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FLAC3D Q=Ri=sQv R= xO=iDU= =@ OwOLt p[=iD |OOa VwQ |=v@t Q@ u; QO QF-wt pt=wa
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xO=O u=Wv 1 pmW QO pUw�S R= |}xvwtv "CU= |R=Ux=Q QO xO=iDU= 'pUw�S
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|=yVwQ xm CU= u; R= |m =L pUw�S x@ KrUt l =N |xv}tR QO C=ar=]t
|=yxv}tR QO u; |=yOQ@ Q=m R= QD?ka Q=}U@ =yu; |=Q@ OwHwt |L=Q] w |Qw�D
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"CU= u; QO QF-wt pt=wa
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l =N K}rUD CyH ,=Q}N= xm 'OvDUy =yl}DDv}Uw�S `=wv= R= |m} =ypUw�S
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Ke w Kr "CU= "a |QwLt VvQm =@ Q_=vDt 'pUw�S Cv=mU pwOt M 'u; QO xm
"OvDUy KrUtQ}e l =N w pUw�S � l =N C} RwBt=m Oa)@ uwO@ |=ypwOt ?}DQD x@
u=Q=mty w Duncan \UwD xm 'CU=Duncan-Chang pOt QDt=Q=B K pwOt

[11]"CU= xOW |iQat
|Q=PoQ=@|y=oW}=tR; |=yuwtR; G}=Dv x@ OwN Q=DWwv QO u=Q=mty w Madhavi

x@ KrUt |}xU=t QDU@ Q@ `k=w |a@ Qt |=y|B |wQ Q@ |OOa C=ar=]t u}vJty w
|OOa |R=UpOt CyH w xDN=OQB �|}xLiY w |rwrU� l}DDv}Uw�S hrDNt `=wv=
Q=DiQ |R=Ux}@W CyH [12]"Ov=xOQm xO=iDU= FLAC3D Q=Ri=sQv R= =yuwtR; u}=
|R=Ux}@W |=Q@ u=W}= "CU= xOW xO=iDU= ?trwm � Qywt |Q=DiQ pOt R= R}v l =N
w xO=iDU= �Q=Ri=sQv QO OwHwt� O} Qow�S |}xR=U u=tr= R= |}xLiY l}DDv}Uw�S
pOt |=yQDt=Q=B "Ov=xOQm |R=UpOt C} RwBt=m CQwYx@ R}v =Q pUw�S x@ KrUt l =N
w Henkel [9]'u=Q=mty w Bathurst G}=Dv T=U=Q@ R}v pUw�S � l =N C} RwBt=m

"CU= xOW ^=Lr �CU= xOW xQ=W= u; x@ ,q@k xm � [10]u=Q=mty
QO KrUt l =N Q=DiQ T=U=Q@ =yQDt=Q=B u}= Q}}eD u=R}t C} RwBt=m VwQ QO =t=
u}= xm |}=Hv; R= "CU= xOW u}}aD u; |wQ Q@ xDiQoCQwY |y=oW}=tR; |=yuwtR;
?U=vDt =yQDt=Q=B u}= OwQ|t Q=_Dv= 'CU= xOw@ |OwOLt |=yl =N |wQ Q@ =yuwtR;
|OOa |=ypOt xvwou}= QO l =N `=wv= Q}=U x@ =yu; s}taD w OvW=@ =yl =N u=ty =@
|xUOvy x@ xHwD =@ pUw�S 'OW xDio xm Qw]u=ty xwqax@ "OW=@ x=Qty =]N =@
xvwou}= QO xm OQ=O |}xO}J}B w ẁvDt |Q=DiQ |=ysR}v=mt 'u; |Oa)@xU OQix@ QYLvt

"OwW|tv ^=Lr pt=m CQwYx@ |=y|R=UpOt
|WwQ =@ pUw�S x@ KrUt x=Q R} Qm =N |R=UpOt 'VywSB u}= R= hOy =Pr
CQwYx@ pUw�S |R=UpOt =@� FLAC3D Q=Ri=sQv QO C}ak=w Q@ j@]vt w QDj}kO
Q=DiQ QO QF-wt pt=wa |UQQ@ w |r@k |=ypOt |=]N `iQ '�Q=@ u}rw= |=Q@ xv=o =OH
|xwLv u}}aD R}v w pUw�S uwQO l =N |=yQDt=Q=B Q}F-=D xrtH R= K}rUD sDU}U u}=

"CU= |}=Q=m u} QDq=@ O=H}= CyH ?U=vt Vv}J
|R=Ux}@W �pUw�S pwrU l}� pUlD x@ KrUt l =N =OD@= VywSB u}= QO
CyH '|OOa pOt u}= R= xOt;CUOx@ G}=Dv "CU= xDiQo Q=Qk |Q=PoQ=@ CLD w xOW
"CU= xDiQo Q=Qk xU}=kt OQwt OwHwt |y=oW}=tR; C=ar=]t G}=Dv =@ |HvUCLY
C}ak=w Q@ j@]vt |=ypwrU O=OaD O=H}= w |ak=w \}=QW p=ta= =@ x=Q R} Qm =N TBU
|xwLv R}v w pUw�S uwQO l =N |=yQDt=Q=B Q}F-=D u; R= TB "CU= xOW |R=Ux}@W
=yDv= QO w xDiQo Q=Qk |UQQ@ OQwt =yR} Qm =N u}= OQmrta QO pUw�S |=yx}q |Q}oQ=Qk

"CU= xOW u=}@ G}=Dv R}v

|OOa pOt "2
OwHw R}v w |y=oW}=tR; C=ar=]t |q=@ |xv} Ry x@ xHwD =@ 'OW xQ=W= xm Qw]u=ty
xDiQo CQwY xv}tR u}= QO C} RwBt=m VwQ =@ xm |OwOLt |OOa C=ar=]t QO =]N

"OUQ|t Q_v x@ |QwQ[ q=@ CkO =@ |OOa C=ar=]t s=Hv= swRr 'CU=

"R=@ w xOW =D Cr=L wO QO pUw�S "1 pmW

|Q=PoQ=@ QF= pt=m Qw]x@ Ov=wD|tv xLiY |rm}U |Q=PoQ=@ =t= [5w4]"Ov=xO=O s=Hv=
x=oWv=O QO =]N u}= `iQ |=Q@ "Ovm ^=Lr xO=H K]U Q@ =Q x}rkv |xr}Uw lQLDt MQJ
Q=@ p=ta= |=yuwtR; |wQ Q@ |a}Uw C=ar=]t x@ s=Ok= u=QoWywSB |NQ@ 'T=Rv=m

