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Effect of High-speed train on railway track vibration

a

suwa Anige Sawa vasfeshugas? uae vgndl eulaue’

9

123 mmiv1iminssules) paisIFINTSNAIANT 9WIAINTANITNGIAE 9.0 FUNNT

% 1

Unanea
3 1% o @ ]
soblasigeaneusniulsenelne dunsanna-lassiidey
Tudasaiiunsneadne Tnglassasramanigluanelfolaseasians
Ballastless systemﬁgﬂaamwummzw Chinese Railway Track

Systemn (CRTS) Il IaganmsdauaAuniidelusiniiniuan wuan

ATeiAnwFes coupled train-track interaction uarwnAnys
menarmanivedlaseaiiamiauy CRTS Il ailogaeednin
TunAdei WWinssraediea 30 coupled train-track-soil
interaction 489 CRTS Il waz CRTS Il sneluswnsy LS-DYNA uu
ﬁugm%aa multi-body simulation principle, finite element
method way perfectly matched layer Insuansliiiiutianginssu
mManamansveslAsTEs ez iy ﬁLﬁmmiﬂMmmFﬂg&Ima
fisanspuulasaduazdnUseneuvossiiuandnety  daenis
ApswsuuuysyiananlailBadu (Nonlinear time history) anal@
mudwesald  wadlaswadeomeiiunnsnety  Sndtedsldtinng
Uszgndlfisinens Under Ballast Mat (UBM) titeuvufiusiu Under
Slab Mat (USM) sgnldlu Isolation layer tioAnwaudululaly
mslduuensiflu CRTS I
MNNANITITENUIT ANULSIveeTa Ivdaudusiusuuunysdu
asafuMsReUaLBUUNarmansvatlaswai ez tuAusauie
Taevhluuds CRTS Il flduriuens USM finnsnovaues figeninuuy
CRTS Il Tagiamzegrsbadiosnlwisiemuiige  wiogalsion
n15lurue1e UBM wnu USM lud isolation layer Tu CRTS Ii
annsatslunisannismevausuunamanivosiasadisuardu
fusoutheld delsuiunisld UsM wuuihly wadnsannnnsised
r¥iuUTuUTINTseaniuuYes CRTS Il kavdieilvdilanisienu
uazngAnssuveslasiaimaesalanuiigeiiasgnlfluusemelne

Tusuam

Ardfey: 'mVLV\Immﬁ';qq; TAs9a519n119 CRTS IlI; train-track

interaction

Abstract

The first Thailand’s high speed railway line from Bangkok to
Nakhon Ratchasima is currently being constructed. The railway
track system of this line is designed based on the well-known
Chinese Railway Track System (CRTS) Ill. Based on a critical
literature review regarding the track vibration response on CRTS
Ill, most previous studies have rarely been focused on train-
track-soil interaction and the improvement of track slab
system. In this study, the 3D coupled train-track-soil interaction
models of CRTS Il and CRTS Ill have been developed in the
commercial software called “LS-DYNA” based on the multi-
body simulation principle, finite element method and perfectly
matched layer. This study highlights the influences of different
railway track structures and components on the track dynamic
and ground responses excited by a high-speed train. The
nonlinear time history analyses have been performed focusing
on the different train speeds and track systems. This study also
adopts the rubber Under Ballast Mat (UBM) to replace the
typical Under Slab Mat (USM) as an isolation layer to study the
feasibility to use this rubber in CRTS Ill. The results show that,
in general, CRTS Il with a typical under slab mat property has
higher dynamic responses that those of the traditional CRTS II
especially when the train speed is high. However, the use of
proper UBM as an USM isolation layer in CRTS Il can help
reduce the dynamic responses of the track and surrounding
ground comparison to CRTS Il with typical USM. The outcome
of this study will help improve the design of the CRTS IIl and
provide a better understanding on the performance of the
high-speed track slab system that will be used in Thailand.

