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Effect of Temperature on Capillary Water Migration Using the
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Abstract: Capillary water migration is one of the key mechanisms of moisture migration in unsaturated soils. Its dy-
namic characteristics directly influence the mechanical properties of soils and are closely linked to various geological
hazards and environmental geotechnical issues. The temperature distribution in soils above the groundwater table is
often heterogeneous, which influences the rate of capillary water migration. To investigate the effect of temperature
on capillary water migration, indoor model experiments were conducted under constant head conditions using the
actively heated fiber Bragg grating (AH-FBG) method. By controlling the temperature difference between a heated
water reservoir and a reservoir maintained at an ambient temperature, the capillary water migration process in the soil
was studied. The volumetric water content distributions of soil at different temperatures were compared to analyze the
influence of temperature on capillary water migration. Results showed that over a given period, the rise height of

capillary water gradually increased with time and the location where the wetting front appeared marked the furthest
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extent of water migration at that moment. High soil temperatures promoted capillary water transport. In particular,

high temperatures led to less time being required for capillary water to reach the same height, resulting in a high rate

of ascent. Moreover, the wetting front was a state interface that changed continuously with water migration over time.

An increase in the temperature notably increased the migration rate of the wetting front. The wetting front interface,

along with its temperature effect, was highly influenced by external environmental conditions and played a critical

role in engineering construction as both a motion and state interface that could not be ignored.

Keywords: capillary water migration; actively heated fiber Bragg grating (AH-FBG) method; volumetric water

content; wetting front; temperature effect; state interface
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Fig.1 Schematic of influence of capillary water migration on soil stability

BAOK LT b B R TR S A% ) 2
. TEAR A A, B4R BT R s B AT
SERRRE | RAKIAR KM REE RS SR R
s, AT T B AIK TR T — 5
INEEEWITE, KIADRIRS AR A00K b T & BE R - A
FESCAR B ARG T, BFLBR S5 FA B o 240 %, oA
FIFELK BT, BT A A gk
B, BAUK ETF S b kAR 5 AR G, kLA
N, BAIK BT R, R R TR
AT A RDRAR L2 K™ A BE 19 B 40K BT
I8, KBRS 2R R B AR BT E A

F. woRA N R R R 30 b 4K T
A, BRI U BT A B 4K BT
SR e 1 1 % S = PO ({0 IR s AR EE 1
18 B BB TR 2 AR AR B OR RN | RAR I |
FRAR | RS SR N Z O B A K b T BRI, T
SR T il B X b T BE RS R B LD LU
SRR RN L N VA Y Y R R AN 1119t VAR B LA
AR R B A KB B R R S BRI
e

DN TR AR T 87 1 A BRI | HRE
FYE ORESGE | HTER IRIE S HIX ST IR R R



2026 41 H

ETRSE: AH-FBG 15T B4N/KE R AU AR ROV 5T - 33 -

ZERENK, ApAE L S AR S, F R HOELT
(actively heated fiber optic, AHFO) 3% T HA Sk
BE KR BT oA A0S A R, B
W TS A+ TRV . £ shhn#ot
LA R A% G ML (actively heated fiber Bragg grating,
AH-FBG) #5263 FBG AANHET Rk —ite
TE S — A R PR SO IR AL AR 4R AH-FBG
I T LA AE A A =X R THIRR L ks B 1 44K
S A shimmtY. 2018 4F, E T AHFO %
SR B KIZF I Lucas-Washburn FERI3Ef T T &
1E, IFXHMEIE)G Lucas-Washburn A 34T 1 156 56
I, BE— 0T T BAKIE BB IR 2021
4, FRBEEUSRA AHFO X 22 T 1K 4T 5
HEF TR, Ry B A BE i B A ST SR Aol iy
152022 AR, 0ERCAEE 1 R AR, BT
AH-FBG JEXTAERAN - B 4K FAFIZE R BT
TIESEWEI, BITT AH-FBG AR +K 40 iE
% W0 v e .

