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Large-scale model test on permeability characteristics of soilbags infilled with expansive soils
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Abstract: In order to explore the permeability characteristics of soilbags infilled with expansive soils, a large-scale permeability-test
model box was developed. The permeability test was carried out according to the arrangement pattern of soilbags, water flow direction,
water head and interlayer filling conditions. The experimental result showed that the horizontal permeability coefficient is greater than
the vertical permeability coefficient. The infiltration water could be quickly discharged along the gap between the horizontal layers of
soilbags, so that it was not easy to infiltrate into the compacted underlying layer of the expansive soil canal slopes. After filling the gaps
between bags with expansive soils, the vertical permeability coefficient changed slightly, while the horizontal permeability coefficient
decreased obviously. The permeability of soilbags infilled with expansive soils mainly depends on the size of the gaps. The effect of the
soilbag arrangement on the permeability is essentially attributed to the changing of the gap number and shape. In practical, it is
expected to provide more preferential flow paths along the horizontal direction if no compacted soils are infilled inside the gaps between
soilbags during the actual construction conditions.
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Fig.5 Horizontal and vertical permeability coefficients of soilbags infilled with expansive soils under different cases

a. KK ZER/INABE R . e L TARHESN 7 sU— @ MO0, TR AR R4 Al A o & AR
P A A EAROK Sk T8 B I ) 8 28 AR R R Tk Sk 00, BVBERR K R A3 I, A i ik 415
PRI 7 o) (418325 R B s/ o 33X T RE SR FH i 7K Sk 00 R AR AT R /K SR A R B 5 LR 1), DA kg 7K b
PRI | - T ASBE B 7K O e AL o, VSRR A S A5G B | DT 5 2002 18 ZR BRI

b. L TASHESN Ty AXE B BB, A SCHIESE T )2 B JC4E WK IR J7 ) 38 5 | 3 BL/K i 7 1) 32 56
TFA A 4 FHES D7 AR I BN, R HORCRY 1 RS 2 WT DL B, - AR IR T 1) 58 5 HE & 2%
FEAIRE 2 R A, I 2 A S BRSNS i il v 3 1 5 22 B9 i R R Al 7 A Ry Kk Sk A A g 688
B3 RBOI/ N . XF HORERY 1 RIS 3 A LB, 4 TARTE BK I 5 17 3C 45 HE R 237 A RIRE AR | R D 2
BRI ) 3856 5 48 18) O T8 1938 375 30 18 23788 1 A T 30 30 R A T T AR/ | (15992 38 R BOAIR . (HR A 2
FHEHCAETY 3 2 75 28 B AR B TR, B0 PR O e Y 3 iR D7 50l 4 A g i i AR SR 0/, 1L
HARIE 2 12 15 R B8 MR/, 25 TASRHIRE 7557 SN AT & (B 4) If, BB &
RO A — D7 10 SRR IR R . X 2R T 5, + AR HESIIE 30 24 T 2 FIAE Y 3



%56 1 XM 5 SRR LA A B B AR 105

MR, BB BRI 2 R 3 T AT 2% HAS U] /)2 [l B VE L o B 3 S 808 18 RECE /N,

c. ZEIHULXTBE RERGTE M , X AR 1 SR S MR 4 SRR 6 n] UK B, TGS R S HES
s FACEEHEY, & T AR R S KOV 8 R BN B G DN, N i B T HES O AR
FHMEE R L AT UL AR RS ()3 4 5 B XK 1098 38 R BRI, FIRHAE RS0 2 v &2 31, th 12 1)
S A TC T o A B R 28 52, DRI AE /K i A A T 3405 TR 1 - A00RE 23 8 e iy ol R ISR T B A
HRIURL 2 (R AT HES (A5 SR - FURE BB B AN, e R & AE RS B SRR HEK AR B i R A 2%
PrmiiE . U2 A 4 AR IR A B IR S KR VER P I — A2 2% A S B iEE
2.2 BEBEHUENESSHT

