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VwQ wO u=wvax@ u=wD|t =Q pL x=Q wO u}= 'wQ u}= R= "CU= QDQFwt ?D=Qt x@
|=xR=U |=yC}OwOLt p=ta= uwO@ uw}U=Ovwi |oOWGm Vy=m |=Q@ |=xR=UQ}e
d=H p@=kt QO � C=Q}}eD OvwQ 'Qo}O |wU R= "CiQo Q_v QO uw}U=Ovwi |wQ Q@
VNQJ u=R}t Vy=m Q@ xwqa 'Q=w}O G=D =D uw}U=Ovwi xrY=i V}=Ri= xm O=O u=Wv
p}=tD Vy=m =@ 'u}=Q@=v@ "Oy=m|t VwQ wO u}= |}=Q=m R= G} QOD x@ 'uw}U=Ovwi
K}rUD u=tr= ẁv R= pkDUt u; u=QwO u=R}t 'd > 0 8H QO uOW Gm x@ uw}U=Ovwi

"OwW|t

|oDN}Uo sR}v=mt "2"3
|Q=PoQ=@ CLD |=xrB KrUt l =N |=yQ=w}O |oDN}Uo sR}v=mt u}}aD Qw_vtx@
|}=U=vW VwQ wO R= xO=iDU= =@ =ypOt QO |WQ@ |=yOv=@ xaUwD '|Q=wv uw}U=Ovwi
QO w |WQ@ |=yOv=@ |@=}OQ |=Q@ |ovQ xU=t |=yx}q G=Hwa= R= pw= VwQ QO "OW
xvO@ QO |WQ@ j]=vt QDj}kO |}=U=vW |=Q@ Q} w=YD VR=OQB l}vmD R= swO VwQ
xm =Q ("s) |atHD |WQ@ VvQm Q=WDv= 10 =D 8 |=ypmW "OW xO=iDU= =ypOt
=Q xOW |}=U=vW |oDN}Uo Kw]U u}vJty w xOt; CUOx@ PIV l}vmD \UwD
xm Qw]v=ty "OvyO|t u=Wv =Q CU= xOW |@=}OQ |ovQxU=t |=yx}q G=Hwa= R= xm
K]U wO [11]'OvOwtv xQ=W= u; x@ R}v u=Q=mty w wS w OwW|t xOy=Wt Q} w=YD QO
CUmW Kw]U "OvQ}o|t pmW =ypOt |t=tD QO �j}ta w jtasm � =RHt CUmW
CtU x@ uw}U=Ovwi |=yx@r R= 'OvwW|t XNWt O}iU u}Jx]kv =@ xm jtasm
"OvwW|t �R} Qm =N sQwD� u; K]U pmW Q}}eD x@ QHvt w xDi=} xaUwD R} Qm =N K]U
|=yh}OQ u=}t R= w xOW R=e; uw}U=Ovwi hQ] l} x@r R= R}v j}ta CUmW Kw]U
u}= "OwW|t u; pmW Q}}eD x@ QHvt w xDi=} VQDUo Q=w}O CtU x@ K}rUD |=yu=tr=
xOW XNWt 10 =D 8 |=ypmW QO nvQ x=}U u}Jx]kv \w]N =@ CUmW Kw]U
'Q=w}O G=D x@ l}ORv uw}U=Ovwi |Q}oQ=Qk CQwY QO xm O=O u=Wv C=Oy=Wt "CU=
p@=kQ}e uw}U=Ovwi |Q=PoQ=@ CLD xm |Rri xtUD =@ xOWC} wkD |=ypOt R= Q}e x@
"OwW|t O=H}= R} Qm =N CtU QO =yvD jtasm |oDN}Uo K]U 'OvQ=O Q=Qk VNQJ
Twmat ?@U 0=5H u=R}t x@ Q=w}O G=D =D uw}U=Ovwi xrY=i V}=Ri= 'xt=O= QO
w O} Qow�S =@ xOW C} wkD |=ypOt QO jtasm |oDN}Uo K]U xaUwD Q}Ut uOW
=@ xOWKrUt |=yQ=w}O QO uw}U=Ovwi hQ] wO QO jtasm |oDN}Uo Kw]U O=H}=
QO u; uDiQo Q=Qk w Q=w}O G=D =D uw}U=Ovwi xrY=i QDW}@ V}=Ri= =@ "OW |Rri xtUD

uw}U=Ovwi |Q}oQ=Qk xrY=i p@=kt QO If(u) �? w If(s) �hr= C=Q}}eD "7 pmW
"Q=w}O G=D =D