HI, AT AH-FBG LR ZE NIE, #4857
ANV BE S5 T B AKE B LA, SRBUA R 216
YK TR EE, X EE AR SR RN R IR A T B A K
b T v BRI WA, A3 A B X B A K b T R
FHEFEH AR FEI , R B 417K ) B 50N A SR 2
WK

1 EREE

1.1 AH-FBG &KX NEFEIE

AH-FBG % 7K &30 5t 4 AR J2 38 2 % HLAT Y4
TIREM) AH-FBG f&san EA7im s a4, AR Pt
it e A I B A AR AR R H AR 5K %, AH-FBG %
IR 1 AR B FE AR [T UL 2.

B} e e
=l FBG | AHFBG
T R -
-k i \I t1 T*’Tmé‘\f(j:ﬁi
i Trv ' G &

imﬁmw@iW%%

R

1
Toi

R By |

kB B

I} 7]
B2 AH-FBGZENEFRE
Fig.2 Measurement principle of AH-FBG method
BT AH-FBG NI T4 1% s nT MO AR
AR, X Hom H B |, 4 D023 i B e e

(AU B T R SRR ERFAEAE. T
T.=T()-T,= i[lnt+47tR/1+ln(47Kﬂ
4nA ac
t>a*lK (N
o T () AR ¢ B 20000 A5 AR TR, °C
To AWIIRINEIRE , 'C; O NN RIS 4,
W/m; A8 ERFEREREE, W/ (m - K) ;R BN
£ I AH-FBG f&/E&#% 5 LRERIAEH, (m - K)/W; K
F AR B R, mYs; a WARIRERIIAME  m;
c=1.7811=exp y, YHEKPIHEL, y=0.577 2.
12 (1) AT, 2 gAast RIAH RN, 7032 Ak
ZHNFER. K (1) B3
1( QIn(4Kt/a’c)
Z(TJJFQR (2)
A5 UR M, SRR RO SR IR B ALY
FEHEER, Y BERBONEE L2 0N, o]
LUK (2) faifk

7;:

Tl=%+p 3)
N szln(4Kt/azc) . p=OR.
47

TELERZHEEOLT , AL AP s o AT
BEABE ) A A= A2, AT R (8, Slstr 1k
AR TSR E KA 0(%) 6. ik
MR GRFEIKE 0 Z A AEME—Bf 72 1 PR
PRECC AR, B

A= 1(6) (4)
X (3) AR N
__m_

FH AT, B ST R AR T AR K
20 Wb A, RYATE I R R T R 5
HARFIE K 0. FF Coté fil Konrad SR ETA
B, Sun ZMERHESL T Te0 BURER, HiRk
W)

S B
AB/(1+B6)+C
Kb 4.B. CHIRUAFEL
1.2 EHKLEFAFE

H iR B AIKIEEE ERK D S B B
Rz —, MEHKRGREKIT B ELEISZ
—. B4K BRI AEA/ N FLBR S B T, T
KR STER, K rFRew ek I1EH A & EF+
IR, 19 tHaow), e EFR#Z Thomas Young FIK
iR TiIX—I4, WiJ5 Laplace 7 IR F3EE T

(6)



34 - KHRZ 24 (A AR 5 TR R

F59E 1M

ANVEFHPIE M Young-Laplace HFE. R IHTK 1 2B
T SRR IR, Kk A R TR, PR SR TET 5K TR
B KT, 7 A U KR & LB B B 4N A )
FiE#, HE A HKE L ERRK EFAEE A 40,
Hataa 0

ho— 20 cos

max - (7)
pgr

A o HIRIREE K ST, N/m, SIREA ;g NE
JIIERE , m/s?; r NBHENFRE, m; p HKIE
£, gm’; B AR IR S SR A, (0), H
KNG IR K A AT K.

1856 4, Darcy #& i T 1& FFH A1 H B 5
VOB, H AR A AR K B 29 T 5
fith.

v=ki (8)
Kby NBWHE, m/s; k BE R, m/s; i K
WAL

TE 1943 4F, Terzaghi 7E{BE HRBE RECFIAL
Bl AR NS SR L, KB Ak TR K R R i
RIS B A 7K b T A R R A 1 A T 7 R R ) 221
5 P e A R EEAE Y B

= (hy ~ ) ©
K b BRI T, m.
MBAK ETHE RN b}, it LR B AR
KR
V =nSh (10)
m
huu=h_ 4V _ dh

y = f—mex =n 11)
h Sdt d¢

X VB A HESLBRAY EK R, m®s S ARSI f
L, m” s n LB,

HRAE SCHR[20] , K- 90 b B 20 B 207K 1 o B R
YEZE, I B AT LIS B B ANK b T B 5 el g 56
%[]5]’ EI]

nh h h
t= ‘max l _
k ( " hmax - h hmax ] (12)

S

K kAR E R, m/s.

