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el =N |wQ Q@ |Q=wv |=y|B |Q@ Q=@ Q=DiQ |@=} RQ=

O} Qow�S =@ KrUt |}x}q
�O=DU=� �|v}ULOtLtQ}t u}Or=OHt O}U

�OWQ= T=vWQ� � |Lr=Y |OytOtLt
Q}@mQ}t= |DavY x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt |xOmWv=O

|R=Uy@ 'OW=@ xDW=Ov =Q xOQ=w |=yQ=@ ptLD w OW=@ h}a[ |B Q} R l =N xm |]}=QW QO
R= xO=iDU= "CU= ?U=vt w |k]vt |y=Q '?U=vt l =N |v} Ro}=H =@ l =N

C}iQ_ x@ |@=}DUO u=mt= 'l =N =@ VvmQOv= sR}v=mt x@ xHwD =@ O} Qow�S |=yxOvvmKrUt
ut[ 'Q=DWwv u}= QO "OR=U|t umtt =Q sm =QDt |x}q Ct=N[ Vy=m =} w QDW}@ |Q@ Q=@
C}iQ_ QO sm =QDt |}xv=O l =N =@ CU )U |}xv=O l =N |xOWu} Ro}=H |x}q QF= |UQQ@

O} Qow�S |xOvvmKrUt OwHw QF= p}rLD w |UQQ@ x@ |Q=wv |xOwr=W |}=yv CUWv w |Q@ Q=@
xOW xDN=OQB FLAC 2D OwOLt p[=iD Q=Ri=sQv \}Lt QO QwmPt |x}q wO RQt QO

Q@=Q@ 2 5 R= QDW}@ sm =QDt l =N |x}q jta V}=Ri= xm OvyO|t u=Wv =yp}rLD G}=Dv "CU=
u} QDxv}y@ w CW=O Oy=wNv |Q=wv |B |}=yv |Q@ Q=@ C}iQ_ V}=Ri= QO |Q}F-=D '|B ZQa

R= xO=iDU= 'sm =QDt l =N |x}q |v} Ro}=H |xw}W =@ CU )U l =N |=Q@ |R=Uy@
ZQa 0 75 OwOL |R=Uy@ jta w x}q wO RQt QO |i=m ZQa =@ O} Qow�S |xOvvmKrUt
"O@=}|t Vy=m |R=Uy@ jta V}=Ri= =@ |}x}q l =N |R=UKrUt QF= u}vJty "CU= |B

"OwW|tv O=yvW}B R}v |B ZQa Q@=Q@ 5 R= QDtm ZQa =@ xOvvmKrUt |x}q R= xO=iDU=

mirh53@yahoo.com
mm.salehi@aut.ac.ir "O} Qow�S 'KrUt l =N '|R=Uy@ '|Q=wv |B '|Q@ Q=@ C}iQ_ %|O}rm u=oS=w

xtOkt "1
wO RQt QO 3p}=DUmDw�S |x}q l} w xU=t |x}q =@ xOWKqY= sQv l =N Q@ `k=w
xOW xO=O u=Wv |B ZQa Q@=Q@ 0 8 |xv}y@ jta =D |Q@ Q=@ C}iQ_ V}=Ri= 'x}q
xOWKrUt |}xU=t QDU@ Q=DiQ |UQQ@ =@ �2008� |Qo}O VywSB QO u}vJty "CU=
QDU@ OwHw xm Ov=xO}UQ xH}Dv u}= x@ h}a[ w sQv l =N |wQ xDiQoQ=Qk O} Qow�S x@
u=}t QO "OW Oy=wN QHvt u} Q} R l =N CUWv |U=U= Vy=m x@ KrUt |}xU=t
|}xv=O l =N |x}q |v} Ro}=H |UQQ@ x@ |mOv= |=yVywSB QO 'xOWs=Hv= C=ar=]t
QO 'p=Ft |=Q@ "CU= xOW xDN=OQB O} Qow�S x@ KrUt sm =QDt |}xv=O l =N =@ CU )U
|Q@ Q=@ C}iQ_ V}=Ri= 'xOWQmP ẁ[wt |UQQ@ ut[ '2007 p=U QO |WywSB
?wN l =N =@ h}a[ l =N |v} Ro}=H \}=QW QO Q@=Q@ 4 =D 3 u=R}t x@ |Q=wv |B
xH}Dv O} Qow�S |x}q 4 =D 2 x@ KrUt w |B ZQa 0 1 Ct=N[ x@ xOW|Ov@xv=O

