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e|=yu=tDN=U QO u=t}U hqD= Vy=m ?wJQ=J

u=QyD QyW QO |vD@ CrmU= =@ |vwmUt
�|QDmO |wHWv=O� QwBy=t =[QQ}t=

wDvQwD x=oWv=O 'u=Qta |UOvyt |xOmWv=O
�u}at O=DU=� �?yDQt |OytOtLt

h} QW |DavY x=oWv=O 'u=Qta |UOvyt |xOmWv=O
�O=DU=� \@U uULOtLt

Q}@mQ}t= |DavY x=oWv=O 'CU} R\}Lt w u=Qta |UOvyt |xOmWv=O

QO QH; w u=t}U 'uD@ 'OQor}t %pt=W 'OQ@ Q=mQ)B Kr=Yt 4 hqD= u=R}t 'xt=vVUQB ltm x@
QO xm OW xOy=Wt w |Qw;`tH u=QyD QyW QO |vD@ CrmU= =@ |vwmUt u=tDN=U 32
hrD Kr=Yt Q}=U R= V}@ |vRw �8 6 hqD= OwOL =@ u=t}U 'QwmPt |=yu=tDN=U

|x}rw= pOt 'xv=oOvJ |]N VR=Q@ w xOWQmP |xt=vVUQB G}=Dv R= xO=iDU= =@ "OwW|t
|xt=vVUQB ltm x@ CN=U u=YYNDt R= |HvUQ_v =@ TBU "OW xDN=U u=t}U hqD=
l} Q=DN=U "OW xO=O X}NWD ?U=vt u=t}U hqD= Vy=m |=Q@ |r=t jwWt Q=my=Q 'swO
u=Q=mv=t}B j} wWD CyH � CU= Q}PBx}HwD |]}LtCU} R w |O=YDk= Q_v R= xm � jwWt
QDt=Q=B uOQm ^=Lr =@ u=t}U hqD= swO pOt 'xt=O= QO "OW u} wOD u=t}U hqD= Vy=m x@

|=ypOt |HwQN G}=Dv p}rLD =@ 'xOWQmP jwWt Q@ xwqa "OW |R=UR=@ |r=t jwWt
O=OQ=Qk |Q}oQ=mx@ nvyQi |xaUwD 'CN=U u=YYNDt C=Q_v Ci=} QO w xOWO=H}=
=@ QDCL=Ut sm |=yu=tDN=U |L=Q] w �xv} Ry Q@ xi=[=� O=OQ=Qk |=Hx@ �`tHQU�

|=yQ=my=Q Q}=U x@ C@Uv 'xk@] sm w QDW}@ CL=Ut =@ |=yu=tDN=U |=Hx@ QDW}@ C=k@]
uOW |}=QH= |=DU=Q QO Ov=wD|t ?wJQ=J u}= "OvOW xO=O X}NWD KHQ= 'hqD= pQDvm

"OwW O=yvW}B u=QyD |Q=OQyW x@ |R=Uu=tDN=U |=yxSwQB �Q=O}=B |xaUwD�

amirreza.mahpour@mail.utoronto.ca
mortaheb@sharif.edu
sebt@aut.ac.ir

'xv=oOvJ |]N VR=Q@ '|r=t jwWt 'u=t}U hqD= pQDvm 'u=t}U %|O}rm u=oS=w
"u=QyD �Q=O}=B� |vD@ |vwmUt |=yu=tDN=U

xtOkt "1
[5]'lr=U uwJ|}=y|Q=t}@ ẁ}W [4]'C=a}=[ 2uiO pLt x@ sQ@t R=}v Ovv=t |Q=}U@
|B QO =Q |rt `@=vt R= xOv}; |=ypUv uDN=U swQLt w [6]'uwO=Q Q[t R=o O}rwD

"CW=O Oy=wN
u=t}U Kr=Yt xm CU= u; Qov=Wv QwmPt Q=DWwv QO xOW|Qw;`tH C=aq]=
nQR@ QwWm u}tHvB u=Q}= xmv}= x@ xHwD =@ "CU= hqD= ZQat QO Kr=Yt Q}=U R=V}@
hQYt |O=} R `@=vt wCU= xOv}q; Q=}U@ u=t}U O}rwD w [7]'CU= u=t}U |xOvvmO}rwD
QO C=aw[wt u}= "CU= Q[=L VywSB h=Oy= R= u=t}U hqD= Vy=m [8]'Ovm|t
|=yQ=my=Q w Ov=xDiQo Q=Qk u=w=Qi xHwD OQwt |v=yH K]U QO xDWPo |xyO OvJ |]
QO C=a}=[ O}rwD Vy=m w pQDvm 4'C=}r=t PN= 3'|r=t jwWt `[w %Q}_v '|irDNt
w |v=tDN=U C=a}=[ O}rwD Vy=m CyH xOvvmOwOLt u}v=wk `[w =} CN=U x=oQ=m
u}= x@ |@U=vt xHwD =t QwWm QO "CU= xOW xO}W}Ov= u=t}U uwJ |Lr=Yt hqD=
xOWv C@F |k}kO Q=t; '|v=tDN=U C=a}=[ O}rwD |xv}tR QO |DL w xOWv ẁ[wt

"CU= xDN=U Q=wWO V}B R= V}@ =Q C=a}=[ u}= Ot;Q=m C} Q}Ot Qt= u}ty w

O}rwD Kr=Yt R= xv}y@ Q}e |xO=iDU= w Kr=Yt hqD= QF= QO 1'|v=tDN=U C=a}=[
%CU= C}ty= R�=L CyH OvJ R= |v=tDN=U C=a}=[ O}rwD u=R}t Vy=m "OvwW|t
"CU=wy |oOwr; |xOta pt=wa R= |m} '|v=tDN=U C=a}=[ w CN=U CavY ',qw=
QWDvt =Q u@ QmO}Um =|O Ovv=t '|R=o |=yxOv}q; pm �30 OwOL CN=U CavY
p=U 20 QO xOWQmP u=R}t 'OwWv O=H}= u; OvwQ QO |Ow@y@ xm |DQwY QO w Ovm|t

