5 52 B4 4 )
2024 4F 4 J

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 52 No. 4
Apr. 2024

NEHS: 0253-374X (2024 )04-0582-10

DOL: 10. 11908/j. issn. 0253-374x. 22341

HRS M TR SRS R B R

EEMR, K

2 BRI, XRE?, AT

(1. [FERS: RS A8 T E AR L S0 28, 11 20180452, RN EBAEN PRSI e BR A, PU)Il 8K 610000;
3. HWESCERAGT AR KA 130012)

P R 2 ) P R = G, AR e
S A AR AN A AOCET W AR R R R v R 3
22 37 A A7 DL T M O, R B s VR 4 XU i A
ZAF T AL E S5 AR JRE 373 14 7 A RS, 98 = sl
PO A FOCT R M B IRCR o IIREREM, —15 “CHiig
URES AT T, E AR RS 1 T 2 [l i 3 73y PR Ve 40 8 40
Rl A P = B B, URESEE T B R A%, o RERTR 25
MERRER) 3500 o FLIUKSZ VRIKGERS T 200 1) REG B T A% 51,
51 B R R S R R Y O A OF S B AR IR AT, A
Ttk N A R TR 7.806~10.9% o 4341 AOGET W] HEAf
R RS A b RO R AR AR, U R
VR A DX L i RE 3 R S L RE R 3 9] 3K 0.98
#10.94,

KRR L TR IR MR 5 oA B 5 TR X
3 FahinHoeer
hES S, U416.146 YHEFRER: A

Laboratory Study on Temperature
Field and Moisture Field Distributed
Sensing of Subgrade in Freezing and
Thawing

LING Jianming', ZHANG Yu', QIAN Jinsong',

WU Zhenji*, ZHENG Chunyu’

(1. Key Laboratory of Road and Traffic Engineering of the
Ministry of Education, Tongji University, Shanghai 201804,
China; 2. Southwest Design and Research Institute Co., Ltd.,
CACC, Chengdu 610000, China; 3. Jilin Provincial Transport
Scientific Research Institute, Changchun 130012, China)

Abstract: In this paper, a laboratory test device for
multi-physical field sensing during soil freezing and
thawing was established. Traditional point sensors and
distributed optical fibers were used in the test to monitor

the temperature field, moisture field, and deformation
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of the subgrade during freezing and thawing process.
Distributed sensing characteristics of the temperature and
moisture fields of the soil under single-ended freezing and
double-ended thawing condition were investigated, and
the monitoring performance of the active heating
distributed optical fiber technology was verified. The
results show that, under the condition of — 15 C single-
ended freezing, the soil freezing process is divided into
i.e., the
and the

stable equilibrium stage. The freezing front gradually

three stages according to the cooling rate,
rapid cooling stage, the gradual cooling stage,
moves down during freezing, and the maximum freezing
depth is about 35% of the height of soil column. The pore
water is affected by the frost heave migration force to the
freezing front and causes the redistribution of soil
moisture field before and after freezing and thawing,

which

accounts for 7.8 % to 10.9 % of the maximum freezing

thus causes frost heave deformation of the soil,

depth of soil column. The distributed optical fiber can
accurately obtain the characteristics of the soil
temperature and moisture fields during the freezing and
thawing process, and identify the range of the freezing
area in the soil. The goodness of fit R* of temperature and

moisture monitoring reaches 0.98 and 0.94, respectively.

Keywords: subgrade engineering; temperature field;
moisture field; distributed sensing; subgrade in seasonal

frozen area; active heated fiber optics
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Fig. 2 Temperature rise curve of fiber in soil after
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istic value and volumetric water content
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sensors during capillary water rising stage
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Fig. 17 Water inflow in the soil column during

freezing and thawing
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