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CWoR=@ |xHQO R= QF-=Dt ,=O}OW q � p0 |=[i QO 1�IPTL� x}rw= R=i Q}}eD \N |x} w=R
l =N u=Uty=v =} u=Uty s}mLD w l =N =@ \wrNt |xv=OR} Q OYQO u}vJty "CU= VvD

"OQ=O Q}F-=D q � p0 |=[i QO x}rw= R=i Q}}eD \N Q@ Kw[wx@

aghaland@ut.ac.ir
alireza.ahmady61@gmail.com
jjjavad.ahmady@gmail.com "|@ w=vD |QwLtxU 'Cr}U w xU=t \wrNt 'Cr=L \N %|O}rm u=oS=w

xtOkt
u}tND =Q \w]N u}= |@ w=vD |=yV}=tR; ltmx@ |@U=vt ,=D@Uv CkO =@ u=wD|t

[2]"OR
*sw=kt |r[=iDVvD u} QDW}@ R= xmCU= |]N IPTL =} x}rw=Cr=L Q}}eD\N
'O};|t CUO x@ Ov=xOW V}=tR; Cw=iDt |x@v=Hxty |=yVvD QO xm |}=yxvwtv
w xDW=O |OwaY OvwQ u; R= p@k =D xvwtv l} |=Q@ VvD Q}Ut Q=Owtv xm |}xvwox@
xm CU= |]N R}v PTL \N "CW=O Oy=wN |rwRv |OvwQ \N u}= R= Qw@a =@
C=Q}}eD Q=@u}= |rw 'OyO|t MQ Q=DiQ Q}}eD u; x@ VvD Q}Ut |=yQ=Owtv uO}UQ =@
x@ VvD Q}Ut |=yQ=Owtv uO}UQ R= p@k =D xm |}xvwox@ CU= |}xQiL ?; Q=Wi QO
Oy=wN V}=Ri= |}xQiL ?; Q=Wi u; R= Qw@a =@ w xDi=} Vy=m |}xQiL ?; Q=Wi 'u;
|=yVvD QO =} q=@ |@Uv sm =QD =@ |}=yxvwtv QO =yvD Q=DiQ Q}}eD u}= xD@r= "Ci=}
Cr=L \N u} QDsyt xm R}v SSL =} Q=O}=B Cr=L \N "OyO|t MQ u}}=B |x@v=Hxty
\wrNt =} Xr=N |xU=t Ovv=t u}}=B |oOv@UJ =@ |}=yl =N QO w CU= OwHwt
[3]'CU= xOW|WmyR |=yV}=tR; CSL \N u=ty Ck}kLQO 'Cr}U w xU=t
|DL w OvQ=O Q=Qk u; |wQ Q@ VvD Q}Ut |=yQ=Owtv s}rUD \=kv xm CU= |]N
O=ODt= QO PTL \N R= Qw@a R= Oa@ |a=UD= Q=DiQ =@ |}=yxvwtv VvD Q}Ut Q=Owtv
\}=QW QO w VvD pQDvm |=yV}=tR; R= xm CU= |]N R}v CSL \N "CU= u;

u; R= "OW |iQat |vi C=}@O= QO 1925 p=U QO Q=@u}rw= |=Q@ |}=Qou=wQ |xO}OB
=yl =N QO xO}OB u}= u}tND |=Q@ |}=yVwQ |UQQ@ x@ |Q=}U@ u}kkLt Oa@ x@ p=U
xm �CVL� |v=QL@ pNrND \N h} QaD =@ '1936 p=U QO xar=]t u}rw= "OvDN=OQB
|@Uv |}=Hx@=H � pNrND C@Uv |=[i QO s}kDUt VQ@ V}=tR; u}OvJ ltmx@
CiQW}B =@ w G} QODx@ [1]"OW s=Hv= 'Ow@ xOW h} QaD s�=k VvD� pNrND C@Uv w
Cr=L \N xU "Ot; CUO x@ Cr=L \w]N |=Q@ |RwQt= h} Q=aD 'C=k}kLD QDW}@
|}=Qou=wQ Cq=L `=wv=X}NWD =} |}=Qou=wQ p}Uv=DBVHvU |=Q@ =yu; R= xm |rY=
%R= CU= CQ=@a OwW|t xO=iDU= � |@ w=vD |}=Qou=wQ w |}xQwO |}=Hx@=H Q}_v �
x}rw= Cr=L Q}}eD \N w 3�PTL� Cr=L Q}}eD \N '2�SSL� Q=O}=B Cr=L \N

