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|=yQ=@ CLD |rwrUlD pUw�S =@ xOW KrUt |=yQDU@ Q=DiQ QO �pUw�S uwQO
w xOW |UQQ@ |rwrUOvJ pUw�S =@ xOW KrUt |xU=t =@ u; |xU}=kt w |m}D=DU=
pwOt w pUw�S =@ xOW KrUt QDU@ xm CU= xOw@ u}= R= |m =L u; G}=Dv R= |WN@
'2010 p=U QO [4]"CW=O Oy=wN |QDW}@ |Q@ Q=@ C}iQ_ w |DNU 'QDW}@ u=UWm
s=Hv= =@ '|}xLiY p}=DUmDw�S w |Oa@xU p}=DUmDw�S R= xO=iDU= |xU}=kt hOy =@ R}v
l =N Q@ `k=w |Q=wv |xOwr=W pOt l} Q@ |@ w=vD Q=@ p=ta= j} Q] R= |}=yV}=tR;
pO=at |@ w=vD Q=@ CLD xOwr=W CUWv |xv}W}@ xm CU= xOW xO=O u=Wv |}xv=O
x@ |Oa@xU w |}xLiY |xOvvmKrUt R= xO=iDU= CQwY QO '|m}D=DU= Q=@ �20 =@
p}=DUmDw�S R= xO=iDU= CQwY QO 'xH}Dv QO &O@=}|tVy=m �60 w �45 OwOL?}DQD
K}rUD QF= 'uRw u=ty w =y|oS} w u=ty =@ |}xLiY p}=DUmDw�S =@ xU}=kt QO |Oa@xU

=yxOwr=W l =N |xOvvmKrUt u=wvax@ =yl}DDvUw�S R= xO=iDU= Q}N= |=yp=U QO
`=wv= u} QDQF-wt R= |m} "CU= xDi=} G=wQ Q=}U@ CUU |=yQDU@ QO XwYNx@
|=yl =N XNq=@� l =N |m}v=mt |=yQ=DiQ R= |NQ@ Ow@y@ CyH =yxOvvmKrUt
|oOWQwYLt u}t-=D w OwN pmW |rwrU Q=DN=U x@ xHwD =@ xm CU= pUw�S '�|}xv=O
C}iQ_ V}=Ri= ^=Lr R= |@U=vt Q=}U@ OQmrta '=ypwrU pN=O l =N |=Q@ sRq
p}=DUmDw�S %Ovv=t 'K]Ut |=yxOvvmKrUt =@ xU}=kt QOKrUt l =N|DNU w |Q@ Q=@
Ow@v p}rOx@ u; R= xO=iDU= xv=iU-=Dt OvJ Qy [2w1]"OyO|t u=Wv OwN R= O} Qow�S w
'pUw�S =@ xOW KrUt l =N Q=DiQ R= |i=m CN=vW uDW=Ov R}v w |L=Q] OQ=Ov=DU=
QYva u=wvax@ pUw�S ?wr]t OQmrta "CU= xOW xHwD u; x@ QDtm =t QwWm QO
w |DNU u; |O}rm |=yQDt=Q=B R= xm CU= |O=} R OQ=wt x@ xDU@=w 'l =N K}rUD
|=ypwrU |xOvvmQB Kr=Yt sm =QD w TvH R}v w pUw�S |=yxQ=w}O |WWm Ctw=kt
u}= QO "CU= KrUt l =N u} Q} R QDU@ w xOvvmKrUt |=yQDt=Q=B Q}=U Q=vm QO u;
|UQQ@ w pUw�S =@ xOW KrUt l =N Q=DiQ |xar=]t x@ |O=} R u=QoWywSB XwYN
l} 1994 p=U QO xrtH R= &Ov=xDN=OQB u; OQmrta QO ẁvDt |=yQDt=Q=B Vkv
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pwv=Qo R= pmWDt |xOwD |r=oJ '2 pwOH j@=]t CU= |Qw;O=} x@ sRq "�CU=
C=QP � xU=t \wrNt w CUU |xU=t |=y|r=oJ w 0 6gr=cm3 Q@=Q@ l}DUq

