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OwOLt <=RH= VwQ w
�OWQ= |U=vWQ� |wHWv=O� u=DQB s=Q; Oq}t

�Q=}Wv=O� h=Ov |QOvmU= O}tL
�Q=}Wv=O� �x=oQ_v |oRr |@DHt

|Q=wR@U s}mL x=oWv=O 'u=Qta |UOvyt |xOmWv=O
�Q=}O=DU=� l}v |vwQ=k |[DQt

u=Q}= CavY w sra x=oWv=O 'uy;x=Q |UOvyt |xOmWv=O

QO "OQ=O |O=} R C}ty= 'R=UwCN=U CavY QO uD@ |Q=Wi � |WWm X=wN Ow@y@
h=}r= hrDNt Q}O=kt =@ xOW KrUt |=yxvwtv '\qDN= KQ] 7 R= xO=iDU= =@ 'Q[=L VywSB
Ci=mW w xQwLtl} |Q=Wi |=yV}=tR; "OvOW |UQQ@ w xDN=U |Qt}rB w l}DDvUwQm =t
'|SQv= ?PH '|}=Hx@=H � Q=@ 'VvQm � VvD Q}O=kt 'KQ] Qy |=Q@ w s=Hv= �|r} RQ@ VWm �

K]U |wQ Q@ VvQm C=Q}}eD u}vJty "OvOW |UQQ@ |Q}PBpmW w |oOQwNlQD |wor=
QO "CU= xOW x@U=Lt �DIC� p=D}H}O Q} w=YD |oDU@ty VwQ R= xO=iDU= =@ =yxvwtv
|=yVwQ R= pY=L G}=Dv w |R=UpOt �FEM� OwOLt <=RH= VwQ x@ =yxvwtv '=yDv=

'uD@ QO h=}r= OwHw OyO|t u=Wv Q[=L VywSB G}=Dv "OvOW xU}=kt Qo}Om} =@ QwmPt
uD@ =@ xU}=kt QO |}=Hx@=H u=R}t V}=Ri= 'lQD O=OaD w xR=Ov= Vy=m QO |}=RUx@ Q}F-=D
|=Q@ Q=Wi w VWm QO |oDN}Uo |x_Lr QO |}=Hx@=H u=R}t u}vJty "OQ=O |rwtat
G}=Dv p@=kt QO DIC VwQ G}=Dv "CU= xOw@ |rwtat |xvwtv R= V}@ |i=}r= |=yuD@

X}NWD |=Q@ DIC VwQ |q=@ CkO |xOvyOu=Wv xm OvOW |HvUQ=@Da= |y=oW}=tR;
O=} R VvQm =@ |L=wv xm |Qw]x@ 'CU= |ki= |=yVvQm |Q}oxR=Ov= w CUmW Owt w lQD

|DL=Q x@ lQD OWQ OvwQ w OvDUy X}NWD p@=k R}v |Q=PoQ=@ |x}rw= pL=Qt QO |DL
uD@ Q=DiQ R= |@ wN lQO DIC w FEM |=yVwQ G}=Dv ?}mQD u}vJty "OwW|t xOy=Wt

"CU}v X}NWD p@=k |DvU |=yVwQ =@ xm OyO|t |Q=PoQ=@ hrDNt pL=Qt QO

milad.aram@gmail.com
hamiidiisc@yahoo.com
m.lezgy@hsu.ac.ir
gharouni@doctor.com

'|WWm w |Q=Wi Ctw=kt '|Qt}rB h=}r= 'l}DDvUwQm =t h=}r= %|O}rm u=oS=w
"OwOLt <=RH= VwQ 'p=D}H}O Q} w=YD |oDU@ty