[8�6]"Ov=xOQm x=Q QDU@ Q@ lQLDt |=yMQJ
|=yC}OwOLt w q=@ |=yxv} Ry x@ xHwD =@ 'xv}tR u}= QO C=ar=]t ẁQW wO@ R=
u}= =@ "CU= xOW T=UL= Q=}U@ |OOa C=ar=]t s=Hv= swRr '|y=oW}=tR; C=ar=]t
sDU}U |xv}tR QO Qo}O u=QoWywSB |NQ@ \UwD |OwOLt |OOa C=ar=]t hOy
Q@ xDiQoCQwY |OOa C=ar=]t QDW}@ QO =t= 'CU= xDiQo CQwY pUw�S =@ K}rUD
"Ov=xOW pOt C} RwBt=m CQwYx@ xOvvmKrUt w l =N 'pUw�S x@ KrUt l =N |wQ
|=yQDt=Q=B =@ |m =N =@ ?mQt CQwYx@ xOvvmKrUt w l =N |xawtHt xm =vat u}O@
=yQDt=Q=B u}= Q}}eD u=R}t 'C} RwBt=m VwQ QO "CU= xOW u} Ro}=H QDq=@ |Dtw=kt
u}}aD u; |wQ Q@ xDiQoCQwY |y=oW}=tR; |=yuwtR; QO KrUt l =N Q=DiQ T=U=Q@
T=}kt QO =Q |Oa)@xU |Q=WiV}=tR; u=Q=mty w Bathurst 'p=Ft |=Q@ "CU= xOW
Oa@ =yu; "Ov=xO=O s=Hv= �pUlD CQwYx@� pUw�S x@ KrUt |xU=t |wQ Q@ nQR@
O=yvW}B �CUmW s=ovy QO� pUw�S uwO@ w =@ |}xv=O l =N Qywt |xQ}=O p}rLD R=
|xawtHt |=Q@ 'pUw�S x@ KrUt l =NCtw=ktV}=Ri= uOQm^=LrCyH xm Ov=xOQm
[9]"OwW xO=iDU= (cr) |Qy=_ |oOv@UJ R= C} RwBt=m CQwYx@ xOvvmKrUt w l =N
� l =N C} RwBt=m QO C}tm u}= u}tND CyH |@} QkD |rL x=Q u}vJty =yu;

%�1 |x]@=Q� Ov=xO=O x�=Q= pUw�S
cr = ��3

2 tan(�4 + '
2 ) (1)

|oOWQwYLt Q=Wi ��3 w pUw�S uwQO l =N l =m]Y= |x} w=R ' 'u; QO xm
[9]"CU= pUw�S |=We CyH x@ xDi=}V}=Ri=

��3 |xDi=}V}=Ri= |oOWQwYLt Q=Wi u=R}t u=Q=mty w Henkel u}vJty
[10]%Ov=xOR u}tND 2 |x]@=Q j@=]t =Q
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1� "a ) (2)
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"CU= xOW xO=O u=Wv l}D=tW CQwYx@ l =N w O} Qow�S
Q_v QO AwQDwR}= |]N u=UWm Q=DiQ O} Qow�S u=tr= |=Q@ |R=UpOt u}= QO
CyH QO ?rY p=YD= CQwYx@ 'pUw�S w l =N lQDWt K]U Q=DiQ w xOW xDiQo
"CU= xOW ^=Lr O} Qow�S |xLiY Q@ T=tt CyH QO 2xOvRer � Qvi p=YD= w s�=k
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"1 %R= Ov=CQ=@a =yQDt=Q=B u}= xm 'OwW|t pQDvm 3nv}rB wm Qvi |=yQDt=Q=B =@ w CU=
VvD w ' l =m]Y= |x} w=R "3 'c |oOv@UJ Ctw=kt "2 'k K]U OL=w Q@ |DNU

"�m QF-wt |xOvvmQwYLt

|HvUCLY w x}rw= pOt "2"2
`HQt pOt "1"2"2

w �pU lD� pUw�S pwrU l} x@ KrUt l =N '|OOa pOt |HvUCLY CyH
QO pOt u}= "CU= xOW |R=UpOt FLAC3D Q=Ri=sQv \UwD KrUtQ}e l =N R}v
u=Q=mty w Pokharel \UwD xOWs=Hv= |y=oW}=tR; uwtR; |OOa |R=Ux}@W `k=w
|x@aHu}= "CU= xOW xO=O u=Wv 5pmW QO QwmPtV}=tR; |x@aHC=}�RH [5]"CU=
"CU= 120mm `=iDQ= w 366000mm2 `]kt K]U =@ pmW |a@ Qt 'V}=tR;
"�1 pwOH� CU= 4T=Rv=m |xv=NOwQ |xU=t 'V}=tR; u}= QO xO=iDU= OQwt l =N
|}=ypUw�S R= =yV}=tR; QO w xOW xO=O Q=Qk x@aH RmQt QO pUw�S 'KrUt Cr=L QO
xO=iDU= OQwt pmW|Rwr pwrU "CU= xOW xO=iDU= |Rwr w xQ}=O |UOvy pmW wO =@
|v=UWm pwOt =@ 100mm `=iDQ= w '185 w 260 mm |=yQ]k x@ V}=tR; u}= QO
QwmPt |x@aH QO l =N `=iDQ= w xOW xDW=Po x@aH hm QO xm 'CU= 355 Mpa

l =N w pUw�S 'Q=DWwv u}= QO xDiQoCQwY |OOa |xar=]t QO hOy u}ty =@
pOt x@ |D}r@=k |R=Ux}@W u}= "Ov=xOW |R=Ux}@W |Oa@xU w xv=o =OH CQwYx@
|=ysR}v=mt |x}rm 'C} RwBt=m VwQ |=y=]N hPL Q@ xwqa xm CU= xO=O |OOa
'|R=UpOt VwQ u}= QO "Ovm |R=Ux}@W pt=m CQwYx@ =Q pUw�S |O}rm |Q=DiQ
=Q l =N =@ u; VvmQOv= w pUw�S Q=DiQ xm |@U=vt |}xR=U u=tr= ?=NDv= w CN=vW
x@ KrUt l =N |R=UpOt QO xrLQt u} QD|U=U= 'Ovm |R=Ux}@W wLv u} QDj}kO x@

"CU= pUw�S

l =N =@ u; lQDWt K]U w pUw�S "1"2
CyH 'geogridSEL u=UWm |}xLiY |}xR=U |=yu=tr= R= '|OOa pOt u}= QO
u=wvax@� geogridSEL u=tr= "CU= xOW xO=iDU= pUw�S |xOvvmKrUt |R=Ux}@W
CU= |}xDUwB |v=tr= '�FLAC3D Q=Ri=sQv QO OwHwt |}xLiY u=tr= xU R= |m}
|=Q@ u=tr= u}= "CU}v |WtN Q=@ ptLD x@ QO=k =t= 'Ovm|t ptLD =Q |}=We Q=@ xm

[13]"O} Qow�S u=tr= QO xQo |wQ =yVvD V}=tv "2 pmW

[13]"O} Qow�S |xQo l} Q=DiQ |R=Up;xO}= "3 pmW

[13]"O} Qow�S |}xR=U u=tr= w l =N u}@ lQDWt K]U Q=Owtv "4 pmW
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"QwLt Qy x@ xOQ=w Q=@ |xR=Ov= w =yQwLt |xrY=i ?=NDv= "8 pmW

w Pokharel |y=oW}=tR; C=ar=]t G}=Dv =@ u; R= xOt;CUOx@ G}=Dv '|OOa pOt
u}@ |@U=vt j=@]v= 'QwmPt pmW j@=]t "�7 pmW� CU= xOW xU}=kt [5]'u=Q=mty

"OwW|t xOy=Wt QwmPt |y=oW}=tR; uwtR; w |OOa |R=UpOt G}=Dv
|R=Ux=Q QO pUw�S R= xO=iDU= |=yxv}tR u} QDOQ@ Q=mQB R= |m} xmv}= x@ xHwD =@
|=yQDt=Q=B |UQQ@ w xv}tR u}= QO KrUt l =N OQmrta |xar=]t x@ xt=O= QO 'CU=

