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p}rLD ẁ[wt u}= |wQ w xOW xO=O Q}}eD xv}y@ Ct=N[ x@ |@=}CUO |=Q@ Kr=Yt
CyH QO pOt |UOvy O=a@= 'Cq=L |t=tD QO "CU= xDiQo CQwY C}U=UL
xOW xDiQo Q_v QO QDt 90 =@ Q@=Q@ |L]U G=wt= uOW=Q}t R= u=v}t]= |=Q@ |[Qa
|=yRQt QO |Q=Wi w |WQ@ 'xr}=Q G=wt= p=wR R= pt=m u=v}t]= |=Q@ u}vJty &CU=
QO "CU= xOW xO=iDU= 10|SQv= ?P=H |=yRQt R= \=kv u}= QO 'pOt |ki= w s�=k
uOQ@q=@ Qw_vtx@ |yQo 15 |FrFt |=yu=tr= R= '<=RH= x@ \}Lt |Ov@s}UkD OvwQ
u; C=}�RH w xar=]t OQwt pOt |xUOvy 1 pmW "CU= xOW xO=iDU= p}rLD CkO

"OyO|t u=Wv =Q

|OOa p}rLD QO xO=iDU= OQwt Kr=Yt C=YNWt "2"3
Cr=iU; |x}q |=Q=O |DUq=@ '|DUq=@ \w]N |=Q@ xDiQoCQwY |=y|R=UpOt QO
C=YNWt w xO=iDU= OQwt |Q=DiQ |=ypOt 'RMAC |x}q |=Q=O |DUq=@ w
u=UWm '|Dr=iU; uD@ w "CU= xOW x�=Q= 1 pwOH QO GQOvt KQWx@ Kr=Yt |m}v=mt
"CU= xOW xDiQo Q_v QO �1 '�4 '�12 11RwmU} w |}=Q}t C@Uv =@ w |]N
|Q=DiQ pOt R= '|a}@] l =N w sm =QDt l =N 'CUq=@ pt=W QDU@ Kr=Yt |=Q@
w xOW xO=iDU= p}rLD OvwQ QO ?trwm� Qywt |Q}tN Q=}at =@ |Q}tN�|v=UWm
CU= QmP x@ sRq "CU= xOW Qw_vt �2 Q@=Q@ l =N |}=Q}t C@Uv p=L u}a QO

"PLAXIS |xt=vQ@ QO xOWxO=iDU= pOt |xUOvy "1 pmW

Tv=mQi '|Qw@a Q=@ u=R}t XwYNQO 'C}U=UL p}rLD s=Hv= =@ xt=O= QO "OyO|t
C=W=aDQ= Vy=m QO Cr=iU; ẁv u}= ?U=vt OQmrta '|Dr=iU; |x}q Ct=N[ w Q=@

"CU= xOW xO=O u=Wv \N

l}DUq =@ xOWKqY= |Dr=iU; uD@ C=}YwYN "2
(RMAC)

=@ xOWKqY= Cr=iU; XwYNx@ 'Cr=iU; Q}F-=D |@=} RQ= |=Q@ xOWs=Hv= C=ar=]t
w |y=oW}=tR; C=ar=]t ?r=k QO uwvm =D |r} Q \N C=W=aDQ= Vy=m Q@ 'l}DUq
7Swi} QDv=U |=yV}=tR; T=U=Q@ "CU= xDiQo s=Hv= |OOa |=yVwQ |Q}oQ=mx@ R}v
xO=iDU= 'Q}Ur=`} QU \w]N QDU@ Q@ hrDNt Kr=Yt Q}F-=D |@=} RQ= |=Q@ xOWs=Hv=
C=W=aDQ= Vy=m QO |}x_Lqt p@=k Q}F-=D |r} Q \w]N |R=UQ} R QO RMAC R=
'C=W=aDQ= Vy=m QO u}vJty u; ?U=vt Q=}U@ OQmrta "CU= xDW=O \N
xDiQo Q=Qk O}}-=D OQwt 8�EPS� \U@vt pwQ}DU=|rB =@ u=tRty |Q}oQ=mx@ QO