[1]"OW Oy=wN Q@=Q@ 2 'xOv};
OwN x@ =Q Ot=H C=a}=[ R= |O=} R syU '?} QND w |v=tDN=U C=a}=[ ',=twO
[2]"CU= |vRw �30 OwOL '=B wQ= QO xOWxQ=W= syU p=Ft |=Q@ "Ov=xO=O X=YDN=
xOW O}rwD |v=tDN=U C=a}=[ uD 18596 xv=RwQ '1382 p=U QO R}v u=QyD QyW QO
CqmWt 'Ot;Q=m =v C} Q}Ot CQwY QO |v=tDN=U C=a}=[ O=} R u=R}t [3]"CU=

pw�Ut xOvU} wv �
"1395 10 4 VQ}PB '1395 9 1 x}LqY= '1395 3 29 Ci=} QO %M} Q=D
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Q=J"hrDNt |=yQwWm QO u=t}U hqD= x@ \w@ Qt Q=t; "1 pwOH
`@vt p=U u=t}U hqD= OYQO QwWm h}OQ
[17] 2016 |vRw �0 64 =}v=BU= 1
[18] 2012 |vRw �18 44 x} QH}v 2
[19] 2011 |vRw �7 8 C=Q=t= 3
[20] 2010 |vRw �5 QYt 4
[21] 2006 |vRw �10 3 =v=wUDw@ 5
[22] 2004 |vRw �6 nvmnvy 6
[23] 2004 |vRw �6 15 nvmnvy 7
[24] 1999 |vRw �10 u=DUrov= 8
[25] 1996 |vRw �9 Ovry 9

'OQor}t %pt=W 'xar=]t OQwt Kr=Yt "OwW|t xO=O u=Wv YMaterial O=tv =@ xm
P =@ u; O} QN u=R}t w W =@ Kr=Yt hqD= u=R}t Qo = "CU= QH; w u=t}U 'uD@

%O};|t CUOx@ 1 |x]@=Q R= YMaterial x=ov; 'OwW xO=O u=Wv
YMaterial = W

P
� 100 (1)

"CU= xOW xO=O u=Wv 2 pwOH QO xar=]t OQwt Kr=Yt |=Q@ xDU@=w Q}eDt Q}O=kt
%OvDUy KQW u}= x@ 7pkDUt |=yQ}eDt "2

|=Q@ Q=mv=t}B VqD u=R}t QO O=OQ=Qk Qy \@=w[ xm |}=Hv; R= %O=OQ=Qk ẁv �hr=
VywSB QO QwmPt Q}eDt [26]'OQ=Po|t Q}F-=D Kr=Yt CiQQOy R= |Q}owrH
pw=ODtCN=UCavY QO O=OQ=Qk R=|irDNt `=wv= "CU= xOW xOv=Hvo Q[=L
""" w �xv} Ry Q@xi=[=� '�`tHQU� '�|}=y@CUQyi� |=yO=OQ=Qk Ovv=t 'CU=
O=OQ=Qk u=Q}= QO |vwmUt |=yu=tDN=U |=Q@ O=OQ=Qk `=wv= u} QDpw=ODt [26]"
�O=OQ=Qk ẁv� Q}eDt [27w14'13]"OvDUy 9�xv} RyQ@xi=[=� O=OQ=Qk w 8�`tHQU�
w l} �`tH QU� O=OQ=Qk |=Q@ u; Q=Okt w OwW|t xO=O u=Wv X1 O=tv =@

"OwW|t h} QaD QiY �xv} Ry Q@xi=[=� O=OQ=Qk |=Q@
|L=Q] '|v=tDN=U C=a}=[ pQDvm |=yxO}= u}@ QO %xk@] Qy |=v@ Q} R �?
|m} xk@] |=v@ Q} R [28]"CU= xOW xDN=vW pt=wa u} QDsyt R= |m} ?U=vt
u=R}t 'xk@] |=v@ Q} R V}=Ri= =@ "CU= u=tDN=U |L=Q] QO QF-wt pt=wa R=
�1 |x]@=Q QUm CQwY w GQNt� u; hqD= u=R}t w Kr=Yt R= l} Qy O} QN
xk@] Qy |=v@ Q} R pkDUt Q}eDt x@ Kr=Yt hqD= OYQO =Pr "O@=}|t V}=Ri=
xO=O u=Wv FA O=tv =@ `@ QtQDt OL=w =@ xk@] Qy |=v@ Q} R "CU= xDU@=w sy
OwOL QO |:tm \@=wQ QO QwmPt pkDUt Q}eDt ?} Q[ xmv}= |=Q@ "OwW|t
`@ QtQDt OL=w =@ xk@] Qy |=v@ Q} R 0 01 'OW=@pkDUt |=yQ}eDt Q}=U?}=Q[

%�2 |x]@=Q� OwW|t xO=O u=Wv A O=tv =@ w OwW|t xO=iDU= \@=wQ QO
A = FA

100 (2)

xOw@ `@ QtQDt 235 |r= 50 xar=]t OQwt |=yu=tDN=U R= xk@] Qy |=v@ Q} R
%CU= jO=Y 3 |x]@=Q xH}Dv QO "CU=

0=50 � A � 2 35 (3)

pQDvm |=yQ=my=Q R= |m} '|L=Q] |R=UOQ=Ov=DU= %u=tDN=U C=k@] O=OaD �G
=y|Q=OQyW\UwD|}=yC}U=UL [27]"CU= xOW xDN=vW|v=tDN=UC=a}=[

VywSB |U=vWVwQ x@ '2VN@ QO xmCU= pmW u}= x@ Q[=L Q=DWwv Q=DN=U
u=R}t u}}aD x@ '4 VN@ QO &u=t}U C=a}=[ O}rwD u=R}t |R=UpOt x@ '3 VN@ QO
x@ '6 VN@ QO w |:tm \@=wQ |UQQ@ w p}rLD x@ '5 VN@ QO &|r=t jwWt |xv}y@