"�IPTL�
hrDNt |L=wv uOQm =RHt |=Q@ CU=O}B =yu; s=v R= xm u=vJ Cr=L \w]N
|=yV}=tR; s=Hv= =@ ,qwtat Cr=L \w]N j}kO |x@U=Lt "OvQ=O OQ@ Q=m |Q=DiQ
|=yV}=tR; QO Q=DiQ Q}}eD *|v=tRsy *C=@F= x@ xHwD =@ =t= 'CU= QwOkt x} wUl}
'|@ w=vD |=yV}=tR; |=Q@ \w]N u}= uOw@ xO=iDU= p@=k R}v w 'x} wUl} w |@ w=vD

"1388 7 19 VQ}PB '1388 2 22 |Qw=O '1387 4 16 Ci=} QO %M} Q=D



"""C
r}U

wxU
=t\

wrNt
QOC

r=L
\w]

N|
UQQ

@

|R=Uxvwtv |xwLv
CU= 7�TFD� x@ Q[ =@ x=Qty h}k R= VR} Q CQwYx@ =yV}=tR; u}= |R=Uxvwtv
8=Qwt=t=} \UwD |R=Uxvwtv |=yVwQ Q}=U =@ V=xU}=kt R}v w u; s=Hv= |xwLv w
T=tt u; |=yDv= xm |i}k uwQO R= xU=t VwQ u}= QO [6]"CU= xOW xO=O KQW
xvwtv x@ lJwm |x@ Q[ OvJ =yDv= QO w OwW|t xDN} Q CU= xvwtv *?r=k hm Q@
|R=Uxvwtv *VwQ u}= "OwW pY=L |QDq=@ �Dr� |@Uv sm =QD =D OwW|t OQ=w
O=H}= |QDCN=wvm} sm =QD xvwtv *̀ =iDQ= QO w OQ=O |}q=@ CkO |oO=U OwHw =@
�D5311�96� R= 9�3�1�2 Ov@ j@] '=yxvwtv uOQm`=@W= QOCrwyU |=Q@ "Ovm|t
xvwtv uwQO R= u; Qw@a =@ xm |}xvwox@ 'CU= xOW xO=iDU= Co2 R=o R= ASTM

?; QOCo2 R= QDQ}O Q=}U@ xm OwW|t l =N QO OwHwt |=wy u} Ro}=H R=o u}=
QDW}@ =} 0 95 uwDBtmU= OOa |=Q=O =yV}=tR; |t=tD ?}DQDu}O@ "OwW|t pL

"OvOw@

"xwmRwQ}i 161 |xU=t |Ov@xv=O |vLvt "2 pmW

"hrDNt |=yCr}U OYQO QO xv}tmw xv}W}@ pNrND C@Uv |vLvt "3 pmW
"xwmRwQ}i 161 |xU=t |m} R}i C=YNWt "1 pwOH

Cc Cu �FC D50 �mm� emin emax Gs |xU=t
0 88 1 87 1 0 27 0 548 0 874 2 65 xwmRwQ}i

u; |wQ l =N |xvwtv l} VvD Q}Ut xm |v=tR w O};|t CUO x@ xOW|WmyR
"OyO|t pmW Q}}eD C@=F VvD QO l =N ODi=|t