"CU= xOW xDN=OQB pUw�S x@ KrUt l =N Q=DiQ QO QF-wt

�x=Q R} Qm =N |R=UpOt� |OOa pOt "3"2
QO pUw�S x@ KrUt l =N |OQ@ Q=m |UQQ@ xar=]t u}= |rY= hOy xm |}=Hv; R=
|ak=w |=ypwrU O=OaD O=H}= '|ak=w \}=QW p=ta= =@ |R=UpOt 'CU= |ak=w T=}kt

"OQ}o|t CQwY C}ak=w Q@ j@]vt 'l =N hrDNt |=yx}q |=Q@ w
x=Q R} Qm =N pOt O=a@= ?=NDv= "1"3"2

QDt 3 6 ZQa =@ �Ov=@� xO=H |DmQL \N l} 'x=Q R} Qm =N pOt O=a@= ?=NDv= CyH
QO "CU= xOW OQ=w u; x@ �uw}t=m � |@=NDv= x}rkv |xr}Uw Q=@ w xOW xDiQo Q_v QO
ZQa u}= R= |t}v uw}t=m pw] QO w Ov=@ pw] QO OwHwt uQ=kD x@ xHwD =@ pOt u}=
|wrH QwLt O=} R |xrY=i x@ xHwD =@ |iQ] R= "CU= xOW ^=Lr QDt 1 8 |va}
QO �swOv=D QwLt� ?ka QwLt \ki 'G}=Dv |Q}PB Q}F-=D sOa w ?ka QwLt R= uw}t=m

"CU= xOW xDiQo Q_v
x=Q R} Qm =N pOt QO |Q=PoQ=@ K]U w O=a@= ?=NDv= "2"3"2

uRw 'O=a@= "CU= xOW ?=NDv= OQ=Ov=DU= uw}t=m Q=@ 'xO=H K]U x@ Q=@ p=ta= CyH
|xt=vu}}; \UwD |O=yvW}B OQ=Ov=DU= uw}t=m T=U=Q@ uw}t=m |=yMQJ |xrY=i w
"OwW|t xOy=Wt 8 pmW QO xm 'CU= xOW ?=NDv= �139 |x} QWv� =ypB |Q=PoQ=@
wrH QwLt |xrY=i '10 m pw] x@ '400KN Q=@ =@ |vw}t=m 'xt=vu}}; u}= QO
QO xm Qw]u=ty "CU= xOW |iQat QDt 3 QwLt ZQa w QDt 6 �swOv=D� ?ka w

[5]"x@aH \Uw QO pUw�S =@ pUlD |=Q@ V}=tR; |x@aH l}D=tW Q}wYD "5 pmW
"T=Rv=m |xv=NOwQ |xU=t l =N |=yQDt=Q=B "1 pwOH

|oOv@UJ |x} w=R XwYNt uRw ?} Q[ |v=UWm pwOt
(KPa) l =m]Y= (kg/m3) uwU=wB (MPa)

1 45 1730 0 33 3 2

"FLAC3D Q=Ri=sQv R= xO=iDU= =@ |y=oW}=tR; pOt |OOa |R=Ux}@W "6 pmW

|L]U QO |Q=PoQ=@ "CU= xOw@ �pUw�S K]U R= QDq=@ 20 mm� 120 mm Q@=Q@
QO w xOW p=ta= xvwtv K]U x@ |v=mrB |=yV}=Ri= =@ 17670mm2 CL=Ut x@

"CU= xOw@ Q}}eD uwO@ Q=@ 'CUWv uOWhkwDt u=tR =D xrLQt Qy
x}rw= |OOa pOt "2"2"2

|=Q@ u=Q=mty w Pokharel V}=tR; T=U=Q@ pOt |xUOvy O=H}= 'VywSB u}= QO
O=a@= =@ pUw�S 'KrUt Cr=L QO "CU= xDiQo CQwY KrUtQ}e w KrUt Cr=L wO
=@ �QDt|r}t 100 `=iDQ= w '185 w 260 |=yQ]k =@� QwmPt Q=DWwv QO xOWQmP
pOt RmQt QO w |R=Ux}@W |Rwr |va} pUw�S pwrU x@ |UOvy pmW u} QDl}ORv
Q} wYD R}v w pUw�S x@ KrUt l =N |OOa pOt '6 pmW QO "CU= xOW xO=O Q=Qk

"CU= xOW xO=O u=Wv pUw�S pwrUlD l}D=tW
|x@aH O=a@= =@ Q@=Q@ pOt O=a@= 'V}=tR;\}=QW =@ |OOa pOt pt=m j=@]v=CyH
|=yRQt QO xm CU= xOW xDiQo Q_v QO CQwY u}O@ pOt |RQt \}=QW w V}=tR;
|}=Hx@=H 'pOt u}}=B QO w C=LiY Q@ OwtaCyH QO |}=Hx@=H 'pOtCU=Q wAJ
pt=m l}DUqB wDUq= |Q=DiQ pOt R= u}vJty "CU= xOW xDU@ CyH xU Qy QO
CLY |UQQ@ CyH w xO=iDU= l =N |=yu=tr= |R=UpOt |=Q@ ?trwm � Qywt
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|}=}
raO

tLt
wu

=QoxR
wmO

}aU "pUw�S TvH "2 pwOH
uwU=wB ?} Q[ (MPa) |v=UWm pwOt Qt}rB ẁv

0 45 200 HDPE

x=Q R} Qm =N |R=UpOt G}=Dv "3
QO pUw�S K}rUD sDU}U OQmrta |xar=]t 'VywSB u}= R= hOy xmv}= x@ xHwD =@
ẁv 'CU= xOw@ �pUw�S R= xO=iDU= |xv}tR u} QDOQ@ Q=mQB u=wvax@� x=Q |=yR} Qm =N

Qw]u=ty� =Pr "CU= xOW xDiQo Q_v QO hOy u}= Q@ j@]vt l =N TvH w |Q=PoQ=@
xOwOLt QO l =N TvH C=ar=]t u}= QO �CU= xOW QmP "4"3"2 VN@ QO xm
XNWt |}xQDUo xm � x=Q T=U=Q} R w T=U= |=yx}q QO xO=iDU= OQwt |=yl =N
QDj}kO |UQQ@ CyH R}v xt=O= QO w [16]'CU= xOW ?=NDv= �OvQ=O xOWh} QaD w
CQwY l =N TvH |=yQDt=Q=B |wQ Q@ C}U=UL p}rLD 'K}rUD sDU}U u}= Q=DiQ
'VywSB u}= QO xO=iDU= OQwt l =N TvH w |Q=PoQ=@ ẁv x@ xHwD =@ =Pr "CU= xDiQo

"CU= x=Q |=yR} Qm =N |x]}L QO G}=Dv Q=@Da= |xQDUo

KrUtQ}e w KrUt Cr=L QO pOt x@ Q=@ p=ta= "1"3
Q=Qk |Q=PoQ=@ CLD KrUtQ}e w KrUt Cr=L QO xOW?=NDv= |=yQDt=Q=B =@ pOt
K]U R= QDu}}=B 5 cm w T=U= |x}q QO pUw�S 'KrUt Cr=L QO "CU= xDiQo
Q} wYD R}v w pUw�S x@ KrUt R} Qm =N pOt '10 pmW QO "CU= xOW xO=O Q=Qk u}tR

