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Cr=L R= l =N Q=DiQ u; QO xm CU= xOW xO=O O=yvW}B |RQt R}v 2006 p=U QO
V}=Ri= 'TQ x@=Wt Q=DiQ R= Qw_vt "OwW|t p}O@D TQ x@=Wt Cr=L x@ xU=t x@=Wt
RQt u}= xOWQmP VywSB j@=]t "CU= l}Uqm |}=Qou=wQ uwO@ |}xQiL ?; Q=Wi
|}=yl =N |=Q@ '2007 p=U QO |}xOWs=Hv= VywSB T=U=Q@ [16]"CU= PI = 7
u=Wv OwN R= |QDW}@ |rm}U Ctw=kt ,=twRr QDnQR@ PI =@ |m =N 'PI < 12 =@
Cr=L QF= '2012 p=U QO |WywSB QO R}v u=QoWywSB R= Qo}O |NQ@ [17]"OyO|tv
"Ov=xO=O Q=Qk |UQQ@ OQwt �10 |xv=OR} Q Q=Okt QO \ki =Q xv=OR} Q VN@ |Q}tN
Cr=L |=yXN=W =@ |Q}tN |xv=OR} Q �10 =@ R}tD |xU=t xm CQwY u}O@
|O=OaD R= xO=iDU= =@ pY=L |=yl =N |}=Qou=wQ Ctw=kt w ?}mQD Cw=iDt |Q}tN
|=yxv=OR} Q "CU= xDiQo Q=Qk |@=} RQ= OQwt xOWv|WmyR |@ w=vD |QwLt xU V}=tR;
C}vwDv@ ?}mQD '�PI = 18� C}v}rw�=m '�PI = 8� Cr}U ?}DQD x@ xOWxO=iDU=
|wQ Q@ =yV}=tR; u}= "Ov=xOw@ �PI = 377� C}vwDv@ w �PI = 50� Cr}U =@
sm =QDt w e = 0 850�0 860 \UwDt 'e = 0 955�0 973 p )W |=yxvwtv
xOw@ KQW u}= x@ xOWQmP VywSB G}=Dv "CU= xOW s=Hv= e = 0 738� 0 747
'xvwtv uOWQDsm =QDt =@ '|Q}tN |xv=OR} Q 4 |Q}tN Cr=L x@ xHwD uwO@ %CU=
x@ |Q}tN |xv=OR} Q ��10� |tm Q=Okt |Dkw "O@=}|t V}=Ri= |}=Qou=wQ Ctw=kt
Cr=L x@ |}xU=t l =N |}=Qou=wQ Ctw=kt OUQ|t Q_v x@ 'OwW|t xOwRi= xU=t
'xv=OR} Q �10 |Q}tNCr=LV}=Ri= =@ '1 pmW j@=]t "OQ=O |oDU@ xv=OR} Q |Q}tN
Vy=m |yHwD p@=k C@Uv x@ \UwDt sm =QD =@ w sm =QDt |=yxvwtv |}=Qou=wQ Ctw=kt
QO xU=t Q=DiQ "CU= R}J=v Vy=m u}= 'p )W |=yxvwtv =@ \=@DQ= QO |rw 'O@=}|t
OwHwt |xv=OR} Q |=yxv=O |xR=Ov= =} |Q}tN Cr=L R= QF-=Dt ,=O}OW 'sm =QDt Cr=L

Qw[L Cr=L QO xv=OR} Q VN@ |Q}tN Cr=L Q@=Q@ QO |}=Qou=wQ Ctw=kt "1 pmW
[18]"xv=OR} Q �10

