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Construction Cost Analysis & Estimating – 110401543

Introduction

Dr. Mohammad Almashaqbeh
Department of Civil Engineering  

Hashemite University 

• Prerequisite: Construction Project Management –110401346
• Class Hours

• 11:30 am – 12:30 pm: Sunday, Tuesday, and Thursday
• Course Website: Microsoft Teams
• Textbook: Peurifoy, R.L., and Oberlender, G.D. (2002).

Estimating Construction Costs, 5th edition, McGraw-Hill, New
York
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• Course Topics
• Introduction to construction cost estimating
• Rough cost estimating
• Detailed cost estimating
• Labor cost
• Equipment cost
• Material cost
• Subcontractors
• Indirect cost
• Profit
• Risk cost
• Cash flow

• Grading
• First exam 30%

• Date: Tuesday, 4/4. 11:30 – 12:30 pm
• Second exam 30%

• Date: Thursday, 4/5. 11:30 – 12:30 pm
• Final exam 40% 
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• Construction estimating: the process of calculating the costs
of the various items entering into the construction work

• The estimate is an approximation of the actual costs with
reasonable accuracy

• Accuracy is a function of skill and judgment of the estimator
• Skill means the use of a good estimating method
• Judgment is based on the experiences of the estimator and

the ability to visualize work

• When the level of scope definition is low. You must rely on
the experience and skills of the project team to produce
accurate early estimates
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• Because the estimate is prepared before the actual
construction, much study and thought must be put into the
construction documents

• The estimator who can visualize the project and accurately
determine its cost will become one of the most important
persons in any construction company

• The competition in construction bidding is intense, with
multiple firms competing for a single project

• To stay in business, a contractor must be the lowest-qualified
bidder on a certain number of projects – depending on
project delivery system – while maintaining an acceptable
profit margin

• This profit margin must provide the general contractor an
acceptable rate of return and compensation for the risk
associated with the project
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• Estimating the ultimate cost of a project requires the
integration of many variables

• These variables fall into either direct field costs or indirect
field costs

• The indirect field costs are also referred to as general
conditions or project overhead costs in building construction

• The direct field costs are the material, labor, equipment, or
subcontracted items that are permanently and physically
integrated into the building

• For example, the labor and materials for the foundation of
the building would be a direct field cost

• The indirect field costs are the cost for the items that are
required to support the field construction efforts

• For example, the project site office would be a general
conditions cost
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• Factors such as weather, transportation, soil conditions,
labor strikes, material availability, and subcontractor
availability need to be integrated into the estimate

• Regardless of the variables involved, the estimator must
strive to prepare an accurate estimate as possible

• Since subcontractors or specialty contractors may perform
much of the work in the field, the estimator must be able to
articulate the scope of work in order for these companies to
furnish a price quote

• The required level of accuracy coupled with the amount of
information about the project that is available will dictate
the type of estimate that can be prepared

• Different types of estimates are developed at different
phases of the project with the expectation that future
estimates will be close to (equal to or less) initial estimates
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• Rough estimates are used to obtain an approximate cost in a
short time

• Not as accurate as the detailed estimate and usually
developed during early planning phase of the project

• Compare the costs of similar structures erected at other
times and places

• Detailed cost estimates require that the contractor has a
complete set of contract documents

• Each item of the project should be broken down into its parts
and estimated

• Each piece of work that is to be performed by the contractor
has a distinct labor requirement that must be estimated

• The items that are to be installed by others need to be
defined and priced
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• Caution needs to be exercised to ensure that there is
agreement between the contractor and the specialty
contractor as to

• What they are to do
• Whether they are to install or supply and install the items

• There needs to be an agreement about who is providing
support items such as cranes and scaffolding

• The detailed estimate must establish
• Estimated quantities and costs of the materials
• Time required for and costs of labor
• Equipment required and its cost
• Items required for overhead and the cost of each item
• Percentage of profit desired (considering the investment,

the time to complete, and the complexity of the project)
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• Contractor’s estimate
• A carefully-prepared estimate by the contractor, used for

• Determining the bid price of a project
• Controlling the progress on the construction site

• Architect’s/engineer’s estimate
• Made by the architect or engineer, used for

• Checking the contractor’s bid
• Financing the work
• Evaluating feasibility of the project and/or design

alternatives

Cost Estimate Classification System 

• Each enterprise may have its own project and estimating
processes and terminology, and may classify estimates in
particular ways

• No industry standards have been established for defining
estimates

• Several organizations developed generic and generally-
acceptable classification systems that can be used as a basis
to compare against
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• If an organization has not yet formally documented its own
estimate classification system, then these guidelines may
provide an acceptable starting point

• Association for the Advancement of Cost Engineering (AACE)
International

Generic Cost Estimate Classification Matrix - (AACE) International
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• Level of Project Definition
• This characteristic is based upon percent complete of

project definition
• The level of project definition defines maturity or the

extent and types of input information available to the
estimating process

• Level of Project Definition
• Such inputs include

• Project scope definition
• Specifications
• Project plans
• Drawings
• Calculations
• Learnings from past projects
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• End Usage
• The various classes (or phases) of cost estimates prepared

for a project typically have different end uses or purposes
• As the level of project definition increases, the end usage

of an estimate typically progresses from
• Strategic evaluation and feasibility studies
• Funding authorization and budgets
• Project control purposes

• Estimating Methodology
• Estimating methodologies fall into two broad categories:

stochastic and deterministic
• In stochastic methods, the variables used in the cost

estimating algorithms are generally something other than
a direct measure of the units of the item being estimated

• Stochastic methods often involve simple or complex
modeling based on statistical relationships between costs
and programmatic and/or technical parameters

23

24



13

• Estimating Methodology
• The cost estimating relationships used in stochastic

methods often are somewhat subject to conjecture
• With deterministic methods, the variables are a definitive

measure of the item being estimated
• Deterministic methods tend to be straightforward counts

or measures of units of items multiplied by known unit
costs or factors

• Estimating Methodology
• A deterministic methodology is not subject to significant

conjecture
• As the level of project definition increases, the estimating

methodology tends to progress from stochastic to
deterministic methods
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• Expected Accuracy Range
• Estimate accuracy range is an indication of the degree to

which the final cost outcome for a given project will vary
from the estimated cost

• Accuracy is traditionally expressed as a +/- percentage
range around the point estimate

• As the level of project definition increases, the expected
accuracy of the estimate tends to improve, as indicated by
a tighter +/- range

• Effort to Prepare Estimate
• The level of effort needed to prepare a given estimate is

an indication of the cost, time, and resources required
• The cost measure of that effort is typically expressed as a

percentage of total project costs for a given project size
• As the level of project definition increases, the amount of

effort to prepare an estimate increases, as does its cost
relative to the total project cost
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Construction Cost Analysis & Estimating – 110401543

Project Delivery, Contracts, and Pricing

Dr. Mohammad Almashaqbeh
Department of Civil Engineering  

Hashemite University 

Project Delivery Methods

• Project delivery methods addresses
• The establishment of the contractual relationships

between the organizations required to deliver a project
• Does the owner deal with a single entity or multiple

entities when pursuing design and construction of a
project?

• Is the award of contract based on lowest cost or on other
criteria?
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• Design bid build (DBB)
• Traditional
• Design completed before start of the construction
• The owner holds a contract with the designer or

architect/engineer (A/E) for the development of the plans
and specifications

• The owner holds a separate contract with the
construction contractor for the building of the facility

• Competitive bidding
• Longer project timeframe than other methods

• Design build (DB)
• Single source for project delivery
• One firm offer both design and construction services to

the owner
• Common practice in industrial construction for complex

projects that have tight time requirements
• Coordination between design and construction is

enhanced by having both functions within the same firm
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• Design build (DB)
• Facilitate the use of ‘‘phased construction’’ or ‘‘fast-

tracking’’
• Design and construction occurring in parallel (at the

same time)
• Work can be started in the field before a complete

design is available

• Turnkey
• Projects built with a single DB contractor
• The owner deals with only one contractor and that

contractor is charged with the completion of the facility so
that the project is ready to be placed in operation with
the ‘‘turn of a key’’

• Less owner involvement compared to DB over schedule
and budget
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• Consortium based DB
• Many contractors do not have an in-house design

capability
• Contractors form a team or consortium of designers and

specialty contractors who work together to meet the
needs of the owner

• The owner contracts with the consortium as a single
group providing the total project package (e.g., design,
construction, procurement, etc.)

• Construction management (CM)
• Agency CM
• One firm coordinates all construction activities from

concept design through acceptance of the facility
• The firm represents the owner in all construction

management activities
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• Construction management (CM) at risk
• The CM firm not only coordinates the project but also

assumes responsibility for the construction phase of the
work

• The CM firm assumes the same risk that a construction
contractor in the DBB format would assume for the
successful completion of the project

Public-private partnership (PPP/P3)

• Examples
• Build operate transfer (BOT)
• Build own operate transfer (BOOT)
• Build own operate (BOO)
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Construction Contracts and Pricing Mechanisms

• Competitively bid contract
• Most widely used format of contract
• Almost all contracts that involve public funds are awarded

using competitively bid contracts
• The owner invites a quote for the work to be performed

based on complete plans and specifications
• The award of contract is generally made to the lowest

qualified bidder

• Lump-sum (stipulated-sum/fixed price) contract
• The contractor quotes one price, which covers all work

and services required by the contract plans and
specifications

• The owner goes to a set of firms with a complete set of
plans and specifications and asks for a single quoted price
for the entire job

• Contracts with large quantities of earthwork or subsurface
work are not normally handled on a lump-sum basis since
such contracts must be flexible enough to handle the
difficult to estimate quantities of work below grade
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• Unit-price contract
• Allows some flexibility in meeting variations in the

amount and quantity of work encountered during
construction

• The project is broken down into work items that can be
characterized by units such as cubic yards

• The contractor quotes the price by units rather than as a
single total contract price (price per cubic yard)

• Negotiated contract (cost-plus)
• An owner can enter into contract with a constructor by

negotiating the price and method of reimbursement
• A number of formats of contract can be concluded based

on negotiation between owner and contractors
• It is possible, for example, to enter into a fixed-price or

unit-price contract after a period of negotiation
• Some public owners will negotiate with the three low

bidders on prices, materials, and schedule
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• Negotiated contract (cost-plus)
• The owner invites selected contractors to review the

project documentation available at the time of
negotiation

• This documentation may be total and complete design
documentation as in the case of competitively bid
contracts or only concept-level documentation

• Since in most cases, the design documentation is not
complete at the time of negotiation, the most common
form of contract concluded is the cost + fee

• Negotiated contract (cost-plus)
• Types of fee structure

• Cost + percent of cost
• The larger the cost of the job, the higher the amount

of fee that is paid by the owner
• Cost + fixed fee

• A fixed amount of fee is paid regardless of the
fluctuation of the reimbursable cost component
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• Negotiated contract (cost-plus)
• Types of fee structure

• Cost + fixed fee+ profit-sharing clause
• Provides a reward to the contractor who controls

costs, keeping them at a minimum
• Specify a target price for the total contract. If the

contractor brings the cost under the target, the
savings are shared between owner and contractor

• In some cases, the target value is used to define a
guaranteed maximum price (GMP)

• This is a price that the contractor guarantees will
not be exceeded. Any overrun of the GMP must
be absorbed by the contractor

• Negotiated contract (cost-plus)
• Types of fee structure

• Cost + sliding fee
• Provides a bonus for underrun but also penalizes the

contractor for overrunning the target value
• The amount of the fee increases as the contractor

falls below the target and decreases as the
contractor overruns the target value
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Comparing Project Delivery Methods/Contracts

• Competitively bid contracts are required to be design bid
build (DBB) contracts

• Negotiated contracts can be viewed as DBB contracts
although it is possible to use ‘‘phased construction’’ when
working with negotiated construction contracts

• A constructor involved in construction of a hotel building
on a cost reimbursable basis can begin construction of the
site excavation and substructure while the roof-top
restaurant is still being designed

• For both competitively bid and negotiated contracts, the
owner holds separate contracts with the designer or design
group and with the construction contractor

• In the design build (DB) format, the owner enters into
contract with a single entity (the design builder)

• The basis of selection of the DB firm or consortium is
normally on the basis of considerations other than least cost

• Fast-tracking or phased construction is typical of DB
contracts
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• In the CM format, the owner holds multiple contracts
• In the case of the agency construction management format,

the owner signs a management contract with the CM, but
holds contracts directly with the design and construction
firms involved

• Selection of the Agency CM firm is based on issues other
than total construction cost (e.g., quality, schedule
performance)

• Fast-track construction is usual when using this format

• The CM at-risk format requires separate contracts for the
design team and the CM at-risk firm (similar to the DBB
format)

• Low total construction cost is not the basis for selection of
the CM at-risk

• Fast-track construction is possible when using this format
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Rough Cost Estimating

• Rough estimates are used to obtain an approximate cost in a
short time

• Usually developed during early planning phase of the project
• When preparing an estimate using this method, the

estimator starts with the costs of a comparable project and
then makes adjustments (if necessary) for differences in the
project

Example

• Last year your construction company built a 6,500 m2

warehouse for $6,500,000
• The owner wants to build another warehouse of similar size;

this time they want to add 100 m2 of office space
• Prepare a rough estimate for the new warehouse if the office

space will cost $100,000 and costs have risen 5 percent
during the last year
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• Last year your construction company built a 6,500 m2

warehouse for $6,500,000
• The owner wants to build another warehouse of similar size;

this time they want to add 100 m2 of office space
• Prepare a rough estimate for the new warehouse if the office

space will cost $100,000 and costs have risen 5 percent
during the last year

• Cost = $6,500,000 x 1.05 + $100,000 = $6,925,000

• When comparing two projects, the estimator needs to
consider the following

• The size should be within 10 percent for the projects
being compared

• As the size of the building increases, the cost per unit area
decreases. Conversely, as the size decreases, the cost per
unit area increases. This is due to economies of scale

• Height between floors. Increasing the height between
floors increases the envelope cost without increasing the
area of the building
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• When comparing two projects, the estimator needs to
consider the following

• Length of perimeter. Two buildings, a long skinny one and
a square one, will have very different perimeters and
envelope costs for the same area

• Project location (Labor availability, materials availability,
and government regulations vary by location)

• When the project was built. Inflation in labor, materials,
and fuel costs; weather (summer versus winter)

• When comparing two projects, the estimator needs to
consider the following

• Type of structure: Concrete, steel, etc
• Level of finishes. Quality of materials and workmanship
• Utilization of the space. Some spaces cost more than

others do. Bathrooms and kitchens cost more per unit
area than bedrooms

• Soil conditions
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Unit Area Estimating

• Prepared by multiplying the area of a building (m2, SF) by the
cost per unit area and then by adjusting the price to
compensate for differences in the design

• The cost per unit area may be determined by dividing the
cost by the size of the building

Example

• Last year your construction company built a 10,000 m2, 5-
story parking garage for $4,980,564

• The parking garage included one elevator, which cost
$105,100, and its costs are included in the $4,980,564

• Prepare a rough cost estimate for a 9,500 m2, 5-story parking
garage with two elevators

• Assume that costs have risen 4 percent during the last year
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Cost ($/m2) = ($4,980,564 - $105,100) / 10,000 m2

= $487.55/m2

New garage cost (without adjustment) =
($487.55/m2 x 9,500 m2) + ($105,100 x 2) = $4,841,925

Adjust for inflation: $4,841,925 x 1.04 =$5,035,602

• The rules of measurement
• The building area of a major building structure is the sum

of the areas of the several floors of the building, including
basements measured from outside face to outside face of
exterior walls or from the center line of common walls
separating buildings

• No deduction in floor area shall be made for openings
such as stairs, elevators, duct shafts, escalators, and other
vertical elements
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• The rules of measurement
• Covered floor areas open to the atmosphere such as

covered walkways, open roofed-over areas that are paved,
exterior balconies, and similar spaces shall be included at
one-half their building area

• The rules of measurement
• Slabs and floors that are not covered by roof or ceiling

shall not be included
• Sloping or stepped floors shall be measured flat on a

horizontal plane
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• The rules of measurement
• Building area does not include exterior unroofed terraces,

steps, chimneys, roof overhangs

• The rules of measurement
• The outside of the exterior wall is

defined as the outside perimeter
line of exterior wall facing at each
floor level
No deduction is taken for setbacks
at windows, glazing, or increase
added for protruding features such
as columns
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• Costs developed from unit area estimating are affected by
• Ceiling height
• Shape of the building (square buildings cost less per unit

area than rectangular buildings because of the smaller
amount of outside walls)

• Spacing of columns (variations in floor systems, variations
in loads on structural elements, large openings in floors)

• Units other than m2 and SF may be used
• For example, a parking garage may be measured by the

number of parking stalls
Estimated cost = cost per parking stall x number of parking
stalls

• Other units: number of hospital beds, seats, students,
production units, etc

• Cost adjustments may be applied if necessary
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• How to determine the unit cost
• Company records (previous projects)
• Published annual guides (such as RSMeans Square Foot

Costs and ENR Magazine) that contain a range of unit
costs for a wide variety of building types
These guides provide a number of adjustments to
compensate for varying building components, including
the city where the project is located

• The weighted unit cost is an estimate that considers previous
similar projects and emphasizes average, minimum, and
maximum incurred costs

Weighted unit cost = (A + 4B + C) / 6
A = minimum unit cost of previous projects
B = average unit cost of previous projects
C = maximum unit cost of previous projects
• This estimate is used based on the available information.

Adjustments could be applied to increase accuracy
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Example

• Using the weighted unit cost method determine the cost of a
proposed 80-bed hospital project. Use the following unit cost
per hospital bed for previously constructed hospital projects

Project Number Cost ($/bed)
1 $93,120 
2 $110,380
3 $90,951 
4 $143,702 
5 $121,334 
6 $127,238 
7 $136,117 

• Using the weighted unit cost method determine the cost of a
proposed 80-bed hospital project. Use the following unit cost per
hospital bed for previously constructed hospital projects

Weighted unit cost per bed =
($90,951 + 4($117,548.86) + $143,702)/ 6
= $117,474.74/ bed
Proposed hospital cost =
$ 117,474.74 x 80 =$9,397,979.2

Project Number Cost ($/bed)
1 $93,120 
2 $110,380
3 $90,951 
4 $143,702 
5 $121,334 
6 $127,238 
7 $136,117 
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AECOM 2019

AECOM 2019
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Department of Statistics, Jordan – 2017

• Pricing manuals provide costs per unit for various types of
projects

• Low, average, and high cost per square foot based on the
level of quality
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Square Foot Costs with 
RSMeans data

Square Foot Costs with RSMeans data
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• First, find the correct page for the type of construction to be
estimated

• Adjust for area: The base cost per square foot for a 33,000 SF
warehouse with a concrete block exterior that uses the exterior walls
as bearing walls

Cost = $74.23 / SF
• Adjust for perimeter: For a 30,000 SF warehouse, if the perimeter is

680’ then the difference in the perimeters would be 0.2 hundred feet
Cost = 75.1 – (2.1 x 0.2) = $74.68 / SF

• Adjust for story height: For a 30,000 SF warehouse, if the story height
is 25’

Cost = 75.1 + 0.4 = $75.5 / SF
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Example

• Determine the cost for a 250’ by 120’, tilt-up concrete
warehouse

• The warehouse is 30’ high and has a steel frame
• Basement area = 8,500 SF
• Include four 7’ x 8’ dock levelers in the costs

• Area = 250’ x 120’ = 30,000 SF
• Perimeter = 2 x 250 + 2 x 120 = 740’

• Area = 250’ x 120’ = 30,000 SF
• Perimeter = 2 x 250 + 2 x 120 = 740’
• Add for perimeter: 0.4 x 2.1 = $0.84
• Add for story height: $2.4
• Base cost = $79.15 + $0.84 + $2.4 = $82.39/SF
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• Basement addition: 8,500 SF x $23.55/SF = $200,175
• Dock levelers cost = 4 x $6,225 = $24,900
• Total cost = ($82.39/SF x 30,000 SF) + $24,900 + $200,175         

= $2,696,775
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Adjustment for Location

• Local Labor rates, availability and rates of local material and 
equipment are impacted by construction location

• Cost in location/city A = national average cost x location A 
factor/index

• Location A cost = location B cost x ౢ౥ౙ౗౪౟౥౤ ఽ ౜౗ౙ౪౥౨

ౢ౥ౙ౗౪౟౥౤ ా ౜౗ౙ౪౥౨
• For example, if the construction cost of a project completed 

at city A is $3,000,000 (city A index = 1.05). The construction 
cost for a similar project proposed in city B (index =1.1) = 
$3,000,000 x (1.1/1.05) = $3,142,857.14

Construction Cost Analysis & Estimating – 110401543

Work Breakdown Structure

Dr. Mohammad Almashaqbeh
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Hashemite University 
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Work Breakdown Structure (WBS)

• Detailed estimate: Each item of the project should be broken
down into its parts and estimated

• These parts are often referred to as work packages
• The summation of the work packages can be shown in a

hierarchical format called a work breakdown structure (WBS)
• WBS is the progressive hierarchical breakdown of the project

into smaller pieces to the lowest practical level to which cost
is applied
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• The WBS provides the framework for organizing the tasks to
complete an entire project

• In a typical building the WBS would contain such systems as
• The site work
• Structure
• Mechanical, electrical, and plumbing (MEP)
• Interior finishes
• Roofing system

• In establishing the WBS, the following guidelines need to be
considered

• Work packages must be clearly distinguishable from other
work packages

• Each work package must have a unique starting and
ending date

• Each work package should have its own unique budget
• Work packages should be small enough that precise

measurement of work progress is possible
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• The WBS divides and subdivides a project into different
components, whether by area, phase, function, or other
descriptive means

• The development of the WBS should be from the top down
and not from the bottom up

• The WBS will be used to provide further definition to the
tasks to be performed

• For example, it will serve as the basis for determining the
task durations and to estimate the costs

• Assume that a WBS is prepared for a simple project
consisting of constructing a whiteboard fence

• The WBS might be represented with the following major
categories

• Survey work
• Build fence
• Cleanup
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• A breakdown of the major categories in the WBS shows the
tasks to be performed in each category

• Survey work
• Establish legal boundary
• Lay out fence line
• Mark post locations

• Build fence
• Dig post holes
• Plumb and set posts
• Attach boards to posts
• Paint fence

• Cleanup
• Touch up paint
• Smooth out area along fence line
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• WBS of a relatively small and simple construction project

• The systems identified in the WBS might be as follows
• Site work

• Drainage
• Grading
• Paving
• Landscaping

• Site security
• Fencing
• Security lights
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• Structure
• Exterior

• Slab-on-grade
• Concrete masonry unit (CMU) walls
• Bar joists
• Roofing
• Roll-up doors

• Interior
• Interior finish
• Electrical
• Ceiling

• Site work
• Drainage
• Grading
• Paving
• Landscaping
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• Task durations can be
computed through the use of
the WBS

• The estimate can be prepared
from the WBS
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• A four-level WBS
• It is developed from the

top (project level) down in
successive levels of detail

• The project is divided into
its major work elements
(Level 2)

• These major elements are
then divided to develop
Level 3

• This process is continued
until the desired detail in
definition and description
of the project is achieved
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• You have been appointed by your company to manage a
project involving construction of a small commercial building
with two floors of 15,000 gross square feet each

• The ground floor is planned for small retail shops, and the
second floor is planned for offices

• Develop the first three levels of a representative WBS
adequate for all project efforts from the time the decision
was made to proceed with the design and construction of
the building until initial occupancy is completed

There would be
variations in the
WBSs developed
by each individual
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• Example of electric power construction bid summary using the WBS
organization of work

• Example of electric power construction bid summary using the WBS
organization of work
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• Example of electric power construction bid summary using the WBS
organization of work

000

• Example of electric power construction bid summary using the WBS
organization of work

000
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• Example of electric power construction bid summary using the WBS
organization of work

000

• Organizational breakdown
structure (OBS)

• Used for management of
people
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• CSI MasterFormat
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• Example of building construction project bid summary using the CSI
organization of work

• Example of building construction project bid summary using the CSI
organization of work
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• Division 2 Estimate for Site-work

Construction Cost Analysis & Estimating – 110401543

Detailed Cost Estimating
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Hashemite University 
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• The detailed estimate includes determination of the
quantities and costs of everything that is required to
complete the project

• This includes materials, labor, equipment, insurance, bonds,
overhead, and profit

• To perform this type of estimate, the contractor must have a
complete set of contract documents

• Each item of the project should be broken down into its parts
and estimated

• Each piece of work that is to be performed by the contractor
has a distinct labor requirement that must be estimated

• The items that are to be installed by others need to be
defined and priced

• Caution needs to be exercised to ensure that there is
agreement between the contractor and the specialty
contractor as to what they are to do and whether they are to
install or supply and install the items
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• In addition, there needs to be an agreement about who is
providing support items such as cranes and scaffolding

• The contractor is responsible for
• Making sure that the scope of work is divided among the

contractor and subcontractors
• There are no overlaps in the individual scope of works and

that everything has been included in someone’s scope of
work

• The detailed estimate must establish
• Estimated quantities and costs of the materials
• Time required for and costs of labor
• Equipment required and its cost
• Items required for overhead and the cost of each item
• Percentage of profit desired, considering the investment,

the time to complete, and the complexity of the project
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• A well-organized estimate improves the probability of getting
the work, facilitating the actual work in the field, and
completing the work within budget

• The organization required includes
• A plan for completing the estimate and maintaining

complete and up-to date files
• A complete breakdown of costs for the project, both of

work done by company forces (in-house) and of work
done by subcontractors

• All data generated during the development of the estimate
must be filed in an orderly manner

• The estimating costs are often stored in spreadsheets,
databases, or estimating software packages

• The estimator’s work must be kept organized to the extent that
in an unforeseen circumstance someone else might step in,
complete the estimate, and submit a proposal on the project
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• Required steps to complete
an estimate
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• A helpful tool when preparing an estimate is a bar chart
schedule that details when the activities comprising the
estimate will be completed

• In addition, the persons who are responsible for those
activities should be listed on the schedule

• The bars and milestones will be darkened as the activities are
completed
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• A notebook should be kept for each estimate prepared
• The notebook should be broken down into several areas

• Workup sheets
• Summary sheets
• Errors and omissions sheets
• Proposals received from subcontractors
• Proposals received from material suppliers and

manufacturers’ representatives
• Notes pertaining to the project

• A listing of all calls made to the architect/engineer should be
kept together, specifying who called, who was contacted at
the architect/engineer’s office, the date of the call, and what
was discussed

• Every page of the estimate should be numbered and initialed
by the person who prepared that portion of the estimate

• When construction begins and the estimate is used to
purchase materials, if there are questions concerning a
specific item, the estimator can be found and asked to clarify
any questions
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• It is impossible for a contractor to submit a proposal for
every project that goes out to bid

• Through personal contact and the reporting services, the
contractor finds out

• What projects are out for bid
• Which projects to submit a proposal

• Many factors must be considered
• Type of construction involved compared with the type of 

construction the contractor is usually involved in
• Location of the project
• Size of the project in terms of total cost and in relation to

bonding capacity
• Architect/engineer
• Amount of work currently under construction
• Equipment available
• Availability of qualified personnel to run the project
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• There are also certain projects for which a contractor is not
allowed to submit a proposal

• The owners may accept proposals only from contractors who
are invited to bid

• Other projects may have certain conditions pertaining to
work experience or years in business that must be met

