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O ABSTRACT 0O

Subcontractor selection process in industrial projects is one of the most important decisions
in industrial project management, and insufficient attention to this such process may cause
some major threats to a project. On the other hand, construction companies produce a huge
amount of data that is distributed across many databases, which are not used to support
these kinds of decisions for future projects in this company

In this research, a data warehouse was designed which is suitable for construction
enterprises that are specialized in industrial projects by using the operational databases of
its projects, including planning information and executive details during the life cycle of
previous projects, and use it to organize, understand and use data to support subcontractor

selection decisions for ongoing projects and the projects which will be constructed in the future.

The dimensional model was designed according to the requirements of construction
enterprises and the available data. Online analytical processing OLAP has been applied
which provides a suitable environment for direct queries and produces required reports that
help to support construction management decisions and evaluate the subcontractors for
each type of work. Data mining technique has been used to forecast the delay in all project

systems based on the chosen subcontractor to execute these systems.

Applying the proposed methodology and using business intelligence techniques will
improve the quality of subcontractor selection decisions, and hence the economic
performance of construction enterprises using the proposed data warehouse and its
feedback process.
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st il Ll Sllee 3 bl aed b blal) ol e 33N Ak sl Ayl Ll £ 3 gianal
pmad) L) £ e Slafa Sl (OLAP) 332kl Allatl dallad) Gk DA e duelicall apjlial
Ciladl GLESY il o8 b il il slaie) A (e (g5al) Ul gl o aliie¥) siauss LS
ol e i S 3t By ) (DI (e gl gl LS Adee (st 20l illy 4ugsl
Tganl) AN Ay il Ge il cil o) Aol dllyg a8 Gl Cngaial) Cass g sial)
Juall A Luail) Ll (1) IS8 (s daninal

Jaad) LY Luaddl) Jabadall (1) Joil)
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:(Artificial Neural Network) ANN 4aial) L) el

: (Network Topology) 4sual) 4y

Dbl gzl AY)y Adally JWaY) Glida o 58 (Dlissanll) Aallaall Sliag e 20 e A4 ks
e U Ja) Fide e Ly ALY slaily ALl Aaaal) il Apmiall A spanl) ASEN ) AR bl
b Aaa)lsa Wl (e duanadio cuyti Glbapld PA e A8 (i 2y (2) JSAN LS Al
zll oo Aule e 408 Gy cua Back Propagation Algorithm (BP Algorithm) Uaall sl
wd Jad did ) oAl Ak e Gl Uadll e 5 Cangd) mally usmadl Al G Ul Gl g
dallas & 4S5 & (smanl)l Jee 401 padliy coSes Wad B e Jpasll 0h) Jawd b aaladid
Gas b bl dale Ll Giliags 35)sal) DA wend 5 W (e (350 leie IS copen DA (e DA
cGgmanll A Jidi 3amg dad ey Activation Function jsuasll jald Juedi ol bl e (@aday &
oo ol cilaglee i sale) &5 e cAiagiudl bl z3saill mb 43lhe Gpb oo Uadll Clua oy L
s (3l Gan Uadll maay in 48U gl JIS55 oys¥) Cuaats A8 Pla

Hidden Output
Layer Layer

Qutput

\:( §
aaill de ganas Training Set cupxil) de gene legane SO ) A (i o U Aaliall bl ans
Al sl sl Cupaill desens Uad aadiny GuaTest Set HLidV) degesss  Validation Set
Oe 23me 22ad L3V Uadd) 13a Tay Levie Cuppail) ddee GaleY (3iail) de pene Uad addiig Loy cliladVls

Aalaa) 3l A5yl aadind HLEAY) de seas Ua W d)al) sl

s&agl) Jaly

Gyl b Abagioall A4Sl Al gy liiall cilily asans —Yl

G ASAN o3 (et Cua (a1 8 Ay AlaS MAPNA-MD2 48,50 45l apyliall iy cudas
&Y Geliiall gl Biles saaaiall A8l e dyhall Al cllase ks elilly Auigd Jlas
o A8 datiidy dpadlly lede dpall Sldly badill ayliie pphily 26 ) A8LaYL slall dulats o LyeSl
S Sl graaie (e dindy Ol el adg Gl Agleinl] 5yl skl %50 Ay daas
Al daldl & A5l el sl SIL
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tpe s ) AGEN U8 (e dnenall Gl a5

