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Construction Cost Analysis & Estimating — 110401543

Introduction

Dr. Mohammad Almashagbeh
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, 5" edition, McGraw-Hill, New
York




* 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
* Date: Tuesday, 4/4. 11:30 - 12:30 pm
* Second exam
* Date: Thursday, 4/5. 11:30 — 12:30 pm
* Final exam

30%

30%

40%




* 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




* 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 availabilityy, 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

11

* 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

12



* 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

13

* 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

14



* 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

15

* The detailed estimate must establish
* Estimated quantities and costs of the materials
* Time required for and costs of labor
* Equipment required and its cost
* [tems 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)

16



* 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

17

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

18



* 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

19

Generic Cost Estimate Classification Matrix - (AACE) International

Primary

Characieristic Secondary Characteristic
EXPECTED PREPARATION
LEVEL OF
PROJECT END USAGE METHODOLOGY ACCURACY ELFORT
3 i g RANGE Typical degree
DEFINITION Typical purpose Typical estimating Tiical +f- range of effort relative
ESTIMATE CLASS | Expressed as % of of estimate method s g
Eamirlals aatarien relative to best to least cost
P index of 1 [a] index of 1 [b]
Class 5 0% 1o 2% Screewng or Stochastic or 41020 1
Feasibility Judgment
Concept Study or Primarily
o o
Class 4 1% to 15% Feasibility Bhhakia 3to12 2t04
Budget, Mixed, but
Class 3 10% to 40% Authorization, or Primarily 2t06 Jto 10
Control Stochastic
e o Control or Bid/ Primarily
Class 2 30% to 70% Tarder Deterministic 103 Sto20
Class 1 50%to100% | CreckEstmateor | inistic 1 10'to 100
Bid/Tender

Notes:  [a] If the range index value of "1" represents +10/-5%, then an index value of 10 represents +100/-50%.

[b] If the cost index value of "1" represents 0.005% of project costs, then an index value of 100 represents 0.5%

20
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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

21

* Level of Project Definition
* Such inputs include
* Project scope definition
* Specifications
* Project plans
* Drawings
* Calculations
* Learnings from past projects

22
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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

23

* 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

24
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* 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

25
* 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
26

13



* 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

27

* 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

28
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Construction Cost Analysis & Estimating — 110401543

Project Delivery, Contracts, and Pricing

Dr. Mohammad Almashagbeh
Department of Civil Engineering
Hashemite University
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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?

30
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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

31

* 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

e Coordination between design and construction is
enhanced by having both functions within the same firm

32
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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

33

* 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

34
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e 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.)

35

* 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

36
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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

37

Public-private partnership (PPP/P3)

* Examples
* Build operate transfer (BOT)
* Build own operate transfer (BOOT)
* Build own operate (BOO)

38

19



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

39

* 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

40
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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)

41

* 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

42
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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

43

* 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

44

22



* 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

45

* 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

46
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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

47

* 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

48
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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

49

* 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

50
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Phased

Contract Type Single or Multiple Contracts to Owners Selection Criteria Construction
DBB Competitively Bid Multiple-Design Contract Low Construction Cost No
& Construction Contract
Negotiated Multiple Design & Construction Low Cost or Other Possible
DB DB Single Contract with DB Firm Usually not Low Cost— Yes
Based on Performance
CM CM Contracts held by Owner—CM. Design, Based on Performance Yes
Construction. and Vendors Expectations
CM at Risk Same as CM.. above except CM and Based on Performance Yes
Construction Contracts are Combined Expectations
51
Construction Cost Analysis & Estimating — 110401543
Rough Cost Estimating
Dr. Mohammad Almashagbeh
Department of Civil Engineering
Hashemite University
52
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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

53

Example

» Last year your construction company built a 6,500 m?
warehouse for $6,500,000

* The owner wants to build another warehouse of similar size;
this time they want to add 100 m? 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

54
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» Last year your construction company built a 6,500 m?
warehouse for $6,500,000

* The owner wants to build another warehouse of similar size;
this time they want to add 100 m? 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

55

* 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

56
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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)

57

* 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
e Utilization of the space. Some spaces cost more than
others do. Bathrooms and kitchens cost more per unit
area than bedrooms

* Soil conditions

58
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Unit Area Estimating

* Prepared by multiplying the area of a building (m?, 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

59

Example

* Last year your construction company built a 10,000 m?, 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 m?, 5-story parking
garage with two elevators

* Assume that costs have risen 4 percent during the last year

60
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Cost ($/m?) = ($4,980,564 - $105,100) / 10,000 m?
= $487.55/m?
New garage cost (without adjustment) =
(S487.55/m2 x 9,500 m2) + ($105,100 x 2) = $4,841,925

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

61

* 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

62
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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

64



* The rules of measurement

* Building area does not include exterior unroofed terraces,
steps, chimneys, roof overhangs

65

* 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

66
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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)

67

* Units other than m? 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

68
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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

69

* 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

70
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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

Cost ($/bed)

1 $93,120
$110,380
$90,951
$143,702
$121,334
$127,238
$136,117

~N O Ul B W N

71

* 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 = Project Number | Cost ($/bed)

($90,951 + 4($117,548.86) + $143,702)/ 6 1 $93,120

2 $110,380
Proposed hospital cost = 4 $143,702
$117,474.74 x 80 =$9,397,979.2 5 121,334
6 $127,238
7 $136,117

72
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AECOM 2019

REGIONAL BUILDING
COST COMPARISON

Bullding cost (US$/sqm)

KSA

Qatar Bahrain

!
Reslidential

Lowrise
Medium rise
Highrise

Low

1,000
1.080
1.550

Hi

1,550

1550

2,400

(Riyadh)
High|

Typology gh

Low

800

1,250

1.650

1,350
1,500
2,050

{Doha) (Manama}
Low High Low High Low High

1300 1600 800 1350 8BS0 1.000
1600 1.850) 1050 1600 1.050 1.300
18900 2150 1450 2000 NA  N/A

Low-rise office (shell & core) 1100 1,400 700 1.250| 1.300 1,600 1,050 1.4505 650 750
Mid-rise office (shell & core] 1250 1.550| 1,250 1.650| 1500 1950, 1.200 1600/ 700 1.000
High-rise office (shell & core) 1,400 2100 1,650 2,200| 1900 2300 1450 20500 N/A N/A
Fit-out— basic 1000 1550| 700 950| 1300 1800 6s0 9s0| 400 500
Fit-out —medium 1550 1,950 950 1,250 1700 2200 950 1,200| 650 750
Fit-out—high 1950 2500| 1250 1,650, 2000 2750 1200 1600 NA  N/A
Community 1.300 1.550 700 950| 1,200 1,450 1.050 1‘350: 1100 1,200
Regional mall 1,350 1,650 1100 1,500 1,300 1750 1 1,200 1,600 | N/A N/A
Super regional mall 1500 1900 1,250 1800| 1300 1900 1450 1‘850! 1100 1.250
73

Retall

Community 1,300 1,550 700 950| 1,200 1,450 1,050 1,350/ 1,700 1,200
Regional mall 1350 1,650 1100 1500| 1300 1750 1200 1600) NA  N/A
Super regional mall 1500 1900 1250 1.800| 1,300 1,900 1450 1850 1100 1250
Light duty factory 750 950 800 1100 800 1,050, 800 1.050 700 950
Heavy duty factory 900 1300 1100 1,200 1,050 1,300 950 1,200f 900 1.200
Light industrial unit 650 750 700 BOO| 750 900, 650 950, WA N/A
Data center — Tier 3 (based on AED/RWUT) | 19,650 22,450| 18,700 21.450| 21,150 24,100 NiA NA|  N/A NIA
Budget 1800 2250| 1350 1650| 2500 2650 1550 1.800) NA N
Mid market 2,250 2,800 1.650 2200| 2700 3.650| 1.650 2250 2300 2950
Up market 3350 3,800| 2,600 3000 3700 4400, 2100 2,650 | 2,650 3,100
Resort 3.200 3.900| 3.000 3.550| 4100 4950 2500 3350 ' N/A N/A
Muiti storey 550 650| 600 750, 800 950/ 450 50| 300 300
Basement BOO 950 800 950 900 1.050 650 1,000/ 650 700
Schools - primary, secondary academy | 1,350 1700 800 1.350 | 1.600 2200 '! 1,400 1.800 | 950, 1.550
Healthcare - district hospital 2,200 3,200| 1950 2750 2350 2950| 2500 3.050| 2150 2750
Exchange rate to 1USS

74
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Department of Statistics, Jordan — 2017

2017381 e WIS S o) plal 2l 1 2.9 g

Table 9.2.1 Buildings of Private Sector that are Completely Constructed by Governorate, 2017

il .E.-,u
] Ll Bl Y
gl 34 N }:"’” Ly s ey o ;”1 o= 4,,31;
St ) (s 5L ) (aee 72) : (6% 2% 45%-) ki
Governorate g (Jles) ae (a0 70 a9L) No. of
No. of Completed Total Cost Average
Average Cost (000 JD) Bullding Total Bulldings Completed Bulldings
e M (D) = Area (000 M) {Res, & Non Res,)
Area (M)
Amman 14616 190 TO6,398 1310 3713 2835 Laslall
Balga 1570 168 51.056 627 304 485 elalh
Zarga 2528 165 71,801 586 437 746 RERD
Madaba 415 168 12,104 649 72 11 [
Irbid 2313 21 101.421 436 459 1053 Aol
Mafrag 37 230 8.290 199 36 181 3l
Jarash 49 237 1.895 222 8 36 o
Ajloun 9 164 164 143 1 7 s
Karak 551 184 17,995 34 98 293 450
Tafiela 41 213 1,492 184 7 I8 1Lk}
Ma'an 24 137 5,202 247 38 154 s
Agaba 4 132 17.667 601 134 23 ddall
Total 23277 188 995,586 861 5304 6l62 £ el

Source: Department of S mtistics). Complementary Survey 2017

75
* 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
Secondary schools Hospitals
Low Median High Low Median High
Component $/SF $/SF $/SF $/SF $/SF %/SF
Foundation 1.35 1.85 270 435 480 6.65
Floorson grade 365 440 6.00 0.30 0.40 060
Superstructure 10.95 12.30 17.25 17.05 18.55 25.50
Roofing 1.70 205 245 325 370 520
Exterior walls 3.75 555 8100 16.00 18.55 2510
Partitions 5.90 6.55 8.50 720 11,00 24.70
Wall finishes 3.05 340 515 6.75 7.95 11.10
Floor finishes 310 3.95 525 2860 275 4.00
Ceiling finishes 320 365 485 215 2.20 3.55
Conveying sysiems 0.00 0.00 0.00 12.95 13.00 1955
Specialties 1.70 1.90 260 310 325 460
Fixed equipment 285 335 6.00 520 525 765
Heat/vent/air cond. 905 10.45 1445 2165 2550 36.05
Plumbing 505 6.00 9.20 9.10 10.65 1645
Electrical 10.25 1200 1650 13.45 17.50 2440
Total 3/SF ; A0 $108.70 — 91251 J 3
1
76
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MMER: INDUSTRIAL/ M.690 | Warehouse Model costs calculated for a 1 story building ‘Warehouse
INSTITU ] - with 24’ story height and 30,000 square feet
of floor area P T R T
Cost PerSE | Subotol
A. SUBSTRUCTURE
P S [ ———— sicomd| 12 | 12
o an Grde 5 rloced corta i v batir o gl boss sesak | 107 | w07 |
2 foundoion wal and footing S Grownd 14 " n
4 foaon wal wl | & | 210
Mezaative apen wes e i, st Form,concts beas, <o 10%oforea | SEFer | 1800 [ 180 | o
Mesal deck, open web stel joish, beams, echenns SF. Rool 595 595 |
Conci bick ssnciwal | sewal | 1000 | 3
W o
Sl crwhecd,bollw Stofud |t | 206 | w0
830 Roaing
2010 | Rort Comrings b for o grove i Rkings oo EPSconpne oton Sthol | 435 | 485 | g
3020 | ook Openings Rool hches ond sylght Shhod | s s | W
Costs per square foot of floor area For e
; SE Area 10000 15000 20000 25000 30000 35000 40000 50000 60000 1010 | Portons Gt bock s o) 10056 Flor/L - A | S5 Patin | 743 | 60
Exterior Wall 1020 | i Do S ot hllow el 50003 focr/Docr a5 |
LF. Perimeter 410 500 600 640 700 766 833 966 1000 1030 | Finings /A = = &
T SusiFrne 805 w30 8525 3130 705 a0 7ess 7500 700 Sl i o | o | e
B ke Ntk | URK 0 S s W9 B m0 waS 7 0| Cong s e st et s s o | 57 <o | an1 | W
D Siesl Frame 950 B0 BADS 8025 7AI5 7670 7545 740 700 D, SERVICES
toring Wels %5 80 B0 772 I3l 7k ;s 705 &0 D10/ Coneeris
Gavaized el Seing Sl Frome W21 9125 B0 B505 @285 BINS  BOW TR0 7485 o ‘ I v | ‘ 5 ‘ = ‘ | om
Meal Sancwich Forels Sieed Frome. 10430 9435 B0 8510 8235 80.80 955 785 7540 D20 Plumbing
2010 | Panbing Fnues Do svcaln, s rdtonoe ot/ 2500 SF Fose | Eoch | 00 | ;2
Perineie Adj, Add or Dot far 100LF 435 428 125 280 200 190 155 130 100 ;g:z ?Hv:: W;" Ll oot s f}'ﬁ : :df ax
i Vit Crinago oo i, - :
Stoy gt Ady, A or Decuct Fer 1 75 0 55 45 0 ] 35 0 25 30 HVAC
= — 3010 | Frar Suply O oot e, s Wnodoms | Shfler | 407 | 407
ForBasemen, acd §23.55 per squore oot o bsement v 3020 | Heor Geasrotng Sysems | /A i = !
3030 | Coolng Geratng Spem. [ N/A z z Z | e
The oborscats wers ol sing o baic spcicaionsshown on e foing page. Tre coss shoud b odsted nhar rcasson for 3080 | T & Pockigmi | Sghe s e g, b st coulig 0% ol e | SF Floer a o
s rcureran ot oo s, conga o $30.13 1§ 120,80 e S 3090 | e HYAG 5y g /A - - =
040 fire o
Comsation adldithves o Sk v s [ e | 55| 7| s
& (R e e Wa - z -
D(thale' 101on cop. - - Sound Sysen - i — 5010 | Elechical Ssrice /Disvibution. | 200 ampere service, panal boord and Feace SF. Flar a a
6x & Anpte, 250wt oo 5 T B | ke A i Srre | daa | dm |
il Wb Speke, ceing ot val £ i 5000 | Cammcators& Secay | A s Shhe | 28 | a | %
Emargeny Lghing, 25 o, botery cperoed ) Exch s 5090 | Other ol Sysoms /n = - =
oy b ous Vol 2 i e B 20
i = i 400w €. EQUIPMENT & FURNISHINGS
Ferce, Choi ik, & high »g»ym. sodun 1010 | Cammercol Eqipment /A = = =
I n [ 1020 | ol igment | NEA i
m v [t 2 1030 | Vebicolor Equpmant Dock boards, dock el SEeor | 237 | 237 3
Each 3 109 | Other Equiprant N/ 3 i i
g G
o, 20 high Eah ws Rk Co T DO
40 igh Eoch s . 1020 | tegroted Consrucion /A ‘ - ‘ - ‘ N ‘ oo
bk oS Sq uare Foot Costs with 1040 | St ek WA g
P 1 B o suiDG STWORE WA
ud E
B RSMeans data SubTotal 515 T00%
g, Barnnos - - e
g o s e % Sk CONTRACION EE (Gwrrl T 105, Ovwbesd 5l 109 5| o
Sicewahs, Conorse 41 §F 1% ARCHITECT FEES 7% a9
Total Building Cost 7510
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COMMERCIAL/INDUSTRIAL/
INSTITUTIONAL M.690

Cosis per square foot of floor area

g S.F. Area 10000 15000 20000 25000 30000 35000 40000 50000 60000
LF. Perimeter 410 500 600 640 700 766 833 966 1000
Tilup Concrele Panels Steel Frame 98.05 89.30 85.25 81.30 79.15 77.60 7655 75.00 73.00
Brick wilh Block Backup Bearing Walls 114.60 102.05 96.35 20.25 8695 8475 83.10 B0.85 77.55
Concrele Block Siesl Fome 950  BBOD 8405  BO25 7RIS 7670 7565 7420 720
Baaring 'Walls 9375 85.10 8110 77.25 75.10 73.65 7255 71.05 69.10
Galvanized Steel Siding Steal Frome 102,10 9325 89.10 85.05 82.85 81.35 68020 7870 76465
Metal Sandwich Panels Steel Frome 104.30 9435 89.70 85.10 82.55 80.80 79.55 7785 7540
Perimeter Adj., Add or Deduct Per 100 LF. 6.35 425 325 260 210 150 155 130 100
Story Hat. Adi., Add or Deduct Per 1 Ft. 75 60 55 A5 40 40 35 40 25
For Basement, adld § 23.55 per square foof of basement area

T o il s ol g s bosle: spacificaiois howh on he g g Thess 66t shouk! b oited it ey or
design alfemaiives and owner's requirements. Reporied compleied project coss, for ihis fype of siucture, range fiom $30.13 to $ 120,30 per $.F.

Warehouse  Square Foot Costs with RSMeans data
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Costs per square foot of floor area

Biscdior Wil S.E Area 10000 15000 20000 25000 30000 35000 40000 50000 60000
LF. Perimeter 410 500 600 640 700 766 833 966 1000
Tiup Concrete Panels Steel Frome 9805 8930 8525 B30 7915 7760 7655 7500  73.00
Brick with Block Backup Bearing Wl 11460 10205 9635 9025 8695 8475 8310 8085 7755
Concrete Block Steel Frame 9650 8800 8405 8025 7815 7670 7565 7420 7220
Bearing Wall 9375 8510 BLI0 7725 7510 7345 7255 7105 6910
Galvnized Siel Sding Steel Frome 10210 9325 8910 8505 8285 8135 8020  7B70  76.65
Metol Sandwich Pnels Steel Frame 10430 9435 8970 8510 8255 8080 7955 7785 7540
Perimeter Adj., Add or Deduct Per 100 LF. 6.35 425 325 2.60 210 1.90 1.55 1.30 1.00
Story Hgt. Adj., Add or Deduct Per 1 i 75 60 55 45 40 40 35 40 25

For Basement, add § 23.55 per square foot of basement area

The above costs were calculated using the basic specifications shown on the facing page. These cosfs should be odjusted where necessary for
design olternatives and owner's requirements. Reporfed complefed project costs, for this fype of structure, range from $30.13 o § 120,30 per S.F.

Common additives
Destriplion Uit § Cost Descripifion Unit 5 Cost
Dok Leveler, 10 e cop Sauing System
&' %8 Each 4225 Ampifier, 250 wots Each 2125
Py Each G225 Speaker, cafing or wal Each 174
Emergency Lighting, 23 wait, batiary percted Trumget Each 335
leod batery Each 285 Yord Lighting, 20" duminum pele Each 250
Mickel codmium Each 770 with 400 wat
Ferce, Choin link, &' high high proswre sodium
D g wirs LE 0 s,
& g, wire LF ol
Gale Each k|
Flogpales, Complste
Alumirum, 30’ high Each 1375
40 high Each 3125
70" high Each 7S
Fiberghos, 23' high Each 1675
325" high Each 3225
59" high Each a0z
Paving, Bituminous
Wearing course plus base course 5Y 7.85

Sickswalis, Conorete 47 thick 5F 194




Model costs calculated for a 1 story building Warehouse
with 24’ story height and 30,000 square feet
of floor area Uit | Cou | %oF
Cos | PrSE | SubTonl
A, SUBSTRUCTURE
1010 | Sorod Fenclsors [ —— shomnd| 122 | 12 |
030 | 5  refoscd savee i vopor btircnd g b seseh | 1071 [ 07 | e
I e proporaon for sk o rnch or ot wel e g SF.Grond | .14 1 i
& founaton ol vl | o9 | 210
10 Superstructirs
1910 | ior Conimcton Neczain:cpar veb e, i o, concrae beans, cobms 1O oforoa | SEflor | 1800 [ 180 | oo
1020 | 2oetConsnuton e deck, cpen et e o, bea,cons stud | ses | ses |
520 Exteror Endasure
2010 | tecior Wl Concre Hock ssnolval | SEwel | 1000 | 532
2020 | Surter Windews i s
200 | furior Doors. Sl v, hllow ol oot |t | 236 | B0
B30 Roofing
9010 | oot Corings aiop o vl with B oo/ EFS ompeste vt Sthod | 435 | 485 | o
3020 | soof Openings ool haches ond shylght stwd | a5 | s | B
. INTERIORS.
1010 | fastns ConcrteHeck ol cnd wasvooms) 100 S5 Floar/L. Parion | SE basiion | 783 | &1
1020 | it Do e loo ol el SO00SF FloooDor | Foch | 8IS | 17
1030 | i i i i &
2010 | i Cavsncion Sl goe i ol fgn | 1090 | 73 | ioox
300 | WelFinshes Pl S5 Swkee | 1169 | 188
3020 | Foa Fhes 0 erdra, 10 iy composin e SEtker | 176 | 176
3050 | Gaing ficoe Supanded o i on 200 chnesl n fice e Isetono | St Cetng | a7t | 47
D. SERVICES
010 Conveying
1910 | tlevaer L A N - — | oak
1020 | Escoloon & Mg Walke | N/ - - -
020 Plumbing
2010 | Punbing Fres Tl o 1 et siply and drog | P/ 250056 Fooe | Fosr | 20 | 92
2000 | Somesie 51 | Gon frad ok hte Shfler | 21 | 21 | a3
2040 | i Vi Driage ook Stk | 128 | 128
030 HAC
3010 | ooy Sy 0o ot et un hacs Gtnetona | SFler | 407 | 407
3020 | s Garuiing Sysems | Ni& g - 4
3030 | Conlng Generng Sems | N/A 2 z C | e
Tomio . Pockogm gk | Sl 500 0 g, oo IGschons | SERax | 81 | @1
30% | Othr V4G Sys. 8 Equpman| /A - - -
D40 Fire Provection
4010 | Soriklos ek, ey oo Shtkor | 273 | 293 | g0
1020 | Surdpipes N - ~ -
o
5010 | Tucnicl Seris/Ditunon | 200 owpar arvice, paal b and s Stk | 41 | 4
500 | Ughing & Branch Wit ceplche, s, A, i vt SEfee | 430 | 430 [ oo
5000 | Communiatons & Socnty | Armapsems Shfler | A0 | 3
5090 | et Sy - - -
E. EQUIPMENT & FURNISHINGS
1010 | Conmercia Eoupment | N/A 3 = =
1020 | ool Eqgpment | N/A o
1030 | Volr Eqpmart Dok oo, cock s sk | 297 | 23 ]
1090 | Oher Esipmant N i & i
F. SPECIAL CONSTRUCTION
1020 | wagosd Conmseion | N/ - - B
] e I
. BUIDING STEWORK __ N/A

Sub-Tetal 5615 100%

CONTRACTOR FEES [Gerarl Requrements: 10%, Ovechead 3%, o 10%]
ARCHTECT FEES

25%
F

o |
|

Totel Building Cost _75.10
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Model costs calculated for a 1 story building
with 24’ story height and 30,000 square feet
of floor area

Warehouse

Unit

Unit Cost % Of
Cost | PerSE | Sub-Totel

A. SUBSTRUCTURE

1010 | Standond Foundofcns Poured concrete; st and spread foolings 5.F. Grownd 122 122
1030 | Slob an Grade 5 redntorced concrale with vapor barmer and granviar base 5.F. Sab 1073 10.73 5 3
2010 | Bosemerd Excovation Site preparation for slob ond rench fer foundafion wall and faoting 5F Grownd 14 (¥ v
2020 | Basemend Walls 4" foundation wall LF wall 69 210
B. SHELL
B10 Superstructure
1080 | Floor Construction Mezzanine: opan web stee alsfs, sk farm, concrate beams, colums 10% of aved S.F Floor 1800 .80 19.8%
1020 | Roof Consruction Pl deck, cpen wab sieel joisls, baams, columns 5.F. Rool 595 595 | !
B20 Exterior Enclosure
Z0T0 | Esderiar Walls Cenersie block P5% of wall 5.F Wall 1000 5.2
2020 | Exterior Windaves MSA - %
2030 | Extariar Doars Sipal avarhead, hollow mehl 5% of woll Eoch 2436 i |
B30
3010 | Roof Coverings Builip tor and groval with fnshing; persse/EPS composite insulation 5.F. Rool 455 4.55 B
3020 | Roof Cpenings Rl heriches and skylight 5. Roaf a5 A | T
C. INTERIORS
100 | Pextiions Cencrete block (office and washiooms) 100 5.E Flooe/LF. Pastion | 5.F Parfifion 753 K-
1020 | Inlerice Doars Single leaf hallow metal 000 & F. Foor/Door Ench 815 17
1030 | Fitings A iy 2 b
2000 | Shalr Cabstuekan Sasl gate with ralls Flight 10,950 73 1008
30D | ‘Wall Finishes Paint S.F. Surbace 11.63 1.84
020 | Foar Finishes OO herdenar, 10% vinyl compasitian fils 5.F Floar 1.7 .74
3030 | Cailing Finishes Suspanded minaral tila on zee channals in ofice area 1% oforey | SF Cailing 47 A7
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D. SERVICES
D10 Conveying
1080 | Elavenors & Ly M/A = = = o
1020 | Escaloors & Meving Walks MSA - -
= Fctures, supply and droinags T Fixtuee/ 2500 5.F. Roor Each 2300 92
S.F. Flear 21 21 4
5.F Kaof 1 26 128
D30 HVAC
000 | Erergy Supply Qil firad biot water, unit heaters P0% af area 5iF. Floar 407 4,07
3020 | Haot Generatng Syshems MN/A - - -
3030 | Cooling Generating Sysems | M/A = - - 87
3050 | Terminal & Package LUniss Sangle zone unit gos, heating, electric cocing 10% of area S.F Floar a1 A1
3090 | Other HVAT Sys. & Equipmant| N/A - - =
D40 Fire Profection
4010 | Sprinklars Sprinkless, ordinary hozard 5F Floar 27 7 o
4020 | Stndpipes A = % >
5000 | Elechi wibutian | 200 ompera service, panel boord and feedars SF. Flesar .43 A3
S020 | Lightin Flusvmscant fixhures, receploches, switches, A and mise. power 5. Floar 430 430 ok
5030 Marm spstems 5F, Floar 38 a8 :
5080 M/A = = =
E. EQUIPMENT & FURNISHINGS
1080 | Commercial Equipment BA - -
1020 | Instihs M/A o
1030 | WVehic Dk boards, dack levelars 5.F. Floar 237 237 2
1090 u N/A - - -
F. SPECIAL CONSTRUCTION
1020 | Iniegrated Construction /A = i
1040 | Special Facilifies M/ e
G. BUILDING SITEWORK N/A

Sub-Total 56.15 100%
14.04
491

Total Building Cost ~ 75.10

CONTRACTOR FEES (Gereral Requinements: 10%, Crerhead: 5%, Frofit 10%) 3%
ARCHITECT FEES bl

83

* 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-(2.1x0.2) =574.68 / SF
* Adjust for story height: For a 30,000 SF warehouse, if the story height
is 25’
Cost=75.1+0.4=575.5/SF

84
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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’

85

* Area = 250’ x 120’ = 30,000 SF

* Perimeter =2 x 250 + 2 x 120 = 740’

* Add for perimeter: 0.4 x 2.1 = 50.84

* Add for story height: $2.4

* Base cost = $79.15 + S0.84 + $2.4 = $82.39/SF

86
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Costs per square foot of floor area

. I S.E Area 10000 15000 20000 25000 30000 35000 40000 50000 60000
il LF. Perimeter 410 500 600 640 700 766 833 966 1000
Tiup Concrete Panels Steel Frome 9805 8930 8525 B30 7915 7760 7655 7500  73.00
Brick with Block Backup Bearing Wl 11460 10205 9635 9025 8695 8475 8310 8085 7755
Concrete Block Steel Frame 9650 8800 8405 8025 7815 7670 7565 7420 7220

Bearing Wall 9375 8510 BLI0 7725 7510 7345 7255 7105 6910
Galvnized Siel Sding Steel Frome 10210 9325 8910 8505 8285 8135 8020  7B70  76.65
Metol Sandwich Pnels Steel Frame 10430 9435 8970 8510 8255 8080 7955 7785 7540
Perimeter Adj., Add or Deduct Per 100 LF. 6.35 425 325 2.60 210 1.90 1.55 1.30 1.00
Story Hgt. Adj., Add or Deduct Per 1 i 75 60 55 45 40 40 35 40 25

For Basement, add § 23.55 per square foot of basement area

The above costs were calculated using the basic specifications shown on the facing page. These cosfs should be odjusted where necessary for
design olternatives and owner's requirements. Reporfed complefed project costs, for this fype of structure, range from $30.13 o § 120,30 per S.F.

