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Abstract: Landslide is a kind of geological hazard with wide distribution, large quantity and great
harm. It is of great significance to determine the landslide sliding face accurately. Traditional exploration
methods such as drilling and geophysical methods have many limitations in the undulating landslide
terrain. Based on Dongchizhuang landslide in Pingshan County, Shandong Province, a soft soil landslide
model with undulating terrain is established. Rayleigh wave field simulation is carried out and the

horizontal/vertical (H/V) spectral ratio curve is calculated after model separation. The characteristics of
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wave field propagation and H/V spectral ratio curve are compared and analyzed. It is found that the peak

frequency of the geophone in the center can be used as the superior frequency for calculating the earth-

rock interface in the 110 — channel geophone arrangement. Landslide models with soil thickness of 25, 31

and 35 m are designed, and it is found that there is a negative correlation between soil thickness and

peak frequency. The frequency-depth empirical formula is given when the stratum is clay and mudstone,

and the information of continuous sliding surface is obtained. The results of the empirical formula agree

well with the actual model.
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Fig.1 Simplified landslide model diagram
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Table 1 Stratigraphic parameters of the landslide model
)2 JERE /m )Y/ (kg/m®) BB # B/ (m/s) W EE/ (m/s) AL
RGBT R R AR 2D 31 2 030 230 410 0.27
AR PR £ R AR S 37 1970 180 316 0.26
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Fig.2 Wave field snapshot of horizontal (a) and vertical (b) components at different time of the landslide model
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Fig.3 Rayleigh wave horizontal (a) and vertical (b) seismic records of the landslide model
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Fig.9 H/V spectral ratio curve of each channel away from the central geophone of the landslide model
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Table 2 Depth and relative error calculated from peak

frequency
ME fo/Hs [LJERVN MRS AT 5 EZRON"S
B /m B /m 2/% 2 /m
30 25.09 45.637 46.643 2.20 1.006
33 24.58 47.682 48.006 0.68 0.324
35 24,06 49.152 49.468 0.64 0.316
37 23.55 50.708 50.978 0.53 0.270
40 23.04 53.202 52.568 1.19 0.634
43 22.01 55.887 56.052 0.30 0.165
45 22.02 57.781 56.016 3.05 1.765
48 21.50 60.771 57.926 4.68 2.845
50 19.97 62.858 64.247 2.21 1.389
52 19.45 65.017 66.670 2.54 1.653
55 18.95 68.376 69.151 1.13 0.775
61 17.92 75.450 74.791 0.87 0.659
R 2 1.67 0.983
80 ; : ;
75| [— bR s m
| |— Ak E S

Y ARHHEREE

25 30 35 40 45 50 55 60 65
ERS)

E13 KEESBEERIGREIEEAXNTE RS EX

tb
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4 Hit

A SCEE X B AW YK F L S A BB R
bV ST T RS AR Ml 3 A RS T A
— UCAE I AR K | b 2 A0 A B B 5 L R I A g o
K. ARRIAT T HESGEROTESE T H/V i
2, XF LA AT i 15 36 I H/V 35 LU il 26 1) R A0
IR 458 .

D WS . Fsh I8 H/V 3k bl 26 3



%3 M £ R BB R H/ VO TR 1039
SR £ 2l T A 20 B AL y7 A 54 R S i AE T of the Research Status of Landslide Structure

40 ) 22 23 S T U R R i b LB b
I AT Fi 7O 0k B R P A T — E R L A
T 7 0 B RE R EAT T HDRT T .

DWPOR LR R E S H/V i Hh 4200 i
{EI AR L SR SR OC 2, B35 1 B 5 2 J2 TR A EE 9 D
/N GH/V 3 H 2R A I (R BRI

WP HIE A 110 T8 A 3 as HES I, b i
A G D A ) D {ELAB 3R T A D TR oy o0 SR TR 1
WA, W O )R O B S U E W R LR
H/'V 3% ik B A AT 58 i 4313 % JBE 28 46 v X PR e
TR SIS R AT RS — PR TS T
B 1 a2 e AR T o e R DX ) T R L T 9
T Sy T AN 7 T AT A R ) R R T 0 o 9 38 B
GE R B IR BA —E S E X

£ % LK (References) :
(1T ZEwi e, XU MG, 0 i, 4. )2 2 I 30 38 728 TV Y8k g

BT R B FE (D)) R ARG 3. 2017.24(6)
41 - 45.

