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Numerical simulation of anti-frozen heave by replace-filling measures for
lined canal in seasonal frozen soil region
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Abstract: In order to prevent the frost heave damage to lined channel in seasonal frozen soil region, carried out the
research on the effect of anti-frozen heave measures by replacing frost heave sensitive soil in canal base. Considered the
actual boundary condition, set up the mathematical model of phase transition temperature field in shallow frozen soil.
Carried out the coupled heat-stress analysis of different filling depths by using FEM. The resulis revealed that: Under the
ground of shady canal slope, canal bottom and surface of sunny slope at 1.670 m, 1.128 m and 1.547 m, here, was the
active zone of freezing and thawing. The replacing soil depth closely was submited a positive correlations with the frozen
depth. It also shown that with increasing the replacement depth, the normal vitical frozen heave of the concrete lined
channel will be reduced. When the replace-filling rates in channel shady slope, bottom and sunny slope were 53.9% ,
58.2% and 79.8% respectively, the normal displacements of concrete lining were decreased by 96.9% , 95.54% and
96.83% . Also the normal displacement was 0.6 ~ 0.7 cm which was remained within the standar accepted value as 0.5
~ 1.0 cm. This measures can be effectively alleviated the frozen heave damage of channels and provided a theoretic ref-
erence for optimal design of the replace-filling in engineering practices.
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Fig.1 Illustration of canal section of 80 cm replacement
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Fig.2  Finite element model
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Table 1  Thermodynamic parameters of soils
L SFRAL/(Wem K" /(T kg™ K1)
" THE Hok . i ifi
R Heat conductivity Specific heat
ol Dry density Water content - )
Materi /(kgrm™?) /% Ht it #t it
Frozen soil Thawed soil Frozen soil Thawed soil
bk Gravel soil 2060 6 1.4 1.15 706.6 861.7
BEH L Loess 1540 25 1.58 1.127 1158 1466
F2 AEBRERXELTEAERLH
Table 2 Equivalent specific heat capacity of soils of different temperature range
*)J' 7F‘Jr {EuE[XIEﬂ Temperature range/ C
Material 20~0 0~-0.2 -0.2~-0.5-0.5~-1 -1~-2 -2~ -3 -3~ -5 -5~-10 -10~ -20
b5 L Gravel soil 861.7 62405 9060 3497 2156 1004 937.5 820.2 706.6
FHBHE L Loess 1466 68372 37137 12142 6758 6727 2650 1693 1158
x3 THNESH
Table 3 Mechanics parameters of soils
Bk Jy S T Temperature/ °C
Material Mechanical parameter -0 10 _5 2 ~1 ~0.05 0 20
WhRR FPEREE Elastic modulus/MPa 380.8 272.0 200.2 141.3 114.0 69.8 61.0 61.0
Gravel soil 311 r 1 Poisson ratio 021 028 032 03 03 035 035 035
e e PRSI Elastic modulus/MPa 190.9  135.5 98.9 68.9 55.0 32.5 28.0 28.0
Loess IFIFA L Poisson ratio 0.24 0.32 0.36 0.38 0.39 0.40 0.40 0.40
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Fig.3  Distribution of temperature field of frozen soil in canal base at various period

20 -
15 |
o0
=
=
28
I =
HZ0f
& &
hErt
S E
o
Z
5 -
0 1 ‘, — 1 1
0 100 200 300 400
I ) Time/d
—— 3 Without replacement - - - - - #:3#30cm Replcement 30cm
——— #tJH40cm Replcement 40cm — — #t3H50cm Replcement 50cm
—-—- #360cm Replcement 60cm — - — $#3H70cm Replcement 70cm

-------- % 380cm Replcement 80cm

B4 BALE P S ) R K E R A ) R L
Fig.4 Normal frost heaving quantity vs time

at the middle of shady slope

— 3 [3e]
wn (=} [
1

% ) 3% Bk 2 Normal frost heaving/cm
wn S

0 4 6 8 10 12

0 B JT K B Spread length of lining plate/m
—— 31 Without replacement ----- #:41130cm Replcement 30cm
——— 1#JH540cm Replcement 40cm — — #tJE50cm Replcement 50cm
—-—- #3160cm Replcement 60cm — - —- 3170cm Replcement 70cm

-------- 2 31180cm Replcement 80cm

5 AEHSHER A E R EXT L B
Fig.5 Comparison of normal frost heaving quantity

for different replacements



88

TR XAV BT

31 &

REATE 3 H ARG H R T ok, It BeAs
[0 TR I 3% 172 U B9 el 0 AR O o A B L 5,
P v 2t B B2 1 DX 23 SR S TR, M ZE TR A K
WO IR B3 5 Al (1) Jofedsimt
LR R A, FHSROK, BRI Z, SRR /Dy
(2) IR 45 e - VB 32 TR BRI AR 119 0L 1] 23
SPEO AL ) R/ s SRR SZ B PR 203
VRIKAETE A R /15 (3) AN [l 8 SR B2 3k 1]

SO TR 5o L2 R 3 N5 0 N L )1 B I W
PURH I 0 BR A TR A o RO 3 4 O 4 o v
o, HRI MR, 3 30 em 5 B AR K &, R
P —5E BTG A E ORI AR

N T LM 7 e B e T TR O K A 1
DU, AR RIS 7 A~ i, WA 1 s K 48 3
HRAN RN 7 5885 5 18 B R 1) VR A /N i JEE 0o
FUAH

R4 FEHRER E T HE BRI E KRR E

Table 4 Normal frost heaving quantity and decrease by different replacements

e TeAI 30 em 40 em 50 cm 60 cm 70 em 80 cm
i;;ints Without
replacement/cm ~ /cm /% /cm / % /cm /% /cm /% /cm / % /cm / %

1 21.5 7.8 63.72 5.4 74.88 3.2 85.12 2.1 90.23 1.3 93.95 0.7 96.74
2 22.6 8.0 64.60 5.6 75.22 3.9 82.74 2.4 89.38 1.3 94.25 0.7 96.90
3 11.9 7.7 35.29 5.3 55.46 3.4 71.43 2.3 80.67 1.2 89.92 0.7 94.12
4 15.7 7.8 50.32 5.4 65.61 3.0 80.89 2.4 84.71 1.3 91.72 0.7 95.54
5 9.8 6.7 31.63 4.4 55.10 3.0 69.39 2.1 78.57 1.0 89.80 0.6 93.88
6 18.9 6.9 63.49 4.8 74.60 3.0 84.13 1.9 89.95 1.0 94.71 0.6 96.83
7 16.5 6.6 60.00 4.7 71.52 2.9 82.42 1.8 89.09 1.0 93.94 0.6 96.36
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