Model costs calculated for a 1 story building Warehouse
with 24’ story height and 30,000 square feet
of floor area Ut Unit | Cost | %0Of
Cost | PerSE | Sub-Total
A. SUBSTRUCTURE
1010 | Standond Foundofcns Poured concrete; st and spread foolings 5.F. Grownd 122 122
1030 | Slob an Grade 5 redntorced concrale with vapor barmer and granviar base 5.F. Sab 1073 10.73 5 3
2010 | Bosemerd Excovation Site preparation for slob ond rench fer foundafion wall and faoting 5F Grownd 14 (¥ v
2020 | Basement Wolls & foundation wall LF wall a9 210
B. SHELL
B1D Su
1080 | Floor Construction Mezzanine: opan web stee alsfs, sk farm, concrate beams, colums 10% of aved S.F Floor 1800 .80 15.8%
1020 | Roof Constuction Pl deck, cpen wab sieel joisls, baams, columns 5.F. Rool 595 595 !
B20 Exterior Enclosure
Z0T0 | Esderiar Walls Cenersie block P5% of wall 5.F Wall 1000 5.2
2020 | Exterior Windaves MSA %
2030 | Extariar Doars Sipal avarhead, hollow mehl 5% of woll Eoch 2436 a9
B30
3010 | Roof Coverings Builip tor and groval with fnshing; persse/EPS composite insulation 5.F. Rool 455 4.55 B
3020 | Roof Openings Fool hatches and skylight 5.F. Foof 35 .35 e
C. INTERIORS
100 | Pextiions Cencrete block (office and washiooms) 100 5.E Flooe/LF. Pastion | 5.F Parfifion 753 a1
1020 | Inlerice Doars Single leaf hallow metal 000 & F. Foor/Door Ench 815 17
1030 | Fitings MR iy et b
2000 | Shalr Cabstuekan Sasl gate with ralls Flight 10,950 73 1008
30D | ‘Wall Finishes Paint S.F. Surbace 11.63 1.84
020 | Foar Finishes OO herdenar, 10% vinyl compasitian fils 5.F Floar 1.7 .74
3030 | Cailing Finishes Suspanded minaral tila on zee channals in ofice area 1% oforey | SF Cailing 47 A7
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Common additives

Destriplion Uit § Cost Descripifion
Dok Leveler, 101 lom cop, Sauing System
&' %8 Each 4225 Ampifier, 250 wots
Py Each G225 Speaker, cafing or wal
Emergency Lighting, 23 wait, batiary percted Trumeet
lsod batery Each 285 Yord Lighting, 20" duminum pele
Mickel codmium Each 770 with 400 wat
Fercs, Choin link, &' high high proswre sodium
D go. wiee LE 20 s,
b go. wie LF ol
ol Ecch bk
Flogpales, Complste
Aumirum, 30' high Each 1375
40 high Each 3125
70" high Each 7S
Fiberghos, 23' high Each 1675
395" high Each 3225
59" high Each an2s
Paving, Bituminous
Wecring course plus bose course 5Y 7R85
Sickranals, Conorete 47 hick SF 198

89

Unit

Each
Each
Each
Each

5 Cont

2125
174
335

2600

* Basement addition: 8,500 SF x $23.55/SF = $200,175
* Dock levelers cost = 4 x $6,225 = $24,900

=$2,696,775

* Total cost = ($82.39/SF x 30,000 SF) + $24,900 + $200,175
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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 factor

location B factor
* 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

* Location A cost = location B cost x

91

Construction Cost Analysis & Estimating — 110401543

Work Breakdown Structure

Dr. Mohammad Almashagbeh
Department of Civil Engineering
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

93
Buidling
™ I I I I I 1
] i A - g Equipment & Special Building
E Substreture Shell Interiors Services furnishings construction sitework
|
[
=5 [ ]
% Foundations B:l.sc.mil:lt
51 construction
L |
| [
o [ T 1 I 1
E] Standard Special Slab on Basement Basement
3 foundations foundations grade excavation walls
|
]
| | [ | | ]
- 3 .
= Wall Co]u]nn Pe]_]merel Basement Moisture Basement Titeition
3 P foundations & drainage & wall Coteétion wall skin
- ‘ pipe caps insulation construction | |P insulation
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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

95

* 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

96
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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

97

* 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

98
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* Survey work
* Establish legal boundary
* Lay out fence line
* Mark post locations

* A breakdown of the major categories in the WBS shows the
tasks to be performed in each category

99

* 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

100
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* WBS of a relatively small and simple construction project

Storage facility

! |
Sitework | Site security
TR, S—
! Exterior mE
L B I — : I . 1
‘ Slab-on-grade | Walls | Roof } ‘ Roll-up doors [ Bar joists

| Ceiling ‘

Electrical | Finishes

101

* The systems identified in the WBS might be as follows

* Site work
* Drainage
* Grading
* Paving
* Landscaping
* Site security
* Fencing
* Security lights

102



* Structure
* Exterior
* Slab-on-grade

Bar joists
Roofing
Roll-up doors
* Interior

* Interior finish

* Electrical

* Ceiling

Concrete masonry unit (CMU) walls

103

Storage facility

: |

L

Sitework J Site security

\ Exterior |

[\ I I

[ 1
‘Slab—on-gra%‘ ‘ Walls ‘ ‘ Roof ‘ ‘ Roll-up doors ‘ ‘B%ﬁts

* Site work
* Drainage
* Grading
* Paving
* Landscaping

Activity Data Sheet
Project: Storage Facility

Activity: Activity Code: 103

Respons 5 GT&B Grading Specialisis — Subcontractor
Scope gt Work:

xx:fercnce: Site Plan Sheets 1, 2. and 3
Description:
» Properly obtain a finish grade for the site as shown on the plans and detailed in
the Specifications
» Properly dispose of all waste created during the performance of the work
» Maintain full compliance with the OSHA regulations while on the site
* Responsible for all equipiment needed to properly execute the work
Work Plan and Assumptions:
There will be no site encumbrances that will impede work during the days that the
grading work is scheduled to be performed.

Duration Calculations:

Two Operators needed—iwo eight-hour days
Two Laborers needed—two eight-hour days

Total: 64 labor hours needed

Reference:

Cost Calculations:

Labor:

Two operators at $47.00 per hour for 32 hours = $1,504

Two laborers at $334.00 per hour for 32 hours = $1,088
Equipment:

One front-end loader at $83.00 per hour for 16 hours = 81,360
One mator grader at $§70.00 per hour for 16 hours = $1,120
Materials:

None

Total Cost: 85,072
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*Task durations can be
computed through the use of
the WBS

Activity Data Sheet
Project: Storage Facility
Activity: Grading Activity Code: S103
Responsibility: GT&B Grading Specialisis — Subcontractor

Scope of Work:

Reference: Site Plan Sheets [, 2, and 3
Description:
» Properly obtain a finish grade for the site as shown on the plans and detailed in
the Specifications
» Properly dispose of all waste created during the performance of the work
* Maintain full compliance with the OSHA regulations while on the site
* Responsible for all equipment needed to properly execute the work

Work Plan and Assumptions:
There will be no site encumbrances that will impede work during the days that the
grading work is scheduled to be performed.

Duration Calculations:

Two Operators needed—two eight-hour days
Two Laborers needed—two eight-hour days

Total: 64 labor hours needed

Reference:

Cost Calculations:

Labor:

Two operators at $47.00 per hour for 32 hours = $1,504

Two laborers at $334.00 per hour for 32 hours = $1,088
Equipment:

One front-end loader at $85.00 per howr for 16 hours = 81,360
One mator grader at $§70.00 per hour for 16 hours = $1,120

Materials:
None

Total Cost: 85,072
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* The estimate can be prepared
from the WBS

Activity Data Sheet
Project: Storage Facility
Activity: Grading Activity Code: S103
Responsibility: GT&B Grading Specialisis — Subcontractor

Scope of Work:

Reference: Site Plan Sheets [, 2, and 3
Description:
» Properly obtain a finish grade for the site as shown on the plans and detailed in
the Specifications
» Properly dispose of all waste created during the performance of the work
* Maintain full compliance with the OSHA regulations while on the site
* Responsible for all equipment needed to properly execute the work

Work Plan and Assumptions:
There will be no site encumbrances that will impede work during the days that the
grading work is scheduled to be performed.

Duration Calculations:

Two Operators needed—two eight-hour days
Two Laborers needed—two eight-hour days

Total: 64 labor hours needed

Reference:

Cost Calculations:

Labor:

Two operators at $47.00 per hour for 32 hours = $1,504

Two laborers at $334.00 per hour for 32 hours = $1,088
Equipment:

One front-end loader at $85.00 per howr for 16 hours = 81,360
One mator grader at $§70.00 per hour for 16 hours = $1,120

Materials:
None

Total Cost: $5,072
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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)

107

* 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

108
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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

109

There would be
variations in the
WBSs developed
by each individual

LEVEL : ;
— Commergial
1 Building Project
10
[ I I |
Site Work ¢ +
and Foundation — Extenor Interiar Rool
1-1 1-2 1-3 14
— 1=1-1 — 1-2-1 = 131 — 141
Site Grading Framing Framing Framing
—1-1-2 — 1-2-2 132 142
Excavation Siding Flooring/Stairways Sheathing
— 1-1-3 — 1-2-3 133 1-4-3
Sidewnlks/Parking Windows Walls/Ceilings Rooling
= 1-1-4 — 1-24 134
Footing/Foundation Entrances Daovors
— |-1-8 — 1-2-5 — 135
Floor Slab Insul ation Special Additions
I I I . I I 1
Electrical Mechanical Real | Project Arch/Engr. Sales
Systems Systems Estute | Management Services o
1-§ 1-6 17 | 1-8 1-9 1-100
1-5-1 1-6-1 — 181 — 1-9-1 1-100-1
Service Delivery Heating/Cooling Admin, Support Design Leasing/Asset Sales
1-5.2 1-6-2 —1-8-2 — 193 —1-1(n-2
Devices Hot Water Technical Mgt, Cosl Estimating Admin. Suppaort
—1-5:3 — 163 =183 1-0.3 -1-10:3
Lightimg Lavatories Legal Consulting Legal
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* Example of electric power construction bid summary using the WBS

organization of work

Group-level report

Laborand

No. Group Material equipment Subcontract Total
1100  Switch

station $1,257,2905.00 § 323,521.00 $3,548,343.00 § 5,128,167.00
2100  Transmission

line A 3,381,625.00 1,260,837.00 0.00 4,641,462.00
2300 Transmission

line B 1,744,395.00 0.00 614,740.00 2,358,135.00
3100 Substationat

spring creek 572,874.00 116,403.00 1,860,355.00 2,549,632.00
4200 Distribution

line A 403,297.00 54,273.00 215,040.00 672,610.00
4400  Distribution

line B 227,599.00 98,675.00 102,387.00 427,661.00
4500 Distribution

lineC 398,463.00 21,498.00 113,547.00 532,508.00

$7.985,548.00 $1,872,215.00 $6,453,412.00 $16,311,175.00
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* Example of electric power construction bid summary using the WBS
organization of work
Group-level report
Laborand

No. Group Material equipment Subcontract Total
1100  Switch

station $1,257,295.00 _$ 323,521.00 _ $3,548.343.00 _$ 5.128,167.00
2100  Transmission

line A 3,381,625.00 1,260,837.00 0.00 4,641,462.00
2300  Transmission

line B 1,744,395.00 0.00 614,740.00 2,358,135.00
3100  Substationat

spring creek 572,874.00 116,403.00 1,860,355.00 2,549,632.00
4200 Distribution

line A 403,297.00 54,273.00 215,040.00 672,610.00
4400  Distribution

line B 227,599.00 98,675.00 102,387.00 427,661.00
4500 Distribution

lineC 398,463.00 21,498.00 113,547.00 532,508.00

$7,985,548.00 $1,872,215.00 $6,453,412.00 $16,311,175.00
112
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* Example of electric power construction bid summary using the WBS
organization of work

DIVISION-LEVEL REPORT FOR TRANSMISSIONLINE A

Cost
item  Description Material Labor Equipment Total

2100 TRANSMISSION LINE A
2210  Fabricationof

steel towers $ 692,775.00 $ 000 % 0.00 $ 692775.00
2370  Tower foundations 83,262.00 62,126.00 71,210.00 216,598.00
2570  Erectionof

steel towers 0.00 144,141.00 382,998.00 527,139.00
2620 Insulatorsand

conductors 2,605,588.00 183,163.00 274,744.00 3,063,495.00
2650  Shield wire

installation 0.00 78,164.00 63,291.00 141,455.00
|_'I'otal for 2100 $3,381,625.00 ©467,594.00  $792.243.00 $4.641,462.00 |

113
* Example of electric power construction bid summary using the WBS
organization of work

DIVISION-LEVEL REPORT FOR TRANSMISSIONLINE A
Cost
item Description Material Labor Equipment Total
2100 TRANSMISSION LINE A
2210  Fabricationof

steel towers $ 692.775.00 0.00 0.00 692, 775.00
2370  Tower foundations 83.262.00 62.126.00 71.210.00 216,598.00
2570  Erectionof

steel towers 0.00 144,141.00 382,998.00 527,139.00
2620 Insulatorsand

conductors 2,605,588.00 183,163.00 274,744.00 3,063,495.00
2650  Shield wire

installation 0.00 78,164.00 63,291.00 141,455.00

Total for 2100 $3,381,625.00 $467,594.00 $792,243.00 $4,641,462.00
114
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* Example of electric power construction bid summary using the WBS
organization of work

COMPONENT-LEVELREPORT FOR TOWER FOUNDATIONS

Cost
Item  Description Quantity Material Labor Equipment Total
2370 TOWER FOUNDATIONS
2372  Drilling
foundations 4,196linft $ 000 $25428.00 $44897.00 $ 70,325.00
2374  Reinforcing
steel 37.5 tons 28,951.00 22,050.00 15,376.00 66,377.00
2376  Foundation
concrete 870 yd® 53,306.00 13,831.00 10,143.00 77,280.00
2378 Stubangles 3,142 1b 1,005.00 817.00 794.00 2616.00
| Total for 2370 ,262.00) 62,126.00 /71,210.00 16,598.00
115
Project | People
WBS | OBS
* Organizational breakdown 7 Mejor ; ; Major 3
Facili Grou,
structure (OBS) - :
3
* Used for management of ] Sub 3 ; Sub Group ] 5
Facility Department
Peopte . o
Work Item Discipline
| [ ]
_‘ Y 1
i Task | m;l Task 3 |EnginocrA | Engineer B IEngincch|
Work Package 1
% Dent_)wid
continu
breakdown —.IW
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DIVISION 00 - PROCUREMENT AND CON-
TRACTING REQUIREMENTS

DIVISION 02 - EXISTING CONDITIONS

02 00 00 EXISTING CONDITIONS
00 00 00 PROCUREMENT AND CON- 02 20 00 ASSESSMENT
TRACTING REQUIREMENTS 02 30 00 SUBSURFACE INVESTIGATIO
0010 00 SOLICITATION 02 40 00 DEMOLITION AND
00 20 00 INSTRUCTIONS FOR STRUCTURE MOVING
PROCUREMENT 02 50 00 SITE REMEDIATION
00 30 00 AVAILABLE INFORMATION 02 60 00 CONTAMINATED SITE
00 40 00 PROCUREMENT FORMS AND MATERIAL REMOVAL
° SUPPLEMENTS 02 70 00 WATER REMEDIATION
CSI M aSte rFormat 00 50 00 CONTRACTING FORMS AND 02 80 00 FACILITY REMEDIATION
(06000  PROJEGT FORMS FHVENON 132 CONGRETE
00 70 00 CONDITIONS OF THE CON- 03 00 00 CONCRETE
TRACT 031000 CONCRETE FORMING AND
00 90 00 REVISIONS, CLARIFICATIONS, ACCESSORIES
AND MODIFICATIONS 03 30 00 CAST-IN-PLACE CONCRETE
DIVISION 01 - GENERAL REQUIREMENTS ik el iial
010000 GENERAL REQUIREMENTS UNDERLAYMENT
011000 SUMMARY 03 60 00 GROUTING
012000 EgggE%TJ[;EgYMENT 0370 00 MASS CONCRETE
03 80 00 CONCRETE CUTTING AND
013000 ADMINISTRATIVE BORING
REQUIREMENTS
014000 QUALITY REQUIREMENTS DIVISION 04— MASONAY
01 50 00 TEMPORARY FACILITIES AND 04 00 00 MASONRY
CONTROLS 04 20 00 UNIT MASONRY
01 6000 PRODUCT REQUIREMENTS 04 40 00 STONE ASSEMBLIES
017000 EXECUTION AND CLOSEQUT 04 50 00 REFRACTORY MASONRY
REQUIREMENTS 04 60 00 CORROSION-RESISTANT
01 8000 PERFORMANCE MASONRY
REQUIREMENTS 04 70 00 MANUFACTURED MASONRY
019000 LIFE CYCLE ACTIVITIES
117
DIVISION 02 — EXISTING CONDITIONS
02 0000 EXISTING CONDITIONS 03 ou 00 cqncrete
02 20 00 ASSESSMENT 030100 Maintenance of Concrete
02 30 00 SUBSURFACE INVESTIGATION 030110 Maintenance of Concrete FO{ming‘and Accessories
02 40 00 DEMOLITION AND 030120 Maintenance of Concrete Reinforcing
030123  Maintenance of Stressing Tendons
02 50 00 g;riué:;:;?g]g]ogwa 030130 Maintenance of Cast-in-Place Concrete
0301 30.51 Cleaning of Cast-in-Place Concrete
02 60 00 CONTAMINATED SITE 030130.61 Resurfacing of Castin-Place Concrete
MATERIAL REMOVAL 03 0130.71 Rehabilitation of Cast-in-Place Concrete
027000 WATER REMEDIATIO! 0301 30.72 Strengthening of Cast-in-Place Concrete
02 80 00 FACILITY REMEDIAFTON 030140  Maintenance of Precast Concrete
03 0140.51 Cleaning of Precast Concrete
DIVISION 03 - CONCRETE 03 0140.61 Resurfacing of Precast Concrete
030000 CONCRETE 03 0140.71 Rehabilitation of Precast Concrete
03 0140.72 Strengthening of Precast Concrete
031000 CONCRETE FORMING AND 030150  Maintenance of Cast Decks and Underlayment
ACCESSORIES 03015051 Cleaning Cast Decks and Underlayment
03 30 00 CAST-IN-PLACE CRETE 03 01 50.61 Resurfacing of Cast Decks and Underiayment
03 40 00 PRECAST CONCR 03 01 50.71 Rehabilitation of Cast Decks and Underlayment
03 50 00 CAST DECKS AND 03 01 30.72 Strengthening of Cast Decks and Underlayment
UNDERLAYMENT 030160 Maintenance of Grouting
036000 GROUTING 030170 Maintenance of Mass Concrete
037000 MASS CONCRETE 030180  Maintenance of Concrete Cutting and Boring
038000 CONCRETE CUTTING AND
BORING
DIVISION 04 - MASONRY 0310 00 Concrete Forming and Accessories
04 00 00 MASONRY 031100 Concrete Forming
04 20 00 UNIT MASONRY 031113  Structural Cast-in-Place Concrete Forming
04 40 00 STONE ASSEMBLIES 03 1113.13  Concrete Slip Forming
04 50 00 REFRACTORY MASONRY gg ﬂ ]Ig:g ‘F;DI”CFE‘E Ks”"””g
X alsewor]
046000 CORROSION-RESISTANT 031116  Architectural Cast-in Place Concrete Forming
MASONRY 03 11 16.13 Concrete Form Liners
047000 MANUFACTURED MASONRY
118
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* Example of building construction project bid summary using the CSI
organization of work

itemt  Division Material Labor Subcontract Total
1 General requirement $ 1643500 $36355.00 $ 488200 $ 57.672.00
2  Site-work 15,070.00 20,123.00 146,186.00 181,389.00
3  Concrete 97,176.00 51,524.00 0.00 148,700.00
4  Masonry 0.00 0.00 212,724.00 212,724.00
5  Metals 212,724.00 59,321.00 0.00 272,045.00
6  Woods and plastics 38,753.00 10,496.00 4.908.00 54,157.00
7  Thermal and moisture 0.00 0.00 138,072.00 138,072.00
8  Doors and windows 36,82100 32,115.00 0.00 68,936.00
9  Finishes 172,587.00 187,922.00 0.00 360,509.00
10  Specialties 15,748.00 11,104.00 9,525.00 36,377.00
11 Equipment 0.00 0.00 45,729.00 45,729.00
12 Fumishings 0.00 0.00 0.00 0.00
13 Special construction 0.00 0.00 o.0c 0.00
14 Conveying systems 0.00 0.00 Q.00 0.00
15  Mechanical © 0.00 0.00 641,673.00 641,673.00
16  Electrical 0.00 000 354,66100 354,661.00

Total direct costs $605,314.00 $408,960.00 $1,558,360.00 $2,572,644.00

Material tax (5%) 30,266.00 2,602,910.00
Labor tax (18%) 73,613.00 2,676,523.00
Contingency (2%) 53,530.00 2,730,053.00
Bonds/Insurance 34,091.00 2764,144.00
Profit (10%) 276,414.00 3,040,558.00

Bid price = $3,040,558.00
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* Example of building construction project bid summary using the CSI
organization of work
item  Division Material Labor Subcontract Total
1 General requirement 16.435.00 36,355.00
i 15,070.00
oncrete 9/,1 75.00 ,024. . : |
4 Masonry 0.00 0.00 212,724.00 212,724.00
5 Metals 212,724.00 59,321.00 0.00 272,045.00
6 Woods and plastics 38,753.00 10,496.00 4,908.00 54,157.00
7  Thermal and moisture 0.00 0.00 138,072.00 138,072.00
8 Doors and windows 36,82100 32,115.00 0.00 68,936.00
9 Finishes 172,587.00 187,922.00 0.00 360,509.00
10 Specialties 15,748.00 11,104.00 9,525.00 36,377.00
bz | Equipment 0.00 0.00 45,729.00 45,729.00
12 Fumishings 0.00 0.00 0.00 0.00
13 Special construction 0.00 0.00 o.0c 0.00
14 Conveying systems 0.00 0.00 Q.00 0.00
15 Mechanical © 0.00 0.00 641,673.00 641,673.00
16 Electrical 0.00 000 354,661.00 354,661.00
Tolal direct costs $605,314.00 $408,960.00 $1,558.360.00 $2,572,644.00
Material tax (5%) 30,266.00 2,602,910.00
Labor tax (18%) 73,613.00 2,676,523.00
Contingency (2%) 53,530.00 2,730,053.00
Bonds/Insurance 34,091.00 2764,144.00
Profit (10%) 276,414.00 3,040,558.00
Bid price = $3,040,558.00
120
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 Division 2 Estimate for Site-work

Cost

code Description Quantity Material Labor Subcontract Total
2110 Clearing LS. $0.00 $0.00 $3,694.00 $3.694.00
2220 Excavation 8.800 yi:‘lG 0.00 11,880.00 9,416.00 21,296.00
2250 Compaction 950 yd? 0.00 2,223.00 722.00 2,945.00
2294 Handwork 500 yd® 0.00 1,750.00 0.00 1,750.00
2281 Termite control L.s. 0.00 0.00 3,475.00 3,475.00
2372 Drilled piers 1,632 linft  14,580.00 2,800.00 14,525.00 31,904.00
2411 Foundationdrains 14 ea. 490.00 1,470.00 0.00 1,960.00
2480 Landscape LS. 0.00 0.00 8,722.00 8,722.00
2515 Paving 4,850 yd? 0.00 0.00 105,633.00 105,633.00

[515070.00 $20,123.00 $146,186.00 $181,385.00]
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Construction Cost Analysis & Estimating — 110401543
Detailed Cost Estimating
Dr. Mohammad Almashagbeh
Department of Civil Engineering
Hashemite University
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* The detailed estimate includes determination of the
qguantities 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

123

* 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

e 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

124
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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

125

* The detailed estimate must establish
* Estimated quantities and costs of the materials
* Time required for and costs of labor
* Equipment required and its cost
* [tems 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

126
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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

127

* 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

128
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Qro
QUANTITY TAKE OFF

* Required steps to complete
an estimate

INDIRECT
FIELD

HOME

OFFICE COST
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)

DIVIDE INTO
WORK PACKAGES
Y
QIO
BEET QUANTITY TAKE OFF
MX 4/
[ PRODUCTIVITY STE
RATES FAIORS
v y
PRODUCTVITY PURCHASE REGUIRED SUBCONTRACT
FACTORS LOTS EQUIPMENT PLAN
Y \ 4 Y
[ PROUECT | TONST, ACTNATY WORKHOURS BT PRODUCTIVITY DEVELOP
DURATION | LOGIC L DURATION LABO OF RATES SCOPE
DIAGRAM HOURS MATERIALS
N N~— | | | |
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|

PROJECT CONST. ACTMTY WORKHOURS BILL PRODUCTIVEY DEVELOP
DURATION | LOGIC - DURATION |l I OF RATES SCOPE
DIAGRAM HOURS MATERIALS
A A Y Y Y
CLEANING FIELD STAFF MISC. WAGE VEN UNIT REQUEST
FACILITIES MANPOWER EQUIPMENT RATES PRICE RENTAL F
PLAN QUOTES RATES QUOTES
Y Y Y Y
PERMITS LABOR BARE BARE BARE ANALYZE/
- BURDENS & : LABCR MATERIAL EQUIPMENT SELECT
/_ TAXES cost [we CQst BEST BID
131
SALES & SALES &
TOTESSOTAL USE TAX USE TaX
SERVICES
\ 4 h J Y
INDIRECT DIRECT
g /— FIELD
[ o0E
\ INSURANCE /
BACKLOG - PROFIT _ W HOME
Ll v QFFICE COST
COMPETTON L CONFIDENCE
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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

133

WEEK 1 WEEK 2 WEEK 3 WEEK 4
M| T|W([Th|F[M|T[w[Th[F M| T [w|Th|F[M| T |W[Th|F
ACTIVITY 1(2|3|4)5|6(7|8]|9|10]11{12|13|14{15|16|17|18|19|20
Receive Plans & Project Manual A
Develop Subcontract Plan
Develop Subcontract Packages
Subcontract Packages to Subcontractors A
Q.T.0.
Division 2 -Sitework
Division 3 - Concrete
Division 5 - Metals
Division 8 - Doors & Windows
Division 12 - Furnishings
Material Request For Quote ]
Site Visit A
Subcontractor Meeting A
Equipment Request For Quote ]
Preliminary Construction Schedule
Indirect Estimate
Contact Subcontractors [ 1
Prepare Bid Security —]
Estimate Review —a
Submit Bid A

LAST CHANCE CONSTRUCTION COMPANY
ESTIMATE SCHEDULE
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* A notebook should be kept for each estimate prepared

* The notebook should be broken down into several areas
* Workup sheets
e Summary sheets
* Errors and omissions sheets
* Proposals received from subcontractors

* Proposals received from material suppliers and
manufacturers’ representatives

* Notes pertaining to the project

135

* 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

136
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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

137

* 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

138
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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

139

* 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

140
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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

141

SHEET INDEX
Sheet List
Sheet Number \ Sheet Name
co COVER SHEET
1 SITE PLAN
D1 DEMO PLANS
D2 DEMO ELEVATIONS
A1l BASEMENT & MAIN LEVEL FLOOR PLANS
A2 UPPER LEVEL & ROOF PLANS
A3 ELEVATIONS
Ad ELEVATIONS
A5 BUILDING SECTIONS
E1 ELECTRICAL PLAN
E2 ELECTRICAL PLAN
31 FOUNDATION PLAN & MAIN LEVEL FRAMING
s2 UPPER LEVEL FRAMING & ROOF FRAMING PLAN
B3 STRUCTURAL DETAILS
sS4 STRUCTURAL DETAILS
G1 GARAGE PLAN
G2 GARAGE ELEVATIONS and SECTIONS
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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

143

* 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

144
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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

145

* 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

146
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* 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

147

* 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

148
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* 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

149

* 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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ESTIMATE WORK SHEET

Project: Little Office Building REINFORCING STEEL i No. 1234
Location Littleville, Tx Sheet No. 10f1
[Architect U.R. Architects Date 11/11/20XX
items. Foundation Concrete By LHF Checked __ JBC
Cost Dimensions Bar Linear [Pounds/
Code Description L W |Space Count] Size Feet Foot Quantity Unit
ft ft /f
Continuous Footings
Perimeter - Long Bars 336 3.167 2 8 5 2688, 1.043 2,804|Pounds
Perimeter - Short Bars 2.83] 336 2 673 5] 1904.59 1.043 1,986]|Pounds
Interior - Long Bars 76 3 2 7 5 532 1.043 555|Pounds
Interior - Short Bars 2867 76 2 153 5 408.51 1.043 426|Pounds
Dowels
Perimeter 4 336 1 337, 5| 1348| 1.043 1,406|Pounds
Interior 4 76 1 77 5| 308 1.043 321|Pounds
Foundation Walls
Perimeter - Long Bars 336 4 2 9| 5| 3024 1.043 3,154]|Pounds
Perimeter - Short Bars 3.67 336 2 673 5] 2469.81 1.043 2,578]Pounds
Interior - Long Bars 76 8 2 17| 5 1292 1.043 . 1,348|Pounds
Interior - Short Bars 8 76 2 153 5 1224 1.043 1,277]Pounds
Count
Spread Footings 267 267 2 3 42 5| 112.14, 1.043 117|Pounds
Dowels 4 3 12 5 48 1.043 50|Pounds
Column Piers - Vertical Bars 3.67 3 12 5 44.04] 1.043 46]Pounds
Column Piers - Stirrups 3.33 4 1 3 15 3 49.95 0.376 19]Pounds
Drilled Piers
Vertical Bars 20 3 18 5 360 1.043 375|Pounds
Horizontal Bars 367 20 1.5 3 93 3 341.31 0.376 128|Pounds
Grade Beams - Long Bars 69 6| 5| 414 1.043 432]|Pounds
Grade Beams - Stirrups 3.67 69 1 70 3: 256.9 0.376 97|Pounds
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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
152
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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

