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Anisotropic frost heaving coefficient of saturated permafrost
considering moisture migration process based on standards

GE Hui', GUO Chunxiang', ZHANG Lei’
(1. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou, Gansu 730070, China;
2. Shaanxi Province Institute of Water Resources and Electric Power Investigation and Design,
Xi’an, Shaanxi 710001, China)

Abstract: Frost heave in positive permafrost is a critical factor leading to frost damage of engineering in the cold
region. The frost heave process results from the dynamic interaction of hydro-thermal forces. In an open system,
factors such as temperature, temperature gradient, water content, and water supply intensity significantly influence
the deformation of positive permafrost frost heave. Frost heave in permafrost is the combined effect of vertical
segregated frost heave due to moisture migration and in-situ frost heave, and its mechanical characteristics of frost

heave are anisotropic. This study, referencing the standard process of ice content variation in soils during freezing,
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takes into account factors such as Poisson’s ratio, groundwater table depth, and cooling rate. the calculation

methods for the frost heave coefficients in the horizontal and vertical directions during the freezing process of

positive permafrost were derived. By comparing the frost heave coefficients of silt and silty clay, the results show

good agreement with experimental data. In the case study, the vertical frost heave coefficient of silt ranges from

—1.37x107 to —7.67x107, and the horizontal frost heave coefficient ranges from —0.81x107 to —4.85x107 within

the temperature range of —0.2 °C to —3.0 °C and a depth range of 0.2 m to 1.0 m. The percentage difference ranges

from 10.4% to 77.7%, indicating the necessity of considering the anisotropy resulting from segregated frost heave.

The calculation methods for horizontal and vertical frost heave coefficients in this study can provide valuable

information for frost damage of engineering in the cold region.

Keywords: permafrost; moisture migration; temperature; depth of water table; frost heaving coefficient
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Fig. 1 Schematic diagram of soil frost heave elastic element
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Table 1 Temperature correction coefficient under different soil types and temperatures
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Table 6 Comparison of anisotropic frost heave coefficients at
different temperatures and different groundwater depths

THAE
hy/m TRk R AL

-02C -0.5°C -2.0°C 3.0 °C

a/107 -7.67 -6.05 —4.44 -3.63

0.2 a,/107 -4.85 -3.23 -1.62 -0.81
ZEHE I 36.8% 46.6% 63.5% 77.7%

a/107 -6.26 —4.64 -3.03 -2.22

0.4 a,/107 -4.85 -3.23 -1.62 -0.81
P IENER e d 22.5% 30.4% 46.5% 63.5%

a/107 -5.98 -4.36 -2.75 -1.94

0.5 a,,/107 -4.85 -3.23 -1.62 -0.81
PR 18.9% 25.9% 41.1% 58.2%

a/107 -5.79 —4.17 -2.56 -1.75

0.6 a,/107 -4.85 -3.23 -1.62 -0.81
ZEE T 16.2% 22.5% 36.7% 53.7%

a/107 -5.55 -3.93 -2.32 -1.51

0.8 a,/107 -4.85 -3.23 -1.62 -0.81
ZEHE I 12.6% 17.8% 30.2% 46.4%

a/107 -5.41 -3.79 -2.18 -1.37

1.0 a,/107 -4.85 -3.23 -1.62 -0.81
ZEE T 10.4% 14.8% 25.7% 40.9%

i 3% 6 AT, 25 5 i B 250, B by, PO R, VRIIK R
BEE A o e/, 7E-3.0 ~ —0.2°C, 0.2 ~ 1.0 m 7 [Fl
NIk R B2 T 3 el 10.4% ~ 77.7%, ASTR 7 6] 6
ZEE IR W Z W, X Ui W T AT R ik R B4 1) S5k
R LM W M —0.2 °C B, WRIK R B 221 A 4 bl
10.4%, 3 1t BH 78 il ZUAH AR X, bR K28R, 7K 43 #b
I, o, A RE B 208

] 4 R AR T PRk R 802506 A 43 He Bl b T 7K
PR BE AR AR, 45 2 b KL UR B, Bl I B R BRI, o
Pk 2R B 1 43 b 3G O, 302 PR 8 TR B A A8 X AL BR
LA 7K 43 FE AR BV, A R K AR B 8, R K &R 2
ZEH A 53 LB, o, B 200 S5 X0F 45 S oE i 7 52 i 45
s Bt B R BAIC, D R KA R D855, S0 SRR o34
SRAE TR BB BE (M FH T ) L3 B AH AR oK, AR )
TRl RBEE E A e R, X 5 Konrad™ $2 H A9 24 1E
T B HOIR B0 1K BIH2 8 1), VRS 2 B K or i B AU
SR A AR A
3.3 RNk RS T KR 56 &

KB AR 75 2 VR 45 B 7K 5338 7% B el e T 7 AR VR ik
() e M 55 5 559 1 TR DR IR T L R R R KR
AR R E R R I A A SR Y
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Fig. 4 Percentage difference of frost heaving coefficient at
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Fig.5 Variation of frost heaving coefficient of different
groundwater depths in z direction with temperature
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Fig. 6 Variation of frost heaving coefficient in the z direction
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Table 7 Influence of groundwater depth on frost
heave coefficient at different temperatures

REEPC @ (hy=0m) /1073 . (hy =1m) /1073 VMK ZRE8/NE 53%/%

0 0 0 0
-1 —5.88 -3.79 35.5
-2 —8.58 —2.18 74.6
-3 =7.05 -1.37 80.6
=5 —5.80 — —
-10 —3.68 -1.37 62.8
4 #ig

(1) 38 2o 1056 XoF B, A SC R K 28 RO e 31 5 45
L5 6 B A AN [R) 0 B2 72 Al 3 A ], iR e v e
AT DL B R R R SRR AR X i PEARAR X R ES
DX, A [5] i T 7K A7 T BE T 5 JiK 28 5000 5 ey 5 a1 6
AR—H, Bk TR R A HERE o

(2) 38 5 A [ 77 o) VR B 2R B2 {6 A o3 LU X LE, A
[7) 75 111 Vi 28 80000 2 (L AN RE A 2%, U K 2R 4% 17 S
PEHA B AFTT R R B EE A S
MR KA BT PR IR B /N B By, 52 B L, HECRE SR
SUARAS X, Mo T 7K A7 B 28 8 T R BT , AN (] 7 1]
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