"CU= 1 47gr=cm3 =@ Q@=Q@ l}DUq
l}DUq pwv=Qo �100 R= xO=iDU= 'OwW|t xOy=Wt 11 pmW QO xm |Qw]u=ty
|Q}tN |=yCUWv Q}osWJ V}=Ri= x@ QHvt pUw�S |=ypwrU |xOvvmQB u=wvax@
R= QDCWQO C=QP =@ l}DUq pwv=Qo �10 R= xO=iDU= |rw "CU= xOW u=UWm w
�l}DUq pwv=Qo |@Uv |xR=Ov= ?} Q[ '2 88 %1 |x]@=Q j@=]t� xU=t |=yxv=O
|OYQO 10 ,=@} QkD V}=Ri= R}v w |Q}tN |=yCUWv QO R}J=v Vy=m x@ QHvt
xm CU= |r=LQO u}= "CU= xOW pUw�S =@ KrUt l =N u=UWm |=yCUWv QO
%2 |x]@=Q j@=]t� xU=t |=yxv=O R= QDlJwm C=QP =@ l}DUq QOwB �10 R= xO=iDU=
|Q}tN |=ypmW Q}}eDV}=Ri= x@ QHvt �l}DUq QOwB|@Uv |xR=Ov=?} Q[ '0 24
QO 'u=UWm w |Q}tN |=yCUWv Vy=m MQv QDj}kO |xU}=kt CyH "CU= xOW
C@Uv '13�PSR� |Q}tN CUWv C@Uv u=wva =@ |}=yQDt=Q=B R= Q[=L VywSB
|Q=PoQ=@ pm}U Qy QO 15�TSR� pm CUWv C@Uv w 14�ESR� u=UWm CUWv

%OvwW|t h} QaD 5 =D 3 \@=wQ j@=]t xm CU= xOW xO=iDU= |Q=OQ@ Q=@ �
ESR(Npm}U� =

�pUw�S =@ xOW KrUt \wrNt� u=UWm CUWv
�pUw�S =@ xOW KrUt |xU=t� u=UWm CUWv (3)

PSR(Npm}U� =
�pUw�S =@ xOW KrUt \wrNt� |Q}tN CUWv
�pUw�S =@ xOW KrUt |xU=t� |Q}tN CUWv (4)

"�u=tR ?UL Q@ Q=@ xvt=O� |rm}U |=yQ=@ |wor= R= |}xvwtv "9 pmW

� |Q=PoQ=@ Ov}=Qi QO u=tR � CUWv Q=Owtv R= |}=yVN@ |}=tv CWQO "10 pmW
"|rm}U |Q=OQ@ Q=@

QD|a=HDQ= ?Hwt 'xU=t x@ l}DUq C=QP uOwRi= OwQ|t Q=_Dv= 'l}DUq |=yxv=O
"CU= OwyWt 10 pmW |v=kwi VN@ QO ,qt=m ẁ[wt u}= &OwW \wrNt Q=DiQ uOW
pUw�S |=ypwrU uOQm QB Cr=L QO xm CU= ẁ[wt u}= Qov=}@ 10 pmW u}vJty
|m}DUq C=QP �10� R= xO=iDU= x@ C@Uv '�l}DUq pwv=Qo \ki� R= xO=iDU= =@
w V}=Ri= Q@=Q@ 2 OwOL u=UWm |=yCUWv '�xU=t �90 Q=vm QO �pwv=Qo =} QOwB�
V}=Ri= Q@=Q@ 2 5 OwOL '�xOvvmQB u=wvax@� xU=t \ki R= xO=iDU= =@ xU}=kt QO R}v
&Cio O}=@ R}v |m}DUq C=QP w xU=t \wrNt |xU}=kt XwYN QO "CU= xDW=O
xU=t \wrNt x@ xU=t p}O@D w |m}DUq C=QP =@ xU=t uRw �10 uOQm u} Ro}=H
CyH "CU= xOQm Q@=Q@ 1 1 ,=@} QkD =Q u; u=UWm |=yCUWv 'l}DUq C=QP �
|Q=PoQ=@ |=ypm}U ?ULQ@ u=UWm w |Q}tN |=yCUWv QDy@ |xU}=kt w Q}UiD
10 pmW R= xOW T=@Dk= xm � CU= xOW xO=iDU= 11 pmW R= |@ w=vD |Q=OQ@ Q=@ �
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xv=O OYQOw |@Uv xR=Ov==@ |Q}tNw u=UWm |=y CUWv C@Uv C=Q}}eD "13 pmW

