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Numerical simulation study on the effect of wicking-geotextile on humidity

control of subgrade

MA Chuanyi', FENG Haojie®, JIANG Hongguang’* , HOU Tianxin’’, YAO Zhanyong®, YANG Weimin’
(1. Shandong High-Speed Co. Ltd., Jinan 250014, Shandong, China; 2. School of Qilu Transportation, Shandong University,
Jinan 250002, Shandong, China; 3. School of Transportation engineering, Tongji University, Shanghai 201804, China)

Abstract: For typical silty clay filler subgrade in China, a new type of wicking geotextile was proposed to control the humidity of
fine-grained soil subgrade. And the control effect of wicking geotextile on the humidity of subgrade under different water tables was
evaluated by comparing the spatial distribution of internal volume moisture content and matrix suction before and after laying wicking
geotextiles. Hydraulic parameters of wicking geotextile were obtained based on pressure plate test. The finite element software
COMSOL was used to establish the water vapor migration analysis model, obtaining the spatial distribution characteristics of
internal volume moisture content and matrix suction of subgrade under different water level conditions (2, 4, 6, 8 m) ,analyzing
the internal water migration pattern of the subgrade and the suction and drainage mechanism of the wicking geotextile. The results
showed that the wicking geotextile had strong hydrophilicity, low water holding capacity and high-level permeability, the wicking

geotextile had a good control effect on the subgrade humidity, and the water content and matric suction of the geotextile interface
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had obvious changes. Compared with the non-geotextile subgrade, the water content of the soil above the geotextile was

significantly reduced by 7.6%-9.6% , the matric suction was increased by 2-2.3 times, and the dynamic resilience modulus of the

subgrade was increased by 24.4%-43.9%. The wicking geotextile could quickly absorb and discharge weakly bound water in

unsaturated soil by virtue of the poor matric suction formed and its own horizontal water conductivity. The wicking geotextile could

effectively control the wetting of the subgrade caused by the rise of Subgrade humidification, and could improve the bearing capacity

of the subgrade.

Keywords : road engineering; wicking geotextile; numerical simulation; humidity control; fine-grained soil; matric suction
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Fig.1 Soil and water characteristic curve of silty clay
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Fig.3 Soil and water characteristic curve of wicking geotextile

5 B b KRR M2 L, WK = T A Y
PEMEEEAR R oK BE 0 22, P i RU(E 20 ) 2
20 kPa FiI 3 kPa, WE/K t- T Aj B 5T ) ity e v Be ol
3~15 kPa, 4IL T J1 35 5] 15 kPa B, IRFL S 7K R
R 22.9% , oI Xof 7 4 453 5 2 1 AR BR 5% 7K
g 32.8% TR E /KA 22 SR AT AR IE K + T
A R MR A K 3R

2 Arfafet BB RENT &

21 dEfFnEEBREBFR SRS

T LA (18 00 i) DY 2 R A B 2 A R
FE28 m, = 4 m SR 1015, T ARETR —
J2 AT BRI TH . 18 6 25 74 % B, IBCA 388 43 4
L, 4 57 COMSOL £ {H /- Hrii B an e 4 s, +T
AR A B U RS R 43, AR 43 2R FH S 1)
KXY BATT B 1 246 752 4>, JEHL 4 ANRAE K
AT T (x R RS 2R IR RS ) B x, =0 m( %
FhZ) x, =6 m(WMAT4IESMNIZ) ,x,=9.75 m
(MU AT ZE 8 i %), x, = 13.25 m (B §% 5
LSUE W

BRI ZE HMNAT A il 2 Ak
x=0 x=9.75
57N
4 5 o RS
2 e i
R - ii! QOO0000G0C
4 : . : msﬂ 0
S s
« > Kf
20
¥ {32 m x,=6 x=13.25
PAYIIERRIS =) SUES SON %=L SVEE SN