• Once the contractor has decided to bid on a particular project,
arrangements need to be made to pick up the contract document

• The estimator should proceed with the estimate in a manner that
will achieve the greatest accuracy and completeness possible
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Steps in working up a detailed estimate 
• Carefully check the drawings and the project manual to be

sure that you have everything, including all addenda
• Not all architectural and engineering offices number their

drawings in the same manner
• Typically, the front of the project manual or the drawings

contains a list of all the drawings included in the set
• Check all sources to ensure that you have received all of the

drawings
• If there are any discrepancies, check with the

architect/engineer and complete your set
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• Examine the size and shape of the project
• What are the principal materials?
• Pay particular attention to the elevations
• At this step, it is important that the estimator understands

the project
• Make a note of exterior finish materials, the amount of glass

required, special room layouts, and any unusual features

• Review the structural drawings
• Note what types of structural systems are being used and

what types of construction equipment will be required
• Once again, if the structural system is unusual, the estimator

should make a note to spend extra time on this area
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• Review the mechanical drawings
• Pay particular attention to how they will affect the general

construction, underground work requirements, outlet
requirements, and other items of this sort

• Even under separate contracts, the mechanical portions
must be checked

• The submitted bid is based on the drawings and the project
manual

• You are responsible for everything contained in the project
manual as well as what is covered on the drawings

• Visit the site after making a preliminary examination of the
drawings and the project manual

• The visit should be made by the estimator or by other
experienced persons, including members of the proposed
project execution team

145

146



74

• Call a meeting with the people who would most likely hold
the key supervisory positions if you are the successful bidder

• Be sure to allow these people time before the meeting to
become familiar with the project

• During this meeting, the project should be discussed in
terms of the construction methods that could be followed,
the most desirable equipment to use, the time schedules to
be followed, and the personnel needed on the project

• Check carefully through the general conditions and
supplementary general conditions

• Make a list of all items contained in the project manual that
will affect the cost of the project

• Send a copy of all insurance requirements for the project to
your insurance company and all bonding requirements for
the project to your bonding company

147

148



75

• The estimator may now begin the takeoff of the quantities
required

• Each item must be accounted for, and the estimate itself
must be as thorough and complete as possible

• The items should be listed in the same manner and with the
same units of measure in which the work will be constructed
on the job

• Whenever possible, the estimate should follow the general
setup of the specifications

• This work is done on a workup sheet
• As each item is estimated, the type of equipment to be used

for each phase should be listed
• The list will vary depending on the equipment owned and

what is available for rent. Prices on equipment to be
purchased or rented must be included
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• At the time the estimator is preparing the quantity takeoff
on workup sheets, the following tasks can also be ongoing

• Notify subcontractors, material suppliers, and
manufacturers’ representatives that the company is
preparing a proposal for the project and ask them if they
intend to submit bids on the project

• Begin to make a list of all items of overhead that must be
included in the project. This will speed up the future
pricing of these items
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• The information on the workup sheet is carried over to the
summary sheet

• Common errors
• Misplaced decimal point
• Errors in addition, subtraction, multiplication, and division
• Omission of items such as materials, labor, equipment, or

overhead
• Errors in estimating the length of time required to

complete the project
• Errors in estimating construction waste

• Common errors
• Errors in estimating quantities of materials
• Errors in transferring numbers from one sheet to another
• Adding a line to a spreadsheet and not checking to make

sure that the new line is included in the total
• Errors in setting up formulas, items, assemblies, markups,

and so forth in estimating software
• Using typical productivity rates and costs from estimating

software without adjusting them for individual project
conditions
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• Having priced everything, make one last call to the
architect/engineer’s office to check the number of addenda
issued to be sure that you have received them all

• Double-check the time, date, and place that bids are being
received

• Double-check that all of the requirements for the submission
of the proposal have been followed; be sure the proposal is
complete

Construction Cost Analysis & Estimating – 110401543

Labor Cost

Dr. Mohammad Almashaqbeh
Department of Civil Engineering  

Hashemite University 
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• Labor cost is a component of the direct costs to complete a
project

• Can often ranges from 30 - 60% of the total project cost
• Labor cost includes

• Wages (hourly rates)
• Health insurance
• Paid vacations
• Overtime work

• Estimating labor cost requires determining the labor time to
do a specific task and then applying a wage rate

• Determining the labor time requires knowing
• The quantity of work to be placed
• The productivity rate for the specific crew that will

perform the work
• The crew is an aggregation of construction trades working on

a specific task
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• Productivity rates can be determined from
• Previous projects (historical records)
• Published cost books
• Field observations
• Mathematical modeling
• Combination of multiple methods

• Productivity = quantity of work / time
• For example, if a bricklayer can lay 400 bricks in 8 hours, then

the productivity is 50 brick/hr
• OR the time required to produce a specific quantity of work
• For example, 10 hours to lay 1000 bricks (0.01 hr/brick)
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• Unit time = time needed/quantity (e.g., hr/m)
• Capacity = quantity/time unit (e.g., m/hr)
• Unit time = 1/capacity

• For example, a crew pours 4 m3 concrete in 1.5 hours
• Crew capacity = 4 m3 /1.5 hr = 2.67 m3 /hr
• Unit time = 1.5 hr/4 m3 = 0.38 hr/ m3

• The productivity rate, if derived from historical data, is for
the average or standard conditions for the projects used in
calculating the historical production rate

• On many occasions, the project that is being bid deviates
from these standard conditions and adjustments using
factors are used

• Adjusted labor time = Labor time x Productivity factor
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Example

• Type of work is 8‘’ x 8‘’ x 16‘’ decorative concrete masonry
units

• Historical productivity rate is 0.1 labor hours per SF
• Productivity factor is 1.1
• Crew is three masons and two helpers
• For 1,000 SF job calculate labor, mason, and helper hours

• Labor hours = 1,000 SF x 0.10 labor hours per SF = 100 labor
hours

• Adjusted labor hours = 100 labor hours x 1.1 = 110 labor
hours
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• Sixty percent (3/5) of the hours will be performed by masons
and 40 percent (2/5) will be performed by their helpers

• Mason labor hours = 0.60 x 110 labor hours = 66 labor hours
• Mason helper labor hours = 0.40 x 110 labor hours = 44

labor hours

Example

• Estimate the labor cost for laying decorative masonry units
that has a quantity of 800 SF area

• The activity is constructed by a crew that has a daily output
of 340 SF/day, and consists of: 3 bricklayers ($38.05/hr) and
2 bricklayers helpers ($28.65/hr)

• 1 day = 8 hours of work
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• Crew Labor Cost = Σ (hourly rate x 8 hours/day)
= (3 x 38.05 + 2 x 28.65) x 8 = $1,371.6/day

• Unit Labor Cost = $1,371.6/day
340 SF/day = $4.03/SF

• Total Labor Cost = $4.03/SF x 800 SF = $3,224

Published Productivity Rates (RSMeans)
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• Daily labor cost = $913.2 + $458.4 = $1,371.6/day
• Daily output = 340 SF/day

• Unit Labor Cost = $1,371.6/day
340 SF/day = $4.03/SF
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• Workers seldom work a full 60 minutes during the hour
• Studies of the actual amount of time worked per hour

averaged 30 to 50 minutes
• This is often referred to as system efficiency
• The productivity factor is based upon the variance from

average conditions, not from the ideal
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• A system efficiency lower than average will require a
productivity factor greater than one

• A system efficiency greater than average will require a
productivity factor less than one

• When keeping historical records for labor productivity, it is
important that a record of the productivity rate be kept, and
under what conditions that productivity rate was achieved so
that an appropriate productivity factor can be used

• Another method of determining the productivity rate is cycle
time analysis

• Used when the work is performed in a repeatable cycle
• An example of a cycle is a truck hauling materials from the

borrow pit to the job site and returning to the borrow pit to
make a second trip

• Productivity rate =
Average cycle time x productivity factor x crew size

System efficiency x quantity per cycle
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• Productivity rate =
Average cycle time x productivity factor x crew size

System efficiency x quantity per cycle
• The average cycle time is determined by summing the cycle

time and by dividing the sum by the number of observations
• The crew size is the number of people in the crew and

determines the number of labor hours per hour
• The quantity per cycle is the number of units of work

produced by one cycle

Example

• Type of work: Hauling materials from a borrow pit
• Average cycle time: 35 minutes
• Truck capacity: 17 tons
• Crew: One driver
• Productivity factor: 0.95
• System efficiency: 45 minutes per hour
• Calculate the productivity rate
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• Productivity rate =
Average cycle time x productivity factor x crew size

System efficiency x quantity per cycle

• Productivity rate = 35 minutes x 0.95 x 1
45 minutes x 17 tons

= 0.04 labor hours/ton

• Work can be performed linearly
• Examples, paving or striping a road, placing a concrete curb 

using slip-forming machine, or grading a road
• The rate of progress may be used to determine the 

productivity rate

• Productivity rate =
Quantity

Rate of progress శTravel time  x crew size

System efficiency x quantity
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• The quantity is the quantity of work to be performed; in the
case of placing concrete curb, it would be the length of the
curb to be placed with the slip-forming machine

• The rate of progress is the number of units of work that can
be performed by the crew each minute when they are
performing the work

• In the case of placing a concrete curb, the rate of progress
would be the number of feet or m of curb that is placed in
one minute
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• The travel time is the time (in minutes) that the equipment is
not working because it is being moved from one section of
work to another section of work

• In the case of placing the concrete curb, sections of curb will
be left out where there is a tight radius or a driveway
approach

• The travel time would be the time it takes to move the
equipment forward through the driveway approaches and
sections where the curb is not being placed by the machine

• Work can be performed linearly
• Examples, paving or striping a road, placing a concrete curb 

using slip-forming machine, or grading a road
• The rate of progress may be used to determine the 

productivity rate

• Productivity rate =
Quantity

Rate of progress శTravel time  x crew size

System efficiency x quantity
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Example

• Type of work: Slip forming concrete curb
• Quantity: 2,200'
• Number of approaches: 30 (3 minutes each)
• Number of curves: 5 (5 minutes each)
• Rate of progress:3’ per minute
• Crew: One operator and two helpers
• System efficiency: 45 minutes per hour

• Travel time = 30 x 3 + 5 x 5 = 115 minutes

• Productivity rate =   
Quantity

Rate of progress శTravel time  x crew size

System efficiency x quantity

• Productivity rate =   
2,200

3 శ115  x 3
45 x 2,200 = 0.03 labor hours per foot
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Factors Impacting Productivity

• Equipment
• Frequently, but not always, quicker

with machines
• Example, surface treatment of

concrete floor
• In smaller areas manual method is

better

• Crew size
• Example, erection of elements (wood) in a

small house. If speed essential, it can be
necessary to add extra resources

• Excessive increase of crew size might
reduce productivity due to conflicts and
space congestion
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• Material
• Prefabrication usually increases

productivity
• Example, roofing

• Planning and scheduling
• To minimize disturbances, balance and optimize crew size,

and optimize total project costs
• Working space
• Weather conditions

• Rain/snow/wind/humidity
• Extreme hot/cold weather negatively impacts productivity

• Location and local workforce
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• Excessive overtime
• As overtime work increases productivity declines

• Learning curve
• Productivity in performing a task improves with

experience and practice
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Increasing the Workforce (Crowding)

• A contractor may decide to add extra workers to the
workforce

• This added workforce may be asked to work on the regular
shift or on a second shift

• Management must consider the impact that these additional
workers will have on the existing resources

• For example, is there an adequate supply of hand tools and
various pieces of equipment?
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• The next consideration is the impact that the additional
workers on the site might have on labor productivity

• The possible reduction in productivity can be attributed to
the crowding that can occur in a work area, shown in the
following formula

Eff(%) = 115% - 15 size of expanded workforce
size of normal workforce %

• Eff = Worker efficiency based on 100% for a normal
workforce

• The impact of crowding on labor productivity
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• Based on the computed impacts of crowding on productivity,
it can be seen that a 10 percent increase in the crew size will
have only a minor impact on worker productivity

• The evaluation should not be based on the total workforce
but rather on the actual work being done

• For example, if a project has 100 workers and 10 additional
pipefitters are hired, the impact on productivity, as assessed
with the use of the crowding formula, will be small

• However, the impact might be quite adverse if the pipefitters
are assigned to a work area where two pipefitters were
already working

• This would result in 12 workers in an area previously
occupied by 2
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Example

• A specialty contractor employs a workforce of 20 carpenters
on a construction site who are paid an average wage of $12
per hour

• The carpentry work is running behind schedule and the
contractor is being faced with a liquidated damages
provision of $1,000 per day for every day that the carpentry
work is extended beyond the contractual deadline

• The contractor would like to explore the possibility of
increasing the workforce to 30 carpenters

• If the contractor expects to make up or shorten the project
duration by 5 days, is this a viable option?

• Eff(%) = 115% - 15 size of expanded workforce
size of normal workforce %

= 115% - 15 (30/20)% = 92.5%
• The 20 workers would each accomplish 40 hours of work

each week for a total of 800 productive hours per week for
the entire crew

• With the additional 10 workers, the productivity level per
worker will be reduced to 37 hours each week per worker, or
a total of 1,110 productive hours per week for the crew
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• The 30 workers will reduce the schedule by 0.39 week
((1,110–800)/800), or 1.95 days for each week that is worked

• If the additional 10 carpenters are employed for 3 weeks, the
carpentry work will be reduced by more than 5 days (1.95 x 3
= 5.85)

• What is the cost of lost productivity?
• Working with the additional carpenters, the workforce will

have 37 productive hours each week
• The contractor will lose three productive hours for each

carpenter each week (40 - 37), which equates to 90 hours
lost each week for the entire crew, or 270 hours over a 3-
week period

• This will cost the contractor $3,240 in lost production over
the 3-week period ($12 x 270 hrs)
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• What are the savings?
• By working a crew of 30 workers, the schedule will be

shortened by 5 days
• When considering the liquidated damages of $1,000 per day,

it is apparent that $5,000 will be saved in liquidated damages
by employing the additional 10 workers

• There are other considerations
• Are the additional carpenters as skilled as the 20 already on

the project, or are they relatively unskilled and unfamiliar
with the company?

• This will dictate to a large extent whether the formula to
compute productivity is even realistic

• The assumption in the formula is that the additional workers
are of the same skill level as the existing crew

• If the added workers are less skilled than the existing
carpenters, the productivity will probably be below 92.5%
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• If the additional workers are assigned to perform work in the
same location as the existing workers, the impact on
productivity could be considerable

• For example, suppose two plumbers are installing plumbing
fixtures in a bathroom

• If two additional plumbers are assigned to assist with the
installation of these plumbing fixtures, the congested space
could result in even less work being performed with the
additional workers

• The unique conditions at the job site and the specific tasks
being performed will dictate the reliability of the formula for
computing productivity with the addition of workers

Increasing the Number of Starting Points

• To avoid crowding, it might be possible to assign workers to
different areas

• For example, instead of doubling the number of workers at
the face of a tunnel, it might be more effective to use the
additional workers at a second tunnel face

• The same might apply to having additional sheet metal
workers assigned to work on different floors

• This will spread out the job, and some losses in productivity
can be expected
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• With the additional starting places, making material
deliveries and satisfying equipment needs on each floor will
become more complex

• Use the following equation to compute the amount of
schedule reduction that can be expected by increasing the
number of starting points

• Tnew = Time required to complete a new project/task
• Told 

= Time to complete a past project/task
• Pointsnew = Number of starting points on the new

project/task
• Pointsold 

= Number of starting points on a past project/task
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• This equation determines the amount of time required to
complete a given project or task when the following are
known

• The number of starting points
• The duration of a similar completed project/task

• The equation determines the duration of a similar existing
project/task

• Impact of number of starting points on labor productivity
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• The table presents information on the relative productivity
of work crews when additional starting points are utilized

• Note that productivity actually decreases at a smaller rate as
more starting points are used

• This may or may not flag an error in the formulation;
however, this is the only known formula to address this issue

Example

• A contractor has a contract to build a 45-story high-rise
building

• To make up for bad weather that occurred early in the
project, the contractor is considering the possibility of
employing additional crews on the building

• Since the building is dried in, the contractor is thinking about
tripling the workforce from what was originally anticipated

• The original plan was to do the finish work inside the
building by progressing from the first floor to the top floor
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• The contractor is now considering having work take place at
three locations

• First floor
• Sixteenth floor
• Thirty-first floor

• From their respective starting points, the work would
proceed upward to finish the interior work

• Initially, 30 workers would have been employed, and they
were expected to finish the work in 80 workdays

• The workers are paid an average wage of $15 per hour
• The liquidated damages provision in the contract is for

$3,000 per day for each day of late completion
• Should the three starting points be utilized?

215

216



109

• By increasing the number of starting points from one to
three, the duration is expected to drop to 48 percent of the
originally estimated duration of 80 days to about 38.4 (use
39) days (refer to the formula or to Table)

• The decision to be made then is whether it is more
economically feasible to have 30 workers working for 80 days
or 90 workers working for 39 days

• What Is the cost of lost productivity?
• The worker wages are an average of $15 per hour per

worker, so 30 workers will accumulate 240 hours each day,
for which the pay will be $3,600

• The wages for working 80 days will be $288,000
• With the workforce tripled, there will be 90 workers, who

will accumulate 720 hours each day, for which the pay will be
$10,800

• The total wages over a period of 39 days will be $421,200
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• What are the savings?
• By tripling the number of starting points in the building, the

number of days that the schedule is shortened is 41 days (80
– 39), for an additional cost of $133,200

• The cost will be $3,248.78 for each day of schedule reduction
• This is quite comparable to the liquidated damages amount

• Some considerations will be purely monetary, including
savings in overhead

• Goodwill established with the owner by completing the
project earlier than currently scheduled may also pay
dividends

• However, the feasibility of actually tripling the workforce
must also be assessed

• Factors to address include the availability of workers, ability
to supply equipment and materials for all workers, and the
logistics of actually having all floors ready for the crews
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Learning Curves

• The skill and productivity in performing a task improves with
experience and practice

• It is the result of several factors including
• Job familiarity
• Improvement in coordination
• Improvement in management and supervision
• Better methods and tools

221

222



112

• Learning curve is also known as
• Manufacturing process function
• Experience curve
• Dynamic curve

• Simply, it means that the costs of production can be lowered
by increasing quantity of production or increasing learning

• If the learning rate is known, it may be possible to estimate
the cost of producing additional units based on the learning
information

• General points that apply to learning curves
• The amount of time and cost required to produce each unit

tends to decrease for successive units
• The amount of time to produce each unit decreases at a

decreasing rate
• The reduction in time required to produce each unit follows

a specific estimating model; that is, the rate of improvement
(learning) can be predicted by mathematical models
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• The rate of improvement
(learning) can be predicted
by mathematical models

• General shapes of the
learning curve

• The model for predicting the time to perform each unit of work
TN = KT × Ns

• TN = Effort required to complete the Nth unit
• N = Unit number
• KT = Constant (theoretically KT = T1)
• s = Slope parameter or slope factor (this is a negative value)
• s = Log ɸ/log 2
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• ɸ = Rate of improvement (generally based on doubled units;
log 2 implies doubled units)

• If ɸ = 0.8, then the second unit is done with 80 percent of
the effort of the first unit. The fourth unit would require 64
percent of the effort of the first unit

• For example, the first unit of construction is completed in
10,000 hours. A learning rate of 80 percent is expected on
doubled units. How much time will be required to complete
the eighth unit?

• s = log ɸ/log 2 = log 0.8/log 2 = - 0.32
• TN = KT × Ns

• T8 = 10,000 × 8-0.32 = 5,140.57 hours
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• If the learning rate is not known, it must then be computed
from the available information

• The learning rate can be determined if information on two
units is known

• Suppose that the time of effort is known for two units (i, j)
• s = (log Ti - log Tj) / (log Ni - log Nj)
• log Tj = log KT + (s × log Nj)

• For example, suppose the fifth unit was completed in 200
hours and the tenth unit was completed in 150 hours. Find
the time required to complete the twentieth and the
thirtieth units

• s = (log Ti - log Tj) / (log Ni - log Nj)
• s = (log 200 - log 150) / (log 5 - log 10)
• s = - 0.42
• log Tj = log KT + (s × log Nj)
• log 150 = log KT + (-0.42 × log 10)
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• log KT = 2.6
• KT = 398.11 hours

• Find the learning rate
• s = log ɸ/log 2
• -0.42 = log ɸ/log 2
• ɸ = 0.75 or 75%

• For unit 20
• TN = KT × Ns

• T20 = 398.11 × 20-0.42

• T20 = 113.13 hours
• For unit 30

• T30 = 398.11 × 30-0.42

• T30 = 95.41 hours
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• If several data points (more than two) are known, a more
accurate and realistic learning curve can be developed as a
predictive tool using the least squares fit method

• s = ହ ଵଽ.଼ସସ .ଵଷ଴ଷ(ଵଵ.ଶହ଺଼)

ହ ଵ଼.଴ହଷଶ ି ଽ.ଵଷ଴ଷ మ = -0.52

• log KT = ଵଵ.ଶହ଺଼ ୶ଵ .଴ହଷଶି .ଵଷ଴ଷ ୶ ଵଽ.଼ସସଷ

ହ ଵ଼.଴ହଷଶ ଽ.ଵଷ଴ଷ మ = 3.19

• KT = 1,548.82
• Once s and KT are determined, other units can be estimated
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• If the flow of work is interrupted the learning that has
occurred will also be affected

• Reasons for interruption
• Inclement weather, labor strike, an extended holiday

season, a plant shutdown, or job reassignment
• Eventually, the learning could regress to the level that existed

earlier when the first unit was produced
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• Suppose a contractor has a labor contract with a facility
owner to construct four identical buildings

• The contractor has estimated the actual labor cost (with
benefits) of each building to be $26,671

• The amount to be paid to the contractor for each building is
$29,400 (allowing for a margin to cover overhead and profit)

• After the third building is completed, the owner determines
that the fourth building will not be needed, so the owner
elects to cancel the contract

• The contractor asks the owner for additional money
• The contractor’s records of labor costs per building have

been accurately maintained

237

238



120

• If the learning curve principle is applicable, what will the
profit margin be if the contractor is paid $29,400 for the
three buildings that were completed? (overhead is 7%)

• What sum would be appropriate to provide the contractor
with a 10% margin to cover overhead (7%) and profit (3%)?
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• The average cost of constructing three buildings is $27,462
per building ($30,000 + $27,000 + $25,386)/3

• If the contractor is paid only $29,400 per building, the
learning advantage gained in the fourth building is lost

• The margin realized with a payment of $29,400 per building
if only three buildings are constructed is 7.06%
($29,400/$27,462)

• Allowing 7% for overhead, the remainder would be profit
• The contractor will essentially break even with the payment

of $29,400, earning only 0.06% in profit or essentially no
profit

• Allowing for a 10% margin, the contractor will want to seek
compensation of $30,208.2 per building ($27,462 x 1.1)
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• A contractor made an agreement with a firm to weld 10
vessels for them. After six vessels were completed, the
owner suspended the contractor’s work

• The reason for the delay was never disclosed to the
contractor, but it was not associated with the contractor’s
operation

• When the work was permitted to resume, the contractor
noticed that the labor cost per unit was much higher than it
had been previously

• What was the cost of the delay to the contractor?
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• If the delay had not occurred, the learning curve prediction
was that the average labor cost per unit would be $7,047

• Since the realized cost was $7,760, it can be computed that
the average added labor per unit was $713 per unit, or $7,130
for the 10 units

• The contractor would probably make a claim to recover $7,130
from the owner to compensate for the impact of the delay

• Labor cost includes basic wages, fringe benefits (e.g., health
insurance, vacations, and retirement plans), workers’
compensation (insurance based on payroll), and overtime
(wage premiums)

• For example, if unit productivity for tiling is 0.6 hr/m2 and the
wage rate including fringe benefits is $15/hr then the unit
labor cost is $9/m2
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Example

• What is the workers’ compensation for a crew of 3 workers if
the cost per worker is $50/day and compensation rate is 15%

• What is the workers’ compensation for a crew of 3 workers if
the cost per worker is $50/day and compensation rate is 15%

• Workers’ compensation = 3 x $50/day x 15%
= $22.5/day
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Example

• What is the workers’ compensation rate for a crew of
• 2 workers (daily cost is $100/day and compensation rate

is 20%) and
• 1 helper (daily cost is $50/day and compensation rate is

10%)

• What is the workers’ compensation rate for a crew of
• 2 workers (daily cost is $100/day and compensation rate

is 20%) and
• 1 helper (daily cost is $50/day and compensation rate is

10%)

• Average compensation rate by number of workers = 2/3 x 0.2
+ 1/3 x 0.1 = 16%

• Workers’ compensation = (2x100 + 1x50) x 16% = $40/day
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• What is the workers’ compensation rate for a crew of
• 2 workers (daily cost is $100/day and compensation rate

is 20%) and
• 1 helper (daily cost is $50/day and compensation rate is

10%)

• Average compensation rate by trade = 2x100/250 x 0.2 +
1x50/250 x 0.1 = 18%

• Workers’ compensation = 250 x 18% = $45/day

• What is the workers’ compensation rate for a crew of
• 2 workers (daily cost is $100/day and compensation rate

is 20%) and
• 1 helper (daily cost is $50/day and compensation rate is

10%)

• Workers’ compensation = 2x100 x 0.2 + 1x50 x 0.1 = $45/day
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Published Cost Data (RSMeans)

• Adjustment for labor cost= Workers’ Comp. + Average Fixed Overhead 
+ Overhead
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• For crew D-8:
• Adjustment for bricklayer/helper cost = 13.4% + 18.3% + 11%

= 43%
• Total wage for bricklayers = bare cost x adjustment
= $913.2 x 1.43 = $1,305.88

• Total wage for bricklayer helpers = bare cost x adjustment
= $458.4 x 1.43 = $655.51

• For crew D-8:
• Total wage for crew D-8 = $1,305.88 + $655.51 = $1,961.39
• Total average labor overhead for crew D-8 = total wage /

total bare cost
= $1,961.39 / $1,371.6 = 1.43

Labor cost = quantity of work x unit labor cost x total average
labor overhead
For a quantity of 500 SF: labor cost = 500 x $4.03/SF x 1.43 =
$2,881.45
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• Activity Duration (days) = Quantity of work (units)/Crew
daily output(unit/day)

• For a quantity of 1,700 SF, the duration is 1,700/ 340 = 5 days

Working Overtime

• A common response to the need to accomplish more work in
a smaller time frame is to have workers work overtime

• The workers are already on site, and they simply need to be
informed of the need to work additional hours each day or to
work on the weekends

• The adverse impact on productivity may hardly be noticeable
if they are asked to work overtime for 2 or 3 days

• However, working overtime for an extended period of time
adversely impacts productivity
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• The following formula is used to predict the productivity
impact of working overtime

Eff(%) = 100% - 5[(days - 5) + (hours - 8)]%
• Eff = Worker efficiency based on 100 percent for a regular 40

hour week
• Days = Number of days worked per week
• Hours = Number of hours worked per day

Impact of Scheduled Overtime on Labor Productivity
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Example

• 20 workers on a construction site
• The project will not be completed on time
• The contractor is considering working 12 hours/day for 5

days each week
• How much overtime work is needed to shorten the project

duration by 10 days?

