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A What we will learn?

O History

Definition

Scale of construction industry
Industry sectors

Construction project format

Construction project players

U 0000 D

Career opportunities
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‘A History of construction industry

O Construction and the ability to build things is one of the most ancient of human

skills.

O As society became more organized.
O The pyramids and Greek temples, such as the Parthenon, are impressive testimony

to the building skills of the civilizations of antiquity.

e S e o Y,

i
|

achiartistul/Getty Images

The Parthenon in Athens
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A History of construction industry

Pl

Emily WarreJu Roebling, wife of
v Washington Roebling
2 %

A. Roebling, chief
| engineer of the Brooklyn Bridge

John A. Roebling, designer of the
Brooklyn Bridge

Spedial Collectiors and Uriversity Archives, Rutgers Uriversity Libraries

ecial Collections and University Archives, Rutgers University Libraries

American Society of Civil Engineers

O The Roebling family as a group can be credited with buildina the Brooklyn Bridge during the
period 1869 to 1883. It was the greatest project of its time and required the use of technology at a
scale never before tried. The concept of a cable-supported suspension bridge was perfected by
John A. Roebling. Roebling was born in Germany and was the favorite student of the famous
philosopher Hegel.

O Upon his death (precipitated by an accident that occurred during the initial survey of the

enterline of the bridge) his son, Washington, took charge.
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$ History of construction industry

e

Emily Warrefu Roebling, wife of
v Washington Roebling

£

Washington A. Roebling. ch ie.l"
| engineer of the Brooklyn Bridge

John A. Roebling, designer of the
Brooklyn Bridge

Spedial Collectiors and Uriversity Archives, Rutgers Uriversity Libraries

American Society of Civil Engineers

Washington Roebling received his training in civil engineering at Rensselaer Polytechnic
Institute.

Like his father, he was a man of great vision and courage.

He solved numerous problems as the great towers of the bridge rose above New York City.

He ultimately suffered from a mysterious illness

Special Collections and University Archives, Rutgers University Libraries

a
a
a
a
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A History of construction industry

e

Emily Warrefu Roebling, wife of
v Washington Roebling

£

Washington A. Roebling. chie.l"
| engineer of the Brooklyn Bridge

John A. Roebling, designer of the
Brooklyn Bridge

Spedial Collectiors and Uriversity Archives, Rutgers Uriversity Libraries

ecial Collections and University Archives, Rutgers University Libraries

American Society of Civil Engineers

{

O Although incapacitated, Washington continued to supervise the work from an apartment that
overlooked the site.

O At this point, Emily, Washington’s wife, entered the picture.

O She was able to gain the confidence and respect of the site engineers.
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U The end of the 19th century was a time of visionaries who conceived of projects
that would change the history of humankind.
O Since the time Balboa crossed Panama and discovered the Pacific, planners had

conceived of the idea of a water link between the Atlantic and the Pacific oceans.

L Having successfully connected the Mediterranean with the Red Sea at Suez, in 1882

the French began work on a canal across the narrow Isthmus of Panama, which at

that time was part of Colombia.

O After struggling for nine years, the French were
ultimately defeated by the formidable technical

difficulties as well as the hostile climate and the scourge

of yellow fever.

orgetown University Library, Booth Family Center for

ay of Ge
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L Stevens understood the organizational aspects of large projects.

O He immediately realized that the working conditions of the laborers had to be

Improved.

 He also understood that measures had to be taken to eradicate the fear of yellow

fever.

R/

¢ To address the first problem, he constructed large and functional camps

for the workers in which good food was available.

R/

% To deal with the problem of yellow fever he enlisted the help of an army

doctor named William C. Gorgas.

v Prior to being assigned to Panama, Dr. Gorgas had worked with Dr.

Walter Reed to wipe out yellow fever in Havana, Cuba.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 9
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{EM, Panama Canal

L He had come to understand that the key to controlling and eliminating this disease
was, as Dr. Reed had shown,

the control of the mosquitoes that carried the dreaded infection.

O Dr. Gorgas was successful in effectively controlling the threat of yellow fever,

but his success would not have been possible without the total commitment

and support of John Stevens.
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‘{EW Panama Canal

L Having established an
1. Organizational framework for the project
2. Provided a safe and reasonably comfortable
environment for the workers,
L Stevens addressed the technical problems presented
by the project.
O The French had initially conceived of a canal built

at sea level and similar to the Suez Canal.

o
=
F
=
2
E
T
b
2
<
H
g
=
|
=

% Due to the high ground and low mountains of
the interior portion of the isthmus,

it became apparent that this approach

would not work.
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‘{EW Panama Canal

 To solve the problem of moving ships over the

interior,
it was decided that a set of water steps, or locks,

would be needed
to lift the ships transiting the canal up and over

the high ground of Central Panama and down

to the elevation of the opposite side.

o
=
F
o
@
E
T
=
£
<
c
5
=
E
pd

Construction of a lock at the Panama Canal
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Stevens abruptly resigned. It is not clear why he decided not to carry the project
through to completion.

O President Roosevelt reacted to his resignation by appointing a man who, as
Roosevelt would say, “could not resign.”

0 Roosevelt selected an army colonel named George Washington Goethals to succeed

Stevens.

O Goethals had the managerial and organizational skills needed to push the job to

successful completion.
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O Rightfully so, General Goethals received a great deal of credit for the construction
of the Panama Canal.

% However, primary credit for pulling the job “out of the mud,” getting it on

track, and developing the technical concept of the canal that ultimately

led to success must be given to Stevens—a great engineer and great

construction manager.
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O Although only a few advances in materials or technologies took place during the

20th century,

new challenges were being imposed on the construction industry.
O After World War 11, there was a construction boom in the United States and
around the world.

O The demand for housing, industry, and infrastructure was enormous.

O Time, cost, and quality became critical concerns for those needing new facilities.

,h.,o')

a
‘::_5

Quality
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L The construction industry responded.

L Mechanized tools, panelized construction, and prefabrication

inspired a whole new way to view the building process.

0 New techniques emerged to help regulate and standardize building materials and

methods.

