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|oDN}Uo x@ ẁQW w OyO|t MQ pUw�S swO w pw= |x}q QO |va} R} Qm =N |v=kwi
x@ x}@W OQwt u}= "�26 pmW� OwW|t xOy=Wt AJ CtU QO swU |x}q QO
swU |x}q x@ w xOw@ swO |x}q QO |oDN}Uo xm 'CU= pUw�S |x}q 3 V}=tR;
V}=tR; QO sHvB w sQ=yJ |=yx}q Q}F-=D xm CiQo xH}Dv u=wD|t TB &CU= xO}UQ

"OvQ=O pUw�S uwO@ l =N u=ty OL QO |Q@ Q=@ w CU= R}J=v xOWQmP
V}=Ri= =@ Cio u=wD|t Q[=L VN@ QO xOt; CUOx@ G}=Dv |Ov@ `tH u=wvax@
R} Qm =N |Q@ Q=@ C}iQ_ V}=Ri= 'u=Um} u=mtQ}}eD ZQi =@ pUw�S |=yx}q O=OaD
w |W}=Ri= sQ=yJ |x}q =D OvwQ u}= '7 pwOH x@ xHwD =@ xm OwW|t xOy=Wt
� VvD G}=Dv '27 pmW QO "CU= |Wy=m sQ=yJ |x}q x@ C@Uv sHvB |x}q
V}=Ri= |xv}W}@ "OwW|t xOy=Wt =Hl} CQwYx@ =yV}=tR; |t=tD CUWv

"CU= �38 6 pUw�S uwO@ Cr=L x@ C@Uv |Q@ Q=@ C}iQ_
u; R= TB w CN=wvm} Qw] x@ swO |x}q =D V}=Ri= OvwQ '7 pwOH x@ xHwD =@
TwULt O=} R '20mmCUWv =D xO}OB u}= 'O@=}|t V}=Ri= |WyH CQwYx@
=D swU pUw�S |=yx}q w OwW|t O=} R CUWv 'xOQ=w Q=@ V}=Ri= =@ =t= 'CU}v
?}W QO |oDN}Uo |ki= |=ylQD ?re= "O=O Ovy=wN u=Wv =Q OwN QF= sHvB
V}=Ri= =@ "CU= xO}UQ sy swU |x}q x@ ,=[a@ w xOw@ swO w pw= |x}q QO R} Qm =N

"ELM5 R} Qm =N |=Q@ |}=Hx@=H � wQ}v Q=Owtv "25 pmW

"ELM5 R} Qm =N QO |oDN}Uo Kw]U w =yCUWv "26 pmW

R} Qm =N u}iQ] QO QDU@ �|oORq=@� u=mtQ}}eD 'OwW|t x_Lqt xm Qw]u=ty
� wQ}v Q=Owtv '23 pmW QO "CU= xOWv xOy=Wt |oORq=@ R= |v=Wv w xOw@ R}J=v
|oDN}Uo '|Q=PoQ=@ s=ovy "CU= xOW xO=O u=Wv ELM4 pOt |=Q@ |}=Hx@=H
|x}q QO hQ] wO Qy |=Q@ VRer K]U w xO=O MQ R} Qm =N |v=kwi CtUk QO
CU= xO}UQ sy swU |x}q Q} R x@ |oDN}Uo AJ CtU QO w pUw�S pw=
|WQ@ Ctw=kt pUw�S \UwD l =N |oOvvmQwYLt C}Y=N =@ "�24 pmW�
CUWv QO|r@k |=yQ=Owtv x@C@Uv '23 pmW u}vJty "O@=}|tV}=Ri= R} Qm =N
|=Q@� OyO|t u=Wv =Q R} Qm =N QDW}@ |DNU w QDW}@ Q=Wi Q}O=kt 35mm |q=@

"�O}vm xOy=Wt =Q 27 pmW QO G}=Dv xU}=kt C}Y=N u}= xOy=Wt
=@ xOW xDN=U R} Qm =N ELM5 R} Qm =N %ELM5 pOt |Q=PoQ=@ V}=tR; G}=Dv ��
pw= |x}q =@ |QDt|Dv=U 5�5 |=yxtWJ 'xOW =QH= pUw�S "Ow@ pUw�S x}q 5
x@ swU |x}q 'QDt 2 4� 0 33 O=a@= x@ swO |x}q 'QDt 2 4� 0 23 O=a@= x@
sHvB |x}q w QDt 2 4� 0 53 O=a@= x@ sQ=yJ |x}q 'QDt 2 4� 0 43 O=a@=
sHvB =D pw= |x}q R= ?}DQD x@ pUw�S |=yx}q "CU= QDt 2 4� 0 63 O=a@= x@
"OvwW|t =QH= sy QU CWB R} Qm =N G=D |q=@ R= 25cm R=QD =D R} Qm =N G=D R=
w 223 62kN=m2 VvD pO=at 123 44kN OOa GvUwQ}v V}=tR; u}= QO
QO QDU@ |wQ |=yu=mtQ}}eD u=R}t u}vJty "O=O u=Wv =Q 68 28mm CUWv
"OW C@F 2 59mm w 2 18mm ?}DQD x@ |Q=PoQ=@ lk=D= AJ w CU=Q
QDW}@ |tm ,=@} QkD pUw�S x}q 5 =@ R} Qm =N =@ GvUwQ}v OOa xm CU= sRq QmPD u}=
pUw�S |x}q 4 =@ R} Qm =N Q=Okt R= w CU= xOW pUw�S |x}q 3 =@ R} Qm =N R=