:CU= h} QaD
If(s)=

qs(models reinforced by metal strip or geogrid)
qs(models reinforced by geosynthetic strap)

(1)

If(u)=
qu(models reinforced by metal strip or geogrid)

qu(models reinforced by geosynthetic strap)
(2)

C}iQ_ =@ Q_=vDt |Q@ Q=@ C}iQ_ Ow@y@ ?}=Q[ ?}DQD x@ If (s) w If (u) u; QO xm
xm =Hv; R= "CU= �qs� u}at CUWv l} QO |Q@ Q=@ C}iQ_ w �qu� |}=yv |Q@ Q=@
VvmQOv= Q=mwR=U |Q}opmW \}=QW sy uw}U=Ovwi ZQa OYQO 3 =@ Q@=Q@ |DUWv
CUWv u}= 'CU= |rta x}HwD |=Q=O sy w Ovm|t sy=Qi =Q l =N =@ K}rUD |=yu=tr=
uw}U=Ovwi xrY=i p@=kt QO If(u) w If(s) C=Q}}eD "OW xO=iDU= If(s) x@U=Lt |=Q@
"OWm|t Q} wYD x@ =Q |rwRv OvwQl} 'CU= xOW xO=O u=Wv 7 pmW QO xm Q=w}O G=D =D
Q@ u; |oO}WmuwQ}@C}iQ_ w K}rUD u=tr= |DNUV}=Ri= QF= xmCU= |vat u=O@ u}=
x@ u=wD|t =Q u}= "CU= QDRQ=@ Q=w}O G=D Qw=Ht |=yuw}U=Ovwi QO |Q@ Q=@C}iQ_ Ow@y@
d < 0 2H QO uw}U=Ovwi Q} R |oDN}Uo xk]vt QO QDW}@ K}rUD |=yu=tr= Qw[L
uw}U=Ovwi Q} R |oDN}Uo xk]vt QO K}rUD |=yu=tr= Qw[L Vy=m "O=O C@Uv
l =N |Q@ Q=@ C}iQ_ |Q}PB Q}F-=D Vy=m ?@U Q=w}O R= uw}U=Ovwi uOW QwO p}rOx@
V}=Ri= QF= xm OW xOy=Wt 7 pmW QO 'u; Q@ xwqa "OwW|t K}rUD |=yu=tr= R=
C}iQ_ V}=Ri= R= QDW}@ Q=}U@ |Q@ Q=@ C}iQ_ Ow@y@ Q@ K}rUD |=yu=tr= |DNU
XNq=@ w Q=w}O G=D Qw=Ht |=yuw}U=Ovwi QO xS} wx@ 'CU= =yu=tr= |oO}WmuwQ}@
|DNU V}=Ri= 'OwW|t xOy=Wt xm Qw]v=ty w |}=yv |Q@ Q=@ C}iQ_ XwYN QO
Qw=Ht |=yuw}U=Ovwi |}=yv |Q@ Q=@ C}iQ_ |Q@=Q@ 6 OWQ ?@U K}rUD |=yu=tr=
l} =yu=tr= |oO}WmuwQ}@ C}iQ_ V}=Ri= xm|r=LQO 'OwW|t u=QwO C}r@=k =@ Q=w}O
R= xOW`vt |=yuw}U=Ovwi QO Cw=iD u}= "OQ=O x=Qty x@ qu QO =Q |Q@=Q@ 3=5 OWQ
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QQ@

"Q=w}O G=D R= 0=2H xrY=i QO |Q=wv uw}U=Ovwi R= |W=v |Q=PoQ=@ CLD |=xrB |=yQ=w}O pmWQ}}eD O)t w |oDN}Uo sR}v=mt "8 pmW

"Q=w}O G=D R= 0=5H xrY=i QO |Q=wv uw}U=Ovwi R= |W=v |Q=PoQ=@ CLD |=xrB |=yQ=w}O pmWQ}}eD O)t w |oDN}Uo sR}v=mt "9 pmW
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xQ=t

W'
40

|xQ
wO'