• Hours/week = 60 hours
• Eff(%) = 80% (formula or table)
• Effective hours = 48 hours of work
• 8 hours (1 day) reduced per week
• To reduce project duration by 10 days: 10 weeks are needed
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Example

• For the previous example, if the average wage of the workers
is $12/hr

• Overtime rate = $18/hr (above 40 hours)
• Calculate the overtime cost

• Overtime cost = $18/hr x 20hr/week x 10 weeks =$3,600 per
worker

• For 20 workers: $3,600 x 20 = $72,000
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• If overtime work extends to multiple weeks, productivity will
continue declining each week

• Further adjustments are needed
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• Labor Law of Jordan

Example

• 10 workers are expected to work 6 days per week (60 hours)
for 3 weeks, calculate

• Effective hours
• Hours of lost productivity
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• Effective hours
• Week 1: 10 x 60 x 0.95 = 570 hrs
• Week 2: 10 x 60 x 0.90 = 540 hrs
• Week 3: 10 x 60 x 0.85 = 510 hrs

• Ineffective hours (lost productivity)
• Week 1: 30 hrs
• Week 2: 60 hrs
• Week 3: 90 hrs

Example

• For the previous example, if wage of worker is $15/hr
• Use an overtime rate of 1.5 to estimate labor cost
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• For the previous example, if wage of worker is $15/hr
• Use an overtime rate of 1.5 to estimate labor cost

• 10 workers x 60 hrs/week x 3 weeks x $15/hr x 1.167 =
$31,509

Example

• Quantity of excavation is 9 m3, budgeted cost for this activity
is $950, and hourly labor cost is $33.2

• Find
• Cost rate ($/m3)
• Production rate (hr/m3)
• Activity duration (hrs)
• Activity duration (days) if one or two workers employed
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• Cost rate = $950 / 9 m3 = $105.56/m3

• Production rate = $105.56/m3

$33.2/hr = 3.18 hr/m3

• Activity duration = 3.18 hr/m3 x 9m3 = 28.62 hrs
• Duration (1 worker) = 28.62/8 = 3.58 days
• Duration (2 workers) = 28.62/16 = 1.79 days

Example

• Quantity of forming is 47 m2, production rate is 1.8 hr/m2

• Find how many days to finish the activity if 1, 2, 3, or 4
workers employed
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• Quantity of forming is 47 m2, production rate is 1.8 hr/m2

• Find how many days to finish the activity if 1, 2, 3, or 4
workers employed

• Forming time = 1.8 hr/m2 x 47 m2 = 84.6 hrs
• Duration (1 worker) = 10.58 days
• Duration (2 workers) = 5.29 days
• Duration (3 workers) = 3.53 days
• Duration (4 workers) = 2.64 days

Example
• An ironworker works 10 hrs/day, 6 days/week
• The base wage is $21/hr for 8 hr/day, 5 day/week
• An overtime rate of 1.5 times is paid for all hours over 8

hr/day, Sunday through Thursday, and double time is paid for
all Friday work

• The social security rate is 10% of actual wage
• The rate for insurance is $13 per $100 of base wage
• Calculate the average hourly cost to hire the ironworker
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• Base wage = $21 x 8 hrs x 5 days = $840
• Overtime @1.5 times = $21 x 2 hrs x 5 days x 1.5 = $315
• Overtime @2 times = $21 x 10 hrs x 1 day x 2 = $420
• Social security = 0.1 x ($840 + $315 + $420) = $157.5
• Insurance= 0.13 x 840 = $109.2
• Average hourly cost = ($840 + $315 + $420 + $157.5 +

$109.2) / 60 = $30.70/hr

• Other methods to determine productivity rates, cost rates,
and activity durations

• Field observations
• Subject matter experts: obtain estimates from

experienced professionals (Three-Point Estimate)
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Three-Point Estimate

• The technique involves three different estimates that are
usually obtained from subject matter experts

• Optimistic (best case) estimate (O)
• Pessimistic (worst case) estimate (P)
• Most likely estimate (M)

• Triangular Distribution
• E = (O + M + P) / 3
• E = Expected amount

• Beta distribution
• E = (O + 4M + P) / 6
• Standard deviation SD = (P – O) / 6, measures the

variability or uncertainty in the estimate
• For example, A team of subject matter experts estimated the

time it takes to complete an activity
• O = 8 days, M = 12 days, P = 20 days
• Expected activity duration E =

• 13.33 days (triangular)
• 12.67 days (Beta), SD = 2
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• 1 SD means a 68.3% probability that the activity duration will 
be between (10.67, 14.67)

• 2 SD means a 95.5% probability that the activity duration will 
be between (8.67, 16.67)

• 3 SD means a 99.7% probability that the activity duration will 
be between (6.67, 18.67)

Construction Cost Analysis & Estimating – 110401543

Equipment Cost

Dr. Mohammad Almashaqbeh
Department of Civil Engineering  

Hashemite University 
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Equipment owning and operating costs (O & O costs)

• Owning costs
• Fixed costs that are incurred each year whether the

equipment is operated or not
• Operating costs

• Incurred only when the equipment is used

• Owning costs are made up of the following principal
elements

• Depreciation
• Investment (or interest) cost
• Insurance cost
• Taxes
• Storage cost
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• The major elements of operating cost include
• Fuel cost
• Service cost
• Repair cost
• Tire cost
• Cost of special items
• Operators’ wages

• Operators’ wages are sometimes not included in equipment
operating costs and calculated as labor cost

Published Cost Data (RSMeans)
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• Daily equipment cost (owning and operating) = $53.7/day
• Daily output = 120 CY/day

• Unit equipment cost = $53.7/day
120 CY/day = $0.45/CY

• Equipment cost = quantity of work x unit equipment cost
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Depreciation

• Depreciation represents the decline in market value of an
item of equipment due to

• Age
• Wear
• Deterioration
• Obsolescence

• The equipment life used in calculating depreciation should
correspond to the equipment’s expected economic or useful life

• In calculating depreciation, the initial cost of an item of
equipment should be the full delivered price, including
transportation, taxes, and initial assembly and servicing
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• For rubber tired equipment, the value of tires should be
subtracted from the amount to be depreciated because tire cost
will be computed separately as an element of operating cost

• Equipment salvage value should be estimated as realistically as
possible based on historical data

• The most commonly used depreciation methods are the straight
line method, the sum of the years’ digits method, and the
double declining balance method

Straight Line Method

• Produces a uniform depreciation for each year of equipment
life

• Annual depreciation is calculated as the amount to be
depreciated divided by the equipment life in years

• The amount to be depreciated consists of the equipment’s
initial cost less salvage value (and less tire cost for rubber-
tired equipment)
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• Dn = Cost − Salvage (− Tires)
N

• Cost = initial/purchasing cost
• Salvage = value of equipment at the end of useful life
• N = equipment useful life (years)
• n = year of life (1,2,3, etc.)

• Book value: value of equipment after deducting depreciation

Example

• Using the straight line method of depreciation, find the
annual depreciation and book value at the end of each year
for a track loader having an initial cost of $50,000, a salvage
value of $5000, and an expected life of 5 years
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• D1,2,3,4,5 = $50,000 − $5,000
5

= $9,000

Year Depreciation Book value (end of period)
0 0 $50,000
1 $9,000 $41,000
2 $9,000 $32,000
3 $9,000 $23,000
4 $9,000 $14,000
5 $9,000 $5,000

Sum of the Years Digits Method

• Produces a nonuniform depreciation
• Depreciation is the highest in the first year of life and

gradually decreases thereafter
• The amount to be depreciated is the same as that used in

the straight line method
• The depreciation for a particular year is calculated by

multiplying the amount to be depreciated by a depreciation
factor
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• Dn = Year digit
Sum of years഻ digits x Amount to be depreciated

• The denominator of the depreciation factor is the sum of the
years’ digits for the depreciation period

• 1 + 2 + 3 + 4 + 5 = 15 for a 5-year life
• The numerator of the depreciation factor is simply the

particular year digit taken in inverse order
• 5 - 4 - 3 - 2 - 1

Example

• For the previous example, find the annual depreciation and
book value at the end of each year using the sum of the
years digits method
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• D1 = 5
15 x ($50,000 - $5000) = $15,000

• D2 = 4
15 x ($50,000 - $5000) = $12,000

• D3 = 3
15 x ($50,000 - $5000) = $9,000

• D4 = 2
15 x ($50,000 - $5000) = $6,000

• D5 = 1
15 x ($50,000 - $5000) = $3,000

Year Depreciation Book value (end of period)
0 0 $50,000
1 $15,000 $35,000
2 $12,000 $23,000
3 $9,000 $14,000
4 $6,000 $8,000
5 $3,000 $5,000
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Double Declining Balance Method

• Like the sum of the years’ digits method, produces its
maximum depreciation in the first year of life

• The depreciation for a particular year is found by multiplying
a depreciation factor by the equipment’s book value at the
beginning of the year

• The annual depreciation factor is found by dividing 2 (or
200%) by the equipment life in years

• Dn = 2
N x book value at beginning of year

• Unlike the other two depreciation methods, the double
declining balance method does not automatically reduce the
equipment’s book value to its salvage value at the end of the
depreciation period

• Since the book value of equipment is not permitted to go
below the equipment’s salvage value, care must be taken
when performing the depreciation calculations to stop
depreciation when the salvage value is reached
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• Stopping the declining balance
depreciation at the salvage value

• Comparison of depreciation methods
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Example

• For the previous example, find the annual depreciation and
book value at the end of each year using the double
declining balance method

• D1 = 2
5 x $50,000 = $20,000

• D2 = 2
5 x $30,000 = $12,000

• D3 = 2
5 x $18,000 = $7,200

• D4 = 2
5 x $10,800 = $4,320

• D5 = 2
5 x $6,480 = $2,592 use $1,480 (A depreciation of

$2,592 in the fifth year would reduce the book value to less
than $5000, only $1480 ($6480 - $5000) may be taken as
depreciation
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Year Depreciation Book value (end of period)
0 0 $50,000
1 $20,000 $30,000
2 $12,000 $18,000
3 $7,200 $10,800
4 $4,320 $6,480
5 $1,480 $5,000

Investment Cost

• Investment cost (or interest) represents the annual cost
(converted to an hourly cost) of the capital invested in a
machine

• If borrowed funds are utilized, it is simply the interest charge
on these funds

• However, if the item of equipment is purchased from
company assets, an interest rate should be charged equal to
the rate of return on company investments (income loss)
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• Investment cost is computed as the product of an interest
rate multiplied by the value of the equipment, then
converted to cost per hour

• The true investment cost for a specific year of ownership is
properly calculated using the average value of the
equipment during that year

• The average hourly investment cost may be more easily
calculated using the value of the average investment over
the life of the equipment given by the following equation

• Average investment = Initial cost + salvage 
2

• The results obtained using this equation should be
sufficiently accurate for calculating average hourly owning
costs over the life of the equipment

• However, the investment cost calculated in this manner is
not the actual cost for a specific year
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Insurance, Tax, and Storage

• Insurance cost represents the cost of fire, theft, accident,
and liability insurance for the equipment

• Tax cost represents the cost of property tax and licenses for
the equipment

• Storage cost represents the cost of
• Rent and maintenance for equipment storage yards
• The wages of guards and employees involved in handling

equipment in and out of storage
• Associated direct overhead

• The cost of insurance and taxes for each item of equipment
may be known on an annual basis

• These costs are simply divided by the hours of operation
during the year to yield the cost per hour for these items

• Storage costs are usually obtained on an annual basis for the
entire equipment fleet

• Insurance and tax cost may also be known on a fleet basis
• It is then necessary to prorate these costs to each item
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• This is usually done by converting total annual cost to a
percentage rate by dividing these costs by the total value of
the equipment fleet

• The rate for insurance, tax, and storage may simply be added
to the investment cost rate to calculate the annual cost of
investment, tax, insurance, and storage

Total Owning Cost

• Total equipment owning cost is found as the sum of
depreciation, investment, insurance, tax, and storage

• The individual elements of owning cost are calculated on an
annual-cost basis or on an hourly basis

• Total owning cost expressed as an hourly cost
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Operating Costs

• Operating costs are incurred only when equipment is operated
• Costs vary with the amount of equipment use and job operating

conditions
• The major elements of operating cost include

• Fuel cost
• Service cost
• Repair cost
• Tire cost
• Cost of special items
• Operators’ wages

Fuel Cost

• The hourly cost of fuel is simply fuel consumption per hour
multiplied by the cost per unit of fuel (gallon or liter)

• Actual measurement of fuel consumption under similar job
conditions provides the best estimate of fuel consumption

• When historical data are not available, fuel consumption
may be estimated from manufacturer’s data

• The following table provides approximate fuel consumption
factors in gallons per hour per horsepower for major types of
equipment under light, average, and severe load conditions
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Example

• Find the fuel cost for an excavator operating in severe
conditions if it has a rated power of 300 hp. Fuel price is
$1.4/gal
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• Estimated consumption = 0.048 x 300 = 14.4 gal/h
• Fuel cost = 14.4 x 1.40 = $20.16/h

Example

• Find the fuel cost for a 120-horsepower payloader
• A job condition analysis indicates that the unit will operate

about 45 minutes per hour (75 percent) at about 70 percent
of its rated horsepower

• Fuel cost is $1.10/gal
• Consumption rate is 0.06 gal/h/hp
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• Fuel cost = 120 x 0.7 x 0.75 x 0.06 x 1.1 = $4.16/h

Service Cost

• Service cost represents the cost of oil, hydraulic fluids,
grease, and filters as well as the labor required to perform
routine maintenance service

• Equipment manufacturers publish consumption data or
average cost factors for oil, lubricants, and filters for their
equipment under average conditions

• Using such consumption data, multiply hourly consumption
(adjusted for operating conditions) by cost per unit to obtain
the hourly cost of consumable items
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• Service labor cost may be estimated based on prevailing wage
rates and the planned maintenance program

• Since service cost is related to equipment size and severity of
operating conditions, a rough estimate of service cost may be
made based on the equipment’s fuel cost

• For the previous example, if the fuel cost is $4.16/h. The
hourly service cost of the payloader operated under severe
conditions would be estimated at 50% of the hourly fuel cost
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Repair Cost

• Repair cost represents the cost of all equipment repair and
maintenance

• Does not include tire repair and replacement, routine
service, and the replacement of high-wear items, such as
ripper teeth

• Repair cost usually constitutes the largest item of operating
expense for construction equipment

• Lifetime repair cost is usually estimated as a percentage of
the equipment’s initial cost less tires

• Lifetime repair cost = % x equipment's initial cost less tires
• It is then necessary to convert lifetime repair cost to an

hourly repair cost
• This may be done simply by dividing lifetime repair cost by

the expected equipment life in hours to yield an average
hourly repair cost (uniform repair cost)
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• Yearly repair cost= lifetime repair cost/expected equipment
life in years

• Hourly repair cost= lifetime repair cost/expected equipment
life in hours
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• Although this method is adequate for lifetime cost estimates, it is
not valid for a particular year of equipment life

• Repair costs are typically low for new machines and rise as the
equipment ages (non-uniform repair cost)

• It is suggested to use another method to obtain a more accurate
estimate of repair cost during a particular year of equipment life

• Hourly repair cost = Year digit
Sum of years഻ digits x Life time repair cost

Hours operated

• This method is essentially the reverse of the sum of the
years’ digits method of depreciation explained earlier

• The year digit used in the numerator of the equation is now
used in a normal sequence (i.e., 1 for the first year, 2 for the
second year, etc.)

• Deprecation is high at first year while repair cost is low at
first year
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Example

• Estimate the hourly repair cost for a crawler tractor costing
$136,000 and having a 5-year life

• Assume average operating conditions and 2,000 hours of
operation during the year

• Lifetime repair cost factor = 0.90
• Lifetime repair cost = 0.90 x 136,000 = $122,400
• Yearly repair cost= $122,400/5 = $24,480
• Hourly repair cost= $24,480/2,000 = $12.24
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Example

• Estimate the hourly repair cost for the first year of operation
of a crawler tractor costing $136,000 and having a 5-year life

• Assume average operating conditions and 2,000 hours of
operation during the year

• Lifetime repair cost factor = 0.90
• Lifetime repair cost = 0.90 x 136,000 = $122,400

• Yearly repair cost = 1
15 x 122,400 = $8,160 (for year 1)

• Hourly repair cost = 1
15 x 122,400

2,000 = $4.08 (for year 1)
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Tire Cost

• Tire cost represents the cost of tire repair and replacement
• Among operating costs for rubber-tired equipment, tire cost

is usually exceeded only by repair cost
• Tire cost is difficult to estimate because of the difficulty in

estimating tire life
• Historical data obtained under similar operating conditions

provide the best basis for estimating tire life
• However, the following table may be used as a guide to

approximate tire life if historical data is not available
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• Tire repair will add about 15% to tire replacement cost
• The following equation may be used to estimate tire repair

and replacement cost

• Tire cost = 1.15 x Cost of a set of tires ($)
Expected tire life (hr)

Example

• Estimate the hourly tire cost for a motor grader with a tire
cost of $7,000. Assume severe operating conditions
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• Tire cost = 1.15 x $7,000
1,900 h = $4.24/h

Special Items

• The cost of replacing high-wear items
• Examples: dozer, grader, and scraper blade cutting edges
• Should be calculated as a separate item of operating expense
• Unit cost is divided by expected life to yield cost per hour
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Operators’ wages

• Care must be taken to include all costs, such as worker’s
compensation insurance, social security taxes, overtime or
premium pay, and fringe benefits, in the hourly wage figure

• Refer to labor cost calculations

Operating Costs

• The major elements of operating cost include
• Fuel cost
• Service cost
• Repair cost
• Tire cost
• Cost of special items
• Operators’ wages
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Total Owning and Operating Costs

• After owning cost and operating cost have been calculated,
these are totaled to yield total owning and operating cost
per hour of operation

• This cost may be used for estimating and for charging
equipment costs to projects, notice that it does not include
overhead or profit

• Overhead and profit must be added to obtain an hourly
rental rate if the equipment is to be rented to others

Example

• Calculate the expected hourly owning and operating cost for the
second year of operation of the twin-engine wheeled scraper
described below

Cost delivered/total cost =  $152,000 Tax, insurance, and storage rate = 8%
Estimated life = 5 years Operating conditions = average
Tire cost = $12,000 Rated power = 465 hp
Salvage value = $16,000 Fuel price = $1.30/gal
Depreciation = sum of the years’ digits Operator’s wages = $32/hr
Investment (interest) rate = 10% 2,000 hours of operation/year
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Example
Owning cost

• Depreciation cost
• D2 = 4

15 x (152,000 - 16,000 - 12,000) = $33,066.67
• Depreciation = $33,066.67 / 2,000 = $16.53/hr

• Investment, tax, insurance, and storage cost
• Cost rate = Investment + tax, insurance, and storage =10 + 8 = 18%
• Average investment = 152,000 + 16,000 

2 = $84,000

• Investment, tax, insurance, and storage = 84,000 x 0.18 
2,000 = 7.56/hr

• Total owning cost = 16.53 + 7.56 = $24.09/hr
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Operating Cost
• Fuel cost

• Estimated consumption = 0.035 x 465 = 16.28 gal/hr
• Fuel cost = 16.28 x 1.30 = $21.16/hr
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• Service cost
• Service cost = 0.33 x 21.16 = $6.98/hr
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• Repair cost
• Lifetime repair cost = 0.90 x (152,000 - 12,000) = $126,000

• Repair cost for year 2 = 2
15 x 126,000

2,000 = $8.40/hr

• Tire cost
• Estimated tire life = 3,000 hrs

• Tire cost = 1.15 x 12,000
3,000 = $4.6/hr
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• Special item cost: None
• Operator wages = $32/hr
• Total operating cost = 21.16 + 6.98 + 8.40 + 4.60 + 32 =

$73.14/hr
• Total O & O Cost = 24.09 + 73.14 = $97.23/hr

Buy-Rent-Lease Decision 
• Buy

• Full control of equipment resources
• Availability of equipment when needed
• Lowest hourly equipment cost if the equipment is properly

maintained and fully utilized
• Rent

• Short-term agreement
• little initial capital (usually none)
• Least expensive for equipment with low utilization (equipment

owning costs continue whether equipment is being utilized or
sitting idle)

• Access to newest/most efficient/ specialized equipment
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• Lease
• Intermediate between renting and buying
• Long-term agreement: more than 6 months
• little initial capital
• May be the best solution when capital is limited and

equipment utilization is high
• May include a purchase option in which a portion of the

lease payments is credited toward the purchase price if
the option is exercised

• A rational analysis of buy-rent-lease alternatives for
obtaining equipment is complex and includes

• Cost under the expected conditions
• Equipment availability
• Equipment productivity
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Example - Hourly cost of buying, leasing, and renting

• Since total capital cost is constant over the 5-year period for
both leasing and buying, hourly capital cost increases as
utilization declines for both alternatives

• Since the 5-year cost of leasing is fixed, leasing is more
expensive than owning in these circumstances

• Since the hourly cost for renting is constant, the hourly cost
for renting and buying become equal at 42% utilization, or
4,200 hours of use

• As utilization continues to decline, renting becomes even
more advantageous
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Example

• Decide on buying or renting a dozer with the following
ownership and rental costs

• Ownership cost = $14 per hour. 2,200 hours of operation per
year

Rental duration Rate ($) Hours Rental rate ($/hr)
Monthly 3,600 176 20.45
Weekly 1,100 40 27.5
Daily 400 8 50

• Yearly ownership cost = 14 x 2,200 = $30,800
• $30,800 < (20.45 x 2,200 = $44,990)
• It is more economical to buy the dozer
• Note: The actual rental cost is $46,800
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Example

• Based on the previous example yearly ownership cost, find
when it will be more economical to rent the equipment
monthly, weekly, and daily against buying

Rental duration Rate ($) Hours Rental rate ($/hr)
Monthly 3,600 176 20.45
Weekly 1,100 40 27.5
Daily 400 8 50

• 30,800 / 20.45 = 1,506.11 hours
• 1,506.11 / 176 = 8.56 (use 8 months: 8 x 176 = 1,408)
• Rent (monthly): 1,408 hours or less
• Buy: more than 1,408 hours
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• 30,800 / 27.5 = 1,120 hours
• 1,120 / 40 = 28 weeks
• Rent (weekly): 1,120 hours or less
• Buy: more than 1,120 hours

• 30,800 / 50 = 616 hours
• 616 / 8 = 77 days
• Rent (daily): 616 hours or less
• Buy: more than 616 hours
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Example

• Based on the previous example, find when it will be more
economical to rent the equipment monthly, weekly, and
daily

Rental duration Rate ($) Hours Rental rate ($/hr)
Monthly 3,600 176 20.45
Weekly 1,100 40 27.5
Daily 400 8 50

• 3,600 / 27.5 = 130.91 hours
• 130.91 / 40 = 3.27 (use 3 weeks: 3 x 40 = 120)
• Rent (weekly): 120 hours or less
• Rent (monthly): more than 120 hours
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• 1,100 / 50 = 22 hours
• 22 / 8 = 2.75 (use 2 days: 2 x 8 = 16)
• Rent (daily): 16 hours or less
• Rent (weekly): more than 16 hours

Replacement Decision

• A piece of equipment has two lives
• A physically limited working life
• A cost limited economic life

• A machine in good mechanical condition and working
productively will likely to be kept in the equipment inventory

• Equipment manager may look only at the high initial cash
outflow associated with the purchase of a replacement
machine and consequently ignore the other cost factors
involved

• All cost factors must be examined when considering a
replacement decision
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• If an owner considers only purchase price and expected
salvage, the ownership cost shows that the machine should
not be traded (fig. a)

• If only operating cost is examined, the owner would want to
trade the machine after the first year, as operating expenses
are continually rising with usage (fig. b)

• A correct analysis of the situation requires that total cost be
considered
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• A small dozer is purchased for $106,000
• A forecast of expected operating hours, salvage values, and

maintenance expense is shown below

Replacement analysis
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• The most economical service life of this machine is 4 years,
as $8.35/operating hour is the minimum total cost

• The analysis is based on cumulative hours
• If the owner chooses to keep the machine 5 years, the

effective loss is $0.31 ($8.66 - $8.35) on every operating
hour, not just the 800 hr of the last year

• When the total operating hours are large, the significance of
this cumulative effect can become much greater than it
would appear by simply looking at the combined cost per
hour values

Construction Cost Analysis & Estimating – 110401543

Material Cost

Dr. Mohammad Almashaqbeh
Department of Civil Engineering  

Hashemite University 
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• Material cost is a component of the direct costs to complete
a project

• The detailed estimate includes determination of the material
quantities and costs

• The contractor must have a complete set of contract
documents to perform a detailed material cost estimate

• Notify material suppliers and manufacturers’ representatives
that the company is preparing a proposal for a project to
receive price quotations for material unit cost including
delivery

• Sources of material prices
• Material suppliers
• Historical records
• Published cost data
• Market trend analysis

• Material cost = Quantity of work x material unit cost
• Material wastage (%) can be expressed as part of “Quantity

of work” or as a separate term
• Material cost = Quantity of work x material unit cost x (1 +

waste)
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• Other adjustments for material cost includes
• Sales tax (or can be part of project indirect cost)
• Location

• Material cost = Quantity of work x material unit cost x
adjustment factor

• Adjustment factor = waste + tax + location

Published Cost Data (RSMeans)
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• Crew daily output = 340 SF/day
• Unit material cost = $4.17/SF
• Material cost = quantity of work (SF) x $4.17/SF
• Apply adjustments as needed

Excavation

• Estimating excavation requires
• Estimating of work quantities and job conditions
• Selection of equipment (production rates)
• Competent job management

• The cost of excavation is affected by various factors such as
the type and properties of soil and whether groundwater will
be encountered and pumping will be required
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Soil Volume-Change Characteristics
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• Bank/in-place/natural condition
• Material in its natural state before disturbance. Unit

volume is Bank Cubic Meter/Yard (BCM/BCY)
• Loose

• Material that has been excavated or loaded. Unit volume
is Loose Cubic Meter/Yard (LCM/LCY). Highest volume

• Compacted
• Material after compaction. Unit volume is Compacted

Cubic Meter/Yard (CCM/CCY). Highest unit weight

• For example, a 1,000 BCM swells to 1,300 LCM and shrinks to
800 CCM
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• In general, volume of excavation can be calculated as follows

Volume = Horizontal area x Average depth

• The horizontal area can be divided into a set of rectangles,
triangles, or circular segments

• After the area of each segment is calculated, the total area is
found as the sum of the segment areas

• For simple rectangular shapes, the average depth can be
taken as the average of the four corner depths

• For more complex areas, we can measure the depth at
additional points along the perimeter of the excavation and
average all depths

• Trench excavation requires knowing trench cross-sectional
area and the linear distance along the trench line
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Production of Earthmoving Equipment

• Production = Volume per cycle × Cycles per hour
• Volume per cycle: Average volume of material moved per

equipment cycle
• Cycles per hour: Number of cycles actually achieved (or

expected to be achieved) per hour
• Cost per unit of production = Equipment cost per hour /

Equipment production per hour

• To determine the amount of general excavation, it is
necessary to determine the following

• The size of building (building dimensions)
• The distance the footing will project beyond the wall
• The amount of working space required between the edge

of the footing and the beginning of excavation
• The elevation of the existing land, by checking the existing

contour lines on the plot (site) plan
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• Sample site plan
• Contour lines connect

points of equal elevation

• To determine the amount of general excavation, it is
necessary to determine the following

