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Abstract

Objective

Project delays are a prevalent issue in construction projects, particularly in Iran. The project
schedule is established and approved after signing the contract and designing the plans,
however, most of the project managers cannot complete the project on time and projects
often overrun their scheduled completion dates. Generally speaking, the project is "delayed".
Various factors contribute to these delays, and extensive research has been conducted to
explore their causes. Disagreements between contractors and employers over the causes of
delays often result in disputes and negotiations regarding costs and accountability.
Consequently, delays are generally a costly problem. In some cases, it has been observed that
delays may not be costly for all parties involved and can create conflicts of interest. In
addition, project delays have many varied effects that increase the complexity of the
problem. When explaining the cause-and-effect relationships of delay impacts, the System
Dynamics model illustrates the outcomes of management decisions related to these delays.
This paper aims to examine the consequences of construction projects’ delays and the
relationships between them from the perspectives of various stakeholders.

Methods

This research utilized a combination of qualitative and quantitative methods, as well as
nested methods. First, delay effects were gathered from various sources and compared with
expert opinions during the initial interview. After categorizing these delay effects, a
conceptual model was developed. The case study centered on a construction project in the
central Iranian city of Qom. Due to the limitations of the case study, the number of project
delay effects was reduced. Relevant variables were defined and incorporated into the System
Dynamics model for simulation. Additionally, the perspectives of project actors from a
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second interview were considered. These viewpoints informed the development of policies
and conditions, which were then, analyzed using the System Dynamics model

Results

The results of this study revealed that, in inflationary conditions, costs increased
exponentially over time. However, employing contract termination could prevent the
imposition of more costs in such a situation. Nonetheless, if managers prioritize reputation
over cost, they would increase the project’s budget allocation to avoid additional expenses
and expedite its completion. Moreover, the simulation of project financing during price
fluctuations indicated that the purchase profit at a lower price could compensate for the cost
of delays of up to two months. In a speculative scenario, up to 10% of the project budget
could be invested in other medium-term projects, with the resulting revenues supporting the
primary project.

Conclusion

This paper investigated the assertion that delays are costly in all construction projects. After
setting up a list of delays and categorizing them, this paper simulated a System Dynamics
model. This study confirmed that delays are almost always costly. However, their impact
depends on the managers’ mindset and project conditions. This paper proved that project
managers could strategically introduce temporal delays. Specifically, under the two analyzed
scenarios, managers could arrange delays such that the benefits from the delay would
outweigh its costs.

Keywords: Stakeholders’ perspective, Construction projects, Effects of delays, Project delays,
System Dynamics.

Citation: Saffarinia, Amirhosein & Yazdani, Hamidreza (2024). Examining the Effects of
Construction Project Delays on Costs from the Perspective of Stakeholders Using a System
Dynamics Approach: Insights from a Commercial Complex Project in Qom. Industrial
Management Journal, 16(2), 250-281. (in Persian)

Industrial Management Journal, 2024, Vol. 16, No 2, pp. 250-281 Received: March 14, 2024

Published by University of Tehran, Faculty of Management Received in revised form: April 19, 2024
https://doi.org/10.22059/IMJ.2024.373955.1008137 Accepted: July 07, 2024

Article Type: Research Paper Published online:July 20, 2024

© Authors
BY NC


https://creativecommons.org/licenses/by-nc/4.0/

e
Yooh=BAAD ol LLY ﬁ
w

YEYT-ATFR & Sy o LLy

36039 e s Sl p jlwgcd b slaojgy 3o Wl HUT )y
169 190 4aJl0) i wlid 3051 529 3 o0l b 55031 o500
(8 39 Gsl%5 qoizx0 039 9

" 6o s ol
il o8y (o)L B Ay (g lulus 5 Copte 005D ¢ dxino Cu pde 05,5 (638D (S9zuiild ¢ gtune o g5
asaffarinia@ut.ac.ir :asbbl, . lpl o les

S
bl ) (g eshyg olKuls (ol EISE eyl 5 e 0SS S g g 1551 ko 095 «sluily

hryazdani @ut.ac.ir

ous>

bl g 21yl 8 oLisl ey el Gl 2 poguadas gl slaofsy gl sl OASEe | (S 05a 3L 18R
0j9 2 siuple) debiyy Billas g @Bgedy Wil el 0f9 3 (byme AN Ll 2395 0 gl 5 (9T 0fgn sagle) daly daadds
2 Sl sLa gl 9 )1 ilise Y3 03y plesl )3 8l 390 €A Hld 035 K3 Gl 4 g il pledl 4,
Myl bl dngs g lag] S8 Cobld da sl Jle g5 oy Ll 3 loyb)lS g )S0lay ol 485 90 dtonj oyl
©ylga 1 Lal g5 o gy oo Lusdinja At lgicds byl el ol kS o 0,STha Leal b das o (6l g g so
553 By 1A sloul gl (o)l gl (sl g M8l otz o S5k ales (sl Wl e Sl &l 005 omlia
o L 2bgy (5o Jte 3 o (I3l 1) dlines (S o A5k 4l o gite g Sasie BT S5 o0 059 sl Sl
Oipgiy ol Bam md e i |y S b U )3 e (slrerenss 3531 5] (8L gl o BT Jlrogcde by s

sl il (503l o3 ol o Lalg, g gl (slaoggy 3 3l )BT (g,

alis Jol anlian 3 (LS 3l b g (6955 Cillisee @lio 51 b )T .cunl (Sl 45 51 g aseuel imgs B9y 29,
039y S (6990 dslllan el Cowdts adgl sogrin Jho Boyb ol 9 A5 (coudiod 5 and p b BT 5 ad e S5
Lo yo (sLapito (63,90 dalllae b sallas byl o yod 3,5 59000 1 yus 09 00 3 ylod 48 391 03 o 50 jlwgcdlus
waiio bpluBl o o gl ped anlas jd 055 41,5050 oBw 5l dlie fpl 0 b bgy Jde d)ly (gilwdnd (gl g sy

2)S ey y psauad (oS gl ot ypiumw (obgy Jo 3l oolitnl b U ad 00y 0y s o

Fwd 0500 b oo il oled Cygots (Sde jldm dl e &S oyg 3L cls > dmd e LS Limgh gl a8l
bl aldl Cogenl dia iy jlael o pie o0 1 ST Ll S 6085l i sladsia Jueod I Wlg e o)),
9 48 S ol it syl 5l o (il iz o Jlo e )3 @fgn 4 4205 panass Gl b Cusl pilo Cy e
yobdn 4S5 wad o il Laced g pKin QML» s )3 o pie o800 (gilwdnnd cizad Sl pladl &y 1y aojs

o513 51055 ol Sl Cead Ly 51 b 3300 g W5 oo 62,90 adllan [l 13 olo 90 b Lo yS b o clausgio



Yb)wc\ib)gb&\i"'JcW%ﬁM Yoy

]) Lj u].\_ﬁl.c?.hfu.xoulm Lg)‘.\fdul.o)w Ltzao)”; );Lw ol |) 5)9)4 A>dg )I Lo yd Ve u.nmb.\)lyh;a ‘..\.wb 4:[;])?‘)9» Cu ple

A8 Byo ey sl

3 (g 2 sl ] ey 9 A8 (oo o Slogl (slofg dem o |y Loy g e (sledl Wlis o) 36 S Ao
Lol faiawn jlwd e ) L:z,).ob aS A oo ol Lidgh guln by o bgy Jio (gilwdnd 4 ;L:z,‘j (SAodiwd o Lm).>b
Cood 4 Sl ol 03 s cllde ol (3 o zylas Cbs 5 0505 93 40 ldtunly 055 bl g oD &y ¢ 2lad & ygoay
b a5l i QT Sgw oS AS Dbl 0fgp o ) u;b.»).ob Wliole o (alaie O)gods WlgS o 0595 ()l pde o dasl

LPSVEN R I PSRRI PPN I 51 AN SOVEPS JIRD PNES S NG S IR POS SRV FY-3 PO 4

LS’LQ" Lgl.bdu.l)lb u».ol)ﬁl » )Lwawl.w LSLt“)S)-’ 2 ).:>L )13" ) (\\G'V) Lo),\.:.ob ‘L!’Ib)" 9 w..o).wl ‘L.s L;)Lo..o 25 Lw!

(o Cypdio (o8 )3 ()Y geizme 09y 163 )90 ddlllas) i (wlid pbgr 35509, Sl edlatul b (,S05L o 5l g
YAY 0. (Y)\S

VEYNAYIYY bl s g )b YAV =Y+ . jaw F ojleds N 0)9d V¥V imio Gy pite
S VERVA R R NP Oy oy o e 5SS 1yl
VY FNY s pdy )b gy ole tdlis 4
VYV slial &)l OBy ©

doi: https://doi.org/10.22059/IMJ.2024.373955.1008137



Yot S5 9 b (5 )leo o I3l 1 gl (SWaogeyy 53 3T BT (ouw 2

AodRo
P55 4 slinods Gloj ;3 b .l (gaied)) sto loj jluogidlo Caxbio 59 Copta joo &yz 3
slojor plod )3 (doos 3 Lol il o Yl 09 0 Cudbge (sl & Conl jlogdl baes )3 059 iy
O 2 530 Egdgn (VY oLagl 5 als) 390 il pigliolian] JSite Sy lpiedy 3 ¢ Sl
sloalt Colus g Coanl jl 50 ol )3 g Conl MU o Jodomn 9 Cn Fmte 22 Wojgn )3 35290 CISLa
S olets g LSy LS ies) col 0asis gl ojen cpl 3 kS b Slillas e cliwlio Lol fcanl )05
Ssl (Jelge o 51 65y 5 (it o 45 25 o s ilisee Jalge ] laofgy (slaysb (Y0)
Candg dpdogoe pib il laailhe j| Sleislo laoggy lslo 29 e 0fg @gots plosl g x3b Lials
(=l laoliiws Cypis (g S)LS 5 paastie (lagys dlae 4 (oo yiwd (bl Cusdge (oolaid]
Lol Coanl (s g colis o Canl o Jolao 36 05,138 31 oggy 13 b b gopus )3 dilaie o Sim b
Sy MYV ¢ GLE (wge g (5,515) S 6k oo wdb (sl canlin ol (sl Sel, ) 3 1 Lo lgs 0
2 g (oamtis iyl ) Aol Jelge Sy &wd 93 40 (lgien |y bofgn y3 6 1o @y Jelge
Sl JI3y95 2 6yt Sl | 2y J S g (B Jelge COlb & Cunl (a9 3,8 o (0adis el )
s Sl 58y 51 6pSole 5 i S else ey )3 o 0 e plple (Yo o¥ a2 5 SUly)
oles Gl el oSl ol g S5 e im0 295 ciend 3,Skes L gy pde o S0 025 Ll )l
RABUES Yo 055 a5 08 (128 b S (iRl |y Saiaily lofgn pe  Jle oo g 395 059 (ol
o @3 0 B 0y e Ll b (S9S Capde b Sl g3 53 98 ;3T Jled g8 a9 09 Eond Ao
W iy 48 4l (olaysl LT L daly )3 ol dops B 259 S35 cae (pwenas 36531 51
3 S92 2ls byl ol Jlives 5y log) LT Senl (L8 e dslie 32 e Axrlgn B9 LT 038 (5 s
L 059 S S o 3Ll 18l bnogo 3 diliole iy e (S a8 sl ol odsd yuiay K03 B b
splaiods Byio g 2t Lasye o 20 Lol 45 095 00 45 LnlS b 5 lagybo oy ] (sléegoone 4 coilgiig
Copde 5y ol STV cggpnd 5 Cdp (ga0]j) Sload gor w0 JUS S IS (sjlding 9 (Kialon ¢S
2 5315 (WA gy ) 23001 1315 ) (B 9 400 o | ooy 1 B0 b 2yl 1y s (ol 059
Ot M g balesl 4 5 aad oo £ Slugcdl Cuivo Bamy 9 by Cunle It Ll Glugedl slaojs
24 o5 sjle wiem cnl sladlio 513 (Y NF JaBlleS 5 o) dySlalel)) 39ien xie 313)))5 slad o
il jogat s i ple 53 (IS 5 Cusl 0t jasule guily ysboa cled lulis ;3 Jle o]