=@ '|r=Jwm 1999 |xrRrR R= |W=v u}tR |=y|oDN}Uo R= pY=L l =N |wQ Q@
|=yl =N |}=Qou=wQ \}=QW uOQmXNWt |=Q@ |}xOwOLt =y|v}J Q=}at KqY=
|}=yl =N 'VywSB u}= T=U=Q@ [7]"CU=xOW XNWt |Q}tN |xv=OR} Q |=Q=O
p=tDL= '�LL� |v=wQ OL C@ w]Q �85 R= V}@ C@ w]Q OYQO w PI < 12 =@
C@ w]Q OYQO w 12 < PI < 20 =@ |}=yl =N xm |r=L QO &OvQ=O |}=Qou=wQ
|rw 'OvDUy sw=kt |}=Qou=wQ Q@=Q@ QO l}D=tDU}U Qw] x@ '|v=wQ OL �80 R= V}@

[7]"OvQ=O |rm}U lQLD p=tDL= u=vJty
Q}F-=D =@ \=@DQ= QO |D=ar=]t 'Q}N= p=U 45 QO 'xOWQmP ?r=]t x@ xHwD =@
xm CU= xOW s=Hv= xU=t |}=Qou=wQ Ctw=kt QO |Q}tN Cr=L w |Q}tN |xv=OR} Q
Cra xm OvDUy |}=yv; pw= |xDUO %OQm s}UkD xDUO 2 x@ u=wD|t =Q C=ar=]t u}=
'Ovv=O|t u; |xv=OR} Q |Q}tN Cr=L C=Q}}eD =Q l =N |}=Qou=wQ Ctw=kt C=Q}}eD
xv=OR} Q OYQO C=Q}}eD R= |W=v =Q |}=Qou=wQ Ctw=kt C=Q}}eD swO |xDUO p@=kt QO

"CU= xOW xQ=W= RwQt= x@ =D xDWPo R= C=ar=]t u}= sy= x@ xt=O= QO "Ovv=O|t
u}@ |vWwQ \=@DQ= I}y xm |r=L QO '1989 p=U QO |WywSB G}=Dv T=U=Q@
XN=W V}=Ri= =t= 'OQ=Ov OwHw |}=Qou=wQ Ctw=kt =@ xv=OR} Q u=R}t =} TQ u=R}t
VywSB |=yV}=tR; [8]"OyO|t V}=Ri= =Q |}=Qou=wQ Ctw=kt ,=a]k |Q}tN Cr=L
Ctw=kt QO |tm Q}F-=D '10 R= QDtm PI =@ xv=OR} Q OwHw xm CU= xO=O u=Wv xOWQmP
QO |H} QOD V}=Ri= '10 R= V}@ |Q}tN Cr=L XN=W QO w &OQ=O |}=Qou=wQ
p=U QO |Qo}O |=yVywSB QO u}vJty [8]"OwW|t xOy=Wt |}=Qou=wQ Ctw=kt
|}=Qou=wQ Ctw=kt '|Q}tN Cr=L XN=W V}=Ri= xm CU= xOW XNWt 1994
'|Q}tN |xv=OR} Q =@ |=yl =N QO xmv}= Q@ |v@t |Oy=wW R}v w [9]'OyO|t V}=Ri= =Q
sy=Qi CU}v |}=Qou=wQ Ctw=kt QO xOvvmpQDvm |rt=a xv=OR} Q l =N |Q}tN Cr=L
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O=} R CaQU '|v=yo =v ẁQW j} Q] R= xm |v=} QH '|}=Qou=wQ QO u; hqNQ@ "Ov@=}|t
VvQm 'OwW|t |}=U=vW xOW=Qou=wQ Kr=Yt u=mtQ}}eD O=} R Ci=Ut w 'CiQW}B