[17]"CU= xOW xDiQo
Q} R l =N w |Q=wv |B |OOa |R=UpOt R= xO=iDU= =@ 'VywSB u}= QO
l =N =@ CU )U w h}a[ |}xv=O l =N |}q=@ |x}q |v} Ro}=H |UQQ@ x@ u;
=@ xOvvmKrUt uwO@ sm =QDt |x}q Q}F-=D =OD@= '=Pr "CU= xOW xDN=OQB sm =QDt
=@ TBU "CU= xOW |iQat xv}y@ Ct=N[ w |UQQ@ hrDNt |=yCt=N[
'sm =QDt w h}a[ |x}q wO RQt QO O} Qow�S |xOvvmKrUt |x}q l} R= xO=iDU=
Q=Qk |UQQ@ OQwt O} Qow�S |Q}oQ=Qk hrDNt |=yjta QO CUWv w |Q@ Q=@ C}iQ_

"CU= xDiQo

xDW=Ov =Q xOQ=w |=yQ=@ ptLD |=Q@ |i=m Ctw=kt '|B Q} R l =N xm |]}=QW QO
l =N |=H x@ sm =QDt w ?U=vt l =N uOQmu} Ro}=H VwQ R= u=wD|t 'OW=@
|woMU=B 'xOWu} Ro}=H l =N Ct=N[ OQ=wt |NQ@ QO "OQm xO=iDU= h}a[
|O=YDk= w |UOvy |=yC}OwOLt 'u}= Q@xwqa =} w CU}v R=}vOQwt |Q@ Q=@ C}iQ_
ptLD C}r@=k =@ |}=yxOvvmKrUt R= xO=iDU= \}=QW u}= QO "CW=O Oy=wN OwHw
Oy=wN ?U=vt |Q=my=Q 'l =N |Q@ Q=@ C}iQ_ V}=Ri= w K}rUD Qw_vt x@ VWm

"Ow@
|Q@ Q=@ C}iQ_ V}=Ri= Qw_vt x@ 1O} Qow�S Ovv=t |Qt}rB Kr=Yt R= xO=iDU=
R= "CU= xDiQo Q=Qk u=QoWywSB w u=UOvyt xHwD OQwt Q}N= |xyO OvJ QO l =N
|y=oW}=tR; |=ypOt R= xO=iDU= =@ |Q=}U@ u=QoWywSB '|Oq}t 1980 |xyO p}=w=
xm '|L]U |=y|B CUWv u}vJty w |}=yv |Q@ Q=@ C}iQ_ |@=} RQ= x@ |OOa w
OQmrta =@ 2=yl}DDv}Uw�S R= Qo}O ẁv Qy =} O} Qow�S |=yx}q \UwD u; Q} R l =N
K}rUD Q}F-=D |wQ xOWs=Hv= C=ar=]t [11�1]"Ov=xDN=OQB 'CU= xOW KrUt |R=UKrUt
u=Wv =Q =yl}DDv}Uw�S C}kiwt R}v 'CUWv w |Q@ Q=@ C}iQ_ QO sQv w CU )U l =N
|Q=wv |B |OOa pOt R= xO=iDU= =@ '1999 p=U QO |WywSB QO [16�12]"OvyO|t

pw�Ut xOvU} wv �
"1392 12 20 VQ}PB '1392 11 23 x}LqY= '1392 5 26 Ci=} QO %M} Q=D



"""l
=N|

wQQ
@|

Q=wv
|=y

|B
|Q@

Q=@Q
=DiQ

|@=}
RQ=

"|OOa pOt |UOvy |=yQDt=Q=B "1 pmW

"l =N \}Lt |OOa pOt "2 pmW
"l =N |Q=DiQ pOt |=yQDt=Q=B "1 pwOH

K n Rf
757 28 0 4634 0 8927 sm =QDt |}xv=O l =N
239 62 0 6666 0 8549 CU )U |}xv=O l =N

1 61 gr/cm3 ?}DQD x@ lWN |r=oJ =@ CU )U w sm =QDt Cr=L QO l =N
QO 5 w 4 \@=wQ pO=at |rN=O l =m]Y= |x} w=R C=Q}}eD =@ w 1 52 gr/cm3 w