153
* 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
154
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ESTIMATE SUMMARY SHEET

Project Little Office Building Estimate No. 1234
Location Littleville, TX Sheet No. 1of 1
Architect U.R. Architect, Inc. Date 11/11/20XX
Items F Concrete By LHF Checked JBC
Waste | Purch. Prod. | Wage Work Unit Cost
Cost Code Description QT.0. | Factor | Quan. | Unit | Crew | Rate | Rate Hours Labor Material | Equipment Labor Material | Equipment Total

Continous Foooting #5 Bar
(2804+1986+555+426)/2000 2.886 10.00% 3.17 |Ton 15| $12.75 433 $191.25| $550.00 $607| $1,746 $0) $2,353]

Dowels From Ftg to Wall
(1406+321)/2000 0.864 10.00%)| 0.95 (Ton 15 $12.75] 13.0 $191.25| $550.00 $182| $523 $0) $704|

Foundation Walls
(3154+2576+1348+1277)/2000 4178 |  10.00%| 4.60 |Ton 1| $12.75] 46.0 $140.25| $550.00) $645| $2,528 0| $3,172)

Spread Footings w/Dowels

(117+50)/2000 0.084 | 10.00%| 0.09 |Ton 15 $12.75] 1.3] $191.25) $550.00] $18 $51 0| 368
Column Piers

#5 Bar 0.023 10.00% 0.03 |Ton 24| $12.75] 0.6] $306.00 $550.00 $8| $14 3$0) $22]
#3 Bar 0.010 10.00% 0.01 (Ton 24| $12.75] 0.2] $306.00) $550.00) $3| $6 $0| $9|
Driller Piers

#5 Bar 0.188 10.00% 0.21 |Ton 24| $12.75] 4.5] $306.00 $550.00 $63| $114 $0) $177|

#3 Bar 0.064 10.00% 0.07 (Ton 24| $12.75] 1.5 $306.00) $550.00 $22 $39 $0) $60)

Grade Beam
#5 Bar 0216 10.00% 0.24 |Ton 22| $12.75) 4.8] $280.50 $550.00 $67| $131 $0) $197|
#3 Bar 0.049 10.00% 0.05 (Ton 22| $12.75| 1.1 $280.50 $550.00 $15 $30 $0) $45)

Slab on Grade
(1348+1277)/2000 1313 10.00% 1.4 |Ton 13| $12.75] 174 $165.75) $550.00] $239] $794 $0| $1,034]

9/15/20099/15/

133.21 $1,868| $5,974| $0| $7,843|
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T TAST CHANCE CONSTRUCTION COMPANY — T
LOCATION: ESTIMATE SUMMARY e T
BID DATE: CHECKED:

DIV, DESCRIPTION LABOR MATERIAL EQUIPMENT SUBCONTRACT TOTAL
DIRECT FIELD COSTS WORKHOURS S 3 s s 3

2 SITEWORK

3 CONCRETE

4 MASONRY.

5 METALS

6 WOODS & PLASTICS

7 MOISTURE - THERMAL CONTROL

8 DOORS, WINDOWS & GLASS

9 FINISHES

10 SPECIALTIES

11 EQUIPMENT

12 FUl

13 SPECIAL CX

14 CONVEYING SYSTEMS

15 MECHANICAL

16 ELECTRICAL

olololololololololslolololololalols

TOTAL DIRECT FIELD COSTS ] q] q] q [

INDIRECT FIELD COSTS
FIELD STAFF
TEMPORARY OFFICES
TEMPORARY FACILITIES,
TEMPORARY UTILITIES
REPAIRS & PROTECTION
GLEANING
PERMITS
PROFESSIONAL SERVICES
BONDS

INSURANCE
MISC. EQUIPMENT

LABOR BURDENS (STAFF)
LABOR BURDENS (CRAFT)
SALES TAX

TOTAL INDIRECT FIELD COSTS q] q] q] 0] 0]

elololojolololololslololololololo

HOME OFFICE COSTS o]

LAST MINUTE CHANGES o]

TOTAL LAST MINUTE CHANGES 0] o] q] q] [
PROFIT

TOTAL PROJECT COST 9 ) 0| 0 gl 0
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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

157

Construction Cost Analysis & Estimating — 110401543

Labor Cost

Dr. Mohammad Almashagbeh
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

159

* 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

160
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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

161

* 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
e Unittime =1.5 hr/4 m3=0.38 hr/ m3

163

* 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

164
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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 factoris 1.1

* Crew is three masons and two helpers

* For 1,000 SF job calculate labor, mason, and helper hours

165

* 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

166
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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

167

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

168
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* Crew Labor Cost = X (hourly rate x 8 hours/day)

= (3 x 38.05 + 2 x 28.65) x 8 = $1,371.6/day
$1,371.6/day _

* Unit Labor Cost =

340 SF/day

S4.03/SF
* Total Labor Cost = $4.03/SF x 800 SF = $3,224
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Published Productivity Rates (RSMeans)

04 22 10 - Concrete Masonry Units

04 22 Concrete Unit Masonry

04 22 10.23 Concrete Block, Decorative
0010 COMNCRETE BLOCK, DECORATIVE

0020 Embossed, simulated brick face

0100 87 x 16" units, 4” thick

0200 8" thick

0250 12" thick
0400 Embossed both sides
0500 8" thick
0550 12" thick

Daily  Labor-

(rew Output Hours Unit  Maleriol

08

D8

400
340
300

300

s

100 SE
118
133

133 SE
145

3.02
4.17
5.50

4.68
5.90

Bare (¢

Lobor

343
4.03
457

4.57
499

e (osls
Equipment  Tolal

6.45
8.20
10.07

9.25
10.89

Totl
Ind 0&P

8.55
10.75
13

1210
14.10
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Incl. Cost
Crew No. Bare Costs Subs O & P Per Labor-Hour

Bare Incl.

Crew D-7 Hr. Daily Hr. Daily Costs 0&P

1 Tile Layer §35.50  $284.00 | $5210  S416.80 $31.38 $46.05
1 Tile Layer Helper 21.25 218.00 40.00 320.00

16 LH., Daily Totals $502.00 $736.80 $31.38 $46.05

Bare Incl.

Crew D-8 Hr. Daily Hr. Daily Costs 0&P

3 Bricklayers $38.05 $913.20 || %5790  S$1389.60 $34.29 $52.18
2 Bricklayer Helpers 2865 458.40 4360 697.60

40 LH,, Daily Totals $1371.60 $2087.20 $34.29 $h2.18

Bare Incl.

Crew D-9 Hr. Daily Hr. Daily Costs &P

3 Bricklayers $38.05 $913.20 | %5790  S1389.60 $33.35 §50.75
3 Bricklayer Helpers 28,65 687.60 4360  1046.40

48 LH,, Daily Totals $1600.80 $2436.00 $33.35 $50.75

171
* Daily labor cost = $913.2 + $458.4 = $1,371.6/day
* Daily output = 340 SF/day
i _S$1,371.6/day _
Unit Labor Cost = 340 SF/day - S4.03/SF
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04 22 Concrete Unit Masonry

04 22 10 - Concrete Masonry Units

Daily Labor- Bare Costs Total
(rew Output Hours Unit  Molerial  Lobor  Equipment  Tolal Incl 0&P

04 22 10.23 Concrete Block, Decorative
0010 CONCRETE BLOCK, DECORATIVE
0020 Embossed, simulated brick face

0100 8 x 16" wnit, 4" hick D¢ 40 100 SE 302 343 645 855
0200 8" ik 18 a7 820 1075
0250 12 ik W 1% 550 43/ 0y 13
0400 Embossed both sides

0500 8" tick D8 300 13 SE 468 49 925 1210
0550 12" ik ©AS ST 580 49 108 1410

173
* 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
174
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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

175

* 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

176

88



* 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

177

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

178
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* Productivity rate =

Average cycle time x productivity factor x crew size
System efficiency x quantity per cycle

35 minutes x 0.95 x 1
45 minutes x 17 tons

= 0.04 labor hours/ton

* Productivity rate =

179

* 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

( Quantity
Rate of progress
System efficiency x quantity

+Travel time) X crew size
* Productivity rate =

180
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181

* 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

182

91



* 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

183

* 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

( Quantity
Rate of progress
System efficiency x quantity

+Travel time) X crew size

* Productivity rate =

184
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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

185

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

( Quantity
Rate of progress
System efficiency x quantity

(@415) X 3
45X 2,200

+Travel time) X crew size

* Productivity rate =

* Productivity rate = = 0.03 labor hours per foot

186
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Factors Impacting Productivity

* Equipment
* Frequently, but not always, quicker
with machines

(it
manhr/
e Example, surface treatment of Q22 G
concrete floor

*|n smaller areas manual method is
better

187

* 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

188
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* Material

* Prefabrication usually increases
productivity

* Example, roofing

189

* 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

190
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* Excessive overtime
* As overtime work increases productivity declines

* Learning curve

* Productivity in performing a task improves
experience and practice

with

191

LEARNING

MATERIAL

192
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TASLE 1.2 Pro.

duciion Range Index

] Production efficiency, per cent

Production | 25 35 45 55 65 75 &0 &5 90 95 1,
elemsnts | Zow | Average | High
1 General | 1 |hard tim

[mormal [depressed

local business trend =
construction voiwme  jhigh

ormal low
inormal lhigh

uncmployment iow

2 Amount of work Limited ¥
desizn arcas junfavorable laverage favorable
manual operations Jlirnited iaverage extensive
wechanized aperations [limited 'averagc ,mmsive

3 deduar st laverags  lgood
truining ipoor verage igood”
pay flow average izood
supply jscarce rmal isurplus

& Supervision poor average igood
training poor laverage ood
pay low average gocd
supply scarce normal surplus

5 Job conditions \poor laverage ood
management I;ecr average izood A
site and materials unfavorable laverzge' favorabie
workmans®ip required jfirst rate egular jpassable
Iength ofeperatiens  [short average . jlong

S Weather [bad fair | good
precipitation much Isome |oceasional
cold Ditter ional
heat ~

7 Equipment ipoor rormal  |good
applicability poor lnormal ~ jgood
condition jpoor - |fair zood
mazintenance, repairs  [slow average  _ |quick

8 Delazs numerous [some {minimum
job flexibility Ipoor average zood
delivesy [slow mormal iprompt
expediting [poor average pood
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TASLE 1.2

Produciion Rance Index

I

Production efficiency, per cent

Production | 25 35 ¢5 55 65 75 80 &5 90 95 1
elements Low Average , High
1 General economy prosperous (normal hard ¢imu
local business trend  [stimulated |normel depressed
constriction volwmme jhizh Inormal low
unenplcyment ow (normal high
2 Amouait of work imsted average extensive
desizn areas junfavorable |average favorable
manual operations Jlimited average extensive
suerhunized eperations [limited average .'e.x'tcnsivc
t
5 Lacetar Sppeatar laverafio ,,faod'
truining poor average good’
pay low average rood
supply scarce [normal surplus
4 Supervizion  poor average good
Taming poor average ood
Fay low average gocd
supply [sczsee normal !surp‘lus
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1

5 JoE conditions ‘poor lave:age good
mazagenent oo average rood
sitz and materials funfavorable javerage’ favorabie
workmansrip required jfirst rate regular passable
length of cperaticns [short average long

6 Weather bad faur good
presipitation much some oceasional
f:o]d ; bitter moderate occasional
nest oppressive  (moderate cccasional

7 Equipment poor rormal  |good
appI{c:_abiIity pooT normal good
condition voor - {fair aood
mazintenance, repairs  [slow laverage jquick

8 Delays numerous [some InInimum
job {lexibility poor average aeod
delivery slow mormal prompt
expediting POOT average pood
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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(5'Ze of expanded Workforce>(y

size of normal workforce

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

197
* The impact of crowding on labor productivity
Relative Size of Workforce Relative Productivity (%)
Normal 100
10% above normal 98.5
2 times normal 85
3 times normal 70
4 times normal 55
5 times normal 40
6 times normal 25
198
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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

199

* 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

200
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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 5§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?

201

« EFf(%) = 115% - 15 size of expanded workforce o
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

202
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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)

203

* 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 (512 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

205

* 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
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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

208
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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

T — Told
new — (Points,.,/Points,4)?/3

209
T — Told
new — (Points,,,,/Points4)2/3

* T ., = Time required to complete a new project/task

* T, 4= Time to complete a past project/task

* Points.,,, = Number of starting points on the new

project/task

* Points_ ;= 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

211
* Impact of number of starting points on labor productivity
Relative to Known Project Task Relative Duration (%) Relative Productivity (%)
Same 100 100
2 times the number 63 79.4
3 times the number 48 69.3
4 times the number 40 63
5 times the number 34 585
6 times the number 30 55
8 times the number 25 50
212
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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

213

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

214
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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

215

* 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 $S15 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?

216
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* 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

217

* 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

218
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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

219

* 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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* The skill and productivity in performing a task improves with

Learning Curves

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
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* 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

223

* 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

224
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* The model for predicting the time to perform each unit of work
Ty = Kp x NS

* T = Effort required to complete the N*" unit

* N = Unit number

* K; = Constant (theoretically K; = T,)

* s = Slope parameter or slope factor (this is a negative value)

*s=Log ¢/log 2

226
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* ¢ = Rate of improvement (generally based on doubled units;
log 2 implies doubled units)

*If ¢ = 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

227

* 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 ¢/log 2 =log 0.8/log 2 =-0.32
Ty = Ky x NS
* Tg = 10,000 x 8032 = 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)
*log T, =log K; + (s x log N;)

229

* 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=(logT;-logT;) / (log N;-log N))
*s=(log 200 - log 150) / (log 5 - log 10)
*5s=-0.42

*log T, =log K; + (s x log N;)

*log 150 = log K; + (-0.42 x log 10)
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*log K;=2.6
* K; = 398.11 hours

* Find the learning rate
*s=log ¢/log 2

*-0.42 =log ¢/log 2
*=0.750r 75%

231

* For unit 20
° Ty = Ky x N®
*T,,=398.11 x 20042
*T,,=113.13 hours

* For unit 30
* T3 =398.11 x 30042
* T3, =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

_ MY (logNxlogT)-YlogNx¥logT
- MY (log N)* - (X log N)?
* M = number of data points
_ Ylog TxylogN?2—yxlog N xy (logN xlogT)

*log K; =
&% my. (log N)Z - (3 log N)2
233
N T log N logT flog N)2 (legN) % (logT)
10 510 1.0000 27076 1.0000 2.7076
30 210 1.4771 2.3222 2.1818 3.43M
100 180 2.0000 2.27848 4.0000 4.5576
150 125 213787 2.0969 4.7354 4.5637
300 71 24771 1.8513 6.1360 4.5859
9.1303 11.2568 18.05632 159.8443
5(19.844 ) .1303(11.2568)
= — =-0.52
5(18.0532)—(9.1303)
11.2568 x1 .0532— .1303 X 19.8443
*log K; = > =3.19
5(18.0532) (9.1303)
* Ky =1,548.82
* Once s and K; are determined, other units can be estimated
234
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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

235

Averoge man-hours per unii

Number of units
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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)

237

* 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

238
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35,000

Breakeven point for constructing Contracted amount to be paid for
5,600 30,000 four bmldlngs (%26,671) uonstruct:ng each building ($29,400)

25,000
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10,000
5,000
0
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27,000

I I |
4

Number of buildings cnnstrucled

Labor cost per bulilding
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* 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%)?
240
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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%
(529,400/527,462)

241

* 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 (527,462 x 1.1)

242
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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?

243
11,000
10,0005 Final realized Ia_bgrcost
was £7,760 per unit
B GO0 e Curveispredicted N |
=1 beyond this point as
u:.{ - —_/_if no delay occurred
e GO0 s LTS e T ———sm st
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B Predicted cost /v
E G000 4 - rm e e Y P perunit=-.__. ... 1
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Owner delayed the work
B e e e e e e e B L e e L e D S R S I e s e T i e T 4
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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

245

* 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/m?and the

wage rate including fringe benefits is $15/hr then the unit
labor cost is $9/m?
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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%

247

* 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%)

249

* 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
+1/3x0.1=16%

* Workers’ compensation = (2x100 + 1x50) x 16% = $S40/day

250
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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% = S45/day

251

* 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
A B C D |E F G H |
Base Rate Work- | Average Total Rate with
Incl. Fringes ﬁp cFmr ke Overhead & Profit 0&P
Abbr. Trade Houy | Daiy | ‘ins | head | head §Profit | % | Amount | Hourly | Daily
Siowk Skilled Workers Average (35 trades) 5340 | S427.20 | 108% | 18.3% i 10% | 521% | S278 | S8L%H 00
Helpers Average (5 trades) 3885 | 31080 | 142 11.0 535 2080 5065 | 477.20
Foreman Average, Inside (50.50 over trade) 5390 | 43120 | 108 130 521 210 8200 | 656.00
Foreman Auerage mtsde (52.00 over trade) 5540 | 44320 | 108 130 521 2885 8425 | 674.00
Oiab Common Buiding Labore 4105 | 32840 | 120 11.0 513 2105 %%g_ 496,80
TAsbestos/nsulation Workers/Pipe C 573 | 4880 | 101 160 57 320 55 | 70840 |
Bai Bodermakers EFW =3 6510 | 52080 | 64 160 507 3300 9810 | 78480
Bic Brickiayers 5105 | 40840 | 134 110 527 26.90 779 | 62360
Brhe Bricklayer Helpers 2040 | 32320 | 134 110 527 2130 6170 | 49360
Cam Carpenters 5165 | 41320 | 120 110 513 250 7815 | 62520
253
04 22 Concrete Unit Masonry ) |
04 22 10 - Concrete Masonry Units
Daily  Labor- Bare Costs Total
Crew Quiput Hours Unit  Moleriol lobor  Equipment  Tolal Incl 0P
04 22 10.23 Concrete Block, Decorative
0010 CONCRETE BLOCK, DECORATIVE
0020 Embossed, simulated brick face
0100 8 x 16" units, 4" hick DS 400 100 SF 32 343 645 855
0200 & tick Gi) .18 a7 820 1075
0250 12 thick 300 133 550 457 007 13
0400 Embossed both sides
0500 8" thick D8 300 .13 SF 1“4y 925 1210
0550 12" thick s My 590 499 1089 1410
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Incl. Cost
Crew No. Bare Costs Subs O & P Per Labor-Hour
Bare Incl.
Crew D-7 Hr. Daily Hr. Daily Costs 0&P
1 Tile Layer §35.50 528400 | $5210  S$416.80 $31.38 $46.05
1 Tile Layer Helper 21.25 218.00 40.00 320.00
16 LH., Daily Totals $502.00 $736.80 || $3138  $46.05
Bare Incl.
Crew D-8 Hr. Daily Hr. Daily Costs 0&pP
3 Bricklayers $38.05 $913.20 || %5790  S$1389.60 $34.29 $52.18
2 Bricklayer Helpers 28.65 458.40 43.60 697.60
40 LH., Daily Totals $1371.60 $2087.20 $34.29 $52.18
Bare Incl.
Crew D-9 Hr. Daily Hr. Daily Costs &P
3 Bricklayers $38.05 $913.20 | %5790  S1389.60 $33.35 §50.75
3 Bricklayer Helpers 28,65 687.60 4360  1046.40
48 LH., Daily Totals $1600.80 $2436.00 §33.35 $50.75
255
A B C D F G H |
Base Rate Work- | Average Total Rate with
lncl,s:'ﬁngqs ﬁ'p g'::ﬁ O Overhead & Profit 0
Abbr. Trade Hourly | Daly | ‘Ins. | head | head % | Amount | Hourly | Daily
Skowk Skiled Workers Average (35 trades) $5340 | 5427.20 | 108% [ 183% [ 13.0% 521% | 52785 | S8L25 | $650.00
Helpers Average (5 trades) 885 | 31080 | 142 110 535 2080 5965 | 477.20
Foreman Average, Inside (50.50 over trade) 5390 | 43120 | 108 130 521 2810 8200 | 656.00
Foreman Average, Outside (52.00 over trade) 5540 | 44320 | 108 130 521 2885 8425 | 674.00
Clab Common Building Laborers 4105 | 32840 | 120 11.0 513 21.05 gg%g_ 496.80
i _ i 160 548 3120 i i
] e o e Cons g | o 1% i 4 7 | s | wio | s
[% %ﬁu ye Hepers 06 | 2520 | 13e 110 527 | 2130 | 6170 | 49360
<1.07 413.2U jrany LU JLd [as ey 3 g
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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
=5$913.2 x 1.43 = $1,305.88

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

257

* 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

259

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

260
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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

261
Impact of Scheduled Overtime on Labor Productivity
Efficiency (Based Effective
Hours/Day Days/Week Hours/Week on 40 hours) Hours/Week
8 5 40 100% 40
g 5 45 a5 4275
10 5 50 ao 45
11 5 55 85 46.75
12 5 &0 80 48
] B 48 a5 456
9 B 54 ao 48.6
10 B 60 85 51
11 G 66 80 52.8
12 B 72 75 54
B 7 56 80 50.4
g T B3 85 53.55
10 7 70 80 56
11 7 K 75 57.75
12 7 B4 70 58.8
262
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Example

e 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?

263

* 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

264
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Example

* For the previous example, if the average wage of the workers
is S12/hr

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

265

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

* For 20 workers: $3,600 x 20 = $72,000

266

133



* If overtime work extends to multiple weeks, productivity will
continue declining each week

* Further adjustments are needed

267
Days Hours Production Efficiency
per per
Week Day 1 Week 2 Weeks 3 Weeks 4 Weeks ‘l
Weeks

8 100% 100% 100% 100% 100% 100% 100%

] 100 100 95 90 96.25 105.6 1111

5 10 100 95 90 85 91.25 110.0 120.0
1 95 90 75 65 81.25 1136 1213

12 90 85 70 60 76.25 116.7 1333

8 100 100 95 90 96.25 108.3 116.7

9 100 95 90 85 9250 1130 1259

§ 10 95 50 85 80 87.50 116.7 1333
11 95 85 70 65 78.75 119.7 139.4

12 90 30 65 60 73.75 1222 144.4

8 100 95 85 75 88.75 114.3 1286

9 95 90 80 70 8375 1183 136.5

7 10 90 85 75 85 78.75 1214 1429
11 85 80 65 60 72.50 124.0 148.1

12 85 75 60 55 68.75 126.2 1524
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e Labor Law of Jordan
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Example
* 10 workers are expected to work 6 days per week (60 hours)
for 3 weeks, calculate
* Effective hours
* Hours of lost productivity
270
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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

271

Example

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

272
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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 S15/hr x 1.167 =
$31,509

273

Example

* Quantity of excavation is 9 m3, budgeted cost for this activity
is $950, and hourly labor cost is $33.2
* Find
* Cost rate (S/m3)
* Production rate (hr/m?3)
* Activity duration (hrs)
* Activity duration (days) if one or two workers employed

274
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* Cost rate = $950 / 9 m3 = $105.56/m3

105.56/m?3
$$33.2/{1r =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

* Production rate =

275

Example

* Quantity of forming is 47 m?, production rate is 1.8 hr/m?

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

276
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* Quantity of forming is 47 m?, production rate is 1.8 hr/m?

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

* Forming time = 1.8 hr/m?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

277

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

278
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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 (5840 + $315 + $420) = $157.5

* Insurance= 0.13 x 840 = $109.2

* Average hourly cost = ($840 + S315 + S420 + S$157.5 +
$109.2) / 60 = $30.70/hr

279

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

* Field observations

*Subject matter experts: obtain estimates from
experienced professionals (Three-Point Estimate)

280
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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=(0O+M+P)/3
* E = Expected amount

281

* Beta distribution
*E=(0O+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

282
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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)

283
Construction Cost Analysis & Estimating — 110401543
Equipment Cost
Dr. Mohammad Almashagbeh
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

285

* Owning costs are made up of the following principal
elements

* Depreciation

* Investment (or interest) cost
* Insurance cost

* Taxes

* Storage cost

286
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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

287

Published Cost Data (RSMeans)

g

03 31

{ Daily Labor- Bare Costs | ol
03 31 13.70 Placing Concrete _a | Crew Oviput Hours Unit | Moteril  lobor  Equipment  Totl | Inc &P
2500 | With cone and bucket G745 11600 CY. | Lon w oo
W00 | OvrSCY, diect cut | 6 R s 795 2650
2650 | Pumped Pl 1995 3090 2734 31%0
700 il aone and Fxia s R
2900 s, ov B )

5 i 9
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~ Bare Incl.
Crew C-6 Hr. Daily Hr. Daily Costs 0&P
1 Labor Foreman (outside) $4410  $35280 | $66.25 953000 || 4374 56545
4 Laborers 42.10 1347.20 63.25  2024.00
ini 49,95 399.60 73.45 587.60
2 Gas Engine Vibrators 53.70 59.07 1.12 1.23
48 ., Daily Totals 52153.30 $320067 || 4486  $66.68

289
* Daily equipment cost (owning and operating) = $53.7/day
* Daily output = 120 CY/day
ol i : _ $53.7/day _
Unit equipment cost = 120 CY/day - $0.45/CY
* Equipment cost = quantity of work x unit equipment cost
290
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Depreciation

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

* Age

* Wear

* Deterioration
* Obsolescence

291

* 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

292
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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

293

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)

294
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D = Cost - Salvage (- Tires)
B N

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

295

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

296
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1,2345 ™

‘D _ $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

297

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

298
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_ Year digit
N Sum of years’ digits
* The denominator of the depreciation factor is the sum of the
years’ digits for the depreciation period

*1+2+3+4+5=15"forab5-year life

* The numerator of the depreciation factor is simply the
particular year digit taken in inverse order

*5-4-3-2-1

x Amount to be depreciated

299

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

300
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*D, =
D, =
D, =
*D, =
D, =

15_5 x ($50,000 - $5000) = $15,000

75X ($50,000 - $5000) = $12,000

13_5 x ($50,000 - $5000) = $9,000

12_5 x ($50,000 - $5000) = $6,000

% x ($50,000 - $5000) = $3,000

301

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

303

D, = % 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

304
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$120,000

S100_ 000 -

* Stopping the declining balance ss0.000 -
depreciation at the salvage value
560,000 -

§40,000 4

520,000

—— Declining Balance

—— Stopping at the
Salvage Value

S0

305

$120,000

» Comparison of depreciation methods sso0,000
$60,000
$40,000

520,000

$100,000 -
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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

307

.D, %x $50,000 = $20,000

°D, X $30,000 = $12,000
*°D, x $18,000 = $7,200
°D, x $10,800 = $4,320

*D; = § 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 - S5000) may be taken as
depreciation

308
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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 54,320 $6,480
5 $1,480 $5,000
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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)

310
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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

311

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

* Average investment =

* However, the investment cost calculated in this manner is
not the actual cost for a specific year

312
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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

e Associated direct overhead

313

* 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

314
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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

315

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

316
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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

317

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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Table 17-1 Fuel consumption factors (gal/h/hp)

Load Conditions*

Type of Equipment Low Average Severe
Clamshell and dragline 0.024 0.030 0.036
Compactor, self-propelled 0.038 0.052 0.060
Crane 0.018 0.024 0.030
Excavator, hoe, or shovel 0.035 0.040 0.048
Loader

Track 0.030 0.042 0.051

Wheel 0.024 0.036 0.047
Motor grader 0.025 0.035 0.047
Scraper 0.026 0.035 0.044
Tractor

Crawler 0.028 0.037 0.046

Wheel 0.028 0.038 0.052
Truck, off-highway 0.014 0.020 0.029
Wagon 0.029 0.037 0.046
=Low, light work or considerable idling; average, normal load and operating conditions; severe, heavy
work, little idling.

