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[ Abstract] 1g shaking table test refers to the shaking table test carried out under conventional gravity conditions, which is the main-
stream type of shaking table test at present. A distinction was made between strict similarity models and strain distortion models, pri-
marily utilizing the control equation method with supplementary dimensional analysis. The similarity relationships between these models
and the prototype during different deformation stages in rock slope 1g shaking table tests were theoretically derived, and the key param-
eters required to achieve similarity between the model and the prototype were established. Numerical tests were conducted to verify and
evaluate the established similarity relationships for different deformation stages, considering the inherent vibration characteristics and
dynamic response characteristics of rock slopes. The results indicate that both strict similarity models and strain distortion models can
accurately calculate the natural vibration characteristics of the prototype slope and the dynamic response characteristics during the elas-
tic deformation stage under seismic loads. However, for large deformation issues, it is recommended that the strain similarity ratio be
close to or equal to 1. These research findings provide valuable references for the design of similarity relationships and the selection of
similarity models in 1g shaking table tests for rock slopes.
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Table 3 Physical and mechanical parameters of rock similar materials in homogeneous slope model

T 5 TR TR W/ (g-em ™) VR R/ MPa MEL/NEA i J1/kPa EESEESA/ (°)
1 FEUERERY 2.15 164.52 0.3 174.3 28.51
2 1:2 A% AHA 2.15 82.26 0.3 87.17 28.51
3 Jof A8 R 3L 2.15 123.39 0.3 87.17 28.51

x4 HUWEASGBRNFEREERABOUMBYIENFZSH

Table 4 Physical and mechanical parameters of rock similar materials in soft and hard rock combined slope model

R 55 5 I IRy FAOFE  BE/ (grem ™) AR/ MPa HEL/N =4 & J1/kPa NEESE S/ (©)
fifi 2 2.15 164.5 0.3 174.34 28.51
4 WA A
SR Lo 2.45 48.14 0.3 100. 4 35.56
i 2.15 82.26 0.3 87.17 28.51
5 1:2 7 3
PERARM s 2.45 24.07 0.3 50.2 35.56
T 2.15 123.3 0.3 87.17 28.51
6 B e
on 2.45 36.11 0.3 50.2 35.56

R5 BEESASBNFERASHENFSHAER

Table 5 Selection of structural surface mechanical parameters of soft and hard rock combined slope model

BRI g B NIE/ (Pasm ") YImRIE/ (Pa-m ") HEEHES/ (°) % J1/Pa PUPI5RE / Pa
4 108 108 30 2 x10* 2 x10*
5 108 108 30 10* 104
6 1.5 %108 1.5 %108 30 10* 10*
Im 0.5m
A5(A10) A5(A10)
° A10® A5 ° AlI0® A5
A4(A9) A4(A9)
L] A9 @ Ade [ A9 e Ade
£ A3(A8) £ A3(A8)
o ® A8 ® o ® A8 ®
A2(A7) A2(A7)
° A7 ® ° AT ®
Al(.AG) A6 Al(.A(;) 15 o
o A0 [ ® A0 | A0 [ ® A0 ]
Im L 38m ;| 0.5m I 1.9m ;I
I 1 I 1
i) ETE LN E
(a) BRI L) (b) B2 34
Im 0.5m
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° [ ]
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I | I 1 I | I 1
i EH LN EH
(o) BERIARTEA AL B ALA YY) (d) HETHS 6(%K B 42404 B30 B

B2 3DEC AR K AL I A
Fig. 2 Calculation model and sensor layout in 3DEC
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EL-centro i, A7 18] A 7K - 1) F1E BT[], XSS 1
SRR 4 3RS 8 s I KIR{E A 0. 5¢ 1Y EL-
centro 7, FLAYHRIR e T A% b 7= 305 22 BEAH AL 56 &R
BIREATIRSE, Horp BRI 2 R 5 A A D —
B, B 1 R A MR R IRER 1 AR BLOG R
C, =C;" SEATIRGE, VAR PRI 5. 65 s, I fE
h 0. 5g ;4570 3 F 6 [ A MR IR IR R 1 ARG
FC,o= C7C;"7 XA 0 A SRR I T R4,
HFR I I Ry 4. 61 s BRAEN 0. 5¢.
2.2 HEERBERSH
2.2.1 BEA AR FE