Qin Qianbo, Liu Penghui, Zhuang Shihong, et al.
Deformation Evolution Cause Analysis and Treatment
of Bedding Rock Slope [ J]. Guangdong Civil and
Construction, 2017, 24(6): 41 - 45,

e NIRRT B 4R B8 . 2 4 3R 3 k) 19 4 b
ik E 534 ®[EB/OLJ. (2021 -01-18) [2023 -03 -
02 ]. https://www. mnr. gov. cn/dt/ywbb/202101/
t20210118_2598832.html.

(2]

Ministryof Natural Resources of the People’s Republic
of China. Last Year Our Country Successfully Forecast
of Geological Disasters 534 [EB/OL]. (2021 —01-18)
[2023 -03 -02]. https://www.mnr.gov.cn/dt/ywbb/
202101/ t20210118_2598832.html.

[3] Bichler A, Bobrowsky P, Best M, et al. Three-
Dimensional Mapping of a Landslide Using a Multi-
Geophysical Approach: The Quesnel Forks Landslide
[J]. Landslides, 2004, 1(1): 29 —40.

[4] Bruni F, Martillier F. Test of High-Resolution Seismic

Reflection and Other Geophysical Techiniques on the

Bouplandslide in the Swiss Alps [ J]. Surveys in

Geophysics, 2000, 21(4): 335 - 350.

TR2LAE S IR ST BERUPK. b 3R Ay B o R 00 v o {4k 2

P RFAE AF 5% B AR 25 3 [ . 3R 4 2 2% 30 ¢, 2015, 30

(3):1449 — 1458,

(5]

Xu Xinggian, Su Lijun, Liang Shuangqing. A Review

Detection by Geophysical Methods [ ] ]. Progress in
Geophysics, 2015, 30(3): 1449 - 1458.

VRN 5 g e 2 R 0R 45 THT 0k 46) 2 5 R 2 HE W 35
Jo A A R R F 5T [, M Bk i B 2 i R, 2016, 31
(3):1367 —1372.

L6]

Xu Xingang, Yue Jianhua, Li Juanjuan, et al.
Research on Surface Wave Exploration Technology and
Its Application in Landslide Geological Survey []].
Progress in Geophysics. 2016, 31(3): 1367 —1372.
AEPAR, A T 2 WL TR AR b R dpt o B 9B KM
BT 75 R K 2 2 4 CHLBR B} 24 i) - 2014, 44 (6)
2016 — 2025.

[7]

Li Qingchun, Wu Hua, Zhou Xueming. Numerical
Simulation of Elastic Wave on Geological Defects
Under Subgrade[ J]. Journal of Jilin University (Earth
Science Edition), 2014, 44(6): 2016 —2025.

X5 R XYL A T 9 ) T I TR R R A g N
(1] 54648 2007, 31TCGE T D116 - 118.

Zhao Yonggang. Liu Jiang. Applicationof Transient

(8]

Surface Wave Profile Method in Landslide Exploration
[J]. Geophysical and Geochemical Exploration, 2007,
31(Sup. 1): 116 - 118.

ERFF R P S5 K Z R A BT Rayleigh 3 £
R L 0T R AR [031 A A AFTRICARY IF 49y 38 52 30 S 4D TF 5
LI BR P 302 3 1, 2022, 37(5) 2044 — 2052.

Wang Xuyu. Zhang Li, Sun Kang. et al. Physical
of  Multi-Mode

(9]

Experimental Simulation Velocity

Dispersion and Elliptic Polarization Dispersion of
Rayleigh Waves in Horizontal Layered Media [ ] J.
Progress in Geophysics, 2022, 37(5):2044 - 2052.

