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ABSTRACT

Rail transport is crucial for everyday transportation in Thailand, and the national
development policy aims to improve the transportation infrastructure by connecting
three airports such as Don Mueang, Suvarnabhumi, and U-Tapao Airport with a high-
speed train system. This expansion may have implications for the surrounding areas
along the railway line. The present study, conducted at King Mongkut's Institute of
Technology Ladkrabang, focuses on predicting the vibration effects of both regular
trains and high-speed trains using free and dynamic vibration equations within the
framework of dynamic structures.

To assess the impact of vibrations, an analysis was performed on the building
structure using measurements obtained from the train. Various aspects were
considered, including displacement in each layer, shear stress in each layer, shear
stress at the base of the structure, and the bending moment of the structure. The
findings revealed that small buildings exhibited less stiffness compared to medium-
sized buildings, making them more susceptible to swaying motions. Additionally, most
small buildings had symmetrical structures, resulting in more symmetrical movement
characteristics in the back-and-forth directions compared to medium-sized buildings
with complex structures.

Furthermore, the study analyzed large or complex building structures by
predicting train-induced vibrations using displacement data from each floor relative to
the building's height, as well as the shear stress at the base of the structure relative to

the building's weight. These analytical results were then compared to the measured



vibrations caused by the train and the acceleration response spectrum. The analysis
indicated that the acceleration resulting from the train's vibration had a greater impact
on the building compared to the predicted vibration from the high-speed train.
However, the results of the predicted vibrations were significantly lower than those

obtained from the acceleration response spectrum.

Keywords: High-speed train, infrastructure, vibration, train induce vibration, structure

vibration
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‘17'im: Paul de Vos [3]

2.2 myiamsauaziiounaglndsnesalu

OANCEA [4] Anwinise wflun1snegeuntinnisauasiiauainsabnlu lasi Tuusian

agn1u Nicolina Tusgauiufulnatuniasaluwazlsaseulunui

JUN 2-2 @ WUVYDINTINAIALG

f31: OANCEA [4]

N3 2-2 LERIN ALY TR LAz US TN Bssa NI dnsTudin §an
Fm:uL%wmaLamjLﬂumiﬁuﬁﬂmmwm%ﬂuLLmsumuﬁ’uﬁuIaﬂ Wazs ALY
Humstufinaanussuundsannduiiulan lnegafimnsiadadaiaanuss Acc 0 wae
Acc 1 azﬂju'%nmiﬂgﬁ’malw ag@‘ﬁ‘w AMSARRIFATAAINLES Acc 2 uaY Acc 3 agjv’%nmmuﬁw

LAEATIN MNITAAAIRTRANILTS Acc 4 wag Acc 5 agushallnaiulsaseu
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f31: OANCEA [4]

n 1nslugannuIs ESAM CF vayafiasnndrinaunsslugassuun1sdnnis ESAM
Traveler oy dUuszanana nMsduaziiouiitinainnsnsey wstia"LWLﬂué'zymgmLmuqu

Tuma Wudyayun Wasuwdadldnunianan degd 2-4

SUN 2-4 NMsTUnAIANILTIVBIRITAAIILTE Acc 1 (Wndmnfuiulan)

fi11: OANCEA [4]



IINFULAASDIAN BULVDIAIAIAULTIVBIRTIAAIIATE Acc 1 ITudinla &an msin
Aty nfuiulan Tnsunuisionianuisswessalndnuleduanuluunieiuin vse
¢ wnuuauAslIaTinweduIuNg

]
o =

a 4 a o =)
2.3 n'mm's']wamm']zuwLnﬂmnLLiaauaszaumaasalw

v v
R. Burdzik [5] mnsiasienaaantinisunsnszaevesnduduasiioulusening
nneaesdyealagazgnduiinty 3 unu laun Adumue (Longitudinal Wave), Agumy
9713 (Transverse Wave) WagAAULIIAT AIUSIVBINITUNINTZIELALLANIZYDIAT UGN

N MUARYAUNNS

_ E(1-v) (2.1)
@ =wa -2
E (2.2)
T 2@+ e
v = 0.96v, (2.3)

el v fip AsSIRAUAINEN (Longitudinal Wave)
ve A8 AISIAAUAINTING (Transverse Wave)
A < A a a a
vg D AMILSIPAURIAUTULLIAS
E o lugdaveda (Young’s modulus)
v A9 90518u993U02%04 (Poisson’s ratio)
p AB AMUNUILUU (density)
JURUUYIAA UBINIsduazITiauTiuautuLana 19 L wneaduieseniiez

(%
a v v =

afueMUszInaA LA lagiITanIINAeNnage Audadnisdedulanagninig
AwnsgmlTeuiisuaidnasunisduasiiioud wasluni1sseyaiuysenouauiveans
duaziiou dyangnuandlulawureinuilagnisussgnalynisuuasyises (Fourier

transform) miLLanjS‘aimmmLLamLﬂuqm

r , (2.9)
P = [ 10 e
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notdesiululawuresnanduiandy F(w) aawdodulamuvesninuidediuisidala

anafuuesdy o
Force - bogie rolling
%
E
c
S
i
ko
[}
]
<
Time (s)
SUN 2-5 JUAGTUYRINSAUALIOUNNATNTUIINYIUNIVIULLATOUNHIUS
Tulpuasia

‘ﬁm: R. Burdzik [5]

13U 2-5 kaAsisaN¥rYRIAINTEUALIIBUNQNAT LN TUNMULIARBUT
NUS1IATUTNLA Fan i lukunssanduiulan IngknufsRan1ANILsIe9s Ll
MNeTULATADIUNTIN 14| LNULaUADaIMNeTUIUNT LardnuuEYIAaUNIS

duaziiounnisUszgnalonisudaslisesasgy 2-6

Force - bogie rolling

Acceleration (m/s?)

