
by the general contractor. These requirements vary by project but
may include temporary facilities and utilities, security, testing, project
cleanup, etc. For small projects a percentage can be used—typically

between 5% and 15% of project cost. For large projects the costs may be

itemized and priced individually

Sales Tax
If the work is subject to state or local sales taxes, the amount
must be added to the estimate. Sales tax may be added to
material costs, equipment costs, and subcontracted work. In this
case, sales tax was added in all three categories. It was assumed that
approximately half the subcontracted work would be material cost, so
the tax was applied to 50% of the subcontract total.

GC O&P
This entry represents the general contractor's markup on
material, labor, equipment, and subcontractor costs, Our

standard markup on materials, equipment, and subcontracted work is
10%. In this estimate, the markup on the labor performed by the GC's
workers uses "Skilled Workers Average” shown in Column F on the table
“Installing Contractor's Overhead & Profit,” which can be found on the
inside back cover of the printed product or in the Reference Section of
the electronic product.

Contingency
A factor for contingency may be added to any estimate to
represent the cost of unknowns that may occur between

the time that the estimate is performed and the time the project is
constructed. The amount of the allowance will depend on the stage of
design at which the estimate is done and the contractor’s assessment
of the risk involved. Refer to section 01 21 16.50 for contingency
allowances.

Bonds
Bond costs should be added to the estimate. The figures here
represent a typical performance bond, ensuring the owner
that if the general contractor does not complete the obligations in
the construction contract the bonding company will pay the cost for
completion of the work.

Location Adjustment
Published prices are based on national average costs. If
necessary, adjust the total cost of the project using a location
factor from the “Location Factor” table or the “City Cost Index" table.
Use location factors if the work is general, covering multiple trades. If
the work is by a single trade (e.g., masonry) use the more specific data
found in the "City Cost Indexes.”

Figure 5: Unit Price — How They Work (Cont) (Source: Gordian Unit Price Estimating Guide 2018)
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R0321 Reinforcng Steel

R032110-10 Reinforcing Steel Weights and Measures

U.S. Customary Units Sl Units
Bar Designation Nominal Weight Nominal Dimensions* Nominal Dimensions*
No.** Lb./Ft. Diameter | Cross Sectional | Perimeter | Nominal Weight | Diameter | Cross Sectional
in. Area, in? in. kg/m mm Area, cm?

3 376 375 A1 1.178 560 9.52 by |

4 668 500 20 1.571 994 12.70 1.29

5 1.043 625 i | 1.963 1.552 15.88 2.00

6 1.502 150 A4 2.356 2235 19.05 284

7 2,044 875 60 2.749 3.042 22.22 387 .

8 2670 1.000 79 3142 3973 2540 510 198

9 3400 1.128 1.00 3.544 5.059 28.65 6.45 900
10 4.303 1.270 1.27 3.9%0 6.403 32.26 8.19 1014
11 5313 1.410 1.56 4.430 7.906 3581 10.06 1125
14 7650 1.693 2.25 5.320 11.384 43.00 14.52 135.1
18 13,600 2.257 4.00 7.090 20.238 57.33 2581 180.1

* The nominal dimensions of a deformed bar are equivalent to those of a plain round bar having the same weight per foot as the deformed bar. |
** Bar numbers are based on the number of eighths of an inch included in the nominal diameter of the bars.

Figure 6: Reinforcing Steel Weights and Measures (Source: Gordian Unit Price Estimating Guide)

In addition to estimating a cost for an activity, the Gordian detailed cost guides (building construction, electrical, concrete, etc.)
also provide information regarding production rates and crews for each of the cost elements. Figure 7 shows a typical crew that
wold be used for an activity. In this example, the crew is a Crew B-92 which has 1 foreman, 3 laborers, and several pieces of
equipment. The crew has both a bare cost per day ($1,819.60 in Figure 7) and a cost including overhead and profit. In the example,
you can also see that there are 32 Labor Hours (LH) per day from this crew (4 people x 8 hours per day = 32 LH per day). The total
cost per individual labor hour is also presented, e.g., for Crew B-92, the cost per average labor hour, including all equipment,
overhead and profit, would be $79.63 (which is $2,548.04 / 32 LH). Therefore, if an estimator wanted to estimate by a labor hour,
for either the initial estimate or change order, they could use the cost per average LH for this calculation.

Crews - Standard

2 Incl. Cost
Crew Ho. Bare Costs Subs O&FP Per Labor-Hour
Bara Inel
Crew B92 He. Dally Hr. Daily || Costs 08P
1 Labor Foreman {putside) S4185  S33480 | 56375 551000 || S40.35 6146
3 Labarers 39.85 95640 | 6070 145680
1 Crack Cleaner, 25 H.P. 55.80 61.38
1 Ar Compeessar, 60 cim 105.40 11594
1 Tar Kettle, TM. 129.20 142.12
1 Flatbed Truck, Gas, 3 Ton 23800 261.80 16.51 18.16
32 LH, Dady Tolds S1819.60 §254804 || 5686  579.63
Bare Incl.
Crew B-93 Hr. Daly Hr. Delly Costs 0&P
1 Equip. Oper, (medam) 953.75 S43000 | S8105 564840 $53.75 $81.05
1 Feller Buncher, 100 HP. 81040 891.44 101.30 11143
B LH., Dady Totals 51240.40 S153984 || 515505 519248

Figure 7: Typical Crew Details for a Crew (Source: Gordian Unit Price Estimating Guide 2018)

Additional Detailed Unit Price Resources

Gordian guides with R.S. Means data are not the only resources that can be used to develop detailed unit price estimates. Many
companies maintain a database of their own historical unit rates for common work tasks, and they will leverage these historical
costs during their estimating. They may also review, in detail, a similar project or group of projects to review specific actual costs
from previous projects. This is a very valuable approach to reviewing costs, but it is also important to understand the context of the
costs when estimating potential future work.
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Figure 8: Cover Page of the NECA Manual of Labor Units

There are also several more specific cost estimating manuals that have been developed for specific trades. One commonly used
guide for electrical work is the National Electrical Contractors Association (NECA) Manual of Labor Units (MLU) (see Figure 8).
This Manual, developed by the trade association, publishes a typical labor unit for the detailed tasks performed by electrical
workers and crews. The manual also uses a unique approach to quantifying the level of difficulty of the work activities and
provides a different rate based upon normal installation, difficult installation, and very difficult installation (see Figure 9 for
definitions). To identify the classification of difficulty, NECA has developed a Labor Factor Score Sheet (see Figure 10), which
walks an estimator through a series of categories that are rated on a scale of 1 to 5 in order to develop an overall score for difficulty.
This score is then used to select one of the three difficulty columns. The Manual includes a large number of electrical installation
tasks. A sample page from the Manual is shown in Figure 11. It is important to note that the labor units are for direct work, and do
not include costs for supervision.

What's the difference between the three columns in the MLU?

The NECA labor unit tables Include three different labor units for each Rem, Users of the MLU are also encawaged 1o consider abor units between the

calumns, or even lower than or exceeding the columns when appropriate

Mormal Installation Conditions
‘When ail of the conditions associated with the instaliation of an item will permit the maximum preductivity of the electricians on & project, these “normai™
column labor units are applicable
Difficult Installation Conditions
When one or mate of the conditior

ted with the installation of an item will permit less than maximum productivity of the etectricians on a typical

praject, these “difficult” column 1a we appiicable

Very Difficult Installation Conditions

Whier ane af mose of the conditions asseciatod with the installation of an iten will pormit substantially less than maximum preductivity of the electilcians en
a typical project, these "very difficut” column labor units are applicable. The Inwoduction to the MLU includes a Labor Factor Score Sheet to help determine

the appropriate column,

Figure 9: MLU Levels of Difficulty Definitions
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NECA Labor Factor Score Sheet

Within the Labor Factor Score Sheet, score each condition between 1 and 5, with 1 being normal working
conditions and 5 being the most difficult working conditions. For scores between 36 and 75 use the

Normal column, between 76 and 134 use the Difficult column, and use the Very Difficult column for scores
between 135 and 175.

Conditions Considerations Score

Working conditions Indoor, Controlled environment, Extreme conditions

Working height Up to 10°, 10°-20", 20" +, Ladders/lifts/scaffold, Below grade

Building height Number of floors 1-3, 4-7, High-rise

Building sq. ft. Mar ble, Moderate, E ive

Project size in dollars Normal, Moderate, Extreme

Site size Urban setting, Ample laydown space

Job conditions New construction, Remodel, Work while occupied

Type of construction Frame, Block, Concrete or exposed

Hours worked 40 hours/week; 5, 6 or 7 day work week; 8,10 or 12 hour work day

Shifts Day, 2nd, 3rd

Crew density MNormal, Moderate, Extreme

Project duration Normal, Compressed, Delayed, Fast track

Safety Standard OSHA guidelines, Customer directives, Project specific

Clean-up Routine, No dust, Clean room condition

Installation Repetitive, Moderate repetitive, No repetition

Systems Common systems, Special, Complex

Conduit type PVC, EMT, Flex or GRC, IMC, Aluminum, PVC coated GRC

Accessibility of work area Unlimited, Limited, Escorted

Voltage 0-600V, 600-5Kv, Over 5Kv

Inventory of local supplier Adequate, Moderate, Limited

Proximity of stored materials On site, In general area of project, Remote

Project continuity Interruptions: None, Moderate, Extreme

Construction Standard, Poor, None

Drawings/plans % Complete, 100%, 95%, 50%, 35%, Less

Information Timely, Delayed, Limited

Change order quantity/timing Minimal, Moderate, Excessive/Prior to ir on, During, After

Craft coordination required Minimum, Moderate, Extensive

Authority having jurisdiction Experience with type of project: Considerable, Moderate, Limited

Decision making Timely, Delayed, Limited

B Bukding tgrate Wodelng _| S #lwnsr es B rmchv s modertly rcache

Project schedule As planned, Compressed/extended, Moderately, Extreme

General contractors on same jobsite | Single prime, Two primes, Three + primes

Job meetings Regularly scheduled, Crisis meetings, Minimal

Shared responsibility for project One EC, Two EC's, Three + EC's on site

Tools/equipment Standard, Non-standard, Specialty

Labor availability Readily, Moderately, Limited, Non-available

Total Score

The NECA Labor Factor Score Sheet may be duplicated by purchasers of the Manual of Labor Units for the purposes
of calculating project score. This document is also available online at www.necanet.org/MLU.

