
�14
00

R}}=B
�'h

}QW
u=Qt

a|
UOv

yt
�|W

ywSB
�'3

2�2
3"

X
'3/

1|
xQ=t

W'
37

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
le?; p=kDv= |}=v@ Q} R |=yxSwQB |xv}y@ Q}Ut u}}aD

|x}=B Q@ |@D=QtxrUrU p}rLD VwQ R= xO=iDU= =@
|}=}i=QeH C=aq]= sDU}U |xJQ=Bm} pOt

CN=U C=aq]= |R=UpOt w
�|QDmO |wHWv=O� Qi |�=vtD u}ULOtLt

�Q=}O=DU=� � |v}UL x=W O}Lw
�OWQ= |U=vWQ� |wHWv=O� |Qwv |ra

�OWQ= |U=vWQ� |wHWv=O� |t}rU u}ULOtLt
u=QyD 'Q}@mQ}t= |DavY x=oWv=O 'CU} R\}Lt w u=Qta |UOvyt |xOmWv=O

sDU}U '|R=Ux=Q Ovv=t |}=v@ Q} R |=yxSwQB QO CN=U |D=aq]= pOt |Qw=:vi R= xO=iDU=
QDW}@ "CU= CN=U CavY |=yVr=J u} QDsyt R= |m} =yx=owQ}v w ?; p=kDv=

Ov=xOQm xQ=W= |v=tDN=U |=yxSwQB QO CN=U |D=aq]= pOt OQ@ Q=m x@ xDWPo |=yVywSB
w BIM |=}=Rt T=U= Q@ "CU= xOW xHwD QDtm |}=v@ Q} R |=yxSwQB QO u; |=yOQ@ Q=m x@ w
'|R} Qxt=vQ@ pL=Qt QO =Q |Q}os}tYD OvwQ Ov=wD|t |Qw=:vi wO u}= |xJQ=Bm} pOt 'GIS

?U=vt Q}Ut uDi=} |=Q@ |tD} Qwor= |x�=Q= xr=kt u}= hOy "Ovm p}yUD CN=U w |L=Q]
|xJQ=Bm} pOt T=U= Q@ w �AHP� |@D=QtxrUrU p}rLD Ov}=Qi R= xO=iDU= =@ xrwr \N

=ysDU}U u}= |oJQ=Bm} 'GIS w BIM s}y=it =OD@= VywSB u}= QO "CU= BIM w GIS

=@ TBU "OvwW|t |UQQ@ |DN=UQ} R |=yxSwQB QO u; |=yOQ@ Q=m w u}W}B |=yVywSB QO
pOt R= xO=iDU= u}vJty w u=YYNDt C=Q_v w xOW xDiQo Q_v QO |=yQDt=Q=B x@ xHwD
T=U= Q@ ?; `} RwD sDU}U QO xrwr \N Q}Ut u} QD?U=vt 'GIS w BIM |xJQ=Bm}

w u=U=vWQ=m C=Q_v w x}rw= |=yQ}Ut x@ xHwD =@ 'xr=kt u}= QO "OwW|t u}}aD AHP VwQ
=@ xv}y@ Q}Ut C}=yv QO w xU}=kt hrDNt |=yQ=}at T=U= Q@ =yQ}Ut |x}rm 'u=aiv|P

Q}Ut u} QDx=Dwm xm OyO|t u=Wv xar=]t u}= G}=Dv "OwW|t u}}aD AHP VwQ R= xO=iDU=
p}NO xv}y@ Q}Ut u}}aD QO |irDNt |=yQ=}at =Q} R &CU}v xrwr \N Q}Ut u} QDy@ ,=twRr

"OvwW xDiQo Q_v QO xrwr \N ?U=vt Q}Ut ?=NDv= QO O}=@ xty w OvDUy

civil.tamanaeifar@gmail.com
shahhosseini@aut.ac.ir
ali1996nouri@gmail.com
m.h.salimi74@aut.ac.ir

p}rLD '|}=}i=QeH C=aq]= sDU}U 'CN=U C=aq]= |R=UpOt %|O}rm u=oS=w
"|@D=QtxrUrU

xtOkt "1
CiQ QOy ?Hwt '?U=vt Q}Ut ?=NDv= sOa w CU= Q=PoQ}F-=D xSwQB |Q=OQ@xQy@
QO pmWt RwQ@ w CN=U u=tR V}=Ri= 'xSwQB x@ QDW}@ |=yxv} Ry p}tLD '|r=t `@=vt
pt=wa x@ xHwD sRrDUt |Q}os}tYD Ov}=Qi "OwW|t p=kDv= \w]N ?U=vt OQmrta
u}tR pt=wa w Q}Ut QO OwHwt `v=wt 'x=oQ=m C}=U uOw@ TQDUO QO p}@k R= |Q=}U@