"ELM4 R} Qm =N |=Q@ |}=Hx@=H � wQ}v Q=Owtv "23 pmW

"ELM4 R} Qm =N QO |oDN}Uo Kw]U w =yCUWv "24 pmW

60



2/
1|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

"=yR} Qm =N CUWv � Q=@ G}=Dv |xU}=kt "7 pwOH
OYQO xOQ=w Q=@ wQ}v CUWv R} Qm =N s=vCUWv Vy=m Q=@ V}=Ri= kN=m2) (kN) (mm)

0 0 170 10 93 9 68 30 ELM0
7 76 3 1 175 36 96 80 68 32 ELM1
9 22 6 6 181 30 100 10 68 30 ELM2
36 30 30 53 222 03 122 56 68 32 ELM3
37 00 38 60 235 80 130 16 68 32 ELM4
35 58 31 46 223 62 123 44 68 28 ELM5

"=yx}q O=OaD w CU=Q w AJ CUWv G}=Dv |xU}=kt "8 pwOH
|x}q AJ CUWv CU=Q CUWv R} Qm =N s=vsHvB sQ=yJ swU swO pw= (mm) (mm)

� � � � � 0 54 0 42 ELM0
� � � � � 0 95 0 65 ELM1
� � � � � 1 81 0 79 ELM2
� � � � � 2 52 2 09 ELM3
� � � � � 2 63 2 06 ELM4
� � � � � 2 59 2 18 ELM5

"u; |DNU w R} Qm =N |@Uv u=v}t]= ?} Q[ "9 pwOH
R} Qm =N |@Uv u=v}t]= ?} Q[ |DNU R} Qm =N s=vpUw�S uwO@ x@ C@Uv pUw�S =@ (kN=m2)

� 0 0592 ELM0
1 031 0 0587 ELM1
1 066 0 0599 ELM2
1 305 0 0731 ELM3
1 386 0 0673 ELM4
1 315 0 0698 ELM5

'CU= KrUtQ}e R} Qm =N |Q@ Q=@ C}iQ_ x@ KrUt |=yR} Qm =N |xv}W}@ |Q@ Q=@
x@ Q=Owtv |x}rw= |]N VN@ R= xm R} Qm =N |DNU u}vJty "CU= xOW x�=Q=

"CU= xOW xOv=Hvo pwOH QO 'O};|t CUO

|Q}oxH}Dv "3
R= xO=iDU= =@ uy;x=Q |=yR} Qm =N |Q@ Q=@ C}iQ_ |UQQ@ hOy =@ Q[=L VywSB
pUw�S |Q}oQ=Qk R=QD w x}q O=OaD Q}F-=D 'u}W}B C=ar=]t QwQt =@ "OW s=Hv= pUw�S
=Pr 'CU= xOWv |UQQ@ ,=YNWt uy;x=Q |=yR} Qm =N CUWv w |Q=O}=B pQDvm QO
s=Hv= 10m R} Qm =N R= 1%20 T=}kt =@ |y=oW}=tR; pOt 6 'Q[=L VywSB QO
u=mtQ}}eD w Q=@ G}=Dv 'R} Qm =N |oDN}Uo |x_Lr =D |Q=PoQ=@ s=Hv= =@ TBU "OW

"|y=oW}=tR; pOt 6 G}=Dv |xU}=kt "27 pmW

K]U w xwo R= |m =L xm 'CU= xOQm =O}B |}xQtN Cr=L R} Qm =N '=yx}q O=OaD
=yR} Qm =N pm QO |Owta |}=ylQD "CU= xOw@ QwmPt |=yx}q QO |oDN}Uo
w AJ |=yCUWv "Ow@ QDOwyWt Oa@ x@ swU |x}q QO lQD =t= 'CW=O OwHw
p@=k w xOWv xOy=Wt |oORq=@ R= |v=Wv w xOw@ lOv= 8 pwOH j@=]t 'CU=Q
|QDtm CUWv w |Q@ Q=@ V}=Ri= 'G}=Dv xm CiQ|t Q=_Dv= "CU= xOw@ |WwBsWJ
Kr=Yt p}rO x@ Q=@ V}=Ri= OYQO uOw@ sm pra R= |m} xm OvO=O|t u=Wv =Q
|QDtm G}=Dv w 'CU= QDh=Y w QDsQv |ak=w pUw�S x@ C@Uv xm CU= xOw@ pUw�S
x@ C@Uv w xOw@ ?UJ =} w VwH CQwYx@ |ak=w pUw�S Cq=YD= "O=O u=Wv =Q
CQwYx@ xOW xDN=U pUw�S Cq=YD= "CU= xOw@ QDsmLt xOW xDN=U pUw�S
OwHw x@ =Q sRq s=mLDU= u; w OvDUy Qo}Om} Q=}W QO xOvwQwQi w xv=@ R w s=m
C}iQ_ s}UkD pY=L xm R} Qm =N |@Uv u=v}t]= ?}=Q[ '9 pwOH QO "OvQw;|tv