Frequency (Hz)
UM 2-6 JUAGUYRINSAUARTIOUNYNATINTUIINY UM IVILLLATOUNHIUS

Y Y

Tulauresmnud

f#1: R. Burdzik [5]

INFULAAIDIAN YUEUBIANTAUALTOUNQNATINTUIINYTUNIMULLARBUNINIUTI
de =y o RN | o - a
duiinla Famnmsinanluiuaminiuiiulan lnewnuasieaauiswessaliivuiedy

WATAOIUNTN 1a9EE LnUUauABAMUDTIUITUE TR
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2.4 ﬂ’]'iaLﬂ'ﬁ"IZ‘Vi‘Iﬂ3\1%‘{%’1\‘]E]'lﬂ'lﬁ’\]’]ﬂﬂ’ﬁﬁ“ﬁgtﬁau
nnsAnunguingeauidediivavestunisiinsgrlase@inee1a1sannis

Fuaziitou 1wy MsAnvLALIRUlNLAN I UNSBANA5ITNYHVDI81ANT, HEIATIENANS

mauauau%mgml,uwizi’aL’Jm, ussERmfiou wagisannsunTReUaALDILUUTLR

(Modal Response Spectrum Analysis, RSA)

2.4.1 Eigenvalue analysis
18n1991989977 Analysis for Civil Structures [6] TANANITEULAZATUSITUIIR VD

Msduaziionvas MDOF Structure wuulusishvnsansnsavilaainaunsa 2.5
[K1{$n} = wi[M]{¢,} (2.5)

Tneil [K] Ao M3 navesANLTs (Stiffness matrix)

[M] #o wwdnavesuaa (Mass matrix)

w A8 Eigenvalue va3lnuna Wudin (n-th Mode eigenvalue)

{¢,} Ao Eigenvector vadluuna Wudin (n-th Mode shape)

A53LAT 189 Figenvalue amSunisduasiiiounuudass (Free vibration analysis)
warlalumsinszndnuazvatasiasimmslaunin dnvarmslauninilaannsinsem
Eigenvalue Tnun Tnuan1sdu (Mode shapes), ATUNI& LT oumINsssHYIH (A28
5950917) wardaduiiufulunea f\ﬂﬂﬁﬂwmgﬁﬂﬁﬂl’]’JMﬂfgﬂﬂﬂﬁu@;DEJlI’JaLLﬁ%ﬂ’J’]ﬂJLL%QGUEN
Ths9asns

Tnuansduagiiouidusuuuuresgunssssuniilasansduaniouvionlnds
sulnognsdasy TnegusevaddmunusnyidosusamsduagiiiounussamfignisyniogUsns
flanunsadsusulalaslandanunieussussiign sUTeiistuinndanuilifistuay
f mu@hmﬁqﬁummm

SUT 2.7 uanslnumnsduasiieuvesmuiuiisadssmuandununesnsngay

Y

a Wiuguseidsululaezuaingusiiiinannndnuuesign
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(n) TunvInIsauy

(¥) AUTITUBR
SUN 2-7 IuANSEUALLIDULALANUSTIUTIAVBIATUEY

v

fian; Analysis for Civil Structures [6]

mﬂgﬂﬁ 2-7 wurlvuedt 1 fianusssunfuinniluued 2 wazlvuail 2 SAmann
Tundt 3 auandu mlvenudsssualuluuei 1 dawesniluuai 2 warlvued 2 S
wnnluuad 3 anua 1usudnvazvesnsduazioululnund 1 v wﬁgﬂ%wwmmuﬁ'u
LU?{auLLUaﬂﬂﬁaEJﬂiﬂé’ﬂwmmaamiﬁuazLﬁauiuiwumﬁ 2 uay 3

ANUSTIUTIRBINSEUaTLioud atra? 9 ndulunisnalanisied euiiveanis
Fuazifoudasyasuniissoululnunsssurividonaans

nelUilaresuneaiansmAUssTUTReIsEUUBEsYSERUIREA (Single Degree of
Freedom : SDOF) amﬁiﬂﬁﬁmwﬂmmzLquluammimiLﬂ?{auﬁﬁmuamaﬁzw SDOF

1519¢laaunsiseuiusIBuaua 1MUN2 (EUN15 2.6) Lantlan1sauastiiounuudasy
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mii + ci + ku = p(t) (2.6)

mii +ku =0 2.7)

Tefi  m fe wavesszuu (Mass)
il f9 Ase (Acceleration)
¢ fio AT (Damping)
1 Aa AU57 (Velocity)
k Ao Auude (Stiffness)

= A 2 A o = ¥ a o
LU U ABTZHUENNTLAA DUNLUBIIINATITA UTALLN DU ﬂ']Li’]all@JWﬂq@aUV]’JVLU

(general solution) u = Acoswt Ing#l A ABA1AITIVEILBUNGIANINEIVEITUTEEZNTIAROUT

SUAY A9TU @UNN5 2.7 @unsadeulaeadl

(—mw? + k)Acoswt = 0 (2.8)

el dulumu (@unns 2.8) aveshunsdunendugue®au 1lua@Euns 2.9)

(2.9)

k
w?=—,w =
m

Tnefl  w? fie Eigenvalue

® Ao AudsTauyAida

f fAv AUDSIILYIA (Natural Frequency)

T fo AUsTIuY@ (Natural Period)

2.4.2 35A51eNsRUaALa LT LdULUUUTEIRNEAT (Time History
Analysis)

91989970 Analysis for Civil Structures [6] aun1saunalauinamsunisinsien

NMIRRUANDLTIAULUUUSEIRaE s ulasell

[M] 600 + [€] () + [K] u(t) = p(t) (2.10)
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Tne?i  [M] Ao wvisngvesna (Mass matrix)

[C] o wv3nguessnuag (Damping matrix)