TIPS % I ik -4 A AR 1] 1235 R EULE S (b) . MR 5(b) A AL, B35 R B/ N 25 F AR 6
GER AN 1 m ZEATRNEE BECH 3. 07x10 2 em/s 3 15358 R AR R IS5 H AR | 4548 76Kk M 1 m 42
FHHBIE RN 9. 16102 em/s, FUIERL 6 KT 25 0.5 N,

a. Kk 2ZER/NRHEE Z BB . HE S (b) FTAT0. 5 m K Sk ARRE I AK 4 2 AR i 5 1 17 35 155 2R 5L
W KT 1 m KSR B8 R AL IZIR IR 25 R 57K BB e 45 R — 30, o] WK S &g m e i ik 2405
5% RN — A EEE R R BE KT 8 H B35 R BOREREA

b. + TASHES )5 s 505 R BRI, X 2 B TG EE FI/K 3 7 1) 28 55 3 R Rl eSO 3XF 9 %6 1 8
BRI LUR I, + TASSSEEHED 5 FL R 0] 8 35 R B0/ X R TagiE 2 )5 L2+ TASSBHES T 2 4510
A ZE R T A58 ) K 83 B AR T AR K S G0, TR 38 385 R 850H i RAIR, &l 6 () T
Xof T K 378 77 100 22 8 R 3 /K U 7 ) 3848 A HES 5 2T 14 88 10) 18 358 2R B0, R IR/ 38 7 1) 28 48 1 18 35 3R
B/, TASTEPRIHES 7 =X 088 K R BB AR K B SEAR BT, (HDARFRR T b ] DA & 30 2 /K 3 HE S
T A4S RIAERR LUK 37 7 1) S22 S5 HES RS 22 | nl DLAEBR () B0 2 s A i Ik AL SR B B R BN HE R Z
— M TAS A HEGI I, H ) 985 R B TR BRI ) s EE HES A BT/, 5K 18] 22 454k
GBS IEAEET . IWE 6(b) 0l LA, T3 HHE G B mK i 8 B R St — 2K B3 R %
BT T7 1) S8 FEHES B9/ ) 5 T A R A& B AT 3 o, DR I 138 ) 98 425 22 00 A8 AR A /K T 1) 228 5 HE
H B AN 5,

(a) Ei@AZHE (b) +55254
Ele REEKIAGKEZERZERETEER
Fig.6 Schematic diagram of vertical flow paths of soilbag assembly

¢. SEISTE XA RECR , A HHUH | AU S BTRT00 B3RS A % 9L 581 480 ol 51
R A B L PRI 017555 TR RO BTG (ELDEIR 1 SO 2 75 (LMK | ST X 1178
I R B A7 2RI, FUL P I, R A K AL A PR I S B 2 B e S 4 4
BB T A PE VR, SE BRI - AR I RBCRARXS BN, TAE H AT SE PRI R IR B2 TR b i T
N AR SE— )2+ TARJE AR M I B o5 — 2 AR DUIECE A AR (8] 1 23 Bt X P A0 (B A 0E— 2D R A
— 71, b TAARI + )5 808 Z BB L BT BOA BT isi/)s | B 1R IE 217 A rp - T AR Z AR Y
HEACR A F-FL B K HE g AT I, AR TSR A RRE 5 oAb, IR A hn 1 T T FAS , A F T 5 T
PR TEIE
2.3 Bm5KkE@EERBIILE

T AT BB 1T m oKk 00 R OKF ] 5 8 10038 18 R B AR (18 7) o AKIEL 7 AT LA Hh 4R
PR LA AR A A AR BTN L WK )2 35 R A S 10038 08 R A BAROR . 2 Ar R, D& 4 A



106 ERCPNE N 450

6 AMEF i, KB iE T, 42 K - H A RN &

R ! -3 oy
% FAHAS AR , - T4 BT, 2ol —nEas
S ISEBRAE R VAT NOHEK M TR 38 B, £ sl
AR HCHN | 58 4% BT 19 FF AR RIS SO
SPEMIHIBE RO T IIOE, 17448+ M
YL PRGBSV SEBRIL A IR, K095 1 2 5L 135 20 —

B FBO A, 21018 5 R BB B RS LB T K RO B2 B3 BNl GBS Bl
S OB T D, B B A 5 B e ~
17 - 4 38 KT 6] 1915 35 3 , [ HB % 2 50 B B7 KFEEMBEZERHITLLXR (1mKKE)
NN . 8 Fig.7 Comparison of horizontal and vertical permeability

BB X TR B E A, TR TARA SR
Bl MY BHAKRCR , PRt 4 Bt 1] 45 0 H8 37 2R 80
AU

SRR + 20 G AR5 0% R A B TSR (R A S i, ] b T AR AL 3R K 1 SR8 e 7K o7 T
FRERIAB SN AR BSE0 T | i T K 0838 REOR T 083 R AB K RES T SRk 2
) ZE BRAR TR AE , A Zy i AT RNZ I R SR K 1 3R