"CU= xOW xO=O u=Wv q=@ R= pOt u}=
QO w CU= O=} R T=U= |x}q QO |iQYt Kr=Yt |xv} Ry xmv}= x@ xHwD =@
w OvwW pkDvt 'OvDUy QwO xSwQB pLt R= xm |a@=vt R= xm CU= sRq `k=wt |Q=}U@
|NQ@ QO |DL w OwW|t p}tLD Kr=Yt p=kDv= w ptL CyH |Q=}U@ |=yxv} Ry
|k]=vt QO =Pr 'CU= umttQ}e Kr=Yt p=kDv= w ptL '\}=QW x@ xHwD =@ j]=vt
|=yxOvvmKrUt R= xO=iDU= xm CU=yCOt 'CU}v TQDUO QO ?U=vt Kr=Yt xm
|DL w T=U= |x}qCt=N[Vy=mCyH x=Q |=yR} Qm =NCN=U QO |m}DDv}Uw�S

xm 'CU= xOW ^=Lr pOt QO uw}t=m swOv=D QwLt \ki 'CU= xOW xQ=W= p@k
QDt 1 4 Q@=Q@ QwLt u}= |wrH w ?ka |=yMQJ u}@ |xrY=i '8 pmW j@=]t

[14]"CU=
20 � 35 Q@=Q@ xt=vu}}; u}= |x}YwD T=U=Q@ u}tR =@ =yMQJ T=tD K]U
|xrY=i '8 pmW R}v w T=tD K]U u}= x@ xHwD =@ "CU= xOW ZQi QDt|Dv=U

[14]"CU= xOW ^=Lr QDt|Dv=U 10 Q@=Q@ swOv=D QwLt QO sy Q=vm |=yMQJ
u}tR =@ =yMQJ T=tD Kw]U Q@ j@]vt |Lw]U |wQ Q@ Q=@ 'C=ar=]t u}= QO
OQ=Ov=DU= uw}t=m uRw 'pw= Cr=L QO %CU= xOW p=ta= CQwY wO u}= x@ �9 pmW�
w xOW p=ta= Kw]U u}= Q@ C@=F Q=@ CQwYx@ pB |Q=PoQ=@ |xt=vu}}; T=U=Q@
|=yVN@ QO xm 'CU= xDiQo CQwY hrDNt |=yQDt=Q=B |=Q@ C}U=UL p}rLD
pB |Q=PoQ=@ |xt=vu}}; T=U=Q@ uw}t=m R= |W=v Q=@ "CU= xOW xQ=W= u; x@ |Oa@
40 KN Q@=Q@ =yMQJ R= l} Qy syU xm 'CU= swOv=D QwLt |=Q@ 320KN Q@=Q@
xOQ=w |m}t=v}O Q=@ w uw}t=m Qw@a R= |W=v |x@ Q[ QF= uDiQoQ_vQO |=Q@ "CU= xOW
OwW p=ta= xOQ=w |m}D=DU= Q=@ x@ |@} Q[ O}=@ 5wDW= |xt=vu}}; O=yvW}B T=U=Q@
|r=ta= |m}D=DU= Q=@ �30 ?} Q[ u}= Q=Okt |xv}W}@ "�|m}D=DU= Q=@ Q@ xwqa�
0 3 Q@=Q@ R}v xar=]t u}= QO x@ Q[ QF= ?} Q[ T=U= u}= Q@ xm [15]'CU= xOW x}YwD
Cw=iDt |OQm} wQ =@ G}=Dv |UQQ@ hOy =@ 'swO Cr=L QO "CU= xOW xDiQo Q_v QO
pmW x@ |Q=PoQ=@ �C@=F Q=@ p=ta= |=H x@ |oDN}Uo =D |W}=Ri= |=yQ=@ p=ta=�
=D |v=mrB CQwYx@ Q=@ xm CQwY u}= x@ 'CU= xOW p=ta= QwmPt Kw]U Q@ |Qo}O

"CU= xDi=} V}=Ri= |oDN}Uo |x_Lr
pUw�S TvH "3"3"2

u=}@ 2 pwOH QO pOt u}= QO xO=iDU= OQwt Qt}rB ẁv w pUw�S TvH |=yQDt=Q=B
"CU= xOW

�QDU@ w T=U=Q} R 'T=U=� l =N TvH "4"3"2
l}i=QD Q=@ =@ |y=QoQR@ =@ ?U=vDt T=U=Q} R w T=U= l =N |=yQDt=Q=B xrLQt u}= QO
QO 'Ov=xDiQo Q=Qk |UQ QDU@ |wQ Q@ xm 'p=U QO OQ=Ov=DU= QwLt uw}r}t 20 |L=Q]

"Ov=xOW x�=Q= 2 pwOH QO =yQDt=Q=B u}= [16]"CU= xOW xDiQo Q_v

"|OOa pOt QO uw}t=m Q=@ p=ta= Kw]U "9 pmW

"q=@ R= pUw�S |x}q Q}wYD w pUw�S x@ KrUt R} Qm =N |Oa@xU pOt "10 pmW
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"""|
UQQ

@w
pU

w�Sx
@Kr

Ut
x=Q

|=y
R}Qm

=N|
OOa

p}rL
D"x=Q pOt l =N |=yQDt=Q=B "3 pwOH

|oOv@UJ |x} w=R XwYNt uRw ?} Q[ |v=UWm pwOt Ct=N[ x}q
(KPa) l =m]Y= (kg/m3) uwU=wB (MPa) (cm)

5 40 2100 0 37 200 20 T=U=
5 40 2100 0 38 75 30 T=U=Q} R

100 0 1900 0 45 40 100 QDU@

"sQwD Vy=m CQwYx@ pUw�S R= xO=iDU= =@ |WQ@ |oDN}Uo Vy=m "11 pmW

"pUw�S |Q=DiQ sR}v=mt wO "12 pmW

Qw=Ht |=ypwrU QO OwHwt l =N 'pwrU Qy |=Q@ 'sR}v=mt u}= Q@ xwqa "CU= xOW
O=H}= |xwLv "OwW|t l =N QO QDW}@ Ctw=kt u}t-=D Ea=@ sw=kt Q=Wi O=H}= =@ u;

"CU= xOW xO=O u=Wv ?12 pmW QO sw=kt Q=Wi u}=

|OOa pOt CkO QO lQDWt K]U |=yQDt=Q=B Q}F-=D |UQQ@ "2"3
pUw�S

x@ \w@ Qt pOt QO 'G}=Dv CkO QO lQDWt K]U |=yQDt=Q=B Q}F-=D |UQQ@ CyH
"CU= xDiQo CQwY lQDWt K]U |=yQDt=Q=B |wQ Q@ C}U=UL p}rLD 'x=Q R} Qm =N
'QwmPt |=ypmW j@=]t "CU= xOW x�=Q= 14 w 13 |=ypmW QO |UQQ@ u}= G}=Dv
|oOv@UJ� lQDWt K]U QDt=Q=B wO Qy xm CU= xO=O u=Wv C}U=UL p}rLD u}=
,=@} QkD l =N CUWv x@ \w@ Qt G}=Dv QO '�cs sfric l =m]Y= |x} w=R w cs scoh

"KrUtQ}e w KrUt \}=QW QO l =N |Ov@x}q ẁv wO |=Q@ G}=Dv |xU}=kt "4 pwOH
sQwD |xv}W}@ CUWv |xv}W}@

(mm) (mm)

