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u=OvJ QwmPt Kr=Yt ẁv xU Q=DiQ |xU}=kt O}=W u}=Q@=v@ "CU= xDW=O =Q Ctw=kt
w |Q@ R '=yxv=OovU K]U VWwB w �=yxv=O� C=QP pmW xm =QJ 'OW=@v CUQO
|=yxv=O K]U OwQ|t Q=_Dv= "CU= Cw=iDt Qo}Om} =@ =yu; K]U VWwB TvH
QDxOvvmW =yxv=O K]U VWwB p=Lu}aQO '�10 pmW� OW=@ QDQ@ R |Di=} R=@ uD@

"OW=@
"OW Oy=wN O} Qow�S w Qo}Om} =@ =yu; QDW}@ |Q}oQO Ea=@ =yxv=O K]U |Q@ R
|Q}oQO xm �9 pmW� CU= Q}k |=Q=O w h=Y Cr=iU; |=yxv=O K]U u}vJty
=} CU= QDW}@ =yxv=O u}@ l =m]Y= xmv}= 'u}=Q@=v@ "Ow@ Oy=wN QDtm =yxv=O u}@
|}=yv |xH}Dv x@ uO}UQ =Pr &CU}v |DL=Q p=-wU 'O} Qow�S � =yxv=O u}@ l =m]Y=
|=yV}=tR; OvtR=}v '=yxtWJ |xR=Ov= =} w O} Qow�S pm x@ R=@ K]UC@Uv QF= OQwt QO
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RQ="|WQ@ Ctw=kt |=y QDt=Q=B Q}O=kt "5 pwOH

kPa (c) |oOv@UJ (') l =m]Y= x} w=R
Kr=Yt�xHQO�

xOv=t}k=@ xv}W}@ xOv=t}k=@ xv}W}@
3=7 24 36 45 NA

10 29 46=9 47=3 NA + geo60=20
15 24 47=6 48=8 NA + geo110=30
23 22 43=5 49=7 NA + geo60=30
1 31=2 36=6 42=7 RCA

24=7 37=7 41=6 49=6 RCA + geo60=20
16 15 46 52 RCA + geo110=30

24=7 37=7 44=7 51=1 RCA + geo60=30
4 22 36=7 40=6 RAP

11 19 48 47 RAP + geo60=20
5=5 19 48=6 47=6 RAP + geo110=30
6=7 20 50 49=2 RAP + geo60=30

"|iQYt |=yO} Qow�S =@ Kr=Yt T=tD K]U VvmQOv= ?} Q[ Q}O=kt "6 pwOH
(kPa) p=tQv VvD xvwtvu}ov=}t 150 100 50

1=1 1=1 1=11 1=12 NA + geo60=20
1=21 1=2 1=19 1=16 NA + geo110=30
1=11 1=14 1=12 1=09 NA + geo60=30
1=25 1=26 1=25 1=25 RCA + geo60=20
1=13 1=22 1=15 1=02 RCA + geo110=30
1=29 1=32 1=29 1=28 RCA + geo60=30
1=18 1=22 1=17 1=15 RAP + geo60=20
1=18 1=22 1=17 1=15 RAP + geo110=30
1=25 1=29 1=26 1=21 RAP + geo60=30

|WQ@ Ctw=kt |=yQDt=Q=B |xv}tm '|Di=} R=@ Kr=Yt 'CU= XNWt xm Qw]u=ty
u}@ VvmQOv= ?} Q[ "Ovvm|t u}t-=D 'OvwW|t KrUt O} Qow�S =@ xm |v=tR =Q
KrUt l =N |=yxR=U |L=Q] QO |O}rm |=yQDt=Q=B R= |m} 'xOvvmKrUt w R} Qm =N
?} Q[ "OwW u=}@ KrUt l =N l =m]Y= ?} Q[ u=wva x@ Ov=wD|t w CU=
x@ KrUt Cr=L QO |WQ@ Ctw=kt |xv}W}@ C@Uv u=wvax@ u=wD|t =Q VvmQOv=
Q=Wi u=ty CLD 1 |x]@=Q j@] KrUtQ}e Cr=L QO |WQ@ Ctw=kt |xv}W}@
3 CLD w Q=@ 3 's}kDUt VQ@ V}=tR; Qy xm =Hv; R= "OQm h} QaD ��� p=tQv
u}ov=}t R= VvmQOv= ?} Q[ 'CU= xOW s=Hv= x@=Wt \}=QW w hrDNt Q=@ QU
u}@ VvmQOv= "CU= xOt; CUOx@ p=mU=B wr}m 150 w 100 '50 Q=@ QU xU
'KrUt l =N |=yQ=w}O xm OwW|t Ea=@ KrUt l =N R} Qm =N w xOvvmKrUt
pta Q}PBh=]av= OL=w l} Ovv=t w Ovvm ptLD =Q |yHwDp@=k pmWQ}}eD w |Q=PoQ=@

