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xOW QDW}@ Vy=m OvwQ u; R= TB =t= 'Ovm|t |v}@V}B |@ wN x@ =Q |Q=OQ@ Q=@ |=OD@=
R= QDtm xOW|v}@V}B |WQ@ VvD Q=Okt '|Q=OQ@ Q=@ |=yDv= QO xm |DQwY x@ 'CU=
|WQ@ VvD Q=Okt 'OOHt |Q=PoQ=@ |=yDv= QO R}v w xOw@ xOW|Q}oxR=Ov= |WQ@ VvD
|=ypm}U QO OvwQ u}= =t= 'CU= xOw@ xOW|Q}oxR=Ov= Q=Okt R= QDW}@ xOW|v}@V}B
l}ORv xOW|v}@V}B w xOW|Q}oxR=Ov= |=y|vLvt ,=@} QkD w CU= xDi=} Vy=m |Oa@
\UwD |}=Q}t uOW|v}@V}B OL R=V}@ u=wD|t =Q Q=DiQ u}= p}rO "OvDUy Qo}Om} x@
u=QoWywSB |NQ@ =Q ẁ[wt u}= xm 'CUv=O nQR@ |=yVvQm QO nv}U}t u}v=wk
u=Wv s�=k QF-wt VvD Q@=Q@ QO |WQ@ VvD |=y|vLvt [7]"Ov=xOQm O}m -=D sy u}W}B
w |rm}U |Q=PoQ=@ |] QO QF-wt VvD Vy=m OvwQ '|O=yvW}B pOt xm OvyO|t

"Ovm|t |v}@V}B |@ wN x@ =Q |}xQiL ?; Q=Wi V}=Ri=

Qw} Q QR}=Qi |xU=t "2"5
x@ pQDvm � VvD |rm}U |xO=U VQ@ V}=tR; QO xOWxO=iDU= Qw} Q QR}=Qi |xU=t
Q@=Q@ |DN=wvm} ?} Q[ w =yxv=O \UwDt Q]k 'pNrND |xv}tm w xv}W}@ |=Q=O ?}DQD
80 w 40 |@Uv sm =QD QO =yV}=tR; u}= "CU= mm 1 6 w 0 26 '0 62 '0 94
[47]"Ov=xOW s=Hv= CSR 0 8-0 3 w kPa 200 w 100 |x@v=Hxty VvD w OYQO
|xU=t |=Q@ =Q xOW|v}@V}B w |y=oW}=tR; |vLvt G}=Dv |xU}=kt '8 pmW
xOW|v}@V}B |WQ@ VvD |=yQ=Owtv |xU}=kt "OyO|t u=Wv sm =QDt Qw} Q QR}=Qi
,=@} QkD |O=yvW}B pOt '|}=OD@= |=ypm}U QO xm OyO|t u=Wv |y=oW}=tR; w
w |}xQiL ?; Q=Wi xi=[= V}=Ri= =@ u; R= TB =t= 'OQ=O =Q |rw@k p@=k |v}@V}B

"(Dr = �80; P 0 = 100 kPa) Qw} Q QR}=Qi |xU=t � xOW|v}@V}B w xOW|Q}oxR=Ov= |=y|vLvt |xU}=kt "8 pmW
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"(Dr = �40; P 0 = 100 kPa) Qw} Q QR}=Qi |xU=t xOW|v}@V}B w xOW|Q}oxR=Ov= |=y|vLvt |xU}=kt "9 pmW
"p}rLD |=Q@ xOWu}}aD |=yQDt=Q=B "5 pwOH

