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ABSTRACT: With the expansion of the global application of building information modeling (BIM)
in the architecture, engineering and construction (AEC) industry and the benefits of this approach to
everyone, the application of this new method in many countries, including Iran, is facing many obstacles.
Therefore, one of the necessary actions to increase the adoption and implementation of this new
approach in Iran is to study the obstacles and challenges facing it. In this paper, using a questionnaire,
the importance of obstacles and challenges from the perspective of experts was assessed. Analysis of
collected data with the help of Kendall ranking showed that the most important challenges and obstacles
facing the adoption and implementation of BIM in the Iranian AEC industry are: Lack of policy and
roadmap in the organization, lack of knowledge and support of senior management, lack of readiness of
the manufacturing industry, lack of attention to various aspects of BIM in current contracts and lack of
guidelines and application standards. Also, those in charge of overcoming these obstacles and challenges
were identified at four levels of decision-making: (1) government, (2) professional institutions and
associations, (3) organization, and (4) inter-organizational. In the mentioned questionnaire, the level
of responsibility of each level in front of removing obstacles was also evaluated and using the risk
analysis method, prioritization of obstacles and challenges for different levels of decision making was

Review History:

Received: Oct. 05, 2020
Revised: Jan. 30, 2021
Accepted: May, 07, 2021
Available Online: May, 07, 2021

Keywords:

Building Information Modeling
BIM

BIM implementation

BIM barriers

Decision-making levels

determined.

1- Introduction

Today, despite the expansion of the global application
of BIM in AEC industry, the application of this Method
in developing countries, including Iran, is facing many
obstacles, including social, organizational, technical, legal,
contractual and economic barriers. Emphasizing these
obstacles and challenges, Hosseini et al. [1] stated that
Iran’s AEC industry is at a lower level of acceptance and
implementation of BIM compared to other countries in the
Middle East. Despite the huge benefits of BIM and its global
expansion, the slow adoption of this new approach in some
countries, including Iran, has raised many concerns.

Research on BIM barriers and challenges began in 2005
and increased dramatically from 2014 onwards. In 2017, the
main challenges faced by the Egyptian AEC industry were
the lack of training programs in organizations and the lack
of related studies about the economic benefits of BIM [2].
At the same time, Zhao et al. [3] examined existing barriers
to the development of this technology in Australia and the
lack of relevant knowledge and expertise, technology issues,
data ownership issues and poor data sharing and sharing
were among pivotal challenges. In 2018, Iraqi Construction
experts working in the private and public sectors stated that
the three main factors holding back BIM development are
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importance, weak government efforts, low level of awareness
of BIM benefits, and resistance to change, respectively [4].
Another study conducted in China in 2019 also identified
factors such as inadequate government support and
leadership, organizational problems, legal problems, high
implementation costs, resistance to change, and insufficient
external incentives as factors hindering the spread of BIM.
Is [5]. The latest study [6] in Nigeria on barriers to BIM
implementation in small and medium-sized enterprises
shows the strong impact of barriers such as resistance to
change and the high risk of BIM implementation.

Research related to the status of barriers and challenges
of BIM implementation in Iran is limited and insufficient.
In 2015, Kiani et al. [7] examined the barriers to BIM
implementation in the planning and scheduling phase of
Iranian construction projects. In this study, barriers to lack
of legal support from the authorities, lack of skilled BIM
software operator, high cost of BIM software, lack of
benefits of using BIM and non-demand for BIM by the
employer were identified as the most important obstacles.
Also, in 2015, Hosseini et al. [1] investigated the barriers
and challenges of BIM in Iran. This study emphasizes the
role of government officials and states that increasing the
use of BIM depends on government financial support and
legislation in this country. Therefore, the first objective
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of this study is devoted to identify the factors that have
hindered or delayed the implementation and acceptance of
BIM in Iran.

Many studies have considered BIM as technological
innovation and viewed it from the perspective of innovation
diffusion theory [8]. Poirier et al. [9] proposed a model
based on this theory in which the key factors affecting
the acceptance of BIM are in four contexts of industry,
institution or institution, organization and project. Each of
these four areas has profound implications for BIM adoption
and implementation. Therefore, the second purpose of
this study is to identify authorities who are responsible for
removing obstacles and challenges in implementing BIM.
In this regard, four effective performance levels inspired by
the mentioned substrates have been proposed by researchers.
These levels include government (industry on a larger scale),
professional institutions and associations, organization and
inter-organizational.