2 3 8 6 KrUtQ}e QDU@ � T=U=Q} R � T=U=
1 5 7 7 KrUt
3 7 9 6 KrUtQ}e QDU@ � T=U=Q} R
1 9 7 8 KrUt

|=yp=U QO "CU= xOW G}=Q Q=}U@ � xiQY x@ uwQkt |Q=my=Q u=wvax@ � T=U=Q} R
u; |oOvvmQwYLt QF= Cra x@ �pUw�S� |Oa@ xU |=yl}DDv}Uw�S R= xO=iDU= 'Q}N=

[17]"CU= xDiQo Q=Qk xHwD OQwt Q=}U@
QO '10 pmW QO xOWxO=O u=Wv pOt Q@ xwqa 'xOWQmP C=mv x@ xHwD =@
|x}q =@ \ki w T=U= |x}q uwO@ |rOt 'T=U= |x}q hPL hOy =@ VN@ u}=
|x}q QO pUw�S 'KrUt Cr=L QO "CU= xOW xDN=U 30 cm `=iDQ= x@ T=U=Q} R
wO |=Q@ |Q=PoQ=@ G}=Dv "CU= xOW xO=O Q=Qk u}tR K]U R= QDu}}=B 5 cm T=U=Q} R

"CU= xOW x�=Q= 3 pwOH QO 'QwmPt Cr=L
KrUt Cr=L QO CUWv |xv}W}@ 'OwW|t xOy=Wt 4 pwOH QO xm Qw]u=ty
OwW|t xOy=Wt ,=vt[ "CU= 9 6mm Q@=Q@ KrUtQ}e Cr=L QO w 7 8mm Q@=Q@
x=Qty x@ T=U=Q} R KrUt l =N OQmrta |DL OwW|t Ea=@ pUw�S |x}q OwHw xm

"OW=@ QDU@ � T=U=Q} R � T=U= KrUtQ}e l =N R= QDy@ QDU@
QDh}a[ l =N QO CUWv xm CU= u}= xHwD ?r=H |xDmv 'Qo}O CQ=@ax@
Q=_Dv= u=wD|t w CU= QDtm pUw�S uwO@ |wk l =N QO CUWv R= pUw�S x@ KrUt
u=O@ u}= "OW=@ |wk l =N x@=Wt pUw�S x@ KrUt h}a[ l =N Q=DiQ xm CW=O
T=U= |=yx}q |=Q@?U=vt |=yl =N x@|UQDUO u=mt= xm|k]=vt QO xmCU=vat
pUw�S R= xO=iDU= 'OwW|t p=ta= xSwQB x@ |O=} R |=yxv} Ry w CU}v T=U=Q} R w

"OW=@ xOvvmltm Q=}U@ Ov=wD|t
KrUt Cr=L QO l =N sQwD 'OwW|t xOy=Wt 4 pwOH QO xm Qw]u=ty xwqax@
|xOvyOu=Wv 'sQwD uOWsm `k=w QO "CU= KrUtQ}e Cr=L R= QDtm Q=}U@ pUw�S x@
'|Q=PoQ=@ CLD CU )U l =N =Q} R "CU= |rm |WQ@ |oDN}Uo pQDvm QO pUw�S Q}F-=D
h=Q]= l =N QO sQwD CQwYx@ |oDN}Uo u}= w OwW|t |WQ@ |oDN}Uo Q=JO
|Q=PoQ=@ 'pUw�S x@ KrUt l =N Cr=L QO "OwW|t u=}=tv |Q=PoQ=@ CLD |x}L=v
x@ QHvt =Pr w pUw�S |xQ=w}O QO xHwD p@=k |@v=H |=yVvD uOWO=H}= x@ QHvt s�=k
CQwYx@ sR}v=mt u}= "OwW|t l =N sQwDVy=m 'xH}Dv QO w |WQ@ |oDN}Uo pQDvm

"CU= xOW xO=O u=Wv 11 pmW QO xYqN
|oOWQwYLt O=H}= 'pUw�S |Q=DiQ sR}v=mt u} QD|rY= 'OW QmP xm Qw]u=ty
xO=O u=Wv hr=12 pmW QO sR}v=mt u}= "OQ}o|t Q=Qk u; uwQO xm CU= |m =N |=Q@
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}aU

pUw�S x@ KrUt l =N Q=DiQ QO pUw�S uwQO l =N |oOv@UJ u=R}t Q}F-=D "15 pmW
"C@=F Q=@ CLD

[5]"u=Q=mty w Pokharel V}=tR; G}=Dv "16 pmW

"C = 30 kPa |oOv@UJ =@ l =N |=Q@ u=mtQ}}eD � Q=@ Q=Owtv "17 pmW

VwQ hqNQ@ VwQ u}= QO "CU= xOW s=Hv=hrDNt |=y|oOv@UJ =@ =yl =N |wQ
u}= G}=Dv "CU= xDi=} V}=Ri= l =N |oDN}Uo =D Q=@ u=R}t 'xOw@ C@=F Q=@ xm p@k
|=yQDt=Q=B |x}rm 'xrLQt u}= QO "CU= xOW x�=Q= 19 |r= 17 |=ypmW QO =yp}rLD
xDi=} V}=Ri= l =N |oOv@UJ \ki xrLQt Qy QO w xOW xDiQo Q_v QO C@=F l =N

"CU=
xm |}=yQ=@CLD '|oOv@UJV}=Ri= =@ 'OwW|t xOy=Wt Q} w=YD QO xm Qw]u=ty
=yCUWv Vy=m QO |v=OvJ QF= pUw�S 'OvDUy l =N |Q@ Q=@ C}iQ_ R= QDtm |r}N
pUw�S 'l =N |Q@ Q=@ C}iQ_ x@ u; uOWl}ORv w Q=@ V}=Ri= =@ =t= &CU= xDW=Ov
xOW |Q@ Q=@ C}iQ_ V}=Ri= w l =N OQmrta Ow@y@ x@ QHvt w xOW pta OQ=w R}v

"pUw�S OQmrta QO lQDWt K]U l =m]Y= |x}w=R QDt=Q=B Q}F-=D "13 pmW

"pUw�S OQmrta QO lQDWt K]U |oOv@UJ QDt=Q=B Q}F-=D "14 pmW

|xUOvy p}rO x@ pUw�S OQmrta xm CU= u; Qov=}@ ẁ[wt u}= "CU= Q}F-=D|@
O=H}= Ea=@ ,=t}kDUt w CU= lQDWt K]U |=yQDt=Q=B R= pkDUt VOQi x@ QYLvt

"OwW|t l =N |oOWQwYLt

u; OQmrta QO pUw�S uwQO l =N |oOv@UJ Q}F-=D "3"3
|}=yC}U=UL p}rLD 'u; Q=DiQ QO pUw�S uwQO l =N |=yQDt=Q=B Q}F-=D |UQQ@CyH
CUWv u=R}t uDiQoQ_vQO =@� pUw�S =@ K}rUD Q}F-=D OvwQ QO =yQDt=Q=B u}= Q}F-=D u=R}t QO

"CU= xOW u=}@ xt=O= QO u; G}=Dv xm 'CU= xOW s=Hv= �|Q@ Q=@ C}iQ_ w
pUw�S x@ KrUt l =N Q=DiQ QO l =N |oOv@UJ u=R}t Q}F-=D |UQQ@ x@ =OD@=
h} QaD ,q@k xm � OQ=Ov=DU= uw}t=m C@=F Q=@ CLD pw= |xrLQt QO "CU= xOW xDN=OQB
xrLQt u}= |xH}Dv "CU= xOW p=ta= pOt x@ hrDNt |=y|oOv@UJ '�CU= xOW

