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Qy '?}DQD u}ty x@ "�xR=D |=yxvwtv QO f3 w xOQwNr=U |=yxvwtv QO t3� OvQ=O
w OwW|t xDU=m R}v |i=[= VvD u=R}t R= 'O@=}|t Vy=m |oDUmW u=R}t xJ
OvyO|t u=Wv =Q |i=[= VvD u=R}t u} QDtm 'xv=OnvU uwO@ |=yxvwtv C}=yvQO

"�f0 w t0�
=y|vLvt QO VvD u=R}t C=Q}}eD |xOwOLt OQwt QO Qo}O C}ty= R�=L OQwt wO
"O@=}|t V}=Ri= xOQ=w |i=[= VvD 'x@v=Hxty VvD V}=Ri= =@ ',qw= xm CU= u}=
QwmPt |xO}OB p}qO u} QDsyt R= =yxv=O u}@ CU@ w pik O=H}= OUQ|t Q_v x@
u}@ CU@ w pik w l =m]Y= 'OW=@ QDW}@ =yxv=O |oDUmW u=R}t xJ Qy "OW=@
CyH u}= R= &Ovvm ptLD Ovv=wD|t =Q |QDW}@ Q=@ |xOwD w CU= QDW}@ |}xv=O
=@ xmv}= swO |xDmv "OQ}o|t Q=Qk VN@ u}= Q=DiQ Q}F-=D CLD =y|vLvt |xrY=i
=@ xm OwW|t xOy=Wt xOQwNr=U w xR=D |=yxvwtv x@ \w@ Qt |=y|vLvt |xU}=kt
"OyO|t u=Wv |UwULt V}=Ri= xvwtv x@ OQ=w |i=[= VvD Q=Okt 'uU V}=Ri=
w u; |xOW uoty w CN=wvm} w |Ov@xv=O Q}}eD R= |W=v Ov=wD|t Q=DiQ u}= p}rO
=yVvD K]U w Ctw=kt V}=Ri= w O=wt CU@ w pik w l =m]Y= V}=Ri= xH}Dv QO

"OW=@
5 w 4 |=ypmW QO =yxvwtv VvQm � VvD |=yQ=Owtv |rm |xU}=kt
=yu; QO xm |}=yxvwtv |vLvt 'x@v=Hxty |=yVvD |t=tD QO xm OyO|t u=Wv
Q}=U x@ C@Uv u=mt u} QDq=@ QO 'Ov=xOW \wrNt |oDUmW �60 =@ =yxv=OnvU
|=yxv=OnvU =@ xOW \wrNt |=yxvwtv |vLvt ?}DQD x@ TBU w =y|vLvt
VN@ uwO@ s=N |=yxvwtv |vLvt C}=yvQO w |oDUmW �15 w �40 |=Q=O
ẁ[wt u}= xm 'Ov=xDiQo Q=Qk =y|vLvt Q}=U x@ C@Uv pLt u} QDu}}=B QO |FvN
u}@ CU@ w pik V}=Ri= QO |FvN VN@ Kw]U |Q@ R w OwHw Q}F-=D p}rO x@
VN@ Q}F-=D |UQQ@ CyH "CU=yxvwtv |WQ@ Ctw=kt V}=Ri= xH}Dv QO w |}xv=O
|i=[= VvD |=yQ=Owtv 'xr=@ R |WQ@ Ctw=kt QO u; |oDUmW u=R}t w |FvN
6 pmW QO hrDNt |=yVvQm QO |FvN O=wt |oDUmW OYQO p@=kt QO
|x@v=Hxty VvD Kw]U QO |FvN VN@ QDW}@ Q}F-=D p}rO x@ "OwW|t xOy=Wt
xOW x�=Q= 300kPa |x@v=Hxty VvD \}=QW |=Q@ xOWQmP |=yQ=Owtv 'QDq=@