xtOkt "1
=O}B |Y=N C}@ w@Lt CU= xDUv=wD ur}B wQB|rB 'h=}r= hrDNt `=wv= u=}t QO
'hrDNt |=ypmW w q=@ |WWm Ctw=kt R= CQ=@a ur}B wQB|rB h=}r= |=}=Rt "Ovm
R= 'u=U; O}rwD 'u}}=B |xv} Ry w CL=Q |xO=iDU= '|}=}rk |=y\}Lt Q@=Q@ QO Ctw=kt
h=}r= |rY= OQ@ Q=m "uOw@ R} Qo?; w q=@ ?wP |=tO 'uOw@ p=aiQ}e |}=}t}W ^=Lr
|R=UxO=H %Q}_v� =yuD@ QO =ylQD Vy=m w |Q}PBpmW V}=Ri= |=Q@ ur}B wQB|rB
CQwYx@ OQor}t x=Qty x@ xD@r= �xQ}e w |R=UpvwD '=yQ=w}O '=yhkU '|R=UwQ w
QF= QO �lQDwQm}t� R} Q |=ylQD '|Q=PoQ=@ R= p@k |DL uD@ QO "CU= |@}mQD
|=ylQD p}mWD?Hwt =ylQDwQm}t OWQ '|Q=PoQ=@ R=TB "Ov};|t OwHwx@ Z=@kv=

'u; u=wva xm CU= uD@ x@ h=}r= uOQm xi=[= 'Ovtv=wD uD@ O}rwD |=yQ=my=Q R= |m}
=Q =yu; u=wD|t 'h=}r= TvH x@ xHwD =@ "CU= 1�FRC� h=}r= |=Q=O KrUt uD@
R= xO=iDU= xm CU= |y}O@ "OQm s}UkD |a}@] w |Rri '|Qt}rB %|rY= |xDUO 3 x@
|OQix@ QYLvt G}=Dv w =yC}OwOLt 'R=}vOQwt |xDU=wN T=U=Q@ h=}r= R= s=Om Qy
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2 A}D 5 A}D
20 19 21 20 SiO2
4 27 4 20 Al2O3
3 80 3 80 Fe2O3
64 51 64 60 CaO

1 94 1 94 MgO

0 68 0 57 K2O

2 39 2 20 SO3

68 24 61 94 C3S

6 43 14 08 C2S

4 89 4 70 C3A

21 34 20 96 2C3A+ C4AF

DIC VwQ G}=Dv R= u=wD|t �FEM� OwOLt <=RH= VwQ |HvUQ=@Da= Qw_vtx@
|Q=Wi Q=DiQ '2017 p=U QO |WywSB ,=Q}N= '=DU=Q u}ty QO [21�19]"OQm xO=iDU=
QO w xOQm |UQQ@ =Q DIC w FEM VwQ wO ?}mQD =@ l@U |vD@ |=yxvwtv
QO [16]"CU= xOW XNWt uD@ QO lQD p}mWD |xwLv '|Q=PoQ=@ hrDNt pL=Qt
|=yxvwtv 'h=}r= |w=L uD@ |WWm w |Q=Wi Q=DiQ lQO Qw_vtx@ 'Q[=L VywSB
�wQm}t w wQm =t� =yu; R= Cw=iDt ẁv w h=}r= hrDNt |=yOYQO =@ |@amt hrDNt
V}=tR; w |Q=Wi |xQwLtlD |Q=PoQ=@ CLD xOW xDN=U |=yxvwtv "OvOW xDN=U
Q@ xwqa =ylQD w CUmW Owt w pmWQ}}eD VHvU |=Q@ "OvDiQo Q=Qk Ci=mW
<=RH= w �DIC� p=D}H}O Q} w=YD |oDU@ty |=yVwQ u}vJty '|y=oW}=tR; VwQ
'V}=tR; s=Hv= |xwLv 'xt=O= QO "OvOW xU}=kt Qo}Om} =@ w xO=iDU= �FEM� OwOLt