"CU=
CLD T=}kt lJwm V}=tR; wO 'V=aDQ= Vy=m Q@ RMAC Q}F-=D |UQQ@ |=Q@
l} R= |}xvRw ?=DQB pt=W V}=tR; u}= "CU= xOW s=Hv= x@P=H |O=a \}=QW
sm =QDt QDU@ R= pw= |xvwtv QO "CU= Kr=Yt xvwtv wO |wQ Q@ XNWt `=iDQ=
RMAC R= lR=v |}x}q =@ |rw sm =QDt |xU=t u=ty R= swO |xvwtv QO w |}xU=t
xDW=O xov C@=F �=yxvRw ?=DQB `=iDQ= w uRw Ovv=t� =yQDt=Q=B Q}=U "CU= xOW xO=iDU=

"CU=xOW
Vy=m QO �50 R= V}@ =D RMAC |x}q xm OyO|t u=Wv xOt; CUOx@ G}=Dv
Cw=iDt ?=DQB `=iDQ= w uRw =@ |y@=Wt C=W}=tR; "CU= QF-wt V=aDQ= COt w xvt=O
�50 OwOL =D V=aDQ= |xvt=O w COt C=W}=tR; u}= |t=tD QO "CU= xOW s=Hv=

[5]"CU= xDi=} Vy=m
X=wN |UQQ@ Qw_vtx@ xOWs=Hv= |y=oW}=tR; C=ar=]t R= |Qo}O |xDUO
R= V}@ xOWKqY= Cr=iU; |WQ@ pwOt xm OyO|t u=Wv 'uy;x=Q QO RMAC

u}vJty "O@=}|t V}=Ri= l}DUq OYQO V}=Ri= =@ w CU= |rwtat |Dr=iU; uD@
22�C '0 '�10 |=y=tO QO xOWKqY= |=yCr=iU; 'xOt; CUOx@ G}=Dv T=U=Q@
QO |WQ@ pwOt '|rwtat |Dr=iU; uD@ QO xm |r=L QO OvQ=O |D@=F ,=@} QkD |WQ@ pwOt
VvQm V}=Ri= =@ u}vJty "CU= 30�C w 22�C |=tO R= QDsm �10�C '0 |=tO
xOWKqY= |Dr=iU; uD@ R= QDW}@ |Dr=iU; uD@ QO |WQ@ pwOt Vy=m MQv |WQ@
|a}Uw |xOwOLt QO |DNU ^iL |=Q@ xOWKqY= Cr=iU; p}=tD xH}DvQO &CU=
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QQ@"?=DW Q@ Q=@ |xvt=O |xR=Ov= Q}F-=D "3 pwOH

Apeak ARMS
Q=@ xvt=O pLt =D xrY=i x]kv�KN� �QDt� Q=@ p=ta=

0 636 0 237 50
0 A0 983 0 358 75

1 440 0 515 100
0 241 0 122 50

20 B0 369 0 183 75
0 484 0 244 100
0 120 0 041 50

40 C0 187 0 063 75
0 244 0 082 100

"?=DW Q@ Q=@ p=ta= Tv=mQi Q}}eD Q}F-=D "4 pwOH

Apeak ARMS
Tv=mQi pLt =D xrY=i x]kv

Q=@ �QDt� Q=@ p=ta=
0 308 0 122 1

0 A
0 938 0 358 2
3 420 0 127 5
8 790 6 040 10
0 080 0 039 1

20 B
0 369 0 183 2
0 399 0 119 5
0 208 0 037 10
0 059 0 025 1

40 C
0 187 0 063 2
0 304 0 061 5
0 125 0 022 10

Q=Qk |UQQ@ OQwt RDQy 10 w 5 '2 '1 |=yTv=mQi QO Q=@ p=ta= VN@ u}= QO
|xW} Q "CU= xOW xDW=O xov C@=F uDw}vwr}m 75 Q@=Q@ |r=ta= Q=@ u=R}t w xDiQo
|=yTv=mQi CLD C w B 'A \=kv QO xv}W}@ ?=DW w ?=DW C=a@ Qt u}ov=}t
\N V=aDQ= 'OwW|t x_Lqt xm u=vJ "CU= xOW xO=O u=Wv 4 pwOH QO hrDNt
Qo}O hQ] R= "O@=}|t V}=Ri= |]NQ}e CQwYx@ Tv=mQi V}=Ri= =@ �A |x]kv QO�
xr�Ut u}= xm OwW|t O=H}= 5HZ Tv=mQi QO V=aDQ= u} QDW}@ C w B \=kv QO
QO sDU}U V=aDQ= |a}@] Tv=mQi Q@ Q=@ p=ta= Tv=mQi j=@]v= R= |W=v Ov=wD|t