319
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
320
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* Estimated consumption = 0.048 x 300 = 14.4 gal/h
* Fuel cost = 14.4 x 1.40 = $20.16/h

321

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

322
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* Fuel cost =120 x 0.7 x 0.75 x 0.06 x 1.1 = S4.16/h

323

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

324
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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

Table 17-2 Service cost factors (% of hourly fuel cost)

Operating Conditions Service Cost Factor
Favorable 20
Average 33
Severe 50

325
* 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

327

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

e 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)

328
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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

329
Table 17-3 Typical lifetime repair cost (% of initial cost less tires)
Operating Conditions
Type of Equipment Favorable Average Severe
Clamshell and dragline 40 60 80
Compactor, self-propelled 60 70 90
Crane 40 50 60
Excavator, hoe, or shovel 50 70 90
Loader
Track 85 90 105
Wheel 50 60 75
Motor grader 45 50 55
Scraper 85 90 105
Tractor
Crawler 85 90 95
Wheel 50 60 75
Truck, off-highway 70 80 90
Wagon 45 50 55
330
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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

Year digit Life time repair cost
Sum of years' digits Hours operated

* Hourly repair cost =

331
* 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
332
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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

333

* 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

334
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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

335

* Lifetime repair cost factor = 0.90

* Lifetime repair cost = 0.90 x 136,000 = $122,400
1

* Yearly repair cost = 1t X 122,400 = $8,160 (for year 1)
. . 1 122,400 _
Hourly repair cost = 15X 2000 - $4.08 (for year 1)

336
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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

337
Table 17-4 Typical tire life (hours)
Operating Conditions
Type of Equipment Favorable Average Severe
Dozers and loaders 3,200 2,100 1,300
Motor graders 5,000 3,200 1,900
Scrapers
Conventional 4,600 3,300 2,500
Twin engine 4,000 3,000 2,300
Push-pull and elevating 3,600 2,700 2,100
Trucks and wagons 3,500 2,100 1,100
338
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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

Cost of a set of tires (S)

*Tire cost =1.15x Expected tire life (hr)

339
Example
* Estimate the hourly tire cost for a motor grader with a tire
cost of $7,000. Assume severe operating conditions
340
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. _ $7,000 _
Tire cost = 1.15 x 1900 h - S4.24/h

341

Special ltems

* 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

342
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Operators’ wages

e 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

343

Operating Costs

* The major elements of operating cost include
* Fuel cost
* Service cost
* Repair cost
* Tire cost
* Cost of special items
* Operators’ wages

344
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Total Owning and Operating Costs

» After owning cost and operating cost have been calculated,
these are totaled to vyield 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

345

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

346

173



Example

Owning cost
* Depreciation cost
°D,= 14—5 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%

2
: 84,000 x 0.18
* Investment, tax, insurance, and storage = 3000

* Average investment =

=7.56/hr

347

* Total owning cost = 16.53 + 7.56 = $24.09/hr
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Table 17-1 Fuel consumption factors (gal/h/hp)

Load Conditions*

Type of Equipment Low Average Severe
Clamshell and dragline 0.024 0.030 0.036
Compactor, self-propelled 0.038 0.052 0.060
Crane 0.018 0.024 0.030
Excavator, hoe, or shovel 0.035 0.040 0.048
Loader

Track 0.030 0.042 0.051

Wheel 0.024 0.036 0.047
Motor grader 0.025 0.035 0.047
Scraper 0.026 0.035 0.044
Tractor

Crawler 0.028 0.037 0.046

Wheel 0.028 0.038 0.052
Truck, off-highway 0.014 0.020 0.029
Wagon 0.029 0.037 0.046
=Low, light work or considerable idling; average, normal load and operating conditions; severe, heavy
work, little idling.

349
Operating Cost
* Fuel cost
* Estimated consumption = 0.035 x 465 = 16.28 gal/hr
* Fuel cost =16.28 x 1.30 = $21.16/hr
350
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* Service cost

* Service cost =0.33 x 21.16 = $6.98/hr

Table 17-2 Service cost factors (% of hourly fuel cost)

Operating Conditions

Service Cost Factor

Favorable
Average
Severe

351
Table 17-3 Typical lifetime repair cost (% of initial cost less tires)
Operating Conditions
Type of Equipment Favorable Average Severe
Clamshell and dragline 40 60 80
Compactor, self-propelled 60 70 90
Crane 40 50 60
Excavator, hoe, or shovel 50 70 90
Loader
Track 85 90 105
Wheel 50 60 75
Motor grader 45 50 55
Scraper 85 90 105
Tractor
Crawler 85 90 95
Wheel 50 60 75
Truck, off-highway 70 80 90
Wagon 45 50 55
352
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* Repair cost

* Lifetime repair cost = 0.90 x (152,000 - 12,000) = $126,000

. . _ 2 126,000 _
Repair cost for year 2 = 15 X 3000 - $8.40/hr

* Tire cost
* Estimated tire life = 3,000 hrs
: 12,000
* Tire cost = 1.15 x 5~~~ = $4.6/hr
3,000 >4.6/
353
Table 17-4 Typical tire life (hours)
Operating Conditions
Type of Equipment Favorable Average Severe
Dozers and loaders 3,200 2,100 1,300
Motor graders 5,000 3,200 1,900
Scrapers
Conventional 4,600 3,300 2,500
Twin engine 4,000 3,000 2,300
Push-pull and elevating 3,600 2,700 2,100
Trucks and wagons 3,500 2,100 1,100
354
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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

355
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

356
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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

357
* A rational analysis of buy-rent-lease alternatives for
obtaining equipment is complex and includes
* Cost under the expected conditions
* Equipment availability
* Equipment productivity
358
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Example - Hourly cost of buying, leasing, and renting

40

| Lease

w
o

Present value of cost ($/h)

10t

20 40 60 80 100 %
2000 4000 6000 8000 10,000 »

Utilization

359

* 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

360
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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 (S) |Hours |Rental rate (S/hr)
Monthly 3,600 176 |20.45
Weekly 1,100 (40 27.5
Daily 400 8 50

361

* Yearly ownership cost = 14 x 2,200 = $30,800
* 530,800 < (20.45 x 2,200 = $44,990)
* It is more economical to buy the dozer
* Note: The actual rental cost is $46,800

362
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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 (S) |Hours |Rental rate (S/hr)
Monthly 3,600 176 |20.45

Weekly 1,100 (40 27.5

Daily 400 8 50

363

* 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

364

182



* 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

365

* 30,800 / 50 = 616 hours

* 616 /8 =77 days

* Rent (daily): 616 hours or less
* Buy: more than 616 hours

366
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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 (S) |Hours |Rental rate (S/hr)
Monthly 3,600 176 |20.45
Weekly 1,100 |40 27.5
Daily 400 8 50

367

* 3,600/ 27.5=130.91 hours

*130.91 /40 = 3.27 (use 3 weeks: 3 x40 =120)
* Rent (weekly): 120 hours or less

* Rent (monthly): more than 120 hours

368
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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

369
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
370
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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)

Cost —»
Cost —»

Usage —— Usage —

(a) Ownership cost (b) Operating cost
FIGURE 2.8 Effect of cumulative usage on cost.

371

* 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

Cost —»
Cost —»

Usage —— Usage —

(a) Ownership cost (b) Operating cost
FIGURE 2.8 Effect of cumulative usage on cost.
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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

_ Year ' Operating hours . Salvage (§) ' Maintenance expense ($)’
1 1,850 79,500 © 3,340
2 1,600 77,000 3,900
3 1,400 76,320 . 4,460
4 1,200 73,000 5,000
5 800 70,000 _ 6,600

373
Replacement analysis
Year . Gl B Al @ A e B0 B
Purchase - $106,000 $106,000 $106,000 $106,000 $106,000
Salvage $79,500 ~ $77,000 $76,320  $73,000 $70,000
Cost . $26,500 $29,000 $29,680  $33,800 $36,000
Cumulative operating 5 Sl L
hours . 1,850 3450 - 4,850 6,050 6,850
Ownership cost /v~ $14.32 $8.41 $6.12 ~ $5.59 $5.26
Cumulative maintenance o 8 5 %, | = %
expense $3,340 = $7,240  $11,700 $16,700 $23,300
Operating cost $/hr $1.81 $210  $241  $276  $3.40
_ Total $/hi . $16.13 . $10.51 $8.53 $8.35 $8.66
374
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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 (S$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

375
Construction Cost Analysis & Estimating — 110401543
Material Cost
Dr. Mohammad Almashagbeh
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
guantities 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

377

* 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)

378
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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

379
Published Cost Data (RSMeans)
. B
04 22 Concrete Unit Masonry
04 22 10 - Concrete Masonry Units
Daily  Labor- Bare Costs Total
(rew Output Hours Unit  Maleriol Lobor  Equipmen! Total Ind 0&P
04 22 10.23 Concrete Block, Decorative
0010 CONCRETE BLOCK, DECORATIVE
0020 Embossed, simulated brick face
0100 87 x 16" units, 4” thick D8 400 .100 SE 3.02 343 6.45 8.55
0200 8 hick .ne 403 80 1075
0250 12" thick 300 .133 5.50 4.5] 10.07 13
0400 Embossed both sides
0500 8" thick D8 300 .133 SE 4.68 4.57 9.25 12.10
0550 12" thick “ | 275 .45 * 550 499 10.89 14.10
380

190



* 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

381

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

382
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Table 2-4 Construction characteristics of soils (Unified System)

Construction

Soll Type Symboaol Dralnage Workability
Well-graded gravel GW Excellent Excellent
Poorly graded gravel GP Excellent Good
Silty gravel GM Poor to fair Good
Clayey gravel GC Poor Good
Well-graded sand SW Excellent Excellent
Poorly graded sand spP Excellent Fair
Silty sand SN Poor to fair Fair
Clayey sand SC Poor Good
Low-plasticity silt ML Poor to fair Fair
Low-plasticity clay CL Poor Fair to good
Low-plasticity organic oL Poor Fair
High-plasticity siit MH Poor to fair Poor
High-plasticity clay CH \ery poor Poar
High-plasticity arganic OH Very poor Poor
Peat Pt Poor to fair Unsuitable

Suitabllity
for Subgrade
{Mo Frost
Action)

Good

Good fo excellent
Good to excellent
Good

Good

Fair to good

Fair to good
Poor to fair

Poor to fair

Poor to fair

Poor

Poor

Poaor to fair

Very poor to poor
Unsuitable

Suitability
for
Surfacing

Good
Poor

Fair
Excellent
Good
Poor

Fair
Excellent
Poor

Fair

Poor
Poor
Poor
Poor
Unsuitable
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Soil Volume-Change Characteristics
1.0 cubic yard in 1.25 cubic yards 0.90 cubic yard
natural condition — after digging C— after compaction
(in-place yards) (loose yards) (compacted yards)
Figure 2-2 Typical soil volume change during earthmoving.
384
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* Loose

* Compacted

* Bank/in-place/natural condition

* Material in its natural state before disturbance. Unit
volume is Bank Cubic Meter/Yard (BCM/BCY)

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

* Material after compaction. Unit volume is Compacted
Cubic Meter/Yard (CCM/CCY). Highest unit weight

385
Percentage of Swell & Shrinkage

Material Swell Shrinkage

Sand and Gravel 10 to 18%6 85 to 100%

Loam 1510 25% 90 to 100%

Dense Clay 20 to 35% 90 to 100%

Solid Rock 40 to 70% 130%

* For example, a 1,000 BCM swells to 1,300 LCM and shrinks to
800 CCM

386
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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

387

* 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

388
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Production of Earthmoving Equipment

* Production = Volume per cycle x 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

389

*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

390
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* Sample site plan

* Contour lines connect !
points of equal elevation

3000

706’
_______ CURRENT ELEVATION

PLANNED ELEVATION

391
*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
392
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1T

E

Angle of repose

_ _ Vettical ___

Angle
Material Wet Moist Dry
Gravel 15-25 20-30 24-40
Clay 15-25 25-40 40-60
Sand 20-35 35-50 25-40
393
*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
Tapered
_ Insa Cutfoot 12
1 8
Side
J
(b) Precast concrete sheet pile (c} Timber sheet piling
{a) Steel sheet piling
394
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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

395
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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)

< Average length of cut >
M L = Length (or width) of
building
\ ] A = Footing projection /]
- D B = Working space
Ccr2N | C = Horizontal distance of slope [ e
e Ul . v D = Depth of cut — 7/
c |s]a L Als| ©
< > L ngnaan +
397
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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

399

Continuous Footing Section

/— AVERAGE WIDTH OF CUT
10™-6" |

710" /

SLOPE1.5:1

§" TOPSOIL

400
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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

401

* 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

402
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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

403
* 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
404
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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

/— AVERAGE WIDTH OF CUT
10"6"

7! 10" /
/— SLOPE 1.5:1 / BACKFILL

l 8
i

32-'

405

* Alternately, the area of backfill can be figured by computing
the area and by multiplying that amount by the length

AVERAGE WIDTH OF CUT

1 0!'6"
71 0"

FSLOPE 1.5:1

/ 1" o] ;:;
— :1»
[ sz —
— 2"8"
| 5.9

| AREA 3 (3S.F.)

L AREA 2 (4 S.F.)
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%\\\
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.
50k
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* Backfill volume = Excavation Volume — (Building Volume +
Footing Volume)

| 304" |

BACKEILL _\ | | — BACKFILL

BUILDING VOLUME

407

* 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)

408
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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

409

* 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

410
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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’

60'-0"

850"

|

30'-0"

350"

30'-0"

411

* The following building perimeter and area are calculated as follows
* Area = (100" x 60’) — (10" x 30’) — (15’ x 25’) =5,325 SF

60'-0"

850"

|

30'-0"

35-0°

30'-0"

412
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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
110'-0"
| 100°-0"

LIMIT OF TOPSOIL TO BE REMOVED

70-0
60'-0

413
* 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
414
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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

415

*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 x Cycles per hour

_ 60 min/hr _
=1 CYXW_ 24 CY/hI‘

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

=12 /24 =$0.5/BCY

416
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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 excavationis 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

417

* 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

418
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* The amount of excavation required for the basement portion
of the building can be determined as follows
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I _~ EXTERIOR WALL OF THE BUILDII‘LG EDGE OF FOOT]N(* -l
T A c ¥
BASEMENT AREA P é D f ;
30" o
18-2" i
: (=] It —
g Y 324 .
F o B
S 34'-4 2 g B
i I |
J g @ H
11l K g & | G
42-0" [ L _32-0" |
40-0" 30-0" 300"
419
444"
404"
32'-4"
g8' ,
I- 3 3 - 1
[ I
| 36'-4"
Basement cross-section (length)
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381"
341"
i 261" i
i o
IE; -
E \
I i
4 , 301"

Basement cross-section (width)

EXTERIOR WALL
9" TOPSOIL

| 1'-0" WORK AREA
| f;
L
|
|

* From the building plan, the exterior dimensions of the
* From the wall section, the footing projects out 1 foot from

* 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

421
basement are 26’ 17 by 32" 4”
the foundation wall
removed
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211



* 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 widthof cut=2"+1"+28"1"+1"+2'=34"1"
* Average lengthof cut=2"+1"+34"4"+1'+ 2" =40’ 4”

423
* Volume of excavation =34 1" x40’ 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

424
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* Backfilling quantity for the basement walls can be calculated
as follows

i 324" i

BACKFILL _\ —— BACKFILL

BUILDING VOLUME

Backfill section (length)

425
L "_qv |
BACKFILL-——\ I 26+ EXTERIOR WALL
BUILDING VOLUME & Backfill section (width)
INCLUDED IN BUILDING VOLUME
; /——BACKFILL
8 l Footing backfill
T
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* Building volume = 32" 4” x 26’ 1”7 x 8 =32.33’ x 26.08’ x &
6,745.33 CF

* Footing volume =1"x 1" x32.33’ 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

427
*The amount of excavation required for the continuous
footing of the building can be determined as follows
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* 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
/— AVERAGE WIDTH OF CUT
106" |
/.

| 7o10"
SLOPE 1.5 : 1
1 I—‘

n

9" TOPSOIL

oz
—] 28" =
52"
429
* 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 = 710" x 307’8” x 4’ = 7.83’ x 307.67’ x
9,636.22 BCF
*9,636.22 BCF/ 27 = 356.9 BCY
430
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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

/— AVERAGE WIDTH OF CUT
10'-6"

7'-10"

r SLOPE 1.5: 1 BACKFILL

%/ |

sl

52

431

* Volume of footing = 3’2" x 1’ x 307’87 =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

432
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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 /‘A"ERAGE WIDTH OF CUT
/

10°-6"

— AREA 3 (3 S.F)
7-10"

\

| AREA 2 (4 S.F.)
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12

— SLOPE 1.5: 1
+ /

N

| 5-2

433
* 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

l 118"

9" TOPSOIL
84"
/— SLOPE 1.5:1

34"

435

* Volume of excavation = 8’4" x 84” x5’ =8.33' x 8.33’ x5’ =
346.94 CF

*346.94 CF / 27 = 12.85 BCY

436
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Asphalt Paving

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

* The number of m?2 / SF to be covered is determined, and the
thickness (compacted) of each course and the type of
materials required are noted

items will

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

be

437
Approximate Asphalt Paving Materials Tonnage
Compacted Asphalt’ Granular’ Subgrade’®
Thickness Paving Material Material
1" 6.5 5.25 4.6
2" 13.0 10.5 9.2
3" 19.5 15.75 13.8
4 26.0 21.0 18.4
5 325 26.25 23.0
6" 39.0 315 27.6
8" 52.0 42.0 36.8
10” 65.0 52.5 46.0
12" 78.0 63.0 55.2
Per 1,000 s.f. of surface area, figures include 10 percent waste.
L Asphalt paving, 140 — 150 pounds per c.f.
2. Granular material, 110- 120 pounds per c.f.
3 Subgrade material, 95 — 105 pounds per c.f.
438
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* Area1=23.5"x102.5" =2,408.75 SF
* Area 2 =20.5" x 98’ = 2,009 SF
* Area 3=15.5"x23.5" =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
440
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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

441

* 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

442
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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

443

A typical distribution of | i

Formwork

Labor and equipment
38%

Material

concrete construction costs
for a reinforced concrete |
building ﬁ M?&Iai . /

Reinforcing
steel

Concrete

Labor and '
equipment )
o L

7% <5

Labor and
equipment
3%

444

222



* 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

445

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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3’0" wide

sizes

* Determine the volume

* 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

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

448
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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

449
* 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 Aand C
450
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* Cross-sectional area = width x height =3'2”"x1'=3.17"x 1" =
3.17 SF

* Volume of concrete = Cross-sectional area x length = 3.17" x
337’47 =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
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* The concrete contained in the spread footing
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* Volume of concrete =length x width x height
=3 x3x1"=9CF=0.33CY
» Waste (5%): 1.05 x 0.33 =0.35 CY

455

\A

—

| .

S = Shaft Diameter
D = Depth

H = Angle Height
B = Bell Diameter
A = Bell Angle
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[ VOLUME OF BELLS IN DRILLED PIERS
BELL ANGLE 50]
SHAFT BELL DIAMETER (Inches)
DIAMETER 18 24 30 36 2 28 = 0 6 72
1 Inches
*To qua nt |fy a|' 12 : h (feet) 0.30 060 089 7.19 .49 779 2.0 2.38 266 298
. . CF. 0.37 1.09 228 4.06 6.53 9.83]  14.06]  19.34] 25 33.54
drl”ed pler the 18 h (feet) 0.30 0.60 0.89 1.19 1.49 7.79 2.09 2.38 2.66
4 CF. 0.72 1.91 3.69 6.16 946]  13.69] _ 18.97] _ 25.43] _ 33.7
Shaft diameter be” 24 h (feet) 0.30 0.60 0.89 1.19 1.49 1.79 2.09 2.38
’ CF. 149 2.96 5.44 874 12.97| _ 18.25] _ 2471] _ 32.45
. 30 h (feel) 0.30 0.60 0.89 1.19 1.49 1.79 aagl
diamete r, and CF. .77 4.25 7.55  1178] __A7.06] _ 2352] 3126
36 b (feet) 0.30 0.60 0.89 1.19 7.49 7.79
ang le of the bell CF. 2.48 5.77] _ 10.00] __1529]  21.74| 2948
a2 b (feet) 0.30 0.60 0.89 7.19 1.49
CF. 3.30 753 12.81]  19.27] _ 27.01
must be known
| VOLUME OF BELLS IN DRILLED PIERS
BELL ANGLE SBI
¢ The VOl ume Of the SHAFT BELL DIAMETER (Inches)
. . DIAMETER 18 24 30 36 | 42 | 48 54 50 6 72
drilled piers can be | wenes
12 h (feet) 0.43 0.87 2.60 3.03 .46 .90 433
ca | cu | ate d or CF. 0.54 1.59 14.28] _ 20.43 __28.41] 3749 _ 48.75
’ 18 h (feet) 0.43 217 2.60 3.03 3.46 3.90
ta b I es cou I d be CF. 1,05 13.75] __19.90] _ 27.58] _ 36.96 _ 48.21
24 h (feet) 1.7 2.17 2.60 3.03 3.46
. CF. 12.70] _ 18.85] _ 26.53] _ 35.91] _ 47.16|
used to f|nd the 30 h (feet) 1.30 1.73 2.17 2.60 .03
CF, 1097 17.12] _ 24.80] __ 34.18 _ 45.43
36 h (feet) 0.87 1.30 1.73 2.17 2.60
VO I ume CF. 39]  14.54]  2222] _ 31.60] 4285
a2 h (fest) 0.43 0.57 7.30 7.73 znl
CF. 79| 10.94] _ 18.62] _ 26.00] _ 39.25
457
S
l I VOLUME OF BELLS IN DRILLED PIERS
- BELL ANGLE 50]
SHAFT BELL DIAMETER (Inches)
DIAMETER 18 24 30 36 2 28 = 0 6 72
(Inches)
12 h (feet) 0.30 060 089 7.19 .49 779 2.0 2.38 266 298
CF. 0.37 1.09 228 4.06 6.53 9.83]  14.06]  19.34] 25 33.54
18 h (fect) 0.30 0.60 0.69 1.19 1.49 7.79 2.09 2.9 2.66
CF. 0.72 1.91 3.69 6.16 946]  13.69] _ 18.97] _ 25.43] _ 33.7
24 R (feel) 0.30 0.60 0.89 1.19 7.49 1.79 2.09 2.38
CF. 149 2.96 5.44 874 12.97| _ 18.25] _ 2471] _ 32.45
30 h (feel) 0.30 0.60 0.89 1.19 1.49 1.79 aagl
D CF. 177 425 7.55] _ 11.78] __A7.06] _ 2352 _ 31.26
36 b (feet) 0.30 0.60 0.89 1.19 7.49 7.79
CF. 2.48 5.77] __10.00] __1529] 2174 2948
a2 b (feet) 0.30 0.60 0.89 7.19 1.49
CF. 3.30 753 12.81]  19.27] _ 27.01
| VOLUME OF BELLS IN DRILLED PIERS
BELL ANGLE 60|
SHAFT BELL DIAMETER (Inches)
H DIAMETER 18 24 30 36 | 42 | 48 54 50 6 72
A (Inches)
\ 12 h (feet) 0.43 0.87 2.60 3.03 .46 .90 433
CF. 0.54 1.59 14.28] _ 20.43 __28.41] 3749 _ 48.75
— 18 h (feet) 0.43 217 2.60 3.03 3.46 3.90
CF. 1,05 13.75] __19.90] _ 27.58] _ 36.96 _ 48.21
B 24 h (feet) 1.7 2.17 2.60 3.03 3.46
CF. 12.70] _ 18.85] _ 26.53] _ 35.91] _ 47.16|
30 h (feet) 1.30 1.73 2.17 2.60 .03
S = Shaft Diameter CF. 2.58 6.18] _ 10.97] _ 17.12] _ 24.80] _ 34.18] 4543
D = Depth 36 h (fest) 043 0.87 1.30 1.73 2.17 2.60
i am B EIEOS
: = gZZ gﬁngry:ter 3 79| 10.94] _ 18.62] _ 26.00] _ 39.25
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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
: B -S
. . sin(A) x —
* Height of bell on reamed footing (H) = Sin (90 —A) —,i)
Or
S

*H =tan (A)XBT_

459

* Then the volume of the bell is found using the formula

* Volume of bell = (“524X H) + <2“ ((ZS;B) X ((B _z)x H)))

Or

* Volume of bell = %(S2 + B2 + SB)

460
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* The volume of bell is added to the volume of the shaft to
determine the volume for a specific pier

2
 Shaft volume = (%) x length of shaft

461

* The three identical drilled piers
dimensions

* Shaft diameter = 18" (1.5')
* Bell diameter = 42" (3.5)
* Angle of bell = 60°

L sin(60) x 3'52_1'5 173
Sin (90 —60) |
Or
3.5-1.5

* H =tan (60) x =1.73’

have the following

462
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Or

2m ((

« Volume of bell =(

m(1.5)%2 x1.73
%) +

6

* Volume of bell =

(2 x 1.5)+3.5)

mx 173
12

((3.5 -1.5)x 1.73
4

) - 8.95 CF

((1.5)% + (3.5)% + (1.5 x 3.5)) = 8.95 CF

463

VOLUME OF BELLS IN DRILLED PIERS

|BELL ANGLE

60|
SHAFT BELL DIAMETER (Inches)
DIAMETER 18 24 30 36 & FA25 48 54 60 66 72
(Inches) LEg
12 h (feet) 0.43 0.87 1.30 2.60 3.03 3.46 3.90 4.33
C.F. 0.54 1.59 3.32 14.28 20.43 28.11 37.49 48.75
18 h (feet). 0.43 _087] 217 2.60 3.03 3.46 3.90
C.F. 1.05] 278 13.75 19.90 27.58 36.96 48.21
24 h (feet) 0.43 1.73 2.17 2.60 3.03 3.46
C.F. 1.73 12.70 18.85 26.53 35.91 47.16
30 h (feet) 1.30 1.73 2.17 2.60 3.03
C.F. 10.97 17.12 24.80 34.18 45.43
36 h (feet) 0.87 1.30 1.73 2.17 2.60
C.F. 8.39 14.54 22.22 31.60 42.85
42 h (feet) 0.43 0.87 1.30 1.73 2.17
C.F. 4.79 10.94 18.62 28.00 39.25
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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’

465

* This length of the shaft is then multiplied by its cross-
sectional area to determine its volume

1(1.5)?

« Shaft volume = ( ) 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

* |f waste is 10%: 1.1 x 3.89 = 4.28 CY

466
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Workup sheet for the spread and continuous footings for the building

ESTIMATE WORK SHEET

Project: Little Office Building i No., 1234
Location Littleville, Tx Sheet No., fof1
Architect U.R. Architects FOOTING CONCRETE Date 11/11/20xx
items Foundation Concrete By LHF Checked ___JBC
Dimenslons
Cost Length Witdth Height Length | Width | Height | Volume
Code Description Ft. In. Ft. In. Ft. In. Ft. Ft. Ft. C.F. Quantity Unit
3-2" Wide Footing (2,800 psi)
Side A 39 10 3 B 1 of 39.83 347 00| _176.14]
Side B 34 4 3 2 1 [ 34.33 3.47 1.00f  108.72)
Side C 14 10 3 2 1 [} 14.83 3.47 1.00] 46.97|
Side D 21 10 3! 2 1 [ 21.83 3.7 £.00) 69.14]
Side E 18 2 3 2 1 [ 18.17) 317 1.00] 57.53]
Side F 30 8 3 2 1 0 30.67 3.7 1.00. 9711
Side G 32 o 3 2 1 o 32,00 317 1.00 101.33]
Side H 6 10 3 2 1 [} 6.83] 3.7 1.00. 21.64f
Side | 34 4 3 2 1 0 34.33, 317 1.00{ 108.72]
Side J 6 10 3 2 1 0 6.83| 317 1.00. 21.64]
Side K 42 [ 3| 2 1 lll 42.00 317 1.00f 133.00]
Side L 55 8 3 2] 1 0 55.67 3.17) 1.00]_176.28]
337.33 1,068.22]
[Add 5 % for Waste 1,121.63]
Total Concrete In 3-2" Wide Footings 41.gC.Y.
3'-0" Wide Footing (2,800 psi)
Side M 22 0 3 [ 1 0 22.00 3.00 1.00 66.00|
Side N 34 4 3 [ 1 0 34.33, 3.00 1.00] 103.00]
Side O 22 0 3 [ 1 [] 22.00 3.00 1.00 66.00;
78.33 235.00
Add 5 % for Waste 246.75]
Total Concrete In 3'-2" Wide Footings 9.4]C.Y.
Spread Footing Quantity
3" Square Column Footings 3 0 3| 0 1 0] 1 3.00 3.00 1.00 9.00]
Add 5 % for Waste 9.45
Total Concrete In 3' Square Sp. Ftg| 1.0JC.Y.
Use1C.Y.
|
- EDGE OF FOOTING
85'—0
38'—10" , 32'—4" 13-10"
- EXTERIOR WALL OF THE BUI|DING / ~SRADE BEAM
g
A B C
. o M O
* Foundation N P D J
< Lo
walls o A
16'—2"
N
o (]
I L 324" E
. F 1
T~
w0
F | ©
s »
\ 324 , o
N[ U
| MM
J e H
!
K - G
—) m—(
40'—0" 30'=0" 30'—0"

468




Foundation
Wall
* The building perimeter foundation walls Side Length
1977 H . . ) A 38'-10
are 1’2" thick and the interior walls are 1 C 1310"
thick D 23-10
* Side B is 8’4" tall as compared with 3’8" E ;g,:g,.
high for the remaining 1’2" thick walls G 300"
* This is why, side B is not included in the "I' 2212
table for linear feet of 1'2”thick J 810"
foundation walls K 40'-0"
L 57'-8"
TOTAL 303-0"
469
* 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
470
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their length

|

* 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

* The grade beams have different cross-sectional areas

GRADE BEAM
L——-l 1
k <

PO

i

N

lL+—1—GRADE BEAM
re |2

|-——DRILLED PIER—\

REAR CORNER FRONT
GRADE BEAM GRADE BEAM
A B
471
EDGE OF FOOTING
85-0" A .
o
EXTERIOR WALL OF THE BUILDING / ,-‘ RADE BEAM
A ~°
A B c f
5 M =
130" _ !
N |
g a '
L ] 324 E
F 5
o
)
i
=
J & H
K RADE BEAM G
T 103) (Q] —
400" 300" 30-0"
472
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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

473

Workup sheet for the concrete in the foundation walls and grade beams

Project:
Location
Architect
Items

Little Office Building

Littlevilte, Tx
R. Architects
Foundation Concrete

ESTIMATE WORK SHEET

Foundation Wall & Grade Beams

Estimate No.
Sheet No.