%CU= xOW p=ta= |OOa pOt
� = 43 67� 0 0184�3 (4)

� = 40 68� 0 0328�3 (5)

"CU= p=mU=B wr}m x@v=Hxty VvD OL=w '=yu; QO xm
CQwY wO x@ l =N =@ u; VvmQOv= x@ xHwD =@ O} Qow�S u=tr= |Oa |R=UpOt
|[Qa |=yQ=wv wrH QO l =N |}=mD= Ctw=kt w xOvvmKrUt w l =N u}@ l =m]Y=
w |QwLt |Q=DiQ =@ p@=m u=tr= "CU= xOW s=Hv= p@=m u=tr= CQwYx@ O} Qow�S
x@ =Q O} Qow�S 'u=tr= pw] QO |WQ@ Ctw=kt CQwYx@ h=Q]= \}Lt =@ VvmQOv=
2 pwOH QO O} Qow�S u=tr= |OOa pOt C=YNWt "OQm Oy=wN |R=UpOt |@ wN

"CU= xOW xO=O x�=Q=
w l =N C=YNWt x@ xHwD =@ xOWQmP C=YNWt s=tD xm CU= sRq QmPD u}=

"CU= xOW x@U=Lt w ?=NDv= [18]'OwHwt |y=oW}=tR; pOt O} Qow�S
Cr=L wO QO sm =QDt |}x}q l} l =N R= xO=iDU= =@ |OOa pOt |HvUCLY
CLD OwHwt |y=oW}=tR; pOt G}=Dv =@ xU}=kt u}vJty w KrUt w KrUtQ}e

OwOLt u=tr= pOt w |OOa p}rLD \}=QW "2
xHwD =@ 'O} Qow�S x@ KrUt w |}xv=O l =N CUWv w |Q@ Q=@ C}iQ_ |UQQ@ Qw_vt x@
OwOLt p[=iD Q=Ri=sQv QO |Oa)@ wO pOt R= K]Ut VvQm \}=QW w |B uOw@|Q=wv x@
|y=oW}=tR; pOt C=YNWt w T=}kt =@ |OOa pOt "CU= xOW xO=iDU= FLAC

QU}t R}v |OOa |R=UpOt G}=Dv |HvUCLY u=mt= =D 'CU= xOW xDN=U OwHwt
pw] %|rN=O O=a@= =@ Plaxi Glass TvH R= l =N |x_iLtl} QwmPt pOt "OW=@
R}v |Q=wv |xOwr=W w 'QDt|Dv=U 75 `=iDQ= w QDt|Dv=U 34 2 ZQa 'QDt|Dv=U 80
'QDt|Dv=U 5 ZQa %O=a@= x@ 'K]Ut VvQm \}=QW u}t-=D Qw_vt x@ w sw}v}twr; S=}r; R=
'OwHwt |y=oW}=tR; pOt QO "CU= xOw@ QDt|Dv=U 7 5 `=iDQ= w QDt|Dv=U 34 pw]
XwYNt uRw w (D10 = 0 75 mm) CN=wvm} |Ov@xv=O =@ xwmRwQ}i |xU=t
=wy QO VQ=@ VwQ x@ 1 69 kN/m3 w 1 42 kN/m3 |xv}W}@ w xv}tm lWN
xHwD =@ pOt u}= QO O} Qow�S u=tr= "CU= xOW xO=iDU= QDt|Dv=U 56 |}=yv `=iDQ= =@
?=NDv= |}xv=O Kr=Yt |Ov@xv=O =@ ?U=vt |=yxtWJ w u}}=B |WWm Ctw=kt x@

[18]"CU= xOW
pt=W 'CU= xOW xO=O u=Wv 1 pmW QO xm Qw]u=ty |OOa pOt |xUOvy
CU )U l =N =@ xOWu} Ro}=H sm =QDt l =N |x}q Q@ `k=w B ZQa x@ |Q=wv |B l}
xOw@ sm =QDt w CU )U l =N RQt QO b ZQa x@ O} Qow�S |x}q l} w h Ct=N[ x@