"xO=iDU= OQwt l}DUq |=y

QO R}v l}DUq QOwB � xU=t \wrNt xm OyO|t u=Wv 12 pmW u}vJty "�O@=}
�CUWv C@Uv Q=Okt QO pwRv w OwaY� |Q=DiQ |t_v|@ |tm 'x}rw= |=ypm}U
OvwQ x@ QD`} QU 'l}DUq pwv=Qo � xU=t \wrNt =@ xU}=kt QO |rw &CU= xDW=O
Ov=wD|t ẁ[wt u}= 'CU= xO}UQ �12 pmW Q=Owtv |rwRvVN@ |va}� OwN |k]vt
QO l}DUq pmW =@ T=}k QO l}DUq QOwB � xU=t \wrNt QDW}@ |voty p}rOx@
C@Uv QDh=iW |xU}=kt x@ '13 pmW QO "OW=@ l}DUq pwv=Qo � xU=t =@ T=}k
=yxv=O |@Uv |xR=Ov= ?} Q[ ?UL Q@ u=UWm CUWv C@Uv w |Q}tN CUWv
xm Qw]u=ty w 13 pmW j@=]t "CU= xOW xDN=OQB l}DUq |=yxv=O OYQO w
\wrNt |rm}U Q=DiQ 'xU=t QO |m}DUq C=QP Qw[L 'CU= xOW u=}@ R}v ,q@k

|B Q} RQO hrDNt |=ypm}UQO |Q}tNw pm |=y CUWv C@Uv C=Q}}eD "12 pmW
"pUw�S=@ xOW KrUt l =N Q@ `k=w

TSR(Npm}U� =

�pUw�S =@ xOW KrUt \wrNt� |Q}tN CUWv � u=UWm CUWv
�pUw�S =@ xOW KrUt |xU=t� |Q}tN CUWv � u=UWm CUWv (5)

� xU=t \wrNt� '=yQUm CQwY QO �\wrNt� R= Qw_vt '5 |r= 3 \@=wQ QO
=yQUm GQNt 'QwmPt \@=wQ QO xm OwW|t O}m -=D u}vJty "CU= �|m}DUq C=QP
'T=U= u}= Q@ "�KrUtQ}e |xU=t xv� Ovvm|t xQ=W= pUw�S =@ xOWKrUt |xU=t x@
� |Q=PoQ=@ |=ypm}U O=OaD ?UL Q@ pm CUWv C@Uv w |Q}tN CUWv C@Uv
xOW x�=Q= 12 pmW QO l}DUq C=QP �10 |w=L |xU=t \wrNt |=Q@ '|Q=OQ@ Q=@

"CU=
pwv=Qo uOwRi= '(N < 20) x}rw= |=ypm}U QO OyO|t u=Wv 12 pmW
V}=Ri= =Q |Q}tN w pm |=yCUWv '(Rs = 2 88 > 1) xU=t x@ l}DUq
u=UWm |=yCUWv Vy=m x@ QHvt (N > 20) QDq=@ |=ypm}U QO |rw 'xO=O
`} RwD p}rO x@ Q=Owtv QO x}rw= |t_v|@ u}= OUQ|t Q_v x@ "CU= xOW |Q}tN w
TB xm CU= xOw@ l}DUq C=QP � xU=t \wrNt QO l}DUq |=yxv=O |iO=YD
C@Uv Q=Okt QO pwRv =} OwaY� |k]vt Q=DiQ x@ X=N |=ypm}U O=OaD |] R=
R}v l =N x@ l}DUq QOwB uOwRi= XwYNQO "CU= xO}UQ QDC=@F=@ w �CUWv
s=tD QO |Q}tN w pm |=yCUWv OQwt wO Qy xm Cio O}=@ (Rs = 0 24 < 1)