[10] FK.s5ka7, hEE, 2. Rayleigh 3 ##f B % 1k 5 M 72 ok

GRS T Hb 2 B 2 0 rh g B AR LA R T R
PR 2R CH AR MD ,2022,53(8) : 3156 — 3167,

Wang Tian, Zhang Li, Sun Kang, et al. Numerical
Simulation and Application of Rayleigh Wave

Ellipticpolarization and Seismic Mapping in Urban

Stratum Disturbance Detection[ ] ]. Journal of Central

South University (Science and Technology). 2022,

53(8): 3156 — 3167.

KT, PIVERE S I T R L A5 il R T JBE R I A A 1 AR Ak

AR AE BRI A 5 N BB A AU AT 58 [T . st 2R 4y 20 2

i ,2022,37(6) :2648 — 2656.

Zhang Li, Chen

[11]

Sun Kang, Yuxiang, et al
Theoretical Derivation and Numerical Simulation of
Rayleigh Surface Wave Dispersion Characteristics for

Higher-Order Mode Elliptic Polarization[ ] |. Progress



1040

BOMK R o RO BR B 2 O %554 %

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

in Geophysics. 2022, 37(6): 2648 — 2656.

BRI L 42 AR S A T IR 37 B ASE AU 1 B ) I8 AR
HIC I 22 A5 AE S 2% A5 X B8 12 0 A [T 0. A i o Bk 4y 3L 38
#,2015,50(2) :306 - 315.

Shao Guangzhou. Li Qingchun, Wu Hua. Rayleigh
Wave Dispersion Curve and Energy Distribution of
Each Mode Based on Numerical Simulation of Wave
Field[J]. Oil Geophysical Prospecting, 2015, 50(2):
306 —315.
Nogoshi M., Igarashi T. On the Amplitude
Characteristics of Microtremor: Part 2[ J]. Journal of
the Seismological Society of Japan, 1971, 24 (1):
26 —40.

INGERE 255 &R H/V O3 b B 9 4 7 R Ui b
DX YRR SR JE [T, 3 Bk B 2 R, 2022,37(6) : 2301 —
2307.

Sun Xiaogian, Li Xinfu. Study of Sedimentary
Thickness in the Middle and Lower Reaches of
Yangtze River by H/V Spectral Ratio Method [ ]].
Progress in Geophysics. 2022, 37(6): 2301 - 2307.
WRET PRk ik, 5k R, 5. HVSR 4R J7 1% 76 3
VG L [T ] b 2R #0555 R L 2022, 37 (4)
1757 - 1763.

Shen Zhiping, Chen Fada, Zhang Hu., et al.
Applicationof HVSR Detection Method in Urban
Karst Exploration[ J]. Progress in Geophysics, 2022,
37(4): 1757 - 1763.

K 3L X G KT IR A JBT R i i i R T 98 A 1Y AR
ACRe AE (B 2 A7 5 AT 52 [T ). M 2R 4 B8 2 41 2013, 56
(5):1686 — 1695.

Zhang Li, Liu Zhengping. Numerical Analysisand
Research on Elliptic Polarization Characteristics of
Fundamental Rayleigh Surface Waves in Horizontal
Layered Media[ J]. Chinese Journal of Geophysics,
2013, 56(5): 1686 —1695.

RIS A2 2 T b 3 BV A B TR i 23 BT DT IR TSR LD .
BB A TR A . 2018,

Mi Binbin. Studyon Surface Wave Analysis Method of
Elastic Medium in Complex Shallow Surface [D].
Wuhan: China University of Geosciences, 2018.

Mi B. Xia J. Estimationof Near-Surface Shear-Wave
Velocity by Joint Inversion of Dispersion and HVSR
Curves of Rayleigh Waves from Multicomponent
Active-Seismic Records[J]. IOP Conference Series:
Earth and Environmental Science, 2021, 660 (1):

012056.

Alterman Z, Abramovici F. Propagation of a P-Pulse

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

in a Solid Sphere[]J]. Bulletin of the Seismoligical
Society of America, 1965, 55(5): 821 - 861.

Fuyuki M, Matsumoto Y. Finite Difference Analysis
of Rayleigh Wave Scattering at a Trench[J]. Bulletin
of the Seismological Society of America, 1980, 70
(6): 2051 - 2069.