Figure 10: NECA Labor Factor Score Sheet
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NECA Manual of Labor Units
2021-2022 Edition
Section 8: Division 26—Electrical
Very I Company ‘
| Description |Rev| Normal | Difficult | Difficult | Experience | Unit|
Conduit Body (Condulet) Covers - Steel, Aluminum, PVC, PVC Coated
V (includes gasket when required) X
2 5 1/2-inch X 015 0.18 0.20 E
L_,—’, { 3/4-inch X 015 0.18 0.20 [E]
i 1-inch X 015 0.18 020 | E
1 1/4-inch X 0.18 0.20] 0.22 E
— 1 4/2-inch x 048]  020[ 022 TE]
2-i |3 0.20 0.22 0.24] &
2 1/2-inch X 022] 024 0.26 E |
3-inch X 0.24 0.26 .28/ [E|
3 12-nch X 026 oz28 o030 | E|
(4-inch X 026/ 028 030 ‘E|
Iron FS & FD Threaded 1-Gang Boxes
1/2-inch One Hub_ | 0800 075 0.0 LB
3/4-Inch One Hub L] 070 085  1.05) 1E|
1-inch One Hub 0.85 1.05 1.25] E
1/2-inch Two Hubs | 0.80 1.00 1.20/ 'E]
3d-inch Two Hubs 0.95 1.15 1.40] E
1-inch Two Hubs 1.15 1400 70l L E
1/2-inch Three Hubs | 1.00 1.25 1.50] TE
|3/4-inch Three Hubs 1.20 1.50 1.80 E
1-inch Three Hubs _ | 145  1.80 2.15| L E |
1/2-inch Four Hubs | 1.20 1.50 1.80] | E
'3/4-inch Four Hubs 1 145 1.80| 2.15] E |
1-inch Four Hubs } 175 215 260 LB
Iron FS & FD Threaded 2-Gang Boxes |
[« =5 o] 1/2-inch One Hub_ | 0.65 0.80 1.00] [E]
3i4-inch One Hub 0.75 0.90] 1.10 E
1-inch One Hub 0.90] 1101  1.35| E
Hi 085 108 1 [E
1.00 1.25| 1 E |
1-inch Two Hubs | [ 120/ 1500 180 1E]|
1/2-inch Three Hubs I8 1:‘?,51 . 130[  1.85] E |
B0t Thean Uvibon 4 Yeel aee 5

Figure 11: Sample Page from the NECA Manual of Labor Units for Section 8 of Division 26 Items

Note that there are other trades that have similar resources, such as the online Mechanical Contractors of America Association
(MCAA) Web-based Labor Estimating Manual, or the Sheet Metal and Air Conditioning Contractors’ National Association
(SMACNA) Cost Reference Manual for Sheet Metal and HVAC. Many trade contractors will use these more detailed guides to
calculate labor hours, and then apply multipliers to the labor hours based upon their perception of the project conditions, e.g., if it is
a project that may support high levels of production due to prefabrication, good planning, and detailed modeling, they may apply a
multiplier below 1.0, but if the project will be challenging, they may apply multipliers above 1.0 when calculating the overall labor
hours. These hours will then be combined with detailed estimates of material, equipment, overhead and profit line items to
calculate the overall cost estimate.

Review Questions

The Unit Price cost estimating approach using RS Means data uses the CSI
Masterformat Il classification system.

O True O False
® Check
T Reuse D Rightsofuse <> Embed HP

This page titled 1.9: Unit Price Cost Estimating is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John

Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.10: Procurement and Purchasing

4b Learning Objectives

After reading this chapter, you should be able to:

e Describe how various trade contractor scopes of work are procured (purchased) on a construction project
o Understand the concepts of ‘scope bust’ and ‘bid shopping’

In earlier chapters, we have discussed the various delivery methods used on projects. This chapter focuses on the logistics of how
an owner and the lead prime contractor(s) proceed through the procurement (sometimes referred to as purchasing) process. We will
start with discussing how an owner procures the lead prime contractor(s) for construction scopes of work. This may vary based on
the selected organizational structure for the project team (e.g., design-bid-build, CM at Risk, etc.). It will also change based upon
the selection approach (e.g., low cost, best value, negotiation).

The Owner’s View

In general, an owner must first identify and define the scope of the work to be procured. If the project is delivered using more
integrated approaches, e.g., design-build or CM at Risk, the level of definition will most likely be less specific than if it is a design-
bid-build which will have a completed design before procuring the contractor(s). Regardless, the scope must be defined to procure
the entity(s) that will perform the construction.

After the scope is defined and documented, the owner will determine the qualifications needed for a contractor to submit a proposal
or bid for the project. Then the owner will most likely prequalify the contractors. This may be a very simple process, or it could be
extensive, requiring contractors to submit their qualifications for review and evaluation. For example, at Penn State, some projects
simply require that the contractors are part of the approved bidder list, which is relatively easy for a contractor to be accepted.
Others may have what is termed a ‘two-step’ process where the contractors are first downselected via a formal prequalification
process (through a Request for Qualification (RFQ)), and then a detailed bid/proposal is submitted by the smaller number of
prequalified contractors. On larger projects, this downselect may aim to reduce the number of bidders to approximately three
companies. In summary, a two-step process has an initial Request for Qualifications (RFQ), followed by a Request for Proposal
(RFP) or solicitation for bids from the downselected qualified bidders.

The Contractor’s View

For a contractor to submit a bid (or proposal) for a project, they need to develop a detailed construction cost estimate and compile
them into their bid value (or budget value if it is a Guaranteed Maximum Price payment method). When a contractor receives the
scope of work for the project from the owner, they will need to determine which portions of the work they will self-perform (if
selected) and which portions of the work they will subcontract to other companies. For example, if a construction manager is
putting together a proposal for a large building, they may decide to subcontract almost 100% of the direct work. If it is a smaller
building with a multi-trade general contractor, they may choose to self-perform nearly their entire scope of work.

Once they decide the subcontracted work scope, they will need to develop a series of ‘bid packages’ that define the scope of work
for each trade or subset of work that they plan to subcontract. For a building project, these subcontractor scopes of work are
frequently defined by the scope of work within a particular section within the project specifications. For example, a construction
manager may seek bids for the structural concrete work (in CSI MasterFormat Division 03), so the bid package may be defined by
the scope of work for Division 03, possibly with some exclusions and additions. If the project specifications document is well
defined, it makes defining a clear scope of work for hiring a trade much easier. If the project design and specifications are not well
documented, this task is more difficult since the contractor must be very clear in developing the scope documentation for any
subcontracted work.

When developing the bid packages, the contractor must make sure that they have each scope of work covered within their pricing,
but they should not include a scope of work in two different bid packages. If a scope of work is not covered at all, it is referenced
as a ‘scope bust’, which means that the scope of work is not included in any trade scope and is also not planned to be self-
performed. Eventually, someone will need to perform this work and be paid for this work if the contractor wins the contract.

https://workforce.libretexts.org/@go/page/41271



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://workforce.libretexts.org/@go/page/41271?pdf
https://workforce.libretexts.org/Bookshelves/Construction/Fundamentals_of_Building_Construction_Management_(Messner)/01%3A_Chapters/1.10%3A_Procurement_and_Purchasing

LibreTexts"

Therefore, this will cause them to incur unanticipated costs and could cause them to be over budget. A contractor also does not
want to include one scope of work in two different bid packages. This would cause the contractor’s bid value to be artificially high,
and if they do win the project, they could inadvertently pay for a specific scope of work twice if they do not realize that there is
redundant scope in two subcontracts. This is refered to as ‘scope redundancy’. If they identify this redundancy, they can direct one
trade to not perform the work, and request a deductive change order to the subcontract. When this occurs, it can be difficult for the
prime contractor to get 100% of the value back from the subcontractor in the negotiations for the deductive change order value.

After defining the scopes of subcontracted work into documented bid packages, the prime contractor will solicit bids from potential
specialty trades (sometimes referred to as subcontractors). The contractor may select specific companies that they feel comfortable
working with, or they may put out a broad call for companies to bid on the specific scope. It will typically take several weeks (2 or
3) on larger projects for the specialty trades to compile and submit their bids to the prime contractor. During this time, the prime
contractor will also be developing their own detailed estimate for their self-perform work scopes along with their general
conditions costs, including their management and general work to maintain the site. They may also perform assemblies estimates
for specialty trade scopes of work so that they have a comparison number when they receive the bids from the trade contractors.

All scopes of work with have a bid due date and time. The contractor must compile their overall cost estimate/proposal prior to the
deadline. If it is a competitive bid, the due date and time are typically non-negotiable and all late bids will typically not be
accepted. This is particularly true in government contracts where the owner may be legally bond to not accept any late bids. When
the prime contract compiles their bids, they will obtain bids from each of the specialty trade contractors for the predefined scopes
of work. They will typically seek at least three bids for each of the scopes of work that they have defined in order to ensure that
they are receiving competitive pricing. Note that this is not always the situation. For some projects, the prime contractor may prefer
to work with a specific company for a specific scope of work, e.g., a specific mechanical contractor. In these cases, the prime
contractor may simply negotiate a price with the preferred specialty contractor.

Finally, the prime contractor will compile the final cost and submit their bid to the owner. Note that this is frequently not just one
number, but a bid form will be completed by the prime contractor which may ask for a variety of values if scopes are added or
removed from the project. This allows an owner to make decisions on the overall project scope based on the bid amounts along
with alternative scope pricing.

Depending on the selection method, the prime contractor will be selected either based upon the low cost only or based upon the
overall value, combining the cost and plus a quantitative evaluation of the contractors qualifications. Once selected, the owner will
sign a contract with the contractor, possibly after some negotiation of detailed terms, and the contractor will then select and sign a
subcontract with each specialty trade, potentially following some negotiation of terms with the trade contractors.

It is important to note that sometimes the prime contractor will aim to reduce the cost within a subcontract with the specialty trade
through negotiations with the trade following the bidding process. Having discussions regarding costs is relatively typical, but it is
important to note that contractors should not share the pricing information from one specialty trade with another specialty trade in
order to try to get them to reduce their overall bid value. This is referred to as ‘bid shopping’, and while it may not be illegal, it
certainly can be considered unethical. The prime contractor and potential subcontractors should always negotiate in good faith to
come to an acceptable agreement. Examples of items that may be negotiated include the specifics of scopes, e.g., it may be lower
cost or easier to move a defined portion of work from one trade to another (e.g., moving mason angle purchase from a mason to
steel fabricator scope), discussions of support resources (e.g., the use of a shared crane to assist with material handling), or
discussions of schedule and other requirements that may impact the work. Ideally, these would be discussed in the original bids, but
this level of detailed planning may not occur until a contractor is notified of the intent to award a contract. Larger general
contractors may have dedicated staff assigned to this purchasing role, focused on getting the final subcontracts negotiated and
under contract.

Review Questions
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A scope bust is when a contractor purchasing the same scope of work from
two different subcontractors.

O True O False

® Check

©

This page titled 1.10: Procurement and Purchasing is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.11: Value Engineering

4b Learning Objectives

After reading this chapter, you should be able to:

o Define Value Engineering in the context of delivering a construction project.
o Understand the core characteristics of a valuable VE element.

Defining Value

The key word in ‘value engineering’ is ‘value’. One common definition of value is ‘what an owner is willing to pay for’. This
leaves a lot to be defined, but certainly clarifies that the project team should be focused on providing benefit to an owner, the entity
that is ultimately paying for all costs on a project. This requires the clear interpretation of ‘what provides value to the owner’.

Another way to look at value is through an equation, where value = Function Performance / Resources.

Defining Value Engineering (VE)

Value Engineering (VE) is defined by the Office of Management and Budget as ‘an organized effort directed at analyzing the
functions of systems, equipment, facilities, services, and supplies for the purpose of achieving the essential functions at the lowest
life-cycle cost consistent with required performance, reliability, quality, and safety. (OMB, Circular No. A-131, 1993). In the Whole
Building Design Guide, Cullen (2016) defined Value Engineering as ‘a conscious and explicit set of disciplined procedures
designed to seek out optimum value for both initial and long-term investment.” There are several commonalities in these
definitions, including:

o Life-cycle cost: A focus beyond just design and construction costs
o Value optimization: Seeking cost-effective solutions to optimize the value to the owner
¢ Disciplined process: The team should apply a conscious and disciplined process

It is also important to note items that should not be considered within the definition of value engineering. Cullen (2016) states
“Value Engineering is not a design/peer review or a cost-cutting exercise.” This is very important to note since many people may
refer to cost-cutting approaches as VE, when they are simply trying to reduce cost and reduce value at the same time.