• The type of soil that will be encountered. This is
determined by first checking the soil borings (on the
drawings), but must also be checked during the site
investigation

• Whether the excavation will be sloped or shored
• The amount of slope required must be determined by the

estimator who considers the depth of excavation, type of
soil, and possible water conditions
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• To determine the amount of general excavation, it is
necessary to determine the following

• If job conditions will not allow the sloping of soil, the
estimator will have to consider using sheet piling or some
type of bracing to shore up the bank
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• When sloping sides are used for mass excavations, the
volume of the earth that is removed is found by developing
the average cut length in both dimensions and by multiplying
them by the depth of the cut

• The average length of the cut can be found
• Another method is to average the top of cut and bottom of

cut dimensions
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• Volume = average width x average length x depth of cut
• The amount of working space required between the edge of

the footing and the beginning of excavation (approximately
0.5 m or 1.5 feet)
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• The simplest way to approximate the continuous footing
excavation is to multiply the average cut width times the
perimeter of the building times the depth

• Volume = average width x depth x linear footing length

Continuous Footing Section
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Backfilling 

• Once the foundation of the building has been constructed,
one of the next steps in construction is the backfilling
required around the building

• Backfilling is the putting back of the excess soil that was
removed from around the building during the general
excavation

• One method for calculating the amount of backfill to be
moved is to determine the total volume of the building
within the area of the excavation

• This would be the total volume of the basement area,
figured from the underside of the fill material, and would
include the volume of all footings and foundation walls
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• This volume is deducted from the volume of excavation that
had been previously calculated

• The volume of backfill required is the result of this
subtraction

• The figures should not include the data for topsoil, which
should be calculated separately

• A second method for calculating backfill is to compute the
actual volume of backfill required

• The estimator usually makes a sketch of the actual backfill
dimensions and finds the required amount of backfill
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• Subtract the area of the footing from the area of backfill and 
multiply that number by the length of the footing

• Backfill volume = Excavation Volume - Wall Volume

• Alternately, the area of backfill can be figured by computing
the area and by multiplying that amount by the length
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• Backfill volume = Excavation Volume – (Building Volume +
Footing Volume)

• The earthwork is calculated in terms of excavation, backfill,
and grading

• The estimator must compare the total amounts of cut and fill
required and determine whether there will be an excess of
materials that must be discarded, or whether there is a
shortage of materials and some must be brought in (borrow)
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• The removal of topsoil to a designated area where it is to be
stockpiled for finished grading and future use is included in
many specifications

• The topsoil can be removed if it contains organic material
and not suitable for construction

• The estimator must determine
• The depth of the topsoil
• Where it will be stockpiled
• What equipment should be used to strip the topsoil and

move it to the stockpile area

• Topsoil is generally removed from all building, walk, roadway,
and parking areas

• The volume of topsoil is figured in cubic yards/meters
• A clearance around the entire basic plan must also be left to

allow for the slope required for the general excavation
• The clearance is usually about 5 feet (1.5 m) on each side of

a building and 1.5 feet (0.5 m) for walks, roadways, and
parking areas
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• The following building perimeter and area are calculated as follows
• Perimeter = 85’ + 25’ + 15’ + 35’ + 30’ + 10’ + 30’ + 10’ + 40’ + 60’ = 340’

• The following building perimeter and area are calculated as follows
• Area = (100’ x 60’) – (10’ x 30’) – (15’ x 25’) = 5,325 SF
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• If the footprint of the building has been enlarged by 5’ to compensate for 
accuracy and slope

• Assuming that the topsoil to be removed is 9’’ thick

• The quantity of topsoil to be removed and stockpiled can be
calculated as follows

• Quantity of topsoil to be removed = 110’ x 70’ x (9/12)’ =
5,775 BCF

• 5,775 / 27 = 213.89 BCY
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• If the equipment selected to remove the topsoil has the
following specifications

• Equipment type = Front end loader
• Production = 24 BCY/hr
• Equipment cost per hour = $12/hr
• Operator cost per hour = $18/hr

• The equipment and labor cost can be calculated as follows
• Hours of operation = 213.89 / 24 = 8.91 hrs
• Equipment cost = 8.91 x 12 = $106.92
• Labor cost = 8.91 x 18 = $160.38

• To get the production rate of 24 CY/hr, the volume of
material moved per cycle (1 CY) and cycle time of the
equipment (2.5 min) can be used as follows

• Production = Volume per cycle × Cycles per hour

= 1 CY x 60 min/hr
2.5 min = 24 CY/hr

• Equipment cost per unit of topsoil removed = Equipment
cost per hour / Equipment production per hour

= 12 / 24 = $0.5/BCY
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• If a rectangular trench is planned to be excavated to place a
pipe. The trench has a width of 1.5 m, depth of 2 m, and
length of 200 m

• The volume of excavation is 1.5 x 2 x 200 = 600 BCM
• If the excavated material is unsuitable for backfilling and will

be transported away from the site. The estimator must plan
for hauling (transporting) the material in its loose state

• If the soil swell is 20% the hauling units will transport 600 x
1.2 = 720 LCM

• Assume that 250 CCM sand (swell 15%, shrinkage 90%)
bedding is needed for this trench

• The bank volume is 250/.9 = 277.78 BCM
• The hauling units will transport this material from a borrow

pit
• The volume to be transported is 277.78 x 1.15 = 319.45 LCM
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• The amount of excavation required for the basement portion
of the building can be determined as follows

Basement cross-section (length)
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Basement cross-section (width)

• From the building plan, the exterior dimensions of the
basement are 26’ 1’’ by 32’ 4’’

• From the wall section, the footing projects out 1 foot from
the foundation wall

• The workspace between the edge of the footing and the
beginning of the excavation will be assumed as 1 foot

• In this example, the expected depth of the cut is 8 feet after
a deduction for the topsoil that would have already been
removed
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• For this example, a slope of 2:1 will be used, which means
for every 2 feet of vertical depth an additional 1 foot of
horizontal width is needed

• Since the alternative is shoring or sheet piling on this project,
the sloped excavation will be used

• Average width of cut = 2’ + 1’ + 28’ 1’’ + 1’ + 2’ = 34’ 1’’
• Average length of cut = 2’ + 1’ + 34’ 4’’ + 1’ + 2’ = 40’ 4’’

• Volume of excavation = 34’ 1’’ x 40’ 4’’ x 8’
= 34.08 x 40.33 x 8 = 10,995.57 BCF
10,995.57 BCF / 27 = 407.24 BCY
• If this were to be hauled off the site, assuming a 30% swell
factor, the number of truck loads using a truck with 7 CY
capacity
= (407.24 x 1.3) / 7 = 75.63 = 76 truck loads
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• Backfilling quantity for the basement walls can be calculated
as follows

Backfill section (length)

Backfill section (width)

Footing backfill
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• Building volume = 32’ 4’’ x 26’ 1’’ x 8’ =32.33’ x 26.08’ x 8’ =
6,745.33 CF

• Footing volume = 1’ x 1’ x 32.33’ x 2 + 1’ x 1’ x 26.08’ x 2 =
116.82 CF

• Backfill volume = Excavation Volume – (Building Volume +
Footing Volume) = 10,995.57 - 6,745.33 - 116.82 = 4,133.42
BCF
4,133.42 BCF / 27 = 153.09 BCY

• The backfill material will be compacted. The calculated
volume will be the volume filled with compacted material
153.09 CCY

• The amount of excavation required for the continuous
footing of the building can be determined as follows

427

428



215

• The slope is 1.5:1, which means that for every 1.5 feet of vertical
rise, there is 1 foot of horizontal run

• The simplest way to approximate the amount of cut is to multiply
the average cut width times the perimeter of the building times
the depth

• Since 32’4’’ of the perimeter was included in the basement
wall. The linear distance of continuous footing is 340’ – 32’4
= 307’8’’

• Volume of excavation = 7’10’’ x 307’8’’ x 4’ = 7.83’ x 307.67’ x
9,636.22 BCF

• 9,636.22 BCF/ 27 = 356.9 BCY
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• Backfilling quantity for the foundation walls can be
calculated as follows

• Subtract the area of the footing from the area of backfill and
multiply that number by the length of the footing

• Volume of footing = 3’2’’ x 1’ x 307’8’’ = 3.17’ x 1’ x 307.67’ =
975.31 CF

• Volume of foundation wall = 3’ x 1’2’’ x 307’8’’ = 3’ x 1.17’ x
307.67’ = 1,079.92 CF

• Volume of footing and foundation wall = 975.31 + 1,079.92 =
2,055.23 CF

• Volume of backfill = 9,636.22 - 2,055.23 = 7,580.99 CF
• 7,580.99 BCY / 27 = 280.78 BCY
• The backfill material will be compacted. The calculated

volume will be the volume filled with compacted material
280.78 CCY
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• Alternately, the area of backfill can be computed by figuring
the area and by multiplying that amount by the length

• Backfill area = (5.34 + 4 + 3) x 2 = 24.68 SF
• Volume of backfill = 24.68 SF x 307.67’ = 7,593.3 CF
• 7,593.3 CF / 27 = 281.23 BCY

• Excavation for the spread footing
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• Since the spread footing is square, the general excavation
can be found by squaring the average cut width and by
multiplying that by the depth

• Volume of excavation = 8’4’’ x 8’4’’ x 5’ = 8.33’ x 8.33’ x 5’ =
346.94 CF

• 346.94 CF / 27 = 12.85 BCY
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Asphalt Paving

• Asphalt paving is generally classified by traffic (heavy,
medium, or light) and use (walks, streets, and driveways)

• The estimator should determine which items will be
required, the material and equipment necessary for each
portion of the work, and the required thickness and amount
of compaction

• The number of m2 / SF to be covered is determined, and the
thickness (compacted) of each course and the type of
materials required are noted

Approximate Asphalt Paving Materials Tonnage
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• Assume that the asphalt required is 3 inches
thick and the subgrade is 6 inches thick

• The quantity of asphalt and subgrade
material required for the parking lot in the
commercial building can be determined as
follows

• Area 1 = 23.5’ x 102.5’ = 2,408.75 SF
• Area 2 = 20.5’ x 98’ = 2,009 SF
• Area 3 = 15.5’ x 23.5’ = 364.25 SF
• Area 4 = [(53’ + 23.5’) x 14.5’] / 2 = 554.63 SF
• Total area = 5,336.63 SF
• Quantity of asphalt = (19.5 ton/ 1000 SF) X 5,336.63 SF =

104.06 tons
• Quantity of subgrade = (27.6 ton/ 1000 SF) X 5,336.63 SF =

147.29 tons
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Concrete Work

• Because concrete has little strength in tension, virtually all
concrete used for structural purposes contains reinforcing
material embedded in the concrete to increase the concrete
member’s tensile strength

• Such concrete is called reinforced concrete
• Steel reinforcing (rebar) most commonly used, metal and

plastic fibers dispersed in the concrete mix are also available

• The concrete for a project may be either ready mixed or
mixed on the job

• Most of the concrete used on commercial and residential
work is ready mixed and delivered to the job by the ready-
mix company

• Quality control, proper gradation, water, and design mixes
are easily obtained by the ready-mix producers

• When ready-mix is used, the estimator must determine the
amount of concrete required and the type and amount of
cement, aggregates, and admixtures

• These are discussed with the supplier, who then gives a
proposal for supplying the specific concrete
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• Concrete is usually estimated by the cubic meter/cubic yard
• Major elements of a concrete construction cost analysis include

• Formwork costs including labor, equipment, and materials
• Cost of reinforcing steel and its placement
• Concrete materials, equipment, and labor for placing, curing,

and finishing the concrete

• A typical distribution of
concrete construction costs
for a reinforced concrete
building

8%
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• In estimating concrete quantities, waste ranges from 5% for
footings, columns, and beams to 8% for slabs. Waste can be
assumed based on job size (5% for large job and 10% for a
smaller job)

• The procedure that should be used to estimate the concrete
on a project is as follows

1. Review the specifications to determine the requirements
for each area in which concrete is used separately (such
as footings and slabs) and list type and strength of
concrete and any special curing or testing required

2. Review the drawings to be certain that all concrete items
shown on the drawings are covered in the specifications

3. Determine the quantities required from the drawings
• Footing sizes are checked on the wall sections and

foundation plans. Watch for different size footings under
different walls

• Concrete slab information will most commonly be found
on wall sections, floor plans, and structural details

• Exterior walks and driveways will most likely be identified
on the plot (site) plan and in sections and details
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• Foundation 
layout

• To determine the quantity for the continuous footing, check
the different sizes of continuous footings

• The continuous footings on the perimeter of the building
are 3’2’’ wide

• The continuous footings on interior of the building are
3’0’’ wide

• Determine the linear distance of footing for each width
• Determine the cross-sectional area for each of the differing

sizes
• Determine the volume
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• Determining the linear feet/meter of continuous footing
typically requires some minor calculations

• The dimensions listed on the drawings typically reference the
exterior face of the building or the centerline of the
structural framing

• Neither of these dimensions is appropriate for finding the
linear feet of footing

• In addition, the overlap that would occur in the corners by
taking the measurement along the exterior face of the
footing needs to be compensated

• Therefore, the best approach is to determine the dimensions
along the exterior edge and dimension so that there is no
overlap

• The overlap in the footings for walls A and B and walls B and
C is because the footing in wall B is below the footings in
walls A and C
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Linear feet of 3’2’’wide 
continuous footing
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• Cross-sectional area = width x height = 3’2’’ x 1’ = 3.17’ x 1’ =
3.17 SF

• Volume of concrete = Cross-sectional area x length = 3.17’ x
337’4’’ = 3.17’ x 337.33’ = 1,069.34 CF

• 1,069.34 / 27 = 39.61 CY
• Waste assumed as 5%: 39.61 x 1.05 = 41.59 CY

• The concrete contained in the spread footing
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• Volume of concrete = length x width x height
= 3’ x 3’ x 1’ = 9 CF = 0.33 CY
• Waste (5%): 1.05 x 0.33 = 0.35 CY

455

456



229

• To quantify a
drilled pier, the
shaft diameter, bell
diameter, and
angle of the bell
must be known

• The volume of the
drilled piers can be
calculated, or
tables could be
used to find the
volume
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• If the volume is to be manually calculated, the bell diameter
and angle can be used to find the height of the bell by using
the formula

• Height of bell on reamed footing (H) =
ୱ୧୬(୅) ୶ 

ా ష౏

మ

ୗ୧୬ (ଽ଴ ି୅)

Or

• H = tan (A) x ୆ ିୗ

ଶ

• Then the volume of the bell is found using the formula

• Volume of bell = ஠ୗమ ୶ ୌ

ସ
+ 2π

ଶୗା୆

଺
x

୆ ିୗ ୶ ୌ

ସ

Or

• Volume of bell = ஠ୌ

ଵଶ
(Sଶ + Bଶ + SB)
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• The volume of bell is added to the volume of the shaft to 
determine the volume for a specific pier

• Shaft volume =  ஠ௌమ

ସ
x length of shaft

• The three identical drilled piers have the following
dimensions

• Shaft diameter = 18’’ (1.5’)
• Bell diameter = 42’’ (3.5’)
• Angle of bell = 60°

• H =
ୱ୧୬ ଺଴  ୶ 

య.ఱ షభ.ఱ

మ

ୗ୧୬ (ଽ଴ ି଺଴)
= 1.73’

Or

• H = tan (60) x
ଷ.ହ ିଵ.ହ

ଶ
= 1.73’
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• Volume of bell = ஠(ଵ.ହ)మ ୶ ଵ.଻ଷ

ସ
+ 

2π
ଶ ୶ ଵ.ହ ାଷ.ହ

଺
x

ଷ.ହ ିଵ.ହ ୶ ଵ.଻ଷ

ସ
= 8.95 CF

Or 

• Volume of bell = ஠ ୶ ଵ.଻ଷ

ଵଶ
((1.5)ଶ + (3.5)ଶ + (1.5 x 3.5)) = 8.95 CF
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• The remaining element of the drilled piers is to determine
the volume of the shaft

• This is done by subtracting the height of the bell from the
pier depth

• However, the shaft typically extends 6 inches (0.5’) through
the bell requiring an extra 6 inches to be added to the shaft
length

• Length of the shaft = 16’ -1.73’ + 0.5’ = 14.77’

• This length of the shaft is then multiplied by its cross-
sectional area to determine its volume

• Shaft volume = ஠(ଵ.ହ)మ

ସ
x 14.77 = 26.1 CF

• The volume of the shaft and pier can then be added together
and multiplied times the number of piers to determine the
total volume

• Volume of concrete in piers = count x (volume in bell +
volume in shaft) = 3 x (8.95 + 26.1) = 105.15 CF = 3.89 CY

• If waste is 10%: 1.1 x 3.89 = 4.28 CY
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Workup sheet for the spread and continuous footings for the building

• Foundation 
walls
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• The building perimeter foundation walls
are 1’2’’ thick and the interior walls are 1’
thick

• Side B is 8’4’’ tall as compared with 3’8’’
high for the remaining 1’2’’ thick walls

• This is why, side B is not included in the
table for linear feet of 1’2’’thick
foundation walls

• Exterior foundation wall concrete = linear feet x height x
thickness = (303’ x 3’8’’ x 1’2’’) + (32’4’’ x 8’4’’ x 1’2’’)
= (303 x 3.67 x 1.17) + (32.33 x 8.33 x 1.17) = 1,616.14 CF =
59.86 CY

• 59.86 X 1.05 (waste) = 62.85 CY
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• Grade beams are required to tie the drilled piers to the
remainder of the building foundation

• The volume of concrete in the grade beam is found by
multiplying the cross-sectional area of the grade beams by
their length

• The grade beams have different cross-sectional areas
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• Volume of concrete = (1’2’’ x 1’6’’ x (25’+ 13’10’’)) + (1’6’’ x
1’6’’ x 30’)

= (1.17’ x 1.5’ x 38.83’) + (1.5’ x 1.5’ x 30’) = 135.65 CF
= 5.02 CY
• 5.02 X 1.08 (waste) = 5.42 CY

Workup sheet for the concrete in the foundation walls and grade beams
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Slab area

• The volume of a reinforced slab is found by taking the area
(SF/m2) and by multiplying it by the depth of the slab

• For example, the 2 inch (0.17’) thick topping: 25’3’’ x 31’4’’=
25.25’ x 31.33’ = 791.08 SF

• There is a stair opening (46 SF): net area = 745.08 SF
• Volume of concrete = 745.08 x 0.17 = 126.66 CF = 4.69 CY
• 5% waste: 4.69 x 1.05 = 4.92 CY
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• To find the labor cost for placing concrete in the continuous
footings (41.59 CY of concrete), the quantity takeoff can be
multiplied by the appropriate productivity rate

• Labor hours = 41.59 x 0.4 = 16.64 hrs
• If wage rate is $14/hr
• Labor cost = 14 x 16.64 = $232.96
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• A concrete pump of 100 m3/hr maximum output is used to
place 270 m3 of concrete

• The concrete is supplied by 9 m3 transit-mix trucks arriving to
the site every 12 min

• If the pump utilization rate is 90% (10% downtime allowance),
and assuming no interruptions, the hours of operation would
be 270 / (100 x 0.9) = 3 hrs

• Effective output, however, is governed by concrete supply rate
• Number of cycles = 60 min/hr /12 min = 5/ hr
• Output per truck = 9 m3 x 5 = 45 m3 /hr
• Placing duration = 270 m3 / 45 m3 /hr = 6 hrs
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• In a ribbed slab, hollow block volume is 0.02 m3, a total of
1,500 blocks are needed

• If the slab area (without stairs) is 250 m2 with a 0.31 m
thickness, the volume of concrete is 250 x 0.31 – 1,500 x 0.02
= 47.5 m3
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Reinforcing Steel

• Concrete reinforcing steel is available as
• Standard reinforcing bars
• Welded wire fabric/mesh (WWF)
• A combination of the two

• Reinforcing bars are usually deformed; that is, they are
manufactured with ridges that provide an interlocking bond
with the surrounding concrete

• The No. 2 bar is a plain round bar, but all the rest are
deformed round bars
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• ASTM standard reinforcing bar sizes

• Reinforcing bars are taken off by linear feet/meter
• The takeoff (workup) sheet should be set up to include the

number of the bars, lengths, and bends
• Check the specifications to determine the type of steel required

and whether it is plain, coated with zinc, painted with epoxy
paint (typically green), or galvanized

• Zinc coating and galvanizing can increase the material cost by as
much as 150 % and often delays delivery

• Rebar painted with epoxy paint increases the cost by about 20 %
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• Allowance for splicing (lapping) the bars must also be included
• Lap splicing costs may range from 5 to 15 %, depending on the

size of the bar and yield strength of steel used
• Waste may range from less than 1 % for precut and preformed

bars to 10 % when the bars are cut and bent on the job site

• Splice Requirements (Minimum splice is 1’)
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• Welded wire mesh is an economical reinforcing for
• Floors
• Driveways
• Temperature reinforcing
• Beam and column wrapping

• It is usually furnished in flat sheets
or by the roll

• The takeoff must be broken up into the various sizes required
and the number of square feet required of each type

• The mesh may be either plain or galvanized; this information
is included in the specifications

• Galvanized mesh may require special ordering and delivery
times of two to three weeks
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• Welded wire fabric is available with smooth wire or deformed
wire

• Welded wire fabric is identified by the letters WWF followed by
• The spacing of longitudinal wires [in. (mm)],
• The spacing of transverse wires [in. (mm)],
• The size of longitudinal wires [sq in. 100 (mm2)],
• The size of transverse wires [sq in. 100 (mm2)]

• Metric sizes are identified by the letter M preceding the wire sizes
• Deformed wire is indicated by the letter D preceding the wire size
• For example, “WWF 6 x 6 – 4 x 4 [152 x 152 MW25.8 x MW25.8]”

• A square wire pattern with both transverse and longitudinal
wires spaced 6 in. (152 mm) on center

• Both wires are size W4 [0.04-sq in. (25.8-mm2) section area]
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• Steel wire data for welded 
wire fabric

• To provide protection of reinforcing steel against corrosion
and fire, a minimum cover of concrete must be furnished

• Building codes usually specify minimum cover requirements
• The American Concrete Institute (ACI) recommends the

following minimum cover when not otherwise specified
• Slabs, joists, and walls not exposed to weather or ground:

0.75’’ (1.9 cm)
• Beams, girders, and columns not exposed to weather or

ground: 1.5’’ (3.8 cm)
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• The American Concrete Institute (ACI) recommends the
following minimum cover when not otherwise specified

• Concrete placed in forms but exposed to weather or ground:
1.5’’ (3.8 cm) for No. 5 bars or smaller; 2’’ (5.1 cm) for bars
larger than No. 5

• Concrete placed without forms directly on the ground: 3’’
(7.6 cm)

• At least one bar diameter of cover should be used in any case

• The reinforcing steel must be elevated into the concrete to
some specified distance

• This can be accomplished by using concrete bricks, bar
chairs, spacers, or it may be suspended with wires

• The supports may be plastic, galvanized or zinc-coated steel,
steel with plastic-coated legs, and other materials

• If the finished concrete will be exposed to view and the
supports are touching the portion to be exposed,
consideration should be given to using noncorrosive
supports
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• Bars are maintained in their specified position by tying to adjacent 
bars or by the use of bar supports

• Bars are maintained in their specified position by tying to adjacent 
bars or by the use of bar supports
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Linear feet of 3’2’’wide 
continuous footing

• Side A continuous footing
of the building 39’10’’

• This footing has reinforcing
bars that run both the long
and short dimensions
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• Continuous Footing Short Bars
• Number of short bar spaces = (39’10’’ – 4’’)/ 11’’ spacing
• Number of short bars = 39.5’ / 0.91’ = 43.41 (44 spaces)
• Add 1 to get the number of bars: use 45 bars
• The bar length is 2’10’’, which is derived by subtracting the

coverage distance (2’’ x 2) from the footing width (3’2’’)
• Total bar length = Number of bars x length of individual bars

• Continuous Footing Short Bars
• Total bar length = 45 bars x 2’10’’ per bar
• Total bar length = 45 bars x 2.83’ per bar = 127.35’
• No. 5 bar weighs 1.043 lb/ft
• Total weight = 127.35’ x 1.043 = 132.83 lb
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• ASTM standard reinforcing bar sizes

• Continuous Footing Long Bars
• Length of long bars = 39’6’’
• Total bar length = 39’6’’ x 4 bars
• Total bar length = 39.5’ x 4 bars = 158’
• Total weight = 158’ x 1.043 lb/ft = 164.79 lb

• Total actual weight = 164.79 + 132.83 = 297.62 lb
• Add 10% for waste and lap: use 327.38 lb
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• Side A is of the foundation
wall is 38’10’’

• Vertical bar spacing at 11’’
on center (o.c.)
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• Foundation wall vertical bars (Side A)
• Number of vertical bar spaces = (38’10’’- 4’’) / 11’’ = 38.5 / 0.92

= 41.85 (42 spaces)
• Add 1 to get number of bars: 43 bars
• Bar length = wall height – bar coverage = 3’8’’ – 4’’ = 3’4’’ (3.33’)
• Total bar length = bar count x length of individual bars = 43 x

3.33 = 143.19’
• Total weight = 143.19 x 1.043 = 149.35 lb
• Waste and lap (10%): 164.29 lb

• Foundation wall horizontal bars (Side A)
• Number of horizontal spaces = (3’8’’- 4’’) / 10’’ =

3.33’/0.83’ = 4.01 (5 spaces)
• Number of bars = spaces + 1 = 6 bars
• Bar length = 38’10’’ – 4’’ = 38’6’’
• Total bar length = 38.5’ x 6 = 231’
• Total weight = 231 x 1.043 = 240.93 lb
• Waste and lap (10%): 265.02 lb
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• Dowels
• Each dowel is 3’
• Number of dowels = 43
• Total length = 43 x 3’ = 129’
• Total weight = 129 x 1.043 = 134.55 lb
• Waste and lap (5%): 141.28 lb

• If the reinforcing in a slab is done with sized deformed bars,
the bars are quantified in the exact manner as the footings
and foundation walls

• The quantity of long and short bars needs to be determined
• The slab can be divided into unique areas so that the

quantity of reinforcing bars can be determined
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• For area A
• Long bars: 39’ – 2’’ = 38’10’’ (38.83’)
• Short bars: 25’4’’ – 2’’ = 25’2’’ (25.17’)
• Long bar spaces = 25’4’’/12’’ = 25.33’ / 1’ = 25.33 (26

spaces)
• Number of bars = 26 + 1 = 27 bars
• Short bar spaces = 39’ / 12’’ = 39’ / 1’ = 39 spaces
• Number of bars = 40
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• For area A
• Total length of long bars = 38.83’ x 27 = 1,048.41’
• Total length of short bars = 25.17’ x 40 = 1,006.8’
• Total length of bars = 2,055.21’
• Total weight = 2,055.21’ x .376 lb/ft (No. 3 bar) = 772.76 lb
• Waste and lap (10%): 850.04 lb

• Estimating the reinforcing in the drilled
piers consists of counting the number of
vertical bars and determining their length

• Since there are three drilled piers, results
will be multiplied by three to determine
the total

• There are four No. 5 vertical bars and No.
3 ties that are horizontal at 12’’ on center
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• Vertical bars (#5)
• Length of bar = pier length – coverage = 16’ – (2 x 3’’) =

