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ABSTRACT: Housing mass construction projects are vital for urban development but often face
delays that lead to increased costs and missed opportunities. This study addresses delay risks using an
integrated approach combining Bayesian Belief Networks (BBNs), Interpretive Structural Modeling
(ISM), and the DEMATEL method. BBNs identify and model risk relationships, while the Ranked Node
Method optimizes parametric analysis by reducing time and effort. ISM establishes risk hierarchies,
and DEMATEL analyzes cause-and-effect relationships. Applied to a Parand mass housing project,

the methodology revealed a 68% probability of significant delays, with financial and economic risks  Keywords:
having a 60% likelihood. Payment delays by the owner showed a 65% probability, while factors like . A ccessment
inexperienced consultants, unsuitable contractors, and mismanagement each had over 50% severity Del

clay

probabilities. Contractor- and consultant-related issues also contributed, each with average probabilities
Decision Making Trial and Evalua-

tion Laboratory (DEMATEL)

exceeding 40%. These findings highlight the importance of addressing financial inefficiencies and
enhancing project management practices. The proposed method enhances delay risk modeling precision

while minimizing required information, offering a practical and efficient solution for managing delays Interpretive Structural Modeling

in mass housing projects.

(ISM)
Bayesian Belief Network (BBN)

Housing Mass

1- Introduction

Construction project delays represent a persistent
challenge with far-reaching economic and social
consequences. In mass housing projects, where scale and
complexity amplify risks, delays can lead to cost overruns
exceeding 40% of initial budgets and extended timelines
that undermine urban development goals. While prior
studies have identified common delay factors—ranging
from financial instability to contractor inefficiencies—
existing methodologies suffer from three key limitations.
First, techniques like the Analytical Network Process (ANP)
and Structural Equation Modeling (SEM) struggle to model
nonlinear interactions among risks. Second, conventional
Bayesian Networks often require impractical volumes of
expert input for parameterization. Third, few frameworks
simultaneously address the hierarchical organization of risks
and their dynamic probabilistic impacts [1].

This study bridges these gaps through an integrated
DEMATEL-ISM-BBN approach. The framework begins
with DEMATEL to map causal relationships
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among 23 delay factors identified through literature review
and expert surveys. ISM then organizes these factors into a
four-tier hierarchy, distinguishing root causes (e.g., owner
payment delays) from surface-level symptoms (e.g., material
shortages). Finally, a BBN enhanced with RNM quantifies the
probabilistic impacts, using ranked node states to streamline
conditional probability table (CPT) development. Validated
against data from a 1,200-unit housing project in Parand, the
model demonstrates superior precision in risk prioritization
compared to existing methods, with a 22% improvement in
delay prediction accuracy over traditional ANP approaches
[2,3].

2- Methodology

The research methodology comprised three sequential
phases, each addressing specific aspects of delay risk analysis.

Phase 1: Factor Identification and Causal Analysis

A comprehensive literature review identified 23 delay
factors across six categories: owner-related, consultant-
related, contractor-related, labor-related, material/equipment-
related, and external risks. These factors were refined through
structured interviews with 15 industry experts using Likert-
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Table 1. Hierarchical classification of delay factors in the case study obtained from Interpretive Structural Modeling
(ISM)
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Fig. 1. Influence/dependence diagram obtained from
Decision Making Trial and Evaluation Laboratory (DE-
MATEL) analysis

scale questionnaires. DEMATEL analysis then quantified
causal relationships, with experts rating factor interactions
on a 0—4 scale. The resulting influence matrix (Figure 1)
revealed strong one-way dependencies—for example, owner
payment delays (cause factor) directly impacted contractor
liquidity (effect factor) but not vice versa.

Phase 2: Hierarchical Structuring with ISM

The DEMATEL output informed ISM to classify factors
into four hierarchical levels (Table 1). Level 1 contained
fundamental risks like economic instability (X23) and
owner payment delays (X3), which influenced but were not
influenced by other factors. Level 4 included surface-level
risks such as low labor productivity (X6), which were effects
rather than causes. This hierarchy provided project managers
with a prioritized intervention roadmap.