6. T o0 0l Ay X o A W LA K SR A 2 S Y
AL A S, AT LU B, AL
ARTARBL FE 9 12 o320 3 RV RE S 20 5 B s 3 T ks A
oL N AR 2 AR L 5 R MEASE B 25 B 1A 40 2% 114 A
WUXRRHWRE AKX C, = €,C7C,"7 [ JAEL—
B AFEHMIEDR,

Fo6 HRMEEBRKEGREMETEAH
Table 6 Natural frequency and natural period of the

homogeneous slope model

o 1 o 2 o 3

Bk mgs WA EAAS BE EAH B
Z/Hz  JE/s Z/Hz /s Z/Hz /s

1 32.36 0.030 45.77 0.021 56.06 0.017
2 35.80 0.027 50.63 0.019 62.00 0.016
3 36.45 0.027 51.55 0.019 63.14 0.015
4 37.44  0.026 52.95 0.018 64.85 0.015
5 37.49 0.026 53.03 0.018 64.94 0.015
6 37.63 0.026 53.22 0.018 65.18 0.015
7 38.65 0.025 54.66 0.018 66.95 0.014
8 38.88 0.025 54.99  0.018 67.35 0.014
9 39.37 0.025 55.68 0.018 68.19 0.014
10 39.69 0.025 56. 14 0.017 68.75 0.014

®7 RESHASRMEERNEFHRENEFESH
Table 7 Natural frequency and natural period of

soft and hard rock combined slope model

H 4 R 5 5 6
W mg WA EAE A EAE M
K/Hz  JEW/s K/Hz  JEW/s FK/Hz  JEH/s

1 21.11 0.047 29.85 0.033 36.56 0.027

2 22.16  0.045 31.33 0.031 38.38 0.026

3 22.58 0.044 31.93 0.031 39.11 0.025

4 23.32 0.042 32.98 0.030 40.39 0.024

5 23.89 0.041 33.79 0.029 41.39 0.024

6 24.61 0.040 34.80 0.028 42.62  0.023

7 26.04 0.038 36.83 0.027 45.11 0.022

8 26.52 0.037 37.49 0.026 45.92 0.021

9 26.79 0.037 37.89 0.026 46.41 0.021

10 27.04  0.037 38.24  0.026 46.83 0.021

2.2.2 B WM EEAE iR AR R A

13 T 4 5350 R 38 o 00 35 DA R 20 45 Y 30
I A R AUAE i A KT I b 7 O F 45 W A A AT [l
L IE(E (peak horizontal acceleration, PHA) '8 [7]
s I {H ( peak vertical acceleration, PVA) il K &
B, T A BT 0 i 5 O G AR B A AR
AR I AL PHA R R PVA R R EL, TR
KPR TER AN [R] 46 F ) EL-centro % 3¢ 81 H Sk 1)
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Fig. 3 Acceleration amplification coefficients of each
monitoring point of the homogeneous slope model

under the input corresponding EL. wave
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Fig. 4 Acceleration amplification coefficients of each
monitoring point of the combined soft and hard rock slope

model under the input corresponding EL wave
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Fig. 5 The plastic deformation zone of the homogeneous

slope model when it reaches plastic deformation
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Fig. 6 Cloud map of the maximum shear strain increment

when the homogeneous slope model reaches plastic deformation
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Fig.7 Shear displacement cloud diagram of structural

plane of combined soft and hard rock slope model

B T 25 IR N 1) OGBS 40, LU Ry 25 o i 33 7
lg PRah 5 AR5 P A AH RO R TR I B K
P, S A TN g PRah AU EE I, E2Egs
BUT,

(D FEALE R, sl ik o £ &
A RTE T S T 1g -8 SR8 34 i 3k fn
AR AU 3 6 AN TR AR T G AR B B, P4 AEARL L L

ML . www. stae. com. cn



2025,25(1)

SCHRN A B ASIEEAL B B A A I 1 PR3N G ISR B8 R HE T 319

AR AT [ B ARG R WS T 25 B BT
TSR, b, il I A B i PRShERS
SR Beal o e 15 AR DL R B S B S R R
AR BRI HE LA R S5 114
Rtk X TARZIETE BRI R (OB 5E | W B0 %
JERT B BR BERFE

(2) TE R 3l 5 B0 AR DI R Y B 5 |
A E PR [ PR 1] A AR S B BEAG A A
(LS, AR AR R FORER o A IS g Y
TR, IO (A 25 5 T 2R ) 7 72 AR B L Sl e
I,

Z £ X #

[1] B3, BP9AK. SR GRRIRES th— R ER T 028 AN 13
HIBIERITTELT]. S5 TARIN, 2001(4) : 4548.