¢+ Building codes, standards, and specifications were established to help regulate

and control the quality of materials and methods.
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L The industry began to recognize that the correlation between
1. Sound management techniques

2. Successful building practices

L The ability to measure and monitor

1. Progress
2. Economic effectiveness
of the construction process became more important as projects became
increasingly complex.
L Although the discipline of engineering had been tapped to provide the management
function for years,

a new distinction was being drawn.
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L Asearly as 1935, a new educational program that focused specifically on construction
was popping up at a few universities across the country.

L These early programs eventually evolved into what is now recognized as construction

management.

L The idea was to merge
1. Management principles,
2. Methodologies, and
3. Techniques
with the art, science, and craft of building and create a unique educational
experience.

R/

¢ In addition to teaching building science, the program introduced estimating,

scheduling, project controls, and project administration techniques.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 18



(2w 9 (Sl p ) ( Slidlw) colw Caiwo oy y o poe

’ ol cariwo Lol pudlin g Slo sy, edln caio gl Juad
h
K The 20™ century

In 1965, representatives from nine universities met in Florida to form the

Associated Schools of Construction (ASC).

>"ConsTRucTION

O This organization’s distinct mission was to promote construction management as a

legitimate and unique area of study at the university.

O The organization’s goal was to establish a four-year degree program that clearly

identified construction management as a recognized discipline among allied

disciplines such as engineering and architecture.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 19



(2o 9 (FSlw gy ( Flodislv) Coluw Caiuo lrojey o poo

’ Colw o Lol pudlio 9 (Sl caza )b sl o 1 gl Jad
th
{Ew The 20™ century

Welcome to The Associated Schools of Construction

The professional association for the development and advancement of construction
education, where the sharing of ideas and knowledge inspires, guides and promotes
excellence in curricula, teaching, research and service.

£,0C! ATED 5¢Hﬂ¢f_
&

ASC

>"CongTRUCTION
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L Today, there are more than 160 four-year colleges and universities listed with ASC

offering construction management curricula.

L The programs are typically identified as construction management, construction

engineering, engineering technology, building science, or construction science, and

they are often affiliated with colleges or schools of engineering,

architecture, or technology.

{ You will learn this history in next session J
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L New technologies are impacting every aspect of our lives.

L The construction industry is no exception.

L There are computer applications across all aspects of the construction management

function:

¢ Programs for estimating,
¢ Scheduling,

* Project administration,
¢ Building design,

% Cost accounting,

% Project controls,

¢ Quality control, and

+» Information transfer.
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‘A The age of technology

L Technologies such as
¢ Global positioning systems (GPS),
¢ Building information modeling (BIM), and
 Virtual and augmented reality
¢ Atrtificial intelligence
are allowing construction managers to enter and interact with structures

that exist only in cyberspace.
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‘A The age of technology

If you want to learn more about the history of construction, look for Gyula Sebe-
styén's Construction: Craft to Industry (Spon Press, 1998). It Is a fascinating read
and takes a very comprehensive look at the many factors that influenced the
growth of the construction industry from the collapse of the Roman Empire to
planning for the global frontiers of the future.

NOTE
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L Developing the built environment—
adding or changing functions

in the underlying natural, economic, and social environments—

means imagining facilities and physical infrastructures.

L These facilities and infrastructures have residential, commercial, governmental,

industrial, recreational, transportation, and utility uses.
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4 Built environment

In categorizing these businesses by industry, this course refers to the North

American Industry Classification System (NAICS),

which “is the standard used by federal statistical agencies in classifying

business establishments for
purpose of collecting, analyzing, and publishing statistical data
related to the U.S. business economy” (NAICS 2017).
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L An essential BE industry includes companies within the
¢ Architectural,
% Engineering, and
** Related Services NAICS category,

which provide planning, design, and other consulting services.

O The title of this course includes the word “construction,”
because companies within the Construction category are those

physically translating design into facilities and infrastructures.
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O Given their built environment-centered focus, these companies are sometimes
referred to as a single industry:

the architecture— engineering— construction industry (AEC).

O The following sections provide a current overview of these industries through
critical statistics from the
% United States (U.S.) Bureau of Labor Statistics (BLS) and
% U.S. Bureau of Economic Analysis(BEA)
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L AE businesses provide a large number of services that are needed to develop the built

environment, including

architectural, engineering, drafting, surveying, and testing services.

L According to the BEA data, the gross output of the AE industry peaked in 2008 at
$285 billion.

U Though the AE industry was hit by the Great Recession, its economic performance

has slowly recovered since 2011.

O In 2015, its gross output was equal to $280 billion, nearing its 2008 peak.
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L Construction businesses provide many services that are needed to develop the built

environment,

including the construction of buildings, infrastructures and industrials.

L Construction services may contribute to the
% Development of new facilities/ infrastructures,

«»» As well as additions, alterations, repairs, or maintenance to existing facilities/

infrastructures.
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O According to the BEA data,
the dollar value of the construction industry reached a peak in 2006 when it
added $698 billion to the U.S. economy,

which was equal to 5.0% of the gross domestic product (GDP) of the

United States.

Q While the industry was hit hard by the Great Recession between 2007 and 2010,

its economic performance has improved again since 2011.
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In 2016, its dollar value added $784 billion to the U.S. economy,
which was equal to 4.2% of the GDP.

*» Whereas these economic statistics are massive in absolute numbers,

the contribution of the construction industry to the GDP has been

actuating from 3.5% to 5% since 1947.

{ Let’s look at the whole industry! J
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O Construction is big, big business—reaching $10.6 trillion in spending worldwide in
2017, and
projected to reach $12.7 trillion by 2022, and
$15.5 trillion by 2030,

according to the Construction Intelligence Center, Orbis Research,
and other sources.

* And there appears to be no slowdown in sight.

O The industry employs more than 7 million people directly (plumbers, carpenters,
welders, and so on) and

hundreds of thousands more indirectly.
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$ Construction industry statistics

O Itis larger than the automobile and steel industries put together.

O According to the U.S. Census Bureau, 2017 ended with approximately $1.257
trillion worth of construction (all private and public sectors) put in place for the
year.

L The U.S. Department of Labor estimates that there are at least 791,772 private

construction companies employing approximately 6.7 million people in the United
States.