2- Methodology

In this study, due to the existence of several similar types of
research, the questionnaire survey was identified as the most
concise tool which provided comprehensive information in
a short time. The main goal of the questionnaire used in this
study is to examine the importance of barriers and challenges
in BIM implementation, applying a 7 point Likert scale.
Unfortunately, due to the emergence of BIM in Iran, the
exact number of users and companies that use this method
is not available. As a result, the statistical population in this
study is hidden from the population [10] and the size of the
population in this study is not known. Eventually, the size of
the sample reached 73 which satisfied KMO factor of 0.5.
Also, Cronbach’s alpha index which is the common methods
of measuring reliability, was employed. This coefficient
for the whole questionnaire was 0.744 which indicated the
appropriate reliability of the measuring instrument [11].

The Kendall W test can be used to determine the degree
of consensus among respondents and to prioritize barriers
according to this degree of consensus. This coefficient is a
number between zero means disagreement and one means
complete agreement [12]. Also, another result of this test
is ranking based on the average rank, in which obstacles
and challenges have been ranked in this research. To fulfill
the second goal of this study, the traditional risk analysis
method was used to measure the level of responsibility of
each decision-making level. The traditional method of risk
assessment is based on risk matrix. This matrix uses two
components, “probability of risk occurrence” and “severity
of risk outcome”. With these two components in hand, the
“risk index” can be calculated [13]. In the present study,
the score obtained from Kendall W ranking of barriers is
assumed as the severity of the risk outcome and the frequency
of assigning a barrier to one of the decision-making levels
(government, professional institutions and associations,
organization and inter-organizational) as the probability of
that risk. In this way, higher priority risks can be identified
for each level of decision-making.

158

3- Result and Discussion

According to the result of Kendall W, the “lack of policy
and roadmap in the organization” barrier with an average
of 27.51 has the highest rating. Afterward, the “lack of
knowledge and support of senior management of BIM”
is not significantly different from the previous barrier
and is ranked second place. Consequently, the barriers of
“unpreparedness of the manufacturing industry”, “lack of
attention to various aspects of BIM in current contracts” and
“lack of guidelines and application standards” ranked third to
fifth, respectively. Primitive result of this study outlines that
socio-organizational category barriers are scattered across
all the list. After that, the barriers of the legal-contractual
category are of high to medium importance. Economic
barriers have mostly accumulated in the middle of the chart
and technical barriers at the bottom of the chart.

According to the results presented in this section, most
of the important obstacles and challenges belong to the
socio-organizational and legal-contractual categories. These
results indicate that the Iranian AEC industry is still at the
lower BIM acceptance stage and organizations have not fully
entered the implementation phase. Acceptance of BIM in the
AEC industry requires the creation of legal infrastructures
such as determining the ownership of the model and liability
for model defects and errors, and the submission of standard
BIM contracts by the legislature. Also, removing barriers
and challenges that are of socio-organizational nature, opens
the way for the implementation of BIM in development
projects. AEC industry will not embrace BIM unless the
awareness of managers and employees of organizations
about the benefits of BIM increases and the use of BIM as
an effective method is in line with the goals of organizations.
After awareness and long-term goals, acquiring specialized
knowledge related to this field and making the necessary
changes in work processes are other necessary steps. Finally,
it can be predicted that the importance of barriers related to
economic and technical categories will increase in the stage
of full implementation of BIM, because the construction
industry is still in the acceptance stage and has not fully
faced these challenges.

Another goal of the present study was to determine what
barriers o each level of decision-making is responsible for
removing and which of these barriers have a higher priority
than the others. To achieve this goal, using the risk formula,
obstacle removal priorities were determined for each level.
The level of government decision-making is responsible for
overcoming infrastructure barriers and challenges (such as
legal infrastructure and IT). The barrier “Implementing BIM
requires a change in legal procedures” has the highest rating
at this level. The decision-making level of professional
institutions and associations is responsible for guiding and
directing the construction industry. The “lack of guidelines
and application standards” barrier has the highest rating
at this level. Level of organization plays a significant
role in the face of all obstacles and challenges. This is
because, ultimately, it is the organizations that are primarily
responsible for implementing BIM and must subsequently
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take steps to remove barriers. The “lack of knowledge
and support of senior management of BIM” barrier has
the highest priority for this level. In the end, the level of
inter-organizational decision-making is less responsible
than other levels. This may be because this level only faces
obstacles and challenges in which two or more stakeholders
are involved. The “weak partnership between consultant and
contractor” barrier has the highest rating at this level.

