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to proceed

Y
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& final
design
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conceptual
design

Conceptual

design package

complete
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Weighted Evaluation
Project: Date:
O Architectural [ Structural [ Mechanical [0 Others Sheet No.:
L. How Important:
Criteria
Criteria Scoring Matrix 4 - Major Preference
3 - Above Average Preference
2 - Average Preference
1 - Slight Preference
A. Cost (LCC) - Letter | Letter
No Preference
B. Aesthetics Each Scored One Point
C. Space
D. Performance
E. Safety
F.
G. >
G F E D C B A
Raw ScorJ 5 2 1 1 6
Analysis Matrix
Alternatives Weight of
Importance 9 4 2 2 10
(0-10) Total

1. Original Solution 3 / 2 2 4

2. Alternative No. 1 A 2 4 3 5

3. Alternative No. 2

4.

* Selected based on weighted evaluation
5-Excellent 4-Very Good 3-Good 2-Fair 1-Poor
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FZHEIM #07 (2/2) : 10%

MeEd 20239 & U o JER
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FZHEIM #09 (1/2) : 1%
M= 20233 &

ok

CE JE=S

<= 1> Chg 80 20| BieX|2t 0SS A= g5 SAE 2l &= 7HR| et A9t B7} RUCE & CHEF 2+ BISF 27t Chgat
ZE i 0= O] BHH Lz o 40k TiRHE R SIXS 7ot AS7HE 7ol0] ZASHAIR. T, MY B7t7|2H2 S 408 8.

=

ool-

A ™
S WNY
\ 2 m|les —‘

Littleville
town

Reservoir

Pumpmg
station

10 mile
gravity line

Plan A — Gravity Line Plan; Plan B — Line Using Pumping Station

Item Pipeline A Costs Pipeline B Costs
(3) (9)

Initial investment pipeline 2.8 million 1.5 million

Cost of pumping station 0 500,000

Annual operation and maintenance (O&M) 30,000 60,000

costs

Annual power costs during first 10 years 0 40,000

Annual power costs after 10 years 0 120,000
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Z=ZHEIDM #09 (2/2) : 12%

MEY 20238 & o TiH - Ol

ajn

<= g 2> OHS HIXIEE O|83t0] 21|, 7|, BH|E, +4H|ES 7011 0| HIZ22 S-anes 2HISHL,

1

' |

$50,000 |
I |
|

| $40,000

B
$60,000 |

c : _
l $30,000
D l
| | | | o
Monthly direct costs $ $ $ $
Monthly indirect costs $ 5,000 $ 5000 $ 5000 $ 5,000
Total monthly costs $ $ $ $
Cumulative monthly costs $ $ $
$200% |~
$150F |-
$100" |-
$50" |-
= .
1 2 3 4

Time in months
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FZEEDIM #11 (1/2) : 155

HMEd 2023 &

o

CE JE=S

<z 1> L322 A=7E F0M S I, MYSEs Ao | 3 228t S HYAS MEHI

@ A front-end loader (200 bank yd3/hour).

@ [t loads a fleet of four trucks (capadty 18 loose yd3 each), which haul the earth to a fill where it is compacted with a shrinkage factor of 10%.
@ Each truck has a total oyde time of 15 min.

@ The earth has a percent swell of 20%.

@ The job requires a volume of 18000 compacted yd3.

@ How many hours will be required to excavate and haul the material to the fill?
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@ Yellow-dog contracts

@ Union shop

@ Closed shop

@ Union hiring halls

@ Secondary boycott
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FLEIM #12 (2/2): 18%

Meg: 20238 _&_2 ¢

rE

=

<z g 2> S AREHIE2R &7 A1, A2, B2 57| S SAH| S0 s 2ot

WH/Cost |
100 WH CV = BCWP-ACWP = 5.7
I
I
[ cpi= BCEWP 333 0
: ACWP 40
| COrver Budget
I
B0 = BOCWS :
b 0= ACWP | SV = BCWP-BCWS = —16.7
& 23 9 . BOWP |
: i sp) = BCWP _333 .5
I | BCWS 50
I
i i Behind Schedule
| | L -
Study Date Time
(a) Baseline for A.1
WH/Gost |
CV = BCWP-ACWP = +4.0
Pl= BCWP - ﬂ 1.0
ACWP 35
Within Budget
SV = BCWP-BCWS = +7.0
gpi= BCWP _ 39 1o
BCWS a2
Ahead of Schedule
Study Date Tima
(b} Baseline for A.2
WH/Cosl

88 WH
BCWF = 52 : :
ACWP =

a o | 45 = BCWS :
] i
] I
1 I
I I
1 I
1 I

1 1 -

Study Date Time

(c) Baseline for B

CV = BCWP-ACWP = +2.0

_BCWP _ 52

" ACWP 50
Within Budget

CPl >1.0

SV = BCWP-BCWS = +7.0
BCWP o .52 1.0

BCWS 45
Ahead of Schedule

SPl =

- 21/240-




FZHEIOM #13 (1/1) : 19%, 20
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CIF O location

Shipment

Purchaser

receipt

O

Title passes with payment

)

®— O

Vendor Purchaser
location Shipment receipt
FOBand COD O O B L O
Purchase order Bill of lading Invoice
Itemized (Purchase - (Shipment > (Billing
list contract) contract) document)
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CHAPTER 1

HISTORY AND BASIC CONCEPTS

SISy
2%
X3 %
MlaZs
X|s%
6%t
7%
ISIEPSS
Mlo%t
Xl10%t
Ml11%
Ml12%F
XM|13%
Ml14%
XM|15%F
Ml16%F
Ml17%
X|18%F
X|19%t
Hl20%

History and Basic Concepts

Preparing the Bid Package

Issues During Construction

Contracts

Legal Structure

Impact of Taxes

Project Planning

Project Scheduling

Scheduling: Program Evaluation and Review Technique Networks and Linear Operations
Resource-Related and Advanced Linear Scheduling Techniques
The Mathematics of Money

Project Cash Flow

Project Funding

Equipment Ownership

Equipment Productivity

Construction Labor

Estimating Process

Cost Control

Materials Management

Safety
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1.1 Bridges and History

lishing Company/Library of Congress

E i ST
FIGURE 1.1 Roebling Bridge, Cincinnati

Q MM 7t 2efE S=u: PMO OI%% M W&ol O|F 2 X[&
v Ol 23}0[F |)\|'—HE|01|*‘| A. 222 (John A. Roebling)0| H5 M 0| 144
v 1856 I_=|O-|| _|_A|.7|. AlII- 1866 |_:10.” o]} g Amerlcan C|V|I War : 1861-1865
v 2702 =& AIO] 1,000 L|E Q| ALt
v AHIHO| §0|_ X2~ 100 T E O 4

2
1.2 The Historical Impact of Construction
FIGURE 1 2 The Parthenon in Athens
O Adst= 582 Q7te| 7H& 22l 7|& & StLt

v 2232l Cte

v ILtOp 23}

v Z2ZHEQ| T2 fdiMe dH7|E Xl 40 =i 2|[HA0] 52
3
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1.3 Great Captains of Construction

ersity Libraries

ersity Archives, Rutgers Univ

nd Univ

pecial Collections a

FIGURE 1.4 Washington A. Roebling, chief engineer of the Brooklyn Bridge

Qo= 228
v 7 o|& Ee B e
v EHS4g es
v OlHE 83l ZRHMEE 7IYMo = e
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1.3 Great Captains of Construction

a
w

1.4 Panama Canal

y Library, Booth family Center for

sy of Georgetown Universit
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FIGURE 1.6 John F. Stevens, chief engineer of the Panama Canal

O = F 2E[&2 (John F. Stevens)
v oM EH“O* Atole| Hich 4 ¢4
v DAL ARG 2, 0]20| 0[0] $e: RAMEC| RQWE 3t THLIOIESR 7
v ﬁE|§ﬁ'— X-IE 7|Ex|. 1903 O|=2| X|}S ot SEH|OIZREH &2 58
v Adstd M E s 4 SAZ M, 2EH EXME 9 EH 2= 2AF Y
/O mRNE J|&H SHo EATOR & > D2UE HA &
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1.4 Panama Canal

Culebra Cut(ZE)

@ Railroad

Chagres Dam(dE)

XS 2 E MY A2 ElX
284K, A0 et =34
RIZSHE HHA 0] OfHl, H S R E
Hx{3h 7 eloho] ots
o] Z2HE 430 T2

FIGURE 1.7 Construction of a lock at the Panama Canal

1.5 Other Historic Projects

O =22tk 4 (Colorado Rlver)°| SH H
EI*H“EMV“:':"': AOlE iﬂ?_"
Q 147020 Aol AHO|lE EE A
Q Eurotunnel 8= Nt ZZAZE A

Hoover Dam)

m}l'- ﬂ]?.'_ ﬂJ... A
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1.6 Construction versus Manufacturing Processes

EHOHAIE
ltem (Product) Unit Purchased
M= Ready for Sale (full payment is made)
Manufacturing | | | |
Process | ) | | |
Design
T T T M| E = ZHof
Fabricate Units Distribute
Units in Units for
THI AR Inventory Sale
Commitment to Purchase Facility Complete and
Facility (Unit) Ready for Occupancy
A48¢Y l
Construction | | | |
Process | | | |
Prelim.  Final Construction — o
MEOY SR %

Design Design
_/

R

FIGURE 1.8 Manufacturing versus construction process

10
Mz
High
& Mass production
systems
Lm5S
st 220z A
— a— i
DHSO0IX|= 5 Medium BRIGI Ry
H=Z:o| ®
a @ 555
Low EI‘%—’E
o
Ao Low Medium High
Volume
AAE|= A HEZ2 5=
FIGURE 1.9 Comparison of production systems
11
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1.8 Project Development

O Z=2NE 3 "X}
1. A|Hof CHet Aol 9 FAME oot
2. XM tsd HE L HIE 0=
3. WE A DY E fIst EA HEIH D E
4. JEHEA T A HEFH
5. SMAEA Y AU HEFY
6. AT HAZMEHHECE ZTRME UF G HN QF
7. QLA Of et A|SXF M S A <t
8. A&
9. A2HE S dANE ZSSt=X BT
10. A|E 29 S |X| 24 e
11. I 7|

12

1.8 Project Development

AARKE
Designer

A S At
Constructor

FIGURE 1.10 Relationship between owner, designer, and constructor
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1.9 Construction Technology & Construction Management

O 27z 7% 78, B2, FE > A 7[el S8 U™
O Adae.Addae] ALY > FOT XS XY 28

O XAt Four Ms of construction: Manpower, Machines, Materials, and Money

14

1.10 Construction Management Is Resource Driven

U The job of a construction manager is to efficiently and economically apply the
required resources to realize a constructed facility of acceptable quality within the

time frame and budgeted cost specified. 74422 Ato] Y F = H|E SHE LA FO{Z S 7|

ot =82 = A= A AL S Uo7 28l 7t 2EH0|2 2o 2 AHEls &28d%t= A

O “a quality facility on time and within budget”

O A manager must be like a decathlon athlete.

108 87| d=

O A strong ability in many areas is a necessity. CtYst 52{0| 22

15
- 30/240-




1.11 Construction Industry

80 HOi Z=EMHK|, HE Y2 0|7 L S L (GDP)AHM 71 2 HISS AHA|
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The American infrastructure
v' Roads, tunnels, bridges, communications systems, power plants and
distribution networks, water treatment systems, and all of the structures and
facilities

v' The infrastructure is constructed and maintained by the construction industry

16

1.12 Structure of the Construction Industry

O Construction projects
v Building construction
v Engineered construction (highway construction, sewage plants, flood protection
Sk 3|
projects, dams, transportation projects (other than hi}éﬁ\z;ys), pipelines, and
waterways =2 &2 HE0|| Che 2 Qlsf| AIR|ZHEAE dA 58S AYEE DTt

O|_7F_
—l =

v" Industrial construction

17
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1.13 Differing Approaches to Industry Breakdown

SR
Industrial
Construction

(5-10%)
* Petroleum refineries
* Petrochemical plants
* Synthetic fuel plants
* MNuclear power plants
= Steel mills
* Heavy manufacturing plants

Fe
Residential
Construction
(30-35%)
* Single-family homes
* Multi-unit townhouses
* High-rise apartments
* Condominiums

Total Share of the Market

Ar2|ZHE R
Heavy Engineering
Construction
(20-25%)
® Dams
* Tunnels
* Bridges
* Highways
* Airports
# Lirban transit systems
* Ports
* Pipelines
= Water treatment plants
* Communication networks

Fal=
Building
Construction
(35-40%)

* Schools

* Universities

* Hospitals

* Commercial office towers

* Warehouses

* Light manufacturing plants
* Theaters

* Government buildings

* Commercial malls

* Recreation centers

FIGURE 1.11 Breakdown of construction industry segments
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1.14 Management Levels of Construction

Hierarchical Level

el 2AMEH

0%
[El
Hu
it}
Im

I Organizational | 7| ®H|
Focus on

Project I
project attributes

and physical component
items

ALElE X+

q

Focus on
field action and
technological

processes
Process

|

4] pereE
=
y

)

5tel A2 Work task V=R

d

—* =

Description and Basic Focus

Company structure and business
focus

Head office and field functions

Portfolio of projects

Gross project attributes: total cost,
duration, profit, cash flow, percent
complete

Project definition, contract, drawings,
specifications

Product definition and breakdown
into project activities

Cost, time, and resource control
focus

Attainment of physical segment of
project equated to time and cost
control

Current cost, time, resource use

Status focus

Construction methed focus
Means of achieving construction
Complete itemized resource list
Synthesis of work processes

Basic technological sequence focus

Logical collection of work tasks

Individual and mixed trade actions

Recognizable portion of construction
operation

Fundamental field action and work
unit focus

Intrinsic knowledge and skill at crew
member level

Basis of work assignment to labor

FIGURE 1.12 Management levels in construction
- 32/240-
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1.14 Management Levels of Construction

OH

- x = T1
2o SY 2 LE UE Z2HE At Curtain wall
system

Project : Installation of all exterior glass and panel wall
construction on the Concourses of the Hartsfield
International Airport, Atlanta, GA

Activity : Glass and panel installation on Concourse A, Bays

382 Y =

65-72

Concrete

Operation : Frame installation to include preparation and columns

installation of five panel frames in each concourse bay;

Temporary  Panel

Metal siding

column cover plate installation clips
Concrete Top clips

Process : Sill clip placement; mullion strips installation. e \|—| \ ‘ ‘ ‘ ‘H ‘ H‘H ‘ ‘
Glass placement in frame; move and adjust hanging | - | | W M I | ] J_|_|_|_|_u

Neoprene
scaffold ok J flashing

. . N Column
Work task : Locate and drill clip fastener; unload and {;g;eer”
position mullion strips; strip protective cover from glass ‘ ‘ ‘ ‘ H ‘ | ‘ ‘w ‘ ‘
Alummum
panel; secure scaffold in travel position Concrete I
Sill clips beam Metal siding
FIGURE 1.13 Schematic of concourse building 20
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CHAPTER 2

PREPARING THE BID PACKAGE

X217 History and Basic Concepts

X272 Preparing the Bid Package

X[3%  Issues During Construction

XN[4Z  Contracts

XN[5Z&  Legal Structure

XNl6Z  Impact of Taxes

X7 Project Planning
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XM[14%  Equipment Ownership
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X167  Construction Labor
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X182  Cost Control
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2.1 Project Concept and Need

A X} |%‘
(Design) Build)
27K "o R Design/Build o“il
| MasA  HELA S oA A
g = - oIkt {2 2t
E@ Conceptual Approval of Preliminary Bid SEMR 2R
design conceptual & final package
Need & design design plete
established

Bid period
& receipt of
proposals

Advertise
notice to
bidders

Decision to

Select
release

contractor

Notice .
to proceed
klgl Ed
—_
MEA 4 HetM He UE 31 UE 2H
Constryction &I:?c):;g?ce |
period of project

A& =8

FIGURE 2.1 Project development cycle for new project

QO Private & public projects
v' Private : Manufacturing plants, hospitals, research laboratories, hotels and
commercial buildings, communications networks etc.

v' public : Bridges, tunnels, transportation facilities, dikes, and dams etc.
22

2.2 Establishing Need

U The first step in any project is the establishment of a need and a conceptual definition

and refinement of the facility that will meet that need. HEM CHA= Q@ FALR oot O
RTALS EFAI7|7] fIeH A0 Ciet ot &2 OFEste A

O MEF2-AIY ZAL EHE Y 24 (Feasibility Study), H&&4

Q A=HSAHIFH FXRHS 270 o3l Efdd 242 LHE0| 278: A= SAt7F AL Bt 8ol Ch e
THE 2%
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2.3 Formal Need Evaluation

U Deciding whether or not to proceed with the preliminary and final design
1. Cost/benefit analysis

2. Graphical representation of the project (e.g., sketch or artist’s rendering) and a
layout diagram of the facility

3. Cost estimate based on the conceptual-level information available

U Benefit
v' Tangible (212X 0l &1}
v Intangible (Z'&Xl &1}

2.4 Conceptual Drawings and Estimates

U Conceptual documentation to potential funding sources (e.g., banks and investors)
HMHE EXXOIA M SSt= 7HEHE =72 XM (7|22

U A cost estimate based on the conceptual drawings and other design information (e.g.,
square footage of roof area, floor space, size of heating and air-conditioning units, etc.)
is prepared. 7H & & A0 243 HE F7

U A projection of cost to the future date on which construction will begin is required.
Z2HE dAl AFe =2 7|2 H| &2 FHot= A0 HR(E7IUHYE EQ)

v The projection is made using the Engineering News-Record (ENR) indexes of basic

construction cost. Construction m Buildin m Material |
Cost Index Cost Index Cost Index

111111 INDEX VALUE  WONTH  TEAR " BOELVALR  MONTH  TEAR
l)‘.\‘s"ll- IOH COST 104261 +01%  +10% BULDING 05 HUE I 28
COMMON LASOR MRS L% AT | saurovem eoo D% <% | CEMENT £TO0M

28 0% AT | g M® 0% 2w | STEELSONT
LUMBER $'MOF 518.41




2.4 Conceptual Drawings and Estimates
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FIGURE 2.2 Project proposal: layout sketch and outline specification
Military Post Office Project

2.4 Conceptual Drawings and Estimates

2 M3 ZEHE AR

TO: Chief of Engineers FROM: Louisville District Tx ?J':;ar;‘.':‘:::[g:};:: . FROM: E»ﬁ:;»:r;:;;::ﬁ 6. Landscaping
Dy ent of the Army [« f Engine, ‘ g
Wechiogion, DG T Lovsrtie by Wasthingion, D.C. Loussville, KY Description Quantity  Unit  Unit Price  Totals (S000)
. . Description Quantity  Umit  Usit Price  Totals ($000)
Fiscal Year Date Prepared: Y Soriggi )
ng and seedin 1.6 Acre $1500.00 2.4
XX 14 Oct 2XXX R L‘;’zgg‘[ g e Tob 28
:’amc and Address of AE. c"i::;‘i:]o 100 linfe 475 %“ Subtotal 52
TRAC b. Warer 7. Communications
Basis of Estimate AE. Fee 3in. Water line 5 linf 860 3l a. Telephone LS F1400.00 14
Budget Sketch & 1391 N.A, Jin. Gate valve and b. Su b
; . N . Support (within
Name and Location of Installation Type of Construction I'ut:‘;ydr.ml\ ; E:: e i building)
Ft. Campbell, Kentucky Permanent Connoioms to 100 Pr. DB Pie
Status of Design existing lines 3 Exh 50000 A3 Cable 600 LF 1.26 0.8
Preliminary 0% complete Final 0% complete . Sﬂ:"‘"“'" a4 51 Pr. DB Pic
Line Item Number Description of Facility 6-in. sanitary sewer 25 Eaft 1200 28 Cable 550 LF 072 0.4
1 Pest Office 8-in. sanitary sewer .\Tf in ft 1400 53 Splicing sleeves
Final Design Completion Date oo 1 ERE = and material LS $900.00 0.9
Not Authorized manhole ’ | Esh 25000 2 Labor LS 25
Subtotal s Subtotal 6.0
Description Quantity  Unit  Unit Price  Totals ($000) d. Gus
1} in. gas line 1000 Enh a0 a1
1. Building 13 in. plug valve .
General construction 13725 Sqf 2.4 $579.7 and box I Esch 20000 0z Total estimated cost
Plumbing 13725 Sqft 242 332 Connet to existing I Esh 1760 0z (excluding design, but
Heating and ventilating 13725 Sqi 268 368 sireen and parking g F including reserve for
Air conditioning {0-ton) 13725 sqit 762 1046 .oty - Ik = as contingencies and su
Electrical 725 it 576 9.0 Subtotal B men per
-bectrical 13735 Sqit =1 i 3. Site Work vision and administration
.§|.|I:Jlul:|'| 13725  Sqn 60.72 B333 Clearing and grubbing 24 A 00 12 (S&A) 1054.75
2. Ulilities Borrow cxcavation 1000 cuyd £00 00 1. Estimated contract cost 009,05
a. Electrical Remave B. T. paving 1070 sq vd 400 43 = A d B
Transformers 1125 kVA 50 56 o Subtotal s § ?esewe for on:lmggncles 10 percent 090
Poles with X-arms, . Paving . Supervision an
ins. insulati Paving-1} A.C. and . . i
p:mt_ insulation, 4 " " iy 3950 sqpd it o admmlst_lallon (S&A),
elc. Each 20 29 . 77 i 2 total estimated cost
Dead cuk é Eah 8 1 aggr. base 225 it 850 192 1 A
Dow b d = = 6ein. P.C. concrete (excluding design, but
;::mi‘:? an - - . paving 380 sqyd 2000 16 including reserve for
- - 3ein. painted parkin, A :
Fused cutouts and o 1680 lin e 850 09 contingencies and
LA. 6  Each 0 rl Concrete sidewalk 0 sqyd 18,00 19 supervision and
#6 Bar Cu. Subtotal 51 administration) 54.8
conductor 2400 lin @t 30 0.7 5. Storm Damage ! . o . 1034.75
#30 Neoprene 15-in. concrete C1. 11 pipe @ i 18/ 0 4. Design
" " 15:in. concrese C1. 111 pipe Wl 20,00 04 ity il
Brvbrphrin 6 Eall i i Reia. drainage structere District expenses e of it
arking arca lights ) concrete 8 cuyd 300.00 24 liminary and final 0.0
on aluminum pole 7 Each 93341 6.5 prel ¥
3C 18 DB 600-V ] - ) b i - i Subtotal
£ - 5 o z

FIGURE 2.3 Current working estimate for budget purposes
7
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2.4 Conceptual Drawings and Estimates

Construction Cost Index History

How ENR Builds the index: 200 hours of common labar at the 20-city average of common(laborrates, plus 25 owt of standard structural(steel)shapes at the mill price prior to 1996 and
the fabricated 20-city price from 1996, plus 1.128 tons of portland(cement)at the 20-city price, plus 1,088 board-ft of 2x4(lumberlat the 20-city price.

=X

=
ANNUAL
ANNUAL AVERAGE JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. AVG.
1919 198 | 1938 236 | 1957 724 | 1976 2401 1991 4777 4773 4772 4766 4801 4818 4854 4892 4891 4892 4896 4889 4835
1920 251 | 1939 236 | 1958 759 | 1977 2576 1992 4888 4884 4927 4946 4965 4973 4992 5032 5042 5052 5068 5059 4985

1921 202 | 1940 242 | 1959 797 | 1978 2776 1993 5071 5070 5106 5167 5262 5260 5252 5230 5255 5264 5278 5310 5210
1922 174 | 1941 258 | 1960 824 | 1979 3003 1994 5336 5371 5381 5405 5405 5408 5409 5424 5437 5437 5439 5439 5408
1923 214 | 1942 276 | 1961 847 | 1980 3237 1995 5443 5444 5435 5432 5433 5432 5484 5506 5491 5511 5519 5524 5471
1924 215 | 1943 290 | 1962 872 | 1981 3535 1996 5523 5532 5537 5550 5572 5597 5617 5652 5683 5719 5740 5744 5620
1925 207 | 1944 299 | 1963 901 | 1982 3825 1997 5765 5769 5759 5799 5837 5860 5863 5854 5851 5848 5838 5858 5826
1926 208 | 1945 308 | 1964 936 | 1983 4066 1998 5852 5874 5875 5883 5881 5895 5921 59290 5963 5986 5095 5991 5920
1927 206 | 1946 346 | 1965 971 | 1984 4148 1999 6000 5992 5986 6008 6006 6039 6076 6091 6128 6134 6127 6127 6059
1928 207 | 1947 413 | 1966 1019 | 1985 4182 2000 6130 6160 6202 6201 6233 6238 6220 6233 6224 62050 6266 6283 6221
1929 207 | 1948 461 1967 1074 | 1986 4295 2001 6281 6272 6279 6286 6288 6318 6404 6389 6391 6397 6410 6390 6334
1930 203 | 1949 477 | 1968 1155 | 1987 4408 2002 6462 6462 6502 6480 6512 6532 6605 6592 6589 6579 6578 6563 6538
1931 181 1950 510 | 1969 1269 | 1988 4519 2003 6581 6640 6627 6635 6642 6694 6696 6733 6741 6771 6794 6782 6695
1932 157 | 1951 543 | 1970 1381 | 1989 4615 2004 6825 6861 6957 7017 7064 7109 7126 7188 7298 7314 7312 7308 7115
1933 170 | 1952 569 | 1971 1581 | 1990 4732 2005 7297 7298 7309 7355 7398 7415 7422 7479 7540 7563 7630 7647 7446

1934 198 | 1953 600 | 1972 1753 2006 7660 7889 7692 7695 7691 7700 7721 7723 7763 7883 7911 7888 7751
1935 196 | 1954 628 | 1973 1895 2007 7880 7880 7856 7865 7942 7939 7950 8007 B80S0 8045 8092 8089 7967
1936 206 | 1955 660 | 1974 2020 2008 8090 8094 8109 8112 8141 8186 8293 8362 8557 8623 8602 8551 8310
1937 235 | 1956 692 | 1975 2212 2009 8549 8533 8534

Base: 1913=100

FIGURE 2.4 Engineering News-Record construction cost indices

2.5 Preliminary and Detail Design

U The drawings are a graphical or schematic indication of the work to be accomplished.
> EAE

U The specifications are a verbal or word description of what is to be constructed and to
what levels of quality. > A|gfA]

U When completed, they are included as legally binding elements of the contract. >
BAEM: HH 25 MFEAM Ao 22

U The design team leader coordinates the efforts of architects and engineers from
differing disciplines.

O The disciplines normally identified are architectural, civil and structural, mechanical,
and electrical.
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2.6 Notice to Bidders

U Because of his commitment to the owner to design a facility that can be constructed
within a given budget and at an acceptable level of quality, the architect/engineer
wants to be sure that the lowest bid price is achieved. Z| X7t 2| & « 0Of & x| 2f

QO YE KNS YE : the general type and size of the project, the availability of plans and
specifications for review, and the time, place, and date of the bid opening.

O In some large cities, a builder’s exchange may operate to serve the contracting
community. > of)) LIZtEHE 3t S33A Y& 31 (FedBizOpps.gov)

O Paid services such as Dodge BidPro (©Dodge Data & Analytics) provide detailed
information customizable by date, geographic area, type of project, and other

customizable parameters. > S Q& AH|A

Hel Stk J|M T2HE AFZ|  Notice to Bidders

2.6 Notice to Bidders

g B EE HE A BA

FIGURE 2.5 Typical notice to bidders

FOR
CONSTRUCTING SEWERAGE SYSTEM IMPROVEMENTS
ST. VINCENT HOSPITAL
FOR THE
FRANCONIA MONTANA BUILDING AUTHORITY
CITY BUILDING - FRANCONIA, MT

Sealed proposals will be received for Constructing Sewerage System Improvements,
Contract A, for the Franconia Mentana Building Authority at Room 938, City Building, 123
Courthouse Square, Franconia, MT until Noon, 29 September . at which time and
place they will be publicly opened and read. Bidding information on equipment in Section
No. 6 shall be submitted on or before 15 September

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

Approximately 12,400 L.F. 38" Sewer Pipe, 5,600 L.F. 30" Sewer Pipe, 7,300 L.F. 24"
Sewer Pipe, 324 L.F. 30" C.I. Force Main, 50 L.F. 8" C.I. Force Main and all other
appurtenances for sewers.

Proposals shall contain prices. in words and figures, for the work bid and must
be accompanied by a certified check or bid bond of a reputable bonding company

authorized to do business in the State of Montana, in an amount equal to at least five (5%)
percent of the total amount of the bid.

Upon the proper execution of the contract and required bonds, the checks or bid bonds of
all bidders will be returned to them.

If Proposals are submitted via mail rather than hand delivery they should be addressed to
Mr. A. J. Smith, Director, Dept. of Administration, Franconia, MT, Room 512, City Building,
123 Courthouse Square, Franconia, MT.

Performance and Payment Bonds: A contract performance bond and payment bond, each
in an amount equal to one hundred (100%) percent of the contract amount, will be required
of the successful bidder.

Withdrawal of Bids) No submitted bid may be withdrawn for a period of sixty (60) days after

the scheduled closing time for the receipt of bids.

Plans, Specifications and Contract Documents: Plans, Specifications and Contract
Documents are available for inspection online at www.franconstruct.mt or at the offices of
Senior Consulting Services, 695 Pinehurst Drive, Francenia, MT. Copies may be obtained
for a deposit of $250 for all plans and specifications. Deposits will be returned for
documents returned in undamaged condition within thirty (30) days after the date of bid
opening.

Since this job is partially federally funded, Davis-Bacon requirements for
minimum wages are in effect. Minimum wages for all workers must be paid as determined
by the Secretary of the U.S. Department of Labor, Decision No Al-xxx. and included in the
General Conditions of this Contract.

[Acceptance or Rejection of Bids) The right is reserved to accept or reject any or all bids and
to waive informalities.

SINCE THIS PROJECT IS PARTIALLY FEDERALLY FUNDED BIDDERS WILL BE
REQUIRED TOC COMPLY WITH ALL RELEVANT FEDERAL EXECUTIVE ORDERS AND
REQUIREMENTS. THESE ORDERS AND REQUIREMENTS ARE EXPLAINED IN THE
CONTRACT SPEFICATIONS.

FRANCONIA MONTANA BUILDING AUTHORITY
SIGNED G. LUCKO, Sec. Treasurer
=39/240- -
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2.6 Notice to Bidders

Federal

* FEDB1ZOPPS.COV timnies

Opportunity Agency/Office/Locationy ~ Type 4 /Set-aside v  Posted On a
. Department of the Arm:
@1 Herbert Hoover Dike Rehabilitation Structure s, S-201 | (P s ot
IP-3), Reconstruction. Glades County. Florida ] Presalicitation
s . Engineers {Madified) May 17, 2016
W812EP-16-R-0010 ) USACE District,
. nstruction of structures and faciliti Jacksonville
@ N Access Bridge Rehabilitati U.S. Army Corp: Hepsrtment of the Ammy
larrows Access Bridge Rehabilitation, U.S. Army Corps
WO12EE-16-R-0014 Efg":e:",;’ Gompe ol Presolicitation May 17, 2016
- Construction of structures and facilities USACE District, Vicksburg
@J FC MRA&T, Yazoo River Basin, Black Creek & Abiaca Creek
Watersheds, Carroll County, MS.Mississippi Deita F s D it of the Army
Project, Bank Stabilizati: BS-11-01. Little Creek. Riser Pipe U.S. Army Corps of Presolicitation / May 16, 2016
Grade Control Structures, RP-10-04 Engineers Competitive 8(a) y 16,
W912EE-16-B-0007 USACE District, Vicksburg
Canstruction of structures and facilitie
Department of the Army
@1 Repairs to the Plymouth Long Beach Dike, Plymouth, U.S. Army Corps of Prasallchalion Tol
W912WJ-16-8-0011 Engnipans Small Business May 13, 2018
Const 1 of structures and facilities USACE District, New
England
. Department of the Army
a E?w.hogsla. Creek Bridge Fort Hood. Texas U.S. Army Corps of Presalicitation / Total TR
W9126G-16-R-007 Engineers Small Business ¥
. 1 of structures and facilities USACE District, Fort Worth
Department of the Army
@) ILLINOIS RIVER BASIN, LaGRANGE LOCK AND DAM, U.S. Army Corps of
W912EK-16-R-0013 Engineers Presolicitation May 12, 2016
¥ -- Construction of structures and facilities USACE District, Rock
Island

FIGURE 2.6 Example of FedBizOpps.gov available project listing
12

2.7 Bid Package

U The documents that are available to the contractor and on which he must make a
decision to bid or not to bid are those in the bid package. Y& ZE HtE o= Q& A7}
o Z27d

U In addition to the plans and technical specifications, the bid package prepared by the
A/E consists of a proposal form, general conditions that cover procedures common to
all construction contracts, and special conditions, which pertain to procedures to be
used that are unique to this particular project.

U All supporting documents are included by reference in the proposal form.

Natice
to bidders

FIGURE 2.7 Bid package documents
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2.7 Bid Package

U Bid package = Bid Form = Award of Contract(Notice of Award) = Notice to Proceed

Builder Contractor Builder Contractor

U The prices at which the work will be constructed can be stated either as lump-sum or
as unit-price figures. U = THIF7|F 7HE HA|

O In many instances, the project duration in working or calendar days is specified in the

special conditions portion of the bid package. 2Lt 2HY(ZEL + HZFY) 7| =22
SAZ[ZH R Al

14

2.7 Bid Package

PROPOSAL
TO THE FRANCONLA MONTANA BUILDING AUTHORITY
=} LDING
FRARCONLA. MT
Submitied - DATE ___, 208X
The undersigned, as Bidder. hereby declares that he caly parssn of persons interested in
Ehe Proposal as principal or principals is o are named hersin and that no ather parson than
herein mentioned has any inerest in this Proposal of in the Contract 1o be entered into; that
this Proposal is made w#out CoRNECtion with any other persan, Company. of parties
making a bid or Proposal; and that i is in all respects fair and in good faith without collusion
of froud
The Bidder further deciares tat e or she has examined the site of the work and informed
himsei or hersed fuly in regard 1o all condifions pertaining b the place whare the work s i
b dona: that e or $he Nad examined th plans and specifications for the work and
coniactLal cocuments relatve thereto. and fas read 81 Special Provisions and General
Condiians furnished prior 1o the cpening of bids: and that he or she has satisfied himsalf or
herseif relatve to the work 1o be periormed
The Bidcer proposes and agrees, if this Proposal is accepted, 1o contract with the
Franconia Montana Buikding Authaority in the farm of contract specified fo furnish ait
necessany material. equipment. machinery. 1905, apparatus. means of transporation. and
labor. and fo finish the :mslru:lnno!tm work In compigte accordance with the shown,
nated. cescrived, and of tha plans and
and contract documents 1o the full and entine satisfaction of the Authority with a definite
understanding that no maney will be aliowed for extra work except as set forth in the
atiached Genersl Condrions and Contract Documants. for the folowing prices
CONSTRUCTING SEWERAGE SYSTEM IMPROVEMENTS
CONTRACT &

c - ST VINCENT HOSPITAL
Ck7} 7| &= 712 B A} Coecton 1 uniPrice Vi
(For part payment—axcept rock excavalion—by und prices. 1o establsh price for vaniation in
quantities. include balance of quantities for thase Bems—except rock axcavation—in ump

sum bid for Section 2)
Item # Cuantity Unit  Description Unit Price Total Price
1 250 cuyd Rock Excavation 5 5
PR nft & CLForceMain 5____ S
a 20 tuyd Trench Excavation $___  §__
4, 200 |sqyd Paving 53
Sublctal Section 1, lsem Nes. 112 4, Inclusive Total §___
xoll 7| 7} ZA}
fem#  Description Tatal Price
5 Euxcavation and Fill
(o) Access Roadway L I
b} Structure Excavation and Backfll §___
ie) Finish Grading I
Totai for Bem Mo, & |
& Paving
(] Access Roadway ]

By Staticn Area 5,
Total for item No, & i
il Concrate Wark £

The Bidder furthér proposes and agrees herely 1o commencs work Lnder the contract, with
adequate force and equipment, on a date 10 be specified In o written crder of the Engineer.
and shal fully compéets &1 wark Mere Under within the fime stipuiated, from and including
said date, In 300 consecutive calendar days.

The Bidder further declares that he or she understands that the quantities shown in the
Proposal are subject to adjustment by sither increase or decrease. and that should the
quantities of any of the items of work be increased, the Bidder proposes 1o do the additonal

work Bt e Lnit prices stated herein: and should the quantities be decreased, the Bidder
also understands that payment will be made on the basis of actual quantities ot the wnit
price bid and ¥l make no claém for anticipated profits for any decrease in quantities. and
that actual quantities will be determined upan completion of the wark, at which time
acjustment wil be made o the Contract amount by direct increase of decrease.
The Bidder further agrees that. in case of falure on his or her part 1o execub
Construction Agreement and the Bonds within fen (10} conseculive days afler writhen notice
Bbeing given of the award of the Contract, the check of bid bond accompanying this bid, and
manies payabés therecn. shall be paid info the funds of the Franconia Montana Bulidng
Authority, Franconia, Montana. as liquidated damages for such faiure. othersise the check
or bid bond accompanying his or her Proposal shall be returned 10 the undersigned
Aftached hereto is a bid bond by the in the amount of

Dcllars [ ) made payable o the Franconia Montana Buiding
Authority, Franconia, MT. in accordance with the condtions of the Advertisement for Bids.
and the pravision herein
Submitted
By
Tite:

Hote: i the Bidder Is a corporation, the Proposal shall be signed by an officer of the
corporation: If & partnesship, It Shadl Be signed by a partnes. If signed by cihers, authorty far
signature shal be attached.

Agdrass:

LS. {Legal Signature)
LS

FIGURE 2.8 Example proposal form
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2.8 General Conditions

O EFAYEAM NS 23 4 : Acommittee for engineer documents has been formed
jointly by the American Consulting Engineers Council, the National Society of
Professional Engineers, and the American Society of Civil Engineers to prepare
standard contract documents.

U The committee is called the Engineers Joint Contract Documents Committee (EJCDC).

QO EEALEAM SN :These documents have been endorsed by the Associate General
Contractors (AGC) of America and the Construction Specifications Institute (CSl)

a 2|, E3, M HA|:The rights, privileges, and responsibilities that accrue to the primary
contractual parties in any construction contract are also defined in the general
conditions. Therefore, sections pertaining to the (1) owner, (2) architect (or architect/
engineer), (3) contractor, and (4) subcontractors are typically found in the general
conditions.

Q =7tE SARLZ St= A[oFof 2ot BE, AT, Al

16

2.8 General Conditions

O American Institute of Architects (AlA)’s general conditions are listed below:
1. Definitions H2|

. Preliminary matters 7| &2 Atgt

. Contract documents #2f M &

.Bonds and insurance EZ M L EH

. Contractor’s responsibilities A| S Xx}2| %4 Q]

. Owner’s responsibilities & Xto| 4 Q]

. Engineer’s responsibilities & 7| X}2| x4 |

. Changes in the work 1+2 #HZ

O 00 N OO L1 b W N

. Change of contract price 7| 2= 2
10. Change of contract times A 7| 7t #H 4
11. Test and inspections A& 5! A At

= %

3=

M

12. Payments to contractor and completion SAtCHZ

A >

13. Suspension of work and termination %2 &t X T=

14. Dispute resolution 2% s 2
17
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2.9 Supplementary Conditions

U Modifications to the basic articles of the gene

deletions, or substitutions. Yt =710 Cist =4 .

ral condition in the form of additions,
Z=7F AN, CHA

e

U Additional articles of a contractual-legal nature that may be desirable or necessary for

a particular project. #& g9 F7t EA

18

2.9 Supplementary Conditio

SPECIAL CONDITIONS
INDEX

Paragraph Tile Page  Paragraph
Ho. Me. N,

5C-1 Commencemant, Prosection. and Completon af Work SC-1 scas
sc-2 Liquidated Damages SC-1 gear
sC-3 Contract Drawings, Maps, and Speciications SC1 scas
3C4 Construction Dravwings SC4 goas,
SC-5. Physical Dats SC-5
306, Fates of Wages SC-6
SC-7. ‘Variations in Estmated Quantities. SC6
5C-8. Gavemment-Fumished Property SC-7
SC-9. Water 8C-T
5C-10 Electricity 8C-7
SC1 Layout of Work and Surveys LT
SC-1 Paymaents for Mobiization and Preparatory Work SC-8
$C-13 508
SC-14, 5C8
SC-18 8C-11
5C-16 uing and Determination of Progress sc-12
SCaT Parformance of Work by Consracior 5Ca1.
sC-18 Certficates of Compilance SC-12
SC-18, Piant Lay-out Drawings sc-12
SC-20 Approved Aggregate Scurces 5C-13
SC-21 Testing SC-14
sc-a2 Work Areas SC-14
sC-23 ‘Werk under Cther Contracts. SC-14
5024 Parmits 5C-14
SC-25. P s and Parts of Standard Manut, SC-14
SC-26 Protective Headgear SC-15
sc-27 Inspection and Testing of Construction Equipment SC-15
SC-28 Werk to Be Done by Other Agencies SC-15
SC-28 Protaction of Constructed Faciities SC-16
C-30 Protection of Utiites. SC-16
SC-31 Use of Local Aoads and Streats 5C.18
SC-32 Mairtenance of Street Traffic 5C-18
5C-33 nrsytvaréa Radroad Company and West ngl\e'm e
o Constn § i ol 8C-1T
Radroad Right-of-Way and W ﬂl inghouse Eleciric Corp. Property
SC-34 Cofferdams and Flood Stages SC-19
SC-38 Watchmen and Danger Signs 5019

ns

PART I
SPECIAL CONDITIONS
INDEX

Title Page
Mo,
Sequence of Operations 5C-20
Acceptance of Work 5C-21
Insurance Policies to Be Fumished 1o the Govemmaent SC-Z

Payment

FIGURE 2.9 Special conditions: typical index of special conditions

- 43/240-
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2.10 Technical Specifications

U 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. ASf A| =& 1Yol 7|=X SHZ Hs| M=d 7l UAS

QO This is accomplished visually through the use of drawings. 87 =

O A verbal description of the technical requirements is established in the technical
specifications. 7| A% A

20

2.10 Technical Specifications

O A typical index of specifications for a heavy construction project might appear as
follows:

1. Clearing and grubbing

Uttt AT EBAS
22 8 X| B A}
2RI A HBA

10. Painting
11. Seeding

2. Removal of existing structures
3. Excavation and fill
4. Sheet steel piling
. ne pr ion
5. Stone protectio ST AMEE LA A
6. Concrete
7. Miscellaneous items of work 1. &
o 2. EZA
8. Metal work fabrication 3. X2 I|EXZA
= i
9. Water supply facilities ‘5‘- =2 ESA
6.
7.

- 44/240-
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2.10 Technical Specifications

ASCE/SE! 7-10 Minimum Design Loods for Busdings and Omher Structures.

211,191 Standard Practice for g Propartions for Nofmal, Heayweight. and
Mass Concrate (Reapproved 2000

211.2:38 Standard Practce for Selecting Propartions for Structural Lightweight
Concrete (Reapproved 2004

294R-11 Evaluation of Streng® Test Results of Concrete.

301-10 Specifications for Snuchural Concrste.

g Code Requirements. for Structural Concrots and Commentary.
10 Setsmic Dasign of Pusthing Sheat Renforcement in Flat Plates.