"CU=
|xOwr=W w l =N\}Lt R=|t}v\ki 'pOt |xUOvy QO OwHwt uQ=kD x@ xHwD =@
56 w ZQa QDt|Dv=U 40 'l =N |OOa pOt O=a@= "CU= xOW |R=UpOt |Q=wv
'CU= xOW ?=NDv= QDt|Dv=U 5 R}v |Q=wv |xOwr=W ZQa w xOw@ `=iDQ= QDt|Dv=U
u=Wv =Q l =N \}Lt |OOa pOt '2 pmW "CU= xOW |R=UpOt u; hYv xm
"OQ=O xOWxDU@ w OwOLt |ki= CmQL w O=R; s�=k CmQL 'pOt s�=k |=yRQt "OyO|t
|Ov@u=tr= "CU= xOW xDU@ |ki= w s�=k CyH wO Qy QO |}=H@=H R}v hm RQt |=Q@
=D �QDt|r}t 4� xOwr=W Q} R u=tr= u} QDR} Q R= 'OwW|t x_Lqt xm Qw]u=ty l =N
"CU= xOw@ �QDt|Dv=U 1� pOt u}}=B CU=Q CtU |xQ=vm QO u=tr= u} QDCWQO
|ki= w s�=k CyH wO Qy QO =yxQo uOQmO}kt VwQ R= xO=iDU= =@ R}v |Q=wv |xOwr=W

"CU= xOW |R=UpOt Q@ R hm w ?rY |B l} Ovv=ty
VwB =@ umv=O l}rw@ QB}=y '|Q=PoQ=@ w l =N ẁv x@ xHwD =@ l =N |Q=DiQ pOt

%�1 |x]@=Q� CU= xOW ?=NDv= ?trwm � Qywt |oDN}Uo
E = [1�RfSl]2 KPa

�
�3
Pa

�n
(1)

|x]@=Q R= Sl u}vJty "CU= VvD K]U hQat Sl w QiUtD= Q=Wi Pa 'u; QO xm
%OwW|t x@U=Lt 2

Sl = �1 � �3
(�1 � �3)f

(2)

Q=}at T=U=Q@ xm 'CU= |oDN}Uo |x_Lr QO VvD Cw=iD GQNt CQ=@a 'u; QO xm
%OwW|t x@U=Lt 3 |x]@=Q j} Q] R= ?trwm � Qywt |oDN}Uo

(�1 � �3)f = �3
�1 + sin�

1� sin�
� 1
�
� 2c

s
1 + sin�
1� sin�

(3)

xOWs=Hv= |QwLtxU |=yV}=tR;G}=Dv T=U=Q@ 6 Rf w 5 n '4 K |=yQDt=Q=B Q}O=kt
sm =QDt Cr=L wO QO OwHwt |y=oW}=tR; pOt QO xO=iDU= OQwt |}xv=O Kr=Yt |wQ

"CU= xOW u=}@ 1 pwOH QO w x@U=Lt CU )U w

84
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KrUtQ}e |}x}q l =N |}=yv |Q@ Q=@ C}iQ_ C@Uv C=Q}}eD "4 pmW
"(h/B)|B ZQa x@ xOW|R=Uy@ |x}qjtaC@Uv p@=kt QO (BCRUR:L:S:)

QO (SRUR:L:S:) KrUtQ}e |}x}q l =N |}=yv CUWv C@Uv C=Q}}eD "5 pmW
"(h/B) |B ZQa x@ xOW|R=Uy@ |x}q jta C@Uv p@=kt

=@ j@=]t �SR� |}=yv CUWv C@Uv w �BCR� |}=yv |Q@ Q=@ C}iQ_ C@Uv Oa)@
%CU= xOW xO=iDU= 7 w 6 \@=wQ

BCRUR:L:S: = qu;unreinforced layered soil

qu;loose sand
(6)

SRUR:L:S: = Su;unreinforced layered soil

Su;loose sand
(7)

"CU= KrUtQ}e |}x}q l =N |=vat x@ 7 UR.L.S. T}Ov= 'xOWQmP\@=wQ QO
|x}q jta C@Uv V}=Ri= p@=kt QO BCRUR:L:S: C=Q}}eD '4 pmW
x_Lqt xm Qw]u=ty "OyO|t u=Wv =Q �h/B� |Q=wv |B ZQa x@ xOW|R=Uy@
xDi=} V}=Ri= R}v l =N |Q@ Q=@ C}iQ_ 'xOW|R=Uy@ |x}q jta V}=Ri= =@ 'OwW|t
V}=Ri= "OwW|tv xOy=Wt |Q@ Q=@ C}iQ_ V}=Ri= '2 5 pO=at h/B R= TB w CU=
|}=yv CUWv Vy=m x@ QHvt \ki 'Oa@ x@ OL u}= R= xOW|R=Uy@ |x}q Ct=N[