[2]"CU= |Q=ov
|=yQ}Ut w |Q=m Kw]U |oO}J}B p}rO x@ |Q}os}tYD w |R} Qxt=vQ@ Ov}=Qi
x@ R=}v u}=Q@=v@ &[3]OQ=O |yHwDp@=k |v=mt w |}=}i=QeH |=yxO=O x@ R=}v p=kDv= \N
|R=UxQ}NP w |Qw;OQo |}=v=wD xm 1|}=}i=QeH C=aq]= sDU}U |Qw=:vi R= xO=iDU=
[5 w 4]"OwW|t T=UL= 'OQ=O =Q nQR@ T=}kt QO |v=mt w |}=}i=QeH C=aq]=

Vkv C=Q@=Nt w R=o 'jQ@ '?; p=kDv= \w]N p}@k R= |v}tRQ} R p=kDv= \w]N `=wv=
|oOvR |U=U= w x}rw= C=twRrt =Q} R "Ovvm|t =i}= |QyW j]=vt QO xS} w x@ |U=U=
\w]N |=ysDU}U hrDNt `=wv= u=}t R= "OvR=U|t sy=Qi =Q |vwmUt j]=vt QO

[1]"O};|t Q=tW x@ =yv; u} QDsyt R= |m} ?; p=kDv= \w]N 'p=kDv=
'?; p=kDv= \N xSwQB ?U=vt Q}Ut u}}aD XwYN QO |Q}os}tYD Ov}=Qi
w CN=U R=i |wQ ,=t}kDUt Ov}=Qi u}= =Q} R &CU= u; |L=Q] R=i CtUk u} QDsyt

pw�Ut xOvU} wv �
"1399 11 19 VQ}PB '1399 10 27 x}LqY= '1399 5 19 Ci=} QO %M} Q=D

DOI:10.24200/J30.2021.56103.2803

Archive of SID

www.SID.ir

http://www.SId.ir


"""?
; p=

kDv=
|=v

@Q}R
|=y

xSwQ
B|

xv}y
@Q}U

tu
}}aD|OQmrta w |m} R}i C=YNWt |=Q=O u; QO <RH Qy w CU= xSwQB |}=yv |=RH=

Oa=wk '|UOvy C=aq]= |xOvQ}oQ@ QO xm CU= OwN x@ XwYNt |xt=vU=vW w
w xv} Ry |DL w |vi C=YNWt 'pOt |=RH= Qo}O =@ <RH u; \=@DQ= u}v=wk w
xOW O=H}= |D=aq]= `@vt u}= "CU= u; C=}L |xNQJ pw] QO \w@ Qt u=tR
|x}rw= pL=Qt u=ty R= hrDNt |=y|Q}os}tYD |=Q@ |=x}=B w Q=}at Ov=wD|t
?} QND |xrLQt C}=yv QO w |Q=OQ@xQy@ w CN=U pL=Qt =D |L=Q] QO |R=OQBxO}=
|R=UpOt xm Cio u=wD|t xrtH l} QO w xYqN Qw] x@ "OW=@ Cq}yUD
xSwQB l} C=}L |xNQJ |] QO C=aq]= C} Q}Ot w O}rwD Ov}=Qi CN=U C=aq]=

[16�11 '9]"CU=

|}=}i=QeH C=aq]= sDU}U "2"2
w p}rLDwx} RHD 'pQDvm '|R=UxQ}NP 'C@F sDU}U� |}=}i=QeH C=aq]= sDU}U
|}=}i=QeH C=aq]= sDU}U [17]"CU= �u}tR hrDNt \=kv |v=mt |=yxO=O V}=tv
u=}t xOta Cw=iD w OQ=O =Q |D=aq]= sDU}Ul} |=y|oS} w s=tD xmCU= |=|Qw=:vi
|x}=B Q@ sDU}U u}= |=yxO=O xm CU= u}= |D=aq]= |=ysDU}U Qo}O w sDU}U u}=
|}=}i=QeH C=aq]= |R=UxQ}NP u=mt= |Qw=:vi u}= "CU= |}=}i=QeH C=aq]=
l} QO 'OvDUy XNWt |D=YDNt sDU}U l} |x}=B Q@ xm =Q j}kO |v=mt w
u}= OW xQ=W= xm Qw]u=ty [19 w 18]"CU= xOQm sy=Qi XNWt |xO=O x=o}=B
|}=yC}r@=k w CU=yxO=O |R=UxQ}NP w |Qw;`tH sDU}U l} R= QD=Qi |Qw=:vi
u}tR K]U |v=mt |=yxO=O V}=tv w p}rLDwx} RHD 'x@U=Lt 'C} Q}Ot p}@k R=
|=yxv}tR QO Ov=wD|t |Qw=:vi u}= 'xOW QmP |=yC}r@=k x@ xHwD =@ "OQ=O =Q
'|}=v@ Q} R |=yxR=U |Q=Oyov w Q}taD 'xO=O MQ `}=Hi C} Q}Ot '|}xk]vt |R} Qxt=vQ@
|]}LtCU} R pt=wa C} Q}Ot w |RQw=Wm |[=Q= C} Q}Ot '|[=Q= |Q=OQ@xWkv