15’6’’ (15.5’)
• 15.5’ x 4 bars = 62’
• Vertical dowels = 2’ x 4 dowels = 8’
• Total quantity = (62 + 8) x 3 piers = 210’
• Total weight of bars = 210 x 1.043 lb/foot = 219.03 lb
• Waste and lap (10%): 240.93 lb

• Horizontal bars (#3)
• Shaft diameter = 18’’
• Tie diameter = shaft diameter – cover = 18’’ – (2 x 2’’) =

14’’
• Tie length = 2πr = (2 x π x 7) / 12 = 3.67’ per tie
• Number of vertical spaces = 16’ / 1’ = 16 spaces
• Number of ties = 16 + 1 = 17
• Total length of ties = 17 x 3.67 per tie x 3 piers = 187.17’
• Total weight of bars = 187.17 x 0.376 lb/foot = 70.38 lb
• Waste and lap (10%): 77.42 lb
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• The grade beam in the front of the building is 30’long
• There are four No. 5 horizontal bars and No. 3 bars used for

stirrups at 12’’ on center
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• Total quantity of #5 bars = 4 bars x 30’ per bar = 120’
• Weight of bars = 120’ x 1.043 = 125.16 lb
• Waste and lap (10%): 137.68
• Stirrup length = 1’2’’ (1.17) x 4 = 4.68’ per stirrup
• Stirrup spaces = 30’/1’ = 30 spaces
• Number of stirrups = 31
• Length of stirrups = 31 x 4.68 = 145.08’
• Weight of stirrups = 145.08’ x 0.376 lb/foot = 54.55 lb
• Waste and lap (10%): 60.01 lb

• Estimating wire mesh
• The square footage of the floor area to be covered may be

taken from the slab concrete calculations
• Check the sections and details for the size of the mesh

required
• To determine the number of rolls required, add the lap

required to the area to be covered and divide by 750 (the
square footage in a roll)

• Waste averages about 5% unless much cutting is required;
only full rolls may be purchased in most cases

519

520



261

• The wire mesh is used for the basement floor and over the precast hollow core planks
• Both of these areas are roughly the same square footage (25’4’’ x 30’8’’)

• SF of concrete requiring mesh = 25’4’’ x 30’8’’ x 2 = 25.33’ x
30.67’ x 2 =1,553.74 SF

• Waste and lap (15%): (1,553.74 x 1.15) / 750 SF per roll =
2.38 (3 rolls)
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Reinforcing steel quantity takeoff (foundation footings and walls)

Reinforcing steel quantity takeoff (foundation footings and walls)
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• Sample productivity rates for tying and placing the
reinforcing steel

• To determine the labor cost for placing 4,298 lb reinforcing
steel for continuous footings

• Labor hours = (4,298 / 2,000 lb per ton) x 15 labor hr/ton
= 32.24 hrs
• Labor cost = 32.24 x $15/hr = $483.6
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Priced estimate for the reinforcing steel

Priced estimate for the reinforcing steel
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Priced estimate for the reinforcing steel

Formwork

• The principal requirements for formwork are that it is
• Safe
• Produce the desired shape and surface texture
• Economical
• True to grade and alignment
• Braced against displacement
• Resistant to leaking through tight joints
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• Procedures for designing formwork ensures that it will be
safe under the loads imposed by

• Plastic concrete
• Workers and other live loads
• External forces (such as wind loads)

• The pressure on the forms is the biggest consideration in the
actual design of the forms

• In the design of wall and column forms, the two most
important factors are

• The rate of placement of the concrete (feet/m per hour)
• The temperature of the concrete in the forms

• From these two variables, the lateral pressure (psf[kg/m2])
may be determined

• Floor slab forms are governed primarily by the actual live
and dead loads that will be carried
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• The forms for concrete footings, foundations, retaining walls,
and floors are estimated by the area (SF/m2) of the concrete
that comes in contact with the form

• The plans should be studied carefully to determine whether
it is possible to reuse the form on the building and the
number of times it may be reused

• It may be possible to use the entire form on a repetitive pour
item, or the form may have to be taken apart and reworked
into a new form

• Wood Forms
• Wood is one of the most common materials used to build

forms
• The advantages of wood are that it is

• Readily accessible
• Easy to work with
• Once used, it may be taken apart and reworked into

other shapes
• Once it has been decided to use wood, the estimator

must determine the quantity of lumber required and the
number of uses (plywood, if a smooth surface is required)
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• Wood Forms
• This means the construction of the forms must be decided

upon with regard to plywood sheathing, wales, studs or
joists, bracing, and ties

• The estimator can easily determine all of this if the
following are known

• Height of the fresh concrete pour (for columns and
walls)

• The temperature of the placed concrete
• The thickness of the slab (for floors)

Typical wall formTypical form ties
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Typical column formForm for elevated slab

Beam and slab formWood form for stairway
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• Metal Forms
• Prebuilt systems of metal forms are used extensively on

poured concrete not only on large projects, but even for
foundation walls in homes

• Advantages are that these systems are
• Reusable several times
• Easily adaptable to the various required shapes
• Interchangeable
• Require a minimum of hardware and a minimum of

wales and ties, which are easily placed

• Metal Forms
• They may be purchased or rented, and several timesaving

methods are employed
• Heavy-duty forms are available for heavy construction

jobs in which a high rate of placement is desired
• Engineering data and other information pertaining to the

uses of steel forms should be obtained from the metal
form supplier
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• Metal Forms
• The supplier can give information regarding

• Costs (rental and purchase)
• Tie spacing
• Number of forms required for the project
• Labor requirements

• Miscellaneous Forms
• Column forms are available in steel and laminated plies of

fiber for round, square, and rectangular columns
• Many manufacturers will design custom forms of steel,

fiber, and fiberglass to meet project requirements
• These would include triangular, and half rounded shapes
• Fiber tubes are available to form voids in cast in-place (or

precast) concrete; various sizes are available
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• Miscellaneous Forms
• Most of these forms are sold by the linear footage

required of a given size
• The fiber forms are not reusable
• The steel forms may be used repeatedly

• The unit of measurement used for forms is the actual contact
area (in square feet) of the concrete against the forms

• The forms required throughout the project must be listed and
described separately

• Usually, no deductions in the area for openings of less than 30 SF
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• Materials in the estimate should include everything required
for the construction of the forms

• Items affecting the cost of concrete wall forms are the
• Height of the wall (since the higher the wall, the more

lumber that will be required per square foot of contact
surface)

• The shape of the building

• Items affecting the cost of concrete floor forms include
• Floor-to-floor height
• Reusability of the forms
• Length of time the forms must stay in place
• Type of shoring and supports used
• Number of drop beams required
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• Wood forms, approximate quantity of materials, and labor hours
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• Approximate quantity of labor hours

• Foundation wall forms
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• To determine the quantity of formwork associated with
placing the 3’8’’high foundation wall, there are 303’ of
3’8’’high foundation wall

• The contact area is found by multiplying these two
dimensions and then by doubling that quantity to
compensate for both sides being formed

• Contact area (SFCA) = length x width x sides formed
= 303’ x 3’8’’ x 2 sides
= 303’ x 3.67’ x 2 = 2,224.02 SFCA

• Assuming that the forms will be used twice, the following
calculation can be performed

• Labor hours = quantity x productivity rate
= 2,224.02 SFCA x 0.28 labor hours/SFCA = 622.73 labor hours
• Labor cost = labor hours x wage rate
= 622.73 x $14 = $8,718.22
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• Form liners
• A form liner is any sheet, layer or plate material that

imparts a texture to the surface of the concrete or alters
its surface finish

• The type of liner used with the form will determine the
texture or pattern obtained on the surface of the concrete

• Depending on the specified finish, formed concrete surfaces
requiring little or no additional treatment can be easily
obtained

• A variety of patterns and textures may be produced by using
various materials as liners

• Fiberglass liners, plastic coated plywood, and steel are
among the most commonly used

• These textures may be used on floors or walls
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• Liners are also used to form waffle slabs and tee beam floor
systems; they may be fiberglass, steel, or fiber core

• When liners of this type are used, the amount of void must
be known so that the quantity of concrete may be
determined

• Form liners are often available on a rental or purchase
arrangement

• The drawings should be checked for types of texture,
patterns, or other requirements of the form liner
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• Estimators take off the area of the surface requiring a
particular type of liner and decide how many liners can be
used effectively on the job

• This will be the total number of square feet/m2 of the liner or
the number of pieces required

• Being able to use them several times is what reduces the cost
• Dividing the total cost of the liners by the square feet/m2 of

surface provides a cost per square foot/m2 for liners

• Void area in concrete
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Minimizing cost of formwork

• Since formwork may account for 40 to 60% of the cost of
concrete construction, it is essential that the formwork plan
be carefully developed and thoroughly evaluated

• A cost comparison should be made of all feasible forming
systems and methods of operation

• Such an analysis must include the cost of equipment and
labor required to install reinforcing steel and to place and
finish the concrete, as well as the cost of formwork, its
erection, and removal

• The formwork plan that provides the required safety and
construction quality at the minimum overall cost should be
selected for implementation

• In general, lower formwork cost will result from repetitive
use of forms

• Multiple use forms may be either standard commercial types
or custom-made by the contractor
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• Flying forms (large sections of
formwork moved by crane from one
position to another), are often
economical in repetitive types of
concrete construction

• Where appropriate, the use of slip forms and the tilt-up
construction techniques can greatly reduce forming costs
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Example

• A construction company considers the purchase of a set of
flying table forms to be used 110 times on a new project at a
rate of 10 times per month

• Further reuse of the forms on another project is uncertain, (the
entire cost of the forms is to be charged to the current project)

• The forms cost $23/SF
• Another option is to rent the forms for $0.90/SF per month
• Should the company buy or rent the forms?

• If purchased, material cost per use is purchase cost / overall
number of uses before disposal = 23 / 110 = $0.21/SF

• If rented, the forms are to be used 110 / 10 = 11 months, and
material cost is ($0.9/SF/month x 11 months) / 110 =
$0.09/SF

• Therefore, the company should favor rental over purchase in
this case
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• What is the number of uses for which purchase and rental
costs become even?

• The breakeven number of uses = 23/0.09 = 255.56 (256)
• Therefore, if the number of uses is expected to be greater

than 256, the company should favor purchase over rental
• If the length of service exceeds 1 year. Further analysis is

required that considers capital recovery and annual interest
rate (time value of money)
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Metals

• General contractors typically handle structural metal in one
of two ways

• Purchase it fabricated and erect it with their own
construction crew

• Have the company fabricate and erect
• Many contractors do not have the equipment and skilled

personnel required to erect the structural metals

• The structural metal includes
• Columns
• Beams
• Lintels
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• The structural metal includes
• Trusses
• Joists
• Bearing plates

• The structural metal includes
• Girts
• Purlins
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• The structural metal includes
• Decking
• Bracing

• Structural metals are purchased by the ton
• The cost per ton varies depending on the type and shape of

metal required
• The estimate of the field cost of erecting structural metals

will vary depending on
• Weather conditions
• Delivery of materials
• Equipment available
• Size of the building
• Amount of bolting and welding required
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• The wide flange shapes are the most commonly used today
and are designated as shown

• The takeoff should first include a listing of all metals required
for the structure

• A definite sequence for the takeoff should be maintained
• A commonly used sequence is

• Columns and details
• Beams and details
• Bracing and flooring

• Floor by floor, a complete takeoff is required
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• Structural drawings, details, and specifications do not always
show required items

• Among the items that may not be shown specifically, but are
required for a complete job

• Field connections
• Field bolts
• Welds

• The specification may require conformance with American
Institute of Steel Construction (AISC) standards, with the
exact methods to be determined by the fabricator and
erector

• When this situation occurs, a complete understanding is
required of the AISC and code requirements to do a
complete estimate
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Example
• Determine the quantity of beams in the roof framing plan
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• Weight of W12 X 30s that are 16’2’’ long
• Weight = 16’2’’ X 30 lb/ft X 3
• Weight = 16.167’ X 30 lb/ft X 3 = 1,455 lb
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Joists

• Metal joists, also referred to as
open web steel joists, are
prefabricated lightweight trusses

• The weight per foot is typically
found in the manufacturer’s catalog

583

584



293

• A bar joist catalog (joist loading table)

• A bar joist catalog (joist loading table)
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• To determine the quantity of bar joists
• Calculate the linear footage of joists required
• Multiply this number by its weight per foot
• The product represents the total weight

• The cost per pound is considerably greater than that for
some other types of steel (such as reinforcing bars or wide
flange shapes) due to the sophisticated shaping and
fabrication required

• Determine the quantity of bar joists required to frame the roof

• 18K3 @4’ O.C.
• 24K6 @4’ O.C.
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• The 18K3 weighs 6.6
pounds per foot

• The 24K6 weighs 9.7
pounds per foot
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• Length of 18K3 = 25’ X 23 = 575’
• Length of 24K6 = 35’8’’ X 23 = 35.67’ X 23 = 820.41’
• Weight of 18K3 = 575’ X 6.6 lb/ft = 3,795 lb
• Weight of 24K6 = 820.41’ X 9.7 lb/ft = 7,985 lb
• Total weight of bar joist = 3,795 + 7,985 = 11,753 lb
• 11,753 / 2,000 lb per ton = 5.88 tons

• Bar joist installation productivity rates
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Metal Decking
• Metal decking is used for floor and roof applications
• Depending on the particular requirements of the job, a wide selection of

shapes, sizes, thicknesses, and accessories
• Application types

• Simple decks over which insulation board and built-up roofing are applied

• Application types
• Forms and reinforcing over

which concrete may be poured
• Decking that can receive

recessed lighting and has
acoustical properties
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• Determine decking for the roof area

• Roof area
60’ x 100’ = 6,000 SF

• Add 5% waste
6,300 SF

Masonry

• The term masonry encompasses all the materials used by
masons in a project, such as block, brick, clay, tile, or stone
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• The amount of varied material available requires that
estimators be certain they are bidding exactly what is
required

• Read the specifications, check the drawings, and call local
suppliers to determine the exact availability, costs, and
special requirements of the units needed

• The amount of time required for a mason (with the
assistance of helpers) to lay a masonry unit varies with

• Size, weight, and shape of the unit
• Bond (pattern)
• Number of openings
• Whether the walls are straight or have jogs (turns)
• Distance the units must be moved (both horizontally and

vertically)
• Shape and color of the mortar joint
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• The height of the walls becomes important in estimating
labor for masonry units

• The masonry work that can be laid up without the use of
scaffolding is generally the least expensive

• However, that is typically limited to 1.2 - 1.5 m (4 - 5 feet)
• Labor costs arise from the erection, moving, and dismantling

of the scaffolding as the building goes up
• The units and mortar have to be placed on the scaffold,

which further adds to the labor and equipment costs

• Mortar specifications
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• Stone patterns 

• Concrete masonry includes concrete brick,
hollow and solid block, and decorative types of
block

• There is considerable variation in shapes and
sizes available

• For example, hollow block of size 40cm x 20cm x
10cm can be used for internal partitions while
thicker hollow block size of 40cm x 20cm x 20cm
can be used for external walls

601

602



302

603

604



303

• Reinforced brick masonry: brick masonry in which reinforcing
steel has been embedded to provide additional strength

• Protection for masonry reinforcement
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• Reinforced concrete masonry
construction

• Provide additional structural
strength and to prevent
cracking
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• Tables are available for estimating the quantity of brick
required for standard walls

• Estimating the number of bricks required for a masonry wall
involves five steps

1. Calculating the net surface area of the wall
• The gross surface area of the wall is calculated in m2

(square feet), and the area of openings is subtracted to
give the net surface area of the wall

• Do not double count the area of corners where two
walls intersect
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• Estimating the number of bricks required for a masonry wall
involves five steps

2. Calculating the surface area of one brick as positioned
(including the mortar joint)

3. Dividing the wall area by the surface area of one brick
(including the mortar joint)

4. Multiplying this number by the number of layers
(vertical section one brick thick) of wall thickness

5. Adding an amount for waste (usually 2–10%)

Example

• Calculate the number of bricks 203 mm long x 57 mm height
x 95 mm thick laid in running bond required for a double
brick (double layer) wall 2.44 m high by 4.27 wide having one
opening 1.22 x 1.83 m and one opening 0.81 x 1.22 m

• Mortar joints are 13 mm
• Allow 3% for brick waste
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• Net wall area = (2.44 x 4.27) – (1.22 x 1.83) – (0.81 x 1.22) =
7.2 m2

• Area of 1 brick = (0.057 + 0.013) (0.203 +0.013) = 0.01512 m2

• Number of bricks required = (7.2 / 0.01512) x 2 x 1.03 =
980.95 (981)

• A similar procedure can be used to calculate the quantity of
mortar required for a particular wall

• First, the volume of mortar required for a single brick is
calculated. The following equation may be used for this
purpose

Volume per brick (m3/cu in.) = t x W x (L + H + t) 
• t = joint thickness (in. or m)
• W = brick width/depth (m)
• L = brick length (m)
• H = brick height (m)
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• Second, multiplying the mortar required per brick by
the number of bricks and adding a waste factor (usually
about 25%) yields the mortar required per layer

• When the wall is more than one brick (layer) thick, we
must multiply by the number of layers and add the
volume of mortar needed to fill the gap between layers

• The volume of mortar between layers is simply
the product of the joint thickness times the net
area of the wall

• Again, a waste factor must be added
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Example

• For the previous example, estimate the quantity of mortar
required. The joint thickness is 13 mm. waste is 25%

• Volume per brick = 0.013 x 0.095 (0.203 + 0.057 + 0.013) =
0.00033716 m3

• Volume per layer = 0.00033716 x 981/2 = 0.165 m3

• Volume between layers = 0.013 x 7.2 = 0.094 m3

• Mortar required = 1.25 (2 x 0.165 + 0.094) = 0.53 m3
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Plastering

• Plaster is available in one-coat, two-coat, and three-coat
work

• It is generally classified according to the number of coats
required

• The last and final coat applied is called the finish coat
• The coat, or combination of coats, applied before the finish

coat is referred to as the base coat

• The estimator must consider
• The number of coats
• Thickness of coats
• Mixes to be used
• Thickness and type of metal lath required

• Waste can be approximated to 5%
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• Areas covered with ceramic tiles
usually require two coasts of
plastering

• Example of these areas
• Kitchens
• Toilets
• Cleaning areas
• Pathways linking these areas

• External walls can also be specified
to require two coats of plastering
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• Height of plastering
• Floor height
• Allowance for height

of one brick (20 cm)
• Allowance for tile

works/flooring
• Suspended ceiling

• Windows and doors
• Allowance for sides

of the door frame
(jambs) and heads

Example

• Based on the available information, determine the area of
internal and external plastering

• Height to ceiling: 3.2 m
• Room area: 5.5 x 4.2 m (exterior dimensions)
• Slab thickness: 31 cm
• Wall thickness: 20 cm
• Door: 1.2 x 2.1 m
• Window: 1.4 x 2 m
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• Internal plastering 
• [(5.5 – 0.4) + (4.2 – 0.4)] x 2 x 3.2 = 56.96 m2

• Remove openings = 56.96 – (1.2 x 2.1) – (1.4 x 2) = 51.64 m2

• External plastering
• (5.5 + 4.2) x 2 x 3.51 = 68.09 m2

• Remove openings = 68.09 - (1.2 x 2.1) – (1.4 x 2) = 62.77 m2

Painting
• The variables that affect the cost of painting include

• Material painted
• Shape and location of the surface painted
• Type of paint used
• Number of coats required

• Each of the variables must be considered, and the takeoff
must list the different conditions separately

• Painting is one of the items commonly subcontracted, the
estimator should still take off the quantities so that the
subcontractor’s proposal can be checked
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• In taking off the quantities, the area of the surface is taken
off the drawings

• All surfaces that have different variables must be listed
separately

• With this information, the amount of materials can be
determined by the use of the manufacturer’s information on
coverage per gallon

• The specifications should list
• Type of coating
• Number of coats
• Finish required on the various surfaces throughout the

project
• Interiors receive different treatment than exteriors; different

material surfaces require different applications and coatings
(all of this should be in the specifications)
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• Paints may be applied by
• Brush
• Roller
• Spray gun

• The method to be used is also included in the specifications
• Sometimes, the specifications call for prefinished and

factory-finished materials to be job finished also
• The estimator should seek clarification from the

architect/engineer’s office

• The most common items to be factory finished are
• Doors
• Floorings
• Windows
• Grilles

• The estimator should keep a sharp eye out to see that each
item of work is figured only once
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Flooring

• Flooring may be made of
• Wood
• Resilient tile or sheets
• Carpeting
• Clay and ceramic tiles
• Stone
• Terrazzo
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• Each type has its own requirements as to types of
installation, depending upon

• Job conditions
• Subfloor requirements
• Methods of installation
• Moisture conditions

• Waste can be assumed using tables or approximated as 5%

• Floor and wall tiles are estimated by the area
• Each area must be kept separate, according to the size and

type being used
• It is common to have one type of tile on the floor and a

different type on the walls
• The different colors also vary in cost even if the size of the

tile is the same, so caution is advised

633

634



318

• Because of the large variety of sizes and shapes at varying
costs, the specifications must be checked carefully, and the
bid must reflect what is required

• If Portland cement mortar is used as a base, it is installed by
the tile contractor

• This requires the purchase of cement, sand, and sometimes
wire mesh

• Tile available in sheets is much more quickly installed than
individual tiles

• Area of tiling
• Entire floor area
• Room area
• Allowance for thicknesses of

walls and partitions
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• Skirting (panel)
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Doors and Windows

• Window and curtain wall frames may be made of
• Wood
• Steel
• Aluminum
• Bronze
• Stainless steel
• Plastic

• Each material has its particular types of installation and
finishes, but from the estimator’s viewpoint, there are two
basic types of windows

• Stock
• Custom-made

• Custom-made and stock windows should require shop
drawings so that the manufactured sizes will be coordinated
with the actual job conditions
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• Perform a takeoff of the materials for the storefront glass
required for the building entrance
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Aluminum Tubing Takeoff

Glass Takeoff
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Productivity Rates

• Doors are generally classified as interior or exterior, although 
exterior doors are often used in interior spaces

• The list of materials of which doors are made includes
• Wood
• Aluminum
• Steel
• Glass
• Stainless steel
• Bronze
• Copper
• Plastics
• Fiberglass
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• Doors are also grouped
according to the mode
of their operation
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• Unit of measurement
• Each
• Area (m2/SF). Waste may be added
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• The sides of the door frame are called the jambs; the
horizontal pieces at the top are called the heads

• When frames are ordered, the size and type of the door, the
hardware to be used, and the swing of the door all must be
known

• Standard frames may be acceptable on some jobs, but often
special frames must be made

• The estimator must be aware of this item and how it may
affect the flow of progress on the project

• Determine the area of internal plastering
for walls and ceilings

• Wall dimensions are center to center
• Exterior wall thickness: 25 cm
• Interior wall thickness: 15 cm
• Small window: 1 m x 1.2 m
• Large window: 2 m x 1.5 m
• Exterior door: 1.9 m x 2 m
• Interior door: 0.9 m x 1.9 m
• Height to ceiling (structural): 3.5 m
• Slab thickness: 0.2 m
• Allowance for height of one brick (20 cm)
• Allowance for window sides
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• Internal plastering (walls)
• Kitchen

• 2 x[3.8 – (0.25/2) – (0.15/2)] + 2 x[6 –
(0.25/2) – (0.15/2)] = 2(3.6) + 2(5.8) =
18.8 m

• Area = 18.8 x (3.5 – 0.2) = 62.04 m2

• Net area = 62.04 – 2 x 1.5 – 1x1.2 – 0.9 x
1.9 = 56.13 m2

• Window sides = [2 x 0.25 x (2 +1.5)]+ [2 x
0.25 x (1 +1.2)] = 1.75 + 1.1 = 2.85 m2

• Total for kitchen = 56.13 + 2.85 = 58.98
m2

• Large office = 58.98 m2

• Internal plastering (walls)
• Small corner office (2 windows)

• 2 x[3.8 – (0.25/2) – (0.15/2)] + 2 x[3 –
(0.25/2) – (0.15/2)] = 2(3.6) + 2(2.8) =
12.8 m

• Area = 12.8 x (3.5 – 0.2) =42.24 m2

• Net area = 42.24 – 2x1x1.2 – 0.9 x 1.9 =
38.13 m2

• Window sides = 2[2 x 0.25 x (1 +1.2)] =
2.2 m2

• Total for corner office = 38.13 + 2.2 =
40.33 m2

• Repetition = 2 x 40.33 m2 = 80.66 m2
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• Internal plastering (walls)
• Small office (1 window)

• 2 x[3.8 – (0.25/2) – (0.15/2)] + 2 x[3 –
2(0.15/2)] = 2(3.6) + 2(2.85) = 12.9 m

• Area = 12.9 x (3.5 – 0.2) =42.57 m2

• Net area = 42.57 –1x1.2 – 0.9 x 1.9 =
39.66 m2

• Window sides = 2 x 0.25 x (1 +1.2) = 1.1
m2

• Total for office = 39.66 + 1.1 = 40.76 m2

• Repetition = 2 x 40.76 m2 = 81.52 m2

• Internal plastering (walls)
• Restroom

• 2 x[3.8 – (0.25/2) – (0.15/2)] + 2 x[2 –
2(0.15/2)] = 2(3.6) + 2(1.85) = 10.9 m

• Area = 10.9 x (3.5 – 0.2) = 35.97 m2

• Net area = 35.97 – 1x1.2 – 0.9 x 1.9 =
33.06 m2

• Window sides = 2 x 0.25 x (1 +1.2) = 1.1
m2

• Total for restroom = 33.06 + 1.1 = 34.16
m2

• Repetition = 2 x 34.16 m2 = 68.32 m2
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• Internal plastering (walls)
• Corridor

• 2 x[2.6 – 2(0.15/2)] + 2 x[14 – 2(0.25/2)]
= 2(2.45) + 2(13.75) = 32.4 m

• Area = 32.4 x (3.5 – 0.2) = 106.92 m2

• Net area = 106.92 – 2x1.9x2 – 8x0.9 x
1.9 = 85.64 m2

• Total for corridor = 85.64 m2

• Total Internal plastering (walls) = 2(58.98) +
80.66 + 81.52 + 68.32 + 85.64 = 434.1 m2

• Internal plastering (ceilings)
• Kitchen = 3.6 x 5.8 = 20.88 m2

• Large office = 20.88 m2

• Small corner office = 2 (3.6 x 2.8) = 20.16 m2

• Small office = 2 (3.6 x 2.85) = 20.52 m2

• Restroom = 2 (3.6 x 1.85) = 13.32 m2

• Corridor = 2.45 x 13.75 = 33.69 m2

• Total Internal plastering (ceilings) = 129.45 m2

• Total Internal plastering (walls and ceilings) = 434.1 + 129.45
= 563.55 m2
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• Determine the area of external plastering
• Wall dimensions are center to center
• Exterior wall thickness: 25 cm
• Interior wall thickness: 15 cm
• Small window: 1 m x 1.2 m
• Large window: 2 m x 1.5 m
• Exterior door: 1.9 m x 2 m
• Interior door: 0.9 m x 1.9 m
• Height to ceiling (structural): 3.5 m
• Slab thickness: 0.2 m
• Allowance for height of one brick (20 cm)
• Allowance for window sides