"OW Oy=wN l =N
5pmW QO (SRUR:L:S:)KrUtQ}e|}x}ql =N|}=yvCUWvC@Uv C=Q}}eD
=OD@= 'h/B V}=Ri= =@ xm CU= CQwY u}= x@ Q=Owtv |rm OvwQ "CU= xOW u=}@
=Q CUWv Vy=m '(h/B = 1 0) u}at |R=Uy@ jta R= TB w CUWv V}=Ri=
|v=OvJ Q}}eD |}x}q l =N |DNU 'sm =QDt |x}q lOv= V}=Ri= =@ "CW=O s}y=wN
|rw "CW=O s}y=wN =Q CUWv V}=Ri= '|Q@ Q=@ C}iQ_ V}=Ri= =@ =Pr w 'OQm Oy=wNv
TwULt xOwr=W Q} R l =N |DNU V}=Ri= G} QODx@ 'h/B = 1 0 jta R= TB

"CW=O s}y=wN =Q CUWv Vy=m w CU=
l =N Ct=N[ p@k |=yp}rLD x@=Wt |}x}q l =N uOQmKrUt QF= |UQQ@ |=Q@

"O} Qow�S |OOa pOt C=YNWt "2 pwOH
Sbond Kbond

Sfriction

?} Q[ |WWm Ctw=kt
(N/m) (N/m2)

|a=HDQ= |oDN}Uo
(N/m2) (N/m)

0 109 30 36363 2160

"OwHwt |m} R}i |R=UpOt =@ |OOa |R=UpOt G}=Dv |xU}=kt "3 pmW

CUWv p@=kt QO |B Q} R VvD C=Q}}eD '3 pmW "CU= xOW s=Hv= u=Um} \}=QW
C}iQ_ Q=Owtv ?wN |Q=oR=U "OyO|t u=Wv KrUtQ}e w KrUt Cr=L wO QO =Q
|OOa pOt CLY |xOvyOu=Wv 'OwHwt |m} R}i pOt =@ |OOa pOt |Q@ Q=@

"CU=

|QDt=Q=B R}r=v; w |OOa p}rLD G}=Dv "3
l =N =OD@= '|Q@ Q=@ C}iQ_ QO u} Ro}=H sm =QDt l =N |x}q Q}F-=D |UQQ@ Qw_vtx@
pO=at u; |}=yv |Q@ Q=@ C}iQ_ w |R=UpOt '|R=Uy@ xvwoI}y uwO@ CU )U
|v} Ro}=H =@ TBU "CU= xOt; CUOx@ 7 5 mm OwOL |}=yv CUWv =@ 55 kPa

C}iQ_ 'sm =QDt l =N =@ �5 B =D 0 16 B� XNWt jta =@ CU )U l =N R= |}x}q
(Su) �|}=yv |Q@ Q=@C}iQ_ =@ Q_=vDt CUWv� |}=yvCUWv w (qu) |}=yv |Q@ Q=@
uwO@ |=yQDt=Q=B R= 'xOW s=Hv= |=yp}rLD QDy@ |UQQ@ Qw_vt x@ "CU= xOW x@U=Lt
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Q=@Q
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|@=}
RQ=

(BCRR:L:S:)KrUt|}x}ql =N|}=yv |Q@ Q=@C}iQ_C@UvC=Q}}eD "6 pmW
"(h/B) |B ZQa x@ xOW|R=Uy@ |x}q jta C@Uv p@=kt QO b/B = 15 =@

=@ (b/B = 15 ) |}x}q KrUt l =N |B Q} R l =N C=QP |}=H@=H Q=OQ@ "7 pmW
"|R=Uy@ jta

|}x}q l =N QO u; |Q}oQ=Qk jta p@=kt QO O} Qow�S |QwLt |wQ}v C=Q}}eD "8 pmW
"�b/B = 15 |=Q@� KrUt