3 F

a. PRI AL A R K 1098 15 RO T 1 10538 280, T b T AR AL PRI K - SR, 7 T 45 4
PR ZEI T, ABHK T BES T2 5 K2 R ZE BRAR TR ITEAE , A 2 HE AT BNZ B RS2 L 3R,

b. i TALRIZIK LA S IRNEE & RN, AR I L2415 R B2 B T 2R T AR M SE B pI R
7N 38 b L AR B e A ) B R DR RS T O A I ik - 215 A8 i P R e 14 S B
AR T ARIRIZE B R AR AR BN

c. PRI A GRS TOU T B3 R BORT mKSk TO0, BB K A3, + T AR & 14
B2 R B2 , 132 R 7Sk T R K G BT R /K Sk AR R G 5 R Y

d. ALK LG RAYARIBIAERTI 5, JLE 1098 18 R BCR I L AR LB, K- 1] 1838 28 U
T HTH I AR 2 A ARTE SEBRIB AT A AN TESE ] A | IR 7K 1] 2 I HE KA )

S E Lk

[ 1] ZRIEAR ,ZRBL, OESE, 25, VR mloid A2 5 I ik - SR s 3 5 AR AR =R s i [ 1] /KR 2% 42,2020, 51 (8) : 915923, ( CAI
Zhengyin,ZHU Rui, HUANG Yinghao,et al. Influences of freeze-thaw process on the deterioration mode of expansive soil canal
slope[ J]. Journal of Hydraulic Engineering,2020,51(8) :915-923. (in Chinese) )

[ 2] FRKRE, Bise, i) 26 MK 1 2Bl P [ 0] T R4l (1 AR ,2009,37(3) : 323-326. (GONG Yongkang,
CHEN Liang, WU Guangfan. Electric conductance characteristics of fissures of expansive soil[ J]. Journal of Hohai University
(Natural Sciences) ,2009,37(3) :323-326. (in Chinese) )

[ 3] RV Brel. K 5 m) i K I i R A s 5 R AR 28 [ )] T R4 4 ( AR FERR) ,2003,31(5) :547-551.
(YUAN Junping, CHEN Jian. Experimental research on swelling characteristics of expansive soil under one-side immersion and
its application[ J ]. Journal of Hohai University ( Natural Sciences) ,2003,31(5) ;:547-551. (in Chinese) )

[ 4] R, 4G, KE, 5. TIROEFR LS T AR 2 R AK L AU iRt [ 0] T R 23 ( FARFLARR) ,2015,43(2)
150-155. (YANG Jun,TONG Lei, ZHANG Guodong, et al. Shrinkage characteristics of expansive soil improved with weathered
sand through wet-dry cycles[ J]. Journal of Hohai University ( Natural Sciences) ,2015,43(2) :150-155. (in Chinese) )

(5] ARERIT, SRIEAR , A<, 25, JU S0 M2 K 320 el SR ML B 18 A [ 7).+ TR =41, 2020, 42 (3 H] 2) :50-55.
(DENG Mingjiang, CAI Zhengyin,ZHU Xun, et al. Failure mechanism and reinforcement measures of shallow slopes of expansive
soils in Northern Xinjiang[ J]. Chinese Journal of Geotechnical Engineering,2020,42( Sup2) :50-55. (in Chinese) )

[ 6] TR, k. R I AE K RECREG % B 5K i a8 [J]. A £ T 2#H%,2019,41 (10) : 1800-1808.
(ZHOU Baochun, CHEN Zhi. Effects of density and hysteresis on hydraulic conductivity function of compacted expansive soil
[J]. Chinese Journal of Geotechnical Engineering,2019,41(10) ;1800-1808. (in Chinese) )

[ 7] Jrsssd B/ hak SIS, % TR S MK T 2Rt B = st (1], &0 122 5 TR, 2021,40(5)

coefficients under water head difference of one meter



%56 1 XM 5 SRR LA A B B AR 107

1043-1055. (FANG Jinjin, YANG Xiaolin, FENG Yixin, et al. True triaxial experimental study on mechanical properties of
expansive soils after drying and wetting cycles[ J]. Chinese Journal of Rock Mechanics and Engineering,2021,40(5); 1043-
1055. (in Chinese) )

[ 8 ] RIFME ARV Ao, 55, TIRIEER T IZIK Lk 4 v RE NI [ ) ] KA K LBk ), 2013,33 (1) :62-65. (WU Junhua,
YUAN Junping, YANG Song, et al. Experimental study on swel-shrinking performance of expansive soil under wetting-drying
cycles[ J]. Advances in Science and Technology of Water Resources,2013,33(1) :62-65. (in Chinese) )

[ 9] REM By 3, Ve T Bl MK A B X AR A R SR8 PR i ) S HOF e (0], A 4 0177 ,1999,20 (1) :2-15. (WU
Hongwei, CHEN Shouyi, PANG Yuwei. Parametric study of effects of rain infiltration on unsaturated slopes[ J]. Chinese Journal of
Rock Mechanics and Engineering,1999,20(1) ;2-15. (in Chinese) )