U e (ly g ol 0anis iy sy yobody €3y oMol dadllie 51,5 5,5 309 p3L Jle

1. Naimi & Alobadi

2. Khoshgoftar, Bakar & Osman

3. Wang & Chou

4. Ramachandra, Rotimi & Gunaratne



YD)Wc\wb)sb&\i’VcW%ﬁM Yoo

0y el 4 ot 055 L Al (Y Loanln 5 Vg o568 5 «Somebs) 5,105 3939 (63, lksl oz Mo
2365 Jols ol 5l Jsleo colis canl pren sl 13 sbul Jle g Jalse colis o b lan S ol
15 e ikl 8 slayb U 3L Leloe ably 55 sl o sl of &y y2eS &S sl Cpat] b 3
sl 330k sladis s ol daojay y x5l j) ols gl (JS)sbar (VoYY T Vlo 5 desnn oy e oYl
Ciog Jlisa dag] by (et gy 5 BB BT s ped 0l (lmgly caluliy S50 oS5l 48
e gy 5 lolite (gl yhuoyy 4 el )3 o)l caw sunl (aBly (sl b ol Ll g lpte (D e

ez o8 0 53 5)b5 jlogcdle slaojsn 3 b ydl ls o 6T )

Sl By Jalg) 42 Jols mls g 6T o Y

40 bl Sl w68 @l cpl JU8 )3 08 ()b o (S5l § (B S el slaplidl g laolSnys Y

980 e dbja oS g Laulpd do

lge LT g 059, slopd b Jglas 5 o Lalgy (ol (o cingfs ol 5 (395 (slaion & Gl

0595 (ylpie b wgi 055y dw Cupie pd wblSplidl 2K Lmdi Lylys g Wolylys slael il WS 2

S &)

890 )0 g o (51050 300 853 g Ll bygd Jold aST W)d (g pee A3 > WY quaste dilody 35 b )5 g S 054 1]
SSxs 5 gele (o Jpaze ()l Wojgn 29 o i pai g Lo b sbml 859 ) geuns CS Lo
g Wi (ol (0j5>) Bin o by & Bgd o iy (g b redld Sl slasgorme plgisa Waofgp iian
alie g 5)l> (63905t Adgy iy (pasuie (bl g g9, G)b Wigd JooSS (L) (ol Clasuia b bl
5 oboplisl asgesce Lol 059, e (YO < 055 oo dunge) A5 oo G pae |y bl b A5 o o3lil
9 4by 3k ofgn plodl sl 09 QLS g (Sl g9y SaSar J38 g ol ((2aplejlo sj2)ael Al
3Slas ool (slajasls wodS g loj iz o wfgn Copde ©lodl 3 (MW (g p050) 39500 o) g8
3pSes oS e b A ka Jelgs ool 5 e clids ) (WAt pate 9 52ps0lle) oo s
059 Blua et | (S ol JIS,8T o5 alge o ol oy 51 o s 3y timd 0 5 |y 0590
S50 ¢S b 0313 ) sl Al cualald pas 1 oYL o b o)lgan a5 Cunl 0jg (gllulo 0oy Cupde
loj 5> colio CutS b 1) nojg p Llg a5 conl ely8 g ai (clojgp Copde cplplo {(VF-Y ¢eiily o Bl b
Sloml a8l Slugcdls (slaojyyy dmefsyy lgil 51 Sy dil) (o)l ot 4 odd sty A g 0dd 354l

- e e ¥ N . . . . N s N .
@39y 0 pU i )3 (Vo VD ¢ yiKu g B9y ( 3MS )y ) yuw) 295 0 ymie leidl lgie b ol Jgae

1. Selcuk, Turkoglu, Polat & Hajdu

2. Aminorlah, Abd Rahim, Mohamed & Mazlan
3. Project Management Institute

4., Sears, Sears, Clough, Round & Segner



you S5 9 b (5 )leo o I3l 1 gl (SWaogeyy 53 3T BT (ouw 2

Sl ojap S &S LK (YY ‘\)lfl;p) Conl o) odi g3 yaeliy loj g 059, pbul (8ly loj cpw BLS (climeds
et 5 )LS0logy T3 b i 1 (6l Ltodas 8 55l sl Y 050 S oS3 (sl oS (0058 oo
5 00 g 3 yAhol g dndg A 0l (g iyaelp loj 4 ol pas bl asly JLoda 1y welyd ialS g (y90 500
v & . - p N *ee hd ‘. .'.— & Y = )
(VY ¢ )LSan 5 50w oY g5l) 298 o0 oo LoSg 0 (59, (tlide o )latio pe aie ,BI 4 ol asuine Cuas
slada e s el colg jo a8 )05 o ).ul.) dxio Jolge p aojey 4o ),>L CaS g oo S0 Byl
- < e . . - .o ¥ - .- & g . .- <
oion sl 2 p3b (gilodw (ilwgyie wilo (aloefsn )3 (VD ¢yl g pl) 358 00 5L 2 (w295 LB
(835 Oledawo) Ab dled oS 3 wlaw 2LS 5 clain] (golail Falaw 1> 03 S CMSUe o g0
Iy oses @dlio «dgd & Jbo ljlud oo p ogMe  og0s (sboojgy u‘).a&l; (Ve ;ade 9 &5 Olodus
Wled ;S SaS 059 Copde )3 (lidGhg) 4 (29 B Hsbd (et 1S g i (2l 2,50,
> )l )Jj 9 L{zm_»)m MU 61)_: aS el 0)9)_) 5 LS)'S rg.wa.: dl)) ‘_S)wa )lf‘ g_i) LQW L;:l;y
2 i ol 2Ly (VoVY gl g 1y oy 55 9,015 980 okl 0395 Adgl nlye 5 sl
90 See S slayline (ol 53 059 (e 4 sialoj 9 (Sipael e S dgne (peud Nl (o0 059 Cupe
SLos s5mydalip (YoVF Sl )V g gylonl) 1S o oS 50 s (s5bodinge sl ST Slogouas S5l
Bilge aw Juls 3,S0g) cnl ceslnojs 3 IS (slacyshad pis g la Suomy o e sl 69,505, "(DPS) o595
B (VoYY SVl g g nlaal) g5 J S g (sainle) Sy Jalos culy (g305400 5 251 Sl le a5 ol Lo
03,5 iyl jlugcdls (gloofyy Sy Copdo g plums (laled )3 (oge (3B s ol 2bgy 435 UL
A Wl oo 3l ol Lol fcunl 039 guly eS8 (e 63 Co pde 50 Lypiunw (ol olig 51 edlaiiwl dix po ardl .ol

Do oo ainly QT Q@ Lidg s ddn 50 &S Cuwl Caoall [l mej oealS Cas sy 4l g Ql)ﬁ;l:

g it
Al bl 5B e (6 pSojlul g avslne b sl Jle )y g (alolid & dsej ol > bings (S
o) 03,8 ealil V(TIA) ploj ,b ulosiga o0 SuSS jl 6 yimgdy 53 (Y 8) s yelmS L 5 o)l

1. Dinakar

2. Ramachandra, Rotimi & Gunaratne
3. Owolabi Jameset al.

4. Baum & Tolbert

5. Mosalman Y azdi, Mosalman Y azdi & Mohammadi
6. Caderon-Tellez, Bell, Herrera & Sato
7. Odedairo & Alarjani

8. Dynamic Project Scheduling

9. Ghamarimajd et al.

10. Arditi & Pattanakitchamroon

11. Time Impact Analysis



YD)Wc\wb)sb&\i’VcW%ﬁM Yov

A s 4ol b ady) Sloj Ll duli b o3 sangle; Aol p 33l Syl Julowigay o Jols S
L)) s LacaJld la s b dnbre (b, 3y90 y3 (slallia (Y++2)  bilelplo o )12 sl p3 b 51 L o5
v T P . L.
do3xo g dedte Syl S N3)S gy 1) 29 059 Anje g (o) Il 4 e 0fgn (b ) Wl e & by
S8 adllae 3590 1y logu 5 ol ol 0oy pi b odes e 3)90 ;0 0 plowl (slajimgh d95 Alis 43 (V+)F)
AU 58,5 11 3 U Gl (slaojsy (sanplej JSie 2 (VIA) TybgSal g 515 ¢ o 38 magsisy ol 0l
g i osliwl 3 e Slolis cas o8 a5l ) imgh ol owlid bgy p3 sl il s,
s . A . . T s \loe . oA
Sl (CPM) (Sl e g J1 (Y VA) el 5 s s clylal o0 o3latal (gLt g 51 e
eao 103, oliiwl 039y (slulej g eddls 3 15U s g jlescalo 659 SO Sl prae bl
A . s “ “ - - TR A4 .
298 > il Bl o il S ) genS (exgi ok 5 Sllas Coenl (pyp 4398 Alde 3 (Y1) (e 5 (2L
A & ol Z . A & Se . . & . A 1 wa & ¢ e d .
ST g (oasST 9oy 003,87 (Byma Waofy Ao g ploj (Rl sl (ale |y o (85 0000 g izt (3o
2 55 9 e Wl e Jole SO plgisd 059 0 by B 392 2 45T (e 395 Al 3 (Y+YY)
(2Ll as S st i 2g 3,00y b o sbml @l 3l 5 i(EPC) il g ool o b slaoigp
.o £ & . .o & \. A
Lapis 2lag )=l Ll omls 5 b b imej limesd Jols Sl ()l yss S1(V-VY) Bl 5 (lgies
L oaimy il Jolo olgicds iptuse (2bigs 25509, b1y oM gdaw )3 059 Capde w5 5 Sl 968 S
U L sl ) Sy Jubos Jie S5 365 Alie 55 (YoVY) Vloris 5 olilS 153,85l oims il ol