QDW}@ x}rw= |=ypm}U QO CUWv V}=Ri= C@Uv xD@r=� Ov=xDi=} V}=Ri= =ypm}U
QO xm CU= CUU |=yl =N |rm}U |=yQ=DiQ C}y=t p}rOx@ u}= w CU= xOw@
V}=Ri= =yu; sm =QD xDiQxDiQ =D OQm Ovy=wN x@ QHD =Q |QDW}@ CUWv x}rw= |=ypm}U
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"hrDNt Kr=Yt |=Q@ |rm}Uw |m}D=DU= |=y|Q=PoQ=@ QO CUWv C@Uv=@w u=tR =@ VvD C=Q}}eD "14 pmW

QO xOW x�=Q= |=yQ=Owtv "CU= xOW |iQat J O=tv =@ Q[=L Q=DWwv QO xm CU=
V}=Ri= x@ QHvt |@ w=vD |Q=OQ@ Q=@ � |Q=PoQ=@ Ov}=Qi xm OvyO|t u=Wv 14 pmW
C@Uv �xOvvm QB Kr=Yt R= xO=iDU= Cr=L xU Qy QO� KrUt l =N |DNU Q}osWJ
xOW �x}rw= |m}D=DU= VN@ |va}� |@ w=vD |Q=OQ@ Q=@ � |Q=PoQ=@ |xUwQB R= p@k x@
|Q=PoQ=@ VN@ QO OyO|t u=Wv 14 pmW QO � ?1 Q=Owtv 'Qo}O |wU R= "CU=
\wrNt� =} �xU=t \ki� =@ pUw�S |=ypwrU xm |}=yCr=LQO 'x}rw= |m}D=DU=
QO �S=B � VvD� |=yQ=Owtv 'Ov=xOW QB �l}DUq � pwv=Qo �10 |w=L |xU=t
QO KrUt l =N Cio u=wD|t T=U= u}= Q@ 'CU= xOw@ j@]vt sy Q@ u}}=B |=yVvQm
T=U=Q@ ẁ[wt u}= xm CU= xO=O u=Wv OwN R= |v=Um} |DNU QwmPt Cr=L wO Qy
"OwW|t xOy=Wt R}v �|rm}U=Qi� x} wv=F |m}D=DU= |Q=PoQ=@ Cr=L QO � ?2 Q=Owtv
R= ?2 Q=Owtv Q@ xOW sUQ |=yT=tt ?}W Q}O=kt '?r]t uOW QDuWwQ CyH
xOW x�=Q= 15 pmW QO u; �S=B � |DNU� |vLvt w 3 pwOH QO '14 pmW
O=} R ,=D@Uv CkO =@ w \N wO =@ R}v 14 pmW ?1 Q=Owtv |m}D=DU= VN@ "CU=
15 pmW QO S=B ?UL Q@ |DNU Q=Owtv QO u; |xH}Dv xm CU= xOW u} Ro}=H

"OwW|t xOy=Wt
'�pUw�S |=yxtWJ |xOvvmQB u=wvax@� xU=t �100 R= Qw_vt '15 pmW QO
xwQo xU |r=oJ uOw@ u=Um} "CU= 2 pwOH R= 7 h}OQ =@ Q_=vDt CUU |xU=t
QDu=U; =Q =yV}=tR; G}=Dv Q}UiD w xU}=kt 'pUw�S |=yxtWJ |xOvvmQB Kr=Yt
1000 p=ta= QF= QO xm CU= u; R= |m =L 15 pmW w 3 pwOH G}=Dv "OQm Oy=wN
Q@ �123 kgf |r=ta= Q=@ =@ Q_=vDt� 75 kPa |xvt=O =@ |Q=OQ@ Q=@ � |Q=PoQ=@ pm}U
|=yVvQm QO 'p@kCr=L x@C@Uv xvwtv |DNU 'pUw�S =@ xOW KrUt l =N |xvwtv
l =N |rm}U=Qi |DNU �2 VvQm QO p=Ft u=wvax@ &CU= xDi=} V}=Ri= Q=}U@ x}rw=
xOW Q@=Q@ 3 R= V}@ |rm}U |Q=OQ@ Q=@ � |Q=PoQ=@ R= p@k Cr=L x@ C@Uv KrUt
xOQm =O}B |]NwO � x@W Cr=L �S=B � VvD� |=yQ=Owtv Qo}O hQ] R= "CU=