• External plastering
• 2(3.8 + 2.6 + 3.8 + 0.25) + 2(6+2+3+3+0.25) = 2(10.45) +

2(14.25) = 49.4 m
• Area = 49.4 x (3.5 + 0.2) = 182.78 m2

• Net area = 182.78 – 2x1.9x2 – 10x1x1.2 – 2x2x1.5 =
157.18 m2

• Total external plastering = 157.18 m2
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• Determine the area of internal painting
• Semi gloss paint (3 coats): corridor

walls at 1.6 m high
• Emulsion paint: walls and ceilings

(except kitchen and restroom walls)
• Note the difference when

calculating area of painting: semi
gloss paint (3 coats) and semi gloss
paint (1 coat)

• Determine the area of flooring
• Floor tiles
• Wall tiles (kitchen ad restrooms)

• Painting
• Semi gloss paint

• Area = 32.4 x 1.6 = 51.84 m2

• Net area = 51.84 – 2x1.9x1.6 –
8x0.9 x 1.6 = 34.24 m2

• Emulsion paint (walls and ceilings)
• 563.55 - 34.24 - 56.13 – 2(33.06) =

407.06 m2
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• Flooring
• Floor tiles: 129.45 + 8(0.15x0.9)

+ 2 (0.25x1.9) =131.48 m2

• Wall tiles (kitchen ad
restrooms): 56.13 + 66.12 =
122.25 m2
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• Determine the following costs
• Plastering

• Internal plastering (3 coats for walls and ceilings (except
kitchen and restroom walls)): $12/ m2

• Internal plastering (2 coats for kitchen and restroom
walls): $10/m2

• Painting
• Semi gloss paint: $6/ m2

• Emulsion paint (walls and ceilings): $5.3/ m2

• Determine the following costs
• Tiling

• Floor tiles (30 x 30 cm): $25/ m2

• Ceramic wall tiles (20 x 40 cm): $22/ m2

• Skirting: $6.7/m (linear meter)
• Grout joints 3 mm for all tiling works (floor and walls)

• Aluminum window: $98/ m2

• Galvanized security iron for windows: $51/ m2

• Interior wooden door: $340/each
• Exterior steel door: $370/m2
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• Plastering
• Internal plastering (3 coats for walls and ceilings (except

kitchen and restroom walls)): [563.55 - 56.13 – 2(33.06)] x
$12/ m2 = $5,295.6

• Internal plastering (2 coats for kitchen and restroom walls)
= [56.13 + 2(33.06)] x $10/m2 = $1,222.25

• Painting
• Semi gloss paint= 34.24 x $6/m2 = $205.44
• Emulsion paint (walls and ceilings)= 407.06 x $5.3/m2

=$2,157.42

• Tiling
• Floor tiles (30 x 30 cm) = 131.48 x $25/ m2 = $3,287
• If number of floor tiles is required

• Area of 1 floor tile = (0.3m+0.003m)2 = 0.091809 m2

• Number of floor tiles required = 131.48/ 0.091809 =
1,432.1 (1,433)

• Ceramic wall tiles (20 x 40 cm)= 122.25 x $22/ m2 =
$2,689.5

• Skirting = [(18.8 – 0.9) + 2(12.8 – 0.9) + 2(12.9 - 0.9) +
(32.4 - 2x1.9 - 8x0.9)] x $6.7/m = 87.1 m x $6.7/m =
$583.57
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• Aluminum window = [(10 x 1 m x 1.2 m) + (2 x 2 m x 1.5 m)] x
$98/ m2 = 18 m2 x $98/ m2 = $1,764

• Galvanized security iron for windows=18m2 x $51/ m2 = $918
• Interior wooden door = 8 x $340/each = $2,720
• Exterior steel door = 2(1.9 m x 2 m) x $370/m2 = $2,812

Electrical Work

• Before beginning the takeoff, the contractor should
• Review the plans
• Carefully read the specifications

• Often the specifications will require that all work and
installations be in conformance with all applicable national
and local codes

• This statement means that contractors are responsible for
compliance with the laws; if they are responsible for them,
then they better be familiar with them
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• The codes contain information
regarding wiring methods and
materials, equipment, and
other information

Rough Estimating
• Can be completed with a minimum amount of information

and a small expenditure of time
• RSMEANS
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Detailed Estimating (Unit Price)

• The wiring is considered the rough
work, and the fixtures are
considered the finish work

• The wiring will usually be
concealed in a conduit, which is
installed throughout the building as
it is erected

• The wiring is pulled through the
conduit later in the job

• The fixtures are usually the last
items to go into the building, often
after the interior finish work is
complete
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• It is the estimator’s job to determine exactly where the
responsibility begins for the wiring

• Does it begin at the property line, at the structure, or 10 feet
from the structure?

• If a transformer is required, who pays for it, who installs it,
and who provides the base on which it will be set?

Generators and Transformers
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Panels and Switchboards

• Different types of construction affect the installation of
rough and finish work

• When using steel joists, there is usually ample space through
which to run conduits easily

• Cast-in-place concrete requires that there be closer
cooperation between the general contractor and the
electrical contractor, because the conduit often must be cast
in the concrete
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• The use of hollow-core precast concrete causes other
problems, such as where to run the conduit and how to hang
fixtures properly

• The conduit can be run in the holes (or joints) that are in the
direction of the span, but care must be taken to run them in
other directions unless the conduit can be exposed in the room

• Major areas of coordination required between the electrical
(subcontractor) and general contractors

• Underground utilities: location, size, excavation by whom,
from where?

• Distribution: in walls, under floor, overhead
• Fixtures: material, location, finish, color
• Scheduling: When electrical work packages start and finish
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• Coordination of work among the
electrical, HVAC, and plumbing
contractors themselves is also
important, since the electrical,
HVAC, and plumbing contractors
may all have work to do on a
particular piece of equipment

• For example, the HVAC contractor
may install the boiler unit in place,
the electrical contractor may make
all power connections, and the
plumbing contractor may connect
the water lines

Counting Light Fixtures

• On a work sheet, list all of the light fixtures by their
designation type, the number and type of lamps in the
fixture, and how the fixture is to be mounted
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Recessed

SurfaceWall

Pendant
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Counting Power Outlets, Phone Outlets, and Floor Boxes 
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Counting Switches

Single pole switch
(controls one light
fixture from a
single location)

Three way switch
(controls one fixture
from two locations)

Four way switch
(controls one fixture
from three locations)
Good option for
large rooms with
several entrances

Rotary dimmer switch
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Counting Special Systems

• For example, in a fire alarm system, the most predominant 
item may be the smoke detectors (count each detector)
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Plumbing Work

• Using the working drawings and specifications, estimators
prepare a complete list of everything that will be required

• First, they determine exactly where the responsibility for the
plumbing begins

• It may begin at the property line, 10 feet outside the structure,
at the structure, or somewhere else; they should always check
so as to have a clear picture of the project in mind
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• The takeoff for plumbing includes the costs of water pipes,
gas pipes, sewer pipes, drains, and all rough work required
for fixtures

• Information required includes size, length, pipe material,
weight, and fittings (hangers, elbows, etc.)

• The trenches required for plumbing pipe, especially from the
road to the building, may be the responsibility of the plumbing
subcontractor or the general contractor

• If the general contractor is responsible for trenching, it should
be noted as such on the estimate

• Pipe materials include cast iron, copper, galvanized, and plastic
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HVAC Work 

• Heating, Ventilating, and Air-conditioning
• The takeoff includes piping, ductwork, and equipment
• The specifications will state who is responsible for trenching,

both from the road to the building and within the building
• The takeoff list should include all equipment separately as to

types and sizes
• Estimators need a general knowledge of heating, ventilating,

and air-conditioning to understand the equipment involved
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• There are many different systems that could be used on a
building. If the estimator is unfamiliar with a system, it is
wise to call the manufacturer’s representative to get a full
explanation

• In this way, the estimator will understand what is required of
the general contractor and the subcontractor to guarantee a
successful installation
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Construction Cost Analysis & Estimating – 110401543

Subcontractors

Dr. Mohammad Almashaqbeh
Department of Civil Engineering  

Hashemite University 

• The costs of labor, equipment, and materials constitute the
bulk of what goes into most construction projects. When a
particular task requires specialized skills, certain work items
might be subcontracted

• Subcontractors may be individuals, companies, or
corporations hired by the general contractor to do a
particular portion of the work on the project

• It is common to subcontract at least some of the work on
virtually every project
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• It is typical for general contractors to include a provision in
the subcontract agreements that payments will be made to
the subcontractors only after the general contractor has
received payment for that work from the owner

• This “pay when paid” provision essentially assures the
general contractors that they will not suffer a negative cash
flow on the subcontracted work

• The general contractor will commonly withhold a portion of
the payments due to the subcontractor as retainage

• The retainage amount, stated as a percent of the amount
due, is typically the same as the retainage withheld from the
general contractor by the owner

• Subcontractors are available for all the different types of
work required to build any project and include

• Excavation, concrete, masonry (block, brick, stone),
interior partitions, acoustical ceilings, painting, steel and
precast concrete, windows, roofing, flooring, and interior
wall finishes
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• The list continues to include all materials, equipment, and
finishes required

• The use of subcontractors to perform all of the work on the
project is becoming an acceptable model in building
construction (when permitted by law)

• The advantage of this model is that the general contractor
can distribute the risk associated with the project to a
number of different entities

• However, the general contractor relinquishes a substantial
amount of control over the project when this method is
employed

• The more that the contractor subcontracts out, the more the
field operation becomes involved in coordination rather than
direct supervision of craft personnel

• The subcontractor carefully checks the drawings and project
manual and submits a price to the construction companies
that will be bidding on the project

• The price given may be a unit or lump sum price
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• The subcontractor needs the completed estimate to determine
what is a reasonable amount for overhead and profit

• Typically, as the quantity of work increases, the associated unit
cost of jobsite overhead decreases

• If subcontractors submits a lump-sum bid, then they are
proposing to install, or furnish and install, a portion of work:
For example, the bid might state, “agrees to furnish and install
all Type I concrete curbing for a sum of $12,785.”

• Subcontracts may be processed as follows
• Contract approved (step 1)

• The subcontractors’ bids are checked
against the scope of work and the budget

• After selecting the best bid, a subcontract
is prepared and approved by the project
manager
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• Subcontracts may be processed as follows
• Contract approved (step 1)

• This gives the project manager the
opportunity to check the cost of the work
against the budget, to seek other bids,
make corrections to the scope of work,
and negotiate the finer point of the
contract before issuing the subcontract

• Contract issued (step 2)
• Once the check is completed, the

contract is issued to the subcontractor
• Contract entered (step 3)

• The contract (subcontract) is entered
into the accounting system as a
committed cost by the accounting
department
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• Contract signed (step 4)
• The project manager receives a signed

contract from the subcontractor
• Work performed (step 5)

• The project manager notifies the
superintendent that the subcontractor
can work on the project

• The project manager should send the
superintendent a copy of the contract so
that the superintendent is aware of the
contractor and subcontractor’s
responsibilities under the contract

• Bill received (step 6)
• At the end of a billing period, the

subcontractor submits a progress bill to
the contractor

• Project manager approval (step 7)
• The project manager, often in

consultation with the superintendent,
reviews the bill and approves it for
payment, resolving any differences in the
amount of the work the subcontractor
has billed for and the amount of the
work performed on the job
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• Project manager approval (step 7)
• The review of the bill may include a trip to

the jobsite to inspect the progress or may
rely on progress reports from the jobsite

• When reviewing the bill, the project
manager should check the bill against the
contract amount

• Process payment (step 8)
• After approval the payment is processed

• Pay bill (step 9)
• Bill is paid by the accounting department

• Change orders to the contract are handled in
the same manner as was the original
contract
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Construction Cost Analysis & Estimating – 110401543

Indirect Cost

Dr. Mohammad Almashaqbeh
Department of Civil Engineering  

Hashemite University 

Overhead Cost

• Overhead costs are generally divided into home office
overhead costs and job (field) overhead costs

• The home office overhead costs include items that cannot be
readily charged to any one project, but represent the cost of
operating the construction company

• The job overhead costs include all overhead expenses that will
be incurred as a result of executing a specific project

• The major difference between the two is that the home office
overhead costs are incurred regardless of any specific project
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• Job overhead costs constitute a large percentage of the total
cost of a construction project

• The job overhead costs can range from 15 to 40 percent of
the total project cost

• Because these costs are such a large portion of the total
project costs, they must be estimated with the same
diligence and precision as the direct cost

Home Office Overhead

• Home office overhead costs, also known as general overhead
or indirect overhead costs

• Are costs that are not readily chargeable to one particular
project

• These costs are fixed expenses that must be paid by the
contractor and are the costs of staying in business

• These expenses must be shared proportionally among the
projects undertaken
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• Usually the home office cost items are estimated based on a
fiscal year budget and reduced to a percentage of the
anticipated annual revenue

• Main office expenses: about 7.7% of total direct cost
(RSMEANS)

• The following items should be included in a home office
overhead budget

• Office
• Rent, electricity, heat, water, office supplies, insurance

(fire, theft), taxes (property), telephone, office
machines, and furnishings

• Salaries
• Office employees such as executives, accountants,

estimators, purchasing agents, and secretaries
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• The following items should be included in a home office
overhead budget

• Miscellaneous
• Advertising, legal fees (not applicable to one particular

project), professional services (architects, engineers,
accountants) not billable to a job, travel (including
company vehicles not charged to jobs), and association
dues

• The following items should be included in a home office
overhead budget

• Depreciation
• Expenditures on office equipment, computers, and any

other equipment not billed to a job
• A certain percentage of the cost is written off as

depreciation each year and is part of the general
overhead expense of running a business

• A separate account should be kept for these expenses
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Estimated Home Office Costs for One Year

• For smaller contractors the list would contain considerably
fewer items, and for large contractors it could fill pages, but
the idea is the same

• The more work that can be handled by field operations, the
smaller the amount that must be charged for general
overhead and the better the chance of being the lowest bidder

• As a contractor’s operation grows, attention should be paid to
how much and when additional staff should be added
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• The current staff may be able to handle the extra work if the
additional workload is laid out carefully and through the use
of selective spot overtime

• Another consideration to adding new staff is the cost of
supporting that person with computers, communications
equipment, office space, and furniture

• Once the home office overhead has been estimated, it
becomes necessary to estimate the sales for the year

• If that amount is to rise over the coming year, the plan must
state how to make that happen with the associated costs
included in the budget

• Will this growth come about by bidding for additional jobs,
and will that require additional estimators? Will the growth
come by expanding into new markets; and, if so, what are
the costs of becoming known in these new markets? These
are very important strategic issues that need to be addressed
by the key people in the construction company

• Once the sales for the year are estimated, a percentage can
be developed

• This percentage can then be applied to all work that is
pursued
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• For example, if the anticipated
home office costs for fiscal year is
$690,580

• Anticipated sales volume for
fiscal year is $9.5 million

• Home office cost allocation =
Annual estimated home office
costs / Estimated annual revenue
= $690,580 / $9,500,000 = 7.27%

• Some contractors do not allow for the category “General
Overhead Expense” separately in their estimates

• Instead they figure a larger percentage for profit or group
overhead and profit together

• This, in effect, “buries” part of the expenses. From the
estimator’s viewpoint, it is desirable that all expenses be
listed separately so that they can be analyzed periodically

• In this manner, the amount allowed for profit is actually
figured as profit—the amount left after all expenses are
figured
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• Examples of home 
office overhead

• Examples of home 
office overhead
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Job Overhead

• Job overhead, also known as general conditions, direct
overhead, or indirect field costs

• Comprises all costs that can be readily charged to a specific
project but not to a specific item of work on that project

• Most of these items are a function of the project duration;
therefore, having a good estimate of the project duration is
critical in developing a good job overhead estimate

• Salaries
• Salaries include those paid to the project superintendent,

material clerk, all foremen required, and security
personnel if needed

• Some companies and some contracts also include the
project manager and assistant project mangers in the
project overhead

• These costs must also include vehicle, mobile phone,
travel, and job-related living expenses for these people
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• Salaries
• The salaries of the various workers required are estimated

per week or per month, and that amount is multiplied by
the estimated time it is expected that each will be
required on the project

• The estimator must be neither overly optimistic nor
pessimistic with regard to the time each person will be
required to spend on the job

• A bar chart schedule can be used to estimate the labor costs
and then used during construction to control these costs
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• Temporary office
• The cost of providing a temporary job office for use by the

contractor and architect during the construction of the
project should also include office expenses such as
electricity, gas, heat, water, telephone, and office
equipment

• Check the specification for special requirements
pertaining to the office

• A particular size may be required; the architect may
require a temporary office, or other requirements may be
included

• Temporary office
• If the contractor owns the temporary office, a charge is

still made against the project for depreciation and return
on investment

• If the temporary office is rented, the rental cost is charged
to the project

• Because the rental charges are generally based on a
monthly fee, carefully estimate the number of months
required. At $250 per month, three extra months amount
to $750 from the profit of the project

• Check whether the monthly fee includes setup and return
of the office. If not, these costs must also be included

735

736



369

• Temporary buildings, barricades, enclosures
• The cost of temporary buildings includes material storage

spaces
• Necessary enclosures include fences, temporary doors

and windows, ramps, and protection over equipment
• Temporary Utilities

• The costs of temporary water, light, power, and heat must
also be included

• Temporary Utilities
• For each of these items, the specifications must be read

carefully to determine which contractor must arrange for
the installation of the temporary utilities and who will pay
for the actual amounts of each item used (power, fuel,
water)

• Sanitary Facilities
• All projects must provide toilets for the workers
• The most common type in use is the portable toilet, which

can be rented or owned by the contractor
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• Drinking Water
• The cost of providing drinking water in the temporary

office and throughout the project must be included
• Photographs/videos

• Many project specifications require photographs at
various stages of construction

• The superintendent should make use of them at all
important phases of the project to record progress

• The cost of processing and any required enlarging of the
pictures should be considered

• Surveys
• If a survey of the project location on the property is

required, the estimator must include the cost for the
survey in the estimate

• A survey may be used to lay out the corners and grid lines
of a building, which costs need to be included in the
estimate
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• Cleanup
• Throughout the construction’s progress, construction

waste and garbage will have to be removed from the
project site

• In addition, a plan needs to be devised concerning
dumping

• The debris may have to be hauled for long distances
• Recycling of construction waste and “green construction”

is an area that is receiving lots of attention, which may
require waste to be separated by type

• Winter Construction
• When construction will run through winter, several items

of extra cost must be considered, including the cost of
temporary enclosures, heating the enclosure, heating
concrete and materials, and the cost of protecting
equipment from inclement weather conditions
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• Protection of property
• Miscellaneous items that should be contemplated include

the possibility of damaging adjacent buildings, such as
breaking windows, and the possible undermining of
foundations or damages by workers or equipment

• Protection of the adjacent property is critical
• All sidewalks and paved areas that are damaged during

construction must be repaired
• Many items of new construction require protection to

avoid their damage during construction, including wood
floors, finished hardware, and wall finishes

• Examples of job 
site overhead
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• Examples of job 
site overhead

• Examples of job 
site overhead
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Scheduling

• A major determinant of indirect costs associated with a
project is how long it will take to complete the project

• This length of time especially affects the estimator with
regard to project overhead items, wages paid to supervisory
and home office personnel, rental on trailers and toilet
facilities, guards, and barricading required

• It also affects the estimate in terms of how long equipment
will be required on the project

• The job site overhead costs often impact whether a particular
contractor is the lowest bidder

• The speed at which the project is constructed has a heavy impact
on the ultimate project cost

• Traditionally, the estimator assumes an approximate project
duration that is the basis for the estimated project overhead costs

• Software tools can be used in sequencing the construction
process and assisting in developing the project duration

• At minimum, a bar chart schedule should be developed to
estimate a reasonable project duration
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• Scheduling the project can be broken into four steps
1. List all activities required for the completion of the project
2. Assign a duration to each of the activities listed in step 1

All of the times must be reasonably accurate
If the work is to be subcontracted, contact the
subcontractors for their input

3. Record each activity and its duration and develop a
network diagram that shows the sequence in which the
activities will be performed

4. Perform a schedule calculation to determine the estimated
project duration

• Sample office building
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• Using the drawings, the activity list was
developed

• Once the activity list has
been developed, it can be
organized into a precedence
diagram network schedule

751

752



377

• Once the project duration has been determined, it needs to
be converted into calendar days

• In the example, the project duration is 50 days
• For a 5-day workweek, the duration is 10 weeks or 70

calendar days
• If there are nonwork periods in that intervening 70 days, the

calendar duration would be extended by the number of
nonwork periods

• Typical nonwork periods are public holidays

Contingencies

• On virtually every construction project, some items are left
out or not foreseen when the estimates are prepared

• In some cases, the items left out could not have been
anticipated at the time of estimating

• Should a contingency amount be included? That is, should a
sum of money (or percentage) be added to the bid for items
overlooked or left out?

• This money would provide a fund from which the items
could be purchased
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• If an accurate estimate is not made, an estimator never
knows how much to allow for these forgotten items

• Contingencies are often an excuse for using poor estimating
practices

• The most rational use for contingencies is for price escalation
• Changes to project scope should not be included in

contingencies

• Contingency reserve
• Included in the cost and schedule baseline of the project
• Could be included in specific item (activity level)
• Could be included in direct cost estimation: material,

labor, equipment, and subcontract costs
• Management reserve

• Allowance for future events that are impossible to predict
• Utilization requires change to cost baseline
• Project level
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Bonds
• Often referred to as surety bonds
• Bonds are written documents that describe the conditions and

obligations relating to the agreement
• A surety is one who guarantees payment of another party’s

obligations
• The bond is not a financial loan or insurance policy, but serves as

an endorsement of the contractor
• The bond guarantees that the contract documents will be

complied with, and all costs relative to the project will be paid
• If the contractor is in breach of contract, the surety must

complete the terms of the contract

• Bid bond
• Ensures that if a contractor is awarded the bid within the

time specified, the contractor will enter into the contract
and provide all other specified bonds

• If the contractor fails to do so without justification, the
bond will be forfeited to the owner

• The amount forfeited will in no case exceed the amount of
the bond or the difference between the original bid and the
next highest bid that the owner may accept

• The usual contract requirements for bid bonds specify that
they must be 5 to 10 percent of the bid price, but higher
percentages are sometimes used
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• Performance bond
• Guarantees the owner that the contractor will perform all

work in accordance with the contract documents and that
the owner will receive the project built in substantial
agreement with the documents

• It protects the owner against default on the part of the
contractor up to the amount of the bond penalty

• Most commonly these bonds must be made out in the
amount of 100 percent of the contract price

• Surety will either reimburse the owner or complete the
work (fund original contractor or obtain new bids)

• Labor and material bond
• Also referred to as a payment bond
• Guarantees the payment of the contractor’s bill for labor

and materials used or supplied on the project
• It acts as protection for the owner, who are exempted from

any liabilities in connection with claims against the project
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• Subcontractor bonds
• Performance, and labor and materials (payment) bonds

are those that the subcontractors must supply to the
general contractor

• They protect the general contractor against financial loss
and litigation due to default by a subcontractor

Insurance
• Contractors must carry insurance for the protection of the

assets of their business, and because it is often required by the
contract documents

• Insurance is not the same as a bond. With an insurance policy,
the responsibility for specified losses is carried by the
insurance company

• In contrast, with a bond, the bonding companies will fulfill the
obligations of the bond and turn to the contractor to reimburse
them for all the money that they expended on their behalf

• Examples include Workers’ compensation (accidents/injuries),
vehicle, theft, and fire insurances
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Construction Cost Analysis & Estimating – 110401543

Profit
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Hashemite University 

• The amount of money added to the total estimated cost of
the project (contractor’s return on investment)

• All costs relating to the project, including project and office
overhead and salaries, are included in the estimated cost of
the project

• Contractors use a markup (margin/percentage of total cost)
to cover

• Profit (clear profit)
• Profit, contingencies, and office overhead
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• Approaches to determine profit
• Add a percentage of profit to each item as it is estimated

• Allowing varying amounts for the different items
• For example, 8 to 15% for concrete work, but only 3 to

5% for work subcontracted out
• Add a percentage of profit to the total price tabulated for

materials, labor, overhead, and equipment
• The percentage would vary from small jobs to larger jobs

(20 to 25% on a small job and 5 to 10% on a larger one)

• Other approaches to determine profit depend on strategy of
bidding and computer simulation

• Since profit is added at the end of the estimate, the
estimator has a pretty good idea of the risks and problems
that may be encountered

• It is far better to bid what you feel is high enough to cover
the risks than to neglect the risks, bid low, and lose money

• Consider competition (lower profit margin to win the bid but
yet cover the costs)
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• For a construction company the
revenues are in the form of payments
from the project owners or from the
sale of projects

• These revenues are then used to pay
• Construction costs
• General overhead costs
• Provide the profit for the investors in

the construction company

• Construction costs include both the direct and indirect
(project overhead) costs from all the construction projects

• The general overhead costs include those costs that are not
attributable to any specific construction project (home office
overhead)

• Revenues = Construction Costs + Overhead + Profit
• Profit = Revenues - Construction Costs - Overhead
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Example

• The income statement shows a
company’s revenues, expenses, and the
resulting profit generated over a period
of time

• For the company’s income statement
shown, determine the company’s profit
from operations for the year and the
percentage of the construction
revenues that became profit

• Profit = $3,698,945 - $3,186,457 -
$422,562 = $89,926

• Profit % = $89,926 / $3,698,945 = 0.024
or 2.4%
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• General overhead costs may be broken down into its variable
and fixed components as follows

• Overhead = Variable Overhead + Fixed Overhead
• Variable costs

• Costs that tend to vary with the volume of work, which is
most commonly expressed as a percentage of the
revenues from construction projects

• For example, for a residential construction company that
pays its sales force a commission in the form of a percentage
of sales, the commission paid to the sales force would be a
variable cost

• The relationship between cost and revenues for variable
costs:
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• Fixed costs
• Costs that tend to be fixed over a specific range of

revenues
• For example, if a company currently has two salaried

employees working as estimators, the cost of these
employees is fixed over the volume of work that can be won
by these employees

• Fixed costs increase in steps with each step representing the
fixed cost for a range of revenue

• The relationship between cost and revenues for fixed costs:

• Profit = Revenues - Construction Costs - Variable Overhead -
Fixed Overhead
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• The contribution margin is the amount of money that a
project or projects contributes to the company to be used to
pay for the fixed overhead and provide a profit for the
stakeholders

• The contribution margin is what is left over from the
revenues after paying the construction costs—which are
considered a variable cost—and the variable portion of the
overhead

• Contribution Margin = Revenues - Construction Costs -
Variable Overhead

• Dividing the contribution margin by revenues we get the
contribution margin ratio

• CM Ratio = Contribution Margin / Revenues
• Contribution Margin = CM Ratio(Revenues)
• Also,
• Profit = Contribution Margin - Fixed Overhead
• Profit = CM Ratio(Revenues) - Fixed Overhead
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Example

• What are the contribution margin and the
contribution margin ratio for the
company’s income statement shown if
$45,000 of the overhead is considered
variable overhead

• Contribution Margin = Revenues -
Construction Costs - Variable Overhead

• Contribution Margin = $3,698,945 -
$3,186,457 - $45,000 = $467,488

• CM Ratio = Contribution Margin /
Revenues = $467,488 / $3,698,945 =
12.6%

Break-Even Volume of Work 

• Once a company has established a general overhead budget
for a year, it can use the historical contribution margin ratio
to determine the break-even volume of work that it needs to
produce during the year to cover overhead costs and provide
a specified profit