Date

By LHF

1234
1of 1
11/11/20xx
Checked JBC

Cost
Code

Description

Dimensions

Wi

dth

Thicl

Ft. In.

[N

In.

Ft.

Length
Ft.

Width
Ft.

Height | Volume
Ft. C.F.

Quantity Unit

" Highe Foundation Walls

-2 Wide (2,800 psi}

Side A

38.83)

1.17]

3.67| 166.12

Side &

13.83]

117

Side D

23.83]

1.17|

Side E

1607

1.17

ide F

32.67]

1.1

Side G

30.00]

ide H

8.83]

1.1

Side |

1.1

Side J

1.17|

Side K.

32.33]
8.83
40.00)

1.47]

Side L

nofmfnm[mrofn|mfrafmofns

oo o] es|erfer] wfewfealeo

o) 0] ool

57.67)

147

3.67|_ 246.69|

8'4" High Wall

172" Wide (2,800 psi)
Side B

32

32.33

833 31 4.3‘5'

8'4" High Foundation Wall

1'-0" Wide (2,800 psi)
Side M

24

o

Side N

32

o

Side P

24

olal

[Total Foundation Walls

2,279.96|

Add 5% for Waste

88.67]

8g[C.y.

Grade Beams

1'-2" X 1'-6" Rear of Building

25]

o

[1°-2" X 1"-6" Rear of Building

1°6" X 1-6” Front of Building

30|

LIS

Total Grade Beams

JAdd 8% fo Waste

1 Gniy Formed Piar

[Add 5 % for Waste

RS
= =<

474
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T T
il 39-0" 314" 140"
H
I W
% o
f rel in
1 o o
Slab area ik
5 % 31-4" &
= I =
(L&) w0 [T/
6" REINFORCED $.0.G.
i
308" . %
!
394" 30-8" ] 298"
% 100"-0"
475

* 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: 253" x 31'4”'=
25.25" x 31.33’ = 791.08 SF

* There is a stair opening (46 SF): net area = 745.08 SF
* VVolume of concrete = 745.08 x 0.17 = 126.66 CF = 4.69 CY
* 5% waste: 4.69 x 1.05 =4.92 CY

476
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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

Productivity Rate
Type of Placement (Labor Hours/c.y)
Continuous Footing—Direct Chute 0.4
Spread Footing—Direct Chute 0.873
Drilled Piers 0.320
Formed Piers 0.873
Foundation Walls—Direct Chute 0.5
Grade Beams 0.4
Slab—Direct Chute 0.32
477
* Labor hours =41.59 x 0.4 = 16.64 hrs
* If wage rate is $14/hr
* Labor cost = 14 x 16.64 = $232.96
478
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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

479

* 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 x5 =45 m3/hr
* Placing duration =270 m3 /45 m3 /hr =6 hrs

480
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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

Surface Area

L1
B=0.4m
10 6m

482
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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

483

*The No. 2 bar is a plain round bar, but all the rest are
deformed round bars

484
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* ASTM standard reinforcing bar sizes

Section
Size Metric Size Weight Diameter Area

Number Number Ib/Tt kg/m in. mm sqin. mm®
3 10 0.376 0.560 0.375 9.52 0.11 71

4 13 0.668 0.994 0.500 12.70 0.20 129

5 16 1.043 1.552 0.625 15.88 0.31 200
6 19 1.502 2.235 0.750 19.05 0.44 284

7 22 2.044 3.042 0.875 2222 0.60 387

8 25 2.670 3.973 1.000 25.40 0.79 510

9 29 3.400 5.059 1.128 28.65 1.00 645
10 32 4.303 6.403 1.270 32.26 1.27 819
11 36 5313 7.906 1410 35.81 1.56 1006
14 43 7.650 11.384 1.693 43.00 2.25 1452
18 57 13.600 20.238 2.257 57.33 4.00 2581

485
* 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 %
486
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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

w* - 453
S L
-

.. _I-. .l - -
L4 a5
X o 5

m 41 T
L5

Y

N
it
=
3
S

]

3
Exd

S el

487
* Splice Requirements (Minimum splice is 1')
Splice required when specified as a
number of bar diameters
Bar Size 24d 30d
3 10" 1'-0"
4 1°-0" 1'-3"
5 1°-3" 1-7"
6 1'-6" 1-11”
7 1-9" 2-3
8 2'-0" 2'-6"
9 2-4" 2'-10"
10 2-7" 3-3"
11 2’-10" 3.7"
488
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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 sheet
or by the roll

489

* 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

490
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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 (mm?)],
* The size of transverse wires [sq in. 100 (mm?)]

491

* 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 x6 -4 x4 [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-mm?) section area]

492
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Wire Size Number Diameter Area Weight
Smooth Deformed in. mm sqgin. mm’ Ib/ft kg/m
W31 D31 0.628 16.0 0.31 200 1.054 1.568
was D28 0597 152 0.28 181 0.952 1.417
W26 D26 0.575 146 0.26 168 0.934 1.390
w24 D24 0.553  14.1 0.24 155 0.816 1.214
w22 D22 0529 134 0.22 142 0.748 1113
. w20 D20 0505 128 0.20 129 0.680 1.012
¢ Steel wire data for welded wis D18 0479 122 018 116 0612 0911
. . W16 D16 0451 115 0.16 103 0.544 0.810
wire fabric w14 D14 0.422 10.7 0.14 90 0.476 0.708
w12 D12 0391 9.9 0.12 77 0.408 0.607
w11 D11 0374 95 0.11 71 0.374 0.557
w10 D10 0.357 9.4 0.10 65 0.340 0.506
wa.5 0348 88 0.095 61 0.323 0.481
wa D9 0.338 86 0.09 58 0.306 0.455
wa.s 0.329 84 0.085 55 0.289 0.430
wsa D8 0319 81 0.08 52 0.272 0.405
w7.5 0309 78 0.075 48 0.255 0.379
w7 D7 0299 78 0.07 45 0.238 0.354
W6.5 0288 73 0.065 42 0.221 0.329
we D6 0276 7.0 0.06 39 0.204 0.304
W5.5 0.265 67 0.055 35 0.187 0.278
ws Ds 0.252 64 0.05 32 0.170 0.253
wa.5 0239 6.1 0.045 29 0.153 0.228
w4 D4 0.226 57 0.04 26 0.136 0.202
wa.s 0211 54 0.035 23 0.119 0.177
w2.9 0192 49 0.029 19 0.099 0.147
w2.5 0178 45 0.025 16 0.085 0.126
w2 0160 4.1 0.02 13 0.068 0.101
W14 0.134 34 0.014 9 0.048 0.071

493
* 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 (ACl) 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)
494
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* The American Concrete Institute (AClI) 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

495

* 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

496
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* Bars are maintained in their specified position by tying to adjacent
bars or by the use of bar supports

Bar suppert ,
Symbol illustraticn Type of support Standaed sires
5B ——E in Slalr bolster % 1o 11, and 2in. heights in 5 ft
) and 101t lengths
s8uU" Slab bolster upper Same 85 SB
5in.
L, 2 over 2 in. ta 5 in, height in
T i - i Beam bolster ingremenis of & in. in lengths of & ft
25 i 200 2] i
BRU™ @\ Beam holster upper Eame as BB
1 3 1.
‘25 in. ‘25 m.22 in.
BC m Individual bar chair i 1.1 é L and 1% in. heighes

497
* Bars are maintained in their specified position by tying to adjacent
bars or by the use of bar supports S
T 1
i WW Juist chair :£'1af?nﬁ Al‘i;ﬂm’ and 7,1,
Lin,
HE m Individual high chair g;‘f 3.? . helghts Tnfnerements
L in,
. High chair for 2 ta 15 in. heights m
HCM g ::E é h metal deck incrememts of 1 i,
CHEC Z i': j EE Continunus high chair i“n”;fhzs HC in 5 foat and 10 foot
CHCU® @ Continuus Samne as CHEC
igh chair upper
. Currtinunus high Up ta 5 in. heights in
CHCM Varies 1:1:::: far metal increments of 1 in.
498
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85 -0 EDGE OF FOOQTING
39°—10" , 14’-10"
EXTERIOR WALL OF THE BUIDING / i 1 Side Length
— s Q A 39'-10"
LAl , ¢ B 3447
. T g 5 C 14-10°
S| worlll o ] D 21-10"
S o N < E 18-2"
I - F 30-8"
N n G 32-0°
5 [=] : = H 6-10"
L‘|j L 34’4 [ 34'-4"
< J 6-10"
Al K 420"
o kil L 55-8"
| e | 98 [TorAL 3BTL
PR H Linear feet of 3’2”wide
K J (ID N G continuous footing
! 420" | | 32'-0"
40'-0" 30'-0” 30'-0"
499
/3 BARS 12" O.C. EACH WAY
*Side A continuous footing ¢ = — = ——— &
of the building 39’10” @ - =~
. . . . 9 ~— 4" 3SAND
* This footing has reinforcing
bars that run both the long {[—#sBARs 11"0C.
and short dimensions 2 N[ #sBARs 10"ocC.
o_.____:__—/#S BARS 11" O.C.
A #5 BARS 4 EQUAL SPACES
: o d
S I—-1—0;/ %
2!1
500
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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

501

* 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 |b/ft
* Total weight =127.35" x 1.043 =132.83 Ib

502
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* ASTM standard reinforcing bar sizes

Section
Size Metric Size Weight Diameter Area

Number Number Ib/Tt kg/m in. mm sqin. mm®
3 10 0.376 0.560 0.375 9.52 0.11 71

4 13 0.668 0.994 0.500 12.70 0.20 129

5 16 1.043 1.552 0.625 15.88 0.31 200

6 19 1.502 2.235 0.750 19.05 0.44 284

7 22 2.044 3.042 0.875 2222 0.60 387

8 25 2.670 3.973 1.000 25.40 0.79 510

9 29 3.400 5.059 1.128 28.65 1.00 645
10 32 4.303 6.403 1.270 32.26 1.27 819
11 36 5313 7.906 1410 35.81 1.56 1006
14 43 7.650 11.384 1.693 43.00 2.25 1452
18 57 13.600 20.238 2.257 57.33 4.00 2581

503
* 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 |b/ft = 164.79 Ib
* Total actual weight = 164.79 + 132.83 =297.62 |b
* Add 10% for waste and lap: use 327.38 Ib
504
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~—EDGE OF FOOTING

_ 85'-0" R
[ 38'-10" iz 32'-4" / —13=10"
| EXTERIOR WALL OF THE BUNDING | ~erADE BEAW Foundation
s i el A Wall
| | l ! ; Side Length
A 38-10
C 13-10"
D 23107
E 16"-2"
% F 328"
R G 30-0"
| H 8-10"
3 I 324
= J 8-10"
, — | K 40-0"
| J St L 57-8"
L. — = ————— S { b ) B | { — TOTAL 303-0"
| B2 40'-0" —t 30°-0" ,T. 30 -0"  _|
505
/3 BARS 12" O.C. EACH WAY
* Side A is of the foundation § = — = ——— &
wall is 38’10” o - ~
. . 9 ~—— 4" SAND
* Vertical bar spacing at 11”
on center (o.c.) = 1[#sBARs 1170,
o Y“\ #5 BARS 10" O.C.
[ari
o_._____/:;—/#S BARS 11" O.C.
Nl , #5 BARS 4 EQUAL SPACES
. [l <
? f =0 1/;/
2!1
506
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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 |b

» Waste and lap (10%): 164.29 Ib

507

* 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 |b
* Waste and lap (10%): 265.02 Ib
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* Dowels
* Each dowel is 3’
* Number of dowels =43
* Total length =43 x 3’ =129’
* Total weight =129 x1.043 =134.55 |b
* Waste and lap (5%): 141.28 Ib

509

* 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
guantity of reinforcing bars can be determined

510
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85'-Q 15-0"
+ 390" 31-4 140"
AREA D
AREA A ¥ 5 2
390" 140"
fcl: Er 39'-4" 30'-8" 29'-4" §
6" REINFORCED S.O.@. AREA E
. AREAC S : .
AREA B g :‘.r z
. _ B
394" | 30-8 298"
g 100'-0"
511
* Forarea A
* Long bars: 39’ — 2”7 =38’10" (38.83’)
* Short bars: 25’4 — 2" = 252" (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
512
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* Forarea 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 |Ib/ft (No. 3 bar) =772.76 |b
» Waste and lap (10%): 850.04 Ib

513

& /4.#5 DOWELS X 20"
/—— #3TIES @ 12 O.C.

~

* Estimating the reinforcing in the drilled T
piers consists of counting the number of e
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

“S—<—4-#5 BARS VERT.

16"-0" BELOW GRADE

i

BELL DIA.
NOTED ON PLAN
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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 = &’
* Total quantity = (62 + 8) x 3 piers =210’
* Total weight of bars = 210 x 1.043 Ib/foot = 219.03 Ib
* Waste and lap (10%): 240.93 Ib

515

* Horizontal bars (#3)
* Shaft diameter = 18”

* Tie diameter = shaft diameter — cover = 18”7 — (2 x 2”) =
14"

* Tielength=2nr=(2xmnx7) /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 Ib/foot = 70.38 Ib
* Waste and lap (10%): 77.42 |b

516

258



/—EDGE OF FOOTING

85'-0" .
/ EXTERIOR WALL OF THE BUILDING / i‘ /—GRADE BEAM

A B c f
f’, M P D u'oa

13-10"
N
B L
L ] 324 E
| E
JIE
K RADE BEAM G
— 10) (Q] —
40"-0" 30-0" 30-0"
517
* 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
L
#5 BARS —/ ©
#3 BARS 1'- 0.C. —/ b
1l_6l‘!
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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 |b
» Waste and lap (10%): 137.68
* Stirrup length = 12" (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 |b/foot = 54.55 |b
* Waste and lap (10%): 60.01 Ib

519

* 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

520
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* 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"’)
85-0" 150"
[ 390" 314 140"
AREA D
AREA A < f? =)
390" 140"
o T 39'-4" 30'-8" 29'4" E:?
6" REINFORCED S.O.EQ. AREAE
AREA C 3 -
AREAB = z :
............... w06 %
''''''''''''''''''' . Y _j
| 394 | 30-8 29'8 |
100-0" |
521
* 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)
522
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Reinforcing steel quantity takeoff (foundation footings and walls)

ESTIMATE WORK SHEET
Project: Littie Office Building Estimate No, 1234
Location Littleville, T Sheet No- 1of1
[Architect U.R. Architects Reinforcing Steel Date 117111205
1tems Reinforcing Steel By _ LHF _ Checked _ JBC
L Slab Bar Slab Cover Bar Weight
Cost Width Spacing Length age | Bar Length Bar Size 3 1 5 6 7 s
Code Deseription Ft fo {1n-0C] Pes | Fi | In | o [ En [Total[3]4]8]6 8| 037 | 0.668 | 1.043 { 1502 | 2044 | 267 | Quantity | Unit
[Continuous Footing - Long Bars
32" Wide Footing 3 ) 13 4 |37 | 4 2| 337.0]1348.0] X 1406
340" Wida Footing 3 2 13 4 T8 4 2 78.0| 3120 X 32:5{
|
Continuous Footing - Short Bars
32" Wide Footing 337 | 4 izl 369 | 3 Fl 2 2.8] 10455 X 109D
3°0" Wide Foofing 78 q 3l 87 3 2 2 2.8 2465 X 257]
Continuous Footings - Doweis | 337 | 4 Z] 39 | 3 z 0 3.2 1168.5 X ‘W{
Total Contintious Footings 4208|Pounds
Foundation Walls
Short Walls (Short Bars) 303 | o 1 332 |3 B z 3.3 1106.7) X 1154]
Short Walls (Long Bars) 3 ] 10 6 | 303 | o 2 | 302.7[1816.9] X 1894]
Foundation Walls
Tall Walls (Shoit Bars) 112 8 il 124 [ 4 2 8.0[ 992.0] X 1035
Tall Walls (Long Bars) 8 4 10 1| 12 | 8 2| 112.3[12357] X 1289
Total Foundation Walls | 5372|Pounds
Grade Beams ,_4
Front {Long Bars) ) 30 1] 30.0[ 1200, X 25
Stimups 30 [3 2 2| 4 [ [ 47 1493 X 58]
I
Back (Long Bars) P} 38 10 [ 38.8] 1553 X 162
Stimups 38 0 2 40 4 [ [ 4.0 1600 X ?6{
Total Grade Beams T 403|Pounds
$.06. T
A Long Bars 39 0 2 40 25 4 2 25.0] 1000.0) X KE{
AShort Bars 25 ) 12 27 | 39 [ 2 5.7] 1044.0 X 393
B Long Bars 3 4 12 41 | aa [ 2 3.7] 1380.3] X 519]
B Short Bars 34 2 35 39 4 2 9.0] 1365.01 X 513
C Long Bars 30 2 2 24 [ 2 3.7] 757.3] X Lﬁ
C Short Barg. 24 2 25 30 8 2 30.3] 758.3] X 285
D Long Bars. 25 2 26 14 [] 2 13.7] 3553] X 134
D ShortBars 14 Z 15 | 25 [ 2 24.7] 3700] X 139
E Long Bars M 4 12 36 29 4 2 29.0] 1044.0] X 393
E Short Bars 238 4 12 31 £ 4 2 34.0[ 1054.0f X 396
Total Siab On Grade | uszlpounds
Total Weight 3549 0] 9957 [} o 0.00] |
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Reinforcing steel quantity takeoff (foundation footings and walls)

ESTIMATE WORK SHEET
Project: Littie Office Building
Location Littieviile, Tx
Architect U.R. Architects Reinforcing Steel
Ltems Reinforcing Stes!
Slab Bar Slab Caver
Cost Width Spacing Length age Bar Length Bar Size 3 4
Code Description Ft o Jln.-0.C| Pes Ft. In. In. Ea Totat | 3} 4 [ S| 6| 7] 8] 0376 | 0.668
Continuous Footing - Lang Bars
3'-2" Wide Footing 3 2 13 4 3ar 4 2 337.0] 13480 X
3’0" Wide Footing 3 2 13 4 78 4 2 73.0| 3120 X
Continuous Footing - Short Bars
3'-2" Wide Footing 337 4 il 369 3 2 2 2.8 10455 X
30" Wide Footing 78 4 11 a7 3 2 2 2.8 2465 X
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* Sample productivity rates for tying and placing the
reinforcing steel

Productivity Rate
Type of Placement (Labor Hrs./Ton)
Eeams #3 to 7 22
Columns #3 to #7 24
Footings #4 to #7 15
Walls #3 to #7 11
Slab on Grade #3 to #7 13
Wire Mesh 1/Roll
525
* To determine the labor cost for placing 4,298 |b reinforcing
steel for continuous footings
* Labor hours = (4,298 / 2,000 Ib per ton) x 15 labor hr/ton
=32.24 hrs
* Labor cost =32.24 x $15/hr = $483.6
526
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Priced estimate for the reinforcing steel
ESTIMATE SUMMARY SHEET
Project Little Office Bm‘ldx‘nx Estimate No. 1234
Location Liitleville, Tx Sheet No. 1of1
Architect UW.R. Architects, fuc. Date 21/11,20xx
ltems Reinforcing Steel By LHF Cheeked 1BC
‘Waste Purch, Prod. Wage Laber Unit Cost
Cost Code Desription QT.O. | Factor | Quan. | Uit | Crew | Rate | Rate Hours Labor Materisl Equlpment Labor Materinl Equipment Total
Continuous Footings 2.943|  10.00%)| 2.364|Ton 15| 14.25] 322 213.75) 550.001 505.28| 1,300.15| 0.00] 1,805.43]
Foundation Walls 2686 10.00%) 2.955|Ton n" 14.25| 29.5| 156.75 $50.00 463.13 1,625.03| 0.00) 2,008.16]
Grade Baams 0.202| 10.00%)| 0.222|Ton n 14.25| 44| 311.50| 550.00| 69.49] 12191 0.00] 191.39]
Slab On Grade 1.718| 10.00% 1.888|Ton 13| 14.25] 223 485.25 550.00/ 345 68 1,038.18| 0.00| 1,387.96|
Drilled Piers 0,196 10.00%)| 0.215|Ton 24| 14.25| 4.7 342.00| 550.00| 73.55] 118.28| 0.00] 181.82]
Spread Footing 0.027| 10.00% 0.030|Ton 15 14.24] 0.4 21375 550.00 6.35) 16.34| 0.00| 22.68|
Exterior Slab On Grade 0.129| 10.00%)| 0.141|Ton 13 14.25| 1.7 185.25 550.00 26.19] T77.74) 0.00! 103.93]
Wire Mesh 3.000] 0.00%| 3.00¢|Rell 1 14.25| 3.0| 14.25 65.001 42.7%| 195.00| 0.00, 237.75
0.00f
0.00]
0.00|
0-00f
0.00]
6.00|
0.00}
6.00|
0.00)
0.00]
0.00|
0.00)
.00}
0.00)
0.00|
0.00|
2.00|
0.00)
0.00f
0.00)
0.00]
0.00]
98.29f 1,536.41| 4,492.62 0.00| 6,029.03|
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Priced estimate for the reinforcing steel

ESTIMATE SUMMARY SHEET

Project Little Office Building
Location Liitleville, Tx
Architect U.R. Architects, Inc.
Items Reinforcing Steel
Waste Purch., Prod, Wage Labor
Cost Code Description Q.T.O0. Factor Quan. Ualt Crew Rate Rate Hours Labor
Continuous Footings 2,148 10.00% 2.364|Ton 15| 14.25 322 213.75
Faundation Walls 2.686| 10.00% 2.955|Ton 1 14.25 29.5 156,75
Grade Baams 0202 10.00% 0.222|Ton 22 14.25 4.4 313.50
Slab On Grade 1.716| 10.00% 1.838|Ton 13| 1425 223) 185.25
Drilled Piors 0.196] 10.,00% 0.215|Ton 24| 1425 4.7 342.00
Spraad Footing 0.027] 10.00% 0.030|Ton 15| 1425 0.4 213,75
Exterior Slab On Grade 0129 10.00% 0141|Ton 13| 1425 1.7 185.25
Wire Mesh 3.000 0.00% 3.000{Rell 1 14.25 3.0 14.25
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Priced estimate for the reinforcing steel
RY SHEET
Estimate No. 1234
Sheet Ma. 1ofl
Date 11/1120xx
By LHF Chrcked I1BC
Labar Unit Cost
Hours Labor Material Equlpment Labor Materinl Equipment Total
322 213.75 550.00 505.28 1,300.15 0.00 1,805.43
29.5 156.75 550.00 463.13 1,525.03 0.00 2,088.1 E|
4.4 31350 550.00 69.49 121.91 0.00) 191.@
223 185.25 550.00 349,68 1,038.14 0.00 1 ,38735'
47 342.00 550.00 73.55 118.28 0.00) 191.82
0.4 21375 550.00 6.3% 16.34 0.00 22,68
1.7 185.25 550.00 2619 T7.74 0.c0 103.93
3.0 14.25 65.00 42.75 195.00 0.00 237.15
0.00
0.00
529
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
530
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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

531
*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/m?])
may be determined
* Floor slab forms are governed primarily by the actual live
and dead loads that will be carried
532
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* The forms for concrete footings, foundations, retaining walls,
and floors are estimated by the area (SF/m?) 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

533

* 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)

534
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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)

535

Typical form ties Typical wall form

Spacer for anchor bolt

Snap point | / Spreader Wedgo

| /
] Braces
P = s
Snap tie with washer spreader
-
Do M F
K Pl

Caif 5\ s Cone Eoll)

'\| |: 7 'fé

— Tia™ =

= é
L — s
ez

-
b
4
§

‘Washer

Cail tie with cone spreader

A

N7

Flywood o7
bogrd sheathing
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Typical column form

Sheathing

Form for elevated slab

Bolts

537

Beam and slab form

Wood form for stairway

Bracing blocks

538
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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 @ minimum of hardware and a minimum of
wales and ties, which are easily placed

539

* 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

540
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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

541

* 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

542
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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

543

* 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

544
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* Materials in the estimate should include everything required
for the construction of the forms
* [tems 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

545

* [tems 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

546

273



* Wood forms, approximate quantity of materials, and labor hours

Labor Hours
Type of Lumber Strip &
Form fbm Assemble | Erect | Clean | Repalr
Footings |200-400 2-6 2-4 2-5 14
Walls 200-300 6-12 36 1-3 2-4
Floors 170-300 2-12 2-5 1-3 2-5
Columns | 170-350 37 2-6 2-4 2-4
Beams 250-700 3-8 3-5 2-4 24
Stairs 300-800 8-14 36 24 3-6
Moldings | 170-700 4-14 3-8 2-6 3-6
Sill, Coping | 150-600 3-12 2-6 24 2-6
fbm = Foot Board Measure

547
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* Approximate quantity of labor hours

Productivity Rate
Application Labor Hours/SFCA
Foundation Wall (Plywood)
Productivity Rate
¥ liae D44 Application Labor Hours/SFCA
2 Use 0.28 Columns
3 Use 0.25 1Use 0.180
4 Use 0.22 2 Use 0.146
Footings 3 Use 0.143
1Use i 4 Use 0.140
2 Use 0.09 Beams
3 Use 0.08 1 Use 2
4 Use 0.07 2 Use 0.18
Slab on Grade 3 Use 0.15
1Use 1.2 4 Use 0.14
2 Use 1.1
3 Use 1.0
4 Use 0.8
549
* Foundation wall forms o EDGE OF FOOTING
38'—-10" ,85 - 32'—4" 13'—10"
o~ EXTERIOR WALL OF THE BUILlDING / /GRADE BEAM
Foundation A@
Wall A R ¢
Side Length . 3
A 38-10 Ik il o g
C 13-10" Ry b
D 23-10" N 1672
E 16'-2" |, [o] 1 =
F 32-8"| 7 L 324 -
G 300" |
H 8-10" X
[ 324" , 3274 T
J 8-10" | | BB
K 40’-0" -
L 578" ) ! 1
TOTAL 303-0" - —O)——@r— = e
40’'-0" 30'=0" 30'-Q"
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* To determine the quantity of formwork associated with
placing the 3’8”high foundation wall, there are 303’ of
3’8high 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’ x3.67' x2=2,224.02 SFCA

551

* 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 $S14 = $8,718.22

552
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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

553
* 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
554
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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

555

* 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

556
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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/m? 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/m? of
surface provides a cost per square foot/m? for liners

557
* Void area in concrete
Waffle Slab Form Liners
Void Size Concrete voided
and Depth c.f.
19" x 19" x 4" J7
6" 1.08
8" 1.41
10" 1.9
12" 214
30" x 30" x 8" 3.85
10" 4.78
127 553
i 6.54
16" 7.44
207 9.16
558
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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

559
* 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
560
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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

561

* Where appropriate, the use of slip forms and the tilt-up
construction techniques can greatly reduce forming costs

562
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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?

563

* 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 =
S0.09/SF

* Therefore, the company should favor rental over purchase in
this case

564
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* What is the number of uses for which purchase and rental
costs become even?

565

* 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)

566
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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

567

* The structural metal includes
e Columns
* Beams
* Lintels

284



* The structural metal includes
* Trusses -
* Joists a\\“\‘\‘ “‘n\lﬂi‘n'll W% il

o ot \\\\\\\\\\\\wm.