Keywords: High-speed train; CRTS Il slab track system; train-

track interaction
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Yagtuuszmaiuiinisimuszuusalilanudgeediesnsy
Fafin1sWau1niesalnaa1u39geuuy Ballastless Track Tude
Chinese Railway Track System %38 CRTS %ﬂﬁumﬂwmagﬂuw
vildluguuuuvesmssalyl CRTS Ae CRTS Il Fslasanissalrlanud
g9 ngunn-uassvdnn ludsemalne ladnnsldmalulagniesal
AYINSIGUU CRTS Il Jsiiedn CRTS Il
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salassadramnssal wazlassadrslaeseuld (Connolly et al.
(2016), Kouroussis et al. (2014), Connelly et al. (2015)) iiiesann
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duiieannisduasiiiouvosiiu (Li et al. (2020)), NM5@519ALNS
barrier lufuvuunesoliliieannisvenefvenaunsduriuiy
AU (Thompson et al. (2016)), n 1514 Seismic metamaterial
barriers Tunmsannsduazifiouvesiu (Ui et al. (2020)) {Jusy
masaliadigewuu CRTS Il wudn @n1sld Isolation Layer
Fafldnwaradeiu Under Ballast Mat SaasinisAnwiaudives
Isolation Layer lu#aaufjufin1s (Sheng et al. (2020)) uidalyiladl
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MATelfAnvinginssuveanesaluaiuigaseduiu (At
Grade) wuy Ballastless Track Tnenissnasslaseadranissaly du
fu wazsalnA1m5ge ¢ Finite Element Model H1ulusunsa
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1. wuusaeamssala CRTS Il
2. wuudhaeenesalu CRTS NIl wuuladd Isolation Layer
3. wuusiaemesald CRTS Il wuudisl Isolation Layer W Soft
Stiffness Under Slab Mat (Soft USM)

4. wuusrasniesalil CRTS Il wuudidl Isolation Layer W stiff
Stiffness Under Slab Mat (Stiff USM)
5. wuuTaeanesall CRTS NIl wuudidl Isolation Layer W Typical
Stiffness Under Slab Mat (Typical USM)
mﬁmswﬁsﬁa;ﬁmmﬂmﬁa‘haaam{fjwaasalwmmﬁuqam’wu
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2. 32 UYUIDIY
2.1 quﬁﬁlﬁ'fjﬂﬁad (Related Theory)

Tula30u ballastless track w30 slab track gnldlulaseasna
5511Wﬂaml,§';gm,w3wﬁLaﬁaimwﬁqq, mmfumﬁgq, ANEAINTTO
n150153977 war anuaruisalunisliuinisia wevinnas
Wisuiflsudu ballasted track. Tuuszinaduladniswaun
ballastless slab track *ﬁd‘ViMﬂ 4 Useinnde double block , CRTS |,
CRTS Il , CRTS Ill (gﬂﬁ 1) Fa5195010 3 Uszinusnlasuniswaun
nnsaenenmalulaganysemaeesiunasdlu uaz CRTS i
IFsunsisouazimuinieludsenaduwiiiy fadunsimunden
yassesaliieanuUszianiiniuin sauludsluudvesaauazaanly
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, (d) CRTS Double-Block (DB) (Wang et al. (2020))

~Taseadremasaldl CRTS Il Usenaudaedu reinforced concrete
slab , cement asphalt mortar layer with lower A/C, Supporting
layer with plain concrete

- Tassadramssalal CRTS Il Usgnause reinforced concrete slab
, Filling layer with self-compacting concrete , Supporting layer

with plain concrete

2.2 FEM Modeling

TusmiAfedasldluna 30 coupled train-track-soil model Uy
TUsunsu LS-DYNA dufulunaveslaseadness CRTS Il Tay
fvuaauaNTAveIesiUsznoune idenndosiuniasalii
Wunsmsanialunieauns WevinnsBuduainugnie wadluna
#18n15%11 model validation (Cai (2006), Li et al (2020)). luina
anunsawsldesnidu 3 daudelumasaliaiuidigs (Modeling of
High-speed train) 91n%ann19 multi-body simulation (MBS) ,
TunavolAseas9919 (Modeling of Slab track) 31nnann1s FEM
wazlulnauosiu subgrade (Modeling of soil) 91n®annN1S FEM
W3ouAUIT Perfectly Matched Layers (PML) (gﬂ'i?'i 2)



High-speed train
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gil‘ﬁ 2 Coupling of the train-track-soil system
(Adapted from Li et al. (2020))

