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1. BRAXDAHBBHAREDER

AFLEEBSIC B T 2R ITRRCK TIXER O H Y . ZERLRBEROFREERIHL . T
FHOBHEICEWNVTOMY ALY, ZOHEBOMERLOFEROY & LTI H
LB TWD DL, EERA 2 @SB O JEHA TdH 5 CIB (Conseil International du
Batiment) ¢ W-55 (Building Economics)X> W-65 (Organization and Management of
Construction)Z O ffL, JEE O L7 1 7 K% (University of Reading) 23H.0 & 72 - T
w4 L Cu % Construction Management and Economics., K[E TixX ASCE (American
Society of Civil Engineering)® 55 (ASCE Journal of Construction Engineering and
Management; ASCE Journal of Construction Division) 2% CT& 5, & O/ Iz W T
. BREFRARNL—va X - UH—F (OR) HDH5HTH ALK ICE I 5 0F
IETEPOHBENZIThbh TV,

A2 ARLERBEIC O W THID TERXRWICIM U DiX, YR KkEOFr — XA THE K
%~ (Case Institute of Technology) < OR % #f %2 L T\ 7= Laurence Friedman [1956] '’
@ “A competitive bidding strategy” Operations Research, No.4, pp.104-112 Th A 9,
TR B AR A ALER IS £ 7 L (competitive bidding strategy model) @R 2R3 O
ThHY, ZOHDOZOEOMBEIZBNWTIALKSIAIND I Lo TH 5,
> [E MIT @ Richard de Neufville[1991] 2’1 X AL, Z @ Friedmanii L IcfhEE S 5,
ALEBFEDOANIFEZIRRICT 2B ZWM EL2ET VE2E ML LT, T0%, B
GEHERM Lo COBLATREEZZNEITR RS FETHET 2 ET L
(Gates[1967] * %), FIE A/ H> O TERL I A M EREHREK E L THRI T
JU (Carr[1982,1983]% ) %) 6)) LW RBERbH -T2, S 6T, T 4&HEN AR
A I 2 B K124 % E 5 /L (expected monetary value models) & IZHID 7 F o —F &
LT, AMLEOHAMEEZTY A= 7 L (expected utility model) 235 2 b7
(Willenbrock [1973] 7', de Neufville et al. [1977] ®’, Ibbs and Crandall [1982] °’ %),
INICEVBEAETOIANLNEFEOROAL TR, R AL Te 20 52w L5 2
EMTEDLEOSCRoTe, THODOMETIE, BAEXEFETODHICEEL RITT
AFLEEOERICEH T 2HAES, BEHIZT TR EEMRBRFT LITDODRA TV S,

£—3—1 WHIZEFBHALTOERETILOBA

BE T 2l MBI 2BFRNOELE R AL T o ADE T VOB
(a2a7) 1. WO 3H>OERITH L
1. AFLIZV A2 b b7 et A2AThO, 20 AHRFEITHFE (expected

value) WO HETHIEIN G RX LD,

2. AMLE O IR, AMLICH SR, KOANLEE EEO ey =27 o=
A PMDEW (Thbb~—277 v 7E) O FITKET D,

3. 7H B RICESTEFERID2ODNFGA—F— (o ~—2 T v/
) WIMHAEEKGETHD T bbb, ~— 277 v 7ERENITE, BOoMEIX
K< 25,

AT VFEATIRANT at RAET VI, ALE OB R D 6 O i g 125 R
EEHTTVWD, T78bb, EANLFITIANL e RICEB T 2HEKOHMFFE (EV)
ZROLND, TREHFRFI M E T bbb~y —2 7 v 7R (M) &, LT,
TDO~—0 T v TRIZBTDHDAICHESHESE (PM) EOoEBETHL, ZHITR
XNTRIND,

maximize: EV[P(M),M]

() Richard de Neufville, and Daniel King[1991] p.600 ® 7l ik, Friedman [1956] & 3L % % /& 86| &
7= i B8 oy o Fak
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o, REFDHTL, F—2¥msEH L CTERKSICLI2BRFEORE %
T = 7= McMillan [1991] 'Y £ D fF 720, WFZEE O F TALKEIC OV T O EBRZ1T -
7= Artale[1997] 'V, FAR - FEE[1995] P HOEKBRBREFZ DB O L. BN
HLEMEMICHLHEZOMVMAND S,