* The structural metal includes
* Girts
* Purlins

570
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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

572
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* The wide flange shapes are the most commonly used today
and are designated as shown

Leagth rlange

WIDE FLANGE - ] ry"; “-
NOMINAL DEPTH § Toe
NOMINAL WEIGHT PER FOOT = e
‘/' Fillet-" | =t
F
Webh S

W12X30 e,
W-Shape Lr—mj

573

* 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

574
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e 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

575

* 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

576
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Example

* Determine the quantity of beams in the roof framing plan
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W12X22 10*-0" 9
W12X22 13'-8" 3
W14X22 25'-0" 6
W14X30 35'-0” 6
W14X53 22'-6" 3

582

291



ESTIMATE WORK SHEET

Little Office Building STRUCTURAL STEEL 1234
Littleviile, Tx 1of1
U.R. Architects 11/11/20XX
Checked JBC
Designation Pounds / Length Length
Description Foot Ft. In. Ft. Count Quantity Unit
Roof Framing (Beams) W12X30 30.00) 16.00/ 2.00| 16.16667 3 1,455{Pounds
Roof Framing {Beams) W12X30 30 15 ] 15 3 1,350{Pounds
Roof Framing (Beams) W12X22 22 10 0 10 9 1,980]Pounds
Roof Framing (Beams) W12X22 22 13 8| 13.66667 3 902|Pounds
Roof Framing (Beams) W14X22 22 25 0 25 6 3,300|Pounds
Roof Framing (Beams) W14X30 30 35 0 35 6 6,300|Pounds
Roof Framing {(Beams) W14X53 53 22 6 22.5 3 3,578|Pounds
583
Underslung
* Metal joists, also referred to as Sauare ends

Parallel chord joists

open web steel joists, are
prefabricated lightweight trusses

*The weight per foot is typically One way, undersung
found in the manufacturer’s catalog NANAN AN ANZANZANZANZAN 74

One way, square ends

ENZANZANZANANVAVANVANZANZaN

Two ways, underslung

NI NANINDPIA

Two ways, square ends

Pitched top chord joists {Note: Standard pitch isa.}“ per ft)

584
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* A bar joist catalog (joist loading table)

STANDARD LOAD TABLE / OPEN WEB STEEL JOISTS, K-SERIES

st o i Aot T e o 30000
Jour 1853 |18K4.
STANDARD LOAD TABLE / OPEN WEB STEEL JOISTS, K-SERIES v |5 (s (s s lulula|slnlnlnlal=lsbelzlzlzls =l
APPROK. WT.| o | 75 | 77 {8s |90 102 |17 |67 (76 |82 (89 [ 93 (108|122 leo | 88 | 92 [ 97 | 13| 128| 13s
Based on a Maxi ble Tensile Stress of 30,000 psi —
JOIST 116K [18Ks [18K5 |18K6 |18K7 [18K9 (18K10 [20K3 [20K4 |20KS {20K6 |20K7 | 20K9 [20K1 NI '
DESIGNATION i R EEEEE
SO bt o ot d g d - R R U Y O
DEPTH(N.) | 18 |18 { 18 | 18 | 18 | 18 | 18 |20 {20 | 20 {20} 20 | 20 | 20 T P P e o E e B P e e e e e e ;i
HARRREEREBEEER
I A e g S gl Ed TR TR T TR U
APPROX WT-1 66 |72 | 77 |85 | 90 [102| w7 |67 |76 | 82 |89 | 03 [108 122 I i e e e el Bt et el S e P
(Ibs./tt.) 2 [ e | [ e )
- HRHEEREEEEERE SEBEREEE
SPAN (tt.) SR AR EERREEREE SERBEREE
¢ el | | %[ 52 321 22 2
PO e o el el ol e B A B e B el e B e B A
18 550 | 550 | 550 | 550 | 550 | 550 | 550 AR R R S e e e e B R
550 | 550 | 560 {550 | 550 | 550 | 550 > ImmEEEss s nnnsesnsss iz
19 514 | 550 | 550 | 550 | 550 {8650 | 550 B HEH B A AR EEREE BRI REERE
494 |523 | 523 {523 (523 | 523 | 523 N EHEEREEREBEERREHEBEEHEREE
20 463 | 550 | 550 | 550 | 550 | 550 | 550 | 517 | 550 | 550 | 550 | 550 | 550 | 550 =l me (o o e v e o
423 |490 {490 490 | 490 | 480 | 490 {517 | 550 | 550 | 550 | 550 | 550 | 550 = lalmie zizlnz|zieine e elnees
w el b i e B b b A E b b
21 420 [506 | 550 {550 | 550 | 550 | 550 | 468 | 550 | 550 | 550 | 550 | 550 | 550 s |ala o | [ | e 2 | e 32 e e
364 | 426 | 460 | 480 | 460 | 460 | 460 | 453 | 520 | 520 | 520 | 520 | 520 | 520 ~fulw e [ [T [ s
22 382 | 460 | 518 | 550 | 550 | 550 | 550 | 426 | 514 | 550 | 550 | 550 | 550 | 550 - =l SR Er
316 370 | 414 |438 | 438 | 438 | 438 | 303 | 461 | 490 | 490 | 490 { 490 | 490 N i ] FA A
23 349 | 420 | 473 | 516 | 550 | 550 | 550 | 389 | 469 | 529 | 550 | 550 | 550 | 550 = BB EEEEE
276 {323 | 362 | 393 | 418 | 418 | 418 | 344 | 402 | 451 | 468 | 468 | 468 | 468 - HEHEHBEIEE
24 320 | 385 | 434 | 473 | 526 | 550 | 550 | 357 | 430 | 485 | 528 | 550 | 550 | 550 - APRREBERE
242 | 284 | 318 | 345 | 382 | 396 | 396 | 302 | 353 | 396 | 430 | 448 | 448 | 448 « I
. AR b b
25 294 | 355 | 400 | 435 | 485 | 550 | 550 | 329 | 396 | 446 | 486 | 541 | 550 | 550 N BRI RS
214 {250 | 281 | 305 | 337 | 377 | 377 | 266 | 312 | 350 | 380 | 421 | 426 | 426 R
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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

587
* Determine the quantity of bar joists required to frame the roof
G 7 G (o] o D2
,743; W W Wi12x2 W12; W1 W12X2: W
- 18K3 @4’ O.C. A g §
* 24K6 @4’ O-C- e : Wipxao X5 w wizkze| | wi fw || i
3 | |
| | [
H 5| | ’[i - ]
|
(E Q 0y > >
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Designation Length Count
18K3 25'-0" 23
24K6 35°-8” 23
STANDARD LOAD TABLE / OPEN WEB STEEL JOISTS, K-SERIES
Based on a Maximum Allowable Tensile Stress of 30,000 psi
* The 18K3 WEIghS 6.6 DESIONT (o] 18K3 [18Ks [18Ks |18Ks [18K7 |18K9 (18K10 [20K3 |20Ka |20Ks [20Ks | 20KT [24
pounds per foot DEPTH(N) | 18 |18 | 18 | 18 |18 |18 | 18 |20 ! 20 [ 20 | 20 | 20
APPROX. WT
. Nes |72 [ 77 [8s [ o0 {102 |17 |67 [76 | 82 |89 |93 |1
* The 24K6 weighs 9.7 (1os/#t.)
SPAN (ft.)
pounds per foot N
STANDARD LOAD TABLE / OPEN WEB STEEL JOISTS, K-SERIES
Based on a Maximum Allowable Tensile Stress of 30,000 psi
JolsT
DESIGNATION| 24K [23K5 | 24K6 | 24K7 | 24K8 | 248 [24K10{24K12 | 26K5 | 26K6 | 2617 | 26K8| 26
DEPTH(In) | 24 | 24 | 24 | 24 | 24 | 24 | 24 | 24 | 26 | 26 | 26 | 26 | 2
AP'(’I';S}';.')“T' g4 | 93 | 97 Y101 115 120| 131 | 160 | 98 | 106 | 109 | 12.1 | 12
SPAN (ft.)
!
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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 Ib/ft = 3,795 Ib

* Weight of 24K6 = 820.41’ X 9.7 Ib/ft = 7,985 |b

* Total weight of bar joist =3,795 + 7,985 = 11,753 |b

* 11,753 / 2,000 |b per ton = 5.88 tons

591
* Bar joist installation productivity rates
Labor Hours

Joist Type per Ton
J &K, upto 30 FL 5.6t09.0
J & K, over 30 FL. 4510 8.0
LJ & LH 4.0t0 6.0
DL.J & DLH 4.0t0 6.0

592
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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

593

* Application types
*Forms and reinforcing over
which concrete may be poured
* Decking that can receive
recessed lighting and has
acoustical properties

594
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* Determine decking for the roof area

* Roof area ' T g >
60" x 100’ = 6,000 SF
AA_ _ wixa wwza W12 W12X22, # :_ Wi2x22 W12X30
* Add 5% waste T
6’ 300 SF :?tl o “I :«__g -—:—:sélggo.c P o . :Z
f: i WIEX30 145! W13X2R Wi12K22 wipxzz ‘+1 2X22 W12K30 -
E ] BRI
T;
D oy 0} O
595
Masonry

* The term masonry encompasses all the materials used by
masons in a project, such as block, brick, clay, tile, or stone

596
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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

597

* 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

598
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labor for masonry units

* The height of the walls becomes important in estimating

* 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

599
* Mortar specifications
By Strength By Proportion*
Mortar 28-d Compressive Portland Masonry Hydrated
Type Strength-ib/sq in. (MPa) Cement Cement Lime
M 2500 (17.2) 1 None Y
1 1 None
S 1800 (12.4) 1 None Yato %
% 1 None
N 750 (5.2) 1 None %to1
None 1 None
0] 350 (2.4) None 1 1to2
PM 2500 (17.2) 1 1 None
PL 2500 (17.2) 1 None W to %
*Aggregate volume should be 2 % to 3 times the sum of the volumes of cement and lime used.
600
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* Stone patterns

LTI :
I L ll ll == =
Fro |
I l1 ]1 I :é{: e
L] N
601
* 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
602
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Wheeltheir eccessible
Bl g toilet compertment with
c walmounted toilet
Vesticol grab bor 18 inches (455mm) long
(ICC/ANSI
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\ Uearflonrspoce 3
Baby chasging stefion
24 x 36 inches (610 x §15mm)
in down posifion
760 % 1720
s universolly usoble n":::ﬂ‘:::ﬁ"“
604

302



* Reinforced brick masonry: brick masonry in which reinforcing
steel has been embedded to provide additional strength

-~ Grout

—- Reinfarcing steal

605
* Protection for masonry reinforcement
Application Minimum Cover (Exposed Face)
Bottom of footings 3in. (76 mm)
Columns, beams, or girders not exposed
to weather or soil 1% in. (38 mm)
Horizontal joint reinforcement
bars % in. (6 mm) or less in diameter % in. (16 mm)
All other
Not exposed to weather or soil 1 bar diameter but at least
% in. (19 mm)
Exposed to weather or soil 2in. (51 mm)
606
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* Reinforced concrete masonry
construction

* Provide additional structural
strength and to prevent
cracking

o
.
B-Cartincous Freoaforoed comerere o
Band beprt. Lip burd aF garndns !
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bed joint
reinforcement

L T W RATNR X ]- [ lintel

| 4
-4—Dblockwork
door wall

opening

609
* 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 m?
(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
610
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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%)

611

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 x1.22 m

* Mortar joints are 13 mm
* Allow 3% for brick waste

Running bond

612
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* Net wall area = (2.44 x 4.27) — (1.22 x 1.83) — (0.81 x 1.22) =
7.2 m?

* Area of 1 brick = (0.057 + 0.013) (0.203 +0.013) = 0.01512 m?

* Number of bricks required = (7.2 / 0.01512) x 2 x 1.03 =
980.95 (981)

613

* 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/cuin.) =t xW x (L+ H + 1)
* t = joint thickness (in. or m)
* W = brick width/depth (m)
* L = brick length (m)
* H = brick height (m)

614
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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

) 7T
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$
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615

* 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

616




Example

* For the previous example, estimate the quantity of mortar
required. The joint thickness is 13 mm. waste is 25%

617

* 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 m?3
* Volume between layers =0.013 x 7.2 = 0.094 m3
* Mortar required = 1.25 (2 x 0.165 + 0.094) = 0.53 m3

618
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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

619

* 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%

620
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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

A A A

i REARERRLEeLLSL 7]
L
|
|
|
|
|
|
|
|
|

623
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:1.2x2.1m
* Window: 1.4 x2 m
624
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* Internal plastering
*[(5.5-0.4) + (4.2—-0.4)] x 2 x 3.2 =56.96 m?
* Remove openings = 56.96 — (1.2 x 2.1) — (1.4 x 2) = 51.64 m?

* External plastering
*(5.5+4.2) x2 x3.51 =68.09 m?
* Remove openings = 68.09 - (1.2 x2.1) - (1.4 x2) =62.77 m?

625

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

626
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* In taking off the quantities, the area of the surface is taken
off the drawings

e 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

627

* 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)

628
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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

629

* 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

630
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Flooring

* Flooring may be made of
* Wood
* Resilient tile or sheets
* Carpeting
* Clay and ceramic tiles
* Stone
* Terrazzo

632
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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%

633

* Floor and wall tiles are estimated by the area

* Each area must be kept separate, according to the size and
type being used

* |t 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

634
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* 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

635
W \
* Area of tiling e - { | W
* Entire floor area = =
* Room area _
* Allowance for thicknesses of | _
walls and partitions o [J[ﬁ
T LIVING — ’i‘
e, . ROOM
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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

641
* Each material has its particular types of installation and
finishes, but from the estimator’s viewpoint, there are two
basic types of windows
* Stock
e Custom-made
* Custom-made and stock windows should require shop
drawings so that the manufactured sizes will be coordinated
with the actual job conditions
642
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WINDOW SCHEDULE
MARK SIZE TYPE / DESCRIPTION
1 6'-0" X 5'-0" WOOD CASEMENT
2 4'-0" X 3'-0" WOOD CASEMENT
3 3-0" X 4'-0" WOOD CASEMENT
4 420" X 4'-0" WOOD CASEMENT
WINDOW SCHEDULE
MARK |TYPE| SIZE MATERIAL DESCRIPTION REMARKS
1 A 30X70 ALUMINUM FIXED GLASS
2 A 30X70 ALUMINUM FIXED GLASS
3 A 30X70 ALUMINUM FIXED GLASS
4 A 30X70 ALUMINUM FIXED GLASS
5 A 30X70 ALUMINUM FIXED GLASS
8 A 30X70 ALUMINUM FIXED GLASS
9 A 30X70 ALUMINUM FIXED GLASS
11 B 30X70 ALUMINUM SINGLE HUNG
12 B 30X70 ALUMINUM SINGLE HUNG
13 A 30X70 ALUMINUM FIXED GLASS —
14 A 30X70 ALUMINUM FIXED GLASS
15 A 30X70 ALUMINUM FIXED GLASS
16 A 30X70 ALUMINUM FIXED GLASS
17 A 30X70 ALUMINUM | FIXED GLASS
18 A 30X70 ALUMINUM | FIXED GLASS
19 A‘ 30X70 | _ALUMINUM FIXED GLASS
643
* Perform a takeoff of the materials for the storefront glass
required for the building entrance
30 21t 21 3w | 6-2" 3O 2| 32
| | 1 | | [
T TT gl
2
Y
& —
644
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30 et 2t 3t 62" R T o kTt | S 3
| | i 1 | [ | |
T T 1T
)
g
5
&
Length Pcs. Linear F{.
10°-0” 10 100
3'-0" 12 36
2’-11” 16 47
3-27 4 13
6'-2" 2 13
Total Lf. 209
Aluminum Tubing Takeoff
645
30" 2wt 2t 3t 6'-2 L 30" 2dt | 2WmMt | 32 i
| | 1 1 | | |
T T T
g
.
"
.
™
Size Pcs. s.f. Ea. Total s.f.
3-0" X 3-0" 3 9 27
3-0" X 5-0" 3 15 45
3.0" X 2-0" 3 6 18
211" X 3-0" 4 8.75 35
211" X 5-0” 4 14.5 58
211" X 2-0” 4 5.8 23
3-2" X 3-0" 1 9.5 9.5
32" X 5-0" 1 15.8 15.8
32" X 2-0" 1 6.3 6.3
6-2" X 3-0" 1 18.5 18.5
Glass Takeoff
646
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30" I 2411 I 211" 1 3-0" I 62" I 3-0" } 211" I 211" I 32"
. 11 11
5.F per
Metal Curtain Walls Labor Hours
Up to 1 Story High Bto 18
1 to 3 Stories 6to12
Ower 3 Stories 6to10
Productivity Rates
647
* 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
648
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* Doors are also grouped ——=—r—c==— —==—TF [——

I—IT-/\‘I 1’\ J/\'\:mnn ——

[§Ptad

\e?
Swingi Double Double
winging acting swinging

Accordian

according to the mode Single Boue

sliding sliding

of their operation

Vertical

Single
sliding

|—‘ fTra::k

sliding Rolling Overhead
Revolving
649
DOOR SCHEDULE
MARK SIZE TYPE / DESCRIPTION
1 6'-0" X 6'-8" |SOLID W/ SIDELITES
2 6'-0" X 6'-8" |ALUM & GLASS
3 2'-8" X 6'-8" |WOOD HOLLOW CORE
4 3'-0" X 6'-8" |WOOD SOLID CORE
5 2'-4" X 6'-8" |WOOD HOLLOW CORE
6 7'-0" X 8'-0" |O/H DOOR
7 2-2'-6"X6'-8" IBYPASS HOLLOW CORE
DOOR SCHEDULE
MARKTYPE SIZE m;l‘:i?“G MATERIAL H;N REMARKS
101 | B 60X70X1-3/4 ALUMINUM 2
[102 | A 30X70X1-3/4 MIN LAM PLAST 1
103 | A X70X1-3/4 MIN LAM PLAST 1
14 | A X70X1-3/4 MIN LAM PLAST 1
105 | A X70X1-3/4 60 MIN LAM PLAST 1
106 [ A 0X70X1-3/4 METAL 3
167 | D 40X70X1-3/4 60 MIN LAM PLAST 4
108 | D 40X70X1-3/4 60 MIN LAM PLAST 4
100 | A 30X70X1-3/4 60 MIN LAM PLAST 1
[110 | A 30X70X1-3/4 60 MIN LAM PLAST 1
"] A 30X70X1-3/4 60 MIN LAM PLAST 5
112 | A 30XT70X1-3/4 §0 MIN LAM PLAST 5
13| A 30X70X1-3/4 60 MIN LAM PLAST 5
650
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* Unit of measurement
* Each
* Area (m?2/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

653
R
* Determine the area of internal plastering - ?J L‘? -
for walls and ceilings Office g
* Wall dimensions are center to center H]‘% Kitehen
* Exterior wall thickness: 25 cm ofce & 12
* Interior wall thickness: 15 cm 3.8m -
* Small window: 1mx 1.2 m [
* Large window:2 mx 1.5 m [ &| Restroom Restroom &
* Exterior door: 1.9 mx2 m jg
* Interior door: 0.9 mx1.9m | 5| office 1™ |
* Height to ceiling (structural): 3.5 m —==3.8m offce & _g
* Slab thickness: 0.2 m [ o p— 5 |+
* Allowance for height of one brick (20 cm) . T2 i
* Allowance for window sides —— =)
L19m L
654

327



* Internal plastering (walls) ofee &
* Kitchen &l «kitchen
* 2 x[3.8 — (0.25/2) — (0.15/2)] + 2 x[6 — 7Ofﬁce e -2
(0.25/2) — (0.15/2)] = 2(3.6) + 2(5.8) = i 3.8m T H—=
18.8 m
« Area = 18.8 x (3.5 —0.2) = 62.04 m? 1 5 estroon A -
* Netarea =62.04-2x1.5-1x1.2-0.9x jg
1.9 =56.13 m? £l omee | S
* Window sides = [2 x 0.25 x (2 +1.5)]+ [2 x 2o 1—F
0.25x(1+1.2)] =1.75+ 1.1 = 2.85 m? = ofice & || &
* Total for kitchen = 56.13 + 2.85 = 58.98 | 5| orce I oemdl =+
m? 3.8m
e Large office = 58.98 m? = =
L 19m_L

655

* Internal plastering (walls) onee &
* Small corner office (2 windows) Hl% Kitchen
» 2 x[3.8 — (0.25/2) — (0.15/2)] + 2 x[3 — ofme & &
(0.25/2) — (0.15/2)] = 2(3.6) + 2(2.8) = 3.8m T =
12.8m I
* Area=12.8 x (3.5 —0.2) =42.24 m? [ £ | restroom Restroom 5
* Net area =42.24 —2x1x1.2-09x 1.9 = jg
38.13 m? B N1e
* Window sides = 2[2 x 0.25 x (1 +1.2)] = 2o 1—F
2.2 m? Ik ta— Office t% c%
* Total for corner office = 38.13 + 2.2 = | 5| orce I oemdl =+
40.33 m2 3.8m
* Repetition = 2 x 40.33 m2 = 80.66 m? = =
Liom_L
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N
| i office £ ]
* Internal plastering (walls) 5
* Small office (1 window) 8| «itchen S
« 2 x[3.8 — (0.25/2) — (0.15/2)] + 2 X3 - once & 2
2(0.15/2)] =2(3.6) +2(2.85) =129 m " 3.8m =
* Area=12.9x(3.5-0.2) =42.57 m?
- Net area = 42.57 —1x1.2 — 0.9 x 1.9 = || & restoon Restroom 5
39.66 m? jg
* Window sides =2 x 0.25 x (1 +1.2) = 1.1 | 5| ofnce [
m? 1—F
* Total for office = 39.66 + 1.1 = 40.76 m? _“‘i
* Repetition =2 x 40.76 m?= 81.52 m?
657
:E:?M
* Internal plastering (walls) ofice £ ]
* Restroom Hl% Kitchen
.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 . otice & || £
* Area=10.9 x (3.5 -0.2) = 35.97 m? Il
* Net area =35.97 — 1x1.2 = 0.9 x 1.9 = [ §| restroom esiroom 5
33.06 m? .
* Window sides = 2 x 0.25 x (1 +1.2) = 1.1 -jg
m? [ E| office |
a _ 1 3.8m c ?
* Total for restroom = 33.06 + 1.1 = 34.16 Office & _1
m? 1
» Repetition = 2 x 34.16 m? = 68.32 m? [ i
+-1.9m—f
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* Internal plastering (walls)

Kitchen

3.8m

* Corridor &
* 2x[2.6—-2(0.15/2)] + 2 x[14 — 2(0.25/2)]
=2(2.45) + 2(13.75) =32.4 m "I

* Area=32.4x(3.5-0.2) =106.92 m?
* Net area = 106.92 — 2x1.9x2 — 8x0.9 x

« Total for corridor = 85.64 m? | 5
* Total Internal plastering (walls) = 2(58.98) + 4

‘%‘ Restroom
1.9 = 85.64 m? %

Office
3.8m

80.66 + 81.52 + 68.32 + 85.64 = 434.1 m?

—

5 |

£
Office ©@

£

Restroom <
E
)
o

dam)

Jim

659
* Internal plastering (ceilings)
* Kitchen = 3.6 x 5.8 =20.88 m?
* Large office = 20.88 m?
* Small corner office =2 (3.6 x 2.8) = 20.16 m?
* Small office = 2 (3.6 x 2.85) = 20.52 m?
* Restroom =2 (3.6 x 1.85) = 13.32 m?
* Corridor =2.45 x 13.75 = 33.69 m?
* Total Internal plastering (ceilings) = 129.45 m?
* Total Internal plastering (walls and ceilings) = 434.1 + 129.45
= 563.55 m?
660
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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 mx1.2m

* Large window:2 mx 1.5 m

* Exteriordoor: 1.9 mx2m

* Interior door: 0.9 mx 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

Jan )

S — | ] h | § —
| Office £ ]
&| «itchen =
Office & ]
3.8m
"1
[5 Restroom Restroom § [
:%js
@
n-to
E| office
H 3.8m e
[g Office 1 2em—k
3.8m
| S— - | ) S— _F[

Jim}

L 19m-L
661
* 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 m?
* Net area = 182.78 — 2x1.9x2 — 10x1x1.2 — 2x2x1.5 =
157.18 m2
* Total external plastering = 157.18 m?
662
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* Determine the area of internal painting % % oce
* Semi gloss paint (3 coats): corridor o
walls at 1.6 m high &| Kitchen S
* Emulsion paint: walls and ceilings Office & ]_é'
(except kitchen and restroom walls) . T
*Note the difference  when [
calculating area of painting: semi | &| Restroom Restroom &
gloss paint (3 coats) and semi gloss jg
paint (1 coat) [ 5 omce |
* Determine the area of flooring ==2m offce & _g
* Floor tiles _ 5 | &
« Wall tiles (kitchen ad restrooms) | & omee 426m— s
19m-L
663
—= =
.. | Office g ]
* Painting T
* Semi gloss paint ng Kitchen
* Area=32.4x 1.6 = 51.84 m? y omice £ [IE
.8m -
* Net area = 51.84 — 2x1.9x1.6 — T
8x0.9 x 1.6 = 34.24 m? I £
. . . o~ Restroom Restroom <
* Emulsion paint (walls and ceilings) jg
*563.55-34.24 -56.13 - 2(33.06) = [ 5| ofce || =
407.06 m? {1 38m & oy
tﬂ- Office © j’:
[ §| office —;—Z.Bm— 3 -
3.8m
19m-L
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—= =
| Office £
* Flooring Hl% Kitchen
* Floor tiles: 129.45 + 8(0.15x0.9) ofice £ [I &
+2(0.25x1.9) =131.48 m? 3.8m —
* Wall tiles (kitchen ad P .
restrooms): 56.13 + 66.12 = =0 stk |
122.25 m? 1
[«E: Office
{1 38m & _:
C— Office © _tl
[g Office —;—Z.Bm—- -
3.8m
19m-L
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* Determine the following costs

* Plastering

* Internal plastering (3 coats for walls and ceilings (except
kitchen and restroom walls)): $12/ m?

* Internal plastering (2 coats for kitchen and restroom
walls): $10/m?
* Painting
* Semi gloss paint: $6/ m?
* Emulsion paint (walls and ceilings): $5.3/ m?

667

* Determine the following costs
* Tiling
* Floor tiles (30 x 30 cm): $25/ m?
* Ceramic wall tiles (20 x 40 cm): $22/ m?
* Skirting: $6.7/m (linear meter)
* Grout joints 3 mm for all tiling works (floor and walls)
e Aluminum window: $S98/ m?
* Galvanized security iron for windows: $51/ m?
* Interior wooden door: $340/each
* Exterior steel door: $370/m?

668
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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/ m? = $5,295.6
* Internal plastering (2 coats for kitchen and restroom walls)
=[56.13 + 2(33.06)] x $10/m?=51,222.25
* Painting
* Semi gloss paint= 34.24 x $6/m? = $205.44
* Emulsion paint (walls and ceilings)= 407.06 x $5.3/m?
=$2,157.42

669

* Tiling
* Floor tiles (30 x 30 cm) = 131.48 x $25/ m? = $3,287
* If number of floor tiles is required
* Area of 1 floor tile = (0.3m+0.003m)?2 = 0.091809 m?
* 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/ m? =
$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 =[(10x1mx1.2m)+(2x2 mx 1.5 m)] x
S98/ m2=18 m? x $98/ m2= 51,764

* Galvanized security iron for windows=18m?2 x $51/ m2 = $918
* Interior wooden door = 8 x $340/each = 52,720
* Exterior steel door =2(1.9 m x 2 m) x $370/m?2 = 52,812

671

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

672
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* The codes contain information

regarding wiring methods and ST L

materials, equipment, and

other information This bill of quantities shall be read along

with electrical drawings and electrical
specifications The unit price shall include
the price of materials installation, testing,
operation and maintenance in any place
and lavel in the project .

673
. .
Rough Estimating
* Can be completed with a minimum amount of information
and a small expenditure of time
50 17 | Square Foot Costs
i RS M EAN S UNIT COSTS % OF TOTAL
50 17 00 | SF Costs UNIT 1/4 MEDIAN 34 1/4 MEDIAN 3/4
01 | 0010 | APARTMENTS Low-Rise SF 73 9250 123
{1 to 3 story)

0020 Total project cost CF 6.55 B.70 10.75
0100 Site work SF 5.35 B.05 10.59% | 13.95%
0500 Masonry 144 3:66 5.80 392% | 6.50%
1500 Finishes 775 10.65 13.15 10.75% | 12.85%
1800 Equipment 2.40 3.63 389% | 5.585%
2720 Plumbing 5.70 730 B.95% | 10.05%,
2770 Heating, ventilating, air 3.63 447 6.55 5.60% 760%

conditioning
2800 Electrical 425 5.65 765 5.20% 6.65% | B.35%
3100 Total: Mechanical & 15.10 1960 24 16.05% | 18.20% | 23%

Electrica
8000 | Per apartment unit, total cost | Apt. | 68,000 104,000 153,500
9500 Total: Mechanical & " 12.800 20,300 26,500

Electrical
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Detailed Estimating (Unit Price)

26 51 Interior Lighting

26 51 13 - Interior Lighting Fixtures, Lamps, and Ballasts

26 51 13.50 Interior Daily  Labor- 214 Baiw Cogx Total
Lighting Fixtures Crew Dutput Hours Unit Material Lahor Equipment Total Incl O&P
5500 127 four 60 watt 1 Elec 6.70 1.194 EA 69.50 63.60 133 172
lamips
5510 F‘enZanT.ro;,nd. B i 111 53.50 164 .50 202
100 watt
BEZ20 150 watt B 1 121 53.50 1T#.50 213
5530 | 300 watt 6.70 1.194 169 63.50 232.50 282
5540 | 500 watt 5.80 1.45 320 F750 39750 465
B550 | Square, 100 watt 6.70 1.194 149 63.50 212 50 260
5560 150 watt G.70 1.194 158 B3.50 21950 267
6570 | 300 waitt 570 1.404 227 75 302 360
5580 | 500 watt 51 1.600 310 B5.650 395.50 470
5600 | Wall, round, 100 a8 i 64.50 53.50 118 151
watt
5620 | 300 watt B8 1 113 53.50 166.50 204
5630 | 500 wait 6.70 1.194 375 63.50 438.50 505
5640 Souare, 100 watt B i 102 53.50 155.50 192
5650 150 watt B 1 104 53.60 15750 194
BE60 | 300 wait 7 1.143 164 a1 225 272
5670 | 500 watt G 1.332 288 71 350 420
675
* 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
676
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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?

677

Generators and Transformers

Supply install connect and commission
{185 kVA),400,50Hz, super silent with
sound proof canopy stand by diesel
genarator set complete with related ATS,
fittings, exhaust chimney fo outdoor with iis
lauver at the top daily digsel tank and all
related works according to manufaciurers
recomrendations ,and all related
accessonies ,as detailed in technical
specifications and as shown in drawings.