2 ERIKE

21 REMB5EE

AV RN D AR IS RS 90 1
RAEY, LREMRIAR A h 4 DL 3, Wb+ A Rk 2
Dio=0.085mm, #EZ: R 12 D3o=0.2 mm, FRER AL
Do = 0.4 mm, NS ZREL C,=4.706, HIFZEL C. =

1.176, MR A5, B FHRECA R £

100

§

=80

&

Z

3: 60 [ro-eoreemeeme\ Dy

Rl

o]

40

;’2‘

%

20

<

0 ! i i A, A,
1 0.1 0.01 0.001
ARk AR/ mm

B3 THEMNESmEE
Fig.3 Particle size distribution curves of soil samples

ARYIAL R AH-FBG W F A2 757K
U, AH-FBG WI AR 4 fLWIE4Y  FBG
JGET | RLBH 22 | AN AR DL S AN S I I AL, e
ARG LA 4. WA HATEIAY NI EE FISR B, fE
B FBG JEEF A2 R, # FBG OLLT iCEAEN] &
BN, — PR AR Al AT B 728 X 45 R Y 5
W, [, B BHZ2 5 U B NI B R AL, BAR
DERIRTXE H B2 A, AT S5 SR = 450 St A A
MIRE.

R e
Gekps \ FBG mlg A
| \
| AN
T | T X ‘
Kt
15cm
E E G FEKJ_[%
E|E Q O 1L
Vv ‘\ W
o

El4 AH-FBGRIEEERRTE
Fig.4 Schematic of AH-FBG alundum tube sensor

AH-FBG f&I8AR B4R 2 1000 2 10 o W 4 et
AR SR A, SRR ERIEE T,
[ s SR P00 22 4% R ELSEAR R Bk 0. 4
TRERHAEE T AR AR KR 0 AR (5) #E1 7
PG, 158 T-0 brE s, FIZAKIHE S
W5 SEPRM EAE A G, IR 2500 0.02, 3 BIZ AL R
oI 5 AR B K AR B R R, ELA A v R E A ]
Sk
22 AR

R0 B 2L R A AR O AR A5 TR
HUIK . B LR L FBG @Y . FBG 1482s . KA %
T (E 5). FBG el (Y5 NZS-FBG-
A0 K A J M R L IR AT FRA W), B HL I (7Y
5 MCH-305A) >k H %I B LA ARA R A FRA



2026 41 H

ETRSE: AH-FBG 15T B4N/KE R AU AR ROV 5T - 35-

)L A R T A R R R S B R , R RE RS
FRfssE. In#mp s eE F g 30 em KAMEE
B HALTRERFIEEE 10 ~ 40 cm JEREIA , ik
B IR E N 50 C.

20 cm
R N .
i P | T i
n / //FBG
—r
8
B SR KA
w8 | | AN, .
e Tk A 3emIEE
(a) REEH

mn

(b) S
Bs5 REEE

Fig.5 Experimental setup

e, TEEANEA R 20em . &k 100 cm BIRIA:

el , P AR TS S 1 S R I L AR A oL
B BARFERE AH-FBG &8I 5 23 507 T 1
AT 13 ~ 98 em Ab, BERE 5 om W E— A, FlS,
TG R+, UG 10em BRI #EH T SL, IF
TR B R, #fE H1KS AH-FBG 1484 RIf%
i, [RVESE, K BIATAR o3 A BCEFE R BE ) 10 em, HAR N
60 cm BIFIEAKMEP. R TAARK SR E R, (1%
KK SRR gt m KA K. S T H R K BE
3518 A LR, LRI R A S Ak K
fL, HKREARE. JLA, MR T 3 em BB OUE
2, VABEARAS ERER R BRPE . At PR B AL
TR Y FH PR B T2 b, DABH 1K 78 .

e B, R B AR R . {24 h
R Th W | IR S /KR, HeE 7E 24 ~ 48 h N4
B 2 h W 1 UK, 1 48 h JEVRAE A AERE 12 h M 1
URFLE ACR, RFEAR AR I8 e 2742 305 h, Jin#k
MR ZAFEE 795 h.