L Construction offers more opportunities than most other industries for individuals

who want to own and run their own businesses, and

statistically an additional 1.6 million individuals do just that.
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$ Construction industry statistics

==

Contracting Database CONTRACT
Project Characteristics STR AT EaCoaalebss
Number 1,148 ' :
Average project cost (2022 USD) $460 million
Range of project costs (2011 USD) $15.5 million to $15.8 billion
Average execution duration 27 months
Average cycle time duration 46 months
Number of owners represented 109
Mean authorization year 2QQ 2009
Projects with any new technology 7.5%

WILEY
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[ b

Canada 5% Russia and Central Asia 2%

CONTRACT
STRATEGIES

USA 36% Europe 17%

N MOSTERIEERC WL
OF PROJECT MANAGEMENT

Middle East 7%
Mexico/Caribbean 2%

Africa 4%

'.""-. \1‘—'&- . - ef
EDWARD W. MERROW

Oceania 5%

South America 7%

WILEY

Project sample geographical distribution.
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& Construction industry statistics

The latest edition of the Economic & Construction Market Review from industry analysts
Barbour ABI, highlights levels of construction contract values awarded across Great Britain.

B 27.2% Residential

12.6% Industrial
. 12.5% Commercial & Retail
B s6% Hotel, Leisure & Sport
B 50% Medical&Health
B 03% Education
B 24.3% Infrastructure

Type of projects | source:Barbourzl

Download the full report here: http://ubm.io/2FRLrwm
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A Construction industry statistics

L Construction has been around a very, very long time.

O Construction means, methods, and motivations have changed over the past 12,000

years or so, and the trek has been absolutely fascinating.

Let’s continue this adventure by taking a look at some of the factors that have

influenced this very significant industry.
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It gives rise to the steel industry, the lumber industry, the carpet industry, the

furniture industry, the paint industry, the concrete industry, the paving industry, and

SO on.

s It goes even further than that if you consider the trucking, shipping,

manufacturing, and mining industries.
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onstruction industry statistics

O Architects, engineers, building inspectors, code officials, and other professionals

would not have jobs if it weren’t for construction.

L As construction projects become increasingly more complex,

the challenges associated with managing these projects become more

complicated.

“ The need for qualified construction managers is tremendous, and

% Opportunities abound for those interested in the work.
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A The scope of the industry

O Let’s first make sure that you understand what construction is really all about.

O | have found that most people, including many who are already engaged in

construction, do not understand the significance of the industry.

U So, let’s start by considering the scope and the magnitude of construction and take

a look at its impact on our society and our economy.
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See Videos 1 and 2
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L Each of these different facility needs is depicted as a different market or sector of

the construction industry.

L There are five basic sectors of the industry:
4 ¢ Residential building
4 ¢ Commercial building
4 ¢ Heavy civil construction
4 ¢ Industrial construction

¢ ¢ Environmental construction

COMPARING
INDUSTRY
SUBSECTORS
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‘A Industry sectors

L Each sector is characterized by different means, methods, and materials of

construction.

O The types of equipment, the type of structural framework, the manufacturers, the

suppliers, the specialty contractors, and even the sources of funding vary with each

sector.
% For example, structural steel frames, steel erection, and steel fabrication are all

common components of the commercial, but not residential, sector.

% On the other hand, wood frame structures, rough carpentry, and lumber are

common components of the residential, but not commercial, sector of the

industry.
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L Each sector requires specific expertise and familiarity in order to optimize the

construction operations and management efforts.
% Therefore, the majority of experts focus their attention on only one sector or
market of the industry.
v Furthermore, each sector has a particular “personality” or character.

v Everyone interested in pursuing a career in construction management will

ultimately have to choose
which sector they are most attracted to.

So, let’s take a closer look at each of these sectors.
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‘A Residential building

U Residential construction addresses the housing needs of a society.

L Housing construction takes many forms:
Individual homes,

Apartments,

Condominiums,

Townhouses, and

a bk~ w0 DN

Prefabricated units such as modular and manufactured homes

Residential construction is typically funded by private
individuals or developers for their own use or for sale.

Individual homes are classified as single-family dwellings. Apartments, condomin-

lums, and townhouses are all referred to as multi-family dwellings. NoTE
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Production builders used to be called tract builders. Tract builders gained a rep- NOTE
utation in the 1940s, 1950s, and 1960s for producing “cookie-cutter” homes—

homes that all looked alike. Today's production builders offer numerous custom

options and upgrades while still utilizing standard designs and floor plans.
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‘ACE$ Residential building — Characteristics

L Whether the residential construction firm is
1.
2.

A small mom-and-pop operation or
A huge publicly owned enterprise,
* There are certain characteristics of this market that anyone contemplating
a career in building should understand.
Home building is personal.
Your client is usually an individual family with individual personalities.
This is probably not the sector for you if you are not a people person.
Home buyers are spending their personal funds on these projects, and usually it

IS the single largest amount of money they have ever spent.
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O As a construction manager, you will be directly involved with the owner on a

reqgular basis.

L You will get to experience the full range of emotions and temperaments associated

with the home-buying public.

L There is a great deal of personal service and hand-holding that will be required of

you.
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$ Residential building — Characteristics

L Residential construction companies come in all sizes.

O Some limit their service area to a local market,

others might expand operations regionally or nationally, and

a few are even building overseas in Europe and South America.

O Of all the construction industry sectors, the residential sector probably requires the

broadest scope of knowledge.

L Construction is only one facet of the home-building business.

% An understanding of sales, marketing, financing, land development, entitlement,

building codes, purchasing, construction operations, customer service, and

warranty are all needed to participate in this sector of the industry.
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O This sector of the industry primarily addresses the needs of commerce and

government and makes up about a third of the total construction market.

L This is the category that includes
banks, schools, office buildings, hotels, shopping malls, religious facilities,
baseball stadiums, theaters, universities, amusement parks, hospitals,

courthouses, government buildings, and other facilities where people gather.
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L These projects may range in size from
A small medical office to
¢ Large high-rise office buildings to

% State-of-the-art biotechnology facilities.

L The building costs are significantly higher than with residential construction, and

1. The project duration is much longer.

2. Itis not uncommon for a commercial project to last three years or more.
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A Commercial building

U Funding for these types of building projects may be private, public, or combined in a

special private-public partnership.