X5, KEO AASHTO CKkEEMERZBERITHEHS) TIX, 22—
2z KB AL HTEH v 27 4 BAMS : Bid Analysis and Management System (BAMS)
Z 1985 E LV FIH L TWS, ZHiE AASHTO 2 1985 IR EZ K~ RV A v b &
BERREXRIZCEIA2TANIELOLEFEOLDIZEALLTI Y a2 — X AT AT
&»H U . Info Tech, Inc. (ITHA 1982 062 VIO H O Th H (James F
Daughtry[1986] *)), # D EF 2 — L D —DO> ThH I ERREYV A —F v 27 A
(BAMS/DSS) IF X St O Z FE O MK R RET = v 7 LW EMOEF O % 4P,
SHIZERAREDAERDOTDIZ, MR T — X INE LGB AR LDThH
2o
T B, BRE TS EBMICH ., AMLOBEFEEE & v 5 58720 0 RS
IZOWTIE, Ml A—7 v REmNiTbhTnsZ A H, flloTHADZ
EEEzLHE, IROBLWREAEROFT TIEZEO L) 2K Fm & Xz,
ELoMhEWn) EMEXRELTRY EFonEroTm o2k, Z
D AT DWW THEJIME[1994] ') 1%, 1994 FE 1 A b (M) BEa X NEF Y X T L4
FEHOEFGFEECEHEN SN TALONAL I OFEIZEWNT, BATIEHEZOX
VRGOV TOMERLE RZI LW ERREZ LT, 22 CINNHERD
BWMALL, BADOALITITBEEN 20N, EEOANL T b EMETZ ) LR
WDONDEHIT RN L HFHIEEEA IS TOND ] EHEAZIADIEHL WD,

2. SEEOWMEHRE (22O LE1—HXHD)

/i 4 @ ¥ [E CME # (Construction Management and Economics) Z ¥T4E Z @ B 98 4 %
BT 5 L E 2 —m XAEE S, D CiE G. Runeson and M. Skitmore [1999] '*
& S. Laryea and W. Hughes[2008] ' ToH 5, LLF TSI Y 723 SRS TO
WFIEEN A2 STz 0,

AiE O T AFLEGRHE S & 8 S U7z Runeson and Skitmore [1999]7% Ci%. 1956 4 D
Friedman & X206 40 il 72 Z L icfitiv, ZhBNZ OB ~DOHEOELZ &ED .,
BRERFEZCEEERMESBHOOLE QL2 T THA WD, TDH%k,
KEOEBFHE O Gates[1967]5% L. 1 B D AFLICH T 580 H ik Kb & v 5 Bl
7 B HR IS & B U 72 Friedman[1956]icxt LT, T v AR BREREET LV E R L H
L. Thz@&& 7oy =27 FofikftTor-ooRERERICETHARMELEZ] &
FELTWD, Z20O% O Carr[1982]15F I L 2 BB Z i 2 TRtk L TW b, il T, #&
BEFEOF —LBHmet— 7 v a v HGEICBITOMENRIEL OO R T, i
FIWZLFH T 7 —F I X2 AMLERFEDNEER L TV D EEmOT T b, [
XOFEELEDFTRDOBY TH D,

Toivbiuix. Gates D AFLEREFIC K S W RE R 2 BER O NLFE & 3 i 2 sl A T &
2o ZOFEMOBERIL, ALEGAREBELOEEISCHENRMRICE L TLL
BET IO TIERWnWZ &, £72, FIZHAERRKIELOITENICE L T, fMBEMICH
B—EBNRWI LRI HIEThHoT, FMimdE LTid., YF—2oHimL BZER
EHIwmEA =7 2 a VEROB TARZERDDIZH > TLE - Tk, £ OHkEK &
WIOILDIE Lo LEEBOEAAICESSbOTIERVWZIETHD, Z0DZ
EE, REERBIIERLESLOR DR VDN, REEROREFEFZICHXITHERIC
BOWTOHOIFEFLWLWEERBNRVWON, EWWIHZtaiBHL T ND, LEN- T,
bhbhid, AMLICET 245 %0 IE, @O HElmIAHAEZBET S LI
EHTLHIRETHAI EERXDH, FIT, RERKOHEBIZEBWTIEIHHEMEZERDD A
NOZVERBLDLZ &2, ZORETIHIRLEZEE X2 B 5, (Runeson and Skitmore
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[1999]p.294 @ Summary and conclusions @ fiZ #)