3 REERSHH

3.1 F|BHEKLEFAPERESKES

i AHFO YEMTFBANK FIHE TARMIARE
IKZGERE TN, I AR 20T AR IARR S k3
oA (K 6) . il eI 45 R Al A, 76 Oh
X I AR AR B 55 K AR B - B IR AR K, 20k
4% ~ 6% . BEFH IFE] HERS , BAK AR BT A
HE PP AP R0 R IR E RS, BT e NIT 4R

i, RN AH A 18 4~ FBG &5/ AH-FBG
87

87 87
77 L4 77K 3 B A - 3 K R
m-{ W'E} Y I  E 67 b 3 MR
g 57 —x_ g TS e ST,
S 47 g L2 47 i-.i‘* L 4Tl
YA Y S ypEtTTTTT——— A g
27t * 27t ] !
17 F v 17 + 17 t
o -
7 al " " " " 7 " " " " LY 7 " " " " "
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
01% 01% 01%
(a)Oh (b) 70h (c)99h
87 - ‘ 87 - - 87 < - -
77 £ B T 77 L7 C3 BAUKIAH R 27 L O3 BAK AT
o7 1 {3 0 {7 67 P SELIR o7 Fisz AR
sTEF— T 57t M
5wt Ty | § w1} 51 | £ oo} 1
= 37t = = 37t = a7t ;
27 t 1 27+ 27+ 1
17 b h 17 + 17 b 3
7= : : : - 7 7 -
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
01% 01% 01%
(d) 146 h (e)211h (f)305h

6 ARERZITERSKESHHL

Fig.6 Curves of volumetric water content over time



£ 36 - KHRZ 24 (A AR 5 TR R

F59E 1M

ARGy EFHALE, R T P AR S KR Y
. AT LR SR BE A B ] RS B W ) B
3l X R BMKIEEAW BT ZLEHEF 45 =
TERFUS AR A 2 b i — A B 5 Ak, 3B
SRR A TOUER A, RIFEIZ = BE AR ) - ks £L
PR K FE T, o 2 e AR R S K Rk B R R
A, AR, SARIE A E 2 e, AR
TKIRLH 26% .
32 EHKEASESHEIXZR

B 7 R T H IR EAK S SRS R,
MK 7 HRTLUE Y, FE—E MR, B4iK E I
JE 5 A]BE B, BB AR, B Ak b e
. T 0 B B AR R A KA A B A IE
5 STV | VA W ¥4 O VA R AR LT L ST
J5, I BB B RIHERS , W 25 ) L8 ).

70

(211 h,62cm)  (305h,62 cm)
60
30T (s8h,37 cm)
g 40
L (115h,37 cm)
-~ 30 L
20
10l T 3 A
—e— B4R AR A

0

0 50 100 150 200 250 300 350
t/h

E7 EHKkLASESHEXR
Fig.7 Relationship between rising height of capillary
water and time

8 JE7N T BAN/KIRIEIE LT e BE A SEIE S
PSRRI A 0T FEZE L. AR BB, 25550
(12) , AT LU0 6 40 7 R 08 ALk A7 5 14 v € 15 o 1]
(R 2R, 2zl HEAS TR TN py e g 7 e e 2 ) S
{ELHRER. VA L, T A% S (L A R T {48 —
i, RIS RES ERR TR B Ak 8 LTk
. BRI, B IR HERS , R Jm 0, S e S
T FHTIEL =22 18] 1 B 7 B A i 2. 3 ol il 22 7T BE 2
o TSR Rk TR A i A AR K o 4
PRL, MR SEPRl  , BEE I R A SIS, 5 0
ORI BN S], S ECELPRBAK LT R R
TUTSM{E PR, T RS A T LR MG, FAHSE
Z R AL 0.987, YL BEAR , kRIS
N —E R L REAS VR AR s (02 A2 1 7R
JEHIEAEIRIR AW BE , R 33 22 1)t BRI
TULEA IS TP A7 — 2 Jey FRAE.