The Value Engineering Process

A key element of VE is to ensure that you follow a rigorous, documented process. There is not one commonly accepted standard
process, but there are several documented process descriptions that you can follow. One option is the process defined within the VE

A more concise process has been outlined by SAVE International () in their Value Methodology Guide. This process contains 8
steps

. Preparation:

. Information:

. Function Analysis:
. Creativity:

. Evaluation:

. Development:

N OO Uk WN R

. Presentation:
8. Implementation:

https://www.value-eng.org/page/AboutVM
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Figure 5. Depiction of VE Job Plan Phases
Fig. 1: Depiction of VE Job Plan Phases
as prescribed by SAVE International:
The VE Job Plan follows five key steps:
Information Phase
Speculation (Creative) Phase
Evaluation (Analysis) Phase
Development Phase (Value Management Proposals)
Presentation Phase (Report/Oral Presentation)
These five key steps are described as follows:

Examples of Value Engineering Proposals

VE Process Documentation

The outcome of the VE process should be monitored and managed. One part of monitoring the process is to maintain a log of the
VE suggestions. Most collaborative online project management tools have a location to manage and track VE proposals in an
online database. Alternatively, a designer or contractor can track VE proposals in a simple spreadsheet. An example setup with
several simple sample proposals in Figure 2.
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Value Engineering Proposal Log

Project Name
Praject Number

Description Building Documents/ Trades Redesign  Schedule Cost Proposed Cost
Components Impact Impact?  Confirmed Revision
1¥/N) (Y/N) 1Y/N)
o001 Revise Roof Joist Size for Consistent Size Tl23f22 8/30/22 | Roof structural plans | Steel 4 N ¥ 5 (2,600 Accept Conslstent joist size will reduce
steel fabrication costs,

Doz Minor plumbing location revisions to enable| 7/30/22 9/5/22 Plumbing plans Plumbing ¥ ¥ ¥ S {39,000)) Accept
prefabrication

D03 |Allow Viega ProPress plumbing fittings. 8/2/22 9/18/22 | Plumbing Plumbing N [] [ & (32,400) Accept | ProPress fittings will enable faster
substitution specifications installation and productivity

004 | Revise flooring in lobby from terazo to B/13/22 | 10/2/22 | Floor plans and Concrete and Flooring [ [ N s (28,000 Reject | Owner prefers terrazo finish.
polished concrate flooring specifications Proposed to detrease cost and

improve sustainability.
005 Add green roof to portion of roof B/20y22 Roof structura, roof Steel, Roofing, ¥ N N s 130,500 Added construction cost but redisced
plan, specifications Concrete, Plumbing fifecycle energy cost. 9 year

payback.

Figure 2: Value Engineering Proposal Log Example

Review Questions

When we consider value on a project, we need to focus on the items that
bring value to the owner.

O True O False

® Check

©

References and Additional Resources:

Cullen, S. (2016). “Value Engineering.” Whole Building Design Guide, National Institut of Building Sciences. accessed on May 25,
2022, available at https://www.wbdg.org/resources/value-engineering.

Office of Management and Budget. (1993). ‘Subject: Value Engineering.” Circular No. A-131, available at https:/georgewbush-
whitehouse.archi...a131/a131.html

Office of Deputy Assistant Secretary of Defense. (2011).

This page titled 1.11: Value Engineering is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John Messner
via source content that was edited to the style and standards of the LibreTexts platform.
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1.12: General Conditions and Project Staffing

€0 Learning Objectives

After reading this chapter, you should be able to:

o Define the elements contained within general conditions for a project.

o Understand the typical organizational structure and job tasks of different participants on a project.

o Be able to define and draw a typical organizational structure for a construction firm, and understand how it differs from
typical manufacturing or service organizations.

Introduction

When developing a detailed estimate of costs, the team needs to plan for the project-related general conditions costs as well as the
home office overhead costs. These costs do not directly contribute to the final facility, but they are necessary to manage the
delivery of a project and ensure that the site is safe and secure. General Conditions will vary on a project based upon the size of the
project, project complexity, site constraints, duration of the project, cost of management staff, as well as many other factors. These
costs can be separated into the Direct Overhead (specific to a project) and Indirect Overhead (related to home office expenses).
Gordian has developed a checklist for the costs in each of these two categories (see Figure 1 with project overhead on the left and
home office overhead on the right).
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Construction Estimating Checklist

EJ' Direct Overhead Costs L—_l Indirect Costs
(Project Overhead) (Main Office Qverhead)
[ i personnel i salaries

a

L[ Suparimtemeant
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] Fraiel angiresr O for that peoject sefy}
[] ot enginaer {if for that prajact onty)

I

|
I

[ Schmduter

[ Wiarehouse parsssnsl 0 for ihat praject saly]
| weatchman fguard dogs

[ ool resen hmepar (1 for thit project anly)

[] Vool ream keaper (8 for thist project enfy}

ﬂm:nlf
i
i

Muchaninymalmianan
Drivens.
I—' Equipnant aperatan
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[ Surety 2
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=
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L O] eectricty
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g Watnr
1 Sewur
L_i Miscellaneous | etane
Intarnet
] Wk L] Postage
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[ Yook md equipmns o SCh .
] Phetographs g
g 5 BM.—
[ Tusting
L1 sos wigna
[ Pismeginig
L]Imm
S ramcpei. (i Professional Services
L Clasmup ipariodic) e
[ Finad chesrmg
| Dasmage/repsir 1o sfoining butldings L] tagat
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L Temporary Facilities
177 Fiulel ufice eapesse D Vehicles
[ wet-up and remowal
L] uight O caruitrucks
O whatwr L ot ot apuration
L] Talephearm et ] mamgn sxpanses
[ Sepplias
] Equpment
1) P machiren
1 Copy mahine =
[ Commmacin L i Insurance
[ Compuaamuisaftwans
[ Tamporary light and powss O s
L oyt ] Workers compemation
L] Starage trailes oo i,
[ marricastun and igrain E,_."'""""""
[ Commtimetian O et
[ Prejectsipn [ Blavator

Figure 1: Gordian Construction Estimating Checklist for Project and Main Office Overhead

The remainder of this chapter will focus on Direct Overhead costs, which are specific to the project. These project-related costs are
typically referred to as the ‘general conditions’ costs. General Conditions include the costs related to complying with the General
Requirements for a project which are frequently outlined within a ‘General Requirements’ section of a contract. The minimum
General Requirements are typically included in the Specification Section 01 within the Technical Specifications and may also be
defined within a separate contract document. To identify a cost for many of these items, an estimator can reference the CSI
MasterFormat Section 01 within the Building Construction Cost Estimate Guide with RS Means Data. Examples of items within
the division include project management time, field supervision time, construction trailers, and jobsite fencing.
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Construction Company Structure

There are many people engaged in the design and construction of a capital facility project. When we look at the tasks that are
typically performed by a construction organization, we see a number of core functions, with examples including estimating,
scheduling, safety management, accounting, business development, and operations. These functions can be organized in different
ways within a construction company. For smaller companies, a single person may perform multiple functions, e.g., estimating and
accounting. In larger companies, a function may be performed by a department within the organization, or possibly even multiple
geographically located departments, e.g. an estimating department in Washington DC and an estimating department in New York.

Organizational Chart for
Large Construction Company

Board Level Board of Directors

CEO/President

Executive Level iy
Technology / Sales / Admin /
Information a ing Hurman Resources

CFO CTO/CIO CHRO

Finance Operations

Finance Marketing

Director Level

Director
Financial Aecountant Preconstruction Construction Safety
Manager Manager Manager Manager
jsiiduc
Manager Manager
Support / AR Specialist fll AR Specialist Field Staff II.
Entry Level

Director Director

Manager Level

Figure : Typical Organizational Chart for Large Construction Company (Source: Levelset)
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Organizational Chart for
M Small Construction Company

CEO/President
o : Technology / Sales / Admin /
e HEANCHne Hmangeroce
Estimator _Tnales
Manager

W T
>

X

B

4

T

Key Activities

Project
Manager

Field Staff m

Figure : Typical Organizational Chart for a Small Construction Company (Source: Levelset)
Preconstruction Services

Operations

Some companies refer to the staff members that are responsible for the planning and delivery of a facility as the ‘Operations’
function (or department) within the company. The Operations group will typically have project executives, who manage the overall
delivery of a project, along with project management staff who manage the delivery of the project on a day-to-day basis, and the
superintendent staff who develop and implement the detailed construction plans, spending time in the field to direct the work
activities.

Project Management Staff

The Project Management staff is responsible for managing the overall contract for the project. These staff members are sometimes
referred to as the ‘office staff’ from the perspective of the management of the project. They tend to spend the majority of their time
in an office environment, frequently in a jobsite trailer or office, working on management and administrative tasks necessary to
ensure that the field labor and supervision are provided everything that they need to efficiently perform the fieldwork. This includes
tasks such as:

Field Supervision Staff

The Field Supervision staff is responsible for managing the field operations along with ensuring that the field operations have
everything that they need to be successful. While everyone on a project is responsible for safety, the field supervision staff has an
added role of ensuring that there is a lead safety representative whenever there are field employees performing construction
activities on the site.

Review Questions
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Which of the following are project indirect (overhead) costs (select all that
apply):

[ ] Site fence

[ ] Jobsite trailer rental

[ ] Project safety director's salary
[ ] Company president's vehicle
[ ] Project engineer's salary

[ ] Home office retal costs

® Check

©

This page titled 1.12: General Conditions and Project Staffing is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.13: Designing a Site Utilization Plan

€0 Learning Objectives

After reading this chapter, you should be able to:

Site Utilization Planning

« Define the items needed in a site utilization plan.

« Understand the core concepts for designing the site utilization plan for various stages of a project.
e Be able to define and draw a site utilization plan for a project.

A site utilization plan documents the designed status of a project at a point in time. Site Utilization Plans are critical to defining the
layout of a project site as it progresses through the construction process. The site is continuously changing. Therefore, there is no
one representation that represents the progression of the site throughout the construction process. But, instead, it is critical to have

at least several site utilization plans to define the progress of the site, for example, a site utilization plan for the excavation phase,

superstructure phase, enclosure phase, and finishes phase.

The checklist included in Figure 1 provides typical items that should be included in a Site Utilization Plan. Figure 2 shows a quality

example of a site plan for a school project.

Checklist for Site Utilization Plans

Documentation and Existing Conditions Requirement

[J Developed as a clear plan view within a quality drawing
application

[ All building parameters are clearly shown (darker line weight)

[ Building heights / number of stories are clearly noted on project
building and adjacent buildings

[ Clear labels on all existing and temporary facilities

[ Property line / project boundaries are clearly identified

[ North arrow clearly noted

O Existing and new utilities clearly shown - water, sewer, electrical,
natural gas, communication

[ Fire hydrants
[ Street lights and other adjacent lighting

[ Pedestrian and traffic patterns clearly shown, along with any
walkways / bike paths

[ Document developed with clear fonts and professional graphical
quality

[ Clear Legend showing all items. Be careful with color since
people may print in black & white.

Content for Site Logistics Plan for a Phase of Construction

[ Crane locations and limits of crane shown for lifting capacity
[ cM and subcontractor office trailers and tool trailer locations
[0 Entrance and exit to site (can one-way traffic be used?)