221 Zi/tﬁ]amZWﬂﬁi/ﬁ?gd (Modeling of High-speed train)
UagszuuIN slab track

3¥UVU coupled train-track-soil Qﬂﬁ@U?ﬂﬂﬂ%ﬁﬂﬁmﬁalﬂmaﬁ

salwauisigednie-dedld luusemadu Mleesaluuszan

China Railway High-speed (CSH) 380 Electric Multiple Unit

EMU). laea |, salwdszneudiedsa 1 auw, 2 TuA, 4 RGN

way 2 seuuiuasliiou (Stage-suspension system) (U7 3)

oughness of rail surface

31]1‘7i 3 wuudhaewweteumrugsalil (Li et al. (2020))

Idulsranuuudis ,T:Uﬁy wazynae.du rigid-bodies ffu
shell Lag beam element ﬁﬁamﬁ’uﬁwaﬂ%auaz@ﬂqu (Dashpot).
Degree of Freedom (DOF) fiazfiansalunisluwaiify DOF lu
wane Wemnmsdiluwnnaudiiintundngdelasai Tne
grunuzdl DOF Wavaa 10 DOF léuA n1sindsudiuwiauasnis
mguLLu'J@‘iasuaa@Tm (ZC s ﬁc) , msm?iauﬁum@‘imazmimu
wunfsesud ( Zb!., ﬁbi i=1, 2) LAZNISIAAEUTILUIRITDS
YO (Zwi i =1, 4)

JEUUTILUY CRTS |l Qmmmi‘ﬂuimmaﬁ Usgnoauniy 519
(rail) , WHU5D9379 (rail pads), concrete slab, cement asphalt (CA)
mortar layer Lag concrete base. #2374 (rail) Qﬂﬁﬁaaﬂﬁtﬂu Euler
beam Fsdnnosndae discrete springs Wag dashpots Weununs
1w us89519 (rail pads). Concrete slab, CA mortar Wwag Concrete
base Qﬂﬁﬁaaﬂﬁﬁu solid elements.

Contact swdwﬁaLLafssm_]ﬂaﬁ'ﬂaaauuﬁugm‘uawqwﬁ Hertz
contact theory. 59 contact S¥®I198LALIIY A1UITAATUIU
SlusAsneTusunsy LS-DYNA faeaunseoluil

F=KH><(ZW—Zr—5) (1)

Tng Ky ABA1 stiffness LWIRAIUOY contact spring 58131488
WaZIN, Ky = 1.325 x 10° N/m
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2.2.2 lupavesdiu subgrade (Modeling of soil)

A subgrade Usgnoudeiu 3 Sulusalriaudige Infs-Feq
18 1&un surface layer , bottom layer Wag subgrade body. Ay
Usgneunie 5 %’ul@fLLd clayl, clay2 , completely weathered
amphibolite , highly weathered amphibolite I & ¥ weekly

weathered amphibolite (gﬂﬁ a)

phibolite
Highly weathered amphibolite
Weekly weathered amphibolite

gﬂﬁ 4 wihdinvessnlraAiiags (Li et al. (2020)

(‘}nnplac ly weathered am

fugniaedlidutagugunila (viscoelastic material) 14du
solid elements waz1433 Perfectly Matched Layer (PML) aiu3s
fiflusgansnmlunissiassveuindilddnia (infinite boundary)
Y lulumalaedddvuruiulnwuves FEM e dosiunis
asﬁau‘uENﬂﬁuﬁlﬁgmﬁawﬂﬂmsﬁﬁwmsﬂa%mmawauLsum. PML
annsaannauTiedousenlindeuasviounduuuadn

903U 6-8 wamemtidalassasrasalal CRTS Il ,CRTS Il no
USM wag CRTS il with USM Tagusi Under Slab Mat (USM) 7171
A1stalu CRTS Il fimausun 30 Haduns %agﬂiﬁizmw*ﬁu

Concrete slab ez Self-compacting concrete

Slab track (FEM)

Vehicle (MBS)

Ground (FEM)

g'ﬂ‘ﬁ 5 kUUT1a99 3D coupled train-track-soil model LS-DYNA
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2.3 padauusias (Material properties)