Kl 4 BB S iR

Fig.4 Numerical analysis model of subgrade seepage field

FE SRR T 5 KR 12% , 5T BEARFR S KR



144 1T NN

A
&

54 4

R 22%, (1) 3w 45 W 1 220 kPa, Van
Genuchten 1 BB % F I 48 e 77K Sk JE Bl N 7K 43
FEIE B A o LA o A B AL 11K D) M5 5 R4
PeFs, B e A A 5% 56 1 A A A =2l i 35 R Van
Genuchten BEALLEA5 2 T AR RN K & T A8 A G
2R, RS BASE AR S KR 6,=33.4%,
FRATARFIE K 0.=17.2% , Van Genuchten #5714
HBH a=0.012,m=0.546,n=2.202, BB 25
560 wm/s, WK+ T A SEATE AR AR 5k %
0, = 4%, 58 XK B & K E 0, = 19. 4%, Van
Genuchten #EAISEL «=0.170,m=0.751,n=4.013,
FEHBIBEZRE0.13 mm/s KB ERE 2.2 cm/s,

R BTG A B 22 S XK
WA AN S K - T A B iR Bk & 7% ki 5t
JECHRHE R /KA Ak B R B AR A Ak
NG R ARGy 58 e BB TC T shill kA, B
17 DXHLF AR 3R R B R 2~ 10 m, TR ik
4 Fh AL TG B KA TR EDIRTLAT 2.4
6.8 m, AT AN [R] T 7K A7 51 B WK + T ARYE
TR 4 B IR R K SRR

22 EXxFHE
JoT ST A
dq, 9q, 9q. opb
- +—+—)p,=—— 4
( ax ay 81 )pl ('9t ’ ( )

g, Jx T Ky, g, J y TR RIK I
W, g, 0 2 ITE KB, p, N REE, 0
RS KA

JTSGRTEE
oH
=k
9. " ox
oH
qy :_k.\' 87’ (5)
y
o
q.= z 0z

Lok, hyx I BNEIERE k, Ry I HEE R
Bk, Rz FTIIBE BB H R Eokk,
Fr (5) H A (4) H11535] Richard 7 2

o[22 2o
ox dox ) oy\ = dy) adz\ ° 9z
(6)

ot
KR S & RFLBRK Sk T (R ) — 4~
PR, AR BN AR B 22 FL A I TP A A (BRI ) 1
ARUK R, /)

o

S=pgl (1-n)A+nB], (7)

A, A O B BT A AR B, B O U AR RT R A6 AR
Bn AFLBR,

H20(7) FRAZ(6) , Richard J7 24 |y 25 o

NELBRKE p B AT-AE MRS i 2 .
C ap_ K.k, _
P (pngrSeS)E 74 [pg(prgVH)}—O, (8)

K, VABSER T C NHLAEKE K, NIEMB B
REGk, NERARBIEREGS, AL, 2 S, =1 B,
C=0, I RBRAR MR FB i 2

RAE (4) ~ (5), 158 PR B KB R
Richard J7#£(6) . #4(7) 47 A (6) iS4 A1 -1 A0
BRORE, % R TS PR S K2
JE I UL S LTS R 5 T K e R A
2.3 RBEHE

BSAEARAR A B R TR | AR T
TR B £ - 4 T AR AR 2= PR, AL K
B& R4 30.30.,30 cm,, HA IEEEE AR ET10 cm
A B T T WK A T A 10RR 4, T TR 4 AR R 1ni
3.8.12 F1 17 cm b5 & 14 I8 11 B 1AL , 435056 7 I
FEALREE MS1 MS2 MS3 il MS4, Wz 7k + T4 F1i
FEAL RS BN B AN E S iR, RS AR R K
RPATITIRESL  URESL N 96% , F g ME RIS
HIVESERUE K 2 R AN, 2 SR A KoK +
T AR R, I [ 25 {0 AR A N 45 108 P 4% kA
.,

At

K5 RSN RERERIAH
Fig.5 Moisture migration model box

A E ALK FERT 51 d, 4K B K
PP AR SR1H 3.8 cm AR HRIA B AR ARFLE K
AT 12.52% 12.2% ; Wi FE H AR K w12,
17 emAh =443k 20 4 FAS A A 5, 1 A0 B AR R K
BT 11.6% F1 8.8% , iX S i T MK £ T4
PR TR LT BOK AL T KA B R, B
F AR 3,12 em AL ARFR S KR B I REAR, 1 iE £
IRZRTA 8,12 cm AL PR B K 3R B A N AR ali W AT
3, WK 6 s, iRIRSE AT IR AR 3.8 .12 Al
17 em MRS ACR A AR S 2 BIEAR T 3.62% |
2.54% 1.64%H1 2.80% , #F + A MM 3,17 cm AbARFL
B KR BRI T WK T AR I B X R A