03 Spectication for Tolarances for Precast Concrate.

1 Large-Scale Sructural Testng

30%,1-05 Specification for Hot Weather Concrating

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

£30/830.1-13 Buiiding Code Requiremants & Speciications for Mascnry Structures.
013

ATESATBEM.07 Standard Specification for Stesl Weided Wire Reinforcement, Plain,
for Concrese

ASLLATIMOT Standerd Speciiation for Epory-Coated Prelabreated St
Reinforcing Sars

©270-08a Standaed Specification for Maortar for Lint Masonsy.
C45.09 Standard Specification for Concrete Bulding Brick

C109/C109M-16 Stancand Tast Methed for Compressive Srength of Hyerauie
Comant Mortars

C1118CT118M-108 Standard Specification for Fiber-Rentorced Concrate
C1325-08 Standard Specification for Mortar Cemant,

C140/C 140M-14 Stancard Test Methods for Samoling and Testng Concrete
and Relsied Units.

dard Specification for Concrate Aggregates.
indard Test Metned for Compressive Strengin of Cylindrical
2

dard Test Memhod for Obtaining ana Testing Citied Cores and
oncrate

dard Specification for hasonry Cemant
ndard Specification for Fleady

CHTT-2010 Stancard Spechication for Quickinee and Hydrated Lims for Sol
Stabiization

C©1328-05 Standard Specfication for Plastic (Stucco} Cement
C141/C141M-014 Standard Specilication for Hydrated Hydraulic Linw for Stnuctural
Purposes.

AWS D1.4D1.4M: 2011 Structursl Weidisg Code—Rminfercing Stest

NEHRP Recommanded Provisions and Commantary for Setsmic Regulations for
New Buildings and Other Structures. 2003 Edson.

Concrete Piant Standards of Concrate Piant Manufacturers Bureay (158 Rvision,
2001).

Truck Miver, Agitator and Front Discharge Concrate Casier (186 Revision. 2001)

Reinforcement, Anchorages and Spices, 30 Edition 2008

FIGURE 2.10 Typical references to structural inspection and testing standards
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2.11 Addenda ==

O HEAE SA

U The bid package documents represent a description of the project to be constructed.
They also spell out the responsibilities of the various parties to the contract and the
manner in which the contract will be administered. &M & : Z2HE &It HE0
ZEZMEQ| 2T E O[S FARFZ 2| X Q10f CHsH M=

O Any changes in detail, additions, corrections, and contract conditions that arise before
bids are opened that are intended to become part of the bid package and the basis for

bidding are incorporated into the bid package through addenda. BIAAE S FIHE EES
SHSE>EFE- HE s A= dEMF LR

24

2.12 Decision to Bid

U Estimating is the process of looking into the future and trying to predict project costs
and various resource requirements. ZTZHE H[& =7

0 Studies reveal the fact that the most frequent causes of contractor failure are incorrect
and unrealistic estimating and bidding practices. 28t H| =N > 7t& 2 A1 29I

U Quantities of Materials = Direct Cost = Indirect Cost 2 Management and Overhead
Cost - Total Cost

O A common rule of thumb states that the contractor’s estimating cost will be
approximately 0.25% of the total bid price. & =H| |82 T2 M E H|- 89| 0.25%

O T ERHOZ4H T 1 of S& Al HYE Al 2RE HIES
=zl A HE > S

25
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2.13 Prequalification

SR

O Each contractor interested in preparing and submitting a bid is asked to submit
documents that establish his firm’s expertise and capability in accomplishing similar
types of construction. ¥FXt= A|SAtHO|| CHSH FA S AL CHSE Al S AL E 8T

50| gle A 220 HXN7HE M= et A2 Atof| CHof 1 2h

or

0 YFExemENE

i

> PQ AARER}

azn > QAI?I%%%'> ﬁgx1$x1|§> x1|§x1$g:~+>
maaxr+ﬁ¢;> +4A|m+§m> o|94+|§-x+a> ﬁggg-w%

P PQ ALY

o 7l& ol 53 Tt
Al »
§|g§§",§§* Pass | AIZ Zg, AIZT| 2, | 903
seeries 2 sY e S

me
L
5

26

2.14 Subcontractor and Vendor Quotations/Contracts

U Prime Contractor =72 X}

U Subcontractor(&4 AL Y, nek M7|, 7|14, E41 §) + Vendor(XHxf 32)

U The contractor integrates these quotations from subcontractor and vendors into the
total bid price. FA AX= Stz S At A SEALL| 4K S 6 &0 S8

27
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2.15 Bid Bond gzezz. gux Ao xz 2= oy

O A construction bond, therefore, involves a relationship between three parties: the
principal or party who might default, the obligee or party who may be damaged or

lose some advantage, and the surety who will offset the damage or loss of advantage.
LA AlSAL EF A AR &5 - d7tsdE Tib|et 25 M A

o o=

Q 2t OftH Contractor?t $3,000,0000] < &t

2 olg 7|50, A &=/ X+l $3,080,0000i
o

o
SE3 Contractor0f 7| HEE|ACHH, LR &34 $80,0008 YEESF0M 5.
(]

=

AHBS IS 54 BABAQI 5% +F.

Obligee
(owner)

Principal
(contractor)

Surety
(bonding
company)

FIGURE 2.11 Bonding relationship (three-party)

28

2.16 Performance and Payments Bonds

Q If the contractor is awarded the contract, performance and payment bonds are issued.

O A performance bond (O|#E53: H& X SAF =8 A& CfjH]: Owner & Contractor) is issued
to a contractor to guarantee the owner that the contract work will be completed and
that it will comply with project specifications. Contractor > 0|23 & > Owner

O In other words, a performance bond protects the owner against default on the part of
the contractor in performing the project as required.

U A payment bond (X223 3: FAYXC| AL F X|& 26 42 CHH|: Prime Contractor &
Subcontractor, Vendor) is issued to guarantee the owner protection against any liens

or charges against the project that are unpaid as a result of the contractor’s default.
Prime Contractor > X| 2233 > Subcontractor, Vendor

U Contractor Tt A| Subcontractor?t Vendordi| Al CHE X| 282 2 AtE, Contractor 54 27|
Al Xt= K| @

=

SAtE s ZAk(Troubleshooters) DBE 27 > X 24 Al S§ ZALE FA FYBIH SAZHASE
o

29
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2.17 Cost and Requirements for Bonds

U Performance and payment bonds are issued for a service charge. The common rate is
1% or $10 per $1,000 on the first $200,000 of contract cost. At higher contract costs,
the rate is reduced incrementally.

O 2ESEH A= O[AESE B Al 2 7rA S 2A KO A o2& E+ettt

U The Miller Act (enacted in 1935) establishes the level of bonding required for federally
funded projects. Performance bonds(0|& 23 3) must cover 100% of the contractor
amount while payment bonds(X|2 23 3) are required based on a sliding scale as

follows:
1. 50% if the contract is $1 million or less T K| 3AF 22U  50% 2 HHE £ = EHSHE QF
2. 40% if the contract is between S1 and S5 million

3. Fixed amount of $2.5 million if the contract is greater than $5 million

30
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CHAPTER 3

ISSUES DURING CONSTRUCTION
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3.1 Acceptance Period/Withdrawal

B

U Bid PackageOf 2| &4l A,
a

opot o

a

Project Cycle— Construction Phase

AL
(L

Al
=

Prior to the close of the bidding period (i.e., bid o
withdraw their bids without penalty. % 7|7t

K

=0

YRS 72t LYo SRRLE HOIR| e

Written
notice to proceed

Notice to Bid
bidders opening Formal contract Rlot
\Vi X Ot M3 75 | mlot "3l 2ots 5]
\ N J s
g P 3
Bidding period Acceptance

HIQH H|Z 712+

ALl &

period (60-90 days)

NIotM "I} 7|2k

FIGURE 3.1 Chronology of bid procedure

3.2 Award of Contract/Notice to Proceed

Provisions of the contract usually direct that selected bidders commence work on the
site within a specified period of time, such as 10 days. A2 & 27X 7|7t Ljof| £t-5 & 8}jOF &t

-1 T =2 O o=

5to] ZE Y AL

51240l ContractorZt 21 ¢

k=13
==

UO{OF ZHA| 7.

A
T M
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3.3 Contract Agreement

U Although the issuance of the notice to proceed establishes the elements of a contract,

this is formalized by the signing of a contract agreement: SArS| T2 72k MHS
Ste 2 M SA3E. AU MZ2 A SX SA M S YFX| E=HS S sS4 g

O It pulls together under one cover all documents to include 7|2 A| & 2 A]
(a) the drawings &7 =
(b) the general conditions &gt &7
(c) the supplementary conditions £+ =4
(d) the technical specifications A% A

(e) any addenda describing changes published to these original contract documents.
HE A

U Standard forms of agreement developed by the Engineers Joint Contract Documents

Committee (EJCDC) = EZF A %A 0|8, Z7HE SHAIXIE Sh= A ot0f) ot M E A A] > HX|

75 MAL BALE FEEA N

4

3.4 Time Extensions

QO In case of delay, the contractor will request an extension of time to offset the delay.

U Delays that result from design errors or changes are typical of owner-assignable delays

and are not uncommon. 2> 7 HZ0 o|st x| 4l Ownero| A ¢

2N A O S5l = SALE7F ERE A |2t E2 20| 2+ Q8. T ENSH, SSUESAL

APZ|ZE AT

74

OH

3
O £Z > 4A S 22BIAHEIAE > &M > 0tEo0|H

JP)I

2, =508 =Y

TABLE 3.1

Average Percent Extension by Extension Type

Source: Halpin, D. W. and Neathammer R. D. (August 1973). Construction Time Overruns.
Technical Report P-18, Construction Engineering Research Laboratory. Champaign, IL.

Facility 2191 Design Owner Weather Strike Late Other
Al Problem Modification Delivery
Airfield paving/lighting 7.2 13 23 0 49

Airfield buildings l 121 I 2.3 3.7 3.2 0.8 299

Training facilities | 208 l 29 0 06 46

Aircraft mamtenance 2 8.4 1 2.2 0.2
facilities

Automotive 23 34 14 07 0.4
maintenance facilities

Hospital buildings 34 26 06 06 0.9

Community facilities 5.4 23 17 15 0.3

TABLE 3.1 Average Percent Extension by Extension Type
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3.5 Change Orders

O ey 2AHE

U These modifications to the original contract, which themselves are small augmenting
contracts, are called change orders. %[z 7| 2F A|Qt 22T 2 ALst

O Usually, the contractor is justified in increasing the price to recover costs due to
disruption of the work and possible loss of job rhythm. > SAtH| T4 =af

3.6 Changed Conditions

U Boring logs: 2,000 cubic yards of soil excavation, 500 cubic yards of rock
U After work commences, 1,000 cubic yards of soil, 1,500 cubic yards of rock

—> Substantially affects the price of excavation and would be the basis for claiming a
changed condition. 2 =, X 52 Sl SAH ZH L@
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Weighted Evaluation
. . Project:

3 7 Va I u e E n gl n e e rl n g I:lln].:t::hileclural O Structural
) Criteria

Criteria Scoring Matrix

FIE

A, Cost (LCC)
U Value engineering (VE) was :
developed during World War Il in the

B. Aesthetics

O Mechanical

]

Date:

Others Sheet No.:

How Important:

4 - Major Preference
3 - Above Average Preference
2 - Average Preference
1 - Slight Preference
- Letter / Letter
No Preference
Each Scored One Point

gtz

. o C. Space FsXl 238
United States. 7}X| 53}
D. Performance
QO This initiative showed that innovation E. Safoty
can yield products that cost less but F 2121
maintain the expected levels of &
performance = 458 S}/ i s | 2|1 | | | oo
FXSIHM HEE2 5L &= A= CHRH7HE Analysis Matrix ot
Alternatives Weight of| o
. Impartance, =% 4
Q The construction contractor to share chot - el prex L0 om
: - TEEE - A8 w0
50% or more of the net savings. = 1. Original Solutioi” = * = %] W
A7t HZ Hut 38 2. Alternative No. 1 : o A == ﬁ:ﬁ
H H H rnati . Ly
U The idea behind VE is the SoSReTRS s L] ®
improvement of design by -
encouraging the contractor to make 5.
suggestions during construction. -
RS 3=8 25= 24 /i
* Sel i based on weig [ i
5-Excellent 4-Very Good 3-Good 2-Fair 1-Poor
FIGURE 3.2 Critical evaluation matrix 8
HAE7|= T AIAE
M7sE(2A 2| BHds AE) @ 2382 L5 4 9| 0| olL0f| el Fot= BP0l = 2AH g A2 =2
TR 7|82 dAUWE0 oot Ot XN g1t Y M 82| Efd (0|5} "2A2| BX|§S5"0|2t etth=
AH AESHAL AE7|=8Y9UA & T E7H2 5t 5 A ESHA 5H0fof it <7H7d 2014. 12. 30.>
1. 5SAMH| 100943 O] &l HESAL| 7[2EA L HA[EAE Sl= 87
2. 53 AtH| 1009 & O &0l AHSALC| A|S & SSAHH| £ S5 E SAHE 10HME O] 27 (Che
ES/IL 27IHE 22 Qo HE 2 K e[otthotd 24| HEst= 8%
3. 53 AtH 100 & O[2HQI A-H S ALO]| CHSHY] UF=HO| ERSICHD QIESHH= HASAS| HA E ot B2
@ BAL dHds BEL Al7| - 3= T7H7| &, A HE W 8 BX S0 24510 2 Al
TEWSFYE0| Hoto DA|BHT}
@ HFH2 ’éﬁlgl %‘X1I§%77§59I ZtE MA|E A2 74 H ot L &= M EJl= A0 7|[sH o=
= 2SEALEH[E 2 WCHSHA S7HA| 7| = & S8t AMR7E (e @R E M st s siE HA &0 0|2
HtESHO| OF SHCt.
(z% bé;—ﬂ‘—’%% Hagol met A ZHEeS dES dR0= 1 2NE SERSEY 20| A M =3Ho{of
StCt,
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3.8 Suspension, Delay, or Interruption

Q LFAF 2= ot HAFER], XA, S+ ST

government) is required to pay an adjustment for “unreasonable”

U The owner (i.e., the
s > UFXH= AlSALS| £38({0f Cist 24 o|F & ZH=Ct,

suspenS|on

10

3.9 Liquidated Damages ==y

U Contractor?t M| 2t58FX| 23t XM EA S

U The legal precedent(Ttz)) established is that if the owner desires to specify a penalty
for overrun (rather than liquidated damages), he or she must offer a bonus in the

same amount for every day the contractor brings the project in early. A 2422
FAH = A 40 Z=ot7| M e 27| &S Al EHAE A FAISH0F g

O For example, if the contractor completes the project three days late, he or she must
pay a penalty of $60,000. X|H| 2 A=

U On the other hand, if the contractor completes the project three days early, he would
be entitled to a bonus of $60,000. X7|&Z&3 £ 4A

11
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3.10 Progress Payments and Retainage s=z

U By withholding or escrowing a certain portion of the monies due to the contractor as
retainage, the owner has a “carrot,” which can be used at the end of a project.
A SO A gtEol SAFOLRE|E Q7517 /3 S22 YR SAHH X2 R

U The owner can say essentially, “Until you have completed the project to my
satisfaction, | will not release the retainage.”

12
313 B
100 fm e B2l
== -
///
. g 80 g J
3.11 Progress Reporting ol
* 2 g0l LA e
- WE L
3 40 A& .
” A e A
27| oS
U This provision is fairly broad and & 20 ERSS | 2
. . - 3
could well be interpreted to require L= | | | et
only grossly defined S-curves or bar . } T T ‘|1 I RS
Bar chart
charts. 0 10 30 70 90 100
oy e (a)
U The Critical Path Method (see
Chapter 8) provides greater early
warning of the impact of delays on 2 L B P
. . ~
total project completion. - sl s i
. Yy
; 60 [ ‘?// &d_&*’ _
H & [
g 40 N F AN XIE =2
- 71'_!@9/ a;? 2= = — 0
& 20 ?\a‘\f’ —
0 ”,| | [ | Project
0 10 30 70 90 100 months
Barchart| | | | ‘ |
o] 5 25 55 856 100
. (b)
FIGURE 3.3 Bar chart planning and control models:
(a) planned rate of progress and (b) actual rate of progress 13
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3.11 Progress Reporting

FHM R MR E

AYXEE A=TES
A 1 1
T T
£ A 1 1
= 1 1
= ] I
= I ] ] |
T T
| | | - Project
0 1 1 4 5 months
1 1
1 tay
SHME pMER E
AHIEE "é"i*.’.‘_'E%:
40% | 170% |1
A [T [ ! AN e 13
c L -
1 1
£ 15% | 1s0%
k4
5B | [ | 487 Yy
1
| 1 it 1
i 50% ¢
c : | M T =
| i
T N S ! | Project
0 1 2 3 4 5 ~ months

I:I Percent work completed at end of second month

|:| Percent work completed at end of third month
(b)

FIGURE 3.4 Bar chart project models: (a) bar chart schedule (plan focus) and
(b) bar chart updating (control focus)
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3.12 Acceptance and Final Payment

U The owner’s representative notes deficiencies that should be corrected, and the
contractor makes note of the deficiencies. dlx} & %t

U These are generally detail items, and the list generated by the joint inspection is called

the deficiency, or punch, list.

May 20, 2XXX
Punch List Items Acme Plastering Co.
Barfield-400 Project

Larger Building
1. Caulking required between stucco and brick on the lower level.
2. Streaks and cracking on stucco must be remedied.

Smaller Building
1. Very noticeable line of stucco in rear of building.
2. Streaks and cracking on stucco musi be repaired.
3. Exterior bridge entrances: patch stucco must be made uniform.,
4. Areas of excess spalling must be corrected.

FIGURE 3.5 Typical punch list O] Z Atgt®
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3.13 Summary

U This chapter has presented an overview of the cycle of activity that moves a project

from the bid award stage through construction to acceptance by the owner or client.
LHA SHE] A|Z7K| 2 32 9= 0| A
1= T o = O = AN - =

16
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4.1 Contract Environment

O The central role played by contracts is reflected by the fact that construction firms are
referred to as “contractors.” ZAMEAL > A AUXZE S

O In addition to the contractual relationship with the owner/client, construction
managers supervise contracts with subcontractors, specialty firms such as scheduling

services, labor unions, as well as equipment and materials vendors. CMer=
LA/ A|S KA S OO = St AL, HAE X, A S A S 22| A 2= el

U Insurance and bonds as well as the documents establishing the legal structure of a
company have the elements of contractual requirements. 23 Al EZ3 A &

O The courts are often called upon to determine: 2% 24 A| > B = 4
1. Who are the parties to a contract? A2 AIXL=?
2. What are their promises? A AFgt27?

3. What are other aspects of the contractual agreement? 22| At

4.2 Process of Purchasing Construction

O Two major aspects of this process contrast with the way in which we “buy”
construction. ®MZ2 X E2 £

1. We have the finished product available for our inspection, and we can decide
whether it meets our requirements. That is, the manufactured product is available for
our inspection prior to purchase. 2tH& 72 (72 T 2 AL S SFSH=X| ©EtH7Hs)

2. Because the final product is available, we purchase it from a single individual or
source. H¥ SEMEZREH ALY 7ts

O In construction, the facility is purchased before it is “manufactured” based on a set of
drawings and work descriptors. A2 FEH2 O|2| BHE50] 10 O 4= UX| O I F 22| EX
Z2HE = 0[2{gh MAZ. 2 EOf &40 27tsE

U Project delivery systems have been developed to provide the construction buyer (i.e.,
the client) with a single point of contact or source of purchase. AM A0 = X =1t
OFERZEX| 2 B HEE S a7 > FA YA (Contractor)

U The two major varieties of contract formats “one-stop shopping” :
(a) Design-build contracts A Al S L2 A 2 (Turnkey) (£11: DBB Design-Bid-Build)

(b) Construction management contracts. 71-d At 22| A (=Xt CH2| QIS 2 M2 CMer) 3
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4.3 Major Construction Contract Types

U The most widely used format of contract is the competitively bid contract: low and
competitive price (Fixed Cost) Y UE S Sot X X7t &

(@) Lump sum contract (also called stipulated sum contract): &2 # 2t
(b) Unit-price contract: EH74A| <

U The second most widely used contract format is the negotiated contract: risk is greatly
reduced, cost-plus contract & 4H0] 2|5t A 2F

Cost of doing the work plus a fee (Cost + Fee)

4.4 Competitively Bid Contracts

O AK7H2E A nAtK
29| QEXIE K| TS

ot

’

|12 %, XH20] YASB M7, K20 GO
~
o

U The factors that affect whether a contractor can be considered responsible are the
same as those used in considering a contractor for prequalification: AP Xt & At
1. Technical competence and experience 7|& 3
2. Current financial position based on the firm’s balance sheet and income statement
ME A
3. Bonding capacity 25 55
4. Current amount of work under way 3 =3 S92l S At
5. Past history of claims litigation &% O]
6. Defaults on previous contracts 0| 7| 0| &

O 2. +HsHS 71T M7t LEA MY, ZE LEROA SEt 7|2 M-S

Q B EAZMO ZX7E U= B2, 018 485t7| fIoH X{7t2 4&ETE = change OrderE S0l A<}
alS %O—*MWI = 271 A7|HZ0fl, 2A =AM 7L RS OF & Al SOIM SA = T EH 72| THE.
A= A2z 37|12 B7L
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4.5 Stipulated-Sum Contracts

U A lump-sum, or stipulated-sum, contract is one in which the contractor quotes one
price, which covers all work and services required by the contract plans and
specifications. U A 2f: ZE 3HE F0{M ot Joj2|= A

O A0 82 20| ot A T=of HH 7| X5 7ts. /N T e M3 7ts > e S+2

o

| =2F A ZF AR O =H|E[0{0F gt SN 2 Aokl = SAS| Ed o 7Y
off ] )

4.6 Unit-Price Contracts (1/5)

O In contrast to the lump-sum, or fixed-price, type of contract, the unit-price contract
allows some flexibility in meeting variations in the amount and quantity of work
encountered during construction. TH7tA|2f: A 2kof| HIs) 2 S HZ0| CHE FAES 7HK| 1L

olo
o=

U In this type of contract, the project is broken down into work items(2 22| £+2]) that can
be characterized by units such as cubic yards, linear and square feet, and piece
numbers.

22 x ot o= 3o
Item Quantity Unit Description Unit Total
Number Price Amount
1 550 cubic yard Rock excavation (for structures |$ $

(cu yd) and pipes only)
2 50 linear foot (lin 8-in. C.I. force main $ $

ft)
3 20 cubic yard Trench excavation for pipes $ $

(cu yd)
4 200 square yard  Paving $ $

(sq yd)
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4.6 Unit-Price Contracts (2/5)

Q 2ol X727

a &HE:
1. Ao ThoF =7H0| 80| > O = S ALt A K| S A0 XtO| 7} i e I,
CHE S310 AN SAHZO0| A5 tHHE =l
2. SAHEO| CHh O 2 H=toh o 50l 2R QS:h
earthwork and foundation work predominate. E3 1 7| =

o B

tS: =20 WO H ZHIH|(LZH)E 22AA BIE RE 5

1L ZEME B2 AN HEE BA 3US L 4 84S, 5 BAHSTO| A0 HoHH UK
z I

3O O 2 Contractor Y &A= A2 2
CH7tE M5t 7| sH0l= "2

eavy and highway construction contracts where
ZESALZE X|HE Q1 S ALA 2Foff & gt

k7| I 2

29| Time
._f7r§

o=
_l_o

4.6 Unit-Price Contracts (3/5)

23+
x| = ndi A
A = Expfuigure ~ Profit o|&
$
b S
Difference to \\ Last
be financed ‘:: payment
e R&“x
Income £=¢!
curve
- Months
0 1 2 3 4 5 3]
o
Project
completed

FIGURE 4.1 Project expense/income curves
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4.6 Unit-Price Contracts (4/5)

0| Income curve

Last payment

/
~/

Profit

I —— — —

Expense
curve
Income
2 = curve moved
4 forward due
to unbalancing
a2 A5 S 4AE Rl
7ZIM X2 AP E etz
-
1 2 3 4

5

6

FIGURE 4.2 Unbalanced bid income profile
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4.6 Unit-Price Contracts (5/5)

SHZX=

Mabilization

payment

SHUX=
NEREIES
AMEgo=Z A

CF 1
I-I:IE

UHE o2 gERLo| KT 2|7}
|BCHS2 B2 atxto)

StO] Al SO A M-S

~ Expense curve
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4.7 Negotiated Contracts (1/2)

O An owner can enter into contract with a constructor by negotiating the price and
method of reimbursement. SAICi 1t X[ 22 H S &2 Sl 28

U In some cases, public owners will negotiate with the three low bidders on prices,
materials, and schedule. %X 7}Z, =X A&}, £t 27 2 MAot S50 YEAIA A

U The owner evaluates the experience, reputation, facilities, staff available, charge rates,
and fee structures of the various bidders participating. S&X S 7t E2 =S A

U Normally, all direct expenses for labor, equipment, and materials as well as overhead
charges required to properly manage the job are reimbursable. Q1 74H|, &H|, X}xj, ZH|
S 2 E MH| M2| In addition, the contractor receives a fee for his expertise and the use
of his plant in support of the job. ®&ZX[A]0f CHst CH7HE X2 EHS

12

4.7 Negotiated Contracts (1/2)

U Four types of fee structure are common.
1. Cost + percent of cost : SAHH|7} Z7t51H Fee= S2t7t= 2= EEX

2. Cost + fixed fee : 37| E tHESIH EE| FeeE +ET = YL E 1712| XX} TH|E AHESH=
H XIS HFAY
T—1 O 2 O

3. Cost + fixed fee + profit-sharing clause : &8 37|2t =& SAIHE A& & HZAof st
0|9 5%
4. Cost + sliding fee : 2A|-A|& SA| T 7ts, 27| BIZH S AL A gt

Fee = R(2 T - A) where T = target price =X H| &

R = base percent value Ci{ 7} &

A = actual cost of the construction & Xf| H| &

O In some cases, the target value is used to define a guaranteed maximum price (GMP).
S AMH| &ot 25

13
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4.8 Project Delivery Methods

O In ancient times, great structures were constructed by “master builders” who
developed the project concept, designed the appearance and technical details of the
finished building or monument, and mobilized the resources needed to realize the
final structure. 10{0= EA A5 &

U Over the past 100 years, the processes of designing and building were gradually
separated. ZCHoll= A A-A|S 22| = Design-Bid-Build (DBB).

U Over the past 30 years, design and construction proceed simultaneously. = $CH0=
BAAS SA TH

O Project delivery systems or methods:
1. Competitively bid contracts: DBB
2. Negotiated contracts: DBB
3. Design Build (DB) contracts

4. Construction Management (CM) contracts : The emphasis is on optimizing
parameters other than cost (e.g., quality, time of completion, meeting market needs,
and safety). H|& 2/2| @482, 37|, 27 A 55, W §)E o= 8*

14

4.9 Design-Build Contracts

QO It is advantageous from the client’s point of view to have a single contractor provide
g P g P

the entire project as a single contract package. ot H&H

O boB A2 1970 SETHAAALE ZEME|M ZEE|7] A% It eliminates disputes
between designer and constructor. & A X2t A| S X} Z7H 273 XA

[ = s PN E Sl i -~ m =

a dd 37(9 ttx

QO This allows for “phased construction,” or a “fast-track” approach as described

previously and a compression of the schedule because design must not be totally
complete prior to commencement of construction. 242t A|S SA| T Its

O Projects built with a single DB contractor were often referred to as “turnkey” projects

because the owner dealt with only one contractor and that contractor was charged
with the completion of the facility so that the project was ready to be placed in

operation with the “turn of a key.” Y¥FX= OtF 2 A F S MX| 10 BHX| b5 & HA|0t=2(1

=0|7tH &
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4.10 Design-Build in a Consortium Format

U The owner/client contracts with the consortium as a single group providing the total
project package (e.g., design, construction, procurement, etc.). 7| & HAAAFo 2
__I.I.A'l

O 277} 30740% HE NSOH| 27 SR)E|H S T2YE FUS & 4 Tk > SRR 4 20| ]2
> BAHH M50 012 2|23 L AZALel A 2ol 5

0 22t RR0 PP 2 WL oL, B3 #2 9 U PYO| S > NN BIIER

Q 470 ATH2 A Q2 AP EFZ ()2 Yart

16

4.11 Construction Management Contracts

O In construction-management (CM) type contracts, one firm is retained to coordinate

all activities from concept design through acceptance of the facility. CMAZ} x| SAHE

=g S A

| N

Trade contractor

Trade contractor Trade contractor

no. 1 no. 2 no. N
Architect/Engineers .\
Vendor Vendor Vendor
no. 1 no. 2 no. N
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4.12 Construction Management At-Risk

U Agency construction managers are coordinators working on behalf of the client and
are not contractually liable for the successful completion of the work. &fFXt& Ciz|35}0]
SALE #e|ote & 2|22 G2 SAtel JS0 tiet A - H el M2 gl 3.

U CM contract format has become popular in which the construction manager not only

coordinates the project but also assumes responsibility for the construction phase of
the work. SAS| G350l Cio - QI MU S 2h= FE 2 ST

U In the CM at-risk contract, the CM firm assumes the same risk that a construction
contractor in the DBB format would assume for the successful completion of the
project. Prime Contractor?t & st M2 747!,

18

4.13 Comparing Project Delivery Methods

TABLE 4.1

Project Delivery Methods

Acronym Contract Single or Multiple Selection Criteria |Phased HA4/A3 7|12t 55
Type Contracts to Owners Construction
DBB Competitively Multiple-Design Contract | Low Construction No
Bid and Construction Contract Cost
Negotiated Multiple Design and Low Cost or Other Possible
Construction
DB DB Single Contract with DB Usually Not Low Yes
Firm Cost—Based on
Performance
CM CMagency  Contracts Held by Based on Yes
Owner—CM, Design, Performance
Construction, and Vendors | Expectations
CM at Risk Same as CMa Above Based on Yes
Except CM and Performance
Construction Contracts Expectations

Are Combined

19
- 68/240-




CHAPTER 5

LEGAL STRUCTURE

X217 History and Basic Concepts

XN[2%  Preparing the Bid Package

X[3%  Issues During Construction

XN[4Z  Contracts

M52 Legal Structure

XNl6Z  Impact of Taxes

X7 Project Planning

XN[8%&  Project Scheduling

X[9%  Scheduling: Program Evaluation and Review Technique Networks and Linear Operations
X[10% Resource-Related and Advanced Linear Scheduling Techniques
X117 The Mathematics of Money

XM[12%&  Project Cash Flow

XM[13%  Project Funding

XM[14%  Equipment Ownership

XM[15%  Equipment Productivity

X167  Construction Labor

XM[17%  Estimating Process

X182  Cost Control

X198  Materials Management

M20%  safety

- 69/240-




5.1 Types of Organization

U One relates to the legal organization of the company and the second focuses on the
management organization. '#& ZHO| XX g AP ZHO| X Z

U Legal organization : how the firm will be taxed, the distribution of liability in the event
the firm fails, the state, city, and federal laws that govern the firm’s operation, and the
firm’s ability to raise capital. A&, T2 2 Q! X2 02 5

U Management organization : establishes areas and levels of responsibility in
accomplishing the goals of the company and is the road map that determines how

members of the firm communicate with one another on questions of common interest.
71 B ool Mt Aok

5.2 Legal Business Forms (1/3)

QO In situations in which a single person owns and operates a business activity and makes
all of the major decisions regarding the company’s activity, the company is referred to
as a sole proprietorship. 5|22l 71 Q17| &

U If a young engineer with management experience and a job superintendent with field
experience decide to start a company together, this firm is referred to as a partnership.
(28 S 7I=2M2) et 2 AL

O Corporations in which a small number of persons hold all of the stock in the firm are
referred to as close or closely held corporations. Rt3|AF (BHY &l QIRATHO| FAS &R

O A public corporation, in contrast to a closely held corporation, allows its stock to be
bought and sold freely. FA2|AH(FA] 277t 2RO A HH =[O UAS

O A joint-venture organizational structure is used when a large project is to be

constructed and requires the pooling of resources or expertise from several companies.
SHEFE AR 271 O 4| AE A7 YA 2 He, R, EALSH0 o2 AL HERQ (THY)BQIS DtE =

—
SAE £FEEE T ojiidt YA (LAY B0 SYE Helo A
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5.2 Legal Business Forms (2/3)
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5.2 Legal Business Forms (3/3)
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5.3 Proprietorship

U In this form of business ownership, an individual owns and operates the firm, retaining
personal control. 7§91 27 2| 7|

U The proprietor makes all decisions regarding the affairs of the firm. 7H2I0| 2 & QJAIEH
=

U The proprietor is, therefore, taxed as an individual and there is no separate taxation of
the firm. 7I2IC 2 AEN HE
O 3|AFO| 28| = 7| Ol o] XA Al

5.4 Partnership

U The partnership is similar to the proprietorship in the sense that liabilities of the firm
are directly transmitted to the partners. 7§12l > TtE L4 F

U General partners: There is no limitation of liability. 28t 2]

U Limited partners: They are liable only to the extent of their investment.
_*H7f E|CHE X AEX| 2O 2h= FOI M FAID|ALS| =39t 2Lt

?4 o o

= HA T

O\I

1.
2.
3. FAALZ Mo THE A

4. Tangible Asset(+& At4hBFHEX} 7Hs (equipment, cash, notes(01 &), and shares of stock in a corporation).

U General partners who are actively involved in the day-to-day management of the firm
may decide to pay themselves a salary. 20X 2 7ts

- 72/240-




5.5 Corporation (1/2)

U A corporation is a separate legal entity and is created as such under the law of a state
in which it chartered. 4] 2t

U Par value: 27}, Book value: &5 7} = X4t/F412=) Traded or market value: A| &7t

(%]
~

O In fact, most construction firms hold their stock closely and do not trade it publicly.
| O,

M 7182 Sy FA2 AN T 4R @2 719 0|3
O FABIARS 7: EXHSH O] LYo ABE AN S OIS & Jjol RHAto] YEHe gt HA| EIHIHR A5 A
> Bol A5 H). R4St ol 2 B 4 9.

QO Proprietorship format: Tax would be 25% of $147,000 minus $12,000 in deductions
and exemptions. 25% of $135,000 = $33,750 in tax.

U Corporation format: Tax will be $15,500 + $15,330 = $30,830 in tax.

$147, 000
— $85,000 (Fudd ’s salary, which is an expense)

= $62,000 Gross income of corporation
Corporate tax = 0.25(62,000) = $15, 500

Personal tax = (0.21) {$85,000 — 12,000 (deductions and exemptions)} = $15,330

5.5 Corporation (2/2)

HALCO CONSTRUCTORS. INC.

Wi ontithes it pemieiw. Bapn slhoownerl B

L _Two Hundred Fifty felly pracid and
450/.';fujmjfﬁfzje%://mi;(},{%{ /u/@:‘m %%ﬁm/;h)z//ﬁz M}é"ﬁw /%/2 ,}// (/}?z//‘fe o
MW‘%‘?}W#{&M&/}%}%/&W{@#V lrn ,I}A‘J(fﬂ»{/f'{% (P{’té{ﬂ&;ﬂ%ﬁy&% s
Sitorney czﬁ()ﬁ/,d!ﬂmz;/&r:(%///fz}/%‘érﬁ'{'fw e fhrofie 2;;;,&/((/0%)(’(1/{ :
ﬁw%ﬂhwﬁ@fwlu& AP ﬁ%yf{(é}z)&:‘/zy:m{u ec Hoos Cordsy few/é%)/ewg}md
(/j;,(&«émjz. i eqect offecens forbir Mm%ﬂ/%:&/{%%%ﬁoméaﬂ/

Augyst 17, 1978

Courtesy of Daniel W. Halpin

FIGURE 5.1 Example of stock certificate
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5.6 Comparison of Legal Structures (1/4)

U Specifically, an owner contemplating a legal structure for the firm must consider:
1. Taxation. A&
2. Costs associated with establishing the firm. 7| & M2 H| &
3. Risk and liability. $/&lat = 2l
4. Continuity of the firm. 7| &2 =4
5. Administrative flexibility and impact of structure on decision making. 2IAHEE & &
6. Laws constraining operations. 8% x| 2f

7. Attraction of capital. Xt=2 =&

10
o171 B3|t F4 3|4
Item Proprietorship Partnership Corporation
Tax Tax on personal Tax on personal salary ~ Lower taxes in some
income; tax on and earnings cases.?
earnings whether or HH COI‘E'I- Dividends are not
not they are withdrawn deductible: double
taxing. Taxes on
dividends, that is,
maoney actually
M= received > / J\
Costs and No special legal General: Easy—oral Moare complex and
procedures in  procedure; apply for  agreement Limited: More expensive. Meeting
starting'E licenses; register with  difficult—must closely must be held
7/ M2l H| & IrRs adhere to state law > K
Size of risk Personal liability Personal liabilities: Extent Limited to assets of
of personal fortune. corporation
Limited: Each partner is
protected; loss of limited
. partner cannot exceed
¢t initial investment N
Continuity of Mo continuity on death Dissolution: No continuity Perpetual unless
the business  of proprietor on death of partner. charter is explicitly
Surviving partners can dissolved by owners
7|gol g buy share if in agreement > K
Adaptability of  Simplicity of Decisions and policies Directors—good if
administration organization; direct implemented by oral involved. Policy
. o ,, Control agreement decisions predefined by
oMNEE 2Ed bylaws > 1K
Influences of  Laws are well defined; Laws are also well- Foreign corporation ;
applicable laws no limit on doing defined; a license may be status; requires legal
business in various required counsel on permanent
A K2 states basis L H X
Attraction of Limited potential for ~ Better; more capital Issue securities; -
additional capital expansion. limited partner concept , collateral provided by
capital Borrowing; line of ch” corporate assets; issue
credit, personal stock 11
AHE X EF fortune investment > 222
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5.6 Comparison of Legal Structures (3/4)

—= FHIAL AL HOlAFCI AL
_ EA= SIAF 290 U2 AW FF2= F2
A} =Hl EA= A 2ol el 25 =2l _
Hele SR |EEY
> /N
A2 xS 32 AL 7Rl 2| A= Moz HolH FAMS S| A2EE I
=]
[
250 = A< AolArERof Hlal MIZ20l F
= 4250 2 Ade 4A5M REHO| 2 2 5 A2 (S0l mal HelArX2E
2a2r qdes g9
> /]
HOl CHEZ FHCIE T 2 AFRSHH 3] A4 Bl
o2l 2 ALE At ofel2 AHolo| XgsA AME B2 SAIRRE ST S &85 E@EE Flof
oz g Atol olXIE A Zalor &
- AQEX 23
oo Gleind EAZHIRIE A2 WY = Mgz FAYCH oo A2 ZlselH 218+
Algel 954 ANeRS= I} HER Ol Wolo] A4 Sx|
> K
12
5.6 Comparison of Legal Structures (4/4)
JHOIAL XL : STEAEMIE > HMEZ0] 2,1602: 010H JHOIAIIXDE Q2]
LUMEE e M2 HA
1,2009+4 0]0} 6% 0.06 x (MMIEZ)
1,2009+4 X1} 4,6009H 0]0} 15% 72948 + 0.15 x (1,2009H9 X11E)
4,6009Hd X1} 8,8009H 010} 20% 5820H + 0.24 x (460094 X11E)
8,8009+gd X1t 19} 50000+ 0]0} 35% 1,5909H4 + 0.35  (8,8000H X 1)
19} 50000+ X1} 3219 0]0} 38% 3,760012) + 0.38 x (12} 500004 XHE)
329l X1} 5219 0|0} 40% 9,609+ + 0.40 ~ 32 X1}
5o19l X1} 42% 19 746004 + 0.42 x (529 X1HE)
HOIAIA XL : HOIMIE > aEZ0] 2,1609H! 0JAH0I HOIAIIXP Q2
LAMEE e M2 HiA
20191 0|0} 10% 0.10 x (MMIEZE)
920191 X1} 2002i%! 0|0} 20% 2,0009H + 0.20 x (2219 X1}
200249l X1} 3,0002 0I0} 29% 3991 8,0009H + 0.22 x (20099 Xill=)
3,0002 %} 925% 6552 8,0000+ + 0.25 (3,000 X11E)
13
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5.7 Joint Venturing

=
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U Larger and complex projects often exceed the capability of a single firm or contractor
to do the work. In such cases, a team or group of contractors will combine their
resources to bid and execute the work.

O A famous example of this situation is the construction of the Hoover Dam during the
1930s, in which a group of six of the largest contractors in the United States banded
together to build this project. 1930 CH St T2 2/l 671 CHE AL A7} At

U Joint ventures are also referred to as consortia (a single team or group is a consortium).

O 2&FEX= Ch 8ol a2 SEE gelo At

a

— H =

oint ventures differ from proprietorships, partnerships, and corporations in that they
X

J
exist for a fixed period of time defined by the duration of the project being undertaken.
SEEX A ZEHE 7|2 {02 EXY

14
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6.1 Society and Taxation

U One of the first documented tax systems was implemented in ancient Egypt. Farmers
paid their taxes in kind to scribes appointed as tax collectors. The tax owed was
determined in proportion to the area and location of the farm. O|&HE - Z|Z=2| M| Z 7| &,

SUS0| sX| & HYO| et e 25

U Citizens were able to pay their taxes by performing corveé duty (£< 2|%), which

consisted of working in public works (such as the Pharaoh’s burial monument) A|2I&2
S oRE 7Id  2EIAALOE0E HE &G

@ Karen Moller/iStockphoto

FIGURE 6.1 The Sphinx and Pyramid

6.2 Business Impact of Taxation

(@]

U The profitability of any construction company is significantly affected by the amount of
taxes it is required to pay. =42 S sHOF & MF 2| A0 FES LS

O Conceptual outline of the U.S. tax system.
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6.3 Why Taxes?

U Taxes are primarily designed to finance government operations and to meet societal
needs. A5 2% M7 O 2 2I8f, At2lX @ FAIE S SFA7|7| 6, M3 28

O & oA SLAH QI S5 (g 5HlM, 7| F2 SH S)

6.4 Types of Taxes

U A tax levied on the net income realized by a company or individual is called an income
tax. ZHIO|Lt B Rlo| 250 2= Ma : SLASA|, A

U Income taxes are referred to as direct taxes. XA : AS0|L} X AHOf| 21N 2 IHE|= M| Z (ex.
SN, THARA)

U Indirect taxes, in contrast, are levied on the cost, price, or value of products or services
(e.g., sales tax) 7t Al : | ZO|L} MH| A0 21tE|= M| F (ex. F7H7HXIA))

U Tax deductions M2 3M(¥ 2, 2, n&H|, o|2H| 3X 5)

- 79/240-




6.5 Income Tax Systems

U The corporate form of legal organization leads to double taxation because the
corporation is taxed as a business entity and the stockholders are taxed separately as
individuals for profits distributed to them as dividends.