�14
03

Q=y@
�h

}QW
u=Qt

a|
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yt

"Q=w}O G=D R= 0=8H xrY=i QO |Q=wv uw}U=Ovwi R= |W=v |Q=PoQ=@ CLD |=xrB |=yQ=w}O pmWQ}}eD O)t w |oDN}Uo sR}v=mt "10 pmW

wrH CtU x@ CmQL x@ xwo p}=tD Vy=m x@ QHvt =yu=tr= |QwLt |DNU w
"OW

Kw]U u=}t 'OW xQ=W= 1991 p=U QO u=Q=mty w =mwUD=D \UwD xm Qw]v=ty
|yHwD p@=k Cw=iD u=QwO C}r@=k uwO@ w C}r@=k =@ =yuw}U=Ovwi j}ta |oDN}Uo
u=Wv =yu; [29]"OQ}o|t C-=Wv uw}U=Ovwi w l =N u=}t VvmQOv= R= xm OQ=O OwHw
x@ |Q=@H= |oDN}Uo l} p}tLD ?@U uw}U=Ovwi u=QwO R= |Q}owrH xm OvO=O
\}=QW uOQm sy=Qi =@ "OwW|t 'Ow@v h}a[ |=DU=Q ,=twRr xm |}=DU=Q QO l =N
|wQ}B l =N QO xOvwQV}B CUmW R= uw}U=Ovwi 'uw}U=Ovwi u=QwO CyH sRq
?@U Qt= u}= "Ovm|t |oDN}Uo Q=JO =DU=Q u} QDh}a[ QO =Q l =N w xOQm
Cw=iDt u=QwO C}r@=k uwO@ w =@ =yuw}U=Ovwi QO VRer K]U xUOvy xm OwW|t
Q@ xwqa "OwW QDW}@ u=QwO p@=kQ}e =yuw}U=Ovwi QO R}v |Q@ Q=@ C}iQ_ w OW=@
u=QwO |=Q@ uw}U=Ovwi x@ uO=O xR=H= xm OW xOy=Wt 10 =D 8 |=ypmW QO 'u}=
|Rri xtUD =@ xOW KrUt |=ypOt QO =RHt j}ta VRer K]U wO p}mWD ?@U
R}v w K}rUD |=yu=tr= |Q}PBh=]av= xHQO V}=Ri= =@ xO}OB u}= "OW O} Qow�S w
|iDvt ,qt=m |Qt}rB xtUD =@ xOW KrUt |=ypOt QO |oO}WmuwQ}@ C}iQ_ Vy=m

"OW
Kw]U 'CU= xOW |v}@V}B FHWA |=yptar=QwDUO\UwD xm xJv; hqNQ@
|tQi u}vJ ẁkw "OwW|t p}mWD =ypOt |v=kwi xrB QO =yvD j}ta |oDN}Uo
\}=QW QO |v=kwi xrB pkDUt OQmrta xOvyOu=Wv |=xrB |=yQ=w}O |oDN}Uo R=
Qo}Om} R= =yxrB xrY=i xm |=xrB |=yQ=w}O QO |DL 'OW=@|t |L]U |Q=PoQ=@
pk=OL x@ Q=w}O |Q=O}=B QO |v=DLD xrB syU '|OQ=wt u}vJ QO "OW=@|t OwOLt
?U=vt u=tO}J "OwW|t Q=Po =w |v=kwi xrB x@ pt=m Qw]x@ |Q=O}=B ^iL w OUQ|t

hQ] wO QO jtasm |oDN}Uo Kw]U O=H}= u=mt= 'xOWKrUt xOwOLt R= GQ=N
=@ =yuw}U=Ovwi QO xm Cw=iD u}= =@ "OW sy=Qi K}rUD |=yu=tr= s=tD |=Q@ uw}U=Ovwi
xaUwD Q@=Q@ wO OwOL Q=w}O CtU x@ xaUwD x@ |oDN}Uo K]U p}=tD 'u=QwO C}r@=k
uQ=kDt=v jtasm |oDN}Uo Kw]U p}mWD x@ QHvt xm Qt= u}= "Ow@ R} Qm =N CtU x@
C@Uv R} Qm =N CtU QO sw=kt xk]vt l} pt=m |Q}opmW sOa x@ u=wD|t =Q OW
|oO}WmuwQ}@ C}iQ_ =@ K}rUD |=yu=tr= R= xO=iDU= xm OW xOy=Wt 'u}vJty "O=O

"OyO Vy=m =Q jtasm |oDN}Uo Kw]U xaUwD Ov=wD|t lOv=
ẁv w C}akwt R= dQ=i xm O=O u=Wv =ypOt QO |WQ@ VvQm xaUwD |wor=