L Commercial construction companies are usually categorized by their dollar volume

per year.
% For example, a company that does less than $10 million per year might be
classified as a small commercial contractor,
whereas a large commercial contractor completes more than $250
million of work annually.
Of course, everything is relative to a given market.
What might be considered a large company in Nebraska could easily

be classified as a small company in California.
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A Commercial building

0 Commercial projects are very wide-ranging in scope, and

it’s difficult to develop expertise in all areas.

% For example, hospitals and clean rooms, which have very specialized

systems, require contractors who possess the special knowledge

needed to successfully perform the construction.
Therefore, it i1s not unusual for a commercial contractor to

focus their attention on only a few building types.
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‘A Commercial building

0 Commercial projects are typically designed by architects.

L The building systems can be complex, and

various specialty engineers are engaged to support the architect with the

electrical, mechanical, and structural design.

U Additional consultants may also be brought in for unique requirements of the

project.
% For example, a sound and acoustics engineer is a likely participant on a
concert hall project but would not be called in for a retail facility.

“ And given the interest in sustainability, a LEED consultant would be a “must-

have” member on the construction team.
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ommercial building — Characteristics

O Unlike the residential sector, commercial buildings are typically funded by

corporations, agencies, or the government.

 Personal dollars are not involved, and

the owners are typically not as concerned with the day-to-day operations of

construction.
% However, they are concerned with meeting the schedule and getting

their operations up and running as quickly as possible.

v This need for speed to market has prompted many changes in
project delivery that will be discussed later in this course.

project dellvery

A comprehensive process by which a
building, acility, or structure is designed
and constructed.
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A Commercial building — Characteristics

L Whereas residential construction requires an across-the-board understanding of the
home building business,

commercial construction requires a deep understanding of construction

processes and techniques.

O Commercial contractors are rarely involved in the sales or marketing or land

acquisition components of the project.

J—A Finishas |—

]
Sita Work # Structure |— Electrical »{ Punch
—

Ls| Framing
Plumbing | |

HVAC

r* Emvalope

Mohbilize
Job

h
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{E‘ Heavy civil construction

L This sector of the industry impacts all of society in a very big way.

O Often referred to as horizontal construction,

the heavy civil sector includes roadways, bridges, tunnels, dams, airports,

and railways.
 Basically, any work that is associated with infrastructure,

transportation, and how we move about involves the heavy civil

construction market.
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A Heavy civil construction

O Similar to the industrial sector,

¢ Heavy civil projects are complex,

¢+ Usually high-dollar endeavors that

+» Take special engineering know-how.

L This market is huge and growing larger every day.

L The need for building and rebuilding of our nation’s roadways, airports, sewage

plants, and bridges is great.
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{E‘ Heavy civil construction

L These projects are typically designed by civil engineers, and

often the construction management team has a strong background in

civil engineering as well.

O Heavy civil construction firms are generally very large operations that can offer

opportunities nationally and internationally.

However, the heavy civil sector of the industry is difficult to enter because of
the huge capital outlay required for entry,

not to mention the specialized knowledge required to be successful.
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{E‘ Heavy civil construction — Characteristics

L These projects are usually publicly funded

Halocate

o
pipeling

and tend to last for a long time.

Mew

= highway
bridge

O It is not unusual for individuals involved

In this sector of the market to move mhfl?z‘;nm}‘
. . . - Haul | Earth |
temporarily to where the project is located. oacs | 5| dam

Hiwer
divarsion

Divarsion
closura

_ +1l+

Bormow
development

d This sector of the market is the least

\,.| Emargancy

affected by economic fluctuations and, spillway

therefore, can offer a reasonable

measure of job stability.
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{EM, Industrial construction

L This sector of the industry is
1. Highly specialized and
2. Requires firms with

R/

¢ Vast resources

¢ Significant construction and engineering expertise

O The number of contractors qualified to work within the industrial sector is
limited.

O The project types included in this category are defined primarily by the production

activities that occur within the facility.
% Manufacturing plants, electrical generating facilities, oil refineries,
pipelines, steel mills, and chemical processing plants are all examples of

industrial construction projects.
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A Industrial construction — Characteristics

L This sector of the industry deals with building huge facilities that take many years to

complete.

L In some cases, a project may be under construction for as long as 5 to 10 years, and

the possibility of the construction management team having to relocate is quite high.

O The funding for these projects is usually provided by private sources, and the

contract amounts are generally large.
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$ Industrial construction — Characteristics

L There are many international opportunities in industrial construction, and

anyone seeking a chance to travel abroad will most likely find it

within this sector.

O Having an interest in international business, international law, or even world politics

could be an asset for anyone considering this sector.

O And, of course, fluency in a foreign language is always a plus.
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{EM, Environmental construction

O Although some people may lump environmental construction under the heavy civil
category,

v some people believe it is unique enough to have its own classification,

especially considering the increase in market share that this sector

Is currently experiencing and probably will for some time to come.

O Generally, this sector of the industry is comprised of projects that improve the

environment, maintain public health, and contribute to a community’s quality of life.

v Think clean water, sanitary sewers, and waste management.
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{EM, Environmental construction

O And although these projects may not seem very glamorous at first glance,

in reality they represent one of the most vital sectors of the industry and one

that demands a significant investment

In order to sustain our communities.
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{EM, Environmental construction

Quite rewarding work, wouldn’t you say?

O If you are one of those individuals who is particularly interested in improving the

environment and sustaining the planet,

then environmental construction may be the perfect opportunity for you to

get your feet wet—TIiterally!
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{EM, Environmental construction — Characteristics

L Because construction managers are often involved with public health issues in
environmental construction,
% you can expect to spend a significant amount of your time dealing with

governmental and requlatory agencies

such as the Environmental Protection Agency (EPA) and the Center for
Disease Control (CDCQC),

not to mention the myriad of state and local authorities.
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{EM, Environmental construction — Characteristics

L For this reason, individuals involved in this sector of the industry
not only need to be familiar with construction means, methods, and
management
but also need to be familiar with the law,
particularly those laws and regulations dealing with

public health and the environment.