"CU= xOW xDN=OQB u=t}U hqD= Vy=m CyH |} wor= |x�=Q= w |Q}oxH}Dv

VywSB C=}@O= QwQt "1"1
OYQO 30 |r= 10 w [9]'Ot=H C=a}=[ �35 OwOL '?} QND w |v=tDN=U C=a}=[
x@ |v=tDN=U C=a}=[ C@Uv [10]"OvyO|t p}mWD =Q u=yH QO xOWuiO C=a}=[
[11]'|v=tDN=UC=a}=[O=} RC}ty= R=|m =L xmCU= 2 x@ 1 OwOL?} QND C=a}=[
hqD= w|v=tDN=UC=a}=[pQDvm |=Q@|irDNt|=yQ=R@= "CU=yu;K}LYC} Q}Ot w
u=QoWywSB xHwD OQwt ,=Q}N= |v=tDN=U C=a}=[ O}rwD |R=U|:tm "OQ=O OwHw Kr=Yt
P=ND=p}yUD?@U =Q} R 'CU= xOW|krD|D} Q}Ot?U=vt Q=R@=l} u=wvax@ w xDiQo Q=Qk
xv-=iU=Dt =t QwWm QO [14�12]"OwW|t|v=tDN=U C=a}=[ pQDvm wC} Q}Ot |=yQ=my=Q
xm CU= xOW VqD Q[=L Q=DWwv QO =Pr "OQ=Ov |v=OvJ C}ty= Kr=Yt hqD= pQDvm
w xHwD 'CU= u=QyD QO |v=tDN=U Kr=Yt u} QDhqD=QB R= |m} xm 'u=t}U Kr=Yt x@
u=QoWywSB |NQ@ 'xOWxar=]t |=yVywSB QO "OwW O=yvW}B Qw_vt |=Q@ |}=yQ=my=Q
"Ov=xOQm O=yvW}B u=t}U xrtH R= Kr=Yt hqD= Vy=m |=Q@ =Q |r=t jwWt Q=my=Q
|=Q@ |v=@OQv |r=t jwWt pOtl} O=yvW}B =@ u}J QO '2008 p=U QO 'p=Ft u=wvax@
|NQ@ [15]"OvyO Vy=m =Q Kr=Yt hqD= R= �23 OvOW jiwt Kr=Yt hqD= Vy=m
x@ |OwQw Kr=Yt pQDvm CyH OmQ=@ Q@ |vD@t sDU}U l} R}v �2002� u=QoWywSB
jiwt w OvOQm O=H}= u}J QO =Hv; R=|HwQN w|vwmUt `tDHtCN=U x=oQ=ml} Q=@v=
[16]"Ovvm |Q}owrH =m} Qt; QqO 19000 OwOL VRQ= x@ |Lr=Yt hqD= R= OvOW

"OyO|t u=Wv =Q hrDNt |=yQwWm QO u=t}U hqD= x@ \w@ Qt Q=t; '1 pwOH
|v=tDN=U Kr=Yt hqD= Vy=m |=Q@ hrDNt |=yQwWm QO xm |}=yVqD seQ|ra
'QwWm CN=U CavY u=YYNDt OQw;Q@ j@] 'CU= xDiQo CQwY u=t}U xrtH R=
\UwDt Qw]x@ xm CU= u; O} -wt R}v u=Q}= uD@ utHv= <=[a= |NQ@ |=y|v=Qov R=Q@= xm
Q=}U@ hqD= u=R}t u}= "OwW|t hrD u=Q}= CN=U |=yxSwQB QO u=t}U �30 OwOL
Q}O=kt Q=WDv= w u=w=Qi s=N O=wt w |SQv= hQYt 'O=} R |xv} Ry x@ xHwD =@ w CUq=@
Q_v x@ |QwQ[ u; Vy=m w pQDvm |=Q@ |}=yQ=my=Q |x�=Q= 'xOv}q; |=yR=o R= |O=} R
uOw@|rtaQ}e w OwHwt |v=tR |=yC}OwOLt x@ xHwD =@ 'Q[=L Q=DWwv QO "OUQ|t
CrmU= =@ |vwmUt |v=tDN=U |=yxSwQB 'CN=U |=yxSwQB `=wv= |xty |xar=]t

"Ov=xOW xar=]t u=QyD QyW QO |vD@

VywSB |U=vWVwQ "2
xOW |}=U=vW |v=tDN=U Kr=Yt hqD= QO Q=PoQ}F-=D 5|=yQ}eDt 'Q[=L Q=DWwv QO
u=t}U Kr=Yt 'OvOW |Qw;`tH R=}vOQwt |=yxO=O '1 |xt=vWUQB ltm =@ 'CU=
|]N CQwYx@ u=t}U hqD= 'OvOW xO=O X}NWD Kr=Yt u} QDhqD=QB u=wvax@
\UwD u=YYNDt R= |HvUQ_v w QwmPt pOt R= xO=iDU= =@ w OvOW |R=UpOt
QO u=t}U hqD= Vy=m |=Q@ |} wor= 'OwHwt |[=} Q |=yQ=R@= w 2 |xt=vVUQB

"CU= xOW xO=O O=yvW}B CN=U hrDNt pL=Qt

VywSB |=yQ}eDt "1"2
CU= OYQO ?UL Q@ OQ@ Q=mQB |v=tDN=U Kr=Yt hqD= u=R}t 6'xDU@=w Q}eDt "1
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}QW
u=Qt

a|
UOv

yt "|}xk]vt C}akwt Qy =@ Q_=vDt Q}eDt "3 pwOH
u=tDN=U O=OaD C}akwt
|vwmUt Q_=vDt |}xk]vt