4- Conclusions

The results of this study shed light on a general issue for
readers. Obviously, the identified obstacles and challenges
can be overcome only with the cooperation of different
decision-making levels. The application of BIM in the Iranian
manufacturing industry will become widespread when the
level of government and the level of associations and guilds
in the first stage to introduce this new method and awareness
to organizations and, in the second stage to legislate, develop
relevant practical standards and standard BIM contracts to
pay. In this case, the infrastructure needed to enter the BIM
implementation phase in organizations is provided. Once the
acceptance phase is complete, the organization level, which
has a huge responsibility in dealing with obstacles, will
take action to implement BIM. After implementing BIM in
organizations, the inter-organizational level will take action
to address the problems and challenges that arise when
stakeholders participate.
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Fig. 1. Levels of decision-making for BIM implementation barriers and challenges

ik Candy (e cusdge I U glse )l BIM (gjlueslyy
Ly 18 Cais i 50 )l ¢ Sl (g i lawg Lo pas
ol Iyal sladygy o iild gl dacumlow 4 (gldmmgo b (ool yim
Syl o)Ll cdl el coyo55 55 5,0 Ciliee clb s bawg
Loalaly o1y Jawy g Copie ligs 5 Coles Bl o Slojl i
el sl ) g e panass « Syl dlal BIM 54
90395 4 baiye 0oy sl )3 39250 Joloe ((iomen 235 o0 2 2 )
Al lie (3,55 L .cwl BIM jl Lacl S g (g0h)),8 el
Slyo 9 )5 o 13 lge @) (xS mamal gobaw Glyis 4y oy (]
4 G5 ol pgd Bl g cpdy A anass gl 4 ) il
«dly pelais BIM (gjluosly sla e 5 lge o) olsie (alolis
29530 Sl 5l eI L Sge (63, Mos aw jlag il pl 5>
owlie ) Caino) gy ol ol (ol .l o0 slpiddi 38oce lawgs
VUSS p o8 atloe Slajlug 5 plejle cBlial g baesdl (555

Ll 03 031> Oiules

g O e 0L ) Jasls ©ygo 4 gedge (nl el gy
siboodly sl g wlge plolid (Bdod cpl (Lol Slaal I (S
Laa"j ‘5.\;;.@9191 By slalbols” aldlas d;)b 5l Ol‘?? 2 BIM

W3,5 Gy dolow Oladsd dowg 4 lpl cales Cao

Ol 5 &lse 28y (6 S erenal oo —Y =¥

5 Ui il 5 Blse il ojlal LS yise o sbplen
5 bl ( S5 ¢ Slojlm slan] atwd Hloa » BIM (gjluesly
shp dedo syal cgpaind g5 cpl 425 NS 0 sl (3]3S
) Blge @8y Ul sy Lol cslaille 5 lge ogpbe (st
.M)@J

3 g iy (S3eisS yly o 1) BIM wwlalllas 5l (6l
bl 5 50 V] Slateg S5 ol & gl saelil sy i o5
Foo sl Jelge o1 )3 o8 wals ) eyl ) olsl o Jua [Y5]
5 Plojles (glumnge b (o2l o i oz BIM (24

