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Dynamic effect of train load on seismic response of railway viaducts

OJIAFERR*  f]

E@i jc**

LR} FE R **

Mitsuo KAWATANI  Xingwen HE  Motoki YAMAZAKI

ABSTRACT This research is intended to evaluate the dynamic effect of train load on the seismic
response of railway viaducts using a developed analytical approach. In this approach, as a
preliminary step the dynamic bridge-train interaction is simulated within linear structural
behaviors. Based on the seismic analysis results, the effects of the bullet train considered as
additional mass as well as dynamic system on the bridge response is examined. The influence of
the ground motion frequency characteristics on the bridge response is also investigated. The
importance of properly taking into account the dynamic effect of the train on the seismic response
of the viaduct can be recognized again through the results of this study.

KeyWords: HIERIGSEMENT, HE—SIHMEMER, $E AL,

MR

Seismic analysis, Bridge-train interaction, Railway viaducts, Aseismic design

1. FAMNE

B & o OEhE S ARG S O TOREEIL, #5
TREE BV TR E ef&El 2 12 LT, K
EORE EEEIZ RN RIFIEE 2o TWD, £
DEWEEENS, HELHRODLREIZB W THE
ZREE R L OVEITH O MR L SO/ b &
B L 7o TN B,

199541 A 17 H (2384 U 7= T IR e B M 58 T
TEIRAE & LICBRERER BB OB 2 S etk 4 7o
%i%%otoé% Z20034£10 H 23 H 8 IR
BHIERIZ I T, BB LIk TRZEGE %
%ﬁ$@mLE$#Mﬁ¢é$ ENFEAEL-, 2
DX D 7pWEND, RCEBMITK L CHCE & 37
T TE7 E O EMIRN I S, BERAER M
EMREOE ESRK SN TWD &[RRI, HERFD
ﬂﬁ%ﬁﬁé@@ﬁi%lé«< R 1842 A

(GRS DN HIR % Z 58 U - $hEtgE &
FXFHEAE D 2N IR R %ﬁméﬂtobﬁb &
BYIHL B ARG & AT I BN B AT 545
BWT, FEOPARECHRE, *mﬁmhﬁkwo
BRI, IEFITHEHETHY, TOMERILEZY]
OB H D,

BB R AEEIC BT DBUTINERGHI B W T, 15
%kﬁﬁk@ﬁﬁ%%@@%é#%,ﬂﬁﬁﬁ%
WD EEER E L CER L, FEMICERREE
%@ngi&bf&01m5% LAaL, FEE

BIHIIFETITEMERIRER CTH Y, FBRIEIL
X AENIR I OWT, RS L OYENT R
&@@ibioféEu@ﬁfébgﬂkéo%

WPERER AT I S S BREHT B WY, FIEATE D
L I LICERICBETENER, KoLe
ORI IR GHI B ST D A HEMED B 5,

BB I T D KL — B Rl R R S R
Komf,%&%ﬂﬁ%ﬁk%ﬁ@ﬁﬁ?ﬁ%%
R B SR IR FE N 8> B 78, K HIEERFC
ﬁi%ﬁ*wﬁL*mﬁ%L%@ﬁﬁfﬁ~ZA
BLOHEBETLEEEORFHE, S GIZIEFICHE
HEZRFREC, BIBLPE CHRBRIC K 2B £ 72
WEETHD, OO0, BEEZUE L I HEHEF R
DHBISE AL I 2 L—3 3 T BT FED
BIRMNEEND, ZOROMIEIL, EWNIZHBWT
TICHERIT 2 T AThR TV DY) 28, %
5b EREREOEBLUCHT, 1H%E EITHIEHEK
FOBIRNT FEOBRENCIR Y A TE TS

*
sekfif (T2

PR RFIRFBE LR B (T657-8501 w1 it X /S F 2 1-1)
AHE R PR AT L e R B2 ﬁmw&mﬂﬁﬁtztm%ﬁsTm

2R

seiok Tt R RSAREEDE AP ERHE LRI (T 657-8501 1= i< /< F 5T 1-1)

1/8



CHECTOFBIRE LS LT, $PRREHEN
T O & EATHIHE R R O IS AT T 154
AR L, ZOBMISEEZRE LD THSDI,
ARFHCTIE, MBEE L= FIEA B L, HIBfE
DA HERE I 2 (VB & L IEER & LTl 5 5a
CRF L, IERKIEIS JORRER - U 2 S,

B BLAF DB 29 T Ro M B ) 0D JE W BSR4
TBOMBRIS B T TS 2GR LT, £ Ok
R, B & HEERR O MBI TSR L OY)
EORBEE, X 5 ICHIEBOREICIE U CIER
WM/ D Z L ARL, MHERFHIBWTIER
EOBL R A TR 5 BB R LT,