lest L Primavera P6 4y & 4338l 45,8 aplie clily 2o Jadiis :XER diuay clile o
o el Al aplaall of N 5LEY1 jaady ¢ AEN alial Lol Jaball 4Ll L) aelgd
«(EPC) Engineering Procurement Construction auii—a)s-dusia ajlie g5 e o duball Al
aeld oladii) 23 ally Primavera PO 4w 8 daally shaial) AGlll apliall 4l (1) Jeaall edas
el Ul g3 dise ey 3 Lgilily

eobiadl A cilgally MD2 3856 gl dualal) clill) sl Jadiy :XISX digay Jslan .
el apl) ) Wl Akl bl claagly pakll Al asilly Gusl Guesidly sl
Jsiadl selags (8IS gLl sl 550 DA @l AN Ll (o s (S Anlly Clpseadll (533505 (pp2gatial
O3 (3) sl Leday WS .MD2 A58 ayyliial ugilill aagaialls Aalal)l clibd) e l@ (e eia (2)
i 2y Cum AN ALl e and UK il ZEL aplial) B sl pagatiall dpedl) Cilag@ll Jsaa
a3 pally Sl Jahadl) and — i) KAl and JS U8 (e she Ao S paphe OS (3 Ognial
Pl e Al gplaadl K& e dpedll ol clilee cady WS L (s25ally oSaill iy — LS5 oY)
el I Jleed gl Ll s ) ddla) dpedll Jead)l a3 ol A iSNV) Jglaall )i
di Glly amll Zgledll Jglaall ) el IS Aalall sl &8l el sale) & oy «Primavera P6
gosial Al Ldail) Laojl) Aladll (e eia (3) JSE jelayy ) Ll pagiee b Lealadia)
ol e dgyedl) aill cilblee Sl aay (Kahnuj Power Plant)

Aal) Alla b Al g liial) Aadlh (1)J g2

Project. project

ID project name short name  Country City

1 Al Sadr Simple Cycle Power Plant SSCPP Iraq Baghdad

2 Chabahar Gas Power Plant CGPP Iran Baluchistan

3 Heidarieh (Najaf) Power Plant HPP Iraq Najaf

4 Kahnuj Combined Cycle Power Plant KCCPP Iran Kahnuj

5 Kashan Gas Power Plant KGPP Iran Kashan

6 Kermanshah Zagros Power Plant KPP Iran Kermanshah

7 Semnan Gas Power Plant SGPP Iran Semnan

8 Yazd Combined Cycle Power Plant YCCPP Iran Yazd

9 Soltaniyeh Gas Power Plant SGPP Iran Zanjan

10 Khorramshahr Gas Power Plant KGPP Iran Khorramshahr

11 Sanandaj Gas Power Plant SGPP Iran Sanandaj

12 Isfahan Il Combined Cycle Power Plant ICCPP Iran Zavareh

13 Urmia Gas Power Plant UGPP Iran Urmia

14 Shirvan Combined Cycle Power Plant SCCPP Iran Shirvan
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15 Shahrud Thermal Power Plant SPP Iran Semnan
Number of activities 32515
MD2 4Sd g jlial ¢y gilil) Cpagatially dualid) cililyd) aoigd e g5 (2)Jdgaad)

ID Name Nationality Country City Address Type of Work
NASB- Iranian Iran  Tehran " OB0x 14150-1164 No.14, 3rd Construction
NIROO Alley, Tehran

2 TUGA Iranian Iran Tehran Khoddami St., Vali-e-Asr  Electrical & Ele_ctronlc

St, Tehran Manufacturing
3 PARS Iranian Iran Tehran Pakistan St., Beheshti Electrical & Ele_ctronlc
St., Tehran Manufacturing
NIROO . . Electrical & Electronic
4 TRANS Iranian Iran  Tehran Varamin Rd., Tehran Manufacturing
5 MECO Iranian Iran  Tehran Azar St., Tehran Electrical & Ele.ctronlc
Manufacturing
6 Iran Transfo lranian Iran Tehran 25th St., Gandi St., Tehran Electrical & Electronic

Manufacturing

ASHal) aluddl (pa ped (IS Lpaaily Aglad) o Uial) (B (o gill) Cpngatiall gygadd) anill) Jsia 0oa g3 (3)J st