?} Q[ w T=tD K]U |WQ@ Ctw=kt |=yQDt=Q=B "7
VvmQOv=

"Ov=xOW x�=Q= 6 pwOH QO KrUtQ}e w KrUt Cr=L QO '|WQ@ Ctw=kt |=yQDt=Q=B
x@ s}kDUt VQ@ V}=tR; G}=Dv T=U=Q@ |oDN}Uo VwB sUQ =@ QwmPt |=yQDt=Q=B
QO |a}@] Kr=Yt 'OwW|t xOy=Wt Q}N= pwOH QO xm Qw]u=ty "Ov=xOt; CUO
K]U |Q@ R w |oWwoR}D p}rO x@ |Di=} R=@ Kr=Yt x@ C@Uv KrUtQ}e Cr=L
xOvvmKrUt xm |v=tR w xDW=O =Q |rN=O l =m]Y= |x} w=R u} QDW}@ 'u; |=yxv=O
|=yl =N "CU= xDi=} V}=Ri= T=tD K]U l =m]Y= |x} w=R 'CU= xOW xi=[=
|xv}W}@ l =m]Y= |x} w=R Q}O=kt |=Q=O ,qwtat 'sm =QDt |xU=t w uW Ovv=t |}xv=O
[30]"OvDUy xHQO 36 |r= 32 xOv=t}k=@ l =m]Y= |x} w=R Q}O=kt w xHQO 48 =D 40
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yt "xOvvmKrUt uwO@ w =@ s}kDUt VQ@ V}=tR; G}=Dv |xYqN "7 pwOH

��� Ctw=kt V}=Ri= Ctw=kt =@ Q_=vDt |}=Hx@=H xv}W}@ |WQ@ Ctw=kt

xOvvmKrUt xvwtv(mm) xv}W}@ |WQ@ (kPa)

1500 100 50 150 100 50 150 100 50
(kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)

� � � 6 4 5 172=7 121 75=5 NA

Kr=Yt20=35 19 16 17 9 10 207 145 87 NA+GP1

|a}@]11=62 14 10 11 12 9 192 138 83 NA+GP2
18 11=5 13=3 13 11 14 203 135 85 NA+GP3

� � � 9 7 6 168 126=7 76 RCA Kr=Yt
25 18=25 5=3 7 10 7 210 149 79 RCA+GP1 |vD@

28=6 19 32 7 8 9 216 150 99 RCA+GP2 |Di=} R=@
32 29=4 29=3 10 13 17 222 163 97 RCA+GP3

� � � 19 12 11 150 108 64 RAP Kr=Yt
20 17=5 11 29 16 26 180 127 71 RAP+GP1 |Dr=iU;
22 16=6 15=6 32 33 15 183 126 74 RAP+GP2 |Di=} R=@

29=3 26=85 21=8 32 33 15 194 137 78 RAP+GP3

60 w 110 =@ Q@=Q@ ?}DQD x@ GP 60=20 w GP 110=30 ẁv O} Qow�S |WQ@
|xtWJ ZQa =@ QDt|r}t 33 � 25 =yxtWJ |xR=Ov= "CU= QDt QO uDw}vwr}m
Ctw=kt 'OvyO|t u=Wv G}=Dv xm Qw]u=ty "CU= xOw@ O} Qow�S ẁv wO Qy |=Q@ u=Um}
O} Qow�S |oDN}Uo =Q} R 'OQ=Ov T=tD K]U |WQ@ Ctw=kt QO |v=OvJ Q}F-=D |WWm
=yQ=Owtv u}@|y=o xm |QYDNt |=yu=Uwv "CU= xOWv xOy=Wt VQ@V}=tR; R= Oa@
u=Q=mty w nvBOwU "CU= V}=tR; |=y=]N p}rO x@ ,q=tDL= 'OwW|t xOy=Wt
w OvOQm |UQQ@ RCA Kr=Yt QO =Q O} Qow�S |WWm Ctw=kt Q}F-=D R}v '�2018�
T=tD K]U |WQ@ Ctw=kt QO |v=OvJ Q}F-=D O} Qow�S |WWm Ctw=kt xm OvDi=} QO
|WWm Ctw=kt 'OyOv MQ O} Qow�S QO |oQ=B xm |v=tR =D Cio u=wD|t =Pr [6]"OQ=Ov