Sody s Sl ae) Jlaa ol I S e s gl ojey

YYA



pasudie 3455 (pl )3 dnele w5 [MV] Ml oy Cune £50 ]
105 i 4 KMO Cojs oS Sl b digei (gyglaes 1 s
) BS QEASES b gy cul Hges Jgl i Bl el sy
oo Ll i ol 5 13s ezl SleMbl (gl e llalliye
rslann siges 2l bl yois 5l sl 3 BIM a5 5Vl
Sl M (> (e & 5 CallS s> @y S e il ST )5 0l
Wged pgd (i 8L Aabl By gl (hg) 4 Wiged w3
R 3 Bly yolite (mwdins 9 65 kony 2o Bl oSy (el
Canig g BIM (clod )5y matlie 0yl 315 cleMbol 48 36, 1gto
Gime CigSs Jore 0 S oy il olul 3 ol 65,8
5 Ol B 5> Sare Jd sl Glpl Shi 1 (o9 9
5 ] leMbl gl gan
ibedse Mollip il )i (BaSeS,d 4 dabipiny &)l
Bl 5l G b pbol ool Bolal Gy 4 ledle oleMb
35, el BIM aie; )3 Sl o)bys Bams gl 5l ol sy
@l )]y asli w0l 3l clad pae g )3 g AS vy o b
bl oMb 33 ) e yles 1 e Jlgws oyl ) i 4 it
FY (uins Ollas 5l Giso cpl 3 g (Bolad MalS Lol bl g
b9 3 el (s pslaen pgd iS5 0 (6yglaer piine aoli sy
oS 39500 S 4 (HBlge )3 gy ool b odlial (B dlS (g S Aiges
il ols oea 3 drols b 5 3,15 g2 ool dmsls JS 51 sl
daol )3 a8 s cpds [YV] sl oyiwd 3 ol 5l oS SleMbl g3,
e gk slaialy dlul bwg (agh geose b cuslite (5313
2y oolio 31,81 L 3,3 b i dtwlgd oaiad Fusly y& s g9 005
oglaar acbtun Vo 35 Gisu ) 53 ST (Byme asli sy (5
G dg b pl w2 VY & legasme andol yiu p dliss g A
o> ol > BIM (391 )50l 5 Gl slaingly aiged oo
Clasule gV Jgia 33,5 o0 (A gl cnl pbl ol (lio

ol BB Fewly

Gaid )l =Y =Y
Py oo puwd lyp lie Oliiss devg Jdd 4 Gimgh cpl

3590 DMl (6 )leor skt & gy it S Nisd e S oy

1 Kaiser-Meyer-Olkin

yva

&) & (Mg gd GpSmeds gaw ) & d9d0 Snphe

ol Sew gd slagyliSCunlus b (M sla s S wuouad b La:oi
BIM 5,18 cas j» bedgy alelidl 55 opl 5l i 98 ailus
GSA claaly 955 4 olg o loladl cpl lo 5 a8 ol 039y g0
» BIM jl eslazal 095 gilal g sassio <YL cdgy bwy BIM
(e ..))5 o)lw‘ YeNs Jl.w 2 L)Lu).: g,Ja.) ]awy LS‘J9'> L;Lma)s):
50l lge b 03,3 Jas lalojls g g oy iy i & iyl
Lol (485 s Jolly g0 g aloily (g5 53 9 ) gloe 1) (L8551
(BSI) obiks p (sl lsilis] dunge ¢ [VY] 1 1ol BIM Lo 5,5kl
PAS-1ay-y 4 BS-11av-¥ (glos, sl degaze YoV Jlo )
olidle Glasuin o clitlpe duwge (ized 5,5 ke |)
NATSPEC L loaly Lasl LYV Jl ,» (NATSPEC)
IVl el Gig) ol sy o ) ot o8 Wl 558 53 BIM
Slys el lojl & > GGIeST Sy Bime S0 g ]

St 5 Sy 5 Mg sy ()5 Jlgy » phbicle
Jlesl diojls wad & plojls g (pl 15 .05 daled lojle SleMbl
Y] a5l sl 349 lojlo > Liwlin ©ygo 4 b Slojle Soll
slagill 5 glse &) > Jote gobaw I (S |y glojlo olgiee el Pl
Gl oy 3 S slse cpiomad [VF o ¥ | il BIM & ilwosly
B9 ilwodl 59y i Sl 9 polie doB)lS aiile (lojl i
SSen b g Glojluim (68 mrenad om0 1L 5,5 0 518 BIM
shb cdel b ills 5 @lgo cpl (Jb (0l b g pgmo)ls baylojle oyl
s S ] 18y sl maw O plEl g das Saaie (claass
b o 9 ) s pSreal 4l Blge (ol & 290 (e ool Rl

b a4l lojen g 4 pdaw i

Geiod ol (g, Y
d)Lo] 4)9«0) 9 dawl> uﬂ).aw -\ =Y
9 ‘_’j ‘_')I).g)lf Sl )‘l ‘olﬁl 5 BIM OO )9.9‘199; J,..JJ & wilawlio

3ao oyl 3 (gylol amals ol oy g LS pas > 4 o



OB R wly S8 Cures OleMb] LY Jgus

Table 1. Profiles of respondents
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Table 2. Comparison of barriers ranking to similar studies
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Table 3. Important barriers and challenges to BIM implementation in