3.3 FTHIBEEXERESKESHAIRM
Kl 9 BT AEA R BEA A T AR AR S K

RGO, R TN, Bl B R AR AR, TR R B A
AR ARFS KRS RS, BB, R4
T, FEAE B4R s, B /K
70
60 |
50|
40 b
30}
20 b

hlcm

—e— TRl {F
—=— S

100 150 200 250 300 350
t/h

() SEME AT (XS HE

0 50

R’=0.987

T 1] /b

50 100 150 200 250
SN i) /h
(b) AL
8 BE/KEEIELASEINESEREETNE
HIXTEE
Fig.8 Comparison between the measured and predicted
rising heights of capillary wetting front
30

01%
>

g N T -
RS W B

100 150 200 250 300 350
t/h

(a) HiR

0 50

01%
o

. 3
o e i S S

100 150 200 250 300 350
t/h

0 50

(b) Jm#A
-= 87 cm 77 cm 67 cm 57 cm 47 cm
82 cm 72 cm 62 cm 52cm -~ 42cm

B9 BEMEREKES AR
Fig.9 Influence of temperature on volumetric water con-
tent distribution



2026 41 H

VWA AH-FBG VA TR 4H/KE 4 MU 0 IR 8O0 5 - 37-

() - AR R SRR B KR 4. i % L
TR HP AR TR TR EE AR B IR RS K R AR i 2 T LU
2, B AR B K S, BAK BT Sem
JIT 5 1 B T RO B, 3 R A B K b T v
K, HoK TR EE /N, BN KIS B 10 8. it
Xof Eb K TRAR AU (R AR S AR IR 26 T 0,
TN 40 cm DLUFAEAE—AN S X3, BOm#c &
DL A IR BE AR A ARTR & K R T I 23 B
AT R R R EE AR i 4. BRI S, M Bk T =
] — v B, AR B, AT B B el . FE R
AT, BYK ETFRL 47 om S EAATTEE 100 h,
MAEIGE N R 50 h 78 [ —HFa] &, ik
FAFT BRI B TR IR AR B 4K
IR B, AR TR B AKE B AT B
ERPE R .
3.4 THEBEXEMKEFEEHIMN

Bl 10 SRR N BAK E T B T
WAL, T LR B, WA I EERS , B4k BTt
E BT R, B AR TR, B R
B BT R R, (HRE B AR T R A3
RN, S EBAMKEE] 30em &R, FFHER
AN ISR R B AR BT R A R TR AR
PR RBAK ETHREE, RIEB 41K BT R i &
AR N BT ORI R S

90

51

60

45

hlcm

= IR B AR BT

30 o ALK b I
— IR LA Lk
15 — AT b A
0 0 1:’)0 2;)0 3(I)0 4(I)0 500

t/h
(a) BIHK_ TR BRG] A1k

12

10k = E R R AIK TR R
= o TP BANK TR
T st — HRA TR
2 — AT TE AR A LR
5 oo
gl
= 4t
4

2 L

0 1 1 1

0 15 30 45 60 75 90
1 % /cm
(b) LTFhh s R ARk
E10 AREBEEGETEAKEASEN EFHRERNT
Lz

Fig.10 Curves of rising height of capillary water and ris-
ing rate at different temperatures

5 0B 50 0 0 o 2 2T R T S MR A
JEE, A5 KAE L8 b i 8l S I , 530 TR
B 5 AR B A AR 1] 5 K R i BE A1
WX s (9K 2 11, SEHEE NIRRT
K EThE . e, AR T 2 B et R
MBI E.
35 EHKEHFREREENITEESH

R AT OB TR 2T 1, TR R R A K BT
Sy N S RS F AN s A 3 2, AT
B AL, 2 ARG R A G X . TEB 4Kz
Forb, FEAE 3 /Ui, BRI T KA B4 K M A 1)
Fiuan AU 1) | BRI FI S B AR (i 2)
AR SR B A MR A (L 3) , 35X 3 A5t
Wedo R A S, O as s A, Hon g R 11, 3L
e, Bt 3 RIRRIEEE S, e B AN IE DO TR
DX 2 18] F) e 98 D3, 34891 B B IR E B A K s A 7
HATSAReE , B BAKE B e oK 3 i) 3 D
B, FEF L B AW R AR, TR 2R
TRRGH, XM ] RERC L AREEFY R AR B
RAREAEGE . B MBS AR, IR B
HAIE A RF R , DRI 25 10 1 B A A
SRPEANIRI , 9 B 5w ) S AR I 2 R L
FH2ESr. TV Al RENE B AKIa RS , B S E0R
TR Bl R AR, e H AN TR R A%
G0

BAK T AR R B A Bl ) 2 R ST
TR TR IR SR Oy, BLHSE AR
FaEME SR B R RAL. X B ANK BTk A v
T B SR 73 J 2 o0 h, AT s 28R sh AR I L
SRR, 32 RS KR BAUKIER
FANARERBEACAE CRNIRLEE R AU S9) JL .