As a matter of fact, many construction management graduates who go on to work in the

environmental sector often get graduate degrees in

environmental engineering or environmental law.
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{EM, Environmental construction — Characteristics

In environmental construction it is not unusual to be collaborating with

*» Chemists, biologists, ecologists, and

¢ Other scientists who deal with the actual quality of the water, soil, and

¢ Other materials that flow through or interact with the systems that you
build.

As you can see, there are many opportunities to expand your knowledge and learning

beyond construction in this sector of the industry.
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A Industry sectors

O A slightly different approach provided by North American Industry
Classification System (NAICS) that subdivides construction businesses into three
sectors:

(a) Construction of Buildings
(b) Heavy and Civil Engineering Construction, and

(c) Specialty Trade Contractors
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A Industry breakdown

O A slightly different approach to project classification is used by the Construction
Market Trends Section of the Engineering News Record (ENR) magazine, which

reflects the weekly dynamics of the construction industry in the United States.

L This breakdown of construction identifies three major construction categories:
1. Heavy and highway

2. Nonresidential building

3. Multiunit housing
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A Industry breakdown

L The nonresidential building category includes building and industrial construction

as defined.

Q ENR publishes an update of information based on this set of construction categories

each week.

O In addition to this information regarding individual project categories, the ENR

iIndexes derived from a 20-city base are also reported.

L These indexes indicate industry trends and provide the construction manager with

a nationwide view of the construction industry.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 76



(o 9 oo ) (Floisl) colu cato glojyy oy

Colw o Lol pudlio 9 (Sl caza )b sl o 1 gl Jad
A Industry breakdown

Heawy Engineering

industrii:ll Construction
Construction (20-25%]
{5—1(]%] - Dams
* Petroleum refineries * Tunnels
s Petrochemical plants « Bridges
= Synthetic fuel plants & Highways
® Muclear power plants * Airports
* Steel mills . * Urban transit systems
* Heavy manufacturing plants = Ports
* Fipelines

» Water treatment plants
* Communication networks

Building
Construction
Residential " I (35-40%)
Construction ¢ Schools
(30-35%) . Unive_rsities
= Single-family homes + Hospitals

® Multi-unit townhouses « Commercial office towers
* High-rise apartments * Warshouses
= Condominiums * Light manufacturing plants
* Theaters
* Government buildings
¢ Commercial malls

Total Share of the Market * Recreation centers

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 77



CONSTRUCTION PROJECT FORMAT



(2w 9 (Sl p ) ( Slidlw) colw Caiwo oy y o poe

’ ol cariwo Lol pudlin g Slo sy, edln caio gl Juad
{E‘ Introduction

In contrast to other manufacturing industries

that fabricate large numbers of units such as automobiles or computers,

the construction industry is generally focused on the production of

a single and unique end product.

O That is, the product of the construction industry is a facility that is usually unique in
design and method of fabrication.

O It is a single “one-off” item that is stylized in terms of its function, appearance, and

location.
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& Construction vs. Manufacturing processes

ltem (Product) Unit Purchased
Ready for Sale (full payment is made)
Manufacturing | | |
Process | , | |
Design
Fabricate Units Distribute
Units in Units for
Inventory Sale
Commitment to Purchase Facility Complete and
Facility (Unit) Ready for Occupancy
Construction | | | |
Process | | | |
Prelim.  Final Construction
Design Design
(S ——
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{EM, Construction vs. Manufacturing processes

L Mass production and batch production are not typical of the construction industry.

Because the industry is oriented to the production of single unique units,

the format in which these one-off units are achieved is called

the project format.

Both the design and production of constructed facilities are realized in the

framework of a project.
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Construction vs. Manufacturing processes

L The focus of construction management is the

planning and control of resources within the framework of a project.

L This is In contrast to other manufacturing sectors

that are interested in the application of resources over the life of an

extended production run of many units.

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com el gledl guw 355 &yguo 30 e 399 ko 4573 82



(2o § (Sl y ) ( Slosislw) colw Caiuo rojgy o oo

Co o Coivo shol publin 5 il dzsiy )l by Caniuo 15l Juad
{Ew Construction vs. Manufacturing processes

High
. Mass production
systems
&
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£ Medium Batch systems
o
o
Frojects
LOw
Low Medium High

Volume

Comparison of production systems
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A Introduction

O As our brief walk through construction history revealed earlier,
the days of the individual master builder are long gone.

** No longer is it practical to expect one person to design, engineer, and

build construction projects.

v Today’s master builder is a collaborative team

with diverse skills and expertise.

It is very important to understand the various roles and responsibilities of these many

players as they influence the construction management process.
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{E‘ Introduction

In addition to getting to know the primary players in the game,
you need to know the secondary players involved and the various layers of

Influence and risks associated with their involvement.

L Understanding the intricacy of these relationships

will help you appreciate the management function in construction.
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‘A Primary players

1. Owners

2. Design professionals
 Architects
% Engineers

|

¢ Landscape architects

¢ Interior designers

3. Construction professionals
% General contractors
¢ Construction managers

% Specialty contractors

¢ The building trades
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A Primary players

L Although these three parties are always involved in a project,

the alignment and contractual relationships among them

will vary depending on the project delivery system utilized to

deliver the project.

¢ Project delivery will be discussed later.

s “What Is Construction Management?”
s Each of these parties provides distinct services and has specific

accountabilities necessary to fulfill the building objectives.
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‘A Primary players

Ownership at Completion

Retain

The project owner retains
ownership and uses the
facility.

Use

Examples:
s Custom home

=
% » University librany
E- s il refinery o
=]
: ©
=
o The project owner retains
- ownership, but leases the use
- to tenants.
E Examples:

s Multi-family residential
development

» Sinp mall

Transfer

This is a rare and usually
unplanned scenarnio. if the project
owner suddenly needs to cash

out the equity in the project, it
could decide to sell the facility
and rent it from the buyers.

The project owner transfers
ownership and use to
buyers.

Example:
* Single-home residential
development

Ownership and Use at Completion
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Construction is second only to the restaurant business when it comes to high-risk

business endeavors.

O Four out of five construction companies will go out of business during their first

year. There are many factors for this.

O These secondary players, or what we call layers of influence, are beyond the

Immediate control of any of the primary players.

