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Abstract

In order to accurately grasp the law of freezing and deformation during the long-term use of sub-
grade in cold areas under the action of multi-field coupling, based on the actual engineering geol-
ogy of the subgrade, the THM coupling model was established and the long-term performance of
the subgrade was predicted by using COMSOL software. The results show that: the subgrade struc-
ture basically reaches a stable state after about ten years; the temperature change of the subgrade
shows obvious hysteresis effect with the increase of depth, and the high and low temperature
peaks of the subgrade decrease year by year before the subgrade reaches a stable state; the thaw-
ing and sinking displacement of the subgrade is smaller than the freezing and swelling displace-
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ment, and it increases year by year, and in addition, the middle of the road is displaced more than
the left and right shoulders; the freezing depth of the subgrade increases by about 80% in the non-
stable period.

Keywords

Cold Regions, THM Coupling, Subgrade Frost Damage, Subgrade Performance Prediction

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

VLR AR Ll A K VRS TS R B ACRAS [1] . TEFEARTIARZAE T, LI Ky STEA
LU LR, X REMORRE[2] [3]. BEE IRTE, R ERSBERE, TR RK s mRAL
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Figure 1. G5 Beijing-Kunming expressway Sichuan expansion
line plan schematic diagram
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Table 1. Meteorological data for Wangcang County
#* 1 BBEESKREN
B AR E(C) i P (°C) KBS IR(C) A Z= P HRR(C)
s -5.3 27 22.25 -3.4

3. THM A& EipIREY

BT THM B &I L2 B RE, R BUTRUR B © BEEEACOUATT RS, 25, S
e @ BT AEREKNZE), B KT HAKMIRFUT R 5. &) 2 1l
AR K TR RN . FESEIEA b, N7 7 Z 5 A AR £ P i THM R SRR
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A, c(O) AT A BAATBHIE NG C); AO) N HIRIFHAT(W(mk))s L UKL K78 # (kI/kg)
O AELBEPIKIAR R (%): p F pi 43 5] B B LRI FLER VK B 2 (g/em®).
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Figure 2. Schematic diagram of subgrade model
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Table 2. Temperature boundary conditions

T2 OREBRFN

BRI RS To A %0 Qy [w/m?]
HUE RN 12.5 17.8 749 0.0375

B PR S Bt T A AR R OKIREE, A BURS AT AT EE B 0.85, ARMLATR JFURG L
VIGWIANEZ BN 0.4, HRBRILZAIMRMAIEE R BN 0.3, [y AR B 7 M AR 7 (30 57 2% A1
BEALBFERAR u#0, u#£0, FURBELK u=0, uy =0, . ARUFERLAR, VIIRERN
Uy=0, uy# 0.
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Table 3. Basic parameters of temperature field

3. REMEASH

+ZRM R (H) (m) P (C) (Ikg-C) SFHEHN) (W/(mrk))
P IH 2 2.26~3 2450 0.669
HTE 0~10 1238 0.61
TR FURG 2 -7~-3 1568 041
Table 4. Parameters of seepage model for unsaturated soil
= 4. IS RBRSH
+JERA ag [1/m] m | 0, 6, Ks [m/s]
HT AR 0.66 0.14 0.5 0.231 0.02 le-5
RS 2 2.59 0.22 0.5 0.375 0.05 le-8
TR FURG 2 2.59 0.22 0.5 0.375 0.05 3e-8
Table 5. Mechanical basic parameters
=5 NWEFERESH
+EH # ¥ (p) (glem®) FPERELE () (MPa) AR H ()
et = 1200 16,000 0.25
TR )Z 1600 150 0.25
W ORs 12 1540 80 0.35
PFR R 2 1540 50 0.45
Table 6. Parameters of unfrozen water content
= 6. RKELEKESESH
=it Ry (m) HEURTREEIRE(TY) (C) 200 RZHU(b) FLBRLL(e)
HT IR AE)Z 0~2.26 -0.12 0.61 0.78
RS 2 0~-10 -0.54 0.56 0.6
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Figure 3. Phase field of temperature change of roadbed during freezing period
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Figure 4. Temperature change trend graph
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Figure 5. Phase field of displacement change of roadbed during freezing period
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Figure 6. Trend of freezing and thawing displacement as well as depth of freeze
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