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xOy=Wt 2 pmW QO ẁ[wt u}= "CU= |oOQwNlQD u}DUNv R=TB xrY=iq@VvQm
'1�HPFRCC� Ovtv=wD|i=}r=|v=t}U |=yC} RwBt=m xmCio u=wD|t =Pr "OwW|t

pw�Ut xOvU} wv �
"1395 11 11 VQ}PB '1395 10 19 x}LqY= '1395 8 8 Ci=} QO %M} Q=D

DOI:10.24200/J30.2019.1425



"""|
v=t}U

|=y
C}

RwBt
=mQ=

DiQ
|y=

oW}
=tR;

|U
QQ@w xDN=OQB |RrwrU w |Oqwi |@}mQD h=}r= w �?wJ h=}r= R= |W=v� |RrwrU h=}r=

u=Wv OwN R= =Q OQmrta u} QDy@ '|Oqwi h=}r= =@ HPFRCC xm O=O u=Wv G}=Dv
Q}}eD |rwtat uD@ QO =Q |WtN Ck=] |}=yvD x@ '|RrwrU h=}r= u}vJty 'OyO|t
w |Oqwi h=}r= u}@ C@Ft lQDWt OQmrta '|@}mQD |=yxvwtv QO |rw 'OvyO|tv
�2016� |Qo}O |y=oW}=tR; C=ar=]t QO [8]"OwW|t Ck=] V}=Ri= ?@U |RrwrU
|}=}rk |}xR=Oo |=yxQ=@ wQ w |v=t}U x}=B |=yC} RwBt=m C=YNWt XwYNQO R}v
C=YNWt u}}aD Qw_vtx@ 'q=@ Ctw=kt =@ ur}D=|rB h=}r= =@ KrUt 2�GGBS�
w Q=Wi '|r=oJ u}}aD V}=tR; %pt=W =yV}=tR; R= |}xawtHt 'C} RwBt=m |m}v=mt
C} RwBt=m xmCU= u; R= |m =L =yV}=tR; G}=Dv "CU= xOW s=Hv= |QwLtlDVWm
ZQa =@ |QDq=@ |WWm VvQm C}iQ_ '|v=t}U |x}=B C} RwBt=m x@ C@Uv GGBS

'|L=Q] x@ R}v 2014 p=U QO [9]"OyO|t u=Wv OwN R= QDtm |=ylQD pY=wi w
|v=t}U |=yC} RwBt=m |WtN w |Q=Wi '|WWm C=}YwYN |UQQ@ w CN=U
OQix@ QYLvt Q=DiQ xm O=O u=Wv G}=Dv w OW xDN=OQB pmr= p}vw |rB h=}r= =@ Ovtv=wD
|oOQwNlQD R= |W=v O=} R Q=}U@ |WvQm C}iQ_ w VtN 'VWm QO QwmPt O=wt
pYit QO xO=iDU= |=Q@ =Q =yu; 'QwmPt Kr=Yt |q=@VvQm C}iQ_ [10]"CU= OOaDt
Q=Okt Vy=m w nQR@ u=UWmQ}e |=ypmWQ}}eD CLD uwDU x@ Q}D Cq=YD= |Q}tN
x@ R=}v '|}xR=U QY=va CN=U QO u}vJty w xDN=U p;xO}= |[Qa |=yQwD=tQ;
=Q QDu}}=B |DNU Vy=m C}Y=N w q=@ |SQv= lqyDU= =@ xS} w |[Qa |=yQwD=tQ;
|y=oW}=tR; |UQQ@ x@ 2016 p=U QO R}v u=QoWywSB |NQ@ [11]"CU= xOQm hQ]Q@
uwDU x@ Q}D Cq=YD= |R=Usw=kt QO Ovtv=wD |i=}r= |v=t}U |=yC} RwBt=m OQ@ Q=m w
Cq=YD= Q=DiQ xm O=O u=Wv G}=Dv w OvDN=OQB ?rY |=y?=k =@ uy;x=Q |=ypB
V}=Ri= �93 ?@U HPFRCC |=ypv=B =@ xOW|R=Uy@ |HQ=N uwDU � Q}D
[12]"OwW|t |rwtat uD@ p=YD= x@ C@Uv |@v=H Ctw=kt V}=Ri= �45 '|Q}PBpmW
Kr=Yt R= xO=iDU= QF= |UQQ@ x@ 'p=U u=ty QO |Qo}O VywSB QO u}vJty
=yV}=tR; R= pY=L G}=Dv w OW xDN=OQB |vD@ |=y?=k w =yQ}D QO HPFRCC

u=Wv =Q HPFRCC |=y?=k w =yQ}D |}=yv pmWQ}}eD w |Q@ Q=@ C}iQ_ V}=Ri=
|=y?=k w =yQ}D QO |Q}tN pY=it |v=QwO C}iQ_ w pw] V}=Ri= 'u}= Q@ xwqa "O=O
xOw@ QwmPt VywSB G}=Dv Q}=U R= |vD@ x@=Wt |=yxvwtv x@ C@Uv HPFRCC

|oOvwWCNUQ=DiQ|UQQ@CyHs}kDUtVWmV}=tR; s=Hv= xm|}=Hv; R= [13]"CU=
w xOWv s=Hv= uwvm =D QwWm QO OwHwt Kr=Yt =@ HPFRCC CN=U R}v w VvQm
Q=}U@ HPFRCC Q=DiQ QO |@}mQD h=}r= Q}F-=D OQwt QO =yVywSB xmv}= x@ xHwD =@
HPFRCC \qDN= KQ] |x�=Q= ut[ 'Q[=L VywSB QO =Pr &CU= xOw@ OwOLt
s}kDUt VWm V}=tR; s=Hv= x@ VvQm |oOvwWCNU Q=DiQ x@ |@=}CUO hOy=@
C=}YwYN |UQQ@ w |oOQwNlQD Q=@ R= Oa@ VvQm � VvD MU=B Ci=} QO CyH

"CU= xOW xDN=OQB HPFRCC |WtN w |Q=Wi '|WWm |m}v=mt

j}kLD C}ty= "2
s=Hv= HPFRCC w|i=}r= uD@|WtN w |Q=WiCtw=kt |xQ=@ QO|D=ar=]t xJQo =
|WWm VvQm � VvD MU=B uOQw;CUO x@ VwQ OQwt QO VywSB =t= 'CU= xOW
xDiQo CQwY sm Q=}U@ Kr=Yt u}= |oOvwWCNU Q=DiQ |UQQ@ CyH HPFRCC

'|WWm Ctw=kt C=}YwYN =@ x]@=Q QO |OwOLt Q=}U@ C=ar=]t u}vJty "CU=
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8. modulus of rupture point
9. 
exural toughness factor
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11. point of 
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