Q=Qk x}q wO RQt QO O} Qow�S |x}q l} w ?=NDv= 5 B =D 0 16 B R= =Q sm =QDt
=D 'CU= xOW pOt �B� xOwr=W ZQa Q@=Q@ 15 pO=at �b� O} Qow�S ZQa "s}=xO=O
G}=Dv |UQQ@ |=Q@ "OwW pY=L u=v}t]= O} Qow�S w l =N |Q}oQO |xv}W}@ O=H}= R=

%�9 w 8 \@=wQ� CU= xOW xO=iDU= Oa)@ uwO@ |=yQDt=Q=B u}= R=
BCRR:L:S: = qu;reinforced layered soil

qu;loose sand
(8)

SRR:L:S: = Su;reinforced layered soil

Su;loose sand
(9)

C=Q}}eD Q=Owtv "CU= KrUt |}x}q l =N |=vat x@ 8 R.L.S.T}Ov= '=yu; QO xm
V}=Ri= p@=kt QO (BCRR:L:S:) KrUt |}x}q l =N |}=yv |Q@ Q=@ C}iQ_ C@Uv
x_Lqt "CU= xOW s}UQD 6 pmW QO �O} Qow�S x=Qty x@ sm =QDt |x}q� |R=Uy@ jta
|Q@ Q=@ C}iQ_ Q=Okt 'h/B = 2 5 R= TB 'KrUtQ}e Cr=L x@=Wt xm OwW|t
OwHw 'h/B < 0 75 QO |Q@ Q=@ C}iQ_ uOw@ QDtm Cra "CU= xOv=t |k=@ C@=F
l =N uwQO O} Qow�S u=tr= |oO}Wm uwQ}@ x@ QHvt xm 'CU= O} Qow�S |wQ sm Q=@ QU
VvmQOv= 'h/B = 0 75 R= TB "CU= xOW O} Qow�S C}iQ_ pt=m uOWvG}U@ w
xOvvmKrUt |q=@ |oDN}Uo |xwo G} QODx@ w xOW Cw=iDt xOvvmKrUt w l =N
ltm |Q@ Q=@ C}iQ_ V}=Ri= x@ ?rY RQt l} Ovv=ty xOvvmKrUt |x}q w p}mWD

"�7 pmW� CU= xOQm
|OvwQ '�8 pmW� h/B p@=kt QO O} Qow�S |QwLt |wQ}v C=Q}}eD Q=Owtv
xm OwW|t xOy=Wt w OQ=O |}=yv |Q@ Q=@ C}iQ_ C@Uv Q=Owtv x@=Wt
"CU= xOW G}U@ O} Qow�S u=tr= uwQO |QwLt |wQ}v u} QDW}@ 'h/B = 0 75 QO
|Q}oQ=Qk jta QO l =N w O} Qow�S u=tr= ?U=vt |Q}oQO |xOvyOu=Wv ?r]t u}=

"CU= u; |wQ sm =QDt l =N x=Qty x@ |B ZQa Q@=Q@ 0 75
|=yQwDv=m 0 75 B R= QDW}@ jta QO xOvvmKrUt u=tr= Q=DiQ QDy@ lQO Qw_vt x@
"CU= xOW s}UQD Cr=L OvJ |=Q@ '9 pmW QO xOwr=W Q} R l =N |WQ@ VvQm
VQDUo R= ?rY RQt Ovv=ty O} Qow�S u=tr= 'h/B = 1 0 |=Q@ xm OwW|t x_Lqt
xOvvmKrUt u=tr= u}= QDW}@ uDiQoxrY=i =@ "CU= xOQm |Q}owrH |oDN}Uo |xwo
Qw] x@ |oDN}Uo |xwo 'h/B = 2 R= TB w xDi=} Vy=m ?rY RQt QF= |B hm R=

"OwW|t p}mWD O} Qow�S |q=@ QO pt=m
ZQa Q@=Q@ 2 R= V}@ jta QO xOvvmKrUt u=tr= OwHw Q}F-=D sOa OwHw =@
u; QF= 'u; |q=@ QO |oDN}Uo |xwo p}mWD x@ xHwD =@ |Q@ Q=@ C}iQ_ |wQ xOwr=W
|}x}q l =N |}=yv CUWv C@Uv C=Q}}eD Q=Owtv "CU= OwyWt l =N |DNU QO
OyO|t u=Wv |@ wNx@ =Q |DNUV}=Ri= u}vJ 'h/B p@=kt QO (SRR:L:S:) KrUt

