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|Q=mxQ=@wO hWm |=Q@ sRq u=tR |=Q@ |R=Uw} Q=vU �1

RwQ 4 x@ RwQ 7 R= |Q=mxQ=@ wO hWm |=Q@ sRq u=tR Qo = 11 pmW x@ xHwD =@
xQ=@ wO s=Hv= |=Q@ w OW Ovy=wNhWm QDOwR xOWvhWm |=y|Q=mxQ=@ wO 'O@=}Vy=m

"lU} Q X}YND |xv}y@ OYQO |R=i OOa "7 pmW

"xv} Ry x@ Caivt Q=DiQ "8 pmW
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CN=U R=e; R= xm CU= xDUw}B w |Q=QmD |Ov}=Qi uwtR; "OQ}o CQwY pOt CN=U

[14]"OwW|t ẁQW pOt
\UwD pt=m Qw] x@ |m}t=v}O |=ypOt |HvUQ=@Da= |=Q@ swUQt |=yuwtR;
"Ov=xOW K} QWD [27]O=O u=tLQ w [26]utQDU= w [17]p}WwU xrtH R= hrDNt u=kkLt
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&|OL \}=QW uwtR; "2
&Q=DiQ R=@ O}rwD uwtR; "3

&RQt C}=im uwtR; "4
"|Qy=_ Q=@Da= uwtR; "5
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=Q pOt RQt C}=im w pOt Q=DN=U xSwQB pQDvm |xRwL u=o@Nv w xr�Ut |m}t=v}O
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"|OL \}=QW uwtR; "10 pmW

s}y=wN xSwQB u=tR QO =Q |QDtm Q}N-=D xH}Dv QO "Ci=} Ovy=wN p=kDv= xOv=t|k=@ Q=m x@
Vy=m =@ 11 pmW x@ xHwD =@ "OW Oy=wN xDU=m xSwQB |xv} Ry R= u}vJty w CW=O
OyO|t u=Wv G}=Dv |xU}=kt RwQ 4 x@ RwQ 7 R= |Q=mxQ=@ wO hWm |=Q@ sRq u=tR
1'868'704'384 R= xSwQB |xv} Ry w CW=O s}y=wN xSwQB QO Q}N-=D QDtm RwQ 1 xm

"O@=}|t Vy=m p=} Q 1'854'826'368 x@ p=} Q
|L=Q] C=Q}}eD |=Q@ |R=Uw} Q=vU �2

OQwtCN=U |xSwQB QO |L=Q] C=Q}}eD xm s}vm ZQi |}xv=v}@VwN Qw] x@ Qo =
"O}UQ Oy=wN QiY x@ C=Q}N,=D 10 pmW x@ xHwD =@ 'OQ}o@ OwN x@ =Q QiY Q=Okt Q_v
xOW xU}=kt xSwQB pw] QO 40 |va} |L=Q] C=Q}}eD Q=Okt =@ xOt; CUO x@ |xH}Dv
O=OaD QO xDiQo CQwY Vy=m =@ OwW|t xOy=Wt 12 pmW QO xm Qw] u=ty &CU=
1'781'521'792 x@ p=} Q 1'868'704'384 R= xSwQB |xv} Ry '|L=Q] C=Q}}eD
QO |ovy=ty w C}i}m C} Q}Ot `t=H |xt=vQ@ uDW=O =@ "CU= xDi=} Vy=m p=} Q
|@ wr]t wLv x@ =Q xSwQB h=Oy= w CU=m xSwQB QO |L=Q] C=Q}}eD R= u=wD|t xSwQB