'�1990� 5OQ=vm '�1989� 4nv=J uwJty u}W}B *u}kkLt xm |FL=@t R= |m}
|oDU@=w |UQQ@ %R=CU= CQ=@a Ov=xDN=OQB u; x@ OwN C=k}kLD QO �1990� 6O} w w

"x}rw= *|r=ta= \}=QW w VvD Q}Ut x@ C@Uv 'Cr=L \w]N |oDU@=w sOa =}
|=yVvD C@Uv QO =} Cw=iDt |=yCr}U OYQO |=R=x@ PTL w SSL \w]N
\N |rw Ov};|t ?=UL x@ Xr=N |xU=t |=Q@ xm} |]w]N 'hrDNt *|t}mLD
V=?}W u;V}=Ri= =@ wCU}v xm} Cw=iDt|t}mLD |=yVvDC@Uv |=R=x@ IPTL

R= 'xv}tR u}= QO |vi C=}@O= QO xm CU= u; QmP p@=k |xDmv [4]"O@=}|t V}=Ri=
CU}v XNWt w 'xOW EL@ QDsm Ov=xDi=} s}mLD |WWm CQwYx@ xm |}=yV}=tR;
C=Q}}eD OvwQ OvDU}v xm} Qo = w 'Q}N =} Ov=xm} \w]N u}= R}v =yV}=tR; u}= QO xm
Q@ =Q |t}mLD Q=Wi C@Uv Q}F-=D 1 pmW "CU= xvwoJ |t}mLD VvD C@Uv =@ u;
C@Uv h} QaD OwW|t Qw;O=} "OyO|t u=Wv |Q=Wi |=yV}=tR; QO IPTL \w]N
pmW u}= QO |rw 'CU= Kc = �03=�01 CQwYx@ j}kLD u}= QO |t}mLD VvD

"CU= xOW h} QaD Kc = �01=�03 CQwYx@
|=yOYQO QO |DL Cr}U '|y=oW}=tR; |=yV}=tR; R= pY=L G}=Dv j@=]t
KQ]t p=-wU u}= =Pr w [5]'CU= xDW=O Q}F-=D xU=t Q=DiQ |xwLv w C=}YwYN Q@ sm
=}; Qo}O CQ=@ax@ #Ov=xm} PTL w SSL \w]N R}v Cr}U OwHw =@ =}; xm CU=
QO xm OyO|t u=Wv =Q |OvwQ OwN R= |t}mLD Q=Wi C@Uv Q}}eD =@ IPTL \N

"OyO|t u=Wv Xr=N |xU=t

=yxvwtv |m} R}i C=YNWt
|vLvt 2 pmW QO "CU= xwmRwQ}i 161 Cr}U w xU=t 'V}=tR; OQwt l =N
xm CU=O}B 1 pwOH |=yxO=O R= "CU= xOW x�=Q= xO=iDU= OQwt |xU=t |Ov@xv=O
|Qw@a� u; |xv=OR} Q OYQO 'CU= CN=wvm} xar=]t OQwt *|}xU=t l =N |Ov@xv=O
5 R= R}v �PI� u; |Q}tN |xv=Wv w CU= OYQO 5 R= QDsm �200 xQtv lr= R=
|iQat R}v |Q}tNQ}e l =N u=wvax@ =Q u; u=wD|t u}=Q@=v@ w CU= QDsm OYQO

"OQm
xOQw; hrDNt |=yCr}U OYQO QO emin w emax |=yQ=Owtv R}v 3 pmW QO
j@=]t ?}DQDx@ 'xv}tm w xv}W}@ pNrND C@Uv Q}O=kt |x@U=Lt |xwLv "CU= xOW