678

339



Panels and Switchboards

Supply, install, connect & commissfon

| ipanel boards including all necessary civil

| fworks, ducts, .etc., as shown in drawings &
specifications

| |a- Distribution Board, 3-phase, {(48MCE-
SP) or (16 MCB-TP) cormplete with main
isolator switch as shown in drawings and
specifications, (CE-TL1-P)

679

* 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

680
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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

rectangular opening O ——_—

round opening

angular cut

681

* 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

682
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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, =5

the electrical contractor may make

all power connections, and the |
plumbing contractor may connect |

the water lines

683
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
Light Fixtures Total E1 | B2 | E3
A 4-F40/CW R
B 1-100/IF w
C 1-75/R40 -]
D 2-F96/HO P
E Included S
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Supply, install, connect & cormmission the
followang lighting fixtures complate with all

accessories needed as specified and
shown in drawings.

Mumber:

&

N

LUMINARIATIPO "A7

—==

685

Pendant

Wall

Recessed

Surface

686
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Counting Power Outlets, Phone Outlets, and Floor Boxes

687

Supply, install, connect &comimission

power socket outlets, {floor, ceiling or wall

mounted) including conduits, canduit

fittings, pull boxes, accessories and circuit

wiring or cables between socket outlet up

to its sub-panel board as specified and as

shown in drawings.

ﬂ |}- Socket
(-1 [— # Double socket
i J ‘ |); Switched socket
O l . @ Iain contral
= m = = ;d
\K\
\‘
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e

Single pole switch
(controls one light
fixture from a
single location)

Four way switch
(controls one fixture
from three locations)
Good option for
large rooms with
several entrances

Counting Switches

Three way switch
(controls one fixture
from two locations)

689
Teaplesiand i : o
EablesEni b RS s s A
Supply, install, connect and commission S_ : : g
main and sub-main feeders complete with 2 qu_l!"" mﬂ_aﬂ’ cm'.mect & commission
conduits, pull boxes, fittings and all isclating switches including alt nece ssary
necessary materials and civil works civil works, ducts, .efc and all accsessories
needed in PVC Conduits for wires and needed as shown in drawings &
cables in slabs & walls or on cable trays or specifications
cable ladders for cables in horizontal or
vertical run, {price of cable trays or cable a-125A lsolating switch-TP in W.P.
ladders are not included in price) according Enclosure {IP85) as specified
to drawings and specifications. ’
/
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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)

691

Data cabinets
Number:
Supply, install, test, and commission the
following data cabinets for complete wark:

a- Main Data Rack (MDC) in server room
at ground floor, 420-38" wide free stand
including UTP {4x24port) patch panel with
power peint and (3x24) fiber paich pans!
with space for layer 2 Edge switch
(2x24ports) and space forlayer 2 PoE
switch (2x24ports) in addition to space for
Server & core switch devices.

FiberOpticiGabidsimiifin i
iMeter Run :

Supply install ,connect and commission
fiber optic cables for data system as shown

in drawings and spacifications.
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DESCRIPTION

UNIT

aty

supply , install, commission and maintain

a- Elecirical elevator for passengers with
21 passenger capacity, 16800 kg load.1.6
m/s speed, 4 stops, 4 epenings, with alf
necessary equipment and accessories
needed as specified and as shown in
drawings .

Two

b- Electrical elevator for passengers with
10 passenger capacity, 1000 kg load , 1.0
m's speed , 4 stops, 4 openings, with all
necessary equipment and accessories
needed as specified and as shown in
drawings .

One

Mo,

No.

Earthing System.

bk |t

Lump Sum;
Supply, install, connect and commission a

typical earthing system, including, copper
tapes, earthing cables, earthing rods,
earthing pits, covers, conductors and all
accessories as specified and as shown in
drawings.

a- For Main Distribution Board

{Earthing resistance not to excead 2 ohms),

693

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
* [t 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

694
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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.)

695

* 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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Drainage System

Sinks ”
Number: ANHOLES
Number:

Supply, install, test and maintaln as shown
on specification and drawings (Balanco or
equivalent) 0.8mm thickness stainless steel
single bow| sfnks, with single lever water

Supply, install, test and maintain as shown
on drawings & specifications; Manholes for
drainage and rain drain systems, totally

Ipush to fit with rubber between the fixtures

mixer with stop mousseur and swivel spout water and air tight. Manhole walls and
{Grohe, Eurostyle or equivalent) . The price ground shall be covered with extra smooth
includes: all fittings, bottle traps, waste lastering with i sircular ch i
pipes, angle valves, flexibie connections, p : g W‘ S S anicis
drainage pipes & fitlings of UPVC class-B inside consists of concrete grade not less
than 18 Nfmm?2 and the surface to be

frowelled well. channel diameters are
(PEX-A) pipes running in nen-corrugated equivalent to the connected pipes and with
plastic sleeves for hot and cold water 156% siopas in the direction of the flow.
between fixtures and domestic water Manholes deeper than 1.5 meters shall be
cabinets. supplied with galvanized steel iadders

a- Single Bowd Sink (size 100x60cm) made of rods or pipes of at least 20 mm
Six. diameter. The walls and bed of the
manhole shall be of concrate and at [east
15 em thick. Manhole covers shall be
heavy duty (weight = 100 kg} cast iron
coatad with & grease maierial.

and floor traps, cross-finked polythylene

697

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

698

349



* 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

699
HVAC System
Exhaust and Supply Air Fans
Number:
Supply, install, test and maintain as shown Packaged AIC unit
on drawings and as per specifications:
Complelely factory assembled centrifugal Number;
roof-mounted fans, in-line mixed fiow or supply, install, test, commission and
centrifugal fans and wall-mounted maintain as shown on drawings and as per
prope.lierfans. Roof Mou ntef:l fans shall be specifications: complete Heat pump Roof-
AR E0T R AR Top Packaged A/C Units (Carrier,
{Greenheck or equivalent). In-ling fans and !
Srnall wall mounted and in-line fans shail Trane, York)of
be American or west Eouropean, propefier Isingle (DX - coillwith mixing-box-and-
fans njade of best quality plastic for automatic dampers (Economiza}. Units
ﬁapna;‘gjegzé??o;izg :ﬁcﬁ[rf:;:: ;’;’ shall have low noise far!s with sgeed does
fans Shall incorporate back draught net exceed 300 rpm. Price shall include
automnatic motorized shutters, while roof valves and controls, sasily accessible fiat
mounted and in-line fans shall have gravity and bag filters, anfi- vibration R.C and
shutiers. The price should include flexible lineluding all accessories.
canvas connections, electrical isclating
switch (for roof — mounted fans), electrical
and cantrol connections, vibration
isolaters, sound absorbers or attenuater
and all accessories required fo put the fans
in place and operate in excellent manner.
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Construction Cost Analysis & Estimating — 110401543

Subcontractors

Dr. Mohammad Almashagbeh
Department of Civil Engineering
Hashemite University

701
* 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
702
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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

703

* 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

704
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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

705

* 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 | concrete curbing for a sum of $12,785.”

707
CONTRACT ¥
APPROVED
CONTRACT @ CONTRACT ©
ISSUED ENTERED
* Subcontracts may be processed as follows CONTRACT
* Contract approved (step 1) ! i,
. WORK
* The subcontractors’ bids are checked | rerrorvEp
against the scope of work and the budget 4*_0
BILL
* After selecting the best bid, a subcontract RECEIVED
is prepared and approved by the project ‘ — .
manager APPROVAL
PROCESS )
PAYMENT
 pay ©
BILL
708
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CONTRACT ¥
APPROVED
CONTRACT @ CONTRACT ©
ISSUED ENTERED
@
* Subcontracts may be processed as follows CONTRACT
* Contract approved (step 1) + i,
. . . WORK
*This gives the project manager the | rerrorvEp
opportunity to check the cost of the work 4*_0
. . BILL
against the budget, to seek other bids, RECEIVED
make corrections to the scope of work, ‘ :
. . . PM
and negotiate the finer point of the APPROVAL
contract before issuing the subcontract
PROCESS )
PAYMENT
 pay ©
BILL
709
CONTRACT ¥
APPROVED
CONTRACT @ CONTRACT ©
ISSUED ENTERED
. @
e Contract issued (step 2) CAGNED
*Once the check is completed, the ! .
contract is issued to the subcontractor PERFORMED
* Contract entered (step 3) —BL—U
* The contract (subcontract) is entered RECE“VED
into the accounting system as a -~ 5
committed cost by the accounting APPROVAL
department v
PAYMENT
 pay ©
BILL
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* Contract signed (step 4)

CONTRACT
APPROVED

€]

CONTRACT @ CONTRACT
. . . ISSUED ENTERED
* The project manager receives a signed
contract from the subcontractor contRact @
* Work performed (step 5) !
*The project manager notifies the | S
superintendent that the subcontractor !
can work on the project L
* The project manager should send the 1 ]
superintendent a copy of the contract so soman
that the superintendent is aware of the
contractor and subcontractor’s R
responsibilities under the contract 1
o
711
CONTRACT ¥
APPROVED
* Bill received (Step 6) CONTRACT @ CONTRACT
At the end of a billing period, the = B
subcontractor submits a progress bill to CONTRACT ©
the contractor SIGTED
* Project manager approval (step 7) o ORK©
*The project manager, often in !
consultation with the superintendent, L
reviews the bill and approves it for !
payment, resolving any differences in the oot
amount of the work the subcontractor
has billed for and the amount of the rrocEss
work performed on the job !
o
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CONTRACT
APPROVED

2) (€]

CONTRACT CONTRACT
ISSUED ENTERED

* Project manager approval (step 7) CoNTRACT ™
* The review of the bill may include a trip to f .

WORK

the jobsite to inspect the progress or may | eerrorvmp
rely on progress reports from the jobsite f

. . . . BLL
* When reviewing the bill, the project RECEIVED
manager should check the bill against the * s
PM
contract amount APPROVAL J
PROCESS
PAYMENT
paY @
BILL
713
CONTRACT ¥
APPROVED
CONTRACT @ CONTRACT
ISSUED ENTERED
@
* Process payment (step 8) “SioNED
* After approval the payment is processed ! .
WORK
* Pay bill (step 9) PERFORMED
* Bill is paid by the accounting department —*—m ®
. RECEIVED
* Change orders to the contract are handled in i ,
the same manner as was the original PM J
APPROVAL
contract — i
PROCESS
PAYMENT
paY @
BILL
714
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Indirect Cost
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715

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
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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

718

359



* 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)

719
* 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
720
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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

721

* 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

Non-Reimbursable Salaries

Exempt Employees

President $100,000

Vice President for Operations $95,000

Comptroller $60,000

Chief Estimator 60,000

Estimator 29,000

Director of Human Resources 22,000

Non-exempt Employees

Secretaries (2) 40,000

Payroll Clerk 15,000

Accounts Payable Clerk 15,000

Total Office Labor Costs $436,000 $436,000
Benefits @ 38% $165,680
Office Rent (Gross Lease) 2000 sq. ft. @ $12.00 $24,000
Telephone $3,600
Office Supplies $1,200
Office Equipment $11,500
Advertising $5,000
Trade Journals $200
Donations $15,000
Legal Services $2,000
Accounting Services $3,600
Insurance on Office Equipment $800
Club & Assoc. Dues $1,000
Travel & Entertainment $12,000
Cars (2) w/ Insurance $9,000

Anticipated Office Expense for Year $690,580

723

* 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

725

* 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%

Non-Reimbursable Salaries
Exempt Employees

President $100,000

Vice President for Operations $95,000

Comptroller $60,000

Chief Estimator 60,000

Estimator 29,000

Director of Human Resources 22,000

Non-exempt Employees

Secretaries (2) 40,000

Payroll Clerk 15,000

Accounts Payable Clerk 15,000

Total Office Labor Costs $436,000 $436,000
Benefits @ 38% $165,680
Office Rent (Gross Lease) 2000 sq. ft. @ $12.00 $24,000
Telephone $3,600
Office Supplies $1,200
Office Equipment $11,500
Advertising $5.000
Trade Journals $200
Donations $15,000
Legal Services $2,000
Accounting Services $3,600
Insurance on Office Equipment $800
Club & Assoc. Dues $1,000
Travel & Entertainment $12,000
Cars (2) w/ Insurance $9,000

Anticipated Office Expense for Year $690,580
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overhead and profit together

figured

* 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

* 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

728

364



* Examples of home

office overhead

| salaries

Owners
Officers
Engineers
‘Secretarial staff
Receptionist

Equipment Cosis
Computers
Photocopiers
GCompany vehicles

Idle equipment in the yard

Building or Office Costs

Rent, lease, or mortgage costs

Furniture and fixtures
Insurance

Supplies
Stationery

General office supplies

President

Estimator

Accountant

Clerical

Roving or general superintendent

Typewriters

Fax machinas

Vehicle operation (gasoline, oil, and maintenance)
Yard and maintenance shop

Building maintenance
Real estate taxes

Company forms

729
Operating Expenses
Electric Water and sewer
* Examples of home = teieprone Postage
Office overhead Insurance: llability, etc. Landscape malntenance
Radio Business taxes and licenses
Legal and consulting fees Sales promotion, entertainment
Custodial services Site investigation costs
Study courses Contractor assoclation dues
Travel Conventions
Other
Lost plan deposits Interest expense/finance charges
Charitable donations Goodwill expenditures
Political donations Licensing fees
Company picnic Lost interest on retainage
Supervisory training expenses Manuals (software, estimating guides, etc.)
730
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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

731
* 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

733

* A bar chart schedule can be used to estimate the labor costs
and then used during construction to control these costs

PROJECT STAFF PLAN AND ESTIMATE

Monthly
Gross

Title: Pay
Project Manager ,500
Assistant Project Manager ,500
Civil Superintendent 5,000
Concrete Superintendent 4,000
Purchasing Agent 2,500
i 1,500
1,400
Total Project Staff Costs 88.800.00]
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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

735

* 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
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* 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
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* 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
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* 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
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* 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
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Salaries
Project manager Superintendent Assistant superintendent
Office manager Payroll clerk Safety director
Project engineer Fleld engineer
Timekeeper Security watch
Party chief Quality control personnel

Equipment Costs

° Examples of JOb Trucks Automobiles Cranes
. Computers Photocopiers Hoists
site Overhead Fax machines Project pickup Scaffolding

Mabilization ($/mile) Air compressors Water pumps
Water truck Electric generators
Welding machine Forklift

Temporary Facilities Costs
Job office trailer Architect's field office Janitor service
Storage sheds Electric service Water service
Tool bins Security fence Signs
Lights Tempaorary tollets Carpenter shed
Lavatories File cabinets

Temporary Protection and Safety Requirements
Fence Canopiles Barricades
Safety nets Security services Vandalism/theft
Alarm system Noise control Fire extinguishers
Safety rails Winter protection Summer protection
Rain protection Tree protection Safety equipment
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Engineering Support Services

Site survey Project layout Road layout
Soll borings Fleld survey

Reporting Expenses
CPM schedules Progress reports Certified payrolls

. Photography
* Examples OfJOb Testing and Inspection
site overhead Concrete Masonry Stesl

Load Watertight testing

Job Cleanup
Cutting and patching General housekeeping Disposal and dump charges
Dewatering Dumpster fees

Taxes and Insurance
Truck and auto Public liability Builder's risk
Special risk Sales tax Workers’ compensation
Performance bond Social security

Communications Costs
Telephone/telegraph Loudspeaker Radios
Telephone service

Permits
Building Demolition Sidewalk
Blasting Water and sewer fees
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Expendables (Tools and Consumables Costing Less Than $500)
. Hammers Blades Bits
* Examples of job Shovels gars Cutters
site overhead Clamps Fuels Lubricants

Welding rods

Supplies
Stationery File folders Plans
Specifications As-built drawings Postage
Drinking water lce Dispensers
First aid supplies Cups

Other
Travel Storage fees Job sign
Ads (help wanted) Data processing Petty cash
Job parties Temporary roads Community education
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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
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* 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

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

subcontracted,

contact the
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Activity
Id. Description Duration
10 Clear site 2
20 Scrape topsoil 2
30 Gravel fill 3
40 Plumbing rough-in 2
50 Form, concrete slab 2
60 Pour and finish concrete 1
* Using the drawings, the activity list was 70 | Rough Carpentry 10
80 Electrical, rough-in 2
developed 90 [ Insulation 2
100 Roofing 3
110 Plumbing, top out 1
120 Drywail 4
130 Interior trim 2
140 Exterior trim 5
150 Telephone, rough-in 1
160 Plumbing, finish 1
170 H.V.A.C,, roughin 3
180 H.V.A.C., finish 3
190 Painting 4
200 Stain, exterior 3
210 Carpet 1
220 Windows 1
230 Glass doors 1
240 Wood Doors 1
250 Final grade 1
260 Seed 1
270 Electrical, finish 1
751
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* 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
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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
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 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
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* 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
758
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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

* |t 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)
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* 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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e 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

761

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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* 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)
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* 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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1 PROFIT FROM
*For a cons’Fructlon company the - GPERATIONS
revenues are in the form of payments  GENERAL
from the project owners or from the j\/ERREAD
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
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* 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
768
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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

BIG W CONSTRUCTION
INCOME STATEMENT

REVENUES

CONSTRUCTION COSTS
Materials
Labor
Subcontract
Equipment
Other
Total Construction Costs

EQUIPMENT COSTS
Rent and Lease Payments
Depreciation
Repairs and Maintenance
Fuel and Lubrication
Taxes, Licenses, and Insurance
Equipment Costs Charged to Jobs
Equipment Costs Charged to Employees
Total Equipment Costs

GROSS PROFIT
OVERHEAD
NET PROFIT FROM OPERATIONS

OTHER INCOME AND EXPENSE

3,698,945 100.0%

712,564 19.3%
896,514 24.2%
1,452,352  39.3%
119,575  3.2%
5452 0.1%
3,186,457 86.1%

35425 1.0%
32,397 0.9%
21,254  0.6%
29,245 0.8%

1,254  0.0%
119,575  3.2%
0  0.0%

0 0.0%

512,488 13.9%
422562 11.4%
89,926  2.4%

21,521 0.6%

PROFIT BEFORE TAXES 111,447  3.0%
INCOME TAX 33,434  0.9%
PROFIT AFTER TAXES 78,013 2.1%
BIG W CONSTRUCTION
INCOME STATEMENT

REVENUES 3,698,945 100.0%

CONSTRUCTION COSTS
Materials 712,564 19.3%
Labor 896,514 24.2%
Subcontract 1,452,352 39.3%
Equipment 119,575  3.2%
. Other 5452  0.1%
b P rOflt - $3, 698, 945 - $3’ 186, 457 - Total Construction Costs 3,186,457 86.1%

$422 562 = $89 926 EQUIPMENT COSTS
’ ’ Rent and Lease Payments 35,425 1.0%
. 0 Depreciation 32,397 0.9%
—_ - ; i o

[ ] Proflt /0 = S89’926 / S3,698'945 = 0-024 Repairs and N‘Iamltenance 21,254  0.6%
Fuel and Lubrication 29,245 0.8%
O r 2 40/ Taxes, Licenses, and Insurance 1,254  0.0%
. () Equipment Costs Charged to Jobs 119,575 3.2%
Equipment Costs Charged to Employees 0 0.0%
Total Equipment Costs 0 0.0%
GROSS PROFIT 512,488 13.9%
OVERHEAD 422,562 11.4%
NET PROFIT FROM OPERATIONS 89,926 2.4%
OTHER INCOME AND EXPENSE 21,521 0.6%
PROFIT BEFORE TAXES 111,447  3.0%
INCOME TAX 33,434  0.9%
PROFIT AFTER TAXES 78,013 2.1%
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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
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* 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:

////

/

REVENUES

COST
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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
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* The relationship between cost and revenues for fixed costs:
%
o
O
REVENUES
* 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
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* 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

BIG W CONSTRUCTION
INCOME STATEMENT

REVENUES

CONSTRUCTION COSTS

3,698,945 100.0%

Materials 712,564 19.3%
Labor 896,514 24.2%
Subcontract 1,452,352 39.3%
. . . Equipment 119,575  3.2%
* What_are_the ContrIbUtlon margln and the O'Ii'r;zICOnstructionCOSts 3,182:22§ 82112//:
contribution margin ratio for the |
company’s_income statement shown if | aeanstesse paymens w425 10%
$45,000 of the overhead is considered | Fir . St oo
Variable Over‘head Fuel and Lubrication 29,245 0.8%
Taxgs, Licenses, and Insurance 1,254 0.0:/0
* Contribution Margin = Revenues - | i caoemones 0 oo
Construction Costs - Variable Overhead IR IE S e B
* Contribution _ Margin = $3,698,945 - ™ e e
$3,186,457 - 545'000 = S467,488 OVERHEAD 422562 11.4%
° CM Ratio _ Contribution Margin / NET PROFIT FROM OPERATIONS 89,926  2.4%
Revenues — S467,488 / $3,698,945 — OTHER INCOME AND EXPENSE 21,521  0.6%
126% PROFIT BEFORE TAXES 111,447 3.0%
INCOME TAX 33,434 0.9%
PROFIT AFTER TAXES 78,013 2.1%
777
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
778
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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
* SO = 0.095(Revenues) - $350,000

* 0.095(Revenues) = $350,000

* Revenues = $350,000 / 0.095 = $3,684,211

779

* 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

780
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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

DOLLARS

FIXED OVERHEAD

BREAK \»‘ EVEN VO LUME

REVENUES

781

* 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

DOLLARS

o
"

FIXED OVERHEAD

BREAK \»‘ EVEN VO LUME

REVENUES
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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

783

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 = 55,684,211

784
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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

785

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
* SO = 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)

786
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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 2
between the actual contribution 5
margin ratio and 10.77% will be profit 3

* If the contribution margin ratio were 7
15%
*«15.00 - 10.77 = 4.23% of the CM RATIO (%)

company’s revenues would be profit
from construction operations

PROFIT

FIXED OVERHEAD
LOSS

BREAK \ [EVEN CM RATIO
¢}
Z
N
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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%

788
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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

789

* 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

790
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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

791

* 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

792
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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

793

* 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

794
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* 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

795

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
(51,000,000 - $977,500) less than Gross profit (actual revenue)

796
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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)

797

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%

798
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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

799

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&0O Markup = (Bid Price /Construction Costs) - 1 =
(5179,249 / $157,260) - 1 = 13.98%

800

400



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%?

ABBCO

Project Bid Costs P&0
West City Park $ 875256 | § 798,952 9.55%
Platt Park Restrooms $ 52326 | § 42,165 24.10%

ABC Construction

Project Bid Costs P&O
South Street Improvements b 179,249 § 157,260 13.98%
West City Park 3 850,462 s 798,952 7.57%
East Side Community Center $ 1,152634 | § 1092215 5.53%
801
» 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]
802
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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]

803

Winning all competitors

* Friedman

*P,in =P, XP, xP;x..xP
* Gate

‘P .= 1

win 1P, 1-P 1-P
(T11+T22+...+Tnﬂ->+1

* P,in = probability to win the bid against all competitors

n

* P,,= probability of winning known competitor n (lower bid
price than n)

* Expected profit = Probability of winning x Profit

804
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Example

* Determine the profit to include in your bid to win against the
following competitors

P, (competitor 1) | P, (competitor 2) | Profit (%)
0.8 0.77 3
0.7 0.73 4
0.5 0.65 5

805
* Friedman
* Profit = 4% (The highest expected profit of 2.044)
P, (competitor 1) | P, (competitor 2) | Profit (%) | P, 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
806
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* Gate

* Profit = 4% (The highest expected profit of 2.224)

P, (competitor 1) | P, (competitor 2) | Profit (%) | P, 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

807
Construction Cost Analysis & Estimating — 110401543
Risk Cost
Dr. Mohammad Almashagbeh
Department of Civil Engineering
Hashemite University
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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

809

* Examples of risks in construction
* Poor estimating
* Poor contracting strategy
* Delays
* Material price escalation
* Adverse weather
* Change orders
* Insufficient funds
* Poor subcontractor selection

810
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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
812
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* Project risk exposure

Uncertainty 4
Upside
=+
) Time
Downside
Concept Feasibility | Engineering Implementation O&M

813

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

814
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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

815

 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

816
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TOTALAMOUNT ————p

Project Budget

Management
Reserve

Cost
Baseline

Control
Accounts

Contingency
Reserve

Work Package
Cost Estimates

Activity
Contingency Reserve

Activity
Cost Estimates

PROJECT BUDGET COMPONENT

817
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
818
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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

819
* 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)
e o
Base Max. Max. % Expected
Element estimate cost risk probability net risk
lowm 5400 $500 £100 30% %30
#2 $ 80 &20 $ 40 80% $ 32
#3 $100 $200 §1 00 50% $50
Total 5580 5820 5240 12
820
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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

821

Risk Probability (%) Impact (S) Expected net risk (S)
1 10% $100,000 $10,000
2 20% $40,000 +$8,000
3 25% $50,000 $12,500
4 7% $18,000 +51,260
Total $13,240

822
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* What is the expected project cost?
* S800,000 + $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?
* $S800,000 - $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

823
* 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
824
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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

825

* A sample sensitivity analysis for a S3M base estimate

* Base estimate summary (SM)
Equipment cost $1.2
Material cost S0.6

Labor cost S1 « (= $50/h x 20,000 h)
Subcontractor cost  $0.2

Total base estimate S3

826
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* A sample sensitivity analysis for a S3M base estimate

Risk element

% change from estimate

New base estimate (SM)

Labor rate (S50/h) 0 3
Labor rate +10 (55/h,+5$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, +5150,000) 3.15
Total work hours -7 (18,600h, -$70,000) 2.93
Equipment (51.2) 0 3
Equipment +5 (+560,000) 3.06
Equipment -5 (-$60,000) 2.94
827

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

828
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Example

* A decision is being made whether to invest $120M to build a
new plant or to instead invest only S50M 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

829

* A weak demand leads to S90M revenue with the new plant
but only S60M for the upgraded plant

* Probability of the strong demand is 60%

830
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Decision Definition

Decision Node

Chance Node

Net Path Value

Input: Cost of Each Decision

Input: Scenario Probability,

Computed:

Decision to Re Reward if it Occurs o
be Made Output: Decision Made Output: Expected Monetary Payof:or:mpu:ﬂt;}osts
Value (EMV) 8
60% Strong Demand ,‘ $80M
($200M)
$80M = $200M - $120M
Build New Plant
(Invest $120M)
$36M = .60 ($80M) + 40% Weak Demand o $30m
A0 (-$30M) ($90M)
-$30M = $90M - $120M
Build or Upgrade?
Decision EMV = $46M 60%
(the larger of $36M StrongDemand’ | o s70m
and $46M) ($120M)
$70M = $120M - $50M
Upgrade Plant
(Invest $50M)
B Decision Node -
S46M = .60 ($70M) + Weak Demand H $10M
@ Chance Node .40 ($10M) ($60M)
-« End of Branch $10M = $60M - $50M

831
* The upgraded plant has a higher EMV of S46M 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
832
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Construction Cost Analysis & Estimating — 110401543

Bidding Procedures & Documents

Dr. Mohammad Almashagbeh

Department of Civil Engineering

Hashemite University
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* Project development cycle
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Bid period
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contractor & receipt of
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period
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& acceptance |
of project

Decision to
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for bid
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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

835

* 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

836
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NOTICE TO BIDDERS
FOR
CONSTRUCTING SEWERAGE SYSTEM IMPROVEMENTS
CONTRACT “B”
CENTRAL STATE HOSPITAL
FOR THE
GEORGIA BUILDING AUTHORITY (HOSPITAL)
STATE CAPITOL—ATLANTA, GEORGIA

Sealed proposals will be received for Constructing Sewerage System Improvements,
Contract “B,” for the Georgia Building Authority (Hospital), State Capitol, Atlanta,
Georgia, at Room 3135, State Health Building, 47 Trinity Avenue, S.W., Atlanta, Georgia,
until 2:00 P.M., ES.T., February, 18 _ , at which time and place they will be publicly
opened and read. Bidding information on equipment in Section No. 10 shall be submitted

on or before February 4 _ .

Work to Be Done: The work to be done consists of furnishing all materials, equipment,

and labor and constructing:

Division One. Approximately 12,400 L.F. 36" Sewer Pipe, 5,650 L.F. 30" Sewer Pipe,
7,300 L.F. 24" Sewer Pipe, 1,160 L.F. 15" Sewer Pipe, 3,170 L.F. 12" Sewer Pipe, 300
L.F. 8" Sewer Pipe, 418 L.F. 36" C.I. Pipe Sewer, 324 L.F. 30" C.I. Pipe Sewer, 1,150
L.F. 30" C.I. Force Main, 333 L.F. 24" C.1. Force Main, 686 L.F. 24" C.I. Pipe Sewer,

and all other appurtenances for sewers.

Division Two. One Sewage Pumping Station—*‘Main Pump Station.”

Division Three. One Sewage Pumping Station—*‘Fishing Creek Pump Station.”
Division Four. One Sewage Pumping Station—"“Camp Creek Pump Station.”