[20]"OwW xO=iDU=

C=aq]= sDU}U w CN=U |D=aq]= pOt |R=UxJQ=Bm} "3"2
|}=}i=QeH

C=aq]= sDU}U w CN=U C=aq]= |R=UpOt |Qw=:vi wO Qy |rY= OQ@ Q=m xJQo =
R= |Qw=:vi wO u}= 'CU= |ak=w |=}vO |=RH= R= |r=D}H}O V}=tv |x�=Q= |}=}i=QeH
w |R=UpOt |=Q@ CN=U C=aq]= |R=UpOt "OvDUy Cw=iDt sy=@ hrDNt C=yH
|=RH= 'u=tDN=U ,qFt� OwW|t xDiQo Q=m x@ 6lJwm T=}kt QO C=aw[wt V}=tv
C} Q}Ot w |R=UxQ}NP |=Q@ ,=Lq]Y= w �u=tDN=U pN=O x@ \w@ Qt |=yxO=O w u;
|=Q@ |}=}i=QeH C=aq]= sDU}U xm|DQwY QO "OwW|t xO=iDU= �|rN=O� C=aq]=
xk]vt |i=QowB wD w xv=NOwQ 'u}tR K]U Ovv=t 7uqm T=}kt QO C=aw[wt V}=tv
�|HQ=N� C=aq]= C} Q}Ot w |R=UxQ}NP |=Q@ ,=Lq]Y= w OwW|t xDiQo Q=m x@
|=ysDU}U R= |}=}i=QeH C=aq]= sDU}U 'u}=Q@=v@ &OQ}o|t Q=Qk xO=iDU= OQwt
pOt C=YDNt xm|r=L QO 'Ovm|t xO=iDU= u=yH |xWkv w |}=}i=QeH C=YDNt
w OwW|t u}}aD xOW pOt u=tr= x@ C@Uv w CU= |@Uv xOW xDN=U |D=aq]=

[20w 19]"CU}v u}tR |wQ Q@ |Y=N |x]kv |xOvyOu=Wv ,=twta
C=aq]= Q_vt R= =Q =yv; pmW w =yu=tDN=U |}=}i=QeH C=aq]= sDU}U
Q@ CN=U C=aq]= |R=UpOt xm|r=L QO 'OyO|t Q=Qk xar=]t OQwt |}=}i=QeH
'|Oa@xU C=aq]= uwJty u=tDN=U l} |=RH= R= l} Qy j}kO C=aq]= |wQ
CN=U |D=aq]= |=ypOt u}= Q@ xwqa [21]"OwW|t RmQtDt xv} Ry w |Ov@u=tR
Q=m x@ 'OvQ=Ov OwHw Q[=L p=L QO xm |}=yxR=U |R=UpOt w V}=tv |=Q@ ,=DOta

\@DQt C=U}U-=D w p=kDv= \w]N |Oa@xU |R=UpOt x@ R=}v Qo}O hQ] R=
QO C=aq]= |v=UQRwQ x@ w C} Q}Ot '|Q=Oyov |=Q@ ?U=vt |QDU@ w u; x@
xHwD =@ "OwW|t T=UL= |Q=OQ@xQy@ w CN=U '|L=Q] '|Q}os}tYD |=yR=i
|@ wN x@ Ov=wD|t |Qw=:vi u}= '2CN=U C=aq]= |R=UpOt |=yC}r@=k x@
|Qw=:vi wO Qy x@ R=}v xm u}= x@ xHwD =@ "OW=@ xOW QmP |=yR=}v |wo@=wH
|R} Qxt=vQ@ |xrLQt QO CN=U C=aq]= |R=UpOt w |}=}i=QeH C=aq]= sDU}U
Q}Ut u}}aD |=Q@ |Q}os}tYD Ov}=Qi QO xS} w x@ - ?; p=kDv= |}=v@ Q} R |=yxSwQB
|Qw=:vi wO u}= R= u=tRsy |xO=iDU= 'OwW|t T=UL= � xrwr \w]N ?U=vt
Q}Ut x@ |@=}CUO |=Q@ ?U=vt |QDU@ Ov=wD|t xJQ=Bm} pOt l} |x�=Q= w
`} QUD w j}kOD ?Hwt xDiQW}B |=y|Qw=:vi R= xO=iDU= u}vJty "OW=@ xv}y@
|Q}os}tYD |=Q@ VywSB |xt=O= QO ?}DQD u}O@ "OwW|t C=aq]= uDiQo QO
=t |=yQ}eDt R= |Q=}U@ =Q} R &OwW|t xO=iDU= |@D=QtxrUrU p}rLD VwQ R= R=
ltm xSwQB u=aiv|P |Q}os}tYD CyH QO Ov=wD|t VwQ u}= w OvDUy |i}m

