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Ground-borne vibration induced by high-speed trains

ZHOU Hua-fei, JIANG Jian-qun
(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310027, China)

Abstract: To investigate vibrations of subground induced by high-speed trains, the viscoelastic half-space subjected to moving
loads was used to model the subground under running trains. Analytical solutions for dynamic responses, including
displacement, velocity and acceleration, were developed by Fourier integral transform. Coupled IFFT algorithm and adaptive
quadrature algorithm was employed to compute double integrals in the analytical solutions. All the subsonic, transonic and
supersonic cases were computed. The effects of velocity on the maximum responses and their distribution were discussed. It
was found that the maximum and distribution of dynamic responses varied significantly as velocity increased beyond Rayleigh
wave speed.
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Fig. 1 The viscoelastic half-space subjected to moving load
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Fig. 2 Longitudinal distribution of the elastically distributed load

2 B FI0E N B AT A

R4 25537 11) Helmholtz 23, =0 (1) (RN
i=Vo+Vx¥ (7

X, & WhRidiE, P =(, %, %) KR

Hw=0 . % (D ARARL (D, BNikd, W o,
P A TR
Ve - ', a~<3>20 )
c, or”
1 &°¥ ©
Vzli/._ r > :0 E
N ot~

¢, 73 I R R A 2 2 ] A 0 A BRI 38

A+2G \f

KFxy HI t X3 (8) HEAT Fourier &1}

EQEF', C

oD
oz’
©)
R4 G
ozt
A, B =kl +k; -k, kp&:ﬂo X (9) BXT
C[‘.S
z [ B REGT IR W TR, TR
D=Ae ™,
Z=Ae’, (10)
(}72 :Az e—ﬂ;: ,

P By B ISEERRT 0, RIFR BTN & %,
Ay~ A Ay FEIEN ISR E . ik, TR R
T ] @3 Wiy Yo RoR PRI AR, SR AT

[(mzc)i — Ak +h; )}

alP 6972
'z

Gzlk@ncw P
0z oz” ) °

2
G{Zﬂc %‘p {k§+%)q‘q+k,k£] .

74

(1)

r..




2106 o

¥al (10 LAt ), 13

G. A,
T =[SI[H] 4 ¢ > (12)
F:J' AE
A,
2(ki +43)—k>  2ik,B,  -2ikB,
[S]=G| -2ikB, kk, =k +B)|. (13)
-2ik,B, (ki +B})  —kk
C_BF:
[H]= e . (14)
e—B,‘:

¥ (2) 4 Fourier B4R A (12) &5 A
U, G z=0, A1

A} _F:
[S]{A}‘ 0 . (15)
A, 0

KT Ars Ay A ACEOTTEAL, 1S

4, - 2(k +k3 )k
Ap=-csy 2B, : (16)

~2ik, B,

® 5)

A, A=(k +k +Bf)2 —4B B, (k' +k )

¥l (16) AR (10) wJ #5375 Hdsl v (1 e by £,
FRAALFE I Fourier 2% #a 204528 ek b (47 %%, BII

iF

===k (k' + & + B )e "+ 2k BB |

[ —k, (k' +k; + B ]e'n":+2k:Bsze'B*:] , a7

<[ B, (k! + 1 + B e ™ = 2B, (k] +k Ve ™ | o

e, BT AP 0, TS
RS PR E % o A LA L FE R o
BER BT, H Pt a1

5o g (k) 28, (4 )

""9}(18)

- &F

¥ 4K 11 Fourier 24 AN (17) ~ (19) J&
UEAT Fourier 3672848 fi BRI R 73 20K 5 4 > 2% () 44 7 1%
A R4 AS . SBERUE R . BT, A
X Bh 2R A a4k, 3L Fouirer 22 #3000

= 8np
F=r kT S(o+ck) (20)
B (200 A (17) J53E4T Fourier 284 ] 73
B ah 2V AL A a BT T A9 2 AR R A1 88 Ay

~2B, (k' + k3 )e

2006
2k,B,B. e "~
“Ad+k 14 yywerl|
k (;r +k + B ) et akd, L @1
——[2k,B,B. ¢ -
e Ad+ kT

k(k“+k +B)e

xGEf A4+kﬁ[

B,(k +k +B)e™” ] b)) g dk, . (23)

-‘J ik (x—er)+hy) dk|dk3 f (22)

k+k)

Kb, B =(1-6, )k +h o VEREE] ALK o R
AR T, B
§(w+ck]):15[kl+2) , (24)
C C

BB 2, 'AMU%“Xﬁﬁbﬁﬂ'%ﬁbuﬂ&idx
N kos o WBVY, HEFISFEAN, B4R U

W chEE’ [4+!m;’c)]|: 28[ +kJ

B, [“’z_ j]e‘%’}ei[h’rﬂ"(’_f]] ddo . (25)
[

2

e nGcf'[ [4+ ia)fc)][ 28[6‘“”’]6 -

&{§+ﬁ+£}ﬂiﬂ”%*mmw), (26)
C

2 2

-k, k=2

p.s? ps 2
ps

ftlll! Bif‘ -

o

3 hAhMBIE{ELSER

REHAE: 223 ()R ) Wi N ) — HERR S R AT R, H
PR TEF RSy, Joik A T v 92 o A% o) i,
N UK AR BT AR B . Bl TR SS 2T SO
IRy, HAR R & IR ER B, B AEAAAE IR
Witk PRk, i R R B R B R el R R B
()4 3% M A AT B T I D6 00 A e () 1) R, JX Bk
RVFE O TERSG S R RN .. il k
e RR B AL 2 T SR B B, i F i
A AR SE R O T W B R B I 1, e A 5
1RGSR AR (R AA Bh i N A s . B ST
TSR EE WA 1 N 2. fr R sl R
R e ) LU R AGE, B 0 = clego

F1 R, WURTHSH

Table 1 Properties of the foundation and plate
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Fig. 4 Distribution of vertical displacement at z = 1 m along y-axis
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Fig. 5 Distribution of vertical displacement along y-axis
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Fig. 8 Vertical velocity at observation point (0, 0, 1)
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