[ Temporary support of excavation systems and limits of
excavation

[ Loading docks, material hoists, personnel hoists, temporary
elevators (if used)

[ Temporary systems - scaffolding, pre-assembly areas, shoring
towers, materials

[ Dumpsters, portable toilets, material storage sheds

[ Clearly note the phase of construction and scheduled dates in
the title block

Optional ltems Depending Upon Project / Purpose

[ Parking for construction personnel

[ Direction of workflow for crews (using arrows and appropriate
Legend information)

[ Vicinity Map with directions to / from site for construction
vehicles

[ 4D version of site plan including structure and neighboring
buildings

Figure 1: Site Utilization Plan Checklist
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Parking Changes
+ Sauth Parking Lots Demalished
Parking Space Lowt 20 5pace
» South Parking Lots Coratructed -64
Pasking Spaces Froveed + 197 Spaces
* Pocl Parking Lot Constcted
Pasking Space Added . B Spaces
Classroom Changes
+ Remaining Demolition of South Building
Prugeam Sace Lot . 7 Classrooms
= Partlal Demolition of Morth Building =36
Progam Smce Lovt 4 Clasvomy
» Educational Unit A & B Completed
Progaam Sgace Added . 1 Clagsrooms
FITNESS CENTERTEMPORARILY
RELOCATED TO EXISTING CTC

WING INNORTH BULDING

PARTIAL DEMOLITION OF
NOATH BUILDING BEGINS

ADDITIONAL PARKING
LOCATION FOR DISCUSSION

EAST EDUCATIONAL
PODS COMPLETED (AUG 201 7)

NEW STUDENT DROP OFF
LOCATION (ADA COMPLIANT)

PARKING LOT COMPLETED s L LE 5. =~ . - 5 CONS TRUCTION ENTRANCE!
[SUMMER 2016) ,

FENOVATION OF EXISTING

s SOUTH BUILDING (KITCHEN,
DEMOUITION OF CAFETERIA, AND
REMAINING SOUTH - AUDITORILUM IN OPERATION|
BUILDING (COMPLETED

APRIL 2007} .

NEW CONSTRUCTION OF
SOUTH BLILDING TO START
APRL 2017

Legend
7' Existing Bulldings
Demolished Bulidings
| New Construction
Renavation
[Z] comstnuction Triter and site Laydown Area
D Site Fence / Limit of Construction
. Temporary Parking Lats
= edicated Student Pathway
:D == School Bus Queue

W Massaro

Figure 2: Sample Site Utilization Plan (Source: Massaro Construction)

4D Modeling:

A site utilization plan can be incorporated with a Critical Path Method (CPM) schedule to develop a visualization model of the
construction sequence for a project, known as a 4D model (3D geometry + time as the 4th dimension). These models can be fairly
simple or very elaborate depending upon the level of detail of both the 3D model and the detail contained within the 3D model.
Some simply show the final building elements, while others contain temporary equipment, site elements, formwork, etc. An
example of a 4D model of the U.S. Bank Stadium construction can be found at this link.

Review Questions
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There should be one, and only one, site utilization plan for a project.

O True O False

® Check °

Qoo

T Reuse (D Rightsofuse <> Embed HP

This page titled 1.13: Designing a Site Utilization Plan is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.14: Introduction to Project Scheduling

4b Learning Objectives

After reading this chapter, you should be able to:
« Define the different types of schedules that may be developed for managing the activities and

phases of a project
e Understand the purpose of various schedule types and presentation approaches
e Understand the complexity and planning effort required to develop different types of schedules

Introduction to Project Scheduling for Construction Projects

A project schedule ...

4D Modeling:
The previous chapter defined 4D modeling as an approach to visualize the changing conditions on a project site. A 4D model can
be a very valuable scheduling tool, both for developing a schedule and visualizing/analyzing the schedule.

Questions

A matrix schedule includes all activities on a project.

O True O False

® Check

£ Reuse D Rightsofuse <> Embed

©

HP

This page titled 1.14: Introduction to Project Scheduling is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated
by John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.15: Network Scheduling

4b Learning Objectives

After reading this chapter, you should be able to:

o Define the various terms used in the development of network schedules, e.g., critical path, total float, and free float.
o Develop a network diagram of a schedule and calculate the start/finish times and float values.
o Identify the critical path activities within a network diagram which includes float time values.

Network Scheduling

Network scheduling, sometimes referred to as Critical Path Method (CPM) scheduling, is a detailed method for creating a
connected schedule that calculates the schedule duration for a project. These schedules are

Developing a Network Schedule
There are multiple types of visual notations for representing a schedule. Three approaches include:

e Activity on Arrow

e Precedence Diagram (also known as Activity on Node)

o Gantt Chart View

Activity on Arrow

The least frequently used visual representation of a schedule is the Activity on Arrow notation. In this visual notation, each activity

is represented by an arrow (a line with an arrowhead at the end). The relationships are represented through nodes.

It is important to note that this representation is not frequently used, and is included in this book simply to allow everyone to
understand the basics of the representation. We will not use this approach in any calculation examples.

Activity | Predecessor  Duration

0O @ > >
TN

Mm@ m O O W >

D, E 2

Figure 1: Network Diagram in Activity on Arrow Notation

Precedence Diagram

Precedence diagrams are the most common notation used for hand calculating a schedule, and can also be helpful in visualizing the
interactions between activities. In precedence diagrams, each activity is represented as a box. In the most simple form, the box
simply contains the name of the activity, but the box can also have other attributes for the activity, e.g., duration, start and end
times, or float. We’ll discuss these items when we start calculating schedules. The boxes are connected into the network using
relationships which are represented by arrows. Some activities have durations, and others may be a milestone (an activity with no
duration to represent a specific point in time). This notation is also sometimes referred to as Activity on Node, since the activities
are represented by nodes (boxes) and the relationships are represented by arrows connecting the nodes.
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A | =« | B
» B » D
B | A | 3
c | A | & i — s
D | B | &6
E | ¢ | =8 » € » E
F | DDE | 2

Figure 2: Activity Network in Precedence Notation

Defining the Activities

In precedence and Gantt chart representations, there are the following two types of activities:

o Standard Activity: Has a duration and represents a task on a project
o Milestone Activity: Represents a point in time, with zero duration. A milestone can be a start (with only a start date) or a finish
(with only a completion date) milestone.

One of the first steps in developing a schedule is to clearly define the standard activities to be performed, and the critical milestones
that are important to the project. For standard activities, these could be items such as ‘place concrete in slab on grade’, ‘install
windows on south face’, ‘paint corridor on 3rd floor’, or ‘erect tower crane’. Note that activities should always start with a verb
(action) and include a clear element and/or location for the action, e.g., a building component (window), a location in the building
or site, or a scope of work, such as a scope of the design. Activities can also relate to various design tasks such as ‘complete
schematic design’, ‘complete foundation design’, or ‘complete reinforcing steel shop drawings for slab-on-grade’.

The milestones should define discrete points in time on the project. They will not begin with a verb since it is defining a state or
milestone of the project. They will have no duration, and they typically show up in a graphical schedule as a diamond with no
duration. A milestone may be a start or finish milestone. It will typically only carry one date within the as-planned schedule, either
a start date (for start milestones) or a finish date (for finish milestones). Examples of a start milestone may include ‘Design Begins’
or ‘Notice to Proceed’ (the date a contractor can proceed with construction). Examples of finish milestones include ‘Design
Complete’, ‘Excavation Complete’, ‘Steel Complete’, ‘Building Enclosed’, ‘Substantial Completion’ (when the building can be
used for its intended purpose) and ‘Final Complete’ (all work on the project is complete).

Relationship Types

Once the activities are defined, the relationships between activities need to be defined. There are four different potential
relationship types between activities:

1. Finish-to-Start
2. Finish-to-Finish
3. Start-to-Start

4. Start-to-Finish

These four relationship types along with examples are defined in the following sections.

Finish-to-Start Relationship

The finish-to-start relationship is the most common relationship type within design and construction schedules. This relationship
simply states that one activity must be completed prior to starting the second activity. There are many examples of this type of
relationship within building projects, with some examples including ‘Place Wall Foooting’ prior to ‘Construct Wall’, or ‘Install
Drywall’ prior to ‘Paint Wall’. Examples during design could include ‘Complete Schematic Design’ prior to ‘Complete Design
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Development’. Additional examples along with a graphical representation using activity on arrow, precedence diagram, and Gantt

view are included in Figure 3.

The predecessor activity must be complete
prior to the next activity starting.

Examples:

1) Footing complete prior to wall
construction
2) Framing complete prior to drywall

This is the most common relationship type in
construction schedules, and typically a default
in many scheduling applications.

O—"=0O—0O

Activity on Arrow

Precedence Diagram

A
aam B
[ ]
Gantt View with Early Dates

Figure 3: Finish to Start Relationship Definition and Graphical Representation

Some scheduling examples simply list ‘predecessor’ activities, e.g., see Figures 1 and 2. This implies that there is a Finish-to-Start

relationship between the predecessor activity and the successor activity. In Figure 3, Activity A would be a predecessor to Activity
B. Or, another way to state the same thing is that Activity B is a successor to Activity A.

Finish-to-Finish Relationship

B can not finish until Ais finished. The
activities can be performed concurrently.

Examples:

1) Drywall (B) can not be complete until
wall insulation (A) is complete

2) Stone for Slab (B) can not be complete
until Underslab MEP Roughin (A) is
complete

This is used to represent concurrent events in a
schedule where one can not be completed
without the other finishing.

B Complete

B Starts

Activity on Arrow

Note: Activity on Arrow is not ideal for
representing non-FS relationships.

A—I B‘

Precedence Diagram
A

B
|
Gantt View with Early Dates

Figure 4: Finish to Finish Relationship Definition and Graphical Representation
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Start-to-Start Relationship

A must start prior to B starting. The () AsStarts ) APinis ™

activities can be performed concurrently. \)N .
J

Examp les: Activity on Arrow

Note: Activity on Arrow is not ideal for
representing non-FS relationships.

1) Support of Excavation (B) can not start
until Excavation (A) starts.

2) Wall Insulation (B) can not start until
Framing (A) starts. | & | |

Precedence Diagram

This is used to represent concurrent events in a A
schedule where one can not be started until B—
another starts.  —

Gantt View with Early Dates
Figure 5: Start to Start Relationship Definition and Graphical Representation

Start-to-Finish Relationship

The start-to-finish relationship is very rarely used during project scheduling. It essentially states that an activity (B) can not finish
unit an activity (A) has started. This activity can be used within a schedule to essentially fix the completion date of one activity (B)
to the start date of another activity (A). Examples could include ‘Remove Trailer’ is finished when ‘Perform Landscaping’ is
started, meaning that you are assuming that you will be removing the trailer prior to starting the landscaping. Another example
could be that ‘Cleanup Bulk Trash’ is finished when ‘Remove Trash Chute’ is started, meaning that you would assume (or require)
that all bulk trash be cleaned up prior to removing the trash chute. Again, this relationship type is very rarely used on projects.
Graphical representations using activity on arrow, precedence diagram, and Gantt view are included in Figure 6.

B can not finish until A has started. Itcan — ()ASeris, AT
be used to fix a completion date when R
another activity starts.

B Start_*~ B Finish—,
Y N N
Activity on Arrow

Examples:

1) Trailer Removal (B) is finished when
Landscaping (A) starts

2) Trash Cleanup (B) is finished when
Trash Chute Removal (A) starts L

Note: Activity on Arrow is not ideal for
representing non-FS relationships.

Precedence Diagram
This is a very rare relationship used to extend
activities until something starts. We will not use B &

this relationship in this class. o
Gantt View with Early Dates

Figure 6: Start to Finish Relationship Definition and Graphical Representation

Developing a Network Diagram

Calculating the Activity Durations

Each standard activity will have a duration with some time unit (e.g., hours, days, weeks, etc.). For the purposes of this book, we
will focus on the use of days as the standard time unit unless otherwise noted. For some very time critical schedules or more
detailed schedules, planners may use hours or even minutes for activity durations.