"CU=
xv=OnvU uOQm xi=[= =@ xm OwW|t xOy=Wt 6 pmW |=y|vLvt |UQQ@ =@

"|FvN VN@ |oDUmW OYQO p@=kt QO |i=[= VvD Q=Owtv "6 pmW

65



"""Q
=DiQ

QO|
FvN

VN
@OQ

mrt
aQ}

F=D|
@=}RQ

=

"�30 w �20 '�10 VvQm K]U 3 |=Q@ |i=[= VvD Q@=Q@ QO QDlJwm |rY= |=yVvD Q=Owtv "7 pmW

|oDUmW�60|=Q=O|xv=OnvU =@ xR=D|xvwtv|=Q@ Qywt|xQ}=O|xvwtv "8pmW
"QF-wt VvD |=yQDt=Q=B ?UL Q@

Ea=@ |FvN VN@ OwHw xm OyO|t u=Wv G}=Dv C=Q}}eD |rm OvwQ "CU= xOW x�=Q=
u=R}t w |FvNVN@ pmW 'u; Q@ xwqa w OwW|t xr=@ R |xOwD |WQ@Ctw=ktV}=Ri=
Q=PoQ}F-=D xr=@ R |xOwD |WQ@ Ctw=kt QO R}v xOW QmP VN@ Kw]U |tQv w |Q@ R
Q=DiQ QO u; pmW Q}F-=D '��15� xOwD pm QO |FvN VN@ OwOLt syU OwHw =@ "CU=
|oOv@UJ w �100 R= V}@ =D =Q |rN=O l =m]Y= |x} w=R w CU= xHwD p@=k xOwD

"OyO|t V}=Ri= �50 R= V}@ =Q
|=yV}=tR;T=U=Q@ xOW x@U=Lt|WQ@Ctw=kt|=yQDt=Q=B '9pmW|=yQ=Owtv
w xv=OnvU uOwRi= uwO@ Cr=L QO xOQwNr=U w xR=D |=yxvwtv |=Q@ =Q |QwLtxU
u=Wv hrDNt |=y|oDUmW OYQO =@ xv=OnvU uOwRi= |=yCr=L u}vJty

|WQ@ Ctw=kt |=yQDt=Q=B Q}}eD OvwQ "2"6
'xr=@ R |=yxvwtv |=Q@ VvQm � VvD |=yQ=Owtv QO |oDN}Uo |x]kv u}}aD |=Q@
xm OUQ|t Q_v x@ w CU= xOW O=yvW}B u=QoWywSB \UwD |irDNt |=yQ=}at
|WQ@Ctw=kt Q=DiQ C=ar=]t QO "OQ=Ov OwHw ẁ[wt u}= |xQ=@ QO |at=H Q_vj=iD=
u}}aD |=Q@ �15 VvQm R= [27�25w21'19]'u=QoWywSB R= |O=} R O=OaD \UwD xOW s=Hv=
x@ xHwD =@ R}v Q[=L VywSB QO "CU= xOW xO=iDU= xr=@ R |WQ@ Ctw=kt |=yQDt=Q=B
|=yQ=Owtv QO Gw= |x]kv ẁkw sOa w �30 |=yVvQm =D =yVvD V}=Ri= |Q}oxR=Ov=
QO |oDN}Uo |x]kv Q}_v VvD |=Q@ �15 VvQm K]U \}=QW 'VvQm � VvD

"CU= xOW xDiQo Q_v QO |WQ@ Ctw=kt |=yQDt=Q=B |x@U=Lt
l =N VWwB R= xO=iDU= Cra x@ xm OvDW=O Q=y_= [21]'u=Q=mty w |Q=OtDa} QW
V}@ pmWQ}}eD O=H}= 'xr=@ R |=yx}q =@ u; T=tD w =yuiO RmQt |wQ |}=yv |x}q QO
|x}q uO=Di= Q=m R= w |oDN}Uo 'lQD O=H}= Ea=@ Ov=wD|t xr=@ R |x}q QO �15 R=
QO pw@k p@=k pmWQ}}eD |q=@ OL '�15 VvQm CyH u}= R= w OwW l =N VWwB
sUQ Qywt Q}=wO R= |}xvwtv '8 pmW QO "OwW|t ?wULt =yuiO RmQt OQmrta
Q=Okt =@ xv=OnvU uOwRi= =@ xR=D |=yxvwtv |=Q@ xOt; CUOx@ G}=Dv T=U=Q@ xOW