Phase 3: Probabilistic Modeling with BBN-RNM

The ISM hierarchy guided BBN structure development,
with parent-child relationships mirroring the causal chains.
To address parametric complexity, RNM assigned each
node three states (low/medium/high) mapped to normalized
0-1 scales. Weighted influences from DEMATEL matrices
populated CPTs, reducing expert judgment requirements
by 60% compared to conventional BBNs. The model was
implemented in AgenaRisk software, with sensitivity
analyses validating its responsiveness to parameter variations
(Figure 2).
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Fig. 2. Bayesian network validation (target factor: low-
est severity)

3- Results and Discussion

The case study application yielded three key findings with
theoretical and practical implications.

First, financial risks dominated the delay landscape.
Owner payment delays (X3) showed a 65% probability
of occurrence, with a cascading effect that increased
contractor-related delay risks by 35%. Economic instability
(X23) compounded this, exhibiting strong correlations with
material price fluctuations (r = 0.72) and budget shortfalls.
These results align with Ogunlana et al.’s (2015) findings in
infrastructure projects but reveal 18% higher financial risk
probabilities in housing developments due to tighter margins.

Second, the RNM-enhanced BBN demonstrated remarkable
efficiency. Traditional BBNs required 120+ expert judgments
for CPT completion, while RNM achieved comparable accuracy
with only 48 inputs—a 60% reduction that makes the model
feasible for time-constrained industry applications. Validation
tests showed <5% deviation between RNM-generated
probabilities and full expert-parameterized CPTs.

Third, the hierarchy clarified intervention priorities. Level
1 factors (e.g., X3, X23) demanded strategic solutions like
escrow payment systems and inflation-indexed contracts. In
contrast, Level 4 factors (e.g., X6, X18) required operational
fixes such as productivity incentives. This stratification helps
managers allocate resources effectively, addressing root
causes rather than symptoms. Figure 3. Shows the Impact
severity and occurrence probability of delay risks.
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Fig. 3. Impact severity and occurrence probability of
delay risks

4- Conclusions

This study advances delay risk management through
a rigorously validated hybrid methodology. By unifying
DEMATEL’s causal mapping, ISM’s hierarchical clarity,
and BBN’s probabilistic rigor—optimized via RNM—the
framework offers a comprehensive yet practical solution for
mass housing projects. Key takeaways include:
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Financial risks require institutional safeguards,
particularly escrow mechanisms for owner payments and
economic contingency clauses.

Contractor and consultant risks are interdependent;
integrated performance metrics should replace siloed
evaluations.

RNM makes BBNs accessible for industry use without
compromising analytical depth.

Future research could expand the model to modular
construction and integrate real-time data feeds for dynamic
risk updating.

References

[1] G. Dehdasht, et al., DEMATEL-ANP risk assessment
in oil and gas construction projects, Sustainability 9 (8)
(2017) 1420.Author, A., 1986. Book Name. Publisher
Name, Address.

[2]M.H. Madihi, A.A. Shirzadi Javid, F. Nasirzadeh,
Enhancing risk assessment: an improved Bayesian
network approach for analyzing interactions among
risks, Engineering, Construction and Architectural
Management (2023), https://doi.org/10.1108/ECAM-07-
2023-0774.

[3]F. Antoniou, Delay risk assessment models for road
projects, Systems 9 (3) (2021) 70.


https://doi.org/10.1108/ECAM-07-2023-0774
https://doi.org/10.1108/ECAM-07-2023-0774

785 500 ()] yo (o kien & i

AOFA B OYA Clxio AFF Lo & o)lads DY 093 pusS yuol ()l o cwdins 4 i
DOI: 10.22060/ceej.2025.23135.8138

oS 5 s 39 sy S 51 Bl (S (gl (S005354 55 Sy
S8 plesl ((Pude Gpusdesme Faysle (30 pd 5] e

.Q\ﬁl ‘Q]).QJ ;Ol).g.l Cxiuo g N.Lc olKaiily ‘Oljws (R 0uSily

1§ 9l 4, U
AR TR VAR
AR VANA SN
VEELNYY Gl
N /A LR HPU

bailo)68 5 2Vl Conl jlcdnng 3 (508 (285 g (5 )iSaylo s (Vb po> S 4 (S (gilngil (slaeyy iAo MS
oo Blg5 oo Sune (glwogul (glaojep 53y U A dalge yal 13 1AL ales 3l goasxio (gla yills b ojey cpl e Jl> oyl
230 oS oy 4 lio (ol 3 258 (olatll glacuo )b (38) cuwd g ol yide (Lo daan o Ll &
(65l so (BBNS) (2300 45 51 (o5 5 gy ool ool 005 4zl lygles by 5l ool b (3o (53l 05l (sloofs s

il ogsl slaojs 3l (Su g5 2 539y ol e (DEMATEL) (S o (i)l Ghalesl 5 (ISM) (6 s )3 L