|=ypOt QO ?OLt |vLvt l} R= j}ta |oDN}Uo K]U xUOvy 'uw}U=Ovwi
=@ xOWKrUt |=ypOt QO Qakt |vLvt l} x@ O} Qow�S w |Rri xtUD =@ xOWKrUt
w |QwLt |DNU u=tRsy Vy=m QF= QO xm =Q Q}}eD u}= "Ci=} Q}}eD |Qt}rB xtUD
p}=tD QO Q}}eD x@ u=wD|t 'CU= xO=O MQ K}rUD |=yu=tr= |oO}WmuwQ}@ C}iQ_
w u=}HmviwD "O=O C@Uv u}}=B x@ wQ =} w wrH x@ wQ CmQL x@ |oDN}Uo xwo
CmQL p}=tD xm OyO|t MQ |v=tR Qakt VRer K]U l} xm OvO=O u=Wv l}DUww
CQwY u}= Q}e QO w OW=@ u}}=B CtU x@ CmQL R= QDW}@ wrH CtU x@ xwo
KrUt |=ypOt QO 'u}=Q@=v@ [28]"CiQo Oy=wN pmW ?OLt VRer K]U l}
R= QDtm =yxtUD |QwLt |DNU w |oO}WmuwQ}@ C}iQ_ xm |Qt}rB xtUD =@ xOW
QDu=U; GQ=N CtU x@ |oDN}Uo xwo |}=Hx@=H 'CU= O} Qow�S w |Rri xtUD
x@ CmQL R= QDW}@ wrH CtU x@ CmQL x@ xwo p}=tD w xOw@ Qo}O |=ypOt R=
|=ypOt QO Qakt VRer K]U l} p}mWD ?@U Qt= u}= "CU= u}}=B CtU
=@ xOW KrUt |=ypOt OQwt QO xO}OB u}= "OW |Qt}rB xtUD =@ xOW KrUt
|oO}WmuwQ}@ C}iQ_ V}=Ri= xm|Qw]x@ 'Ow@ Twmat qt=m O} Qow�S w |Rri xtUD
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=xrB
KrU
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=N|

=yQ=
w}O

OQm
rta

|U
QQ@x]@=Q l} OwHw 'xOW KrUt l =N xOwD l} QO |@v=H Q=Wi Vy=m |rY=

|m}v=mt X=wN w l =N xOwD QO Ctw=kt uOW G}U@ xHQO u=}t Twmat
u=tr= |DNU Vy=m xm OvO=O u=Wv =wrw w |mUvWr "CU= K}rUD |=yu=tr=
QO =Q l =N C=QP CmQL u=mt= 'l =N =@ u; VvmQOv= u=R}t Vy=m w K}rUD
xOwD QO Ctw=kt G}U@ xHQO V}=Ri= ?@U ,=@k=aDt w xO=O V}=Ri= Qo}Om} p@=kt
Ctw=kt \UwD uw}U=Ovwi Q=Wi R= |QDW}@ VN@ 'wQ u}= R= [33]"OwW|t l =N
p}O@D |ki= Q=Wi x@ |QDtm syU xH}Dv QO w Q=yt l =N xOwD QO xOW G}U@
|DNU V}=Ri= =@ QF= QO xOW KrUt l =N xOwD QO |@v=H Q=Wi V}=Ri= "OwW|t
V}B =yu=tr= u=}t xrY=i Vy=m w l =N =@ u; VvmQOv= V}=Ri= 'K}rUD u=tr=
|Qt}rB |=yxtUD R= xO=iDU= C=QF= xU}=kt [34]"Ow@ xOW VQ=Ro w}r \UwD u}= R=
u=Wv |Rri |=yxtUD |=H x@ |Qt}rB |=yxtUD R= xO=iDU= w =yO} Qow�S |=H x@
=i}= |@v=H Q=Wi Vy=m QO |QDQFwt Vkv |oO}WmuwQ}@ C}iQ_ Vy=m xm O=O

"Ovm|t
|=Q@ xOW O=yvW}B |r}rLD |=yVwQ =@ xOt; CUOx@ G}=Dv xU}=kt Qw_vt x@
\UwD |O=yvW}B x]@=Q R= '|Q=wv |=yuw}U=Ovwi Q=@ R= |W=v |@v=H Q=Wi x@U=Lt

:CU= Q} R CQwYx@ x]@=Q u}= "OW xO=iDU= FHWA

(��h)z = kaQ
D1

;

8<: D1 = Bf + z; z � 2
�
d� Bf

2
�

D1 = Bf+z
2 + d; z > 2

�
d� Bf

2
� (3)