"CU= xOW xO=O u=Wv 15 pmW QO
pUw�S Q}F-=D '|oOv@UJ V}=Ri= =@ xm OUQ|t Q_vx@ xvwou}= QwmPt pmW j@=]t
w Pokharel G}=Dv x@=Wt |Q}oxH}Dv u}= "CU= xOW QDtm =yCUWv Vy=m QO
CLD =Q xOv@UJQ}e w xOv@UJ l =N ẁv wO OwN Q=DWwv QO =yu; "CU= [5]'u=Q=mty
|xOQ=w Q=@ Q@=Q@ QO CUWv Q=Owtv "OvOw@xO=O Q=Qk �900kPa |xv}W}@ =D� |Q=PoQ=@
QO xm O};|t Q_vx@ xvwou}= "OwW|t xOy=Wt 16 pmW QO =yu; V}=tR; R= pY=L
=yu; "CU= xDW=Ov l =N CUWv Vy=m QO |Q}F-=D pUw�S =@ K}rUD 'xOv@UJ l =N
O=H}= 'pUw�S |=ysR}v=mt R= |m} uwJ xm Ov=xOQm u=}@ xvwou}= =Q j=iD= u}= p}rO
V}=Ri= =@ 'CU= |}xv=O Kr=Yt QO |@v=H |oOWQwYLt QF= Q@ |Qy=_ |oOv@UJ
pk=OL x@ pUw�S R= xO=iDU= C} Rt w xDiQ u}@ R= OQmrta u}= l =N |oOv@UJ

"CU= xO}UQ
Q@ C}U=UL p}rLD Qo}O |WwQ x@ 'G}=Dv u}= CkO w CLY |UQQ@ CyH
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x=Q

|=y
R}Qm

=N|
OOa

p}rL
D

KrUt l =N Q=DiQ QO pUw�S uwQO l =N l =m]Y= |x}w=R u=R}t Q}F-=D "20 pmW
"C@=F Q=@ CLD pUw�S x@

"� = 25 l =m]Y= |x} w=R =@ l =N |=Q@ u=mtQ}}eD � Q=@ Q=Owtv "21 pmW

"� = 40 l =m]Y= |x} w=R =@ l =N |=Q@ u=mtQ}}eD � Q=@ Q=Owtv "22 pmW

x@ QHvt w xOW pta OQ=w R}v pUw�S 'l =N |Q@ Q=@ C}iQ_ x@ u; uOWl}ORv w Q=@
"CU= xOW |Q@ Q=@ C}iQ_ V}=Ri= w l =N OQmrta Ow@y@

OQ=w pUw�S x@ |i=m |wQ}v xm |v=tR =D CiQo xH}Dv u=wD|t Q}N= VN@ wO R=
|v=tR \ki w CU= Q}F-=D|@ l =N OQmrta <=kDQ= QO pUw�S OwHw sOa =} OwHw 'OwWv
OvW=@ |OL QO pUw�S Q@ OQ=w |=ypmWQ}}eD w =yVvD xm CU= O}it u; R= xO=iDU=
l =N QO |oOWQwYLt O=H}= Ea=@ u; QO xOWO=H}= |wQ}v w xOW VWm x@ Q=O=w xm
xDU@ \}=QW u}= "CU= xOW l =N |WWm ha[ Q@ x@re x@ QHvt Qt= u}= w xOW
O=H}= hrDNt |r=ta= |=yQ=@ |xR=Ov= QO l =N |DNU w |Dtw=kt |=yQDt=Q=B x@

"OwW|t

"C = 60 kPa |oOv@UJ =@ l =N u=mtQ}}eD � Q=@ Q=Owtv "18 pmW

"C = 80 kPa |oOv@UJ =@ l =N u=mtQ}}eD � Q=@ Q=Owtv "19 pmW

w Pokharel |y=oW}=tR; uwtR; QO xOt;CUOx@ |xH}Dv Cra `k=w QO "CU=
u; QO xO=iDU= OQwt x=oDUO� CU= xOw@ Q=@ p=ta= QO u=W}= C}OwOLt [5]'u=Q=mty
Q=@ xm p}rO u}= x@ w '�CU= xDW=O Q=@ p=ta= u=mt= 900 kPa |xv}W}@ =D V}=tR;
x@ l =N QO pUw�S 'CU= xOw@ xOv@UJ l =N |Q@ Q=@ C}iQ_ R= QDtm |r}N xOQ=w

"CU= xO=Di}v Q=m

u; OQmrta QO pUw�S uwQO l =N l =m]Y= |x} w=R Q}F-=D "4"3
u=R}t Q}F-=D |UQQ@ x@ 'pUw�S pN=O l =N |=yQDt=Q=B Q}F-=D |=y|UQQ@ |xt=O= QO
"CU= xOW xDN=OQB pUw�S |xOvvmKrUt Q=DiQ QO l =N |rN=O l =m]Y= |x} w=R
hrDNt |=yl =m]Y= |x} w=R 'OQ=Ov=DU= uw}t=m C@=F Q=@ CLD 'pw= |xrLQt QO
xOW xO=O u=Wv 20 pmW QO xrLQt u}= |xH}Dv "CU= xOW ^=Lr pOt l =N |=Q@
xm OUQ|t Q_vx@ xvwou}= 'OwW|t xOy=Wt QwmPt pmW QO xm Qw]u=ty "CU=
Q}F-=D l =N l =m]Y= |x} w=R V}=Ri= =@ '�|oOv@UJ |UQQ@� p@k |xrLQt x@=Wt

"CU= xOW QDtm =yCUWv Vy=m QO pUw�S
|D}U=ULp}rLD QOp@k |xrLQt x@=Wt 'G}=Dvu}=CkO wCLY|UQQ@CyH
|Q=PoQ=@ x@ \w@ Qtp}rLDG}=Dv "CU= xDi=}V}=Ri= l =N|oDN}Uo =D Q=@ u=R}t 'Qo}O
|=yQDt=Q=B |x}rm 'xrLQt u}= QO "CU= xOW x�=Q= 22 w 21 |=ypmW QO|oDN}Uo =D
V}=Ri= l =N l =m]Y= |x} w=R \ki xrLQt Qy QO w xOW xDiQo Q_v QO C@=F l =N

"CU= xDi=}
l =m]Y= |x} w=R V}=Ri= =@ 'OwW|t xOy=Wt QwmPt Q} w=YD QO xm Qw]u=ty
|Q@ Q=@ C}iQ_ R= QDtm |r}N xm |}=yQ=@ CLD '|oOv@UJ Cr=L Ovv=t R}v l =N
V}=Ri= =@ =t= &CU= xDW=Ov =yCUWv Vy=m QO |v=OvJ QF= pUw�S 'Ov=xOw@ l =N
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w `=iDQ= H 'O=OaD N� pUw�S |=yx}q |=Q@ Cw=iDt |=yVv}J G}=Dv "24 pmW
"�pUw�S |=yx}q |xrY=i Sv

U� KrUt l =N OQmrta QO l =N QO pUw�S uwiOt jta Q}F-=D |UQQ@ "25 pmW
"�l =N K]U R= pUw�S |x}q |xrY=i