10 Clols
St i S Jas! (ole el )3 059, opl 0 45 3 L edel Cowd @ ol 45 Wd,5 Jlesl (63,90 adlllan lgis A Xy e
2) R))
0 Kalgd Fy jo £ g98s (YL i Jlainl b (golasBl g Jlo Pluo b lagye Jolse (3,1 5.l 03gs duo 3 FA 156 (oYL
>

Q555 Canl 5095 10 (glofsg ol 5l o )d FO g8y Jloin] b o o lawgs onds plosl glacs by 13 5 yiseas b

DE-) (ySmseai 2bj)l 9 c.)-';"ilﬁ)'1
(MATEL

(ISM) (6 posis (63l (65l S
(BBN) ¢y 55k 4

Oﬁm L;)‘L»o%ﬂ

oo e 1 45 1, JSolags b Laipo Jelgs o 1)) o 3y 51 isdl o W 0oy B+ 5 s 58y bawgie s Jlazs

OB 4 429l 5 polie 4 bgye elgs (ppimen a3 o (L ]y o3 Fe il i £89 bawgie bl Jlaisl b sl 136

Llodds oaly (_JL‘“’ Loy ¥l Ul E989 ]a.w}w IR W Jl.o.bl L ‘OT P

plo cadllae cpl by plosl 1y (losls (sbaojgy o il Koy oUj))
S s Sy CenSs 3l Ky dnwgi Uy oy il 136 olgs
o dwlie Gl IS cpl il 03,8 3 ikl § canaab (RBSY)
b 230 Jolge adllan (ol ol 03905 o3 1) laojs p (oa8ly 13U Jolgs
i HB 5 o) 1B coad by Jlu Joms o olal 5
258055 53 3 (dlpinin sl Je | odlitul. Cuwl 0350 Sbj)l 09
pEin 5 Joass? lgn g O Ll w36 Jolge a8 sl Lis lgs 5o
o5 daime @Bl > €SB35 S 5 € Sl SeSed Kieg
5 sgle 0,8 255 Ll b b o5 sis (80 Jalse i
P 0 S, il s plelid can 1) gl adlas [¥] (gaaine
23U bl o3g o] o adllas ol 53 060l plol Slpes (slaojo
3508 o Dy5e Sl B S (il 3 Slyes slaefyn 5

dgd> Cw w)f )‘)5 i D)9 ).o-;l.» J.’\J.) g,u.o.lbl 9 u.:bl)s b 9

1. Risk breakdown structure-

doddo —)
Jelse 5 86 &8 el Sl (Ko Sleislo glaoisy sl
Ok Canl g (oLl OMSie cmlio 39uaS (i pde Lo ASle (dliSee
L) g 20> (18 Cusd Jl atzze I3 4 e Ll e oS
P et 25 g3l @ e gl b)) 5 plelid Ngd Gladnd
slp &l anlp Sy b))l JSte cpl Copte can
dgdien plsl g b plejle o Jlotol lacSns) Jibos g Lol
Ol ]y Sy ite @l gl b a8 o S8 laglojle 4 40T, oyl
LY NV ey li8l ]y agd cusdge Jleis] g aimd
ol cwl ol plal las jd (sddxte Sladsd e (pl
wlolid 1) alisee Jolse wisypm g5 9 pbol Jowe & diny «lidiss
b oille jo sladdllas o Jole WYY jloss olwlid Jolge oliss .xled S

il J¥] sis5] B .l juize K5 K 3 (gladlllas 5 Jole

shirzad@iust.ac.ir :lslSe jlsosgs oxiwe ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )


https://dx.doi.org/10.22060/ceej.2025.23135.8138
https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