"Ovm
=@ ?; p=kDv= \N |xSwQB ?U=vt Q}Ut ?=NDv= wQ V}B |xr=kt |rY= hOy
C=aq]= sDU}U |xJQ=Bm} pOt T=U= Q@ w 3|@D=QtxrUrU p}rLD VwQ R= xO=iDU=

"CU= CN=U |D=aq]= pOt w |}=}i=QeH

j}kLD |xv}W}B "2
CN=U C=aq]= |R=UpOt "1"2

|=yQ=Ri=sQv w =yxw}W R= u=WD}r=ai |xv}tR x@ xHwD =@ xSwQB QO Q}oQO pt=wa R= s=Om Qy
|oJQ=Bm} O=H}= |=Q@ u}=Q@=v@ &Ovvm|t xO=iDU= u=W} Q=m G}=Dv |x�=Q= |=Q@ |Dw=iDt
|=yQ=Ri=sQv =@ =D OvwW |R=UR=@ w Q}UiD ,=OOHt O}=@ C=aq]= '=y|HwQN u}= u}@
[7 w 6]"OvwW lQOhrDNt u=aiv|P\UwD 'p=kDv= s=ovy QO w OvwWnvy=tyhrDNt
xJQ=Bm} Q}e C=aq]= w O=vU= R= |O=} R Q}O=kt =@ xSwQB QO p}NO O=} R pt=wa OwHw
[8]"CU= xOW �4|D=aq]= Q}=RH� s=v x@ |twyit uOt; OwHw x@ Ea=@ xOvm =QB w
C=iqDN= u}=Vy=m?HwtCN=U C=aq]= |R=UpOt s=v x@|twyit R= |OvtxQy@

"OwW|t =y|oJQ=Bm} sOa w
|UOvyt '|Q=tat QOCN=UC=aq]=|R=UpOt R= xO=iDU= 'xDWPo |=yp=U QO
C=aq]= |R=UpOt "CU= xDi=} VQDUo |Q}otWJ Qw] x@ 5CN=U CavY w
l} '|R=Ht CN=U \}Lt w KQ] l} u=wva x@ Cw=iDt Qw] x@ Ov=wD|t CN=U
Ov}=Qi l} =} xSwQB C=}L |xNQJ |D=aq]= pOt l} 'u=aiv|P u}@ \=@DQ= |xr}Uw
u=wva x@ Ov=wD|t u}vJty "OwW xDN=vW 'OwW|t xO=iDU= =yx=oWv=O QO xm |WRwt;
R= p@k u=Wi}=_w =@ =yv; |}=vW; QO xSwQB s}D x@ xm OwW xO=iDU= |Q}oO=} Q=R@= l}
|R=UpOt Ov}=Qi RwQt= |=}vO QO Cio u=wD|t [9]"Ovm ltm C}=U QO xi}_w u; R=e;
QO |U=U= pwLD l} xmr@ 'CU}v Q=m OvwQ Ow@y@ w CiQW}B CN=U C=aq]=
\UwD xm CU= |@ w@Lt |xtrm BIM Kq]Y= [10]"CU= |Q=m |=yCN=UQ} R
xJv; u}=Q@=v@ &OwQ|t Q=m x@ u=WQ=Ri=sQv |=yC}r@=kh} QaD QO =yQ=Ri=sQv u=oOvvmO}rwD
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x@ xHwD =@ xv} Ro u} QDy@ Q}Ut Qy |=y|oS} w |UQQ@ R= TB w OvwW |}=U=vW Q}Ut
|UQDUO hrDNt |=yQ}Ut 3 pmW "OwW ?=NDv= xv=oOvJ |Q}os}tYD |=yQ=}at

"OyO|t u=Wv =Q
Q=wr@ |xv=}t R= |rY= Q}Ut 'OwW|t xOy=Wt pmW u}= QO xm xvwou=ty
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"?; p=kDv= \N Q}Ut u} QD?U=vt ?=NDv= |@D=QtxrUrU KQ] "4 pmW

