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lexOWKrUt Cqt =@ |DWN Q=w}O |y=oW}=tR; |UQQ@

|Q]k VWm CLD x=m =@
�Q=}Wv=O� �|}wmU= |v]w QeY=

�OWQ= |U=vWQ� |wHWv=O� |r[i= OtLt
�OWQ= |U=vWQ� |wHWv=O� QwB|OOt =[QOtLt

|}=HQ O}yW Q}@O C}@ QD x=oWv=O 'u=Qta |UOvyt |xOmWv=O
�Q=}Wv=O� |WN@ |ra

h} QW |DavY x=oWv=O 'u=Qta |UOvyt |xOmWv=O

Cqt QO x=m h=}r= hrDNt |=yOYQO =@ |DWN Q=w}O |y=oW}=tR; OQmrta Q=DWwv u}= QO
`=wv= =@ Q=w}O OOa 12 O=OaD "CU= xDiQo Q=Qk |UQQ@ OQwt |Q]k |m}D=DU= Q=@ CLD
'�0 6 '�0 4 %|vRw |=yOYQO =@ xOWKrUt Cqt '|rwtat Cqt� Cqt hrDNt
120� 120� 22 O=a@= QO KrUtQ}e CWN =@ �x=m h=}r= �1 2 w �1 '�0 8

'=ylQD ẁv =D Ov=xOW |Q=PoQ=@ |Q]k |Q=Wi Q=@ CLD =yQ=w}O "Ov=xOW xDN=U QDt|Dv=U
Cqt =@ |=yQ=w}O QO "O}; CUOx@ =yu; |SQv= ?PH w '|}=yv pmWQ}}eD '|}=yv |wQ}v

x@ QwmPt |=yQ=w}O |SQv= ?PH w �26 78 |xR=Ov= x@ wQ}v Q=Okt 'x=m �0 8 =@ xOWKrUt
u=Wv G}=Dv "CU= xOw@ KrUtQ}e w xO=U Cqt =@ |=yQ=w}O R= QDW}@ �94 22 |xR=Ov=

xO=iDU= |DWN |=yQ=w}O Cqt QO xOvvmK}rUD u=wvax@ x=m |vOwRi= R= u=wD|t xm Ov=xO=O
"OwW xO}WN@ Ow@y@ xR=U Q=DiQ =D 'OQm

vatani@srttu.edu
afzali.m64@gmail.com
reza9058@yahoo.com
bakhshi@sharif.edu "|DWN Q=w}O 'Cqt 'x=m '|Q]k VWm V}=tR; 'CWN %|O}rm u=oS=w

xtOkt "1
?wULt Kr=Yt ẁv u}= C@Ft |=y|oS} w xrtH R= 'x}yD QO CaQU w CrwyU w
|Q=}U@ ?r=e R=U w CN=U R}v uwvm = sy '|O=YDk= p�=Ut p}rO x@ xm 'OwW|t
u}= =@ \=@DQ= QO xm |tyt |xr�Ut =t= "CU= |ro w |DWN ẁv R= 'QwWm \=kv R=
|=yQ=@ =@ xr@=kt |=Q@ =yu; R= |Q=}U@ |L=Q] sOa 'OQwN|t sWJx@ =yu=tDN=U
KrUtQ}e|}=v@ |=yxR=U|rm Qw]x@ xmCU= xO=O u=Wv Q}N= |=yxrRrR "CU=|}xRQr

[1]"OvQ=O |R=Uy@ x@ R=}v w OvQ}PB?}U; |}xRQr |=yQ=@ Q@=Q@ QO
[2]%OQm xYqN OQ=wt u}= QO u=wD|t =QCWN R= xO=iDU= |=Q@ p}qO u} QD|rY=
|=yxR=U w CWN O}rwD |=Q@ �? &CU= TQDUO QO =H xty QO xm |}xO=t �hr=
|=yxR=U |Q=Oxov w Q}taD �A &CU}v R=}vOQwt |}q=@ |SwrwvmD w CQ=yt '|DWN
=OY j}=a =Q u; 'l =N |D=P X=wN �C w &OQ=Ov |Y=N x=oW}=tR; x@ R=}v '|DWN
O=YDk= w u} wv Kr=Yt x@ |UQDUO sOa 'jwi OQ=wt Q@ xwqa [4w3]"OR=U|t =tQo w
xvwou}= R= xO=iDU= '|O=} R \=kv QO Rwvy CU= xOW Ea=@ CUOQwO \=kv QO xO=wv=N