O We have divided these layers of influence into

three levels.
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A Secondary players

Levels of Influence Second Level

Secondary Players First Level
Building inspectors Secondary Players
Utility companies Subcontractors
Insurance companies supplers
Labor unions Vendors
Third Level 'y
Secondary Players i :
Government Primary Players
Financial institutions o - . Architects
Trade associafions %ﬂﬂ% Engineers
Educational institutions Contractors
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‘{E‘ Secondary players —

O This level of influence includes subcontractors, material suppliers, and equipment

First level players

vendors.

O This layer directly influences the outcome of a job in a serious way.

O Although this group is often directly connected to the primary players via a

subcontract agreement or a purchase order agreement,

they are primarily independent operators and

not under the immediate control of the owner, the architect, or the contractor.

L And because they are not under direct control and yet provide vital services,

they always add risks to the project.
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Levels of Influence

Third Level

Second Level

Secondary Players

First Level

Building inspectors
Utility companies
Insurance companies
Labor unions

Secondary Players
Subcontractors

Suppliers
Vendors

Secondary Players
Government

Financial institutions
Trade associations

Educational institutions

—T* Project .
Owner

Primary Players
Architects

Engineers
Contractors
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A Secondary players — First level players: Example

L For example, a subcontractor is scheduled to start their portion of the work on a

certain date but instead shows up three weeks later,
delaying the startup of other related work and, therefore, delaying the
completion of the overall project.

O Or a material supplier promises to deliver the concrete block for a commercial

building on a Monday, and
your masonry subcontractor has a full crew waiting to start the work at 7 a.m.
% The delivery doesn’t arrive, and the subcontractor goes off to start
another job.
¢ The block delivery then shows up on Tuesday,
but the subcontractor is unwilling to return to your job until he

finishes the one that he has already started.
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O This level of influence includes insurance companies, utility companies, bonding

primary parties,

Levels of Influence

Third Level

companies, building code officials, zoning, labor unions, and manufacturers.

they hold great influence over your project.

Second Level

Secondary Players

First Level

Building inspectors
Utility companies
Insurance companies
Labor unions

Secondary Players
Subcontractors
Suppliers
Vendors
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Secondary Players
Government
Financial institutions
Trade associations
Educational institutions

—T* Project .
Owner

O Although this level has no contractual connection or obligation to any of the three

Primary Players
Architects

Engineers
Contractors
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$ Secondary players — Second level players: Example

R/

¢ For instance, a building inspector can shut down operations on a job for even the

slightest code infringement,

causing work stoppage for trades not even involved in the infringement.
O Or an insurance agent who fails to issue certificates of insurance on

subcontractors in a timely fashion

can put a monkey wrench in the administrative requirements and
ultimately put the project schedule at risk.

O Or a strike at a manufacturing plant thousands of miles away can delay the

delivery of your air conditioning units for a new retalil store,

delaying the completion of the job, delaying the opening of the store, and,

therefore, costing the owner thousands of dollars

In lost revenue for each day of delay.
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‘{E‘ Secondary players — Third level players

L This layer of influence includes the courts and attorneys, local government, state and

federal government, trade associations, education and training, bankers, and others.

O Like the second level mentioned previously, these parties do not have a direct link to
the primary players but do influence construction projects on a regular basis.
O Although the effects are not always immediate,
% actions and decisions by this group of players can have a significant
Impact on the whole industry,

which eventually trickles down to the project level.

Levels of Influence Second Level '
Secondary Players First Level

Building inspectors Secondary Players
Utility companies Subcontractors
Insurance companies Suppliers
Labor unions Vendors

Third Level [}
Secondary Players

Government Prigagh.tPLatsgrs
Financial institutions | g : - rchite
Trade associations %—ﬂ% Engineers
Educational institutions Contractors

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 96



(2o § (Sl y ) ( Slosislw) colw Caiuo rojgy o oo
il caio bol padlio 5 Sl wdoms )b esbe coius 1 gl Juasd

‘A Secondary players — Second level players

U For instance, government agencies that adopt policies or create new laws relative to
such things as growth, wetlands, or endangered species are constantly having an

Impact on the construction industry.

* With the stroke of a pen, a project can be stopped dead in its tracks, and

millions of dollars can be at stake for
% owner, the contractor, and even the architect, not to mention
the eventual end users.
U Decisions to eliminate craft training and educational opportunities at vocational

high schools and the decrease in labor union training have greatly affected the

industry.
% The shortage of skilled workers immediately impacts the ability of the

construction manager to deliver a quality product on time and within

budget to the owner.
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A Career opportunities

L According to the U.S. Bureau of Labor Statistics,
“employment of construction managers is projected to grow 10 percent from
2016 to 2026,
faster than the average for all occupations.”
L Those with a bachelor’s degree in
1. Construction science,
2. Construction management, or
3. Civil engineering,

coupled with construction experience, will have the best job prospects.

*

* The bottom line is that the industry needs more construction managers
than the universities can turn out.

v As the level and complexity of construction activity continues

to grow, so will the demand for qualified construction managers.
By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .caww! gilod gasw 553 &yguo 30 ad 399 ko 4,573 99




(Faiwo 5 (G5l g (Gloidln) ol cabo oy <oy
Colw o Lol pudlio 9 (Sl caza )b sl o 1 gl Jad
ACE

$ Distinguishing construction companies

L One of the things that makes a career in construction so appealing is that

the firms that perform construction services

come In all shapes and sizes, across all sectors of the industry:.

L One of the ways we distinguish construction companies is by their geographical

reach.

O Construction companies may be identified as local, regional, national, and even

international.

