
www.SID.ir

Arc
hive

 of
 S

ID

�13
96

Q=y@
�'h

}QW
u=Qt

a|
UOv

yt
24

�15
"X

'1/
2|

xQ=t
W'

33
�2

|xQ
wO

O
ri

gi
na

lA
rt

ic
lelWN � QD w u=Ov@N} � ?wP |=ypm}U Q}F-=D

xOWC}@FD C=irwU |=Q=O TQ l =N QO uOW
CBR+4 |vw} pO=@D pwrLt =@

�Q=}Wv=O� �O} -wt |�=}[ =[Q
�OWQ= T=vWQ� � |O=HUQ}t C=O=Ur=x}[Qt

�xQ� |v}tN s=t= |rrtr=u}@ x=oWv=O 'u=Qta |UOvyt xwQo

CLD =Q =yl =N |m}vmDw�S C=YNWt 'uOW lWN � QD w u=Ov@N} � ?wP |=ypm}U
|}=yl =N R= |m} "OvwW|t =yl =N Ctw=kt |=yQDt=Q=B Q}}eD x@ QHvt w OvyO|t Q=Qk Q}F-=D
Ctw=kt Vy=m w sQwD V}=Ri= uwJty '|OH ?}U; Q=JO |a}@] |=yOv}=Qi u}= |] QO xm
Cra x@ ly; =@ C}@FD xrtH R= |DvU |=yVwQ =@ xm &CU= xD=irwU TQ l =N 'OwW|t
u}= ?QNt C=QF= Vy=m Qw_vt x@ VywSB u}= QO "OQm |R=Uy@ =Q u; u=wD|tv O=} R sQwD

"CU= xOW C}@FD CBR+4 |vw} pO=@D pwrLt =@ xD=irwU TQ l =N '|a}@] |=yOv}=Qi
� QD w u=Ov@N} � ?wP |=ypm}U QO xOWvC}@FD l =N sQwD w CBR Ctw=kt '=OD@= QO
CBR+4 =@ xOWC}@FD |=yxvwtv |=Q@ pL=Qt u}ty TBU w |Q}oxR=Ov= uOW lWN
Ow@y@ x@ QHvt CBR+4 xm CU= xOW xOy=Wt xOt;CUOx@ G}=Dv R= "CU= xOW s=Hv=
lWN � QD w u=Ov@N} � ?wP |=ypm}U u}L QO xD=irwU TQ Ctw=kt w sQwD pmWt
Ov=wD|t CBR+4 |vw} pO=@D pwrLt xm CiQo xH}Dv u=wD|t u}=Q@=v@ "OwW|t uOW

=@ |v} Ro}=H CyH xD=irwU TQ |=yl =N QO Q=oR=U w ?U=vt |xOvvmC}@FD l} u=wvax@
"OwQ Q=mx@ ly; Q}_v |DvU O=wt

ziaie@eng.ikiu.ac.ir
ati ce@yahoo.com

pwrLt 'C}@FD 'sQwD 'CBR Ctw=kt 'C=irwU |=Q=O TQ l =N %|O}rm u=oS=w
"CBR+4 |vw} pO=@D

xtOkt "1
u}= '1985 p=U QO |WywSB QO u}vJty [3]"CU=ypm}U Q@=Q@ QO QDW}@ Ctw=kt
pw= pm}U QO l =N |WQ@ Ctw=kt QO |U=U= Vy=m xm CU= xOt; CUOx@ xH}Dv
|UQQ@ QO [4]"OvQ=Ov |v=OvJ Q}F-=D |Oa@ |=ypm}U w OyO|t MQ u=Ov@N} ?wP
xOWC}@FD l =N |WWm Ctw=kt QO u=Ov@N} � ?wP w lWN � QD pm}UQ}F-=D
|xv}W}@ xm CU= xO=O u=Wv VywSB G}=Dv '�2008� |O=@ QDUm =N w ly; =@
3 x@ 1 |O=@ QDUm =N x@ ly; C@Uv xm OwW|t pY=L |v=tR |WWm Ctw=kt
|tQwD Q=DiQ QO uOW lWN � QD |=ypm}U Q}F-=D R}v '2011 p=U QO [5]"OW=@
xO=O u=Wv G}=Dv w xDiQo Q=Qk |UQQ@ OQwt T}r}UwQm}t =@ xOWC}@FD TQ l =N
Vy=m uOW lWN � QD |=ypm}U |] R= TB xOWC}@FD l =N sQwD xm CU=
QO xm CU= xOW xO=O u=Wv 2007 p=U QO |WywSB QO u}vJty [6]"O@=}|t
QO "OvDUy Q=PoQ}F-=D l =N |m}v=mt C=YNWt QO |}xS} w pt=wa 'Q}UOQU j]=vt
QO C=QP u}@ M} p}mWD QF= CLD Q=@ u}OvJ l =N |m}v=mt X=wN xv}tR u}=
QHvt QwmPt C=QF= w xDiQo Q=Qk uOW?; pw] QO |i=[= C@ w]Q w O=tHv= pw]
� QD |=ypm}U p=ta= [7]"CU= xOW l =N |Q@ Q=@ C}iQ_ xHwD p@=k Vy=m x@
|QwLtxU x=oDUO QO Vmt Q}}eD VwQ R= xOvwWsQwDt l =N |xvwtv |wQ lWN