"CN=U jkLt
CQ=yt K]U |=Q@ |R=Uw} Q=vU �3

u=vmQ=m CQ=yt K]U 'xSwQB QO |Q=mxQ=@ wO =@ \@DQt |=ypt=a R= Qo}O |m}
|R=Ux}@W 1 w 0 5 Q=Okt =@ ?}DQD x@ CQ=yt K]U R= Cw=iDt Q=Okt wO QO "CU=
K]U =@ O=Qi= |Q}oQ=m x@ =@ xm CU= ?r]t u}= Qou=}@ 13 pmW "CiQo CQwY
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R= xm '|Q=mxQ=@ wO lU} Q |:tm X}YND |UQQ@ x@ |Q=H VywSB "CU= xSwQB QO
CQwY x@ 'CU= CN=U |=yxSwQB h=Oy= Q@ Q=PoQ}F-=D w |U=U= |=ylU} Q xrtH
pOt CN=U |=Q@ &CU= xDN=OQB |R=i w l}t=v}O sDU}U OQm} wQ =@ |:tm w |i}m
xi=[= pOt QO R}v xv} Ry x@ Caivt pt=a w Ov=xOW Qw_vt \@DQt |=ypt=a '|:ra
|xJQ=Bm} Q=Owtv CN=U =@ xt=O= QO w pOt RQt Q=Owtv |x�=Q= =@ TBU "CU= xOW
"CU= xDiQo CQwY G}=Dv p}rLD w |R=Ux}@W 'u; x@ CqO=at X}YND w u=} QH
=@ xk@] 4 u=tDN=U CN=U |xSwQB xvwtv l} |wQ Q@ xOW xDN=U u=} QH Q=Owtv
|=Q@ R=}v OQwt u=vmQ=m O=OaD w |L=Q] C=Q}}eD |=ypt=a "OW |R=UxO=}B u}tRQ} R
QO xSwQB |xv} Ry w u=tR "OW xDiQo Q_v QO |R=i CQwY x@ |Q=mxQ=@ wO OL=w Qy
=@ C}=yv QO "OW |R=Ux}@W |R=i O=Oa= x@ xHwD =@ 'lU} Q hrDNt |=yOYQO
X}YND |xv}y@ OYQO 'lU} Q X}YND |xv}y@ OYQO *|R=i OOa |}=OR|R=i

"Ot; CUO x@ |a]k OOa l} CQwY x@ lU} Q
hQ] R= lU} Q |x@v=Hl} X=YDN= CQwY QO xm O=O u=Wv VywSB G}=Dv
u}= p@=kt QO Q=mv=t}B 'u}=Q@=v@ &OwW|t ptLDt =Q |QDW}@ lU} Q Q=mv=t}B '=tQiQ=m
P=ND= =Q |}=yOQ@y=Q OwN |r=t `@=vt u=Q@H |=Q@ =tQiQ=m hQ] R= x@v=Hl} X}YND
|iQ] R= "OW Oy=wN xSwQB |xv} Ry w u=tR QOV}=Ri= x@ QHvtC}=yv QO xm OQm Oy=wN
=Q |QDW}@ lU} Q =tQiQ=m xmu}= ^=Lr x@ lU} Q X}YND |q=@ |=yOYQO QO
|=Q@ xm |}|R=Ux}@W =@ &OW Oy=wN xOwRi= =tQiQ=m |=yxv} Ry x@ 'OwW|t ptLDt
|xv} Ry |=Q@ |Qakt Q=Owtv 'CiQo CQwY lU} Q X}YND hrDNt |=yOYQO
|}xv}y@ |x]kv 'lU} Q ?U=vt X}YND =@ OyO|t u=Wv xm OW pY=L xSwQB

"s}W=@ xDW=O s}v=wD|t xSwQB |xv} Ry |=Q@
'OQ=O xm |D}r@=k w h=]av= x@ xHwD =@ Q[=L VywSB QO xOW x�=Q= OQm} wQ
|D=P |oO}J}B x@ xHwD =@ "OwW xDiQo Q=m x@ CN=U |=yxSwQB Qo}O QO Ov=wD|t
=@ \@DQt xm |QDW}@ |=ypt=a R= xO=iDU= l}t=v}O sDU}U OQm} wQ =@ |R=UpOt
"OwW|t u; |R=Ux}@W w |R=UpOt uOW QDQ=wWO Ea=@ 'CU= |Q=mxQ=@ wO lU} Q
Ovv=t |R=Ux}@W Qo}O |=yQ=R@= =@ lU} Q |:tm X}YND OwW|t O=yvW}B u=}=B QO

"OwW xU}=kt Q[=L VywSB OQm} wQ =@ G}=Dv w OQ}o s=Hv= wrQ=m Cvwt

"CQ=yt K]U |=Q@ |R=Uw} Q=vU G}=Dv "13 pmW

Q=m p}tmD MQv xH}Dv QO &CW=O s}y=wN =Q |QDq=@ |QwxQy@ xSwQB QO q=@ CQ=yt
"CW=O s}y=wN xSwQB |=Q@ |QDtm |xv} Ry u}vJty w Ow@ Oy=wN QDq=@

|Q}oxH}Dv "5
Q}F-=D CN=U |=yxSwQB QO u=Q=mv=t}B w u=}=tQiQ=m u}@ CN=U |=ylU} Q X}YND

=yCWwv=B
1. quantitative risk allocation
2. linguistic principles
3. system dynamic
4. bene�t-cost ratio
5. diagram borders model
6. endogenous
7. exogenous
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3.Average payment for one hours to workers in others

project=IF THEN ELSE (de�ciancy in �nancial source=0,

100000, 100000-de�ciancy in �nancial source/2.5e+008)

4. Bene�t to Cost = ((Total stored materials + Value of

Property)/ (Project costs + Value of Property))

CUw}B
Appendix(Equations&ParametersfortheResearchModel)

