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Ground vibration induced by moving train on viaduct with group pile foundation
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Abstract: The semi-analytic method is adopted to analyze the influence of ground vibration due to train moving on viaduct
supported by group piles to explore ways of reducing ground vibration. The semi-analytic numerical models include train-rail
model, viaduct model and group pile model. The train is simulated by a multiple-mass spring-damping model. The America
power spectrum is used to model the rail irregularities. The rail is modeled by Eular beam and the wheel-rail contact Hertzian
non-linear formula is used. The wheel-rail force is solved by modal analysis method. The railway viaduct is modeled by
elastically supported beam, and the impedance of group piles is analyzed by transfer coefficient matrix and interaction factors.
The bridge pier-ground interaction force is solved by dynamic equilibrium equations and the ground vibration on half space is
solved by Green function. The influence of the parameters of group piles on ground vibration is discussed. The results show that
the rail irregularities have a great influence on pier force. The ground vibration greater than 6 Hz is influenced by the rail
irregularities while the vibration less than 6 Hz is little affected. The ground vibration can be mitigated by combined bridge
span and train speed. When the train speed is less than 260 km/h, the influence of pile diameter on ground vibration is limited;
while it is greater than 260 km/h, increasing pile diameter can reduce the ground vibration. Increasing the pile spacing has two
advantages of keeping away from the vibration increasing area and reducing the ground vibration as the increase of train speed.
The increasing area of ground vibration can be reduced by the rational design of pile length.

Key words: viaduct; high speed train; ground vibration; dynamic impedance of group pile; 1/3 octave
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SO F AT A3 i T AR B, 5 SCHR[29] 5 I b T
RO LA 8 B, B, A E AR
REAT AU i ST T IR By, W0 UE T AR SR AL g ]
SEPES

Hi e} 25 i)
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Fig. 7 Model for ground vibration under multiple piers
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Fig. 8 Attenuation of vertical ground vibration
K I SCHR (917 A B T v 55 5 R BG TR A SC A 4

GE M BRI (R R EE  STHR[OT AT BRITRE AL IR A -
AT H N=16, P=218 kN, ZEfgfffid =25
m, d,=17.5 m, %#v=80 m/s, E=2x10" kN/m’,
[=872 m', m=185 t/m, L=30 m, £=&=0.025,
M, =1390t, ARG b=1=108m, KEESE h=3.6
m, KREMKe=46 m, PEKL =504 m, PEHEIE
d=18 m, HFEEIR 8 . BUEMRNF L, I
k=0.0 » {EH4 Green NI G, =5.0x10* kN/m’;
VMR A R 2 77 BT 5T B G, = 14.7 x10°
kN/m’. #3512 p=2.0 t/m’, v, =048, V, =274 ms,
V. =158 m/s, V, =145 m/s, 1=0.01. P35 F 1
BRI AL =0.005 s. ARTCHEAKE 360 m, FiJE
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2124 m, WAL 122.4 m, SRR SN RSN SO -

KA SCHE R AT S 448 72 m A1 198 m
Mzl 1/3 A58 5 SCHR9145 Ao te & 9 7.
TR 1 AARFEIEAI TR E R, k2 A
IEAT L SR 6 g Fal it B g R . RIA
SCHARREAE /N T 6 Hz HI4RSh 5 SCHR[9]145 W)
G RIS, 25 m G4l EE 5 S 1)
PR 80/25=3.2 Hz, X W & I i AIRL AR 17.5
m ZERS TR S R IR 80/17.5=4.5 Hz, XM KM%
AFRREAR o %25 5 SCBR[17])— 30, BIAE48 [a) BE X
MEAIRS AR . K% 2, FEEAF
51K 6~ 16 Hz PRz EL 7732 1 458K, 530k
[914 BR e T4 48 B i i, JUHJE KT 12 Hz RS,
RI792: 1 VKT 6 Hz 4 AR 2= 80k . ml DLk %
R HUE AR KT 6 Hz (b TRIHR ST 525 50
| —o— A3k

—— A2
—— 3CHR[9]
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Fig. 9 1/3 octave of ground vibration at different distances from

viaduct

3 HEIRBES T

SR FA U ST I8 2y B — B B BT AT 5T
PR A S DR R B . TR H] ICE =ik s 4e,
2 o B BESEIY: m, =17500 kg,
m, =2840kg, m, =7000kg, k =5.6 MN/m, ¢ =
480 kN-s/m, k, =0.45MN/m, c, =40 kN-s/m. H{
45 M EOHSE, SRS BIRRESEE, = AR RS
£ =& =0.025, E=2.82X 10" kKN/m’, &5 ¥ R~} h=2.1 m,
e=3.1m, HAbLK R WAL 1.