Q O|ZItM| = JQIM + HiE a3 &S M (Hoel s REAS ZHIEAS 0
INQIFF2| B2 Gross-up M, BQIFFo| 42 =T = Ada=MUMEE
golol A5 HiEa ASAM otM| F22 HiE a2 SH)

T
=
¥

U Income = Revenue — Expenses &5 = Of

U Taxable Income = Revenue — Expenses — Deductions

O MMLS-=-HE-SH=25-5X

6.6 Taxation of Businesses (1/2)

U In business organizations, the definition of revenues and expenses becomes more
important and must conform to guidelines established by tax law. 0= 1t H| &2 Ho| 2

U Revenue is, in effect, the summation of all amounts due and payable to a company
from clients or other financial sources for work performed, sales and services supplied,
and other financial transactions. O = ZtOf 2t (7| )

U Direct expenses: These expenses are incurred in operations that lead to the realization
of the physical facility being constructed. Typical direct expenses are job payroll,
project related equipment costs, the cost of materials used for construction of the
project, and subcontractor payments. 2 & H|: Q1 Z4H|, FH|H|, XFRfjH|, st=5

U Indirect expenses: This term relates to costs incurred for the management support of
the job site and for home office general and administrative costs (e.g., senior
management and staff salaries, office equipment costs such as computer and copying
charges, and costs related to the ownership or rental of office space). These types of

indirect expenses are often referred to as “overhead” or “overhead expenses.” Zt&H|:
A X R QI AFR A 2 3H|, AMR A U2 S H|

- 80/240-




6.6 Taxation of Businesses (2/2)

Income Statement, Fudd Construction Co. 3rd Qtr, 2XXX

OHZ [ Net Sale (Revenues) $21.427,610 )
ESESTE]] [ Cost of Sales (Direct Expense) ]
1. Materials $10,139,130
2. Labor (Includes all payroll taxes & fringe) $5,482,71
3. Subcontracts $514,500
— Total Cost of Sales $18,159,320
012 ( Gross Profit $3,283,290 |
[~ Job Related Indirect Charges
1. Salaries $276,640
2. Job Office Costs $190,430
3. Transportation (Travel, Meals, etc.) $80,710 eHH () X 27t
4. Interest Charges (Job Carrying Costs) $12,750
5. Miscellaneous $2,130
Total Job Indirect Charges $562,660
Fixed (Home Office) Overheads
1. Salaries—Home Office Staff $234,180
2. Salaries—Office $384,100
3. Home Office Admin Cost (Equipment etc.) $516,950
4. Legal and Audit $23,150
5. Rent $25,060
6. Depreciation $82,380 Z7tatzt
Total Fixed Overheads 51,265,820
ZH| | Total Overheads $1,828,480
MHo|2] | Net Profit before Taxes $1.454,810
M2 | State and Federal Taxes $509,183
(MlZo|el)z=al Net Profit $945,627
FIGURE 6.2 Income Statement for Fudd Construction Co., 3rd Qtr, 2XXX 8

6.7 Business Deductions in General

O Most firms try to reduce their amount of taxable income as much as legally possible.
BEZIYS MM Y 252 E0|2xt ¢

U Deductions allow companies to reduce the amount of income subject to taxation.

2SS (@M Y 25 25 -SH)

O Probably the most significant deduction available to construction contractors is that

given for the loss in value of company equipment over time = Depreciation. 44 7|0
UOIM 71E 2 HIZS S XXt SH &= : B/ TH[Q| 71X StE0f hE Z 7t 2t
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6.8 Taxable Income: Individuals

O For tax purposes, individuals are classified into the following filing statuses: ZAM|X} /Y

1. Single: Unmarried individual generally pay the highest amounts of tax compared to
the other categories. 0|2 71l : YHHO 2 [IE FALLCIH W2 M3 5

2. Married filing separately: A married couple may decide to pay taxes separately, filing
their tax returns as essentially two single individuals. Z= 7i{& . 1 A ZX50| M3,
Helez Mas UWe A EChk= HH

3. Married filing jointly: This filing status comprises the traditional married couple and
children, choosing to use a single tax return for the couple and dependents. Z=
b R EE 7B 2 250 Ma 25

4. Head of household: This is the one category that is given some tax benefits: single

parents, single children supporting their parents, and similar individuals frequently
under financial duress. MCHZF: 0|22, 0|22 & TE LES 21 A= 74

10

6.9 Itemized Deductions, Standard Deductions, and
Personal Exemptions (1/2)

O Every individual (or family, if filing jointly) can deduct certain items from their income,
thus reducing the tax basis on which their taxes will be computed. Contributions to
charity, medical expenses over a certain threshold, the interest paid on the mortgage
loan for the individual’s residence, and other deductions can add up to a substantial
amount of money. &5 3X|: 7| 25, 2| H|, FEHI|Z A S0|X} &

U One of the most important deductions available to construction contractors is the
depreciation of property. AR 2782 SH7LER

O This item-by-item reporting is called the itemized deduction approach. 7H¥ SH| : 71 &

S = o
dSEZSHE LS

O Alternatively, individuals can choose to subtract a standard deduction from their
income instead of performing an itemized deduction calculation. & S| . /HE S5 H=2

SHAYS ALK @1, REE BEE SHAS SH LS > LT REE BT SH =4I

11
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6.9 Itemized Deductions, Standard Deductions, and
Personal Exemptions (2/2)

TABLE 6.1

Standard Deduction and Personal
Exemptions, 2015

Standard Deductions

Status Amount

Single $6,300

Married Filing Jointly $12,600

Married Filing Separately $6,300

Head of Household $9,300
A Z= HY 2 X} Surviving Spouse $12,600

Note: Personal exemption $4,000 per person
oI Ma SHAZI=SH)

12

6.10 The Tax Significance of Depreciation zs4zo zax

U Depreciation reflects the loss of value and obsolescence of property (e.g., equipment)
involved in the operation of a business. Z 7422 &H| S XpAHO| 7HX] ShakS Bt

U Depreciation applies to all property required for the operation of a business. At =82
Qs 2ot 2= X0 ot HE

U Computers, office furniture, heavy equipment, and real estate are all depreciable
assets. 442 7ts AHih AREH, 7t S|, 2S4S

13
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6.11 Marginal Tax Rates (1/3)

U The income tax depends on two main factors: the filing status of the taxpayer (i.e.,
corporation, single individual, married filing jointly, etc.), and the taxable income on
which the tax is computed. M&2 EMAte| R M A S F=F0f w2t &0|g

O 2742 A5 ME TABLE 6.2

Tax Table for Single Taxpayers, 2015
Taxable Income of Single Taxpayers
From [To Tax
0 9.225
9,226 37,450 $922.50 +(15%of amount over $9,225
37,451 90,750 $5,156.25 of amount over $37,450
90,751 189,300 $18,481.25 {28%)of amount over $90,750
189,301 411,500 $46,075.25 +(33%)of amount over $189,300
411,501 413,200 $119,401.25 +35%)of amount over $411,500
413,201 Above $119,996.25 @ of amount over $413,200

2|Lt2}b: 6%~ 42%
14

TABLE 6.3

6 . 1 1 I\/I a rgi n a | Ta X R ate S Personal Income Tax Brackets and Tax Rates, 2015

Taxable Income of Married Individuals Filing Jointly or Qualifying Widow(er)

2/3 From To Under Tax
0 18,450 10%

18,451 74,900 $1,845.00 + 15% of amount over $18,450
74,901 151,200 $10,312.50 + 25% of amount over $74,900
151,201 230,450 $29,387.50 + 28% of amount over $151,200
230,451 411,500 $51,577.50 + 33% of amount over $230,450
411,501 464,850 $111,324.00 + 35% of amount over $411,500
464 851 Above $129,996.50 + 39.6% of amount over $464 850
Taxable Income of Married Individuals Filing Separately

From To Under Tax

0 9,225 10%

9,226 37,450 $922.50 + 15% of amount over 9,225

37,451 75,600 $5,156.25 + 25% of amount over $37,450
75,601 115,225 $14,693.75 + 28% of amount over $75,600
115,226 205,750 $25,788.75 + 33% of amount over $115,225
205,751 232,425 $55,662.00 + 35% of amount over $205,750
232,426 Above $64,998.25 + 39.6% of amount over $232 425
Taxable Income of Heads of Households

From To Under Tax

0 13,150 10%

13,151 50,200 $1,315.00 + 15% of the amount over $13,150
50,201 129,600  $6,872.50 + 25% of the amount over $50,200
129,601 209,850 $26,772.50 + 28% of the amount over $129,600
209,851 411,500 $49,192.50 + 33% of the amount over $209,850
411,501 439,000 $115,737.00 + 35% of the amount over $411,500
439,001 Above $125,362.00 + 39.6% of the amount over $439, 000

15
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6.11 Marginal Tax Rates (3/3)

HOl AEME TABLE 6.4

Corporate Income Brackets and Tax Rates, 2015
Taxable Income

From To Under |Tax
0 50,000
50,000 75,000 $7,500 bf the amount over 50,000

75,000 100,000 $13,750 of the amount over 75,000
100,000 335,000  $22,250 €39%)of the amount over 100,000
335,000 10,000,000 $113,900 «34%)of the amount over 335,000
10,000,000 15,000,000 $3,400,000 «35%)of the amount over 10,000,000
15,000,000 18,333,333 $5,150,000 fthe amount over 15,000,000

18,333,333 Above

L2|LtEf: 10% ~ 25%

16

6.12 Tax Credits

O A tax credit (M3 A is an allowance that can be deducted from the tax as computed
in the previous section (Deduction : 25 A|), instead of from the individual’s or
corporation’s taxable income.

QO It must be repeated that credits are subtracted from the computed tax and not from
the income. M A3 H|= 250| Ofl MF 0l A Xp2E

- 85/240-
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6.13 Tax Payroll Withholding «z 2sx axzs

O Employers are required to retain an amount from each paycheck that is roughly
enough to cover the employee’s projected tax liability at the end of the year. ¥ & A5t
> ASM Mg =EL

U It is possible that the total amount withheld exceeds the total tax owed, in which case

the IRS refunds the amount of overpayment to the individual taxpayer &= &5 >
AEM HEFHAS ) D E/0| R NS A

18

6.14 Tax Payment Schedules

U Corporations and some individuals must pay their taxes in quarterly installments (2&
21 2) (roughly every three months). 27|0tCt A5 M| HE

U This avoids the shock of paying a single large balloon payment at the end of the tax
period. 7|0t A5 M E AL EMN, AL HUFH HSE S 223}

U First three installments (15th of April, June, and September) but pay the last
installment on January 15th of the following year. M2 €52 :4,6,9, 18 15¢

19
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6.15 Marginal, Average, and Effective Tax Rates

U The average tax rate (B Al &: 22/7t €1 U= ME) compares the tax paid to the taxable
income:

Average Tax Rate = Tax Paid / Taxable Income 22 : 1t &5

U The effective tax rate (REM&: ZH % M &) is the ratio between tax paid and income
prior to subtraction of deductions and exemptions: AU Xt A5 SHZ Qs M & 22

Effective Tax Rate = Tax Paid / Gross Income 22 : HH A=

20

6.16 Summary

QO This chapter has discussed issues related to taxation that influence the bottom line of
a construction company and impact financial decisions.

U The company’s top management and particularly the chief financial officer (CFO) must
continuously study and analyze the impact of taxation on all financial and
organizational decisions. N & 22| : X 13| A 22| Xte| gt

21
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7.1 Introduction

U Cost, time, and scope are the essential elements constantly juggled by each participant
inany project. Z1d ZEHEQ| FQ 2| LY : SALH|E, SAL 7[2H SAHEHE

QO This chapter discusses tools for planning and managing a project. Z2 M E 7|2l gl 22|

Cost

Scope Time

FIGURE 7.1 Cost-time-scope triangle

7.2 Work Breakdown Structure (1/3)

U The bid package consisting of the plans and specifications establishes the scope of
work to be performed. 2& MF 0| SAtS| HR|7t FA|El = HIF A|REAM 7} 2 EHE

U To be properly managed, the scope of work must be broken into components that
define work elements or building blocks (sub-elements). 22| & QI8 HH SALS &2 1Y
CHR| 2 2o

U The sub-elements are often referred to as work packages. 1t¢(Task)

O The summation of the work packages can be shown in a hierarchical format called a
work breakdown structure (WBS). 22 &7 H|A . =2s{oF & 02 ASHZ LILDH M| A

(MECE & Al : Mutually Exclusive and Completely Exhaustive, Atz HiF|Q} M| ZZ - M2 AX|X| oD, 2oH
M7t 2| = &)
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7.2 Work Breakdown Structure (2/3)

N X1| = A|- Level | Building

[ MECE @&l

—g—Af —bl’——?—| Level Il Site Foundation Structural Frame Etc.
MECE ¥%]
SAFES Levellll Excavation Piling Pile Cap Etc.
| MECE 2%
ZQ KX Level v Forms Resteel Concrete Etc.
Reinforcing
MECE ¥
J—lf% Level V Preparg Shop Cut and Fabricate Deliver Place or Set
Drawings

FIGURE 7.2 Work breakdown structure (WBS) example for a small building

7.2 Work Breakdown Structure (3/3)

O Planning can be thought of as the definition and sequencing of the work packages
within a given project. Al2/(11 2| Ho| A & =M AH) . & 2o & =M BE

Planning = Work Breakdown + Work Sequencing

Develop the Initial

U Plan = Do = Check = Action: PDCA Cycle i) o
ALY Ta| "k AT > A > HE > EX| AS

r

Make Correction to
the Plan as
Required

X

el

Implement the
Plan

4

Al
ex

-

y

Determine Impact

» of Deviations (i.e.,

major or trivial)
bl
=)

Detect Deviation
from the Plan

HE

FIGURE 7.3 Deming cycle
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7.3 Developing the Work Breakdown Structure

O In establishing the WBS, the following guidelines need to be considered:

1. Work packages must be clearly distinguishable from other work packages. stL}+2]
A2 CHE DH Y F2HSkA L2 E 0 OF &

2. Each work package must have a unique starting and ending date. Z 0t¢l-2 1.9 %t
AZAI 2t S 2 A S 7HKOF &

3. Each work package should have its own unique budget. 2} 0t®}2 X412t DR 5 0f Al
7} 0F 2

4. Work packages should be small enough that precise measurement of work progress
is possible. 2} It 2 2 M E FHE = U2 Y2 S&9| ZotoF g

7.4 A Work Breakdown Example (1/2)

U In construction, the various aspects of the work that contribute to breakdown of the

project into packages relate to: ¢ £3{2| 7|F0| & = U= EH

1. Methods used to place the work. SAtZ &

2. Skills needed for the work. 22 7|&

ok

3. Craft workers involved. 22 =&

4. Critical resources (e.g., cranes, crews, etc.) A Xhel(&HH]|, o12)
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7.4 A Work Breakdown Example (2/2)

U Small gas station project example

U For this example, the following four categories (R ¥42 /XI5

defined:

FRa dd oA

F2| ?l8ll &=} have been

1. Location or area within the project (e.g., foundation—pile cap). At {2 IX|(SAt £2)

2. Material type (e.g., concrete, reinforcing steel, etc.). 22 & Xtxj

3. Method of installation (e.g., excavation). At 35

4. Types of resources required (e.g., labor and equipment needed). 28 Q13 &= FH|

7.5 Work Packages for the Gas Station Project (1/2)

1EHA|: Location B30 18

. Parking and service area

. Foundation
. Building walls/structural pan

. Building roof

1

2

3

4

5. Interior floors/slabs
6. Interior finishes

7. Exterior finishes

8. Electrical systems

9

. Mechanical systems

= X
TS

2EHA|: Material

7t

TABLE 7.1

Work Packages for Gas Station Project

No.|ltem No.

(1 Earthwork for Parking and Service EZ 11
Asphalt Paving for P&S Area OfAZE 12

g Concrete Hardstands in P&S Area ) 232[E 13

2 |4 Concrete F0undations| 14

3

4

2
3
5 Walls—Masonry Bearing Walls 15
6  Walls—Prefab Metal Sandwich Panelsl 16
=
8

Item

finterior Painting )
Interior Drywall

Interior Doors, Frames, Hardware,
\etc. )

|Interi0r Floor Coverings (if required)l
(Cotori Arink Farads )

Exterior Brick Facade

Exterior Glazing

\Exterior Doors and Signage )

Mechanical Systems

Interior Concrete Floors 17
Built-up Roof 18
—_————————

9 Roof Gutters/Drainage 19
10 Interior Built-ins (e.g., Cabinets, etc.) (P&S)
L Area

- 92/240-
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7.5 Work Packages for the Gas Station Project (2/2)

3Et7|: Method and Resource 3 =7}

N o o o AW N e

. Excavation of waste water system. &t5== E{ T} 7|

. Drainage tile installation—waste water. St=== Hj=7
. Septic tank installation. 2% H3l=

. Fresh water lines (piping). &&=

. Sinks, basins, and toilets installation. &/ 3L, M|H 7|, 7| | cos suion |

. Hot water system installation. 2=

2|2 Ad

. Pneumatic air system installation. &= I | | . — I I

10

7.6 Determining Sequence of Work Packages (1/2)

U Having broken the work into work packages, activities that facilitate time management
and control can be defined and logically placed in sequence. =} 2dlf > 2 10j CHH 2H2|

NP ¢S

U The word activity is generally used when discussing time control or scheduling. WBS :
1t (work packages, sub-elements, task) > &7 22| : A E[H| E|

U In arranging the work package sequence for time control, the criteria of (a) location, (b)

material, (c) method, and (d) required resources must be reconsidered. =& =A 273
201 fIXI(F2)), AtA, S8, A& (], =)

U Physical constraints or physical logic are common and characteristic of construction

operations (e.g., the floor must be completed before installing the floor covering, etc.

SC|H Hofez Qo MY Hodl 2 2 . HHE XY 2tE = HS O XY 7ts

).

L Management decision (e.g., the fixture subcontractor is available first and is instructed

to proceed) and the sequence is driven by management logic. Z2|H S8 o =2 QIst ¢
MS A Ll 2210 7h7 Al SAZF A YO0l oL 2 2 Tt = ot

- 93/240-
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7.6 Determining Sequence of Work Packages (2/2)

Q|
Ot S A

5
Exterior
finishes

Startup Interior

& site foundation building Construct floar Interior

preparation (ftrs, etc.) structure roof slabs finishes

7.‘_*7I/|7I74I
Al AE ZA
FIGURE 7.5 Preliminary project breakdown | }

12

7.7 Estimate Development and Cost Control
Related to the Work Breakdown Structure (1/2)

O A good WBS facilitates cost control during the life of the project. & 25 A& &7t
2| E 2l AHE

D

ork packages are defined so that they have their own unique budgets. 1t&2 Xt4I7t2|
i °°F oflatE 7H

(]

When referring to work packages in the context of cost control, the terminology cost
accounts or control accounts is often used. & 7HH|g) 22| AH

U To provide consistency and structure to the management of large cost control systems,
a code of accounts is used as a template or guide in defining and cataloging the cost

centers within a project. Several cost coding systems are presented in Chapter 17.
UIKHIR) AY ZE > §U7F Ba| A2

O WBS H|A #= > Work Package 2| > Work Package0f 281t H| 22 & > 3 (Y a)) &

H 2 (2 7haa]) 28

13
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7.7 Estimate Development and Cost Control
Related to the Work Breakdown Structure (2/2)

=
FE 23

Develop Bid
Estimate

Plan N“ SESE
Yes

A 2=2l
01| I_l- T H | Develop Contract
Budget Based on
Major Work ltems
L J
¥ ( h
AE Kl | AF =X
DO = d 7:” Measure Actual Revise Contract ¢ | = e
Cost on Project ’ Budget No
tE&?
Action
Of| A THB| )
— Compare Actual Take Corrective = S| A2
A Costs with Control ; N =1
Check AT Z{ B [Coss it ool J ctons X A= +E
L J

FIGURE 7.6 Cost control cycle (PDCA Cycle)

14

7.8 Role of Code of Accounts (1/2)

U A typical cost code might define &7t (H| &) AE ZEE LS ZAEEQ 2o 2 HO|E
(a) the project designator Z2ME A=

(b) area of work $|x| 2 E

(c) work discipline (e.g., civil, mechanical, electrical, etc.) At EF A=
(d) the trade specialty (M& 378 T2 E9) required. & SAHZF ZE

TABLE 7.2

Cost Code Structure (Example)
Level|Project Area Discipline Trade
1 21300
2 804
3 724
4 112

Cost Code = 21300.804.724.112

- 95/240-
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7.8 Role of Code of Accounts (2/2)

Work Package Identification 06-123 Description:
Concrete Placement Interior Floor Slabs
NN Materials Actual Productivity
Resource P : Unit .
Description Unit | Qt Extension
Code P ' ! Cost xenst Actual
101 Concrete, 2500psi [ CY 30 40.00 1200.00 —_—
Budget
Installed Equipment Notes
ol Crew]Labor | NR | Hours | Cost/Hr | Extension Cost SOnmary
020 Foreman 1 8 30.00 240.00 Actual Gpst
029 Laborer 4 8 15.00 480.00 | Labor =
022 Finisher 1 8| 20.00 160.00 W=
063 Pump Operator 1 8 25.00 200.00 ipment = 4
Total 1080.004  Variation #om
ZHH| [Equipment]Not Charged As Indirects Budget
NR | Hours | Cost/Hr | Extension
505 Vibrator 1 8 10.00 80.00
517 Finisher 1 8 15.00 120.00
308 Concrete Pump 1 8 150.00 1200.00
Total 1400.00 1

FIGURE 7.7 Work package control account sheet
(Cll Cost/Schedule Task Force, 1988)

16

/7.9 Summary

O In order to manage, one should be able to control.
U In order to control, one should be able to measure.

O In order to measure, one should be able to define.

O In order to define, one should be able to quantify (3 &3}).

0 HYst>KEH > BH > SH > Be

O The following is a partial list of other plans that must be developed: Procurement plan,

Safety plan, Subcontracting plan, Quality plan, Communication plan, Organizational
plan, Completion and start-up plan Z&4|

S E

s| O
g, of
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8.1 Introduction

U A project’s work breakdown structure (WBS) defines work packages that can be

sequenced (scheduled) to coordinate the project construction.z gl 2 & HA > 2 =A
PP
= O

O A project schedule is developed in the following order: 28 A&l =& tHA

1. Breaking down the scope of the work into manageable portions, namely its
activities. 2t2| 7ts2 27[Q HE[H|E| THe[2 F3Y

2. Estimating each activity’s duration. E[H|E| 57| F=H
Establishing sequence relationships among activities. 2 E[H|E| 7t M= 3 27| F 2

4. Finding the earliest and latest possible times for the execution of each activity.
HE[HE|E 7H (WHE/=8l) (AR R) 7hs Al Al

5. Calculating the project’s critical sequence of activities and the leeway (&7 J &=
o E|H| E|) that activities not included in this sequence can have. /237 HE[H|E]
A8

6. Reviewing, optimizing, communicating, updating, and in general, using the
schedule. 2842 4E A =77 22 > %[H3}

3.2 Estimating Activity Durations

O The duration of any activity is largely determined by: &E|H|E| 37| 2 29I

1. The nature of the work that the activity entails. A concrete pour in the 50th floor vs.
2nd floor. YE[H|E|2] £d. 505 vs 25 22| E SA

2. The quantities of the work. 6,000 square feet of formwork vs. 3,000 square feet.
ol . 6,000 LI E HEE ZAtvs 3,000 LI E HEE A

3. The technique used for the task. A concrete pour using a tower and buggies (2| &
= 0] M) vs. concrete pump. AFE 7|=. HE7IE 0|82 EfE SAtvs =2 E 0| &%t EtE SAL

4. The resources used to perform the work. Twenty masons (43&) vs. 15 masons. S AH0]|
A& E|l= RERH(AHR). 202 M S F R vs 15F 2| M5 £ &

5. The working hours for the resources. 10-hour shifts vs. 8-hour shifts. 2 FA[Zt.
10A|7H/ Y vs A 7/

- 98/240-




8.3 Using Historic Productivity Data (1/2)

U Productivity data can be obtained in publications such as R. S. Means Building

O 000D

Construction Costs. 42 H|O|E{H]|0| A

2 ZF : 6,000 SFCA(Square Feet of Contact Area)

3 AFEEES AHE5t= ER ot F X 470 SFcA/Q!1-
QIF 1 & Al 37| :6,000/470=12.76 Y

QI 2H N A F7]:12.76Y /2=6392 > 7Y

HE[B|E| S7] O|F 2At= M2 YHE= 0| US

£ 0|83t YLt ol &5

Dnuh Labor- 2008 Bore Costs Total
03 1113.45 Forms In Place, Footings | Cew Ouiput Hous Unit | Muolerid  lobor  Equipment  Tokol Ind 0&P
0010 ldpms IN PLACE, FOOTINGS RO31113:40 | |
0020 ‘Confinuous woll, plywood, 1 use | ¢ 375 | .085  SFCA 5.25 3.08 8.43 10.60
0050 \ _2ue RO31113:60 440\ 073 | 2.89 2.63 5.52 1.5
0100 3use - 068 | | 210 246 456 615
0150 duse 086 | & 171 238 409 5.60
FIGURE 8.1 Productivity data
4
°E|-?-| EH7|-: S 30| Cht Tt A= 2
o - g A WEL]] L2y Ay
= A 2 ctol a
ZE 2 4 o 4 T el & 7t B o 7 E o 7t ER ok o} 2 o il
M1z ®E SHEEZR 13| (K| 2 X[ &) m 85,129 26,215 58,914 0
g ot | 13| X4 2 H| 1w 24,641 24,641, 24,641 24,641, 0 0. 0 0. YQ7EZE
PN [EIEIPYES)) FX=H|9| 4 % 24,641 985.6 24,641 985.6 0. 0.
dESS 023 ¢l 189,303 43,539.6 0 0. 189,303 43,539.6 0 0.
HEOQIH 014 ¢l 109,819 15,374.6 0 0. 109,819 15,374.6 0 0.
ZRERE Y AR 7| A A 2|9 1 % 58,914 589.1 58,914 589.1 0. 0.
O SMMNZ : SME/I /2] AFEEH) X (R EE7H(19,34528), =Y TH7H307ES), 7| A4 A HI(968E5)) > TH7HIE(1,18288) > LRIth7H1,1132 H)
a4 OPEE’EHSC’*—?H
Q 7<H<HEF7P
v 7HA™E 2018 28 RANZEE LMY H)
v E7HAE 1 2018H 28 B (AEHE QI Sh=E 7 2)
v REE7t:2018E 2B (AIEHY QI Bt 88 AU T )
v BI7MEHE :2018H 2 S(AEHEQI IR EIIEE)
v 2Ei7t s 2018 22 B (CHBHAE R 2) e TN BEAECHHE
a ioE,E‘—lbjl- E =] s o
v HEY = e T |4t 2 wastol apet a0y | BE BE I 4B A&7
v HEY =9 527/ P5 U £ makalacl
v XL I |E&X £ : SHEAX|L|0jEIHH G EIE | oe 51za ¢ AATZIE 7|22 &55 I35
v B 7|Eﬁ Lol :g_?j';giﬁogo 13| = =) 228 71x= Bt At Al cha o) o3 At
v 74“ I A b =) P N R R o b s el R EFEAM| | R, =24], 70| TRl | JE|, =2, 20| S st
v AZEQO7|EAt =Y St AT EQ oM AN 2T A
Q 7|AZ: g, 3|%S A AS A =S I1A i) | 1RSI S) JiE XHBA| 71E
(=1
0 BEAIRCII (2,759 2) Al B |22 2 YA XS ZH YA | ARETUABMIR X2)
v ES UF, 7|71|*E*HI ot dd7 =7
v olg A SRS AL St ot g
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8.4 Bar Charts (1/3)

O Time scaled bar, the bar chart acts both as a planning—scheduling model and as a

reporting—control model. The lengt

h of the bar has two different meanings:

The planned duration of the work item & The percentage complete.

1
Planned duration 7|2l Z 7|
A
4 N
Project |
work item | ‘
| | | ] - Project time scale
0 1 2 3 4 ~ (weeks, months)
(a)
A 50% complete =25
AL
[ N
Project
work item
| | | | - Percent
0 25 50 75 100 ~ complete scale

FIGURE 8.2 Bar chart model: (a) plan focus; (b) work focus

6
A= 37| 4
g A
QO By using different shading patterns, =
the bar chart can indicate monthly = E
progress toward physical . I
completion of the activities. CtE L I I ‘ I Project
— o — 0 1 2 3 4 5
=SS I EHZ 0[8510] EE X2 HA| n
F=ZE A [ 2m Month ] [ 3rd Month ]
40% ! 70% |
A :_:I NG
5 P! \!
= 15% 1 50%
N — | 25
I Veoy 71
¢ | e =g
|
1 | | |
| 1 1 | 1 | | . Project
0 1 2 3 4 5 months
|:| Percent work completed at end of
- Percent work completed at end nf
(b)
FIGURE 8.3 Bar chart project model: (a) bar chart schedule (plan focus);
(b) Bar chart updating
7
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8.4 Bar Charts (3/3)

QO Establishing the exact sequence between activities: using directional links or arrows
connecting the bars: Bar-net. 224 HE 0| 850 2 7t M8 A E HESIAH HA|
Weeks*
1234567 8 91011 1213141516 17 18 19 20

1. Start-up and Site Prep

2. Pour Foundation

3. Erect Building Structure

4, Exterior Finishes

5. Construct Roof

6. Interior Floor Slabs

7. Interior Finishes

- _‘_ e

8. Elec. & Mech. Systems

*Weeks are assumed to be working weeks consisting of five working days.

FIGURE 8.4 Preliminary connected bar chart schedule for small gas station

8.5 Scheduling Logic (1/5)

Deck slab
3
‘Deck slab 2 l

Deck slab 1 4‘ II
U Consider a simple pier (%) made I‘ Pile 5

up of two lines of piles with '
connecting headers and simply
supported deck slabs.

Pile 3

O An exploded view of the pier
shows each physical component
individually separated.

S5 mh(e7H) + ST (37H) + AMEHRIH) Eﬂ m
P1

(b
FIGURE 8.5 Simple schematic model (Antill and Woodhead, 1982): (a) schematic
view of pier; (b) exploded view of pier
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8.5 Scheduling Logic (2/5)

U Now suppose that each component or element is represented by a labeled circle (or
node). T, 3G, 48 S 2t 225 AC2 HA|

O Figure 8.6 gives a plan view of the pier components shown in Figure 8.5.

FIGURE 8.6 Conceptual model of pier components

10

8.5 Scheduling Logic (3/5)

O Graph structure portraying the physical component adjacency or contact (218 L& &
A=) nature of the pier.

U Not in contact, a directional arrow such as that shown in Figure 8.7(c) may be
necessary.

DHEHEZ2[H T A EA:P1, P2 > H1 X[X]|

(b)
FIGURE 8.7 Logical modeling rationales: (a) adjacency (2/ &) of contact modeling;
(b) physical structure order modeling; (c) physical construction order modeling

- 102/240-
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8.5 Scheduling Logic (4/5)

U Adjacency or contact (1% = Tl &) nature of the pier.

U Header 1 (H1) can only appear (i.e., be built) after piles 1 and 2 (i.e., P1, P2) appear; in
fagt, H1 is built around, on top of, and therefore in contact with P1 and P2.

§P§E LY AT HAZRH EFE MY =M BA IHE S H|EH > o

FIGURE 8.8 Conceptual model of pier component relationships

12

L Not in contact, a directional arrow
MM SjAE . =2 ™ 2 22 M HA|

8.5 Scheduling Log|c (5/5) EETEIVEPIYEI

o= gz?t_g SR
=, |_—|E Eno |'

zrop &y (P2 F--—-= ---- - REZRSH
|_E

?0 .""""'

(b)

ICX@CXX)O
Time

Tnme fo drive one pile

Drive piles

(Order unspecified)

() (d)
FIGURE 8.9 Construction sequence and activity modeling (Antill and Woodhead,1982):
(a) alternate row pile driving; (b) sequential row pile driving; (c) field mishap

alteration to pile-driving sequence; (d) bar chart model of pile-driving operation 13
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8.6 Scheduling Networks

O A scheduling network consists of nodes and links(arrow, arc), in which the nodes
represent activities and each link indicates the two activities are related in their
mutual sequencing: Activity On Node (AON) diagrams, precedence diagrams.

o|& =

Mame |Duration

B 4 —= D G
Node Link
A 2 F 8
Activity
C 5 E 2

FIGURE 8.10 Precedence notation scheduling network

14

8.7 The Critical Path Method

U The critical path method (CPM) is widely used for project scheduling including for
projects not related to the construction industry. T3 : Z2ME AZA 2 0f Eo| 0|8

0 CPM was developed in the late 1950s by James Kelley and Morgan Walker (DuPont
Corporation).

QO Specifically, the objectives of analyzing a project network are to: 24 2%

1.

Find the set of critical activities that establishes the longest path and defines the
minimum duration of the project. 7}& 71 37| E # = F3E 0tY > ZEME J7| 4HE

Calculate the Earliest Start Times (EST) for each activity. 2 &S 7t% #a| A|Efg 4= Qe

A[=F A|ZHmret

Calculate the Latest Start Times (LST) for each activity. 2t S 7t A A|2fe 4= U=
NESPNFd R,

Calculate the float or time available for delay for each activity. 2 & & o g A|Zt oot

- 104/240-
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8.8 Forward Pass (1/2) e

O Calculate the
(earliest start times;
EST) and (earliest
finish times; EFT) for
each activity.

J EFT = EST + Duration

7t 7t
ia=
==
A2t AlZt
EST EFT EST+ 37| =EFT
Mame |Duration
= 37|

[max){20, 18,22} = 22

|2248="

J

8

FIGURE 8.11 Calculation of EST(J)

16

8.8 Forward Pass (2/2)

e b
WE  WE
AE ER
Azt Azt
EST EFT

Name [Duration

2 6 6 12—
4 » 6 \f
MAX{12, 9}
| (2| 20
F 8
MAX{6, 7} |
Y
2 7 (7) | o
C 5 E 2
|

FIGURE 8.12 Calculation of EST and EFT
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8.9 Backward Pass (1/2)

U Calculate the (latest
start times; LST) and
(latest finish times;
LFT) for each activity.

QO LFT:

(J LST = LFT - Duration

LST=LFT-3&7|
Name |Duration

LsT LFT
7t 7
Lo Lo
- -
LIS
AZb Kz
! 5
25 | (9

2e-

{34. 30,28} = 28

h 4

Jy &
| 34 40
05 4
32 36
Ja 7
28 as

FIGURE 8.13 Calculation of LFT(l)

18
8.9 Backward Pass (2/2)
EST EFT Critical Path
Name |Duration Min{6, 10} E——
LST | LFT ng FIE2 o/AZH0]0:
2 6 . i VR BEE A2 = 7P 2 A2t
B 4 D 6
2 (6) 6 12
0 2 [ 12 | 20
A 2 F 8
o [ (2) [ 12 20
N4
Min{2, 5} [ 2 7 7 9
c 5 —#\ E 2
5 10 10 12
FIGURE 8.14 EST, EFT, LST, LFT results
19
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8.10 Activity Floats

Total Float (TF) EST()) j EFT(/) LFT(/)
TF(l) = LFT{) - EF(/) | |
= LST(/) - EST(/) l Duration !
where ! is current activity ~

S Ol 7 At TF()

—’F—-é;é*f L o FAIZHO 0: 71 HHE AlZt= 74 Alzt

Free Float (FF) 3] EFT(N min {EST{Ji)}
FF(f) = min {EST(J;)} - EFT(/) | : |...............{4---
where / is in its earliest position ! Duration |

and J; are all successors of / —

At O Al 2 FF()

|
FEEAOIESTE HlSHA| b= HRlo A2 of A2t :
Interfering Float (IF) EST(N | EFT( I
IF(N) = TF(l) = FF(/) | |...{..{
where [ is current acti\.vitz,.f ! Duration |
7 O RAIZH= & Ol A2 - X7 Of A2 Y

S &R0 ESTE |STR DIT._ AR 0l QA|ZH IF(/)

A
rlo

I'I'I
w
=

S

Independent Float (IndF) max (LFT(R)} FT()  min (EST()}

IndF(/) = min {EST{J;)} — '--‘Fl leecenne “____

DUR(/) — max {LFT(H)} | Duration |

where H;are all predecessors of | ——

and J; are all successors of / IndF (/)

EEI o;l o A|7|'

*130 Z|ohet A Lol 3235 822 0
o /TSt 2 A esTO] A|RHSLE Z 20|

SA
01%)4?_ 20

40} T

8.11 Working to Calendar Dates (1/2)

U Working days versus calendar days. At 7(7+: 132 vs 128 232 ~ 1€ 12¢

U The calendar for a project with a start date of December 23. Its contractor has chosen

not to work on Saturdays and Sundays, as well as on December 25 and January 1.
End Uded S5 A<

Sun Mon Tue Wed Thu Fri Sat
20-Dec| 21 22 23 24 25 26
WD wD2
27 28 29 30 31 1-Jan 2
WD3 WD4 WD5 WD6
3 4 5 6 7 8 9
WD7 WD8 wDa | WD10 | WD
10 1 12 13 14 15 16
wD12 | WD13

FIGURE 8.16 Project calendar with working days

21
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8.11 Working to Calendar Dates (2/2)

EST EFT Critical Path
MName |Duration S
LST | LFT P 5 5 10 | 10 13
3 p D 5 E 3
2 5 6 10 [ 10 13
0 2
A 2
0 2
[ 2 7
Cc 5
| 5 10
Activity EARLY DATES LATE DATES
ESD EFD LSD LFD

Working Calendar Working |Calendar | Working Calendar Working Calendar
Days Date Days Date Days Date Days Date

A 0 23-Dec 2 24-Dec 0 23-Dec 2 24-Dec
B 2 28-Dec 5 30-Dec 2 28-Dec 5 30-Dec
C 2 28-Dec 7 4-Jan 5 31-Dec 10 7-Jan
D 5 31-Dec 10 7-Jan 5 31-Dec 10 7-Jan
E 10 8-Jan 13 12-Jan 10 8-Jan 13 12-Jan

22

8.12 Example: Scheduling the Small Gas Station (1/2)

TABLE 8.2

Durations of Activities for Small Gas Station

Activity Title Duration (Days)
1 Mobilize 10
2 Obtain permits 15
3 Site work 8
4 Exterior utilities 12
5 Excavate catch basin 2
6 Excavate footers 5
7 Excavate foundation piers. 6
8 Pour footers, etc. 8
9 Erect bldg. frame 10

10 Exterior brick facade 14

11 Exterior fascia panels 4

12 Roof construction 15

13 Landscaping 12

14 Pour interior slabs 10

15 Glazing and doors 6

16 Interior walls 10

17 Elec. & mech, Systems 25

18 Shelves 3

19 Floor coverings 6

20T Ruic e 3 FIGURE 8.18 Expanded network schedule for small gas station

21 Final inspection i |

22 Demobilization 3
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8.12 Example: Scheduling the Small Gas Station (2/2)

Float Values for Small Gas Station

Activity Total Float
TF(1)=10-10=0
TF(2) = 22-15
TF(3)=18-18=0
TF(4)=24-22=2
TF(5)=24-20=4
TF(6) = 24-23 =1
TR(7)=24-24=0
TF(8)=32-32=0
TF(9)=42-42=0
TF(10) =67-56 = 11
TF(11)=67-46 = 21
TF(12) = 57-57 = 0
TF(13) = 92-68 = 24
TF(14) =67-67 =0
TF(15)=84-73 =11
TF(16) =84-77=7
TF(17)=92-92=0

Q- -CED- - -O-

-y
Lo8)

@z @

18 TF(18) =92-80 = 12
19 TF(19)=92-83=9
20 TF(20) =92-85=7

TF(21)=93-93=0
TF(22) = 96-96 = 0

*

M
OH
oz
B

Free Float
FF(1)=10-10 =0
FF(2) = 18-15

FF(3)=18-18=0
FF(4)=24-22=2
FF(5)=24-20=4
FF(6) = 24-23=1
FF(7)=24-24=0
FF(8)=32-32=0
FF(9) = 42-42=0
FF(10) = 56-56 = 0
FF(11) = 56-46 = 10
FF(12) = 57-57 =0
FF(13) = 92-68 = 24
FF(14) = 67-67 =0
FF(15)=T7-73=4
FF(16) = 77-77=0
FF(17)=0-0=0
FF(18) = 92-80 = 12
FF(19)=92-83=9
FF(20) = 92-85=7
FF(21)=0-0=0
FF(22)=0-0=0

Interfering Float
IF(1)=0-0=0
IF(2) =7-3
IF(3)=0-0=0
IF(4)=2-2=0
IF(5)=4-4=0
IF(6)=1-1=10
IF(7)=0-0=0
IF(8)=0-0=0
IF(9)=0-0=0
IF(10) = 11-0 = 11
IF(11) =21-10 =11
IF(12)=0-0=0
IF(13)=24-24=10
IF(14)=0-0=0
IF(15)=11-4=7
IF(16)=7-0=7
IF(17)=0-0=0
IF(18)=12-12=0
IF(19)=9-9=0
IF(20)=7-7=0
IF(21)=0-0=0
IF(22)=0-0=0

BOIQAIZ -

7=3+4

RHQ01SAIZE+ 2t

CENEL

24

3.13 Summary

U Summarizing the discussion to this point, such schedule will provide: 582

1. A clear definition of the work to be performed, divided into the assignable
segments, constituted by the project activities. Z2X E HE[H|E| Tt 2 2o}

2. A precedence diagram showing assumptions and strategic decisions about the

sequence of activities. CPM C}O|0{ 1282 HE[H|E| 7+O| M S A FA|

3. Start and finish dates for each activity. 2{E[H|E|Q| A| 2Dt S 2 A|ZHS Z2H

4. The number of days that each activity can be delayed before resulting in a delay in

the overall project: F378 24 : 238 > O FA| 7t L4

- 109/240-

25




CHAPTER 9

SCHEDULING: PROGRAM EVALUATION AND REVIEW
TECHNIQUE NETWORKS AND LINEAR OPERATIONS

X217 History and Basic Concepts

XN[2%  Preparing the Bid Package

X[3%  Issues During Construction

XN[4Z  Contracts

XN[5Z&  Legal Structure

XNl6Z  Impact of Taxes

X7 Project Planning

XN[8%&  Project Scheduling

X|l9Z&  Scheduling: Program Evaluation and Review Technique Networks and Linear Operations
X[10%  Resource-Related and Advanced Linear Scheduling Techniques
X117 The Mathematics of Money

XM[12%  Project Cash Flow

X137 Project Funding

XN[14%  Equipment Ownership

X152  Equipment Productivity

X162  Construction Labor

X[17%  Estimating Process

X[18%  Cost Control

X198  Materials Management

M20%  safety
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9.1 Introduction (1/3)

O Bar charts and critical path method (CPM) networks assume that all activity durations
are constant or deterministic. CPM: & 7|7} ¥ siCh= 7+

O The variability of project activities is addressed in a method developed by the U.S. Navy
at approximately the same time as CPM. This method was called the Program Evaluation
and Review Technique (PERT). PERT: 37|7t ¥5 7}h53}Ct= 71

O The duration of some or all of the project activities can be variable. The variability is
defined in terms of three estimates of the duration of each activity as follows: 37}X| 37|

1. Most optimistic duration (t,) 522 37| > &2 37

2. Most pessimistic duration (t,) HI2X 37 > 71 37|

3. Most likely duration (t,,) 7t% 7540l =& 37| > %|8 37
> E& 37|: Expected duration, t, = [t, + 4t +t,] / 6 (PERT BE (T E HIEl £2)E 71)

(0 10;100)

> 37|19 &4t o = [(t, - t, ) / 6]% (PERT _._i(Axm HIEt £2)E 7}
{{ 20-mees (0, 70, 100)

In probability and statistics, the PERT distribution is a family of continuous probability distributions defined by the
minimum (a), most likely (b) and maximum (c) values that a variable can take. It is a transformation of the four-
parameter Beta distribution with an additional assumption that its expected value is (a + 4b +4) /6

The four-parameter beta distribution is indexed by two shape parameters (P and Q) and two parameters
representing the minimum (A) and maximum (B).