%|i=[= |=yxwQo w Cq;u}W=t
Q=mu=t}B '|DavY lQyW pN=O |UQDUO |=yQ}Ut uOw@ Cr=iU; x@ xHwD =@
uOv=OQoQ@ w uOvm |=Q@ |i=[= |=yxwQo w Cq;u}W=t O}=@ xSwQB |=QH= |=Q@
|=yQ}Ut pw] V}=Ri= OwHw =@ u}=Q@=v@ &OQ@@ Q=m x@ =yQ}Ut u}= QO Cr=iU;
x@ Q=mu=t}B '|DavY lQyW pN=O R= xOvQPo |=yQ}Ut x@ C@Uv |@ Qe w |kQW
x@ |i=[= xwQo w Cq;u}W=t R= xO=iDU= sOa w Q}Ut wO u}= uOw@ |m =N p}rO
QO "OQ=O Q}Ut wO u}= R= |m} ?=NDv= x@ p}=tD 'Cr=iU; uOv=OQoQ@ w uOvm Qw_vt
|v=OvJ C}ty= =tQiQ=m |=Q@ |i=[= xwQo w Cq;u}W=t uOQm xi=[= p@=kt hQ]

"OQ=Ov
p=kDv= Q}Ut u} QDy@ ?=NDv= |@D=QtxrUrU KQ] 'xOW u=}@ |=yQ=}at x@ xHwD =@
u=aiv|P |Ov@C} wrw= x@ xHwD =@ p=kDv= \N Q}Ut u} QD?U=vt u}}aD Qw_vt x@ ?;

"CU= xOW xOQw; 4 pmW QO �Q=mu=t}B w =tQiQ=m � xSwQB |O}rm

p}rLD VwQ =@ Q}Ut u} QD?U=vt uDi=} w u=oQ@N |Q}os}tYD "4"4
|@D=QtxrUrU

|=yVN@ C=YNWt w |@D=QtxrUrU KQ] 'u=@ R}t |xJQ=Bm} pOt VN@ u}= QO
w OQ}o|t Q=Qk �Q=mu=t}B w =tQiQ=m � xSwQB |O}rm u=aiv|P Q=}DN= QO Q}Ut hrDNt
\UwD =yQ=}at |} wOwO |xU}=kt u}vJty whrDNt |=yxv} Ro u}@ =yQ=}at |xU}=kt
=yQ=}at R= l} Qy C}ty= u=R}t xmu}= x@ xHwD =@ "OQ}o|t s=Hv= Q=mu=t}B w =tQiQ=m
\UwD sy w =tQiQ=m\UwD sy =yxt=vVUQB u}= 'CU= Cw=iDt Q=mu=t}B w =tQiQ=m |=Q@
=yQ=}at u}@ |xU}=kt ?}DQD x@ 3 pwOH w 2 pwOH QO "CU= xOW p}tmD Q=mu=t}B
\w@ Qt R=}Dt= CiQ|t Q=_Dv= xm xvwou=ty "CU= xOW xOQw; Q=mu=t}B w =tQiQ=m \UwD
K}HQD Q=mu=t}B ,qFt "CU= Cw=iDt Q=mu=t}B w =tQiQ=m |=Q@ =yQ=}at R= l} Qy x@
ẁ[wt u}= xm |r=L QO 'Ovmv xO=iDU= |i=[= |=yxwQo w Cq;u}W=t R= xm OyO|t
=tQiQ=m |=Q@ |DavY lQyW pN=O |=yQ}Ut uOW OwOUt "OQ=Ov |Dw=iD =tQiQ=m |=Q@
Q=mu=t}B "OQ=Ov |v=OvJ C}ty= Q=mu=t}B |=Q@ ẁ[wt u}= xm |r=L QO 'OQ=O C}ty=
u}t-=D =tQiQ=m |rY= C} wrw= xmu; p=L 'CU= xv} Ry u} QDtm =@ xSwQB |=QH= p=@vO x@
C=U}U-=D Q=}at OQwt QO "CU= u=tR u} QDtm QO |DavY lQyW |=yOL=w |=Q@ ?;
QO =Q} R &OQ=O C}ty= =yv; |=Q@ Q=}at u}= w OvQ_vsy ,=@} QkD Q=mu=t}B w =tQiQ=m '|rN=O
C=U}U-=D u}= O}=@ Q=mu=t}B |DavY lQyW |rN=O C=U}U-=D QO |@=QN RwQ@ CQwY

=QH= w |L=Q] u=tR QO |UQQ@ OQwt |=yQ=}at "3"4
|=yQ=}at w =yx=oO}O xSwQB R= OwN `kwD w Q=_Dv= |=v@t Q@ xSwQB u=aiv|P R= l} Qy
hrDNt C=UrH |Q=RoQ@ =@ "OvQ=O p=kDv= \N Q}Ut u} QDy@ ?=NDv= |=Q@ |irDNt
|=yC} wrw= w =yQ=}at 'OvDUy xSwQB |rY= `iv}P wO xm Q=mu=t}B w =tQiQ=m Qw[L =@
'xSwQB |xv} Ry %R= Ov=CQ=@a xOWXNWt |=yQ=}at "OWXNWt |}=QH= w |L=Q]
C=U}U-=D OwHw 'xSwQB hrDNt |=yxv} Ro x@ xHwD =@ Q}Ut uOQm OwOUt 'xSwQB u=tR
QO xO=iDU= OQwt |Q=m |=yxwQo w Cq;u}W=t w hrDNt |=yQ}Ut QO |v}tRQ} R
Q=mu=t}B w =tQiQ=m x=oO}O w =yQ=}at u}= R= s=Om Qy C=L}[wD "hrDNt |=yVN@