u}= C}ty= R�=L |xDmv &�ESR < 1 |va}� OQm Oy=wN QD|a=HDQ= =Q pY=L
1 |x]@=Q x@�1 < Rs�rubber < X Cr=L QO OvyO|t u=Wv G}=Dv xm CU=
QO R}v �16Q=oOv=t� |Q}tN |=yCUWv 'Q=DiQ uOW QD|a=HDQ= ut[ '�OwW xaH=Qt
|=yV}=tR; s=Hv= 'XwYN u}= QO Cw=[k xm Ov=xDi=} Vy=m QDq=@ |=ypm}U
C}a]=k =@ xm |aw[wt |rw "O@r]|t =Q |QD ẁvDt |@Uv |xR=Ov= ?}=Q[ w QDW}@
=Q u; Q=DiQ 'l =N |xOwD QO |m}DUq C=QP Qw[L xm CU= u}= OQm u=}@ u=wD|t
|Q}tN w pm |=yCUWv V}=Ri= =} Vy=m QO =yu; QF= |rw 'OQm Ovy=wN QD|a=HDQ=
sm =QD '=yxv=O O=a@= %xrtH R= |OOaDt |=yQDt=Q=B uDiQo Q_vQO OvtR=}v 'l =N |xOwD
|O=YDk= w |}=QH= C=_Lqt Q=vm QO """ w |m}DUq C=QP |Q}oQ=Qk |xwLv '\wrNt

"CU=

|rm}U=Qi Q=DiQ QO l =N x@ |m}DUq C=QP uOwRi= QF= |UQQ@ "3"5
u;

G}=Dv R= 'l}DUq C=QP =@ xOW \wrNt l =N 17|rm}U=Qi Q=DiQ |UQQ@ Qw_vtx@
|Q=PoQ=@ |xwLv "CU= xOW xO=iDU= 2 pwOH QO 7 |r= 5 |=yh}OQ |=yV}=tR;
=D |rm}U |Q=OQ@ Q=@ � |Q=PoQ=@ Ov}=Qi u=}=B R= TB xm CU= xOw@ CQwY u}O@
|m}D=DU= |Q=PoQ=@ '�CU= xOW xDN=OQB u; x@ p@k VN@ QO xm � pm}U 1000
|=Q@ CUWv � Q=@ |=y|vLvt w s=Hv= xvwtv pt=m |oDN}Uo =D w C@=F MQv =@
'S=B ?UL Q@ |r=ta= VvD |=yQ=Owtv "CU= xOW C@F hrDNt |=yxvwtv
u=tR � VvD Q=Owtv Q=vm QO pUw�S |=ypwrU |xOvvmQB Kr=Yt ẁv 3 |=Q@
xOW x�=Q= 14 pmW QO �|rm}U=Qi� x} wv=F w x}rw= |m}D=DU= |=yQ=PoQ=@ |=Q@

"CU=
KrUt l =N |DNU Qov=}@ �S=B � VvD� Q=Owtv ?}W '14 pmW j@=]t
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=DiQ
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QQ@"|rm}U=Qi |m}D=DU= |tQ=PoQ=@ |=Q@ S=B hrDNt |=yOYQO QO (J) |DNU Q}O=kt "3 pwOH

S=B(�)

�p=mU=Bwr}m � |DNU
� xU=t �100 �10 � xU=t �90 �10 � xU=t �90

� l}DUq QOwB � l}DUq pwv=Qo
1 110 75 100
2 38 46 38 46 38 46
4 25 20 20
6 18 18 16 66 18 18
8 14 28 14 28 14 38
10 11 11 11 11 12 50
12 8 33 8 23 9 09
14 3 44 3 84 6 50
16 0 66 0 2 75

pUw�S |=ypwrU |xOvvmQB Kr=Yt �

"x}rw= |m}D=DU= |Q=PoQ=@ QO hrDNt Kr=Yt |=Q@ |@Uv CUWv Q}O=kt=@ xvwtv |DNUw VvD C=Q}}eD "15 pmW