5 4 1]

NS, A5 MBI o A X i P4 A 8 R (9 R B 145

K B AR AR B I A 189 7K 53 DA B b 3 1 5
62135 o 12k e U s ol A N S A
TR ETHAYRE R

40
38
36
34
32
30

RABE KR %

—a— MSI
28 F —e—MS2
—A— MS3

26g

—v— MS4

24

0 20IO 40IO 60I0 8(I)O IOIOO 12IOO 14IOO
(i) /b
Bl6 AR K AR B )22 A H 26
Fig.6 Curve of volumetric moisture content over time
& COMSOL H i 7. [] 45 )1 19 4 4 — 2L
B BRISRE 2.1 P ARTR SR AT B =08 R
XK G I FREA TR AR AR  SRAREERANIE 7 PR

fe )k /m
- IS 0 o >
ul| I
—
(5] o (o8] (9%
I} bt r v
R KR %

10 15 20 25 30
K /m

K7 BEUARR S KR K
Fig.7 Distribution cloud map of model volumetric
moisture content

> A BRI 3k BT B v G i 2 R
AR AR TR S K SRS KR8 BE R 1H 3.8
12 F1 17 em AMAFR S 7K #5351 33.43% ,35.13% |
35.01%F1 33.12% , FEAAIES R 5 % il 52 {E
XN 8 iR,

0.201

0.15F

QML_*_ ______________ %"
%EE ] v

0.05¢

22 24 26 28 30 32 34 36 38 40
RS KR %
K8 BIAARBEUSE R 5K g Xt
Fig.8 Comparison of model box simulation results and
experimental values

BEAUZE 2R 5 0 I 5 A A RS K RS
FUHEREA —H0 7R WK = T AR BRI AR 35 7K 328 3
WA, fEL28 PG I A W K b T A P R AR K 3
BRHUME R, 12 h T AR TR Hh I K - T A
BERIE/ I BT 80, WEARF il COMSOL
AR AN 1 BB TR AT AT Y

3 ZEXMN

31 BERERESKRGEBES S

R K AL RS B SR K 4 m i ], T
COMSOL Fa8543#r3kds 7 MoK & T AR S 52
WA S AR i = [ W 9 s, fE 9wl
ST ) — TR B AR 5 7K SRR I LA T 1T 7 1) 43 AT AN
[Fi] , 376 725 3 J Hh 2 A7 B PR RS AR TEAIR, 1 5 b oK
PRI AR K AR B WK + A Z T, B
PRI IA7 Kt R VG T 1) 44 AR 55 7K 8 35 1) 26.9% ~
29.5% , i e TR B /K3 22% Aok 12T
file, £ TAR B F e B B R B S KR 5848 JF
HWK 4 TA 05 i R B KRB R 17.9% ~
21.9% , FRHAWOK + T AT & T B &K IER,

10
KJE/m
(a) TEMoK T A5

R %

10 15
KJjE/m
(b) MWK L T A

Ko AR S KR =
Fig.9 Distribution cloud map of subgrade volumetric
moisture content

Bl T T A A S B S AR A B B K R 4 A
WE 10 Fras, AT IJE 4+ T A B3, Bl 3ok
T T SRR AR K R I S R A R R
Aab i PR T T AR B 7K R b 28.9% I R 21.4% ,
R 7.5% 5 PO AT 20 38 A1 300 2k &b R 28. 8 % 2 ik
H21.2% , BEWE 7.6% ; AN AT 438 A1 30 2k 4k i
28.6% FIH K 20.7% , FE0E 7.9% ; 1 % 5 41 i1 2%
Wb 26.9% 0N 17.9% , 18 9.0% ., 1 H., 4l