"OW=@ G}=Q Kr=Yt
|=yQ=w}O |xLiY � uwQO |WQ@ Q=DiQ R= |DWN |xR=U l} |@v=H Ctw=kt
'xLiY � uwQ@ CQwYx@|DWN |=yxR=U Q=DiQ 'u}= Q@ xwqa "O};|tCUOx@|DWN
xLiY � uwQO |DNU u=Oki 'O=} R |R}NxRQr =@ j]=vt QO [6w5]"CU= |WtN ẁv R=
xm |}=Hv; R= [7]"CU= u=vm =U |=Q@ |oQR@ Q]N |DWN |=yQ=w}O |xLiY � uwQ@ w
|DWN |xR=U l} |Q=O}=B 'OvQ=Ov |i=m |Q}PBpmW w Ctw=kt |DWN |=yxR=U

'CU= xO=O MQ u=yH \=kv Q}=U w u=Q}= QO Q}N= p=U OvJ QO xm |}=yxrRrR QO
w xt=vu}}; Ow@v "CU= xDW=O |O=} R |r=t w |v=H CQ=UN |DWN |=yu=tDN=U
R=}v xm CU= |Qo}O OQ=wt xrtH R= |DWN |=yu=tDN=U |L=Q] |=Q@ |OQ=Ov=DU=
"Ovm|t u=OvJ wO =Q =yQ=w}O u}= Q=DiQ |UQQ@ CyH |DWN |=yQ=w}O |xar=]t x@
w |DWN |=yu=tDN=U =Q u=Q}= |}=DUwQ j]=vt QO `k=w |=yu=tDN=U |xOta
'xrRrR ?=DW V}=Ri= u; ?k=aDt w u}ovUhkU %p}qO x@ xm 'OvyO|t p}mWD |r*o
x@ |}xR=U <=RH= p=YD= uOw@XNWt=v w '=yQ=w}O =@ hkU |i=m |oJQ=Bl} sOa
|OH |=yCQ=UN =@ ,=twta =Q =yu=tDN=U xvwou}= Cqt |i=m =v Ctw=kt w 'Qo}Om}
xOWhQYt Kr=Yt ẁv w |}xR=U <=RH= uOw@XNWt=v u}vJty "CU= xOQm xH=wt
Q}_v |}xR=U l}Uqm |=ypOt =@ OwHwt |=yu=tDN=U j@=]D sOa w wUl} R=
=Q =yu=tDN=U u}= |}xRQr Ctw=kt u}tND 'Qo}O |wU R= xQ}e w Q=OQ}o |=y?=k
'QwWm QO OwHwt |vwmUt |=yOL=w R= �70 'Q=t; T=U=Q@ "Ovm|t Q=wWO Q=}U@
|=Q@ |Dryt |DL u=tDN=U u=vm =U 'xrRrR s=ovy QO xm OvDUy s=wOsm w 's=wO|@

[1]"OvQw;|tv CUOx@ R}v =Q u=tDN=U R= uOWGQ=N w Q=Qi
'=t QwWm QO xrtH R= w =}vO hrDNt \=kv QO |ro w |DWN |=yR=U w CN=U
uOw@|O=YDk= '?U=vt |Q=oR=U "OQ=O |Q=}U@ G=wQ u; O=} R |=}=Rt p}qOx@ 'u=Q}=

pw�Ut xOvU} wv �
"1393 12 25 VQ}PB '1393 12 18 x}LqY= '1393 6 25 Ci=} QO %M} Q=D
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QQ@R= R}v |DWN |=yQ=w}O |R=Usw=kt w |R=Uy@ QO 'CN=U s=ovy Q@ xwqa CU=
"OwW xO=iDU= x=m =@ Cqt

