2.1

(Risks)

(Risks)



2.2

Smith (1999)
{

wW N

)
)
)
)
)
)
)

~ o o1 B

§)

(Natural Risks)
(Design Risks)
(Logistics Risks)
(Financial Risks)
(Legal and Regulatory Risks)
(Political Risks)
(Construction Risks)
(Environmental Risks)

(Internal Risks)
(External Risks)
(Predictable Risks)
(Unpredictable Risks)
(Contractual Risks)
(Construction Risks)

(Risk Management)



Thompson

Perry (1992)

Contingency

Wideman (1998) )

Wideman (1998)

(Risk Identification)

(Brainstorming)

(Assessment and Quantification)

(Response)

Contingency



Fisk (2000)

1)
2)
3
Contingency
2.3 (Risk Allocation)

(Risk Management)
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Zack (1996)

1980
Contingency "
)
2)
Contingency
General Conditions of the Construction Contract Engineers Joint Contract

Documents Committee (EJCDC No. 1980-8 [1990 edition])

1) (Physical Risks)
) (Capability-Related Risks)

) (Economics Risks)

4) (Time-Related Risks)

) (Engineering and Construction Risks)



(Physical Risk)

- Act of God
EJCDC

Damages)

practicality/Impossibility

- Latent Site Condition

- Quantity of Variation

15%

10

(Liquidated-



- Site Access

(Claim)

- Weather

(Liquidated Damage)

5-10

(Capability-Related Risks)

- Defective Work

- Labor Force

- Subcontractor/Supplier Failure
(Supplier)

Zack (1996)
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~ Type of Risk
Site Access N
Subsurface Conditions
uantity Variations
eather
Acts of God

Financial Failure
Subcontractor Failure
Accident at Site

Defective Work
Management Incompetence

Inflation

Economic Disaster
Funqu o
Materials in Equipment
Labor Problems
Owner-Furnish Equipment
Delays in the work

Environmental Controls
Codes and Regulations
Safety at Site
Public Disorder

on Strife

Errors and Omissions
Conflicts in Document
Defective Design
Shop Drawings

Contractor

15-25%

12-18

Owner

12

Fisk (2000)

Engineer Comments

a
b
c

Profile



Rutgers Haley (1996)

3
(Development)
(Construction)
(Operations)
3
Development Construction Operations
- Technical Feasibility (a) - Schedule (a)(b) -Market change (a)
- Commercial/financial feasibility(a)- Cost (a)(b) -Capacity/production
- Project economics (a) - Performance (a)(b) shortfall (a)
- Permits/authorization (a) - Design change (a)(h) -Fuel supply interruption and-
Third-party intervention (a) - Interest rate escalation (a)(b) cost escalation (a)(d)
- Political change (a) - Consequential damages (a) -Operating and maintenance
- Force majeure (c) cost escalation (a)
- Currency change (a)(b) -Interest rate escalation (a)

-Currency depreciation (a)(d)

-Statutory change/civil-
unrest/ strike (a)(c)(d)

-Act of God (a)(c)(d)

-Third party liability (a)

-Plant residual value (a)(d)

(a) (Developer/ Sponsor Risk)
(b) (Contractor Risk)

(€) (Lender Risk)

(d) (Host Government Risk)



Kangari (1995)

Risk allocation
Contractor

Owner

Shared

Undecided

14

Risk description

Labor and equipment productivity
Quality of work

Labor, equipment and material availability
Safety

Detective material

Contractor competence

Inflation

Actual quantities of work

Labor disputes

Differing site conditions

Defective design

Site access/ right of way permits and
ordinances

Changes in government regulations
Delay payment on contract

Change in work

Financial failure - any party
Change - order negotiations
Contract - delay resolution

Acts of God

Third - party delays

Defensive engineering



Kangari (1995)

Bullock (1989), Casey (1979), Erikson (1979), Kniso (1988)

Risks and Liability 1979)

2.2 Kangari (1995)
ASCE

Owner

Risk description
Differing site condition
Acts of God
Defective Material
Labor disputes
Safety
Inflation
Contractor competence
Change order negotiations -
Third-party delays 24.A
Contract-delay resolution -
Delayed payment on contract 2,TA,
Indemnification and hold harmless
Financial failure- any party
Actual guantities of work
Defensive engineering

[N
w
—~

15

Ammiano (1998), Burtch (1979),
ASCE (Construction

2.2
Allocation of Risk
Owner and Shared Contractor  Contractor
Contractor and Owner
A-A :
A-A 2
- . 57A,
- 2 1,45,6,A,
- 7A
S 5 2)A1
A-A 35, -
A-A 17-7 5,
5-5,
- 4, A-A
A-A - -
- 5 6

Note: A= ASCE 1S= Survey by Kangari (1995) 11= Ammiano (1988) 12 = Burtch (1979) 13 = Bullock
(1989) ,4 = Case%/ ﬁ1979 ) 15 = Erikson (1979) , 6 = Kniso ‘1988) 17 = Executive Summary (1979)
0

and double sym

Hartman Snelgrove (1996)