'R} Qm =N K]U R= jta z 'uw}U=Ovwi Q=@ Q 'lQLt Q=Wi ?} Q[ ka u; QO xm
xU}=kt "OvW=@|t Q=w}O G=D =D uw}U=Ovwi xrY=i d w |Q=wv uw}U=Ovwi ZQa Bf
OyO|t u=Wv 11 pmW QO FHWA \UwD |O=yvW}B VwQ =@ xOt; CUOx@ G}=Dv
"Ovm|t u}}aD OQw;Q@V}@ |v=kwi xrB |}q=@ xt}v QO =Q ��h=q Q=Okt VwQ u}= xm
|y=oW}=tR; w |r}rLD G}=Dv u=}t hqDN= u=R}t 'OwW|t xOy=Wt xm Qw]v=ty
xrY=i V}=Ri= u}vJty w K}rUD u=tr= |oO}WmuwQ}@ C}iQ_ w |DNU Vy=m =@
u=wD|t =Q |@v=H Q=Wi |q=@CUO u}tND u}= "OW QDxDUHQ@ Q=w}O G=D =D uw}U=Ovwi
|=yVwQ QO K}rUD u=tr= ẁv uDiQo Q_v QO sOa w =yQ=w}O |=xrB |Ov@ Qm}B x@
|Qo}O p}rO Ov=wD|t R}v l =N xOwD |=Q@ l}DUq= Q=DiQ ZQi "O=O C@Uv |r}rLD
|=yp}iwQB '=yQ=w}O |v=DLD xrB QO xm CU= |r=L QO u}= "OW=@ OQw;Q@V}@ u}= |=Q@
CN=wvm} `} RwDl} w OvQ=O FHWA |O=yvW}B VwQ =@ |rw@k p@=k j@=]D ��h=q

xOy=Wt 11 pmW QO xm Qw]v=ty "OvWm|t Q} wYD x@ xrB `=iDQ= O=ODt= QO =Q
|a@=D |v=kwi xrB QO �kq� |Q=wv uw}U=Ovwi R= |W=v |@v=H Q=Wi ?} Q[ 'OwW|t
OwOL 0=06 =D 0=01 |v=DLD xrB QO u; Q=Okt xm|r=LQO 'OW=@|t jta R=

"OwW|t
|}=yh}OQ |}=U=vW CyH u=wD|t �R� |@v=H Q=Wi Ov}=Q@ |wQ}v QF= x]kv R=
'OvQ}o|t Q=Qk |QDW}@ VWm CLD uw}U=Ovwi |Q=PoQ=@ pqN QO xm K}rUD u=tr= R=
s}UQD w pOt Qy |=Q@ |@v=H Q=Wi Ov};Q@ |wQ}v C}akwt x@U=Lt =@ "Owtv xO=iDU=
uw}U=Ovwi xrY=i V}=Ri= xm OW XNWt 12 pmW QO d=H p@=kt QO R
w |DNU Vy=m 'uw}U=Ovwi u=QwO |=Q@ sRq \}=QW uOQw; sy=Qi 'Q=w}O G=D =D
QO |wQ}v QF= -x]kv `=iDQ= Vy=m ?@U K}rUD |=yu=tr= |oO}WmuwQ}@ C}iQ_
pt=wa u}= R= pkDUt R Q=Okt '|v=DLD xrB QO xm|r=LQO 'OwW|t |v=kwi xrB
=@ R Q}O=kt xU}=kt 'Qo}O |wU R= "OQ}o|t Q=Qk 0=54 xOwOLt QO w xOw@
|=Q@ VwQ u}= R= xO=iDU= xm O=O u=Wv FHWA \UwD xOW O=yvW}B Q}O=kt
V}@ |L=Q] x@ QHvt Ov=wD|t |v=kwi xrB QO wQ}v QF= x]kv C}akwt x@U=Lt

uOv=UQ pk=OL x@ |=Q@ |Qo}O p}rO Ov=wD|t |v=DLD xrB QO xOvvmK}rUD |=yu=tr=
Pwiv jta V}=Ri= "OW=@ |=xrB |=yQ=w}O R= CtUk u}= x@ |oDN}Uo K]U Pwiv
KrUt |=ypOt QO xm Ow@ |Qo}O xDmv |v=DLD xrB x@ u; uO}UQ w VRer K]U
R= 0 5H -xrY=i QO uw}U=Ovwi |Q}oQ=Qk s=ovy O} Qow�S w |Rri xtUD =@ xOW
u; R= |Qt}rB |=yxtUD R= xO=iDU= =@ xm Pwiv V}=Ri= u}= "OW xOy=Wt Q=w}O G=D
xO=iDU= p}rOx@ |v=kwi w |v=DLD |=yxrB |oJQ=Bm}V}=Ri= xOvyOu=Wv 'OWCav=tt
|wU R= "CU= ?U=vt |oO}WmuwQ}@ C}iQ_ w |DNU =@ K}rUD |=yu=tr= R=
QO |Qo}O pt=a 'KrUt l =N |=yQ=w}O QO |=xrB |Ov@ Qm}B l} R= xO=iDU= 'Qo}O
xU}=kt =@ xm xDi=} u}= "Ow@ |v=DLD xrB QO j}ta VRer Kw]U xaUwD R= |Q}owrH
u=Q=mty w l}HmU= w u=Q=mty w w=} S C=ar=]t QO xJQ=Bm} |=yQ=w}O =@ =ypOt
l =N |=yQ=w}O QO |=xrB |Ov@ Qm}B R= xO=iDU= C} Rt Q@ CU= |O}m =D 'OW pY=L