9.1 Introduction (2/3)

QO Central Limit Theorem S 33Hg2| > HEHT A0 2= EH0| Y2 222t 22810
23|52 5l H (EE N>30) ZARCE M2 X E 2L}

U Suppose m independent tasks are to be performed in order; (one might think of these

as the m tasks that lie on the critical path of a network). 3440 Z&HEl m7i 9]
HE[H|E[SOf CHet 37|52 & > Z2HEQ J7| > HAEZE IE

QT=t,+t,+..+t, >T=F3ELH
QE=p;=E,+E,+..+E, >E

—
=
QV;=0%=V,+V,+..+V, >V,EFTSHY Y HAES

0 T~ N(uy, 6%) > T B0 1, 0|1 £410] o2, Ol YR ERE 2
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9.1 Introduction (3/3)

MNormal distribution

Standard :
deviation = (V)

_ Scale of
T ! 12 -
t,— (Vs t t,+(Vy random
™ E ) i J{ ) i variable t
t,—2(Vy) 68% of area +1c  t, +2(V,)
. " ¥
IE—S(V,']"'E 95% of area 2o t, +3(V,+}ﬁz

99.7% of area 3¢

FIGURE 9.1 Selected areas under normal distribution

9.2 An Example Program Evaluation and Review
Technique Network (1/5)

Tt =t +4t,+1,]/6

e

HI okl

Abio2=(t, - t,) / 6]2

TABLE 9.1

Three Estimate Values
and Calculated Values for
Each Activity

Activity |t ta tp t. Var
31 5 3 044
6 3 9 6 1.00
13 10 19 135 2.25
9 312 85225
1 8 35/1.36
8 16 10 1.23
413 75225
39 6 1.00
1 8 35136

FIGURE 9.2 Small PERT network
Activity on Arc (AOA) 2 Al
(B0 Activity on Node (AON) BfAl)

O 0 N PR W N =

W o N o Ww
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H2m 1-4-8 3+82+6=|17.5 Var =0.444 + 225+ 1.0 53.694

9.2 An Example Program Evaluation and Review
Technique Network (2/5)

U The variance of path two (5.416) is greater than that of path one (3.694).

U Because this means a greater spread of the probable total project durations, the
variance of path two is selected as the variance to be used for further PERT
calculations. 0| ZCtH Z440| O H HEH0| § 2 FSFYEZE HEISI0 24

Path Activities Duration Variance

=82 1579 |3+348+TH1375 =|17.5 Var=0.444 + 1.361 +2.25 + 1.361 95.416

9.2 An Example Program Evaluation and Review
Technique Network (3/5)

Prob (x)

o° = Variance =|5.416| £
o= .J5.416 = 2.327 EZEA = 2 AN

68%
e T o

|
205195%
]

| 3599.7%

T

X

A
_ ¥ N=245
X 175| 30=6.981 24.5=1+30=17.5+3x 2.327

2452 O|Ljo 22 =450 99.7%

FIGURE 9.3 Normal distribution of total project durations for small PERT network
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9.2 An Example Program Evaluation and Review
Technique Network (4/5)

U What would be the probability of completing the project in 17.5 days? 50%: 3 2% =

SN B
U What would be the probability of completing the project in 16 days? 50% 0|2t « &
0|3t
O What if we want to know the probability of completing in 19 days? 19¥ O|Ljof| 22 & &»
U Consulting the cumulative normal distribution function table given in the appendix

with a Z value of 0.644, yields a value of 0.7389 or 73.89% probability of completing
the project in 19 days. Zi{S 72 & E 1 82X E 0[8510] =& A4t

7 — Mean —
v Variance

175 -19] 1.5
- = —(0.644
V5.416 2327

Z

9.2 An Example Program Evaluation and Review
Technique Network (5/5)

19

/\\ N(17.5, 2.3572)

17.5 17.5 17.5 17.5 17.5 17.5 17.5
-3x2.357 -2x2.357 -2.357 +2.357 +2x2.357 +3x2.357

N(O,1) « EETEHEE

0.644
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9.3 Program Evaluation and Review Technique
Shortcomings

O In fact, the PERT results are too optimistic. PERT 0|Z & 7| = X|LEX| A 2t

O The method of using the t, value to determine the longest path through the project
network and assuming that the duration of this path is the most probable value for the
total project duration is not totally accurate: Z2MEO| Z7|= 25 PERT 0|5 B x| 2Lt
Zct

U Merge Event Bias: T3 &0 23|
= 2Lt O|H B2+= PERTO|A 125t

O Activity7t M2 SE0|2t= 7+

UW BLl= HEH|IE|7} Q= L, CHE A2 FE27tE
| %=C}. > Monte Carlo Simulation 0] &.

Path 1

; Path 2 @

Path 3
FIGURE 9.4 Merge event bias

10

9.4 Linear Construction Operations

U Often construction sites have linear properties that influence the production sequence.
ALSAM MY . SE TFHEE 5L =AM RO BtEX o= =l &

U A road job may be subdivided into 14 sections that must be completed

High-rise building : erect formwork, install reinforcing

steel and embedments, and pour concrete. A5 & >
HiZ > 232

Tunnels : drill, blast, remove muck, and advance drilling
shield. E8 > =% > 4 > ©7

10 Gradient : ZAl:
Rough Grade
1l 2 [ 3] 4 [ 5[6][ 718 9 T[10][11 [12[13[14]

FII'IISh Grade
1] 3] 4 Ts5Te[ 78] 9 T10T1f [12[13[14]
E :Aggregrate Base

A1 2 50' Z 1516l 71680 6 17031 [2Rali4]
: " Concrete
147 FEEZE 65 9| 20| 12 |93(:| 4 1 5[6[ 718 9 [10]71 123l 14]
o . :9" Concrete
SYSHA HtE Mo 2 Al & L 2 [ 3] 4 T516[ 78] 9 1011 [(2M3l14]

| QlE ottt Atoje]| A Curbs
§ ] 1] 2 31 4 [5]6] 7[8] 9 [10]11 [2[13] 14 |

APR MAY JUN JUL AUG SEP ocT NOV DEC JAN FEB MAR :
FIGURE 9.5 Road project divided into 14 sections
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9.5 Production Curves (1/3)

U Production curve reflect the production rate or speed with which sections or units are

being processed. A|& £ =& LIEt &= d2f=

Yy
Units of A
production
100 — - -
80 Az
Planned rate
60 - of progress
| 712 cye) x50l X8 > TE =3
40 |-
Actual rate
o of progress
20 Mobilizatjén A
| | I X Project
5 10 15 20 25 months
FIGURE 9.6 Production curve "
R EE37
| Length of read to
be constructed
0% 30% 80% 100%
=Klo| K| 49"P' 35"? ZA,D Rough and finish
12TI|’_| AR just s{aavrltrilﬁg compalz‘t:gd cogr%p\eat:z g?:ging?inisl,ﬂ::d
to this point ta this point

1. Both rough and fini
grading should be
completed.

2. Approximately 80% of
the aggregate base has
been placed.

3. Placement of the 5-inch
concrete base is
approximately 30%
complete.

4. Placement of 9-inch
concrete is just
commencing (7HA]).

5??
Conc.
Y Rough paving
1: 100% A T
-kg I
2:80% €—+— |
3 |
[=]
s |
5 |
“n |
3:30% €= |
|
X
4:0% <€ L

Weeks

* Units of production (e.g., L.f. for rough and finish grading, tons of aggregate

base, cu. yd. or sq. ft. of paving, etc.)

FIGURE 9.7 Velocity diagrams for a road construction project
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9.5 Production Curves (3/3)

U Ripple effect (Zt2 &1} causes shutdowns of process Band C. &&= A, B, C 2 7t 7Hd - A

>B->C
U Slopes of the curves are parallel : {2 ZEH2 YX|517| o 2 £ =2 F LS A ——
/ B
TmeL | S
- B7FAS| 2H @ x| B 220 '
.g Production Curve
L=
§ Process
4 B
5
w <
E Time M Process C
H
= e
% Process \
E A Time N
O
| .| | BB C Jme
| v 7 s o 3w
et
FIGURE 9.9 Unbalanced process production rates 14

254 Y Ot MIAZQAES S FEHS2 85 =, 5, 125 X0f 2t5 &/ 0] OF SHC}. (X[ A A|ZH)
> MEtM 25 A H0f 85 = 2tE 2 FH =252 S =(74)0] 4# S8 S OFE A T 7|5t QL0 OF BhLt.

9.6 Line of Balance =z n=x
U 1940s, line of balance (LOB) was first used in the manufacturing industry X Z= & 0{| A A| %

U 10 apartments are supposed to be created over the course of 15 weeks 155 &2t 10K 2
TE SAHM S22 74Y)

Product 1. Objective Chart LOB Quantity 4 3. Progress Chart
[cumulative] (.08 ] [discrete] (3. Prog ] 8T = Last 20|
e mpmmmmm——————— » XA Zte 2 Q) K| =
12 A a5 : : L Planned SO RACIOF .
8 7 o 11X/ : . 8 7 x o} b K
§ S XY ! L 3 e e ks
6 - Analysis /Ié/- ------- -i-----j:- ---------- g F-—-——----- {I/v— T U=ohieE S8
o CEN N S O SO ».JF A RRRE Line of
4 0.5 571 : ! ! i Balagce R
EotLal g
5.  oAfms==s il e e o e bbbl }2 e —— 7-4‘ — - oo
T . : : i . Calendar Time T Actual Control
1T T 1T 171 1T 171 T LI T Ll WEEkS T T T T T T T T PUintS
2 4 6 8 10 2 14 16! Ll 1 2 3 56 7 8.9
I [ i ¥ I Al E!‘A ’5:'.' o1 o :
9! L . b SENE @)
A+4=8 1 I eliver
78 5#7;11 ! ! i i (2. Production Plan| "~ pate y
. I 1 25094 3
56 as-1 | 1 lmEgeexse g 7
41 T+11-15 Lo 1o 3Y T gt e ¢
3 iy L ESYsjor g 5 3 5 +8 9
i 4+13=17 |
[ rs
2 ! 4+16=20 2 5 Zg;:’g
1 : - T T T T T T T T T T T T T ‘-E-II 1)
' 16 14 12 70{8] 6 4 2 0
. ime K| GIA|Z}: 4 2™ 2
FIGURE 9.10 Line-of-balance example I i it t9 58S 15

- 117/240-




9.7 Line of Balance Applied to Construction (1/3)

Erect
Forms (A) Place Steel (D)
. . - Pour Concrete (C
Q High-rise building example N+5 | /l ©
) W 7SN
O Each floor section must be processed N+g | A B
through the following work activities: 2} & 2 ' —
T90f Chah, CtE 78 gt =& N+3 |
1. Erect forms HFE ®t7|
2. Place reinforcing steel Hii 2 N+2 :
3. Place concrete 23 2| E EHd e A@&i\ DIRmaTS ERImS A=)
. _ +
4. Dismantle forms %% ®A Place 7
. - Z L
5. Place curtain wall HE Y A% EHRIn Wﬁ:'
; PNI=P% Pl I 43 TY9E
6. Place windows && A X| ace 7 xfoy 4._‘—A1E
Windows =
N-1 Completed
I Floors D.-C
o
& A—-B
FIGURE 9.11 Schematic of floor cycle work tasks 16
9.7 Line of Balance Applied to Construction (2/3)
Progress Monitoring Points
HIZQIEHS 8 7 8 5 4 3 2 1
g—glﬂgi 1EHECT 2 RE 3 : %ISMANTLE 5CUFtT.»“'.II\.I o o I
. - i X|HA|Z
Production Plan FORMS | INFORCING CONCRETE CURE CONCRETE FORMS WALL WINDOWS | Lead Time X| A7
44 42 40 38 14 8 2 Q
Hours
2 hrs 2 hrs 2 hrs 24 hrs 6 hrs 6 hrs 2 hrs
Floor  Sections Objective Chart
Ly 40
2 I . //
8 32 I |
7 o8 B e D c
15/F / /
6 24 47 /204 ZH . A B I/
5 20 I I
4 16
) 12
2 B
1
| |
Weeks 0 1 2 3 4 5 3] 7 8
Hours 40 B8O 120 160 200 240 280 320
FIGURE 9.12 Program chart and objective 17
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9.7 Line of Balance Applied to Construction (3/3)

A
HYUSE

4T /40| 2t e > 26Ol Window 221 0|
_ 22 g} ot 2 5| QR
LOB(1)=2 )
OB(1) =26 a 32.4 99| Elect FormO|
LOB(2) = 26 + (6/40)2 = 26.3 omuECTIVE ==z 5|0of Qlofof i},
LOB(3) = 26 + (6/40)8 = 27.2 817
LOB(4) = 26 + (6/40)14 = 28.1
LOB(5) = 26 + (6/40)38 = 31.7 ] j_fﬂ;%;ﬁﬁ,r .
h . Q\ 407 line of Balance: ™ T E
LOB(6) = 26 + (6/40)40 = 32 I o X T
- ST~ & =t -
LOB(7) =32 +(1/10)(42 - 40) =32.2 S04 - ]
(7) =32+ (1/10)42 - 40) \%x
LOB(8) =32 +(1/10)(44 - 40)=32.4 26.3 < I \:\‘x
g 12 - )
26 =] 8
EXT Dis- CURE RE- | ERECT &
WINDOWS|  yyaL | manTLE | concreTe |CONCRETElNroRGING| FORMS 4r

1 2 3 4 5 6 7 8

o 2 8 14 38 40 42 44

LEAD TIME IN
WORKING HOURS

PROGRAM CHART IN
REVERSE POSITION
(POSITION ONE AT STATUS
DATE)

FIGURE 9.13 Enlarged projection of program chart onto objective chart 18
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10.1 Resource Scheduling

U The term resources in construction planning and scheduling can refer to the “triplet”
of materials, labor (i.e., workers), or equipment, or even crews, which are
combinations of equipment with their operators. 744 7|2l 20f2| AHd: RtXY, I 21, ZhH|

U It is necessary to carefully consider resources when developing a realistic schedule.

Al Itsot A-PA S 82 i = RS 12{5t= A0l 52
U Resource allocation to adhere to a given availability. X} &5 Xtel > 33
U Resource leveling to improve the workflow. Xt&l 535} &3} SAL 7|7t E 2R Xpo| 5
7t ot A R A
2
10.2 Resource Allocation
F3™EH A-CEGH
Z2HE Z7|(Xbe H 20| Y= BR): 241444442 =13 e Hac O Xbel H|2F0| 1O B 130 2 Ths
A 5 /1 O Xt Heko = olsl 16 0] 2+
(7 B 4 —
C 3 oi—’El
5 D 3 2= x'ﬁ::- ______
E 2 IR o —
F 3 f
1D, Dur. F3 H2
| | 1F3 G 3 — [
Res. 3 4 H 4 | B ----- 4
"o xde 4 4 = .
T T T 1 L] 1 ] L) T T T T T T L
E 4 6 8 10 12 14 16
Res. 4 Res. &
7 718 xp3 7
. O S L S , B casua =
4: ;_ _________ 4] G H| Time
] 1A i
o] 5 ] B [
] Time ] D G
. E |-
1 T T T T T T T T T T T T T T - 1 ] I I T 1 ) T T I L
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
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10.3 Resource Leveling

Name Res. 23BOIg0) 0E A5 >xy  ame Fes
A 1 — : A 1 |
B 2 —= B—2 = 3-------
Cy, Co 1 :I:}ﬁ Cy, Co 1 :I:]
D 2 — : o2 o ----
E 2 E 2
F 1 F38(%%x): 0|5 &7} > Fix Time F 1 Time
G 2 G 2
H 4 . H 4 .
T T T T T T T T T T T T T T T Ll T T T T T T T T T T T T T T Ll
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
Res. & lr: Res 4
7] A el 2R 1
6 - 6
] | . Al aniE S8
—
4 - 4 1
—:Ij‘ T T E————
2 — 4 l7im 2 S i . Time
_ | g —
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
FIGURE 10.2 Example 2: Resource leveling to optimize labor assignment
(Heuristics: Rule of thumb) .

Normal vs. Accelerated

$27 for 13 days vs. 8 days at S36

. Name Cost
10.4 Time—Cost Trade-off =
=l
O Time, cost, and the scope of work (with its ' ‘ ::;u
quality requirements) are related in what o s | =g Tme
has become known as the “triple constraint” cre s
- - . - Name Cos Name Cosf
or “iron triangle” in project management to 5 A;C' - ! N A;C‘ = "
. . . . . B 1$/d B 18/d
indicate their close relationship. c - |8 __ o L lE
D - - o . E
. : 2 o
U Trade-off between the duration of a project — | o e S
and its cost must be analyzed 37| vs SAHH| Ay — T " & — T | e
o . \éliwélé\1|0\1lz Iélg‘llélé‘W‘OIJQ [ R
U The initial duration and cost, and the Neme Cout Neme Gout
1 \CC : \CC :l v
accelerated (crashed) duration and cost. ol T T & >
HAZ7 5337 BT c - Y kb € -
Name Initial Accelerated Cost Slope E cc I; lé Acc
Activity Successor Time Cost Time Cost —— &—ee — ==
B.C 2 $3 1 s4 15/ L e Tine 3] e Time
B D 2 $5 1 $6 18/ "2 458 1012 il 8 10 12 "
= = A Acc [ Vi
E] o 4 34 3 %6 2% g osa | B v
F H 3 2 2 s4 28 b = TAY
| 4 $3 3 s4 1%d oo e
G Acc — .
2 $6  2%/d il :I/ Iy
H 2 31 - R N/A I Acc [ Time ! Time
D = > 185 11 PSP "2 46 8 10 12 ["274 6 8 10 12
F33 5

FIGURE 10.3 Example 1: Time—cost trade-off curve
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10.5 Linear and Repetitive Scheduling Techniques

O From cost estimating five basic types of measures are familiar: length, area, volume,
weight, and count SAt Zl= M3 CHel . 20|, HE, 20, £A, 7=

1. Length of road that has to be paved = 22| Z 0|
2. Weight of steel that must be erected M & H=2| 24
3. The number of faucets that are installed & %|& =78 9| 7%=
U More generic measures that can always be applied to any type of work: 22t% CHo|
1. Monetary value (in dollars) 2o 2 zHitel Tl
2. Percent complete at a particular time &3 &

O Construction projects are mostly horizontally linear (e.g., roads, tunnels, and bridges),
vertically linear (e.g., high-rise buildings) 718 T == +EMOoE £ AN oz MHP L2 H

10.6 Linear Scheduling Method (1/2)

U Linear scheduling has been developed for project control since the early 20th century.

U The linear scheduling method (LSM) resembles the first of the three LOB charts, but
can show significantly more details. LSM<2 Objective Chart(Production Curve)2t
FASHR| 2 S CHdot HEE HSE

Work 4 Linear Schedule o

[units] Activities

A B C D E AC,E:singlecrew

10
| Crew 1

Staggered

671 Augsaze

ey
FCARO| 2|

2 YK 8 10 12 14 16
FIGURE 10.4 Linear scheduling method (LSM)
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10.6 Linear Scheduling Method (2/2)

U Line-of balance quantity (LOBQ) chart and was introduced by Lumsden (1968), but is
not found in the original U.S.

U Each activity is represented with one diagonal line (unless interrupted) in the LSM
chart, but with two enveloping lines in LOBQ. Buffer(% )2t Delay(X| )2 H=tst EA|

Work 4 Line-of-Balance Quantity
[units] A B ¢ D E A, C, E: single crew
10 1 B, D : Two crews
| Crew 1 —— et
8 - Crew 2 o I
L Buffe
6 -
1
J : —
4 i |
- : 7|0l FM
i1 i Zhdo 2 Q% X
A Va7 ARV it
ime
T T I I 1 T T I I 1 T T I T 1 T > [weeks]

2 4 6 8 10 12 14 16
FIGURE 10.5 Line-of-balance quantity (LOBQ)

10.6 Linear Scheduling Method (2/2)

U Line-of balance quantity (LOBQ) chart and was introduced by Lumsden (1968), but is
not found in the original U.S.

QO Each activity is represented with one diagonal line (unless interrupted) in the LSM
chart, but with two enveloping lines in LOBQ. Buffer(07)2t Delay(X| )2 H=tot HA|

Work 4+ Linetofi@aidhite: Duantity
[units]

A, C, E: single crew
B, D : Two crews

E

2 4 6 8 10 12 14 186

FIGURE 10.5 Line-of-balance quantity (LOBQ)
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10.7 Case Study of a Linear Project (1/4)

U Consider the example of a 10-floor office building for which we will create a linear
schedule.

U The building has two levels of underground parking and mechanical and cooling
equipment in a roof penthouse for a total of 13 levels. X|3} 25, X| & 105, HESIA: &

=
135
i 1 F 3
Elevation Footprint
|-
L
Street
— < I R
80 LF 45 LF LF=Linear Foot (T 2 30cm)
FIGURE 10.6 Schematic elevation and footprint
Linear Schedule Activities
Activity Sequence Productivity Resources Quantity Duration
1 O 7 Ca se St U d Demolition 1 21,875 Excavator 21875SF  5d
. SFiwk
. . Soldier piles 2 300 LFiwk  Piledriver 600 LF 10d
Of ad I_I near P rOJ ect Excavatellagging | 3 5000 CYAwk Excavator 25,000CY 254
Temporary ramp 3 1wk Excavator  1EA 5d
( 2/4) Erect tower crane 4 1d Mobile crane 1 EA 1d
Slab-on-grade 5 2wk Tower crane 6 pours/floor 10d2
Perimeter walls 6 150 LFiwk Tower crane 600 LF 20d
t | I f d d Backfill perimeter 7 300 LF/iwk Excavator 300 LF 10d
WO [evels or unae rg roun Column concrete 7 15 EA/d Tower crane 30 EA/floor 4d2
Core masonry T 1,500 SFiwk Material 1,200 SFffloor 4d
hoist
Scaffold/formwork 8 2,000 SF/id  Tower crane 3 (2) 4 d/pour £
pours/floor
Reinforcing/sleeves 9 2,500 SF/d  Tower crane 3 (2) 3 d.fpouré
pours/floor
Pour concrete 10 1 d/pour Tower crane 3 (2) 1 d.fpc-ur2
poursifioor
10-floor office buildi NE cure concrete 11 3d N/A N/A 3 dipour
Stress cables 12 1 d/pour Hydraulic 3(2) 1 dipour £
jack pours/floor
Strip/reshore 13 4,000 SF/d Tower crane 3 (2) 2 dipour £
pours/floor
Fagade panels 14 200 LF/id Tower crane 350 LF/floor 2d
Install windows 15 75 LF/d Material 300 LF/floor  4d
hoist
Install roofing 15 1,500 SF/d  Tower crane 7,300 (14,600) 5 (10)d*
SF
Mechanical 16 5d Tower crane |1 EA 5d
roof penthouse Neqanes
Dismantle tower 17 1d Mobile crane 1 EA 1d
crane
Building systems 16 3 (2) wkffloor Material NA 15 (10)
hoist dffloor
Framing/drywall 16 2 (1) wkffloor Material NIA 10 (5)
hoist dffloor
e Install elevators 16 8 wk N/A N/A 40d
O O Occupancy 18 2d NIA N/A 2d
certificate
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10.7 Case

Work

Study of a Linear Project (3/4)

A
[floors] Crane
0 O S
10 ]
9 | Sequence of
8 | Scaff/Form,
[ S SN N E— Reinf,Pour, | ________ | L
6 Cure, Stress,
5 : Strip/Reshore
i 4444
3] =
2 |Demo B /4
1 |/ Soidier |Ramp __ ISlab_Perimeter/Col_____| | ____ LT [ =T |
B1 | Core 1 [/ = Time
B2 E Bill, ——— /S = [wegks]
1 T T 1 T T 1 T T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Work
[floors] Crane
PR T T T T Penithou
10 ] = %7’
9 |
2] 7 |
71 Cert |
e T e ]
5] = !
4] L= ”//// !
3 _;—_:7—':" // T 1]
2 _ Sequence of Fagade Panels, Install Windows, Building Systems, Framing/Drywall [T' I?s
1 We
I I I I I I I I 1 I I I :
34 36 38 40 42 44 64
. . 12
FIGURE 10.7 Linear schedule for case study project
Wol
|”"°::| ‘ Crang Crane
P s pemhousg/
10 | /
9 Sﬂuuencr‘ of / :
?’ 1 H :':: FF-?cl r //;//)’/ / CE" |
6 T Cure. Stress,. | / - //? A =TT
5] Sirip/Reshors f = v
4| 14 L L= |
3] LW = 77— 3 |
2 |Demo ,/ = 'r/ Sequerjce of Fagade Panels, Install Windows, Building Systems, Framing/Drywall Time
1 L/ Sodier  Ramp _ ISlab_Perimeter| Col | N I il P A 1 I R —— . [weelgs=
o2 P BB Ay i R - O M A IR N 5“
0 12 14 16 18 20 22 24 26 28 30 32
135 SAt S8 SA
FIGURE 10.7 Linear schedule for case study project
13
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11.1 Introduction

O Management of money is critical to the success of any company. 7|2 42| §&
IS M = Xzt 7t 0 & 58

mjo

U Inventory financing: M5 ¢ > -4t > 4 X0l ERe > Ata T X7t Ldd

O When money is borrowed, the lender will require a fee for the use of the borrowed
funds. This fee is called the loan’s interest. O| Xt : Xt 20j| Cii$t AtE = 71

U Engineering Economics: 34X or 2XH43%

11.2 Time Value of Money

U Time Value of Money (TVM): One dollar available right now is more attractive than one
dollar offered to be available at a future time. =2| A|ZtA JtX| . $4Xf A| ™ Q] =2 74X &= O| 24
A|Eo| Zte Zolo| Jpx| & CF ALt

ET O 1

O Any decision involving the acquisition or payment of money over time must consider
TVM. & 7|2t0f 28 =2| S 50| 2 dst= 2 M Eof ot dA-d &4 Al HHEA| =2 A|ZHH 7HK| &
1 2{5HOF 2.
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11.3 Factors Determining the Time Value of Money

U Three factors must be considered to analyze the value of money over time: =2| A|ZHH
ZEX|Of tHE O] 2 7HX] 27 24

1. The amount’s principal, which is the value of the investment at present time. &2

2. The interest rate, that is, the interest over a unit of time. This rate is expressed as a
percentage. O|X}&

3. The time involved. 7|7t (A X{ 2t O] 2 2F2| A[F X}0])
O Many factors influence the interest rate charged by a lender. O|At& ZH 24
The degree of investment risk ZZ M Eof LS =X} A
The creditworthiness of the borrower M £Xxt2| A 8=
The inflation rate 27t4S &
The stability of the market where the money will be used A& 2474

The level of competition among lenders CHE X} 7+0] A7

o v kA w e

The cost of the money to the lender. CiEXt2| Xt =& H|E

11.4 Simple and Compound Interest

O There are two fundamentally different ways to compute interest. F7+X| O| X} AH| A+ &

U Total interest depends on the type of interest: whether it is simple or compound.
CHEO| Xt vs =80|XH(=2)
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11.4.1 Simple Interest

O Paying simple interest means that you pay interest on the principal, but not on the
interest accumulated from previous periods. &2 0|2t O| Xt 7t & =CF.

U The future value F, of a principal P borrowed over n periods at an interest rate i can be
computed as F, =P x [1 +in], F (n7| 2| O|2§7tX]), P(RXHZHA]), n(712t), i(O1 A=)

O|XIZ i = 10%

Year (n) Base for Applying i Interest for Period Total Owed (F)

0 (now) 10,000
1 10,000 10,000 x 0.10 = 1,000 11,000
2 10,000 10,000 x 0.10 = 1,000 12,000

3 10,000 10,000 = 0.10 = 1,000(13,000

11.4.2 Compound Interest

U When using compound interest, the interest owed after each time period is computed
by adding the interest accumulated from previous periods to the loan principal, and
then multiplying this total by the interest rate. 21} £ =l O|X} 50 O|X}7} &L,

QO The future value F,, of a principal P borrowed over n periods at an interest rate i can be
computed as F, =P x (1 +i)", F (n7| 22| O|247tX]), P(HXH7HX]), n(Z[2H), i(OAH=)

O|AtE i = 10%
Year (n) Base for Applying (i) Interest for Period Total Owed (F)

0 (now) 10,000
1 10,000 10,000 x 0.10 = 1,000 11,000
2 11,000 11,000 x 0.10 = 1,100 12,100

3 12,100 12,100 x 0.10 = 1,210| 13,310
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11.5 Nominal and Effective Rate

U Annual Percentage Rate (APR) : lenders clearly indicate interest rates as an annual
percentage of each received dollar. 2H|At ES E I8} 1H TH2[2| HF O|A22 SAIEE &

U It is possible to find the effective annual rate that you pay on a loan (usually called its
Annual Percentage Yield or APY) if you know its APR and the number of times per year
that the interest is compounded. 1 30j O|XtE & H XM FT=740f| 2} M= O|Xt20| ZHE.

C
— APR
APY = (14 4R/ )" 1
In the previous example, APR = 12% compounded monthly. Its APY is

APY = (1+ %12/5,)" —1 = 12.6825%

Fori = 12.0000%: F = $100,000 x (1 + 0.120000)"° =
Fori = 12.6825%: F = $100,000 x (1 + 0.126825)"

547, 356.57 SE52l(12%, 18/4)

$
$599, 580.20 F=2l(1%, 128/H)

11.6 Equivalence and Minimum Attractive Rate of
Return

U Equivalence (2™ &7} is usually considered in terms of interest rates instead of total
interest. AKX S7t= & O|X}7} OfLl O| X2 BH

O If a person or company considers it equally attractive to have $100 now or to get $150
a year from now, the interest rate that this person considers equivalent would
$50/$100 = 50%. $1005 HF1 14 20 $1502 =2 BH=CtHH, O] 72l O|XH& 50%01 M B A X
7t (O] AH2ll= O[X7} $5021 B2 BHAN S71)

QO This particular interest rate is called the minimum attractive rate of return (MARR)

(X272 E)for that person or company. £AHE @{ot Z[A5H2| 7|CH =AU E > A 7HK],
AS7t Ol2h7tK] S #ote dMd24 2 fst o|xt=
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11.7 Discount Rate

I

U What we have called so far interest rate is sometimes called discount rate. O|Xl82 &
slojlg = 22
= L= = o

U When the value in the future of a given sum is known and what is required to know is

its equivalent value now, the amount F is discounted to find its present value P.
O] 2 7tX £ 2 2I5to] AT 7HK| & T3

Q P=F/(1+i)", F (n7] 22 02§ 7tX]), P(EXH7HAT), n(712t), i(OIRF2)

10

11.8 Sunk Costs

U Any cost that has already been expended is called a sunk cost (I &H|&). 2|AHE Hof
O|0l X|=E H|& > of: A=0| STHEl A=0f Cis X|S7HX| FAHE H| &

U As such, it cannot be revoked and, therefore, is irrelevant to future decisions.
Of Z2H| &= 0[2f o[ AFAEO| a2 7KK 2 > 240 ZA[7|X]| %=

U You purchased a new computer two months ago for $2,000. However, a new model
with the same features is available now for $1,000. If you are offered $1,200 for the
old computer, should you sell the old computer and purchase the new model? Yes :

$200 profit. & & 70l $2,0008 F 1 AFE 7Y, M= SL AFHE $1,00000 7Y 7ts,
TSt AFEE $1,2000( & 7|27} QUCHH ZHOFOF & 77k? ZHH $200 O =72 or $800 =31 ?
FAE Al KLt Y2 25 2A| > o M0t EZQ > 7|E HFE ZOtA +$1,200, i HFH

Ol - $1,000 > $200 O| 5, “$2,0002 =10 A HFE QG| $1,2002 F 10 IfL| $8000| &8l |17 «
o|0| 7t i

U
10
0>
N
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Ok
N o
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11.9 Cash Flow Diagrams

U Cash flow diagrams provide a graphical means for describing situations in which
interest and time interact. Y3585 ZEME XI5 SES A|[AH 2 E LIEHH

U Developing the appropriate cash flow diagram is often the critical step in solving an
engineering economy analysis. #3328 & 242 4Hd 240 =4H

U Specifically, it consists of the following:
1. Atimeline consisting of a horizontal line 7}2%2 A|Zt

2. Arrows placed on the tick marks show each sum of money. An inflow of money is
shown as an arrow pointing up at the point the money or value of an asset was
earned; similarly, the arrow for a money outflow is drawn pointing down. ¥ 2
EXIENE S HE, g RES O E otats

3. Comments and additional data are written near the main timeline and arrows. &4

FIGURE 11.1 Structure of a cash flow diagram 12

11.10 Annuities

U An annuity (3157t is a series of equal payments paid out or received in a sequence
over a period of time. = uniform payment series @57} 0f 7|72t LYt 2SS E

O O CHE Ao EE XY H3A S

N A I §

a. Standard Annuity

FIGURE 11.2 Standard and defective annuity schemes

13
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11.11.1 Present Value of an Annuity: Finding P
Given A

U The present value P of an annuity A is the amount of money that is equivalent to the
entire flow of payments considering an interest rate of i over n time periods. To find P

given A, n, and i the following formula is applied:
P=Ax[1+4)"-1] /i x (1+4)"]

U As an example, 36 monthly payments of $968 each at an APR of 10% compounded
monthly will have the following present value (i = APR/12 months = 0.8333%/month)

P = $968 x [(1 +0.008333 %)% — 1] / [0.008333% x (1 + 0.8333 %)36]

P = $30,000

11.11.2 Installments Paying for an Item: Finding A
Given P

U The formula to convert P to A can be written as follows, which is the inverse of the
formula for finding A giving P discussed in the previous section:

A=Px [ix1+4"]/[(1+)" —1]
U For an item selling at $30,000 at i = 0.008333%/month and n = 36 months, the Ato P

formula is applied as follows: &5, =

A = $30,000 x [0.008333% x (1+ 0.8333%)36] / [(1 +0.008333 %)% — 1]

A = $968/month

15
- 134/240-




11.12 Future Value of a Series of Payments: Finding
F Given A

U The formula to apply here, where the objective is to find F given n payments of A
dollars each at an interest rate of i is

F=Ax{|(1+9)"—1]/4}

Motice that the last
annuity is at the nth period

ta ta ta fa, fa A
0 1 2 '3 4 /\/ "n-1
FIGURE 11.3 Future value of an annuity

O 0§ s1,000% 10% O| 22 20 S M ESH= 42,
F = $1,000 x {[(1 +0.10)* — 1] /0.10} = $1,000 x 57.2749995

F = $57,275.00

16

11.13 Annuity Required to Reach a Goal Amount:
Finding A Given F

O A person may want to know how much to save every month to reach a given bank
account balance after n years by a bank that offers an interest rate of i. The scenario
can be described as finding A given F over n periods at an interest rate of i. The
formula used in this case is

A=Fxi/|[1+4)" —1]

O As an example, to find the annual payment that would result in a balance of $500,000
after 20 years at 10%:

A = $500,000 x {0.10/ [(1 +0.10)% — 1]}
A = $8,729.81/year

17
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11.14 Summary of Equivalence Formulas

TABLE 111

Interest Factors

Type of Single Payment Uniform Series (Annuities)
ﬁash Flow | compound |Present | Compound | Sinking Present Capital
ame Amount Worth | Amount Fund Factor |Worth Recovery
Factor Factor Factor Factor Factor
Description Find F Find P Find F given Find A given Find P given Find A given
given P given F A (F/A) F (A/F) A (PIA) P (AIP)
(FIP) (PIF)
- 1 [(1+4)"-1] i [(1+4)"=1] i x (144)"
Formula (14 2) T - M1 | & x (x| (v -1

18

11.15 Worth Analysis Techniques: Rationale and
Vocabulary

O Example: $3,000 every year for the next 10 years vs. $20,000 now. MARR is 10%
U Three techniques can be used:

1. If the present value of a $3,000 annuity over 10 years at your MARR is greater than
the $20,000 that Thaddeus will borrow from you. The approach of finding the net
present value of an investment is called the present worth (PW) method. & X 7tX| &

2. If the $3,000 per year is greater than the annuity resulting from investing $20,000
over 10 years at your MARR. This approach to assess the value of an investment is
the equivalent worth analysis (EWA). &5 74

3. If the interest that yields 10 payments of $3,000 from an initial investment of
$20,000 is greater than your MARR. This approach seeks to find the implicit
interest rate of an investment, which is called the internal rate of return (IRR) of
the investment. =2 &4

19
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11.16 Present Worth Analysis

O The present worth of an investment is the sum of the present value at a given interest

C3as=2S

rate i of all amounts involved in the investment. 2E 35S ES S| A|HO 2 HEt

U Inflows (i.e., the money earned by the investor) are considered positive and outflows

(i.e., the money invested) are considered negative. 92 R 2 Y, M RE2 2+

=M S ALt

U If this sum is negative, the present value of the investment’s inflows is not enough to
recover the present value of its outflows. The investment is therefore not attractive at
an interest rate of i. =¥ S7t<0> X4 Sis

O If the sum is positive, the investment generates inflows in excess of the target interest
rate of i and is attractive to the investor. =M &7t>0-> ZHd UAS

20

11.16.1 Example: Small Excavator

U A machine will give net benefit of $5,000 for the next four years vs. Another contractor
offers to purchase the machine for $15,000 now. MARR: 13.0%. &1 7| 7: X| & $15,0002
20 It vs 7| A E 285H0 &FE 4E 7 0fH 35,0002 022 ST}

QO Should he sell the machine, or keep using it for the remaining of its economic life?

O Using the formula for the PW of an annuity ($5,000/year in this case) we find that: PW
of $5,000 over four years at i = 13.0% = $14,872. 447+ 04 $5,0002] 0| = $1X 2| $14,872
| 3

U Fudd should sell the machine, because the pfésent value of the money that he would

get by using the machine for the next four years is less than the $15,000 offered now.
o= 20| 0|5

. |Find P given
|A(PIA)

[(1+i)"—1]
i x (1+4)"

21
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11.17 Equivalent Annual Worth

O The Equivalent Annual Worth (EAW) of an investment is its value expressed as a
uniform dollar amount over a time period. 2= 2552 9572 Hat

U More concisely, it is the equivalent annuity of an investment.

L When the cost of an investment is the main issue under consideration, then the term
equivalent annual cost (EAC) instead of EAW is frequently used.

22

11.17.1 Example: Best Job Offer

U Greg is undecided between two job offers. MARR : 12%

U Fudd Associates, Inc., offers a $10,000 sign-up bonus and 2|22 $10,000, ¥£ $50,000
U ABC Contractors, Inc., offers an annual salary of $54,000/year &2 $54,000

U Based on the salary offer, which offer is better?

U The question is whether the extra salary of $4,000/year offered by ABC is more
attractive than the initial $10,000 bonus offered by Fudd. 2= $10,000 vs ¥ X}0| $4,000

O The EAW for the $10,000 is the annuity resulting from P = $10,000, n = 3 years, and i =
12%. A 2f= $10,000 > 3 S AHS $4,163.52HF 2| X0 0] s S

EAW = 10,000 x (A/P,12%,3) = $10,000 x 0.41635 = $4,163.50

O Fudd Associates, Inc. is better Find A given
P (AIP)

i x (L+i)"
[(1+d)"—1]

23
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11.18 Internal Rate of Return

U The IRR of an investment is the interest rate at which the investment has a net present
value of zero (i.e., PW = 0). =4 E2 =AW S7IE 02 & 50 F£ O|X}E, =Y E > MARR
(Eae72dE)> dMd A=

U Suppose that an investment consists of the following:

. Find P given
Initial cost: $100,000 A (PIA)
Net benefits: $27,057/year
[(1+i)"-1]
Investment span: 5 years T x (149)"
U The PW of this investment can be expressed as: PW = - 100,000 + 27,057 x (P/A, i, 5)
(P/A,12%,5) = 3.60478 PW12% = — $100,000 + $27,057 x 3.79079 = — $2,465
(P/ A,5) = 3.60500 PW11% = — $100,000 + $27,057 x 3.69590 = $0
(P/A,10%,5) =3.79079 PW10% = — $100,000 + $27,057 x 3.79079 = $2,567

IRR > MARR = 10% > BHd A2
IRR < MARR = 12% = 48 gi&

24

11.19 Limitations of the Internal Rate of Return
Method

U The IRR method has some limitations. =2 &% T > St BItA| ALE 27t > T2 24
9

QO This is frequently the case when there are large differences in the size of the
investments. 7| FXtH0f| 2 X}0[7t = F2, AKX Gt = EH(TET A S ALESHA| B
Chedl =2 &2 UetE d85ts 89)2 Z20| HEtX|= olet &

QO If we need to choose among two investments A and B, A may have the higher IRR, but

B might have the larger PW of the two when computed using MARR as the interest
rate. > &= BiEPH QI = CHQH H7H Al XY 7K B 2 AHE5H= A 0| Helgt
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11.20 A Practical Example Using Present Worth
Analysis (1/3)

U Purchase of equipment, MARR of 10%.
1. Initial cost $80,000
2. Annual operational costs (operator, fuel, oil, etc.) $20,000
3. Tire replacement at the end of years 2 and 4 $11,000
4. Major overhaul at the end of year 3 $15,000
5. Sale at the end of year 5 (salvage value) $8,000

THETHK
Years $8K
0 1 2 3 4 51
{Annuit\_,r}l l
$20K $20K $20K $20K $20K
Gzt 2G|
$11K $11K
Sy $15K tO] O
3 WA YH| WA H|
x7| EXtH| $80K gaH|

26

Years
3

B

$8K

$20K

11.20 A Practical Example Using

Lol ]
Present Worth Analysis (2/3)

$11K
$15K
$

$11K

80K

[(1+d)"—1]
1. The cost of the unit—580,000—is at present value (1+i)"

2. Therefore, A is $20,000 and P is calculated. Find P, given A: P =A(P / A, 10%, 5) =
$20,000(3.7905) = 575,820

i X

3. The tire replacement costs of $11,000 are assumed to occur at the end of years 2 and

4:P=F((P/F,10%, 2)+(P/F,10%, 4)) = $20,000(0.8264 + 0.6830)) = $16,603

4. The major overhaul occurs at the end of year 3:P=F (P /F, 10%, 3) = $15,000(0.7512)

=$11,200

5. The resale or salvage value represents revenue: P = - 8,000(P / F, 10%, 5) = -
$8,000(0.6209) = - $4,967 (Rt&EIHX| . £9| H|E)

6. Summation of the values calculated in (1) through (5) yields: P = $80,000 + $75,820 +
$16,693 + 511,270 - $4,967 = $178,726
7. To find the amount that must be recovered each year from clients: A =
recovery factor) = $178,726 x (0.26380) = $S47,100 H0{ = O 47,100
(1+4)"
[(1+i)"—1]

P x (capital
HO{S0{0F ¢

T X

27
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11.20 A Practical Example Using Present Worth
Analysis (3/3)

$47,100/year is equivalent (recovers) the initial
$178,726 over 5 years at 10% interest

AtH| 282 S8 017k 49/ £ 847,100
“ Years ‘
] 0 1 2 2 t >
K| MOj 7|1 &0 R0 0 B e P ent g Ui anount inal S
ST+ 6178 726 equivalent to the investment scheme above

FIGURE 11.5 Distribution of costs/revenue using A/P

28

11.21 Comparison Using Equivalent Annual Worth
(1/4)

A N
2 miles V4
4 v
e

e - Littleville
- e
= (EEETi == town

Pumping
station mm Al

Reservoir
TESN

10 mile
gravity line A

=L

Plan A — Gravity Line Plan; Plan B — Line Using Pumping Station

FIGURE 11.6 Alternatives for Littleville water supply

29
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11.21 Comparison Using Equivalent Annual Worth
(2/4)

Item Pipeline A Costs Pipeline B Costs
($) B4 ($) HEA

Initial investment pipeline ItO|Z2}Ql A X[H| 2.8 million 1.5 million

Cost of pumping station EHEZ X7|EXHH| 0 500,000

Annual operation and maintenance (O&M) 30,000 60,000

costs At FX| E=H]

Annual power costs during first 10 years 0 108 =2k A2t 7| A/40,000

Annual power costs after 10 years 0104 0]= A7ZF XM 7| M 120,000

30

11.21 Comparison Using Equivalent Annual Worth
(3/4)

= $30,000/yr
P(1)

{ $2,800,000

FIGURI;/11.7 Cash flow for Plan A =24l TRETLE
P(2)* P(1) = $2,800,000 | x (150)
P(2) = $30,000(P/ A, 7%, 40)[Using the tables in Appendix G|

Therefore, P(2) = $30,000(13.332) = $399,960

P(total) = $2,800,000 + $399,960 =($3,199,960

The EAW is
EAW = $3,199,960(A /P, 7%, 40) = $3,199,960(.07501) =|$240,029.00

31
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11.21 Comparison Using Equivalent Annual Worth
(4/4)

0 1 2 3 49 10 11 12
l l l’ l’ /\1 L %E:IAI _u.-I.u.IAI
o $100,0004 Because $240,029 is < $287,886,
Option A is less expensive and should be selected.