V}=tR; VwQ "2
Kr=Yt "1"2

Kr=Yt x@=Wt =D 'CU= xOW xO=iDU= uW w 'xU=t 'TQ R= CWN CN=U |=Q@
"OW=@ CWN CN=U |=Q@ TQDUOQO OwHwt

w Z=@kv= R= |Q}owrH w xOvvmQ)B Vkv �xU=t w uW� xv=OnvU 'CWN QO
Qo}Om} =@ O=wt uOQm\wrNt w uOQmu=wQ |=Q@ ?; R= w OQ=O =Q CWN uOQwNlQD

"OwW|t xO=iDU=
TQ l =N "1"1"2

C=YNWt "CU= xOW xO=iDU= TQ l =N ẁv l} R= Cqt w CWN |x}yD |=Q@
|=yV}=tR; "CU= xOW x�=Q= 1 pwOH QO xOWs=Hv= |=yV}=tR; x@ xHwD =@ TQ l =N
xOW s=Hv= [18]'D420 Om ASTM OQ=Ov=DU= j@] Q@ TQ l =N |wQ Q@ xOWs=Hv=
C}Y=N =@ |UQ ẁv R= l =N 'l =N |=Q@ OLDt sDU}U |Ov@xk@] j@] Q@ "CU=

"CU= xOw@ �CL� u}}=B |Q}tN
- 30� OYQO 50 - 25 u}@ =Q xOWvC}@FD l =N |v=wQ OL 'u@ wy C=k}kLD
22- 12� OYQO 25 - 10 u}@ =Q |Q}tN OL w xOQm u=}@ �CU= QDy@ OYQO 35
Qou=Wv xm '|Q}tN Cr=L XN=W u}vJty "CU= xOQm u=}@ �CU= QDy@ OYQO
Q=Okt Q}N= C=ar=]t 'CU= xOQm u=}@ �6 R= QDtm =Q 'CU= TQ C}r=ai w |oS} w

[17]"Ov=xDUv=O R=Ht R}v =Q QDq=@
xv=OnvU "2"1"2

QO uW w xU=t C=YNWt "CU= uW w xU=t 'CWN QO xOWxO=iDU= |xv=OnvU
CWN QO xO=iDU= s=ovy QO ?}DQD x@ uW w xU=t C@ w]Q "CU= xOW x�=Q= 2 pwOH
C566 C@=F u=wva =@ ASTM OQ=Ov=DU= R= "CU= xOw@ OYQO 2 4 w 1 53 =@ Q@=Q@

[19]"CU= xOW xO=iDU= xv=OnvU |=yV}=tR; s=Hv= |=Q@
x=m "3"1"2

Ea=@ x=m OwHw "CU= xOW x�=Q= 3 pwOH QO Cqt QO xO=iDU= OQwt x=m C=YNWt
|=yxv=O 'uD@ QO QwD=tQ; Ovv=ty `k=w QO 'CU= xOW Qo}Om} x@ l =N |=yxv=O p=YD=
|=Q@ [20]"OwW|t =yu; uOQwNlQD R= `v=t w CU= xDW=O xov sy x@ =Q xU=t w TQ
"Ov=xOW xO=O Q=Qk |WWm x=oDUO Q} R QO h=}r= ,=t}kDUt 'x=m VWm V}=tR; s=Hv=

"Cqt w CWN QO xO=iDU= OQwt TQ l =N C=YNWt "1 pwOH
Q=Okt OL=w QDt=Q=B
2 7 KN/m3 l =N XwYNt uRw
3 7 � C@ w]Q Q=Okt
29 � �LL� |v=wQ OL

16 94 � �PL� |Q}tN OL
13 59 � �SL� Z=@kv= OL
12 06 � �PI� |Q}tN |xv=Wv
�1 10 � �LI� |v=wQ |xv=Wv
2 10 � �CI� C_re |xv=Wv

V}=Ri= u}=Q@=v@ [7]"CU}v umtt O}OW |xrRrR l} R= Oa@ C} wkD uwO@ w |rwtat
|xr�Ut l} '|DWN |=yQ=w}O QO |SQv= hqD= w '|oJQ=Bl} '?U=vt Ctw=kt

"CU= xOW |}xRQr O}OW |=yQ=@ CLD |v=QL@
w Q=DiQ |wQ Q@ |D=ar=]t |DWN |=yQ=w}O Q=DiQ Ow@y@ w Ctw=kt V}=Ri= |=Q@
|Q=Wi Ctw=kt V}=Ri= |=Q@ =Q |irDNt |=yVwQ xm 'CU= xOW CWN X=wN