G}=Dv 'QwmPt pmW QO "CU= OwyWt R}v 24 pmW QO Qt= u}= "OvwW =QH= sy |wQ
l} 'Qo}O CQ=@ax@ "CU= xOW xO=O u=Wv pUw�S |=yx}q |=Q@ Cw=iDt |=yVv}J
xm 'sm `=iDQ= =@ pUw�S |x}q OvJ R= |QDy@ OQmrta 'O=} R `=iDQ= =@ pUw�S |x}q
x@ pUw�S |x}q l} |=QH= OvJ Qy "CW=O Oy=wN 'OvQ}o|t Q=Qk sy R= xrY=i =@

"OW=@ xH=wt |}=yC}OwOLt =@ CU= umtt O=} R `=iDQ=
K]U =D pUw�S |q=@ |xrY=i� l =N QO pUw�S uwiOt jta Q}F-=D "2"5"3

�l =N
=OD@= 'pUw�S uwiOt jta Vy=m =@ 'OwW|t xOy=Wt 25 pmW QO xm Qw]u=ty
uO=OQ=Qk xm CU=vat u=O@ u}= "CU= xDi=} Vy=m TBU w V}=Ri= |Q@ Q=@ C}iQ_
OL R= O}=@v xrY=i u}= |rw 'CU= QDy@ K]U x@ l}ORv pY=wi QO pUw�S
|Q=Okt OwHw xm OQm u=}@ xvwou}= u=wD|t =Q Q=DiQ u}= p}rO "OW=@ QDtm |v}at
wO uOWGQ=N w pUw�S |oORq=@ R= `v=t pUw�S |x}q |wQ Q@ l =N VWwB
u}= xm � OwW|t |Q=PoQ=@ CLD |x}L=v h=Q]= QO l =N R= pUw�S |x}q hQ]
|oDN}Uo |x_Lr QO pUw�S x@ KrUt l =N |=Q@ G}=Q pmWQ}}eD ẁv l} j=iD=
G}=Dv 'pUw�S uDiQoQ=Qk jta uOWO=} R `k=w QO w VWwB u}= V}=Ri= =@ =t= &�CU=
|=yx=Q QO \}=QW u}= xD@r= "OwQ|t V}B KrUtQ}e QDU@ G}=Dv CtU x@ G} QODx@
=@ |=yx=Q QO pUw�S R= xO=iDU= CQwY QO w CU= C}ty= R�=L |R=UwQ uwO@
Oy=wN OwHw uwiOt jta sRq |xv}tm '|Dr=iU; |x}q OwHw Cra x@ '|R=UwQ
O=yvW}B x=Q R} Qm =N K]U u} QDq=@ QO pUw�S uO=OQ=Qk '=yx=Q u}= |=Q@ w CW=O

"OwW|t

l =N QO pUw�S |Q}oQ=Qk |xwLv Q}F-=D "5"3
|} wHxiQY 'l =N OQmrta Ow@y@ Q@ xwqa 'l =N K}rUD R= hOy xmv}= x@ xHwD =@
R}v w x[Qk Kr=Yt |x}yD |xv} Ry Vy=m CyH x@� CU= R}v =yxSwQB |xv} Ry QO
^=Lr x@ xOvvmKrUt |=yx}q |xv}y@ \}=QW u}}aD &�"""w =QH= |=yxv} Ry Vy=m
u}= "CU= C}ty= R�=L Q=}U@ =yu; O=a@= w l =N QO =yu; |Q}oQ=Qk C}a[w 'O=OaD
QO =yu; |Q}oQ=Qk ?U=vt jta w Qo}Om} R= =yx}q uDiQoQ=Qk |xrY=i Ovv=t pt=wa

"CU= xOW |UQQ@ xt=O= QO x=Q |=yR} Qm =N
'p@k |xrLQt QO |@=NDv= R} Qm =N pOt xm |}=Hv; R= CU= K}[wD x@ sRq
pUw�S |=yx}q uO=OxrY=i 'CU= xOW p}mWD �QDU@ w T=U=Q} R� TvH wO R=
QHvt Ov=wD|t jta V}=Ri= u}= "OwW|t =yu; |Q}oQ=Qk |}=yv jta V}=Ri= Ea=@
G}=Dv QO Ov=wD|t j=iD= u}= xm 'OwW l =N ẁv wO QO pUw�S |=yx}q |Q}oQ=Qk x@
=]N pt=a u}= hPL CyH =Pr "Ovm O=H}= =]N G}=Dv Q}UiD QO w OW=@ Q=PoQ}F-=D
hqDN= R= uDiQ}PB Q}F-=D uwO@ w QDj}kO CQwYx@ pUw�S Q=DiQ lQO u=mt= O=H}= w
T=U=Q} R TvH R= w u=Um} pOt QO l =N pm TvH xrLQt u}= QO '=yx}q TvH
xOW x�=Q= xt=O= QO xm |}=yQ=Owtv QO OwW|t u=WvQ]=N "CU= xOW ^=Lr l =N

"CU= xOW u=}@ QDt|Dv=U ?UL Q@ =yx}q `=iDQ= w jta 'xrY=i 'CU=
Qo}Om} x@ C@Uv pUw�S |=yx}q |Q}oQ=Qk ?}DQD w xrY=i Q}F-=D "1"5"3

sy R= pUw�S |=yx}q |Q}oQ=Qk |xrY=i u} QD?U=vt |UQQ@ x@ CtUk u}= QO
pY=wi QO 5 cm `=iDQ= =@ pUw�S |x}q wO xm CQwY u}O@ "CU= xOW xDN=OQB
"CU= xOW p=ta= pOt x@ |oDN}Uo |x_Lr =D Q=@ w xOW xO=O Q=Qk sy R= hrDNt
K]U =D pUw�S |q=@ |xrY=i� pUw�S uwiOt jta Cq=L s=tD QO xrLQt u}= QO
23 pmW QO VN@ u}= G}=Dv "CU= xOW xDiQo Q_v QO 5 cm Q@=Q@ w C@=F �l =N
hrDNt C=a=iDQ= =@ =ypUw�S xmv}= x@ xHwD =@ 'Qo}O hQ] R= "OwW|t xOy=Wt
R= xO=iDU= u=mt= '�QDt|Dv=U """w 15 '10 '7 5 '5 C=a=iDQ= =@� OvDUy OwHwt
=ypUw�S R= xO=iDU= G}=Dv R}v 24 pmW QO "OQ=O OwHw Cw=iDt |=yVv}J =@ =yu;

"CU= xOW xO=O u=Wv hrDNt C=a=iDQ= ẁtHt w Vv}J =@
pUw�S |=yx}q u}@ xrY=i O=H}= 'OwW|t xOy=Wt 23 pmW QO xm Qw]u=ty
R= %OQm u=}@ xvwou}= u=wD|t =Q Qt= u}= p}rO "CU= xOW u; OQmrta h}a[D Ea=@
uO=OxrY=i 'CU= |oOvvmQwYLt 'K}rUD QO pUw�S sR}v=mt u} QDsyt xm |}=Hv;
OQmrta u} QDy@ =Pr w OwW|t sR}v=mt u}= O=H}= QO xikw O=H}=Ea=@ Qo}Om} R= =yx}q
Q@ umtt |xrY=i u} QDtm =@ pUw�S |=yx}q xm Ow@ Oy=wN |]}=QW QO pUw�S

Sv� KrUt l =N OQmrta QO pUw�S |=yx}q u}@ |xrY=i Q}F-=D |UQQ@ "23 pmW
"�pUw�S |=yx}q |xrY=i
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p}rL
DpUw�S R= xO=iDU= 'OwW|t p=ta= xSwQB x@ |O=} R |=yxv} Ry w CU}v T=U=Q} R