146 TR N NI S

ik (T % WO %54 5

B K b A A B B R DR B S OK R R B

A 5]
30r
[
¢
i M—-—w\_\
. 26}
X
< L
M-
< 241
4
)
®
20 T TA T A
RN —— -
IR —o— —o-
18- ntptits -~
1 1 1 i 1 1 1

0 2 4 6 8 10 12 14
E IR /m
10 B PR TR SRS A FR & 7K S 1) 43 A
Fig.10 Horizontal distribution of volumetric moisture
contents at roadbed

4r
VIAIAFA 5 7k R22%
3-
8
i i
iz 2
b
o
1k
0 P T PR R TR T 1
18 20 22 24 26 28 30 32
TRBE KR %
(a) FEEEHEZE0 m
4_
MIRIRRL Sk R22% i
\
\
\
3 \
\
g
)
¥ 2r
bl
B
1k
0 1 I 1 1 1
18 20 22 24 26 28 30 32
TRFE KR %
(c) HEBEHEH1ZE9.75 m

32 BRERESKEBRESS

PEHL 4 AL E A, DAL T KA 4 m B, 2
il B B A R B KR Y R BE Y A3 A W 11 FioR
KA T AT OLT, B3 b Ze b iy iR 31 5 7K %
Bifi 5 P M TS AR TR B B3 e b | fH31.0% /b
2 26.4% ,3X 5 B I N AL T ) BEES MR UK A
HYLR PR 3G K % D) A O, B 3R o R BT )
39.7 kPali /i & 79.2 kPa, WK 12 fan, [6lE}, [A]
— VR B A % R A T 1D 7 ] A AR BR oK R Bifi o R
B TR v 2 %) 1 T A B R T H B P 2
Rb 1 28.9 % Uik /D 2 [ B AR 1Y 26.9% , 3% S B T 56
We Sy BB R AL 71.9 kPa B4 = 1% 8 Ak Y
94.6 kPa, HJ& AT &, RATR - T T,
FEA BESE VR IE PN ) AR B KR 38 88 3 W) 4R e R
RRE KK 22%

IR K 3R22%
3_
g |
T 2F
i
B
1k
0 L | 1 1
18 20 22 24 26 28
IRBE IR /%
(b) H& 26 m
WA AR K %622% ‘\
\
\
3F \
\
8
L
i
&
1k
0 L 1 1 Il
18 20 22 24 26 28 30 32
RBE K %
(d) PEFEHE£13.25 m

BT AN R AR AR 5 K AU A i) S A1

Fig.11 Longitudinal distribution of volumetric moisture contents at different transverse sections

PRSI WK + T A G, B3R R 7 181 1Y
IR EK R IR & 57, WK - TAT B 7 B8R
DX B AR 5 7K B G AT, 4 A TR AR 5 AR B
&4 5N 7.6% .8.0% .8.8% 1 9.6% ., X FEEH
T K A TAGAEAE (75 B DR Y1 [l P i) 2 5 0 g

M B v, FE TR S 71.9 ~ 94.6 kPa N &=
134.3~203.9 kPa, 3 H. 4 A~FpAF 8 40 8 A 3
Frd KIS AT 3K 62.3 .69.1.82.5 F1 107.4 kPa,
W 12 Fi7R 33 B W 7K = T A 5 A A 3 4t BEL b
TEEBYKN EARZWEES, 1 H, BSR4



5 4 30 NS, A5 MBI o A X i P4 A 8 R (9 R B 147

6~13.25 m WIEEIKX RS ACREML TR AR AR LR 2 16 1T B 28 % L0 1, e 28 % 31 JH)
FKE 2% X T T A BT R m el B, R oK + T4 BoA 3 3 W HEK 1 BE
—SE R I RE R BRI IR K A AT LUE oK Ty, AT RO HE R A P B S8 45 A K

4r 4r '

w
T

BT /m
[\S)

BT /m
[\

- — JikTA
— i1 A

0 1 1 Il 1 1 I 0 1 | 1 1 1 |
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
BEJ5T J1/kPa FEBU T1/kPa
(a) FEEKHEPZE0 m (b) FREEHEZE6 m

ar / r
/ i //
! /
! /

L / L

3 / 3 /

0 1 1 1 1 1 | 0 I/ 1 1 1 1 1 1 1 1 I
20 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180 200 220
S 1 /kPa S )1/ kPa
(c) FEEKFEH1£89.75 m (d) PEFEIEFZE13.25 m