O You can find

R/

% Sector-specific companies

R/

% Within each type of geographical distinction

—residential, commercial, civil, industrial, and environmental.
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A Distinguishing construction companies

Sample of Types and Sizes of Companies
Company Name Scope Primary Sector | Employees | Headquarters

Vertix Builders Local Commercial 14 Frederick, CO
Thrive Home Builders Local Residential 21 Denver, CO
Texas Cordia Construction | Local Civil 45 Edinburg, TX
Haselden Construction Regional Commercial 302 Centennial, CO
Pahlisch Homes Regional Residential 111 Bend, OR
Wollam Construction Regional Civil 32 Sandy, UT
Hensel Phelps Construction | National Commercial 3167 Greeley, CO
Lennar Homes Mational Residential 9111 Miami, FL
Granite Construction MNational Civil 3600 Watsonville, CA
Skanska International | Commercial, Civil, | 42,903 Stockholm,

Residential Sweden
Balfour Beatty International | Commercial, Civil, | 26,000 London, UK

Industrial
Bechtel Group Inc. International | Commercial, Civil, | 55,000 Reston, VA

Environmental

*Employee numbers are approximate for 2017-2019.
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A The built environment by functional role and occupation

Project Owner Architecture Firm
Representative
Construction Firm Sencral
j B BEm——
Project Manager Superintendent
—
| Froject Engineers | Foremen
Subcontractors
L
Internal
Painting Envelope

Project Organizational Chart
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A The built environment by functional role and occupation

Project Owner

L The project owner, also simply referred to as the owner or the client,

Is the company or individual at the top of the organization chart.

Q The project owner will have in-house representatives

who contractors and designers communicate with and report to.

L Some larger owner companies may also have in-house design and construction

capabilities.

L The owner’s facility manager and maintenance personnel

take over operations of the building once the construction is complete.
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A The built environment by functional role and occupation

Design Team
L The design team is headed by

1. An architectural firm for commercial projects and

2. Acivil engineering firm for heavy-civil projects

O These firms will have a contact person, who may carry the title of Project Manager
(PM) of construction projects,
similar to that of a contractor.

U The lead design firm also employs a variety of other design disciplines, such as

¢ Landscape architecture,
¢ Structural engineering,

% Mechanical engineering, and

 Electrical engineering.
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$ The built environment by functional role and occupation

Consulting Firms
L There are a variety of other firms involved in the development of built environment
projects that may contract directly with the owner
1. As consultants or
2. Serve the lead design firm as sub-consultants
in various specialties, including estimating, scheduling, lighting, and
waterproofing.
O Each of these consulting firms will have a variety of individuals working for them
in addition to their PM,

including the architect, lead designer, engineers, draftsmen, computer-

aided design (CAD) or building information modeling (BIM) technicians,

specification writers, and shop drawing checkers.
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A The built environment by functional role and occupation

L Employees in the architecture and engineering disciplines are a significant portion of

the AEC industry,

as shown by its employment data.

L Next Table shows the 2016 employment and wage estimates
for some of the architecture and engineering occupations that support
the AEC industry.
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'\ The built environment by functional role and occupation

2016 Employment and Wage Estimates for Selected Architecture and Engineering Occupations

Occupation Title Employment Mean Hourly Wage Annual Mean
Wage
All Occupations 140,400,040 S23.86 £49,.630
Architecture and Engineering Occupations (All) 2,499,050 5$40.53 §$84,300
Architects, Surveyors, and Cartographers 174,720 i36.66 £76,260
Licensed Architects (*) 00,860 £40.61 L84 470
Landscape Architects 19,420 $£33.08 £68,820
Surveyors 43,340 $£30.52 £63,480
Engineers (All) 1,635,420 14637 £96. 440
Civil Engineers 287,800 4314 £89.750
Electrical Engineers 183,770 $47.41 £98,620
Environmental Engineers 52,280 $£42.56 868,530
Health and Satety Engineers (**) 25,410 £43.36 £90,190
Mechanical Engineers 285,790 £43.17 $£80,800
Dwafters and Technicians (*%%) 688,900 $27.66 57,530
Architectural and Civil Drafters 06,810 §£26.10 £54,290
Civil Engineering Technicians 72,150 $25.06 £52,120
Environmental Engineering Technicians 16,550 $£25.24 £52.500
Surveying and Mapping Technicians 53,920 $£21.87 £45 490

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

:“ud:tptcd from U5, Burcan of Labor Seatistics, May 2016 Mational 'Dccupaticunal Emp]-:-ymcnt and Wage Estimates, United
States (BLS 20147)
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A The built environment by functional role and occupation

[ Based on these estimates, architecture and engineering occupations

employ nearly 2.5 million individuals,
equal to 2% of the domestic workforce.
% However, a large number of these individuals

work for owner organizations or other entities

that support the development of the built environment,

such as governmental requlatory agencies.
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A The built environment by functional role and occupation

Contractors

L There are a variety of firms that fit under the title of contractors.

O The prime contractor is typically the firm that contracts with the owner and, in turn,

employs subcontractors and suppliers.

L A construction manager (CM) or a general contractor (GC)

usually serves as the prime contractor on a project.
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A The built environment by functional role and occupation

Specialty Contractors

L Specialty contractors are firms that focus on one type of work,

such as electrical, whereas the GC is responsible for all of the work.

L Specialty contractors usually, but not necessarily,

participate in a project as subcontractors.
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A The built environment by functional role and occupation

General or specialty contractor
L Every general or specialty contractor customarily employs

PMs, superintendents, project engineers, foremen, and craftsmen.

O Construction management firms usually do not employ foremen or craftsmen,

but they will have PMs, superintendents, and project engineers.

U Every large construction firm will have hundreds,

If not thousands, of employees who fit these and other titles.

«» However, a smaller construction firm is often led by its proprietor,

who needs to multi-task.
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A The built environment by functional role and occupation

L Employees of construction firms are the largest portion of the AEC industry,

as shown by its employment data.

L Next Table shows the 2016 employment and wage estimates

for some of the construction occupations that support the BE industry.
% Based on these estimates, construction occupations employ

nearly 5 million individuals,

equal to 4% of the domestic workforce.
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A The built environment by functional role and occupation

2016 Employment and Wage Estimates for Selected Construction Occupations

Occupation Title Employment Mean Hourly Wage Annual Mean Wage
All Occupations 140,400,040 523.86 549,630
Construction Managers (*)(**) 249,650 $47.54 $99.510

First-Line Supervisors of Construction 538,220 $32.71 $68.040

Trades and Extraction Workers (**%*)

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

Helpers, Construction Trades 228,590 $14.86 $30.900

Other Construction and Related Workers 403,940 $22.92 $47.670

(*) Including all individuals who “Plan, direct, or coordinate, usually through subordinate supervisory personnel,
activities concerned with the construction and maintenance of structures, facilities, and systems.” This 15 a broad
description that could include project managers, project superintendents, and project engineers.