"OQ=Ov l =N =@ u; VvmQOv= QO |yHwD p@=k Q}F-=D 'O} Qow�S

|Q}oxH}Dv "9
|WQ@ Q=DiQ =OD@= 'T=}ktnQR@ s}kDUt VQ@ V}=tR; ltm x@ 'Q[=L Q=DWwv QO
Cr=iU; w uD@ %pt=W '|a}@] Kr=Yt u} Ro}=H u=wva x@ |Di=} R=@ Kr=Yt ẁv wO
?wN |xU=t |Ov@xk@] =@ w x@=Wt |Ov@xv=O =@ |a}@] Kr=Yt l} Q=vm QO |Di=} R=@
xU =@ QwmPt Kr=Yt lQDWt K]U Q=DiQ TBU "CU= xOW |UQQ@ xOW |Ov@xv=O
KrUt l =N p�=L |=yQ=w}O QO |Di=} R=@ Kr=Yt R= xO=iDU= hOy =@ O} Qow�S ẁv

[31]"Ovvm
� = �rienforce=�unreinforce (1)

w xOW KrUt �rienfoce 'T=tD K]U |WQ@ Ctw=kt ?} Q[ � 'u; QO xm
u}@ T=tD K]U |xv}W}@ |WQ@ Ctw=kt ?}DQD x@ xOWv KrUt �unreinforc
VvmQOv=?} Q[ xm|DQwY QO "CU=|r=N l =N |xvwtv w O} Qow�S w|m =N |xvwtv
Qo = w h}a[ 'l}DDvUw�S w l =N u}@ Ovw}B xm CU= |vat u}O@ 'OW=@ 0=5 R= QDtm
'7 pwOH QO [31]"CU= Q=QkQ@ l}DDvUw�S w l =N u}@ |wk p=YD= 'OW=@ 1 R= QDW}@
xOy=Wt xm Qw]u=ty "CU= xOW x�=Q= T=tD K]U |WQ@ Ctw=kt ?} Q[ Q}O=kt
VvmQOv= Qov=}@ xm CU= 1 R= QDnQR@ Kr=Yt xU Qy |=Q@ QwmPt ?} Q[ 'OwW|t

"CU=yO} Qow�S w Kr=Yt u}@ |wk

|WQ@ Ctw=kt QO O} Qow�S |WWm Ctw=kt Q}F-=D "8
VvmQOv=

G}=Dv |xU}=kt =@ T=tD K]U |WQ@ Ctw=kt QO O} Qow�S |WWm Ctw=kt Q}F-=D
15 pmW QO GPGRID60=20 w GPGRID110=30 |=yO} Qow�S =@V}=tR;
CyH QO |WWm Ctw=kt "OwW|t xOy=Wt RAP w RCA 'NA Kr=Yt |=Q@
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RQ=%CU= KQW u}= x@ pY=L G}=Dv sy= "CU= xOW |UQQ@

|@ wN |WQ@ Ctw=kt |=Q=O xOW OQN Cr=iU; w uD@ pt=W |Di=} R=@ Kr=Yt "1
|=yQ=w}O QO |a}@] Kr=Yt u} Ro}=H u=wva x@ |D=_Lqt =@ Ovv=wD |t w OvDUy
"CU= Cw=iDt |tm =yu; |WQ@ Q=DiQ OvJ Qy 'OvwW xO=iDU= KrUt l =N p�=L
|WQ@Ctw=kt '|Di=} R=@uD@ w|a}@]Kr=Yt x@C@Uv|Di=} R=@Cr=iU;Kr=Yt
|=yxv=OovU |wQ Q@ Q}k VWwB OwHw x@ u=wD|t =Q Qt= u}= p}rO "OvQ=O |QDtm
xmv}= p}rO x@ "OwW|t l =m]Y= Vy=m Ea=@ xm O=O C@Uv |Di=} R=@ Cr=iU;
R= QD|[=@kv= u; |tHL Q=DiQ =Pr 'CU= QDsQv '|Dr=iU; Kr=Yt |L]U |x}q