AR AT I AR R R T 7K A S A A
BN AR AT A E LR 2y, Hegh A%
T K b 25 M3 3R 0K o R A AR AN AT 22 B ) R
Wi TR A il 22 B 1 R il 22 S A R S B BRI 4%
PET, LRI BEAR R4, SR folf 2 240 K 1) 2 el X
B, B ER-2E 7 T, SBERIZ L RK
AR SRR 5 TITERE K FE AL I, B AHKIE 7 ) ml BEFY
BN EH KL, B R K R4S Z Rl A
ANPRRI, W] BB R KBTI BN, 54 ok
DR B A2 et DRI, KW 548 B 1 78 43 EE AL
BAKXR GRS SR, R, 7E R T 5
ol BETHR AR AE S, 2R AN, JR i e B
S B ) ) IR RUTAEE] (€ Vi e A e w2 T
SRRV EYIAR R IBOKBE T , TS M Al F A
I



- 38 KHRZ 24 (A AR 5 TR R

H596 1l

BRI

Jrihi 3
S 2
Frim 1

E 11 EHKEBERETRE
Fig.11 Schematic of capillary water migration process

bR, SR AR BRI A I A
ST 2 WA R 8, e 3 TRscE, 51k
IKETR. TEREIE AKRWE SRS b, Sl
- B 2Z (A R 2E ), S AR FLBR LS KM A&
H AR AP T AN Y AR, T BE S B I R T |
SRR AR . R, 78 TR T &k b, &
PR AR R EAMKMIER , EOEAK A2
LI BRSO, FERIBURH R PRt e i O TR o et N2
M4,

ZE LR, BANKXK SR A E S R | AR R
PRy T ARG R AR o] 200, TR, AR 5T
I 5 B 4K BN A W S AL, U IO A A i 2 b
T 22 S el R S AR ML LK A ] IR VA A K B TR
AR S AR R BRI B S e A A . ]
B, ORI AR 2 S W AR (4n AH-FBG %
AR W B 4K B 0 E () sh 2SR AL 2.

4 & it

AR SO T AR EE S TR B 4IK ETHEN
R, R ESINPSEELT A bk Gt (AH-FBG) 15%F
Wik HIRAW NI BMKB I TSR
M. e SEA E X B AR AR AR K S e R
B, 43Hr T BAK BT RE K s B 50 A LA K
SRR KR oA e T BE s, X B 41K BTt
LR PR ) DR R R S B AT TR, 15 5
WRE5E.

(1) BHIK - Th e BB a1 34 i & 46 T, 9138
TR, B e RIS O TR E
P B Y TR B AR ST 7K 233 B B o 7

(2) R EE TR B 4K B A S m
BAK LT+ 2R — g B, b PRl BB, BT
71 R Y By , B AR b T A

(3) P 45 B 1l B IR ZS S s Tz sh
17, A B K e i B s e, 44
T 2 AN ) 2 S 255 RS T e S TR sl R T i 25 5.

(4) BHKW SIS K TR & | S5
PRAPRI T AR BT 3 BRIE S, PRI fin o5 B A 7K
{17 e S TR v JRE A Ntk JBE WD I 1 M R - ) B
HHY.

SE k-

(11 & 3, sk, Feddt, 48 JEfmn fonE B anfE
FHRROASESAETE 30T L], TR B 24, 2021,
29(3): 834-842.

Li Qiang, Li Tonglu, Qiao Zhitian, et al. Microscopic
discontinuity deformation analysis of capillary in unsatu-
rated soil[J]. Journal of Engineering Geology, 2021,
29(3) : 834-842(in Chinese).