%CU= Q} R KQW x@ =yv; R= l} Qy x@ C@Uv
%xSwQB |xv} Ry

Cr=iU; uOv=OQoQ@ w uOvm pw] w |R} Ql =N w |Q=OQ@l =N sHL xmu}= x@ xHwD =@
Cw=iDt =yQ}Ut u}= |=QH= |xv} Ry 'OQ=O Cw=iD Qo}Om} =@ =yQ}Ut u}= R= s=Om Qy
'CU= |DavY CN=U w KQ] xm xSwQB lQ=OD VwQ x@ xHwD =@ CU= |y}O@ "CU=
|xv} RyV}=Ri= xm |r=L QO &OQ=OC}ty= Q=mu=t}B |=Q@ xSwQB |=QH= |xv} Ry ẁ[wt

"OQ=Ov |v=OvJ Cw=iD =tQiQ=m |=Q@ xSwQB
%xSwQB u=tR

CU= |y}O@ "CU= Cw=iDt hrDNt |=yQ}Ut QO xSwQB u=tR =QH= VwQ ?UL Q@
OvQ=O p}=tD QD`} QU |Q=OQ@xQy@ |=Q@ =tQiQ=m w |QUq=@ |xv} Ry x@ xHwD =@ Q=mu=t}B

"OUQ@ s=tD= x@ QDOwR xSwQB xm
%Q}Ut uOQm OwOUt

|DavY lQyW pN=O R= Qw@a x@ xHwD =@ |Da} QW w '|t=H '|rY= |=yQ}Ut QO
pDNt lQyW pN=O QO |yOCtON Ov}=Qi w OwW|t OwOUt hrDNt |=yQ}Ut
x@ xHwD =@ |O}OH |=yVr=J lQyW pN=O R= Qw@a CQwY QO R}v Q=mu=t}B "OwW|t
Q=mu=t}B xOW u=}@ C=mv x@ xHwD =@ 'u}=Q@=v@ &CW=O Oy=wN O}OH u=aiv|P C} Q}Ot

Ovvmv Qw@a |DavY lQyW pN=O R= xm OvQ=O p}=tD =tQiQ=m w
%|rN=O C=U}U-=D

|=Q@ =tQiQ=m xm CU= |y}O@ "OQ=O OwHw |irDNt C=U}U-=D |DavY lQyW pN=O
|DNU p}rO x@ Q=mu=t}B w lQyW |rN=O C=U}U-=D QO pqDN= RwQ@ R= |Q}owrH
R= OvQ=O p}=tD |@=QN RwQ@ w C=U}U-=D =@ OQwNQ@ p=tDL= |q=@ lU} Q w =QH= VwQ

"Ovvmv Qw@a |DavY lQyW pN=O
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}}aD"=tQiQ=m \UwD =yQ=}at |}wOwO |xU}=kt "2 pwOH

|vRw u}ov=}t u}ov=}t w Cq;u}W=t C=U}U-=D uOQm OwOUt u=tR |xv} Ry =yQ=}atxOW p=tQv |vRw |i=[= xwQo |rN=O Q}Ut xSwQB xSwQB
0/055 0/394 1/000 0/200 0/143 0/333 1/000 xSwQB |xv} Ry
0/166 1/185 7/000 0/333 0/333 1/000 3/000 xSwQB u=tR
0/380 2/713 7/000 1/000 1/000 3/000 7/000 Q}Ut uOQm OwOUt
0/355 2/537 7/000 1/000 1/000 3/000 5/000 |rN=O C=U}U-=D
0/394 0/311 1/000 0/143 0/143 0/143 1/000 |i=[= xwQo w Cq;u}W=t

"Q=mu=t}B \UwD =yQ=}at |}wOwO |xU}=kt "3 pwOH
|vRw u}ov=}t u}ov=}t w Cq;u}W=t C=U}U-=D uOQm OwOUt u=tR |xv} Ry =yQ=}atxOW p=tQv |vRw |i=[= xwQo |rN=O Q}Ut xSwQB xSwQB

0/452 2/667 3/000 3/000 3/000 5/000 1/000 xSwQB |xv} Ry
0/153 0/903 0/333 3/000 3/000 1/000 0/200 xSwQB u=tR
0/099 0/582 3/000 0/200 1/000 0/333 0/333 Q}Ut uOQm OwOUt
0/109 0/644 0/200 1/000 5/000 0/333 0/333 |rN=O C=U}U-=D
0/698 1/108 1/000 5/000 0/333 3/000 0/333 |i=[= xwQo w Cq;u}W=t