"�10 pmW�
R}v �b/B = 15 =D b/B = 1 0� xOvvmKrUt ZQa Cq=L Qo}O |=Q@
l =N |Q@ Q=@ C}iQ_ C@Uv Q=Owtv CQwYx@ u; G}=Dv w s=Hv= x@=Wt |=yp}rLD
CU= xOW s}UQD O} Qow�S Cw=iDt |=yZQa |=Q@ 'h/B p@=kt QO KrUt |}x}q
C}iQ_ V}=Ri= 'b/B V}=Ri= =@ xm OwW|t x_Lqt |rm Qw]x@ "�11 pmW�
|Q}F-=D b/B Q=Okt '2 5 =D 2 R= QDnQR@ h/B |=Q@ |rw "CW=O s}y=wN =Q |Q@ Q=@
p}mWD x@ \w@ Qt ẁ[wt u}= Cra "CW=Po Oy=wNv l =N |Q@ Q=@ C}iQ_ QO
xOwr=W ZQa Q@=Q@ 2 5 R= V}@ jta QO O} Qow�S |x}q |q=@ |oDN}Uo |xwo

"CU=
Q=Owtv |rm OvwQ 'b/B < 5 |=Q@ xm OwW|t x_Lqt 11 pmW QO CkO =@
s}y=wN =Q |Q@ Q=@ C}iQ_ V}=Ri= 'h/B V}=Ri= =@ w CU= KrUtQ}e Cr=L x@=Wt
Cr=L u}= QO |Q@ Q=@ C}iQ_ |=yC@Uv s=tD xm OwW|t xOy=Wt u}vJty "CW=O
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KrUtQ}e x@ KrUt |}x}q l =N |}=yv |Q@=@ C}iQ_ C@Uv C=Q}}eD "12 pmW
"h/B p@=kt QO hrDNt |=yb/B |=Q@ (�)

Cr=L QO xv}W}@ |Q@ Q=@ C}iQ_ C@Uv Q=Okt R= QDtm '|DQ=@a x@ =} 2 R= QDtm
l =N |x}q wO RQt QO xOvvmKrUt |x}q l} uOWxi=[= QF= "OvDUy KrUtQ}e

%�10 |x]@=Q� OwW|t u=}@ � Oa)@ uwO@ QDt=Q=B R= xO=iDU= =@ CU )U w sm =QDt
� = qu;reinforced layered soil

qu;unreinforced layered soil
(10)

Cq=L |=Q@ h/B p@=kt QO (�) |}x}q l =N |R=UKrUt QF= QDt=Q=B C=Q}}eD Q=Owtv
V}=Ri= =@ xm OwW|t x_Lqt "CU= xOW s}UQD 12 pmW QO b/B hrDNt
V}=Ri= =@ 'Qo}O CQ=@ax@ "CW=O s}y=wN =Q |R=UKrUt QF= QDt=Q=B Vy=m 'h/B

Vy=m x}q wO RQt QO O} Qow�S |x}q l} R= xO=iDU= QF= u} Ro}=H |x}q Ct=N[
R}v |R=UKrUt QF= 'b/B V}=Ri= =@ xm OwW|t xOy=Wt u}vJty "CU= xDi=}
QO O} Qow�S R= xO=iDU= x@ s}tYD CQwY QO 'Qo}O CQ=@ax@ w CU= xDi=} V}=Ri=
O} Qow�S ZQa V}=Ri= 'KQ] C=}[Dkt x@ xHwD =@ CU )U w sm =QDt |x}q wO RQt
|R=Uy@ jta C@Uv Cr=L |=Q@ xm CU= sRq QmPD u}= xD@r= "Ow@ Oy=wN QD?U=vt
Oy=wN |O=YDk=Q}e w QF= uwO@ xOvvmKrUt ZQa V}=Ri= '2 5 =D 2 R= QDW}@

"Ow@

|Q}oxH}Dv "4
l =N Q=DiQ w |Q@ Q=@ C}iQ_ |wQ Q@ xOW s=Hv= |=yp}rLD x@ xHwD =@ 'xar=]t u}= QO
'CU )U w sm =QDt |x}q wO RQt QO O} Qow�S |x}q l} x@ KrUt w KrUtQ}e |}x}q
Q} R CU )U |}xv=O l =N |R=Uy@ CyH QO |OQ@ Q=m w |tra C=mv R= |}xawtHt