1. Adding new tasks=changes in design

2. Average payment for one hours to worker=100000
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Ovyt 30. Normal delay time for paying fees=0

31. Normal time to discovering rework=

7 32. Overtime working=max (0, predicted Delay of construc-

tion*1000)

33. Paying to contractor=Rate of payement to contractor

34. Personel cost because of reworks=average payment for

one hours to worker*needed worker for a unit of reworks

reworks

35. Personel fatigue=1-1/workers parameter

36. Personel planning=skill level

37. Predict of remain projection time= DELAY1I(remained

works/(0.0001+currectly Completion Rate), 20, desired rate

of construction)

38. Predicted Delay of construction=max(0.001,predict of re-

main projection time-Delay)

39. Productivity=DELAY1I

((0.25+motivation+personelplanning+quality)

/(0.5+construction

Mistakes+ design mistakes+ motivation+ personel fatigue+

personel

planning+ quality+ work pressure),30,0.25 )

40. Progress rate=Work Done/total works

41. Project costs=total costs of delays+ Total payement to

the contractor to Calculate the percentage of risk allocation

+claim

42.Project done= INTEG (IF THEN ELSE (remained works<

1,0,1),0)

43. quality =1-100* (de�ciancy in �nancial source/initial to-

tal �nances)

44. payment rate risk cost to Contractor =(Destruction costs+

personel cost because of reworks+ Reconstruction costs)/30

45. Rate of payement to contractor=((contractor extra

expense*risk allocation percentage)+total �nances)*progress

rate/30

46. Bene�t rate = (1.64457e+009*0.0003* Total stored waste

materials) 47. Reconstruction=reworks

48. Reconstruction costs=Reconstruction*unit cost for re-

construction

49. Remained works= INTEG (adding new tasks+rework

discovering rate-completion rate with error-currectly Com-

5. Total stored materials = INTEG (bene�t Rate, 1e+009)

6. Changes in design=40/398

7. Claim=de�ciancy in �nancial source

8.ClientdailyLoss([(0,0)(70,2e+006)],(0,0),(20,200000),

(21,200000),(30,200000),(31 (32, 500000), (50, 1e+006),

(100,1e+006))200000), 9. Completion rate with error= max

(0, desired rate of

construction*(1-productivity)*workers parameter)*

IF THEN ELSE (remained works>0,1,0 )

10. Construction Mistakes=1-Documentation quality*skill level

11. Contractor extra expense= INTEG (payment rate risk

cost to Contractor, 0)

12. Cost of delay=IF THEN ELSE (remained works<1, client

daily loss (Delay), 0)

13. Costs because of delays=Cost of delay 0
14. Correctly Completion Rate=IF THEN ELSE (remained

works>0, max (0, desired rate of construction*(productivity

workers parameter)),0.001)

15. De�ciency in �nancial source=contractor extra expense*(1-

risk allocation percentage)/30

16. Delay=max (0.001, project done-initial project Duration)

17. Delay in paying personels fee=max (0, De�ciency in �-

nancial source /total �nances)

18. Design mistakes=1-skill level

19. Desired rate of construction=total works/initial project

Duration

20. Destruction=reworks

21. Destruction costs=Destruction*unit costs for destruction

22. Documentation quality=0.8

23. FINAL TIME = 600

The �nal time for the simulation.

24. initial project Duration=398

25.INITIAL TIME = 0

26. Initial total �nances=1.64457e+009

27. Motivation= ((average payment for one hours to work-

ers in others project / average payment for one hours to

worker)*((1+Normal delay time for paying fees)/(1+delay

in paying personels fee))*(1changes in design))

28. Needed worker for a unit of reworks=10

29. Needed workers=total works*1000
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}y@contractor,0)

59. Total stored waste materials=Reconstruction

60. Total works=188

61. Undiscovered Rework= INTEG (completion rate with

error-rework discovering rate, 6)

62. Unit cost for reconstruction=3.5e+007

63. Unit costs for destruction=2e+006

64. Value of Property=1e+009

65. Work Done= INTEG (currectly Completion Rate,0)

66. Work pressure=Delay/ (predicted Delay of construction+

Delay)

67. Workers parameter=(needed workers+ overtime working)

/(needed workers)

pletion Rate, total works)

50. Rework discovering rate=productivity*Undiscovered Re-

work/normal time to dicovering rework

51. Reworks=rework discovering rate

52. Risk allocation percentage=0 SAVEPER = TIME STEP

53.The frequency with which output is stored.

54. Skill level=0.8 TIME STEP = 1

55.The time step for the simulation.

56. Total costs of delays= INTEG (costs because of delays,0)

57. Total �nances= INTEG (-paying to contractor,initial to-

tal �nances)

58. Total payement to the contractor to Calculate the per-

centage of risk allocation= INTEG (Rate of payement to

14