Team members can use many potential information resources when determining the duration for a standard activities. They may
reference their previous project data to identify the duration for some activities, e.g., the time to receive a permit within a particular
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municipality or the time to excavate a similar project. For more typical activities, it is beneficial to be able to identify a production
rate and scope quantities for the activity. For example, if you are performing excavation for the building, you may measure the
excavation quantity in cubic yards of earth. Then, a production rate per day can be used to define the overall activity duration, e.g.,
if you can excavate 200 cy per day, then if you have 1,000 cy of excavation, the duration will be 5 days.

Duration = Total Activity Quantity / Quantity per Time Unit
Duration = 1,000 CY / 200 CY per Day = 5 days

If you do not have historical data from previous projects to rely upon, then the R.S. Means data within the Gordian Guides can be
used to estimate the daily output for a standard activity for one crew (see Figure 7). For example, if you have cast-in-place 12"x12"
square columns, a Crew C-14A can put in place an average of 11.96 CY per day (see line 03 30 53.40 0700 in Figure 7 — Crew in
the column marked 5, unit of measure in the column marked 8, and daily output in the column marked 6). Note that you can also
calculate the labor hours, which considers the number of people on the crew. We would not use labor hours in the schedule

calculation unless you have a crew composition that varies from the defined crew sizes in the RS Means data.

RSMeans data: Unit Prices—
How They Work

seRDIAN

2018

Construction Costs
All RSMeans data: Unit Prices are organized in the same way. L a

¢ I Daiy Lobor Wiiboe ois (E)) Toll
033053.40 ConcreteinPlace | Ciew Ouipot Hours Unit  Molerill  Lobor  Equipment™=* Tolol  Incl 08P
0 CONGRENPIAG Qi ‘éae B0
0020 Including forms (4 uses), Grade 60 rebor, concrete (Portlond cement - p033105-20
0050 Type 1), plocement ond finishing unless otherwisa indicated 203310550
0300 Beams (3500 psi), 5 kip/LF, 10" span 03310545 C14A 1562 12.804 CY. 340 645 58 1,043 1,425
0350 25" spon 330570 ¢ 185500782 | | 355 545 ] U9 1275
0500 Chimney foundations (5000 psi), over 5 C.Y. 103310585 C14C 3222 3476 | 11 167 80 338.80 445
0510 (3500 psi), onder 5.CY. Q 3305350 ¢ B AT | 198 w 109 42609 565
0700 Columns, square (4000 psi), 12 x 127, bp to 1% reinforcing by area Cl4a 119616722 | 380 845 76 1,301 1,775
3540 Equipment pad (3000 psi), 3' x 3" x 6" thick G140 45 1067 FEo. 4450 5250 57 9157 130
(2 T 4 x4 x 6 ik | 30 100 8 ] 55 s 197
3560 5' x5 x 8" thick 18 2.667 126 132 141 25941 340
3570 6’ x 6" x 8" thick | 14 3429 | 173 169 182 34382 450
3580 B x 8’ x 10" thick B b 370 29 3.18 669.18 860
3590 10° x 107 x 127 thick R 5 19600 4 645 475 510 1,125.10 1425

It is important to understand the structure of RSMeans data: Unit Prices, so that you can find information easily and use it correctly.

Figure 7: R.S. Means Data in Gordian Guide showing Daily Output value in Column Marked with a 6

Calculating the Start and Finish Times for Activities

Once a network is developed, including all activities and the relationships between activities, then the schedule times for the
network can be calculated. Th

Network Scheduling Software

While this chapter has reviewed a detailed approach to calculating a network schedule by hand, it is important to note that almost
all network schedules on construction projects are performed by using some form of computer software. Two common software
applications used in the industry for CMP scheduling are Microsoft Project and Oracle Primavera P6 EPPM. In general, Microsoft
Project is lower cost and easier to learn, but has less functionality related to Primavera P6.

Microsoft Project is part of the Microsoft Office 365 suite of tools, but it is not a typical application that many organizations
purchase within their corporate Office 365 suite. It is fairly easy to use, with many people using the default Gantt chart view to
develop their schedule. There are many tutorials available online to learn how to use MS Project.
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Fig : Sample CPM schedule in Primavera P6 EPPM shown in Gantt Chart view

For Penn State students, both Microsoft Project and Primavera P6 are available to you in the computer labs. We will first learn

Microsoft Project in this course and then use Primavera P6 in the more advanced construction courses.
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It is common practice for a scheduler to create a complete activity on arrow
diagram of a schedule when creating a network schedule.

O True O False

® Check

O Reuse (D Rightsofuse <> Embed

©

HP

This page titled 1.15: Network Scheduling is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John

Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.16: Risk Management

4) Learning Objectives

After reading this chapter, you should be able to:

e Understand the concept and core definitions related to risk management approaches for building construction projects.

o Identify the different types of risk management instruments used to manage project risks.

o Define the main types of insurance and bonds that owners, designers, and constructors may use on a project, along with
understanding the frequency of use.

The Risk Management Process

Risk management is at the core of all projects. Organizations and individuals must constantly assess and manage risks. When we
look at the delivery of a project, there are many different risks, including the risks associated with errors and commissions during
design, risks related to the weather and construction environment, and risks associated with price fluctuation, to name a few. To
manage these risks, a project team should implement a risk management process.

There are many different formalized versions of risk management processes. There are some commonalities across the processes.
First, the processes tend to start with some form of risk identification, along with defining the impact and probability of the risk if
it affects the project. An example could be the occurrence of a hurricane weather event on a project. After the risks are identified,
potential risk mitigation methods should be identified for each risk that warrants further investigation (e.g., has a large probability
of occurring or a high impact if an event occurs). Within our example of a hurricane, this could include having a detailed plan to
limit the damage to a project under construction if a hurricane event occurs. Then, consideration to purchasing third-party
protection for the financial impact of events should be considered, especially for risks that may carry significant financial impact.
These third-party protections could include surety bonds and insurance which are discussed in the following sections. In our
example, the contractor or owner may decide to purchase builder’s risk insurance (very typical) to cover damages the constructed
items during the construction process and make sure that hurricane damages are covered. Ultimately, the various parties on a
project will need to accept and manage certain risks. Ideally, the contracts will be set up so that the risks are accepted by the
organizations that are able to manage the risk and limit impacts in the event of risk incidents.

Bonds and Their Application in the Delivery Process

Surety Bonds are contractual agreements to reduce risk through a third-party guarentee by a Surety company. A key aspect of a
surety bond is that it is a three-party agreement. One party (the surety) guarenties that another party (the contractor) will fulfill
their contractual obligations to a third party (the owner). If the contractor defaults on meeting their obligations, the surety company
will assume the liability for the costs and impact related to the guarenty as defined in the surety bond agreement.

There are four common types of surety bonds used on construction projects:

1. Payment Bond: The contractor agrees within the construction contract that they will pay their employees and subcontracts
under various terms within the contract. The payment bond obligates the surety company to make these payments if the
construction company fails to pay employees or subcontractors.

2. Performance Bond: The contractor agrees to complete a project per the original construction agreement. If the contractor
defaults on their obligations, the surety company will assume the liability to fulfill the contractor’s obligations.

3. Bid Bond: When a contractor submits a bid, they assure the owner that they will sign a contract if awarded the project. If the
contractor does not sign an agreement after being selected by the owner, then the surety company is liable for not signing the
agreement.

4. Warranty Bond: A contractor agrees to various warranties when signing the construction contract. If the contractor fails to

Other types of bonds may also apply to construction. This can include a termite bond to ensure that a large financial entity will
stand behind a termite warranty or a judicial bond that may be required to guarantee against a mechanics lien placed on a property.
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Insurance and Their Application in the Delivery Process

Review Questions

A bond is a three party agreement where one party assumes the
responsiblity for another party's obligations in the event that the initial party
does not meet the obligation to a third party.

O True O False

® Check °

©o

This page titled 1.16: Risk Management is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John Messner
via source content that was edited to the style and standards of the LibreTexts platform.
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1.17: Introduction to Project Management and Control

4b Learning Objectives

After reading this chapter, you should be able to:

o Describe the many aspects of a project that need to be managed to ensure a successful construction project
o Define four management areas that are frequently referenced as the Golden Triangle, which require close management of
constraints and expectations

Introduction

The construction industry is a project-based industry where a project can be defined as the lifecycle delivery of a capital facility. It
is critical for all participants on a project to be familiar with project management. The definition of a project may vary depending
upon an organization’s role within the delivery process. For example, to a design firm, a project may be defined as the design of a
facility. Within that design firm, there would be a project manager who oversees the design process, who may have the title of
Design Manager or Project Manager. Within a construction company, they may define a project to include the planning and
implementation of the construction process for a project, and they would have a lead construction project manager assigned to the
project. Regardless of the scope of a ‘project’ to an organization, there is a fundamental set of items that are critical to successfully
implementing a project.

Knowledge Categories of Project Management

Construction Projects are not the only types of projects. There are many different industries that need to manage projects. Examples
include software companies that view software products as projects. Or the shipbuilding industry that views each ship as a unique
project. Or the space industry that views each launch vehicle as a project. Managing projects can be divided into a common set up
project management knowledge areas. The Project Management Institute (PMI) is an industry association that has defined these
knowledge areas. PMI has created the Project Management Body of Knowledge which defines the following core knowledge
categories:

—_

. Project Integration Management

. Project Scope Management

. Project Schedule Management

. Project Cost Management

. Project Quality Management

. Project Resource Management

. Project Communications Management
. Project Risk Management

© 00 NN O Ul A W N

. Project Procurement Management
. Project Stakeholder Management

—_
o

They also added the following within a construction addendum, although one could certainly argue that some of these areas are
common to other projects as well:

11. Project Safety Management

12. Project Environmental Management
13. Project Financial Management

14. Project Claim Management

PMBOK is a great resource for identifying each of the steps that should be performed within the management categories. It is also
important to note that some management approaches cover multiple areas, e.g., cashflow analysis can be used for both cost and
schedule management.
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As you can see, there are many areas that must be managed on a project. Each of these areas has a planning, an implementation,
and a documentation and reflection aspect to them. Within this course, we will specifically focus on four primary management
categories during the project execution, although these are certainly not the only items that need to be managed, as defined in
PMBOK. The four areas that will be highlighted in future chapters include:

1. Safety Management (always of paramount importance)
2. Cost Management

3. Schedule Management

4. Quality Management

The Iron Triangle:

When we look at project success, Many people have defined three of the four (Cost, Schedule and Quality) within the context of
the Iron Triangle. The International Project Management Association (IPMA) states that project management success relates to
delivering the project’s product in scope, time, cost and quality (IPMA 2006). Atkinson (1999) discussed a metaphor of the Iron
Triangle with a focus on Time, Cost, and Quality. You can certainly argue that you can not maximize all three at the same time,
within a defined scope. One would hope that you can achieve the desired scope, within the budget, time and quality constraints, but

you can not maximize all at the same time.

Fig. 17.1: The Iron Triangle (Source: Atkinson 1999)

Plan — Do — Check — Act Cycle

The Plan — Do — Check — Act (PDCA) Cycle is a straightforward approach for effectively managing and controlling a process.
PDCA has been discussed frequently within the lean management community. PDCA is focused on ensuring a continuous
improvement process for a project. A simple description of PDCA is included at https:/theleanway.net/the-continuous-

—

Act Plan

improvement-cycle-pdca

Check Do

Fig. 17-2: Plan-Do-Check-Act (PDCA) Cycle (source: Skhmot 2017)
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Within the PDCA Cycle, the planning is focused on identifying problems and developing potential solutions, along with
experiments to test the potential solution. Within the ‘Do’ task, an approach is implemented and data is captured for further
analysis. Within ‘Check’, the data is evaluated to see if the solution worked. And finally, within ‘Act’, the team can determine if the
issue is resolved, or if another cycle should be performed. One of the main goals of implementation of a PDCA approach within an
organization is to develop a culture of problem-solving throughout the organization, supported by structure experimentation.