[K] fio wivisngaesanuuds (Stiffness matrix)

p(t) A9 DAWMEs VOIS laWIin (Dynamic load vector)

il, ey u fe NMEININIINNE, AUEIAE N15NTEAR

3meﬁmwa‘uauaaL%QLguLLUUU%’E’aL’;mmmiwﬁ%LLh”anmiam;aimmﬁmﬁa
Tnsvasemasuniszuuulauniin ava qummmwauauau%ﬂmaagw (5z8zM3iAdou
i, uswestuain 8% ) melurnafinmualnefinnsanandnuaslauniinvaslaseesis
melaussitly Falusunsuleds Modal Superposition & 1¥uMSIAT NS UALE LT EY
wuUUsEIANEaN

szon15.Aa ouivedlaseas1elau1a1nds Modal Superposition U893¥8¥N13
\ndouiivedlunoadsnudnuvazyuainnedty 3‘§§é’?ﬂagjuuﬁu§’1ummLam‘%ﬂéz?ﬂaﬂéfmﬁw 33
AULRIUNENTVRITINUUsENaUAENSTINAUB AU e NS NTIa (M) LasLuv3ng

AT (lKl) FIVILARIAIUAT

[C]=[aM] + [BK] (2.11)
SIYBNFAINLINADS
QT MBG) +8T CPq(t) +B" KB q(t) =@7F(t) (2.12)
Indicial notation
m;q,(t) + ¢;q,(t) + k;q;(t) = P;(¢), (i=123,..,m) (2.13)

WBnsundymy aaeasluaea (Modal method)

u(t) = Z 0 () (2.14)

Modal shape Tnunfi i
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q;(t) = e~biwit lqi(O)costit + §i0::(0) + ai( )Sina)Dit
, @i (2.15)
+ f Pi(v)e~$i®tDginw,; (t — 1)dt
m;Wpi Jo

I@Uﬁ Wp; = W; 1-— fiz

a,f o duuszAniues Rayleigh

{; Ao dulszavsmnummneduund |

w; Ao AudsssuRvesluund

?; Ao Tnuan15&ud |

q:(t) Ao A wua W@uns SOF lnuad i

ieitiinsennisnevaus AT auLUUUSETRnaT Syevmsiadaeufiveslasiasnees

Qﬂmwum‘lmmssmma@mmaqgﬂéwLwiasimmazmmauam%’uammﬂmmaaﬁaamgaaﬁu
Fawansly (auns 2.18) AuuLey fmagﬁua lveiily 33015 Modal Superposition 4
fiusvans amannuasidunalvle fusgrsunsvaslunisiasizrlaunfind sauainsy

JGENGERN TR LR

ad a =) 1
2.4.3 A[LIIFQANYULNN
91989910 4ANT hasaa [7] ussadasumduisnise wineseaInsunis
' a ~ a A . . =
mmmLmLLmumuvLmeammimLml,aawgwmmmma (Seismic Base Shear, V) @49%
YuagiuuminlaswaseUsedning (W) wag duuseansnsnevaussvaturudulng (C) s

aunsi 2.16
V=CcWw (2.16)

TnenduUseansSnisnouauaadufulauisanilaain

I
C, =S, (§> > 0.01g (2.17)

el S, AD AANILTIRRUANDUTIAUNASY
I Ao AM@UTznauAIINE 1AYIEIDIATT

R A9 AUsenauUSUNanauaUDd
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ANAINALTIRDUANDATEUNASH (S,) @11150MEAINAISUSULNAIAINULTIR B UR LB

WEUNASUNAIUNITEY 0.2 U (S) WagAIAULSINDUAUDUTIAUANSUNAIUNITEY 1

a ) d‘*y (% ¥ [ aa‘ tvgjad'gj = Y a )
?UWW(51)%ﬂ@@ﬂﬂiUuﬂﬂﬁﬂﬁﬁﬂﬂﬂizﬁWﬁﬁﬂﬂiU%UWUWﬁﬂ%@ﬂ@qﬂ7§ NAIUNITEU 0.2 JUMN

[ '
o

(F,) wagimrunsau 1 3w (F,) 3ntuaza1unsanIAIAusInevauouddiunasuansu
N1500ALUUNATUNITAU 0.2 U (Sps) WaZNAIUNTTAY 1 TUT (Spy) AIENAITH 2.18 Lag

aunsi 2.19

2
2
Sp1 = §E;S1 (2.19)

AANULSIRBUAUBLTEUNASY (S,) @nsamlaainnistunsinlnefanaliesann

[N
aaa

ATUNTEUVBIRIANTE UNUNNLAM Spy<Sps MUFUN 2-8

U 2-8 AnusIrevANBLTtalUnaTuamTuNMseRNLUUMILTSUSEATaTieun amiulay

5 yesiuilulongumw A51: 18K.1301/1302-61 [8]

A1UNT5d UW UF1U(Fundamental Period, T) 1989310 UK. 1301/1302-61 [8]
anunsanwnndla 2 33 lawn 389 1 anunisduiiugiuresernisnsunsnEiumian auiala

1NN
Y

T = 0.02H (2.20)
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Tnedl H fio ArwgevesornisTnnnituiu fmneduuns wegdsd 2 awnailaan
nsvaEIaviou minenms uwazaukdeessuUlassaTIeIULSIATUT Famunisdu
fuguiileanisinediniy 1.5 wuesisd 1
msmematedeusilunnsuiiguonasnavestulag (8,) aunsnaiuialaainauinig
fi 221

_ Cabxe (2.21)

el Cy; A9 AUsEnauIeIuAINITINgs
Sxe A8 ANNSIATRUAIIULUITIUNIAAUENANNIAVDITY X LBINUTIERATIEUWN
Nlaanidaseulassased s ssuudanasn
I 79 AUTZNaUAIING TAYTEDIATT
dyu ' A v o o . ¥ ! A o
wonNUTEILITaNIAINISIARIURIELIMS (Story Drift, A) laanuan1sussnisiadsudalu