5 X2 �`� u}UL s=t= u=O}t
5 X3 O=@;CO=aU
4 X4 =OyW u=O}t
4 X5 u=QyW
6 X6 Cr=UQ
4 X7 wvu=QyD
4 X8 x=BU u=O}t
32 ẁtHt

pQDvm |=Q@ |}=ypLx=Q w xDN=OQB CN=U x=oQ=m |}xk]vt C}akwt swyit
x�=Q= =yu; O}rwD pLt x@ xDU@ O}rwD R= Oa@|v=tDN=U C=a}=[C} Q}Ot =} O}rwD
|}xk]vtC}akwtl} QO Q=m |wQ}v Ow@tm Ovv=t |rt=wa 'xwqax@ [29]"Ov=xOQm
|v=Uv= pt=wa hrDNt |x@ QHD w Vv=O K]U '|}=wy w ?; \}=QW 'X=N
C}akwt '=Pr "OW=@ Q=PoQ}F-=D |v=tDN=U C=a}=[ O}rwD u=R}t QO Ov=wD|t
7 QO C=ar=]t w xOW xDiQo Q_v QO pkDUt Q}eDt l} u=wvax@ |}xk]vt
'O=@;CO=aU |xk]vt '�`� u}UL s=t= u=O}t %pt=W 'u=QyD QyW R= xk]vt
x=BU u=O}t w wvu=QyD u=@=}N 'Cr=UQ |xk]vt 'u=QyW |xk]vt '=OyW u=O}t
u=Wv CQwYx@ QwmPt |xk]vt 7 =@ Q_=vDt Q}eDt 7 =Pr "CU= xOW s=Hv=
C}akwt =@ Q_=vDt Q}eDt Q=Okt "CU= xOW h} QaD 3 pwOH QO xOWxO=O
|=Q@ 'p=Ft |=Q@ "CU= QiY =yQ}eDt Q}=U Q=Okt w l} u=tDN=U Qy |}xk]vt

%OvQ=QkQ@ 6 w 5 \@=wQ '=OyW u=O}t QO |v=tDN=U
X4 = 1 (5)

X2 = X3 = X5 = X6 = X7 = X8 = 0 (6)

QO |v=tDN=U C=a}=[ |=Q@ |rQDvm sR}v=mt I}y u=Q}= QO %|r=t jwWt Q=Okt �x
|R=Uwv w ?} QND ZQ=wa 10'?} QND C=a}=[ |=Q@ \ki w xOWv xDiQo Q_v
'|v=tDN=U C=a}=[Vy=m w pQDvmC}ty= x@ xHwD =@ "CU= xOW xDiQo Q_v QO
"Ovvmh} QaD|v=tDN=UC=a}=[pQDvm|=Q@|tR}v=mt =D OvOWu; Q@ u=oOvU} wv
Q=}DN= QO w OW |L=Q] 11CQm}r T=}kt QO wO |xt=vVUQB '=DU=Q u}= QO
u=YYNDt O}O R= pQDvm sR}v=mt u} QDQ@ =D CiQo Q=Qk CN=U u=YYNDt
|r=t jwWt Q@ ptDWt ,=DOta QwmPt |=ysR}v=mt "OwW xO=OX}NWDCN=U
PN= Q@ |r=t jwWt |QDQ@ ZQi =@ wO |xt=vVUQB [30]"OvDUy xt} QH PN= w
|HvUQ_v R=Oa@ xt=vVUQB12M=@vwQm|=ir;?} Q[uwJwOW|L=Q] xt} QH
|r=t jwWt |QDQ@ w xt=vVUQB|}=}=B 'OW 0 7 < 0 776XYNDt 54 R=
ZQ=wa pO=at|r=t jwWt |x}rw= Q=Okt "CiQo Q=Qk O}}-=D OQwt xt} QH PN= Q@
%CU= xOt;CUOx@ 7 |x]@=Q R= xmCU= xOW xDiQo Q_v QO |R=UR=@ w?} QND
C = 0 2�K � P � FA (7)

?} Q[ K '=m} Qt; QqO ?UL Q@ |R=Uwv w ?} QND ZQ=wa C 'u; QO xm
l} [32w31]"CU=m} Qt; QqO ?UL Q@ |Dqt=at VRQ= u} QN; P w K}LYD

"xar=]t OQwt Kr=Yt |=Q@ xDU@=w Q}eDt Q}O=kt "2 pwOH
C}=U QO Kr=Yt hqD= OYQO

Site No.
YCement YBrick YConcrete YRebar

5 660 5 800 2 500 1 000 1
7 400 5 600 2 670 1 300 2
16 670 6 800 2 250 1 200 3
14 500 8 000 1 220 1 100 4
6 670 5 000 6 470 1 500 5
6 670 5 700 3 350 1 600 6
3 330 6 800 2 700 1 300 7
5 250 � 5 450 1 750 8
10 000 4 000 2 290 1 000 9
7 800 5 000 2 500 1 800 10
6 670 7 200 5 500 1 000 11

� 5 000 9 330 1 730 12
8 000 3 500 4 760 1 710 13
4 000 4 000 1 810 1 200 14
7 000 15 200 4 000 1 150 15
7 000 � 2 650 0 500 16
5 830 11 110 3 950 1 000 17
10 000 5 100 2 480 1 140 18
9 670 10 000 4 170 2 000 19

� 7 500 6 060 0 900 20
10 000 7 000 3 960 1 790 21
13 330 17 600 3 750 1 800 22
13 330 10 000 4 050 2 000 23
6 000 � 2 650 0 700 24
6 670 5 000 6 330 1 200 25
10 500 7 640 1 850 1 140 26
6 670 8 570 5 830 2 000 27

� 7 510 7 760 1 000 28
12 000 3 330 4 790 1 790 29
13 330 8 570 3 200 1 700 30
9 330 7 510 3 910 2 000 31
5 330 3 330 2 500 1 400 32
8 573 7 151 3 969 1 323 \UwDt

C=k@] O=OaD =Pr "OQ=O OwHw u=tDN=U `=iDQ= XwYNx@ w xv}tR u}= QO
|=yQ}eDt R= |m} u=wvax@ 'u=tDN=U `=iDQ= R= |YN=W u=wvax@ u=tDN=U
"CU= xOW xO=O u=Wv S O=tv =@ w xOW xDiQo Q_v QO Q[=L VywSB pkDUt

%�4 |x]@=Q� OvDW=O xk@] 7 =} w 6 '5 '4 xar=]t OQwt |=yu=tDN=U
S 2 f4; 5; 6; 7g (4)

x@ |v=tDN=U C=a}=[ pQDvm |=Q@ 'u=QoWywSB |NQ@ %|}xk]vt C}akwt �O
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?wJ

Q=J"pkDUt |=yQ}eDt Q}O=kt "4 pwOH
|r=t jwWt C=@U=Lt xOW`tH |=yxO=O

C(K$) P ($) K C}akwt X1 S FA(m2) h}OQ
0 204 13 619 0 7 X2 1 5 107 1
0 251 13 578 0 7 X2 1 5 132 2
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%CU= G=DvDU= p@=k OQ=wt u}= '=yu; p}rLD w xOWx�=Q= |:tm \@=wQ x@ xHwD =@