"OwW|t xOy=Wt pm VvD |=yQDt=Q=B T=U=Q@ �60 |oDUmW
|=Q@?trwm � Qywt VwB T=U=Q@ =yxvwtv|WQ@Ctw=kt |=yQDt=Q=B '4 pwOH QO
|=yCr=L u}vJty w xv=OnvU uOwRi= uwO@ Cr=L QO xOQwNr=U w xR=D |=yxvwtv
xmv}= x@ xHwD =@ "CU= xOW x�=Q= hrDNt |=y|oDUmW OYQO =@ xv=OnvU uOwRi=
w pm VvD |=yQDt=Q=B 'CU= xOW |Q}oxR=Ov= V}=tR; u}L QO |}xQiL ?; Q=Wi
=yxvwtv R= l} Qy |=Q@ |oOv@UJ w |rN=O l =m]Y= |x} w=R Q}O=kt w QF-wt VvD
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yt "�xr=U 9� xOQwNr=U w xR=D |=yxvwtv |WQ@ Ctw=kt |=yQDt=Q=B Q}O=kt "4 pwOH
l =m]Y= |x} w=R |oOv@UJ |oDUmW OYQO VN@ Q=Okt Ctqa � ẁv� xwQo�xHQO� |rN=O �p=mU=Bwr}m � |=yxv=OnvU �OYQO� |FvN |Q=YDN= xvwtvQFwt pm QFwt pm |FvN VN@
25 6 12 6 8 1 10 8 � 0 t0

xOQwNr=U37 8 18 3 6 0 15 6 15 15 t1
39 9 22 4 11 7 18 1 40 15 t2
43 0 27 5 14 7 16 5 60 15 t3

9 7 6 6 12 9 14 3 � 0 f0

xR=D17 9 13 9 17 7 18 3 15 15 f1
22 3 16 6 18 4 20 0 40 15 f2
27 6 20 0 16 0 20 3 60 15 f3

p@=k Cw=iD p}rO x@ ẁ[wt u}= xm OUQ|t Q_v x@ �[9]'u=Q=mty w QD} Q=@� xOW VQ=Ro
|r; O=wt VN@ xHwD p@=k syU w xar=]tOQwt |xr=@ R |=yxvwtv |=y?}mQD QO xHwD
|WQ@ Ctw=kt |=yQDt=Q=B C=Q}}eD [26]'u=Q=mty w |OQ "OW=@ =yxvwtv QO Q}PBO=Ui w
w |awvYt |xr=@ R R= w |UQQ@ =Q x} RHD hrDNt pL=Qt QO |QyW Ot=H |=yxr=@ R
xO=iDU= x} RHD hrDNt pL=Qt QO xr=@ R |=yxvwtv |UQQ@ |=Q@ QwDm ;Qw}@ uiO RmQt
|rN=O l =m]Y= |x} w=R 'xr=@ R |x} RHD pL=Qt CiQW}B =@ xm OvDW=O Q=y_= w OvOQm
|=yl =N OwHw w |m =m]Y= Kr=Yt OwHw sOa '=yv; |xO}ka x@ "O@=}|t Vy=m
CiQW}B =@ |rN=O l =m]Y= |x} w=R Vy=m w |oOv@UJ V}=Ri= Ea=@ 'xOv@UJ
C=ar=]t QO xOW xOy=Wt Q=DiQ QO CQ}=et xm OvDW=O Q=y_= u}vJty "OwW|t x} RHD
<=RH= Qw[L sOa w |oOWOQN p}rO x@ O}=W 'u}W}B C=ar=]t R= |NQ@ G}=Dv =@ =yv;