P(1)  $180,000/yr ZHAIO| H|RO| O S > ZHA| MEH
e
¥ $2,000,000 ! 3)

FIGURE 11. séash flow for Plan B EZ 4|
P(2)" 4 [(1+i)"—1]
X e P(1) = $2,000,000 | x (1+1)"
. 4 P(2) = $100,000(P/ A, 7%, 10) = $100,000(7.024) = $702,400.00
P(4) P(3) = $180.000(P / A.7%. 30) = $180.000(12.404) = $2.233.620

v (lji)n P(4) = $2,233,620(P/F, 7%, 10) = $2,233,620(0.5084) = $1,135,572.
P(total) = P(1) + P(2) + P(4) = $2,000,000 + $702,400 + $1,135,572 —(3,837,972

EAW = §$3,837,972(A/ P, 7%, 40) = $3,837,972(0.07501) = $287,886.31

32

11.22 Summary

U No enterprise can survive the modern business environment without a good grasp of
the concepts and techniques of the time value of money. £2| A|ZHY 7tX| £ & O|8l{sfjOF &t

U Time value of money and the mathematical techniques available for considering value
in various borrowing and repayment sequences are important concepts that assist

construction managers as well as englneers in dealing with financial issues. 744 7|=XftLt
Ad{e[X 2= SHE QM EE S flol BHd 24 78S AA5{oF et

33
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12.1 Cash Flow Projection (1/2)

U The projection of income and expense during the life of a project can be developed
from several time-scheduling aids used by the contractor. A#H & & =& 0| &3}0
Z2HE 7|7t L S =0 H| & F4H 7hs

U The owner requires the contractor to provide an S-curve of estimated progress and
costs across the life of the project. &FAt= Al SALO| A2t H1F ES5 & H2 &= S-Curve
(Production curve, Objective chart) 52 2+

U The contractor develops this by constructing a simple bar chart of the project,
assigning costs to the bars, and smoothly connecting the projected amounts of
expenditures over time. A|SAte SEEE HIALEO| H| 82 &Gt = 0|
2828 (Smoothing)sto] S-CurveE =t

12.1 Cash Flow Projection (2/2)

I
$50,000 l

A |

: || Activity A: 1/2 x 50,000 = $25,000
| |
$£40,000 | |
] |
| |
|
|

Activity B: | 1/2 x 40,000 = $20,000
Activity C: 1/3 x 60,000 = $20,000

|
|
| [
) | $60,000 Sum $65,000
I | $30,000
|
|

D [ |
| | |
Monthly direct costs $25,000 $w75.000 $ 15,000
Monthly indirect costs $ 5000 § 5000 $ 5000 $ 5,000
Total monthly costs $30,000 % 70,000 §$ 80,000 $ 20,000
Cumulative monthly costs $30,000 $100,000 $180,000 $200,000
$200% - 100%
90%
$150%
(-
$100 50%
$50"% -
15% =
1 2 3 4

Time in months

The letter "K" is used to indicate thousands of dollars.

FIGURE 12.1 Development of the S-curve
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12.2 Cash Flow to the Contractor (1/2)

Profit or markup: 25% Retainage: 10% X|=70&: 3E0| 50%E HOIMH £05HX| b2
Pay = indirect expense + direct expense) - [0.10[1.25(indirect expense + direct expense)]
= 1.125(indirect expense + direct expense)

Total Expense : $200,000 1.25 x 200
. . K
A Total Bid Price : $250,000 1.zsxls;2-:§.§éaftgin\age)% Retainage = $12,500

200 HE . $180%
Expense
curve

$200%

4
=
@
3
[=]
=
E 150
&
E % 100% $112. 5k
o 100 +* Retainage = 125 -112.5 = 12.5
2 Revenue
5 profile
E 50 ¢
a 1.25%30 - 0.125x30

0 I$33 75 =1.125 x 30=33.75

0 1 2 3 4 5

Time (months)

FIGURE 12.2 Expenses and payments profiles

12.2 Cash Flow to the Contractor (2/2)

U The prime rate is the interest rate charged preferred customers who are rated as

reliable and who represent an extremely small risk of default. 7| 2 0| &: X|A 9| ?{& S
74 74 0f| TS Of Xt&

U Construction Contractor = Prime Rate + Customer Risk. L= 0|2 =7|2 0|2+ ¥ &

O M3, &3 X g: AISA Oiet L2t A= 32 58818 BES ?l6l EFA7H A8 > 5848

ol

—

BUCZ Qo) Y/ EL ot &
Revenue proﬁle shifted to

left of curve
|

$200% |-

$150% - Revenue
profj

$100° ) M4z, 244

o{

Mobilization

$50K _
IZH-;‘II
Time (months)

1 2 3 4

FIGURE 12.3 Influence of front (or mobilization) payment on profiles
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12.3 Overdraft Requirements (1/3)

Table 11.1 Overdraft Calculations 7|12t AHE 7|1t A 7|1zt A 7|12t AH 7|2t
R 383 2T Monwas - 543 s2e 683
1 2 3 4 5 6
Direct cost $25.000 $65,000 $75,000 $15.,000
Indirect cost 5,000 5,000 5,000 5,000
iﬂﬁlﬁ!ﬂ'ﬂﬁi’ 30,000 70,000 20,000
Markup (23%) 7.500 5/000
Total billed 37.500 5,000
Retainage withheld (10%) 3.750 0
Payment received 4= $37.500
Total cost to date 30.000 00,000 50,000 00,000 200,000
Total amount billed to date 37.500 125,000 225,000 250,000 250,000 AE 9=
L Total paid to date $33.750 112.000 212.500 250,000 4 TA-S8HS
™ Overdraft end of month 30,000 4 (100,300 *(147,553) *((90.279) 8818 *[46,318))
Interest on overdraft balance® O|X} | 300 1,003 1,476 903 0

otal amount
financed

ZE3E1%/E
jE ge o

30,300

49,029

AT AR ;}i\

“A simple illustration only. Most lenders would calculate interest charges more precisely on the unwunm@lved employing daily interest factors.
bParentheses indicate a positive balance in this case.

“~._ 250,000 - 200,000 -> 50,000 - (300 + 1,003 + 1,476 + 903) = 46,318

101,303 — 33,750 + 80,000 > 147,553 + 1,476 =149,029
2E TN -3 £ 43 HE >3 EEXIZ +O|Xt=38 Tt

28 jE BR BD

(He Mg) (2 M

12.3 Overdraft Requirements (2/3)

$250"
$250%: Total Billed
$200* - p $200¢: Total Cost
$225 $180% _
$180%: Direct Cost
K
$125%
$100% |- 20
%904

$ 50¢ Direct cost

— curve AlEl AO| - AOQ|_AOl =\_a9oy|le

Ly $46,318 ME 29 == -X|E)-Z8HIE
$37.5 250,000 — 200,000 = 50,000
$25K $8.818 50,000 — (300 + 1,003 + 1,476 + 903) = 46,318
Time
ta 25
L $30,300 $67.553 (months)
9]
o | $101,303 . $91.182
| $147,553 | $149,029
oYY 1T 28Y 3T a¥Y SEHT cHY
2qx 28X 3EX 48X s5EE 6HX 78X

FIGURE 12.4 Plot of maximum overdraft
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12.3 Overdraft Requirements (3/3)

4r

I

R

o
Overdraft

/
o / (Tola} overdraft (x + ¥y + 2)
J L on work in progress
/

.'-
- -~ Pl /; Total overdraft if
L | /.-..._.-' L new work is contracted

Year 1 Year 2 Year 3
Time ——=

FIGURE 12.5 Composite overdraft profiles

Y

8
12.4 Comparison of Payment Schemes (1/4)
h f H f all I all I \
The IRR for a given sec:!uence o] S PW[Rev(I)] — ¥ PW|[Ezp(I)] = 0
payments and expenditures Where
Rev(i) = revenue for period i
Exp(/) = expenditure for period i
PW = present worth of these values
~ £0l 52 400 FX|7}X| 9} H| O] B 7}X|Q] TS 022 THEO] FE O|X}E
- $81,476
H| 2 + 0| X|
EXP 4 $30,300 1 fﬂg 1\ $20,903
- 11‘ 2 3 Ta 5
r ! | Y
. $33,750 $37,500
By < %9l 78,750
’ $100,000
FIGURE 12.6 ROR for small bar chart problem
9
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12.4 Comparison of Payment Schemes (2/4)
L omm=m

ROR Calculations for Small Project

N NETZ PWF? Total@ PWF Total@ |PWF Total@
@ 20% | 20% @ 25% @ 22%
25% 22%
1 /-30300 0.8333 -25249 0.8000 -24240 0.8196 -24834
2 -37253 0.6944 -25868 0.6400 -23842 0.6719 -25030
3 -2726 0.5787 1577 0.5120 -1396 0.5507 -1501
4 79097 0.4822 38140 0.4096 32398 0.4514 35704
5 37500 0.4019 15071 0.3277 12289 0.3700 13875
¥ = +517 Y = —4971 ¥ =-1786
+517 20% 25% 22%
20% | \ ,
22% !
) HIMHO|E
X = 0.45% e .
1786 | 3% —  (17s6+517) ROR| = 20%+0.45%

X = 045% = [2045%]

4 A negative net value indicates expenses exceed revenue for this period.

2 PWF = Present Worth Factor.

10
Month
1 2 3 4 5 6
[ Direct cost $25,000 65,000 $75,000 $15,000
Indirect cost 5,000 5.000 5.000 5.000
(Subtotal 30,000 70,000 80,000 20.000)
Markup (25%) 7,500} 17,500 20,000 5,000
® Total billed 37,500 87,500 100,000 25,000
Retainage withheld (10%) 3,750 8.750 0 0
|Prr\'umn received 520,000 $33.750 5 78.750 ] 5100000 $ 17.500
Total cost wo date 30,000 TOCLO00 180,000 200,000 2000000
Total amount billed w date 37,500 125,000 225,000 230,000 230,000
L Total paid to date 520,000 $53,750 $132,000 $232,500 250,000
[ Overdraft end of month 30,000 80,300 127,353 60877 (29,424)° (46,924)7
® - |||1l=|\:.~1m1 overdrafll balance 300 803 1.274 699 ) 0 0
L Total amount financed $30.300 $81.103 SI2B.627 Z[CH M 72 $T0.576 (29.424)
“Parentheses indicate a positive balance.
=503 $81.274
$30,300
Exp $20,699
1 2 3 4 5
. i
7
Rev l$20 000)< [@33 ?50' 3 .500'
$p > $17,500 $37,500 - $17,500
(578.750) )
|$100.000|
. ops . . o =
FIGURE 12.7 ROR for small bar chart problem with mobilization payment : 5 X|& $20,000
11
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12.4 Comparison of Payment Schemes (4/4)

TABLE 124

ROR Calculations to Include Mobilization Payment

N Neé PWF2
30%
1 -10300 0.7692
2 -37053 0.5917
3 -2524 0.4552
4 79301 0.3501
5 17500 0.2693
324 Lj\x 34%
3% | O\ ‘729 X
x=062 2%
X =

Total@  PWF
30% 32%
-7923 0.7575
-21925 0.5739
-1149 0.4348
27765 0.3294
4713 0.2495
3 = 1482
30%
324
(324+729)
0.62%

Total @
32%

-7802
-21265
-1097
26122
4366
=324
32%

2 A negative net value indicates expenses exceed revenue for this period.

b pPWF = Present Worth Factor.

PWF
34%

0.7463
0.5569
0.4156
0.3101
0.2315

Total @
34%

-7687
-20635
-1049
24591
4051

¥=-729
34%

32+ 0.62] %

(32.62%] 1 +o12 271

20.45% > 32.62%

12
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13.1 Money: A Basic Resource

U The essential resource ingredients that must be considered in the construction of a
project are usually referred to as the four Ms. A& & 23t 7| 28 Q1 X}

U These basic construction resources are (a) money, (b)machines, (c) manpower, and (d)
materials. Xt=, ZH|, 213, X} xj

QO In this chapter, the methods by which the owner/entrepreneur acquires project
funding will be considered. At2 =20 CHs} =2

CHE 7|2
(K= d) 2Fxt A 24Xt StES Xt

; 3 Construction - Owner/ Prime -

- - > Subcontractor
lender developer contractor

FIGURE 13.1 Project money flow

13.2 Construction Financing Process (1/2)

O The owner’s financing of any significant undertaking typically requires two types of
funding: short-term (construction) funding and long-term (mortgage) funding. tt7|

AFZ(HE SAAIUE AT, O 2LAY), 7] X5 (TS 2 Rt HE O E, of: ACHAY)

O The short-term funding is usually in the form of a construction loan, whereas the long-
term financing involves a mortgage loan over a term ranging from 10 to 30 years. tt7|
Ad Ata U= vs Z7| RS HEOE

Q X2 ¢ real estate investment trusts (REITs), investment or merchant banks,
commercial banks, savings and loan associations, insurance companies, governmental
agencies (e.g., Veterans Administration, Federal Housing Administration), or, in special

O SH

cases, from one of the international development banks. Ctst X2 &l: REITs, X232,
A2 AL 27|12 MANLE2H &
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13.

2 Construction Financing Process (2/2)

U Loan application (CHE21H M) includes:

1.
2.

A set of financial statements for the firm. 7| 22| M & &
Personal financial statements from the principals of the firm. 7| & CHE2| K| 2 X &

Proof of clear title to the land (&4t 57| #2|5) for the project and documentation
that it has an appropriate zoning.

Preliminary floor plans and elevations (2 # =, d™ ) for the project.

Preliminary cost estimates. ZTEME 42 H|E FHX

A market research study to verify expected income. Z2NE o & = HS ;

AlZz=AL At

mjo
rok

0
°

A detailed pro forma (743) indicating projected income and expense throughout
the life of the mortgage loan. H| 81t X| 22 T HE ZEHMEQ|F S E

13.3 Long-Term Pro Forma Example (1/3)

O Example: 75-unit apartment complex. 223t LiE=2 $2,422,000

Market rent for subject property (unfurnished)| 55 two-bedroom|A, B,
or C units—1167 sq ft @ 41.0 cents/sq ft = $478.47/mo or $480 X 55 § 26.400.00 | 2 Bed EF s5xH & ALH +=2
20 three-bedroom A, B units—1555 sq ft @ 37.3 cents/sq ft = $580.00/
mo $580 X 20 _11,600.00 | 3Bed EtY 20%{ & AL =2
Total estimated monthly income $ 3800000 | & ¥ YUrl =
Other income: Coin laundry, vending machine 150.00 | & 7|E} =¢
$ 3815000 | ¥ +Y

x 12 = annual total 457.800.00 | & A+
Less vacancy factor of 5% (based on historical data) —22,890.00 | SHZ st ZA
Adjusted gross annual income 43491000 | =HE S+
Less estimated expenses @ 29.45% =< H|-&2 YU +=Y2| 29.45% —~128,080.00 | 2%FH|
Net income before debt service $ 30683000 | =+

— 306,830.00 -

Capitalized value @ 9.5% = $3,229,789.00 = ————— | X235} 7}%]|
(0.095)
FEES Requested loan value = $2,422,000.00
QAPECYEZ /XSt 7HK| Loan/value ratio = 75% (high) governed by law =2,422/000 / 3,229,789
0| X} H| & Long-term debt service @ 9.75% constant = $236,145.00 = 2,422,000 x 0.0975
&40/ o[ X} H| & Debt service coverage ratio = 1.3 =306,830 / 236,145
[k =Rn 2= ESTES Loan per unit = $32293.33 = 2,422,000 /75
QHELES /2 Loan per square foot = $25.42 = 2,422,000 / (1167x75 + 1555x20)

FIGURE 13.2(a) Pro forma for 75 apartment units .
AXA
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13.3 Long-Term Pro Forma Example (2/3)

U The developer tries to expand a small
initial asset input into a large amount

of usable money. A|HAS 2 XA 3HO
7| 2EHO 2 A0 AtY Xt= 2
OpEsta 0 g

QO This is called leverage.
KA 22 (AN AT EXALE D59 S

el A)

U Small amount - lever or amplify 2>
Large amount

/1. Excavation and grading § 67,500
2. Storm sewers 48,000
3. Sanitary sewers 84,030
4. Water lines 25,000
5. Electric lines 14,000
6. Foundations 31,000
7. Slabs 96,000
& Lumber and sheathing 185,000
9. Rough carpentry 185,000
10. Finish carpentry 81,362
11. Roofing and labor 20,035
12. Drywall and plaster 0,000
13, Insulation 28 BER
14. Millwork 140,556
15. Hardware 2813
16. Plumbing 165,000
17. Heating and air conditioning 95,025
1&. Electrical 90,350
19. Linoleum and tile 17,752
20. Carpeting 101,881
21. Kitchen cabinets 62,075
22, Painting and decorating 107,000
23. Masonry, block 20,680
24. Masoary, brick 100,200
25. Ranges and hoods 29,638
26. Disposals 3139
27. Exhaust fans 1,022
28. Refrigerator 35,040
29. Paving 20,915
30. Walks and curbs 20,792
31. Landscaping 30,000
32. Fence and walls 36,792
33, Fireplace 51,100
3, Cleanup 29,200
¢ 35, Lender's fee 32,000
36. Surveyor's fee 1,006
37. Architect’s fee 12,500
38. Land cost 80,000
39, Anomey's fee 7,500
40, Title insurance premivm 5,762
41. Other closing costs 150
42, Hazard insurance premium 4,780
43, Construction loan interest 120,000
44, Appraisal 750
| 45, Building permit 1,500
e 46, Tax _ 50,000

Tonl _szanm0) = Q ML|EZ S Xp7|XHE =0

FIGURE 13.2(b) Construction cost breakdown for 75 apartment units 6

13.3 Long-Term Pro Forma Example (3/3)

O The amount the lender is willing to lend as long-term funding is derived from two
concepts: the economic value of the project and the capitalization rate (2% 2| A2

+98), (538 Z2ME0| AR 74K ATy

29

T 8ot A2 = E (0 A==} H|F)0l| 25

U The economic value of the project = The expected net income / Capitalization rate

Q x=7| &Xt 25 WY Lender(EFRIXHE) 75% + Developer(Xt7|At2) 25%

Lender Ci{& O|AtE : 8.5%

Developer MARR (Xt2 =2 &): 12%

- Capitalization rate = 8.5% x 75% +12% x 25% = 9.375%
U Lender € Mortgage Broker (2% agency fee) > Developer. thE 54 =52 &4
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13.4 Mortgage Loan Commitment g=oz

U The agreed-upon amount of funds will be provided at the stated interest rate for the
stated period of time. sl £l 7|2t St H{ 2 O|Xt2 2 & M S

U The formal commitment will define the floor and ceiling amounts of the long-term

loan. 23X ez= F7| Hza2l Jetutoiets 2

Q A3 50& Short Term Fund(Construction Loan)2 & 2 23 & Long Term fund
(Mortgage Loan)2 ™%t

O As noted previously, the actual amount of funds provided generally is less than the
entire amount needed for the venture. This difference, called owner’s equity, must be

furnished from the entrepreneur’s own funds or from some other source. 28tx o=
A HEa2 2t AgREL Aoz B5F UHF2 YFA AN Ata2 2 SEf{of &

13.5 Construction Loan
MDevelopeﬂl‘ Hez 2

iing EF = AMS|
75 to 80% IGap T ceiling BHEL L E3 &%t
f .
ofgap Y Norege Jom Floor of permanent =+ & [ =3 o} $t
A7|Xp2O| 75to80% amount
of permanent Bank based on
75% ~ 80%  mortgage floor / performance

\

Construction

loan Construction
period

3AMS
IIxE
Construction Loan

~
Period of

permanent
financing I°P7| XI‘E’;

(@ Mortgage Loan

Construction Loan

71’d
- -
M3AE (@i AI-A
Constructor ———» Developer 5
5 Cumulative
o4 amount of dollars
}-k‘-_lx—-! EH? E drawn against
H= A 23 construction
3 H 2 loan
(Retainage M| 2|) S i
Bank 1 | | | Construction
o & accepted
r‘g % as complete
3 R
22 w® we ZE
g2 £E2 £v sO Permanent
€2 ES Tg 5« f .
SE EE 28 3% inancing
£8 £8 @5 =8 begins
Construction
period

(b)

FIGURE 13.3 (a) Profile of project financing by entrepreneur and (b) draw schedule
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13.6 Owner Financing Using Bonds (1/2)

U Large corporations and public institutions commonly use the procedure of issuing
bonds (X&) to raise money for construction projects. L7 |52 44 Xt2 OFAS 28 A&

H =1 = T
HI3
=R

U A bond is promising to pay back a sum of money at a future point in time. xj&: €73 7|7t

£ AFTOIXIE SR ECrE S

Tsmon O| X}-& 8%

Money from

lender 1 2 3 4 5 6 7 8 9 10

Money repaid $80 Y ! ! ¥ ) ! ! v

to lender O| X} . J $£1000

A’ o|a
Payments ==
| s80

FIGURE 13.4 Sequence of payments for a bond

10

13.6 Owner Financing Using Bonds (2/2)

S LAGI0] $42 x1062 T : O|X}8 5% =H, SEX= (A 7 7H4 2 MA| > =0 HA| EXpR; &
> A LES Soll £| WS M AT FEX[X}I} $41x1052 M| A
341105 xj 21 LY $a2x1050] M MO|X} $1x1008 AHZH3t R} SUB H1}

F L=

=
Revenue ==°

1 2 3 4 5 51'464?484950

Expenses Ll l 1 l’ l l Jf l‘ ’l’ J’

; [s42x 1093
i

Interest payments of
O|X}-& 5% $2.1 x 108

l$2.1 x 10° O| X}
FIGURE 13.5 Profile of revenues and expenses for a bond issue

$41,000,000 = $2,100,000(P /A, i, 50 yr) 4+ $42,000,000 (P/F, 4, 50 yr) > j=5.15%

HE =2 22|5% > A& =2 22 5.15%

11
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13.7 Build, Operate, and Transfer (BOT) (1/2)

HFE>X 9|3
=7

PRINCIPAL
Q Public Private Partnership (PPP) sl
AGREEMENT
Q BOT was in itiated in Turkey e N e
starting in 1984. EX}x} s 2z | A
. dividends limited equity
U Suez Canal by the French in the < >
SHARE HOLDERS COMSTRUCTION
19th centu ry. AGREEMENT L AGREEMENT
enguity CONCESSIONAIRE construction cost
it , PR -V
CONSORTIUM
» -+ o AO0|
B3 pre TToTHdH
Haﬁl g'llalliklh aperation fees
LENDERS OPERATOR
29 | HEYE A
debt facility
(SEEmens A edH| operation
LEMDERS AGREEMENT
AGREEMENT T i Al‘-gﬂg'
OFF-TAKERS /
END USERS
AHE Xt

FIGURE 13.6 Stakeholders in BOT funding
12

13.7 Build, Operate, and Transfer (2/2)

U The Confederation Bridge linking New Brunswick with Prince Edwards Island in Canada
is an example of a BOT infrastructure project.

O JHLtCH S50l 15km sid n & (8HE : CS47.75)

Russ Heinl/Getty Images Andre Jenny/Alamy Stock Photo

FIGURE 13.7 Confederation Bridge Crossing, Prince Edwards Island, Canada

13
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14.1 General (1/3)

U The manager’s goal is to select the equipment combination that yields the maximum
production at the best or most reasonable price. &2|X 71Z0j X|C§ MM S 2= FH| ME

QO 7h#A: $500/hour, €2k 750yard3/hour = £+7}: 500/750 = $0.66/yard3
U Construction equipment can be divided into two major categories: 71 8 &H| # 3

1. Productive equipment describes units that alone or in combination lead to an end
product that is recognized as a unit for payment: pavers, haulers, loaders, rollers,
and entrenchers. & gH| : 7|/ d22 AZE|= HYSS BHEY (U2 HY +9)

2. Support equipment is required for operations related to the placement of
construction such as movement of personnel and materials and activities that
influence the placement environment: hoists, lighting sets, vibrators, scaffolds, and
heaters. X| & FH|: 7|22 HAL|= AUSS A2 (HE &Y &8 +5 )

U Heavy construction : &H|7t 2 > &H| QUi 2CH= Y AR 7t ;e
U Building and industrial construction : 212810] 52 > AT AR ECH= &H| ALHE M=

14.1 General (2/3) entrenchers

pavers

rollers
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14.1 General (3/3) Jibrators

14.2 Equipment Ownership and Operating Costs

U The costs associated with construction equipment can be broken down into two major
categories: Certain costs (Fixed or ownership costs; 17dH|) & Operating costs (Variable
costs; HaH|) ¢4d ZH| HE = 17FH| + HSH|

QO Equipment cost: OJAFE Al = Y |0 ZHHA o2 Bat 7t 0= sig Z2X e 2Y Fat

O The hourly charge for a piece of equipment is made up of four elements: ownership
costs, operating costs, overhead costs, profit. &H| A2 2 824

Profit Percentage Markup

ldhpteld]: o}, AP

[__— Overhead o
[e}—1¥e)

0 it Operational costs 92, 22w, 2|2, 2H S E5
T > {R LS, 2, LELH (L)

>

ok

of : s

FIGURE 14.1 Cost components in a production unit
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14.3 Depreciation of Equipment (1/3)

U The three major factors form the three sides of the depreciation “box” : initial cost or
basis in dollars, service life in years or hours, salvage value in dollars. Zt7t&2 273 90I:
TOIHIR, LR ES, THETHA|

o =T,

A

i }Depreciation in period 1

amaount
N
N
el
N

-

o

o

olo
Depreciable

le—Initial cost or basis

} Salvage value THEIHK|

Service life
{years) e

FIGURE 14.2 Factors in depreciation

14.3 Depreciation of Equipment (2/3)

Q #+YH[E0 I$86800°_| HHIE XIOME 3%/ HEE = U= A7t ZF otCtH, ZhH| H
MO0 ZH = $86,800 x 0.34=$29,512°2| BN 2E Y S

Purchase price $84,000(Price at factory, FOB, which means free on board)
Less tires $ 4,000 EtO|0j= FH|H|7t Ot AR EH|Z H2| > E7|9 HIE2 2 Xz
$80,000

Plustaxat5% $ 4,000
Plus freight $2,800 =23H|
Net first cost |$86.800|> #7r&Z thd =
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14.3 Depreciation of Equipment (3/3)

Q ARE AlZHE) Ol B[St & 7he 2.

A& Al S E7HS 2]

es Purchase price — Tire value Teit|-€tojof 3
Depreciation cost per hour =

Estimated service life in hours MEIA =(5 A8 7Hs AlZh

TABLE 14.1

Estimated Service Life Table (Caterpillar Tractor Co.)

Type of Excellent Conditions: |Average Conditions: |Severe Conditions:
Equipment Hours Z2%Y#3d Hours =&Y a3 Hours uH& = 23
Track-type 12,000 10,000 8,000

tractors
Traxcavators
Wheeled loaders
Wheeled tractors
Scrapers

Motor graders 15,000

10,000

14.4 Straight-Line Method (g« (1/2)

O Initial cost : $16,000 & salvage value : $1,000 & The service life : 5 years
O The amount of annual depreciation claimed each year is $3000 = (516,000 - $1,000) / 5

A
216
5
= TUHE - ZHEIHK]
513 — — ZE7FARZE =
8 L&
&
20—
[=]
=
[=
-
=
@

4 ________________

- | | | | }Salvage

0

1 2 3 4 5

Service life (years)

FIGURE 14.3 Straight-line depreciation

- 162/240-




O 000

14.4 Straight-Line Method (2/2)

3 Xjof| ZH|E S 12 EHoj
3 X} Book Value : $10,000 A g
(=] (= | o—| ©

SO Z EOf 7t $12,000 16 N
ZH| = T0i510] $2,0002] o XtAk 7} 0| Z7} |
0|%% ol:“/?igE |QI0'" = 13 ﬁ
CHot M= 0] 'eliat S % dification - 1=
(D KA 2 M) . B Modification : $3,000 2

£ 10 k. g

= ~ @

0

31 240f Tl 7hx|7} et .5 ,L ki =
$3,0005 S TS WA £ B 4

=
Book Value : $10,000 > $13,000 » 4L = a

@ ~
ZH7HAHZE Y AFO| $3,000 THE 2 .
S7tet N

1 > Salvage
Service life (years)
FIGURE 14.4 Adjustment of basis
10

SLY Rate Applied to

W=

14.5 Declining Balance =g

TABLE 14.2

Declining-Balance Method

Book Value End of Depreciation for

Balance (%) Previous Year ($) this Year ($)
40 16,000.00 6,400.00

40 9,600.00 3,840.00

40 5,760.00 2,304.00

40 3,456.00 1,382.40

40 2,073.60 820.44

N

(100% /54 = 20%/L=| o F
e =

TOTAL $14,755.84

AUSHA 40%2 7HK|E

16

Book Value End of
this Year ($)

9,600.00
5,760.00
3,456.00
2,073.60
1,244.16

rk\f{olars

) [= Double-Declining Balance (DDB)] (1/2)

PPN S

;

Straight-line method

£

Double-declining-balance method
Hofof Mol Fhi PtES
Zt74ARZE A2

[} o [ |

——

R —

]
'__7

Double-declining balance

@
wr
=
=]
=
=
=
@
=2
©
@ 5
-
[=]
=4
ua]
0

does not close on
I salvage value

| Salvage value [

1 2 3 4
Service life (years)

FIGURE 14.5 Comparison of double-declining balance and straight-line methods 11
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12

Book Value End of
this Year ($)
11,200.00

7,840.00

5,488.00

3,841.60

2,689.12

AbFZE
=

Depreciation for this
o

TABLE 14.3
Year ($)
4,800.00
3,360.00
2,352.00
1,646.40
1,152.48

Declining-BaIance Method

Book Value End of
Previous Year ($)

m}

,310.88
| 1.5H4

9

,000.00
,200.00
,840.00
,488.00
,841.60
X0

6

11

1
7
5
3

TOTAL $13
(100% / 5 = 20%/3)2] 1.5Hf > 30% &7t

K sfof

(%)
30
30
30
30
30

14.5 Declining Balance (2/2)
14.6 Production Method (At 2k vizj)

SLY Rate

— N MO S W0

- Oj2fof =

Al
A 2Lt =2 7HX| 7t

FEMYIX] 204 9]
= O
= T

F
I

o+ 1l

MEo| 285t
=2 7FX[ 7}

Q ==2%0] 10,000
TOoH)

13
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14.7 Depreciation Based on Current Law

MACRS Table for Accelerated Depreciation
Recovery |Annual Recovery (Percent of Original Depreciable Basis)

.. . Year 3-Year 5-Year 7-Year 10-Year 15-Year 20-Year

U Standard depreciation system is Clsss  |Class |Class Class Class Class

. pe (200% d.b.) |(200% d.b.) (200% d.b.) (200% d.b.) (150% d.b.) (150% d.b.)
referred to as the Modified ACRS | g i v e o
(Accelerated Cost Recovery 2 45.00 24.49 18.00 9.50 7.22
System) or MACRS. EZ=Z 7142t 3 15.00 17.49 14.40 8.55 6.68
4 7.00 12.49 11.52 7.69 6.18
U DDB based method ¥ &% 7|t 5 8.93 9.2 6.93 5.71
6 8.93 7.37 6.23 5.28

O Half-year convention: Asjl= 7 8.93 6.55 5.90 4.89
HEHDDBL| 50%)2t Zt 7FAH 2t g 4.46 6.55 5.90 4.52

9 6.55 5.90 4.46

O $100,000 FH| Z7Ha2E Aty 10 6.55 5.90 4.46
Year Depreciation ($) Book Value ($) ¢l 529 :‘92 4‘42
1 $20,000 $80,000 12 100%/5 ' x 28} = 40%/ 5.20 :'jﬁ
5 $32 000 $48.000 18X} B2 I} 100% x 40% = 40% & > EHOl 20% 27t g :

, s 14 EAf ZHELTE 80% % = 329% 2+ 7 5.90 4.46

qur. o 7“‘00/ x 400/ - 32/0 7&7
3 $19,200 $28,800 15 3“ka;o¢38§£473/3+ 19.2% B 7H 5.90 4.46
S a2 O

4 $11520 $17,280 " K243 26,89 x 40% < 11 5254 217} 20 248
5 $11.520 $ 5760 17 | THEIFK: 5.76% € 11.520] R (61AXt0] 2 7HArZ 4.46
' ' 18 4.46

6 $ 5,760 $ 0 19 4.46
20 4.46

21 225

14

QO This practice of charging clients an amount to be used to purchase replacement
equipment is referred to as amortizing (2242 H 42 the equipment. ZHH| X Al
k=
= O

0 S100,000 7}Zo| ZH| 28 A2 (M8 34% 7HH): Depreciation 34%, Amortization 66%

Q Oj2) A FH| —_rlc%l% ?lol 2ot = FH[FRIH| $100,00001 A 7.:.*7fcjé”—f(Depreciatiorlw_)% setMh=
AT $34,0002 XA =54 $66,000 > M YH| TR0 Bt gHS HEHFZ LIF0] A0 7
0|2 &+ (Amortization) > W& & =7t X| ot £ M E Ataot 424242 ot M3 222 2850
M| T

Q Amortization : D|2H2| YH| T UH|OM LY S Sot Mg == = TR 3RS HEHs
SOt 2SS0 AP0l DO A B > AMA OE (=) T7t > AEAMF 7

15
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14.9 Interest, Insurance, and Tax Costs (1/2)

$66,000 + $34,000
U Total ownership costs = amortization/depreciation + interest, insurance, and tax (IIT)

costs.

O Average Annual Value (AAV) : BH| =3 7|2t ¢t

e

O[A}, 2,

Moo BR

U IT= AAVO| CHSH S22 2 HA|
A
Cost of Cost of
unit m— unit Z|Clf
$16,000 | $3200 $16,000 $3000
A A
N Straight-line N Straight-line
N e N ot
\ decline in value \ decline in value
(no salvage) | (with salvage)
14 Eo}d| m Xt " > g
s Seref gy 57t N
® \ @ N
Z'g o e 8 N\
523 N DTS J N
[= o = —_
E ke A z:5 N g
g N s N\
< \ N\,
| | | | A L | Salvage value | $1,000

Service life (years)

1 2 3 4
Service life (years)

5

M=

(@) (b) 16
14.9 Interest, Insurance, and Tax Costs (2/2)
O ITE= AAVO| CHSH HE 2 2 HA|
Interest = 8% of AAV
Insurance = 3% of AAV
Taxes = 2% of AAV
Total = 13% of AAV
IIT = 0. IS(AAV)/A%QEQ = 0.13(9600)/2000 = $0.624 or $0.62 per hour
Percentage of AAV  General Pyovision for IIT Costs Hourly Rate' (Base 2,000
(%) ($) hours,
[13 1,248" 0.62"
14 1,344 0.67
15 1,440 072
16 1,536 0.77
17 1,632 0.82
18 1,728 0.87
17
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14.10 Operating Costs (1/3)

U The major components contributing to the operating or variable costs are Fuel, Oil
(which includes filters), and Grease (FOG) as part of regular scheduled maintenance,
tire (on rubber-wheeled vehicles) or track replacement, and normal repairs.

O Normally, historical records (e.g., purchase vouchers) are available 1% 0|3 G|0|H 2-&
U Because repairs come in discrete amounts, the function has a stepwise appearance.

L

8l Total repair costs
after 5 years ~ 5iH FOHO|
=$6125

of

221418

61 42 Hg
Cumulative

repair
cost

&«
& 52| H| -8 =$6,125 / 5'H = $1,225/'d

Cumulative cost of repair in thousands of dollars

| -
1 2 3 4 5
Service life (years)

FIGURE 14.7 Repair cost profile

18
Q E}O[O] 0|22 A|2tE =2[H| &
Repair factor|x (Delivered price — Tires)/1,000 = Estimated hourly repair reserve
i 23
Operating Conditions
Excellent Average Severe
Track-type tractors 0.07 0.09 0.13
Wheel tractor scrapers 0.07 0.09 0.13
Off-highway trucks 0.06 0.08 0.11
Wheel-type tractors  0.04 0.06 0.09
Track-type loaders 0.07 0.09 0.13
Wheel loaders 0.04 0.06 0.09
Motor graders 0.03 0.05 0.07
Q EfO[Ofe] AlZtE +=2[H| & :
Initial cost : $15,000 & service life : 5,000 hours
Hourly cost of tires = $15,000/5000 = $3.00
19
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14.10 Operating Costs (3/3)

U What is the optimum duration for economic life of the machine? |2 ZX| =Y

4 Cost [$/h]

SHE-2]3HE+2FHE

Total Cost

Minimum

28 HE

Ownership Operating
Cost Cost
&7 U8 Age [yr or h]

L 4

A
=¥

Obt

H| 80| |47

—_

|

rr

Economic Life| 22X +3%:

FIGURE 14.8 Ownership, operating, and total cost of economic life

20

14.11 Overhead and Markup

U In addition to the direct costs of ownership and operation, general overhead costs
must be considered in recovering costs associated with equipment ownership and
operation. &R H| &1t 2 F H[-& 0| (0] ZHIH|(ZH]) &

U Overhead charges include items such as the costs of operating the maintenance force
and facility including: ZH|= fX| 24 23 H& £

(a) wages of the mechanics and supervisory personnel ‘EH|Al 20
(b) clerical and records support E& 0

(c) rental or amortization of the maintenance facility (i.e., maintenance bays, lifts,
machinery, and instruments) 9X| 24 ZHH|/A| 2 QT2

(] Overhead rates ZH|22 Y

U Markup or profit: competitive may be only 1 or 2%. A& & Zt7| /st Ot (margin) &

- 168/240-
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15.1 Need for Heavy Equipment

@ Heavy construction equipment is needed to amplify human reach, speed, and capacity. A2 &0 M= & H|Z QI =
=& K5t Aol 7ts
T = = A o

O The manager’s goal is to select the equipment combination that yields the maximum production at the best or
most reasonable price. | X 7t2Z0j| Z|CH MAtMEZ JHE ZH| =g AH

O The cost and the rate of production combine to yield the cost per unit of production.
Cost of a particular fleet of haulers and loaders is $500 per hour = $500/hour
Production rate is 750 cubic yards per hour = 750yard3/hour
Unit price is $0.66 per cubic yard (= $500 / 750yard?3)

O Equipment can be classified by the nature of its work: It typically Transforms and Transports material. 22 ZHH|
22 K|
VS T3S o

O Construction equipment can be divided into two major categories: Productive equipment and Support
equipment. F&H| vs X| 2l (EZ)ZH|

U In heavy construction, large quantities of fluid or semifluid materials such as earth, concrete, and asphalt are
handled and placed, leading to the use of machines. Heavy construction operations are referred to as being
equipment intensive. E5 20} > L2 2 AL fIF (ESAL 232 ESAL OIAHEZHIA ) > FHIZL SR

2
15.2 Productivity Concepts (1/5)
U The rate of output (capacity) for equipment: 2252 = Xl ak « 2 A E = 22k / ZHAA| 7H
Cyclic capacity : the number of units produced per cycle: Z 2 2F (stEHOf| H2|5t= )
Cyclic rate : speed of an equipment piece : & = 1/ A ZH (TR AIZHE K 2| 2]=)
O Different weight-to-volume ratio: three types of measure 2 =0 2t L&
(a) bank cubic yards, (b) loose cubic yards, (c) compacted cubic yards.
A
Compaction
“od- -5 @
Bulking
Bank volume LOOSe Compact
_ Z2 FA0IM £ 7t 30% S 7het 22 2A0M 21| 7t 10% Z AT
Volume = cubic yards (bank) = 1.0 cuyd Volume = 1.3 cu yd Volume = 0.9 cu yd
Weight = 2,000 Ib Weight = 2,000 Ib Weight = 2,000 Ib
U . HE ur . %2 U . =3
(2,000 / 1 =2,000) (2,000 /1.3 =1,538) (2,000 /0.9 = 2,222)
FIGURE 15.1 Volume relationships
3
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15.2 Productivity Concepts (2/5)

U The relationship between the bulk or loose volume and the bank volume is defined by
the percent swell. (0X: percent swell 30% > Z2 S 2H0j| CHs £1| 7t 30% 7+

O The shrinkage factor relates the volume of the compacted material to the volume of

the bank material. In the example, the shrinkage factor is 10% (€2 S &0 Cis £o|7t
10% 248

Percent swell = {(;) — 1] x 100

load factor
Load factor = 1 = Percent swell = 0%

Load factor = pounds per Cllb?:lt yard — loose| 1,538 0
pounds per cubic yard — bank| 5 5 :> . \

1
Percent swell :ﬁ(ﬁ) — 1} x 100 = 30%

Load factor \ = Percent swell N
Load factor ™ = Percent swell ¥

Percent swell = (; — 1| = 100
load factor
/

e
15.2 Productivity Concepts (3/5) -

Load f‘lCtOI‘ _ pounds per cubic yard — loose

Table 14.1 Approximate Material Characteristics” /’ / » pounds per Cll]fc A2 yard — bcl.l’lk
Pounds per Cubic Pe?&eﬂr Load ¥ Pounds per Cubic ///
Material Yard—Bank ~  of Swell Factor Yard—Loose ~
Clay, natural bed 2,960 40 0.72 2,130
Clay and gravel
Dry 2,960 40 0.72 2,130
Wet 2,620 40 0.72 2,220
Clay, natural bed
Anthracite 2,700 35 0.74 2,000
Bituminous 2,160 35 0.74 1,600
Earth, loam
Dry 2,620 25 0.80 2,100
Wet 3,380 25 0.80 2,700
Grayv {,l +2in.
Dry 3,180 12 0.89 2,840
Wet 3,790 12 0.89 3,380
Gypsum 4,720 74 0.57 2,700
Iron ore
Magnetite 5,520 33 0.75 4,680
Pyrite 5,120 33 0.75 4,340
Hematite 4,900 33 0.75 4,150
Limestone 4,400 67 0.60 2,620
Sand
Dry, loose 2,690 12 0.89 2,400
Wet, packed 3,490 12 0.89 3,120
Sandstone 4,300 54 0.65 2,550
Trap rock 4,420 65 0.61 2,590
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15.2 Productivity Concepts (4/5) a2

U A front-end loader (200 bank yd3/hour). 1 loader : 200 bank yd3/hour

U It loads a fleet of four trucks (capacity 18 loose yd3 each), which haul the earth to a fill where
it is compacted with a shrinkage factor of 10%. 4 trucks : 18 loose yd?3

QO Each truck has a total cycle time of 15 min. E& & A|Zt: 158
U The earth has a percent swell of 20%.
Q The job requires a volume of 18,000 compacted yd3. & =2k : 18,000 compacted yd?3

0 How many hours will be required to excavate and haul the material to the fill? & =& &89 A|Zt?

O Then the loader productivity (given 20% swell) is:
200 cu yd (bank) /hr = 1.2(200) or{240fcu yd (loose) /hr S =ZH|. A2 2E

PN
o

o

e

rir

O The truck fleet productionis: 4 trucks x M x 18 cu yd
15 min /cycle

N

loose) truck

= T2cuyd (loose) x 4 cycle/hr
= |288|cu yd (loose) /hr for 4 trucks

15.2 Productivity Concepts (5/5) ai e

Because the loader production is lower, it constrains the system to a maximum output of

240 cu yd (loose) /hr| We must now determine how many loose cubic yards are

represented by 18, 000 cu yd (compacted)

shrinkage factor : 10%

18,000

18,000 cu yd compacted = —5—Or 20,000 cu yd (bank) Compacted > Bank

20,000 cu yd (bank) =|24,000 cu yd (loose) required| sank~ toose

percent swell of 20%

Therefore, the number of hours required is

24,000 cu yd (loose) i

Hours = —
240 cu yd (loose) /hr

This problem illustrates the interplay between volumes and the fact that machines that
interact with other machine cycles may be constrained or constraining.
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15.3 Cycle Time and Power Requirements (1/4)

a Inghe case of heavy equipment, the speed of the machine is governed by : ZH| £= 273

(a) the power required 27 =&
(b) the power available 7t =&
(c) the usable portion of the power available & 718 &
O 27 =3 24 29 :rolling resistance (RR; 2| ™ X¢t) & grade resistance (GR; ZAIN )

TABLE 15.2

Typical[Rolling Resistance]Factors (Caterpillar Tractor Co.)