Lu Liang, Lii Xilin. Study of dynamic similitude law for the shaking
table test to cancel the gravity distortion effect[ J ]. Structural Engi-
neers, 2001(4) . 45-48.

[2] Meng Q L, Zhang M Z, Guo X. Dynamic simulation experimental
method study about RC structure’s nonlinear performance in earth-
quake simulation tests[ C]//International Conference on Earthquake
Engineering. Harbin: Institute of Engineering Mechanics, China
Seismological Bureau, 2004 30-35.

(3] EPObk, phasad. ANIR) TR E R & 2 1 v )2 AR 5T 30 0 AR

PIRRRB I )], R TRY TR, 2008, 28(4):
50-57.
Lii Xilin, Shen Dejian. Experimental study on dynamic similitude re-
lationship of different scale steel-concrete hybrid structure models for
high rise building[ J]. Journal of Earthquake Engineering and Engi-
neering Vibration, 2008, 28(4) : 50-57.

(4] &%, Wia. BWEEgsm sl Ik b i i [ J]. B
AR, 2008, 29(1) ; 115-117.

Wang Xueliang, Lu Yan. Application of dimension analysis method
on dynamic test[J]. Overseas Building Materials, 2008, 29 (1) .
115-117.

[5] Iai S. Similitude for shaking table tests on soil-structure-fluid model
in 1g gravitational field[ J]. Report of the Port and Harbour Research
Institute, 1988, 27(3) : 3-24.

(6] BEVObk, PRERIR. SlHy-HusAf T AR FIA 2R 00 3h ARG R 5T
[J]. MR THES T/ERR), 2001, 21(3) : 85-92.

Lii Xilin, Chen Yueqing. Study on dynamic similitude theory of soil-
structure interaction system[ J ]. Earthquake Engineering and Engi-
neering Dynamics, 2001, 21(3) : 85-92.

(7] TR, WA, 2807, -BE-25HPRah & B U0 AH Bl 28 K
HAzp[J]. Rsh TRE2AHR, 2010, 23(2) ; 225-229.

Jiang Xiliang, Xu Bingwei, Li Zhu. Similitude laws and its applica-
tion in shaking table test of soil-pile-structure interaction system[ ] ].
Journal of Vibration Engineering, 2010, 23(2) ; 225-229.

[8] E&ME, MR, U, & FETIrE i iis i Bl
RO i —U L TR IRS Gl Bl )] A
11115 5T, 2021, 40(12) + 2553-2569.

Wang Zhijia, Li Shengmin, He Xu, et al. System similar design

method for shaking table test based on separated dimensional analysis
and its application in soil-underground pipe gallery interaction[J].
Chinese Journal of Rock Mechanics and Engineering, 2021, 40(12) .
2553-2569.

(9] o F, skabk, BT, . +-8503) A B AR PRS) & il

IR ARL LRI )] AR TR S TR 3h, 2023, 43(2):
127-135.
Jing Liping, Zhang Jianlin, Lu Xinyu, et al. Study on time similarity
ratio for shaking table test of soil structure dynamic interaction[ J].
Earthquake Engineering and Engineering Vibration, 2023, 43(2):
127-135.

[10] %, 2080, SReNE, . RIChEE- AR T AE IR R IR S

AWK 1], B 5 TR, 2002, 22(17) ; 7165-7173.
Xie Jun, Li Yantao, Zong Jinhui, et al. Shaking table test design of
oblique cross tunnel-soil interaction system[ ] ]. Science Technology
and Engineering, 2022, 22(17) . 7165-7173.