"O@=}|t V}=Ri= xaiO l} x@ |WQ@
|rm}U lQLD ẁkw Cr=L QO 'Qo}O |=yl =N `=wv= |t=tD QO w l =N u}= QO
swO Q=}at w ��5 =@ |w=Ut |xvt=O Q@=Q@ 2 |WQ@ VvQm � |}=Qou=wQ pw= Q=}at u}@
hqDN= pm}U O=OaD QO �|}xQiL ?; Q=Wi xi=[= ?} Q[ uOWxv}W}@� |}=Qou=wQ
'=yl =N Q}=U x@ \w@ Qt |=yQ=Owtv |t=tD QO xOWxOy=Wt Qo}O Q=DiQ "OQ=O OwHw
=Q xO}OB u}= "CU= l =N sm =QD V}=Ri= =@ |}=Qou=wQ Ctw=kt Q=Owtv ?}W V}=Ri=
'l =N sm sm =QD Cra x@ 'p )W |=yxvwtv QO xm OQm x}HwD CQwY u}= x@ u=wD|t
|O=} R Q=}U@ C=Q}}eD Q=JO N '�CSR =}� xOQ=w VvD QO |mOv= C=Q}}eD p=ta= =@
'sm =QDt w p )W |xvwtv wO Qy QO u}at u=R}t x@VvDV}=Ri= =@ 'Qo}O CQ=@ax@ "OwW|t

"O@=}|t Vy=m sm =QDt |xvwtv R= QDW}@ ?D=Qt x@ p )W |xvwtv QO =ypm}U O=OaD
=Q syORv=B pm}U Q}_v Ctw=kt u=wD|t 6 pmW |=yQ=Owtv uDW=OQ=}DN= QO =@
pNrND C@Uv QO xvwtv |}=Qou=wQ Ctw=kt |xOv}=tv =Q u; w OQm CW=OQ@ Q=Owtv Qy R=
u=wD|t 6 pmW |=yQ=Owtv ltm x@ 'Qo}O CQ=@ax@ &CUv=O \w@ Qt |@Uv sm =QD =}
|}=Qou=wQ Ctw=kt pmW wO u}= QO "OQw; CUOx@ =Q 9 w 8 |=ypmW |=yQ=Owtv
xOW xO=O u=Wv |@Uv sm =QD w pNrND C@Uv Q@=Q@ QO ?}DQD x@ syORv=B pm}U Q}_v

"CU=
|}=Qou=wQ Ctw=kt u=wD|t 9 w 8 |=ypmW |=yQ=Owtv uDW=OCUO QO =@ p=L

"OQm x@U=Lt |@Uv sm =QD =} pNrND C@Uv Qy QO ?}DQD x@ =Q l =N

|}=Qou=wQ Ctw=kt QO C}vwDv@ w C}v}rw�=m V}=Ri= Q}F-=D "2"6
xwmRwQ}i |xU=t

,=Da}@] xm CU= |}=yV}=tR; s=Hv= sRrDUt (Dr) l =N |@Uv sm =QD |x@U=Lt

C@Uv R}v s�=k QwLt "CU= xO=O MQ u; QO |}=Qou=wQ xm CU= |rm}U |xOvyOu=Wv
u}= R= xO=iDU= =@ "OyO|t u=Wv =Q �CSR� V}=tR; QO xOWp=ta= |@ w=vD VvD
7�CRR� |@ w=vD Ctw=kt C@Uv u=ty =} l =N |}=Qou=wQ Ctw=kt u=wD|t Q=Owtv
QO Xr=N |xU=t x@ \w@ Qt '6 pmW |=yQ=Owtv "OQw; CUOx@ pm}U Qy QO =Q
'QwmPt pmW QO xOWx�=Q= |@Uv |=ysm =QD R= Qw_vt "CU= hrDNt |@Uv |=ysm =QD