Sub- Project
Contractor Month Project Client  Technical control HSE Quality
ID (AD) ID ID Evaluation evaluation evaluation evaluation
1 1 1 1 90% 85% 89% 84%
1 2 1 1 80% 85% 82% 87%
1 3 1 1 70% 85% 82% 78%
1 4 1 1 75% 85% 86% 78%
1 5 1 1 90% 85% 82% 93%
1 6 1 1 80% 75% 75% 80%
1 7 1 1 85% 90% 90% 82%
1 8 1 1 84% 80% 80% 78%
1 9 1 1 83% 85% 85% 92%
1 10 1 1 90% 84% 84% 75%

.
L
|
5
|

=
L .
=

NIk Wiy

ESERRFREERNREREREERODOREREDDS

(Kahnuj Power Plant) g yial duiadl) 4da3l) dadll ¢ g (3) Joi)
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:(The Multidimensional Model Design) ) Jagall azauas — Wil

Jasall 13a ol dipla Calids S (JleeY) Gilesanas lalia¥) aoad e ol ol Josd) s
8pdla Byseay oy el lly (Chaovalitwongse, et al., 2012) & dexiiid) dsplall e (gand)
aiilly Gaill by e # sl g aginall i)l sleY) & gun 8 lelaall i vie 26N iy e
O (8 el ARl Jolan ol @ & ey (B pealide Aaeay Gl aaead 5 Cun ABlu) aliall a3l
bl JS 48 (as Al Gl gy dagall Jgaa 8 JleeY) Sladl e spamall Al Uil G580 &
ags JgaaS iy el Adaally oY) Jlan sldie) & a5 cclilll £ agine 8 Ly Jaliia V1 ol Ayl
@ Gy Al Jglas oay el Jglaall (e waally Jolaadl oda Lasii cpn 8 copliy sl g2 ginall
Qiasal (4) JSEN sedayy Loty qubisally Ctemially cuaypall JlaaS caendl) il dguagl) Gailiadl
og siall araa A saldie] o gl (gl

. Project
Performance
\\ /

I'racking

Subcontractor i \\\ A

d Performance
Subcontractors \
-Systems \

\
\
Suppliers \ \
Systems \ m

\

System \
Performance

Supplier
Performance

i) £ i Jal€l gl aranaill alal) bial) (4) JS)

/
/ /
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A ) g bkl lild) @ 3 g Ly — NG

& At s < Data Source <ililll jaas ¢ Ll SQL Server 1) drasall bl aeld o
Maly diial) Jylan aadati 5 38y Ul e il ) Ygems 23l Qs (e WU Qs de yu
UG Pl o @Dty Jpasll dejun mend Allg Star Schemas sl Gllabaall aladiuly AsLu)
23l i Al L) & 3 gise A (5) SN (s Ape Algphay Lebilaty L) daalye 23lSaly clilall 3p02)
Pl Jealiil) DS gle el dpeliall apliall Glildl Sledgive ol dale LS laoldiel (Ko @3l
el apliia (e pe e bl o Suai (Ally 4y palls

E D Calendar
&8 cahnds 10
werking Deys in Morith
& Duratlion 1D Hoss per Day
Project ID Hisiderys
Calendar 1D
Morkh (AD)

i Fect System Performance

System Name
Chert 1D
Caandar 1D
Aopt 10
Diday %

weslhey s Descrighion

Iensaty of Ran

E Fart SubrConeactor Parfor...

&0 Corractor peefirmance.. & @ Sr-Cotractor 1D
Sr-Contractor 10 SatrCoriractor Name
wroject 10 Nty
Tedvicd Evaudlion Coxtlry
Prajact conledd Evabuation Cy
HSE Evalludtion Address
Quaily Evabuation Type of Work

Lype of Projact

Marth Rearks

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
169



Tishreen University Journal. Eng. Sciences Series € 2023 (5) aasll (45) alaall Zavaigl) aglall . 050 daals dlas

1Bl gl

aasaal) Slll) £ agiva o 8pdlall i) datleal) —lay),

e il ehals et Allad 310w ) ez sl bl ¢ agiee o bl Aldatl) Aalleall e Coagy
OSar Lee it plalie o JleeY) Gilia e 5l ol Go (Sa Lee ey (e JS3 il el
kil Slas) 8 saasal) Gl e Uad) (e 0ysn Jlisy GLIKEY) aualse Ajae o Sl Claal
pai 3 £ 5siall 5yl el Leo cAladll CaaSe o Afinll 3l o3a 8 5yl Abdal) dallaall ok Sia
O Alie (6) JSE edays wpgpiall ddad Japal JieY1 bl JaSly e O A sgas Aaa) aplial)
Ok babadll jelay Cus damll 8 A,y Al Jleed cpliiall sl Cpagaiall @il Lo gia
clypalill Jas e Jil JlaeY) o3l Wi 5 daail) ddaal) Lali e Laliill culS il < TUGA 48,5