B12 R AN IR 3 o W I 9k o3 A
Fig.12 Longitudinal distribution of soil suction at different transverse sections
33 AEMTKATHBEKRX S KEXTLL PEEALE I AR . A 13 AT, = TA R 7
PAHERE IO WK £ TATROTE W) 2O IOK BRI (R /K 8 L o T B B T
ORI K - TATREE SEAT 18RS, T IOK 2 TATR 0.6%, M F/KAZ2~8 m 2544 T, o £ TAT R B IRIX
W HEA G RE AR BRI 58 BAY , A5 K e+ A PR AN 13 (a) Fii,

2r 27
—m— x=0m —0— x=0m
318 —e— x=6m —O0— x=6m
30 —A— x=9.75m 26 —A—x=9.75m
X \é —v—x=1325m 3 —v—x=1325m
SO T~ S L AR < NN e BRI ELE KR
el ¥ 25
2 ~
& 27¢ \ 4o
E ) \ ' B 2
= g
v 25F \ ®; 23
7ooaf B
- 23 é
" e
e e
2
21 L L ! 21 1 1 |
2 4 6 8 2 4 6 8
H KA /m H R KA/ m
(a) PEIEFEZE0 (b) BEEESE 1286 m

&1 13 AR[FIHLTR KA BB R B
Fig.13 Roadbed humidity at different water tables



148 T NI

ik (T % WO %54 5

Bt M T KA BEARG, B R DXP- IR B KRG
IR, AR 2R T R R B S K, flhn i
AT 2B AN G AEH T /KA 2 4 6.8 m B IRFR &
TR R 30.9% 29.1% 27.5% F1 26.1% , I H %
s T U R SRR R B AR, A T A A A
T RE PR BB R A 13 (b) s, SR HL T K AL
2 m B ) RO YRR S K AT i T e AR R 5 K
ALY KA 2 m BEE 4 m B ESIRARALE
IKFEHGHE T, KA 4 m FEZE 6~8 mitf, {&
FUEACR LT R FEAAE Bl an S 17 42 38 A1 3 2%
TEHL R KAL 24,6 .8 m B, BESRARFR S 7K R 5350
24.9% 21.6% 21.5% 21.4% , & AWK + T4 A HE
TSR R AR AR BE A O, e R KA 55 T
AN BETR B Z ) Z WK+ T A
3.4 HEEBEEESH

PEFEBAS ] SR R B S A R R S
B, BB A R R G R

6 1(2 Tnct k3
My=kp, [pj ( +1j ks, (9)
a pa

K. My BN R p, RS, 0 AR
1,7 oo FNTHARTY R T 5k, Ky Ky FIAERISHL B
k, =-0.096w+0.392 9p,+0.014 21, +0.010 9P, ,s+1.01
k, ==0.000 50-0.006 97,-0.002 6P, ;5 +0.698 4

k, =-0.218 0w-3.025 3p,—0.032 31 +7.147 4

b

(10)
Ko KPR GKFE p, W HIETHE p, =
1.84 g/cm’; 1, IBYEAEEL, 1, = 11.21; P, s N HHKL
G Py =97%,
FieX (10) AR B AL T 2 7K # 12% B 3
A iy 133 MPa, HZ(9) ARG A A
R KA T A B S A [l SR B AN &) 14 PR

140

o} Q
< 13OF 7
[
E b
g 120
&
ﬁlm— //////l
7}‘ 100+ /
:4@— » /‘

ot TAT BT A
WNilisN%:  —e— —o—
shESNG —e— —Oo—
IR EACERE -----
4 6 8

KA /m

K14 BT TARSAE T AR AKOEX N BB Bl i
Fig.14 Dynamic resilient modulus of subgrade corresponding to

each ground water level with or without geotextile conditions

MoK 2 m B BB T A A AT 4

e}
(=]