Sl g5 ol g JCHE o a5
obojlos elans sl eloza] lojlos o ol 4t 5 (6 i sl b |
olosle Slojlu sslozz] BIM o)l o pae coles g 25T pae Y
Gliol 5 bayoml glans § o zlans ol slaza] il Cato ;e ool v
oo mhaw wolo,l,8- a8 S5 sbols,ld 0 BIM (alize gloacs 4y azgi ylaid ¥
Sliol 5 ba ol zlans Slojlor celozz] GOl sl il 5 bolasal, luzs 5
Slojbeim v 5 plojlo ghaw Slojbrelosz| A8 Ol 0 BIM paass il olais 4
el o wolo,l,8- a8 olal b a8l Jawlools codgiune \4
olosl s Slosbor slozz] BIM (55lo o0l gz camilio samly3 Jota olaid A
Sleol g b ezl o bojlum eloxz] BIM olisl cay a5 aloz 51 BIM jl s S p0 luis q
Sliol 5 bayomel zlans S Syl Lol Sl ylazs )

sl s o oS Sldllas o8 cundls o cpl cwl (gy9pe lapl S0
o] e S0 o plol [Y] Wil o [VF] oz slojodS )5 13
Srobn JB auly )3l BIM (6,550 5 bjsel eMSie
s o o (SSU g (oolail chdiwd 4 baye mlse Cuenl &S Cul
s po 43 jein Cdlo Caio &S Ly b ildl BIM JolS g5looaly
ol gy 4 5y Ll jlanes (I b ol @90 4y g 4ty j15 Spdy
Ll
Tobaw 5 Sy oS gy dlitns pl (s ol BudS S0> Saa
IS plss g )y oee g ]y (oo 22 &) Clsiun (oS mread
@ phowd Gy b ple @ cand VL cagdyl Blse
2 Sl Bl &) slacagdy Sy oo b il xSore b s
5 Sloe &) Clgue Clgd (6 pS el gaw LS (s ol I S
)b eags p ]y (IT 5 G8 clocsluy; wile) (Bloy; clagill
YL €l S sladrg,y jd i siejls BIM (gjlweslyy sl
03leD @lge ()l 3l e el o3ls polaid] 365 a0 1y pdaw )y 43,
pAY 5 €538 clad lbisl g lalasaly iy sl Caus (294
Sl G glacogyl Caon 3 (Sl I SPB laaia by
Sl 5 bayoonl (65 mpoval o ABly oo 9> (6 S ol aws
GRS wlo )y odgs 1) chlo Coto & (23 5 ploal) aiby
S waw ol 1y Ay VL €08 sl il 5 lalaial,

S i €Sl Caio (345 03D glge (o I e ol 03,8

YA

(5 5 om0

» BIM gluosly slagille 5 glge sty & bsye mls
b2y (st g o glo Vo Jols Jgdor ol sl oad LI Jao
RVI

9 e SOl 5 &g 28T isu cul )3 008 Sl s 4 a2 L
il o ool B el g (Slojlu— cloin] (sladiwd 4 late wlul
Sygpe 4 bplojls o o] ileesly alo e 4 g 039 BIM 05,
Ml wejls cdlo caro » BIM 5uk sl snis 3y JolS
9 Jde padly Clgian g Jae Collle (o il S9b oSl
sy Glojlusloil gz 5l &5 lagille 5 Elge &) omimen
Soj b S e 5k Gl sloojsn 0 BIM (gilussly (sl 1, ol
2l il BIML (bl o)l laplejlo oS58 g e 2051 &8
b gl n IS8 (o) S glye 4 BIM i eolazl
Cilw Ciun 055 )8 l.molo)’l.w Slaal gliwly j3 (g)bposm g cile
23 sl sy aS Slllae .05 salys 7,6 BIM 5l as e
38 Gl abpdy Sygo V] 4 0x 5 [V] 3l V0] wia (sl uiS )
Slojle 23l 4 isu 2T 5 Sia s Olus casal g clopg LS
O S e wil a0 o iso aBT 5 e lazsly