% # @ Laryea and Hughes[2008]7@ XX, = > N7 7 X — B AL D U X 7 % a0l 12 )
ELTMEERD TVDENEWVIMEZRm U OEN, iy sEMIc BEE im0
P—_"ANENTWVD, TRICEDEZOHOHLIIREL 22, W T 7 —
7 (Analytical approach) &3 & #BRH) A % 7 « (Empirical studies) 73 & (25 224
HELTWVWD,

ST B SCIE . A (classical) 7>, /& A9 (conceptual) 72> & W 95 X4y A3 #] HE
Thy, FiIEIE, BFEAZRET IV I7HIFICELZ2DOT, XX, ERSET T
Aarm s vIalb—varEoFECEAbD, o, BEOBMEHN &I, KIIX
BLTC&Elbo0T, 77V —+t&v b (fuzzysets) == —F )L+ x v b U —7 (neural
networks) 250 FiEIC X 52D TH D, 772 L., 1990 FELL#E O X721 TH K¥1x
FIFICLDbONREHTEY, ZOWESH OBEGmA R EIXREMZ &ML T
AR

Fo. BB FEICLI@wmIE. BEMCE T r— MR 0,
YIRRICEDLOETHD, THLIFIREBEMHLVWEFETHD EWVR D,
and Hughes[2008]7 X @ f+ &% (appendix) IZH 2L —EEMNDL., TN b O FESED
BlrzR—3—2ICFLOl, B, RAUKEOXR -3 -3 IO THAEL
B bhdamZA70OmXY A N—EEH LT,

e7 U
Laryea

£—383—2 AHNVRVICHAT HHXDFEHFEH (Laryea and Hughes[2008])
SHT 7 —F RERE) A 2T 4 G
(Analytical approach) (Empirical studies)
7 1Y + Probability theory + Influence diagramming + Questionnaire survey
(classical) + Monte Carlo + AHP + Interview
+ Utility theory - Decision/Risk analysis + Experiment
+ Utility curves + Influence diagram + Documents
- RADR + Quadratic programming
+ Simulation - Peason distribution
+ Logistic regression + HyperCard and Excel
- Differential equation - Multifactor method
WE & HY - Fuzzy sets
(conceptual) - Neural networks
B A Y - Opportunity in bidding + Interview study
(seminal) + Risk and price relation + Questionare survey
- Paradigm shift - Review paper
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S. Laryea and W. Hughes, “How contractors price risk in bids: theory and practice”, CME,
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Appendix 1 Analytical approaches that contractors can use for project risk analysis at the tender stage, and some
seminal studies