"CU= |Di=} R=@ uD@ w |a}@] Kr=Yt
V}=Ri= x@ QHvt 'O} Qow�S =@ |Di=} R=@ |}xv=O Kr=Yt ?U=vt |Q}oQO |rm Qw]x@ "2
Kr=Yt OwN x@ C@Uv O} Qow�S w QwmPt Kr=Yt lQDWt K]U |WQ@ Ctw=kt
Cr=L x@ |tm xOvwWsQv Cr=L R= uD@ w |a}@] Kr=Yt |WQ@ Q=DiQ "CU= xOW
Cr=iU; OQwt QO OvwQ u}= "CU= xOW p}O@D lQDWt K]U QO xOvwWCNU
w |a}@] Kr=Yt lQDWt K]U |tHL Q=DiQ u}vJty "CU= xOw@ QDO}OW
QO ẁ[wt u}= 'CU= xOw@ Kr=Yt OwN R= QD|a=UD= 'O} Qow�S =@ |Di=} R=@ uD@
uOW QDh=Y Ea=@ xm =yxv=O K]U Q@ Q}k VWwB OwHw p}rO x@ Cr=iU; OQwt
K]U |WQ@ Ctw=kt 'O} Qow�S uOwRi= =@ "CU= TmaQ@ 'OwW|t =yxv=OnvU
w O} Qow�S |=yxtWJ QO =yxv=O QDW}@ |Q}oQO p}rO x@ |Dr=iU; Kr=Yt T=tD

"CU= xDi=} V}=Ri= Qo}Om} |wQ Q@ =yxv=O uO} Rer R= |Q}owrH
|WQ@ Ctw=kt |=yQDt=Q=B |xv}tm 'Cr=iU; w uD@ |Di=} R=@ Kr=Yt '|rm Qw]x@ "3
VvmQOv=?} Q[ u}vJty "Ovvm|t u}t-=D 'OvwW|t KrUt O} Qow�S =@ xm |v=tR =Q
xOw@ 1 =@ Q@=Q@ QDW}@ O} Qow�S =@ Cr=iU; w uD@ |Di=} R=@ Kr=Yt lQDWt K]U

"OQ=O =yu; ?U=vt |Q}oQO w l =m]Y= R= u=Wv xm CU=
lQDWt T=tD K]U |WQ@ Ctw=kt QO |O=} R Q}F-=D =yO} Qow�S |WWm Ctw=kt "4
VQ@ V}=tR; u=}=B QO O} Qow�S |oDN}Uo =Q} R &OQ=Ov O} Qow�S w Kr=Yt u}@

"CU= xOWv xOy=Wt s}kDUt
Cr=iU; ,=YwYNt 'QwmPt |Di=} R=@ Kr=Yt R= xO=iDU= QO OW Qw;O=} O}=@ =yDv= QO

"OQm xHwD =yu; |WRN Q=DiQ x@ O}=@ '|Di=} R=@

QmWD w Q}OkD
xO=iDU= |=yO} Qow�S uDW=PoQ=}DN= QO w O}rwD p}rO x@ u=}UQ=B w�SCmQW R= 'C}=yvQO

"OwW|t |v=OQOk w QmWD 'Q[=L VywSB QO xOW "T=tD K]U |WQ@ Ctw=kt QO O} Qow�S |WWm Ctw=kt Q}F-=D "15 pmW

=yCWwv=B
1. land �ll
2. recycled concrete aggregate (RCA)
3. reclaimed asphalt pavement (RAP)
4. large direct shear test

5. Geogrid
6. interface
7. Touahamia
8. Rathje
9. mechanically stabilized earth (MSE)
10. Liu
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11. Arulrajah
12. construction & demolition
13. crushed brick
14. peak
15. residual
16. construction and demolition waste (CDW)
17. waste soil
18. Suddeepong
19. Udomchai
20. natural materials (NA)
21. reinforced soil slopes
22. relative compaction (RC)
23. Suddeponge
24. Udomchai
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