LUITIVVDITUUUBBETUA

2.4.4 waUnnsun1snavaueLuUliun (Modal Response Spectrum

Analysis, RSA)

91989910 N5 WAEN9 [7] MFDBNLUUAIEIHZABIATLINAIATUNNSE UUALS]
gﬂ%ﬂﬂiwmmﬁiim’]aﬁummiﬁ'maﬂmqa;wwma‘[wm wazdanasdiASATIAaILATIMLINDY
dennanITUSATIdIUmIIIIwesems Tnauaulnuanesiiiiosneiivzsnlunasinves
wminUsyananadalvun (Effective Model Weight) flanunnmaviemaiu 90 Wesiun
vasu minUzAnSNaTaavetetnsa iuluunasiinveusakuAnlnlusuidann
i

LLi\‘iLaauﬂmﬁi’m (Total Base Shear, V,) anansaauinilnannuasasannansive
83T NTide1weIHATINVEIAIN1EIEes (Square Root of Sum of Squares, SRSS)S833
smuUUAEIYsaluesAIN 1daes (Complete Quadratic Combination, CQC) Tagu /R gy

Aunlnue aelausudeuiigiu Asaun1si 2.22

(2.22)

Vzi\/V 2 Vool + Vygp” + o
t R b,1e b,2e b,3e
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Tneil Voter Vozer Voze AD LLiaLaauiauﬁgﬂuiuImm 1,2, 3 ANUa1AyU U895¥ U
ﬁﬂﬁq‘m%‘ué’u (Linear Elastic), | A® fitusznauAuaIngy (Important Factor), R A® 62
UsznauUFunanauaust (Response Modification Factor)

mnﬁ?uﬂ%’mmyhﬂLLiﬂmEﬂum%IumiaaﬂLL‘U‘UGT’JEﬁ%“wamﬁm‘o;wﬂﬁ@mﬁﬁ’mssﬂ@‘U

USuan (Scaling Factor, Sg) Feaunsi 2.23

%4
Sp = 0.85— (2.23)
£

lae?l V As Ausadaufigiu (Base Shear, V) fia1unsanilaainisussadiaiiioumi
ASANITA MU TUATLIAROUAINSUNITBBNBUUTUAIULASIATS (Individual Vertical Member)

A WULANALSN F1U150A 1WIUBAIENNIST 2.24

(2.24)
SpdyV
v I(FOle

2
- ) + Vo 2 + V32 +
1087 Vi, Vae, Vae A0 LmLaaﬂuisuuﬁwsjm%qLguiuiwmﬂﬁ 1, 2 uag 3 MIUAIAY,
0 Ao FUszneunIFedIniy aunsaiien3snisidan Modified Response Spectrum
Analysis (MRSA) 1iuABn15Usun19A wniusadeuilyeonuuulasfisnsanainivandigeiian
LﬁuLLUUQW'&juL%Lgu FAUARTUNUIZLENNITA AIUBNANTUA WU X Wagwn Y
f-ﬁmﬁmﬁlauéfﬂuumswﬁ@uéﬂmamamaa%ﬂﬂG] (6) aasan wandhanaunsd

2.25

_Ca (2.25)

0= 7

\/61e2 + 62e2 + 6362 + -

189 8¢, 85, 85 ARNSIAGRUMALUTEULEAMUTLaUlulaT 1, 2, 3 anuandy,
C4 ABMIUIENDUTLIEAINTTINGAD LazAINISIAROUAIEUWNS (Story Drift, A) @11150AIUIN

laannau1nIsy 2.26

A
R

\/Alez + 7,2 + A% + (2.26)
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W8N Ase, Age, Ase PRNMSIARDUMIANTIMETEMINTUlUsTUVEAng U Baululvua?

1,2, 3 Mua 19U

2.5 wuushasslumsiuneansauaziiou
nsnevausessruulassEs i sy AuTunLETn Ui wwe usswuududula

(Step Response of a SDOF System) Lﬂumsmauauaw{aLLiqmauaﬂiugUquﬁiﬂs&m%ma

fin 91nn139198997n Stephen Kuchnicki [9] nUIsWUUTUT Ul SR e sEU T uaY

aaninaenlUlufinduan TReulenisvoznansunudugue aunisiadounvesssuufe

mX + cx + kx = F(t) (2.27)

PNAUNITA 2.27 M908 M AADATINENNS T3 w2 = k/m, c = {/c, Wag ¢, =
2mw,, W9 w, Ao AnudssTurIALUULNEAILMWS (Undamped natural frequency), ¢
AD §MINEIUAIUNUI (damping ratio), ¢, ABFUUTLANTAINUINITTUALLTOUTNAY

(Critical damping coefficient) ASHUANNITLARDUNUDITEUUAD

¥+ 2{wpx + wix = F(t)/m (2.28)
el
_(0m0<t<t
FO={" 5550 229

lumsunaunsifisenius 14353 Aswegtuduiinda (convolution integral)
t
x(t) = f F(t)g(t —t)dt (2.30)
0

Aewegtudufinaliunisnevauessninvesssuuluvne NiiBuNadeeeNunAnsEn

TAYNNSNDUAUDIVBITLUUNDNUINUIDUNAARD
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x(t) = fo e~ S@ntsinwgt = Fog(t)

mwgy a 0 (2.31)

39
gt) = 1 e $@lsinw,t

moy a (2.32)

Fatu
1 t
t) = ‘“’nth fwonTgi t—1)d
x(t) mwde ) (De*PnTsinwy(t — t)dt (2.33)