(2] FZIk, & i, FEeR. BIEBAHKAEI5EN
ST R S I IS (1), Bbed
AETHR, 2020, 20(2): 779-784.

Zhou Aizhao, Hu Yuan, Sui Xiaolan. Calculation
method and potential threat of settlement outside founda-
tion pit considering negative pressure of capillary wa-
ter[J]. Science Technology and Engineering, 2020,
20(2) : 779-784 (in Chinese) .

(3] B, @R, REE TRXRHARIA 1 5E
oA K A LA (D). Ak TR A4, 2016, 32038
D 112-117.



2026 41 H

%% AH-FBG ¥E T RBA/KIs B AL TR ROw 5T ©39 .

[4]

[5]

(6]

[7]

(8]

[9]

Mao Haitao , Huang Qinghao, Wu Hengbin. Soil
salinization features in arid areas farmland[J]. Transac-
tions of the Chinese Society of Agricultural
Engineering, 2016, 32(Suppl 1) : 112-117(in Chi-
nese).

ittAs, FHEE, TR RS X I R K e
BT ], BIETIAClRHL, 2012, 35(2): 52-53.
Yang Hongsheng, Yu Dezhong, Yu Lize. Study on the
factors influencing frost heave of subgrade soil in cold
regions[J]. Communications Science and Technology
Heilongjiang, 2012, 35(2): 52-53(in Chinese).
BB, K8 W, SkWIAL, 4. FEXARMA ARG
BT TR [J]. I K22 (H SRR
IR, 2022, 50(3): 39-46.

Xue Ke, Zheng Tao, Zhang Mingli, et al. Research
progress of mixed water transport in unsaturated soils of
cold region [J]. Journal of Hohai University (Natural Sci-
ences) , 2022, 50(3): 39-46 (in Chinese).

FRA, XCE. KRR I SR R 5
G RMARIER R ], A7, 2011, 32(11)
3231-3236.

Wang Junjie, Liu Yuanxue. Experimental study of ho-
mogeneous bank caving and phreatic line during uniform
rising water level [J]. Rock and Soil Mechanics, 2011,
32(11) : 3231-3236 (in Chinese).

#OOW, kEk, &K, % BUUK ETEESS
WAt s U], m AR, 2008, 30(10): 1569-
1574.

Dong Bin, Zhang Xifa, Li Xin, et al. Comprehensive
tests on rising height of capillary water[J]. Chinese
Journal of Geotechnical Engineering, 2008, 30(10) :
1569-1574 (in Chinese) .

s, frgeE, T ETEYHEHRE BN
K BERTTE [I]. K R ARFFAETE, 2021, 28(4) : 136-
141.

Deng Gaige, He Jianguo, Kang Ningbo. Research on
capillary water height based on multi-physical field cou-
pling[J]. Research of Soil and Water Conservation,
2021, 28(4): 136-141 (in Chinese).

WS, Mede, BER, %Sy xR
Aok EFHEm 1], Aol TR, 2011, 27(8): 84-
89.

Li Xianwen, Zhou Jinlong, Zhao Yujie, et al. Effects
of high-TDS on capillary rise of phreatic water in sand
soil [J]. Transactions of the Chinese Society of Agricul-

tural Engineering, 2011, 27(8): 84-89 (in Chinese) .

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

FORA, WM, sKE%E, A RERUEXE SR
WL P BRI (], R g
JE2AR, 2017, 27(5): 1016-1022.

Zhang Qiucai, Tian Yakun, Zhang Zhijun, et al. Influ-
ence of temperature and air pressure on rising law of cap-
illary water in tailings dam of metal mine[J]. The Chi-
nese Journal of Nonferrous Metals, 2017, 27(5) :
1016-1022 (in Chinese) .

Niu Q F, Fratta D, Wang Y H. The use of electrical
conductivity measurements in the prediction of hydraulic
conductivity of unsaturated soils[J]. Journal of Hydrol-
ogy, 2015, 522: 475-487.

Lee B, Hendry M J, Sean K C, High-resolution profil-
ing of the stable isotopes of water in unsaturated coal
waste rock [J]. Journal of Hydrology, 2016, 534: 616-
629.

M Ei T AHFO (4P B AKE I -5 oA L
FL[D). Bt FIARURSE, 2020.