"CU= ASTM4254�00 w ASTM4253�00 OQ=Ov=DU=

[4]"Cw=iDt |t}mLD Q=Wi C@Uv |=R=x@ IPTLc \w]N uOw@v =Dm} "1 pmW

62



"""|
OtL

==[
Q}ra

'xO=
RQOv

rkT
=@a

xU=t |=Q@ |WWmw |Q=Wi Q=O}=B Cr=L \w]N u}tND
Xr=N

|t}mLD VvD QO w q=@ |@Uv sm =QD QO Xr=N |xU=t QO xOWs=Hv= |=yV}=tR;
R= |a=UD= Q=DiQ =yxvwtv u; xH}DvQO w CU= xOW s=Hv= �100kPa� u}}=B ,=D@Uv
QO 'q=@ QO xOW|iQat Cr=L \w]N |t=tD p}rO u}tyx@ "OvyO|t u=Wv OwN
5 pmW QO "CU= xOy=Wt p@=k =yu; VvD Q}Ut R= xOt; CUO x@ |=yQ=Owtv
=Hv; R= "CU= xOW xO=O u=Wv Xr=N |xU=t QO Cr=L \w]N h} QaD |xwLv
\}=QW x@ |va} 'Ov=xm} Q=Wi QO w VWm QO |}=yvDx@ l} Qy SSL \w]N xm
R}v Cw=iDt |x}rw= |WQ@ |=yVvD |=Q@ O}=@ 'OvQ=Ov |oDU@ VvD Q}Ut =} x}rw=
|D@=F |xOwOLt QO R}v VvD Q}Ut |=[i QO ji= =@ =yu; |x} w=R w OvW=@ xm}
QO SSLcom w SSLext \w]N |=Q@ xOt; CUO x@ |=}=wR "OW=@ xDW=O Q=Qk
|=Q@ ��ssl;e; �ssl;c� |Q=Wi w |WWm |=yV}=tR; OQwtQO VvD Q}Ut |=[i
pwOH O=Oa= R= xm u=vJ "CU= xOt; 3 pwOH QO Cw=iDt |=y|DWoR=@ VvD C@Uv
u}= &CU= u=Um} ,=@} QkD hrDNt |=yrc |=Q@ �ssl;c w �ssl;e Q=Okt CU=O}B
xHQO 26 OwOL QO �ssl;e |=Q@ w xHQO 38 5 OwOL QO �ssl;c |=Q@ Q=Okt

"CU=
R= |v}ov=}t 3 pwOH QO OOa Qy xm =Hv; R= w xOt; CUO x@ O=Oa= x@ xHwD =@
QDnQR@ "Ov=xOW xOR u}tND |@ wN ,=D@Uv CkO =@ =}=wR u}= 'CU= V}=tR; u}OvJ
QO pmW Q}}eD x@ xU=t QDW}@ p}=tD |xOvyOu=Wv �ssl;e x@ C@Uv �ssl;c uOw@
'u=Uty Cr=L QO |}xQwO |=yVvD p=ta= CQwYQO p}rO u}tyx@ "CU= VWm
|Q=Wi |x}L=v R= u; |WWm |x}L=v w xOw@ u=Uty=v CQwYx@ |}xQwO |=yVvQm

[9]"CU= QDW}@

"Cw=iDt|=yVvDCWoR=@C@Uv QOSSLcom wSSLext\w]N|=}=wR "3 pwOH
rc�1 rc�0 75 rc�0 5 rc�0 25 rc�0 Xr=N |xU=t
38 8 37 06 39 98 40 1 OQ=Ov �ssl;c