|wQ Q@ =Q uOW lWN � QD w u=Ov@N} � ?wP |=ypm}U Q}F-=D |O=} R u=QoWywSB
|UQQ@ QO '1381 p=U QO "Ov=xOQm |UQQ@ xOWC}@FD |UQ |xv=OR} Q |=yl =N
uOW lWN � QD w u=Ov@N} � ?wP |=ypm}U QO C}v}rw�=m Ctw=kt QO ly; Q}F-=D
'OyO|t CUO R= =Q OwN Ctw=kt l =N 'pm}U u}rw= QO xm CU= xOW xOy=Wt
Ctw=kt sw}v}twr; w =m}r}U =@ ly; Vvm =w Cra x@ =ypm}U O=OaD V}=Ri= =@ =t=
w CUWv QO u=Ov@N} � ?wP |=ypm}U Q}F-=D |UQQ@ QO [1]"O@=}|t V}=Ri= l =N
�2011� T}r}UwQm}t w ly; =@ xOWC}@FD |UQ |xv=OR} Q |=yl =N |Q}PBPwiv
l =N |Q}PBPwiv w CUWv V}=Ri= Ea=@ =ypm}U u}= xm CU= xOW xOy=Wt R}v
[2]"OyO|t u=Wv OwN R= =Q |QDy@ OQmrta l =NT}r}UwQm}t uOwRi= =@ =t= 'OwW|t
|xOWvOwOLt |Q=Wi Ctw=kt QO uOW lWN � QD |=ypm}U C=QF= |UQQ@ QO
xOWC}@FD |=yxvwtv '�2012� |a}@] uqRwB w ly; =@ xOWC}@FD |UQ |=yxvwtv
|QDtm Ctw=kt Vy=m Q=JO =ypm}U |] QO xOWvC}@FD |xvwtv =@ xU}=kt QO
|=Q@ ly; |xv}y@ |=yOYQO '6 w 4 |=yOYQO xm CU= xOW XNWt w Ov=xOW

pw�Ut xOvU} wv �
"1394 6 24 VQ}PB '1394 6 14 x}LqY= '1393 10 7 Ci=} QO %M} Q=D

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

"""l
WN

�QD
wu

=Ov@N
}�

?w
P|

=yp
m}U

Q}F- =DOvv=t |DvU |=yxOvvmC}@FD =@ =yl =N ẁv u}= |R=Uy@ u=mt= w CU= hQ=aDt
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O=tHv= � ?wP |=ypm}U ẁkw QF= |UQQ@ 'Q[=L VywSB C}ty= Qo}O xHw
=@ xOWC}@F w C=irwU |=Q=O TQ l =N C=YNWt QO uOW lWN � QD w
C}ty= R�=L xSwQB |]}Lt \}=QW QO xm 'CU= CBR+4 |vw} pO=@D pwrLt

"CU=
xDWPo QO 'CU= xOW xQ=W= R}v Q=DWwv u}= |xtOkt VN@ QO xm Qw]u=ty
QO |rwtat TQ |=yl =N |m}v=mt Q=DiQ |UQQ@ =@ \=@DQ= QO |OOaDt |=yVywSB
xOW|R=Uy@ w |rY= l =N |=yxvwtv sQwD w |WQ@ Ctw=kt Ovv=t hrDNt |=yxv}tR
hrDNt |]}Lt \}=QW p=ta= QF= QO uqwRwB w ly; Ovv=t |DvU |=yxOvvmC}@FD =@
OQwt QO =t= "CU= xOW s=Hv= uOW lWN � QD w O=tHv= � ?wP |=ypm}U Q}_v
wO QO XwYNx@ w xOW s=Hv= |OwOLt C=ar=]t C=irwU |=Q=O TQ |=yl =N
w CBR+4 |vw} pO=@D pwrLt Ovv=t O}OH |=yxOvvmC}@FD R= xO=iDU= QF= OQwt
uOW lWN � QD w O=tHv= � ?wP |=ypm}U |]}Lt \}=QW p=ta= QF= u}vJty
Q[=L VywSB |Qw;wv xm 'CU= xDiQov CQwY |D=ar=]t =yl =N ẁv u}= Q=DiQ QO