polie ol Mol (38L (gl ladd opuiie Xin Jdo pl LS 0
GilwJde il o canlio Conl 1S Cunlad pac &S Sl > e
ol (soiey slp (sgame (slady )5 (SEM) (g lidle Yol
Oy )0 phae g dgaome SleMbl &S Sl o 9 YU Cualal pae cod
(ANP) Lo 45 21,5 ke _olaydg) [V ksl (oo Lyl 1y ol
S5 b 2bcadgize b s (SEM)g)lsle e¥olee (gjlodse
Codgione Mituabs 99) b Jalge Wlita 158G (58,5 i > Ul
aoeS )0 g Jeloe (e by o V¥ loin] Ailgi ad oSl ) LS e
Sy Silo 5 Sy sl [ NY V]S e |y S 1589 o]
b, b bloyl 5 Lol (slapwite 5ho @ Mals 395 alisys {1F]
25355 gy e s> clo g0 51 g xSoste b Sl (a0l
S92 Sty Sl oy yglate 4 (SD?) Ligy s Jso e
oo lizges cloalady 5 Jo a3 slaslosei slin 1 o35 asly
B oyl (oble i Soolind Jio a8 b LS bt b il Wb jusie
sgle aslyy > goiie Sy il Giloand sl lel Glsie
22,5 odlatwl 054y
DP9 S glpe @ onge 4 g Sl edlatl pal el 5
D] hlen 5 (oI5l wcunl 0ad 4B )5 )5 & g 23kae (63)8 5 2>
el eolaiwl L 1y Jisl ad by opie 29 dls j
355 i ) b ohlSSleny (SSidyg 5l 65 ol sl (BBNS) (350
Olizebl Sl 5 DS 008 gy s Jelse g b (slalages
olyis & olpl s Gldle ojon S oy dldda 250,
S b ol @l g <85 8 Ltalesl 2)50 aBly (5350 adlllas S
@Ren g gy €8l (Sl fizmen w0 Jos (2 4 S
009y 31 V] o an o Wl g5l g bty @l Ll L o ogllas
Sl Sbojon pl Sy (oyn 2 9 dlie lp njn &Sud
lee p Sy (yp P9y Su gy cpl p2 20,8 ol i
(b5 oolis) outle B slrojon pogasce (BBN) (i jb 4
Ot Jde Sl padllas ol 3 a3 L1 EE Gt Helate &
pls] Cll cuils s 3 Ll o 3B b)) ysate & (BBN)
aS 0y by als b ool By il Sy Sials clhads
bl siloJae Uls o« opn o9y 9 (BBN) (e &S

bl Q% S el 4 SoS 30 npin olad belss (e Jilie

3. Dynamic system

ovy

e b duslie 1) as 5l z)B lojaon £ BY - lyoliie oo YO
OHSlews 5l o )d YF g0 pizren 30l s ddsl ol et o
@rofon sl > 1@l Gloj Jine & Wdges asuie 0AIS S 5
ol 0391 0555 (ol loj e Mo )d ¥o U Y+ ilod S a0 &S
W50,S asude |y aolie duoyd a8 CS 1 oyl yeliie 5 oy OF dgus
kol 3l5yl8 e Ao 5l i Sloj b oSSley 230 aSls
Sy 2biyl sl Jae [0] phlSen 5 Kip Kb (e 35 Gl ]
5 oses JfSSlasy aitie o 485 Sy 5 o aslyy 51
(ANN) sgune mac 4505 g5k Jdo )3 23405 dlul (FGCs')
Ol Cadgazes 1l o3l (B8 0fgp (sangle) xAL (o3 jslaie 4
4 B (ANN) (eguae oae 4505 45 3505 0)l3l cpl 4 58 (0 B9)
S ) [Pl e 5 cudans cung Jlas belge blite I Jlo
B3 53 g 0l )l 55 g s cile glaofep 0 Sy byl sl
(DEMATEL) (6,65 oo b)) 5 sl g, 53 a5 51 555
e b ablis gl .53, odlizul (ANP?) Ll aSis ay] 6
S Anl b gy b o [V] o San 5 Sslsy daofyyy Sloj g (i3
@l Sy Caglyl (a3ls S ol a8 iz 1) (ANP) Llos
2 ks Sse 4 oSy siledae ly lgly 60,805, Gl
Al ye )3 S ygudl lgal )i aSis 059, 5l oadisyslaes (slaodls olul
Olejed &S Cuwl opl 3,4, cpl (owlol Codgize W5)S &l cile
1 ka3, ¢ corhld pis o gl oy ke Ky olazsl |
4 a2 o pll (g) dunlie S wdony (slaojsn Sy slaodls
Slowbre g Jodomy aSud ladign 4 (295 aulie cpl lin)gh
5 sl [V AL st 3 Jladyolie lEl ©)g0py (Bl
2 Db o Sy dbul el &S Loloe Slolis Bua L[V ] o)) SKer
Sty Jelse Jsa 1) 5 050 catign Jalye luli & callan S,
ilodde SaS b onds glgan slmosly uiztlyy 05y Cuddgo oo
3 Jelod 3)90 0fgp Cuige (Suiin ¢ln (SEM) (gilisle ¥l
15 3Jlial yp0) ain bt M s5b & 035 Cabgn 255
o A ¥ 3 kil o) Gloj o+ AVY 3)lnbiw] o ) S (+ AVA
04 3 )lkiwl o pud) 3w g (+ MY o0 3 lailin] o pd) (5 50k ol
G)ldls OYolee (il e slacudgios I (S .l bgye (+,A0-
wosd 1y bolug, Bolar Jlby 5 Cusad pac &S il ) (SEM)

