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Prediction of seismic-induced damage on high-speed railway
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Abstract; A rapid prediction method of seismic-induced damage in high-speed railway ballastless track simply-
supported bridge system is proposed based on convolutional neural networks. To obtain more information of seismic
motion, one-dimensional seismic motion data is transformed into three-dimensional image through continuous
wavelet transform as the input of convolutional neural network. The reliability of the proposed method is validated by

comparing with results in damage samples database. The influence of different hyperparameters of convolutional
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neural networks on prediction results and training duration are analyzed, and a combination of hyperparameters of
convolutional neural networks optimized by Bayesian optimization is obtained. The time required for seismic analysis
of high-speed railway ballastless track simply-supported bridge system using different seismic analysis methods is
compared. The optimized convolutional neural network is utilized to predict seismic-induced damage of different key
components in high-speed railway ballastless track simply-supported bridge system. The research indicates that the
initial learning rate is the most significant factor affecting the accuracy of network prediction, while the learning rate
decay factor, batch size, and number of training epochs have certain effects on the network prediction results. The
training duration of convolutional neural network is mainly determined by the number of training epochs and batch
size. The proposed method demonstrates high prediction accuracy for seismic-induced damage in various components
of high-speed railway ballastless track simply-supported bridge system, and the network structure exhibits high
applicability. The optimized convolutional neural network has shorter training time and more accurate prediction for
seismic-induced damage in high-speed railway ballastless track simply-supported bridge system. The research
findings can provide reference for rapid repair of seismic-induced damage in high-speed railway systems after
earthquakes.

Key words: high-speed railway ballastless track simply-supported bridge system; seismic-induced damage; rapid

prediction; convolutional neural network ; Bayesian optimization

0 35

I v e A S O 11 A BT WG 3 2 1 X3 PR 1 T T 5 3, o ALk B A2 b AR P XUBR R
T hy 52 I W i i 2 ¢ DX o g ) 2 2 0 i T B, % ke ML e I s DR O o 8k B TG T A0 T — 17 SR AR
4t (high-speed railway ballastless track simply-supported bridge system, HBSS) f45i 715 0 , LL&E S Bsf Pk &2 4% I
(i) -8

GyARES BT IS HBSS FRBUR I 3 PR FH Y 712: 7 . KANG 4817/ JE T OpenSees £237. (145 FROTAE
Y R 2 RAR S G RS EA T TSR I S35 k0 Ar o W5 A B A MR A FH S 1 2 SRR AR T oAl A F
EH IR, CUL S IR MR SO AE R 5 TARREBRES . 00T 20 TR, S8 K &
G G Bk I ORI T T 2R G i U PP AL . T ST A R ) e A PR TR HU 261 58 T AR 4%
e S e AR B TRT SR R G R R 7 A S SR AL B PR T AR S BT R R G P ) B B 1 15 2 TR R
00T B R S0 2 KR S S G it 2k . WEN S5OV RRA o Rk s AR T v U A B R 4R
T XA Oida b, L T T S B 50 3 W B V2 ] DR AR A A5 38 v R TR SO R A
O[] 58 8 A 0t B2 Sl A P U B 05 X B R/ B A3 A MR, MISRA. S50 38 iod 2 07k 1 I 555 1 e 50 7.
TRT IO Gy A 07 R DTE  Br 1 O IR ML R BR B AT (R P RR P RE

TRy AT T RE AN BTSSRI 7 SR R HBSS MBESRARIE RIFAFZE > . GUO 5 58 T
o AR I R SRR R A TR BORIRRAIE . R R G A B IR, T B0E R 58 b B9 3h )= ke 3y
WS Gy R . ST 1075 18 2 IR R AR 26447 0 1 (the China railway track structure 11, CRTS 11)
A TCHEPERR | YAN 550 W51 o B 2 17 SRR R GEAE ] — M AR AN IR SRR T R I R e B, &
PN B AR I REARAE R £ SR A SR, YU S5V RS T it ik S 15 U R E Y 3 kO
FEUIE — 1] S A FROCAS I PR I] T R GEAN [RTRA T s 00 47 IF 72 sl e {0 sl B2 /N, #5381 R AR T T
RGN

R AEAT B o R ORI T S AT ZR G MR T 52 g e 17 L T AR T
IR GRS MR N B ] 2 R (T ARSI 1) 5 v R GE b AR e LA A L RS G
HAT R R, AN SCHR( 18,20 ] SR AR A AR s PE A I3 , I AT AR B 1S3 2R A0 5 0 A L B A 0 A2
R AT 4 R R A TR IE

Ry PR TN 2 S AT AR RE , S R PURRARASR AR SCHR T — i T AR 2 0 245 114 P N 72
HBSS Fif 75k . LATLEE o UK B 1] ST 0], 57 1 ey UK B TC AT 0 T S SR AT R G e B 0 Bl



28 W oE L B 5 T ®B & 3 8445

A X SR AR AE AAE UE T AR SCHUN 7 3k A R, I 1L T 8 AR 22 I 2% (198 2580, R IAR SCRT4 D5 vk Tt
T AR HBSS BB, BFFEAE R X HBSS 52 5 PRt i 451 U 07 | Je IR S AT 4 D e T 2 2
A

1 HBSS 7= 245 {5 [ 13 T il 4z 22

1.1 MEEARERE R A E

MR b 52 TR B 5% P o0 ( Pacific Earthquake Engineering Research Center, PEER) M 3 (https:/
ngawest2.berkeley.edu/ ) 1) NGA-West2 £ P BEHL 1000 25 m2 VR R HmR SFEAC I, PR b RR I A AR %)
a2 Th 85% MR BN M I SEAS RN 2 I 26 i I 28 TR A 1 RR B A Ay I 286 1) SRR 4

R FEST SO R P RFAE | 0T b e 5 Hle P b g — SR R A T MR S/ NI R . R s ARSI
HH Y BEAS /N DR i 2 LR 3 A4S 254

fi:.?(t)dt=0 (1)
f\?(t)\dt <+ o (2)
f:d/(‘sfj))zdw <+ o (3)

Sob B ) WSS A SR PR T T U Morse /NI 22 R S g 77
: (4)

J/Morse(w) = U(‘”)”P,yw%eiw
e Ulw) HOTEREEEL n, AL E G P2 BSR4 SR R W] Rosh P? =By ,B W R L,
y RAFRPES R, A SCBRIRESHECN y=3,8=20,81 P*=60,
FH Morse 7N XoF Hiu R 20y i 5 Ao A5 T 2 647 3% /N AR 3t | 75
CWr()=a7 [ A1) s(t - bf’j dr (5)
s ACe) RPN AR ML o, HRT 0 WRIESEG b, WOESHE,
1.2 HBSS EHBRGEIEE
CRTS 11 BIAR R TCREHIE ] SR R B MR R G U B RGN, R ARG AIEN S Sk T
FBEVEGE, BB ARG ALEE U sh )2 59 J1 00 A8 0 ) £ 5 R HE M /DI 2 BT U A L BI0E AR S04 R
HBSS /R & E i 1 s, BARBERI S 500 225 SCHik [ 24-26]

Y

TI77777

I CARPHJZ sE e |
WHE — 20 = WO -

— g —kipERE TN e e g

— R —W%E HoE L s Y

1 HBSS REE

Fig. 1 Schematic diagram of high-speed railway ballastless track simple-supported bridge system
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Fig.2 Comparison between the shake table test data and finite element numerical calculation results
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Fig.3 Framework process diagram for seismic-induced damage prediction of HBSS
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Fig.9 Comparison between predicted results by AN-B and the test dataset values of post-earthquake lateral stiffness
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