"CU= xOW x�=Q= G}=Dv w '|HwQN

|y=oW}=tR; |xt=vQ@ "2
|iQYt Kr=Yt C=YNWt "1"2

pwYLt V w II A}D OvrDQB u=t}U ẁv wO R= 'Q[=L |y=oW}=tR; |xt=vQ@ QO
`@ QtQDt|Dv=U Q@ sQowr}m 425 w 525 |Dtw=kt |xOQ wO QO OQwvH@ u=t}U |xv=NQ=m
2 w 1 |=ypwOH QO =yu=t}U |m} R}i w |}=}t}W C=YNWt "CU= xOW xO=iDU=
9 5 |xv=OnvU Q]k |xv}W}@ =@ xO=iDU=OQwt xv=OnvU |Ov@xv=O "Ov=xOW x�=Q=
"�1 pmW� CU= xOw@ [22]'ASTM C778�06 |xt=vu}}; =@ j@=]t w QDt|r}t
|}xDWQOvJ w ur}B wQB|rB |x}=B Q@ |}xDWQlD h=}r= ẁv R= xO=iDU= OQwt h=}r=
"�2 pmW� CU= xOw@ sy QO |xO}J}B CQwYx@ �=DQwi |awvYt� l}DDvUwQm =t

"OwW|t xOy=Wt 3 pwOH QO xO=iDU= OQwt h=}r= C=YNWt

=yxvwtv V}=tR; w CN=U |xwLv "2"2
QO =yu; C=}�RH xm OvDUy hrDNt \qDN= KQ] 7 pt=W |y=oW}=tR; |=yxvwtv
|=yu=t}U |Dtw=kt |xOQ Cw=iD w 4 pwOH x@ xHwD =@ "CU= xOW x�=Q= 4 pwOH

uD@ CUmW Ea=@ xOW QmP OvwQ |xt=O= w OwW|t �lQDwQm =t� p} w] w nQR@
"OwW|t

VQDUo w |Q}opmW R= xOW O=H}= |=ylQDwQm}t pLt QO pB O=H}= =@ h=}r=
Vy=m ?Hwt ut[ QO w OyO|t V}=Ri= =Q uD@ |Q}PBpmW 'Ovm|t |Q}owrH =yu;
"OyO|t Vy=m =Q |oOQwN w OwW|t uD@ pN=O x@ O=wt OwQw w uD@ |Q}PBPwiv
CyH QO \ki wQ}v ptLD x@ QO=k =yu; 'h=}r= pmW w |m} R}i Cr=L T=U=Q@
QO |Y=N Q}F-=D O}=@v |Qw�D Cr=L QO u}=Q@=v@ "OvDUy VWm CQwYx@ w |rw]
|WtN w |WWm Ctw=kt QO Ovv=wD|t =t= 'OvW=@ xDW=O uD@ |Q=Wi Ctw=kt
?Hwt xOW QmP Q}F-=D xm CU= xOW VQ=Ro |OQ=wt QO |DL [2]"OvW=@ Q=PoQ}F-=D
xO=O V}=Ri= =Q |WtN Ctw=kt =t= 'CU= xOW |WWm w |Q=Wi Ctw=kt Vy=m

[4w3]"CU=
|}=Hx@=H VHvU QoUL '|y=oW}=tR; VwQ QO uD@ VvQm VHvU |=Q@
p@=k VwQ 'Q=@ |=DU=Q QO VvQm VHvU |=Q@ xr}Uw u}= "OwW|t xO=iDU= Q=@ �
'|L]U |=yVvQm w Qo}O |=yCyH QO VvQm |Q}oxR=Ov= |=Q@ =t= &CU= |rw@k
u} wv |=yVwQ R= xO=iDU= Qw_vt u}ty x@ "OwW|t O=} R |y=oW}=tR; |=]N u=R}t
|=yVwQ R= xO=iDU= x@ 'Q}N= |=yp=U QO "OW=@ xDW=O |QDy@ OQmrta Ov=wD|t
|oDU@ty VwQ u=}t u}= QO "CU= xOW xHwD u; |xaUwD w |Q=Ri=sQv w |}xv=}=Q