[11�8]"Ov=xO=O Q=Qk xO=iDU= OQwt CWN
uwU=wBC@Uv 'E = 200 MPanv=} pwOt '(NZ 4297) OvrRw}v |xt=vu}�;
T=U=Q@ "CU= xOQm x}YwD =Q �C = E=300 |Q=Wi VvD |xv}W}@ w '0 35
|Q=Wi Ctw=kt �20 u=wD|t =Q |WWm VvD |xv}W}@ 'u=Q=mty w sw} Q=w C=ar=]t
[12]%Ov=xOQm x}YwD =Q 2 w 1 |=ypwtQi R}v R=Ht |WQ@ VvD |=Q@ w CiQo Q_v QO

� = 0 07� �C (1)

� = 70 + 5�H (kPa) (2)

"CU= |Q=Wi Ctw=kt �C w QDt ?UL Q@ Q=w}O `=iDQ= |xOvyOu=Wv H '=yu; QO xm
|WywSB QO |DWN |=yQ=w}O Q=DN=U QO s�=k w |ki= |=yOQor}t R= xO=iDU=
xLiY � uwQO Q=DiQ Ow@y@ ?Hwt xm 'CU= xDiQo Q=Qk xar=]t OQwt 2003 p=U QO
Q=w}O |R=Uy@ |=Q@ R}v �2003� |Qo}O VywSB QO [6]"CU= xOW xLiY � uwQ@ w

[13]"CU= xOW xO=iDU= Q=w}O |=yxWwo Cqt u}@ QO QwD R=
'w@t=@ 'wH w x=m h=}r= 'hvm h=}r= %Ovv=t� TQDUO QO |a}@] O=wt R= |Q=}U@
l =N x@ xOvvmC} wkD u=wvax@ xm �utJ w 'x@vB 'p}oQ=v h=}r= '=tQN nQ@ '?wJ
p=Ft u} QD|t}Ok [15w14]"Ov=xO}WN@ Ow@y@ =Q l =N |UOvyt X=wN 'Ov=xOW xi=[=
sw=kt |QH; CN=U w p*o C} wkD CyH p*o x@ x=m uOwRi= x@ \w@ Qt =yC} RwBt=m R=
Oq}t R= p@k p=U 4000 x@ Q=m u}= CtOk "CU= xOw@ =y=v@ QO xO=iDU= CyH
T} QD=t =} xv}tR Vkv p*o w xOvvmC} wkD Vkv x=m OQwt u}= QO "OOQo|t R=@ K}Ut
R= xO=iDU= R= |RQ=@ |xvwtv 'CU= xOw@ u=}v=Q}= |Q=tat Q=my=W xm 's@ nQ= "OQ=O =Q

[16]"CU= xOw@ xDWPo uwQk QO =yC} RwBt=m |SwrwvmD
T=tD K]U O}=@ '|oOR=wy Q@=Q@ QO Ctw=kt w |m}v=mt X=wN Ow@y@ Qw_vt x@
"Ov=UQ xv}tm u=R}t x@ =Q l =N |=yxQiL O}=@ Qw_vt u}O@ xm 'O@=} V}=Ri= l =N C=QP
=yu; OYQO xm 'CU= pmW|}xQm C=QP =@ |m =N |Qw�D ^=Lr R= xQiL uwO@ l =N

[17]%OW=@ �3 |x]@=Q� Qrwi pwtQi `@=D
p = 100 (d=D)n (3)

u} QDnQR@ D 'p R= u}at Q=Okt l} |=Q@ xv=O Q]k d 'Q]k x@ xv=O C@Uv p 'u; QO xm
n Q=Okt 'OvW=@ |wQm ,qt=m =yxv=O xm |Dkw "CU= |Ov@xHQO ?} Q[ n w 'xv=O Q]k