1. Foreign general contractors
2. Analytical Network Process



b oy Cugaome g Bud (o g pols Al b Gliaiod o 5 b po gy go2 ) Jog>

Table 1. Summary of the most relevant studies to the current paper and examination of their objectives and

limitations
& Cudgamo g & asdly Gadxi Dad &z 0 pli

ool dil,l Jae caslllae ol slao gliws 0s29 L

5 05x Julge e oz pué lals, Jald 4y sgaome L
[Gad
Sy l) '..Cb).:..;_'l..a QL:A (R ] SMWolas C,y.....}‘}.‘}.}

LasS

9 DA

Sans ) oSl izl S 5l oolaznl
o )¢5i3 B )j§n JA‘}_C ‘(RBS)

a2 L ssleel,  slaoien [¥] o), San ¢ guignil
98y Jloxa! ulas lajlixs

33,5 by s J,ms s

L)L‘"o J,JLO....A '14"5) A_A*J‘}J D)Sﬁj) L)"“ Al e

09w rmwlin Aiiwd axlgo Julge

30 Sz Jado a4 Ll ans Judow 1) Jelse | sla g, S5 510 eslan! L
Sl oo muS slaosls 4 5l g Slewlre| Saw, by, ANPSDEMATEL [7] o), Sen 5 cutans

)| (S yoding 89&5 Lg as QSMA..Q 45)l""’ 09.¢.$| 6[.@0)9)4 RUERIRS PLZ_)‘ l) )Lf 9 - ‘_gl.mc)s)_:

Oope aSad 1 eolanwl as ols lid Gedmxi ol

(€

‘5lmsi~ma‘s LSJLAA)L-&M o Uas JLQ...>‘ as Sgs

cls e Gial3l 1 Jelse oles Jline

Hlslo Lol cams a1yl 8280 lo pins i Nl oo | Gliym i Gl Sl O a8l 5l

oo apbass Glulis IS ol selul y aSed adel| b slaSan, lolis 5 uds ol o) Kes 5 golails

L255,5 eolaiwl

s iy ASad b anglas [0 golgiiie B,
|) L.b).:.,ol)‘.g: Cl)énl.w‘ 6‘)3 )‘L:.J..\)}A uu)l; 9 QLA)'
Al oo bzl 5 ool uals 5, Keiz jsbay

xS e S olul 1)

QL%.)—’.’ (st s 6‘)6 O e aSas }‘

Gl sl Sy, lolis g cuds VAL o1)lSes 5 (oot

50,5 solazwl o le anje

ol 5 sl aly Sl 3 logas Sy (0l o Jlo )3l o 0y
ol eaadly b il il sl WS o @535 1) Wl Jlgw
Jleinl 5 g5 o 3l g lawgio (o b daw il Ll oS
5 (ppede s 2oz 4 ) Jodo e b wlid )5 51 aedl oyl
Codgdome 5 b 4l g Blal 5 pils (o dlie 4 Gladss py s e