[30w25]"KrUt
|Qo}O syt xDmv =ypOt |v=kwi w |v=DLD |=yxrB pmW Q}}eD O)t u=}t Cw=iD
Qw]v=ty "OwW|t xO}O |Q=PoQ=@ u=}=B QO =ypOt R= xOWPN= Q} w=YD QO xm CU=
R= pkDUt ,qt=m |v=kwi w |v=DLD |=yxrB pmW Q}}eD O)t 'OwW|t xOy=Wt xm
Q}}eD O)t uOv=t C@=F ut[ 'd=H C@Uv Q}}eD =@ xm|Qw]x@ 'OvW=@|t Qo}Om}
OyO|t u=Wv 8 pmW "Ovm|t Q}}eD |v=kwi xrB pmW Q}}eD O)t '|v=DLD xrB pmW
|oO=OsmW '�d=H = 0 2� Q=w}O G=D CQw=Ht QO uw}U=Ovwi |Q}oQ=Qk =@ xm
xOy=Wt u}= "OwW|t u=}=tv K}rUD |=yu=tr= |t=tD |=Q@ ?r=e O)t u=wvax@
p=U QO s}m w w} w 2004 p=U QO nv=H w w} \UwD xOW x�=Q= VQ=Ro x@=Wt
xrY=i V}=Ri= =@ [6w1]"CU= O} Qow�S =@ xOWKrUt |=xrB Q=w}O l} |=Q@ 2008
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u}= ẁQW |=Q@ R=}v OQwt CUWv u=R}t [20w19]'OQ=Ov |oDU@ K}rUD u=tr*= w l =N
|r=L QO u}= "CU= |ak=w xvwtv =@ Q@=Q@ ,=@} QkD T=}kt lJwm |=ypOt QO VvmQOv=
u}= "OW=@ |ak=w pOt R= QDtm O}=@CUWv u}= Q=Okt 'T=}kt u}v=wk T=U= Q@ xmCU=
�s=Bf � uw}U=Ovwi ZQa Q@ xOW GvUsy CUWv R= xO=iDU= =@ Ov=wD|t R}v Xkv

"OOQo `iDQt |yHwD p@=k OL =D

uw}U=Ovwi xrY=i p@=kt QO |@v=H Q=Wi Ov};Q@ |wQ}v QF= x]kv C=Q}}eD "12 pmW
"Q=w}O G=D =D

QO xrB wO |Ov@ Qm}B l} R= xO=iDU= xm O=O u=Wv Q} w=YD VR=OQB "OW |}=U=vW
x@ ?OLt |vLvt l} R= VRer K]U xUOvy Q}}eD Q@ xwqa 'KrUt l =N |=yQ=w}O
|Q}owrH R}v u}}=B |v=DLD xrB QO j}ta VRer Kw]U O=H}= R= Ov=wD|t 'Qakt |vLvt
|v=DLD xrB |@v=H |=ypmW Q}}eD Vy=m QO |=xDUHQ@ Vkv xm |Q}owrH u}= "Ovm
QO =Q |�RH |WQ@ xO=U pmW Q}}eD l} =yvD Q=w}O R= VN@ u}= OW ?Hwt 'CW=O

"Ovm x@ QHD |ki= Kw]U O=ODt=

=yCWwv=B
1. Mechanicaly Stablized Earth (MSE) Wall
2. Passive
3. Facing

�References� `@=vt
1. Yoo, C. and Jung, H.-S., 2004. Measured behavior of

a geosynthetic-reinforced segmental retaining wall in a
tiered con�guration. Geotext Geomembr, 22, pp. 359-

376. DOI.org/10.1016/S0266-1144(03)00064-5.

2. FHWA (Federal Highway Administration). 2009. Design
and construction of mechanically stabilized earth walls
and reinforced soil slopes. Vol. 1. FHWA-NHI-10-243.
Washington, DC: FHWA.

3. Leshchinsky, D. and Han, J., 2004. Geosynthetic rein-
forced multitiered walls. J. Geotech. Geoenviron. Eng.,
130 (12), pp. 1225-1235. DOI.org/10.1061/(ASCE)1090-
0241(2004)130:12(1225).