)l sloanlp s Y Cliis Jlasl g 0jo> ol & bgpye (smass



iloosly Slagile syslenl® g (Bjgel co)gld Jai 5l 1) oSy
Coglre Col )3 35250 BIM (49l ansgs s ppipon iz S5
G plotle 1358y (o oo 385 bawgs o T laile 5 (S
ol g paw b yills & Fuol 5l (dlaiges 0l (gjydeliyp VT F
Siloodly Cu piY e g (uiled il cpl 09 sl p3Y 42 S
33,5 (95 Ly 6D @alpe bawgs ji skl (pl )3 00 (s sl oialas
oS Nt lblio il Coto b bagye o (sloyassl doles 5
Bliol g layersl gaw 4 byrpo il 9 @lge 4 (S 4 g
Leolnl ojon Copte ool il Jb ) cJle plgie @ aidl o
5w T a5 (slosyl leldl BIM aass 09,55 uwls
ploxl abg e sla il S g Clda ()15 0 5 colo Coto (plels &
b dnsgs imgs ol gl ool bl e lold] ) 48 el 3l
ol dpdie Oope iz pole oS Slidos (sl aslen
dacgdgioe pl 28y gly cwl olbcodsiowe b G Baioo
Bged 35 (pl Cadgiome (gl D90 Al Bixe bawgs (Sblaiiny
Jo 4 s 03d rusgr oS jghailen o8 Wbl o dgamme Liwd (gLl
o905 b o y9uiS 0 BIM 518 cleMbl 5l aols SSb 540
Jios wilo Lo (slabe; 6658 4 oSl Wl 5555 bl
5 SS9l 39 ¢ slojlmsloinl Lelgs 40U (sl ], (ol
i dr o cizman sl wal ol sloyite lsis 4 (soladd
Cono b (5)lo] ansle 4 35 @l Spdymees Bl iy diged
Tolaw iy 3 & sl cpl Sl (regd Sy ©yge (e
oS )5 5 oSl (oBjge] Slamsgo s (gilse g8y (65 paonas
@ O Slgice g g ol 1) pd 48)S a3 g ol
lolid (ol Buiod Sy (egw il Wl Elge @) ) (2l
slp) ofgn i olaiied ol bl 5 &lse ancaglyl
Sl uwslipme ©ygo 4 (ghb Cojde g gl Sl do )l Jlie
5 ool |y llS wod ol ) o b oS cladiials e
5o ) ST olidss ol sl )3 6,3 YL Ll canca
S el iz slaw (gl LAl 5 glge cauadgl 5 Lol
sl 5 glse Glp oo bo)lSaly (8L cua Al i
g &S pirgh o B Nl a5 )l ©pgps ol (ol
Sy plsl (53 L aslae 5 )b

1  http://inbr.ir/wp-content/uploads/2020/01/BIM.pdf

va.

sladl L)l dles 51 BIM jl e Sy luidy o« el <Ll
iy «BIM (clasls )l 5 (cly 5 laibisl slacew s luas» o «BIM
O ol (6508 paoual paw ilosldy olaidlsgd 41O BY slaas,
ol 5 ) & el () 305 Ul 5 lge (e i 53 (S
Iy BIM (¢5loosly ol cudgiuns a5 s by losbo opl coles p &8
paed lo )by pl8 wlge Bls sliwly o Wb LBleie g 15> sage p
g ol sl oyl VL CBIM jlis )l o e colos 5 20T
«)S e » BIM anss il lai» mlge Ll .cul)ls
2 oly adds g gyl Cusluw olaad» ol b a8l Jao/ 03]y col guo
S ) (s slacglyl €S 4 BIML ol 4y ja> 5 «lojle
2lo & S a8 gt Slojlocsm (xS maeal ghaw Alodges
ew cpl a8 sl Ly cpl 4 Wl e i (pl )l spe p Zolaw
4 gy el J35 ol 3 died a9 & ol il 5 lge L e
ol 31y 4y VL €G0leyy 9yl hunis <)Lt @lo
BIM Lanss il jlai» wlge o] 5l e ol 03,5 S o
Cagime? «leMb! (6,135 S bl 4 Comd (oo P L8 Hle 5o
€k 939w (518 Sysl 4y 3815 pae» 5 olewsl b (a8l Jae/odls
D9 (2g20)l Slajlucn ghaw 3 1L &5 A ors Blge iy
Sen b i ond plolid sl 5 glse &) cunl
Cao ;d BIM 5,8 el 3o Kal Galises (68 paenad zglans
5 b yeol o 5 Cgd o &S 45 dnlgs S5 Sloj ol cile
@ a5 g Gy ol (Bome sl 3 gl al>pe 53 Sl
b5kl (pgds ()38 9 @ pgd Als e )3 g 03,5 Joo laylojlus
«ygo ol S BIM s jlubis) glasl)l s ¢ biye 3,8
loylosls > BIM (g3lusosly o yo 43 399 (6l 5l 250 slacsls 5
e & ol o <y Aoy plal oy ol ol ol
algs oo 3)lg BIM (gjluoesly slp o))y glge b 0g)bgy 53 (coulac
&) lp Gloiless g daglojl 1 BIM (gluesly I gy -
Dl 3939 4 laied e lie pn o oS Ll il § OIS
2,8 anlgd plad]
ot BIM lpglie pymen Slblre ly 3iid ol @l
colo cuto > Jeld ) iloy 5 pslie Groize loglojlo 1)
9 &l suCaglyl 1 pLIIL Alg5 o lble ()01 (glod S 508
ol > BIM b gy sleile i 5 sl o sl Lo il