Average of Execution Delays by Sub-Contractor Name and type of Work

type of Work @ Electrical & Electronic Manufacturing
bary

10¢

0
0
a
| I I I
a0
0
Nirow Pand W lran Beck S
Group Casplan  Transfc  Afzar  Tewwd Pap

Avarage of Execution Delays

Ca MECO  FARS Sate TUGA
Datery

..... NIRDD  Artin yar  NIRDO ble  Mapna
Tuch TRANS  Albovz-  Boller
ca wTP

Sub-Contractor Name

M) b AL Cua cha g Y5 Al gl JlaeSU gl Cpagaial (s Ayl (6) JSal

o Aaalill ) i e s Y15 A0S Jlae S il Cpagaiall G Ajlia (7) IS el LS
o Bl Bgall Cilll i Jedl e 5,8 cpspnidl ST o Jalaid) el Cun cdpall Cog il il
Sheads deiall il sae o Aacialy 530 ans Lea cpall oyl (e el bl o Ji 45,
sesie pliad Aglyl Jom )80 515 A pess pals Lew Cigplall 818 3 Ceall Ay peall ilejbivad) B8l

A g g il e g5 5 adge S Jla b S ol
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Average of Delay caused by Weather by Sub-Contractor Name and type of Work
type of Work ®Blectrical & Electronic Manufacturing

Average of Dchy caused by Wulhor

Beck Facal bangyer  NIRDO an NADO A e MiCO Cabide Mo TUGA
wis Alsw Conplen TRANS  Toamfe Paje CO Aoy Lﬂ— Growy
wir
Sub-Cantractor Name

Lgal) cigpBlL Sl e Aaall) chpalil cus g £5g S AuiligSh JleedU (gl cpagaiall o A5l (7) S

JleeBU Ay elldy dgall) ddadll o Cibadl Lo Jiasy Al Ghlid) ST o A3l (8) JSal el
Water ) dihic & 2aba) apliad) P alill cica s ) Bllidl ST o Jabadall jeday Cum (AS0lS0al)
Lee ¢ ASpaall cligaill S5y bl Jleel w8 bl w38 Jias; (& Steam Cycle Island

Al apliadl 8 Jlee) o2 305 Alle 3elS (553 (agatiag (a3y5e ae Bl e 385 ) e

Average of Total Delays by island Name

40
120
w oo
>
i
-'i "0
]
~
i <0
s
< w
20
0
Woater & Turtiow & Main & Funl Supply  Blectricad Woater Cantrol Canvers! Mam & fslancs OF
Sream Ganerstor huni Aus Island Intand L ynn, Sypdy irlana lana Uiy Plant istarnd
Cycle laland  Ialantsd (MRSG) Cocling Pewer talarnsd iang Trmrwtfoee
Ialanst Supplyl Mlanet
island Name

SISl Jlae S Apuaily Al (e iladl g Juany 30 (shUal) S ¢y 43)l0a (8) Jsil

Je¥) dan & alll i e (Turbine System) Uail udindl cpagaiall (s 45lae (9) SN el
Aty Gl L bl b doas 4550 Ji 4 Alaa Niro 48,0 of Jabdad) (s S0lSualls 4l 5<0)
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Gl g il Led Jas 3858 B & TUGA 38,0 cuilS a8 ccliial) alas b 3800l JlecY)
Al a3 Al el JleeY) iy
Average of Execution Delays by Sub-Contractor Name and type of Work

type of Work ®Electrical & Eectronic Manufacturing * Mechanical Or Industrial Engineering

Atmosphaere
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Average of Execution Delays
LilSually Al sl Jlast) 35 & AL Eua ¢ (Turbine System) aliil fiial) cagaiall ¢ 4d5a (9) Jei)

Cun e Aimae Jlee il sl Gaeaidl G 3D JaY gl cuSe e pDlaia) Guliys
Cin e Aol JleeBU Gdind) (pagaiall (pn Lad Ajlie (10) JS8) G Aadlly a1 aclsiy L5
g clal g€l s (Imen Pars) 48,5 of Ll el us o(HSE) Adlully (a¥) aclsiy gl
aril L i€ apii ol e (Payand Paya Parseh) iSys cilaa g 8 dAdludly 0eY) cillalaly

Al JleeY) Sl 480 we dlail) b sae e Adlully e and JE (e Gl Gaagaial

Average of HSE Evaluation by Sub-Contractor Name

. 4
«

[

Rawgh Ara Enginesting Ca
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FAN GENERATOR IND. CO.