G0 (Pa) � S 
(r) �ru �ru wliq (j=m3) xU=t
5 23 E+07 1 64 0 64 3 00 E-04 0 845 0 36881 510 5298 (Dr = �23; P 0 = 55 kPa) =Qw}=D
1 03 E+08 1 496 0 845 8 33 E-04 0 845 0 0901 4145 87 (Dr = �75; P 0 = 105 kPa) =Qw}=D
6 78 E+07 1 445 0 855 4 29 E-04 0 45 0 2 1121 985 (Dr = �40; P 0 = 100 kPa) Qw} Q QR}=Qi
7 93 E+07 1 209 0 934 5 99 E-04 0 45 0 03 17191 86 (Dr = �80; P 0 = 100 kPa) Qw} Q QR}=Qi

|v}@V}B |=Q@ '|}xRQr |Q=PoQ=@ u}L QO l =N Ctw=kt w |DNU Vy=m |}=v=wD =@
l =N |=yQDt=Q=B "CU= xOW x�=Q= =yxrRrR R= |W=v |}xQiL ?; Q=Wi w |}=Qov=wQ
|SQv= w |WQ@Ctw=kt |xv}W}@ '|WQ@ pwOt |xv}W}@ p}rLD w x} RHD |=Q@ R=}v OQwt
'|@Uv sm =QD 'pNrND OvtR=}v =yQDt=Q=B u}= u}}aD |=Q@ xm 'OvDUy |}=Qov=wQ |=Q@ sRq
|=yQDt=Q=B u}}aD Qw_vt x@ u}vJty w 's}DUy x@v=Hxty VvD w 'XwYNt sQH

"s}DUy l =N |DrmU= |vLvt OvtR=}v 'uw}U=Q@}r=m
|r=N wD |xv=wDU= |rm}U V}=tR; G}=Dv |R=UpOt =@ |O=yvW}B pOt OQmrta
VvD |rm}U |xO=U VQ@ V}=tR; w =Qw}=D |xU=t |wQ Q@ pQDvm VvQm 'xO=U VQ@
|}=yxvwtv |R=UpOt "CU= xDiQo Q=Qk xar=]t OQwt Qw} Q QR}=Qi |xU=t |wQ Q@ pQDvm
|t=tD QO u=wD|t xOWx�=Q= pOt R= xm CU= xOQm XNWt hrDNt VvQm K]U =@
|xv=DU; VvQm R= QDtm |=yVvQm QO 'xOWx�=Q= pOt "OQm xO=iDU= VvQm Kw]U
VvQm u}@ =t |=yVvQm QO 'Ovm|t |v}@V}B l =N |=Q@ =Q |]N Q=DiQ '|]N
|v}@V}B l =N |=Q@ =Q Ci)= uwO@ w |]NQ}e Q=DiQ '|tHL w |]N |xv=DU;
=@ x=Qty |]NQ}e Q=DiQ '|tHL |xv=DU; VvQm R= QDnQR@ |=yVvQm QO w 'Ovm|t
|y=oW}=tR; G}=Dv =@ |R=UpOt G}=Dv |xU}=kt "Ovm|t |v}@V}B l =N |=Q@ =Q Ci)=
|Q=PoQ=@ |] =yxU=t Q=DiQ |R=Ux}@W |}=v=wD 'xOWx�=Q= pOt xm CU= xO=O u=Wv
|=Q@ nv}U}t |xDi=}xaUwD u}v=wk R= xmv}= x@ xHwD =@ u}vJty w OQ=O =Q |rm}U
QO u}v=wk u}= w CU= xOW xO=iDU= OOHt |Q=PoQ=@ � |Q=OQ@ Q=@ Q=DiQ h}YwD

u=ty u}=Q@=v@ "Ovm|t |iQat =Q p}rLD |=Q@ xOWu}}aD |=yQDt=Q=B '5 pwOH "OQ=O
|v}}aD p@=k w lOv= |=yQDt=Q=B 'xOWx�=Q= |O=yvW}B pOt 'OwW|t xOy=Wt xm Qw]
xm Qw]u=ty u}=Q@=v@ "OvyO|t u=Wv =Q |R=UpOt G}=Dv '9 |r= 5 |=ypmW "OQ=O
"Ovm|t |v}@V}B |@ wN x@ =Q l =N MU=B OvwQ |O=yvW}B pOt 'OwW|t xOy=Wt