4. Yoo, C. and Song, A.R., 2006. E�ect of founda-
tion yielding on performance of two-tier geosynthetic-
reinforced segmental retaining walls: a numerical inves-

14



1|
xQ=t

W'
40

|xQ
wO'

�14
03

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

tigation. Geosynthetics International, 13(5), pp.181-194.
DOI.org/10.1680/gein.2006.13.5.181.

5. Yoo, C., 2018. Serviceability state deformation
behaviour of two-tiered geosynthetic reinforced
soil walls. Geosynth Int., 25(1), pp. 12-25.
DOI.org/10.1680/jgein.17.00030.

6. Yoo, C. and Kim, S.B., 2008. Performance of a two-tier
geosynthetic reinforced segmental retaining wall under
a surcharge load: Full-scale load test and 3D �nite el-
ement analysis. Geotext Geomembr, 26(6), pp. 447518.
DOI.org/10.1016/j.geotexmem.2008.05.008.

7. Yang, G.Q., Liu, H., Zhou, Y.T. and Xiong, B.L.,
2014. Post-construction performance of a two-tiered ge-
ogrid reinforced soil wall back�lled with soil-rock mix-
ture. Geotextiles and Geomembranes, 42(2), pp. 91-97.
DOI.org/10.1016/j.geotexmem.2014.01.007.

8. Yoo, C., Jang Y.S. and Park I.J., 2011. Inter-
nal stability of geosynthetic-reinforced soil walls in
tiered con�guration. Geosynth Int., 18(2), pp. 74-83.
DOI.org/10.1680/gein.2011.18.2.74.

9. Mohamed, S.B.A., Yang, K.-H. and Hung, W.-
Y., 2014. Finite element analyses of two-tier
geosynthetic-reinforced soil walls: Comparison
involving centrifuge tests and limit equilibrium
results. Computers and Geotechnics, 61, pp. 67-84.
DOI.org/10.1016/j.compgeo.2014.04.010.

10. Seyedi Hosseininia, H. and Ashjaee, A., 2018. Numerical
simulation of two-tier geosynthetic-reinforced-soil walls
using two-phase approach. Computers and Geotechnics,
100, pp. 15-29. DOI.org/10.1016/j.compgeo.2018.04.003.

11. Xu, P., Hatami, K., Bao, J.J. and Li, T., 2020.
Bearing capacity and failure mechanisms of
two-tiered reinforced soil retaining walls under
footing load. Comput. Geotech., 128, pp. 103833.
DOI.org/10.1016/j.compgeo.2020.103833.

12. Wood, D.M., 2004. Geotechnical modeling. Version 2.2.
London: Taylor & Francis Group.

13. Huang, C.C., 2016. Settlement of footings at the
crest of reinforced slopes subjected to toe unload-
ing. Geosynthetics International, 23(4), pp. 247-256.
DOI.org/10.1680/jgein.15.00045.

14. El-Emam, M.M. and Bathurst, R.J., 2007. In-

uence of reinforcement parameters on the seis-
mic response of reduced-scale reinforced soil retain-
ing walls. Geotext.Geomembranes, 25(1), pp. 33-49.
DOI.org/10.1016/j.geotexmem.2006.09.001.

15. Xu, P., Hatami, K. and Jiang G., 2020. Shaking ta-
ble study of the in
uence of facing on reinforced soil
wall connection loads. Geosynth. Int, 27(4), pp. 364-378.
DOI.org/10.1680/jgein.20.00001.

16. Yazdandoust, M. and Ghalandarzadeh, A., 2020.
Pseudo-static coe�cient in reinforced soil structures.
Int. J. Phys. Model. Geotech., 20(6), pp. 320-337.
DOI.org/10.1680/jphmg.18.00013.

17. Yoshida, T., and Tatsuoka, F., 1990. Deformation prop-
erty of shear band in sand subjected to plane strain com-
pression and its relation to particle characteristics. In
Vol. 1 of Proc., 12th Int. Conf. Soil Mechanics and Foun-
dation Engineering, 237-240. Rotterdam, Netherlands:
A.A. Balkema.

18. Bathurst, R.J. 1990. Instrumentation of geogrid-
reinforced soil wall. Transp. Res. Rec., 1277, pp. 102-
111.

19. Viswanadham, B.V.S., Razeghi, H.R., Mamagha-
nian, J. and Manikumar, C.H.S.G., 2017. Cen-
trifuge model study on geogrid reinforced soil walls
with marginal back�lls with and without chimney
sand drain. Geotext. Geomembr., 45(5). pp. 430-446.
DOI.org/10.1016/j.geotexmem.2017.06.005.