2015 4F
F1 SEHEE S
Table 1 Parameters of viaduct model!
L/m I/m* m/(t'm")
20 3.81 34.6
25 5.98 358
30 8.72 36.7
35 12.97 37.5
40 17.90 38.7

WL SR RS p,=2.0 t/m’, WIFALLA
v, =033, V=177 m/s, ¥, =102 m/s, V; =94 s,
n=0.02, THE PRI A =0.005s. Green FRi%L
LG, =2.1x10* kN/m’s BEBESERE PSP BT )
PR BT K, KB IR N G, =2.5%10" kN/m’,
50.4 m FA K G, =2.9%10° kN/m’.
3.1 HEARTFIRX e E R 3h 0

BN AN P IO 1 0 g AR Bl 2 3 5, AT 43
AT 1o AT 1% P R 2 0 AR A P L AR SO 7 22 0 T
PRBNIIEM . ] 10 A2 B AP THL T, AR
TSR G5 SIS, B T D Wi o0 A . T UK I
AN EINGEA TGRS, o s R 5 1 5 S i
FIEREONPEAS: 43 400 knvh, B5 30 m FI455H
450~500 kmvh. #5J% 25 m. FUBASTIUN 3 6 i
PG AT —A: Z53# 500 knm/ h. 5% 25 m.
)R] A, % LR TE AN 41 2l 1 K X AT 384
DI KT A [BIEA T 25 5

200 300
ZE53/(km-h™")
(a) RERHYERFIN

40

BB /m
S

N
w

100 200 300
2/ (km -hY)
(b) BRI 65t )
10 FEIFERTIRSZETHHIER 57

Fig. 10 Maximum force of bridge pier for different rail

irregularities
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B 11 AN FRIBGE AT A, AN Rl R 2
5 TS R B R 100 m AL THI PR IR SE 1/3 5 RE g
fEH. 53CHRI6]45 10—, Mt FE AN 20 e P 3))
WEAE M 73 2 N R OZEE 100~130 knvh
M REE KL 32~37 m; @7E1 100~200 knvh A2
W5 E 25 m; @ZEE>350 km/h FINFGEEE <35 m,
38 400 ke/h FIMFRESFE 30 m I, T80 RIA 22
HPRIE B K. HREPIEATG, e B R4
(1) i DX AT R ) 06 B B A AR ) o AEL25 FEAN P
14 400~450 kno/h FIHF G5 5 25~30 m AR LARIX
S TR LE AN LR BB A AT — e i . o [l ik
e 200~300 ki/h,  HHET 11 AT UK B 2R 5
oA 200 knvh B, HRRES JEZ 25 m I A7 AE Hb TR 303
KX, WO D& 3 I RS R, PN i T 920
BEINZEE, A [RDRR R 1 1 b T 418 B 38 A S 2 1K
2R 300 knvh I, BRRRESFE KT 35 m ] gkl
RN

ZE 3/ (km-h1)
(a) REBHEA PR

%3 /(km-h!)
(b) PUERPIR 65%%

11 FEERFIREFEE T HE RS 1/3 ENi2IEE

Fig. 11 Maximum 1/3 octave value of ground vibration for

different rail irregularities

3.2 REMEEALIHEIRINFIG
BERC BEAR. BEMIEEXRERES) ) BT 2w, A
TSR RE RO b T P (0 5, PRI A PR
THBERE N T Bl o 20 HT RS EHR 30 m, M
) SR AT 100 mo B 12 D4 4 X4 FEREL B
PRI 3.6 mIb, ANFZ4E . PEKARHARATE T, ik

BNIEE 13 it . ¥ 12 (a) BN 50 m, i@
A HAA AR K AR b, ATLAR IS 45N T 260
kiv/h B, A% H TR SR A s HLRE 40
Hhn, HhmdREE K. MAEEOCT 260 kiv/h I, KAR
Les MR B K, Bl AR Ly, BEARRE K,
RSN . MAEEY 290 knvh, HEFREKARLEL N
45~50 if, HuTHRENAL T-HRBNI KK o Be vt W ke T FE
PESERR IR B IR, ] A I BEAE K AR LN T 35,
DA/ s BRIs AT = A TR 3l . B 12 (b)Y BEARA
1.2 m, AR SO (1) K AR L, W] LR I ZE T 280~
300 kmv/h Itf, HEK 20~35 m GHBT RSN KX . B
I3 P18 S S AT BUB NNk 2% LR IS WA NS 3212y N P v |

GRS HN.
dB
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70
65
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2&0 2(I§0 360 340
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(a) ZHEHEA
iﬁ/(km .h_l)
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12 FEHCIR EEFIZE R AT HEE R BN 1/3 &S0

Fig. 12 Maximum 1/3 octave value of ground vibration for

different ratios of length to diameter of pile
B 13 T 4 X4 BEpE, BEKI 50 m, AN[RIZHER g
LA T bR S 1/3 fEf e . & 13 (a)
BEFERE 3.6 m, A HARSCAR AR, TTLL
KIS 12 (a) RHEEZRRL: 423K T 260 knvh 1,
PR LT I R S M s SR T 260 km/h
I, BEEEARLLARAD, MRzl . A 12 (a)
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BN RS . B 13 (b) BEEAEN 1.2 m, 281k
AT B2 SO AR B (R AR L o R SO IR AP B2 T 90 Hb T 9
BREAE I N; PR T 3.0 S5, HOIIAE R
PN HU T PR B IR, P48 290~300 kmv/h,
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PR AT R B 3G KX .
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Fig. 13 Maximum 1/3 octave value of ground vibration for

different ratios of distance to diameter of pile
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