A hard, smooth, stabilized roadway without penetration under load (concrete or 40 Ib/ton
blacktop)

A firm, smooth-rolling roadway flexing slightly under load (macadam or gravel- 65 Ib/ton
topped road)

Snow-packed 50 Ib/ton CH A} DEAE
Loose 90 Ib/ton o 2 slo| @Qst
A rutted dirt roadway, flexing considerably under load; little maintenance, no 100 Ib/ton

water (hard clay road, 1 in. or more tire penetration)

Rutted dirt roadway, no stabilization, somewhat soft under travel (4-6 in. tire 150 Ib/ton
penetration)

Soft, muddy, rutted roadway, or in sand 200400
Ib/ton ! 8

15.3 Cycle Time and Power Requirements (2/4)

o 5t

Internal - ; Penetration Weight on
friction Tire flexing into surface wheels

2a

FIGURE 15.2 Factors influencing rolling resistance (a7 221 > 3|

% F = Positive grade

1Mge| 37| 24)

r

F = Negative grade

(‘e AA S ZAAINEe| 37| ZH)

=80 AM

o 2 30| Bay
(a) (b)

FIGURE 15.3 Grade resistance: (a) negative (resisting) force and (b) positive (aiding) force

9
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15.3 Cycle Time and Power Requirements (3/4)

2 inchés %
" - Penetration
BB B 7L &7 Solof Hjay [ hoOn

O The rule of thumb states that the RR is approximately 40 Ibs/ton pIus 30 Ibs/ton for
each inch of penetration of the surface under wheeled traffic. '

Q If the estimated deflection is 2- mches and the welght on the wheels of a hauler is
tons, we can calculate the apprommate RRas: B

U RR= [40 + 2(3b)] Ib/ton x 70 tons = 7,000 Ib

Weight on
wheels

O A slope rises 6 feet in 100 feet of horizontal distance, the percent grade is 6. BAF: 6%
U Percent grade is used to calculate the GR usmgthe feHowmg relatlonshlp

U GR= percent grade x 20 1b/(ton x % grade) X welght on wheels(tons)

O GR=6% grade x 20 Ib/(ton x % grade) x 70 tons = 8,400 |b

O Power required = RR + GR = 7,000 Ib + 8,400 Ib = 15,400 |b « 2215}
O Power required = RR - GR =7,000 Ib - 8,400 |Ib = - 1,400 Ib < Liz|9}

10
15.3 Cycle Time and Power Requirements (4/4)
70 tons
Percent Percent F'ercende =0 Perceade Percent grade
grade = 0 grade RR = Ibfton = =0
RR ={60]Ibston RR= RR ={40]ib/ton
: e (89J1brton
lbfton
Weight on
@ wheels
. @ / Fill
i (airfield
ms:tISrCi;I — Direction of travel construction)
pit
Calculations for Haul Road Sections?
Section|Percent Grade |Grade Resistance | Rolling Resistance Power Required
(%) (Ib) ZALAMT (b)) 2T X (b)
1 0 0 4,200 4,200
2 6 8,400 2,800 11,200
3 0 0 5,600 5,600
4 -4 -5,600 5,600 0
5 0 0 2,800 2,800
GR = # % grade x 20 Ib/(ton x % grade) x 70 tons 11

RR = #lb/ton x 70 tons
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15.4 Power Available (1/3) e 2=

O The power available is controlled by the engine size of the equipment and the drive
train (S8 HE%). 718 28 28 22 AT 7], 7|0 H|E

Jl0f FEEE  BFEE  FNEY e

(ML e L= > =

Speed and Drawbar Pull (270 hp)|(Track-Type Tractor) |

Drawbar Pull Forward?

i 10,000 Ib2] =2{0| T &t [f
Forward |Reverse | AtRated rpm |Maximum atLug | TH Phe &t z Q sl

Gear mph km/h mph|km/h Ib kg Ib kg
1.6 (2+6) 1.6 (2.6) 52,410 (23,790) 63,860 (28,990)
21 (3<4) 21 (3.4) 39,130 (17,760) 47,930 (21,760) 1 26 38670 49,100
29 (4.7) 29 (4.7) 26,870 (12,200) 33,210 (15,080) ) 50 20,000 25,390
3.7 (6.0) 3.8 (6.1) 19,490 (8,850) 24,360 (11,060) 3 12,190 15,465
( 4
( 5

Pounds Rimpull
Gear Speed Rated Maximum

a b~ w NN =

49 (7.9) 49 (7.9) 13,840 (6,280) 17,580 (7,980) 13.8 7,185 9,115
6 6.7 (108)6.8 (10.9)8,660 (3,930) 11,360 (5,160) 226 4375 5550

2Usable pull will depend on traction and weight of equipped tractor.

12
ITNE S ZAX G = HetsH = A
Route Distance RR Equivalent Percent Grade
+70,000 Ib _ 9
. 1 4.6 miles| 50[1b/ton 2.5 - 2,500 Ib, 41 mph
15 .4 POWG r Ava | |a b | e 2 2.8 miles| 90fib/ton 4.5 - 5,500 Ib, 19 mph
Loaded . ,. i o7
2/3 126.000 Ib @ Equivalent percent grade = (RR)/(20 Ib/ton/ % grade)
Empty ! Gross weight
0 56,000 Ib 50 100
35-ton, off-highway truck R L, e x 1,000
’ " b 0 20 40 o0 B0 100 120/140 160 180 200 220 240 260 280 Ib. x 1,000
%‘E Al_-| E_||'| _E_x.” 10806 1008 \ /?IEI%
A2 41 251 551 | | <
N — Orque QIVIDED ArIVE mm e w—
- 50 \ Ern}DtY g /” B t dd-' kb
. - rec rve
4.6 miles (24,344 feet) L \ | {31]123 ke) / ,/, i Overdrive m - ——
RR = 50lb/t 20f 45— : _—
~ovbrten E L] | A
A2 42 B | i - =
- S R | AT
2.8 miles (14,784 feet) . Y I 7 15% 23
- - i y e // 20
RR = 90Ib/ton 5 [ 30 —First range % G g2
£ P o Dy KA o 3
e b  { i d ~ lon @8
29 10 __ 20 L - % / '/I',—/ =] :f 2
7EA 7% N 0 LT F
-, T | =
5 o H A"< eroﬁ'd,rangflz et
o H = — L—T | - |4.57%
[ B - =D |-
o) 55001b)F 5 (B =" /; SR . hcpd range _ -
25001bJF & D = DA ~— = D
L) [ — A 1} s I N {\
0 1 L
0 2 4 6 8 10 12 14 16 l8w20 22 24 25 28 30 32 34 3¢ 38 A0wA2 mob
@) (19 mph @ 41 mph @]
I||||I||||\I_|J|||I|||I||||I||||I||||I
0 10 20 30 40 50 60 kmi/h

Speed X|CH £

FIGURE 15.5 Gear requirements chart for 35-ton off-highway truck (Caterpillar Tractor Co.) 13
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16 l x}
§ 14—
. E 16"
15.4 Power Available |1t k= T
* L 104 BEEE .y IR MEED !!!_-— 3
(3/3) g 8 | ||;=.-tI - ‘—’ b "PT::?
@ 750, 500 (0 Looo| REPEEEP 6% =
2] 100 200 | 300 meters LA~ -+ =] [ ] ..?3
26 SCET T %5
To break the 24,344 into two segments: 9.51= 5 4 P MR Ea R EER L L=
1728 R Ran e skeEC Sa NN
(2) 16,000t : 7.2:= : mmizie 4,000 8,000 12,000 16,000
(b) I|_|-o:| 8,344ft.2.31 -6;' 7}%) | L | ' 1 | ) 1 | |’ | \ ' |
0 1,000 2,000 3,000 4,000 5,000
= i i i Travel distance (one-way)
- [8'344 ft / (41 ml/h 5 0 ft/ml)] X 60 min Vehicle empty weight: 55,870 Ib ' d
(24,365 kg)
(a)
16—
bt LA "l X1
2 14} ;-:;j‘ \G\U‘b?'t°/"{pq 7 ] P HEH2K
E] 7 /
%% *|7J lexo-' H tH 204 | s ,/, /t s T
74 =i ? - = = /// £ /%/45%
HE #1: 9512 055 < lo—pl e LY e e
HAZ #2: 9582 - E 8 ¢ 100_—2.oa_j1—3<?m': = : ,/z % e 25%
FER RS 95ROR SUTH ATt AR g © i e e T TS
> L2 RS 1neE{stol 27 3 ¢ I A e O
E, e S
0 ] ] N feet
4,000 8,000 12,000 16,000
| 1 | 1 | I | L | I J
0 1,000 2,000 3,000 4,000 5,000 meters
Travel distance (one-way) 14,784 feet
Vehicle empty weight: 55,870 Ib Payload: 70,000 Ib— 233 bank yd®
(25,365 kg) (31,780 kg—178 bank m?)
(b)
FIGURE 15.6 Travel time: (a) empty and (b) loaded (Caterpillar Tractor Co.) iy
15.5 Usable Power (1/4) g= g2+
TABLE 15.5
O Typical values for rubber-tired and Coefficients of Traction 74912 7|
tracked vehicles on an assortment Materials Rubber Tires | Tracks
of surface materials. 74918 A==
CHE20| et 2= Concrete 0.90 0.45
Clay loam, dry 0.55 0.90
Clay loam, wet 0.45 0.70
Rutted clay loam 0.40 0.70
Usable pounds pull Dry sand 0.20 l% $2[7] 0.30
= (coefficient of traction) x (weight on drivers)  wet sand 0.40 0.50
Quarry pit 0.65 0.55
Gravel road (loose, not hard) 0.36 0.50
Packed snow 0.20 0.25
Ice 0.12 0.12
Firm earth 0.55 0.90
Loose earth 0.45 0.60
Coal, stockpiled 0.45 0.60
15
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15.5 Usable Power (2/4)

Usable pounds pull = (coefficient of traction) x (weight on drivers)

In Determining Weight an Drivers

‘:‘i- :
'S 0=0
Drlver Driver
Forl track-type]tractor For tractor Fo tractor
Use tractor weight Use weight on drivers Use weight on drivers
shown on spec sheet shown on spec sheet
or ar
appmximately[dﬂ% of approximately of
vehicle gross weight vehicle gross weight

FIGURE 15.7 Determination of driver weights

16

15.5 Usable Power (3/4)

O High RR of the sand (RR = 400 Ib/ton), 26-ton loads

O The weight distribution characteristics ¢;f the 30-yard tractor-scraper are as follows:
3K Y EE HX A 52 22

rcentage (%) Loaded Weight (Ib) Percentage (%)

Empty Weight (Ib)

Drive wheels 50,800 67 /| 76,900 52
Scraper wheels 25,000 33/ 70,900 48
Total weight 75,800 100 147,800 100

xto| = 147,800 - 75, 80() = 72,000 pound = 36 ton (X/CH M

75,800 pound + 26 ton x 2000 p und/ton = 127 800 pound

\ =g =3
Percentage (%) Weight in Pounds = Pounds Leqmred = 400 lb/ton X 63 9 tons = 25,560 lb
Drive wheels 52 66,456 — —— mbrpower —TTZ, 6645 i3 ;{; Egﬂ
Scraper wheels 48 61,344 — B
Total 100 127,800 63.9 ton Usable” power = 0.40 66,456 1b — 2; 28;331"1) > 25,560 1b

ol

o =
= = - 17
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15.5 Usable Power (4/4)

Pounds
pull

\

Traction limitation

First range

IMX|CHo| HL,

A BRFEOR EH AL WY LMY
Decrease pounds pull 3% for each
1,000 feet (above 3,000 feet).

If a tractor is operating at 5,000

available
feet above sea level, its power will
Second range
; be decreased by 6%.
Third range
Speed C
(a)
h
Traction limitation
Usable pound pull §8 712 &3
Pounds
pull
available
Required
pounds | @ E&
pull

Speed e
(b)

FIGURE 15.8 Impact of usable power constraints

18
15.6 Equipment Balance
U Two types of equipment work together: a 30 cubic yard scraper & a 385-horsepower
pusher dozer
—
3,000-feet
|Scraper| YKL (1.28)
queue
™
-  pusr R
il it return to
to load cut
M3 TEln!
3,000-feet
THR} (1.43)
FIGURE 15.9 Scraper-pusher dual-cycle model
19
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15.6 Equipment Balance

(2/5)

Assume that in this case the 30-cubic
yard tractor Scraper is carrying rated

capacity and operating on a 3,000-foot ——

level haul road where the RR
developed by the road surface is 40

Ib/ton. -
Effective grade & d;i ot > AN
= (RR)/ /ton/% grade)

= (40 Ib/ton)/(20 Ib/ton/% grade) = 2%

Pusher

Load time =0.70
Boost time =0.15
Transfer time = 0.10
Return time = 0.28
Total = 1.23 minutes

FIGURE 15.10 Travel time nomographs (Caterpillar Tractor Co.)

Travel time curve—loaded

51 5% 10% 8%
. 15 6%
10
o 10% P M
QO -
sS40 i / K
— -1 oo
E\ 10 L " ] 4% -
=3 Jos — 0% ] | E
g 7 :// / |1 // ]
o oz
=
% ] 1 L~ | i ggﬁ 2%
B 300 400 500 Feet — —
ﬂ}xl‘ = -g- 1 . | ’ / // T | e
11 4-":)§ 1 = Maters '/ L —1 ’_..-—-_ﬁ—-""'—_f
a1
= ] ﬁﬂ"""‘d
0= 1 1 ‘I**‘I*—lffLiiLiiliiil T T T T T T T T T T Lo
0 1,000 2,000 > E.OOO 4,000 5,000
L 1 1 I | 1 1 1 — L I} 1 | ]
200 400 600 800 1,000 1,200 1,400 Meters
Travel distance (one-way)
Vehicle empty weight: 75, Ib Loaded Payload
,400 kg) 72,000 Ib —bank cu yd
- (32,700 kg—bank cu yd)
e Travel time curve—empty
51 15%
1 -~
4, g
7w P —110%
— £a4os - r ]
//// E h /,15'.:z // // ”B%g
- T os 10% =
[ ////:‘S% ol /// 4~ é’
=3 04 =t =0 — = A
: 4,627 7] -1 -7 6% T
@ — - - = -
£, - +71- _l-r 4%2%
E 7 i 1.4‘0; .50 .”‘ Pid ":-'J_ 1-r7 _,.--—/"_:"/.::'/-"""0%
=~ 00 | 150 L~ - — =
(S%t:1.28) s I — AR s e e = o
£ ] /’f:f_::';p-—l; 1
U_‘ T T T T T T T T T T T T T T T T T T T T Faet
1,000 2,000 3,000 4,000 5,000
L 1 1 L 1 | I 1 1 1 )
200 400 600 800 1,000 1,200 1,400 Meters
Travel distance (one-way)
Vehicle empty weight: 75,800 Ib Empty = —— — — — —

(34,400 kg)
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15.6 Equipment Balance (3/5)

52 24st= AL0| 2 =4.058
Travel | _
empty [
1.2 min W
S;J:ﬂi' Scraper cycle time 4.05 min 0.5 min | Dump
0.70 min 0.15 min 0.10 min 1.40 min ]l"
F;;':g ! Boost |—s=| Transfer | 11':;::1

Pusher dozer cycle time 1.23 min

Pusher

B return

. 0.28
FS M= MO[E=1238

Maximum system productivity (assuming a 60 — min working hour)

1.{Per scraper |

2.

Prod (scraper) = (60 min/hr 4.05 min) = 30 cu yd (loose) =[444_4 cu yd (1oose)!hr]

Based or] single pusher

Prod (pusher) = (60/1.23) x 30 cu yd (loose) =[1 ,463.4 cu yd (Ioose)}‘hr]

FIGURE 15.11 Scraper-pusher cycle times

21
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15.6 Equipment Balance (4/5)

D

C
Maximum system productivity (assuming a 60 — min working hour) 7 Scraper SO
1 Fereeer)
Prod (scraper) = (60 min/hr 4.05 min) x 30 cu yd (loose) ={444 4 cu yd (loose)/hr] L n %L.*_i’f‘é
2. Based on|single pusher| ==
Prod (pusher) = (60/1.23) x 30 cu yd (loose) =[1 ,463.4 cu yd (Ioose)}‘hr] A
1,500 |- B 3.295/1,463.4 / 444.4
——————— eie el
1,333.3¢ Seraper 3CH ©
1,250 |~ AN Balance
. _/.\_I_A| AB point
E =}
E‘ 1,000 |~
g 888.8 Scraper 2LCH
g 750 |
o
8
S 500
44444} Scraper 1CH
| L I I L o
1 2 3 4 5
Number of scrapers
FIGURE 15.12 Productivity plot
22
Solid boxes are machine-specific, dashed boxes are project-specific
Divide haul and return road into segments with constant grade
N N Note that machine will weigh less during return segment
Lk | I o ) R . 2. |- RNSESC .
i Rolling resistance -‘ Grade resistance L——» Total resistance |
L e L b O Sty LN RS 1 e 1
=W E Jolug SE/EHKE 4 &
o e S S SO Y
i Material weight to transport E—b{ Drawbar or rimpull chart for gears I—b{ Speed ‘
+5 Azl F7 N2
e
Sum all segments, add load and dump duration i Distance to travel i—b{ Cycle duration ‘
e —— 1
g &9 susg WMy
‘ Implement capacity Operation efficiency I—p{ Productivity ‘
EaHsle P L kS mH O |

r T - i
i Swell and shrinkage of material I—h: Material volume to transport :—D‘ Number of machines ‘

Match with other machines as needed to achieve balanced operation
Use ownership and operating cost (Chapter 14) for cycle and total cost

FIGURE 15.13 Flow of equipment operations calculation
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15.7 Random Work Task Durations (1/3)

U The influence of random durations on the scraper fleet production: the reduction in

roduction caused by the addition of random variation of cycle activity times. A7t
HEd > ditd ot 29l

Balance
A point

14634 Maximum
= Cf;_sgf}[“ B - — produc':on t;«nth
=g 133 one pusher dozer
Eye HEY P
=8 /
54 /
o5 / # (Production loss at balance
s T dird / 7’ : i
=5 // point caused by bunching | MAHd
g2 Vi because of random travel | =4
28 / times
2w /&

w
”8 //

- // Production curve to include

Y/ random variation HEM &
| | | | .
1 2 3 4 5

Number of scrapers &4 ZHH| Cf 5
FIGURE 15.14 Productivity curve to include the effect of random cycle times

24

15.7 Random Work Task Durations (2/3)

Q 3CHO| Scraper/t &L

= ZtA 0| SEtX|H pusherOf|
Idle TimeO| &2t >

Scraper 1 Scraper 2

Pusher

Load

Scraper 3

(b)
FIGURE 15.15 Comparison of haul unit cycles
- 181/240-
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15.7 Random Work Task Durations (3/3)

rE

QO Coefficient Of Variation (COV) : H& Al EE= HO| A= = EEHK}/

)]

w > G OiH| 2= EAe 37|

257
Mormal

100 I-CWH Lognormal
E) | 16% =X 7MY
80

90%

Percent of deterministic production
at balance point
o
o
I

|
| |
| |
| |
| |
of 1l
| |
| |
| |
[ I Ll

0.05 |0.10) 0.15 0.20 cov HEA0| 0.1 j
Coefficient of variation 10% A4 A X S}

FIGURE 15.16 Plot of cycle time coefficient of variation

26

- 182/240-




CHAPTER 16

CONSTRUCTION LABOR

X217 History and Basic Concepts

XN[2%  Preparing the Bid Package

X[3%  Issues During Construction
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16.1 The Labor Resource

U The manpower component of the four Ms of construction is by far the most variable
and unpredictable. 142 ?I8 223t 47kX| XHYH “am” B SHLIQI L S 2 Tt Hat 2 Y5HH 05
=/tsttaa

O Manager must be aware of the interplay among the following elements: 744 &z2|X=
Lt 84 7 43 XE0f TSt O[3 7t 2R

1. Labor organization =5x%
2. Labor law =5
3. Labor cost 21 74H]

4. Labor productivity ‘=& 4 4td

16.2 Short History of Labor Organizations

U American Federation of Labor (AFL) : & 7|&X}
ExY

U Committee for Industrial Organizations (CIO) : &
L EX = EX 3
0 195540 AFL-CIOZ E&

U This organization remains the major labor entity in

the United States today. 0|=2| +8 =& x|} E
FX5tn AS

= 3
chel2icz]
SUeiaE
ExRusEYRs|
) 2487 ARSI
Zoszisnelels| A7 (A2 E]
7| BaIEE|
Er|SelRI2ntei eS|
xgEs
SERES SCHHS HO UHSE 89
ZH s, 2SI FHE 2Smet 3
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16.3 Early Labor Legislation (x7| =)

U Sherman Antitrust Law (1890) : & =2X|HS M8l == MEUS oS

U Clayton Act (1914) : 2 2Fo| A2 Q[st =

1A
-4
0x
o
ol

16.4 Norris-LaGuardia Act 1932

=
SN

off

EH
=

o

oot
10

| DEF0M =SAZ FA7HE Al

FUSHA R AUCHE MM E 2ot 2lAto D8 &= A 2f(yellow-dog contracts) S 24

f

[
v H
24

M
foF \d
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16.5 Davis-Bacon Act 1931

OH!
I=
ro .=
M

Hl
MM ok
0o
r

16.6 National Labor Relations Act 1935

X X ol

O = AKX ZOxtof Cist Xt F K| RO HE ME > Y40| 7t
L National Labor Relations Board (NLRB) : M= =& 2tH Q3| : ZA|X}

U Concept of a closed shop : 2E = SAH= HiE
“MEHO| XpR7 F o Bhsf| =Bt &

c.

Al &= 0] 7445} OF BHCF 5 O]
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16.7 Fair Labor Standards Act 1938

ro
ol

K4
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404
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16.8 Union Growth

Q 1938 ZX|CH 22 A|ZE K|t

O 1938 ™Al I}

ro
i

==
10
[N
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16.9 Labor Management Relations Act 1947

Q st At=o

50:502 2 0| 5 A|Z

7| (F=0tEt EOl

S22 gkl =

2to| gyo

= : 2200

= -

U Union shop :
Ct

K| =3Hof

= t7tE

= O
s= &

A&« x2 QG| Of

HOff of

s

o
o
=]

| $EEtE =

7|2 (Closed Shop)2 HEZ A ZX| =

5 OF 5=

LS EEEA| = 20) 7HY

Q2=

10

16.10 Other Labor Legislation

Kio

11
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12

h. Hl= 3 =X CIO (Committee for Industrial Organizations)

7|& Z=32}). This is because of the strong power base that is located in the
union local. & == AFL (American Federation of Labor)

4

o

-
O

I.

—

16.11 Vertical versus Horizontal Labor Organization
(XS 24

Structure

U The traditional craft unions are normally referred to as horizontally structured unions
U Vertically structured unions tend to concentrate more of the power at the national

16.12 Jurisdictional Disputes

1RO
S3of-0
o RORu
[ Ny
Uioro
Brojoan
B0S =1
JlomsEr
s
RN <
o=~
o0
Iz
Tio0=<
SIS
Ko<=
HordoHo
a

13
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16.13 Union Structure

AFL-CIO
HEEZx

National and Building and construction
international unions trades department

State building and

Regicnal
vice-presidents

[ ] !—’_\

construction trades
councils

State International
AFL-CIO representatives
Local : Local building and
councils Local union construction trades
councils

Executive council

Business agent

FIGURE 16.2 Structure typical of an affiliate of the Building
and Construction Trades Department, AFL—CIO

14
16.14 National Unions
J National Unions vs. Local Unions ™= =8} vs K| =&t
J National Unions : Yt o2 X|Y = ECH Z3sH ot 2 S
U National Unions > ¥# 2 M2 H& S X| = 24 > Local Unions
QO 74 20k= EF A 20t Bl XY Teto| A2 o| M= =to| FHELHZ
15
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16.15 State Federations and City Centrals

cExeel fIA
ational Unions - State Federations and City Centrals - Local Unions

T Chelol Y 2 H| E 1Y

O Qo

16

16.16 Union Locals

U The locals are the smallest division of the national union. = x2| 7} & &2 Ct2|

U The most important local official is the business agent, a full-time employee of the
local. (=58 nA Qo AE0| 7t T2 - FA =X

U The shop steward is not a union official but is the representative who comes in closest
contact with the members. == CHE - H| S 4] &%

17
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16.17 Union Hiring Halls

Q CHSFRI= : AHE QISA|E
Q 0O/=:Union Hiring Halls (.= 1 8%} > Agreement between union and the contractor.
O =0 7t =SS0 A X2 E M

18

16.18 Secondary Boycotts

IIX—! = |:||- EZ
Party Grievance F'B”F Primary boycott
Pressure

Sub Contractor2]
rEx3t Sub Contractor

HAHE7E =S HAHE71E A

Part Grievance Part
A Y e Secondary boycott
E
= ) =d

MX ,
Pressure = | I|_‘£T1J|HE ; Pressure
byaon € pyam - by C on B
oFoi| A eI 3 AROIZ B0zt 2t iy
NSl QR RAS SO|FEX ofZA| 5 sutap
Main Contract A4 A0 M= sub Contractor?] h:Ex'é' (o]
o ol;‘ raCtOr Main ContractorS S8l sub ContractorS 2%|0|2{ .

FIGURE 16.3 Types of boycotts: (a) primary boycott and (b) secondary boycott

19
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16.19 Open-Shop and Double-Breasted Operations

Q 27| orfof =742l X=2|AHE =

Q dfLt= =EE 18 9AL CHE StLt= Bl = E 18 2AZ 23

O =gasS 18ct M0 SEE = Ues SAHH > =R 18 2|AH0[&
Q el SAA HE0| H XMt =g/ & A 0| B2 S

20

16.20 Labor Agreements == o

O FAAXI SIS YA (s 20l 7t oh 22Xt =S 20| CHot A 2f 2 BH0{0f
1. Maintenance of membership (=& =& P

2. Fringe benefits 1 &F 7} A3 2|0 F= F7t & &t

3. Work rules 18 #%|

4. Apprentice (=) program operation
5. Wages (addendum) 20

6. Hours =2 A7t

7. Worker control and union representation 22X 8 % =3x8 &5
8. Operation of the union hiring hall == = 2 2714 2F

9. Union area == &7t

10. Subcontractor clauses (see Section 16.18) st= =X 77

11. Special provisions & 778
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16.21 Labor Costs

U The hourly average cost of a worker to the contractor consists of the following

components: A|Z2| 74

~ ol
H oo

1. Direct wages %

22| 32

2. Fringe benefits

3. Social security contributions (FICA) Atz 23X

4. Unemployment insurance & g =3

5. Workmen’s compensation (WC) insurance

6. Public Liability and Property Damage insurance 7| 2fxt7t =

&leh
7. Subsistence pay 422 EojAM He|
8. Shift pay differentials 07t 27, =2

L
EoMEY (=AY oRg
TOjE RO 223 AL X2
a0 ACh
LT ToOo
22

16.22 Average Hourly Cost Calculation (1/2)  ceusiea

U Compute the average hourly cost to
a contractor of an ironworker
involved in structural steel erection
in a subsistence area. &

U The ironworker works on the second
shift of a three-shift job and works
six 10-hour days per week. &g 60A|Zt

200 252

O The workers work 7 hours and are
paid 8 hours under the shiftpay

agreement. 74|17 23t gA|7t A F
(FFTY) oy
U Additional PL and PD insurance for mxe#
$50,000/$100,000 coverage is
desired. HM EH T Q MR
Aoje3
U Use 6.2% FICA and 5.0% for 4

unemployment insurance. AtS|EH
6.2%, 2 U= 5%

Gross Pay $17
anges

Hours Worked Straight Time-Hours (ST) Premium Time (PT)
Monday 5=7=35 S5=x8=40
—Friday '
5x3=15 _~ 5x3=15 1x5x3=15 OfZI2R
Satuday 1x7=7 -~  1x <8=8 1%x1x8=8 zZ=oam
1x3=3 Ax3=3 1x1x3=3 28| X2
60 66 26

PT’ 25 hours @ 519 20

Health \and
Welfare:

Pensioﬁ
Vacation

Apprenticeship
training |

=3
-

2|

WC =529.18

PL 1.59 x 3.00 = $4. ?7 oF7:|| 535 39
F’D130><188'§2Q§ -
Total = $36.39 per 5100 00—
of Payroll "

FICA =0.0765 = ($1766.40 + $66) = 31

Unemployment = 0.05 = ($1766.40 + $66) = S
Subsistence = 6 days = $20.00/day = §120.00

/;;

Total Cost = Base + Fringes + WC, PL, PD + UNEMPL\+ FICA + SUBS = $2815.61
Average Hourly Cost (ta mntra(‘tur) = sea'}“ 261 _£$46.93
23
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16.22 Average Hourly Cost Calculation (2/2)

xgez Gross pay $1766.40
=234 Fringes $ 236.28
waizg, =assy WC, PL, PD $ 461.13
Azzd FICA $ 140.18
sg=y  Unemployment $ 91.62
Saag  Subsistence $ 120.00
Total $2815.61

Hourly rate = $2815.61/60 = $46.93 or approx.|$47.00

24
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ESTIMATING PROCESS
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17.1 Estimating Construction Costs

U Estimating is the process of looking into the future and trying to predict project costs
and resource requirements. Z4% : 0|2 Q| SAtH|QF A2 XS AHHO| 0 =

U Project costs and Resource requirements > H2tst 0| F2 &6 S of|esta 0|22 S7HA1Z

17.2 Types of Estimates (1/3)

A 2= T > M A SA T x SAFETE > +10% =2 A > EA 2tz = 1|7
A 2AH 2l 40% 22 - O|H|(7]2)2 A 2t2 = > O[] AH M4F
MM EA 2R T > AL WAIYMEY 2tE > UM AE ES 3% 22| 2%}

SAZE RS Of A & | LHOf| A=K, AlSAt2] A 0| HESHA| HAdt= 82 AL

A

{0

X H| 82 FA| SAH|2] 0.25% H =

00000 CC

=

In building construction, the four types of estimates are commonly used: A& &
1. Conceptual estimate : A 10| 7HAF 4

2. Preliminary estimate : 7|2 2 A = 0j|H| A%

3. Engineer’s estimate : Al EH = A M| HAH

4. Bid estimate : /& 4™
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17.2 Types of Estimates (2/3)

50 17 | Square Foot Costs

UNIT COSTS
50 17 00 | S.F. Costs T 14 MEDWN | 34 14| MEDRN 34
OF [ O0L0 [ APRRTMENTS Low Riss (Lo 33to) 14 < 0171 = SF B0 ®50 | 105 o
020 ot profect cost = — CF. 560 | e )
0100 Site work S 53 701 1280 GO%|  1055% 14.05%
0500 Masonry : 123 286 494 1545  367% £.35%
1500 Finishas B.65 910 11.25 9.05% 10.75% 12.85%
1800 Exquipmert 20 1] 460 273%| 403 5058,
2720 Piu‘rbing 4 86 6.25 195 6.65% 8.95% 10.05%
2770 Heafing, ventilating, air conditioing 310 181 560 4308 560 7.60%
2000 Electeal 361 10 B4 530%|  655% BA0R,
3100 Totat: Mechaical & Electrical - v 1250 1595 1990 1550%|  1805% 23%
G000 | Per pertment uni, total cost et 00 | oW | B0
| o0 Tot: Mechenical & Electical - 1000 | 17300 | 2260 M
02 | CoL0 | APARTMENTS Mid Rise (4t 7 st} < < v\ -1 = SF 83 100 126 0.
0020 Total project costs S SOt E CE 645 390 1220
0100 Site work SE. 331 6.58 1180 5.25% 6.70% 9.15%
0500 Masonry | 550 760 1080 5108  725% 1050%
1500 Finishes 1040 1450 17.10 10.55% 13.45% 17.70%
1800 Equipment \ 251 388 49 250%|  548% 431%
500 Comveying equipment 187 227 27 1.94% 22T% 2.6%%
70 Flumbing 485 780 350 50|  7.20% 8.55%
2900 Flecirica 55 ] 3 GER| T20% 5%
3100 Total: Mecharical & Blechrical v 1745 n %50 1850%| % M
000 | Per apartment uni, intal cost Tt | 9500 | 110500 | 183,000
3500 Total: Mechanical & . 00 | 20400 | 25800
3§ nmn | APARTMENTS Hish Rise (8 to 24 storv] -T'—%Ol'l_l-l‘E SE 54 14 138 o
FIGURE 17.1 Costs based on a representative unit. tH7t®

From Building Construction Cost Data 2008.

17.2 Types of Estimates (3/3)

ESTIMATECLASS

Class 5

Class 4

Class 3

Class 2

Class 1

Primary

Secondary Characteristic

Characteristic

LEVEL OF
PROJECT Typical Typical
DEFINITION purpose of estimating
Expressed as estimate method
% of
complete
definition
A 2dE 8F X Yy
0% to 2% Concept Capacity
Screening Factored,
Parametric
Models,
ey - Judgment, or
7|12 HIt Analogy
1% to 15% Study or Equipment
Feasibility Factored or
— Parametric
Ete-8 Bt Models
10% to 40%  Budget, Semi-Detailed
Authorization, Unit Costs with
or Control Assembly Level
Of|AF =2l Line ltems
30% to 70% Control or Detailed Unit
Bid/Tender  Cost with Forced
Detailed Take-Off
UE Hof
50% to 100% Check Detailed Unit
Estimate or  Cost with
Bid/Tender  Detailed Take-Off

Tender: Y&

R 1:7: 72 o

END USAGE METHODOLOGY EXPECTED PREFERATION

ACCURACY EFFORT
RANGE Typical degree
Typical of effort
variation in relative to

low and least cost

high ranges index of 1 &
mHgr Slxd
L:-20%to 1

L: -15% to
-30%
H: +20% to
+50%

L:-10% to
-20%
H: +10% to
+30%

L: -5% to
-15%
H: +5% to
+20%
L:-3% to
-10%
H: +3% to
+15%

2to 4

3to 10

41020

5to 100




17.3 Detailed Estimate Preparation (1/3)

U The preparation of a detailed bid-level estimate requires that the estimator break the

project into cost centers or cost sub-elements. H|-& ME . HH Z2HME S H|E FH0| 7t53t
o |:||_9_ Efoli |="6H
== o =T e

* Resource : man hours, materials, subcontracts, equipment hours, and dollars needed to

accomplish the work or meet'the requirements associated with the cost center. H|-& 4l
B eTtAd 552 Rl 22 5= A 2o

* The cost center/relates to some physical subcomponent of the project, such as
foundation piles, excavation, steel erection, interior dry wall installation, and the like. H]
S MEHE= gEtd o2 T2 HE o 2R Z2[ £2[E 2[0|

* Certain nonphysical components of the work generate costs, however, and these cost
centers must also be considered. #EE2|57E F2|2f #HL[X| gi= HZ2|X HE MEHZ EXY

* Many of the items listed as “indirects” are typical of costs that are not directly
connected with physical components or end items in the facility to be constructed:

insurance, bonding premiums, fees, expense, home office overheads. H|Ez2|& H| & ME
= HEH|(EH)E AlY

17.3 Detailed Estimate Preparation (2/3)

U The process of estimating: A& Z At
1. Break the project into cost centers. H|& MIHZ &3

2. Estimate the quantities (quantity takeoff) required for cost centers that represent
physical end items (e.g., cubic yards of earth, linear feet of pipe, etc.) For
nonphysical items, determine an appropriate parameter for cost calculation (e.g.,
the level of builder’s risk insurance required by the contract or the amounts of the
required bonds). S2|H H| MlE . 20 X9l 2 = HF2(HHEMH . @8 FH

3. Price out the quantities determined in Step 2 using historical data, vendor
quotations, supplier catalogs, and other pricing information. = Price per unit (unit
cost) basis or a lump-sum (one job) basis. 228 X} 0f| TS CHIF AE

4. Calculate the total price for each cost center by multiplying the required quantity
by the unit price. This multiplication is commonly called an extension, and this
process is called running the extensions. (E& x Et7h) @Alo 2 H|E ME & |7t 4=
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Owner: NASA Date: 1 August 2xxx

Labor Hour Project: Admin Building

Code Description LH Labor Material Sub Owner Total
01 Site improvements Subcontactor

17.3 Detailed Estimate s oemoion

03 Earthwork

Preparation (3/3)

05 Structural steel 8,265 93,840 +75,665 = 169,505
06 Piling

07 Brick & masonry

08 Buildings

09 Major equipment 11,240 130,295 8 970 139,265
10 Piping 14,765 172,500 287,085 7,500 172,705 639,880
11 Instrumentation 165,000 165,000
12 Electrical 632,710 632,710
13 Painting 70,170 70,170
14 Insulation 21,150 21,150
15 Fireproofing 2,650 5,550 8,200
16 Chemical cleaning

17 Testing

18 Const. equipment 178,330 178,330
19 Misc. directs 5,040 53,040 10,250 10,000 73,280

20 Field extra work

23| H|  ME . ZFH| 39,310 449,765 384,620 902,080 361,035 2,097,500

21 Con. tools/sup. 36,805 36,805
22 Field payroll/burden 82,900 82,900

ZH™H 2 23 Start-up asst.

stEdHz 24 Ins. & taxes 26,340 26,340

M2 A& 25 Field sprvsn. 2,400 36,000 10,190 46,190
26 Home off. exp. 12,270 12,270
27 Field emp. ben 51975 51,975

H|E2|X H| -8 ME : ZtH| (Subtotal indirect Cost |2,400 36,000 36,805 183,675 256,480

Adjustment Sheets

BT AH| Total Field Cost 41,710 485,765 421,425 902,080 544,710 2,353,980
2758 28 Escalation
Zd| g 0|2 29 Overhead & profit 41,710 25285 45,105 50,950 163,050
oj|g| H| 30 Contingency 90,380
EAIHH| 31 Total Project Cost 2,607 410

17.4 Definition of Cost Centers

O The subdivisions (cost centers) into which the project is divided for detailed cost
estimation purposes are variously referred to as H|- 4lH 52[0f

1. Estimating accounts

2. Line items

w
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17.5 Quantity Takeoff (1/4)

U The development of the quantities of work to be placed in appropriate units (e.g.,
square feet cubic yards, etc.) is referred to as the quantity takeoff or quantity

surveying. =% ZAt > £ 2T THR(ft, yard) 2 B E Y S ME

U The first step in the quantity takeoff procedure is to identify the materials required by
each estimating account or work package. > = 2& ME2 XX AT mteto 2 HE A%}

10

17.5 Quantity Takeoff (2/4)

QAE2RE ET X 2T ME

Prepare:  Activity list
Activity material list (estimate)-include work sheets
Material recap sheets

1#6
T&B

Materials
(XExH)

14"-8 iq—

FIGURE 17.4 Small wall construction (CMU is concrete masonry unit)

11
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Proje g XExH 22
H| % )ﬂ' E‘I Activity code Activity description Material description Quantity Unit Cost code
1 7 5 Qu a nt it 1 Layout Stakes 2 x4 =24 B8EA 103 BF 0100
* y 3 Place rebar #5st. 2PCS16-2 323 LF 0320
Ta keoff (3/4) Tie wire 1 Roll 0320
Cost and cure Footing
123 CY 0330
Curing compound 0.25 Gal 0337
5 Erect CMU wall
(CMUJ8 x 8 x 16 stretcher 143 EA 0412
(CMUJ8 8 x 16 corner 14 EA 0412
(cMUJ8 x 8 x 16 corner 16 EA 0412
Scaffolding 4' = 4’ x &' 2 Sec. 0100
Mortar 0.27 CY 0412
7 Form bond beam
2%x4(4-15-0") 435 BF 0310
2x2 12.7 BF 0310
1x2 2.0 BF 0310
3/4" ext ply 60.3 SF 0310
Snapties 8" 24 EA 0310
Nails 8d 1.5 LB 0310
Nails 6d 0.4 LB 0310
Form oil 0.07 Gal 0310
8 Place bond beam rebar
#6 rebar (str.) 2867 |LF 0320
9 Cost and cure Bond beam
035 CY 0330
Curing compound 0.05 Gal 0337
10 Strip forms and rub bond beam
Grout 1 CF 0339.2 12
Project RS dosto] 297 4Hd
Wall (SAH S ohEE[0] R M= Y =)
Description Activity ~ Sub—quantity [Waste] Total Unit | Cost
code quantity code
2 x 4 Lumber Total (53.8 10%  60.0 | BF
Recap Sheet 1 10.3 60703 10% H| > 547l 2 0100
7 43.5 0310
2 x4 Lumber 7 12.7 10% 14.0 BF 0310
1 % 2 Lumber 7 20 10% 225 BF 0310
3/4" Exterior 7 60.3 10% 66 SF 0310
plywood
Curing compound  Total 0.30 1 Gal 0337
4 0.25
9 0.05
Snap ties 8" 7 24 5% 25 EA 0310
Nails 8d 7 1.5 3 LB 0310
Nails 6d 7 0.4 1 LB 0310
Form oil 7 0.07 0.25 Gal 0310
13
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17.6 Methods of Detailed Cost Determination (1/2)

U The two methods of cost determination most frequently used: F7+X| H| 8 =73 &
(a) unit pricing > S30i L TH7t7HE
(b) resource enumeration> 22 k| = A2 L 0| A At

O Quantity take off(2 ) x Unit price(tt7h = Estimate(Zd&) = 100 lineal feet x $65/lineal
feet = $6,500

Q t7hAS 7)1
1. R. S. Means Company’s Building Construction Cost Data
2. R. Walker’s Building Estimator’s Reference Book

3. Richardson Construction Estimating Standards

14

17.6 Methods of Detailed Cost Determination (2/2)
m\t Overhead & Profit

11 .
MAT. | INST. [ TOTAL . » Material + Installation = Total
[13.25 | FORMS IN PLACE. COLUMNS — 1 —*+a
6500 | 24”X 24" plywood columns, 1 use c-1 190 sF.CA |264] []6.10]] 874 12.35

i

General work description re Foot
Cantact Area

v

O&PE Z st 1zit| £t
O&PE H3SIR| QS 243 Q7| BFp Crew O
Crew No [ | Bare Costs [T incl. Sub 0d¢
A} T
Crew C-1 \ Hr. Daily Hr. Daily,
3 Carpenters(24A| ZH) [x 3810 = 914.40|| | 58.30 1423.
1 Laborer (8AlZH|x30.25 = 242.00|[_L47. 376.40
32 L.H.Daily Total [ $1156.40]" | | $1799.60 +2.64x1.1
[ 190 | ( 190
Line item determination; (These figures are printed above)

. BARE COSTS are developed as follows:
Major UCI subdivision = 03.11 MAL. is 2.84/SFCA

Major classification within subdivision 13,26 INST. Crew C-1 Daily Bare Cost = 1156.40 = $6.10/SFCA
Line item number = 6500 Daily Output 190 (rounded)

Complete fine number: 03 11 13.25 6500 TOTAL = MAT. + INST. = $2.64+ $6.10= $8.74per S.F.C.A.