CCDC2-1982

= stronger views for one type of risk allocation__



(Consultants)  42%
(Contractor)  26%
(Owner) 32%

1) Risk Allocation :

2) Risk Dispersion :

Difference

Diffusion

Difference, Diffusion

21

mozmImmmn-g

250 3w
DIFFUSION
{STANDARD DEVIATION)

2.1 Difference, Diffusion Hartman  Snelgrove (1996)
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Shen (2001)

Kangari (1995)

10

(Risk Assessment)

RS (Risk Score)

RS =1(Ct,P)

110

I

21



— N w B~ o

18

1-3

4-7
8-10
Bing (1999)
Likert Scale
5
Shen (2001)
s=a @ 22

a

(3

Shen (2001)



01
05
1.0
Belvoir  (1986)
SYSTEMS ENGINEERING AND ANALYSIS
Risk Factor (RF) =Pt +CE-(PH(CH s 2.3
pf =
cf=
2.5 (Risk Measurement)
Brosen (1985) (Coefficient of Variation
CV) Brosen, Chavas Grant
(1987) (Weighted Deviation)

(Financial Planner) :
(Standard-
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Deviation) A (Coefficient of Variation Cv) Beta Coefficient

Ranasinghe ( 1994 )

Contingency
Contingency
Probabilistic Estimating (Variance)
(Cost)
(Critical operations for estimating and cost control)

26 Contingency

Contingency

Contingency
Contingency Contingency
Contingency

Thompson Perry (1992) Contingency



. Contingency
. Contingency
Contingency

1) Classes of Estimate

Block (1982)

2.3 Contingency
Class Estimate Probable error

range

V. Order of magnitude +25-40%

\1 Factor Estimate £15-25%

Il Budget Estimate £10-15%

I Definitive Estimate 15-10%

I Final Estimate 5%

2)  Two-Tiered Contingency-Allocation

Yeo (1990)
2

1) Engineering Allowance (C,)
2) Management Contingency (C2

SWitw 9

Purpose

Feasibility analysis
Early-stage assessment
Preliminary budget approval
Final budget approval/control budget
Final cost data analysis

Contingency

mo8
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(

(Estimator's Base Estimate, B) C2
Ec X t(Not-to-exceed Target Cost)
B+c,=Ec  Ec+C2=Xt

Probability P(x)

0.5

Cost
2.2 C,
C2 Yeo (1990)

3) Estimating using Risk Analysis (ERA) Mak Picken (2000)
2
1) Fixed risk

2) Variable risk



10%
50%

2.4 Risk Allowance
Mak  Picken (2000)
Average risk allowance

Fixed risk Probability x maximum cost
Variable risk Estimated separately
Assumption 50% chance of being exceeded
Contingency
Contingency
Contingency

Mak  Picken (2000)
Contingency ERA
ERA

2.7

23

Maximum risk allowance
Maximum cost

Estimated separately

10% chance of being exceed

Blok (1982)
Yeo (1990)

ERA

Contingency
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2.1.1 5t 50th 95t

3
1) (Current Market Price) 1 50
2) 95
95 0.05
3) 5
5 0.05

Pearson  Tukey (1965),
Moder  Rodgers (1968), Perry — Greig (1975), Davidson ~ Cooper (1976), Hull

(1978), Keefer Bodily (1983) Yeo (1990) Ranasinghe (1994)
PERT
0-100  5-95 Pearson  Tukey (1965)
5%
. (Expected Value)
E[X] =[50%] +0.185 A 24

A = [95%] + [5%] -2[50%]

. (Standard Deviation)
G= [95%] - [5%] 2.5
max'l 3.29-0.1 |A j213.08 ~
CP
CP = [95%]-[5%]
3.25



Moder
PERT

Perry

PO

r D

Rodgers (1968) 0-100 ?
5% 7
=(H-L)/320 2.6
? 95
? 95 0.05
? 5
? 5 0.05

Greig (1975)

(Expected Value) = (P5+095m+P %)/ 295 oo 2.1

? 5
(Modal Value)
7 1 %

(Expected Value)
(Variance)
(Total Variance)
(Standard deviation)
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2.5
Parameter

2.1.2 PERT (Program Evaluation Review Technique)

(Beta distribution)

(Expected Value) = (max value + 4 modal value + min value) / 6 ... 2.8
(Variance) = [ ( maximum value - minimum value )/ 6] 2................ 2.9
z = (L- the expected total cost )/ (Variance ofthe total cost)05 e 2.10
( 30 )

Central Limit Theorem
(Normal Distribution)



5%, 50%, 95%

2.5

[5%]

280
1160
285
1990
1570
290
230
90
45
190
285

Moder

[50%]

300
1200
300
2,000
1,600
300
240
100
50
200
300

[95%]

320
1230
320
2020
1640
310
250
115
58
215
320

Rodgers (1968), Perry

Pearson
300.000
1198.150
300.925
2001.850
1601.850
300.000
240.000
100.925
50.555
200.925
300.925