"CU= 0 5 Q@=Q@
R= |m} "OQ=O OwHw |DWN |=yQ=w}O CUmW |=Q@ |irDNt |=ysR}v=mt
Cqt '|@v=H |=yQ=@ Q@=Q@ QO |DWN |=yQ=w}O w |}=v@ Kr=Yt |=yQ=w}O |=yha[
pox=m w p*o Cqt Q=DiQ u}@ |}xU}=kt xm CU= xOW |aU Q=DWwv u}= QO "CU= u;
u}O@ "OwW |UQQ@ 'OwW|t xO=iDU= Qo}O |=yQwWm w u=Q}= QO pw=ODt CQwYx@ xm
Q=Qk |UQQ@ OQwt |Q]k Q=Wi CLD Cqt ẁv wO =@ |DWN |=yQ=w}O Q=DiQ Qw_vt
Q@ xwqa Qo}O Cqt QO w xU=t w TQ l =N R= =yCqt R= |m} QO "CU= xDiQo
Q=oR=U 'u=RQ= '|a}@] |}xO=t xm � x=m R= |irDNt |=yOYQO R= 'xOWxOQ@ s=v Kr=Yt
"CU= xOW xO=iDU= Cqt |xOvvmC} wkD u=wvax@ R}v �TQDUO QO w CU} R \}Lt =@
sRq 'xO=O MQ Cqt QO xOta ?}U; '|DWN |=yu=tDN=U QO xmv}= x@ xHwD =@

66



3 2
|xQ

=tW
'32

�2
|xQ

wO-
�13

95
R}}=B

�'h
}QW

u=Qt
a|

UOv
yt "CWN QO xOWxO=iDU= Kr=Yt OYQO "4 pwOH

��� ?; ��� uW ��� xU=t ��� TQ l =N
13 6 48 33

"CWN QO xO=iDU= OQwt Kr=Yt |Ov@xv=O Q=Owtv "2 pmW

CWN C=YNWt "2"2
CWNs}v w (22� 22� 7 cm) CWN R= |v}J Q=w}O pwY= C}=aQ |=Q@
|=Q@ xOWxO=iDU= Kr=Yt |=yOYQO "CU= xOW xO=iDU= (22 � 11 � 7 cm)

"CU= xOW x�=Q= 4 pwOH QO CWN CN=U
xOW xO=O u=Wv 2 pmW QO 'CWN QO xO=iDU= OQwt Kr=Yt |Ov@xv=O Q=Owtv

"CU=
GvUwQ}v R= xO=iDU= =@ |Q=WiV}=tR;CLD =yCWN R=l} Qy |Q=WiCtw=kt
7 |xQ=tW OQ=Ov=DU= R= |Q=PoQ=@ |=Q@ "CU= xOW |Q}oxR=Ov= GvUu=mt Q}}eD w
xOWv XNWt |Q=PoQ=@ CaQU 'QwmPt OQ=Ov=DU= QO [24]"CU= xOW xO=iDU= u=Q}=
xOW XNWt ASTM \UwD |O=yvW}B CaQU R= xO=iDU= =@ |Q=PoQ=@ CaQU w
"Ov=xDiQo Q=Qk V}=tR; OQwt CWNs}v w CWN O=a@= R= s=Om Qy R= OOa 5 [25]"CU=
=@ Q@=Q@ '�CWN� 22 � 22 � 7 cm O=a@= =@ |=yxvwtv \UwDt |Q=Wi Ctw=kt
22�11�7 cm O=a@= =@ |=yxvwtv \UwDt |Q=Wi Ctw=kt w p=mU=B=ot 4 37
|Q=Wi Ctw=kt G}=Dv "CU= xOW u}}aD p=mU=B=ot 3 29 =@ Q@=Q@ '�CWN xt}v�
O=a@= =@ ?}DQD x@ CWN w CWNs}v |Q=Wi Ctw=kt |=Q@ xOWV}=tR; |=yxvwtv
?5 w hr=5 |=ypwOH QO QDt|Dv=U 22� 22� 7 w QDt|Dv=U 22� 11� 7
'QDt|Dv=U 22�11�7 O=a@= =@ |=yCWN |Q=WiCtw=kt "CU= xOW xO=OV}=tv
xm 'CU= QDt|Dv=U 22 � 22 � 7 O=a@= =@ |=yCWN |Q=Wi Ctw=kt R= QDtm
|=yxvwtv |r}]DUt pmW uOw@Cw=iDt w QDtm VvD `} RwD K]U u; p}qO R= |m}