Ll Ay L{j

Ol OloG Y &y dagi b pdls (30850 Cuon] -
5 Sk dxwgd O YU Coonl o & (S (gilwossl (slaojgy
dox 5l auste sl bojlgen (M Slagyl S loyw 4 5l
Sy o328 Sliios sl by Jlo )3 Wlodg axlge |l 3 15k

o1d pll (Sles sloofgr ;5T » p3e Jelse i) 5 ol

by &y g yie Sy Gl ol il (giloolel )3 Sy 40
Gtie sl aSed 5 (SD) i by by cal Gl 5> )b )
St o Jele i Joes Lo oISl 53,5l 3 5dle (BBN)
0 3] o3l 1458 5 )5 00lizal 3,90 35 InSomsy Sl o8 b
a8 oy s aslS wlidss ;5 Suwy (o5 2bjyl sl (BBN) opjw
S8 ol b 5 else o ol il ae 2 ogMle (sby, ol
5 S @bl & ey a3 W)l ) by pie VLl I (glo pox;
oals jglae 4 @il Gldllae I Sy VY] i dale S,
iy 5 S 3l b yd Jlais] Jglia eSS gl 5l 5590 (sloodls lade
2 &S b eolail Jae gilwesls sly s Lle glacdl I L9340
Jbe plyis 4 2gde Cundly 9 Jao (g Bl pas 4 ot dond
b o Jloinl g b (o0 oy g 4l Clo 93 )3 2000 )8 S

oye



Jolge ol Lo 4

S Sy Kl &5 Sless slb daSa ol o)
oS o Jse j osliel i L 5 amd 1) Jolse sl Ly,
i 0abdbs] 0,04, Wigh ploul s sla Jlod ¢ b s ie
Jlize @l gl Jdow Kl a4l dime &ygods Jolos oy oKl
y Ohegly gy Jloged V JSb S e walf g | gl S5 g
A o ol

Jgl dlsyo y3 Jlas Jelge  Slwlids =V =¥
b oaly jljeSie Jao 5)Sles  Zuww Cono Can idgh oyl 5
ol 04 odlatwl LBy youd pd 6519 el Jls > (g5lwogsdl (g0390 <SS
Jols) ojon p3U p e slad Jelos I (sladsl cuwjod gl als 5o
s Jolos (9,5 2l sl 0o QL) b dude o G 0
Olise 0, S wlide jl oalitel b b ad awlgs oliol 59w uSis
P& oSy, S s 1) bl ead glels alhs cunl
L] Cond 4 55 de lulias )57 )a5 3o 55 39y ke Jstne adgl Cund

(DEMATEL) (¢ 15 paouas islojl b5 =Y =Y
o (DEMATEL) (S pmaas oiilejl (b)) S5
Jae S 1y ead ool Jelss o Jlie kily) (o) & Sl
S5 opl 50 S e cdddllae Dy50 i 31 Sy LB gl Lo
Jolss (plolid e 3L Sp0 (RT3l (ol Glolid) 8 420
ol odmy 6y mreal Gl sl S oy )] 5 gadS
Sl e ln Gy ol e 3 Ol e onlnle ed e
i Jold S5 ol )8 edlatul jld Jelge o by, 9 BBN
ol (e 8 el ol 00008 flo dobd] jd aST cwl ds e
P Jelse o el Ll 2 ple (nl & cCunl maiitone 53U
L dwlgd lawsis A8 e cdas sy blae kulgy 1 g 55
(F) ob; Hlaw e @ ST glan gy my wlde  eolatwl L &S
3o it 36 () 58T g 5 (V) o5 (V) bawsie (1) 2L
o le odal Cund a4y polienaiS Ly pblies plo p 1) s Jelge

i 55 (V) dabee ol o 1y pouitins pb5
o S (V) oolol 1)y peline 8

oyo

p Oldlas pl 51 giban &5 WD o L D90 Slodl g0 Ll
ol Ot 5 lin 39S Copte ind 5le agas ol
g Jeloe nl Plite Lulg) 5385 oy 2 5L o Lol caslesls 35 po
gy S 5 b ol il obile Bl as cola,Kal, 41,
ol SMolss oo &y s & ¢y 5w 4 9 <ISM «DEMATEL
3 1) Jelse ol (ol pealds Ll aSly ity yy Sy Jolos olee
sl (RNM) oxiganas) o)5 (g jl esliel canl 0357 asuie
Slocsysly Aer J im eb  Gbys Sl Sl (35
olidl g 03yS glaodhy 4 5l tals cel & cwl Gass ol
Sojon p JSye5 b i (ol onimen Cunl 0ad b s e
Oy Slalllae )3 &S 0313 )13 cw) 2 3)90 |y slojo cSume (g 5luogs]
sobds o5 pl e L8 Olllas b duslie )3 . Cawl 039 a5 350 4iaS
andls byl @y )0 aw g 4By iy sla by, Lins bl 4 ol
Jolse ol yoaluds ksl ISM pg, 51 odlisl b o Jlte gl ol
028 (i Wb SeS b od ool F38> ©jpod Suw)
55 35ay i ol 0 o Jale plan bgyia ¥l
o9x Olpde Glp ) YA pSmaeal § Y38 wibn oKl