Authors Year Journal Vol. Issue Pages Modelling technique Category
Gates 1971 JCED? 97 2 277-303 Probability theory Classical
Spooner 1974 JCD® 100 1 65-77 Monte Carlo/Prob. Classical
Dressler 1974 JCD 100 4 571-87 Stochastic linear prog. Classical
Vergara 1974 JCD 100 £ 543-52 Probability theory Classical
Neufville 1977 JCD 103 1 57-70 Utility theory Classical
Carr 1977 JCD 103 1 153-61 Utility curves Classical
Handa and Georgiades 1980 JCD 106 3 355-70 Probability theory Classical
Warszawski 1982 JCD 108 1 147-57 Probability theory Classical
Ibbs and Crandall 1982 JCD 108 2 187-200 Utility theory Classical
Diekmann er al. 1982 JCD 108 3 379-89 Quadratic programming Classical
Barnes 1983 IJPM° 1 1 24-8  Algorithm Classical
Diekmann 1983 JCD 109 3 207-308 Probability theory Classical
Ayyub and Halder 1984 JCEMY 110 2 189-204 Fuzzy sets Conceptual
Farid and Boyer 1985 JCEM 111 4 374-90 Probability Classical
Beeston 1986 CME® 4 1 71-9  Probability Classical
Baker 1986 IJPM 4 4 205-10 Probability Classical
Franke 1987 IJPM 5 1 20-34 Probability Classical
Carr 1987 JCEM 113 I 151-67 Opportunity in bidding Seminal
Echeverry et al. 1988 JCEM 114 1 1-18 Simulation Classical
Farid e al. 1989 JCEM 115 1 109-25 RADR Classical
Williams 1990 IJPM 8 2 84-8  Simulation Classical
Al-Bahar and Crandall 1990 JCEM 116 3 533-46 Influence diagramming Classical
Seydel and Olson 1990 JCEM 116 4 603-23 AHP Classical
Birnie and Yates 1991 CME 9 2 171-86 Decision/risk analysis Classical
Neufville and King 1991 JCEM 117 4 659-73 Risk and price relation Seminal
Diekmann 1992 IJPM 10 2 75-80 Paradigm shift to artificial intelligence Seminal
Huseby and Skogen 1992 IJPM 10 3 160-4  Influence diagram/Monte Carlo Classical
Russell and Ranasinghe 1992 CME 10 4 277-301 Four moments/Pearson distribution Classical
Newton and Smith 1992 CME 10 5 431-49 Non-deterministic Classical
Touran and Wiser 1992 JCEM 118 2 258-72 Monte Carlo Classical
Tah et al 1993 CSE’ 4 23 281-93 Fuzzy sets Conceptual
Benny 1993 IJPM 11 4 201-8  Simulation/probability Classical
Dey ez al. 1993 IJPM 12 1 22-33  AHP/probability Classical
Moselhi er al. 1993 JCEM 119 3 466-79 Neyral networks Conceptual
Pack et al. 1993 JCEM 119 4 743-56 Fuzzy sets Conceptual
Williams 1994 IJPM 12 1 17-22 Probability Classical
Ranasinghe 1994 CME 12 1 15-29 Uncertainty quantification Classical
Ranasinghe 1994 CME 12 3 233-43 Two moments Classical
Gong and Rowings 1995 JJPM 13 3 187-94 Simulation Classical
Zhi 1995 IJPM 13 4 231-7  Probability Classical
Mack 1995 CME 13 5 385-02 Paradigm shift—hard to soft approach Seminal
Chaun 1995 CME 13 5 369-83 Monte Carlo Simul. Classical
Williams 1996 IJPM 14 3 1856 Probability Classical
Akintoye and MacLeod 1997 IJPM 15 1 31-8  Questionnaire survey Seminal
Gong -1997 IJPM 15 3 187-92 Probability Classical
Chapman 1997 IJPM 15 5 273-81 Probability Classical
Dawood 1998 CME 16 1 41-8  Probability Classical
Dawson 1998 IJPM 16 5 200-310 Probability Classical
Edwards and Bowen 1998 ECAME® 5 4 330-40 Review paper Seminal
Mulholland and 1999 JCEM 125 1 8-15 HyperCard & Excel Classical
Christian

Smith and Bohn 1999 JCEM 125 2 101-8  Interview study Seminal
Chapman ez al. 2000 IPM 18 1 337-47 Probability Classical
Wang and Huang 2000 IIPM 18 2 131-8  Simulation Classical
Tah and Carr 2000 CME 18 4 491-500 Fuzzy sets Conceprual
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Appendix 1. Continued.

Authors Year Journal Vol. Issue Pages Modelling technique Category
Chapman and Ward 2000 IJPM 18 6 369-83 Probability/iteration Classical
Pender 2001 IPM 19 2 79-87 Paradigm shift to real options Seminal
Jaafari 2001 IJPM 19 2 89-101 Paradigm shift to strategy-based PM  Seminal
Kuchta 2001 JJPM 19 5 305-10 Fuzzy sets Conceptual
Hwee and Tiong 2002 IJPM 20 1 351-63 DProbability Classical
Hillson 2002 IJPM 20 3 235-40 Paradigm shift from risk to opportunity Seminal
Patterson and Neailey 2002 IJPM 20 1 365-37 Probability Classical
Ward and Chapman 2003 IJPM 21 2 97-105 Paradigm shift from risk to uncertainty Seminal
Baloi and Price 2003 IIPM 21 4 261-9  Fuzzy sets Conceptual
Jannadi and Almishari 2003 JCEM 129 5 492-500 Probability theory Classical
Nasir et al. 2003 JCEM 129 5 518-27 Probability/BBN Classical
Zhong and Zhang 2003 JCEM 129 5 501-6  Probability Classical
Choi et al. 2004 JCEM 130 2 258-72 Fuzzy sets Conceptual
Han et al. 2004 JCEM 130 3 346-56 Probability Classical
Warszawski and Sacks 2004 JCEM 130 3 357-67 Multfactor method Classical
Fang et al. 2004 JCEM 130 6 862-8  Logistic regression Classical
Cioffi 2005 IJPM 22 3 215-22 Differential equations Classical
Zeng and Ng 2005 JCEM 131 2 176-86 Fuzzy sets Conceptual
Lee 2005 JCEM 131 3 310-18 Probability/Monte Carlo Classical
Liu and Ling 2005 JCEM 131 4 391-9  Fuzzy sets/neural networks Conceptual
Thomas ez al. 2006 CME 24 4 407-24 Fuzzy-fault tree/Delphi Classical
Poh and Tah 2006 CME 24 8 861-8  Probability Classical
Ok and Sinha 2006 CME 24 10 1029-44 Neural networks Conceptual
Diekmen 2007 IJPM 25 5 494-505 Infl. diag./fuzzy sets Both

