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1
Tab.1 Thermal physical and mechanical parameters of soil
/IC W/(m-C) KJ/(Kg-C) /MPa /kPa /1(°)

24 1.44 1.20 8.15 0.361 12.2 233

-5 1.50 1.02 39.03 0.279 527.3 45

-10 1.68 1.02 54.47 0.273 698.2 48

-15 2.19 1.02 95.00 0.253 592.1 55

24 0.89 1.29 6.01 0.379 14.0 5.4

-5 1.10 1.15 26.70 0.297 782.2 7

-10 1.52 1.15 44.13 0.273 1 476.1 7

-15 1.82 1.15 57.57 0.263 1529.7 18
24 1.23 1.41 10.21 0.352 4 25.5

-5 1.40 1.21 20.37 0.298 786.8 32

-10 1.74 1.21 33.70 0.279 2738.6 5

-15 1.81 1.21 60.07 0.252 1 396.4 33

3
42.0 km, ,
-10C -32%C; 16~27°C s 36~43C,
, K53+280 )
31
, 3 -30C,
, )3 o ,
1.0, , N N
2 3 3

Tab. 2 The moisture contents of soil under
three conditions

Tab. 3 The calculation results of frozen soil slopes

under different moisture contents

1% 1% 1% /kPa mm /m
24 30 35 95.44 29.99 1.53 1.38
12 12 12 105.46 30.61 1.65 1.28
18.1 18.1 18.1 109.34 30.63 1.69 1.23
) ) 10.5%,3.7%,
2.1%,0.001%, 7.8% 0.02%, , \

’ ’
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Fig. 2 The curve of maximum shear stress under different Fig. 3 The curve of maximum displacement under
temperature conditions different temperature conditions
1.6
14 L 4
O Table 4 The calculated parameter values of frozen soil

- 1.2 L \ slopes under different temperature

1.0 f D\D

0.8 r /°C.
/kPa /mm /m

0.6 -

04
-5.5 19.56 10.1 0.21 2.00

02t
. ‘ . . : g -10.5 3522 2277 083 171

-35 =30 -25 -20 -I5 -10 -5 0
/C -20.5 65.55 25.43 1.25 1.52
4

Fig. 4 The curve of maximum frozen depth under different -30 95.43 29.99 1.53 1.38

temperature conditions
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24
3.3
3.3.1
3 ; 1:1( )s .
1:1,1:1 1:1.5, 1:1.5¢( ),
5 ° 5
, , Table 5 The calculated parameter values of frozen soil slopes
’ 13%  0.6%, under different slope rates
5.0% 2.6%, /
/kPa mm /m
T ’ ’ ’ 96.70 3036 1.61 1.34
. 95.43 29.99 1.53 1.38
3.3.2 94.84 30.32 1.49 1.41
3 ’ 6
’ Table 6 The calculated parameter values of frozen soil slopes
6,6 2 m, : NN under different slope heights
5,5,4m,
. /
’ /kPa mm /m
, 7 m, 1:1,
o 95.43 29.99 1.53 1.38
> > 6 98.38 30.35 1.71 1.37
: 104.34 30.35 1.70 1.37
. . 1.9%,11.8% 3.1%,
, N
34
’ b X
0.6 mx0.6 m, C25 o
A=-27.422 B=0 C=1.397
5~ 7 5
7 o Fig. 5 The temperature contour with slope protection
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A=.001 444 €=.015 885 F=.021 667
B=.007 22 D=.018 773 A=0 B=.102811

6
Fig. 6 The Y-direction displacement contour with

R Fig. 7 The shear stress contour with slope protection
slope protection

7
Tab.7 The calculated parameter values of frozen soil slopes before and after the building of slope protection

/kPa /mm /m
95.43 29.99 1.53 1.38
102.88 28.27 1.42 1.51
102.88 kPa, 25.99 mm
1.42 m, , s o ,
1.38 1.51, 5 ,
4
, ANSYS, :
1) . . 3 ,
2) b Y
3) b b b ;
4) 9’ 9
5) ) , 1.38 1.51,
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Analysis on Stability Characteristics of Frozen High Slope
Based on Coupling Effect of Temperature and Stress

Xu Ying, Ding Chunlin, Wu Keliang, Zhao Lingyin
(Key Laboratory of Road and Traffic Engineering of the Ministry of Education, Tongji University, Shanghai 200092, China)

Abstract: Based on a seasonal frozen high slope in JING-XIN highway, the coupling effect of the instantaneous
temperature field with phase change and the stress field was considered. By using the finite analysis software
ANSYS, the influences of moisture content, temperature, slope rate, slope protection on the slope displacement
filed, stress field and temperature field were simulated separately. Besides, by comparing the safety coefficients,
the influences of these factors on slope stability were judged. The calculated results are as follows. moisture
content, slope rate and slope height are negatively correlated to stability, that is, the greater the indicators the
less stable the slope; while as one of the most important conditions which influence the stability of seasonal
frozen slopes, when the temperature is below —10°C, the indicators are more sensitive, with the decrease of
temperature, the sensitivities of these indicators decrease gradually; besides, the slope protection can effectively
reduce the maximum displacement and frozen depth of slope, thus improving the stability of slope.

Key words:frozen high slope; stability; temperature—stress coupling field; numerical analysis; influence factors

(WHESRE  E i)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