AanTAlanldlunsideiiuseneume 4 dufe Lewunmug
(115797 1) 2. Usiug1e USM (Under Slab Mat) (115197 2) 3. A

(miwa‘ﬁ' 3) way 4. slab track (msm?‘i 4)



3UR 6 mihdnlassas1amasali CRTS Il 990 LS-DYNA
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U 7 wihdalasaairanssalil CRTS Il no USM 910 LS-DYNA
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U 8 widinlassasnannssalal CRTS Il with USM 910 LS-DYNA

A1919% 3 AuauTRvesiiu (Properties of the soil)

f
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719199 1 AauanURvesunImuE (Properties of the vehicle)

Properties Values
CSH380 EMU Train
Yminvoeiase (k) 40,000
i luf (ko) 3,200
dwingade (ke) 2,400
Tuudidesves pitch motion fsn (kg) 5.47 x 10°
Tussideswes pitch motion Tuf (kg) 6,800
Primary suspension stiffness (N/m) 1.04 x 10°
Primary suspension damping (N.s/m) 5x 10°
Secondary suspension stiffness (N/m) 4x10°
Secondary suspension damping (N.s/m) 6 x 10°
51971 2 AauaTATasues USM (Under Slab Mat)
Properties Values
AMUNUT USM (m) 0.3
AUNUILUUYDY USM (kg/m?) 700
Poisson’s ratio USM 0.35
lugdannudanguras Soft USM (Pa) 2.10 x 10°
lugdaninudanguras Typical USM (Pa) 3.32 x 10°
lugdannudanguras Stiff USM (Pa) 6.90 x 10°
Primary suspension stiffness (N/m) 1.04 x 10°

Properties surface layer of bottom layer of subgrade first layer of second layer of
subgrade subgrade ground ground

AU (M) 0.4 23 2 24 13.1

AUV (kg/m?) 2,300 1,950 2100 1900 2010

lugdatinveu (Pa) 2.00 x 10° 1.50 x 10° 1.10 x 10° 4.20 x 10’ 8.3 x 10’

Poisson's ratio 0.25 0.35 0.3 0.3 0.36

wa o

anaedl 4 AMENURATERNYDY CRTS II/CRTS Il slab track (Properties of CRTS II/CRTS il slab track)

Properties rail concrete slab CA mortar Self-compacting concrete base
concrete

CRTS I ANUNUI (M) 0.2 0.03 - 0.3
AMURUILUY (kg/m?) 7,830 2,500 1,900 - 2,400
lugdadaneu (Pa) 2.059 x 10° 3.6 x 10" 7x 10° - 2.55 x 10
Poisson's ratio 0.3 0.2 0.2 - 0.2

CRTS I ANUNUI (M) 0.2 - 0.09 0.2
AU (kg/m?) 7,800 2,500 - 2,500 2,500
lugdataneu (Pa) 2.1 x 10° 3.6 x 10" - 3.4 x 10" 3.2 x 10"
Poisson's ratio 0.3 0.2 - 0.2 0.2
Rail Pad Stiffness (N/m) 5.0 x 10
Rail Pad Damping (N.s/m) 7.5 x 10°




Rail Displacement (mm)

3. wan1saiueuIde
3.1 Model Validation

nsnsRAeUATIIgNFasBILULTIaesi nsldnanisAnan
ms@nwneunth W Cai et. al. (2006) Fuhufisuiunuusiass
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Wheel-rail contact force, Rail displacement wag Rail pad force
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Juluauaisedt 5 Famuiuuusiasamiesalil CRTS I Winaoy
Tuta9ve4 Field Test waglinamisainaA1ves Simulation Results lai
WL 10% wuudiaed CRTS Il Feauisauiunldlunissnasslu
mMsenuild luvarinuusaedaswadanauy CRTS Il Salallad
nan1sAnwluniaauaiigniseunsiintn Jae19vzdesinisfing
Wifuvdeduailuniendaiiovinisiieuiieuiunansiesen
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A1519% 5 ﬂ'ﬁ(ﬂ3’;ﬂﬁaUﬂ??NQﬂéf@i%aﬂLLU‘Uﬁi’]a@\1 CRTS Il