Zeng et al. 2007 IJPM 25 6 589-600 Fuzzy sets/AHP Both

Notes: “ASCE Jgumal of the Construction Engineering Division. "ASCE Journal of the Construction Division. SInternational Journal of Project
Management. “ASCE Journal of Construction Engineering and Management. *Construction Management and Economics. Journal of
Computing Systems in Engineering. *Engineering, Construction and Architectural Management.
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Appendix 2 Empirical studies (in journals) on some aspects of how contractors actually price work

Authors Year Journal Vol. Issue Pages Aspect(s) of bid Research Data  Country
pricing method points
Uher 1991 CME 9 6 495508 Risks Q. Survey 47  Australia
Neufville and King 1991 JCEM 117 4 650-73  Risk and need Experiment and 30 USA
for work interview
Mak and Raftery - 1992 CME 10 4 303-20  Errors Experiment 62 UK
Shash and Abdul- 1992 CME 10 5 415-29  Mark-up Q. Survey 71  Saudi
Hadi Arabia
Shash 1993 CME 11 2 111-18  Tendering/mark-up Q. Survey 85 UK
Kodikara er al. 1993 CME 11 4 261-9 BOQ Interview & Sri Lanka
Kodikara and 1993 CME 11 5 341-6 Estimating data Interview 10 Sri Lanka
McCaffer
Tah et al. 1994 CME 12 1 31-6 Indirect costs Q. & I. Survey 7T UK
Skirmore and 1994 CME 12 2 139-54  Item pricing Q. Survey 8 UK
Wilcock
Lowe and Skitmore 1994 CME iz 5 423-31  Estumator Interview 10 UK
Edwards and 1995 CME 13 6 485-91 Services Documents 15 Awustralia
Edwards
Ming er al. 1996 CME 14 3 253-64 Profit Documents 221 Australia
Uher 1996 ECAM 3 1/2 83-95 Estimating practices Q. & I. Survey 10 Australia
Shash and Al-Amir 1997 CME 15 2 187-200 Processing, use of IT Q. Survey 93 Saudi
Arabia
Bajaj ez al. 1997 CME 15 4 3639 Risks Q Survey 19  Australia
Shash 1998 CME 124 3 219-25 Bidding practices Q. Survey 30 USA
Shash 1998 JCEM 124 2 101-6 Pricing decisions Q. Survey 30 USA
Ray e al. 1999 CME 17 2 139-53  Ethics Q. Survey 60  Australia
Smith and Bohn 1999 JCEM 125 2 101-8 Risks Interview 12 USA
Akintoye 2000 CME 18 1 77-89 Estimarting Survey 84 UK
Akintoye and 2000 CME 18 2 161-72  Cost estimating Q. Survey 84 UK
Firzgerald
Mochtar and Ardic 2001 CME 19 4 405-15 Pricing strategy Survey 400 TUSA
Asaaf ez al. 2001 IJPM 19 5 295-303 Risks Q. Survey 38 Hong
. ) Kong
Wong and Hui 2006 CME 24 4 425-38 Risks Q. Survey 38 Hong
Kong
Chan and Au 2007 IJPM 25 6 615-26  Weather risks Q. Survey 60 Eong
) : ong
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