"CU= |DWN |=yxvwtv |a@ Qt pmW w CWNs}v
?}DQD x@ CWNs}v |=yxvwtv |=Q@ |Q=Wi V}=tR; QO =]N w Q=}at h=QLv=
xOt; CUOx@ 0 27 w 0 58 ?}DQD x@ |DWN |=yxvwtv |=Q@ w 0 25 w 0 57

"CU=

Cqt C=YNWt "3"2
=D Ovvm|t Q@Y w OvR=Ov=|t ?; u; QO w OvOv@|t xQwN; 'p*o Cqt uDN=U |=Q@
x@ w OvyO|t RQw ?wN =Q Cqt u; R= TB 'Ovmt@ =Q ?; TQ l =N |=ylrwB
'OQwN|t lQD w OwW|t `tH uOWlWN R=TB p*o Cqt uwJ "Ovv=UQ|t hQYt
ẁv 6 "Ovm|t |Q}owrH u; uOQwNlQD R= w Ovm|t KrUt =Q u; xm 'OvvR|t x=m u; x@

"xv=OnvU C=YNWt "2 pwOH
xv=OnvU ẁv OL=w QDt=Q=BxU=t uW

494 44 493 66 (gr) Wd

505 42 511 728 (gr) WSSD

200 270 (C.C) VS

2 47 1 83 GS

2 22 3 66 � WSSD

"x=m C=YNWt "3 pwOH
Q=Okt OL=w QDt=Q=B

40� 10 (mm) pw]
4� 1 (mm) Q]k
0 12 (KN/m3) XwYNt uRw

50� 38 (MPa) |WWm Ctw=kt
2 05 xD}Uv=O

"|WWm s=mLDU= |Q}oxR=Ov= x=oDUO "1 pmW

'Ovvm|t |Q}oxR=Ov= ?wJ `}=vY QO =Q h=}r= |WWm Ctw=kt xm |WWm x=oDUO R=
hQ] wO QO x=oDUO Q} R QO xvwtv uO=OQ=Qk w xvwtv |R=UxO=t; |=Q@ w xOW xO=iDU=
x=oDUO li |xR=Ov= x@ ?wJ OOa wO 'OQ}o|t Q=Qk x=oDUO li Q} R QO xm 'x=m
Q} R R= w OQ}o Q=Qk ?wJ ?UJ =@ ?wJ OOa wO u}@ x=m xm 'CU= xOW xO} Q@
O=wt uwtR; u}W=t l} QO |WWm s=mLDU= |Q}oxR=Ov= "OQwNv Q )U x=oDUO |=yxQ}o
u}= QO xDiQQ=mx@ |=yVwQ "CU= xDiQo CQwY |v}}=B ,=D@Uv |WvQm |xOwOLt QO
[22w21]"CU= xOW xO=iDU= u}W}B C=ar=]t QO xm CU= |}=yVwQ x@=Wt VywSB
Q=m =yv; |WWm s=mLDU= |Q}oxR=Ov= 'xiwra |=yxk=U |xOvvmW Ca}@] p}rO x@
s=ovy =yxQ}o pN=O QO xvwtv |=yDv= wO |oDN}Uo Ea=@ Qt= u}= =Q} R 'CU= |rmWt

[23]"OwW|t wQ}v p=ta=
|}=v=wD =yxQ}o "CU= xOW xDN=U w |L=Q] 'xQ}o wO pt=W |m}v=mt x=oDUOl}
xm 'OvDUy xO=@tU Pe=m w |m}DUq li pt=W w OvQ=O =Q xk=U uDW=Oxov C@=F
Q=Qk R= Oa@ xvwtv "�1 pmW� OQ}o|t Q=Qk |m}DUq li w xk=U u}@ xO=@tU Pe=m
|Y=YDN= VWm � Q=Wi uwtR; x=oDUO l} R= xO=iDU= =@ =yxQ}o u}@ uOWxO=O

[23]"OQ}o|t Q=Qk VWm CLD
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QQ@"Cqt `=wv= u}ov=}t |Q=Wi Ctw=kt G}=Dv "7 pwOH
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