"OwW|t pt=W =Q

Kr=Yt "3
l =N "1"3

|xk]vt QO xD=irwU |UQ |xv=OR} Q l =N 'VywSB u}= QO xO=iDU= OQwt l =N
w LL = 28 8 |v=wQ OL |=Q=O xm 'CU= u} wRk u=DU= QO `k=w '=QyRu}�w@
O}=i}vw} sDU}U QO l =N Om "CU= OYQO ?UL Q@ PL = 14 4 |Q}tNOL
V}=tR; "CU= xOW xO=O V}=tv l =N |Ov@xv=O Q=Owtv '1 pmW QO "CU= CL

s=Hv= ASTM D422 OQ=Ov=DU= =@ j@=]t |QDtwQO}y w lr= VwQ x@ |Ov@xv=O
=Q l =N R= |vwQDmr= AwmUwQm}t =@ xOWx}yD SEM Q} wYD '2 pmW "CU= xOW

"OyO|t V}=tv

"=QyR u}�w@ |xk]vt |UQ l =N |Ov@xv=O Q=Owtv "1 pmW

QO sQwD p}Uv=DB xm CU= xOt; CUOx@ xH}Dv u}= w xOW s=Hv= xOWKqY= s}mLD =}
|=yxv=Wv =@ TQ l =N |UQQ@ QO [8]"O@=}|t Vy=m lWN � QD |=yxNQJ |xH}Dv
� QD |=ypm}U w CBR V}=tR; QO ly; hrDNt |=yOYQO w hrDNt |Q}tN
pm}U Qy QO CBR Q}O=kt xm CU= xO=O u=Wv G}=Dv '�1392� uOW lWN
V}=Ri= lWN |xrLQt u}L QO w Vy=m QD |xrLQt u}L QO 'uOW lWN � QD

[9]"O@=}|t
TQ l =N QO u=Ov@N} � ?wP wlWN � QD |=ypm}U C=QF=|UQQ@ QO u}vJty
pO=@D pwrLt R= =yxvwtv C}@FD Qw_vt x@ '�2012� hrDNt |Q}tN |=yXN=W =@
|=ypm}U p=ta= QF= QO xm CU= xO=O u=Wv G}=Dv w xOW xO=iDU= CBR+4 |vw}
w xOWC}@FD Cr=L wO Qy QO l =N Ctw=kt xm 'u=Ov@N} � ?wP w lWN � QD
QDO}OW xOWvC}@FD Cr=L QO Ctw=kt Vy=m u}= =t= 'O@=}|t Vy=m xOWvC}@FD

[10]"CU=
pm}U l} R= TB xm CU= xOt; CUOx@ xH}Dv u}= �1984� |Qo}O VywSB QO
&OyO|t CUO R= =Q OwN |WQ@ Ctw=kt R= |t}v R= V}@ l =N 'u=Ov@N} � ?wP
Oy=wN l =N Ctw=kt |wQ Q@ |QDtm C=Q}}eD x@ QHvt swU w swO |=ypm}U =t=

[11]"OW
=@ xm '�2015� C=irwU |=Q=O TQ l =N |=yxvwtv COtx=Dwm Q=DiQ |UQQ@ QO
O=R; sQwD xm CU= xOt; CUOx@ xH}Dv u}= 'OvOw@ xOW C}@FD |O=@ QDUm =N w ly;
Ctw=kt R}v w V}=Ri= OYQO 18 =D 7 u=R}t x@ C=irwU �4 =@ TQ l =N |=yxvwtv
ly; =@ TQ l =N |=yxvwtv KqY= u}vJty "O@=}|t Vy=m �65 =yv; |Q=Wi
QO "OyO|t V}=Ri= =Q l =N sQwD w OwW|t C=ov} QD= ?QNt |v=m p}mWD ?Hwt
p}mWD R= |Q}owrH ?Hwt ly; =@ C}@FD u}L QO |O=@ QDUm =N uOwRi= xm |DQwY
V}=Ri= =Q u; |Q=Wi Ctw=kt w Vy=m =Q l =N O=R; sQwD =Pr 'OwW|t C=ov} QD=

[12]"OyO|t
|UQ |=yl =N C}@FD QO s}Urm Ok=i Qt}rB w�S ẁv l} R= xO=iDU= |UQQ@ QO
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