The Project Control Process

One part of project planning is the development of the original plan.

Plan ——>  Execte % pigish
Consult gaod practice Cyclic/on-going contral until project Finish

) ]
1 i
!

E Maonitor Revise plan !
! Consult good practice Consult good practice :
] checklist checklist !
: 1 il |
H |
) ]
i I
y I

: Report Action !
Il Consult good practice Pro-active and |
1 checkiist systematic i
! ﬁ |
) ]
] ]
H i
) ]
! Analyze Feedback !
i Consult good practice [~ '
1 E F———| Taoall relevant people |
1 checklist |
] ]
¥ i

‘ Interface of the control process with the factors inhibiting construction project (cost and time) control |

i i i i I

17 L B 17 1 F 17
z i . Inaccurate
Design changes Risks and Complexity luation of Non-perfarmance
uncertainties H of subc
Consult goa pracsics ol gt praciics Cosult goad practice me Consult goad pracics
far mitigating measures o mitigating measures far migating measares Corsull good practoe Far mitigating measares
for mitigsting measures
factors to the project control process

Fig. 17-3: Project Control and Inhibiting Factors Management Model (PCIM model) (Source: Olawale and Sun 2013)
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It is important to collect data from the field to determine the status of a
project relative to the initial plan.

O True O False

® Check °

©o

This page titled 1.17: Introduction to Project Management and Control is shared under a CC BY-NC-SA 4.0 license and was authored, remixed,
and/or curated by John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.18: Schedule Management

4b Learning Objectives

After reading this chapter, you should be able to:

e Understand the approach and information needed to update a construction schedule
o Identify the schedule impact of job progress on an as-planned schedule following a schedule update
o Describe the concepts related to schedule optimization, schedule reduction, and resource loading of a CPM schedule

The Project Management Body of Knowledge (PMBOK) defines Control Schedule as a process to determine the status of the
project scheduling, determining whether changes have occurred or should occur, and influencing and managing schedule changes.
To effectively control a project schedule, it is important to have an inial detailed project schedule and to capture the data needed
from the field to update the schedule. This can also be referred to as Progress Monitoring.

Overall project-level schedule updates for a typical building construction project will typically occur on a monthly basic. This is
the typical frequency identified in the contract between the Owner and Constructor. But it is important to note that more frequent
updates may be very beneficial, and some scheduling approaches, such as the Last Planner System, have multiple levels of
schedule control.

Review Questions

There is an optimal duration for constructing a project with the lowest cost.

O True O False
® Check
T Reuse D Rightsofuse <> Embed HP

This page titled 1.18: Schedule Management is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John
Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.19: Cost and Financial Management

4) Learning Objectives

After reading this chapter, you should be able to:

o Describe the core concepts required to effectively manage the costs and finances on a project.

o Describe the evolution of a construction cost estimate into a cost budget.

e Draw and analyze a cash flow diagram, and understand the impact of the timing of income and expenses on a project.

o Calculate the anticipated monthly payments for a project given expenditure, a project schedule, and contractual terms
related to payments.

Introduction

Throughout the project, the team must always manage the costs and project finances. Cost Management has been defined by
Gartner (2022) as ‘the process of planning and controlling the costs associated with running a business’.

We have already covered the first part of Cost Management, which is to develop an estimate for the cost of work to be performed.

Cost Budgeting

Once an organization has developed a cost estimate, that estimate must then be converted into a budget that will be used to monitor
the progress of the work versus the costs expended. While an original unit price cost estimate can be quite detailed, identifying
every element of work to be performed when constructing the project, the budget needs to be organized under a work breakdown
structure that allows for the management staff to receive feedback regarding progress toward the budgeted quantities. This typically
requires that several estimated items be grouped into a single budget category.

Cash Flow Management

Project finances are managed at a project level. Therefore, the cash flow of a project, from one organization’s perspective, is equal
to the amount of funds received from the project (income) minus the amount of funds spent on project-related expenditures
(expenses).

Project Cash Flow = Income-Expenses

If the Project Cash Flow is more than zero, then the company has a ‘positive’ cashflow on the project. If the Project Cashflow is
less than zero, then they have a ‘negative’ cashflow. If a company has a negative cashflow, then they are either using their company
reserves to support the expenditures on the project, or they need to borrow funds to cover the project expenditures. Therefore, with
all things equal, an organization should seek to maximize its cash flow on any given project within the constraints of the
contractual agreements so that it can maintain a higher level of funds within its own accounts. If they have negative cashflows on a
number of projects, they will likely need to borrow funds for operating expenses, which then requires them to pay interest on the
loans.

All organizations within a project are aiming to manage their cashflow at the same time. For example, the owner will need to pay
funds to the designers and contractors. Frequently, the owner is borrowing the funds for the project, and therefore they need to
know when they require the funds to pay for the work as it progresses. An owner will typically seek a cashflow projection from the
contractor on a project so that they can plan for future expenditures.

Each contractor will also be managing their cashflow, including the general contractor/construction manager along with their
trade/subcontractors. It is common practice to contractually arrange that subcontractors do not receive payment for their work
activities until the general or prime contractor receives their payment.

Typical ‘S Curve’ Project Cash Flow

Cash flow on a typical project will typically align with a common pattern, although not always. Typically, the project will begin
with a slower pace of spending funds, e.g., some mobilization costs to set up the site office and fence and early demo or excavation.
Then, the expenditure will accelerate to include more people, equipment and materials to build the substructure and superstructure
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and work on the early stages of the finishes. Toward the end of a project, the cost of work put in place will be reduced, performing
work such as finishes and punchlist items. This cashflow is represented in a typical S Curve regarding cash flow which illustrates
the lower expenditures at the beginning and end of a project, and the high rate of cash flow during the core portion of the project.
When represented in a diagram of cost (y axis) and time (x axis), this is shown as an S Curve.

The Payment Process

On a typical general building project using common industry contracts, such as the AIA contract documents, the contractor will be
paid on a monthly basis. In this section, we will review the typical payment process using the ATA contract documents in order to
gain an understanding of the process along with the impact that this process has on an organization’s cash flow.

Within the ATA document series, the template ATA

ontinuation Sheet

‘AIA‘ Document G703" - 1992

Video 2: Completing the Continuation Sheet for the AIA G703 Application for Payment

Retainage

Common Errors in Payment Applications

1. Late Submission: If you submit your application late, either as a prime contractor or subcontractor, your payment may be
delayed.

2. Overbilling: Never attempt to overbill for work that is not complete or materials that are not allowed to be included in the
application for payment. Do not ‘front end load’ the payment application. Overbilling can cause a payment application to be
rejected or delay payment due to having to revise the application.

3. Forgetting Supporting Documents: Make sure that you check the contract to identify all required documents and submit all
required documents and backup so that the owner, and for a subcontractor, the general contractor, can easily evaluate the
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application.

4. Calculation Errors: Make sure that you double-, and triple-check your math on the payment applications. Using software can
help ensure that you do not make errors on the payment application.

5. Billing for Unapproved Change Orders: The contractor is not due money for change orders that are not fully executed. This
means that the change order is documented as a formal, signed change order by all parties to the contract, e.g., the owner and
contractor.

Review Questions

A construction budget and a construction cost estimate are the same thing.

O True O False

® Check

T Reuse (DRightsofuse <> Embed HP

©
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1.20: Quality Management

4b Learning Objectives

After reading this chapter, you should be able to:

o Understand the elements of a quality management program.
o Define quality planning, quality assurance and quality control.
o Determine core components of the various quality management program items.

Quality management is focused on planning for quality, developing processes and procedures to ensure quality design and
construction, and performing testing to validate that a product meets the defined quality standard. These are defined within the
Project Management Body of Knowledge as the three aspects of Quality Management (also see Figure 1):

1. Quality Planning
2. Quality Assurance
3. Quality Control

Quality Management Process

Identify quality requirements and standards for the project,

Quality Planning and document how the project will demonstrate compliance.

Procedures and methods to ensure that the processes used

Quality Assurance to construct the project will result in a product that meets
the contract requirements.
« Policy / Procedure Manual + Forms
+ Checklists * Rewards / Penalties

Testing performed to ensure that the project meets the

Quality Control : : 3
ity quality requirements defined by the contract documents.
- Testing Procedures » Documentation of Quality
* Test results Performance

Figure 1: The Quality Management Process

Who is Responsible for Quality on a Project?

Just like everyone on a project is responsible for safety, it is also true that everyone should be participating in the management of
quality. The quality management process starts very early in the lifecycle of a project.

The Owner’s Responsibilities:

The owner plays a critical role in the quality management process. One of the most critical items in the delivery process is to ensure
that the owner, possibly working with other service providers, develops a detailed program that outlines the overall quality goals
and any specific requirements that they may have for the project. This program should set a clear picture of the expected levels of
scope and quality for the project. A program can include qualitative information regarding the desired levels of quality on a project,
along with specific quantitative and prescriptive descriptions, e.g., the size of various spaces or a specific material or system
desired within a building. In addition to the program, many larger owners have their own set of design guidelines that outline
specific requirements, e.g., preferences on material such as using rigid conduit instead of flex conduit in specific locations even if
the building code would allow flex conduit. This combination of program and design guidelines informs the design process. If they
are not well done, the owner may not obtain their level of desired quality (and scope).

Once a project enters the design process, the owner must continue to provide timely and decisive feedback related to the project
design. Owners need to make many decisions, and for large owners, the process of managing all stakeholders can be an extensive
task. For example, if a university is designing a classroom, office, and lab building, the owner will need to coordinate feedback
from many user groups, including the academic units, lab managers, academic administrators, and the physical plant team that will
maintain the building. Therefore, it can be challenging to get timely feedback for some decisions. Having an owner’s representative
who can provide timely feedback is critical to the success of projects.
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Review Questions

Quality assurance is focused on inspecting completed work products to
determine if they meet the required level of quality.

O True O False
® Check
T Reuse D Rightsofuse <> Embed H-P

This page titled 1.20: Quality Management is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John
Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.21: Safety Management

4b Learning Objectives

After reading this chapter, you should be able to:

o Understand that safety can never be compromised for other aspects of a construction project

o Be able to define the importance of safety from an ethical and an economic perspective

o Define effective safety management approaches to improve overall safety on construction projects
e Be able to identify OSHA safety guideline locations and general reporting requirements

e Understand the impact of construction accidents on projects

The Importance of Safety
As stated in the Fundamental Canons of the ASCE Code of Ethics:
“1. Engineers shall hold paramount the safety, health and welfare of the public and shall strive to comply with the principles of

sustainable development in the performance of their professional duties.” (ASCE 2017)

The Top Risks and Accident Types

The culprits?
MEET THE FATAL FOUR

FALLS 36.9%

COMMON FACTORS: Unprotected sides, wall openings,
floor holes. Improper scaffold construction.
Unguarded, protruding steel bars. Misuse of
portable ladders.

STRUCK BY OBJECT 10.3%

/ COMMON FACTORS: Vehicles. Falling/flying objects.
Masonry walls.

ELECTROCUTIONS 8.9%

COMMON FACTORS: Contact with power lines. Lack
of ground-fault. Path to ground missing or
discontinuous. Improper use of equipment & cords.

