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Resonance response analysis of horizontal layered slope
based on shaking table tests
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Abstract: Resonance phenomena have been found many times in Wenchuan earthquake damage surveys, and they
have been extensively studied in structural engineering, but in-depth research has not yet been carried out in slope
engineering. In this paper, the inherent vibration characteristics and resonance response of horizontal layered slopes
are studied by shaking table model tests. Firstly, the natural frequency of the slope is obtained by white noise
excitation, sinusoidal sweep wave excitation and natural wave excitation, and the advantages and disadvantages of
different methods in obtaining the natural frequency of the slope are discussed. Secondly, by entering sine wave
excitations of different frequencies and different amplitudes, the dynamic response characteristics of the slope are
studied, focusing on the acceleration and displacement response characteristics of the slope at the resonance
frequency. The results show that the results of the white noise excitation and sweep tests are relatively close, and
the white noise excitation is more sensitive to the change of the natural frequency of the slope, and the
determination of the natural frequency is blurred due to the occurrence of multiple peaks in the natural spectral ratio
curves. The resonance response phenomenon of slope appears at its natural frequency, showing that the

amplification coefficient of peak acceleration and peak displacement of slope will peak in the resonance frequency
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segment. Compared with the elevation effect, resonance plays a leading role in the amplification effect of slope
response, which will aggravate the deformation and failure of slope under vibration. This work helps to reveal the
seismic response characteristics of slopes from the perspective of slope resonance, and can also provide ideas for
slope seismic mitigation studies.

Key words: horizontal layered slope; shaking table tests; natural vibration characteristic; resonance response

0 5|18

A3 b R By g 7 [ SR 5 B AR s A5 S A M RR DA R R S e A e B R A N T
Ty AR S A AR Dl Bl 3 (R R R A T R, T J 1l B b R AR E MR PR (R SRl B AT N A B AR
FABCE AL ) B0, ) T SN > 45 22 b TP B AE 3 9k 7R B g i 1 TR T T2 AT, W
BBt 5 AL TR B (R TR) 7 AR A1) R TR 25 fg A 1) R A e ] 5 ) R TR i [
P SXSERIEAE FE AR N T 3 AR RN AT A 14— SRR A | A e R 4 i R RO RO ke R
TR, S5 A6 Va5 AR S BB 5 R T E Rk SE B G 7 A (0 SRR B 1 AL A A T e J 2
FE RS2 B F B 2 T, T B4R | B B 2 PRI e 52 T 1 FH L v X AR R S (A R
AR BEE AR A ) (0 AR B T R 0 5 1 7% 8y e AT SR R B — 2B, o A RS P M B T
IR AR T 2 AT SR B SRS, 204 i AR U0t 14) s BT S5 AN 1 35 1) 1 AR ATUR AR B, 300 5 1) b 75
M R, R, R AN /DA S i b s e 1 ORI v A 5 B 5 T A A R A B A R R T L 45 R
RN N 53T

U T3 A AR TR ik R A B S TR T S e A A B B 1 1 M R i 3 sl 4 A
50 0 103 305 [ A3 T DA B R T 3 W e r) A L % LB o BT . EBUE TSRS A B O i, VP 22
I FH S ERSEUL 2 XT3 A 2 200 114) 30 33 AR A TS AT, b 30 385 1 16 0138 I A1 280 1) 5 i PR 26 D % A R 5
B S R RFAE 56 R B T REISE . TR ARG R ANSYS B AS [v) 1o 8 03 B 00 2 I 3k 1 7
TR AT BT T 308 AR AN o SR . AREE IS ANSYS BUERIFIE T 3 7R XL
AR T A0 R R A R L A A6 DA Ry 100 30 A 0 1 i R A T 198 i i 7 A 7 2 L R ARG 5 T A KA
FH, FLBR e B RS PR IR A/IN  S IR IR AT 28 AP AE PO 5 a4 A T 110 00 J2 30 39 F7 Ay B — 4 B3
PAEAY SR ANSYS A X (87 A AR AR R4 AR S AT AT ) 15 3+ BT, A BIF 9 485 440 T8 59 D10 W) 8 194 728 £ ok 0 3% i
RUREIR AR PR SR A BRI 0 o 0 e AT RS AT, AR BT 0 95 %) T A 00 356 A g 4 B 78
FE /NN A R SRS T X8 5 5 0 3 14 8 T i o R E S L ARSI OE R

P g 3 X A 00 A R 30 1A AR 4 ik 9 4 R s 3R 3h 5 R 06 O T, IR 3h &
TR0 XT 120395t i P e 7 SRl L S D AU Sl , T i A 1o aof o B S e AT X 30 3 ) AR A T R
B o RS LI TR B A AR T A e PR B R TR iR . TR R B s KR 3 A 3R
B, BT 536 PR AFEIS | T TS 237 M 16 AH A% 15 bR B0 4 o 4% 156 o B, X6 T S A% 3288 bR BSCARRAAE LA B ) FE 7
St bRBO T B 7 M B 1 RSB 22 SRR AT T X Eb , 08 1 X6 SR R A% s BR B AT S M AT SR B g o A
AT AT PERERR P RS T T 40T, FAN S0 FEdR 3 A 8RR 00 1o 72 v A R TR I B, SR T A e s 8l 3 s 17
T ) A% 33 R, ARAR T 035 1 [ A A0 23 i R e e AR A R A, I A R T TP OISR B Y — L b R
MR ELEE , MURAO % YEdiR 3h & 06 iR A AE s% 3 F 0 00 5 e 3R A5 T A £ i 3 9 IR A%, Bt
FERE T 33555 bR I ) SR I R A AT, TR M A T PR 7E 3 b R AR T B IR TS A VR