"OW=@ xOvvm ltm Q=}U@ Ov=wD|t
G}=Dv hqN Q@ xm CU= xO=O u=Wv l =N |oOv@UJ |wQ Q@ C}U=UL p}rLD "2
pUw�S Q}F-=D sOa R= |m =L xm 'u=Q=mty w Pokharel C=ar=]t R= xOt;CUOx@
R}v q=@ |oOv@UJ =@ |=yl =N |=Q@ |DL [5]'CU= xOw@ xOv@UJ |=yl =N QO
OyO|t Vy=m =Q l =N CUWv w OwW|t l =N |DNU V}=Ri= Ea=@ pUw�S
|oOv@UJ =@ |m =N Cw=iD "OwW|t |Q@ Q=@ C}iQ_ V}=Ri= ?Hwt u}vJty w
CU= |Q=@ Q=Okt QO \ki 'QDtm |oOv@UJ w u=Um} |=yQDt=Q=B =@ |m =N =@ q=@
|x} w=R p}rLD R= xOt;CUOx@ G}=Dv "CU= xOy=Wt p@=k pUw�S QF= u; QO xm

"CU= l =N |oOv@UJ x@ \w@ Qt G}=Dv x@=Wt R}v l =N l =m]Y=
u}= x@ u=wD|t pUw�S uwQO l =N l =m]Y= |x} w=R w |oOv@UJ QF= |@=} RQ= =@ "3
=} OwHw 'OwWv OQ=w pUw�S x@ |i=m |wQ}v xm |v=tR =D xm O}UQ |rm |Q}oxH}Dv
xO=iDU= |v=tR \ki w CU= Q}F-=D|@ l =N OQmrta <=kDQ= QO pUw�S OwHw sOa
xm OvW=@ |OL QO pUw�S Q@ OQ=w |=ypmWQ}}eD w =yVvD xm CU= O}it u; R=
QO |oOWQwYLt O=H}= Ea=@ 'u; QO xOWO=H}= |wQ}v w OwW VWm x@ Q=O=w
x@ xDU@ \}=QW u}= "OwW l =N |WWm ha[ Q@ x@re x@ QHvt TBU w l =N
O=H}= hrDNt |r=ta= |=yQ=@ |xR=Ov= QO l =N |DNU w |Dtw=kt |=yQDt=Q=B
xOy=Wt p@=k QDnQR@ |=yQ=@ QO pUw�S QF= 'QD|wk |=yl =N |=Q@� OwW|t

"�CU=
C@Uv pUw�S |=yx}q |Q}oQ=Qk Cr=L u} QDy@ u}}aD CyH xm |}=y|UQQ@ QO "4
l =N OQmrta u} QDy@ xm CU= OwyWt xH}Dv u}= 'CU= xOt; pta x@ sy x@
Qo}Om} R= |}xrY=i xvwoI}y uwO@ =yu; |Q}oQ=Qk \}=QW QO pUw�S x@ KrUt
"�OvwW =QH= umtt |xrY=i |xv}tm =@ w sy |wQ O}=@ pUw�S |=yx}q� CU=
xDi=} Vy=m TBU w V}=Ri= =OD@= |Q@ Q=@ C}iQ_ 'pUw�S uwiOt jta Vy=m =@ "5
Ea=@ 'K]U x@ l}ORv pY=wi QO pUw�S uO=OQ=Qk xm CU=vat u=O@ u}= "CU=
VWwB |Q=Okt O}=@ 'OQmrta u} QDy@ x@ uO}UQ |=Q@ =t= &OwW|t u; QDy@ OQmrta

"OQ}o Q=Qk u; |wQ Q@ l =N

|Q}oxH}Dv "4
w |iQat l =N K}rUD CyH ,=Q}N= xm OvDUy =yl}DDv}Uw�S `=wv= R= |m} =ypUw�S
'OvQ=O xm |OQix@ QYLvt w |Oa)@ xU |xUOvy x@ xHwD =@ =yu; "Ov=xOW xOQ@ Q=mx@
'OQ}o|t Q=Qk =yu; uwQO xm |m =N |=Q@ =Q |yHwD p@=k |@v=H |oOWQwYLt OvQO=k
|Q}osWJ RQ] x@ =Q OwHwt l =N |DNU w |Dtw=kt X=wN xH}Dv QO w Ovvm O=H}=

"OvyO|t <=kDQ=
|=yC}OwOLt w q=@ |=yxv} Ry x@ xHwD =@ 'xv}tR u}= QO C=ar=]t ẁQW wO@ R=
u}= =@ "Ow@ xOW T=UL= Q=}U@ '|OOa C=ar=]t s=Hv= swRr '|y=oW}=tR; C=ar=]t
K}rUD sDU}U |xv}tR QO u=QoWywSB Qo}O \UwD |OwOLt |OOa C=ar=]t 'hOy
|wQ Q@ xDiQoCQwY |OOa C=ar=]t QDW}@ QO =t= 'CU= xDiQo CQwY pUw�S =@
"CU= xOW pOt C} RwBt=m CQwYx@ xOvvmKrUt w l =N 'pUw�S x@ KrUt l =N
|=yQDt=Q=B =@ |m =N =@ ?mQt CQwYx@ xOvvmKrUt w l =N |xawtHt xm =vat u}O@
=yQDt=Q=B u}= Q}}eD u=R}t C} RwBt=m VwQ QO "CU= xOW u} Ro}=H QDq=@ |Dtw=kt
u}}aD u; |wQ Q@ xDiQoCQwY |y=oW}=tR; |=yuwtR; QO KrUt l =N Q=DiQ T=U=Q@

"CU= xOW
|Q=DiQ sR}v=mt 'pUw�S |Oa)@ xU OQix@ QYLvt |xUOvy x@ xHwD =@ 'u}= OwHw =@
=Pr "CU}v |@=} RQ= p@=k pt=m Qw]x@ 'C} RwBt=m CQwYx@ |R=UpOt QO u; |ak=w
Q@ j@]vt w QDj}kO |WwQ =@ pUw�S x@ KrUt x=Q R} Qm =N |R=UpOt 'VywSB u}= QO
xOW s=Hv= �xv=o =OH CQwYx@ l =N w pUw�S |R=UpOt =@ Q=@ u}rw= |=Q@� C}ak=w

%OvDUy Q=Qk u}= x@ VywSB u}= G}=Dv u} QDsyt "CU=

x@ T=U=Q} R KrUt l =N OQmrta |DL OwW|t Ea=@ pUw�S |x}q OwHw "1
CQ=@ax@ "OW=@ QDU@ � T=U=Q} R � T=U= KrUtQ}e l =N R= QDy@ QDU@ x=Qty
pUw�S x@ KrUt QDh}a[ l =N QO CUWv xmv}= xHwD ?r=H |xDmv 'Qo}O
xm CW=O Q=_Dv= u=wD|t w CU= QDtm pUw�S uwO@ |wk l =N QO CUWv R=
CU=vat u=O@ u}= &OW=@ |wk l =N x@=Wt pUw�S x@ KrUt h}a[ l =N Q=DiQ
w T=U= |=yx}q |=Q@ ?U=vt |=yl =N x@ |UQDUO u=mt= xm |k]=vt QO xm

=yCWwv=B
1. paved road
2. spring-slider
3. coupling spring
4. Kansas river sand
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