WA F©) adluaunisazle

1
mawygy

t
+j FyeS“nTsinwy(t — T)d’l,'}
t

0

x(t) =

to
e‘f“’nt{ (0)es@nTsinw,(t — T)dT
0
(2.34)

wenusnvaslurndudnnuduegue 1feanyiIsia t <t N1INBUANDIVEITEUY
WJugue amsunsmnisnevauevessyuvlurisiaduiamualaainnisduiindalument

@99 FILAINITNDUAUBIVDITLUUAIY

1

i

F,
x(t) — ?0{1 — e—{wn(t—to) COS[(Ud(t - to) - ¢]}' t=tp (2.35)

189l wg = AN TITUTIAUUULAIUMUIN (Damped natural frequency) &A1

WU w1 — ¢2, ¢ = arctand /1 — {Z gunsiidunisnevauesrassyuuluga

)=

n§19nussnnsen 1ensnevaussvesszuulursnaineuiusmnsey wigus
13U 2-9 unsmevauswessruulassaT s AUt um AT fundnauss

wuudutulafiunnanetu nurvuavesussnsuenuUafunsafUTUINYeIN1SIEUALB DY

STUU LATILNATedLsInIsuennilinIsrevauswwessruuligaquenatseansduluey i

AUy N?ﬁ“U@ﬂiBUU‘\]%LLﬂ’Ni@U?SElzﬁmﬂﬂﬂ’sqﬂu& %ﬂﬂ’]%@ﬂﬂﬂ@ﬂ&lﬂﬁ?ﬂ%ﬂ@%ﬁULLiﬂﬂ'lEJ‘uuaﬂ
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[
v v

UM 2-9 N9IN19MBUANBIYRITEUULATIAT NN TEAUTUANUESINAUN TR LS IWUY
Tutulanuananaiy
9n3U7 2-10 Wunismeuauewesszuulasiaseniiszaudumnuasiniiunine
WUUTUTULANIANDFTTUYIAVDITEUUTUANA AL WU AMUDSTIHIRTLANTUN N

NISMBUAUDIVDITLUUAITILIITULAEN TMAMUDVBINITAUANAS

(%
v v

UM 2-10 N5 19NIROUAUBIRITTUULATIATINLTEAUTUAIUETINAUN TN BT UY

JUTULANTAMUDFTTUVIRVDITEUUNLANAIIUY

(%
v o

9n3UR 2-11 Wunismeuaueswesszuulasiaseniiszaudumnuasiniiunine
LSIBLUUTUTULART O RNT1EIUNITNUILANAIIA U WUINDATIAIUNITAUILANY UN b9
S28LLIAN UM TUU NN TEUALLTIBUANAY ANMSUBATIEIUNITAUNNLAUNINU 0.3 ANTUUIN

& a % 'a Y] s ' ) a
UULNYINBNAEN W%INMﬂﬂiﬁUi@U‘\g@@uaﬂaﬂﬁ x=15 LLaSWU'J']l‘!lm@QLWﬁm@Qﬂqﬁﬁuangau

WasuwladlUunnudnsaiunIsuung
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[
v v

UM 2-11 n9WIMIneUanaswedTsuulATEs NlTEAuTUATIETINAUNTNA DU THUY

FuTule NI NI 1AIUNITNUILANANTY

v ' o
S a v

mimauauawawzw’lmaamwmzmwummLﬁ?Lmﬁ’wﬁw{amiﬁ’aégﬂﬁm?{au
(Response of SDOF Systems to Square Pulse Inputs) 311N1S 91983910 Stephen
Kuchnicki [9] Wuiwﬂ’aégﬂﬁmﬁw (Square Pulse) Aewaaifvwinasiluszoziiamis Ty
mﬁmiwﬁmima‘uauawaaizw@iaﬂ’aégﬂ?ﬁw?{au TG DR HE PRI IUGERHUDREERA P
step function Tagfivasusnazluussvunnasi wasndminyaamieslnusdidvianseiu
3731 teRnanetuusslugausn nilvadnsmileusunisuiussneuendinsznieonain
YUY

amuadwumﬂumﬁaégﬂﬁLuﬁauﬁﬁmu’mﬁa F, uasiiszozinanae t, Uil 1Sumume
A151MLsIIIIA Fy 9101087 T = 0 WaEN3EN 1MEYUUMETWIARITaUG AT t, nntulnus e

Hvuraiu -Fy nTen 150%na1eiunsslugelsnaieds superposition

1% (%
[

Tur19L5NNISHBUAUDIVDITLUUIATIAT N L TLAUTUAINULAT N A UNT I bTIUU

JuTUla NHANYULVDINTHUALLDUTURLINUANNIST 2.35 Y89uua F,, laluwian t

1

i

e~$0t=t0) cos[w,(t — t) — ¢]} >t (2.36)

Inedl ¢ = arctan{//1 — 2 Wa1sunn1snevaueskeniuidugosvae 1nenis

PavAURIBITTUUlUnAT t = 0 vJu x,(t) nuN
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1

i

(2.37)

x(t) =x,(t) = %{1 — e =@t cos[wyt — gb]},O <t<t

Fadunsmevausswesszuuluriwnal 0 fe t, anduluvisassnisduasiiiouay

Tnussfirmemss - Fo agla

—F 1
x,(t) = —0{1 — ——e 9=t cos[wy (t — t;) — qb]}, t>1t (2.38)
k 1— 2
U msdusitou x(t) wag xt) ismiuagle
x(t) = x,(t) + x,(t) (2.39)
Fy 1
x(t) = _{1 ————e @t cos[wyt — qb]}
k _
vice (2.40)
—To
+ 1-— e 8=t cos[wy(t — t1) — }
) Foe;wnt {ef¥nt1 cos[wy (t — t;) — @] (et —P}t=t,  (241)
x(t) = ———={eS®n1 cos[w,(t — t;) — ¢] — cos(wyt — P)}, t > .
e d 1 d 1

AIUUNTHOUAUDININUAAD:

FO{ ! .- } (2.42)
x(t) = —{1 — ———=e"5“nt cos[wyt — 0<t<t,
() k \/1_752 [ d ¢] 1
F —{wnt
X(t) = Oe—{ezwnh COS[a)d(t _ tl) _ d)] _ COS(a)dt _ ¢)}' t> t1 (243)

k1 -2
FUNAMAIN ¢ dusannsen feludnwagvesnsauazifioudaduniseu

WULREINUNTEUDATE
N3LAAOUNVDIYAAUENANVDINTAULAAIAIFUT 2-12 Fadunisnaaauna Fo

LANANIALETNAT NTFUEUALIABUTEINUAAUINAINTN X = Fy/k 013UIAYBIUTIlUTIUTN
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warydesfivwinmniuuaiiienimsiniu aauenatasnduidugue wazarvuinves

wsaburaei 2 lduyiawsn lagluussluyien 2 Ae F, lunsaliyaguenalsvesnisdu

NAINYINIAT 2 Ax0e x = (Fy - Fy)/k naansanusensuilaniiuladafenisiddeunias

Y

209 Fo 1 MMaunveImsauinduauinialiainaunis 2.31

JUN 2-12 N91MIYRINNTNOUAUBIVDITLUUNDUTIN VN ALANAAUENNTUIA

Fin: Stephen Kuchnicki [9]

UM 2-13 N13MBUANRIVRITEUURRNAARLALUNTAUDEITUYANUANAATY

fisn; Stephen Kuchnicki [9]

JUT 2-13 wananavean1siuasumnudsssuyd dunangalisuintudliodnisiv

Y

W5LUTN 2 TIN5 UALUANBULNITFUE19NEYTUITY TaeN1SiUAsULU AL AT UBYNY

NEPURULNINTULLDAIUDTTTUVIPANTU ANITLARBUTIVDILIATIAIN DL
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JUN 2-14 NaveInSURYULUAISNTIEIUNNTINIIRBNINBUALBIYRITEUUINTAA
a4
GIVREH

Fin: Stephen Kuchnicki [9]

¥ a ¥ G a [} (Y] ! ' a
4ANeIUN 2-14 kandriufangAnIsun1sAoUANRIE NS USATIAIUNITUUNT
ULANANNAUENLLUY FUNATATIEIUANNMLITGS (= 0.3) N W sduaziiieunanunanas

9819590157 WaLLaNevIaa17 2 NUMIUNAINNTAUARAINNBATIEIUALAUINAUTY

2.6 auautRvassalnanuIrgevasiasenisaluanusgalulsemalng
Ussiamvassaliainsigeiinaunuaglylulssmelne laun solianudgeiivam
situiu Tngsuvessalrlenuiigeiilafosalrlennuirgefignadlasuism CRRC qu
Fuxing Hao (CR300AF) si3awdavna dsanunsalvlulszmelyenisaniniigean 250
Alawnsmedilus vunnswitazlefivunn 1.435 was (European standard guage) fia m":um:

YU 8 Auuiu tnsazgnlvlulasinissalnanusigelne-3u (ngunn-mussniey)

JUN 2-15 salweanansigs W3amng

Pun:salianumsigalng - Ju [10]
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Railway Technology [11] nanfisnseenuuusalrinianiigadmn dadunis
DONUUUAIMANDINANGATANTYLAALTIALYDIBINMALAEN M3alWaL 501 TS
TunsufoRnuiigatu uazanalvelunisadunulaenisanuiinadomasdly lay
solWTlmAena0uUUADILINATEIULUARTU LAY SUAUVINGTUL

solvguudaguuIndinnuen 209 WATKAEANLNINY 336 s TUMngeaane
wandl 17 fu uazannsnsesiuglasanslagaan 556 Ay

solwgudunnguuiuiinnnuen 414.26 wWRsiaEANNIIN 3.36 WS wazdaaugi
e Wﬁ’wﬁmami 1,200 Ay

Fegnoonuuuanlyisuusawuuludifulsenisvedlassunesaliamdagdludu yas
yawulunisesnuuuiaginangluniswnuasUszaumssinisifunisitagninauis
a kuylagans

meusnvessalwanuasnelnudunmionss duniwessalnfifidsiiazanauiods
anusausulnuduiedls AdsddninRsfrwiivulaussnussssmadiolniifuiine
flazmnaviea wiuglaeans lneylasansannsnmsalnsdnviouduiiovlnelaudnlniey
vuisuaranunsoiniadouns Wi-ri wuulia 1dawssallon

UsggiliuszuudalufAnilvnisuiwazesnvesineaaidullegsuiu ssu
LansoyaTTRELanIINEA Tz an LTI

saluly §anndafiszuunsiaasuuusaliianauienluddlunsdanidy
UszavBnmuessalrignaaaeulneesanisnsiadouyszana 2,500 0

Jagtiusaliieuidiga@emnin ’1Lﬁuﬂ’ﬁuuféimwsalmamL%fgqﬂmwé’ﬂiuﬂigmﬁ
u udsanednAciBesls Unfs-Genu wartnds-iouiu mmnarlvuinisdeunaninngs

geluda 16 Womanlulszimaiuiuy

2.7 wuaauda wazeudseiiisadas

Bahrekazemi [12] nanandaymuesnisduasiiieudiinluiiufuidesninnisesies
yossalninisidoulesanugau unasiuvesmsduagiitouainsalyl AUNINSNIEABNTS
Fuasidion (Eumen1sunsnszane) warisunsduasdiou mamenuailanduneuis
ailinaneaaunsainsduasdioududse Falunism weswazussndymifiiaainnis
Fuaziitou