B T SRS AR IS AR S A3 M I 1, SR FH B A7 A o ok R v b A 0 e e IR AT R 1 O vk A
i MR SR AT HRAS B Tz R O IR T B A R e A g, MR B Y T AR AL LUO ST
T 3 5 b v 7 ) R A R | X B R S A R L e A e 3 Bt e g DA (LT H
BERYSARA R . STOLTE 25" 1| FHEAS5E Mt 75 5005 T3 A 3 BL R0 HE 8 100 338 [0 A 0 336 45 B 10 1 ) [T A
RIEAR—3F, ALBARELLO"™ 1 DEL GAUDIO™ fYBF5E 2 B , R 37 Wi I B0 3153 A0 3% e il 2 18050 1
M SR A BAT — o W AT SE L AT T RSB T 4B 12038 RS Pk DL R R RS IR AR

H T D 2 33 e iR e 107 ) 280 W A2 BT &, SR, X R W SEAT AR AR — SR, R AE .



118 W oE L B 5 T B & 3 44k

O AZ I i 5 — 7 1 ARG IR AR, X T AN ] 7 1275 320 35 181 A3 930 3 0] 14 2 S P AR P P A o
WS, 2Bl i B AT SRR R VAT TR 96 E ; @ H AT, 95 SRR AR R 13 4 g oz (] AL TS 3 e e, L
E R TS A RSB, 7EIX— WP, A PR AL 5 S P sh Bk 2R e — ik, O
LI AT PRS0 R  i A HRR B AR 14 LU SRR W 1 e AR SR, DA DA gt 8 0 38 M AR AR A —
Pl BT BE, AN ARG MR SR A5 10 3 A S IR TR0 5 A — A Ak S7 Bl T L T, 28 Tk, AR
WESE LSS A A fa7 B K P SR AR IO BT FE RS G R IR 3 BB, SR 1 i vh AR G2 3 AR BT
3 Mk AERE R IRIIR Z 5 N A [ A f) IE 52 Bl , 53 3 A LIRS Rz, 0
SRR N 5 g RSO, Z AL 2 5%

1 #HREEEEXE TR

AR I 4 RX/ZDT-1-1500 BLE [ i EEHL SRS &, KA TR 1.6 mx 1.2 m, TAESUR Ny
0.01~10 Hz, NZR BT ALFE AR AR FMREANE 3545 . B KoKF W im# 2224 0.5 g, e KK ) 43
¥4 150 mm,

ARYRBH & RGE A NI RAT, anEE 1| Fos, WIFPE R
S A PR p TRV ZH A 1 58 B AT R 2L, P 33 A AL
B, T R PTG I T R 76 AL S DI ) MLk LA
Iep AV 0 S SR 5 6 A R ) R4 T RS PRA 3 a  Jo 1 A:
T AL,

AR AL I (1) 22 B 1 AR IE A SE PR S AR TR,
TARIEH SR BEAE IR 3 & TAEMUR W N e A 4%, i i
R A AR L 10 Hzy O T R X —JEAR TR AHE al
GUESRPC S ASIB TR L NES L < e P
AT SRR, FELEG 7% SRR R PR 3h & B MR RE TR IR E1 o B
T AR FAGON AE R 2R A BE A L, A 2 AN aE AR i 3 Y A Fig.1 Shaking table and model box
WA E SRR g RS EAT R, R a9 vy K2
SR SAPERSTE  IR A ATRLERIAR R R B A 2 T 7K J2 bR 0 35 Ay AR Uk A S A R AR A i S A TR K
XPixiE = 1.2 mx0.6 mx 1.0 m, Y M 45° , SHEC R R A RL, R FBE EAE 0 30k, AR R die
AR = %A}, 38 2o 18 25 MR IA] A T LR 19 SR A i 2 R 3R ) N R 4 A 2 S0, P FA T IE 38t
U T Bl A MR EL , BB A SRR 1 R, B2 Z R LR 2 mm 1R MR T RG4S
AR R £ B D A K i B L A T 5, SRy = B A R R A 8 U 25 R 8] 2 BT

®1 KEMHSH

Table 1 Parameters of model materials

Bt & /% )
- EIKES % TR/ (kg/m?) PR/ MPa HEL/NEM
it ¥ GifPayy) i £
56.7 6.3 27 10 20 2343 1.87 0.35

(a) MEHERE (b) FHEREIR (e) NI



553 8 3C B A TR BN G R A A E AR IR B 119

(a) b (e) BHEHBERE (0 iyt

2 IEEBERHGEDRE
Fig.2 Slope model and its making process
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Fig.3 Sensors and their distribution of slope model
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Fig. 6 Horizontal acceleration dynamic response curves of slope model under sine sweep
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Fig. 11 Relationship between seismic response and slope elevation of the horizontal

layered slope under the action of horizontal sine wave
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