2. BRI HEERRMEBLERITFTE
EZRRERSE 2 S ROTIT 0 BT, SIEAE A~
I —F R EERTcET LT 5, LT, H
i & L—/L & OBEMEARMIC R Y, il AR
& DR RE 2 ERLT 5, BLERE CREEY D26
A gEAN & L, BRoERbicis N CE—
RiEZ#EAT 5, HEREIZOWT, BHEEIC
BT B HUERINEE (2 kD18 ) 2 s o 2R
KO EHORESICFRCERAT 2 b0 L35,
TR — B BHEAGR O HERIGE L, ARBFIE CR% L
7=Newmark's g ZIRFE /LI IS < BRI A MENT
Ta s LERANTRDDL, ZoLEp=14L1,
AR MR IS D IACHEIL1/1000 & 35,
FENT PIE DB MRRFHI W T, FIBEAETRO
R A 2B RIS A O ERE 2 26, AT
ZETIFLL T O L 9 ICHB R FIRCHERE T 2, £
T, BIE & AEGE & O AARENAFAT L D2 Y VR
T ONT, ERRICHNBETRA G S v 7= Frig
FREZNE OIRBIGE & AT & i L TIT 9, £
LT, HUEBISERRATE 3 DS HEIZ DN T,
ZD B DG OHERINEMRITEZ, HEATILH
V7 NTHELIVIAE & i U CRERE T 5, AFRAT
FEICET 252 E A LRFEC, 24 MR O
7R RZONWTIE, M ORR THEIET 523,
BELO N BB S0,

3. BFETIL

3. 1 BEBELUBEETL

KR LT HERIL, EEgEICBIT 5 ki
KA Ths Lg 2 3RMokAi=2 27 UV — |
DT — A U REET, FIBEITRFO SAAERTE
BNER OO N EFT 2T LT B, ER

BAEIZL 70y 7 (24m) OB THEERICHM
SELTRY, WG o R BRI S
LRV LA AR L, #uE%EO LGk > T
Bt a7 ny 7 LERHSTND, B 1Ty
BT AWK % Fig. 173, ABFZECIE, 3
7u 7 3 T2m O EEGIZ W T Fig. 2 1R &
IRERTIT D BHRTETMET B, 3B H L
T D B O OB A FH U E T
BHizsh, W70y 7 OB AT SR LT D,
ZHUC kY, ETHIEOEAL L ONRBIZEITS
BB ORI DRSO F D BB RS A IE L <
EETDHENAREL 72D,

BT M ONT, T LT ERICHERB
Pw HEBL UMM E 2 IR T 285D, E708
HIRE ik A B3R LT 6 BRE L C,
TOEHM Z iR 6 HHEDO =KX EHETE
TMEL, BERITEAETERES L, BRSO
a7 UV —FBIXONRT A NOEES HITHL
HE D OEREEZET 5, B N, S

24000

2700 5400 2700 | 2700 5400 2700
o 6 j jo
~ P

2800 2800 2800 2800

(a) Side view

10900
5700 5200
L L

2800 | [2300(2300| (2300

0] 0]

7300

~

2900 2900 | (mm)

(b) Cross-section view

Fig. 1 Bridge dimensions

Central point

,\\\ju\\\f‘\\\

AN
XD N\

Fig. 2 Finite element model of the bridge
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Fig. 4 15-DOF bullet train car model
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Table 1 Variants employed in train model

Definition (j car) Notation
Lateral translation of car body !
Sway of front bogie Y1
Sway of rear bogie Y22
Bouncing of car body Zj1
Parallel hop of front bogie Zjo1
Parallel hop of rear bogie Zj22
Rolling of car body G
Axle tramp of front bogie O
Axle tramp of rear bogie )
Pitching of car body G
Windup of front bogie G
Windup of rear bogie Oy
Yawing of car body O
Yawing of front bogie O
Yawing of rear bogie 0
222

Table 2 Dimension of the bullet train

Table 3 Properties of the bullet train

Definition Notation Value
Weight of car body wy 321.6 KN
Weight of bogie Wy 25.9kN
Weight of wheel w3 8.8 KN

Mass moment of
inertia of car body

14 49.2 kN-s2m
Iy 2512.6 kN-s*>m
L 2512.6 kN-s>m

Mass moment of
inertia of bogie

I, 2.9 kN-s?-m
Iy 4.1kN-s*>m

L, 4.1 kN-s®>m

ka 5000 KN/m
ke, 176.4 KN/m

Distance of centers of bogies Ax 175m
1/2 distance of centers of bogies A1 | 875m
1/2 distance of axes A2 | 125m
1/2 width of track gauge A 0.7m
1/2 distance of vertical lower springs A 1.0m
1/2 distance of vertical upper springs A 1.23m
1/2 distance of longitudinal upper springs | 4,4 1.42m
Distance from centroid of body to axis A 097 m
oY 4| osm
et PO R
Distance from centroid of bogie

to lateral lower spring Az 01m
Radius of wheel r 0.43m

x10’ (Gal) = Case-l (no train)
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Fig. 6 Bridge responses under sine waves

i k3 443 kKN/m
Spring constant ko 17500 KN/m
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Dampin C2 39.2 kN-s/m
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Fig. 7 Bridge and train responses
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Fig. 8 Seismic acceleration response of the bridge
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Fig. 9 Cross-sectional moment responses at the pier bottom
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