[6w5]"CU= xOW O}}-=D w C=@F= |@ wNx@ 2�DIC� p=D}H}O Q} w=YD
QO =ypmWQ}}eD w |L]U |=yVvQm uOQw; CUOx@ 'DIC VwQ |=yC} Rt R=
|=yVwQ =@ =yu; |Q}oxR=Ov= xm CU= CUmW Owt |xOy=Wt w hrDNt |=yCyH
xrtH R= [10�7]"CU}v |@=}CUO p@=k CrwyU x@ �|m} QDmr= |=yQoUL� |DvU
CU= 1997 p=U QO |WywSB 'uD@ |Q=Wi Q=DiQ|UQQ@ |=Q@ xOW s=Hv= |=yVywSB
QO �|Q=PoQ=@ |=DU=Q QO� |rw] VvQm p=D}H}O Q} w=YD |oDU@ty R= xO=iDU= =@ xm
3�LVDT�|]N GvU|}=Hx@=H QoUL G}=Dv =@ w |Q}oxR=Ov=|B wmUwQm}t T=}kt
QO R=QD |=y|vLvt CQwYx@ uD@ K]U QO u=UtyQ}e |=ypmWQ}}eD w xU}=kt
u=Q=mty w 4Q)m u}vJty [11]"CU= xOW xO}Wm Q} wYD x@ |Q=PoQ=@ hrDNt pL=Qt
|oOv@UJ u}}aD |=Q@ |L]U |=yVvQm 'DIC VwQ R= xO=iDU= =@ [12]'�2007�
p}mWD |xwLv u}vJty w uD@ w 5�CFRP� u@ Qm h=}r= |xOW KrUt |=yQt}rB u}@
u=Q=mty w 6Qwq "Ov=xOQm |Q}oxR=Ov= =Q u=t}U w xv=OnvU p=YD= |x}L=v QO lQD
VwQ wO R= CUmW Ov}=Qi QO |vwQO w |L]U |=ylQD |UQQ@ |=Q@ R}v '�2001�
xm OvO=O u=Wv w OvOQm xO=iDU= Tm}= |xaW= |i=QowtwDwQm}t w DIC ?QNtQ}e
[13]"OQ=O |QDy@ OQmrta 'lJwm |=ylQD pLt w ZQa u}}aD QO DIC VwQ
|UQQ@ |=Q@ |Oa@xU CQwYx@ DIC VwQ R= '�2010�Q}tu=w w 7hwO=m u}vJty
'hrDNt |xO=t 3 |=Q@ |}=yv Q=@ R= Oa@ w p@k 'u; CyH w lQD OWQ |wor=
xU}=kt |y=oW}=tR; G}=Dv =@ w xO=iDU= swi u=t}U w Ctw=ktQB w |rwtat uD@ %pt=W

[14]"Ov=xOQm
l} u=wvax@ DIC VwQ |q=@ CkO |xOvyOu=Wv 'xOW s=Hv= C=ar=]t G}=Dv
|DL� =ylQD |}=U=vW w uD@ CUmW OvwQ |UQQ@ QO ?QNtQ}e w |U=tDQ}e VwQ

"CU= lQD |xv=yO w pw] |Q}oxR=Ov= w �|Q=PoQ=@ |x}rw= pL=Qt QO
w |}=QH= w |v=tR |=yC}OwOLt 'OQ=O xm |}=yC} Rt s=tD =@ |y=oW}=tR; VwQ
Ov=wD|t|OOa|=yVwQ R= xO=iDU= '=yu; Q@ x@re|=Q@ xmCW=OOy=wN|B QO|}xv} Ry
|y=oW}=tR;G}=Dv =@ xm |OOa VwQl} |xaUwD =@ Qw_vt u}O@ "OW=@|@U=vt Q=my=Q
w |Q=PoQ=@ \}=QW 'O=a@= pFt V}=tR; |=yQ}eDt Q}}eD =@ u=wD|t 'OwW |HvUQ=@Da=
<=RH= VwQ '|OOa |=yVwQ u=}t QO [18�15]"OQm |} wHxiQY u=tR w xv} Ry QO xQ}e
"OQw; CUOx@ u=QoWywSB u}@ QO |@ wN C}rw@kt CU= xDUv=wD 8�FEM� OwOLt
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|Q=Wi Ctw=kt |rw] \=U@v= �xk}kO� VQ}o u=tR XwYNt K]U |r=oJ u=t}U ẁv
(kg=cm2) xRwQ 28 ��� |}=yv x}rw= (cm2=gr) (kg=m3)

