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Dynamic response of stepped loess slopes in embankment under
running loads of high-speed train
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Abstract: In order to study the dynamic response of loess slopes under high-speed train loads and evaluate their influence on
the stability of the loess slopes, the vibration characteristics of loess slope site under train loads are analyzed in time domain
and frequency domain, then the site effect of the loess slopes is analyzed. The results show that the acceleration and vibration
acceleration increase in different stepped loess slope sites when different speed trains pass. The vibration frequency at each
measuring point is mainly concentrated in the range of 10 ~ 80 Hz, the distribution of the main frequency at each measuring
point is obviously different, and that when the train passes through the same measuring point at different speeds is also very
different. The time-frequency curve is stable during 2 ~5 s and no abrupt change occurs, which indicates that the train runs at
uniform speed. The spectral curve shows a abrupt peak between O ~2 s and 5 ~7 s, which indicates that the running state of

the train has changed.
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Fig.1 Schematic diagram of layout of measuring points for loess

slope in embankment section
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Table 1 Basic parameters of 5 trains recorded by vibrometer
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Fig.2  Time-history curves of ground acceleration at different observation points when train No.2 passes
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Fig. 3

Effects of train speed on vibration propagation
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Fig.4 Vibration propagation process of stepped loess slope

SR e ey g = (VAR I T e W o w7
fedid BRI, AT, e AT g A v ks
FEEN MBI A 2, & LUIR S A
B R R B, SR AR 2 B A 0 SRS
NG/ T SR I S8 R AU Ak 7 AR R
Beo HABMR TN, d o= i, O
TRRIAIT S5 P 47 B 5 — B e T A i1 2%, SR 7™ A B
e, 4 B Bk S ORI SO A U, A
B, ELIR A 55 — B MK P 9 2R 0 R 3™ A T 36 U8
SR AT S Bk B 7 A ORI, B S — B i T
MGk, SO B LR, I, 4% B A AR
o) T B RIS S R AT S A AR A 5
E,

3  IRBHINE ESNiE 5 i
3.1 B R IRSh N B AR EHHE 4

XoF 31 S0 I SR A T AR AT AR X s
BHE AT (0 HE AR e () SRR L A SRR (D PR AR AE Y N
(ED MEAREN x, (m=0,1,2,--- N - 1) If, HAH
AR Ry

2w 2arkm

A, = sz;oxmcos N (k=012 N2 —1,N/2),

2”]5’”(k =1,2,-,N2-1),

5 N
B, = Nmesin
m=0

(1)
Kb x, ARECH A, B, IA R = k%L,
X, = % + ;;1 [Akcos % + B,sin 21‘;\1}cm]+
A;\J/zq 21T(N/2>m

5 cos N o (2)
Ry T VAR TEAT R A 0 B R IR 2 R i

Ry (i L AR e (FET) B IS S 5L o Bl (5 5
&5 S22 G5 i 5 AN e A ih e, eh &
AL, 2500 5 B PR SIAFCRTE 5 ~ 90 Hz , 45 i (e FL -4
T R 2 S ()« A0 ) 4R 0 s R A (T

P R R A B, ITAEAAR 20 ~ 50 Hz,60 ~90 Hz Bif
O U VA AT I P 5 A A B SR gk 5 (L 7R A 3850 ~
60 Hz B, i3 J3 06 {0 I 1 2 720 Ak PRyl ol 0005 1 1)
ST MRS AR 2 A I 3 DAL, LA 00 A s B 2 45
i 5 I L T A e IR BRI RS B, #E 5 ~ 10 Hz [
TRABHE T, B TR 5 A7 7 30 R T DA 45
AIPR N B W R U 4, S N RA S 5 -
R S, HANSs = A 2 ek, R BPRE I A5 1 Y
WTREAE R L vE | 200 20 Hz 5 50 Hz Z2 45 Bl 2i%3
HIHR BN L 7= A 1K, MM 40 Hz 550 Hz A2 4
I A4 BRSPS, Rt T
AT B IR Bl E RN YR i S A2 B TR
TS A EAE T, S 3R 3h e oK,

0.6
05r — WA
— W52
04k — W73
o —— W24
& — Wri*s
S 03
=
=02}
0.1
1 1 1 J
0 20 60 80 100

40ﬁ$/ﬂz
5 AEWMATE 2 S 518 i B 17 0 2 Y 870 h 2%
Fig.5 Spectral curves of ground acceleration at different
measuring points when train No. 2 passes
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