288 syl G = sl alely il 09 1§l i (sladijm g bl (2 b b e lacS,
Tl g ly 15 031> dnrgs (SD) s (cli oy 5 T(FSE) 536 (ogimn byl sla2,Sagy Jae ol
U iloans gl )l slagsy, 5l oalizul Jols S5 ol 53y 0y 1S Cige (gjloun 51 (VYY)

odla_wl l.’ (Y*YY') \;UI)KAQ W";l Caw| A>eD L)")" Lo.ou; L;:L»L.m 9 0)5).’ Lﬁ“\"’u[") :\AL,)J 2 ol dl.(by)‘.\.w

1. Divakar & Subramanian

2. Cunbin, Yungi & Shuke

3. Khair, Farouk, Mohamed & Mohammad

4. Paz, Rozenboim, Cuadros, Cano & Escobar
5. Abouorban, Hosny, Nassar & Eltahan

6. Critical Path Method

7. Mohammed, Nagji & Ali

8. Bajomo, Ogbeyemi & Zhang

9. Engineering, procurement, and construction
10. Al-Kofahi, Mahdavian & Oloufa

11. Gashaw & Jilcha

12. Fuzzy Synthetic Evaluation

13. System dynamics

14. Wasfy & Nassar

15. Monte Carlo

16. Egwimet al.



YoA S5 9 b (5 )leo o I3l 1 gl (SWaogeyy 53 3T BT (ouw 2

M b S S Mo 5] Wi &8 Wl03,8 ololis |y Uyl 350 Jale 5 criapllss j9m ydo, |
L) cgliw oS ol Cuad slaglugs g 059 Jore bulpd ¢ ol 3985 () KSloy (Jlo MU0 () &by
Fro oKL 3 slugcdlo aied VoY o dab i qir il ookl b 3gs e 3 (Y+YY) ' oisysS 5 obs:
23U 59y 1880 Lol Jale gy b Jale Fr i Sl g S5l03,S (2 a0y (sl 1) 0gills b Jale
9 29008 gl )3 olwsl ey (5)0)bgd dacdlayy cdping 3 pab 3l wlosle &S oS (Syme
S pS e IS )3 536 g laculled ipns J S 5 )l cpalo IS

i 5 (@lulid 4o ipgdge Sladl mola (o L 39 ooy )3 (Vo1F) ohlSen g 56 09,0
2950 Pl b (VoY) olSan g oo (550 il 0390 Copdo g o)l «chrgls o bl b o po sl it
5 Sy S )3 i (il 2Ligy 5 (ST) oo S5 308 (g2 4 Ed3m Shodl (55 Ataplls
ol 2lag 2l (VVY) Gyl g gploal.cul aidlyyy pdl ans o (b jlugedlo slaogyy 3 «olaiisd
SIS iy 4 355 gy 53 (YoVY) TS558 5 8 (555 0,5 oy 0o St Syaeling )3 |y s
sl gale 950 plosl L (VoY) (Sed 5 Sz 2zl el (slaoyyy )3 xb b ablie cr 59
Ve sl Jloo b adlllae oyl 53 ol 53,8 2 1y dmwgi Sl (sloygaiS ) Sloiblo slaojyy )3 b Jle
Ay aofen (nl 33yl e Jolge (s00403 5 ololid 4 938 YT ] ale alio

lge sty Wl oy g Jios 4 b Wlo,S o lapd b (sl Iy ooaste )BT aimgy 51,0 (5
3 ctoloys il g (s pglages O] 35w & g ailoyr ile ST, (S A (2ol 1) Wl e oy 3 ST
5 P29 £ Ol Joay 039 dodg )38 el (T dlpl ploj ad Y gk oy 09 Cusgse (58) o
ledinje b)) 0 mas dady o glaofsy )3 gl 5,50 pae g o (ke Jlane ¢ Joy Sloj 53] SialS
Slaal s gy gy Slles g GRlE e Il doje [l g cos” (ials o)l g asn (655 (gzmen
(ol Bly WAV S8 5 (0 L8) 355 00 039 Jolgs slisl ai)badas o (byide 9 p3pe (2L5)6 5 059
o ) IS Lol ((Shes slaojgy 9 g )b 2l )3 ordai jo @l & aides (VWAY) Juol (5,31 5 paie
b Lzl )3 )0y ) Jols ddse Gl Sl wfgn ploj Job (A8 b & an3 oo Jal33l ) slaBl (M8
im Gial38l 398 2)lso yrogdle b e sy ypiS Dl ol oy 1 bl st ;3T Ay g 295 00
5 Loaolidl polio i (o LSloy YL Cad dlaitiy oo A3 doas Jlyes sloojsy g lag b osdples
sl U U a8 wisily slizel (WAS) LS Cao b g umms ooy ol 059 slo sl 103 )T 5l ep )
5 0L JUsl sioy] el e iomad 35 e olSilog Gloss LaS Lials cel ol Dby s Sinlasl
lnl o3latil g 18y s Sl ofg 10 y3 b BT o ke 1 S 2900 Vg (5 I 4l ShnlS
e g calos adoyo )3 (e glmojlus g Laplaibls die joe pylez G U 3)lse 5l (B0 55 o 2 0gdle

1. Hoque, Safayet, Rana, Bhuiyan & Quraishy
2. System Thinking
3. Gurgun, Koc & Kunkcu



YD)Wc\wb)sb&\i’VcW%ﬁM Yod

Loy o0 U1 ()2 pomd (WYAY) 350 (Bl 00 M oy 55 ¢ 25 9,000 0o 31 60 0
oialS g Ledl g (6)LS0)lgd (haljl carge 5 1) ) 3 @ s lugcdlo saofgn 5o () Slen ledl (2,1
LaoSgy 5yldpe e 3 y36 45 3,8 ol 09 J5S g Copte QLS 53 (WAP) 9050 Ai2ils 035 5 (5590 0
2 b b delyd Gls olo S5 b canl ply 13 bolo o n 48 0 4Byl dgw cage il b o
b oo ial33l adgl 3,90 dr s HIS Ble clyal (lp YT pisle o Sl (copm @dlas «l5pot Candd 059
)3 0k Brmo diloyus g AalsS e Cuad g Ll b gl 05 g 00 plad (il igy 5 () SSlory (slaaly)l
Oz Bl ALl (6t (5yglage 100 e 50 Cundlgi o 45 3,8 o 1y 0ptaeS b ST, dilopus oS> 059
oialS L gdgedn oliJliil pas ol o asiiallple 5 S5 slaofo 5 pogad s 98 sl asle sl s
ol 31U )BT 1503 5 g o ol i Bl g a1, casly ;505 0 1l g cled welyy sl
551e3 (gl ST sl b sty S I g 0fg ity olej G (Y4 1Y) g 5 lgmiliale
0590 Sloj 3T A (VOF) lSen 5 s (oY ggl iadls 3B )BT 11,8 IS S5 coles o 5 ol
3 GBS odlatl 5 (535 10 el izman 36 29800 25 Az il el g )8 o b ,Sos Jale o
Ssh wfon 2o b (l Bl 2ed o0 09 JooSS pie Jdsa (yide hlopw (B g @lie g Slusl 90
(ol ojg g S5 oSl 9y 9 @lie jloliul pas b ST 0fgyy JooSS pie Jdsay (g yide dilop (05
5 S9)le c(s33) sl oy 5>y b BT 105 5l (spgls g (Bgi> (sgled dS b o (550 5 €l g tlS
gyl es s 15350y 135 0l 511 (o5led 5 bacsols «laMsl dadiy o 1,5 coloj dudos (Y VF) 65,8
My s 325 ol S g o lSmn b lSlie lej Galjdl eaizzn S dacdMs! (V418) "ol 5 bysS
b )1 (S 35 059 £ 4 45 Canl Cogliio 059 Ciliee LS50 slp w3l slatoly iusly 13 b s
ol colej il Gl g oadcudil 3B (b 5l sl ©)le (s tte) Sl (sl 36 lge e
Sl pdw aie caby b alopw cpbcwsjl sbixe 4 )4..>b OSlaws sly Lol oyue g Ul plo ol
3 oslisal Jlo 4 (Y0Y) "o 5 pos 3 eg b o) ol yale IS (598 plastal (sl 5 lge i
o3lites] b cilato ] 5 (ySemo USiko &y dgi by (KISt ool 45 10 oyl ales g Lo g bl iy (clotils
oloiz g 13 g Slojlo o 51 513 1, clefan iz w5l 8L BT 5 Sy g Ao Lapas (2l
53,5 ol 53l BT 51 e aii g jlore loj 51,38 (Yo AV) o) 5 gt i isiely (S Kin p3ye (golaiil
() So)kgd I3l el b oyl o by g JLad (il 5 8L 3B 4 o)lal L (YNR) (Mg g sdarme

1 .Sambasivan & Soon

2. Gardezi, Manarvi & Gardezi

3. Khattri, Agarwal, Gupta & Pandey
4. Li, Shen, Xu, Xue, Sommer & Luo
5. Gebrehiwet & Luo



. S5 9 b (5 )leo o I3l 1 gl (SWaogeyy 53 3T BT (ouw 2

bojhas loe sl byl Gl slasjgy plolo 38T Glugeslo cato j & W38 olo (Y03) '
Oy LSSlow pau 55 (soles sbml cacly sl S o oalitul aloles 590 Hlicl mends s g dbolae dily3 5
) soglogms )08 5 by b amd o ofle] Sl & sl 1o 53 b Ll 900 28 oylSSler pogad ey
it 58U 059,y Sy g g by 3 a5l G 3 Al S a0yl s 4 oy lSSleny JUS
S 4039y S 3h slaylas 5 (o018 AN &) sl (Saw a5 25 (048 by 40 adBy cely 5 5,105
o3, 2 ka0 pledl 3 53l 1) lozblo cantio 53 BT Lol Jile 5l (S (V-¥+) T 5 plé 298 ocie
9o Lol plo g ()b bulgy e loj b cargo 3B 51 (b (SladMS] o 259y (03 Vb
U 3 b GLaaMs) Jo gl byl 0 S8 g 3 sl 08 Tl by oozl S dlio iyl
48 g e i olid glalsed o OMS] & o il 48 windg se3 Dlis 5 (VoYY Ty o SOl 5,8 sl
el |y U o 3l sty (VYY) ol 5 S iS5 i 8 6, )5 oS 5 b Ml
e 5 oY) Linel Jge 5 6 gls ol B cmdgy i ) A8 ¢ iloj s 51 38 51 ol ylie 48 Wlo S
Al e ;3L gl ) S5l 3 5 gl g 2l sloed udS im g loj d 3,87, (V4YY)
e 53U LT 1 b Bl 5 Jop obcuss]) g (ags abdcuns eaizzn s 1,35 (VYY) (ool g ol
o3 Ikl 5 oy 5 doojgn inploj dnoiay (o slopsli o Wy aiine (Yo V) ali y VoS oS
oo I3l 5008 (595 o) el lge s b by 3 1y iiSin sladbsza rizmed 330l o st 4 1) oS
A5 o