Pars Seahiar Induntrial Group
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Average of HSE Evaluation
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2l oo SLCP 2 4 ol (A el okial ddee sl

acdl AU Adpealy losleall e Jsmanll DA e e S8 el Jilaill ¢la) dilad) byl m
LA pibia 48 anay ki (335 Aiye s Bpdliag Aagp Alphay (gl Cpagatiall HLEAY AU )l
ral) Uld) £ 3 giaal 5ydilial) Abdac) Aptlaal) cilase clily (o el

PAA (e Adige dadia Gliln jolias (jaa da g 3o Gilagles aliSin) ) cllal) e csil) il Caags
bl e casill Aad GaSiy Jaieaally 3atl) o L5l Akl clgisy Agyma e (A5 38 A3 Llaf lay
Jiadlly Gann Loy il AlSaly oumlall (B o L) Cipan s agh

sda (saaly Aymall oLyl dal e A1 el Al e ylsal) (e el UL e sl aadiiay
dadzall bl alias ) iVl Jafially 5ol ddee 3 laysal Lpnieall dyuasl) GlSl o Sl )il
Akl e alat J9 Aawilly gl Cpagnial) ool aSd bl g ) Jivge Gudai wass (A3
dlee Gl 8 anliy Lee g piiall Aalil (he alas IS 8 adgiall palill laiey Ll sl JaY o)l
sl dalail pe sl JSI pagaiall i)

A Glajiag EDAL paas

Al LS Dl il aladiuly Slaiu) eledinl DA o Gl gagius Glily e sl alaiinl &
pdlia) & Ally cpddiall gl cpagatiall ) A8yl alsill ggig pgpdiall gg0 dlde) L a8 A )
A (oo Aeaiindl) ML) cilill) sxe &l a5 AN Ay gl Apaal AU3Y {1-0} A5 i shnds
B ) Ay bl Gl ey bl 3y e 1223 lajladly

2e e dilig slaely o guae Gl 300 sl o35 SQL Server 2y A bl e il #hgai ol
Kb il pallly sl Cua e el duadl daad ) B Al laaY didd) Aadal) Clisuac
el sl Cpagiall (e desene JLoa) Aai \@eas adgial) el B e peai ar lae ol
Al apyliiall Cagaiall HLas) Agdee Gauad b D ¢ lis ac L LgalSal 3100 aysay IS8 dleall 238
3l 5lany Yy (Baseline plan) g piall dgma ) ddadll oo 3il5 Loy g pial) aludl (o and (<0 dpually
383 e @) ol e il Jlea) e %30 JSl HLAY) A aldie) & 8y e pdall Aadl dladads)
o5l o5 Al sl

ypaaily ACa) Jal Al Aeedle e JLEAY Aglas) bt aladiu) & Gl z3sad) ol 3lSlaal
A AR axys (RMSE) Uadll aype dawssiad il Hdad) aladiad o s oAy <Y1y JuadY) 2 Sl

RMSE = |==—F——

:L'j IITEN

Wt oy Jawssial xmsill H3all :RMSE
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MAE
Lpanll Dl il Glhd) Uadll Jasgies Uadll aope Jawsgiad xniill 3l 0 (4) Jsaall edays
LAaadd) Al Giligiac e ey Gl e el CaSal gl Al ggﬂ\ Lziall

_ =¥oi-pil

Wby a5 (A ) @ 3lald o) s ulaa (4) Jsaad)

RMSE MAE
Al pB Andsal dBudal) il guas A (Uil & je o gia )33) (Gt Uadd) Jaui gia)

1 2 0.274 0.2107
2 4 0.2666 0.2048
3 6 0.2795 0.2208
4 8 0.2741 0.2094
5 10 0.2864 0.2268
6 12 0.2713 0.215
7 14 0.2862 0.2226
8 20 0.273 0.2132