"CU= |WQ@ |Q=PoQ=@ |xrLQt R= p@k |@Uv sm =QD
xOy=Wt |vLvt xDUO wO '�6 pmW Ovv=t� |}=Qou=wQ Ctw=kt Q=Owtv Qy QO
R= l} Qy "CU= xOW xO=O u=Wv Q)B \N =@ |Qo}O w u}J\N =@ |m} xm OwW|t
Qy "OvDUy x]kv xU R= xOW xO=O Qw@a |v=wD VR=Q@ `k=w QO Q=Owtv xDUO wO u}=
u}J\N Q=Owtv |=yx]kv "OvDUy |}=Qou=wQ R= |Q=}at Qou=}@ |vLvt wO u}= R= l}
Q=}at� (D.A. = �5) �5 Q=Okt x@ xvt=O Q@=Q@ wO |WQ@ VvQm uO}UQ T=U=Q@
Q=Wi xi=[= ?} Q[ uOWxv}W}@ T=U=Q@ Q)B \N Q=Owtv |=yx]kv w '�|}=Qou=wQ pw=
|vLvt 'Q=}at wO Qy QOp=L Qy x@ "Ov=xOt; CUOx@ '�swO Q=}at� (ru) |}xQiL ?;
ZQi 5 |x]@=Q CQwYx@ |v=wD Q=Owtv l} ?wN CkO =@ u=wD|t =Q xOWxO=O VR=Q@

%OQm
CRR = �N� (5)

OOa Qou=}@ N w '�|}=Qou=wQ Ctw=kt� |@ w=vD Ctw=kt C@Uv CRR 'u; QO xm
|rt=wa x@ xm OvDUy |@}=Q[ � w � "OwW|t =Qou=wQ u; QO xvwtv xm CU= |rm}U
|@Uv sm =QD QO l =N l} |=Q@ w OvQ=O |oDU@ l =N |@Uv sm =QD w TvH Q}_v
"Ov};|t CUOx@ Cw=iDt CSR xU QO V}=tR; 3 smCUO uO=Os=Hv= =@ 'XNWt
Ctw=kt 'hrDNt |=yl =N |=Q@ xOW|@=} RQ=|}=Qou=wQCtw=ktVywSB u}= QO
QO syORv=B pm}U Ctw=kt "CU= ru uOWxv}W}@ Q=}at T=U=Q@ w syORv=B pm}U
|=oQR@ u}= QO "CU= QDW} Q 7 5 |=oQR@ =@ |}xrRrR Q@=Q@ QO |}=Qou=wQ Ctw=kt `k=w
Ctw=kt u}= "CU= pm}U 15 =@ Q@=Q@ (Neq) xrRrR pO=at pm}U O=OaD 'xrRrR
hrDNt |=yl =N |}=Qou=wQ Ctw=kt |xU}=kt Q=}at w OwW|t xO}t=v CRR15

"OQ}o|t Q=Qk
|=yV}=tR; R=|O=OaDC=YNWt '=yV}=tR; QO OwHwt|=yQDt=Q=B|iQat R=TB
C=YNWt l =N Qy |=Q@ 'QwmPt pwOH QO "CU= xOW x�=Q= 2 pwOH QO xOWs=Hv=

"CU= xOW x�=Q= p )W w \UwDt 'sm =QDt Cq=L QO V}=tR; 3 \ki
xm '|WQ@ VvQm Q@=Q@ QO |WQ@ VvD C=Q}}eD x@ \w@ Qt |=yQ=Owtv R= |}xvwtv

"CU= xOW x�=Q= 7 pmW QO 'CU= 1 V}=tR; x@ \w@ Qt

'CSR = 0 185 'Xr=N |xU=t� 1 V}=tR; 'T} RQDU}y |=yxkrL "7 pmW
"�Dr = �86

52

www.SID.ir

Archive of SID

www.sid.ir


"""w
|Ot

L=
|Oy

tOt
Lt

'|vU
LO

=OQy
t "=yV}=tR; R= |O=OaD C=YNWt "2 pwOH

ẁv
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1. scanning electron microscope (SEM)
2. cyclic simple shear apparatus
3. back pressure

4. cyclic stress ratio
5. sand skeleton void ratio
6. �ne content
7. cyclic resistance ratio
8. cyclic mobility
9. ow liquefaction
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