= Ol 53 09> l p3 0 e (slaadlie shisd S (g5 oo 05 bl o Jiaghy 4 axg L
Gy L slyglS 50 gy yoe g9 (nl iz Canl il (6 pSedix (Al B3IV N0 Lo I jogada
3 29 v Lol ] jidin cps g (999mw lina e i (1S yol oasiie VLI wSle leidle Caio Ay (YL
Ygon ojay syl ol o3 2skas 0 lgen iy b S lyises eblin den 3 el o 5 s
VA Jlo g 3l Gl )3 bl fcusl 039y (g2 3590 Waigly 53 0)lgen (Jlo g (e 5 (sloial slaaiz |l
o 2z ) 030kl (et sl 485 g0 (o8 (Sl il g (it 0529 2 (5305 sl 15T e &
2,5 el g o0 ol
ol S 5 0590 sloysb 2 S50 Jolse gy ()
05950 356 Ao 5 o (25 ) (0

1. Xie, Zheng, Zhang & Li
2.Phamé& Le

3. Tawfek & Bera

4. Koirala& Shahi



Y b)lc.n.s Ak 2,9 LY (RO S g0

Y

olitl b 1n 3B 395 drles b b glacSios 5 Jolss ooyt 035> 10 109 05250 lagingly sty
a5 Sy dy il a8 Wl )S ST il b g 6T s iyl ) S sl 035y (S £l ST )

23313 00 byl (sadiwd ¢ sl T 0jn )3 tagh lusl wyp 4 doMs sbay ¥ o ) (sla Jois bl

b yd U U7 gaaiwd Jgas ) Jous

QU 05 5 4y, ials

S A8 I A1 S Gl

OLISS 5 guud w0)S1ie dil)8 (b pie o) aliie

9y 5 Sz

P9S OBEY 5 (5 pkie (LS )L obx)

256 050 )3 eges o) 5 ol Jlinsl ials
Sy

9 JJ’A[J d)lfdiln).w 99»5 PE3TY )l)i .}l}ul
Sl Jlazs)

wladl sl

20 Oygo 1 LBy 3l cpolidl i g liL b))

Sl 5

059 (Jlo 429 g dloyw cuiSiloygd ials

oy (58 Cuwd jldja g dlopw 5 plie ile 51,

NS5y G

2 Oy 3 Glle)lS g b e sluel ials
&bl

Syge 2 2lpl G g e degy o5
S

dogjy g ylel

S (gsled ¢ Fgis SISl sl
B g B

9 Soi>
d)bl

bl 5 (o) casd Gial38l 1SS!

5 e gcaslio il sbxyl oSl
ko bulyd S90

Mlag 5 58 djet0d &y il

N e Gl g Lol (Siwgy (als

a5 5 (Stge, inlS

Sl s Chgw «llaiil dyja 5l

py5 It pdlas el g 4y 5 ©yi8 ialS

S EE=UNY SR PRy W15t

&l g (551 aljg, SN

S GUS IS aljg, G &rja 5

Lo S Lasss o yssls day s Si3m 3l

o joome el slaaly o 5 (o338 slacad ]38l

> SVl o s906i0l (slai 3o il

padians (clodl 3o

esbio gl sl 8l

Uy 0ol bidess 5 lies el Sl

baids s b Il Ghey s ol

=l @lis pre s g 2ol Sl

Wlow el 5,8 cuas iovus Sl

2313 syl & o JUas) oISl

ik et Hlogs 5 G b 3 Jai Sl

0ol ol

Coglgl b (slmofgy & (S wlio @jo5 Sl

-

By i e cam

5Lz Lzl 1o Il plfin eyl ialS

5 S oy 1l g cal cuas ials
B

ol - gy Hlsd
CudS g




vy 52 9 W (65leo [ Sil381 1 Slgd b (sla0jgsg 3 i T ou) e

39S Al 9 Sludl 13 By U U1 Auglie Jyon Y Jga>

3,
3
3
!

ey
1959 S

W

(WAY) o) )Sens 5 (ol

N %
NI

‘7?.
NI

(VAY) b3 5 5513

v v (wyay) o)Kea 5 M8

v v v (VW) Jgx 03

(Yo1¥) Gy 9 Olgmwlialio

(Vo) o) g (535,8

(YoOF) ohlSen g jous (oY g9l

(Y'\;) OI)KQA 5 5y

S SN S

v (Vo WV) o) er g J

v v (\"~\°&) OMS339,_5..\A.>w

(1) olfSan 5 o

(YY) 1y 5 S8

(V-7Y) o)Ker g S

SN S

(YY) ol Kes 5 oY lial

(Vo¥Y) ooyl g (ool

(V+VF) (2l g Vo8

v v v v | v Oy el s

\
NI NIIENIIN
\

s3)90 aalllae

Jbosigan jo5 89> 55 0ud plosl (glaimg sy ST 45 M) doms cpl & Ol e g Cledl 4 2 gi b

Sl slagings 5 lalyy b st dulie g dusloes 5 b s b obul belge 5 Jlo lolid & daojyy (slaps s
oyt Lt (2lgy (oolidiby, 31 e ol 52 apimghy Jl 3l ilod S g Ly (glaaly 5 laeons &
059 Sle) 5 S Ll 4ty go sl a oS Wlodjed (93550 oty |y Laasly dainggy 5l (B Sl
L gas9e il aSST s £lon 8 ST b pd B 31 )5 4y olidl ol &y Laid b silanaly ¢ pSasia (Sily
095 b 9B (yp F38Y 3L 150 sl 1) (et (I L Canl Y 9315 (65 Bras g il (o
LS 039y S d 45 sl 00l Slpidy (9350 Adlllas S ABly (gl I odliul g )5 Bren 4 Sl &



YD)Wc\wb)sb&\i’VcW%ﬁM Yy

Epgody § (S0 § (ogad 8 ph Sy oy &S Mo Sygody ()15 0l olatil o8 b >
SIS o 9 Loyd)S 9 Sy lgisdny 598 <8 55 ol Susl o disie (EPC) célo g ool o )b
O PO

o9 3 (ol dg 5
Sl imgty ool Gl £ |5 (o8 = (AS) aBel Smgdy (be) oimgf Blanl g dine sz le 4 25 L
oy slag )b 5l (S 25 e paie oS dilhe Sy g (&S Shagh adlpe o Sl oS 5 b ael
Jio 5 639105 sl (65500 & s 416 dmodls Sl £ Sy (b ol 3 sl LY L 55,085 )b oS 5
$1055 oS clmodls ygyd &S (slaodly .ol LS gl (claodly g 555 g (65913,5 9 (oS adgl (slmodl
oS sodly jl 5 gaes Sy &l g yogr Skl Bun b o Juloo dlBlas jebods 031> degesre 53 g Ligds oo
ogde 53,13 (6315 g gaite (slataly o sla sl Y VN M g Jgu ) cul (4 slaosls 15 gl L
1y gl Jolrogede dlayly 5 gl 5 )BT o Loy (S I3l S o (698 |y o] ) cslio (giptios a5
5 29500 ABy It 2lgy (bay (wlel 2 gl lasly (3l Jse o BT Cayyoi ) g cnlplly 2] o ool 2
ol i o 50 (6390 ddlllas 315 10 03y Jdod 0guis (pl s (0 daled iw zols Coles jo

4 (63y90 adllae wlol p s Col nanlae g 4235 Slodl p ise g Al ye 93 )3 Wodls (g )y9l5,5 3]
2 g it Ll Syl g Loy LT 51 ol o0 e Jlioes (Jl dulas )3 395 00 43l (5l Je
25 Jdo b oS o S ) 0 sl sl yd b S8 5 (68 mrenss 1 S50 231 g (1,03l oS pgd anlias
5035 Olndse 3l (2955 b anbas Sl g 5 GRooR Clodl jlodd (Byme (slayuiite (yivred oS oy |) 35290
5 OS5 S slie o 5 Ll g ¥olee sl b agg alBlaa g (03181 g0 g S Glelis )
ol 00 plaie  Su)l glaedly

aim Ghalidl cel ojlsan (e yn @) o5 oy ;3L LT &S sl o oty 55 ) gl aslias 5
LT SeigSe a9 039y dbjm (ials b iuljél el wlgi oo Jolge plaS” 2 5B b o9 Sloj b Sl o 00
T35Sy otz plaS S3g i o9 53 ALy (38l & S5 e 093 ATl B sl se i3

L gl o gl phS Ui o S8 Sy 059 0 Loud A 48 Gl 00 0dsasy 5 pgd Al 3
o) 2 0l pwlid by, V USS S ol o] S8 g apd b a1y Glalsins Syl (g ni oyl

Sad oo LS 1) gl

1. Creswell & Clark



vig G232 9 W (550 [ I3 52 slvgib s gaogg s 53 53U 0T w2

BT s 8 ey
u)9l"'°5gsl‘° bf‘?)

l‘”di (§ARdLLd g lz»)ob

g Slocuslow iy
LolS1 g byl s (glioyo

i (ool 2bgy dbogas

bylys g elBus s |/
LolS > 7l 5!

iR 5 (ol gy ) S

Y o)losds d>liao

N

e JEL e LT
LM g Lalel 4 a5 conl jlogedbo claoigp o pd b LYs jl S lugcdls Cais buoxg ¢ bg cunls
Llgy sloul an La sl ggite g damaie ,UT (Vo VF o), LSan g yasilalely) 595 so yoio 3133 clacd,b
2 sl )li b Sl bt doa diilen (5 odzmn (lapiuss D9d e e (R2FIE (Shom b Jolregcde
L gy cuS 5 p e (6500 glge p ade ol cuslaw plys ) Cuoglito 5 by oz slacunbse )> Mo il
Olinls da 3 Y+ Y L ipe ) canl lajls slaes 5 g uliily) B (s omals el pole 51 ool aelsd
JjLa.mo J_'> 4 aS col 63)&3) L;.»L.wu)by 6919 5 (\\"% cb.)‘)' L;Lo‘ 9 Lgilg.)ﬁ ‘_;“))M M) o.&i.élg s)‘.)g§9lw
altodss los o cdmols b g elain (oolaml plls 1 s sl 63,508 (6,135,501 ¢ (o il clea
o Jlvany )b el andl0)S" (1538 (e Sye IS s S QB 3 1) (g £9d9e IS clasingy