IS b Aadgial pall) duy sull ool Juadl 4 g5ls L dead) Akl Gligac sae A A ke
(MAE) laall Uaall o sia s Uadl) iy Jaws siad (RMSE) aasill j3all ad Jib g g piiall Gkl (e allas
il S BLENT elsh Cus Guplill aeaiall Al bl pe il Lalda (11) JS& s
IS (A Aadiall el ol Lo gl s 0 il 383 e 03 s (53l (STl AuBN AAESY 2y Aadgial)
ol AEaal all ae AL e plat 2] aa)lad) W cpdl Cpagaiall Ganey g pdall dalail e sl
bl e Aalall sae 3 adgidl bl sl daEdl Al a3 el ey LAuhal) Alal dualy el
ol s sl o gy Leillad Aa i) Al cidl Aadal) o3¢l (il (pagaiall HLEAS Sa g pial)
& Oonll Gpaexial) [las) ddee b LA g lia aeliy Lae s 483 gyl Aalail (g i ) and S
el Akl (pe allay JS 24

Date Mining Scatter Plot for Mining Struchsre:. Sub Contractors Network

1.5 . -

- *
02 o o2 o4 Q6 0.8 1 1.2 14 1.6

Actuval Valee

Sub Contracions Net [Soove = 1 14] laeal Predictior

sl Cagatiall A il (e Gyl ki (11) Jdl
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el paead DA e G linal) apliially daadiall sl GISE 2Dle Gy g gt o by i) 14 4
hae S SQL Server Ay (& gaml) z3gaill aladiul Adlidse jaua jilas 8 ARl dyslhall clibyll
b DDl g lical A jae 53018 oy50 e hagleall o Candl &Il Jladll Qi e habs e (5300 lily
23 iy LS L lly saliily IS A (sine o Lpats I AL cliliaY) e Stad 35,0 513
shall Ll & 3l (sl Gugaiall e e (OLAP) §yilad) Zbiatl) dallaall (3aad ddia ) 435
Gilaglaall o Jpeanll Zygllall ciladlaiul] Slas) e oSal Lee e IS8 el Jdaill hals e Al
By Pl andi ae Byl dagye Al Guslll Guagatall HLEAY AU CLLA acal A1 Ad el
sall 55alal) Aldanl Aalleall laSe UL e ol pladiud &5 My L LAl ala 4e ) Caway Gillalads
Il aladiuly il 1) Cpdiidl Gagaiall Cuumy gapiall dadiil e allan JS 8 Al Al Ay
gaiall duasl)

£1S3 @lgaly il lS5a) Gll) Gled i aladind Lpeal Jsa bl Auhall o3a 8 aiall mgid) 13 IS5
Lad 4,80 dglaY) lpad) DS o AN aed 8 )50 daaal DA (e Leudsi ) dnsill 8y 05 JleeY)
Sliices aas alyally Slady) ad apylially Gl

t@luagilly claliiiuy)

foly WS anll claagilly cilalimny) (adli

elid) 3 cpagaiall LAY bl aco Llee B age oo Alle el o5l & A gl il -
el Gatinall G Cpagaiall ey g5 piall dadail (e ol JS 8 sl oy sl DA e L linal)
i < Aalall JleeY) 2w cpagaiall [lid) AalSe) hall g lial i les e anily il (e ol (S
30 8 el Cpaganall oWsa oY AaLu) bl o adiad 8yseays (3 JSE £l dedail e i
Agiedl) Al Cahad) Adldial (gl s Jld OS5 bl Lee cdildl apliiall 8 dgslie dakail Jlec]
grasad) dlaal) e

Cileasine ¢l Jlas 8 duavaiial 260 cluhall 6 agde alae¥ls (i gita) geiall (e saln) AplSa) —
Juaiiy dpad ST paad ) Jseasll dilia) SLilSe) dalil dpasill po dpiil) IS8 ¢ sl 28K L)
Uawial) A aeal Jlaall ey Lae SUlall g agine b leisaaly andill Sl e 3isall Jalsall 48lS)
cal) ayliial agilly Tadadtll cililee il

a5 P Ge i) A6 el grieal o Link ) asgilly da i) dagiall sldie) By -
dagall Jghaa ligines z3selll alad aand 2 e lgie bl (adlaiul S ) Gl ol de gens
A8 aplialls Gl Lad A,80 A)aY) Slsad) BS e 1 aes b L)sas Whaal Cuan @llys cdapl) (s
Ail) (lSal AL plially Alagye Clly Sled e JES Gob oo @by Sl bias Jyally Slady)
JaY il e il b slae) ) dlaayl spabad) blanl dslbedly JleeY) 183 cilgal alaaial )
daal 5l ) g Lee A58 (8 Baagl i) DLl Cabide aedl shad) Ll aladly i) gl
il apliie Jixl i (e Jliy g dliinal) ag)liall

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
175



Tishreen University Journal. Eng. Sciences Series € 2023 (5) aasll (45) alaall Zavaigl) aglall . 050 daals dlas

References:

1- ALSUGAIR, A. Framework for evaluating bids of construction contractors. J Manag
Eng, Vol. 15, No. 2. 1999, 72-8.