WS (o ol

GBS g, -V

g lolid Gl b josin g (S5 2)S09) SO BT 9l
o1 odlital s (siloogsl slacian 3 p3b p 3e Jalse b
S o sdalofl ()| St ol gy aus Jold 3,505,
Ot &b g (ISM) (e (5131w (g5luJ2e (DEMATEL)
3 ol Jlos S a8l Gl bty Jl oS 5 ol il (BBN)
el 013 2l bl St esty 5 Jalse oo Mite by,
il pj g8 35l S

2950 sk ) Wofg y3b L Lagye Jlas Jalse ki Jgl el o
ool )5 51 algs a5 el

DEMA- g, j) ozl b Jolge blite Lalg, Ll 5 dlo yo
356 e pile sbwl g TEL

il Jte S8 U olse (ool podlidis 5L S pgus dlsye
(ISM) (g s (551

736 g5y Jloi) i Sl cnim 4565 jloalinl 1o logy a5



OFA G OYA asaw ¥ JL.-: &y b)Lo..fS HY 9.35)*.4‘ Ul)‘°‘° (e &yl

r sl Sy y e2lalil) -LLQ
oladzsyls - A o i o o el B,
o3l Ky Jolae aluln - —p 23 4 283l 53 Jalhn G Cygd Ay

J @il 23,8 O 5 35350

<l

. :
~ v camats £ e\

lls - Gn ok s N
S et .,‘;lru.._,ﬂ - AU omtsile 0oexi ( zels 5335 Gmyils ol }
Olfyan Ly dontae R | 150 [ Po £ s L

v v

( M Sleyd 5,0 050ad ol oyile Jusad
\ | cees cufeensiigza )
|

! )

l ISM & als)s

\

\ < <L
Ry —> o2aile oootd —_ > A lly axesi L) —p

| adyl Jasazslayl o yk3
) Jal Jlas ™! sy

Jalns a7l ya dlealis Stangl J

>3

k J
f ke s \

Al sl e 5a Ally e 0yf o33 dpmlxe

323 welalyy aa5a 65,8 ady) JLiSlu ey (
e A o) 0f 1y Sk 5l hyd Jazal Jeaz gl
ASM) 5 OEMATEL) <l 39, ,

RNM):a2 5an
¢ J

yob sl 5,0 5 a BLT,1 Bisiatyl j 1oy M)
}——( A2 3,1 6lu;y sl o) 8 oty oV ezl

—~
= s y=a!
\ T 4—‘7—‘-) 2L J

Alose ol ga Ll g sad Llxi g &gy dl3ls ,.30

o250t 680 Sty coerl (g3 eadiae

AD g 330 oS enaal o Saf sl

yols axlllao 4> 00wl 3,90 (wigy (b yldg0d ) S

Fig. 1. Flowchart of the methodology used in the current study
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Fig. 2. Initial Bayesian network model illustrating relationships between risk factors
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Table 2. Final list of delay risk factors in mass housing construction projects
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Fig. 3. Influence/dependence diagram obtained from Decision Making Trial and Evaluation
Laboratory (DEMATEL) analysis
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Table 3. Hierarchical classification of delay factors in the case study obtained from Interpretive Structural
Modeling (ISM)
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Fig. 4. Final Bayesian network model for delay risk assessment in mass housing projects