Benchmark Alberta’s architectural, engineering, and
construction industry knowledge of building information
modelling (BIM), Canadian Journal of Civil Engineering,
44(1) (2016) 59-67.

[11] M.R. Hosseini, S. Banihashemi, N. Chileshe, M. Oraee
Namzadi, C.E. Udeaja, R. Rameezdeen, T. McCuen,
BIM adoption within Australian Small and Medium-
sized Enterprises (SMEs): an innovation diffusion model,

Construction Economics and Building, 16(9) (2016) 71-
86.

[12] L.M. Khodeir, A.A. Nessim, BIM2BEM integrated
approach: Examining status of the adoption of building
information modelling and building energy models in
Egyptian architectural firms, Ain Shams Engineering

Journal, (2017).

[13] X. Zhao, Y. Feng, J. Pienaar, D. O’Brien, Modelling
paths of risks associated with BIM implementation in
architectural, engineering and construction projects,

Architectural Science Review, (2017) 472-482.

[14] R. Jin, C. Hancock, L. Tang, C. Chen, D. Wanatowski,
L. Yang, Empirical study of BIM implementation—based
perceptions among Chinese practitioners, Journal of

management in engineering, 33(5) (2017).

[15] S. Arunkumar, V. Suveetha, A. Ramesh, A feasibility
study on the implementation of building information
modeling (BIM): from the architects’& engineers’

perspective, Asian Journal of Civil Engineering, 2 (2018)
239-247.

[16] W.A. Hatem, A.M. Abd, N. Nawwar Barriers of adoption
Building Information Modeling (BIM) in construction
projects of Iraq, Engineering Journal, 22(2) (2018) 59-
81.

[17]1 Y. Zhou, Y. Yang, J.-B. Yang, Barriers to BIM
implementation strategies in China, Engineering,

Construction and Architectural Management, (2019).

[18] D.W. Chan, T.O. Olawumi, A.M. Ho, Perceived benefits
of and barriers to Building Information Modelling (BIM)
implementation in construction: The case of Hong Kong.”

25 (2019): 100764., Journal of Building Engineering,
(2019) 100764.

va)

FL%)

[1] MacGrawHill-Construction, The business value of BIM

for construction in major global market: How Contractors

Around the World Are Driving Innovation With Building
Information Modeling, 2014.

[2] M.R. Hosseini, E. Azari, L. Tivendale, N. Chileshe,
Barriers to adoption of building information modeling
(BIM) in Iran: preliminary results, in: The 6th

International Conference on Engineering, Project, and

Production Management, Goldcoast, Australia, 2015.

[3] K. Barlish, K. Sullivan, How to measure the benefits
of BIM—A case study approach, Automation in
Construction, 24 (2012) 149-159.

[4] G. Aranda-Mena, J. Crawford, A. Chevaz, T. Froese,
Building information modelling demystified: does it
make business sense to adopt BIM?, nternational Journal

of managing projects in business, 2(3) (2009) 419-434.
[5] C. Eastman, P. Teicholz, R. Sacks, K. Liston, BIM

handbook: A guide to building information modeling for
owners, managers, designers, engineers and contractors,

John Wiley & Sons, New Jersey, 2011.
[6] D. Bryde, M. Broquetas, J.M. Volm, The project benefits

of building information modelling (BIM), International

journal of project management, 31(7) (2013) 971-980.