�C@Ft� |ivt (A;S;Xi; C) pkDUt Q}eDt l} ?} Q[ xm |DQwY QO �hr=
u=t}U hqD= u=R}t 'YCement� xDU@=w Q}eDt u=R}t xm CU=vat u}O@ 'OW=@
"O@=}|t �V}=Ri=� Vy=m pkDUt Q}eDt 'u; Q=Okt V}=Ri= =@ '�OYQO ?UL Q@
Q}eDt u=R}t xm CU= u; |=vat x@ 'pkDUt Q}eDt l} |=Q@ QiY ?} Q[ 'xwqax@

"CU= pkDUt Q}eDt u=ty R= pkDUt xDU@=w
[8]"u=Q}= QO u=t}U uD l} O}rwD =@ \@DQt |=yXN=W "12 pwOH

OL=w \UwDt XN=W
Ton 1 64 s=N Kr=Yt hQYt
kWh 77 79 |m} QDmr= hQYt
Kcal 827190 |DQ=QL |SQv=
Kg 933 80 CO2 Q=WDv=
Kg 2 47 NOx |xOv}q;
Kg 522 40 SO2 =wy
Kg 99 60 SPM

"|r=t jwWt V}=Ri= x@ u=t}U hqD= C}U=UL "11 pwOH
Q}}eD u}ov=}t jwWt Q}}eD Kr=Yt��� hqD= ��� hqD= C}U=UL u=R}t ��� |r=t

�1 56 8 57 �0 183 �1 u=t}U

u=tDN=U `@ QtQDt uw}r}t 4 7 w QO=Y |vwmUt u=tDN=U CN=U |xv=wQB 3503
1 CN=U |=Q@ xOWxO=O X=YDN= u=t}U |x}tyU w OwW|t xDN=U |vwmUt
|}xU}m 'u=t}U uD 1 |xv} Ry [37]"CU= sQowr}m 100 'CrwO \UwD =v@ Q} R `@ QtQDt
'u=t}U uD Qy O}rwD [38]"CU= xOW OQw;Q@ �QqO 36 281� p=} Q 1270000
u; uD Qy O}rwD R= |Q}owrH |xv} Ry xm [8]'Ovm|t O}rwD CO2 sQowr}m 933 80
�B1� |xO}=i w �C1� xv} Ry 'xH}Dv QO [39]"CU= xOW xOR u}tND QqO 119 OwOL

%OwW|t x@U=Lt 18 w 17 \@=wQ CQwYx@ |r=t jwWt OL=w l} X}YND
C1 = UnitCost($)� PermitsNumber

Total ConstructedArea (m2)
1000� 3503
4=7� 106

= $0=745
m2 (17)

B1 = 6=48�� 0=1TonCement
1m2 FA � 0=9338TonCO2

1TonCement
� $119

1TonAvoidedCO2
= $0=720

m2 (18)

u=t}U C=a}=[ Vy=m |D} Q}Ot Q=R@= |r=t jwWt u=R}t V}=Ri= xm |}=Hv; R=
(�B) |xO}=i V}=Ri= w (�C) xv} Ry V}=Ri= CU= sRq 'CU= xOW xDiQo Q_v QO
"OwW |UQQ@ 20w 19 \@=wQ |] OYQO x u=R}t x@ |r=t jwWt V}=Ri= R= |W=v

"CU= 8 016�1000
3961 = $2 023

m2 |r=t jwWt \UwDt '3 pwOH j@]
�C = x

100 � 2=023 = $(0=020x)
m2 (19)

�B = x
100 � 1=56� 0=1TonCement

1m2 FA � $ 36=281
1TonCement

= $(0=057x)
m2 (20)

CQwYx@V}=Ri= OYQO x R= Oa@|r=t jwWt O=yvW}B |xO}=i x@ xv} Ry xH}Dv QO
QO QwmPt O=yvW}B uOw@ |O=YDk= |=Q@ sRq \}=QW "O};|t CUOx@ 21 |xrO=at

%CU= xOW xO=O u=Wv 22 |xrO=at
Benefit
Cost

= B1 + �B
C1 + �C

=
$ 0=720
m2 + $ (0=057x)

m2
$ 0=745
m2 + $ (0=020x)

m2

= 0=720 + 0=057x
0=745 + 0=020x (21)

Benefit
Cost

= 0=720 + 0=057x
0=745 + 0=020x � 1! x � 0=676�

! CWR � 1=56� 0=676 = 1=055� (22)

u=t}U hqD= Qo = "CU= OYQO ?UL Q@ u=t}U hqD= Vy=m CWR 'u; QO xm
'CU= |O=YDk= u; =@ ?U=vDt |r=t jwWt V}=Ri= 'O@=} Vy=m �1 055 R= V}@
OwW|t CN=OQB Q=mv=t}B x@ QqO ?UL Q@ �TFI� |r=t jwWt Cr=L u}= QO =Pr

%�23 |x]@=Q�
If CWR � 1=055�! TFI = (1 + CWR

1=56� 100 )�DC
= (1 + CWR

156 )� 0=2�K � P � FA (23)
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yt uDN} Q QwO 'Ov=xOWv xO=O VWwB |@U=vt RQ] x@ w Ov=xOW wBO u}}=B C=k@] QO
COW =Pr w OyO|t MQ u}}=B C=k@] QO ,=twta w u=QoQ=m \UwD QB xt}v |=yxU}m
CQwY QO u=t}U xm CU= QDq=@ C=k@] R= QDW}@ u}}=B C=k@] QO u=t}U hqD=
O=OaD V}=Ri= =@ xm CU= |a}@] =Pr w OwW|t ptL C=k@] u}= x@ Q@q=@ =@ R=}v
umtt u; jr]t u=R}t OvJ Qy 'O@=} Vy=m u=t}U hqD= |vRw OYQO 'C=k@]
|ivt 'u=t}U hqD= |=ypOt QO C=k@] O=OaD ?} Q[ =Pr "O@=} V}=Ri= CU=