2- BOTHA, L. J. Data Mining Construction Project Information to Aid Project
Management. Master thesis in civil engineering. Stellenbosch University, 2018, 139 p.

3- CHAU, KC. Y.; ANSON, M. and ZHANG, J. Application of data warehouse and
Decision Support System in construction management. Automation in construction, Vol.
12,2002, 213-224.

4- CHAOVALITWONGSE, W. A.; WANG, W.; T. P. and CHAOVALITWONGSE, P.
Data Mining Framework to Optimize the Bid Selection Policy for Competitively Bid
Highway Construction Projects. Journal of Construction. Engineering and Management,
Vol. 138, No. 2. 2012, 277-286.

5- CHEN, Z. S.; ZHANG, X.; RODRIGUEZ, R. M.; PEDRYCZ, W. and MARTINEZ, L.
Expertise-based bid evaluation for construction-contractor selection with generalized
comparative linguistic ELECTRE Ill. Automation in Construction, Vol. 125, 2021.

6- CHEAITOU, A.; LARBI, R. and AL HOUSANI, B. Decision making framework for
tender evaluation and contractor selection in public organizations with risk
considerations. Socio-Economic Planning Sciences, 2018.

7- DEMIRKESEN, S and BAYHAN, H. G. Subcontractor Selection with Choosing-By-
Advantages (CBA) Method. IOP Conf. Series: Materials Science and Engineering. 471. 2019.

8- DESALI, V. S. Application of Decision Tree Technique to Analyze Construction Project
Data. Communication in computer and Communication Science Vol. 54, 2010, 304-313.

9- EDDIE, W.; CHENG, L. and LI, H. Contractor Selection Using the Analytic Network
Process. Construction Management and Economics, Vol. 22, 2004, 1021-1032.

10- ELAZOUNI, A. M. and METWALLY, F. G. Decision support system for
subcontracting construction works. Journal of Construction Engineering and Management
ASCE, Vol.126, No. 3. 2000, 191-200.

11- FACHRURRAZI, F.; HUSIN, S; MUNIRWANSYAH, M. and HUSAINI. The
subcontractor selection practice using ANN-Multilayer, International Journal of
Technology, Vol. 4, 2017, 761-772.

12- HASSAN, B.; NAJA, H.; BALOUCH, A. and MAKKIAH, S. A Decision Support
System for Construction Equipment Management Based on Data Warehousing Technique.
Tishreen University Journal- Engineering Sciences Series, Vol. 34, No. 2. 2012, 203-223.
13- HATUSH, Z.; SKITMORE, M. Evaluating contractor prequalification data: selection
criteria and project success factors. Construction Management and Economics, Vol. 15,
No. 1. 1997, 29-47.

14- JRAD, F.; MAKKIAH, S. and AHMAD, A. Developing a model for optimizing the
allocation of labor resources in construction projects. Tishreen University Journal-
Engineering Sciences Series, Vol. 41, No. 3. 2019, 447-466.

15- KIMBALL, R. M. The data warehouse toolkit the complete guide to dimensional
Modeling, Wiley and sons, U.S.A, 2002, 447 p.

16- MAKKIAH, S. Forecasting the Estimate Completion Time of Syrian Building Projects
Using Earned Value Management and Artificial Intelligence. Tishreen University Journal-
Engineering Sciences Series, Vol. 43, No. 2. 2021, 41-58.

17- MAHDI, 1.; RILEY, M.; FEREIG, S.; ALEX, A. A. Multi-criteria approach to
contractor selection. Eng Construct Architect Manag, Vol. 9, No. 1. 2002, 29-37.

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
176



el (A ol Gkl e i) Gl aladiuly Leliall apliall & ol cpagaiall ) lee st

18- MAYA, R. Proposed Framework for Professional Management to Syrian

Construction Projects. Tishreen University Journal- Engineering Sciences Series, Vol. 42,
No. 4. 2020, 25-40.