Pearson
Greig (1975)
E(x)

Moder Perry
300.000 300.000
1198.333  1196.610
300.833 301.695
2001.667  2003.390
1601.667  1603.390
300.000 300.000
240.000 240.000
100.833 101.695
50.500 51.017
200.833 201.695
300.833 301.695

(Parameter)
Pearson Moder
12.158 12.500
21417 21.875
10.708 10.938
9.456 9.375
21417 21.875
6.079 6.250
6.079 6.250
7.698 7.813
4.020 4.063
7.698 7.813
10.708 10.938

Perry
12.308
21538
10.769
9.231
21538
6.154
6.154
7.692
4.000
7.692
10.769



Pearson

2.8

PERT, Moder

(1976)

28

E(Ct)=E(C)+ E(C)+.+E(Ch ... 211
Var (CT)=var (C,) +var(c,) +.+var(Cy .. 2.12

E(Ci)=
Var (Ci) =
E(CT)=
Var (CT) =

PERT

5t 50 th 95h

PERT

Tukey (1965) 5 95h

5t 95t 5%
PERT Pearson’s distribution

Pearson’s Distribution

( , )
Rodgers (1968), Perry Greig (1975), Davidson Cooper
Keefer Bodily (1983)
Keefer  Bodily (1983)
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(Continuous
Distribution) (Three-Point Approximations)
Keefer ~ Bodily (1983)
1) ]
2) (Three-Point Approximations)
' ' Pearson  Tukey (1965)
28.1
PERT
= ([0%] +4[50%] +[100%] )/6 2.8a
[50%] Most likely
[0%] Optimistic
[100%] Pessimistic
Moder  Rodger (1968)
= ([5%] +4[50%] +[95%] )/6 ... 2.8b
Perry  Greig (1975)
= ([5%] + 0.95[50%] +[95%] )/2.95 .. 2.8¢
Davidson ~ Cooper (1976)
=([10%] +2[50%] +[90%] )/4 ... 2.8d

Pearson  Tukev (1965) 24
= (0.63[50%] +0.185 ([50%] +[90%]) ) ... 2.8e



PERT

= (([100%] - [0%] )/ 6)2
Moder  Rodger (1968)

= (([95%] - [5%] )/ 3.20) 2
Perry  Greig (1975)

= (([95%] - [5%])/3.25) 2
Davidson ~ Cooper (19761

= (([90%] - [10%] )/ 2.65 ) 2
Pearson  Tukev (1965) 2.5

= ([95%] - [5%] )/ {( 3.29 -

G* = ([95%] - [5%]/3.25)
2.8.2

(Beta Distribution)

fXX) =xp1(1-x)ql/ B(p, 0)

p/

2.6

Davidson-Cooper, Moder-Rodgers

[ Pearson
1%

Tukey
0.02%

01 (Al G*)2 2

2.8

2.8¢

2.8

.......... 2.8i

.......... 28
A = ([5%) + [95%] - 2[50%] )

0<x<1 1p>0,0>0

=pa/[ 2( +1)], = ptq
PERT, Perry-Greig, Pearson-Tukey,

(Error)



I Pearson  Tukey
1% 0.38%
2.9 Contingency
Contingency
Contingency
Contingency

Ranasinghe (1994)

5 95
(Parameter)
Contingency Yeo (1990)
Contingency
Contingency (Variance)
f
c,= (Te2
lac;
J-1
Cl Contingency

ac?

31

(Error)

Contingency

................... 2.13



2.6

PERT (2.82)
Moder-Rodgers (2.8b)
Perry-Greig (2.8¢c)
Davidson-Cooper (2.8d)
Pearson-Tukey (2.8e)
PERT (2.8f)
Moder-Rodgers (2.8g)
Perry-Greig (2.8h)
Davidson-Cooper (2.8i)
Pearson-Tukey (2.8))

Error
0.14552

-0.04494
-0.00486
-0.03499

0.00015

(maximum)
%Error
451
-23.6
2.05
-19.1
0.07

Error
0.05224
0.01148
0.00065
0.00915
0.00004

%Error

41.7
6.09
0.37
4.88
0.02

Error

0.02728
0.00201
0.00085
0.00271

-0.00086

(maximum)
%Error

5506
6.3
-1.5

177
1.7

(Beta Distribution)

Error

0.01768
0.00055
0.00023
0.00042
0.00006

%Error

549
45
2.2
56
0.38



C, Contingency
Contingency Contingency
Contingency
2.13
Contingency

210

(Risk Management)

(Risk Identification) (Risk Assessment)
(Risk Response)

Contingency

Contingency
2 1) 5h150th 95t
2) PERT (Program Evaluation Review Technique)
(Parameter)
5t 50th, 95t PERT

33



Keefer
Bodily (1983) (Beta Distribution)
Pearson
Contingency Ranasinghe (1994)
Contingency Yeo (1990)
Contingency
Contingency

Contingency
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