Richard P G, Witte D C, Ekstrom G. Generalized
Ray
Withplanar Nonparallel Interfaces[ J]. Bulletin of the
Seismological Society of America, 1991, 81(4): 1309 —
1331.

Barfield W D. An Optimal Mesh Generator for

Theory for Seismic Waves in Structures

Lagrangian Hydrodynamic Calculations in Two Space
Dimensions[ ] |. Journal of Computational Physics,
1970, 6(3): 417 —429.

Brackbill J U, Saltzman ] S. Adaptive Zoning for
Singular Problems in Two Dimensions[J]. Journal of
Computational Physics, 1982, 46(3): 342 — 368.
Antonios E G, Antonie ] E. Directional Conteol in
Grid Generation [ ] .
Physics, 1988, 7(4). 422 —439.

6 TN T LT e b B AR OO AR P AR A B R LD K
MR, 2010.

Jiang Lili. Grid Generation Technology Based on
LDl Jilin

Journal of Computational

Geological Conditions Changchun:
University, 2010.

B R5 1L EL AR b 3 1 A M A3 T RS (E AR
[D].45 B . P9 g B K2, 2021,

Jia

Simulation of Dongchizhuang Landslide in Pingshan

Xiaoqiang. Stability Analysis and Numerical

County [ D]. Mianyang: Southwest University of
Science and Technology, 2021.

B R AR, TR AR X1 A e 38 LU P LG K B S L R
WFSELT ] & 1 R 2 4 CH AR B IR0 , 1999, 29
(4).704 - 708.

Xue Rongjun, Zhang Weigang. Comparative Study on
Poisson’s Ratio and Resolution of Longitudinal and
Transverse Wave Velocity [ J]. Journal of Ocean
University of Qingdao (Natural Science Edition),
1999, 29(4) . 704 — 708.

TR SRR R A R TS H/V i
A SO AR B 5T AT R P 3R XA [T . 3t Bk
Yy BR 24, 2020,63(1) :339 ~ 350.

Zhang Ruohan, Xu Peifen,
Detection of Soil-Rock Interface Based on Fretting H/
V Spectral Ratio Method: A Case Study of the
of Jinan [ ] ].

Ling Suqun., et al.

Central City Chinese Journal of



%3 +

UL 45 1 T B TR A B H/V 3 LRI

1041

(29]

[30]

[31]

Geophysics, 2020, 63(1): 339 - 350.

Haghshenas E, Bard P Y, Theodulidis N. et al.
Empirical Evaluation of Microtremor H/V Spectral
Ratio[ J]. Bulletion of Earthquake Engineering, 2008,
6(1): 75 -108.

Lunedei E, Malischewsky P. A Review and Some
New Issues on the Theory of the H/V Technique for
Ambient Vibrations [ J]. Perspectives on European
Earthquake Engineering and Seismology, 2015(39):
371 - 394.

REME, INALA . BT 2 W H -2 RUBE 40 A7 1Y B BR 2L 3
WA UM LT ], 75 bR 2 4 R BR 2 RO, 2023,
53(4):1175 - 1184,

Xiong Chao,

Sun Hongyue. Step-Like Landslide

Displacement Prediction Based on Multi-Factor and

[32]

[33]

Multi-Scale Analysis[J]. Journal of Jilin University
(Earth Science Edition), 2023, 53(4): 1175 - 1184,
AU, FE S, A Sk L A SO BUA AR B 2R RE AL -
L5 ST B 7R 0845 38 3 S 481 [0 0. 75 bk K 5% 2 4 (it
BRBF2ERRD 5 2022,52(2) 1503 - 516.

Tang Junfeng, Tang Xuemei, Zhou Ji, et al.
Deformation and Instability Mechanism of Landslide
Accumulation: A Case Study of Donglingxin
Landslide Accumulation in Jianhe County, Guizhou
Province [ J ]. Journal of Jilin University ( Earth
Science Edition), 2022, 52(2): 503 - 516.

Seht I V, Wohlenberg J. Microtremor Measurements
Used Tomp Thickness of Soft Sediments[J]. Bulletin
of the Seismological Society of America, 1999, 89

(1): 250 —259.