"CU=
"CU= |ivt '|:tm |x]@=Q wO Qy QO (X1) O=OQ=Qk ẁv pkDUt Q}eDt ?} Q[ �w
O=OQ=Qk R= QDW}@ �xv} Ry Q@ xi=[=� O=OQ=Qk QO u=t}U C=a}=[ u=R}t 'xmv}= |va}
wO QO Q=mv=t}B x@ CN=OQB Cw=iDt \}=QW Qt= u}= Cra "CU= �`tHQU�
dr@t 'Q=mv=t}B |=yxv} Ry R= Q_vhQY =tQiQ=m �`tHQU� O=OQ=Qk QO "CU= O=OQ=Qk
=tQiQ=m '�xv} Ry Q@xi=[=� O=OQ=Qk QO "Ovm|t CN=OQB Q=mv=t}B x@ =Q |YNWt
�=yxv} Ry R= |OYQO CQwYx@ ,qwtat� |er@t s=t[v= x@ Q=mv=t}B |=yxv} Ry s=tD
O=OQ=Qk ẁv u}= QO =Pr w Ovm|t CN=OQB Q=mv=t}B x@ OwU w |QUq=@ u=wvax@
|i=[= Kr=Yt |x}yD 'xmr@ &OQ=Ov Q=mv=t}B |=Q@ |}xv} Ry \ki xv Kr=Yt hqD=
'�xv} Ry Q@ xi=[=� O=OQ=Qk QO xH}Dv QO "OW Oy=wN Q=mv=t}B QDW}@ OwU x@ QHvt

"OyO|tv u=Wv OwN R= Kr=Yt hqD= sOa |=Q@ |v=OvJ CkO Q=mv=t}B
|m =L 15 |xrO=at QO (C) |r=t jwWt pkDUt Q}eDt ?} Q[ uOw@ |ivt �w
hqD= Vy=m |=Q@ |@U=vt Q=my=Q Ov=wD|t |r=t jwWt V}=Ri= xm CU= u; R=

"OW=@ u=t}U
QO xOWs=Hv= |]}LtCU} R w |O=YDk= |@=} RQ= w |v=UWm p}rLD x@ xHwD =@ �R
|r=t jwWt CN=OQB u=R}t |x@U=Lt |=Q@ 25 |xrO=at '2"4 w 1"4 |=yOv@

"OwW|t O=yvW}B

|Q}oxH}Dv "6
w `@=vt 'OvQ=O CU} R\}Lt w u=Uv= |oOvR QO |@ QNt Q=F; '|v=tDN=U C=a}=[
u}= R= |OvtxQy@ Q@ |v@t |D; |=ypUv jL w OvyO|t QOy x@ =Q QwWm |=yx}=tQU
hqD= 'Kr=Yt OQ@ Q=m K}LY C} Q}Ot =@ CU= sRq =Pr "Ovvm|t `}}[D =Q `@=vt
|r=t |=yjwWt `[w %Ovv=t '|irDNt |=yQ=my=Q =@ Qt= u}= "O=O Vy=m =Q =yu;
'|v=tDN=U C=a}=[ O}rwD |=Q@ xt} QH w ZQ=wa PN= 'Kr=Yt hqD= Vy=m |=Q@
OQwt =}vO K]U QO xv=Q}oCNU |]}LtCU} R |=yOQ=Ov=DU= w u}v=wk ?} wYD =}
Kr=Yt hqD= Vy=m |D} Q}Ot C=t}tYD s=tD P=ND= T=U= "CU= xOW `k=w xHwD
'u=Q}= QwWm QO "CU= Kr=Yt hqD= u=R}t R= Q@Dat C=aq]= w Q=t; uDW=O '|v=tDN=U
C} Q}Ot Qt= u}ty w Ovm|tv |Qw;`tH =Q |Q=t; w C=aq]= u}vJ |rw�Ut O=yv I}y
pQDvm |=Q@ |Q=my=Q I}y u=Q}= QwWm QO 'xwqax@ "CU= xOQm Q=wWO =Q C=a}=[ u}=
ZQ=wa ?} QND |xrLQt C=a}=[ |=Q@ \ki w xOWv xO}W}Ov= |v=tDN=U C=a}=[
QO xOW|Qw;`tH |v=O}t C=aq]= j@] "CU= xOW |v}@V}B |R=Uwv w ?} QND
G}=Dv u}= 'xDiQ}PBCQwY |=yp}rLD w 2 w 1 |=yxt=vVUQB |] Q[=L Q=DWwv

%CU= xOt; CUOx@
CU= �8 57 |vwmUt u=tDN=UCN=U |=yxSwQB QO u=t}U hqD=\UwDt �hr=
'OQor}t |=Q@ Q=Okt u}= "CU= xar=]tOQwt Kr=Yt Q}=U hqD= \UwDt R= V}@ xm

"CU= �7 15 '�3 96 '�1 32 pO=at ?}DQDx@ QH; w uD@

l} V}=Ri= QF= Q@ u=QyD QO p=U l} QO u=t}U O}rwD |=yXN=W Vy=m "13 pwOH
"xOWxO=O O=yvW}B |r=t jwWt OYQO

OL=w \UwDt XN=W
Ton 12024 48 s=N Kr=Yt hQYt

Million 0 732 |m} QDmr= hQYt
kWh

Billion 6 065 |DQ=QL |SQv=
Kcal

Ton 6846 622 CO2 Q=WDv=
Ton 18 110 NOx |xOv}q;
Ton 3830 237 SO2 =wy
Ton 730 267 SPM