499 0 03 197 176 3467 3164 2 A}D
540 0 03 180 155 3750 3185 5 A}D

[23]"h=}r= C=YNWt "3 pwOH
C}r@=k Q]k |WWm Ctw=kt pw] |r=oJ x}rw= O=wt?; ?PH (mm) (MPa) (mm) (kg=m3)
Q}N 0 02 350 18 900 ur}B wQB|rB
Q}N 0 34 570�660 54 910 l}DDvUwQm =t

"uD@ \qDN= KQ] "4 pwOH
��� h=}r= sHL xOvvmu=wQ jwi ?; u=t}U (kg) xv=OovU

W=C u=t}U s=v KQ] s=vl}DDvUwQm =t ur}BwQB|rB (kg) (kg) (kg) uW xU=t
� � 0 2 36 90 150 150 0 4 2 A}D NF

0 1 � 0 2 36 90 150 150 0 4 2 A}D F1
0 15 � 0 2 36 90 150 150 0 4 2 A}D F2

� � � 45 90 150 150 0 5 5 A}D NPP

� 0 2 � 45 90 150 150 0 5 5 A}D PP1
� 0 3 � 45 90 150 150 0 5 5 A}D PP2
� 0 35 � 45 90 150 150 0 5 5 A}D PP3

u=Q}= uD@ |xt=vu}}; T=U= Q@ Q@=Q@ Ctw=kt x@ uO}UQ |=Q@ 'V}=tR; QO |iQYt
R= w xOW xDiQo Q_v QO xOvvmp}OaD pt=a u=wva x@ u=t}U x@ ?; C@Uv u=R}t '�=@;�
Q@=Q@ |}=Q=m x@ uO}UQ |=Q@ "CU= xOW xO=iDU= 0 5 w 0 4 u=t}U x@ ?; C@Uv wO
'xOW s=Hv= V}=tR; QO "CU= xOW xi=[= R}v xOvvmu=wQ jwi '|i=}r= |=yxvwtv QO
COt x@ w xDN=U 150 � 150 � 150 |@amt |=yxvwtv \qDN= KQ] Qy |=Q@

"Ov=xOW |Qw;pta ?QW ?; |xJ[wL QO RwQ 28
w |QwLtl} |Q=WiV}=tR; pt=W 'Q[=LVywSB QO xOW s=Hv= |=yV}=tR;
EN,12390�6 =@ j@=]t |@amt |=yxvwtv |=Q@ �|r} RQ@ VWm � Ci=mW V}=tR;
w uD 200 C}iQ_ =@ |m}rwQO}y lH \UwD =yxvwtv |x}rm [24]"CU= xOw@ B.

|=Q@ 0 5mm=min w |Q=Wi V}=tR; |=Q@ 1mm=min |Q=PoQ=@ CaQU =@
"Ov=xOW V}=tR; Ci=mW V}=tR;

|y=oW}=tR; G}=Dv "3"2
|Q=Wi Q=DiQ |UQQ@ "1"3"2

Q=Qk Q=Wi V}=tR; CLD h=}r= |w=L |=yxvwtv '|Q=Wi Ctw=kt |UQQ@ CyH
VvQm � VvD Q=Owtv x@ xHwD =@ "OwW|t xOy=Wt 3 pmW QO pY=L G}=Dv "OvDiQo
xOy=Wt �?3 pmW� l}DDvUwQm =t |i=}r= |=yxvwtv |Q=Wi V}=tR; x@ \w@ Qt
xOW |Q=WiCtw=ktVy=mEa=@ '0 15 x@ 0 1 R= h=}r= OYQOV}=Ri= xm OwW|t
[25]"Ov=xDi=} CUO |y@=Wt G}=Dv x@ xv}tR u}= QO R}v u=QoWywSB R= |NQ@ xm CU=
h=}r= =@ xOW KrUt |=yxvwtv u}@ QO =Q Ctw=kt u} QDW}@ |r=L QO F1 |xvwtv
xDW=O |OYQO 27Vy=m 'pQDvm |xvwtv x@C@Uv xmCU= xOQm?Uml}DDvUwQm =t