"=yv; |Ov@x@DQ w hrDNt |=yQ}Ut |=Q@ Q=mu=t}B w =tQiQ=m |=yR=}Dt= |xU}=kt "4 pwOH
�Q=mu=t}B� x@DQ �Q=mu=t}B� R=}Dt= �=tQiQ=m � x@DQ �=tQiQ=m � R=}Dt= xar=]t OQwt Q}Ut

1 0/402 1 0/479 |kQW Q}Ut
2 0/347 3 0/191 |rY= Q}Ut
5 0/205 5 0/127 |t=H Q}Ut
4 0/211 4 0/128 |Da} QW Q}Ut
3 0/346 2 0/425 |@ Qe Q}Ut

|Q}oxH}Dv "5
R= |m} x@ |v=UQ@; |=yxSwQB 'QwWm |=y|r=UmWN x@ xHwD =@ Q}N= |=yp=U QO
|q=@ |=yxv} Ry x@ xHwD =@ xm CU= xOW p}O@D QwWm QO =yxSwQB `=wv= u} QDsyt
u} QDsyt R= |m} x@ p=kDv= \N |=QH= ?U=vt |=yQ}Ut uDi=} '|}=QH= C=}rta
|}xv=}=Q |=y|Qw=:viCiQW}B =@ Qo}O hQ] R= "CU= xOW p}O@DVN@ u}= |=yVr=J
R= |}xv=}=Q |=yQ=R@= R= xO=iDU= 'R=UwCN=U CavY QO xS} w x@ hrDNt `}=vY QO
CavY u}= QO CN=U C=aq]= |R=UpOt w |}=}i=QeH C=aq]= sDU}U p}@k
?}mQD w CN=U C=aq]= |R=UpOt |=yOv}=Qi R= |Q}oxQy@ =@ "CU= xDi=} VQDUo
x@ R=}v OQwt |i}m w |:tm |=yxO=O u=wD|t |}=}i=QeH C=aq]= |=ysDU}U =@ u;
x@ =Q |v=UQ@; |xSwQB p=kDv= \w]N ?U=vt Q}Ut ?=NDv= |=Q@ |Q}os}tYD Qw_vt
|QDy@ |=yQ}Ut |@D=QtxrUrU p}rLD VwQ R= |Q}oxQy@ =@ C}=yv QO w OQw; CUO

"O=O O=yvW}B QD?wr]t |xv} Ry =@ w QD?U=vt u=tR QO xSwQB |=QH= |=Q@
?; p=kDv= \N |xSwQB QO xrwr \N |=QH= |=Q@ ?U=vt Q}Ut u}}aD Qw_vt x@
u=aiv|P w u=oQ@N C=Q_v uOQm ^=Lr =@ w x}rw= |=yQ}Ut uDiQo Q_v QO =@ =OD@=
C=U}U-=D 'Q}Ut uOQm OwOUt 'u=tR 'xv} Ry |=yQ=}at T=U= Q@ =yQ}Ut |x}rm xSwQB
xU}=kt |@D=QtxrUrU p}rLD VwQ R= |Q}oxQy@ =@ |i=[= xwQo w Cq;u}W=t w |rN=O
C=aq]= sDU}U |xJQ=Bm} pOt u=}t u}= QO "OW u}}aD xv}y@ Q}Ut C}=yv QO w

|=yxv} Ry CN=OQB sRrDUt ẁ[wt u}= xm Ov=OQoQ@ OwN x}rw= Cr=L x@ ,=OOHt =Q
R= "OwW|t xSwQB u=tR V}=Ri= ?Hwt u}vJty w CU= Q=mu=t}B ?v=H R= |i=[=
=Q} R 'CU= |rN=O C=U}U-=D QO pN=OD RwQ@ sOa p=@vO x@ R}v =tQiQ=m Qo}O hQ]
lQyW |=yOL=w QO pqDN=?HwtCU= umtt lQyW|rN=O C=U}U-=D QO pqDN=

"OwW |DavY lQyW |=yOL=w |QwxQy@ Vy=m C}=yv QO w
|xU}=kt |=Q@ R=}v OQwt |=ypwOH Q}=U w 3 pwOH '2 pwOH uDiQo Q_v QO =@
|=yQ}Ut QO =yQ=}at R=l} Qy |} wOwO |xU}=kt x@ \w@ Qt pw=OH� =yQ}Ut |} wOwO
|=yC} wrw= �CU= xOWv xOQw; VywSB u}= QO =yv; O=} R O=OaD x@ xHwD =@ xm hrDNt