Bids may be made on any or all Divisions, any of which may be awarded individually

or in any combination.
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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

Notice
to bidders

Bid package

General conditions ;
Technical specs

Proposal \
form 7

Plans

|/ and
/ drawings

Special conditions

841

* 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

842
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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

843

PROPOSAL
TO THE GEORGIA BUILDING AUTHORITY (HOSPITAL)
STATE CAPITOL
ATLANTA, GEORGIA
Submitted: (date) , 2XXX

‘The undersigned, as Bidder, hereby declares that the only person or persons interested
in the Proposal as principal or principals is or are named herein and that no other person
than herein mentioned has any interest in this Proposal or in the Contract to be entered
into; that this Proposal is made without connection with any other person, company, or
parties making a bid or Proposal; and that it is in all respects fair and in good faith without
collusion or fraud.
The Bidder further declares that he has examined the site of the work and informed
. . . himself fully in regard to all conditions pertaining to the place where the work is to be
done; that he has examined the plans and specifications for the work and contractual
*It is an offer and by itself is noOt @ | s s e i esiaion o e vt convs
furnished prior to the opening of bids; and that he has satisfied himself relative to the

formal contract

Georgia Building Authority (Hospital), Atlanta, Georgia, in the form of contract specified,
to furnish all necessary material, equipment, machinery, tools, apparatus, means of

transportation, and labor, and to finish the construction of the work in complete accordance

°If, h th ds by |+ : , :
) oweve r' e owner responas with the shown, noted, described, and reasonable intended requirements of the plans and
specifications and contract documents to the full and entire satisfaction of the Authority
with a definite understanding that no money will be allowed for extra work except as set

awa rd i N g t h e COo nt ra Ct ba S ed on t h e forthin the attached General Conditions and Contract Documents, for the following prices:
p ro posa |’ an acce pta nce Of t h e offe r CAMP CREEK PUMP STATION

Section 1: Unit Price Work

results and a contractual relationship |emmmomn oo symisios oy

in quantities. Include balance of quantities for these items—except rock excavation—in

. . lump sum bid for Section 2.)
is established

Number  Quantity Unit Description Price Amount
1. 550 cubic yard Rock excavation $ $

(cu yd) (for structures

and pipes only)

2. 50 linear foot 8" C.I. force main $ $

(lin ft)
3 20 cubic yard Trench excavation ~ § $

(cu yd) for pipes
4. 200 square yard  Paving $ $

(sq yd
Subtotal, Section 1, Item Nos. 1 to 4, Inclusive

Dollars (8. )

844
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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

Section 2: Lump Sum Work

Section 1: Unit Price Work

Item Total
(For part payment—except rock excavation—by unit prices, 1o establish price for variation Ng. Description Amount
in quantities. Include balance of quantities for these items—except rock excavation—in 5, Excavation and Fill
lump sum bid for Section 2.) (a) Access Roadway $
. Unit Total (b) S_tn_.tc!ure E:_ccavation and Backfill §$
Number Quantity Unit Description Price Amount (c) Finish Grading $———-;
Total for Item No. 5 $
1. 550 cubic yard Rock excavation $ 5 6. Paving
(cu yd) (for structures (a) Access Roadway $
and pipes only) (b) Station Area $
2 50 linear foot 8" C.L force main s 5 Total for Item No. 6 $
('_‘“ ) . 7. Concrete Work $
3 20 cubic yard Trench excavation  § S
(cu vd) for pipes
4. 200 square yard  Paving § 5
(sq yd)

Subtaotal, Section 1, Item Nos. 1 10 4, Inclusive

Dallars ($ )

845
* 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
846
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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

847

* Large government contracting organizations have a standard
set of general provisions

* Topics typically addressed in general conditions:

. Definitions
. Preliminary matters
. Contract documents
. Bonds and insurance
. Contractor’s responsibilities
. Owner’s responsibilities
. Engineer’s responsibilities
. Changes in the work
9. Change of contract price
10. Change of contract times
11. Tests and inspections
12. Payments to contractor and completion
13. Suspension of work and termination
14. Dispute resolution

S

B

o0~ D

848
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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

849

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)

850
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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

851

PART I
SPECIAL CONDITIONS
INDEX
Paragraph
No. Title
SC-1. C P and Cq ion of Work
SC-2. Liquidated Damages
SC-3. Contract Drawings, Maps, and Specifications
SC-4. Construction Drawings
SC-5. Physical Data
SC-6. Rates of Wages
SC-7. Variations in Estimated Quantities
. P SC-8. Government-Furnished Property
° S I d t f h I SC9. Water
pecial conaditions tor a chahne Sovo, i
. . SC-11. Layout of Work and Surveys
SC-12. Payments for Mobilization and Preparatory Work
Improvement project SC13. Damage o Work P
SC-14. Funds Available for Payments
SC-15. Additional Supervision of Work
SC-16. Scheduling and Determination of Progress
SC-17. Performance of Work by Contractor
SC-18. Certificates of Compliance
SC-19. Plant Lay-out Drawings
SC-20. Approved Aggregate Sources
SC-21. Testing
SC-22. Work Areas
8C-23. Work under Other Contracts
SC-24. Permits
SC-25. Products and Parts of Standard Manufacture
SC-26. Protective Headgear
SC-27. Inspection and Testing of Construction Equipment
SC-28. Work to Be Done by Other Agencies
SC-29. Protection of Constructed Facilities
SC-30. Protection of Utilities
SC-31. Use of Local Roads and Streets
SC-32. Maintenance of Street Traffic
SC-33. Requirements of Pennsylvania Railroad Company and
Westinghouse Electric Corp. Pertaining to Construction Work
Within the Limits of Railroad Right-of-Way and
Westinghouse Electric Corp. Property
SC-34. Cofferdams and Flood Stages
SC-35. Watchmen and Danger Signs
SC-36. Sequence of Operations
SC-37. Acceptance of Work
SC-38. Insurance Policies to be Furnished to the Government
$C-39. Payment

Page
No.

SC-1
SC-1
SC-1
SC-4
SC-5
SC-6
SC-6
SC-7
SC-7
SC-7
SC-7
SC-8
SC-8
SC-9
SC-11
SC-12
SC-12
SC-12
SC-12
SC-13
SC-14
SC-14
SC-14
SC-14
SC-14
SC-15
SC-15
SC-15
SC-16
SC-16
SC-16
SC-16
SC-16

SC-17
SC-19
SC-19
SC-20
SC-21
SC-22
SC-22

852
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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

853

* These provisions pertain in large part to the establishment of
guality 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

854
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and guides

* The American
Transportation Officials (AASHTO)

* The American Society for Testing and Materials (ASTM)
* Government agencies publish recognized specifications

* 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)
Association of State Highway and

855

American Concrete Institute

211.1-91 Standard Practice for Selecting Propor-
tions for Normal, Heavyweight, and Mass
Concrete (Reapproved 2009)

211.2-98 Standard Practice for Selecting Propor-
tions for Structural Lightweight Concrete
(Reapproved 2004)

214R-02 Evaluation of Strength Test Results of
Concrete

301-05 Specifications for Structural Concrete

318-08 Building Code Requirements for Struc-
tural Concrete and Commentary

421.2R-07 Seismic Design of Punching Shear
Reinforcement in Flat Plates

ITG-7-09 Specification for Tolerances for Precast
Concrete

SP-211 Large-Scale Structural Testing

IACI 305.1-06—Specification for Hot Weather
Concreting

ACI 306.1-90 Standard Specification for Cold
Weather Concreting (Reapproved 2002)

[ACI 530/530.1—Building Code Requirements &
Specifications for Masonry Structures, 2005

American Society for Testing and Materials

A185/A185M-07 Standard Specification for
Steel Welded Wire Reinforcement, Plain,
for Concrete

A934/A934M-07 Standard Specification for
Epoxy-Coated Prefabricated Steel Reinforc-
ing Bars

C270-08a Standard Specification for Mortar for
Unit Masonry

C55-09 Standard Specification for Concrete
Building Brick

C109/C109M-08 Standard Test Method for
Compressive Strength of Hydraulic Cement
Mortars

C1116/C1116M-09 Standard Specification for
Fiber-Reinforced Concrete

C1329-05 Standard Specification for Mortar
Cement

C140-09 Standard Test Methods for Sampling
and Testing Concrete Masonry Units and
Related Units

Typical references to structural inspection and testing standards

American Society of Civil Engineers

ASCE/SEI 7-05 Minimum Design Loads for
Buildings and Other Structures

Building Seismic Safety Council

NEHRP Recommended Provisions and Com-
mentary for Seismic Regulations for New
Buildings and Other Structures. 2003
Edition

National Ready Mix Concrete Association
Concrete Plant Standards of Concrete Plant
Manufacturers Bureau ( 1 5th Revision, 2007)

Truck Mixer, Agitator and Front Discharge Con-
crete Carrier (15th Revision, 2001)

Concrete Reinforcing Steel Institute
Reinforcement

Reinforcement, Anchorages and Splices, 5th
Edition 2008

856
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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

857

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

858
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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

859

* 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

860
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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

861

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

862
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direct costs

margin

* Indirect costs that cannot be assigned directly to a particular
physical piece of the project are added to the totaled project

* Finally, the bid price is established by adding the overhead
costs, allowances for contingencies, and a suitable profit

863
* Example of building construction project bid summary using the CSI
organization of work
item  Division Material Labor Subcontract Total
1 General requirement $ 1643500 $36355.00 $ 488200 $ 57.672.00
2 Site-work 15,070.00 20,123.00 146,186.00 181,389.00
3 Concrete 97,176.00 51,524.00 0.00 148,700.00
4 Masonry 0.00 0.00 212,724.00 212,724.00
5 Metals 212,724.00 59,321.00 0.00 272,045.00
6 Woods and plastics 38,753.00 10,496.00 4,908.00 54,157.00
7  Thermal and moisture 0.00 0.00 138,072.00 138,072.00
8 Doors and windows 36,82100 32,115.00 0.00 68,936.00
E Finishes 172,587.00 187,922.00 0.00 360,509.00
10 Specialties 15,748.00 11,104.00 9,525.00 36,377.00
11 Equipment 0.00 0.00 45,729.00 45,729.00
12 Fumishings 0.00 0.00 0.00 0.00
13 Special construction 0.00 0.00 o.0c 0.00
14 Conveying systems 0.00 0.00 .00 0.00
15 Mechanical 0.00 0.00 641,673.00 641,673.00
16 Electrical 0.00 000 354,661.00 354,661.00
Total direct costs $605,314.00 $408,960.00 $1,558.360.00 $2,572,644.00
Material tax (5%) 30,266.00 2,602,910.00
Labor tax (18%) 73,613.00 2,676,523.00
Contingency (2%) 53,630.00 2,730,053.00
Bonds/Insurance 34,091,00  2764,144.00
Profit (10%) 276,414.00 3,040,558.00
Bid price = $3,040,558.00
864
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Construction Cost Analysis & Estimating — 110401543

Cash Flow

Dr. Mohammad Almashagbeh
Department of Civil Engineering
Hashemite University

865

* 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

866
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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

867

* 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

868
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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

869

* 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

870
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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

871

* 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

872
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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

873

* 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

874
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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

875

* 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

876
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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

877

* 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

879

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

881

* 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

883

* 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

885

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

887

* 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

889

* 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

891
. 110
* Cost-loaded schedule for a typical 100 -
project %90
* The graph is based on the cost of giﬁi
the work performed S0 &
* The months shown on the x axis of &>
Z 40
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months & 20-
* This cost curve is often referred to 0~
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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

893

* 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

110+
100+
= 90+
QO 80

@]

= 70
m 60
Z 50
7 40
O 30-
@ 20-

e

J’IJ
S
&
$
QY’

]

01 23456 78 910111213
MONTH

894

447



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
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* The costs and payments shown include only the construction
costs, while excluding the profit and overhead markup
110- 110
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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

110+

100+
£ 901
&
S 80+ &
e 70+ &
o &5 éﬂ
m 60 © \Q&
S 5. &
< 50 €9
=
% 40+
QO 30+
% 20+
[a W)
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01 23 45 6 7 8 91011 1213
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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

110+
100+
90+
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70 %
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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
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110~
100-
* The vertical distance between a 90-
the payment and receipt lines © gq-

: O

represents the cash provided % 704
by the construction company 3 o-
and is shown as the shaded 2 so-
area in the figure % 40
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Apartment Building Cost Breakdown
Percent of Cumulative
Work Item Description Tolal Amount

[Slab (forms, rebar, concrete) 8 8

Plumbing (site and siab) 3 11

1st fioor framing (through joists) 10 21

Deck 1st fioor 2 23

2nd floor framing (through joisis) 10 33

» Sample cost breakdown for an e - -
H 1 1 3rd floor framing (through Joists) 11 46
apartment building project T i -
Rough plumbing complete (through roof) 4 52

Roofing 3 55

HVAC rough in 4 59

Electrical rough in 4 63

Drywall, tape and floai 5 68

Painting 4 72

Cabinets 4 76

Trim carpentry 3 79

Masonry complete 2 a1

HVAC final 4 85

Plumbing final 3 88

Electrical final L 92

Appliances 3 95

Carpet, vinyl flooring, ceramic file 4 90
Final clean-up 1 100

903

Release of retainage —//l_i

° Cash ﬂOW curve for Cash expendilures\\__
revenues and expenses ] |
'\\ | |

A
Cumulative —
sum of —
disbursements .
and revenues AmOUEOE = oeie — [
negative =
cash flow —

Project duration {months)
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200

150 —

100 —

50

Cumulative dollar in thousands

$180%
Expense

Curve

$100%

$250%

Retainage = $12,500

$112.5%

Revenue
profile

Time (months)

905
* Some contractors offset the overdraft borrowing requirement
by requesting front/mobilization payment from the owner
Revenue profile shifted to
left of expense curve
— No overdraft
$200%
$150% Revenue
profile
$100%
sso{
Mobilization
pay
Time (months)
1 2 3 4
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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

907

* 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 Flow, = Cash Receipts, - Cash Disbursements_

* 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

* Cash, = Cash_; + Cash Flow,
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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 (Cash.), we
would add this month’s cash flows (Cash Flow,) 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

* Cash,, = Cash__, + Cash Flow,,

909

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

910
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the subcontractor’s payment

* 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 construction company pays for labor weekly

911
* 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
CosTs
MONTH MATERIALS ($) LABOR ($) Sus. ($) BiLL TO OWNER (%)
1 30,400 34,900 54,700 129,600
2 57,300 48,900 123,800 248,400
3 80,500 73,100 136,400 313,200
4 29,200 34,000 106,800 183,600
5 27,800 26,200 66,000 129,600
6 15,400 11,300 43,300 75,600
Total 240,600 228,400 531,000 1,080,000
912
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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?

913

* 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

914
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* Cash Flow, = Cash Receipts,, — Cash Disbursements,

* Cash Flow, = Cash Receipts,, — (Material payments_ + Labor
payments, + Subcontractor payments,)

* Cash Flow; =0 — (0 + $34,900 + 0) = - $34,900
* The total cash generated by the project by the end of the

first month: Cash; = Cash, + Cash Flow, = 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

915

* 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 Flow,, = 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: Cash, = Cash,
+ Cash Flow,, =-534,900 + (-$48,900) = -583,800

* 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

917

* 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 Receipt, = Bill__, (1 — Retention Rate)
* Cash Receipt, = $129,600 (0.9) = $116,640
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* 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—Iless
the 10% retention

* Subcontractor Payment, = $54,700 (0.9) = $49,230

* Cash Flow, = $116,640 — (530,400 + $48,900 + $49,230) =
- 511,890
* The total cash generated by the project by the end of the

second month Cash, = Cash, + Cash Flow, = -5$34,900 +
(-511,890) =-546,790

919
* The cash flows and the amount of cash needed for the third
through the sixth month are calculated in a similar manner
MoONTHLY CASH FLow {5} CASH GENERATED (%)

MonNTH n n n n _

1 —34.,900 —34,900 —34.,900 — 34,900

2 — 48,900 —11,8%0 — 83,800 —46,790

3 —73,100 —18,260 —119,890 —65,050

4 —34,000 44,620 —99.050 — 20,430

5 — 26,200 13,720 —46,630 —6,710

b —11,300 18,140 —18,010 11,430

7 0 68,570 11,430 80,000
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3rd Month

» Cash Flow, = 0— (0 + $73,100 + 0) = - $73,100

* Cash,, = Cash, + Cash Flow,, = -546,790 + (-$73,100) = -5$119,890
» Cash Receipt, = $248,400 (0.9) = $223,560

* Subcontractor Payment,; = $123,800 (0.9) = $111,420

* Cash Flow, = $223,560 — ($57,300 + $73,100 + $111,420) =
- $18,260

* Cash, = Cash, + Cash Flow, = -5$46,790 + (-$18,260) = -565,050

921

4t Month

» Cash Flow,, = 0 — (0 + $34,000 + 0) = - $34,000

* Cash,, = Cash; + Cash Flow,, = -565,050 + (-$34,000) = -$99,050
» Cash Receipt, = $313,200 (0.9) = $281,880

* Subcontractor Payment, = $136,400 (0.9) = $122,760

* Cash Flow, = $281,880 — ($80,500 + $34,000 + $122,760) =
S44,620

* Cash, = Cash; + Cash Flow, = -$65,050 + ($44,620) = -520,430
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5th Month

» Cash Flow,, = 0— (0 + $26,200 + 0) = - $26,200

* Cash,, = Cash, + Cash Flow:, = -520,430 + (-$26,200) = -546,630

» Cash Receipt, = $183,600 (0.9) = $165,240

* Subcontractor Payment. = $106,800 (0.9) = $96,120

* Cash Flow; = $165,240 — (529,200 + $26,200 + $96,120) = $13,720
* Cash, = Cash, + Cash Flow, =-520,430 + ($13,720) =-56,710

923

6th Month

» Cash Flow,, = 0— (0 + $11,300 + 0) = - $11,300

* Cashg, = Cash; + Cash Flow,, = -56,710 + (-$11,300) = -$18,010

» Cash Receipty = $129,600 (0.9) = $116,640

* Subcontractor Payment, = $66,000 (0.9) = $59,400

* Cash Flow, = $116,640 — (527,800 + $11,300 + $59,400) = $18,140
* Cashg = Cash. + Cash Flow, =-56,710 + (518,140) = $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:

* Cash., = Cash + Cash Flow,, = $11,430 + 0 = $11,430

925

* 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 = SO + $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
Receipt, = $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) = SO + $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 Payment, = 48,770 + $43,300 = $92,070

927

* The cash flow for the seventh month: Cash Flow, = $176,040
- (515,400 + SO + $92,070) = $68,570

* The total cash generated by the project at the end of the
seventh month: Cash, = Cash, + Cash Flow, = $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

100,000 -
80,000

50,000

11,430 11,4
0
I l -6,710
2] i -18,010
< 20,430 )
© -34,900
~50,000 -46,790 -46,630
-65,050 OBEFORE
PAYMENT
-83,800
~100,000 J =y BEND OF
MONTH
-119,890
-150,000 -
MONTH
929
* 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
930
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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 (599,050 - $20,430)

931

* 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

932

466



* 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

933

* 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

(548,900 + $73,100)
CosTs
MONTH MATERIALS ($) LaBor (%) SuB. (%) BiLL TO OWNER (%)
1 30,400 34,900 54,700 129,600
2 57,300 48,900 123,800 248,400
3 80,500 73,100 136,400 313,200
4 29,200 34,000 106,800 183,600
5 27,800 26,200 66,000 129,600
6 15,400 11,300 43,300 75,600
Total 240,600 228,400 531,000 1,080,000
935
* 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
936
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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

937

* 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

939

* 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 100+

=
£ 90-

* Increasing the profit and overhead ¢ so-
markup raises the entire receipt 57

M 60+
curve g 50-

Z 40

* This decreases the distance between &, |
the payment and receipt curves &2

10

when the payments (outgoing cash)
are greater than the receipts
(incoming cash), which reduces the
cash needed for the project

0__ﬁ4—'_‘——|—lI‘lI’II‘Y—T—Y—\
01 2 3 456 7 8 910111213

MONTH
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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
CosTs
MONTH MATERIALS ($) LaBor ($) SuB. (%) BiLL TO OWNER ($)
i 30,400 34,900 54,700 129,600
2 57,300 48,900 123,800 248,400
3 80,500 73,100 136,400 313,200
4 29,200 34,000 106,800 163,600
5 27,800 26,200 66,000 129,600
6 15,400 11,300 43 300 75,600
Total 240,600 228,400 531,000 1,080,000
942
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the curve unchanged

* 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

* 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

943
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
. COS-TS -
MoONTH MATERIALS ($) LABOR ($) Sus. (%) BiLL TO OWNER ($)
1 17,700 19,000 83,300 129,600
2 31,600 26,300 172,100 248,400
3 47,700 40,100 202,200 313,200
4 15,500 17,800 136,700 183,600
5 14,200 14,600 91,200 129,600
6 8,300 6,300 55,400 75,600
Total 135,000 124,100 740,900 1,080,000
944
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CosTS

MoONTH MATERIALS ($) LABOR (%) Sus. (%) BiLL TO OWNER ($)
1 30,400 34,900 54,700 129,600
2 57,300 48,900 123,600 248,400
3 80,500 73,100 136,400 313,200
* Sub. =53.1% 4 29,200 34,000 106,800 183,600
5 27,800 26,200 66,000 129,600
6 15,400 11,300 43,300 75,600
Total 240,600 228,400 531,000 1,080,000
CosTS
MoONTH MATERIALS ($) LABOR ($) Sus. (%) BiLL TO OWNER ($)
1 17,700 19,000 83,300 129,600
2 31,600 26,300 172,100 248,400
° SUb - 741% 3 47,700 40,100 202,200 313,200
4 15,500 17,800 136,700 183,600
5 14,200 14,600 91,200 129,600
6 8,300 6,300 55,400 75,600
Total 135,000 124,100 740,900 1,080,000
945
MONTHLY CAsH FLow (%) CASH GENERATED (%)
MONTH n n n n
1 —34,900 —34,900 —34,900 —34,900
2 —48,900 —11,890 —83,800 —46,790
3 —73,100 —18,260 —119,690 —65,050
* Sub. =53.1% 4 —34,000 44,620 —99,050 —20,430
5 —26,200 13,720 —46,630 —6,710
b —11,300 18,140 —18,010 11,430
7 0 68,570 11,430 80,000
MOoNTHLY CasH FLow ($) CAsH GENERATED (%)
MoNTH n' n n n
1 —19,000 —19,000 ~19,000 —19,000
2 —26,300 ~2,330 —45,300 -21,330
3 —40,100 —3,030 —61,430 —24,360
* Sub. =74.1% 4 ~17,800 34,400 42,160 10,040
5 —14,600 12,110 —4,560 22,150
6 —6,300 14,060 15,850 36,210
7 0 43,790 36,210 80,000

946
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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%)

100,000 -
80,000
50,000
11,430 11,4
0
- l -6,710
e -20,430 -18,010
© -34,900
-50,000 -46,790 -46,630
-65,050 DBEFORE
PAYMENT
-83,800
~100,000 J 500 BEND OF
MONTH
-119,890
150,000 -
MONTH
947
* Maximum cash invested in the project each month (just before
payment from the owner)
60,000 -
40,000 36,210
20,000 12850 ___
0 ] —
20,000
-
% 40,000 --34,500
o -45,300 -4p.160 -46,630 _ o
-60,000 = - | O Sub.=53.1%
80,000 | — - B Sub.=74.1%
-83,800
-100,000 99,050
~120,000 - eTOY T
~140,000
MONTH
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* Maximum cash invested in the project at the end of each month

100,000 -

80,000 - 80,000

60,000 |

40,000 36,210

20,000 e
' 10,040 11,4
0 - L
-6,710
-20,000 - J
) 21,330 | 360720430
-40,000 34,900 O Sub.=53.1% |

-46,790

-60,000 ————— @ Sub.=74.1%
-65,050

CASH

-80,000 -

MONTH

949

* 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

951

* 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

* Cash, = Cash_, + Bills__; - Receipt,

* 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

952
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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

CosTs
MONTH MATERIALS ($) LaBor (%) SuB. (%) BiLL TO OWNER ($)
1 30,400 34,900 54,700 129,600
2 57,300 48,900 123,800 248,400
3 80,500 73,100 136,400 313,200
4 29,200 34,000 106,800 183,600
5 27,800 26,200 66,000 129,600
6 15,400 11,300 43,300 75,600
Total 240,600 228,400 531,000 1,080,000
953
* 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
e Cash, = Cash__, + Bills__; - Receipt,
* Cash; =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
954
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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

955

* 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
. Cashz, =$129,600 + $248,400 — 0 = $378,000

* Receipt, = $129,600 (0.9) = $116,640

*The benefit for the end of the second month is
Cash, = $129,600 + $248,400 — $116,640 = $261,360

956
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* The benefits for the third through seventh months are
calculated as follows

* Cash,, = $261,360 + $313,200 — 0 = $574,560
* Cash, =$261,360 + $313,200 — $223,560 = $351,000
* Cash, = $351,360 + $183,600 — 0 = $534,600
* Cash, = $351,360 + $183,600 — $281,880 = $252,720
* Cash., = $252,720 + $129,600 — 0 = $382,320
* Cash; = $252,720 + $129,600 — $165,240 = $217,080

957

* Cashg, = $217,080 + $75,600 — 0 = $292,680

* Cashg = $217,080 + $75,600 — $116,640 = $176,040
* Cash,, =$176,040 + 0 — 0 = $176,040

* Cash, =$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
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* 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

959
* The benefit to the project’s owner just before payment from the
owner and at the end of the month
600,000 4 $574,560
$534,600 O BEFORE
] PAYMENT
500,000
WEND OF
MONTH
400,000 4 $378,000 $382,320
T $351,000
[%)]
<
o $292,680
300000 4 $261,360 $252,720
S217,080
200,000 A S176,040 $176,040
$129,600
100,000 - |_l
0
0
1 2 3 4 5 6 7
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

961

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

e Construction interest and loan fees
* Taxes and insurance

963
Example
* The construction company decides to act as the owner on
the project
* The construction company plans to sell the project for
$1,350,600 at the end of the seventh month
Costs
MoNTH MATERIALS (%) LABOR (%) SuB. ($)
1 30,400 34,900 54,700
2 57,300 48,900 123,800
3 80,500 73,100 136,400
4 29,200 34,000 106,800
5 27,800 26,200 66,000
6 15,400 11,300 43,300
Total 240,600 228,400 531,000
964
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*|n 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

965

* 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

966
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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?

967

* 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 Disbursements, = $200,000 + $30,000 + $5,600 +
$20,000 + $15,000 = $270,600

* The cash flow for month zero is calculated as follows
* Cash Flow,, = Cash Receipts, — Cash Disbursements_
* Cash Flow, = 0—-$270,600 = - $270,600

969

* The total cash generated at the end of month zero is
calculated as follows

* Cash, = Cash_ + Cash Flow,
* Cash, =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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485



* The cash flow for the first month: Cash Flow,; = 0 — $34,900 =
- $34,900

* The total cash generated at the end of the first month:
Cash; = - $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

971

* 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 Payment, = $54,700 (0.9) = $49,230

* The cash flow for the second month:
Cash Flow, = 0 — (530,400 + $48,900 + $49,230) = - $128,530

* The total cash generated at the end of the second month:
Cash, = - $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 Payment, = $123,800 (0.9) = $111,420
* Cash Flow,; =0 - (557,300 + $73,100 + $111,420) = -5241,820

* Cash, = Cash, + Cash Flow, = - $434,030 + (-$241,820) =
- $675,850

973

* Subcontractor Payment, = $136,400 (0.9) = $122,760
* Cash Flow, =0 - (580,500 + $34,000 + $122,760) =-5237,260

* Cash, = Cash, + Cash Flow, = - $675,850 + (-$237,260) =
-$913,110

* Subcontractor Payment. = $106,800 (0.9) = $96,120
* Cash Flowg =0 — (529,200 + $26,200 + $96,120) = -5151,520

* Cash; = Cash, + Cash Flow:; = -$913,110 + (-$151,520) =
-$1,064,630
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* Subcontractor Payment, = $66,000 (0.9) = $59,400

* Cash Flowg = 0 — (527,800 + $11,300 + $59,400) = -$98,500

* Cash, = Cash. + Cash Flow, = -51,064,630 + (-$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:
Cash., = Cashg + Cash Flow,, =-51,163,130 + 0 =-51,163,130

975

* 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) = SO + $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 Payment, = 48,770 + $43,300 = $92,070

*The cash flow for the seventh month Cash Flow, =
$1,350,600 — ($15,400 + $92,070) = $1,243,130

977
* The total cash generated at the end of the seventh month
Cash, = Cash, + Cash Flow, = -$1,163,130 + $1,243,130 =
$80,000
* At this point the project is complete
* The monthly cash flow and the cash generated at the end of
each month are shown in the table
MoONTH MONTHLY CAsH FLow ($) CASH GENERATED ($)
0 —270,600 —270,600
1 —34,900 —305,500
2 —128,530 —434,030
3 —241,820 —675,850
4 —237,260 —913,110
5 —151,520 —1,064,630
6 —98,500 —1.1637130
7' 0 —~1.163,130
7 1,243,130 80,000
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* The cash generated by the project

200,000 -

0 - o - -
-200,000 H

-305,500
-400,000

80,000

-434,030

-600,000

CASH

-675,850

-800,000

-1,000,000 -913,110

-1,064,630
~1,200,000 -1,163,130

-1,400,000
MONTH
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* 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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