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Study on Damage Evolution and Calculation Method of Slope
Soil During the Increase of Ground Motion Intensity

JIA Wenjun
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Abstract: The process of slope instability and failure under earthquake is also the evolution process of slope soil
damage and deformation. At present, the quantitative calculation method of soil damage in slope model test has not
been proposed. Taking a filling slope on the west side of a college campus in Higher Vocational Education Zone of
Lanzhou New Area as the prototype, the model tests of slope instability under the gradually increasing the ground
motion intensity is carried out. In the process of slope deformation and instability, the variation law of transfer func-
tion spectrum with ground motion intensity is analyzed and studied, and then the calculation method of soil damage

is put forward. The results show that the damage and deformation of the soil at the slope shoulder is the most signifi-
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cant in the process of increasing the ground motion intensity, the frequency spectrum of the transfer function de-

crease regularly with the increase of the ground motion intensity, and the damping ratio of the soil in this area

changes exponentially with the increase of ground motion intensity. Therefore, a formula for calculating the amount

of soil damage based on the normalized damping ratio is proposed, and the amount of soil damage calculated by the

formula also shows the law of exponential function increase, reflecting the nonlinear damage, deformation and fail-

ure process of soil mass under the ground motion. The calculation method of soil damage proposed in this paper

could provide a theoretical basis for slope stability evaluation based on model test.

Keywords: Loess slope; Model test; Ground motion; Soil damage
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Table 1 Statistics of physical and mechanical parameters of slope soil
Giif Gy &S KIRE THE ‘ RN FR4AfE WEESES KRS
fithr /(%) (g + em™) /(g + em™) Lo Pa! /MPa 1(°) /kPa
FEA L 18 18 18 18 11 11 15 15
S PN ] 10.20 1.91 1.77 1.548 0.35 21.05 38.1 26.8
/ME 4.50 1.16 1.07 0.532 0.10 6.10 24.8 8.6
SHME 7.07 1.47 1.37 0.988 0.16 14.22 29.5 19.8
i 2E 1.08 0.11 0.11 0.15 0.06 4.10 35 6.61
AR5 R 0.15 0.08 0.08 0.15 0.37 0.29 0.12 0.33
®2 RERKBAMUXRSLENENZESEH
Table 2 Similarity relation of model test and physical and mechanical parameters of soil
L//BLE=y LEIPS S AALLE Ji 2l Y ik

JUAT RS /m F=10 10 - - P
HE/ (kg m™) F=1 1 1.47 1.47 P

Hi % S1/(kPa) F=F/F, 10 19.8 2 -

NEEHEFA1(°) F=1 1 29.5 29.5 -

PR /MPa F=FF, 10 19.8 2.1 -

TR (%) F =1 1 7.07 7 -

A E] /s F=F" 3.16 - - -
T/ (m-s72) F=1 1 - - i ot

1.2 RERERIFIRE

RIS M T 37 2, e T 174k
JEGIRER, WIE PR TEPRSN & £ T Ab BEEL— 5
A BN A% S Ao MR BT 2 A 15 R JE £ e
PRA,, BEE AT 250 mm, 3 A A 5 R A% T
P A, PEESH TR Z 50 mm, HE L RES 007 &
mE 1R

1.3 L@ mE TR

PRI, R Z MR T, HE
0 1 R Ml 72 Bl 5 B 5 R R LI AIF 5 A 3 ) R R
MRS s MR T8 LR MR8 3l i B 3 R 25
S GRLN3 PP | 75 N1 0 03 b | 2 N U
H R AR B JE et s B 2 35Ok . AR YR A i e 3
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gal FLAPINZR T00, 2R T 2013 4R0RVE M6.6 P 5E
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2.1 BNERRBIR

PANGAIN
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Fig.1 Slope model size and sensor location
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Fig.2 Macroscopic deformation and failure of slope model
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Fig.3 Seismic wave time history of different positions
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Fig.4 Spectrum curve of relative acceleration transfer function of A6
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Fig. 6 Variation of soil damage with loading ground motion intensity
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