Wl 43105 g3 g byl ot (BIG g 0 sl o] 4 2eS 4LBIS )0 oS s Lol

1. Forrester
2. Sterman



YD)Wc\wb)sb&\i’VcW%ﬁM Yo

o 30 93 (5 S ! 9
5 iloand 5 el (g Y 508 53l sog e uload 315 pLS Jlog 3 ot (b sl Jro el
2w g Gloj 381 5 i 50 9 035300 el (@ dge celisna iy yoS (glaogre 3 VARV ¢ jyuly) (gluosly
(0503) )3 9 03 (53l a8 Jie gV 0,3 )3 Ay ogade JAco & Coled 50 b b 0 golae g e
Qelol )3 295 e e Loy S5 g il (glacuslis (gilumaly Cuond BT ) 00 0 o by Dldg e

S o Ol B3 208 @ GReoh (6990 addllae slaosly bl 1) (gileJse (>l ye

&2 o 318, 9 Ligy Aane iy pa5 (I
)y oy wilisee Lyl )3 o), S050 o 1 jlugedil 530, (slapd b b e 51 sl @yl Ly Ao
Lty Lol oS 6,8 e ks o] ialidl o Loy b g68g 51 tanl 039, by b e (sbapil Judoas sl
o 03> (s g pe ,18) lgieds (63)90 aalllan 039 53 ol 5l Wiges S, oS Wm0y Sl (B2 p0 Sl ) e
O Sl 53 0555 slopd b Saals8 b jloged ol i amd o (L5 |y wiapes @ po )8, Jloged ¥ IS5
Lo sl oy Giol58l U Jlo 5l oalaio 5 Lol il o dlge olos g oal3s ady b o yus b 51 36 ane e
9 4ujp makiwe ddaly guly &b CulS W5 o S pated o Olis ialS g ladn s Ady > dalS K, ali

&S Lai |y sl

\5e v/
V¥ AN
/A

\Y-
Y
3: Voo N/
a ./ -
} L}
e} 5. '/‘c 2{

Y
Y
Y. h

= xS ul,,;\;' —.—)151.")'! b gl an i

adgl iU 5l Jols pa U g anza U8, dwslie Y IS5

1. Randers



i G232 9 W (550 [ I3 52 slvgib s gaogg s 53 53U 0T w2

S (Gl puiio g it 50 (o (0
a3 1y ca b 5,93 50 Gie e 5 iaolisS HBT (il BTl pls (sl (63,90 adllae p Babaio wiuww jpo
(Jie 5y o Sl i )1 (3l 08 CeblB &S S (oo gy ]y piline Slaaly o Laidd o i Sl g 555 e
i 56 0 atana yg (s it N5 oo mamsdi 1193 5 3y &wd 93 & bolito (sl piia 5 Wnadlge

.JJ)‘.) eIy (_,’.)LQ) J)?)b Lgl.tbc\.o.b 5 l)u9)3 dlﬁ’)‘-’“ﬁ (_'>J9 RV

Ly 4o, (2
b Aiilgs e 48 5yl (6, LT 059, (sl pd b aS )y aiST ol asuiie yebds gl oyl 50 Lgy dus b
P gy Kb eyl by Gl b il 4 sme 5 I8 31 adgl 3B (59 loj CuBS b olmayg il
o) 2 L LT el it 5 lnailge (s b Lol 0355 0 (o] 05 & 2o adgl 130 4 (2l pie 2l Jae
o 7§ ol Cato BT g2y ISl 5 )8l (SisSe 5 55 SeaSs 2 o] sl 5 e 58T g e,
o1 Sy U lie 5 ilodae §) B sl 18 e gemme 5l el Slie o3 IS 8T liee 2500
M| Oy Jols 5l ond sl 135 lime 0500 oo ple )3 il dbe 9585 loj 5l s b BT Lawgs
035 s=8ly Sty el S (ol (S5 Sy il s 4y o G pd )3 (Bly g (sl iy
il sladysa oS o e Ciosd yinli8l 4 adol )4..;[., GHE B L P Wl JEN IS e O] Joly &S 04
@ a2 b plS o a5 e oo GBI ()l slaaiia dgreiel sladija (o333 sladn e Gued sleai e
b g Sloj G SIS ) g g (25 gm0t 45 Vgane 315 dey > Ash b on dulxa pygi (ljee
e )8y aujn e g b Glime )8y cnlpl D900 s g Asmlxa 35 B3 (slive 2 (Sl g0
by el 4y o)lgen Llgi o aS Cuwl oynl dlad 059 dadg anasT (e &S Cunl pl pre S5 g Anlgs
5wl Jae clogbe plo amd sod SElS 1) 039 Ctodily (slodis i 0)lsen Lol 995 i bn sl

(o 43,5 a5 dole Voo laine Sloj 38 5wl olo Sl dplre Jloj anly @

Wb byl cul ods (5,8 Jao opl o @

Cunl CElo 893 5 afitins (sl 1o Jobd s Sy0 g (o) 2)90 390 @

Qg dalgd glate sl g LolEd olwl p piwaw caliee SYL @

gpdiol gloaiyza o), 8 sladia Gres sbauie ()l loauje Jold ofgn cloanie e

Sl slag 5 b pyg Jgedio (Ko o Cusl p3b darz cloaijn g 2] cloatjo

Fohrog e yl3g05 g 5lwde (3
] 005 (SN 25 09,5 A 4 o3 T BT Sy a5 (sl 2 9 ) g ol
(sleinl g oolaidl claai o N

fogi)y 9 jliel oy ladn i Y



“b)wc\i b)gbc\i"ﬂ (PO S g0 Yy

()bl g (Soi> slaanzae Y

Wy ylid glaanje ¥

(Sl g e claanje O

2 gl Jb slacas A
o oo b sl iy 4 el candl g o alins  Shomy el b s lsase BT IS sllas 258 0 sinliv
Ulg5 oo ¢ o JBT o yeus 4 )1 D939 ob ute JBT (S o pd a5 gub Lol Iy (cloailss ake ,BT g
LS Gibgio ob |y b ysl s,

3 gobac®l st
wrlazl

05951 S8 U U1 Jglrog e ylaged ¥ JSS

Gl 190 (siledse 9 U (55lwdlge,d (2

olgsay Slwgcdlus o5y, Ly by )BT (B0 5,8 a5 Bl Caglyl 9 (cpdycnS 590 adlllas (ol 5,
dr (62909 1Y Jglr sl 00 o2 S ©ygots o] polie 5 Jslaog e 4 g OBl [519)5 (sl e
e o i 1y (WS e



YA G232 9 W (550 [ I3 52 slvgib s gaogg s 53 53U 0T w2

5 Jao (21 (sl 05951 3 0l 4 S 1 5 U BT Jgan

83,90 axlllao 53 Hline b sl U

25922 L03) oo Lol g omej Ceadd Gl Sl o o b
oy il Cado 9139 (cla il 4 aslo o Nl 1Sl o cun s
panass & Cute Mk e Glogs Sl g )5 s Gl o Cuoyd
célo gladi o (e e Gl g Ll (Stoge hals L2l - aitene (sloaiyjo
colo sloayzn (st boaiajo Sl 38l g )18 (Siwgn ials L2l - e (sloaiy 3o
ol slaana e 5l 5 g sblatil aiza il ol pitans (slaizjo
s sladiyze i pr5 oot oo (el g 2y 3 )25 il e = e (sladt ja
oS laaiy o (e Clies o)l g w5 anje 8l Sl - aiine (sladiz o
Sl sloayje (e &le 5 35l alljg, S )b - paditn gladiysn
Sl sladyse (s &ljsy o> A 38l S - eiine sladizjo
dorr sloabje i Loy )ls" Lo oyl dag 2 &3 ol dos > - s (glodiy 3o
ISP YR e b jgze e (gladiy 3o g (£33 clacwd iuljél )18 pitins by s
Sl (slaa 3o e 2l Sl o 29008l (glaais o ol Sg3cdiol - afians (slad 3o

(S 3B it et ysbody Jgio cpl )3 S e pasida |) 00 S (sl et o (S Ly, ¥ g
Sl yusite (BBly Loy £ g by SOy £ it Wm0 (L ) g IS Cundg & Cunl Dl it
IS5l 51 IS 53U it ) oSS it 5 it ol 5,138,580 Cllo jiito () vt 48 At £
Gyt ¢y ol 00 oy 8 ol +/V gl w315 g ol YT 039, (o30)3 loj oo sy F 5 (sl i
3PS 5 (ol i 0 lajoe Laslgl 3 el e 5 oloj ol 3 Ygona 5 0395 €l claalsy
O 039 B3 Slise g 3B Gy el 00d a8 a5 )3 logi £ 9 P 5 cadgl Mo 0y (sladiia
LS Ly syglage g 059 sl i oo a2 g (1mlS 0fg 0 4 anass pie g aploys Cudlil byd gl e
ol plgl BB s> Ve (ot U aS 009y ladio b > digj

ot 1381 6 5wdlge 18 g L puio o Jailg, € Joia

int [(plan progress r.at.efaciual progress rate) * 33] Total delay () JS Pb \
initial=0.1

0.025+[33/(1000* ABS(Time-total delay-16))] Plan progress rate Slaoby cé i & Y

physical progress* plan progress rate Actual progress rate w8ly Cé iy £y Y

139.5%(1.037)"total delay+ RANDOM UNIFORM (-

25, 25, total delay) Building costs cilo slaas s ¥
3*(1.055)"total delay+ RANDOM UNIFORM(-1, 1, .
total delay) Current costs Sl sbagsa N
* A\ _
5*(1.035)"total delay+ RANDOM UNIFORM(-1, 1, Equipment costs o o s

total delay)




Y b)lc.n.s Ak 2,9 LY (RO S g0

YA

2*(1.03)"total delay+ RANDOM UNIFORM(-

0.5,0.5, total delay) Contract costs &lyl8 clads 5o Y
0.5*(1.05)"total delay+ RANDOM UNIFORM(-0.1, - . s .
0.1, total delay) Invisible costs Sgpudials slanadsy 1o A
220*(1.027)"total delay +RANDOM UNIFORM (- '
20,20, total delay) Project value ox U3 A
0.02* project value Penalty costs Aoy > sl o Y.
building cost +contract cost +current cost . .
+equipment cost +penalty cost + unvisible cost Total cost () IS &5 "
project value-total cost Project benefit 0595 dgw Y
total cost Needed budget Lo g0 dadg WY
(project benefit/total cost)/(Time+1) Rate of return Wl CuiS5b VY
IF THEN EL SE(other field rate of return>=rate of . o
return,0.1* needed budget, 0) Capital stock by a3l 2
rate of assign* (needed budget-capital stock) Assign budget 000> yanass dadg \&
assigned budget/needed budget Physical progress S jed Cd i A\
0.0125+RANDOM UNIFORM (-0.005, +0.0275, Other field rate of sl dloyw ciSik 2 A
Time) return (La,13L) Waoje
(1+other field rate of return)* capital stock Other field benefit (Lol5L) aojgm plu dgus 4
Total benefit (ko) S 29u Y-

project benefit +other field benefit

oil58l 5l dadgy yanass &5 iliel b 236 olo ol sl g 40 S dms o i |y adel Jao ¥ JSCS
g5 o Ly (g B 0,955k Sy cpara £ (RIS 5 435 35108 S0 )3 Ll 955 0 4S5l 5T