(**) Excluding first-line supervisors.

(***) Including all individuals who “Directly supervise and coordinate activities of construction or extraction
workers.” This statistic 1s cumulative and the data do not allow the segregation of supervisors of construction trades
from supervisors of extraction workers.

Adapted from U.S. Bureau of Labor Statistics, May 2016 National Occupational Employment and Wage Estimates, United
States (BLS 2017)
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$ The built environment by functional role and occupation

Specialty Trades

L There are many different specialized trades or crafts involved in construction,

from plumbers to ironworkers to electricians, among others.

% Some of these trades are included in the categories listed in the previous
Table.
L They are all experts in their focus area and it is a gross misrepresentation to call them

all “laborers” or simply “workers.”

R/

¢ Instead, their mastery in a construction trade should be recognized by

correctly identifying and distinguishing one trade from another.

L Next Figures show employment and wage estimates by construction trade.

L Next Table lists and describes major construction occupations by trade and

provides employment and wage estimates as of May 2016.
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A The built environment by functional role and occupation

Solar Photowvoltaic Installers

Sheet Metal Workers

Roofers

Plumbers, Pipefitters, and Steamfitters
Painters, Construction and Maintenance
Masonry Workers

Ironworkers (Structural)

Ironworkers (Reinforcing)

Insulation Workers

Hazardous Materials Removal Workers
Glaziers

Flooring Installers and Tile and Marble Setters
Elevator Installers and Repairers

Electricians

Drywall and Ceiling Tile Installers, and Tapers
Construction Helpers

Construction Laborers

Construction Equipment Operators
Construction and Building Inspectors
Carpenters

Boilermakers

i
(=]

$25,000 550,000 575,000 $100,000

Construction Annual Average Wages by Trade (May 2016)
Adapted from U.S. Bureau of Labor Statistics, May 2016 National Occupational Employment and
Wage Estimates, United States (BLS 2017) 115
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Major Construction Occupations by Trade

& The built environment by functional role and occupation

Occupation Job Summary Employees 2016 Mean
Annual Pay
Boilermakers Boilermakers assemble, install, and repair boilers, closed vats, and other large vessels 16,600 $62,200
or containers that hold liquids and gases.
Clarpenters Carpenters construct and repair building frameworks and structures—such as 676,980 $48,340
stairways, doorframes, partitions, rafters, and bridge supports—made from wood
and other materials. They also may install kitchen cabinets, siding, and drywall.
Construction and Construction and building inspectors ensure that construction meets local 94 960 $61,250
Building Inspectors and national building codes and ordinances, zoning regulations, and contract
specifications.
Construction Equipment Construction equipment operators drive, maneuver, or control the heavy machinery 412,190 $49 810
Operators used to construct roads, bridges, buildings, and other structures.
Construction Laborers Construction laborers and helpers perform Laborers: 912,100 $37.890
and Helpers many tasks that require physical labor on Helpers: 228.590 $30.900
construction sites.
Drywall and Ceiling Tile Drywall and ceiling tile installers hang wallboard and install ceiling tile inside 111,650 $48 460
Installers, and Tapers buildings. Tapers prepare the wallboard for painting, using tape and other materials.
Many workers both install and tape wallboard.
Electricians Electricians install, maintain, and repair electrical power, communications, lighting, 607,120 $56.,650
and control systems in homes, businesses, and factories.
Elevator Installers and Elevator installers and repairers install, fix, and maintain elevators, escalators, 22.240 $76.860
Repairers moving walkways, and other lifts.
Flooring Installers and Flooring installers and tile and marble setters lay and finish carpet, wood, vinyl, and 77,410 $43,950
Tile and Marble Setters tile.
CGlaziers Glaziers install glass in windows, skylights, and other fixtures in storefronts and 47,140 $47 260
buildings.
Hazardous Materials Hazardous materials (hazmat) removal workers identify and dispose of asbestos, lead, 44 280 $45.500

Removal Workers

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

L Construction managers may go to work for a number of different organizations.

1. On the private side,

% General contractors,
% Construction management firms,
% Architectural or engineering firms,
% Developers,
% Financial institutions, and
¢ Large corporations

may all hire construction managers.
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Construction Managers
L Construction managers may go to work for a number of different organizations.

2. On the public side,

R/

¢ \arious state and federal agencies,
% Public schools and universities,

» Departments of transportation,

% Federal prison systems, and
% Others

may seek their skills as well.
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A Management levels of construction

O Organizational

Hierarchical Level Description and Basic Focus

COﬂSiderationS Iead to a ~ Company structure and business

focus
Head office and field functions
1 1 Organizational < Portfolio of projects
number Of hlerarChlcaI Gross project attributes: total cost,
duration, profit, cash flow, percent
complete

Project definition, contract, drawings,
Y specifications

. Product definition and breakdown
Project 3 into project activities

. Focus on Cost, time, and resource control

construction. project attributes . focus
and physical component
items

levels that can be

N

identified in

Attainment of physicat segment of
project equated to time and cost

Activity contrel

Current cost, time, resource use

the project format. Status focus

Y Construction method focus

: Means of achieving construction
Operation Complete itemized resource list
Synthesis of work processes

Basic technological sequence focus

Logical collection of work tasks

Frocess < Individual and mixed trade actions

Recognizahle portion of construction
operation

v Fundamental field action and work
unit focus

Work task < Intrinsic knowledge and skill at crew

member |level

\_ Basis of work assignment to labor
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A A typical career track

O A typical career track for an entry-level construction manager might look

something like this:

Career Opportunities District Manager

Senior Level Operations Manager General Superintendent l
A

Project Manager Superintendent

Chief Estimator

Senior Estimator

Project Engineer Area Superintendent Estimator

Entry Level Dffice Engineer l Field Engineer I (Quantity Surveynrl

Management Track Superintendent Track Estimator Track
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A Advancement opportunities

O As in any profession, advancement opportunities for construction managers vary

depending on
1. An individual’s performance,
2. Ability, and

3. Size of the company they work for.
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A Advancement opportunities

O Within larger firms,
highly qualified construction managers

may eventually become top-level managers and executives,

often moving to the vice president level or higher.

O Many construction managers will opt to branch out and start their own businesses.
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