CAUGHT BETWEEN

OBJECTS 2.6%

m FACTORS: llnsa;aei 'a:lccetsos{egmss. Unsafe
placement. re trench
and protective systems. No wm system.

Figure : The Fatal Four: Top Four Accident Types for Construction Fatalities

Planning for Safety
Every project should have a custom project safety plan. This safety plan should include:

One important activity is to complete a Job Hazard Analysis for all core activities to be performed on the project. OSHA developed
a brief booklet to outline an approach for developing a Job Hazard Analysis. The sample template included in this booklet is shown
in Figure 2. The core process focuses on breaking down each core activity, e.g., bulk excavation, into specific tasks, e.g., 1)
Excavate with excavator; 2) transport truck to excavation location; 3) load truck; and 4) transport truck to external site. For each of
these tasks, the team should evaluate the specific hazards for the project, e.g., for task 1 related to excavation, the hazards may
include overhead electrical lines in location of excavation, underground utilities in general location of excavation, and maintaining
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appropriate safety zone in the location of the excavation. Then hazard controls can be put into place to ensure that the hazards are
minimized, e.g., marking overhead and underground utilities, etc.

Each trade on the project should be planning these details related to their activities and they should be shared with the lead
constructor(s) of the project.

Sample Job Hazard Analysis Form

Job Title: Job Locatiom: Analyst Date

Task # Task Descriptiom

Hazard Type: | Hazard Description:

Consequence: | Hazard Controls:

Rational or Comment;

Figure : Sample Job Hazard Analysis Form (Source: OSHA)
Cards for clagsroom training, issued after 2/29/16

TRAINER ConsTRUCTION GeNeraL INpusTRy MARITIME Disaster Sire WORKER
CARDS TraINER CARD TraNER CarD Traver Carp Tramer Carp
oSHA 00.0090000 OSHA 00-0000000 QSHA 000000000 oA 00-0000000

Construction Safery and Heabth General Inalusiey Safery and Health Muritime Disanter Siae Worker

30-Hour Construction Card

15-Hour Disaster Site Worker Card

: OSHA 00-000000000 OSHA 00-000000000
- | 90-bome Comtrmction Safct and theath |

=] - = e =
=

a fas— -

g

g . ¥ L _— J
= 10-Hour Construction Card 10-Hour General Industry Card
z OsHA 00900000000 OsHA 0-000000000
= I  eE— =

=

=

o

Occupational
OSHA £
Administration
Figure : OSHA Training Cards (sample) for Construction, General Industry, Maritime, and Disaster Site Worker (Source: OSHA
Website)

Safety Laws and Regulations
The Occupational Health and Safety Administration (OSHA) was initially formed by
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The Impact of High-Quality Safety Programs
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TRIR = Total Recordable Incident Rate
Figure : CII Members Reported Total Recordable Incident Rate Compared to Industry Average (Source: CII 2019)
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Figure 3. Cll Members Reported DART (LWCIR) Rate, 1989-2018
DART = Days Away, Restricted or Transferred
Figure : CII Members Reported Days Away, Restricted or Transferred Compared to Industry Average (Source: CII 2019)

Review Questions
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The ASCE Code of Ethics requires engineers within the civil engineering
domain to hold safety above other criteria.
O True O False
® Check
©
O Reuse (D Rightsofuse <> Embed HP
References:

ASCE. (2017). ASCE Code of Ethics. Available at https://www.asce.org/uploadedFiles/About ASCE/Ethics/Content_Pieces/Code-
of-Ethics-July-2017.pdf
OSHA. (2022). Safety Standard for Construction, Regulation 1926, Available at https://www.osha.gov/laws-

regs/regulations/standardnumber/1926

Construction Industry Institute (CII). (2019). CII Safety Summary Report: Summary of CII 2018 Safety Rates. Construction
Industry Institute, University of Texas at Austin, Available at https://www.construction-institute.org/securefile?
filename=dpc2019_2.pdf#page=3

This page titled 1.21: Safety Management is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John
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1.22: Information Management

4b Learning Objectives

After reading this chapter, you should be able to:

e Describe the various sources of information that are shared between project participants
o Describe the information management process

o Define the role of information management throughout the project lifecycle

e Understand the importance of contractual and non-contractual information

The management of the flow of information on a project is a critical task of the project management team. As one construction
executive stated to our class, ‘Information is the Lifeblood of a Project.’

Information Sources:

Design Information to support Construction (Construction Documents):

A core category of information on projects is the design information needed to support construction. This information has
traditionally been embedded within the Construction Drawings (plans, sections, elevations, details, notes, etc.) and specifications
(including the detailed product information and other requirements). Collectively, the drawings and specifications may be
referenced as construction documents.

It is important to note that the use of ‘documents’ to transmit this construction information remains common practice, but there is a
very limited number of projects that are arising that leverage a digital model as the main (or sole) source of construction
information. One of the most advanced examples of the model as the legal document for construction information is the Randselva
Bridge in Norway, a 2,000 feet long bridge that was constructed entirely from digital models without a single plan (see Figure 1).
Again, this certainly is not common, but we are seeing more examples including several departments of transportation in the U.S.
seeking to use a model as the contractual document for highway and bridge projects.

&Y Tekla
GLOBAL

BIM

Awards

2020

Tekla Global BIM Awards 2020 winner is Norway's Randselva Bridge — the world's longest bridge to be designed and constructed
using only Bridge Information Modeling, and no traditional paper drawings.

Figure 1: Randselva Bridge: Digital Model for Construction with No Traditional Paper Drawings

Requests for Information (RFI):

A Request for Information (RFI) is ...

https://www.procore.com/jobsite/the-...formation-rfi/

Submittals:
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Jobsite Daily Reports:

Correspondence Logs

There is a lot of correspondence (emails, notes, letters, etc.) on a construction project. This correspondence can address schedule
items, permitting, construction details, financial issues, or many other topics. It is important that the correspondence between
parties are captured and archived. This allows people to search for topics at a later date if needed. Ideally, this correspondence
would be incorporated into a database that can be easily searched. On many projects, all correspondence is sent to a shared system
via an email address to allow for the information to be filed in the project file.

Meeting Minutes

Meeting minutes are notes that are taken to represent the discussions and decisions made during a meeting. Meeting minutes can be
very important on construction projects as an approach to document the tasks that participants will perform and any decisions that
are made. Meeting minutes should be documented and distributed to all participants and any other parties that may be impacted by
the discussions and decisions made in the meeting. As a minimum, meeting minutes should include the time/date of the meeting,
attendees, acceptance of any former meeting minutes, agenda items, a summary of discussions, identification of any future tasks
with the responsible party and schedule deadlines, and documentation of any decisions or formal motions and vote outcome (if
there are any votes).

Meeting minutes should ideally be posted to a collaborative project management system which allows for the easy search of any
topics or decisions. It is important to note that if a decision is made within a meeting to proceed with work that is considered a
change to the contract, the designer and/or constructor should notify the owner per their contractual agreement regarding the
potential change.

Information Management Requirements

Whenever we seek to gain an understanding of the requirements for various parties, it is first important to review the contract(s).
For the purposes of reviewing typical information management requirements, we will look at the American Institute of Architects
(AIA) standard contract agreements since these are the most widely adopted template contracts for commercial building projects.
Many items are defined within the General Conditions portions of the AIA Standard Documents.
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mAIA Document B201™ - 2017

Standard Form of Architect’s Services: Design and Construction Contract
Administration

for the following PROJECT:
(Name and location or address)

This document has important legal
‘consequences. Consultation with
an aw Is mmwd with
THE OWNER: . Mh Its completion or
(Name, legal status and address) modification.
This document provides the
IArchitect's scope of services only
-and must be used with an owner-
archilect agreement. It may be
THE ARCHITECT: used with AlA Document B102 ™~
(Name, legal status and address) 2017, Standard Form of
Agreement Between Owner and
Architect without a Predefined
Scope of Architect's Services, lo

provide the Architect's sole scope
THE AGREEMENT of services, or with B102 in
This Standard Form of Amhxlcct s Sem:es is part of the secompanying Owner-Architeet conjunction with other standard
Ag (b X ferred to as the Agreement) dated the . day form services documents. it may
of in the year :;;zb:f;;:;vlrm&lﬁ Document
 words, in T , Amendment fo the
(In words, indicate day, month and year.) ik N
o create a modification 1o any
TABLE OF ARTICLES i agrmsany.
1 INITIAL INFORMATION

2 SCOPE OF ARCHITECT'S BASIC SERVICES

3 SUPPLEMENTAL AND ADDITIONAL SERVICES

4 OWNER'S RESPONSIBILITIES

5 COST OF THEWORK

6 COMPENSATION

7 ATTACHMENTS AND EXHIBITS

ARTICLE1 INITIAL INFORMATION

§1.1 The J\greementhhﬂdmthe Initial Information set forth in this Section 1.1.
{For each item in thiv section, insert the information or a statement such as “not applicable” or “unknown at time of
execution, ")

§ 1.1.1 The Owner's program for the Project:

(Insert the Ovwner's program, identify doc ion that blishes the Owner's program, or state the manner in
which the program will be developed.)

AlA Document B201™ - 2017, Copyright © 1917, 1926, 1948, 1951, 1953, 1968 'IW! 1963, 1966, 1%7 1970, 1974, 1977, 1987, 1997, 2007 and

Init. 3017 by Tha American Institute of Architscts. All rights reserved. by U5, ght Law and 1
Treaties. P or of this Ala or any porlinﬂ of it, may resubt in severs civil and
] criminal ities. and will be pi d to the extent possible under the law. To report copyright violations of AIA Contract Documents.

e-mall The American Institule of Architects’ legal counsel, copyrighti@aia.ong.

Figure : AIA B201 Cover Page, Standard Form of Architect’s Services: Design and Construction Contract Administration
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@AIA Document A201® - 2017

General Conditions of the Contract for Construction

for the following PROJECT:
(Name and location or address)

This docurnent has important lagal

consequences. Consuliation with
THE OWNER: an attomey is encouraged with
(Name, legal status and address) respect to its compiletion or
modification.
For guidance in modifying this
document fo include

i - supplementary conditions, see

THE ARCHITECT: AlA Dogument AS03™, Guide for
(Name, legal status and address) Supplementary Conditions.

TABLE OF ARTICLES
1 GENERAL PROVISIONS
2 OWNER

3 CONTRACTOR

4 ARCHITECT

5 SUBCONTRACTORS

6 CONSTRUCTION BY OWNER OR BY SEPARATE CONTRACTORS
7 CHANGES IN THE WORK

8 TIME

9 PAYMENTS AND COMPLETION

10 PROTECTION OF PERSONS AND PROPERTY

1 INSURANCE AND BONDS

12 UNCOVERING AND CORRECTION OF WORK

13 MISCELLANEOUS PROVISIONS

14 TERMINATION OR SUSPENSION OF THE CONTRACT
15 CLAIMS AND DISPUTES

Init. AlA Document A201* - 2017. Copyright © 1911, 1915, 1918, 1925, 1937, 1951, 1958, 1951, 1963, 1966, 1570, 1976, 1987, 1997, 2007 and 2017 by
n Tha American Institute of Architects. All rights reserved. The “American Institule of Architects.” *AlA." the AlA Logo, "A201," and "AlA Conlact Documents® 1
are registered ademarks and may nol be used withoul permission. To repor copyright viclations, e-mail copyrightfaia. org.
!