OQ=Ov 28 24 26 26 26 1 24 5 �ssl;e

|xU=t |=Q@ xOWs=Hv= u=Uty |@w=vD V}=tR; QO Cr=L \w]N h} QaD "5 pmW
"Xr=N

u=Uty=v s}mLD hQat |=yQDt=Q=B
Q=Wi C@Uv QDt=Q=B R= ,=twta |vi C=}@O= QO u=Uty=v s}mLD uOQmXNWt |=Q@
'CU= |O}rm QDt=Q=B l} xJQo = QDt=Q=B u}= "CU= xOW xO=iDU= �K� |t}mLD
VNQJ QF= 'p=Ft |=Q@ "OyO VWwB =Q l =N u=Uty=v \}=QW s=tD Ov=wD|tv |}=yvDx@
Q_v QO u; p}rO xm CU= xOWv xO}O QDt=Q=B u}= QO 9|rY= |=yVvD CWoR=@ =}
?} Q[ s=vx@ |O}OH QDt=Q=B pmWt u}= `iQ |=Q@ "CU= |Q=PoQ=@ xrLQt uDiQov
u=Uty=v s}mLD h} QaD |=Q@ CU= |DWoR=@ VvD C@Uv hQat xm 10�rc� CWoR=@
1 |x]@=Q QO CSR(= ��1=2p0) w K =@ QDt=Q=B u}= \=@DQ= "OW xDiQo Q_v QO

[8w7]"CU= xOt;
xDU@=w |t}mLD Q=Wi C@Uv x@ sy QDt=Q=B u}= CU=O}B xrO=at u}= R= xm u=vJ
|}=yvDx@ |t}mLD VvD C@Uv =@ xU}=kt QO wQu}ty R= w 'xOQ=w Q=@ x@ sy w CU=
R= xm u=vJ &CU= xOW x�=Q= rc QDt=Q=B h} QaD 4 pmW QO "CU= |QDpt=m QDt=Q=B
|r=ta= |i=QLv= VvD Q=Owtv |Q=WiCtUk C@Uv =@ CU= Q@=Q@ rc CU=O}B pmW

"u; |DWoQ@ wCiQ |xvt=O pm x@
rc = 2CSR� (1 + 2k) + 3(1� k)

4CSR� (1 + 2k)
(1)

j@=]t |Q=Wi w |WWm |=yV}=tR; |=Q@ K w rc Q}O=kt q=@ h} QaD x@ xHwD =@
"CU= 2 pwOH

"rc QDt=Q=B h} QaD "4 pmW
"s}mLD hrDNt `=wv= |=Q@ k w rc Q}O=kt "2 pwOH
K rc s}mLD `=wv=
1 0 5 u=Uty s}mLD

1 R= QDlJwm 0 5 R= QDnQR@ |WWm u=Uty=v s}mLD
1 R= QDnQR@ 0 5 R= QDlJwm |Q=Wi u=Uty=v s}mLD

63



"""C
r}U

wxU
=t\

wrNt
QOC

r=L
\w]

N|
UQQ

@

'|WWm u=Uty=v |=yV}=tR; QO wCU}v xm} R}v IPTLext \N OwW|t xOy=Wt
u=Uty=v |=yV}=tR; QO Tmax@ &OwW|t xOwRi= u; ?}W s}mLD V}=Ri= QF=Q@

"O@=}|t Vy=m u; ?}W |Q=Wi s}mLD V}=Ri= QF=Q@ |Q=Wi

Cr}U w xU=t \wrNt QO Cr=L \w]N u}tND
|w=L |=y\wrNt QO xm |}q=@ |Q}PBsm =QD C}r@=k p}rOx@ Cr}U |w=L |=yxvwtv
Q=DiQ =@ |}=yxvwtv QO "OvyO|t u=Wv OwN R= |[=@kv= |Q=DiQ OQ=O OwHw Cr}U
=Q} R OQw; CUO x@ |@ w=vD |=yV}=tR; ltmx@ =Q SSL \w]N u=wD|tv |[=@kv=
|DtUk xm |a=UD= Q=DiQ =@ |}=yxvwtv QO =yvD |@ w=vD |=yV}=tR; R= pY=L \w]N
|wU R= "CU= |@=}CUO p@=k OQ}o|t Q=Qk SSL \N |wQ Q@ VvD Q}Ut |vLvt R=
R}v PTL \w]N OvyO|t u=Wv OwN R= =yxvwtv xm Q=DiQ ẁv u}= x@ xHwD =@ Qo}O
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