"OW=@ \=kv u}=
|m}DUq Cr=iU; |x}q Ct=N[ Q}F-=D "4"4"3

|Dr=iU; uD@ |x}q Ct=N[ V}=Ri= '\N V=aDQ= Vy=m |=yVwQ R= |m}
Ct=N[ '|OOa p}rLD QO ẁ[wt u}= |UQQ@ |=Q@ "CU= l}DUq =@ xOWKqY=

Vy=m Qou=WvC@Ft O=Oa=� QDU@ ?=DW QOhrDNt Kr=Yt R= xO=iDU= Q}F-=D "2 pwOH
"�CU= xvt=OV}=Ri= Qou=Wv |ivt O=Oa= w xvt=O

QO Vy=m
Apeak

QO Vy=m
ARMS QDU@ ẁv =D xrY=i x]kv

Apeak ARMS ( mS2 ) p=ta= pLt
�m� Q=@

* 1 151 * 0 401 CUq=@
0 A11 1 022 9 0 366 |Dr=iU; uD@

15 0 983 11 0 358 RMAC

* 0 374 * 0 191 CUq=@
20 B�0 09 0 377 3 1 0 185 |Dr=iU; uD@

1 4 0 369 4 2 0 183 RMAC

* 0 192 * 0 064 CUq=@
40 C0 01 0 190 1 6 0 063 |Dr=iU; uD@

0 03 0 187 1 6 0 063 RMAC

"CU= xOW xDiQo Q_v QO xU}=kt |=v@t CUq=@ \N QO ?=DW *

=yMQJ Q=@ |xR=Ov= Cr=L u}= QO "CU= RDQy 2 OwOL 135( km
h ) CaQU =@ Q=]k

xv}W}@ ?=DW Vy=m u=R}t 3 pmW QO "OwW|t xO=O Q}}eD uDw}vwr}m 100 =D 50 u}@
3 pwOH "CU= xOW xO=O u=Wv uD 15 w 10 |QwLt |=yQ=@ |=Q@ 'A |x]kv QO
|=yQ=@ QF= Q@ C w B 'A \=kv QO xv}W}@ ?=DW w ?=DW C=a@ Qt u}ov=}t |xW} Q
Q=@ u=R}t =@ V=aDQ= |xvt=O C=Q}}eD '3 pwOH T=U=Q@ "OyO|t u=Wv =Q hrDNt
u}=Q@=v@ "CU= |]NQ}e ,qt=m �\N R= QwO \=kv QO XwYNx@� \N Q@ |r=ta=

"OwW xDiQo Q_v QO \N V=aDQ= u=R}t QO syt |rt=a u=wvax@ O}=@ Q=]k uRw
Q=@ Tv=mQi Q}F-=D "3"4"3

|=yTv=mQi =@ Q=@ p=ta= ?Hwt hrDNt |=yCaQU =@ Q}Ur=`} QU Q=]k CmQL
|=yCaQU =}� hrDNt |=yTv=mQi Q}F-=D u}}aD |=Q@ T=U= u}=Q@ "OwW|t Cw=iDt
xOW s=Hv= RMAC '15cm =@ p@k Cr=L x@=Wt |R=Ux}@W �Q=]k hrDNt

"CU=

p=ta= pLt QO ?=DW Vy=m QO uD 10 x@ uD 15 R= |QwLt Q=@ Vy=m Q}F-=D "3 pmW
"Q=@
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|Q}oxH}Dv "4
uD@ =@ �RMAC� l}DUq =@ xOWKqY= |Dr=iU; uD@ |=yC}r@=k |xU}=kt =@
CUOx@ G}=Dv sy= '|r} Q |x}rkv |xr}Uw C=W=aDQ= Vy=m QO CUq=@ w |Dr=iU;

%CU= x�=Q= p@=k Q} R KQWx@ |OOa |=yp}rLD R= xOt;
|DUq=@ \N =@ xU}=kt QO QDt|Dv=U 15 Ct=N[x@ RMAC R= xO=iDU= "1
RMAC |}=Q=m V}=Ri= Qw_vtx@ "OyO|t Vy=m OYQO 15 =Q C=W=aDQ= u=R}t
x}YwD R}v EPS Kr=Yt R= xO=iDU= �� \N R= QwO \=kv QO XwYNx@ ��

"OwW|t
?}DQDx@ \N QO ?=DW u=R}t uD 20 w 15 x@ 10 R= |QwLt Q=@ V}=Ri= =@ "2
u=R}t V}=Ri= |xOvyOu=Wv xm O};|t CUOx@ 0 515 w 0 358 '0 237
\=kv QO XwYNx@ V=aDQ= C=Q}}eD "CU= |QwLt Q=@ V}=Ri= QF= QO V=aDQ=
|=Q@ Q=]k |QwLt Q=@ u=R}t pQDvm u}=Q@=v@ &CU= |]NQ}e ,qt=m \N R= QwO

"CU= syt Q=}U@ V=aDQ= pQDvm
?}DQDx@ A x]kv QO ?=DW u=R}t RDQy 10 w 5 '2 '1 |=yTv=mQi =@ Q=@ p=ta= =@ "3
xm CU= xOt; CUOx@ x}v=F QwPHt Q@ QDt 8 79 w 3 420 '0 983 '0 38
w B \=kv QO p=L u}= =@ "CU= Tv=mQi V}=Ri= =@ ?=DW V}=Ri= |xOvyOu=Wv
|yHwD p@=k u=R}tx@ RDQy 10 Tv=mQi R= |W=v ?=DW �\N R= QwO \=kv� C

"CU= RDQy 5 Tv=mQi R= QDsm
Vy=m |}x_Lqt p@=k Qw]x@ 'RMAC Ct=N[V}=Ri= =@ V=aDQ=Vy=m MQv "4
'10 Cr=iU; |=yCt=N[ |=Q@ 'A |x]kv QO xv}W}@ ?=DW u=R}t "O@=}|t
Q@ QDt 0 922 w 0 960 '0 983 '1 013 ?}DQDx@ QDt|Dv=U 30 w 20 '15
Vy=m u=R}t 'RMAC Ct=N[ V}=Ri= =@ OyO|t u=Wv xm CU= x}v=F QwPHt
V}@ Ct=N[ |Q}oQ=mx@ |O=YDk= Q_vx]kv R= =t= "O@=}|t V}=Ri= R}v V=aDQ=

"OUQ|tv Q_v x@ |k]vt QDt|Dv=U 15 R=

"?=DW Q@ QDU@ Ct=N[ Q}F-=D "5 pwOH

Apeak ARMS
Ct=N[ pLt R= xrY=i x]kv
RMAC Q=@ p=ta=

1 013 0 364 10

0 A
0 983 0 358 15
0 960 0 353 20
0 922 0 344 30
0 365 0 183 10

20 B
0 369 0 183 15
0 363 0 182 20
0 357 0 179 30
0 188 0 062 10

40 C
0 187 0 063 15
0 185 0 061 20
0 182 0 060 30

5 pwOH QO "CU= xOW xDiQo Q_v QO QDt|Dv=U 30 w 20 '10 pO=at RMAC

V}=Ri= =@ "CU= xOW x�=Q= ?=DW C=a@ Qt u}ov=}t |xW} Q w xv}W}@ ?=DW G}=Dv
MQv p=L u}= =@ "O@=}|t V}=Ri= R}v V=aDQ= Vy=m u=R}t 'RMAC Ct=N[
|}x_Lqt p@=k Qw]x@ 'QDt|Dv=U 15 R= V}@ x@ Ct=N[ V}=Ri= =@ V=aDQ= Vy=m
QDt|Dv=U 15 Ct=N[ '|O=YDk= C=_Lqt Q_v R= ẁtHt QO "O@=}|t Vy=m
15 'G}=Dv u}= T=U=Q@ u}vJty "OUQ|t Q_vx@ xv}y@ Ct=N[ l} RMAC |=Q@
QFwt C=W=aDQ= Vy=m QO |Dr=iU; uD@ QDt|Dv=U 30 pO=at 'RMAC QDt|Dv=U

"CU=

CWwv=B
1. hot mix asphalt (HMA)
2. rubber modi�ed asphalt concrete (RMAC)
3. underlayment
4. Ballast fouling
5. under sleeper pad
6. Ballast mat
7. Centrifuge test
8. expanded poly-styrol
9. �nite element
10. absorbent boundary
11. Viscous damping
12. peak acceleration
13. root mean square (RMS)
14. peak to peak
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