|Q}oxH}Dv "6
u} QDsyt "OvwW|t QF-wt VvD w pm VvD p}rLD ẁv wO pt=W |m}t=v}O |=yp}rLD
sw=Ot w xOvwQV}B Vy=m uOWvxDiQo Q_v QO u=wD|t =Q pm VvD VwQ ha[
O=H}= Ea=@ OwN u}= xm 'CUv=O |}xQiL ?; Q=Wi V}=Ri= QF= QO l =N Ctw=kt
Q=Wi |xJN} Q=D |x@U=Lt x@ QO=k VwQ u}= ,=Da}@] u}vJty "OwW|t G}=Dv QO =]N
'?wr]t G}=Dv x@ uDi=}CUO Qw_vt x@ u}=Q@=v@ "CU}v hrDNt \=kv QO |}xQiL
Q_v QO |rm}U |Q=PoQ=@ |] l =N |ak=w \}=QW u; QO xm s}DUy |WwQ OvtR=}v
Q=Wi OOHt `} RwD w hqD= 'O}rwD |v}@V}B |}=v=wD 'QF-wt VvD VwQ "OwW xDiQo
|rm}U |Q=PoQ=@ |] 'l =N Ctw=kt sw=Ot w xOvwQV}B Vy=m R}v w |}xQiL ?;
|xO}OB |R=Ux}@W QO u=wD|t u; R= xm QF-wt VvD pOt 'xar=]t u}= QO "OQ=O =Q
|Q=DN=U pOt xm CQwY u}O@ "CU= xOW |iQat 'OQm xO=iDU= l =N |}=Qov=wQ
w |WvQm |SQv= |=v@t Q@ |}xQiL ?; Q=Wi pOt =@ x=Qty |}xOWxO=U l}rw@ QB}=y

62



3 2
|xQ

=tW
'32

�2
|xQ

wO-
�13

95
R}}=B

�'h
}QW

u=Qt
a|

UOv
yt w OQ=O u}}aD p@=k w lOv= |=yQDt=Q=B w 'xO=U 'Q=DWwv u}= QO xOWx�=Q= pOt

'CU= |SQv= hqD= T=U=Q@ xm CU= u}= xOWx�=Q= pOt syt |=yx@vH R= |m} R}v
CLD =yxU=t QO |}xQiL ?; Q=Wi xi=[= |x@U=Lt |=Q@ u; R= u=wD|t u}=Q@=v@
Q=Wi pOt u}vJty "OQm xO=iDU= |}xRQr w |rm}U '|iO=YD 's_vt |=y|Q=PoQ=@
X=N V}=tR; VvD Q}Ut x@ xH}Dv QO w CU= xOWhrD |SQv= |=v@t Q@ |}xQiL ?;

"CU}v \w@ Qt
xO=U pOt u}= R= u=v}t]= =@ u=wD|t xm OyO|t u=Wv xar=]t u}= G}=Dv u}=Q@=v@

"OQm xO=iDU= |}=Qov=wQ O=ONQ |@=} RQ= Qw_vt x@ u}tR MU=B |]NQ}e p}rLD QO

|v}@V}B C}ak=w R= QDW}@ w QDtm =Q |}=Q}t ?}DQD x@ nQR@ w lJwm |=yVvQm
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|Q=PoQ=@ |] |Pivt ?; Q=Wi O}rwD XwYN x@ w '|WvQm |SQv= '|DNU w Ctw=kt
=yxU=t |=Q@ [4]'u=Q=mty w u=} QiaH |}xQiL ?; Q=Wi pOt R}v w OQ=O =Q |}xRQr
xmv}= x@ xHwD =@ ,=vt[ "CU= O=tDa=p@=k xv=OR} Q OYQO w sm =QD hrDNt Q}O=kt =@
|}xQiL ?; Q=Wi xi=[= 'OQ}o|tv Q_v QO =Q �`=UD=� |rm}U lQLD xOWx�=Q= pOt
|rw@k p@=k MU=B pOt w CU= xDiQov Q=Qk C}OwOLt u}= Q}F-=D CLD xOW|v}@V}B

"OyO|t x�=Q= =Q

=yCWwv=B
1. modi�ed Kondner { Zelasko
2. degradation index functions
3. Toyoura sand
4. Masing rule
5. Fraser river sand
6. non-degradable
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