T B% L 2 245 1ol S 8E & 43 il O 112.5 MPa Fll
86.2 MPa, [A 555 2 157 30.5% ; 24 T /K Az REAIK 2
4~8 m B FRE 1 T AT AT IS 04 6 2 30 28 0] S i A
2k 135.3~136.8 MPa il 94 ~ 110 MPa, [H] §ii 5 i
PER 24.4% ~43.9% , X FRAN K £ T A7 38 3 455 )
PR IX BT B2, AT A R0 ey i 1 2 2 [l A o
PETTE [ A R AR 3 1) 1) 4 P i

4 i

(1) WK + T A Bl 25 4 1) FLBR 24 & B A2 N
8.88 wm, #Efl A Ny 62.04° SN 3 kPa, HE T FIK
B RE N 0.13 mm/s F1 2.2 em/s, BT
RING K A T AR B 500 1 S5 K B B R 7K PR
B KB

(2) WK A T A ok R 08 P88 AT 5 R 4 1 3
Ho B K & TAR 5 LR 7 AR AR B ) AR R
FOKFRZEAE 4 m HUT KO+ TAT By iR AL
IKR G EFEAR 7.6% ~9.6% , K W S 15 2 ~2.3
5, K b TAT R T 5w M BRKAVER .

(3) WK 4 T A7 38 2k 42 il 6 ik PN BB B, v A
AP R B L R B A M AT R, YR KA AE 4 m
F LR B, % 55 3l 24 [l A8 8 phy &= T AR 4l 4 i Y
94.2~111 MPa 2 2% J5 19 135.3 ~136.8 MPa,
RE T 23.2%~43.6%.

(4) T RO B RARBE R T WK+ T A
BRIZACHR 2 m MR KA T £ T AR A S AT 2
TE BRI B3 AR IR 6% , A5 T I L AR
FrIK R IX 3 W iR K A 5 i s LB 4K kb 4G S
O3, L KA AR T 7R B 2 2 WK £ T A ok
P frn R PR R0 B 1Y)

S 3k

\\

(1] RO, B A X < T i 5 T R AR A 2R B O
BHEER SRR [T]. Bh2# i 4, 2020, 65 (30)
3219-3227.

ZHENG Jianlong, LU Songtao, LIU Chaochao. The
technical system and key scientific issues and
technological frontiers of long-life pavement[ J]. Chinese

Science Bulletin, 2020, 65(30) :3219-3227.

XUAETE , J7 50K AR IH 55 R IR AL A S 44 T T ik

LI+ RPVEIRRHENI L[], A B4, 2022, 35

(8):129-139.

LIU Weizheng, WAN Jiale, XU Yang, et al. Study on

[2

[}

cumulative deformation characteristics of subgrade red

clay under repeated humidification and dynamic loading



5 4 1]

NS, A5 MBI o A X i P4 A 8 R (9 R B

149

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[J]. China Journal of Highway and Transport, 2022, 35
(8):129-139.

b o e ST EAR b oy W e sR T A e a1
W [I]. R AR (A ARBHER) ,2015,46(6)
2261-2266.

WEI Hui, ZENG Sheng, ZHAO Jian, et al. Test on wet
deformation characteristics of road red sandstone gravel
soil [ J]. Journal of Central South University ( Natural
Science Edition) , 2015, 46(6) :2261-2266.

FRSC, RERAR, X 45 1 118 Ml X 6 41 BH A 22 3k B
BAEFIREUAE T[T, A% T/ ,2017,42(1) :31-34.
HUANG Junwen, WU Yuedong, LIU Jian,

Numerical analysis of anti-seepage effect of subgrade in

et al.

capillary block layer in humid area [ J ]. Highway
Engineering, 2017, 42( 1) :31-34.

Wt 55 LTOL, PNVAS AR, A AR S T A 2 R R A
SPHTLT]. PEA HAAR,2020,33(9) 194-103.

YAO Zhanyong, JIANG Hongguang, SUN Menglin, et
al. Analysis of equilibrium density state of fine-grained
soil subgrade [ J]. China Journal of Highway and
Transport, 2020, 33(9) :94-103.