"OW=@ |awvYt |=yxr=@ R |=yxvwtv QO h=}r= pFt xOvvmKrUt
w xR=D |=yxvwtv Cr=L QO pm w QF-wt |=yQDt=Q=B u=}t hqDN= 'Qo}O |xDmv
pY=L QF-wt w pm |=yQDt=Q=B Q}O=kt u}@ xOW x�=Q= G}=Dv T=U=Q@ "CU= xOQwNr=U
OQ=O OwHw |iqDN= 'xOQwNr=U w xR=D |xr=@ R |=yxvwtv |wQ =yV}=tR; G}=Dv R=
hqDN= u}= w CU= VQ@ |xrLQt |] QO |}xQiL ?; Q=Wi V}=Ri= R= |W=v xm
hqDN= u=R}t 'u; Q@ xwqa &CU= QDW}@ |rN=O l =m]Y= |x} w=R QDt=Q=B G}=Dv QO
xR=D |=yxvwtv R= QDW}@ xOQwNr=U |=yxvwtv QO QF-wt w pm |rN=O l =m]Y= |x} w=R

"CU=

|Q}oxH}Dv "7
|WQ@ Ctw=kt |=yQDt=Q=B QO |FvN VN@ Q}F-=D |UQQ@ Qw_vt x@ 'Q[=L VywSB QO
w xR=D |QyW Ot=H |=yxr=@ R xvwtv wO 'xOQwNr=U w xR=D |QyW Ot=H |=yOv=tUB
Q=Okt =@ =yxvwtv 'Qw_vt u}= |=Q@ "OvOW xar=]t u=QyD lR} Qym uiO RmQt R= xr=U 9
w �40 '�15� hrDNt |=y|oDUmW OYQO =@ xv=OnvU ẁv 3 R= |vRw �15
|R=UR=@ |=yxvwtv |wQ Q@ T=}ktnQR@ |QwLtxU |=yV}=tR; w \wrNt '��60

%CU= KQW u}= x@ =yu; |Ov@`tH xm 'OW s=Hv= xOW
Ctw=kt V}=Ri= Ea=@ xOQwNr=U w xR=D |xr=@ R |=yxvwtv QO |FvN VN@ OwHw ��
O=H}= |rN=O l =m]Y= |x} w=R OWQ CQwYx@ ,=DOta xm OwW|t xOwD |WQ@
|oDN}Uo QO |FvNVN@ OwHw R= |W=v |i=[=VvDV}=Ri= u}vJty &OwW|t

OYQO =@ xOQwNr=U w xR=D |=yxvwtv |Dtw=kt |=yQDt=Q=B C=Q}}eD OvwQ "9 pmW
"|FvN VN@ |oDUmW

=yQDt=Q=B 'V}=tR; s=Hv= u}L QO |}xQiL ?; Q=Wi |Q}oxR=Ov= x@ xHwD =@ "OvyO|t
|oOv@UJ w |rN=O l =m]Y= |x} w=R Q}O=kt w x@U=Lt QF-wt VvD w pm VvD |=Q@
w (�)t |=yQDt=Q=B '=yu; QO xm &CU= xOW x�=Q= QwmPt pmW QO =yxvwtv R=l} Qy |=Q@
xOQwNr=U |=yxvwtv x@ \w@ Qt |oOv@UJ w |rN=O l =m]Y= |x} w=R ?}DQD x@ (c)t
\w@ Qt |oOv@UJ w |rN=O l =m]Y= |x} w=R ?}DQD x@ (c)f w (�)f |=yQDt=Q=B w

"OvDUy xR=D |=yxvwtv x@
|rN=O l =m]Y= |x} w=R xm OwW|t x_Lqt 9 pmW |=yQ=Owtv x@ xHwD =@
|oDUmW u=R}t xJ Qy w xDi=} V}=Ri= �xv=OnvU� |FvN VN@ uOwRi= =@ �'�
u}= |rY= p}rO "CU= xOw@ QDW}@ R}v �'� V}=Ri= 'CU= xOW QDW}@ =yxv=OnvU
QO "OW=@ =yxv=OnvU =@ xr=@ R C=QP CU@ w pik V}=Ri= R= |W=v Ov=wD|t Qt=
CU@ w pik u=R}t '|Ov@xv=O uOW uoty w uOW QDR} Q p}rO x@ xOQwNr=U |=yxvwtv
<=RH= VRer Vy=m Ea=@ '|r; O=wt Vy=m u}vJty w xOw@ QDW}@ O=wt l =m]Y= w
QF-wt |rN=O l =m]Y= |x} w=R V}=Ri= u=R}t u}=Q@=v@ "CU= xOW O=wt l =m]Y= w