19- MERROW, E.W. Industrial Megaprojects. Concepts, Strategies and Practices for
Success. John Wiley & Sons, Inc, Hoboken, NJ, 2011.

20- MBACHU, J. Conceptual framework for the assessment of subcontractors eligibility
and performance in the construction industry. Construction Management and Economics,
Vol. 26, 2008, 471-484.

21- MOON, SK. J. and KWON, K. Effectiveness of OLAP-based cost management in
construction cost estimate. Automation in construction, Vol. 16, 2007, 336-344.

22- MORKUNAITE, Z., KALIBATAS, D., & KALIBATIENE, D. A bibliometric data
analysis of multi-criteria decision making methods in heritage buildings. Journal of Civil
Engineering and Management, VVol. 25, No. 2. 2019, 76-99.

23- NASAB, H. and GHAMSARIAN, M. A fuzzy multiple-criteria decision-making model
for contractor prequalification. J Decis Syst, Vol. 24, No. 4. 2015, 433-48.

24- OMRAN, J.; JRAD, F. and ZAGBOUR, H. Developing a Program to Prevent
Construction Delays in Syria. Tishreen University Journal- Engineering Sciences Series,
Vol. 29, No. 3. 2007.25- OMRAN, J.; JRAD, F. and ALHASSAN, B. BIM Model

Oriented for Maintenance Using Visual Programming & Knowledge Management.
Tishreen University Journal- Engineering Sciences Series, VVol. 40, No. 6. 2018, 327-344.
26- PAUNA, T.; LAMPELA, H.; AALTONEN, K. and KUJALA, J. Challenges for
implementing collaborative practices in industrial engineering projects. Project
Leadership and Society, Vol. 2, 2021.

27- POLAT, G.; KAPLAN, B. and BINGOL, B. N. Subcontractor selection using genetic
algorithm. Procedia Engineering, Vol. 123, 2015, 423-440.

28- RONG, P.; LIU, G.; AN, P.; QI, X.; WANG, Q.; YUE, C.; ZHANG, W.; ZHANG, H.
and DALI. Y. Construction and Application of Data Mining Model of Unit Scale Cost of
Electric Grid Project. IOP Conf. Ser. Earth Environ. Sci, 446, 2020.

29- RUJIAYANYONG, T. and SHI, J. J. A Project-Oriented data warehouse for
construction. Automation in Construction, Vol. 15, 2006, 800-807.

30- SARKIS, J.; MEADE, L. and PRESLEY, A. Incorporating sustainability into
contractor evaluation and team formation in the built environment. J Clean Prod, Vol. 31,
2012, 40-53.

31- SINGH, D.; TIONG, R. Contractor selection criteria: investigation of opinions of
Singapore construction practitioners. Journal of Construction Engineering and
Management, Vol. 132, No. 8. 2006, 998-1008.

32- ULUBEYLI, S.; KAZAZ, A. and ARSLAN, V. Decision Criteria for Subcontractor
Selection in International Construction Projects. ICOCEE — CAPPADOCIA, 2017, 2652- 2665.
33- WATT, D.; KAYIS, B. and WILLEY, K. Identifying key factors in the evaluation of
tenders for projects and services. Int J Proj Manag, Vol. 27, No. 3. 2009, 250-60.

34- WANG, W. C.; YU, W. D.; YANG, I. T.; LIN, C. C.; LEE, M. T. and CHENG, Y. Y.
Applying the AHP To Support The Best-Value Contractor Selection — Lessons Learned
From Two Case Studies In Taiwan, Journal of Civil Engineering and Management. Vol.
19, No. 1. 2013, 24-36

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
177



Tishreen University Journal. Eng. Sciences Series € 2023 (5) aasll (45) alaall Zavaigl) aglall . 050 daals dlas

35- WILLIAMS, T. P. and GONG, J. Predicting construction cost overruns using text
mining, numerical data and ensemble classifiers. Automation in Construction, Vol. 43,
2014, 23-29.

36- ZAKARIA, N.; SHAHARANEE, I. N. M.; JAMIL, J. M. and NAWI, M. N. M.
Assessing Stakeholder’s Credit Risk using Data Mining in Construction Project. Advances
in Environmental Biology, Vol. 9, No. 5. 2015, 67-70.

37- ZHANG, S.; ZHANG, C., and YANG, Q. Data preparation for data mining. Applied
artificial intelligence. Vol. 17, 2003, 375-381.

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
178