(1] BaEER, B, B8, 55 R4 BRI H e 5 R b

B ABANARAIG )], BB TR, 2017, 17(2) : 106-
110.

Duan Zhihui, Dou Yuanming, Wang Jianning, et al. Shaking table
test for seismic responses of shield tunnel in soft soil foundation[J].
Science Technology and Engineering, 2017, 17(2) : 106-110.

[12] bR, BFFTHEIGES B TIRI I ()], KR4, 1958(1)
79-104.

Lin Gao. Study on model similarity law of arch dam vibration[ J].
Journal of Hydraulic Engineering, 1958(1) : 81-106.

[13] bR, 2RI, MRS, S5 BRURE AR T5[T]. R

BT RZ240, 2000, 40(1) : 1-8.

Lin Gao, Zhu Tong, Lin Bei. Similarity technique for dynamic

structural model test [ J]. Journal of Dalian University of

Technology, 2000, 40(1) . 1-8.

R, WO, T BE TR S M A RN AR B Y 20 3 iR

HEBRISIARRA )], S RE S TR, 2009, 25(2)

1-8.

—
—
N

[

Jiang Liangwei, Yao Lingkan, Wang Jian. Similitude for shaking
table model test on side slope relating to dynamic characteristics
and strength[ J ]. Journal of Transport Science and Engineering,
2009, 25(2): 1-8.

[15] SBBAZR, 4RE, PNEIE. Hr3h & BRI AH RIBE 2 Hr [T ]
AR 224 ( ARBIAM) |, 2021, 37(4) : 594-601.
Guo Mingzhu, Zou Yu, Sun Hailong. Analysis of similarity
theory of shaking table model test[ J].
Jianzhu University ( Natural Science Edition) , 2021, 37(4) .
594-601.

[16] HMifi, sKAEFT, sRAGIs. SRS BRI AR UL A 1 1 1)
R ST (HONS “ DIF 5T SR 3l A AR AR B — St L s
B (1], AR BE 4R, 1980(1) : 59-72.
Xia Songyou, Zhang Chufang, Zhang Mingqgi. Discussion on simi-

Journal of Shenyang

larity conditions of dynamic structure model[ J]. Journal of Hohai
University ( Natural Science), 1980(1) : 59-72.

(17] 1108, INE A, Wi, S5, MO AR ik 30 1 o7 K i
REDIEI]. HARWE TR, 2017, 33(3) : 110-120.
Men Ni, Sun Youwei, Bo Jingshan, et al. Study on dynamic re-

sponse and influence factors of slope under earthquake[ J]. World

ML . www. stae. com. cn



320

B e & 5 T R

Science Technology and Engineering

2025,25(1)

[18]

[19]

[20]

Earthquake Engineering, 2017, 33(3) . 112-120.

K. BT IR RN HT[ D], AR LR EE
TR, 2022.

Li Xin. Seismic response analysis of slope based on resonance ac-
tion[ D]. Chengdu; Chengdu University of Technology, 2022.
MRS, FeRsg: ) INER T, S =R RN R A B A T

AR B SE (1], /K SCHb BT R Hb B, 2023, 50 (2):
95-102.

Lin Juncenl, Yan Songhong, Sun Weiyu, et al. A study of the
resonance characteristics of a staggered rock slope under the tri-di-
mension earthquake wave[ ] ].
gy, 2023, 50(2) : 95-102.

RfEIT, EAK, E2A, . TR R |

Hydrogeology & Engineering Geolo-

M]. db

[21]

[22]

AU WUBUH AL, 2012,

Zhang Zhuoyuan, Wang Shitian, Wang Lansheng. Principles of
engineering geology analysis[ M |.
House, 2012.

FRAUE. R BT IR ) B BRI TS [ D], T
JTREE, 2022,

Zhang Kailun. Bridge composed of an inclined arch and a curved

Beijing: Geological Publishing

beam study on shaking table test of simulated earthquake for a new
type[ D]. Guangzhou: Guangzhou University, 2022.

FOCE. ARSI AR [ M. R VY SCE R
SFH AL, 1998.

Yuan Wenzhong. The similarity theory and static model test[ M].

Chengdu: Southwest Jiaotong University Press, 1998.

ML . www. stae. com. cn