/ Square Foot Contact Area
(Only the total of these figures is printed above)

TOTAL COSTS INCL. O&P are developed as follows-
MAT. is BARE MAT. + 10% = 2.64 + 0.26 = $2.90/SFCA [ MAT: X}Zit| 5 10% markup (profit) 7}

INST. Crew C-1 Daily Bare Cost = § 1799.60.9.45/SFCA
Daily Output 190 (rounded)

. TOTAL = MAT. + INST. = $2.90+ $9.45= §12.35/SFCA
O&P : Overhead and Profit

FIGURE 17.7 Line item cost development using R. S. Means data.
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17.7 Problems with Unit-Cost Method (1/2)

Q Cost / unit: B tHotets 2H > dibd BhY > ot R

ME!
o

. _ .7 o
U Resource hours (RH) per hour / Units per hour = RH / unit : SAF EH2| & 22 X}X|
it = 1 . o | o o =
Q Cost / unit =RH / Unit x Cost / RH : tte| H|& 2Ch= £he|S 4 Q Xt O Z0| Bt X A «
=1 TN SES O HIO CHI2E M35
=/t ds2 s B US(HEBE M HIE HEH2ZMN)
16
Production Range Index
Production Efficiency (%)
. . g 243 29) 25 35 45 55 65 75 £5 95 100
- Production Elements Low Average High
17.7 Problems with Unit
1. General Economy Prosperous Normal Hard times
Local business trend Stimulated MNormal Depressed
C 9] St I\/I et h o) d 2 2 Construction volume High Normal Low
Unemployment Low MNormal High
2. Amount of Work Limited Averape Lixtensive
Design areas Unfavarahle Averape Favorahle
Manual operations Limited Average Extensive
Mechanized operations Limited Average Extensive
= . = 3. Labor Poor Average Giood
a I:|_|-7|-0‘" AOH A|_I-AC-:|' Factor= il E:i OI-O:I —7|(—IC-)| El_l-jl-E Training Poar Averape Good
A Pay Low Average Good
<DH AC;' Supply Scarce Average Surplus
4. Supervision Poor Average Good
T'rainin Poor Averape Ciood
S . S £ £e
a 2= %g’E_OIJOl %tj'(ngh)ol_E 100% éI:I!Al_I-AO-1 Pay Low Average Good
HFS Supply Scarce Average Surplus
= 'I'l 3. Jolr Comditiony Pour Average Gouod
Management Poor Average Good
- o o Site and matcrials Unfavorable Average Favorable
a OEI —lT'— %1 '%l:_g_ O._' OI % O—|I'(L0W) OI‘ E‘ g'l A._I'Ac-;l. Ol'gl' Workmanship required First rate Regular Passable
Length of operations Short Averapge Long
6. Weather Bad Fair Gieod
Precipitation Much Some Oecasional
Cold Bitter Maoderate Occasional
Heat Oppressive Moderate Ogcasional
7. Equipment FPoor Normal Good
Applicability Poor Mormal Giood
Condition Poor Fair Good
Maintenance, repairs Slaw Average Quick
8 Delay Numerous Some Minimum
Job flexibility Poor Average Giood
Delivery Slow MNormal Prompt
Lixpeditin Poor Average Good
Example: Aftermdying a project on which he is hidding, a contractor makes the fol
lowing evaluatioks of the production elements involved:
FProduction Element % Efficiency
1. Present economy 75
2. Amount of work 90
3. Labor 70
4. Supervision i}
5. Job conditions 95
6. Weather 85
7. Methods and equipment 55
8 Delays S M 4bd Factor
Total 625 f
As the total of the eight elements is 625, the average value will be 625/8, or TH%. 17
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17.8 Resource Enumeration

(1/2)

O Almost every project has unique or
special features for which unit-pricing
data may not be available. 3&0j CHst
CHIE7L EXYSHX| = 89

[

U Cost center = 714

=l

o HERA(RHE) 2

] Resource Enumeratlon HO AN EH QI

k=)

Start

Y

Break work into individual
subelements or work packages

¥

Calculate quantities for each work
item (adjust for wastage, etc.)

¥

Select construction methods, processes
to be used for work item

Y

Assign assumed resource group to
be used on each work item
(crew composition, equipment, etc.)

v

Calculate direct, indirect, and total
cost per hour for the resource group

¥

Estimate the average production rate o be
achieved by the resource group

Y

ZAE xte
SAE AT
CHel= 23l

THO OF
oM oy
[ nE
¥

oH
I
ny
o

e

THo k>
ol fo
gagia)
¥ rio

A B '5H A‘" Haa E" |§ Hl'g = Calculate average resource cost S5E 1
oSt per work item unit H| 8 A&
ARSI WY (D1 Rb2 7|8 BoHE R E 7|
S| *
T3) —
efficiency factor
.. / achieved on each work item ]
U Efficient factorZt 9o%z2tH, Q1 74H]| $30.83& (using a method such as the Factor 3%
Dallavia approach)
$34.25 (= $30.83/0.9) 2 HFHE|0f Of &t "
Adjust the resource cost per work item o= Xt
unit, considering efficiency rate Hg =H
Calculate total work item labor cost H|& A|M
18
End
Congrete Placing Crew
Quantity Member Rate Total/Hour
1 Carpenter $40.00 $ 4000 QY%
1 7 8 R foreman
. e S O u rC e 2 Cement $36.00 $ 72.00 X
masons
E nume rat lon 2 2 1 Pumping $38.00 $ 3800 o=
engineer
7 Laborers $28.00 $19600 9%
1 Concrete $24.00 $ 2400  EH|
pump

Crew hourly 8370 00
rate te

Production rate of crew under normal Glraumsfances (efficiency factor 1) = 12 cu yd/hr.

Average labor cost/cubic yard = $3?DJ’12 $30. 83|—> $30.83/0.9

Area

1. Foundation
2. Wall to elevation

1. EH7IFEXSHA| s 244 67
74 _?_O-" I:II_F Al-_g_ 3. Slab 10 in.
4, Beams elevated
A Loy = 244,67
A fl-xl ot:= H|S0| 5. Beams elevated
=0t Jast 171 =H0| 24517
T Q Sk 1temOf| T AFR 2?14'_86;!$b elevation
o 7. Interior wall to
3. ZIEMHEERE =8l 244.67
AH 22 -ﬁ-"g O] 8. Slab elevation
— il O Q 25417
Z= _‘Eoﬂ ‘J Al‘ o 9. Walls

244 B7-25417
10. Walls 254 .17-267
11. Floors elevated

267

12. Manhole walls
13. Roof

14. Headwall

53.2
529

13
10.5

9.1

8.7

55

6.3

57.2

420
8.9

273
14.0
85

Quantity Percent Waste Efficiency La ost/ Activity
Factor ubi¢/Yard Cost
g $34.25

08 Factor 3554 2,039
0.3 102.77 134
0.7 44.04 462
0.7 40.44 401
07 40.44 383
04 77.07 424
0.75 41.11 250
0.8 38.54 2,205
0.8 38.54 1,619
09 3425 305
0.85 36.27 990
0.7 44.04 617
0.8 38.59 328

15
12

30
15

15

10

15

10

10

10
10

10
15
10

Total direct labor cost for concrete

- 205/240-

$11,988 say $12,000

$1,822 =53.2x3425
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17.9 Work Package or Assembly-Based Estimating

(1/4)

O Work Package Tt 2| &7 =7
Q AFHE 0|&%t AtE3t

O 2 (parameter) 7|8t FHH .
Rt Z278EH 02 AEE
ArH 218 S Sl
Aso2 282 AET
CH7F OO H| O] A 0ff M El
X2 E 0| 8510] H| & &=

CHHE

7 If
/ ’ forms
- required

w/
1
]
— @I
(N
Missing

AjA

Specifications and

Metheds

@ Quality
of

congrete

@ Foating

edge forms

@ Earth

avacuation
@ Backfil

{Table &)
@ Trench
bracing

@ Rock

excavation

@ Footing

hey-way

@R einforcing
steel

B. Length of footing—teet and decimal of fool
C. Width of footing—feet and decimal of foot
D. Thickness of footing—feet and decimal of foot
- Existing grade elevation at footing—feet and decimal of fool

F. Elevation top of foating—feet and dacimal of foot|

G. Wall thickness [on top of footing)—feet and decimal of foot

H. Elevation of rock, if shown—feet and decimal of fool

1. Re-steel, long bar—pcs or spacing & bar 57 or |bse/Inft or Ins/ftg
K. Re-steel, short bar—pcs or specing, and ber size

A. Quentity - pleces required - whole number

o
oy
rx
[}

FIGURE 17.11 Construction systems concept—concrete footing

20
17.9 Work Package or Assembly-Based Estimating
S5 7}
Construction Unit-price
systems caTa\Og
Job overhead
01.010
Site 53.00
drainage
02.040 EH7h
csl
code
%‘:58';3' s /331_20 —
Drywall
09.050 Labor
Concrete I 4z1.00 productivity
— footing and pay rates
Construction 03,010
system Formulz and Material unit
number, W dimenfsions prices
dimensions,
and Dimensions Fofmulas
specification ool
selection n;;:'; Resources
= BYME =
Construction estimating system
X
gg 2y |
Quantity Estimate/
survey edit correction Changes
— Miscellaneous items Estimat
Start stimator
FIGURE 17.12 Work package concept
21
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17.9 Work Package or Assembly-Based Estimatin
3/4

WORK PACKAGE COLLECTION SHEET

AXFO1 OFAI 5 CONCRETE PLACEMENT, FLOAT FINISH
ystem/Structure AN Crew Level Work Package  [5[3]« [13]1 . CONCRETE PLACEMENT, FL
D T H o~ Identifier [of2])«[1]2]2] dentifier o2 311)| Description  GroUND 5LAB, BULDING 2
Permanent Materials (PM) — N
passres Description uml arv |fof i Cout) Figh | Fxtension
e N T T I
112]2]5] CONCRETE, 2500 P61 1 cr /5 P I MO0 Base Umit for Productivity CY 50N
1 I | -
I F 128 Cy
% WASTECLUDED | T | Total Quantity Base Unit
T f T Low | Target | High
t + t Duration
: } 1 (Crew-Hours)
i~ '
T 1 t
K | - I : Escalation Rates (%)
417150
nd Supplies (M&: LT materiais [ |
T T T
T e O
AT cuomen L]
—
lnstanedlzqumen‘us) Notes
1 T ] T T DURATION = 2B v =B HRS
H , , I 2 CYIR
L L I ; ALLOW B HRS WITH STARTUF
AND CLEANUP
e CostiHour
0|2 9|1 | FOREMAN 1 I 10 ‘ERJ : 57}20
o|2]2|3]| Lasorers + | o 40 23280
o|z|e|z| FrsHeEr + } 12 |es| | a1l 20
I I T B A
L : 1 ! Cost Summary:  PM= __ 417150
. ! ! | M&S =
T
Equipment Not Charged AVAILABILITY USE 821,20 IE=
As Job Indirects NR. | Periods  $/Period  Hours  $/Hour - 820
7.3 1| 1] werator, GED 2 [(C1x Jei[ B Im[ 325 = s2lo0 CE = 96.00
7.2 1] 8| nanpTooLs L U Y e Y (o e 8|00 TOTAL= _ 509870
73| 1| 2| FINISHER, GED 1o x J+i[B w450 )= 3600
(1« 1+l m = 1
96100

FIGURE 17.13 Work package collection sheet—concrete slab

17.9 Work Package or Assembly-Based Estimatin
4/4

WORK PACKAGE COLLECTION SHEET

Crew Level Work Package
Identifier

A A O System/Structure
] _I_II- A FAI

Identifier

Description EXCAVATION, AREA 3, AND DISPOSAL WO COMPACTION

0
il

Permansnt Materials (PM)

Resource Unit Cnsx:l_
ok Description unit | ary -|L—'— Frgr ] Extension
T

Productivity

o
T T
/ /:/ + 4 4 Base Unit for Productivity —_ BANKCY
L L : 4 Total Quantity Base Unit  ___24000Bcr
T T T T
L L + L Duration
: : : } (Grew-Hours)
L | H H i Escalation Rates (%)
olnel Materials pnd Supplies (MES L wareriats [ 1]
mm o e o e = G
- I \ — T b cquipmen[ 1]
k e ! Not
[ Iif i lotes
nstalted [Equipment] (1E) Fch
T 11 T | N I T CYCLERE.3 MIN; ASSUME 45 MIN HOUR
[T 11 I _+—1 71T 71 ¢ H ‘
H H L L crre [ASMINY (.
| BCYHR= KﬁEMl"-) (425?') (\DBLF) (Ev SCRAP
MR CostiHour =754 BCY/HR
Crpw Labor (| M ow 1
Lon | Torget | High ourATion = 2208 BET _ 52 iouks
o[s[ [ 1 T Tog| T 4a4l60 4 B
ADD 1 DAY FOR BAD WEATHER
o 2 10 13 40| 4] O
L . ! 228100 +"+ PROJECT WILL LAST ONE WORK WEER,
o8& |3 SFOTTER 2 1 10 a0 1 eeslen
T T t
il 1 1 Cost Summary: PM =
! ! ! M&s =
Equipment Mot Charged AVAILABILITY USE O E=
As Job Indirects NR Periods ~ $/Period Hours $/Hour L= 5,5956.40
HEBEB R, ELEY, 22 OY & | (] x 880+ ([(Z2 (2200 CE= _ 2277520
7|z[o]7 3 |1 x (1600~ | TOTAL = _28.73.60
7|4]1]2] GRADER,12' 1 { x | 1000- + B.10
[ |

FIGURE 17.14 Work package collection sheet—excavation
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17.10 SUMMARY

U Three estimation methods M| 7}X| 4%

rn

st 2R E

1. Unit-pricing or catalog lookup method

2Lt T ZNME
2. Resource enumeration

3. Work package/assembly method

Q x2o/HE2z Ao =S

ER

2

Zo g Wt EHe
AN 4
Revise
estimate as
Chas A A required
@ Apply judgment
| factors MR XNE
Check

®

Extend and
total costs

®

Look up and
record costs - 7t

@

Take off each
el 2
@ package or account e =

A}%

s

@

Study plans
and specs

Break project into
packages or estimating ZTE2XME 5 1102 2|
accounts

dA=MEE

extensions T

HIE A

FLiH & M

=
=

FIGURE 17.15 Steps in the estimating process
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CHAPTER 18

COST CONTROL

X217 History and Basic Concepts

XN[2%  Preparing the Bid Package

X[3%  Issues During Construction

XN[4Z  Contracts

XN[5Z&  Legal Structure

XNl6Z  Impact of Taxes

X7 Project Planning

XN[8%&  Project Scheduling

X[9%  Scheduling: Program Evaluation and Review Technique Networks and Linear Operations
X[10% Resource-Related and Advanced Linear Scheduling Techniques
X117 The Mathematics of Money

XM[12%&  Project Cash Flow

XM[13%  Project Funding

XM[14%  Equipment Ownership

XM[15%  Equipment Productivity

X167  Construction Labor

XM[17%  Estimating Process

X187  Cost Control

X198  Materials Management

M20%  safety
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18.1 Cost Control as a Management Tool

U The early detection of actual or potential cost overruns (H|-€=1t)in field construction
activities is vital to management. #2[2| &2 XtF0| ZXt2t= A2 =70 LHtsh= A

U Cost control eliminates such overruns or minimizes their impact. ¥7t22|= H XS
O 4S5t L, B & =07t 2 lSt= 249 O FeFS 2ot e
O A7te| XAz= 02 A™E Qe 7| =Xtz 2 28E = US

18.2 Project Cost Control Systems

Step 1 Chart of cost accounts 17} A|™H ™ 9|
Step 2 Project cost plan A7 A=
Step 3 Cost data collection U7t X7 =3

Step 4 Project cost reporting  §17F B 10
Step 5 Cost engineering At =

2 ) ]
Chart of Project Project
cost - cost - plans and
accounts plan VE documents
5 Cost
engineering
decision
making
A= oiH| 24X
3 Al 4
Project Project - Data . Data
environment status “| collection o reporting
\
Data
base for
future
estimates

0|2 AHE S fIoH Xt& 23

FIGURE 18.1 Steps in cost control
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MASTER LIST OF PROJECT COST ACCOUNTS
Subaccounts of General Ledger Account 80.000 72| S X2 AT
ZIFH| A PROJECT EXPENSE ZHHH] A"
Project Work Accounts Project Overhead Accounts
Cost Code 100—699 Cost Code 700-999
100 Clearing and grubbing 700 Project administration
1 8 3 C O St A C C O u n t S 101 Demolition 01 Project manager
. 102 Underpinning 02 Office engineer
103 Earth excavation 701 Construction supervision
104 Rock excavation 01 Superintendent
105 Backfill 02 Carpenter foreman
115 ‘Wood structural piles 03 Concrete foreman
116 Steel structural piles 702 Project office
117 Concrete structural piles 01 Move in and maove out
121 Steel sheet piling 02 Furniture
1 1 1 1 240 Concrete, poured 03 Supplies
U The first step in establishing a cost 5 - s
H 05 Grade beams 01 security
control system for a construction 0 Slabon grade @  Timekeeper
. . e el . .08 Beams 03 ‘Watchmen
job is the definition of project-level 10 Slabon forms 05 Guards
= A1 Columns .01 Utilities and services
cost centers. ® EHA= H|EME Fo| B s » om
.20 Expansion joint 04 Electricity
40 Screeds 710 Telephone
U Cost center = Cost account. H|g 50 Float foish 711 Storage faciltes
~ 51 Trowel finish 712 Temporary fences
7:” o .60 Rubbing 715 Temporary bulkheads
90 Curing 77 Storage area rental
D 9 H = ac 245 Precast concrete 720 Job sign
260 Concrete forms 721 Drinking water
COSt account COSt COd e. | S == 01 Footings 722 Sanitary facilities
05 Grade beams 725 First-aid facilities
07 Slab on grade 726 Temporary lighting
08 Beams 730 Temporary stairs
.10 Slab 740 Load tests
A1 Columns 750 Small tools
A2 Walls 755 Permits and fees
270 Reinforcing steel 756 Concrete tests
01 Footings 760 Compaction tests
A2 Walls 761 Photographs
280 Structural steel 765 Surveys
350 Masonry 770 Cutting and patching
.01 8-in. block 780 ‘Winter operation
.02 12-in. block 785 Drayage
.06 Common brick 790 Parking
.20 Face brick Protection of adjoining
property
.60 Glazed tile 795 Drawings
400 Carpentry 796 Engineering
440 Millwork 800 ‘Worker transportation
500 Miscellaneous metals 805 Worker housing
.01 Metal door frames 810 ‘Worker feeding
.20 Window sash 880 General clean-up
.50 Toilet partitions 950 Equipment
560 Finish hardware .01 Move in
620 Paving .02 Set up
680 Allowances .03 Dismantling
685 Fencing .04 Move out

18.4 Cost Coding Systems (1/3)

Q ¢8 E40f wet Chfet IENA EX.
: MasterFormat (MF) Uniform Construction Index (UCI)
: American Road Builder (ARB)
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18.4 Cost Coding
Systems (2/3)

TABLE 18.1 Major Divisions in
CSI’s MasterFormat Uniform
Construction Index 2014
Revision > 71=0] S2tE ZE XA
Construction Specifications Institute

Procurement ands Contracting subgroup
00 - Procurement and Contracting Requirements
General Requirements subgroup
01 — General Requirements
Facilities Construction subgroup
02 - Existing Conditions (Site Work)
03 - Concrete
04 — Masonry
05 — Metals
06 — Wood, Plastics, and Composites
07 — Thermal and Moisture Protection
08 - Openings
09 - Finishes
10 - Specialties
11 - Equipment
12 — Furnishings
13 — Special Construction
14 - Conveying Equipment
15 - Reserved for future use in Mechanical
16 — Reserved for future use in Electrical
Facilities Services subgroup
21 - Fire Suppression

22 — Plumbing

23 — Heating Veritilating and Air Conditioning
25 — Integrated Automation

26 — Electrical

27 — Communications

28 — Electronic Safety and Security

Site and Infrastructure subgroup
31 - Earthwork
32 - Exterior Improvements
33 - Utilities
34 — Transportation
35 — Waterway and Marine Construction
Process Equipment subgroup
40 - Process Integration
41 — Material Processing and Handling Equipment
42 - Process Heating, Cooling, and Drying Equipment
43 — Process Gas and Liquid Handling, Purification and Storage Equipment
44 - Pollution Control Equipment
45 — Industry-Specific Manufacturing Equipment
48 — Electrical Power Generation

18.4 Cost Coding
Systems (3/3)

Figure 18.3 Detailed codes for

classification within

Uniform Construction Index (UCI)

0 Conditions of the Contract 0270.
0000-0099. unassigned 0271,
0272.
1 General Requiremenis 0273.
0.100. Alternates of Project 0274,
Scope 0275.
0.101-0109. unassigned 0276-0279.
0110, Schedules and Reports 0280.
0111-0119. unassigned 0281.
0120, Samples and Shop 0282,
Drawings 0283.
0121-0129. unassigned
0130, Temporary Facilities 0284,
0131-0139. unassigned 0285-0289.
0140. Cleaning Up 0290,
0141-0149, unassigned 0291-0294.
0150. Project closeout 0295.
0151-0159. unassigned 0296.
0160. Allowances 0297,
0161-0169, unassigned
2 Site Work gggﬁ
0200. Alternates
0210-0209. unassigned
0120. Clearing of Site 0300.
0211. Declination 0301-0309.
0212 Structures moving 0310,
0213. Clearing and grubbing 0311-0319,
0214-0219. unassigned 0320.
0220. Earthwork 0321-0329.
0221. Site grading 0330.
0222. Excavating and backfilling 0331,
0223, Dewatering
0224, Subdrainage 0332,
0225, Soil poisoning
0226, Soil compaction control 0333,
0227. Soil stabilization 0334,
0228-0229. unassigned 0335,
0230, Piling
0231-0234. unassigned 0336,
0235, Caissons 0337-0339.
0236-0239. unassigned 0340,
0240. Shoring and bracing 0341,
0241. Sheeting 0342,
0242. Underpinning
0243-0249. unassigned 0343,
0250. Site drainage
0251-0254. unassigned 0344-0349,
0255. Site utilities 0350.
0256-0259. unassigned 0351,
0260. Roads and Walks 0352,
0261. Paving
0262. Curbs and gutters 0353,
0263. Walks
0264. Road and parking 0354-0399,
Appurtenances
0265-0269. unassigned

Site Improvements

Fences

Playing fields

Fountains

Irrigation systems

Yard improvements
unassigned

Lawns and Planting

Soil Preparation

Lawns

Ground covers and other

plants

Trees and shrubs
unassigned

Railroad Work
unassigned

Marine Work

Boat Facilities

Protective Marine Struc-

tures

Dredging
unassigned
3 Conerete
Alternates
unassigned
Concrete Formwork
unassigned
Concrete Reinforcement
unassigned

Cast-in-Place Concrete
Heavyweight aggregate
concrete
Lightweight aggregate
concrete
Post-tensioned concrete
Nailable concrete
Specially finished con-
crete
Specially placed concrete
unassigned
Precast Concreie
Precast concrete panel
Precast structural con-
crete
Precast prestressed con-
crete
unassigned
Clementitious Decks
Poured gypsum deck
Insulating concrete roof
decks
Cementitious unit
decking
unassigned
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18.5 Project Cost Code Structure (1/2)

U The MasterFormat code as used by the R. S. Means Building Construction Cost Data
identifies four levels of detail. MasterFormat 4 HZ2 2 N &3} 7ts

(] Level 1: 03 concrete items, Level 2: 03 11 concrete forming, Level 3: 03 11 13 structural
cast-in-place concrete forming, Level 4/:93/1113.25 forms in place
1. 232|E A > 12 232 E HY > 1. 8Y }ERS >0, HE ARE

03 11 Concrete Fonmng

03 11:13 = Structural Cast-In-Place Concrete Forming _ Z i
Ondy Lober- 2008 Bare (s Takal

03 11 13.25 Forms In Place, Columns Cow Osput Hours Unit | Moteiol  lobor  Equipmeet  Tonl Ind 0&P

5000 latrhuslt pywozd, 8 &7 colames, 1 52 GF | 165 LT | SFCH .30 7 L 1345

r_#Jﬂ.asl:crhmnm Division

r MasterFormat Level 2

MasterFormat Leved 3

®—> Structural cast in place concrete forms made of plywood and
03 11 13. 25 5000 used once for job-built 8" x 8" columns 2 L5. & HEX 7

MasterFormat Level 4
L I

‘_Ilsmeans 12-Digit Line Mumber

FIGURE 18.4 UCI cost (line item) structure in the MasterFormat code 8

18.5 Project Cost Code Structure

2 2 1. Labor
( / ) 2. Permanent materials
1. Year in which project was started (2014) 3. Temporary materials
2. Project control number (15) 4. Installed equipment
3. Project type (5 for power station) 5. Expendables
4. Area code (16 for boiler house) 6. Construction equipment
5. Functional division (2, indicating foundation area) 7. Supplies
6. General work classification (0210, indicating site clearing) 8. Subcontract
7. Distribution code (6, indicating construction equipment) 9. Indirect
1415655 -162-0210-2,8 Specifi
./ / __/ \ / pecitc
Project classification classification
Project initiation year —— 6 Construction
equipment
Project number
) General work classification
Project type 5 = power — 0210—Site clearing

L Functional division within project
2 foundation area
16 Boiler house

FIGURE 18.5 Classification of accounts: typical data structure for a computerized cost code

9
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18.6 Cost Accounts for Integrated Project Management

(1/4)

ga|™ e |

Project

Project breakdown
structure |

System A

Other system/structure

Fnundamn |Elec1ru:|ty|| Piping | Mechanical ‘

|
|
[ I

Responsibility/task
breakdown structure

g

|5l Bl
| S S

Earthwark
tasks
Cum:rete
taslu
Framlﬂ
mkss

Civil
superintendent

EEE

5 Concrete tasks on foundation 1 EEE
N
El = -
z §. 5t
] LR
g | mg for control
1150
e ks
g
a Ete.
[ Subcontractor A | % '-
| Subcontractor B | |Z}

XX

FIGURE 18.6 Project control matrix
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18.6 Cost Accounts for Integrated Project Management

(2/4)

-ife] x}TJ
A =7t

XtxH, OIEH , &) (Cﬁf
( )99

i

" ~TGeneral expense resource
Small toals
Construction equipment
Construction materials

Permanent materials
Craft labaor

—

zs 4
A g é Work ki / /
J-I-I' H g{g ork packages /
35 4
%L /
|=— Project breakdpwn —=| Pl
«—— (None this work package)
=D tdRL 6000 Smalls tools -
P 5104 Vibrators
(Mone this work package)
(None this work package)
DF441 Place & vibrate < 2121 Concrete
A concrete in foundations —=| 1110 Laborers o9 xtel
direct chute 1190 Cement workers NI
(XFRH, 913, FH])

121002 Boiler building foundation
SoH s

FIGURE 18.7 Three-dimensional visualization of work package-oriented cost accounts
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18.6 Cost Accounts for Integrated Project Management

(3/4)

ga|y Fy4

[Proiect breakdown](length and
format varies with projects)

e

{Task/responsibility|code

1st alpha—direct (D) or indirect (1)
2nd alpha—major category of work
3-5th digits—detail

2o 13

121002 DF441
NNNNNN-AANNN

)}

"

| Wark package |

(Resources ]
1st digit—major accounting category
2-4th digits—detail

{As required for a
given work package)

FIGURE 18.8 Basic cost code structure
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18.6 Cost Accounts for Integrated Project Management

(4/4)

L

Project

Praject breakdown l

structure System A

Other system/structure |

Foundatians“[lectriclty|| Piging ||Mechanical| | || ||

Responsibility/task
breakdown structure

o
£
]
154 .
3

H
5]
E
2

Area 2

Earthwork
tasks

d
)

Concrete
tasks

Civil

superintendent
a S

Framin,
aslt_'\g

Wira
ullin

Tarminatians

General superintendant
superintandent

Electrical

[(—

Project manager

|

MXIX
XX

m
L

Pipe fitting
tasks
Pipe erection
tasks
Etc.

Piping
superintendent

A A Subtasks
A A (work packages)
Far.y
FaNIFLY
FANIrLY

kol 2 22|

j Subcontractor A

Subcontractor B

=
=

- 215/240-
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18.7 Earned Value Method (1/7) ==

Cost/Prod. Units

Jm 2t
20 Jiok
>rdo

Baseline

A 7H Aol £

HHK| 2tFslopg ZHeiof
Budgeted Cost of
Work Schedule

2

Hij = Off &

AEOIH|.
2T d N J_
SHA IR 22 A

BCWS Actual Cost of |
2l (Sohedu Work Performed :
S chedule
: ACWP I
(B = =) | variance C Cost |
= Work Performed - Work Schedule, \Variance|, :
(B R 32U 4

Budgeted Cost of :

Work Performed |
M QI7H7|d): I
E 76*' MR 2 5t BCI-

‘
sour 4223

t & el et

SEAMHE
A= A7t

BCAC Budgeted Cost of

At Completion

o 228 A HE

H7pate| (ofl & 3}

= Budgeted Cost — Actual Cost

2B 2 2 A

Study Date Time
FIGURE 18.10 Control values for earned value analysis
14
18.7 Earned Value Method (2/7)
PROJECT
|
| I
A B
|
| |
A1 A.2
FIGURE 18.11 A simple project hierarchy
15
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18.7 Earned Value Method (3/7)

Actual Quantity of Work Performed
Budgeted Quantity At Completion
A

E=AH E2AF 2 AQWP BCAC —ACWP
Azt Aol A2 ysey 5 BOAC BCAC-PC BCWP
BCAC  ACWP  BQAC — AQWP  PC(%) BCWP  ECAC 55 aux
A EYTE AlE 217} Estimated Cost At Completion
Al 100 40 105 35 33.3|=35/105  [33.3]=100x033 ]2() =100x(40/333)
A2 50 35 77 60 78.0)|=60/77 30 .()|=50x0.78 45 =50x(35/39.0)
B 65 50 125 100 80.0|=100/125  [52|()|=65%0.80 {25 =65x(50/52.0)
25 — — Se— ﬁ 2473 27.5
TOTAL 215 | 124.3/215 124 [227.5 |

Project PC (PPC) = Total BCWP + Total BCAC = 124.3 + 215 = 57.8%
ECAC; = Estimated Cost at Completion for Work Package i = ACWP; + PC;

S Mibdo 2 ZIFME|o SENETVL ZRE|H el of o
21551257} 3718 227,52 H| 80| 22 E Ao = FHE.

16

18.7 Earned Value Method (4/7)

Hgxto]  CV, Cost Variance = BCWP — ACWP
2@xol SV, Schedule Variance = BCWP — BCWS
&% X% CPI, Cost Performance Index = BCWP/ACWP <1ZH: 8 517 2RE AL
2¥+¥x % SPI, Schedule Performance Index = BCWP/BCWS
d - ay
CV(A.l1) = B?,!WP (A.1) — ACWP (A.1) = 33.3 — 40 = —6.7 -57: 04 %1}
CV(A2) =BCWP(A2) - ACWP (A2) =39 -35=+44
CV (B) = BCWP (B) — ACWP (B) = 52 — 50 = +2
0l A4/ 41 %]

CPI(A.1) = 33/40 < 1.0 A value less that 1.0 indicates cost overrun of budget <1: 0|4 £}

W2 M L7 2HE A

CPI(A.2) =39/35 > 1.0 >1: 0f Ak Q| Ly
CPI (B) = 52/50 > 1.0 Values greater than 1.0 indicate actual cost less than budgeted cost
N R e
SV(A.1) =BCWP (A.1) —BCWS (A.1) =333 -50=—16.7 -%< 284
SV(A.2) =BCWP (A.2) —BOWS (A.2) =39 —32 = +7 SR 2y
SV (B) = BCWP (B) — BCWS (B) =52 — 45 = +7 =TT
Hd/A=
SPI(A1l) = BCWP(Al)/BCWS(A1l) =33.3/50=10.66 <1 <1:37I%x&
SPI(A2) = BCWP(A2)/BCWS(A2) =39.0/32=1.22>1 127 WE
SPI(B) = BCWP(B)/BCWS(B) =52.0/45 =1.16 > 1 T 17
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WH/Cost

100w cv=BCcwP-AcwP= 67 | - =7} Of|AF X1}
I
! _BOWP _333 0| AF X3
18 7 E d \/ | i CPI= L p = o <10 <1:0f&F X3}
. a r n e a u e : QOver Budget
|
s0=Bcws AE 7}
Method (5/7) gy Skgn | [sroammae o] - Alel Ay o
33.3 = BCWP =
l BT = Y P D -
| ! 2 5 BCWS 50 o/l =
! ! Behind Schedule
Study Date Time
(a) Baseline fonA.1
WH/Cost "
o
CV =BCWP-ACWP = +4.0 | T HZ oA LY
_Bowp _ 39 . Ol AF EHOJ L
CPI= ZETE = 51 >1: 04 QLY
Within Budget
50 WH
— ! sv=Bowp-Bows=+7.0 | +HH}S : L LY
B spi=BCWP 39 1o
| | SBCWs 32 0 T | 5 g, 27| WE
} : Ahead of Schedule
1 1
Study Date Time
(b) Baseline 10
WH/Cost
cv=BoWP-ACWP=+20 | + A Zt: O AFEHQ| LY
BCWP 52
CPI:*ACWP=¥>1'O >1: 0| A EHQ LY
65 WH Within Budget
BCWP =52 P :
ACWP =50
 as=pows | sv=Bewp-Bows = +7.0 | + HHFS : L% LY
FIGURE 18.12 States of control : : opy BOWP 52
| I = = —>1.
. . | | BCWS 45 >1: 27| WS
account for single project | | Aront of Sehouule =
Study Date Time
. 18
(c) Baseline fol E
18.7 Earned Value Method (6/7)
H| & H|&
_*_J-I_I‘ xE.'7=|' CASE | loe’ CASE Il
! T 2
Cost $ = %
Overrun | Underrun
Schedule . . I —s Schedule
17' BCWP—- N C\)Verrun == ACWF‘I: I?I‘?C?;lrun
[=) ~
gy Delay I, IV Il mow T —= \ NoW T —
o~
2 CASEm \ CASE IV
5 N
-3_7| T o= T ~—
i} = Advantage \Y 11, VI ~__
$ .1 Bowe $—
Schedule
[Acvamage Cost
[Underrun ISchedule ] g‘a:‘"un
Delay
T . BCWP - |
E—— ;\\ \ Tnow T ———
CASE W\
T ACWP ‘oaﬁe\'\(\ \\\T 552 crsEv
ol I Gvarrun o SR i ont
. Stheduie 1 [acwe] Unesun | aninge
Advantage
-r,NIOW T — TNow T ——=—
FIGURE 18.13 Scenarios for permutations among ACWP, BCWP, and BCWS
19
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18.7 Earned Value Method (7/7)

H| & H| &
£ =4
Cost
Overrun | Underrun
Schedule
327
EE! Delay 1, IV [
-—
327
E}EI Advantage v I, VI

CPI<1 ] overrunning CPI>1 ] within
— —_—
Cv<o cost Cv>0 budget
SPl <1 ] behind SPI <1 ] behind
— ——
SV<0 schedule SV<o0 schedule
CASE | \ CASE Il
\
CPI > 1 ] within CPI<1 ] overrunnin
— —_— g
Cv>0 budget Cv<o0 cost
SPI>1 ] _ ahead of SPI<1 ] _  behind
SV>0 schedule SV<0 schedule
CASE Il \ CASE IV
N\
CPI <1 ] - averrunning CPI>1 :I - within
Cv<0 cost Cv>0 budget
SPI>1 ] ahead of SPI>1 ] ahead of
— —_—
SV=>0 schedule SV>0 schedule
CASEV CASE VI

TABLE 18.3 Values of CPI, CV, and SPI, SV for the Six Scenarios (Singh, 1991)

20
pw% Cheatam, and Howe
18.8 Labor Cost
Report No. _76 Date 72 September XX
1 DAILY LABOR DISTRIBUTION REPORT
Data Collection {
)&ud‘( Location Peachtree Corners Sho, Ll o Malt
( 1/2) Foreman's signature
Description of work performed H| /A1 6\ G‘
- nt - \63 \Qk ')PQ me
05 ount numoer %Q @ ‘bn bQ
£ Crat Tot
D Hl'g'lllxo-l I:E‘:‘E OI_I?_-“:” EIH OTS:);S&: Name Code l;lart Rate | Hours | Hours | Hours | Hours | Hours | Hours h(:ui:ls
number union 5T PT
st |@)| 50| ¢ | #
@ Aﬂ’ﬂ#f’“" PT | operating enjgineef (equipment operator) ol e
st | 70 | 72.60 ; o
# Elle Del Fabbro = 8|0
70 | 712.50 6 F
22 Chartes foarse i: 8|0
ST
PT
ST
PT
5T
PT
ST
PT
ST
’ PT
FIGURE 18.14 Foreperson’s = | -
daily labor distribution report PT |
E 2¥i 0
Total 4 7 74 2
Approved by Vk oals 21
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haree SEREE-L

(a) Permanent data Temporary_data (a) ) Entries_ ZHAXL M
Worker data Check register Field entries

18 8 I_a bor Cost ID Man's ID Man's |D reference
Mame and address Name Project cost account
D t C | | t' Social security no. Gross earnings reference
a a O e C IO n Number of dependents Deduction type # 1 Pay rate
Craft type . Hours per cost account
( 2/2 ) Earnings and :] . .
deduction data ) ° *
- L
HEAEHE . :
- Deduction type # N h
| (b) A project cost accaunt | i Project cost account
Cost account ID < — reference
O™ XIA k& Estimated quantity Man’s ID Pay rate
0 2082 A HMA of material Hours per cost account
Estimated cost of Net earnings .
material ¥ Gross earnings .
Estimated cost of S Deduction type # 1 .
labor . .
Quanitiy of . .
material purchased . -
Quantity of PN . Man's I1D reference
material installed : e
Cost of labor 2 Deduction type # N *
Hours worked per Account reference
craft type # ? B ¥ Gross earnings :
. Account reference
. % Deduction type # 1 Hours per cost account
* o (b) Quantity installed | xroiak
* * entries Ee
Hgfarfst Tﬁggeg l&er . ¢ Project cost account
Account reference reference
FIGURE 18.15 MM R %, Deduction type # N Quantity installed
ee Account reference -
Payroll data structure 3 Net earnings .
LT :
Project cost account
reference
Quantity installed 22
OEET

[ola]

18.9 Charges for Indirect and Overhead Expense

O Contractor-incurred expenses associated with the construction of a given facility relate
to: AH0| 225 = H &2 X HH|f ZHHH|Z I LiFE = U2

1.

Direct cost consumed in the realization of a physical sub-element of the project
(e.g., labor and material costs involved in pouring a slab). ZI&H|: Q174 H|, X}X{H|, ZHH|H]

o

Production support costs (Indirect cost) incurred by the project-related support
resources or required by the contractor (e.g., superintendent’s salary, site office
costs, various project-related insurances) costs associated with the operation and
management of the company as a viable business entity (e.g., home office
overhead, such as the costs associated with preparation of payroll in the home

office, preparation of the estimate, marketing, and salaries of company officers).
U 2E X 20, YA A FH|, 2els, 2ALEH| S

23
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18.10 Project Indirect Costs

U The contractor calculates the direct costs (as defined previously) and multiplies these
charges by a percentage factor to cover both project indirects and home office fixed
overhead. 28HH 2 2 7HYH|= 2| HH|0f TSt H[E 2 HA| > & H] : 200,000, ZHH H| H|E : 20%,
7HE H| = 200,000 x 20% = 40,000, O] : 10%, & & & = 240,000 * 1.1 = 264,000

CENTURY CENTER BLDG #5 LABOR COST REPORT WEEK 57 WEEK ENDING 10/11
HALCON CONSTRUCTORS, INC.
ATLANTA DIVISION PAGE 1 PROJECT NUMBER 13-5265

ATLANTA, GA

Projected Cost

Cost Code Information Quantity Unit Price Cost

Cost To Date To Complete

Code Description Units % Comp Estimated Actual Estimated Actual Estimated Actual Over/Under Over/Under

111 **This Week** 2 1 248.000 248 48 ] 7}%;. ol AH|

2228 7] = Haul Trash Wk 68 50 34 200.000 92.765 10,000 3,154 3,646- 1,716- J =5 5%

112 *#*This Week** 1 1 543.000 543 326
Daily Clean Wk 68 69 47 217.391 311.596 15,000 14,045 4,428 2,072

115 1,747 1,747 No Budg.

130 #*This Week** 1 1 13.000 13 204-
Safety Wk 81 69 56 217.391 206.304 15,000 11,553 621- 144-

131 Protect Trees Ls 500 31

132 Shoring Ls 100 18 18 1,388,889 1,345.389 25,000 24,217 783- Comp.

307 **This Week** 1 5 19.600 98 4
Hand Exc Cy 97 725 705 18.793 19.569 13,625 13,796 547 15

310 Dewater Ls 100 2,000 2,060 60 Comp.

312 Bkfl Hand Cy 83 6,000 5,000 1.500 1.291 9,000 6,453 1,047- 209-

316 Fine Gr Sf 99 15,000 14,830 167 135 2,500 1,999 501- Comp.

FIGURE 18.16 Labor cost report (some typical line items)

24
4 th &?lgulation of the home office overhead allocation factor: 2At A H|g & . M4 44X >
T General & Administrative
Step 1: Estimate of Annual Overhead (G & A Expense)
HEE H[E Lastyear'sG & A $270,000
E7 4% 10% inflation 27,000
7| 2 37t Firm growth 23,000
7 G&A Estimated G & A $320,000 | £} sjopgt ZH| =X
Step 2: Estimate of $ of Cost Basis for Allocation
Ol 4 Ol = Estimated volume $4.000,000
0|2 Gross margin 20% = $800,000
of| &F 217} = 0| & O & - 0|2 Labor and material
Step 3: Cal
Overhegd costs es
= 320,000/3,200, 000 =|10%| 0t H|& &H
Step 4: Cost to Apply to a Specific Project
Estimated labor and material costs $500.000
ZAH| ; Z1™H| 2] 10% 1} Overhead to apply (@ 10 percent) 50.000| ZAH| ZAH
$550,000
25
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18.12 Considerations in Establishing Fixed Overhead
(1/2)

Q O8H: 7HEH|] 44, e X HH 84

U PC=PS/(100 - PS)

O XZH|of tict ZH| &t H|2(ZH|H| &)= SHIE T 48| H|F /(100% - SH|E T ZH| H|F)

U PC = percentage applied to the project’s total direct cost for the coming year (ZH|/Z!ZH])

U PS = percentage of total volume in the reference year incurred as G & A expense (ZH|/£H| &)

ZAH|(ZtEH]) : 800,000, &= ZF: 4,000,000, & & H|: 3,200,000
4 H|H|&(PC) = 800,000 / 3,200,000 = 25% < ZH|H| &2 | & H|of Ci$t ZH[o| H|S : £ 27} X FH]|
ZH|-8 & ZH| H|F(Ps) = 800,000 / 4,000,000 = 20% : PS7} FO{X = AL

ZI™d|of CHst ZAH| 21+ H|E, PC = 20% / (100% -20%) = 25%

7 H|: 1,000,000, A H|(25%): $250,000, O| 2 & 10%
XFOH

OO0 00Oo

(W]
A

I
Z Q1 AHOH = $1,000,000 + $250,000 + ($1,000,000 + $250,000) x 0.1 = $1,375,000

(]
)f

26

18.12 Considerations in Establishing Fixed Overhead
(2/2)

[25%]on Labor and
Equipment;[15%]on
20% on Material and
Total Direct Subcontracts
ZH| =3 W) g =g L
HE R0 SYHE NS E0iCtCHE HE M
Labor and equipment S 800,000 $160,000 $200,000 -25%
Job 101  Materials and subcontracts  $1,200,000 240,000 180,000 -15%
$400.000 $380,000
Labor and equipment 200,000 $ 40,000 $ 50,000 -25%
Job 102  Materials and subcontracts 2.000.000 400,000  20% 300,000 -15%
$440.000 $350,000
Labor and equipment 700,000 $140.000 $175.000 -25%
Job 103  Materials and subcontracts 700,000 140,000 105,000 -15%
$280.000 $280.000

Comparison of Fixed Overhead Rate Structures

27
- 222/240-




CHAPTER 19

MATERIALS MANAGEMENT

Ml1Z  History and Basic Concepts

XN[2&  Preparing the Bid Package

X[3%  Issues During Construction

XN[4Z  Contracts

KN[5&  Legal Structure

XNl6Z  Impact of Taxes

M7Z  Project Planning

XNI8Z  Project Scheduling

X[9%  Scheduling: Program Evaluation and Review Technique Networks and Linear Operations
X[10% Resource-Related and Advanced Linear Scheduling Techniques
11  The Mathematics of Money

XM[12%  Project Cash Flow

XM13%  Project Funding

XN[14%  Equipment Ownership

XM[15%  Equipment Productivity

X167  Construction Labor

XM[17%  Estimating Process

X182  Cost Control

M19%  Materials Management

XM20%  safety
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19.1 Material Management Process

Owner

Architect Constructor

fel thzi el ot
FIGURE 19.1 The owner-architect-construction relationship v

g 2
¥ ofm
J
Ly
g i

Fe zol X%/ N
Fabrication
Approval and Installation
T e — e e
Order process delivery process
process

FIGURE 19.2 Material life cycle Xtxjf 440§ 7|

Lttes or sramumictal form wcsompasying this orke when saded 1n Vindos dhoukd s the mumber o oy &rveinge amd
1 T r e r 1 = O furnlihed 3d the SSIET 10 Which they Mt B¢ et Al B sbleess 10 which Vendor s 10 mail eeertssondence. st s ooier
.2 The 2

l_EE HENAY C BEGK COMPANY No

Q FAAXILSALE L St AHS0|A S 7| F 02 2Hf —
> BN SAtH| L{o| M SALE Ot 2| 2 = U= E 8 M e
Plewse ship e followsng i HENRY © BECK COMPANY, u
Spesial Purchasa Order
X o [——
VERDOR: MAIL INVDICE TO:
Vo R i
DATE: | . ‘_-_-n =
CIG. TO Jou 21480
& C ammicie | ur. | amotwt| costeone l
- |
I N I '
- B i
| . — |
STATE BALES BE SET OUT ¥ ON INVOICE |
e A ———— _ AL UL TAR B0 e i v o e, BN . 3507 Gt
o Than ~ Venaar's A ron
Show 300 Lovihe TERMS By,
Seee abowe IMPORTANT NOTE for imvolcing imstrections. They NI.“';I:D-I\QC -nh_ =
FIGURE 19.3 Field purchase order e g i — —

on Dhe cutnde o Each Pichis
cimramng. Shoprecal

- Simple Contract (24 72k
FIGURE 19.4 Formal purchase order
- Complex Contract (3472
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19.2 The Order (2/6)

O Regardless of the complexity of the transaction, certain basic elements are present in
any purchase order. (XtX{f 70§ FZ20j| & Z 3t Z[0{0F St= LHE)

1. Quantity or number of items required. 27 =&

2. Item description. This may be a standard description and stock number from a
catalog or a complex set of drawings and specifications. X}x{f A=

3. Unit price. &7t

4. Payment terms specifying the timing of payment for the goods purchased. ti2 X =
H &

5. Special instructions. E =%
6. Signatures of agents empowered to enter into a contractual agreement. A{'H

QO F0§ ==2:Buyer &4 > Vender =& > Buyer 52!