'=ypwrU |xOvvmQB l =N x@ l}DUq C=QP uOwRi= xm CU= xO=O u=Wv G}=Dv w xOW
xU}=kt QO =yu; |@Uv |xR=Ov= R}v w \wrNt QO l}DUq C=QP OYQO x@ xDU@
"OwW |Q}tN |=yCUWv V}=Ri= =} Vy=m x@ QHvt Ov=wD|t 'l =N |=yxv=O =@
Q=DiQ 'l =N |=yxv=O |qx@q QO l}DUq C=QP OwHw xm Cio u=wD|t u}= Q@ xwqa
V}=Ri= 'Qo}O CQ=@a x@ w OQm Oy=wN QD|a=HDQ= =Q l}DUq xOQN � l =N \wrNt
xOQN R= xv}y@ |xO=iDU= CQwY QO =Pr "OW Oy=wN ?Hwt =Q u=UWm |=yCUWv
'u=UWm |=ypmW Q}}eD syU V}=Ri= ut[ u=wD|t 'l =N =@ \wrNt QO l}DUq
uDi=} Vy=m x@ QHvt u; |xH}Dv xm O=O Vy=m w OQm pQDvm R}v =Q pm |=yCUWv
|m}D=DU= Q=DiQ |UQQ@ XwYNQO "OW Oy=wN l =N Q=oOv=t |=ypmW Q}}eD syU
x@ xDU@ |rm}U |Q=OQ@ Q=@ � |Q=PoQ=@ Ov}=Qi Cio O}=@ R}v l =N �|rm}U=Qi� x} wv=F
Ov=wD|t xvwtv |oDN}Uo sOa CQwY QO '|r=ta= |=ypm}U O=OaD w Q=@ |xvt=O
� |Q=PoQ=@ s=Hv= R= TB KrUt l =N |DNU u=R}t QO Q}osWJ V}=Ri= x@ QHvt
Oy=wN QDW}@ Q=}U@ u}}=B |=yVvQm QO |DNUV}=Ri= u}= xm OwW |rm}U |Q=OQ@ Q=@

"Ow@

|=yV}=tR; s=Hv= OvtR=}v KrUt l =N |rm}U=Qi Q=DiQ pYit |UQQ@ xD@r= "CU=
"CU= |rm}U Q=@ R= |awvDt |=yxvt=O =@ QDW}@

|Q}oxH}Dv "6
C}ty= R�=L |xDmv xm Ci=} QO u=wD|t xDiQo CQwY |=yV}=tR; G}=Dv x@ xHwD =@
sm =QD 'KrUtl =N |Q@ Q=@ w |DNU V}=Ri= CyH QO pUw�S ?wr]t OQmrta QO
|rt=a u=wvax@ '=yQDt=Q=B Q}=U Q=vm QO ẁ[wt u}= xm CU= pUw�S |xOvvmQB Kr=Yt
&Ovm|t =i}= |U=U= |Wkv pUw�S C=QF= QDW}@ xJ Qy RwQ@ |=DU=Q QO |O}rm w syt
u=wvax@� CUU Kr=Yt x@ C@Uv sm =QDt Kr=Yt R= xO=iDU= Cr=L QO xm |Qw]x@
KrUt l =N |Q@ Q=@ C}iQ_ w |DNU V}=Ri= '�pUw�S |=yxtWJ |=yxOvvmQB
C=QP Vkv |UQQ@ x@ 'Q[=L Q=DWwv QO "OW=@ QDW}@ �20 R= Rw=HDt Ov=wD|t
xDN=OQB l =N =@ \wrNt QO pUw�S |=ypwrU |xOvvmQB Kr=Yt u=wvax@ l}DUq
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1. plastic shakedown
2. small scale
3. U.S environmental protection agency (EPA)
4. reclaim rubber
5. rubber granular
6. rubber powder
7. geocell
8. passive
9. woven geotextile
10. pneumatic
11. loadcell
12. prototype
13. plastic settlement ratio (PSR)
14. elastic settlement ratio (ESR)
15. total settlement ratio (TSR)
16. residual
17. post-cyclic
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