3 ee il 03gn (aled slaaijo plas & Clilsy uales

Al b AL ..r‘-'-“-'...r‘

+
L /_H\‘-ﬁ:.:u@_ﬁ

s ,w\/

2j95 sl JUT Gl ya 4lage5 & JSC



Y. S5 9 b (5 )leo o I3l 1 gl (SWaogeyy 53 3T BT (ouw 2

Je 0903l 9 o st (g

ool 2 Jhe Gl Julos Ve 5% (gla JS5 )3 sl o odlimal (s (9051 by, Sl e e (i el (sl
5 0392 ULl allao albodls i (glaylid) i tolyly sl LialS 5 Liall | 5 sl o plog] ilises glaciaslun
B g late 18 g dgw catrzn Lulyy o pe U6y b s Jde duslie b cputoan sl 515,08 5 (SIS cons | S
sl (i B ety 3 g e Jae sbplug g (alade Gl g 0390 Jelos

o 358030 OB WS Lyt
53 Solite (clapmemad 4o doyl oBwd 9 LS5 (58 15 fcul Cuonll jluw 0595 5 Lm%o';l: @ S5k e

ol 00 03551 b p3 b BT 4y 050, il o0 B Joda 55 98 o yoio ool dgzg 41 cla il LB

W, U U1 4 090 ol,Su5k 042 0 Sy

Wy G U1 5 ey gyl cus

W, 4y s>

el Sials

b oo Cood i8]
S S yb lopw
Sl

slaoaly 5l )l sloml 5 ages sl Wi o
5 S Casta oy s Lol fcnl €8 )5
S 5 S (o S8 G yel G & g9
s g sl Gl sl ]) ey e

a3 od Cuwd jl (golaidl

Jole e

Aoy > Lol
PR

e sl
el g 2 5
las

slaglog 5925

By b5 g (bl

o Oloj 5)lie Sy 9 e I g S
d b 9 20 b s (S el pogdle
35 S jabpots plgin dBge

PMO Pe

(Lojgn »e)

dogjy o 0

Olye

e Gl
djeiwd g |y

PESCR L]

WSS 5,5 aBaeds |y 55 D90 dxdg S b 3]
cewlio Co e g 6 8,LE8 Ll L ]y ol sl

b punles ials

0)9 0 R

Gy )
(o5

4o gy G 50

LSS 035 zals

i sl Sl o cuslie Jlo (4l 3]
g ey coglae i bis eus 0 ply pbxl
9 LS cdy ity pae b o (Rl i
el Lol 939 g0 )15 aalsl &y yoxio sz yn (3

J9»)L;o o,.i‘ UA&‘S 9 409j) M’“ 2y}

Tend Sl
olyly8

0)9 ) dipzp Jpess csl |, ol el sl
St jl sy ol A wlss 615 0 00
OBl g b Sl g 039 JoB b g ¢ oo

D)3 2425 Aoy >

CiS 4 4 (o0 Ay b 059 il
D9 lpe U3 Aol

sl Jials

Jrw g 05501 SralS

9 ol l_fbg)_u d)l_i.u 4 e 059).; Czl).o‘b
pie ol odb Lislidl ) LSSlay sladsa




YD)Wc\wb)sb&\i’VcW%ﬁM Yvy

g3 sladl
059> 1> Uiyl Olodl )y 5 g 251 ST 00 ) sl g (3lode S 2 b Lilg (slaaidly
g oab ol denj ol )3 gl o Lallgy S g (ot g p3 L 31 A QLN &S 15 asiie da S U
Loyl Logil a8 conl 0 (533 (g3 5503 0l & ol 005 plol a3 e (0 o) )3 dostingly s
Il jobas .l ouds &)l ¢ Sl ol)ﬁ.&sl;’ IS e plbcwluw )ob Mo (RS paud g oo e di i &)
Lapins (2lg 355y 31 45 (VVY) (ool g 539Vl 5 (Y+YY) o] San g (2SIl (sl gy ol
gy onl 3 el tasl odls (s oy 1) Sldl (g9 S 9 b Sl gz Slolse 1 etiled S oozl
oialS 5 Jle 51,5 U8 e ) (el Singh gl gb s a4 2 o)lsen sl 4yl (2538 |
SSiagh g lasslyy il 510 Slobs 4 laid (VYY) o Ken o S ol 03l @)l 039 b e 4o
Iy Loyl ol ) aiged cpais (VoY) (s g YlyouS 5 (VYY) o3bgll g ools YVY) o)t g oY il il
S 03 1l g lol jledlail b img ool )0 3939 55 ,BT cpl oy (o3b) @l jdie andl a8 Wlod o
i g odlital L eyl pogMe unl a2l oy ) s 0 6 5 3G LT b aspe meali (glode LS,
o513 (slina 2 (s (slauslis & «oltg 52 9 0 oy W3 (09 it s 1253 5 yob s 2bgy
s ool o3 & o b ol €3l gy I 85 sl 005 ate (93,90 adllae @ 2255 L g o030
2,3 329 (LS05k sl 2095 0 W gjle g9 9 S
B L L sy o bl ) )5 dgw iSTis olEun b b eS8y ol cldls cpl o 1)l8" delol (gl 0 S0 (2l
Sypse g ) O glasl b (gl al cas po Sl
pis ey b w8 o gud 1) 33 OIS ey pials clear b plpde el cpl )3 ilesl g0yl 5 b (o
S o g | ] Jlail 5 (sl

90393 Jo el 3 owlsl Jsle 9 plgiice 55 b BT )3 3920 aome slacuadad pie 4 4255 L
Sl 4l 55 53 St )BT 1 et ol el o 08 sty o (shizze BT ol
o S5 13l Al o5 bl s 50 (ol b WIS o 520 ESpb (St (30 11 Lo ()
S5 o JB Slys slasaly bl glp ) o8 b cass
I8 e 039 (site g Cuta BT 59y ol B HIjL Glog g 48) 12yl bama (o

o=l ly Giegi ol &S 9 o0 i p (6 S maenal el b e (aee Laulyd g ol (pulal

oS (o oy o]

Bowlaw (s
S lgisds 4309 (anass piie duwj o Ha5 4 drolgy o 51k bl 5 0595 ol pie calise slaolTaus 4 g b
Olome b calisee slaculbus waldl j3 oplply a8 o edlatl OT 5l calkisee bylps 3 lpde g 1S o Jos gyl

sl 045 43,3 15,3 035> ol By b dnlas 1 e 9.0 Joi> 5ib 45 95 o zykao laolSay



yvy S5 9 b (5 )leo o I3l 1 gl (SWaogeyy 53 3T BT (ouw 2

=038 GWL Tyl o 53 Fwd olEd

g 4bly I3l Djatd 5 (o> (Dl g dlae &jm e o) o4 cadgl oS 5] g o (]
D9 n 059y 4 o) (S yanass pae b Koad dgeS cel a5 conl ols)1)3 plKin <8 i Aol 3y91 4 5l 51,
ol 53 9 o slodiole g0 adisja (saelar (il 8l o) it g o psl Gil58l coge wadgr (65150 oyl
ol Joo5 L 3lly 8 Gd sl o) ey 3 pal) 93 008 ()b s 9 39290 (8D slaJie 4 d2gi b b
013 16 33 Sl S35 (5398 e olS bl 5 o sl 5 5,8 (sl pis st ol el
(3 T-) S ) oS A3y mns ) d30m (i |y Sl (53 ey 0 S5 353 (5,3
(Cwl oads a8 )3 a5 j»

| |

oject benefit total delay
80
-440
-960
1,480
2,000
tal cost 50
4.000
3,000
2,000
1.000
0

&l [l
0 25 50 75 100 0 10 0 30 40 50 60 T0 80 90 100

Time (Month) | Time (Month)
L

0395 S Lyl s 45 gomd 03 g1y 51 omy JS 8332 9 05951 dgwe o JS (5 pd U Wiy, gl .0 S

W3 Cuo B Ll i 90 5,15 wgri olBws
8 b el ool 3wl plail an ]y 039y 0dd yoloya B AiS 0 3 1) 395 pie gm0 <8 5b pgd Sl
o) 3 2 aalg plodl (65 Jlo el 55 8 b IS 0y S b ye S e el ) )Y (Sl
9 9950 il byl by (o | Ly g Canl €S0 el Lais (gl 2] e po 1S oo 3yl
03 o yb adgl paliole «/V) amd o lis |y el ol )3 i 518, & JSS a8 o i s ol yal Sldes

(Cwl

project benefit
21 total delay

5 0.175

total cost 0.15
172

1715 0.125
171
170.5 01

0 10 20 30 40 50 60 70 80 90 100
70 5 50 75 100 Time (Month)
Time (Month)

[ =]

305 o yd byl )3 (655 30 05 gl 1 ey IS A58 5 059 dgms IS (510 U g, gl T USLS



Yb)wc\ib)sa&\i'VcW%ﬁM yYvy

g 5130 Bt g 38 ol Cuidlis olr s
plosl oLssS 5 aslisle ©ygm0a |y (lapd b il sl g 5 (Jlo lie 35ea8 & g b o e pow Sl
b csabaio (g 5l s 1) gl 5 Sl b Wdbgyhy (g s (95,0 b colosgs 51 G 1) 295 diloyus Ailgts B amd o
Se u,wb b odlas g Olias )5 gl g Cunl adBle g ailiols Cuond ol ) )ob ol 0,50 (syeS b))
2 530 olo dw Lawgio jsbods) amd oo ()Lt |y Sl pl )3 wises H1b, V IS5 398 00 plosl yiny (33l b Sl

(ool 0rd (o8 mels

project benefit
60

50
40

30 total delay

20
project value .
200 15 | f

197.5 !
195 [

192.5 s |
150
total cost o

200 U 10 20 30 40 20 60 T0 80 0 100
Time (Month)

175
150

125

100

0 25 50 75 100

35 ool SVl 08> (sl 51 (o 85952 (9551 9 JS A 3B 0590 dgr oSS (5 pa U gy gl Y JSCS
s 13l bl

(2 50ty St 8 41 13 gu o5ty
dgu oS A8 (o b 1) 6500 lalil 9 5503 slaofgn lojen g sl yide dgw JLidd Sy e piloa s 5
Loyl (opidw dnip 500 slanjgyn du dndgy jacass pie b clls pl )3 .05 ,5005b3g5 5 35> (5 i
Coglgl a8 Canl AL, S0gm «u o s pl il 3,15 gy (6 )glogmw ;500 (sl b aojgp ) ()18 alo s