61



"""C
}iQ_

QOp
Uw�S

Q}F=D
|y=

oW}
=tR;

|U
QQ@QF= 'sHvB =D swU pUw�S |=yx}q w OwW|t O=} R CUWv xOQ=w Q=@ V}=Ri= =@ =t=

"O=O Ovy=wN u=Wv =Q OwN
w CU}v j}ta w CU= |L]U w |}xQ}=O VRer K]U '=yV}=tR; s=tD QO "5
'QwmPt |oDN}Uo x@ xHwD =@ xm Ovm|t `]k ?}W |q=@ QO =Q l =N |v=wQ}W
swU |x}q x@ ,=[a@ w xOw@ swO w pw= |x}q QO R} Qm =N ?}W QO |ki= |=ylQD

"CU= xO}UQ sy
R} Qm =N CU=Q w AJ |=yCUWv '=yu; u=}=B R= TB w =yV}=tR; s=Hv= pw] QO "6

"CU= xOWv xOy=Wt |oORq=@ R= |v=Wv w xOw@ lOv= QDU@ |wQ
O=H}= Cra x@ xm CU= xDi=} V}=Ri= R} Qm =N |DNU 'pUw�S |=yx}q V}=Ri= =@ "7

"CU= xOw@ pUw�S uwQO QO QwYLt l =N ?}mQD
|tm =QDt |@}mQD sDU}U w xOW sm =QDt |Q=PoQ=@ |mOv= R=TB pUw�S uwQO l =N "8
ptLD =Q Q=@ Ov=wD|t w OQ}o|t Q=Qk VtN CLD xm CU= xOQm O=H}= p=O Ovv=ty

"Ovm
QO xv=@ R w s=m p=YD= w uOw@ h=Y w sQv Cra x@ u} Q@ttw�S jQw R= xO=iDU= "9
|=ypUw�S x@ C@Uv |QDtm Q}O=kt 'G}=Dv xm CU= xOW Ea=@ Q[=L |xSwQB

"OvW=@ xDW=O pUw�S `=wv= Qo}O w CvB wO

QO pUw�S |Q}oQ=mx@ OQwt QO |y=oW}=tR; |=yQ=Owtv w =ypmW |UQQ@ =@ "OW C@F
%CU= xOt; CUOx@ G}=Dv u}= |xOta '=yR} Qm =N

QO xm OwW|t |Q@ Q=@ C}iQ_ V}=Ri= Ea=@ pUw�S |=yx}q O=OaD V}=Ri= "1
|x}q x@ C@Uv sHvB |x}q w |W}=Ri= 'x}q 4 =D QwmPt OvwQ 'Q[=L VywSB

"CU= xOw@ |Wy=m 'sQ=yJ
|x}q '�30 53 swU |x}q '�6 6 swO |x}q '�3 1 pw= |x}q |Q=Po|=H =@ "2
V}=Ri= pUw�S uwO@ R} Qm =N x@ C@Uv �31 46 sHvB |x}q w �38 60 sQ=yJ
x@ C@Uv |Q@ Q=@ C}iQ_ V}=Ri= |xv}W}@ "CU= xOW pY=L |Q@ Q=@ C}iQ_

"CU= xOw@ �38 60 'pUw�S uwO@ Cr=L
'�36 30 swU |x}q '�9 22 swO |x}q '�7 76 pw= |x}q |Q=Po|=H =@ "3
'pUw�S uwO@ R} Qm =N x@ C@Uv �35 58 sHvB |x}q w �37 00 sQ=yJ |x}q
Cr=L x@ C@Uv CUWv Vy=m |xv}W}@ "CU= xOW xOy=Wt CUWv Vy=m

"CU= xOw@ �37 'pUw�S uwO@
CQwY x@ u; R= TB w CN=wvm} Qw] x@ swO |x}q =D |Q@ Q=@ V}=Ri= OvwQ "4
'CU}v TwULt O=} R 20mm CUWv =D xO}OB u}= 'O@=}|t V}=Ri= |WyH

=yCWwv=B
1. stabilization
2. compaction
3. grouting
4. deep mixing
5. jet grouting
6. nailing
7. tie back
8. micro pile
9. stone column
10. geocell
11. accelerated pavement testing
12. subgrade
13. modi�ed subgrade
14. embankment
15. american standard for testing & materials
16. data logger
17. load cell
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