Figure : ATA A201 Cover Page, General Conditions of the Contract for Construction
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The ISO 19650 standard is focused on the Information Management process
for the delivery of construction projects.
O True O False
® Check
©
O Reuse (D Rightsofuse <> Embed HP

This page titled 1.22: Information Management is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by John
Messner via source content that was edited to the style and standards of the LibreTexts platform.
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1.23: Introduction to Lean Construction

4b Learning Objectives

After reading this chapter, you should be able to:

e Define ‘lean construction’

o Understand the types of waste on construction projects

e Be able to list various methods used on projects to increase value and reduce waste
e Describe the Last Planner System™

o Understand the process to develop a Lean Deployment Plan for a project

Defining Lean Construction
Lean is...
Lean Construction is ...

Lean concepts originated from the Toyota Production System, and many earlier references to lean concepts reflect upon Japanese
terminologies, such as ‘muda’ for waste or ‘kaizen’ for continuous improvement (see https://txm.com/place-japanese-lean-jargon-
place-japan/ for additional examples).

The 6 Tenets of Lean

The Lean Construction Institute (LCI) has identified six core tenets of Lean (see Figure 1). It is important to note that the
foundation is ‘Respect for People’. Without this respect, it is difficult to adopt a lean approach on projects or within organizations.

LCI LEAN LEARNING SERIES: 01_WHAT IS LEAN?

o 0\ Lean ICDnslryclinn Institute
Six Tenets of Lean B

o Respect for people
o Optimize the Whole
e Generate Value

@ Eiiminate Waste " PEOPLE

o Focus on Flow

Continuous RESPECT FOR

o Continuous Improvement

Figure 1: The Six Tenets of Lean (Source: Lean Construction Institute (LCI))

It is important to note that the foundational tenet within Lean Construction is ‘Respect for People’. Without this respect, it is not
possible to successfully achieve the other five tenets. This foundation principle is embedded throughout lean projects.

8 Wastes on Construction Projects (Muda)

One of the core tenets of lean is to eliminate waste (or muda). To do so, one must first be able to identify waste. There are many
sources of waste on a construction project. Obvious waste can be include the the need to redo work that is not acceptable or wasted
time due to not having the proper materials to complete a task. But there are other wastes that are less obvious, such as not
leveraging the full talents of the team members.
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DEFECTS OVERPRODUCTION WAITING UNUSED TALENT
Waste from a product or Waste from making Waste from time spent Wastes due to
service failure to meet more product than waiting for the next underutilization of
customer expectations customers demand process step to oceur people's talents, skills,

and knowledge

=

TRANSPORTATION INVENTORY MOTION EXTRA-PROCESSING
Wasted time, resources, Wastes resulting from Wasted time and effort Wastes related to more
and costs when excess products and related to unnecessary work or higher quality
unnecessarily moving materials that aren't movements by people than is required
products and materials processed

Figure 2: The 8 Wastes of Lean (Image source: The Lean Way)

Lean Construction Methods

There are many methods that can be applied to achieve the Lean principles. These can include simple methods, such as completing
each meeting with a plus-delta activity, focused on identifying what went well and what could be improved in future meetings to
enable continuous improvement. Or they can include more complex, comprehensive methods such as target value design which
focuses on developing a design that meets the overall project budget through frequent interactions of design and construction cost

estimating.
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Function
(Why?) Project Operating System
Process Production Design Soog:stand Information
(What?) System Design Development Management Management
I | |

g::nl'::rt Target ).n"alae Big Room
Metiode System Design Planning
(How?)

Design
Modular. / | Visual
Prefab. Agile Planning Sm%':‘;e Management
SIPS/Takt Value Stream Conditions of BIM Execution
Planning Mapping Satisfaction Planning
Figure 6: Operating System Methods
Function .
(Why?) Project Organization
T T T ]
Process Problem- Decision- Continuous
(What?) solving making Improvement
Choosing b 2

_— Onboarding PDCA (A3) Mﬂ';ﬁ't';ggeg Quality Circles
{How?)

Work Clusters

Figure 7: Organization Methods

Figure 3: Select Operating System and Organizational Lean Methods (Source: Lean Deployment Planning Guide)

The Last Planner System

The most popular lean construction system is the Last Planner System. The Last Planner System is composed of a number of
integrated lean methods.
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Last Planner® System Overview <& Lo Comion i

MILESTONE
Planning

Set Milestones

SHOULD

PHASE PULL

Planning Specify Handoffs

5 Connected
Conversations

LOOKAHEAD Make Work Ready
Planning

WEEKLY WORK

; Make Promises
Planning

WILL

DID LEARNING/IMPROVING PPC/Variance

£

LEAN CONSTRUCTION INSTITUTE

Figure 4: The Last Planner System Overview Flowchart

Lean Deployment Planning

Lean Deployment Planning focuses on the development of a detailed implementation plan for lean on a project during the earlier
stages of the project. Ideally, the team members will get together and collectively develop and document this lean deployment plan.

The Lean Construction Institute through a Penn State research team developed a guide to support the creation of a Lean
Deployment Plan. This Lean Deployment Planning Guide walks a project team through a structured process to design and
document their plan. The main steps in this process are to initiate the plan development, select the lean methods to be adopted, plan
for each method, and integrate the individual method plans and metrics into a comprehensive plan (see Figure 5).
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Step 1: Initiate

} Tip:
Planning for Lean Deployment can be

Identify a Lean Coach
conducted in one session as well as over
. multiple sessions depending on the
e project team availability and capacity.

Deployment Kick-off

)

Develop Kick-off Agenda
and Presentation -
Lean Deployment Planning Process

}

Conduct Lean Deployment

Planning
Re-visit/Establish Project n A .
coniitions oF Satistction Step 2: Select — Step 3: Plan —  Step 4: Integrate
\dentify Lean Champion{s) Evaluate Methods u:f.ing Identify Method Planning Consolidate Information
Assessment Matrix Groups/Clusters from Method A3s to
l. l Develop Project Plan A3
Record Selected Methods Plan the Execution of each
in Worksheet Method using A3 Template

Figure 5: Lean Deployment Planning Process (Source: The Lean Deployment Planning Guide, Messner et al. 2019)

Enterprise Adoption of Lean
It is important to note that lean principles, or lean transformation, can be applied at both a project or an organizational level. The
Lean Enterprise Institute has developed a lean transformation framework to conceptualize the important considerations when

transforming an enterprise or company (see Video 1).
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WHAT 15 THE
WORK T0 BE DONE
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Video 1: The Lean Transformation Framework by the Lean Enterprise Institute

Review Questions
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In lean construction terminology, waste will sometimes be refered to as
'muda’.

O True O False

® Check

©
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1.24: The Future of the Construction Industry

4b Learning Objectives

After reading this chapter, you should be able to:

o Understand the trends that are impacting the future of the construction industry
o Describe the characteristics that need to change to advance the construction industry
e Assess your role in advancing the industry and your future knowledge and skills

We started this book, in Chapter 1, discussing some ongoing trends in the construction industry. As we come to the end of this
book, we will summarize some of these trends, and the role that everyone plays in transitioning our industry to improve overall
value delivery.

Trends Impacting the Construction Industry

Our industry must change! The construction industry has been broadly criticized as an industry that is slow to change. Many other
industries have more broadly adopted technology, shifted to more automated processes, and leveraged information and data to
improve their operations. We also know that the built environment is a major contributor to energy consumption, resource use, and
greenhouse gas emissions. We need to continue to find better ways to reduce the impact of our industry on the overall

environment.

The Changes Occurring in the Construction Industry
Our industry is changing.

Automation

Sustainability

Modularization

Assessing Your Role in Changing the Construction Industry

You can be an agent for change within our industry. We need everyone to find new, more efficient, and more sustainable methods
to improve our industry and the built environment that is the product of our industry.

Concluding Remarks

I hope that you have enjoyed this book to expand your technical skills related to construction management. With that said, I’'ll end
with an important discussion of the need to expand both human and leadership skills. Bill Badger (2019) developed an interesting
summary of Organizational Leadership that defined several core items to consider:

e Education and training is not an expense, it’s an investment.

o Taking care of your people is the key to successful organizational leadership.

e People are the one sustainable competitive advantage every business has.

o People matter, it’s all about people, unleash the power of your people.

¢ Organizations (leaders) must be good communicators to be successful. Communication is the “it” factor.

Badger also defined the shifting skill sets that you will need as you progress through your career, shifting emphasis from technical
skills to higher degrees of human skills and leadership skills.
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Evolution in Skills for a Successful Engineer

Figure 1. Evolving Technical, Human, and Leadership Skills
Fig. : Evolving Technical, Human, and Leadership Skills (Badger 2019)

In the words of Bill Badger, ‘you are hired for your technical skills, you are fired for your lack of people skills, and you
are promoted for your leadership skills.’

Review Questions

The construction industry is one of the most digitalized industrys in the U.S.

O True O False
® Check
T Reuse D Rightsofuse <> Embed HP

This page titled 1.24: The Future of the Construction Industry is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by John Messner via source content that was edited to the style and standards of the LibreTexts platform.
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2

Building Information Modeling

Cost Management
The process of planning and controlling the costs associated with running a business. (Gartner 2022)
Modeled Square Foot Estimate

A modeled square foot estimate, or sometimes simply referred to as a square foot estimate, uses several building characteristics
related to important building systems to construct a model building cost per square foot of area. The estimate can account for
varying structural systems, facade systems, perimeter quantity, and other project add-ons. The method used in this class will be
from the Guardian Square Foot Estimating Guide.

partnering

commitment between two or more organizations for the purpose ofachieving specific business objectives by maximizing the
effectiveness of each participant’s resources (CII 1996)

prime contractor
A prime contractor holds a direct contract with the owner or developer of a facility.
Rough Order of Magnitude (ROM)

An estimating approach that provides a rough estimated construction cost. In this course, we will use the Reported Square Foot
estimating approach within the Guardian cost estimating guide for performing a Rough Order of Magnitude estimate. Note that
project team members may have their own databases of previous construction costs that would allow them to perform the ROM
estimates with historical cost information.

self-performing

When a construction company 'self-performs' work, they will have their own employees, e.g., carpenters, laborers, etc. putting
the work in place on the construction site. It is important to note that many construction management firms do not self-perform
much work on a project.

Specialty Contractor
A specialty contractor performs a specific scope of work on a construction project.
Value Engineering

An organized effort directed at analyzing the functions of systems, equipment, facilities, services and supplies for the purpose of
achieving the essential functions at the lowest life-cycle cost consistent with the required performance, reliability, quality, and
safety.' (Source: Office of Management and Budget, Circular No. A-131, 1993)

Value Engineering (VE)

An organized effort directed at analyzing the functions of systems, equipment, facilities, services, and supplies for the purpose

of achieving the essential functions at the lowest life-cycle cost consistent with required performance, reliability, quality, and
safety. (Source: OMB, Circular No. A-131, 1993)
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Review Question Answers

. Commercial Building, Infrastructure, Industrial, and Residential
. False

3. a. Industrial

b. Commercial Building
c. Residential

d. Infrastructure

e. Industrial

f. Residential

g. Infrastructure

h. Commercial Building (Note that even though it will house residents, this is considered a commercial building)

. True
. False

6. True

ga A WN -

AR WN e

. Plan Facility, Design Facility, Construct Facility, and Operate Facility
. False

True

. True
. Schematic Design (SD), Design Development (DD), Construction Documentation (CD)

. False

True

. False
. True
. True

. True (for this class — note that many people use different conventions)
. True

. Rough Order of Magnitude; Square Foot; Assemblies; and Detailed
. Land Cost

. True

. 5,497

. False

1. False

.$143/SF

3. 15,400 gross square feet (GSF)

. True

. True
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3. True
4. True

1. False
2. True

Chapter 22: Managing Information for Projects

Chapter 25: Managing an Organization
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