QO �X8 |r= X2� u=tDN=U E=OL= |xk]vt pkDUt |=yQ}eDt ?} Q[ �?
xm CU=vat u}O@ u}= "OW=@ QiY =} w |ivt 'C@Ft |Q=Okt Ov=wD|t '14 |xrO=at
'|vwmUt u=tDN=U l} |}xk]vt C}akwt Q}}eD =@ \ki w u=Um} ,qt=m \}=QW QO
wO =@ Q_=vDt pkDUt Q}eDt wO ?}=Q[ p[=iD |xR=Ov= x@ u=t}U C=a}=[ u=R}t
C=k}kLD QO OwW|t O=yvW}B "OQm Oy=wN Q}}eD |:tm |x]@=Q u=ty QO xk]vt
l} Q@ RmQtD =} CN=U p=L QO |=yu=tDN=U R= |QDW}@ O=OaD |xar=]t =@ '|D;
|QDxDi=}s}taD G}=Dv 'xv=o 22 j]=vt |xty |xar=]t =} X=N |}xk]vt C}akwt
O=OaD V}=Ri= =@ OwQ|t Q=_Dv= 'xwqax@ "OwW G=QNDU= �u=QyD QyW pm |=Q@ ,qFt�
QO "O@=} Vy=m |}xk]vt C}akwt ?}=Q[ u}@ Cw=iD 'xar=]tOQwt |=yu=tDN=U
p[=iD '|}xk]vt C}akwt ?} Q[ OQwt QO xm CU= sRq xDmv u}= QmP 'p=L Qy
u}= jr]t Q=Okt R= |QDW}@ C}ty= w =vat 'XNWt pOt l} QO ?}=Q[ u}@
x@ X=N |xk]vt l} |}xk]vt ?} Q[ uOw@ QiY 'u}vJty "OQ=O ?}=Q[
C=L}[wD j@] ,qw= =Q} R 'CU}v u=t}U hqD= Q@ xk]vt u; uOw@ Q}F-=D|@ |=vat
C}akwt wO ?} Q[ |@Uv p[=iD 'xDiQoCQwY VR=Q@ uOw@|]N w xOWQmP
X=N |}xk]vt C}akwt l} ?} Q[ jr]t Q=Okt R= QDC}ty= R�=L |}xk]vt
=@ ?}=Q[ w O=Oa= VQ=Ro |=Q@ SPSS Q=Ri=sQv C=t}_vD x@ xHwD =@ ',=}v=F "CU=
Qo}O |xDmv "OvDU}v jr]t QiY 'Ov};|t Q_v x@ QiY xm |@}=Q[ 'Q=Wa= skQ 3
|=ypOt uwJ |rw 'OW|t Qy=_ ?NDvtQ}e |=ypOt QO QiYQ}e ?}=Q[ 'xmv;
\ki xv Q=t; sra Q_v R= =yu; VQ=Ro 'OvQ=O |QDu}}=B Q=}U@ u}}aD ?} Q[ 'QwmPt

"O=O|t Q[=L Q=DWwv x@ |traQ}e |xyHw xmr@ 'CW=Ov |i=m x}HwD
xm CU= C@Ft (A) xk@] |=v@ Q} R pkDUt Q}eDt ?} Q[ '14 |xrO=at QO �G
u}= "OwW|t O=} R u=t}U hqD= OYQO 'xk@] |=v@ Q} R V}=Ri= =@ OyO|t u=Wv
x}yD R= Oa@ u=t}U Ovv=t |QOwB Kr=Yt xm OW=@ u}= R= |W=v Ov=wD|t \=@DQ=
ptL hQYt pLt x@ =Hv; R= w OvwW|t |Q=Oyov Q=@v= u=wvax@ |rLt QO uOW
u}tR |wQ uOW xO}Wm QF= QO =yxU}m CU= umtt 'uOQm Q=@v= u}L QO "OvwW|t
|xrY=iV}=Ri= |=vat x@ u=tDN=UCL=UtV}=Ri= "Ovv}@@?}U; u=QoQ=m\UwD
|xU}m uO}O?}U; u=mt= 'ptL |xrY=i V}=Ri= =@ w CU= QwmPt Kr=Yt ptL

"O@=}|t V}=Ri= |QOwB Kr=Yt CiQQOy w Io =} u=t}U
u=tDN=U C=k@] O=OaD pkDUt Q}eDt ?} Q[ '15 w 14 |xrO=at wO Qy QO �O
OYQO u=tDN=U C=k@] O=OaD V}=Ri= =@ OyO|t u=Wv xm CU= |ivt (S)

hqD= u} QDW}@ xm CU= x}HwD p@=k ?}DQD u}O@ Qt= u}= "OwW|t sm u=t}U hqD=
xm |}=yu=t}U Q@ u=Q=@ VQ=@ 'Q=@v= ?U=vt=v \}=QW 'Q=@v= x@ ptL u}L QO u=t}U
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Q=JCyH OwW|t O=yvW}B 'xH}Dv QO "OwW|t u=t}U hqD= Vy=m Ea=@ S QDt=Q=B
|xk@] |=v@ Q} RCL=Ut =@|vwmUt |=yu=tDN=U|L=Q] 'u=t}U hqD=Vy=m
|xk@] |=v@ Q} R CL=Ut =@ |=yu=tDN=U |=Hx@ QDW}@ C=k@] =@ |rw QDtm
u=Um} =@ '14 pwOH j@] 'p=Ft |=Q@ "OQ}o Q=Qk Q_v Ot QDtm C=k@] w QDW}@
u=tDN=U 3 u}@ R= 'u=tDN=U pm |=v@ Q} R xrtH R= \}=QW s=tD uDiQoQ_vQO
QO w ? u=tDN=U R= QDtm hr= u=tDN=U QO u=t}U hqD= 'xOW|UQQ@ |vwmUt

"CU= G u=tDN=U R= QDtm ? u=tDN=U
xO=iDU= =@ "OyO|t Vy=m =Q u=t}U hqD= �6 48

1K$ MQv =@ 'xOW|UQQ@ |r=t jwWt �w
25 |x]@=Q j@] |r=t jwWt 'xOWG=QNDU= |Q=t; C=aq]= Q}=U w MQv u}= R=
?UL Q@ u=t}U hqD= Vy=m R= |a@=D '|r=t jwWt Q=Okt "CU= xOW O=yvW}B
|r=t jwWt |]}LtCU} R w |O=YDk= |Q}PBx}HwD '2"4 Ov@ j@] "CU= OYQO