[10] 40, BRo=aR RNt , 5. SRIEH AN 1 T & nibr MBS I MK 13RSI [ )] . F/KAEIE SR FIRHE (R 9E30) ,2007,5(5)
127-131. (WANG Zhao, QIU Zongqgiang, CAI Songtao, et al. A case history of application of FRP screw anchor and geosynthetics
in repairing of canal slope of expansive soils[ J]. South-to-North Water Transfers and Water Science & Technology,2007,5(5) :
127-131. (in Chinese) )

(117 50T R0, BRI, 55, I K 1= 58 @ AL s B HE AR e W58 [ 1], & £ TR 2% 4, 2020,42 (11) : 1988-1995. ( ZHANG
Kunyong, XU Na,CHEN Shu, et al. Experimental study on fully softened shear strength of expansive soil[ J]. Chinese Journal of
Geotechnical Engineering,2020,42(11) :1988-1995. (in Chinese) )

[12] BEOSEE, B, BZAF 55, Ik e i R R S M [ J]. KR %4 ,2010,41(1) :1-6. (YIN Zongze, WEI Jie, YUAN
Junping, et al. Mechanism of slope slide of expansive soil and reinforcement for the slope[ J]. Journal of Hydraulic Engineering,
2010,41(1) :1-6. (in Chinese) )

[13] ZRF ¥ E, T8, 5% WK LB 07 S e Wr 5 [ )] K FK BB 9 )%, 2017,37 (1) :68-72. ( YUAN Junping,

HAN Chunlei, DING Wei,et al. Comparison study of four protection schemes for expansive soil slope[ J]. Advances in Science

and Technology of Water Resources,2017,37(1) :68-72. (in Chinese) )

X SRR A TR Er K AL TARE R AR AT [ 1] K AR 4 A 2009,40(8) :61-66. (LIU Sihong, WANG

Yisen. Application of new geotechnologies to South-to-North Water Transfer Project [ J]. Water Resources and Hydropower

Engineering,2009,40(8) :61-66. (in Chinese) )

[15] XU, PR TES AR, 55 I & 1 TASR KA TE Ko BERe PR 5T [ 0] . s kAL I8 5 K FIRHL,2009,7 (6) + 54-58.

(LIU Sihong, BAI Fuqing, WANG Yisen, et al. Experimental study on wetting-induced deformation and strength characteristics of

soilbag filled with expansive soil[ J |. South-to-North Water Transfers and Water Science & Technology,2009,7 (6) :54-58. (in

Chinese ) )

XU A oy %, R S 2, 26 A G 25 P R BB - i B 3 e LR [T ). K A1 #2412, 2010, 41 (3) :361-367. (LIU

Sihong, WANG Yisen, ZHU Kesheng, et al. Experimental study on strength characteristics of Nanyang expansive soil under

loading and its application] J ]. Journal of Hydraulic Engineering,2010,41(3) ;361-367. (in Chinese) )

[17] LIU Sihong, LU Yang, WENG Liping, et al. Field study of treatment for expansive soil/rock channel slope with soilbags[J].
Geotextiles and Geomembranes,2015,43 (4) :283-292.

[18] g 3h. & T AR BUSH A 78 371 I A8 T8 44 b 38 v g B2 FH [ I ] 9T 8 /K 1) 55 e 7K I, 2020 (1) - 82-84. (WU Yungong.
Application of soilbags in the treatment of slope deformation[ J]. Henan Water Conservancy and South-to-North Water Transfers,
2020(1) :82-84. (iin Chinese) )

[19] M, BRT 2, VPR A5 SR A F T A= B4R B A B MU RIS AT 58 [ ) ] AR KR K L, 2022(7) 2 1-9.
(JTANG Xiyan,CHEN Yuhong, XU Mengran, et al. Model test on infiltration law of ecological bag slope protection under heavy
rainfall [ J]. China Rural Water and Hydropower,2021(7): 1-9 (in Chinese) )

(20 AAHOHE, Bak , =1, 25, 7K F7B6 BEXT 26 LB @M W R AR T [ ], 45 + TR 412, 2018,40(9) : 1635-1641. (SONG
Linhui, HUANG Qiang, YAN Di, et al. Experimental study on effect of hydraulic gradient on permeability of clay[ J]. Chinese
Journal of Geotechnical Engineering,2018,40(9) :1635-1641. (in Chinese) )

[14

[

[16

[

(UchE H 2021 - 12 -06  4dit . S3T)



