$44% M " L T #M ¥ Vol.44 No.8
2022 4F 8 H Chinese Journal of Geotechnical Engineering Aug. 2022

DOI: 10.11779/CJGE202208009

AEvEA k7T %é?,wﬁ"lE’JETJJ?JD,mﬁ'éf?ﬁ'ﬁﬂﬂlflﬂlﬁﬂn

ANER, KB TEHE, 2 KL, T OB, THEY, B OoR'
(1. FRURSEHERRL S TSR, 095 Miat 2000235 2. [ AREHE AR TR S0, IR M 5102755 3. o EKIT =0k HiE 45 A H],
b HEHTX 0717005 4. KT =WeSE Rl eI A RA R, WAt 28X 0717005 5. Fili KEEARTRESBE, 74 7 510275)

8 B AR KT R 2 R T KCE RIS LS E BN R, U DOR FIERE AR A 2 A
B AR LI e (AH-FBG) M ARG +-/K BRI RUR, M SaRE XU AH-FBG ¥ 101%
FERIR A AHFAE, TR T —H =N RS, B8 FRSR A AH-FBG VA AL S IHUE 4 (FDR) VA1 E 41
K EFEFK S ZR A e, SRR R R SR E L R B, T AR VRN & Tl S5 B ai
£ AH-FBG 1) 3 MEAR M 7iES, S SRIEM MRS 0w, (H2 RN IR B4K A fEd, @i 2N
BT PRE AT B, B2\ a1 A REM 2 (o A3 R 1Y) B K R WA A LE T BRERET I, SURENESZ O m AL R 5
TR, IS AR B R BRR 22, 1R 22 KNI AT B AR A 7K A B A A T 1) 25 7K 3R A3 A i A 2K
RN AL RGEI , A IR S5 R R A ER P 77 TR T AH-FBG ¥ 1 S b it o

KEBIF: EIMPOLE (AHFO) v BERENE; XURENE; &k BUIK

FESES: TU4LL XEAFRIRES: A XEHS: 1000 - 4548(2022)08 - 1443 - 10

EHBN: NERA998— ), %, W-EHFFE, FEMNFHE S - TR W57 TIE. E-mail:

liuxf@smail.nju.edu.cn.

Experimental study on actively heated fiber Bragg grating method for
sensing seepage in unsaturated soils

LIU Xi-feng!, ZHU Hong-hu" 2, WANG Jia-chen'**, LI Jie', WANG Jing!, CAO Ding-feng*°, SHI Bin'
(1. School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China; 2. Guangdong Key Laboratory of Marine Civil

Engineering, Guangzhou 510275, China; 3. Xiong'an Branch, China Three Gorges Corporation, Xiong'an 071700, China; 4. Yangtze Three
Gorges Group Xiong'an Energy Company Limited, Xiong'an 071700, China; 5. School of Civil Engineering, Sun Yat-sen University,
Guangzhou 510275, China)

Abstract: The seepage in unsaturated soils is a key factor that induces various geohazards and geoenvironmental problems, but
the mechanism has not been clearly understood due to the limitations of measuring techniques. A series of soil column tests are
carried out to study the performance of actively heated fiber Bragg grating (AH-FBG) in monitoring the seepage in unsaturated
soils and analyze the error sources and distribution characteristics of the single-probe and dual-probe methods. Both the
AH-FBG and the frequency domain reflectometry are used to monitor the whole process of rise of capillary water and water
evaporation. The monitoring accuracy of the single-probe and dual-probe methods is compared, and the applicable conditions of
different methods are analyzed. The results show that the thermal conductivity method has the highest accuracy among the three
data analysis methods based on the single-probe AH-FBG method. However, when the wetting front just exceeds the sensing
section of the probe in the process of the rise of capillary water, the measured moisture content will be low due to the influences
of longitudinal heat transfer. Compared with the single-probe method, the dual-probe method is more affected by longitudinal
heat transfer and has a larger error in monitoring the seepage. The error is related to the value of moisture content of soils at the
position of the measuring point and the distribution of moisture content of soils in the vertical profile of the soil column. In

order to reduce the influences of longitudinal heat transfer,
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the improvement measures of AH-FBG method are proposed
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Fig. 1 Principle of monitoring by single-probe AH-FBG method
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Fig. 2 Principle of monitoring by dual-probe AH-FBG method
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Fig. 3 Grain-size distribution curve of soil sample
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Fig. 5 Calibration curves by single-probe method
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