Persson [13] wandlviiuinasunazasnivundiumvuglunsiedeuiluwaed
salvindandeud miéfmﬁaswﬁqgamlwLLazstﬂ‘l}LﬁﬂLLiQﬂizG?uLLuulmuﬂﬁﬂLﬁaqmﬂ

m’nmmmLﬂﬁauﬂismmmqﬂiuaauaﬂmaaiwim uaﬂ‘-\]’mﬁ‘lﬂ’]ﬂﬂ’ﬂﬂL%’J“U@\iiﬂlwq{m’n
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mwﬁﬁﬂqmﬁ'ﬂmumﬁ%mmiaé’qLﬂmmsé"uasl,ﬁaut,ﬁu@ﬂ@? RTCIRINERPERIER
Usgdnwa miummunemsduasiiiouanudn 1nmsesasmsaliuuiuesuladunisiamn
1my Norwegian Geotechnical Institute

Madshus [14] LLamqumaaqﬁﬁqmwwaﬁammaﬁgqmﬁmwi’maz?ﬁm TR
FosfuiiAeaves wuvanaesilelunisnaunu Gardemobanen (snlWanui§ageszaang
podla (Oslo) hazauuiu) wuua wemmmﬂ’13dﬂﬂiﬁuazLﬁauﬂawmmi?ﬁqg’qagﬁwmﬂLLm
sallwivin

International Organization for Standardization [15] 11/1”LL‘L1 mslunisianas
FuaziiiouuazranIzNUne8IAns mummgﬁuﬁiwmawmmew?wwulmmﬁmﬂuﬁa
LLUimﬁiy,mﬁUﬂ’;'m?{L.Lamhwaqm'mL%@Jmmmié’uamﬁau USELNNLALANINYDIDNAT
AUASTINYIR wazdIUa mmmmgmuasauﬁluﬁuﬁLﬂu?{aﬁmlﬁuﬁlumsﬁmim%ﬁu
Jadeiiiorvestiueians

Martin et al [16] lon 1msanwlassasisvemnesal Fsannsenemuiiaseasns
gaamesobilnerhluanansauusmanuudaedasasioneseliugoms launlaseasis
maﬁﬁmméamsﬁﬂ'wmmufﬁwaﬂmqa;wqmﬁalwggjﬁ 30-60 kN/mm wazlAseasnansdi
ﬁmmLL%ﬂﬁlzﬁﬁ’lm’]@JLL%Q“Uaﬂiﬂiﬂagﬂﬂﬂ’lﬂiﬂlwfzjgjﬁ 40-70 kN/mm

Sungil Kim [17] lan1n1s@nwia1dudsed@nsd Anunu94ue9lAsIas19annesaln
(Damping ratio) lanin1sAnwiaesiuulawn wuvdiulsenistazuuuludiulsoni lngls
seylinlassasemesaliuuuinulsenis dnaslindudseansninumnuiwedlasaasamig

salwoglurs 1.45-2.5 Wesidun
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-AsEuaznINTa Ly
ANWUZNITNTLAIYAAUNS
duasiNouvaIny
ATMIANSEUELIBUUS LI
WIS LN

-NNIET UV 1DIDIANT

NAN1SATIEN
MDBIATIUANBAIZAE92TN
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SLEPIHNANNSNTENUNDNANATVU

wseduaziauYaasalnkazsalu

¢ v

AAITNVOUA
“9BALUU ITILNULAZN 1AUN
YBULINNITANEN
Msduaziinansealn
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TuarAdefiagn MsAnwINISa151901AaUY (Field Research) Inaflingussasmwiie

9

PE% \
U

IpTznveyaveInsduasiiouninsaliausung ndun MFRATEIRULUUADNTY
FLa99slATIAT190IANTTUINAI LEU B1ANSTUAY AT ALFUEDL 91ASTLIANANS
ware1AsrLIaLEn uenaniunfulsnnadunsduasniiounianisnndunisduasiiou
Mnsolienuiigesiiaggnlyaulusuianeieisnamansifiourluninisdieszn iy
wuU91anilATIAsNeIAT ilemsradpumLUasaforesermsluninaaatumealulad

¥ ¥

‘Wﬁ%’fﬂ@llLﬂa’]L‘U’]ﬂﬁu‘Vl‘Vi’]ﬁa’]@ﬂi%ﬁﬂ%%l@%UNﬁﬂi%%Usﬂaﬂﬂ’ﬁéﬁJﬁSLﬁ@u&#ﬂﬂﬁ’]’lmqﬂu@&ﬁﬂﬂﬂ

3.1 ASATIZVNISaUEiauannsaln
MMsaITUTiLazan WA US nMAUNIessa IMTnuanSumealuladnsy

[ [

FDUNAWIIAUNINTANNTEYI Uasfinwiuvan wllavanaunisduasiteuainsal

3.1.1 Uszinvassalnuayseuurudmensusiniug doa.

sal‘vxl‘ﬁm?{aur}huﬁnmﬁuﬁﬁmﬁ’umdu‘laﬁmmamLﬂtﬂ%ﬁfﬂmmmsamnizﬂ’uﬂu
Usetnnievidu (THN) [18] saluuszianeadudusalilussinnsalwfieasne @a1u1san
arudilagean 110 Alawasmedalu fn dsduinda 235 w3 7 2,100 seuneunit salyl
Ussuaviliiu miniamefase 33.500 du U mnvnEIaUIl 35,322 fu wasuiwinnawman