19.2 The Order (3/6)

Q Vender(ZtO§X}) > carrier(B S At > Purchaser(7+OH A

Q AefehAof wet /A0 HHojXt= £ H FOX0|A E0{7t= FA7F Hetd
QO CIF (Cost, Insurance, Freight) : K| & T+ 2 H|, B{ S0t 2HHA =l E ¥ H| 9t &
O Free On Board (FOB) & COD (Cash On Delivery) : H{& €t A| 10§ T =2 X| 2 5= 24

op
T n

TOHXIO Al 273 O H

Title passes to
purchaser

FONXE o A1840] BOf R}
i Atk chal 22t

Vendor Purchaser
location Shipment ™ receipt
cr O ) @)
T-OHXEZF | 2E Hi S .
T (RS XS TOHXp 2 Title passes with payment )
oo 22 o/
Vendor Purchaser
location Shipment eceipt
FOBand COD O : O de ot
B . FOIXE7} St
I xHOl
SN = ajof v]g X3 (cop)
Purchase order Bill of lading Invoice
Itemized (Purchase > (Shipment (Billing Itemized
list contract) contract) document) list
AlotA Mo HIM

FIGURE 19.5 Procurement documents and title transfer sequence

2~
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19.2 The Order (4/6

higan Ave NE
Washington, DC 20064

Halpin hyssoc com

Halpin and Associates, Inc.
Shipping Order

il Associates, Inc, Consigned to: Delivening Carrier:

Cived from Halpi

Al location:

T destination: I

Shipper: Halpin and Associates, Inc

o i1t woed

Class or Rane Check Colurn

Number of

Packages

Product | Description Weight

“editives o applizahh W his shipment 1> i b defivered

w1

If charges are to be prepaid, write or stamp hire below:
*To Be Prepaid.”

with

Charges Advanced:

FIGURE 19.6 Typical bill of lading : M55 #
HAL A GO 2 25320 £ T MEG SN, 1 BB AT YIS 2HE S,

19.2 The Order (5/6

BASB Steel and Supply Company

4111 Broadway Avenue

INVOICE

Fort Collins CO 80566 DATE: March 16,2017
wwhw.basbsteel.com INVQICE # 236788
Bill To: HX]| Ship To: H|&X|

Bellan Brothers Contracting Co., Inc. C0O299 Bridge #5

218 102th St. CO406 Station 344
Windsor, CO 80585
(555) 970-1234 c/o: Scott Littrell
[ Po# ] Sales Rep. [ shipDate [ ShipVia | Terms | DueDate |
| 1453 | H. Mujica | 3152017 [ WEXC  [1/10Net3o[ 4/30/2017 |
|Product ID | Description Quantity Unit Price | Line Total
[QW6780 |Brace for Temp Const. Model T-40 10 156.88 1,568.80
SUBTOTAL 1,568.80
PST  6.50% 101.97 _|Provincial Sales Tax
GST  3.20% 50.20 |Goods and Services Tax
SHIPPING AND HANDLING -
TOTAL 1,720.97
PAID -
TOTAL DUE 1,720.97

FIGURE 19.7 Typical invoice : 1A
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19.2 The Order (6/6)

U Terminology relating to trade discounts is as follows: & 911t 22 =l 80

ROG/AOQG: The discount period begins upon receipt of goods (ROG) or arrival of goods
(AOG). tHa X5 =at #HEE CHE B S

v/ 2/10 NET 30 ROG: This expression appearing on the invoice means 2% can be
deducted from the invoiced amount if the contractor pays within 10 days of
AOG/ROG. Full payment is due within 30 days of AOG/ROG. =%t = 10 L{
X5t 2% &0, =& T 30 L X| S5t 47t

v/ 2/10 PROX NET 30: A 2% cash discount is available if invoice is paid not later
than the 10th of the month following ROG. Payment is due in full by the end of
the following month. E710| =9t CHE 2 10 7HX| X|ZSHH 2% 221, Chs & 2K
Xl=otH &7t

v' 2 EOM: The discount (2%) is available until the end of the month (EOM)
following ROG payment in full is due thereafter. 2 740| =*tst & L7tX| X| S HH
2% 22l 10|20 X| g5t Ha7t

A0f| Ciot M2 =70 A Y=t

O 20|12 X0l AT T Al 7kA 2t2 5 80P ThE0] E|QUCHH. . O] A
= )"0l [t2t Vender EE= PurchaserO| Al A S ==

“Hold Harmless(®&: 2| 2Fo| ot Z 0| ACHEro| A QkAt &AM Q[ Z T 7 Of
Q2 & Purchase Orderd| “Hold Harmless” O] CHSH A=

19.3 Approval Process s¢

O The contract drawings prepared by the architect are generally not specific enough to
facilitate accurate fabrication of the materials involved. A2 Al 82 BAZH OO 2 =
ZeotA OfH XpXH7F AFE | =X| Hef5t7| Of Lt

QO Therefore, to produce the necessary materials for a project, subcontractors and
suppliers must provide details that further amplify the contract drawings. These details
can be classified into three groups: (a) shop drawings, (b) product data, and (c)
samples. St gALL A SEAE2ERH AlS W, HE Xtg, 42 52 FE (submittals)E M&
H.:IOFOF gt > O|Z A|SAILE AA K7L submittalsE AE £ 52 > 0[50l B2 7. 22t = CHA|
N
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19.4 Fabrication and Delivery Process ==&

o

L} OlX Zd X

M=

N

U Submittals (Shop drawings, Product data, Samples) ¢ > Z& 98 273 S
Q FAAUXNSH HES Ef| T = 22| (Expediting) > 502 =l SubmittalsE 0| 2310 2 1 &

BT HA

10

19.5 Installation Process A1z

U Depending on how effectively materials are scheduled and expedited, materials
arriving at the job site may be installed immediately, partially installed and partially
stored, or completely stored for later installation. &= 20| HofLt 2o 2 ZYE A=
710 et SA|A|S, R 2 AlS, £ 2 B2, T 22 52| &g &l > SAASO0| 7t HiEH &g >
Moz 2e

O =T A8 S QI A E E&tdts 22, EMNERH XM E HHSHA| E 26l 0F 5t = 2 B[SO &,

o =

11
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19.6 Material Types (1/4)

U Building construction materials can be logically grouped into three major categories:
HE X = 8436822 L+0f 2|

(a) Bulk materials that require little or no fabrication > 1~52 M= 2| Delivery Time
(HISAIZH T2 2 XX 7F AZ 0| =&5t= Q77X 22l AlZh : & ds A& 52| Submittals 22

(b) Manufacturer’s standard items that require some fabrication (& Xtx{) > 3~12F
Heo| Delivery Time (HiSAIZhH : ME-H& K&, A3 =H, ¥ME 52| Submittals 28

(c) Items that are fabricated or customized for a particular project (X¥& Xtxj) > 2~12F
Hr 2| Delivery Time (Hi&A|IZH  ME-ds A&, AlS =8, ¥E 52| Submittals 28

12

19.6 Material Types (2/4)

Typical Bulk Materials

Paving materials

Fill materials—crushed stone, soil, sand, etc.
Damproofing membrane

Lumber and related supplies

Form materials—plywood, post shores, etc.
Ready-mix concrete

Wire mesh

Stock reinforcing steel and accessories
Masonry

Stock miscellaneous metals

Soil and waste piping

Water piping

Electrical conduit

Electrical rough-in materials—outlet boxes, switch boxes, etc.
Caulking and sealants

13
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19.6 Material Types (3/4)

Typical Standard Material Items

General Materials
Fencing materials
Formwork systems—metals and fiberglass pans, column forms, etc.
Brick paving
Brick or ceramic veneers
Standard structural steel members
Metal decking
Waterproofing products
Insulation products
Built-up roof materials
Caulking and sealants
Standard casework and millwork
Special doors
Metal-framed windows
Finish hardware and weather-stripping
Ceramic and quarry tile
Flooring materials
Acoustical ceilings
Paints and wall coverings
Lath and plaster products
Miscellaneous specialties
Equipment—food service, bank, medical, incinerators, etc.
Building furnishings

Mechanical and Plumbing Equipment and Materials
Fire protection equipment
Water supply equipment
Valves
Drains
Clean-outs
Plumbing fixtures
Gas-piping accessories
Pumps
Boilers
Cooling towers
Control systems
Air-handling equipment
Refrigeration units (chillers)

Special construction items—radiation protection, vaults, swimming pools, itegrated ceilings

Elevators, escalators, dumbwaiters, etc.

14

19.6 Material Types (4/4)

Typical Standard Material Items

Electrical Equipment and Materials
Busduct
Special conduit
Switchboards and panels
Transformers
Wire
Trim devices
Lighting fixtures
Underfloor duct
Communications devices
Motors and starters
Motor control centers
Electric heaters
Fire alarm equipment
Lightning protection equipment
Concrete reinforcement
Structural steel
Precast panels and decks
Stone veneers
Miscellaneous and special formed metals
Ornamental metals
Millwork

- 230/240-

Custom casework and cabinetwork
Sheet metal work

Sheet metal veneers

Hollow metal doors and frames
Wood and plastic laminate doors
Glass and glazing

Storefront

Window walls and curtain walls

15




CHAPTER 20

SAFETY
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Scheduling: Program Evaluation and Review Technique Networks and Linear Operations
Resource-Related and Advanced Linear Scheduling Techniques
The Mathematics of Money

Project Cash Flow

Project Funding

Equipment Ownership

Equipment Productivity

Construction Labor

Estimating Process

Cost Control

Materials Management

Safety
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20.1 Need for Safe Practice

U Out of 4,379 worker fatalities in private industry in the calendar year 2015, 937 (21.4%)
were in construction; that is, one in five worker deaths were in construction. 20154
A A AL X== 4,379, 0|5 & Y SAFAIE X2l H|20] 21.4%

U 20034 4G AR AFYRE =71 0|2t T 1874 S2t0| MALR} =2 O BEUCD &t
U The factors that motivate safe practices: 27 0| 23t 0|

1. Humanitarian concerns QI =F9|

2. Economic costs and benefits ZX % 0| &

3. Legal and regulatory considerations 2% 0| &

20.2 Humanitarian Concerns azzo

QO Particularly at the level of the work site, society has defined the principle that the

employer is responsible for providing a safe environment for the work force. 1 &F =
TEXHO| A QHH T 2 St A2 N3 o FE A=

O The current safety legal framework is summarized by the General Duty Clause of the
United States Occupational Safety and Health Act (OSHA). O]= 9Hd 23 8 : OSHA

QO 1800ACH =&k ~1900CH =8 SSSX| ZTO|A A ATHsH =4 M
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20.3 Economic Costs and Benefits (1/3)

U Safety costs can be broken into three categories: A|7tX| ®Z=0| ot 221 H|-&
1. Direct cost of previous accidents 1t A1 2 2 E{ o] XA QI

a. Insurance premiums and ratings E3 = Q4

oF
=
oo

b. Mandatory accident prevention methods At1 O
c. Records, safety personnel 274 22| Q174 H|

2. Direct cost of each accident occurrence 8| At 2 2 E O 217X 0l &3
a. Delay to project 37| X| &
b. Uninsured damages 232 2 EAEIX| Zot= &8l =

H

a. Investigation ot A

be

Ot

3. Indirect cost 7t & A 0l &

b. Loss of skilled workers =H3 2 9l
)

(@]
—
o)
(%]
(%2}
o
=}
®
o)
=
S
3
@
>
(e d
Jal
o

20.3 Economic Costs and Benefits (2/3)

a A XHOH HAz 717(() g

il

U Manual rating is based on he past losses of the industry as a whole. 2112 & 23
QEME-ZEV|U0 ErH L EHRERY

U The premium rate for compensation is normally set by the individual state
Compensation Rating Bureaus. 2 X|d e 5L 3T > L 2 /8

hrid

b

mjo

Hedg

Mot
ol

2730

U Metric rating i & 7| 20| A X0 7|H._3H)4 HEHE A > otMALD 7|12
0| &3t= F7HA| B ] 7 AN 7|4t

U Experience rating methods : Ht2 M EH-2 & 2|t 0t 3H 7t oM At Ao 2 AT,
Experience Modification Rate (EMR)S EZ 28 Rgoﬂ 510l B Q8 A, TA ﬁLE §2.5
Million, EZ 238 28:8%, EMR: 0.7 > 28 & = $2.5 Million x 8% x 0.7 = $140,000
of

A:l.
| A OPY AP AN S B¥ 0| 200
of GIOf Of &4 & Ch AbIL 7} B 7| SAYSHCHE 2

=

a Retrospectlve rating methods : " Tl 7|7t &
I—i_Q_ > |:||EH Al™HS H|- toz Eo4§7|-7(7(—|5ml > 0t

1=
= = & —
_ELO—|H9| E%JEE stz = ghAl

O S /Al > 2z Qo > +=od &d > BL MI7t2 Y& F7totks 0| 7tsaiE
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20.3 Economic Costs and Benefits (3/3)

MO ER >
N2l g gl g F 2 % o8 2§ 2 3 o 2 g g g g F s 3
(F) . B ke [=. =5 = 2 @ @© & = =] T g_ = D jLa < = 5 Q

= 2|1 & 8 & = 3 | 2| a = = 3| @ = me mog| g 5
3 @© © = =3 =8 1 = oo = ] @ @ @ @ = =] =
| 3 =] = [ | S g S E] _ 3
‘| = = a @® = = g OE = @
2 | | S| 8 S g \ | g
% = = |_ 3 a %‘ = = % g
S| 8] 3| Z| 8 & 5| E| S| s
= @ o o a3 o
@ 3.
£ £
CA|30.29| 11.42] 11.42] 7.84|13.27| 1327 | 17.86] 12.98| 17.53 | 16.24 | 15.03| 27.23| 12.47| 51.93| 18.17| 17.31| 20.57 | 8.69| 16.24| 20.57
CO|12.76| 1319| 7.46| 518 10.35|10.35| 9.79| 13.91] 14.30] 10.29| 15.08| 9.00| 8.45| 23.95| 11.46| 35.52| 15.85| 8.60| 5.74|15.85
DC| 10.82| 9.43) 12.00| 6.35|12.14|1214|17.96| 9.67| 15.03| 8.37| 14.12( 12.98| 11.77| 21.47| 8.93| 43.78| 18.27| 21.67| 4.05|43.78
FL{18.25]| 18.38) 891 7.48| 9.33| 9.33| 1441 1119 13.96 | 13.51] 38.24| 25.08| 8.13| 28.05| 12.68| 35.41] 2349| 6.34| 6.22) 3641
GA| 2491|1449 10.83| 9.87 | 17.01) 17.01] 15.94 | 22.44 | 19.66 | 18.93| 26.79| 18.55| 10.89| 44.56| 20.76| 52.69| 41.28| 10.07| 8.65| 52.69
IN| 745| 504| 3.48| 274| 462| 4.62| 559| 6.77| 515| 4.77| 847| 383| 285| 11.36| 445| 1575| 7.98] 3.09| 227|1575
KY| 22.00| 15.75| 8.00| 6.00| 10.40| 10.40| 20.44 | 20.69| 9.50| 12.50| 25.37| 15.33| 7.00| 45.00| 19.58| 46.98| 23.88| 11.89| 6.75| 46.98
NY[12.39] 1719 11.26| 6.69| 837| 837|10.18| 9.91| 1570 10.41| 15.68 9.04| 7.33| 33.39| 1279 21.77]1620| 8.72| 6.92|10.56
WY| 883 893| 893| 893| 893 893| 893| 893|1600| 893| 893 893| 893| 893 893 893 893| 893 893 893
| AVG.| 18.31| 15.22| 942 10.46| 1046 | 14.15] 1512 | 14.80 | 12.86| 21.48| 14.39| 8.11| 32.94| 11.88| 40.12| 23.82| 947| 7.07|35.28
FIGURE 20.1|Compensation insurance base rates|for construction workers
(Selected states and crafts—these rates do not purport to be current
but are shown here only as indicative of the rate structure.)
6
20.4 Uninsured Accident COSts szz stz eusig
N Injuries AL X2| 2 &4 Associated Costs 5CH H| &
O AtRR QI3 37| K|G0 — — —
§-J_—'|'E —?—AlEn_l XH, Xl'XH 94 ; %];lf.\l-.‘utl_n',\!x n'\f'\_ . 1. l-_)‘l‘“L.F.LIl.(iL between actual losses and amount
E_Exl_gl ol_l 7d Hl ngD|_I'Ol . ‘I‘ll.'l.\r)ﬁl).llnl..[llll:l Lil.hh\ . lumu‘u‘ ) _
soz X‘l ElEl 58 O] 3. Cost of investigations 2. Rental of equipment to replace damaged
22 =T O 4. Cost of processing reports equipment
[ ofrL JIX™ X O 3. Surplus workers for replacement of injured
a T'__Oﬂ Elel LS T |_|- = |_| workmen
Al S0 |8 Al
= Ol 23 O“ —l OH 23 4. Wages or other benefits paid to disabled workers
Ht XX XA O _+_AIE|:|. _ “ . L.
CC e 2 5. Overhead costs while production is stopped
9 I:lH Ll' EI' 6. Loss of bonus or payment of forfeiture of delays
Wage Losses QIZdH| 2Hd &4 OIT the Job Accidents =33 &AM H|&
1. Idle time of workers whose work is 1. Cost of medical services
interrupted 2. Time spent on injured workers” welfare
2. Man-hours spent in cleaning up 3. Loss of skill and experience
accident area 4. Training replacement worker
3. Time spent repairing damaged 5. Decreased production of replacement
equipment 6. Benefits paid to injured worker or dependents
4. Time lost by workers receiving first aid
Production Losses AfAF 22 &A1 Intangibles 7|EF ALZ|1H &4 H|-&
1. Product spoiled by accident 1. Lowered employee morale
2, Loss of skill and experience 2. Increased labor conflict
3. Lowered production of worker 3. Unfavorable public relations

replacement
4. Idle machine time
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20.5 Federal Legislation and Regulation (1/2) ¢su=x=

EH 24

O Occupational Safety and Health Act (OSHA) : mandatory safety and health procedures
to be followed by all firms operating in interstate commerce. 2 & 2t 2|4

Volume I: General Industry Standards
a4

Volume II: Maritime Standards

A

Volume lll: Construction Standards 714 23 &
Volume IV: Other Regulations and Procedures

Volume V: Field Operation Manual
21
Volume VI: Industrial Hygiene Manual
(kD

O Occupational Safety and Health Administration (OSHA) :

ial
165
e
r
o
0=
e
)
Hi

20.5 Federal Legislation and Regulation (2/2)

Included by

Contract
Amended reference

Work

OSHA
(Passed 29
Hours

Standard Des{1 370
Act Part 4

Construction by reference) Published by
Safety Act ® secretary of

| labor
Part 192

Construction (==
Standard

Part 1910

General =
Standards

Published in
Federal Regisie
(17 Ap71)

FIGURE 20.2 Development of OSHA legislation : OSHA B & {2
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20.6 Occupational Safety and Health Administration

Requirements (1/3)

O DE&F= MYYAM Zdct Aot BES HHEA OSHAO| 215} 0F &
Q Al 2ot AIZ 22578 8A|ZH O|L0f] osHAO 2 103l OF gt

o
O Arnof Chet E0ME 2ot A|E 22 2 52 O[L{0f osHAO] K= 3HOF &
1. OSHA 300: A2t 20 M

2. First report of injury/illness: £4/Z2 ¥ E 11

10

20.6 Occupational Safety and Health Administration

Requirements (2/3)

OSHA's Form 300 (rev 01/2004)

Year 20

U.S. Department of Labor

|||||

®w e
T Mark Bagin o & o a 2
2 Shom Al oo d 0
1 Som oo o & o o =
P o i
5 Jarmd Diels ﬁ Qo o of
_ /oo o o
o o a a a

Be as specific as possible. You
can use two lines if you need
more room. Choose ONLY ONE of these
categories, Classify the case
— by recording the most

It
Al'__ll_ E a1 A‘I ADH = Revise the log if the injury or itiness serlows outcome of the cass,
progresses and the outcome is more M St W Hinas Sy
serious than you originally recorded for
the case. Cross out, erase, or white-out
the original entry.

the most serious and column
J (Other recordable cases)
being the least serious.

FIGURE 20.3 OSHA Form 300
- 236/240-

Note whether the
case involves an
injury or an iliness.
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INDIANA WORKER’S COMPENSATION
FIRST REPORT OF EMPLOYEE INJURY, ILLNESS

FOR WORKE!
Jurisdiction

OMPENSATION BOARD USE ONLY

Jurisdiction claim number Process date

20.6 Occupational

Please relum completed form electronically by an approved EDI process.

penalized for refusal.

PLEASE TYPE or PRINT IN INK

NOTE: Your Social Security Number is being requasted by this state agancy in order to pursu its statutory responsibillies. Disclosure is voluntary and you will not be

Safety and Health

EMPLOYEE INFORMATION

Social Security number Dale of birth Sex Occupation / Job title NCCI class code
. . . O Male O Female O Unknown
l I l | l I I St rat I O I | Name (last, first, midale) Mantal status Date hired State of hire Empioyee status
O Unmaried
Addrass (rumber and street, city, state, ZIP code)
: O Maried Hrs/Day |Days/ Wk [AvaWa /WK |0 Paid Day of Injury
@parated lary Continued
0O s Sal [
O Unknown Wage Per  [JHour C]Day [JWask [] Month
Telaphons number (include area code) Number of dependents | O Year 0] Other

EMPLOYER INFORMATION
Employer (D

(3/3)

Name of empioyer SIC code Insured rapor number

Address of employer (number and street. city, state, ZIP code) Localion numbar Emplayer's locallon address (I different)

Telsphone number

Garrier / Administralor claim number

(OSHA log number ‘ﬁeocr\ purpose code

Actual location of accident / exposure (i nat on employer's premises).

CARRIER / CLAIMS ADMINISTRATOR INFORMATION
Carriar faderal 1D numbar

Name of claims administrator Chack if appropriate

O Selt Insurance

Addrass of claims adminisirator (number and streel, city, state, ZIP code)

[x] insurance Carrier

Telephona numbar

[ hird Party Admin

Policy { Sell-insured number

Policy period

From To

Name of agent Cods number

McGowan Insurance Group, Inc.

OCCURRENCE / TREATMENT INFORMATION

Dale of Iny. / Exp Time of ocourrence [] AM ] PM |Dale employer nalified [Type of injury / exposure Type code
[ Cannot be deermined
Last work date Time workday began Date disability began Part of body Part code

ATW date Date of death njury/ Exposure occurred [ Yes |Name of contact Telephane number

on employer's premisss? [ No

Deparntment of location where accident / exposure occurred All equipment, materials, or chemicals involved in acodent

Specilic activity engaged In during accident / exposure Work process employee engaged In during accident / axposure

Cause of injury code

INITIAL TREATMENT
[ No Medical Treaiment
[ Minor: By Emplayer
O Minor: Clinic / Hospital
LJ Emergency Care
O Hospitalizad > 24 Hours
Future Major Medical / Lost

FIGURE 20.4 Typical first report
of injury/illness form

How injury / exposure occurred. Describe the sequence of events and include any relevant objects or substances.

Name of physician / health care provider

Hospital or offsite treatment (name and address)

Name of witness Telephone number Date administrator notfied

Date prapared Name of proparer Tie Telephone number

Time Anticipated

An employer’s failure to report an occupational injury or ilness may result in a $50 fing (IC 22-3-4-13).

WC 77031 (1-02) UNIFORM INFORMATION SERVICES. INC.

12

20.7 How the Law Is Applied (1/2)

(]

U The inspection is divided into four parts: Z=AF &%}

An opening conference with the employer. ZAF A% 59|

the inspector on a tour of the workplace. 5d& 1 &Fet 22Xt M7

3. The walk-around inspection. % ZA}

after the actual inspection. Fines may be proposed with the citations. O 2| 3/ 2].
TR AP HE. Ha3 21t

- 237/240-

Selection of a representative of the employees and of the employer to accompany

The closing conference. Safety Orders will follow via U.S. mail 2 weeks to 3 months

13




20.7 How the Law Is Applied (2/2)

1 1926.5 Fall Protection (C) K

2 1910.12 Hazard Communication 1 ) Bl wo Hn
3 1926.45 Scaffolding (C) A

4 1910.13 Respiratory Protection LRSS

5 1910.15 Lockout/Tagout Flagy Fa/24

6 1910.18 Powered Industrial Trucks XA

7 1926.11 Ladders (C) Arcta]

8 1910.31 Electrical, Wiring Methods 71

9 1910.21 Machine Guarding ER RS

1

0 1910.3 Electrical, General Requirements =71 ## 2742

TABLE 20.2 OSHA’s 2015 Top Ten Most Frequently Cited Violations

ThR gISE T 95 e

14

20.8 Safety Record Keeping (1/2) w712

O Williams-Steiger Act: Every employer who is covered under this act must keep
occupational injury and illness records for his employees in the establishment in which
his employees usually report to work. BtEA| 2l EH At 0/2H 2HA 7|52 FX| 22| 8 of g

U Reporting at the job site level breaks into six reporting levels as follows: 5o A&
HAZE6ME T2 > HAERCOE R M EME M=

1. First aid log. 7t%& 7t 2 Rjisi

2. First report of injury log.

3. Supervisor’s accident investigation report.
4. Project accident report.

5. OSHA required Injury Report (OSHA 300).

6. Fatality or major accident report. 7t &5t X 5i

15
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Job Name Peachtree Shopping Mall Job No. 10-100 Location Atlanta, Georgia Month

20.8 Safety p A

This report should be completed and mailed to the Safety Branch of the Industrial Re-
Reco rd lations Department in the Atlanta office by the fifth day of the month.

Ke e p | n g ( 2/2 ) Project Superintendent

This figure may be taken from payroll
records. In the case of fractions use
the nearest whole number. Do not in-
clude subcontractors or others. 1. Average number of employees

Figure actual hours worked whether
straight time or overtime. Includes 2. Total hours worked by all
only those on our payroll. employees

Record only those injuries that cause
death, permanent disability (loss of a
finger, etc.), or loss of time beyond
the day on which the accident oc-
curred. No matter what time of day
the injury may occur, if the employee 3. Number of:

ACHA B M ME returns to his regular job at the start Temporary disabling injuries
of his next regular shift, the injury is Permanent disabling injuries
not counted. If he does not return at Deaths
that time, it must be counted as a disa- Total disabling injuries for this
bling injury. month

For temporary injuries, count the actual
calendar days lost, excluding the day

FIGURE 20.5 PI"OjeCt of injury. If the injured employee has 4. Number of days lost as a result of:
accident report not returned by the end of the month, Temporary disabling injuries
make an estimate of projected num- Permanent disabling injuries
ber of lost days. For deaths and per- Death
manent injuries, use the number of Total days lost attributable to this
days specified in the standard table. month 16

20.9 Safety Program (1/4)

U A good job site safety program should be founded on: otH 22| T2 13 244
1. Safety training of all new personnel arriving on the site. ¢t 1 &
2. Regular and frequent inspections for possible safety hazards. 2t & A

3. Regular briefings to increase the safety awareness of personnel at all levels. 2t7 9|4
HOE flet 8718 2e|E

4. Written programs and documentation specifying all safety activities. 2 & 2t &5 9|
=AMzt

17
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20.9 Safety Program (2/4

August 2, 20xx

PEACHTREE SHOPPING MALL
Adtlants, Geargia

Welcome 1o the job! ABC Construction Company is interested in you, and during your
employment with us, we will exert every effort 1o make this job pleasant, with a good
working atmosphere. On the other hand, your skills, abdlity, and performance are maost
important and ial to th ion of the project. To set up and complete
a good job, certain rules snd regulations mist be established. For our mutual bencht,
the rubes and regulations are as follows:

[ WORKING RULES AND REGULATIONS ]

Ermployment
The Project Manager, or his duly authorized representative, will do all the hiring on
the job.

Identification
Employees shall wear a company badge at all times, in full view, above the waist, on
an outer garment. Badge numbers will be used in gate chearnnce, payroll, and timekeep-
ing identification.
Hours af Work
The regular workaday will begin as per individual instructions, with a lunch period of one-
half hour at o designated time. The workweek shall be five days, Monday through Friday.
All emplovees will be at their work locations, ready to stan work at work time. All
employees are expected to remain ot work until the awthorized quitting time, st which
time they may put up their Ioell and ile-we their place of work. Loitering in the change
dior sther pl Towirs, or Eate starting of work and early quittiag
of work will be subject 1o proper disciplinary measures.
Checking In and Out
Employees are 10 check in and out at stasting and quitting time. Infractions of this rle
| will be weated with appropriate discipll measures. Ej | tor leave
the project during regular working hours must check out wll|| the timekeeper.

| hsuing, Care, and Use of Tools

Cenain company tools will be issued 1o journeymen and apprentices, or the foreman
on a check or receipt system. Tools {while issued) must be properly used and makntained
A toolroom clearance will be required on termination, Loss or damage of tools will be

Theft of compary's of emplovees” proge]
Recurring tardiness
Leaving company's premises withaow! pre
Possession and/or use of intoskams and)
Wilklal damage 1o company’s matcrials,
Engaging in homeplay {including shouti
Insabardinstion
Gambling
Fighting oa company premises
Sleeping on the
Failure to observe established safety rul
Housekeeping
Good housekeeping is essential 1o the safe|
the responsibility of each employee. Work anf
shall be ket clean at all times.

Safety Rules
Established safcty rules and regulatians vl
in the best interest of academ-free operatio
All unsale working conditions shoukd be rcf
turn reports it to the company safety engine
All employees will be requited 1o wear pd
Hard hats must be warn by all employees as)

Fay Period

Wodnesday through Tucsday is the pay pe
Lise af First Aid Facilities

First aid facilities are available at the job si

ool doooo

Employment
Identification

Hours of Work

Checking In and Out
Issuing, Care, and Use of Tools
A Day’'s Work

Conduct on the Job
Housekeeping

Safety Rules

Pay Period

Use of First Aid Facilities
Sanitary Facilities
Raincoats and Boots
Remaining in Work Areas
Absenteeism

with local doctars, hospitals, and emergency crews for sccidents of 2 serious nature. All
injuries, regardless of severity, must be reported 1o the employes's sapervisor, fickd safety

supervisor, andior firss aid apon
this requirement mandatory.

Sanitary Facilities

arderly condition,

| Raincoats and oot

Raincoats and boots are supplied to employees where the conditions of the job being

| perfarmed require them.

Rematning in Work Areas

Each employee must remain on the job site and u his work Jocation af all times during

| regular working hours, undess authorined 1 leave by his sapervisar

Ahu-wrm.m
will result in termanati

Insuramce

make

Adequate sanitary facilities are provided on the job site and are to be used by all
employees. We request your cooperation in maistaining these facilities in a clean and

| moted on the employee's record,

A Day'’s Work

| Conduct on the Job
Good conduct on the job is essential to the ove

Each employee an the job is expected to perform a full day's work. Your willingnes.
coaperation, and right attitade will go a long way in accomplishing this objective

Your cooperation in observing the rubes and regulatioas for the job will show propes
consideration for other emplayees and will be appreciated by the compasy.

Charles Hoarse,

Il welfare of all employees and the

| daily progress of the job. Therefore, conduet including, but not limited to, the following
violations will be subject to appropriate disciplinary action or discharge.

FIGURE 20.6 Job briefing sheet 2tH 38}

of
nhu must be absent or late should call 9999000 and report to llmrkﬂ'pcx

1f you agree 10 and will abide by the abave, please sign and retiarn to our field superviscr,

. An employee

o2 AdlSl=
HT= T%"Oh_
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20.9 Safety Program (3/4

T6 Spring Street, NW., Atlants, Geongls M08
1404) 999500

July 20, 20xx

‘ ABC Contrutors and Engineers
{

e OCCUPATIONAL SAFETY & HEALTH ACT 1970 {Construction) (OSHA)

owner, or foremen in charge
shall not direct o permit 1o work ....,J T that are not
with the above code.

Where one contractor is selected 1o execute the work of the project, be shall assure
compliance with the requirements of this code from his employees as well as all subcor.
tractors.

Every employee shall observe all provisions of the above codes that direaly eoncer of
affect his conduct. He shall use the safety devices provided for his personal protection
andd e shall not tamper with or render ineffective any safiety device or safeguard.

Overkead Hazards  All employees shall be provided with HARD HATS and shall
use HARD HATS.

Every hole or opening in floors, roofs, platforms, elc., into o
through whick a persen may fall shall be guasded by a barrier
sufficient to PREVENT FALLS.

2. Falling Huzards

b

Slipping Hazards
with e, saow, grease, or otber substances causing slippery foot-
ing shall be removed, turned, sanded. etc., to ensure safe footing

4. Tripping Areas where employees must work shall be kept reasonably free
from accumulations of dirt. debris, scattered tools, materials,
and sharp projections.

5. Projecring Nails Projecting nails in boards. planks, and timbers shall be removed,

hammered, or bent over in  safe way.

6. Riding of Hoisting  No employee shall ride on or in the load bucker, sling, platform,

Equipment ball, or hook.
7. Lumther & Nail Lumber used for temporary structures must be sound. Nails
Fastenings shall be driven full length and shall be of the proper size, length,

and number. The proper use of double-headed nails is not pro
hibited.

8. Guard Rail or Should be 2 % 4 a1 a height of 35°-37 plus a midrail of 1 x

Safery Rail 4. The hand rail shall be smooth and free from splinters and
protruding maile. Other material or construction may be used
provided the sssembly asrures equivalent safery.

9. Toe Boards Shall extend 4" above platform level and shall be nstalled where

meeded for the safety of those working below.

Eye protection shall be provided by employers and shall be
used for cutting. chipping, drilling. cleaning. buffing. grinding.
polishing, shaping, or surlacing masonry, concrele, brick, metal.
or similar substances. Alwo for the use and handling of corro-
sive substances.

they iu the overshoe type.
Waterproaf clothing shall be supplied 16 the emplovee required
to work in the rain.

10 Protection Eye

Equiprent

11. Protective Apparrel safety insoles unless

Scaffolds. platforms, or other elevated working surfaces covered |

12, Sa!fl')‘ Belis &

13 .unrmnp

16. Sarination
17. Drinking Water

18. Sali Tablets
19. Excavarions

20. Strucrural Steel
Erection

21. Use of Ladders

22. Scaffolds

23, Rigging, Ropes,
and Chains

be allowed. Cuming
Temporary stairways shall not be less than 3 feet in width and
shall have treads of no bess than 2 inch % 10 iach plank. Must
have hand raiks. (See #8.)

Prohibited in areas wsed for gasoline dispensing and fueling
operations or other high hasard fire arcas

Flammable lquid shail be kepe in safery cans or approved use ‘

Shall be arranged so that a free fall of no more than 6 will | 24, Welding and
| 25, Cranes & Derricks

and slorage contaisers.

Suitable grounding to prevest the buildup of static charges shall
be provided om all Aammable liquid transfer systems. 1
Totle facilities thall be provided snd made svailable in sulficient

mumber to accommodate all employees. 26. Trucks

A supply of clean and cool potable water shall be provided in

readily accessible bocations an all projects

Shall be made available at drinking starions when required.

Material and other superimposed loads shall be placed at least The above itens do not

3 feet bael: from the edge of any c:wamion and shall be pikd
froun

b at thesn

Sides-and slopes of excavation shall be stripped of locss rocks

Orxygen from a cylinder or torch shall never be wsed for venti-
o1,

Shields of gogghes must be worn where applicable, Cradles shall

b used for lfing of lowering cylinders.

All eranes and derricks shall be equipped with a properly op-

erating boom angle indicator located within the normal view of

the operator.

Every derick and crane shall be operated by a designated

person

A copy of the signals it we shall be posted in a conspleuous

place o or near cach derrick or cranc. Cranes and demicks

shall have a fire extinguisher aitached.

Trucks shall met be backed or dumped in pleces where men are

working nor becked into a huzardous location unless guided by

a person so stationed on the side where he can see the truck

driver and the space in hack of the vekicle

all the ion safety a5 they pertain

1o OSHA bt are intended s a gaide (o the ever present hazards and primary causes of
accudents in our indusiry.

or ciber material. Slopes shall be at an angle of 45 degrees or
kess (1 on [ slope).

Whea erection comnections are made, 20% of the bolts in each
conmection muet be drawn up wrench tight. At keast 2 boits must
be used a1 each end of the member.

No loads shall be placed on a framework until the permanent
bolting s complete.

Only employees of the stractural steel erector engaged in work
directly involved in the steel erection thall be permitted 1o work
wnder any single-story structural steel framework that is not in
true alignment and permanently bolted,

Ladders shall be provided to give access to floors, stagngs, or
platforms. Lacders shall be maintained in a safe condition at
all times. Ladders shall be securely fastened top and botton as
well as braced where required.

Ladders lkeading to Boors, roofs, stagings, or platforms shall
extend ot least 3 feet abowe the level of such Roors, stagings,
or platforms,

Al scaffolding shall be cosstructed s0 as 1o suppor? 4 times
the anticipated working boad, and shall be braced to prevent
lateral movement.

Planks shall overhang their end supports not less than 6 or
more than 127,

17 planking may span wp 10 and inclsding 107, The minimem
widih of any planked platform shall be 15 inches.

Guard rails and foe rails shall be provided on the open sides
and ends of all scaffold platforms more than 8° high (sec #5).

All rope, chains, sheaves, and blocks shall be of sufficient
stremgth. condition, and sive 1o safely raise, lower, o sustain the
imposed lnad in any position.

Wire rape shall be used with power-criven hoisting machinery,
No rope shall be wed when visual :mpeann of the rope shows
marksd signs of corrosion, misuse, of

Al load hooks shall have sefery clips.

Loads that teed 1o swisg o turn duting hoisting shall be con-
trofled by a far line whenever practicable

FIGURE 20.7 Job safety rules and regulations o7& 22| 774 19
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20.9 Safety Program (4/4

ABC Construction Company
Job 10-1
Peachtres Shopping Mall

Atlanta, Georgia
pt. 1, 20mx

GEMNERAL SAFETY MEETING #7

Safety Slogan for the Week:
“Be Alert, Don't Get Hurt.”

C. Hoarse—Satsty Superisor
A Apple—Carpenter Foreman
D. Duck—Surveyor

M. Maus—Laborer

0. Halpin—Field Engineer

R. Woodhead—Teol Room

Subsentractors Present:
Live Wire Electric
Hanry Purcell

Jarmes Wallace

The First Ald Regort for August 15 to August 31 Was Glven. There Were
First Alg T
Doctor's Cases 0
Lost Time Injuries 0

SHORTCUTS
All of us, supposadly, at one time or another, have been exposed to possible injury by short
cutting when a few extra steps would have meant the safe way, We did $o a3 kids when we
Jumped the fence instead of using the gate and we do 50 83 Men when we cross streets by
Jaywalking instead of using the intersection. Accident statistics plainly indicate the fact that
pecple disregard the fact that minor safety viclations may have very serious results.
In construction work, shor cufting can be deadly. All of us know of cases in which this kind
of thoughtess act resulted in & sedous injury. For instance. an iromworker tried 1o cross an
opening by swinging o reinforcing rods, his hands siipped, and he fell absut 20 fest 1o &
concrete fioor. If he had bothered 1o take a faw moments io walk around the building. he
would 51l be tying rods.
The safe way is not always the shorest way and choosing the safe way is your Personal
Responaibiify. When you are toid 1o go 1o work in a particular area. you are expected 1o
take the safe route. not an unsafe short route. We cannct be your guardian anged: that is.
one thing you wil have 1o do for yoursed,
I you are tokd fo go to work in some place that has no safe access, report this fact to your
foreman 5o that necessary means of sccess can be provided.
Ladders and scaffolds are provided for high work: use them. Even thaugh a high job
may take enly a few moments. DO NOT CLIME ON FALSE WORK. or on some improvised
platfarm

‘Your first responsibility s to yoursalf. Remember that Iadders. steps. and walkways have
been bullt to save you rouble and to save your neck_ toa. Uise them shvays.

ABC Construction Company
Job 104100
Peachtree Shopping Mall
Atlanta, Georgla
Sept. 1, 20xx

Gambling & few minutes and a [itSe energy against a possitie lifetime of pain and misery i
& poor bet,
GENERAL DISCUSSION
Fiagmen must control all the back-up operations on this job.
Traffic—Be on the alert for meving vehicles, our area is sippery. Dont walk beside maving
equipment.
Injuries—Report 8l injuries 1o your foreman immediately,

oie ~Froaran

C. Hoarse. Safety Supervisor

FIGURE 20.8 Safety meeting minutes 2t 22| 5|0| 2

20

- 240/240-




	주별강의계획
	생산관리(하이닉스)