20. Razeghi, H.R., Viswanadham, B.V.S. and Mamagha-
nian, J., 2019. Centrifuge and numerical model stud-
ies on the behaviour of geogrid reinforced soil walls
with marginal back�lls with and without geocom-
posite layers. Geotext. Geomembr, 47(5), pp. 671-684.
DOI.org/10.1016/j.geotexmem.2019.103470.

21. Yazdandoust, M., 2017. Investigation on the seismic per-
formance of steel- strip reinforced-soil retaining walls us-
ing shaking table test. Soil Dyn. Earthquake Eng. 97, pp.
216-232. DOI.org/10.1016/j.soildyn.2017.03.011.

22. Tatsuoka, F., Hirakawa, D., Nojiri, M., Aizawa, H.,
Nishikiori, H., Soma, R., Tateyama, M. and Watan-
abe, K., 2009. A new type of integral bridge comprising
geosynthetic-reinforced soil walls. Geosynth. Int., 16(4),
pp. 301-326. DOI.org/10.1680/gein.2009.16.4.301.

23. Zhao, L., Yang, F. and Dan. H., 2014. The in
uence of
horizontal con�nement on the bearing capacity factor Ny
of smooth strip footing. Comput. Geotech., 61, pp.127-
131. DOI.org/10.1016/j.compgeo.2014.05.010.

24. White, D.J., Take, W.A. and Bolton, M.D., 2003. Soil de-
formation mea- surement using particle image velocime-
try (PIV) and photogrammetry. Geotechnique, 53(7),
pp.619-631. DOI.org/10.1680/geot.2003.53.7.619.

25. Xiao, C., Han, J. and Zhang Z., 2016. Experimen-
tal study on performance of geosynthetic-reinforced soil
model walls on rigid foundations sub-jected to static
footing loading. Geotext. Geomembr., 44(1), pp.81-94.
DOI.org/10.1016/j.geotexmem.2015.06.001.

26. Xie, Y., Leshchinsky B. and Han J., 2019. Evalu-
ation of bearing capacity on geosynthetic-reinforced
soil structures considering multiple failure mechanisms.
J. Geotech. Geoenviron. Eng., 145(9), pp.04019040.
DOI.org/10.1016/0266-1144(96)89796-2.

27. Gabr, M.A. and Hart, J.H., 2000. Elastic mod-
ulus of geogrid-reinforced sand using plate
load tests. Geotech. Test. J., 23(2), pp.245-250.
DOI.org/10.1520/GTJ11049J.

28. Tufenkjian, M.R. and Vucetic, M., 2000. Dynamic failure
mechanism of soil-nailed excavation models in centrifuge.
J. Geotech. Geoenviron. Eng., 126(3), pp.227-235.
DOI.org/10.1061/(ASCE)1090-0241(2000)126:3(227).

29. Tatsuoka, F., Huang, C.C., Morimoto T. and Tani, K.,
1991. Discussion on Bearing capacity of footings adja-
cent to slopes by Swami Saran, V.K. Sud, and Handa
S.C. (April, 1989, Vol. 115, No. 4). J. Geotech. Eng.,
117(7), pp. 1127-1131. DOI.org/10.1061/(ASCE)0733-
9410(1991)117:7(1127).

30. Skejic, A., Medic, S. and Dolarevic, S., 2018. In
u-
ence of wire mesh char- acteristics on reinforced soil
model wall failure mechanisms-Physical and numeri-
cal modelling. Geotext. Geomembr., 46, pp. 726-738.
DOI.org/10.1016/j.geotexmem.2018.07.004.

15



Q=mt
yw

CU
wOu

=OR}
O}H

t/
"""|

=xrB
KrU

tl
=N|

=yQ=
w}O

OQm
rta

|U
QQ@

31. Kumar, A. and Mandal, J.N., 2022. Para-
metric studies on two-tiered model 
y ash
wall. Int. J. Geotech. Eng, 16(7), pp. 815-825.
DOI.org/10.1080/19386362.2019.1648713.

32. Houy, A., 1986. Dimensionnement des ouvrages en
palplanches en acier. Metz, France: Gueblez.

33. Leshchinsky, D. and Vulova, C., 2001. Numerical inves-

tigation of the e�ects of geosynthetic spacing on failure
mechanisms in MSE block walls. Geosynth. Int, 8(4), pp.
343-365. DOI.org/10.1680/gein.8.0199.

34. Liu, H., 2012. Long-term lateral displacement
of geosynthetic-reinforced soil segmental retain-
ing walls. Geotext. Geomembr, 32, pp. 18-27.
DOI.org/10.1016/j.geotexmem.2011.12.001.

16