"CU= xR=D |=yxvwtv R= QDW}@ xOQwNr=U |=yxvwtv QO
xm OwW|t xOy=Wt xOt; CUOx@ G}=Dv T=U=Q@ �c� |oOv@UJ QDt=Q=B OQwt QO
Q=Okt QO |OwOLt V}=Ri= Ea=@ 'hrDNt |=y|oDUmW OYQO =@ xv=OnvU OwHw
\=@DQ= sOa |OQ=wt QO ẁ[wt |vi C=}@O= QO xJQo = "CU= xOW xOwD |oOv@UJ
|xr=@ R |=yxvwtv |oOQwNr=U =} w x} RHD |xHQO '=y?}mQD =@ |oOv@UJ QDt=Q=B u}@
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=uoty=v |xOwD QO |FvN VN@ O=wt xm CW=O Q=y_= u=wD|t ẁtHt QO
VvQm � VvD Q=DiQ w |WQ@ Ctw=kt QO |yHwD p@=k Q}F-=D '|QyW Ot=H |=yxr=@ R
xOwNr=U w xR=D |=yxr=@ R |xOwD Q=DiQ QO R}v u; Kw]U |Q@ R u=R}t w sQi w OQ=O u;

"CU= Q=PoQ}F-=D

s�qa CUQyi
&|FvN VN@ uwO@ xR=D |xvwtv %f0

&|oDUmW �15 =@ xv=OnvU uOwRi= =@ xR=D |xvwtv %f1
&|oDUmW �40 =@ xv=OnvU uOwRi= =@ xR=D |xvwtv %f2
&|oDUmW �60 =@ xv=OnvU uOwRi= =@ xR=D |xvwtv %f3

&|FvN VN@ uwO@ �xr=U 9� xOQwNr=U |xvwtv %t0
&|oDUmW �15 =@ xv=OnvU uOwRi= =@ xOQwNr=U |xvwtv %t1
&|oDUmW �40 =@ xv=OnvU uOwRi= =@ xOQwNr=U |xvwtv %t2
"|oDUmW �60 =@ xv=OnvU uOwRi= =@ xOQwNr=U |xvwtv %t3

QDW}@ |}xv=O u}@ CU@ w pik p}rO x@ VvQm QDq=@ Kw]U |=Q@ 'xr=@ R |xOwD
"CU=

QO |yHwD p@=k Qw] x@ u; Kw]U |tQv w |Q@ R u=R}t w |FvN VN@ pmW ��
=@ xm |Qw] x@ &CU= Q=PoQ}F-=D u; VvQm � VvD Q=DiQ w xOwD |WQ@ Ctw=kt
xr=@ R |xOwD |WQ@ Ctw=kt '|FvN VN@ QO |L]U |Q=wty=v w |Q@ R V}=Ri=

"CU= QDOwyWt |rN=O l =m]Y= |x} w=R QO xm O@=}|t V}=Ri=
|=yxvwtv QO xm OyO|t u=Wv xOQwNr=U w xR=D |=yxvwtv |=yQ=DiQ |xU}=kt ��
|UwULtV}=Ri= 'xvwtv x@ OQ=w|i=[=VvDC=Q}}eD |xOwOLt w u=R}t 'xOQwNr=U
w CN=wvm} w |Ov@xv=O QO Q}}eD R= |W=v Ov=wD|t u; p}rO xm OyO|t u=Wv =Q
|=yxvwtv QO =yxv=O CU@ w pik w l =m]Y= V}=Ri= 'xH}Dv QO w u; uOW uoty

"OW=@ xOQwNr=U
|FvN O=wt s}kDUt Q}F-=D u=wD|t =yxvwtv |WQ@ Ctw=kt C=Q}}eD OvwQ |UQQ@ =@ ��
=@ 'QwmPt Ctw=kt u=R}t xm |Qw] x@ &Ow@ Oy=W |WQ@ Ctw=kt V}=Ri= QO =Q

"CU= xO=O u=Wv |QDTwULt OWQ O=wt |oDUmW OYQO V}=Ri=

=yCWwv=B
1. municipal solid waste (MSW)
2. soil-like
3. interlocking
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