3 gglie & baye Jolge a3 oo Lt doyd ¥r 5l s go89 awgio
Loy Fo il i £689 bawgie s Jlanl b o)) pre (i85 4 a6l
S5 cimgd opl ) edel Cunds oS pends caa Wlord ool LS
R PNAb g cp i Jeie cugnl GB adllhae j3 a5 cunl pyY a5yl
pEim 5 Jrgm» g € Sl (claaSism € olon o O Ll > Jolge
5ol Jiloue cors plossl adllas 13 &8 Jlo 53 sl o5 pMle] €y
SBre U ks wre Jolos plyie g prg (Sl o sy
G & Dlop g Ol bulpd wile Jole &l S5 4 p)Y b0l
e 3545 (5,503 s pdge 5 o i e i L1 55 Ll
SR gl g (e (ilwogsl sBojon p pSle gl 55 pe5
28 ol e 5 U8yl aallln pils gl golis b
sgreS EMStn colyglia §) b M ©

OlF 0 &S
o 3:a8 ko Lelse
9 g o pols Limgh b (o390 U aS 38 7ikas ) o) SSley mlie
sy 4 Jlais

lopd Ve o5 VY . Olise bl Conl odgy a3 o1

O daly lods Me g (Slogm dowe 500 (aidrghy 53 Akdly OS]

S350 s 3 8l S s |y ks Lo 35 Ll

0g)

oo )5 13 gy 3y90 plelid)l8 ke el (polid )
JSL\? Oared g A‘”S 9 dhao)f 4,..]9| NN Ll GJAA d')?] dl).g
925 Bl Jao 035y olgie 4 1y cully b slae)S (oys oz
byt )85l lp adllas opl )3 g0 casyei 1y 05 ja glacdls
ol plod (glo sl (393 g A el Jso ol )90 s o3l 03)5
JSS cpl b Jasie Caol sad sl s (F) S5 jn &S jelailen
Jlazsl coles 3 5 o slacdls 3 s Joloe 31 S, 50 gy Jlais!
ol S jn oS jelailen ey o olis |y calise glacls o 8L
il pa Jlyes slaoigy 0 pual YU ad Jlss! canl o 00l
5 (medium) lewgio Gl b g dopd FA iy 5lal ol o b as)
2l 3l Sy Jolse 5 @lio )50 10 Dg daled do 3 Ve Jlazs] oy
ol Jasl b golaidl 5 Jbo Blue b lad o Jolse a8 o oL Jse
pbol glacalyy 3 130 piored o Lalgs &) do £ £o8g YU
ye3 s loiag ol 5l o )d FO g8y Jloinl b o Sbo Lawgy on
Ol sy pd g cunliol ) SSla Gl alie ST o0 .l

Jleanl b oS s Wlg 505 ole dw o ppde sguw g lojon 0595 i

) Jao Byl 5l e sl aopd B0 5l i g98y bawete ol



X22 x23 x19 x14 x1
Low9.082% Low Low.
Med\\_fr‘: DMgd\\_L?r‘: Medium - 9.086% Medlumh.ldﬁﬁ% B Wedium{ 1.007%
i 98.787%)
High 98.536% High {1989.236% High{_]91.832% High{] 98.361%j High
10 percentchange : Soft EVidy 0 percent'changs . Soft Evide[10 percent change + Soft Eviderio.Bercent change : Soft Evid 10 percentchange : Soft Evidence

X13 x20 x10 x12 x17
Law Law Low Low Low
Medium { 1.768% | Medium { 6.757% I Medium {]10.696% > yadium41.725% Wedium42.365%
High 98.211% High 93.202% High 89.020%) 98.245%) High{_] 97.635%
g || High
x21 x18 x16 X7 x4 X3
Low Low- Low Low Low %g%?é?% T
Wedium 10.707% Mediumd]11.027% Medum 10.356% [ |Medium{6554% [~ |Medium Medium
High{ ]89.016% High ] 88.67% High{ ] B3.539% High sa428%| { Hion 74.556% High 95.968%| i
] i 10 percent change : Soft Evidance

x11 x9 X8 X6 x5 x2 x15
Low- Low- Low Low- Low Low: Low
Medium{ 7.507% Medium{1.403% [ |Medium-]12.952% Medium41.155% [P Medium Medium 15-@;119;5% Medium {]13.416%
High 92.452%) High 98.597%) High 86.922% High 98.844%) High 99.562% High High 86.249%

time overrun
Low
Medium
High 98.721%

S Ja 155 9 Wlg s 5,5 £48g 35 Jloial (4315 ,1,3 .8 JSUS

Fig. 5. Applying high probability values to parent nodes and owner's payment node
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Fig. 7. Summary of validation results (Principle 3) for factor X3
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