"uD@ CN=U QO xO=iDU= OQwt Kr=Yt |Ov@xv=O "1 pmW

"xOW xO=iDU= h=}r= "2 pmW
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"h=}r=

u=R}t x@ uD@ |WWm Ctw=kt Ow@y@ ?Hwt Ov=wD|t l}DDvUwQm =t h=}r= |tHL
Q}F-=D '|iQYt h=}r= Q=Okt OyO|t u=Wv QwmPt VywSB G}=Dv =t= [27]"OwW �15

"OQ=O |WWm Ctw=kt Vy=m =} V}=Ri= QO |O=} R
|QDl}ORv G}=Dv |y=oW}=tR; |=yxvwtvCN=U QO ur}B wQB|rB h=}r= R= xO=iDU=
'PP1 KQ] QO xm |Qw]x@ '�?4 pmW� OyO|t u=Wv =Q �NPP� pQDvm |xvwtv x@
V}=Ri= "OwW|t xOy=Wt |i=}r= |=yxvwtv u}@ QO |WWm |wQ}v Q=Okt u} QDW}@
KQ] xm |}xvwox@ 'OyO|t u=Wv =Q |Dw=iDt G}=Dv '=yxvwtv CN=U QO h=}r= Q=Okt
"CU=yxvwtv pm QO |}=Hx@=H u} QDW}@ w OQ=O =Q xOW ptLD |wQ}v u} QDtm 'PP2
Vy=m w ptLD |wQ}v V}=Ri= Ea=@ '�PP3 KQ]� h=}r= QDW}@ V}=Ri= '|iQ] R=

"CU= xOW |Q}PBpmW
|oOQwNlQD R= TB xrY=iq@ xO=U |=yxvwtv xm OW xOy=Wt V}=tR; OvwQ QO
=Q OwN pmW h=}r= =@ xOW KrUt |=yxvwtv xm |r=L QO 'Ov=xOW |oDN}Uo Q=JO
|SQv= ?PH QO h=}r= =@ xOW KrUt |=yuD@ |}=v=wD |xOvyOu=Wv xm Ov=xOQm ^iL
[27]'u=QoWywSB|NQ@\UwD xv}tR u}= QO|y@=Wt G}=Dv xmCU=|oOQwNlQD R=TB

"CU= xDiQo CQwY
hrDNt |=yQDt=Q=B QO h=}r= OYQO Q}F-=D "3"3"2

'|Q=Wi VvD |xv}W}@ QO VvQm '|Q=Wi Ctw=kt QO h=}r= OYQO Q}F-=D '5 pmW QO
'|r=oJ '�[16]VvQm � VvD Q=Owtv |]N CtUk R= xOt; CUO x@� |v=UWm pwOt
"OwW|t xOy=Wt |WWm |wQ}v |xv}W}@ QO |}=Hx@=H w |WWm |wQ}v |xv}W}@
h=}r= OYQOV}=Ri= =@ xm|}xvwo x@ 'Ovm|tv |wQ}B|v=Um} |wor= R= |Q=WiCtw=kt
'ur}B wQB|rB h=}r= XwYNQO |rw &OwW|t xOy=WtCtw=ktVy=m 'l}DDvUwQm =t
h=}r= =@ xOWKrUt |=yxvwtv "CU= xOW Ctw=kt V}=Ri= Ea=@ h=}r= Q=Okt V}=Ri=
u} QDW}@ "OvQ=O ur}B wQB|rB |=yxvwtv x@C@Uv |QDq=@|v=UWm pwOt 'l}DDvUwQm =t
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1. �ber reinforced concrete
2. digital image correlation
3. linear variable displacement transformer (LVDT)
4. Corr
5. Carbon �ber reinforced polymers (CFRP)
6. Lawler
7. Cadu�
8. �nite element method (FEM)
9. subset
10. pixel
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