"CU= O}}-=DOQwt 'xOW|UQQ@
7 '�|r=t jwWt uwO@� u=t}U hqD= pw= pOt |HQ=N |}=tvCU=Q Qw_vt x@ �R
uwJ w OvOW |UQQ@ xOWxar=]t |xk]vt 7 QO CN=U p=L QO O}OH u=tDN=U
|ak=w Q}O=kt =@ xm OW |}=yhqD= x@ GDvt O}OH |=yu=tDN=U QO QwmPt pOt
C=L}[wD x@ =v@ '�OwW xaH=Qt 10 pwOH x@� OvDW=O hqDN= �30 R= QDtm
C}r@=k pw= pOt xm OvOW Oa=kDt u=oOvU} wv 'pOt |}=tvCU=Q |=Q@ xOWx�=Q=
QO OwHwt |=yu=tDN=U xm C}ak=w u}= uDiQo Q_vQO =@ 'xwqa x@ "OQ=O =Q s}taD
x@ xOWxar=]t |=yu=tDN=U w 'OvQ=O sy x@ l}ORv |=v@ Q} R ,=twta 'Q@at l}
u=tDN=U l} smCUO 'j]=vt hrDNt Q@=at |t=tD R= xm Ov=xOW ?=NDv= |}xvwo
?} QkD =@ xar=]tOQwt |=yu=tDN=U xm OQm u=wva u=wD|t 'OW=@ xOW |UQQ@
pw= |O=yvW}B pOt w Ov=xO=O VWwB =Q xk]vt u; |=yu=tDN=U QDW}@ |@ wN
OQwt QO "OQ=O =Q uOWKQ]t C}r@=k QwmPt j]=vt QO Q@Dat pOt l} u=wvax@
'OwW|t KQ]t O}OH QDt=Q=B l} u=wvax@ |r=t jwWt O=yvW}B xm swO pOt
|r=t jwWt KQ] |R=UxO=}B =Q} R 'CW=Ov OwHw pta QO pOt |@=} RQ= u=mt=
CmQ=Wt =@ \ki w CU= |YwYN |=yCmQW |=yQ=}DN= R= QD=Qi |O=yvW}B
"OwW|t QU}t """ w |vwv=k '|}xv} Ry '|v=tR `v=wt `iQ R= Oa@ w u=QyD |Q=OQyW
T=U= xm [16w15]'=yVywSB |NQ@ Q}_v u}W}B x@=Wt |=yVywSB x@ O=vDU= =@ '=Pr
|xHQO QO w |O=YDk= x}HwD pw= |xHQO QO =Q OwN |O=yvW}B |r=t jwWt

u}rw= |=Q@ u=t}U Kr=Yt hqD= QO xSwQB |}xk]vt C}akwt w O=OQ=Qk ẁv Q=F; �?
QDt=Q=B Q=Okt w h} QaD x@ xHwD =@ 'p=Ft |=Q@ "Ov=xOW xO=O u=Wv |:tm CQwYx@ Q=@
hqD= �xv} Ry Q@ xi=[=� |=yO=OQ=Qk QO '�hr= CtUk 1"2 Ov@� O=OQ=Qk ẁv

"CU= �`tHQU� |=yO=OQ=Qk R= V}@ 2 087 u=t}U
%xOWG=QNDU= |=ypOt QO hrDNt |=yQDt=Q=B ?}=Q[ Q}UiD �G

VQ=@ 'Q=@v= ?U=vt=v \}=QW 'Q=@v= x@ ptL u}L QO u=t}U hqD= u} QDW}@ �G1
VWwB |@U=vt RQ] x@ w Ov=xOW wBO u}}=B C=k@] QO xm |v=t}U |=yxU}m Q@ u=Q=@
C=k@] QO ,=twta w u=QoQ=m \UwD QB xt}v |=yxU}m uDN} Q QwO 'Ov=xOWv xO=O
C=k@] R= QDW}@ u}}=B C=k@] QO u=t}U hqD= COW =Pr w OyO|t MQ u}}=B
=@ =Pr "OwW|t ptL C=k@] u}= x@ Q@q=@ =@ R=}v CQwY QO u=t}U xm CU= QDq=@
u=R}t OvJ Qy 'O@=}|t Vy=m u=t}U hqD= |vRw OYQO 'C=k@] O=OaD V}=Ri=
u=t}U |=ypOt QO C=k@] O=OaD ?} Q[ =Pr "O@=} V}=Ri= CU= umtt u; jr]t

"CU= |ivt
|Q=Oyov Q=@v= u=wvax@ |rLt QO uOWx}yD R= Oa@ u=t}U Ovv=t |QOwB Kr=Yt �G2
=yxU}mCU= umtt 'uOQm Q=@v= u}L QO "OvwW|t ptL hQYt pLt x@ =Hv; R= w
CL=Ut V}=Ri= "Ovv}@@ ?}U; u=QoQ=m \UwD u}tR |wQ uOW xO}Wm QF= QO
|xrY=i V}=Ri= =@ w CU= Kr=Yt u}= ptL |xrY=i V}=Ri= |=vat x@ u=tDN=U
V}=Ri= |QOwB Kr=Yt CiQQOy w Io =} u=t}U |xU}m uO}O ?}U; u=mt= 'ptL

"CU= C@Ft xk@] |=v@ Q} R QDt=Q=B ?} Q[ w O@=}|t
|xR}ov= Q=mv=t}B =Q} R 'OwW|t QDtm u=t}U hqD= |r=t jwWt u=R}t V}=Ri= =@ �G3
jwWt QDt=Q=B ?} Q[ =Pr w CW=O Oy=wN u=t}U hqD= Vy=m |=Q@ |QDW}@

"CU= |ivt u=t}U hqD= pOt QO |r=t
QO u=t}U hqD= |:tm |x]@=Q |=Q@ 0 741 w 0 875 =@ pO=at R2

Adjusted �O
jwWt uDiQo Q_vQO =@ w �14 |xrO=at� |r=t jwWt uDiQo Q_vQO uwO@ Cr=L wO
w �87 50 'xOWxar=]t |=yQ}eDt xm CU= u; R= |m =L �15 |xrO=at� |r=t
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1. construction waste
2. land�ll
3. �nancial incentive
4. taxation
5. variable
6. dependent variable
7. independent variable
8. lump sum
9. cost plus
10. demolition waste
11. Likert
12. Cronbach's alpha
13. multiple linear regression
14. central limit theorem
15. Chi square
16. validation
17. valid
18. signi�cance level
19. veri�cation
20. veri�ed
21. trial and error method
22. relative error
23. elasticity analysis
24. viability evaluation
25. bene�t to cost ratio
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