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Numerical simulation analysis of influence of temperature variations
on the pile force in permafrost zone under dynamic loads

ZHOU Yun -dong, LIU Yun —bo, YANG De
( Geotechnical Research Institute, Hohai University, Jiangsu Nanjing 210098, China)

Abstract:In order to study the influence of the temperature change on load characteristics of pile
foundation in permafrost region, this paper analyze the effects of different temperatures on the me-
chanical behavior of pile foundation under earthquake by using MIDAS / GTS finite element analysis
software. The characteristic values, the relative displacement and bending moment curve under the
condition of different models were obtained through numerical calculations. Combining with the actual
value of comparative analysis, the results showed that increase of temperature has great effect on pile
foundation during earthquake, pile foundation is easy to be broken.
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Tab. 1 Effect of temperature on the physical and mechanical properties of permafrost

+ 2 28 -10C -5C -2C -1.5C -1 0°C
N p/kg/m3 1 920 1920 1920 1920 1 920 1 920
ﬁg E/MPa 61.3 50.8 45 43 40 34
|2 v 0.13 0.13 0.14 0.14 0.19 0.45
7{;:’5 ¢/MPa 0.6 0.6 0.6 0.6 0.6 0.05
@ /° 34 34 34 33 33 30
p/ kg /m’ 1 800 1 800 1 800 1 800 1 800 1 800
NPAe
% E/MPa 169.6 89.8 42 33 26 10
N2 v 0.15 0.18 0.2 0.2 0.22 0.47
*j:ﬁ ¢/MPa 0.2 0.2 0.2 0.2 0.2 0.05
@/° 23 23 23 23 23 19
/ke/m’ 2 500 2 500 2 500 2 500 2 500 2 500
p/kg/
55 E/MPa 233 153.2 105.3 101.1 89.4 73.4
}111‘ v 0.18 0.18 0.18 0.18 0.2 0.22
= ¢/MPa 0.25 0.25 0.25 0.25 0.24 0.1
@/° 38 38 38 37 36 33
3 /ke/m’ 2 900 2 900 2 900 2 900 2 900 2 900
N p/kg/
B E/MPa 15 450 15 000 14 500 15 000 15 000 15 000
{tb
{:%E v 0.19 0.2 0.2 0.2 0.2 0.2
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Tab. 2 The soil per unit area damping under each temperature (unit: kN - sec - m )

+= ZH -10C -5C -2%C -1.5C -1C 0C
" ; Cx=Cy=Cp 109.5 100.7 95.1 90.1 91.8 157.3
RAMEHL Cz=Cs 72.1 65.6 61.5 59.7 56.8 47.4
. ) Cx=Cy=Cp 179.5 132.4 91.5 82.7 132.4 104
LS Cz=Cs 115.2 82.7 56.2 49.5 82.7 24.7
5 LA Cx=Cy=0Cp 251.4 203.9 169.7 160.2 157.5 144.4
Cz=Cs 157.1 127.3 105.6 101.2 96.5 86.7
RIEBZFOBEERRIDREERY
Tab. 3 Cross — sectional area and the spring rate of border in each direction of Models
+Z SR -10C -5C -2°C -1.5C -1C 0C
Ax/m* 40 40 40 40 40 40
Ay/m’ 60 60 60 60 60 60
N . Az/m® — — — — — —
RALKL Kx/kN - m* 19 442 16 112 14 272 13 787 12 686 10 793
Ky/kN « m® 16 699 13 839 12 259 11 258 10 897 9262
Kz/kN - m’ — — — — — —
Ax/m’ 160 160 160 160 160 160
Ay/m’ 240 240 240 240 240 240
Az/m’ — — — — — —
LR Kx/kN + m’® 31 984 16 935 7 920 5977 4903 1 885
Ky/kN - m* 27 473 14 546 6 803 5 604 4211 1619
Kz/kN + m’ — — — — — —
Ax/m’ 200 200 200 200 200 200
Ay/m’ 300 300 300 300 300 300
55 L 2 Az/m’ 600 600 600 600 600 600
Kx/kN « m? 40 413 26 572 18 264 16 607 15 506 12 731
Ky/kN + m’ 34 713 22 824 15 688 14 575 13 319 10 935
Kz/kN + m’ 26 767 17 599 12 097 11 077 10 281 8 432
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Tab. 4 The eigenvalues of calculation model at

different temperatures

TR

p -10 -5 -2 -1.5 -1 0
1.25 1.00 0.80 0.73 0.70 0.54
1.30 1.03 0.81 0.75 0.72 0.61
1.49  1.18 0.91 0.8 0.79 0.6l
1.52 1.19 0.94 0.91 0.81 0.64

FREME  1.69 1.34  1.03  0.94 0.88 0.66

/Hz 1.74 1.35 1.04 0.94 0.89 0.71
1.83  1.44 1.12 0.91 0.95 0.71
2,19 1.6 1.27 1.17 1.06 0.72
2,19 1.71 1.30 1.11 1.08 0.77
2.26 1.74 1.31 1.21 1.12 0.79
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Fig.3 Model eigenvalues at different temperatures
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different temperatures
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