12 ¢ Fadldnwaugaagy 3-1

Ul 3-1 solsiUszian THN

s : https://th.wikipedia.org/wiki/ALauLou
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TuvinaiiunaatumalulagnszasunaarnummsannsedellseuuruaImn 19319
USZLANTZUUIURNIATUIZININEDY (Intercity Passenger Rail, IPR) [19] S2UUTUAINIITI
Uszunnszuuruasnasuszmaiiosdnnuiiawalunisadunisesi 100 nu/su umin

aamaIgegmlaniu 25 du

= (9 Y =] ] [ 14
3.1.2 Famsiansaussiiiounaglnauulsiesalv
@ Y - a i Y Y A4 o ' =

nsiansduaziiieunieglnauuisesalinimsinlaglyiniesinainuisunuifen
(Accelerometer) tagmnisuuaiduaiuau 2 gaviieninisinanidar 2 9a wazlyasosin
ATALTNUGEIAAE 3 1ATRY lagunazlnlafindliinAuswwITIUAReRINAURLIIS
ol vuuiuksesalnuazuIfe WelamAnussinlaaniesesinauis@ggnaan
ADNTILADININITHIUTINTINVBYanI8IA3 0eTuTinveya (Data logger) uazUszananalag

DALY TN TUABUNILADS ﬁ@LLamﬁugﬂ 3-2

Accelerometer

Battery

Computer

Data logger

UM 3-2 nsiinRaAIesinAuLTBINTEuaLLTIaY
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UM 3-3 NAN9INTSARALATEIINANNLTIVBINTSAUGALLTIDY

nshnsaesesiloTnaue (accelerometer) %amﬁ’uqﬂﬂiajianamﬁzgmm (Data
logger) LAZABLTIABSLUUNAW ANuA 1WAz Wuds TaefinnsTansanuuny Aownus
andiulan Ay 2) Lnussn UL ssa i (WnY X) LazunuULIUiULLITIesald WAy Y)
TudunouilygufvRauaosnuuarlyszornaimeannis Wesnmeannsalunais
AILVUILAZNAIYTINIAN ;,Jj?f\’l”alﬁmﬂmﬁumwiﬂﬁmﬁﬂLﬂ‘%laqa‘j'ai’miuu‘%mmamﬁﬁum
salwwuesnesvasafiufuiednudatuidasmuiiivesuiuse dssoliviuesnesnasn
ﬁmwm%ﬁLauwNqaﬂiwmlwmaﬁ%muﬁuﬁ 9. Loy W%agmaauLﬁamﬁmﬁusgagaﬁi’ﬂ

a9 @9a.
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JUN 3-4 NM3AnALATEIIRANULTUBINTAUAIIDUUS ML USaLY

3.2 N399I taya Inszvideya uazuszutanaainwuuInaalaseEing

91A19
NATNMUVNADELTAVRID1ANHITEI MR ULl NUIUTUNTUABUNINDS D17
WU MIDAS %38 ETAB [20] Falimnuanunsalunisatwiumieseidouisilunedfiuun lag
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1 0.545 1.835
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Abstract

Railway transportation is important for public transportation in Thailand like Bangkok
Mass Transit System (BTS) and Mass Rapid Transit (MRT). Therefore, the organization
of national development has objective to develop in raillway transportation. Moreover. they
are planning to build railway in Thailand to connect between ASEAN and China. There are
many researchers who studied about the railway transportation infrastructure by using
various methods. However, in this studies. waves of high-speed train were investigated
by using different velocities into force and free vibration equations from structural dynamie.
Then the results showed that shorter tidal range was happened due to the vibration waves of
high-speed trains than waves of low-speed ones. Finally, finite element software was
used to get characteristics of the waves. The results proved that the vibrations waves were
strong at first 1-5meter, however, at the distances of 5-15meter waves were decreased
significantly in intensity. It was reduced to the end or there was no effect at the distance
18meter waves.
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Abstract. Raillway fransportation 15 important for public transportation in Thailand like Bangkok Mass Transit System
(BTS) and Mass Rapid Transit (MRT). Therefore, the organization of national development has objective to develop in
railway transportation. Moreover, they are planning to build railway in Thailand to connect between ASEAN and China.
There are many researchers who studied about the railway fransportation infrastructure by using various methods. However,
in this studies, waves of high-speed train were investigated by using different velocities into force and free vibration
equations from structural dynamic. Then the results showed that shorter range was happened due to the vibration waves of
high-speed trains than waves of low-speed ones. Finally, finite element software was used to get characteristics of the
waves. The results proved that the vibrations waves were strong at first 1-5meter, however, at the distances of 5-15meter
waves were decreased significantly in intensity. It was reduced to the end or there was no effect at the distance more than
18meter waves from the wave source.

INTRODUCTION

Transportation 15 gaining more and more important in every country. as a result, traffic vibrations problem 1s
happened due to the heavy trucks passing on the route. Vibrations from the train are produced to the ground and it can
be a nuisance to people living near the railroad. The tremors will be affected not only to the residential buildings but
also to the railway structures. Therefore, high maintenance costs are necessary due to excessive vibrations. According
to the national development orgamzation, the aim 1s to create Eastern Economic Cornidor (EEC) to develop
transportation mnfrastructure by the operation to link with air, land. and water transportations for reduction the
travelling tume and transportation costs. Bahrekazemi 2004 [1] said that the problem of ground-induced vibrations due
to train traffic has three links such as the source of vibration from the train. the vibration distribution path (propagation
path) and the recerver. Understanding how these three steps influence vibration situations 1s critical in predicting and
mitigating problems caused by vibration. Moreover, Persson 2016 [2] shown that each wheel was acting as a vehicle
for 1ts movement while the train was moving. The contact between the train wheels and the rail produces dynamic
excitation due to the various types of faults in the wheels and rail construction. In addition, if the train speed 1s higher
than a certain critical speed it will be able to observe additional vibrations. Then an empirical model for predicting
low-frequency vibrations from the rail traffic on soft soils was developed by the Norwegian Geotechnical Institute,
NGL, 1996 [3]. The model with a statistical formula predicted both expected values and associated confidence limits.
This model was used in the planning of the Gardemobanen (the high-speed rail between Oslo and the airport). The
model predicted vibrations in the middle of the building, located further from the tramn line. International Organization
for Standardization, 1990 [4] provides guidelines for measunng vibration and impacts on buildings. In accordance with
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