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�Q}PBh=]av= =} ?rY� `tW Q=DiQ ẁv |xOvyOu=Wv \ki xv `tW uwiOt pw]
LRIR C=Q}}eD '9 pmW QO "CU= Q=PoQ}F-=D R}v u; |@v=H |Q@ Q=@ Q@ xmr@ 'OW=@|t

"CU= xOW xO=O u=Wv '�L/d� `tW Q]k x@ uwiOt pw] Oa@|@ C@Uv p@=ktQO
?Hwt '`tW uwiOt pw] V}=Ri= xm OwW|t xOy=Wt pmW u}= x@ xHwD=@
?}W |L]U j=ta= QO l =N |DNU "CU= xOW `tW |@v=H |Q@ Q=@ Ow@y@
w �CU= ?}W OwN OwHw R= |W=v QDsm |DNU u}=� CU= QDsm sm =QDt |}xU=t
uOWQDW}@ =@ xm|r=LQO "OW=@|t QDW}@ =yVN@ u}= QO |@v=H |=y|}=H@=H u}=Q@=v@
Vy=m `tW |xOvvmx]=L= l =N QDW}@ Ctw=kt p}rOx@ =y|}=H@=H u}= 'jta

"O@=}|t
=Q `tW uwiOt pw] V}=Ri= =@ '|@v=H |Q@ Q=@ Ow@y@ OUQ|t Q_vx@ u}=Q@=v@
=@ xm l =N |}=H@=H Vy=m u; `@Dx@ w `tW h=Q]= l =N Ctw=kt V}=Ri= =@ u=wD@

"CUv=O \@DQt 'ODi=|t j=iD= jta uOWQDW}@

?}W G=D |x@r x@ C@Uv `tW |Q}oQ=Qk pLt C=QF= "4"3
QO "CU= xOW XNWt �b/d� Oa@|@ C@Uv =@ ?}W G=D |x@r R= `tW |xrY=i
x@ xHwD =@ "CU= xOW xO=O u=Wv b/d C@Uv p@=ktQO LRIR C=Q}}eD '10 pmW
CU= |v=tR x@ \w@ Qt K}rUD O}it C=QF= |xv}W}@ xm OwW|t xOy=Wt pmW u}=
R= `tW uOWQwO =@ "OW=@ xDiQo Q=Qk �b/d�0� ?}W G=D |x@r QO CUQO `tW xm
Qw=Ht `tW |@v=H |Q@ Q=@ OvJQy 'O@=}|t Vy=m LRIR QDt=Q=B '?}W G=D |x@r
C@Uv =D xDi=}Ow@y@ |@v=H |Q@ Q=@ C@Uv QO Vy=m "CU= xDi=} V}=Ri= R}v ?}W
Q@ ?}W Q}F-=D w OwW|t hkwDt Vy=m 'Q=Okt u}= R= TB w CU= Q=mW; b/d�7

"CU= Z=te= p@=k w R}J=v `tW Q=DiQ

"L/d C@Uv p@=ktQO LRIR C=Q}}eD "9 pmW

"b/d C@Uv p@=ktQO LRIR C=Q}}eD "10 pmW

36



|wv
@=u

=kyO
|@D

Ht
wu

=}OQt
R|

raO
tLt

O}U

|Q}oxH}Dv "4
%OQm xYqN CQwY u}=x@ u=wD|t =Q Q=DWwv u}= QO xOWx�=Q= G}=Dv

|vRw OYQO w 1 O=a@= C@Uv =@ |=yxW} QD Cr=LQO LRIR Q=Okt u} QDsm "1
=@ |=yxW} QD Cr=L QO QDt=Q=B u}= Q=Okt u} QDW}@ w 1 023 =@ Q@=Q@ w 0 3
u}=Q@=v@ "CU= xOt;CUOx@ 1 414 =@ Q@=Q@ w 1 5 |vRw OYQO w 3 O=a@= C@Uv

"CU= 3 w 1 5 ?}DQDx@ =yxW} QD |xv}y@ O=a@= C@Uv w |vRw OYQO
C=QF= '|iO=YD `} RwD |xw}W x@ Cmwt |=yxW} QD =@ |}xU=t ?}W K}rUD "2
w OQ=O ?}W Qw=Ht s�=k `tW lD |@v=H |Q@ Q=@ V}=Ri= Q@ |@U=vt w O}it
xOw@ QDW}@ ha[ |awv x@ xm OQ=wt R= |}xQ=B QO O}it C=QF= u}= |rmQw] x@
'?}W G=D |x@r x@ `tW uOw@ QDl}ORv '?}W |x} w=R uOw@ QDOvD p}@k R= 'CU=

"CU= xOW u=}=tv QDW}@ '`tW |HQ=N |xQ=OH uOw@h=Y w
V}=Ri= w x} w=R Vy=m '?}W G=D |x@r R= `tW |xrY=i w uwiOt pw] V}=Ri= "3
R= `tW `]kt pmWQ}}eD C}=yvQO w '`tW |xQ=OH uOWQ@ R '?}W sm =QD u=R}t
V}=Ri= ?Hwt 'xOWK}rUD w xOWvK}rUD ?}W Cr=L wO Qy QO `@ Qt x@ xQ}=O

"CU= xOW `tW |@v=H |Q@ Q=@
OW u=}=tv QDW}@ K}rUD O}it C=QF= ?}W G=D |x@r x@ `tW uOWQDl}ORv =@ "4
Q=Qk ?}W G=D |x@r QO CUQO `tW xm OW pY=L |v=tR Q}F-=D u} QDW}@ w

"Ow@ xDiQo
Q}F-=D 'OW=@ `tW Q]k Q@=Q@ 7 R= V}@ ?}W G=D |x@r R= `tW |xrY=i xm|v=tR "5

"CU= Z=te= p@=k w R}J=v `tW Q=DiQ Q@ ?}W
u=tr= u=wvax@ Cmwt |=yxW} QD R= xO=iDU= =@ `tW |@v=H |Q@ Q=@ Ow@y@ u=R}t "6
|=Q@ xm |Qw]x@ 'OQ=O |oDU@ ?}W |@Uv |r=oJ x@ |O=} R u=R}t x@ 'K}rUD
sm =QDt ?}W Cr=L QO =t= 'CU= sm ,=D@Uv Ow@y@ 'CUU |}xU=t |=y?}W

"CU= xDi=} V}=Ri= |yHwD p@=k u=R}tx@ `tW |@v=H |Q@ Q=@ Ow@y@

"�y/d��20 T=U=Q@ =yQ=@� LRIR Q@ `tW `]kt pmW Q}F-=D "6 pwOH
|Q@ Q=@ C@Uv QO |@v=HQ=@ QO |@v=HQ=@ `]kt pmWxDi=}Ow@y@ |@v=H K}rUD Cr=L K}rUD Cr=L `tW�LRIR� �N� xOW �N� xOWv

1 414 437 309 |}xQ}=O
1 403 470 335 |a@ Qt

=yC}OwOLt w T=}kt C=QF= "8"3
T=}kt nQR@ |=ypOt |wQ Q@V}=tR; |=Q@ O=} R |xv} Ry wCkw hQY x@ R=}v p}rOx@
xm CU= |WwQ 'T=}ktlJwm |=ypOt |wQ Q@ |y=oW}=tR; |=yuwtR; 'pLt QO
T=}kt =@ pOt |=y`tW xOWs=Hv= |=yV}=tR; QO "OwW|t xO=iDU= |a}Uw Qw]x@
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=yDWwv=B
1. randomly distributed method
2. soil nailing
3. lateral resistance improvement ratio (LRIR)
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