[7]1 Z. Zahrizan, N.M. Ali, Haron, Ahmad Tarmizi, A.J.
Marshall-Ponting, Z.A. Hamid, Exploring the barriers
and driving factors in implementing building information
modelling (BIM) in the Malaysian construction industry:
A preliminary study, Journal of the Institution of
Engineers, Malaysia, 75(1) (2014) 1-10.

[8] K.-M. Hsu, T.-Y. Hsieh, J.-H. Chen, Legal risks incurred
under the application of BIM in Taiwan, Proceedings of

the Institution of Civil Engineers-Forensic Engineering,
168(3) (2015) 127-133.

[9]N. Jung, T. Héakkinen, M. Rekola, S. Properties, Extending
capabilities of BIM to support performance based
design, Electronic Journal of Information Technology in

Construction, 32(2) (2018) 16-52.
[10] B. Abdulaal, A. Bouferguéne, M. Al-Hussein,



Construction innovation, 15(1) (2015) 42-56.

[27]R. Sacks, U. Gurevich, P. Shrestha, A review of building
information modeling protocols, guides and standards
for large construction clients, Journal of Information
Technology in Construction (ITcon), 21(29) (2016) 479-
503.

[28] K.A. Patterson, C.M. Grimm, T.M. Corsi, Adopting
new technologies for supply chain management,

Transportation Research Part and

Transportation Review, 39(2) (2003) 95-121.

E: Logistics

[29] Y.-K. Juan, W.-Y. Lai, S.-G. Shih, Building information
modeling acceptance and readiness assessment in
Taiwanese architectural firms, ournal of Civil Engineering

and Management, 23(3) (2017) 356-367.

[30] D. Mehran, Exploring the Adoption of BIM in the
UAE Construction Industry for AEC Firms, Procedia
Engineering, (2018) 1110-1118.

[31] Sampling and Estimation in Hidden Populations
Using Respondent-Driven  Sampling,
Methodology, (2004) 193-240.

Sociological

[32] A. Field, Discovering statistics using SPSS, Sage
Publication, London, 2009.

[33] R.C. Schmidt, Managing Delphi Surveys Using
Nonparametric Statistical Techniques, Decision Sciences,
(1997) 763-774.

[34] P.R. Garvey, Z.F. Lansdowne, Risk matrix: an approach
for identifying, assessing, and ranking program risks, Air
Force Journal of Logistics, 22(1) (1998) 18-21.

[35] K.-F. Chien, Z.-H. Wu, S.-C. Huang, Identifying and
assessing critical risk factors for BIM projects: Empirical

study, Automation in Construction, 45 (2014) 1-15.

[19] A.B. Saka, D.W. Chan, Profound barriers to building
information modelling (BIM) adoption in construction
and medium-sized (SMEs),

small enterprises

Construction Innovation, (2020).

[20] S. Azhar, Building information modeling (BIM):
Trends, benefits, risks, and challenges for the AEC

industry, Leadership and management in engineering,
11(3) (2011) 241-252.

[217Y. Rezgui, T. Beach, O. Rana, A governance approach
for BIM management across lifecycle and supply chains
using mixed-modes of information delivery, Journal of
Civil Engineering and Management, 19(2) (2013) 239-
258.

[22] S.X. Zhang, Y.R. Hu, The analysis of barriers of
development of China’s construction industry BIM,

Advanced Materials Research, 838 (2014) 3119-3122.
[23] C. Sun, S. Jiang, M.J. Skibniewski, Q. Man, L. Shen,

A literature review of the factors limiting the application
of BIM in the construction industry, Technological and

Economic Development of Economy, 23(9) (2017) 764-
779.

[24] E. Alreshidi, M. Mourshed, Y. Rezgui, Factors
for effective BIM governance, Journal of Building

Engineering, 10 (2017) 89-101.
[25] 1. Kiani, A. Nobahar Sadeghifam, S. Khalili Ghomi,

A.K.B. Marsono, Barriers to implementation of Building
Information Modeling in scheduling and planning phase
in Iran, Australian Journal of Basic and Applied Sciences,
9(5) (2015) 91-97.

[26] Embedded contexts of innovation: BIM adoption

and implementation for a specialty contracting SME,

in Iran, Amirkabir J. Civil Eng., 54(2) (2022) 775-792.

DOI: 10.22060/cee].2021.19093.7066

N. Rohani, S. Y. Banihashemi, Identifying and prioritizing the barriers to BIM implementation

20 £l )l o ol 4 digSs

vay