Caiet al. (20060 wuudraes WAt (%) yydaainisindeuilunuaiegeaai -1.57 mm Fagendnlunsdl
Ha Field Simulation  CRTS I (Cai et. al. mmﬁagu
Anwnil 2006 X v o = .
Test Results nmAnenil  (2006) wonvndlulassadriamnuszan 1nuss 400 Alawnsne
Wheel-rail contact o o o L e L e .
81116 98.7 93 243% il Fmunisendmvesssedistaiay ludinesudeavingn uaz
force (kN) , v v o o 4 o ' ~
FrmaEegndsanvegsalrisiiugafifiansun d1sainlunsd
Rail displacement  0.3- - o L i o
0.827 0.863 4.35% AU57 100 waz 200 Alamnsdetalusiilinunisendiresss was
(mm) 0.88 - o g o T -
N3l 300 Alawnsaedilus AnunsenfmiisadntoeLvintu
14.4-
Rail pad force (kN) 37.648 35.1 6.77%
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3.2 Rail Displacement and Rail Acceleration

32.1. Time-history Plot
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Wesalwishuganfiansanuusesald s1esalvazifinnisedeu
i ladnwazilunsmaegui 9 nsvnisindeuiivessisiunan
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o d X X ey oA .
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HIUgATIia1sn dnwagaeinsinlunsdlasadienludl isolation
Layer (CRTS Il hag CRTS Il No Isolation Layer) 'gﬂﬁ (@ wag (b)
WU TuudazAas fauws 100 89 400 Alawasaadalue wuindlen

a o a Y oa o a A
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Distance Traveled (m)

g'ﬂﬁ 9 N3 Rail Displacement T39nuRs9TaLN fianugasng 9 vulassademanuy (a) CRTS Il (b) CRTS il (No Isolation Layer) () CRTS i with

Soft USM (d) CRTS Il with Stiff USM (e) CRTS Il with Typical USM



322 Maximum Rail Responses

finsanguit 10 wud deweuiisululassedadiertu wui
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USM suawiu wazlulpssadiaswuu CRTS I waz CRTS Il (No
Isolation Layer) #f1 Maximum Rail Displacement 6‘1;’1‘17;?161 ey
TndiAeetu Feo19agulid Tnssadrsvosmmasaliuuy CRTS Il i
Isolation Layer T3id19¢ Stiffness lafionu vilAnnsindeusves
599300 (Rail Displacement) #innni1 Tassadsvesmssalnluuy
CRTS I Tmg Isolation Layer wuu Soft Stiffness 2zl Rail

Displacement ﬁzjdqm

Maximum Rail Displacement (m)
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3.3 Stress on Concrete Base

Stress UuWAaYAvaIMTal azdiArmneiu 11 Time-history
Plot 484 Stress uu Concrete Base 11M1A189aA ag Plot Wiguiu
AuNU9Ye9 Element 9glisud 11 agnudt Tulassarmiauuy

CRTS Ill with Isolation Layer (5U# 11 (cHe) Téns i ludnway
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1691 fiesuiindu azvihliifin Stress Ul Concrete Base g4l

Tuyndumisuy Concrete Base

Tuvaziiiiednszduuniesaliuuy CRTS Il way CRTS Il (No

v ¢

Isolation Layer) (5Ufl 11 (@),(b)) wuin linuanuduiusiidaau

i}

Yo wnuIuLunesalil fudn Stress on Concrete Base 39819a3U

1771 Isolation Layer (Under Slab Mat) ahelunisnszansuse Tiuse
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3UT 11 nswl Maximumn Stress on Concrete Base 71319 9 Ul Concrete Base Taszezaingagudnarsvesmisali finanudisg q vulassadiamnig

UV (@) CRTS Il (b) CRTS Il (No Isolation Layer) () CRTS Il with Soft USM (d) CRTS Il with Stiff USM (e) CRTS Il with Typical USM

dlewUSeuidiou Stress on Concrete Base s¥winansdilAseasn
nMasalnguuuueg o (3;1J‘17'i 12) WU Stress on Concrete Base 9
Windy demnudwesoliiiuty sniulunsdimasalvuuy CRTS
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3.4 Ground Vibration
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