(A JSS) o o olaid] dguw 4 |,

total benefit
6,000

4,500
3,000 ——y
1500 - v A

tonal delay

other felld benefit
8,000
6,000

4,000 e

2,000 e

provject benefl

10 e e e — e

e —~ : . i ety
550 .
1475

0 25 50 75 100
Time (Meath)

Lyl s 53 aily],S1agm 083 (glyal 51 s 05951 055 9 JS A 3d 039 dgww (JS U Wi, gl A JSUS
UL




Yve G232 9 W (550 [ I3 52 slvgib s gaogg s 53 53U 0T w2

S 5 4
o3s:m Ol L dlas oyl Glugclu claefyy sl Sl o 50 Limgly sl oy e llis
S e 1)yl BT pgd anlas (sla iy b G 3,8 281,] b pa b BT 51 i 103 1l <6390 adlllae
loise ol Jeloo b & e85 Jai )3 ol (ol Jbolize oS slaz 5 b Jlaz 52,5 sicadyl ke oS5k
Sl o ool ol 5 e Ll algo 53 bl 1 ingsy ol cly )3 o guly gy sl 4

a3 et |y 25

ooy WL Loyl )5 Fund o5y (A

3 Cuoyd bylyd )d (618 S o8 (o

tolog ik baalpd )3 el coiMlis oS (g

o ylib culs) Lol yl > aibl Slhgw oy (o

disly 395 o oz 4 wfg soydl g ofgn 2l Auje dlaly CUS lge gk ey & 425 L
Copie Copgllan 5 095 00 ladja oles 5 (938l59) 18y el pols e Ll 3 536 gl cllo )5l
a4 ol S (o el e Congllan pgd Sl 13 ] e 29,5 b Gind g0ty (5 S0 alad
i o5 Lol 395 o0 olos slaain i il 3l el 13l a9 5 S ol 13 09 0 yoxin pi b A3, g
Sl Flanle 535 o Pl wlisle o5 (slo b laz g pw Sl )3 30 Anlss Sglite o Lyl
248 25)1 35 e sloysb 0y sl ydb o S g (mlpb Cod plpl (2t el gy <8y
P9 S g9dge cnl 2j sba)ldges

oo S 535 5)90 Ly |y edlacs a3 slio e 3561 5 Jle lia parass )3 pd b oges
Olws duang L aS dad o s & S5 .08 o )y (CUITENLS) olo 4w 4 (CUMTENt2) olo 4> (CUrrentl)
5 ool ;> dnlodw g anlocSy (sl b g conl Cgllan el gl rotily )3 dnlogs (sl pdli I3k g0

project benefit

80
1
I\ \
55 41—
I et | — -
\ ] i - 0 A f . (K |
d e 'RTATS ¢ M\ Al / l i1 |
30 | = e A —on . = f-- s 4 =1
N 4L S ! {9 & i BT Y
. L . Wt [ Ui
= { N Y e G T % G 9 T
-20 I Pre Y oI iB
0 L] 10 15 0 5 0 0 45 20 H] 60 65 0 80 8 Bl 100
Tame (Month)

project benefit : Current3
project beneit : Carrent2
project benefit - Carrent]

SUogi 15k bl pwd 53 el CuiMis sl uyd Cumbius Julod g duwlio A S5

OWwgs 51 g ool 45 a3 U a0 & o



Y b)lc.n.:} Ak 2,9 LY (RO S g0

Y¥o

Lol 3945 00 oo byl iul38) 4y casMie ol ys o] b 45 wmd oo i 1) palaio (sl ps b 5 Ve IS

40

Al e Gl ahie Gygodr ol dgw g il ol due

total delay

30

20

o] 5 10 15 20 25

total delay : Current3

30

35

40

45 50 55 60 65 70 75 80 8 90 95 100
Time (Month)

total delay : Current2

total delay : Currentl

SWogs 3L bl s 55 el CuiMis o8 ad Cumwbus o g duulio Y+ JSUS

OWwgi 5l ool 43 3T a0 & o

feurrent 1) soyd + (o )liSwle yuw culpd b &S amd o L 1y &bl STagw o 55V IS sl jlages

Gl ol 43,5 a5 > (cUrrentS)as s ¥+ 4 (Currentd)as s Y- ¢ (current3)as s ¥+ « (current2)as >\ -

100

total delay

0 5 10 15 20

total delay : Current$

40 45 50 55 60 65 70 75 80 85 90 95 100

Tume (Month)

total delay : Currentd

total delay : Current3
total delay : Current2
total delay : Current]

800

total benefit

total benet | Cumrents
total benefit Curest
total benefit - Curent)
total benefit  Cusvent2
total benefit . Curvent]

project benefit

I e i e T e
o

——

30

35

40

45 50 55 6 65 T 75 80 8 90 9 100
Time (Month)

B, Cold, Lyl s 45 Al S13gm 8543 il Julos 5 dangliio ) ) IS

Owg 3 om omel 43 23U 5 4 Comad



™l G232 9 W (550 [ I3 52 slvgib s gaogg s 53 53U 0T w2

o Lol aass ol Galial @l el ool 3 eaiie ygody Ly a3 o LiS 598 (sl ,l3g03

Orizpe 23S o oy 1) 531§ (86 sladija o 2l 815 L oy ggecme sl 1y SlSle CoalisS
el 2980 e sa Gioljdl cely (g Caesil 9o )3 )AL Sk plo 4 055 4209 (olaid]
i U ol aag (Bge (alS ©ygo )3 501,38 G g o pilliones Sig b ofgn oS 4y el e
oRRgiy ol S )3 )3 3529 lge sl ) (el dle o el 0395y 4 0B YaraS dile s doyd V-
Pl S 353 5 F S Oygods g 28 g oyl ile )BT IS g ple 5115l S (slagtmgh b duglio
9 B L o Ll 58,55 ale 90 o )3l 03,8 oy 1y 05 53 Slgdlo slaofgy (sloyd b
b3S 5 Gglite S5 g o) @l 5 odd 4B, a5 55 )5S s 13 035 lede (6K L oy

Gl odly ol )

$92,5 sbolew
bl o a8 4 @8y wob o8 ) slwgea b slaosgp olpte o imgh ol 5l odel s guls 4 v gi b
5 i 03 (sla Sl plowl 4y floxa o5g (55lis B3g00xa 53 Tur 3 il Ll 5 51 (18 g n Jall gt
G135 Gl (o paiiee oty oSl 95 ol S (Sl il oyl joy 5l Cunlie
o e Blato g 09y (sloaiz o (saslas 1y (Sl O3l o9 Al b § S log 4 a2 b g And e
3503 Lol 5 Aley (308l5 S0 09 jpdaSamy e renas Cpgo 53 Lol ) g2y sitir (sl
ol 9,15 D959 dgaote &gty dilisle 13l Sl ey sl e b Sl caa il b (Suad cy pie
Lol y o Ly codd ) Jho (5399 polie jeds g o jiolyly ool 3o ctliale sl 3 48 295 00 Doy

ST SRy R &l Pdlein
|y 295 cabio by93 jlam 5 45)la)ss o (s plool 31 4 aitn (o)l oy e 4 bgaye byl 56T 51 5
€9 Orzpen 355 )5 Il il 03> ) pogasar isu cul eunl slaimegy ) 35 e oy g L
sl St Lol 95 g b ) b sladiy s ) Wl e aiicsd 31,3l (5 )\Kad 0gd g 059 ()18 ol
Lol 5 gliso (oala)), 8 slac b )5 gosge oyl duglio 4 (T slosingsy 5 29 0 dlaitiy nlple
ol sl b Wl e ¢ o (1Sume 5 Wil ¢l (slaojyy )3 lapd b Jlia jglody g 4l lnojy y cilises
LS, 5 (sl 059 A s plSin 059y (slopS b 4 495 L dgid oo Moy (i AL 413D (555 3
h Jie b ooty olgicon b opl 13 098 o3l (glodd g (slode i Jle 32y55 9 el yolaieds )i
b 2l o ja g ofgn IS 1L (i 45 S e g0 4 ) 0 o o el liee b3S b

Do JBlas Sy gl y l.mL'j 5l



Yb)wc‘ib)sa&\i'VcW&gﬁM Yvy

F W

(Sedislie plied ¢ 03jonidl Lo yule bSsls Lo yule (Llinls 58 ot (olid gy (VWA0) e (ol o i
o5 10l (YooY ol b e jLisl &) ey Slp) (o 2o odljslol aoo]

sbiofgym y3 aiap g loj Sl Jolse p (Llos (WAS)Glual G cuojd 5 (psdps g e (o (020
OIS < Cupete (Mo s oS pogas o) 33 JSilogs g yslitio do )18 5T Jiue g (gjls

el (1A) 19SS VFAE o 4337 oY 6,3 (WAY) L, « Lol (6,3 5 L ywoss cpia oo o gousls e ol
OIS comlme S iR g3y 35 50 f hes) (Splos slo > Slai clog b Sylie]

inplej @l sl dbansia Jao (2l (YY) p2p0 il 5 e s Bl (2l (455 thomo ¢ S0 oS

FEY-YYY (VN0 ¢ irio o ppcto .l 3b — o) jlg0 9 lio Cudgaomo bojgyp
W oS 108 e ) g ST g Copnte (WWAZ) 3135008 g g Jkjle ccudpus (g2
o5 il (V¥ Qo) pBelS gy 4 0 iS5 oo (o)l 5 (s e (VYAF) 2o 9 o e

hiS rog - Sl yes ofgn (hlSiley sbaledl sdes Jle cALS 5 055 Cope (WWAT) o (L8 5 JUSl s )SLa
RS -0 Cupete (Mo
sl deaogi g o o Lilon (63135 landla b S g o] o ppte (MYRY) sl ¢S5 asgo 5 S s S

059y 3y Shas 3900 55 (LE MADM 5,09, Ly (5] (cwodine (65 )4 (W) Lo jdamo (g yio g 15T o piplle
AA-AY ()Y o Cy o

slsol » U_})B L;me..{/od' );l LS)'L»J.\A .(\Y'"\Y') Lo dy@bgﬁn 9 damo ‘Jmu‘*’)’ fedla ‘ugb'd}’ £gate ¢£g)4§
AVA=AA (FIF o imio Cupdo 1 youiS Colu g zib slaofgpn () Slew (slalesl

Refer ences

Abouorban, H., Hosny, O., Nassar, K. & Eltahan, R. (2018). Delay analysis techniques in
construction project. Proceedings of the Building Tomorrow’s Society.

Alam Tabriz, A. & Mouniri, M. R. (2011). Applying value engineering through fuzzy madm
approach to improving project performance. Journal of Industrial Management, 3(6), 81-
98. (in Persian)

Al-Kofahi, Z. G., Mahdavian, A. & Oloufa, A. (2022). System dynamics modeling approach to

guantify change orders impact on labor productivity 1: Principles and model development
comparative study. International journal of construction management, 22(7), 1355-1366.