"O};|t CUO x@ 4 pwOH j@=]t Q=mu=t}B w =tQiQ=m
|r}=tD 'Q}Ut uOW OwOUt Q=}at x@ xHwD =@ =tQiQ=m xm CU= u}= R= |m =L G}=Dv
|=yQ}Ut sy |iQ] R= w OQ=Ov |t=H w |Da} QW '|rY= |=yQ}Ut ?=NDv= x@
x@ |@ Qe w |kQW |=yQ}Ut 'u}=Q@=v@ &OQ=Ov |v=OvJ Cw=iD w= |=Q@ |@ Qe w |kQW
Q=mu=t}B u}vJty "CU= xOW ?=NDv= =tQiQ=m swO w pw= C} wrw= u=wva x@ ?}DQD
w |Da} QW '|rY=� |v=}t |=yQ}Ut QO |i=[= |=yxwQo R= xO=iDU= x@ xHwD =@
x@ =Q |kQW Q}Ut w OQ=O =yQ}Ut u}= R= Qw@a x@ C@Uv |QDtm p}=tD �|t=H
u=}@ C=aw[wt x@ xHwD =@ u}=Q@=v@ &CU= xOQm ?=NDv= OwN pw= C} wrw= u=wva
?=NDv= ?; p=kDv= \N |=QH= Qw_vt x@ ?U=vt Q}Ut u=wva x@ |kQW Q}Ut xOW

"OwW|t
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Ovyt ?=NDv= xrwr \N |=QH= Q}Ut u=wva x@ Q=mu=t}B Qw=Wt \UwD Q}Ut |y=Dwm p}rO x@
=yQ=}at |} wOwO |xU}=kt x@ xHwD =@ w Qo}O |=yQ=}at uDiQo Q_v QO =@ =t= &Ow@ xOW
u}= QO ?; p=kDv= \N |=QH= ?U=vt Q}Ut '|kQW Q}Ut xm OW XNWt =yQ}Ut w

"CU= xSwQB
"CU= xOQm xHwD |v=UQ?; |]N |=yxSwQB |=yQ=}at x@ QDW}@ VywSB u}=
"OQm xQ=W= |y=owQ}v |=yxSwQB Ovv=t =yxSwQB Q}=U x@ u=wD|t Qo}O |=yVywSB QO
|=y|oS} w x@ xHwD =@ w xSwQB u}=XDNtVywSB u}= QO xDiQ Q=m x@ |=yQ}eDt u}vJty
u=wD|t xOt; CUO x@ C=aq]= x@ xHwD =@ w xSwQB QwN=Qi x@ xmu; p=L "OvOw@ u;

"CiQo Q_v QO =Q |Qo}O |=yQ}eDt

C=aq]= G=QNDU= Qw_vt x@ �u=@ R}t pOt� CN=U C=aq]= |R=UpOt w |}=}i=QeH
sHL ',qFt "CiQo Q=Qk xO=iDU= OQwt |@D=QtxrUrU p}rLD s=Hv= |=Q@ R=}v OQwt
|=QH= |=Q@ R=}v OQwt u=tR w Cr=iU; CW=OQ@ pw] '|R} Ql =N w |Q=OQ@l =N
pOt R= CkO u} QDW}@ =@ w u=tR u} QDtm QO 's}kDUt CQwY x@ =yQ}Ut R= l} Qy

"OW G=QNDU= u=@ R}t
u} QDy@ Q}Ut u} QDx=Dwm ,=t=Rr= xm O=O u=Wv =yQ}Ut u}@ |xU}=kt VywSB u}= QO
Q=Qk xHwD OQwt |irDNt |=yQ=}at O}=@ hrDNt |=yQ}Ut ?=NDv= QO w CU}v Q}Ut
R}v =yv;C}ty= u=R}t w O};|tCUO x@ xSwQB u=aiv|P =@ x@L=Yt =@ =yQ=}at u}= "OQ}o
�|rY= Q}Ut� Q=wr@ |xv=}t Q}Ut =OD@= QO "OwW|t XNWt u=aiv|P u}ty \UwD

=yCWwv=B
1. geographic information system-GIS
2. building information modeling-BIM
3. analytical hierarchical process-AHP
4. Information Islands
5. architecture, engineering, construction- AEC
6. micro level
7. macro level
8. Isikdag et al.
9. De Laat and Van Berlo
10. Deng et al.
11. Hijazi et al.
12. Irizarry et al.
13. Hjelseth and Thiis
14. Sergi and Li
15. Autodesk 360
16. Del Giudice et al.
17. Autodesk Infraworks
18. ArcGIS
19. Revit
20. Choi et al.
21. Park and Kim
22. Denver
23. Los Angeles
24. Du et al.
25. global positioning system-GPS
26. Liu and Issa
27. Zhao et al.
28. Jinan
29. glass �ber reinforced plastic pipe- GRP
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