• By setting profit equal to zero we can determine the
breakeven volume of work for a specific contribution margin
and fixed overhead

• Profit = CM Ratio(Revenues) - Fixed Overhead
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Example

• Determine the break-even volume of work for a company
with a fixed overhead of $350,000 and a contribution margin
ratio of 9.5%

• Profit = CM Ratio(Revenues) - Fixed Overhead
• $0 = 0.095(Revenues) - $350,000
• 0.095(Revenues) = $350,000
• Revenues = $350,000 / 0.095 = $3,684,211

• The company will need to generate $3,684,211 in revenues
to cover its fixed overhead

• If it generates less than $3,684,211 the company will not
cover the fixed overhead and will lose money on
construction operations

• For the revenues in excess of $3,684,211, the entire
contribution margin will be profit from operations
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• Relationship between the
revenues and the break-even
volume

• The diagonal line represents the
contribution margin equal to
0.095 x Revenues

• The horizontal line represents
the fixed overhead for the
example

• The break-even volume occurs
where these two lines intersect

• For revenues to the left of the
break-even volume, the distance
between these two lines
represents the size of the loss

• For revenues to the right of the
break-even volume, the distance
between these two lines
represents the size of the profit
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• Alternately, a company may have a required level of profit
• By setting profit in the equation equal to the required level

of profit we can determine the breakeven volume of work for
a specific contribution margin and fixed overhead

• The break-even volume of work is expressed in dollars of
revenue

Example

• Determine the break-even volume of work for a company
with a fixed overhead of $350,000, a contribution margin
ratio of 9.5%, and a required level of profit of $190,000

• Profit = CM Ratio(Revenues) - Fixed Overhead
• $190,000 = 0.095(Revenues) - $350,000
• Revenues = $5,684,211
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• The company will need to generate $5,684,211 in revenues
to cover its fixed overhead and make $190,000 in profit

• If it generates less than $5,684,211 it will not meet its profit
requirements

• If the company generates more than $5,684,211 it will
exceed its profit requirements

Example
• Determine the break-even contribution margin ratio for a

company with a fixed overhead of $350,000 and revenues of
$3,250,000

• Profit = CM Ratio(Revenues) - Fixed Overhead
• $0 = CM Ratio($3,250,000) - $350,000
• CM Ratio = $350,000 / $3,250,000 = 10.77%
• The company will need to maintain a contribution margin

ratio of 10.77% to cover its fixed overhead (10.77% will be
charged to every project)
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• The break-even CM Ratio occurs where
the two lines intersect

• If the contribution margin ratio is
greater than 10.77%, the difference
between the actual contribution
margin ratio and 10.77% will be profit

• If the contribution margin ratio were
15%

• 15.00 - 10.77 = 4.23% of the
company’s revenues would be profit
from construction operations

Example

• Determine the break-even contribution margin ratio for a
company with a fixed overhead of $350,000, revenues of
$3,250,000, and a required level of profit of $190,000

• Profit = CM Ratio(Revenues) - Fixed Overhead
• $190,000 = CM Ratio($3,250,000) - $350,000
• CM Ratio = 16.62%
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• The company will need to maintain a contribution margin
ratio of 16.62% (on every single project) in order to meet
profit requirements of $190,000

• If the contribution margin ratio is less than 16.62% the
company will not meet its profit requirement

• If the contribution margin ratio is greater than 16.62% the
company will exceed its profit requirement

• If the calculated break-even volume of work exceeds the
volume of work that the company thinks it can perform, the
contribution margin ratio needs to be increased

• This may be done by raising prices; however, this often
results in a reduced volume of work

• If the company’s clients are not price sensitive, raising prices
may solve the problem
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• If the company’s clients are price sensitive—as is the case
when clients solicit multiple bids for their work—raising
prices may further reduce the volume of work and may only
aggravate the problem

• When raising prices is not an option, the company must
reduce the fixed overhead costs, construction costs, or
variable overhead costs

• After raising prices and reducing construction costs, if the
break-even contribution margin ratio exceeds the
contribution margin ratio that the company thinks it can
obtain from its customers, the contribution margin needs to
be decreased

• This may be done by increasing the volume of work, thereby
spreading the overhead and required profit over a higher
volume of work

• Alternately, the contribution margin may be decreased by
decreasing overhead costs or profit expectations
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• A key goal of any construction company should be to make a profit
• Too often a company is focused on increasing the volume of its

work rather than on its profitability
• When a company focuses on volume of work without considering

profit, it often settles for smaller profit margins or takes
unprofitable work in order to increase its volume of work

• These increases in the volume of work are often accompanied by
the need to increase its main office support, thus increasing
general overhead

• Many companies have found that profits could increase by
being more selective as to the type of project to bid on, in
essence specializing in certain areas of the construction
market

• As similar work is performed over and over the company and
its employees move down the learning curve, learning where
the common pitfalls occur and how to avoid them

• By reducing the number of construction problems that occur,
the company can reduce the time it takes to construct the
project and reduce the project overhead

• Additionally, it learns to avoid costly construction mistakes

793

794



398

• Once a company has set a target level for the gross profit
margin, it often requires that all projects meet a minimum
gross profit margin, which is included in its bids in the form
of a profit and overhead markup (P&O Markup)

• The profit and overhead markup is not the same as the gross
profit margin

• However, they are mathematically related

Example

• A construction project with revenues of $1,000,000 and
construction costs of $850,000

• The gross profit equals the revenues less the construction
costs or $150,000 ($1,000,000 - $850,000)

• Gross Profit Margin = Gross Profit / Revenues = $150,000 /
$1,000,000 = 15%

• If we were to mark up the construction costs by 15% to get the
bid price (revenue from the project) we would get the
following

• Revenue = $850,000(1 + 0.15) = $977,500. P&O is $22,500
($1,000,000 - $977,500) less than Gross profit (actual revenue)
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• P&O Markup = Gross Profit Margin / (1 - Gross Profit Margin)
• The profit and overhead markup that is equal to a 15% gross

profit margin is calculated as follows
• P&O Markup = 15 / (1 – 0.15) = 17.65%
• Applying a profit and overhead markup of 17.65 to the

construction costs of $850,000 we get the following
• Revenue = $850,000(1 + 0.1765) = $1,000,025 (difference

than 1,000,000 due to rounding of P&O Markup)

Example

• Determine the profit and overhead markup for a company
that wants to maintain a 16% gross profit margin

• P&O Markup = Gross Profit Margin / (1 - Gross Profit Margin)
= 16 (100 - 16) = 19.05%
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• To assist in determining when to charge a higher profit and
overhead markup, a company must track how a competitor’s
prices compared to its own

• The easiest way to do this is to keep a record of all the
competitors who have bid against the company along with
each of the bids and the profit and overhead markup that
our company would have had to add to our construction
costs for our bid to equal the competitor’s bid

• P&O Markup = (Bid Price /Construction Costs) - 1

Example

• Your construction company recently bid against ABC
Construction Company

• Your construction costs were $157,260 and you added a 15%
profit and overhead markup for a total bid of $180,849

• ABC’s bid was $179,249
• What profit and overhead markup would you need to add to

your construction costs to get ABC’s bid
• P&O Markup = (Bid Price /Construction Costs) - 1 =

($179,249 / $157,260) - 1 = 13.98%
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Example
• Your construction company is bidding against two construction

companies on a municipal project with an engineer’s estimate of
cost = $750,000 to $850,000. Your company’s minimum profit and
overhead markup is 8%

• What are the chances of increasing your profit and overhead
markup above the minimum 8%?

• West City Park project (cost = $750,000)
• P&O Markup = (Bid Price /Construction Costs) - 1
• Your P&O Markup that you need to add to your construction

costs to get the two construction companies bids
= (875,256 / 750,000) – 1 = 16.7% [ABBCO]
= (859,462 / 750,000) – 1 = 14.59% [ABC, lowest bidder]

• Your company bid price: 8% = (Bid Price / 750,000) – 1 =
$810,000 [you can raise your 8% P&O Markup]
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• West City Park project (cost = $850,000)
• P&O Markup = (Bid Price /Construction Costs) - 1
• Your P&O Markup that you need to add to your construction

costs to get the two construction companies bids
= (875,256 / 850,000) – 1 = 2.97% [ABBCO]
= (859,462 / 850,000) – 1 = 1.11% [ABC, lowest bidder]

• Your company bid price: 8% = (Bid Price / 850,000) – 1 =
$918,000 [you need to lower your 8% P&O Markup]

Winning all competitors

• Friedman
• Pwin = P1 x P2  x P3 x … x Pn

• Gate

• Pwin = 1
1షP1

P1  
ା 

1షP2
P2  

ା … ା 
1షPn 

Pn 
ା1

• Pwin = probability to win the bid against all competitors
• Pn = probability of winning known competitor n (lower bid 

price than n)
• Expected profit = Probability of winning x Profit
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Example

• Determine the profit to include in your bid to win against the
following competitors

P1 (competitor 1) P2 (competitor 2) Profit (%)
0.8 0.77 3
0.7 0.73 4
0.5 0.65 5

• Friedman
• Profit = 4% (The highest expected profit of 2.044)

P1 (competitor 1) P2 (competitor 2) Profit (%) Pwin Expected profit 
0.8 0.77 3 0.616 1.848
0.7 0.73 4 0.511 2.044
0.5 0.65 5 0.325 1.625
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• Gate
• Profit = 4% (The highest expected profit of 2.224)

P1 (competitor 1) P2 (competitor 2) Profit (%) Pwin Expected profit 
0.8 0.77 3 0.646 1.938
0.7 0.73 4 0.556 2.224
0.5 0.65 5 0.394 1.97

Construction Cost Analysis & Estimating – 110401543

Risk Cost
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• Risk
• Probability of occurrence is known
• Poor estimating, investment, financial loss

• Uncertainty
• Probability of occurrence is not known
• Global financial crisis, volcano, earthquake

• Examples of risks in construction
• Poor estimating
• Poor contracting strategy
• Delays
• Material price escalation
• Adverse weather
• Change orders
• Insufficient funds
• Poor subcontractor selection
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• Examples of positive risks (opportunities) in construction
• Actual cost lower than planned
• Incentive fee if work finished earlier
• Providing better quality than planned
• Equipment lasted longer than expected
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• Project risk exposure

Contingencies

• On virtually every construction project, some items are left
out or not foreseen when the estimates are prepared

• In some cases, the items left out could not have been
anticipated at the time of estimating

• Should a contingency amount be included? That is, should a
sum of money (or percentage) be added to the bid for items
overlooked or left out?

• This money would provide a fund from which the items
could be purchased
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• If an accurate estimate is not made, an estimator never
knows how much to allow for these forgotten items

• Contingencies are often an excuse for using poor estimating
practices

• The most rational use for contingencies is for price escalation
• Changes to project scope should not be included in

contingencies

• Contingency reserve
• Included in the cost and schedule baseline of the project
• Could be included in specific item (activity level)
• Could be included in direct cost estimation: material,

labor, equipment, and subcontract costs
• Management reserve

• Allowance for future events that are impossible to predict
• Utilization requires change to cost baseline
• Project level
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Assigning Contingency

• Applying a percentage
• Contingency may be assigned based on personal past

experience
• A percentage is applied to the major cost items to derive

the total contingency
• Some organizations use standard percentages for

contingencies based on the class of estimate. Typically,
the percentage used is based on the level of scope
definition or on the stage of project development
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• Expected net risk
• The estimator may determine contingency based on

expected maximum risk and likelihood
• The first step involves determining the maximum possible

risk for each element, recognizing that it is unlikely that all
the risk will occur for all elements

• The next step involves assessing the percentage
probability that this risk will occur

• Expected net risk
• The expected net risk then becomes a product of the

maximum risk times the probability
• The sum of all the expected net risks provides the total

maximum risk contingency required ($112)
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Example
• Find the expected net risk for a project with a cost estimate of

$800,000
• Risk analysis

1. 10% probability of a delay in receiving material with a
cost of $100,000

2. 20% probability that steel reinforcement will be $40,000
cheaper than expected

3. 25% probability of a design error causing $50,000 of
rework

4. 7% probability that the work may be finished earlier than
expected, resulting in receiving $18,000 incentive fee

Risk Probability (%) Impact ($) Expected net risk ($)
1 10% $100,000 $10,000
2 20% $40,000 +$8,000
3 25% $50,000 $12,500
4 7% $18,000 +$1,260

Total $13,240
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• What is the expected project cost?
• $800,000 + $13,240 = $813,240

• What is the estimated project cost without the risk analysis?
• $800,000

• What is the best case scenario for the project cost estimate?
• $800,000 - $40,000 - $18,000 = $742,000

• What is the worst case scenario for the project cost
estimate?

• $800,000 + $100,000 + $50,000 = $950,000

• Simulation
• A formal risk analysis for determining contingency is

usually based on simulation
• A simulation of probabilistic assessment of critical risk

elements can be performed to match the desired
confidence level

• Monte Carlo simulation software packages are useful
tools for performing simulation

• A knowledge of statistical modeling and probability theory
are required to use these tools properly
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Sensitivity Analysis

• The contingency added to an estimate includes the
combined impact of all risk elements

• A sensitivity analysis can be performed to illustrate how a
specific risk element can impact the total estimate

• The sensitivity analysis evaluates the impact of only one risk
element at a time

• A sample sensitivity analysis for a $3M base estimate

• Base estimate summary ($M)
Equipment cost $1.2
Material cost $0.6
Labor cost $1 (= $50/h x 20,000 h)
Subcontractor cost $0.2
Total base estimate $3
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• A sample sensitivity analysis for a $3M base estimate

Risk element % change from estimate New base estimate ($M)
Labor rate ($50/h) 0 3
Labor rate +10 (55/h,+$100,000) 3.1
Labor rate -5 (47.5/h,-$50,000) 2.95

Total work hours (20,000h) 0 3
Total work hours +15 (23,000h, +$150,000) 3.15
Total work hours -7 (18,600h, -$70,000) 2.93

Equipment ($1.2) 0 3
Equipment +5 (+$60,000) 3.06
Equipment -5 (-$60,000) 2.94

Decision Tree Analysis

• One of the tools of risk analysis
• A diagram that describes a decision under consideration and

the implications of choosing one or another of the available
alternatives

• Incorporates the probabilities of risks and costs or rewards of
each logical path of events and the future decisions

• Solving the decision tree indicates which decision yields the
greatest expected monetary value (EMV) when all uncertain
costs and rewards are quantified
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Example

• A decision is being made whether to invest $120M to build a
new plant or to instead invest only $50M to upgrade the
existing plant

• For each decision, the demand which is uncertain must be
accounted for

• A strong demand leads to $200M revenue with the new
plant but only $120M for the upgraded plant

• The lower revenue for the upgraded plant is due to lower
capacity compared to new plant capacity

• A weak demand leads to $90M revenue with the new plant
but only $60M for the upgraded plant

• Probability of the strong demand is 60%
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• The upgraded plant has a higher EMV of $46M which is also
the EMV of the overall decision

• This choice represents the lowest risk, avoiding the worst
case possible outcome of a loss of $30M
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• Project development cycle 
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Notice to Bidders/Invitation to Bid

• The document announcing to prospective bidders that design
documents are available for consideration and that the owner
is ready to receive bids (Advertisement for bids)

• The job is advertised to those contractors who are capable of
completing the work at a reasonable price (qualified bidders)

• In private construction, owners may choose to
• Negotiate with a contractor of choice
• Announce the job to bid on an invitation basis
• Utilize competitive bidding open to anyone who wants to bid

• A notice to bidders can be posted electronically, in a
newspaper, or sent by mail/email to all prospective bidders

• The notice to bidders contains information regarding
• General type and size of the project
• Location and extent of the work
• Availability of plans and specifications for review
• Time, place, and date of the bid opening

835

836



419

837

838



420

839

840



421

Bid Package

• The documents that are available to the contractor to make a
decision to bid or not to bid are those in the bid package

• A bid package prepared by the design professional consists of
• Plans and technical specifications
• Proposal form
• General conditions that cover procedures common to all

construction contracts
• Special conditions which pertain to procedures to be used

that are unique to a given project
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• The proposal form, when completed and submitted by the
contractor, indicates the contractor’s desire to perform the
work and the price to construct the project

• The proposal form when completed and submitted
establishes intent on the part of the contractor to enter into
a contract to complete the work specified at the price
indicated in the proposal

• It is an offer and by itself is not a
formal contract

• If, however, the owner responds by
awarding the contract based on the
proposal, an acceptance of the offer
results and a contractual relationship
is established
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• The prices at which the work will be constructed can be stated either 
as lump-sum or as unit-price figures

• In the proposal form, the contract duration can sometimes
be specified

• In many instances, the project duration in working or
calendar days is specified in the special conditions portion of
the bid package

• For example, a proposal form can indicate that the
contractor is to begin work within 10 calendar days after
receipt of written notice of award of contract

• Award of contract is usually communicated to the contractor
in the form of a notice to proceed
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General Conditions

• Certain conditions or requirements regarding how a contract
is to be administered and the relationships between the
parties involved are often the same for all contracts

• An organization that enters into a large number of contracts
each year normally evolves a standard set of conditions that
establishes these procedures and applies them to all
construction contracts

• This set of provisions is normally referred to as the general
conditions

• Large government contracting organizations have a standard
set of general provisions

• Topics typically addressed in general conditions:
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• The rights and responsibilities of the primary contractual
parties in any construction contract are defined in the
general conditions

• Sections pertaining to the (a) owner, (b) architect (or A/E), (c)
contractor, and (d) subcontractors are typically found in the
general conditions

• Each of the provisions of a standard set of general conditions
has legal implications, and the wording cannot be changed
without careful consideration

Supplementary/Special Conditions
• Those aspects of the contractual relationship that are unique

to a given project are given in the supplementary conditions
• Typical provisions included in the supplementary conditions

• Duration of the project
• Additional instructions regarding commencement of work
• Owner-procured materials
• Mandatory wage rates characteristic of the local area
• Format required for project progress reporting (e.g., a

network schedule)
• Amount of liquidated damages (reimbursement for

damages suffered by the owner because of contractor’s
failure to fulfill contractual obligations)
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• Two types of items contained in supplementary conditions
• Modifications to the basic articles of the general condition in

the form of additions, deletions, or substitutions
• Additional articles of a contractual-legal nature that may be

desirable or necessary for a particular project
• Because some of the provisions are extensions or interpretations

of the general conditions, some of the major paragraph titles are
similar to those used in the general conditions

• Special conditions for a channel
improvement project
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Technical Specifications

• The contract documents must convey the requirements of
the project to potential bidders and establish a legally
precise picture of the technical aspects of the work to be
performed

• This is accomplished visually through the use of drawings
• A verbal description of the technical requirements is

established in the technical specifications

• These provisions pertain in large part to the establishment of
quality levels

• Standards of workmanship and material standards are
defined in the specifications

• For materials and equipment, this is often done by citing a
specific brand name and model number as the desired item
for installation
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• Often the quality required will be established by reference to
an accepted practice or quality specification

• The American Concrete Institute (ACI)
• The American Welding Society (AWS)
• The American Association of State Highway and

Transportation Officials (AASHTO)
• The American Society for Testing and Materials (ASTM)
• Government agencies publish recognized specifications

and guides

Typical references to structural inspection and testing standards
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• The organization of the technical specifications section
usually follows the sequence of construction

• Specifications regarding concrete placement precede those
pertaining to mechanical installation

• A typical index of specifications for a heavy construction
project might appear as follows

1. Clearing and grubbing
2. Removal of existing structures
3. Excavation and fill

4. Sheet steel piling
5. Stone protection
6. Concrete
7. Miscellaneous items of work
8. Metal work fabrication
9. Water supply facilities
10. Painting
11. Seeding
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Addenda

• Addenda
• Any changes in detail, additions, corrections, and contract

conditions
• Changes arise before bids are opened
• These changes are intended to become part of the bid

package and the basis for bidding are incorporated into
the bid package through addenda

• An addendum becomes part of the contract documents and
provides the vehicle for the owner (or the owner’s
representative) to modify the scope and detail of a contract
before it is finalized

• It is important therefore that addenda details be rapidly
communicated to all potential bidders prior to bid
submission
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Addendum vs. Change Order

• After a contract has been signed
• Future changes in the scope or details of a contract may

form the basis for a new financial relationship between
contracting parties

• The original contract, in such cases, can no longer be
accepted as forming the basis for a full description of the
project

• Such changes are referred to as change orders

The Estimate and the Decision to Bid
• After investigating the plans and specifications, the

contractor must make a major decision as to whether or not
to bid the job

• Since the estimate is the basis for determining the bid price
of a project, it is important that the estimate be carefully
prepared

• Once quantities are established, estimators who have access
to pricing information use these quantities and their
knowledge of construction methods and productivities to
establish estimates of the direct costs of performing each
construction task
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• Indirect costs that cannot be assigned directly to a particular
physical piece of the project are added to the totaled project
direct costs

• Finally, the bid price is established by adding the overhead
costs, allowances for contingencies, and a suitable profit
margin

• Example of building construction project bid summary using the CSI
organization of work
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• There are two primary threats to a construction company’s
financial future

• Lack of profitability
• Insufficient cash

• Insufficient cash is where the company lacks sufficient funds
to pay the bills that are due

• A company may be profitable and still fail because it lacks
sufficient cash
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• The cash generated by a project is equal to the cash receipts
less the cash disbursements

• If the cash disbursements are less than the cash receipts for a
project, the project will be generating cash for use by the
company on

• Other projects
• To cover general overhead
• Provide a profit to the owners

• When a project is generating cash the cash flow will be positive

• If the cash disbursements exceed the cash receipts on a
project, the company will need to supply cash to fund the
project and the cash flow will be negative

• Most construction projects require the investment of cash at
the beginning of the project and, if they are profitable,
generate cash near the end of the project

• The construction company’s needs for cash stem from the
company’s need to pay bills before receiving payment from
the owner for the work associated with these bills
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• A lack of sufficient cash hurts a construction company in
many ways

• First, when a company cannot pay its bills on time because of
a lack of cash, the company may have to pay late charges,
pay higher prices, or may have to prepay for materials and
subcontractor services

• When the company pays late charges and higher prices, this
reduces a company’s profits and reduces a company’s ability
to compete based on price

• When a company has to prepay for materials and services
due to lack of cash, this increases its need for cash and
further aggravates the problem

• Second, the amount of cash a construction company has
greatly affects the amount of work the company can perform

• This can be in the form of limits placed on a company from
the bonding and insurance carriers or because the company
cannot acquire the necessary materials and subcontractor
services necessary to complete the project because it lacks
the cash necessary to obtain credit

• If the lack of cash is great enough, an otherwise profitable
company may be forced into bankruptcy
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• For construction projects where a construction company
receives monthly progress payments the cash flow from the
project has three unique characteristics

• First, the cash receipts for the project usually occur only once
during each month

• As a result, there is a single point in time during the month
when the cash a construction company has invested in the
project rapidly decreases, which coincides with the receipt of
the payment from the owner

• Second, a construction company can often defer paying
some of the costs associated with the construction on these
types of projects until it receives payment from the owner

• As a result, much of the payment from the owner is
immediately paid out to suppliers and subcontractors

• In effect, some of the cash associated with these projects
quickly passes from the project’s owner through the
construction company’s banking accounts to the suppliers
and subcontractors
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• Third, the owner holds back part of the payments due to the
construction company in the form of retention, which is held
until the project is completed

• At the completion of the project, the owner pays the
construction company the retention

• Retention on a project can often exceed the expected profits
on a project

• To determine the needed cash for a project we need to look
at the timing of the cash flows for the project

• Specifically, the cash flows associated with the payments
from the owner versus the payment of the construction bills

• One of the biggest factors in determining the cash needs for
a project is the schedule of payments from the owner

• A construction company will need more cash to complete a
project when the owner pays the monthly bill 60 days after
receipt of the bill than it would need if the owner paid the
monthly bill 15 days after receipt

• Often the final payment has a different payment schedule
than the progress payments
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• Another big factor in determining the cash needs for a
construction project is retention

• Retention is often held by the owner to ensure that a
construction company completes a project

• Most commonly, retention is expressed as a percentage of
the cost of the work billed to the owner

• Common retention rates include 5 and 10%
• In some cases, the owner may hold retention only on the

first half of the contract

• For example, the owner may hold 10% retention until the
contract is 50% complete, at which time no additional retention
is withheld

• In this example, at the completion of the project the owner
would be holding retention equal to 5% of the contract amount

• The retention is often paid to the construction company at the
time of the final payment although it may be paid at a later date

• When negotiating a construction contract, the contractor should
negotiate the retention terms as well as the contract price
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• One of the greatest needs for cash on a project comes from
labor performed by the company on the project

• Often, labor for a project is paid weekly or every two weeks
• When paying weekly, the construction company pays for the

labor performed for the previous week during the current week
• For a construction company that bills the owner on a monthly

basis this means that the company will pay up to four weeks of
labor before it can bill the owner for the labor and then the
construction company has to wait for the owner to pay the bill

• If the owner pays one month after the bill is received, the
construction company will need enough cash to cover two
months of labor

• If the payment schedule for the owner is increased to 45 days,
the contractor will be funding two and a half months of payroll

• Conversely, if the payment terms are reduced to 15 days the
contractor will reduce funding needs to one and a half months
of payroll
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• Because retention cannot be held from employees’ wages,
the construction company also must have sufficient cash to
cover the retention held on wages

• One way a construction company may reduce the cash
required to cover labor costs is to subcontract the labor out,
thereby utilizing the subcontractor’s cash rather than its own

Example

• Payroll due to the employees on a project is $10,594 for the
week of May 12 through 18

• The employees will be paid on May 21
• The construction company can bill the owner for this labor

on May 31 and will be paid for the labor on June 25
• How long must the construction company fund the labor?