WRvE o 25300, B AR R, S5 AR AR R 2 6 I R JEORHS 1)
SRR IE[T]. A 1585 TRESAR , 2018, 37
(10) :2406-2414.

CHEN Jingyu, CAI Yuanqgiang, CAO Zhigang, et al.
Experimental study on long-term dynamic characteristics
of unsaturated highway subgrade filler [ J ]. Chinese
Journal of Rock Mechanics and Engineering, 2018, 37
(10) : 2406-2414.

ZHANG Xiong, PRESLER Wendy, LI Lin, et al. Use of
wicking fabric to help prevent frost boils in alaskan
pavements| J]. Journal of Materials in Civil Engineering,
2014, 26(4) . 728-740.

LIN Chuang, PRESLER Wendy, ZHANG Xiong, et al.
Long-Term Performance of Wicking Fabric in Alaskan
Pavements [ J |. Journal of Performance of Constructed
Facilities, 2016, 31(2) . 1-12.

ZORNBERG J G, MARCELO Azevedo,
Sikkema, et al. Geosynthetics with Enhanced Lateral

[T

MARK

Drainage
Transportation Geotechnics, 2017, 12(1) . 87-99.

Capabilities in Roadway Systems

[10] CHUANG Lin, XIONG Zhang. A bio-wicking system to

dehydrate road embankment [ J ]. Journal of Cleaner

Production, 2018, 196(2) : 904-914.

[11] JUN Guo, JIE Han, XIONG Zhang, et al. Evaluation of

moisture reduction in aggregate base by wicking

geotextile using soil column tests [ J]. Geotextiles and

[12]

[13]

[15]

[16]

[17]

[18]

Geomembranes, 2019, 47(3) . 307-313.

LIN Chuang, ZHANG Xiong, HAN lJie. Comprehensive
material characterizations of pavement structure installed
with wicking fabrics [ J]. Journal of Materials in Civil
Engineering, 2019, 31(2) . 1-12.

Br R B MILE R MK RS [ D] PE %
K2R, 2017.

HE Kefei. Study on hydraulic characteristics of capillary
tube and its bundle [ D ].
sity,, 2017.

AE— WL ZEPEHEZ KA AR AT M0 1 450 - b 28 Ry A R AR AR
I [ D]. B ARAEH TR, 2017,

XIONG Yifan. Indoor columnar model test of flexible

drainage pine rod reinforcement soft soil foundation[ D].

Xi" an; Chang’ an Univer-

Shanghai ; East China University of Technology, 2017.
AR . 15 W g e A A R T g HE K K 0 LA
FFE[ D] RHE I BRATR A, 2019.

ZHANG Peihao. Drainage test and simulation study of
high suction geotextile in subgrade [ D]. Tianjin; Civil
Aviation University of China, 2019.

(S| SNy LA N &4 B (S9EE l A i o
ERBEARROCR BT SE [T]. 2 A R, 2022, 39 (2) -
58-67.

YANG Ruochen, ZHANG Wuyu, SUN Xiaohui, et al.
Study on the effect of salt reduction in saline soil under
the action of wicking fiber[ J]. Journal of Highway and
Transportation Science and Technology, 2022, 39(2) .
58-67.

WRAE AR e R . SUMNRAL S BIR 5 SEBR A 5T
i SR SR R S SRS T]. ity
UTFBEsF4R, 2001,15(2) : 1-8.

YAO Mu, SHI Meiwu, JIANG Suchan. Research on the
theory and practice of fabric wet conduction first journal ;
research on the wet conduction process and structure of
fabrics [ J].
Technology, 2001, 15(2) . 1-8.

WA i HEE. S e 5B BT A AR
LR FEIS TR BIRESE [ 1], PEIL Y AT B
#2,2001,15(2) ;9-14.

YAO Mu, SHI Meiwu. Research on the theory and

practice of fabric wet

Journal of Northwest Institute of Textile

conduction second journal:
research on the theoretical equation of fabric wet
conduction[ J]. Journal of Northwest Institute of Textile
Technology, 2001, 15(2): 9-14.

Hfe NSRRI EK RS, + T A bt R s AR . SL
235—2012[ S]. b5t P EKFIKH 1 A, 2012.
(3. 4w )