%CU= xOW x�=Q= KQW u}O@ |Q=wv |=y|B
'|B Q} R sm =QDt l =N R= XNWt |kta |v} Ro}=H =@ CU )U l =N |R=Uy@ "1

"OW Oy=wN �Q@=Q@ 2 =D� |Q@ Q=@ C}iQ_ V}=Ri= Ea=@
V}=Ri= QO |Q}F-=D '|B ZQa Q@=Q@ 2 5 R= QDW}@ sm =QDt |x}q jta V}=Ri= "2
CUWv Vy=m x@ QHvt \ki w CW=O Oy=wNv |Q=wv |B |}=yv |Q@ Q=@ C}iQ_

"OW Oy=wN
jta |=Q@ CU )U w sm =QDt |x}q wO RQt QO xOvvmKrUt |x}q l} R= xO=iDU= "3
V}=Ri= w l =N \}=QW Ow@y@ x@ QHvt 'xOwr=W ZQa Q@=Q@ 2 5 R= QDtm |R=Uy@

"OW Oy=wN �Q@=Q@ 3 5 R= V}@� |Q=wv |B |}=yv |Q@ Q=@ C}iQ_

w b/B = 15 =@ O} Qow�S x@ KrUt |}x}q l =N |WQ@ VvQm |=yQwDv=m "9 pmW
"|Q}oQ=Qk jta

=@ (SRR:L:S:) KrUt |}x}q l =N |}=yv CUWv C@Uv C=Q}}eD "10 pmW
"(h/B) |B ZQa x@ xOW|R=Uy@ |x}q jta C@Uv p@=kt QO b/B = 15

(BCRR:L:S:)KrUt|}x}ql =N|}=yv|Q@ Q=@C}iQ_C@UvC=Q}}eD "11pmW
"(h/B) |B ZQa x@ xOW|R=Uy@ |x}q jta C@Uv p@=kt QO Cw=iDt b/B =@
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|@=}
RQ='OwW|tv O=yvW}B|B ZQa Q@=Q@ 5 R= QDtm ZQa =@ xOvvmKrUt |x}q R= xO=iDU= "7

"s}W=@ xDW=O xOvvmKrUt |=QH= |=Q@ |O=a@= C}OwOLt xm |]}=QW QO Qot
R= xO=iDU= x@ sRrt |O=YDk= w |O=a@= |=yC}OwOLt x@ xHwD =@ xm |]}=QW QO "8
jta |=Q@ |D}OwOLt w s}W=@ |B ZQa Q@=Q@ 5 R= QDtm ZQa =@ xOvvmKrUt
|x}q |v} Ro}=H =@ CU )U l =N |R=Uy@ 'OW=@ xDW=Ov OwHw sm =QDt |x}q
QD?U=vt 'xOvvmKrUt uwO@ |xOwr=W ZQa Q@=Q@ 2 R= V}@ jta =@ sm =QDt
x}q wO RQt QO O} Qow�S R= xO=iDU= w QDtm |=yjta =@ l =N |R=Uy@ R=

"CU=

'sm =QDt l =N |x}q |v} Ro}=H |xw}W =@ CU )U l =N |=Q@ |R=Uy@ u} QDxv}y@ "4
RQt QO |B ZQa Q@=Q@ 15 pO=at |[Qa =@ O} Qow�S |xOvvmKrUt R= xO=iDU=

"CU= |B ZQa 0 75 OwOL |R=Uy@ jta w x}q wO
"O@=}|t Vy=m |R=Uy@ jta V}=Ri= =@ '|}x}q l =N |R=UKrUt QF= "5

QO um}r "OQm Oy=wN =O}B V}=Ri= |Q@ Q=@ C}iQ_ 'xOvvmKrUt ZQa V}=Ri= =@ "6
"CU= QiYl}ORv wVy=m QF= u}= |B ZQa Q@=Q@ 2 5 =D 2 OwOL |R=Uy@ jta
"Ow@ Oy=wN|O=YDk=Q}e xOvvmKrUt R= xO=iDU= '|R=Uy@jtau}= |=Q@ xm|Qw]x@

=yCWwv=B
1. Geogrid
2. Geosynthetics
3. Geotextile
4. modulus number
5. exponent number
6. failure ratio
7. unreinforced layered soil
8. reinforced layered soil
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