• The company must fund the $10,594 of labor from May 21 to
June 25 or for 35 days
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• Another need for cash comes from the use of materials on
the project

• The payment terms with material suppliers vary from
company to company

• Material suppliers often require that they be paid without
taking into account whether the construction company has
received payment from the owner

• Commonly, suppliers require that they be paid 10, 15, or 30
days after issuing the bill

• How often the supplier bills the construction company has a
great effect on the cash needs of the construction company

• For example, a project where the owner pays the monthly
bills within 15 days of receipt and the suppliers bill monthly

• Just in time for the construction company to submit the
monthly bill to the owner

• The suppliers allow the construction company 30 days to pay
the bill, the construction company would not need cash to
pay the supplier’s bills

• This is because the construction company receives payment
from the owner before it has to pay the suppliers
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• If the supplier on the same project bills on a weekly basis,
the construction company would need cash to cover the bills
received during the first part of the monthly billing period

• Bills received after the middle of the month will not require
funding by the construction company

• When dealing with large purchases or when the construction
company is one of the supplier’s largest customers, the
construction company may be able to negotiate for the supplier
to be paid when the owner pays the construction company

• Like subcontracting, this allows the construction company to
use the supplier’s cash rather than its own
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• Most often material suppliers will not allow retention to be
held from their payments, leaving the construction company
to supply the cash needed to cover retention on the
materials

• Some suppliers offer discounts for early payment

Example

• A $5,000 material bill for lumber is received on May 7 and is
due 30 days from its billing date of May 1

• An $800 material bill for lumber is received on May 27 and is
due 30 days from its billing date of May 23

• The construction company can bill the owner for these
material bills on May 31 and will be paid on June 15

• How long must the construction company fund the costs of
these material bills?
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• The $5,000 bill must be paid by May 31
• Therefore, the company must fund the bill from May 31 to

June 15 or for 15 days
• The $800 bill must be paid by June 22, after the construction

company receives payment from the owner for this bill
• Therefore, it will not need to fund the payment of this bill

• Additional cash may be needed to pay for materials because
the point in time when the materials become a billable item
to the construction company may be different than the point
in time when the materials become a billable item to the
project’s owner

• Materials may become a billable item to the construction
company when it orders the materials or when the materials
are delivered to the project

• The same materials may become a billable item to the
project’s owner when they are ordered, delivered, or
incorporated into the construction project
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• For example, a supplier of custom-built materials may
require that the construction company place a deposit on or
prepayment for the materials before fabrication begins

• However, the project’s owner may require that the materials
be incorporated into the project before the construction
company can bill the owner for the materials

• This would require the construction company to fund the
cash paid to the supplier from the time the order was placed
until after the materials were incorporated into the project

• When dealing with expensive mechanical and electrical
equipment, a large sum of cash could be tied up for many months

• Similarly, when a project’s owner does not pay for materials until
they are incorporated into the construction, additional cash is
required when materials are delivered to the site before the work
crews are ready to incorporate them into the project

• When calculating the needed cash for a project, the construction
manager should understand when it is allowed to bill the project’s
owner for materials used in the construction project
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• There are four steps a construction manager must follow
when developing a cash flow for a construction project

1. The manager must prepare a cost-loaded schedule for the
project
• The rate of progress on a project usually starts out slowly,

picks up speed through the middle of the project, and
slows down as the project nears completion

• Commonly, the rate of progress at the end of the project
is slower than at the beginning of the project

• Cost-loaded schedule for a typical
project

• The graph is based on the cost of
the work performed

• The months shown on the x axis of
the graph represent the end of the
months

• This cost curve is often referred to
as the S curve
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2. The manager must determine when the construction
company will pay for the items in the cost-loaded schedule
• To do this, the costs on the cost-loaded schedule must be

grouped based on their payment terms
• For example, labor costs that will be paid during the week

following the week the costs were incurred need to be
separated from the costs that will be paid when payment
is received from the project’s owner

• Additionally, costs that will be paid in full need to be
separated from those costs that retention can be withheld
from until the completion of the project, usually
subcontractor costs

• The payment of costs for a project
• The graph is based on 25% of the costs

being materials, 25% being labor, and
50% being subcontractors

• The material bills are paid in full when
payment is received from the project’s
owner

• The labor is paid weekly
• The subcontractors are paid when

payment is received, less 10%
retention that is withheld until the
retention is released by the owner
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3. The manager must determine when payment will be
received from the project’s owner for the work in the cost-
loaded schedule
• This is done by determining when the costs in the cost-

loaded schedule will be billed to the owner and then
determining when payment will be received

• The payments must be reduced by the retention withheld
by the project’s owner and the release of retention must
be included in the cash flows at the end of the project

• The costs and payments shown include only the construction
costs, while excluding the profit and overhead markup
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• When billing the project’s owner the
profit and overhead markup is
included in the progress payments

• In addition to the cost of the work,
the figure shows the value of the
work, which includes an 8% profit
and overhead markup along with the
cash receipts (payments) from the
project’s owner, both of which are
expressed as a percentage of costs

• The receipts are based on the owner
being billed at the end of the month
for the work being performed during
the month and the project’s owner
paying the bills at the end of the
following month, while withholding a
10% retention

• In this example, the costs incurred
during the first month are billed at
the end of the first month and
payment is received from the owner
for these costs at the end of the
second month
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• The retention is released at the
end of the thirteenth month

• If the project’s owner paid the
bills 15 days after receipt, the
receipt curve would move one-
half of a month to the left

• If payments were received 45 days
after receipt of the bill, the receipt
curve would move one-half of a
month to the right

4. The manager must
determine the difference
between the cash inflows to
the project (receipts from
the owner) and the cash
outflows from the project
(payment to labor, suppliers,
and subcontractors)

899

900



451

• The vertical distance between
the payment and receipt lines
represents the cash provided
by the construction company
and is shown as the shaded
area in the figure

• In this example, the project
first experiences a cash
surplus during the tenth
month—which is eliminated
by labor payments during the
month—and by the twelfth
month a constant cash surplus
on the project occurs
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• Sample cost breakdown for an
apartment building project

• Cash flow curve for
revenues and expenses
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• Some contractors offset the overdraft borrowing requirement
by requesting front/mobilization payment from the owner
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• The monthly cash flow may be characterized by measuring the
monthly cash flows to date at two points in time during the month

• The first point in time is at the end of each month
• This is referred to as the monthly cash flow
• The second point in time is when the project requires the greatest

investment of cash during the month, which usually occurs just
before the payment is received from the project’s owner

• This is referred to as the peak cash flow and represents the most
negative cash flow during the month

• The monthly cash flow for the project for a specific month
(n) equals the cash receipts less the cash disbursements for
the month and is calculated as follows

• Cash Flown = Cash Receiptsn - Cash Disbursementsn

• We could calculate the total cash generated as of the end of
a month by adding the monthly cash flow to the total cash
generated as of the end of the previous month

• Cashn = Cashn-1 + Cash Flown
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• The peak amount of cash required by projects often occurs
just prior to receipt of payment from the project’s owner

• When calculating the total cash generated just prior to
receipt of payment from the project’s owner (Cashn’), we
would add this month’s cash flows (Cash Flown’) that occur
before payment is received from the owner to the total cash
generated as of the end of the previous month

• The total cash generated just prior to receipt of payment
from the project’s owner is calculated as follows

• Cashn’ = Cashn-1 + Cash Flown’

Example

• A construction company is negotiating on a construction
project with a six-month duration

• On the last day of each month the construction company
may bill the owner for the work completed during the month

• The owner pays the monthly bills one month after they are
received

• For example, the construction company receives payment for
work completed during June on July 31

• The owner also holds 10% retention
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• Final payment is expected one month after completion of
the project and will include payment of the retention

• The construction company pays material suppliers in full
when it receives payment from the owner

• The construction company pays subcontractors when it
receives payment from the owner but withholds 10% from
the subcontractor’s payment

• The construction company pays for labor weekly

• The projected monthly material, labor, and subcontractor
costs, as well as the amount the construction company will
bill the project’s owner each month, are shown in the table
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• Determine the monthly cash flows and the total cash
generated by the project at the end of each month and just
before each payment is received from the project’s owner

• What is the maximum amount of cash invested by the
company during the completion of the project?

• Because the first payment from the owner is not received
until the second month, the first point in time where we
calculate the total cash generated by the project is at the end
of the first month

• For the first month, the peak cash flow occurs at the end of
the month

• Because material suppliers and subcontractors are paid only
when the construction company receives payment from the
owner, no material or subcontractor payments are made
during the first month
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• Cash Flown = Cash Receiptsn – Cash Disbursementsn

• Cash Flown = Cash Receiptsn – (Material paymentsn + Labor
paymentsn + Subcontractor paymentsn)

• Cash Flow1 = 0 – (0 + $34,900 + 0) = - $34,900
• The total cash generated by the project by the end of the

first month: Cash1 = Cash0 + Cash Flow1 = 0 + (- $34,900) =
- $34,900

• At the end of the first month the construction company will
have $34,900 of cash invested in the project

• The next point in time where we need to calculate total cash
generated by the project is just before receipt of the first
payment from the owner, which occurs at the end of the
second month

• No additional payments have been made to suppliers and
subcontractors during this part of the month

• The construction company has paid out $48,900 to cover the
cost of the labor performed during the second month

• Cash Flow2’ = 0 – (0 + $48,900 + 0) = - $48,900
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• The total cash generated by the project just before the first
payment is received from the project’s owner: Cash2’ = Cash1
+ Cash Flow2’ = -$34,900 + (-$48,900) = -$83,800

• Just before the construction company receives payment from
the owner during the second month, the construction
company will have $83,800 of cash invested in the project

• At the end of the second month the construction company
will have received the first payment from the owner

• The payment will be equal to the work billed at the end of
the first month less the 10% retention

• The payment received from the owner during the second
month

• Cash Receiptn = Billn-1 (1 – Retention Rate)
• Cash Receipt2 = $129,600 (0.9) = $116,640

917

918



460

• During the month the construction company will have paid
out $30,400 to material suppliers, $48,900 to cover the cost
of the labor, and the first month’s subcontractor costs—less
the 10% retention

• Subcontractor Payment2 = $54,700 (0.9) = $49,230
• Cash Flow2 = $116,640 – ($30,400 + $48,900 + $49,230) =

- $11,890
• The total cash generated by the project by the end of the

second month Cash2 = Cash1 + Cash Flow2 = -$34,900 +
(-$11,890) = -$46,790

• The cash flows and the amount of cash needed for the third
through the sixth month are calculated in a similar manner
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3rd Month

• Cash Flow3’ = 0 – (0 + $73,100 + 0) = - $73,100
• Cash3’ = Cash2 + Cash Flow3’ = -$46,790 + (-$73,100) = -$119,890
• Cash Receipt3 = $248,400 (0.9) = $223,560
• Subcontractor Payment3 = $123,800 (0.9) = $111,420
• Cash Flow3 = $223,560 – ($57,300 + $73,100 + $111,420) =

- $18,260
• Cash3 = Cash2 + Cash Flow3 = -$46,790 + (-$18,260) = -$65,050

4th Month

• Cash Flow4’ = 0 – (0 + $34,000 + 0) = - $34,000
• Cash4’ = Cash3 + Cash Flow4’ = -$65,050 + (-$34,000) = -$99,050
• Cash Receipt4 = $313,200 (0.9) = $281,880
• Subcontractor Payment4 = $136,400 (0.9) = $122,760
• Cash Flow4 = $281,880 – ($80,500 + $34,000 + $122,760) =

$44,620
• Cash4 = Cash3 + Cash Flow4 = -$65,050 + ($44,620) = -$20,430
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5th Month

• Cash Flow5’ = 0 – (0 + $26,200 + 0) = - $26,200
• Cash5’ = Cash4 + Cash Flow5’ = -$20,430 + (-$26,200) = -$46,630
• Cash Receipt4 = $183,600 (0.9) = $165,240
• Subcontractor Payment5 = $106,800 (0.9) = $96,120
• Cash Flow5 = $165,240 – ($29,200 + $26,200 + $96,120) = $13,720
• Cash5 = Cash4 + Cash Flow5 = -$20,430 + ($13,720) = -$6,710

6th Month

• Cash Flow6’ = 0 – (0 + $11,300 + 0) = - $11,300
• Cash6’ = Cash5 + Cash Flow3’ = -$6,710 + (-$11,300) = -$18,010
• Cash Receipt6 = $129,600 (0.9) = $116,640
• Subcontractor Payment6 = $66,000 (0.9) = $59,400
• Cash Flow6 = $116,640 – ($27,800 + $11,300 + $59,400) = $18,140
• Cash6 = Cash5 + Cash Flow6 = -$6,710 + ($18,140) = $11,430
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• The next point in time where we need to calculate total cash
generated by the project is just before receipt of the last
payment from the owner, which occurs at the end of the
seventh month

• By this time the construction company has not paid any
additional costs; therefore, the total cash generated by the
project equals the total cash generated by the project at the
end of the previous month for a total of $11,430:

• Cash7’ = Cash6 + Cash Flow7’ = $11,430 + 0 = $11,430

• The payment received from the owner during the seventh
month will include the full amount of the bill from the sixth
month plus the retention withheld from the previous months

• The retention held during the first six months is as follows
• Retention = $0 + $129,600(0.10) + $248,400(0.10) +

$313,200(0.10) + $183,600(0.10) + $129,600(0.10) =
$100,440

• The seventh month’s payment from the owner is Cash
Receipt7 = $100,440 + $75,600 = $176,040
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• During the month the construction company will have paid
out $15,400 to material suppliers and will have to pay for the
sixth month’s subcontractor costs plus all of the retention
held during the first six months

• Retention (Subcontractor) = $0 + $54,700(0.10) +
$123,800(0.10) + $136,400(0.10) + $106,800(0.10) +
$66,000(0.10) = $48,770

• The seventh month’s payment to the subcontractors:
Subcontractor Payment7 = 48,770 + $43,300 = $92,070

• The cash flow for the seventh month: Cash Flow7 = $176,040
- ($15,400 + $0 + $92,070) = $68,570

• The total cash generated by the project at the end of the
seventh month: Cash7 = Cash6 + Cash Flow7 = $11,430 +
$68,570 = $80,000

• At this point the project is complete
• At the completion of the project the cash generated by the

project should equal the profit and overhead realized on the
project, which equals the profit and overhead markup for
this example
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• The cash generated by the project just before payment from the
owner and at the end of the month

-119,890

-65,050

-83,800

-46,790
-34,900

-99,050

-20,430

-46,630

-6,710
-18,010

11,430 11,430

80,000

• The maximum amount of cash invested in the project by the
construction company occurs in the third month and is
$119,890, which is greater than the profit and overhead
markup on the project

• For the construction company to complete this project, it
would need $119,890 in cash
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• From the previous example we see that the cash
requirements just before payment was received from the
project’s owner were consistently greater than the cash
requirements at the end of the month

• Had we projected the amount of cash needed to complete
the project based on the cash needed at the end of the
months we would have come up short by as much as
$78,620 ($99,050 - $20,430)

• In the previous example there were five things that affected
the amount of cash needed to complete the project

• Material payments
• Labor payments
• Subcontractor payments
• Retention held by the owner
• Profit and overhead markup
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• Material payments did not affect the project’s cash requirements
because the material bills were paid in full when the company
received payment from the owner

• Labor payments had a great effect on the project’s cash
requirements

• Just before receiving the payment from the owner, the
construction company had paid out almost two months of wages

• For the labor performed during the first month the
construction company will

• Pay the wages during the first month
• Bill the owner for the wages at the end of the first month
• Receive payment from the owner at the end of the second

month
• During this time, the owner will have to cover the costs of

the wages for the second month
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• The maximum amount of cash needed to cover the costs of
labor during the project occurs in the third month

• At this time the construction company has to cover the
second and third month’s wages for a total of $122,000
($48,900 + $73,100)

• Subcontractor payments were paid when the company
received payment from the owner; however, the payment
was reduced by the 10% retention

• As a result, the subcontractors became a source of cash that
offsets the cash consumed by retention held by the owners

• By the seventh month, the subcontractors had provided
$48,770 of cash to the construction company, which is the
amount of retention withheld from the subcontractors
during the first six months
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• Retention is an extensive use of cash
• By the seventh month the owner had withheld $100,400 in

retention from the contractor
• Profit and overhead markup was a source of cash
• By the end of the project, it provided the company with

$80,000 in cash. However, this cash is needed to cover the
costs of the general overhead, provide cash for investment,
and provide a profit to the company’s shareholders

• In the previous example there are four ways the construction
company could reduce the project’s cash requirements

1. First, the construction company could increase its use of
subcontractors as a way to reduce the materials and labor
that it provides
• The construction company uses the subcontractor’s cash

to cover the cost of labor and increases its cash by
withholding retention from the subcontractors on the
labor supplied
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• By having the subcontractors provide materials, the
construction company increases its cash by withholding
retention from the subcontractors on the materials
supplied

2. Second, the construction company could negotiate a more
favorable retention rate
• The greatest benefit of reducing the retention rate comes

when the construction company is providing most of the
labor and materials, while minimizing the use of
subcontractors

• When subcontractors are supplying most of the labor and
materials and the construction company is withholding
retention on the subcontractors, there is little benefit gained
by reducing the retention rate because the construction
company passes the lower retention rate on to its
subcontractors

• The savings in cash due to the reduced retention rate is
offset by a loss of cash being provided by the subcontractors
in the form of retention
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3. Third, the construction company
could increase the profit and
overhead markup
• Increasing the profit and overhead

markup raises the entire receipt
curve

• This decreases the distance between
the payment and receipt curves
when the payments (outgoing cash)
are greater than the receipts
(incoming cash), which reduces the
cash needed for the project

4. Fourth, the schedule of values can be front loaded by
increasing the price charged to the owner for items
completed early in the project while decreasing the price
of items completed later in the project
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• The price increases and decreases are such that the total
cost of the project remains unchanged

• Front loading the project raises the early portions of the
receipt curve, the portions where a company has the most
cash invested in the project, while leaving the later part of
the curve unchanged

• This decreases the distance between the payment and
receipt curves for the early part of the project, which
reduces the amount of cash needed for the project

Example
• How would the project’s cash requirements change for the

construction company in the previous example if it increased
the amount of work performed by subcontractors from
53.1% to 74.1% as shown in the table
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• Sub. = 53.1%

• Sub. = 74.1%

• Sub. = 53.1%

• Sub. = 74.1%
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• The cash generated by the project just before payment from the
owner and at the end of the month (Sub. = 53.1%)

-119,890

-65,050

-83,800

-46,790
-34,900

-99,050

-20,430

-46,630

-6,710
-18,010

11,430 11,430

80,000

• Maximum cash invested in the project each month (just before
payment from the owner )

Sub. = 53.1%

Sub. = 74.1%

-119,890

-83,800

-34,900

-99,050

-46,630

-18,010

11,430

-19,000

-45,300

-61,430

-42,160

-4,560

15,850

36,210
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• Maximum cash invested in the project at the end of each month

Sub. = 53.1%

Sub. = 74.1%
-65,050

-46,790

-34,900
-24,360

-6,710

11,430

-19,000 -21,330 -20,430

10,040

22,150

36,210

80,000

• At the completion of the project the cash generated by both
examples equals the profit and overhead markup

• The peak amount of cash invested in the project by the
construction company occurs in the third month and is
$61,430 (Sub. = 53.1%) compared to $119,890 (Sub. = 74.1%)

• Sub. = 74.1% required less cash investment and required this
investment for a shorter period of time than did Sub. =
53.1%

• This is because the construction company used the
subcontractor’s cash rather than its own to fund the project
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• In the previous examples we looked at the amount of cash a
construction company needs to complete a project

• In both of these examples the owner of the project received
the benefit of using the construction company and its
suppliers and subcontractor’s cash rather than using their
own cash

• The benefit to the project’s owner equals the amount of cash
provided by the construction company, the labor, the
suppliers, and the subcontractors, which equals the cost to
the owner for the work performed less the payments
received from the owner

• The benefit for a specific month is calculated by taking the
previous month’s benefit and adding this month’s costs less
this month’s receipts

• Cashn = Cashn-1 + Billsn-1 - Receiptn

• Like the cash required by the construction company, the
benefit to the owner may be measured just before the
monthly payment to the construction company is made and
at the end of the month
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Example
• Determine the amount of cash that the construction

company and its suppliers and subcontractors are providing
to the project owner

• Because the owner does not make a payment during the first
month, the first point in time we calculate the benefit is at
the end of the first month

• The monthly bill to the owner is $129,600 and the monthly
benefit is calculated as follows

• Cashn = Cashn-1 + Billsn-1 - Receiptn

• Cash1 = 0 + $129,600 – 0 = $129,600
• At the end of the first month the construction company and

its suppliers and subcontractors have provided the project’s
owner with $129,600 in funding for the project
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• The next point in time we need to calculate the benefit to
the owner is just before receipt of the first payment from the
owner, which occurs at the end of the second month

• The benefit just before the payment has been received is
equal to the cash from the previous month plus the cost of
the work completed between the end of the previous month
and just before receipt of payment from the owner

• The cost of the work completed between the end of the
previous month and just before receipt of payment from the
owner is approximately equal to the billing to the owner

• The benefit is calculated as follows
• Cash2’ = $129,600 + $248,400 – 0 = $378,000

• Receipt2 = $129,600 (0.9) = $116,640
• The benefit for the end of the second month is

Cash2 = $129,600 + $248,400 – $116,640 = $261,360
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• The benefits for the third through seventh months are
calculated as follows

• Cash3’ = $261,360 + $313,200 – 0 = $574,560
• Cash3 = $261,360 + $313,200 – $223,560 = $351,000
• Cash4’ = $351,360 + $183,600 – 0 = $534,600
• Cash4 = $351,360 + $183,600 – $281,880 = $252,720
• Cash5’ = $252,720 + $129,600 – 0 = $382,320
• Cash5 = $252,720 + $129,600 – $165,240 = $217,080

• Cash6’ = $217,080 + $75,600 – 0 = $292,680
• Cash6 = $217,080 + $75,600 – $116,640 = $176,040
• Cash7’ = $176,040 + 0 – 0 = $176,040
• Cash7 = $176,040 + 0 – $176,040 = 0
• When the owner has paid for the project in full, the benefit

provided by the construction company and its suppliers and
subcontractors is zero

957

958



480

• The maximum benefit provided by the construction company
and its suppliers and subcontractors occurs during the third
month and has a value in excess of half of the total cost of
the project to the owner

• In other words, during the third month the construction
company and its suppliers and subcontractors are providing
over half of the funds needed to construct the project

• The benefit to the project’s owner just before payment from the
owner and at the end of the month
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• Sometimes a project will receive progress payment from the
project’s owner at intervals other than monthly

• For example, a project may receive progress payments at 25,
50, 75, and 100% complete

• The procedures for calculating the project’s cash needs are
the same as for a project that receives monthly payments,
with cash flows being calculated at the end of each month
and just before each payment is received

Cash Flow for Projects with a Single Payment

• Projects with a single payment differ in three ways from
projects where the construction company receives progress
payments from the project’s owner

• First, because there are no progress payments, the peak
amount of cash required is equal to the cash required at the
end of the month for all but the last month when the
payment is received

• Second, retention is not held because there are no progress
payments
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• Third, the construction company may also be paying some, if
not all, of the soft costs

• Soft costs include payments for the following
• The purchase of the land
• Engineering and design fees
• Permitting and other fees charged by government entities
• Construction interest and loan fees
• Taxes and insurance

Example
• The construction company decides to act as the owner on

the project
• The construction company plans to sell the project for

$1,350,600 at the end of the seventh month
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• In addition to the construction costs the construction
company has the following soft costs

• Land purchase: $200,000
• Engineering and design fees: $30,000
• Building permits: $5,600
• Government fees: $20,000
• Miscellaneous costs: $15,000

• The soft cost will be paid at the end of month zero

• The construction company pays material suppliers in full on
the last day of the month following the month the materials
were supplied to the project

• For example, materials supplied during the first month will be
paid for at the end of the second month

• The subcontractors will be paid on the same schedule as the
suppliers; however, the construction company will withhold
10% retention from the subcontractors’ payments, which will
be paid to the subcontractors at the end of the seventh month
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• The construction company pays for labor weekly
• Determine the monthly cash flows and total cash generated

by the project at the end of each month and just before the
payment is received

• What is the maximum amount of cash invested by the
company during the completion of the project?

• Because only one payment is received for the project, which
occurs during the seventh month, we need to calculate only
the cash flow and total cash generated at the end of the
month for the first six months

• For the seventh month the cash flow and total cash
generated will need to be calculated at the point in time just
before the project is sold and after the project is sold
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• Because the first costs occur during month zero, we begin by
calculating the cash flow for month zero

• The total cash disbursements for the soft costs are as follows
• Cash Disbursements0 = $200,000 + $30,000 + $5,600 +

$20,000 + $15,000 = $270,600
• The cash flow for month zero is calculated as follows
• Cash Flown = Cash Receiptsn – Cash Disbursementsn

• Cash Flow0 = 0 – $270,600 = - $270,600

• The total cash generated at the end of month zero is
calculated as follows

• Cashn = Cashn-1 + Cash Flown

• Cash0 = 0 + (- $270,600) = - $270,600
• No payments to material suppliers or subcontractors will be

made during the first month
• During the first month the construction company will pay

$34,900 for labor
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• The cash flow for the first month: Cash Flow1 = 0 – $34,900 =
- $34,900

• The total cash generated at the end of the first month:
Cash1 = - $270,600 + (- $34,900) = - $305,500

• At the end of the first month the construction company will
need to have $305,500 of cash invested in the project

• During the second month the construction company will pay
out $30,400 to material suppliers and $48,900 to cover the
cost of the labor

• The construction company will have to pay for the first
month’s subcontractor costs, less the 10% retention

• The monthly subcontractor payments are as follows
• Subcontractor Payment2 = $54,700 (0.9) = $49,230
• The cash flow for the second month:

Cash Flow2 = 0 – ($30,400 + $48,900 + $49,230) = - $128,530
• The total cash generated at the end of the second month:

Cash2 = - $305,500 + (- $128,530) = - $434,030
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• The cash flow and cash generated for the third through the
sixth months are calculated in a similar manner

• Subcontractor Payment3 = $123,800 (0.9) = $111,420
• Cash Flow3 = 0 – ($57,300 + $73,100 + $111,420) = -$241,820
• Cash3 = Cash2 + Cash Flow3 = - $434,030 + (-$241,820) =

- $675,850

• Subcontractor Payment4 = $136,400 (0.9) = $122,760
• Cash Flow4 = 0 – ($80,500 + $34,000 + $122,760) = -$237,260
• Cash4 = Cash3 + Cash Flow4 = - $675,850 + (-$237,260) =

-$913,110
• Subcontractor Payment5 = $106,800 (0.9) = $96,120
• Cash Flow5 = 0 – ($29,200 + $26,200 + $96,120) = -$151,520
• Cash5 = Cash4 + Cash Flow5 = -$913,110 + (-$151,520) =

-$1,064,630
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• Subcontractor Payment6 = $66,000 (0.9) = $59,400
• Cash Flow6 = 0 – ($27,800 + $11,300 + $59,400) = -$98,500
• Cash6 = Cash5 + Cash Flow6 = -$1,064,630 + (-$98,500) =

-$1,163,130
• The next point in time when we need to perform our

calculation is just before the payment is received for the project
• By this time the construction company has paid no additional

costs; therefore, the total cash generated is equal to the total
cash generated at the end of the previous month:
Cash7’ = Cash6 + Cash Flow7’ = -$1,163,130 + 0 = -$1,163,130

• The payment of $1,350,600 for the project is received at the
end of the seventh month

• At the end of the seventh month the construction company
will pay out $15,400 to material suppliers

• The construction company will pay the subcontractors the
retention held during the first six months plus the full
amount of the work performed by the subcontractors during
the sixth month
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• The retention held during the first six months is as follows
• Retention (Subcontractor) = $0 + $54,700(0.10) +

$123,800(0.10) + $136,400(0.10) + $106,800(0.10) +
$66,000(0.10) = $48,770

• The seventh month’s payment to the subcontractors:
Subcontractor Payment7 = 48,770 + $43,300 = $92,070

• The cash flow for the seventh month Cash Flow7 =
$1,350,600 – ($15,400 + $92,070) = $1,243,130

• The total cash generated at the end of the seventh month
Cash7 = Cash6 + Cash Flow7 = -$1,163,130 + $1,243,130 =
$80,000

• At this point the project is complete
• The monthly cash flow and the cash generated at the end of

each month are shown in the table
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• The cash generated by the project

-305,500

-434,030

-675,850

-913,110

-1,064,630

-1,163,130

80,000

• At the completion of the project the cash generated by the
project should equal the profit and overhead realized on the
project, which equals the profit and overhead markup

• The maximum amount of cash needed by the construction
company occurs just before the payment is received. For the
construction company to complete this project, it would
need at least $1,163,600 in cash

• The construction company’s needs for cash continue to
increase throughout the life of the project with the
maximum amount of cash required occurring just before the
payment for the project is received, in this case when the
project is sold
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