5398 FH6M MEXREE A Vol.39 No.6
2025 4 12 H FLY ASH COMPREHENSIVE UTILIZATION Dec. 2025

MBI 9 B -0 KA

Hydrothermal Characteristics of Silt Clay under Bidirectional Freeze — thaw Conditions
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Abstract: To investigate the freeze — thaw behavior of subgrade soil at the culvert top in seasonal frozen regions, laboratory
freeze — thaw experiments were conducted. The evolution characteristics of internal temperature, moisture migration, and
freezing depth within the soil were systematically analyzed. During bidirectional freeze and thaw, the alternation of freeze and
thaw leads to large temperature fluctuations and uneven distribution, which is nonlinear, especially forming a distinct cold belt
in the middle and lower parts. After the bidirectional freeze — thaw cycles, the moisture content distribution of the samples shows
a pattern of " increase — decrease — increase" from top to bottom, and this trend becomes more pronounced with the increase of the
initial moisture content. Under the same cold — end temperature conditions, the bidirectional freezing with a temperature difference

is more efficient than the unidirectional freezing. The freezing depth in the upper part is about 1. 7 times that of the unidirectional
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freezing, and this ratio is negatively correlated with the initial moisture content. The research results provide important guidance

for the prevention and control of freeze — thaw of the fill soil on the top of culverts in seasonal frozen soil regions.
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Table 1 Physical properties of silty clay

TR TR IAVETER  WAKER RRTEE
w /% wp/ % I w,,/ % YVoax/ (g*cm -3)
30. 54 18.28 12.26 17.2 1. 89




6 1 BURB A« BRI AR AR AF D A TR A R R IR AT

L2 REig4

SRS AN [ VR Rl =X 0 BT b - R R A 1 BF
5%, RMHE EMANHRBRE RS, &R R
K2 s, %I RS LT &R 2 -

(1) R R 400 mm, AR 100 mm, FhE
140 mm [0 5 Sy R, W6 5 — 9\ i & 12 4
LI T2 B e, fLIWERE N S5 mm, 55—
AL AL B PR B i 10 mm, A 030 B AL ] R
30 mm;

(2) FERAE HIRELE R -40~100 C ., ¥R
KDy £0. 1 C Ry R R AR IR AR, T B A
T =30 ~30 °C . KERES 0. 1 °C [y NESLAB %1%
WIEFHL, LT din, nr sz Bk 14 o g ik 56
T A 5

(3) Bl R A 26 B b 0 B A S 25 VBN SR
PR, AR AR = R A £ ) PT100 £ H
BH, MRSy 50 ~200 C, KRy £0.1 °C, =2
s A T O M

(4) MREERAE N YC1003 Hfl AR, %K
YR FFRAERT Modbus 38 15 PR, 7T DA [] B A 1R 4
16 FEA RS, ITRDRTHE

" R S D
F 2l
KEEE AL
|
IR
i
== | 4 BTGB
’ :
EREERBA :
TR
| e |

B2 RBRFREE

Fig. 2 Schematic diagram of the experimental system
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Fig.3 Freeze temperature curve of samples
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Fig.4 Temperature variation curves of soil with time under
different freeze — thaw conditions
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Fig. 6 Moisture content at different heights of the
sample before and after freeze — thaw cycles

WEL6 (b) TR, A B0 Ak A f
AERUEL R RIFIG 2K L % 2 1 )
K 16% HILPE L3 28 em AT KR
M0.73% , w13 ~ 22 em 4R 2 K K D



4.58% , TG IKEIN 4.68% . W hH &K HE A
18% By A T s 28 em Ab -3 5 /K R IG 0 1. 67%
HER & KR 6.97% , JKHER & KR HEIN 5.93%
IR & KFH 20% 14 T 25 ~ 28 cm Ab-F- 345
IKFIGIN 2. 73% , H#f 10 ~22 em L0F-3 5 7K 32>
8.61% , JEEBE /KK 6.50% . B KE, WE
WG EK ARG, R S K SR g E R OK
HER S K R JE IR S K R B
Fo H MKW EROKRELE L, —J5m, 0
TURGE R AR IR T A, (R 2 K g 1 TR
AW, RALR K> B, —Jrm, |
THEAOEM, MRk KE 210 T 8iE 2R, 7
20% WIIGR S KR, TN W K SR B E S,
177 R ] 7K 3458 2% B 24

LT, R [EVRELE S AR S K 5 M £
TE AR, e 20 B i R RAE TS AR B
EK A I E K WA G, TR RS KRB
T ARG S B AR MIAE S X m R miAE S
IR I —A “C” JErhEk, M 5 7K R
1D 1151 o/ 5 A A W RS o R il w2 |
FURZSTS, W46 Sk B, LR B e A h
IKIEZ , TR S AT ROV B
2.5 Augdamsiibor

B 7 ST PR 10 Cf, R [a] & K %
R RE B ARt & 8. B AT &, 5w
IRASEETT , VR 45 5 THD G I [ 19 48 223 i 3 m, {3
MR AR B A B () HE RS R I 2, Al TRUE,
Hi i RS T By MAERm RSN,
55 THT DA TR i 358 A o) A i ) v S e, X SR A A
PIVREE TS FE A2 WA 1 FUIR B B 3K 5, ¥ 1%
i NP s ] R AR v, TR T R M P R S 1

30
\\
251 S==.
\‘\—\—\/
N
£ um N
< — 3]
| )
& 15p— i /
Foiy 2 s
e o M -
X 10r -
//
5 e
Ve
Ve
1
0 2 4 6 8 10
A /h

(a) w=16%

39 &
301 o
\\
25+ <
2T A
< _—— 3] \
\
AT — i
L e /
i o LA
£ 10F e
S5k e -
// L
0 2 4 6 8 10
i)/
(b) w=18%
30F «
25+
E ™
< RN ] N\
A
S 15— |
@ o LA 7
¥ 10r 7
s
/ 1
0 2 4 6 8 10
RGN
(¢) w=20%

B7 EH&EEEmTLELE

Fig.7 The variation curve of the freeze front
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