Aminorlah, A. ., Abd Rahim, N., Mohamed, Z. & Mazlan, A. N. (2023). Critical Delay Factors
in Typical Physical Projects: The Case of the Ministry of Home Affairs in Malaysia.
Journal of Construction in Developing Countries, 28(2), 57-79



YvA S5 9 b (5 )leo o I3l 1 gl (SWaogeyy 53 3T BT (ouw 2

Arditi, D. & Pattanakitchamroon, T. (2006). Selecting a delay analysis method in resolving
construction claims. International Journal of project management, 24(2), 145-155.

Bajomo, M., Ogbeyemi, A. & Zhang, W. (2022). A systems dynamics approach to the
management of material procurement for Engineering, Procurement and Construction
industry. International journal of production economics, 244, 108390.

Baum, W. C. & Tolbert, S. M. (1985). Investing in development. Finance and Development, 12.

Cdderon-Tellez, J. A., Bell, G., Herrera, M. M. & Sato, C. (2024). Project management and
system dynamics modelling: Time to connect with innovation and sustainability. Systems
Research and Behavioral Science, 41(1), 3-29.

Creswdll, J. W. & Clark, V. P. (2011). Mixed methods research. SAGE Publications.

Cunbin, L., Yungi, L. & Shuke, L. (2015). Human resources risk element transmission model of
construction project based on system dynamic. The Open Cybernetics & Systemics
Journal, 9(1).

Dinakar, A. (2014). Delay analysis in construction project. International journal of emerging
technology and advanced engineering, 4(5), 784-788.

Divakar, K. & Subramanian, K. (2009). Critical success factors in the real-time monitoring of
construction projects. Research Journal of Applied Sciences, Engineering and
Technology, 1(2), 35-39.

Egwim, C. N., Alaka, H., Toriola-Coker, L. O., Balogun, H., Ajayi, S. & Oseghale, R. (2023).
Extraction of underlying factors causing construction projects delay in Nigeria. Journal of
Engineering, Design and Technology, 21(5), 1323-1342.

Forrester, J. W. (1970). Systems analysis as a tool for urban planning. |IEEE Transactions on
Systems Science and Cybernetics, 6(4), 258-265.

Forrester, J. W. (1997). Industrial dynamics. Journal of the Operational Research Society,
48(10), 1037-1041.

Gardezi, S. S. S, Manarvi, |. A. & Gardezi, S. J. S. (2014). Time extension factors in
construction industry of Pakistan. Procedia Engineering, 77, 196-204.

Gashaw, T. & Jilcha, K. (2022). Design risk modeling and analysis for railway construction
projects. International Journal of Construction Management, 1-11.

Gebrehiwet, T. & Luo, H. (2017). Analysis of delay impact on construction project based on RI|
and correlation coefficient: Empirical study. Procedia engineering, 196, 366-374.

Ghamarimajd, Z., Ghanbaripour, A., Tumpa, R. J,, Watanabe, T., Mbachu, J. & Skitmore, M.
(2024). Application of systems thinking and system dynamics in managing risks and
stakeholders in construction projects: A systematic literature review. Systems Research
and Behavioral Science.

Golabchi, M., Talkhabi, H., Parchami Jalal, M. & Mirkazemi Mood, M. (2014). Modeling the
effect of external sanctions on contractor's claims in DB project in Iran. Journal of
Industrial Management, 6(4), 809-829. (in Persian)



Yb)wc\ib)sb&\i'VcW%ﬁM Yva

Gurgun, A. P., Koc, K. & Kunkcu, H. (2024). Exploring the adoption of technology against
delays in construction projects. Engineering, Construction and Architectural
Management, 31(3), 1222-1253.

Haarolasvadi, H. & Shahhosseini, V. (2022). A System-Dynamic Model for Evaluating the
Effect of Person—Team Fit on Project Performance. Journal of Construction Engineering
and Management, 148(11), 04022126.

Hoque, M. 1., Safayet, M. A., Rana, M. J,, Bhuiyan, A. Y. & Quraishy, G. S. (2023). Analysis of
construction delay for delivering quality project in Bangladesh. International Journal of
Building Pathology and Adaptation, 41(2), 401-421.

Khair, K., Farouk, H., Mohamed, Z. & Mohammad, R. (2016). Causes and effects of delay
factors in road construction projects in Sudan. International Journal of Applied
Engineering Research, 11(18), 9526-9533.

Khattri, T., Agarwal, S., Gupta, V. & Pandey, M. (2016). Causes and effects of delay in
construction project. International Research Journal of Engineering and Technology
(IRJET), 3(10).

Khodabandeh Shahraki, M., Razavi Hajiagha, S. H. & Daneshvar, M. (2023). Designing a
Robust Multi-objective Model for Project Scheduling with Limited Resources and Time-
cost Balance. Industrial Management Journal, 15(2), 223-243. (in Persian)

Khoshgoftar, M., Bakar, A. H. A. & Osman, O. (2010). Causes of delaysin Iranian construction
projects. International Journal of Construction Management, 10(2), 53-609.

Koirala, M. P. & Shahi, R. S. (2024). Examining the causes and effects of time overruns in
construction projects promoted by rural municipalitiesin Nepal. Evaluation and Program
Planning, 102436.

Li, C. Z,, Shen, G. Q., Xu, X., Xue, F., Sommer, L. & Luo, L. (2017). Schedule risk modeling
in prefabrication housing production. Journal of Cleaner Production, 153, 692-706.

Mohammadi, A. & Tavakolan, M. (2019). Modeling the effects of production pressure on safety
performance in construction projects using system dynamics. Journal of safety research,
71, 273-284.

Mohammed, S. R., Nagji, H. I. & Ali, R. H. (2019). Impact of the feasibility study on the
construction projects. In IOP Conference Series. Materials Science and Engineering
(Vol. 518, No. 2, p. 022074). 0P Publishing.

Mosalman Y azdi, H., Mosalman Yazdi, M. R. & Mohammadi, E. (2019). Delay determination
of subway construction project by fuzzy MCDM (case study, kargj subway). Amirkabir
Journal of Civil Engineering, 51(1), 143-156.

Naimi, H. A. S. & Alobadi, S. (2023). A Study of Construction Delays. International Journal
on “ Technical and Physical Problems of Engineering” (IJTPE), 15(54), 296-308.

Odedairo, B. O. & Alarjani, A. (2024). A System Dynamics Approach to Feedback Processesin
Project Scheduling. Engineering, Technology & Applied Science Research, 14(2), 13201-
13207.



YA S5 9 b (5 )leo o I3l 1 gl (SWaogeyy 53 3T BT (ouw 2

Owolabi James, D., Amusan Lekan, M., Oloke, C. O., Olusanya, O., Tunji-Olayeni, P. &
Owolabi Dele, P. (2014). Causes and effect of delay on project construction delivery
time. International journal of education and research, 2(4), 197-208.

Panahi, A., Ghasemi, M., Moghadam, H. & Bagheri Asl, R. (2004). About the budget bill for
the year 2005 of the whole country (18), an analysis on the credits of capital asset
acquisition projects, Parliament Research Center, Tehran. (in Persian)

Parchami Jalal, M., Hosseini, S. H. & Forsatkar, E. (2007). An analysis of time and cost change
factors in dam construction projects and the influence of employer, consultant and
contractor in it. The Third International Project Management Conference, Tehran.
(in Persian)

Paz, J. C., Rozenboim, D., Cuadros, A., Cano, S. & Escobar, J. W. (2018). A simulation-based
scheduling methodology for construction projects considering the potential impacts of
delay risks. Construction Economics and Building, 18(2), 41-69.

Pham, H. L. & Le, N. T. (2020). Apply System Dynamic in Resolving the Dispute of Time
Delay in Viet Nam Construction Project. In ICSCEA 2019: Proceedings of the
International Conference on Sustainable Civil Engineering and Architecture (pp. 835-
847). Springer Singapore.

Project Management Institute. (2017). A Guide to the Project Management Body of Knowledge
(PMBOK Guide) (6th ed.). Newton Square, PA: Project Management Institute.

Ramachandra, T., Rotimi, J. O. & Gunaratne, S. (2014, September). Reasons for contractors
delay claims failures in Sri Lanka. In Proceedings of the 30th Annual Association of
Researchers in Construction Management Conference, Portsmouth, RI, USA (pp. 1-3).

Randers, J. (1997). Elements of the system dynamics method. Journal of the Operational
Research Society, 48(11), 1144-1145.

Sabzehparvar, M. (2017). Educational and practical reference of project management and
control by step-by-step method (24™ ed.). Tehran: Termeh. (in Persian)

Sambasivan, M. & Soon, Y. W. (2007). Causes and effects of delays in Malaysian construction
industry. International Journal of project management, 25(5), 517-526.

Sears, S. K., Sears, G. A., Clough, R. H., Rounds, J. L. & Segner, R. O. (2015). Construction
project management. John Wiley & Sons.

Selcuk, O., Turkoglu, H., Polat, G. & Hajdu, M. (2024). An integrative literature review on the
causes of delays in construction projects. evidence from developing countries.
International Journal of Construction Management, 24(6), 610-622.

Shakeri, I. & Ghorbani, A. (2005). Project management and understanding the main causes of
construction project contractors claims, The second International Project Management
Conference, Tehran. (in Persian)

Shakeri, 1. & Musa Khani, E. (2012). Risk and claims management with contractual
considerations. National Construction and Sustainable Conference, Mashhad.
(in Persian)



Yb)wc‘ib)sa&\i'VcW&-&ﬁM YA

Sterman, J. D. (2016). System dynamics. (Keivan Shahqolian, Alireza Solukdar, Alireza
Bafandeh Zendeh, Shahram Mirzaei Daryani, Ahmad Aslizadeh, Trans)), (5" ed.). (Date
of publication in original language 2002). Tehran: Termeh. (in Persian)

Tawfek, A. M. & Bera, D. K. (2022). Delay in Construction Projects. Types, Causes and
Effects. Chief Editor, 184.

Wang, M. T. & Chou, H. Y. (2003). Risk alocation and risk handling of highway projects in
Taiwan. Journal of management in Engineering, 19(2), 60-68.

Wasfy, A. & Nassar, A. H. (2022). Delay analysis methods and statements in construction
projects. International Journal of Project Organisation and Management, 14(4), 431-451

Xie, H., Zheng, J., Zhang, Y. & Li, H. (2019). Effects of payment delays at two links in
payment chains on the progress of construction projects: system dynamic modeling and
simulation. Sustainability, 11(15), 4115.

Zahediseresht, M. & Khosravi, S. (2017). Project management and control, (2" ed.). Tehran:
Negha-e-Danesh. (in Persian)