Hao Rui. Research on Migration and Distribution of Cap-
illary Water in Soil Based on AHFO[D]. Nanjing:
Nanjing University, 2020 (in Chinese) .

o G, Mk, EARE, R EBAK TR
2 Lucas-Washburn #EEITEM JAEIE [T]. 7K SCHITR
TARMST, 2018, 45(6) : 84-92.

Hao Rui, Shi Bin, Cao Dingfeng, et al. Evaluation
and modification of the Lucas-Washburn model during
capillary water rising in the layered soil[J]. Hydrogeol-
ogy & Engineering Geology, 2018, 45(6) : 84-92(in
Chinese) .

o, b W, EAE, 4 BET AHFO HRMIE
2 K18 # R B TR SR O 5T (D). A b TR R,
2019, 41(2): 376-382.

Hao Rui, Shi Bin, Cao Dingfeng, et al. Experimental
study on capillary water transport model based on AHFO
technology[J]. Chinese Journal of Geotechnical Engi-
neering, 2019, 41(2): 376-382(in Chinese) .

FRE, RWH, £ W, & ET IOk
B A B A B BRI B (], 5+ TR 2R,
2021, 43(1): 147-155.

Wang Jiachen, Zhu Honghu, Wang Jing, et al. Labo-
ratory model tests on capillary barrier infiltration using
actively heated fiber optic method [J]. Chinese Journal of
Geotechnical Engineering, 2021, 43(1): 147-155(in
Chinese) .

XBER, AR, ERBE, % AR LK R R
LD Se~Ip IS e R L ) A I = e o B 5



40 -

KRR (A IR RL A5 TR R

F59E 1M

[18]

[19]

[20]

iz, 2022, 44(8): 1443-1452.

Liu Xifeng, Zhu Honghu, Wang Jiachen, et al. Ex-
perimental study on actively heated fiber Bragg grating
method for sensing seepage in unsaturated soils [J]. Chi-
nese Journal of Geotechnical Engineering, 2022,
44(8) : 1443-1452 (in Chinese) .

Koo, EIRTE, R, S SIGEBI R
WEFE IR 5 & e (7). RL#3, 2018, 8(7) :
301-308.

Zhang Xiang, Huang Zhenyu, Xu Li, et al. Research
status and development trend of thermal conductivity
measurement methods[J]. Applied Physics, 2018,
8(7) : 301-308 (in Chinese) .

Sun MY, Shi B, Zhang D, et al. Study on calibration
model of soil water content based on actively heated fi-
ber-optic FBG method in the in-situ test[J]. Measure-
ment, 2020, 165: 108176.

P, BRI, e, % BB ETHER
BB )], TR A4l (A AR B2 RRD L 2014,
42(6) : 503-507.

Li Ping, Li Tonglu, Hou Xiaokun, et al. Field experi-
ment on rate of capillary rise in loess[J]. Journal of Ho-
hai University (Natural Sciences), 2014, 42(6): 503-

[21]

[22]

[23]

[24]

507 (in Chinese) .
Ni K, Fang H W, Yu Z W, et al, The velocity de-
pendence of viscosity of flowing water[J]. Journal of
Molecular Liquids, 2019, 278: 234-238.
ARG, TR S . o RAE BT AL LI ()]
Mo AHEE R, 2023, 42(1): 1-19.
Zhu Honghu. Engineering geological interface: From
multivariate characterization to evolution mechanism[J].
Bulletin of Geological Science and Technology, 2023,
42(1) : 1-19 (in Chinese) .
T30, R, P EAKEBE B IS ).
TRSHESE, 2013, 27(6): 749-751.
Fu Zhiwen, Wu Haiying. Theoretical study on the phase
of capillary water transport in soil[J]. Engineering and
Construction, 2013, 27(6): 749-751 (in Chinese).
AT, Mmd, BT, SKERESRE T AWA
P R - 5 AL O LB S AR R R [T] . {036 R4k
(ARBIERR) , 2023, 51(3): 114-120
Li Liyu, Chen Yuanzhong, Xu Siyuan. Study on dete-
rioration meso-mechanism and constitutive model of
subgrade soil from Gongming road under the fluctuation
of water content[J]. Journal of Hohai University (Natural
Sciences) , 2023, 51(3): 114-120 (in Chinese).
(THEHmHE. w %)



