HA1% 510 " L T # o Vol.41 No. 10
2019 4F 104 Chinese Journal of Geotechnical Engineering Oct. 2019

DOI: 10.11779/CJGE201910003

ESEE R EAREMS K R B R MR E R 5K N R

A#EE, Ik &

(BRI A e S AR A2 e, HS 5P 464000)

O BT EE S KR E K AR AE K 28R4 (hydraulic conductivity function, HCF) R IAREFIVEVLN
s, DU SE S I L 9B SO0 52, AR K SVB I R0 SRAF AT IZIE 23 - FLBRLL e 9C & .55 T van Genuchten-Mualem
(VGM) #5#4, XH TRIM (transient release and imbibition method, W#ZSHiiE S5WE) RI6 35145 6 T8 T /M)
BISFEM HCF BB S8 o, n, HHE o, n 5 e WERAN, HET T3 HCF B S 47E Hydrus T A BEUE
e AR OLEHEESKITHER o, n R, TRBR/GRERE, o n b e BRMELA: MA%ET,
AR FE @, n /N TR AR R . @ % B 57K J33i 3% % 77334 (1) HCF sm R34 AH e N HCF f#1E “38 X
MG MHEWRAT, X AT, %NS KR AER ARG, BERINARE kX A—%EER%RT
AR FE & EH R K TIIRER k. @ XA E /KA 0 RILM HCF s B2, MR 0, % 8K L ED,
EAAAE “ZX” G KIJEXT 0 Fik ) HCF smfgss, [F—% 8 Fi/RiE S 2 HCF #ik. @ BE TR,
BRGNS E ORI kA R I (E B R X RV Rk = A TIpei BU YA VN Lo AL R NEENE SR P b A I PORE S A it 3 =AU
Wi SRAEAME A HCF AR VOM #, K o, n 5 e AR A, SIAEE L. AN R/ BHAE R 6 B
RIS HE, RLRE 5 IR 57K i B0 HE ARSI R P AT 732
XH21): AMEAZK REEG van Genuchten-Mualem #8Y; JK Al TRIM RS0 7715 B
FE 5SS TU443 XEAFRINED: A XEHRS: 1000 - 4548(2019)10 - 1800 - 09
TEBREN: AEE1978— ), I3, WL, #32, FTEMNFARMM LSRR L 7% )7 M 5T . E-mail: zhoubc@xynu.edu.cn.

Effects of density and hysteresis on hydraulic conductivity function of
compacted expansive soil

ZHOU Bao-chun, CHEN Zhi
(College of Architecture and Civil Engineering, Xinyang Normal University, Xinyang 464000, China)

Abstract: The effects of density and hysteresis on the hydraulic conductivity function (HCF) of Jingmen compacted expansive
soil are experimentally investigated. The saturated hydraulic conductivities over the range of void ratio from 0.476 to 1.624 are
determined by the falling head permeability test. The parameters of the commonly adopted HCF model, van
Genuchten-Mualem (VGM) model under six different densities and drying/wetting paths are measured by using the transient
release and imbibition method (TRIM). The conclusions are drawn as follows: (1) The parameters a, n of the VGM model
increase with the increase of void ratio, and their values under drying path are less than the corresponding ones under wetting
path. (2) The effects of density and hysteresis on the relationship between hydraulic conductivity (k) and matric suction are
significant. HCFs intersect under different densities. The value of k& under lower density is larger before the intersection of
HCFs, and that under higher density is larger after the intersection. The value of & under drying path is larger than that under
wetting path. (3) The effects of density on the relationship between k and volumetric water content 6 are significant. The value
of & under higher density is smaller than that under lower density, and HCFs do not intersect under different densities. The
effects of hysteresis on the relationship between & and @ are not significant. (4) One-dimensional vertical infiltration is
simulated using the Hydrus with the above-mentioned parameters of VGM model. The results show that the effects of density
on seepage are remarkable. But the influences of density on wetting front velocity are not monotonic. On the other hand,
whether to account for hysteresis leads to significant difference of the simulated results. The empirical formulas for parameters

a, n and e of VGM model under different wetting/drying

paths can be used in seepage modeling to account for the HEeWB: EXARRFIETE ESH (117722900 WFEH @A
effects of density and hysteresis. HAAHIBE (17A560008); {5 FHITEARE “ Rl 2 & 32hihit- &7 74
FETLH

Key words: hydraulic conductivity function; van Genuchten- WESEEE: 2018 - 07 - 02






10

—_

=

JATER, 5. SR AR RIS /K R H0eR B B 5 7K g el RS2
Mualem model; hydraulic hysteresis; TRIM method; seepage analysis
0 35

B IR bR . B SeE A/ ARBFINSIE R
Hotime s,

1801
B AT S R S 2

TR E R T L OKBRERE, Rk

JiE 55 7K 73 i [ 5 0 ML ATS i o0 M 3R (AR A2
%o
I SRR AR R R HERR A S A A/ AR

1
MNEE ZBAE AR, KA SZil ., Aol #sTUR F
IR T 2 MR R R

SIESYSES
PLIRIT T B9 K AT %, TR AR KL B E R
B0, SREUHE M TIEEEVEE M MmASE /. 2£T
VGM FA, SZH TRIM 5653 & HCF, 3k
T TAEMREREZA, KA. KF.
LIRS R ERA TREA RN G EER,
R LIRE. FERE. B SBREaats, &
RGP, BEDGE, BWEREE. BKL TR

B 6 F % B R BRI FE VGM BB S 4. TE B REAl
% KSR, KIINE RERE R LR SRR

., TR VOM BIRLSH A BE KK T3 (el oK
ETE WRBEARS AR OR. BUBTSRE AR, AT

FREIFE AR A MRS RS
FERAG. BEAN, SRR W AR LR S 4 EAn

IKFRFIL HCF % B 57K i RIS 22 5 . e s

BTk HCF B2 %Y, 1 Hydrus IF e —4EFE M
7 NBHUERA, PR B2 57K 77 B R R 2 i
EALpSEE

R R R T AL B e eh S AR B 11 B

U, HERFRR e IR R/ AR RSB R B KT AR

TR 5 R E T T -4y

BIE R

fE 2R

=

BRI = BCE LI, gk L, BRaE .
&, HH
S KAE AR FLRR it ah 1 3 5 A
B, EEZLHREY s RESHRED. &

JE CATHALIREE e 335D, WL (AT H 5 /K % /M M
RiB) M (RGN KIIBRARRIFENE . 7ER

FESHPERE OISO T, LA T HALRES I, 29&

REBER S, RMAE A EEEY), K
WVERPE AR AR 0 oy 5 RO 2H S LSRR 19]
FH kS e RRBL, kg AR i 2,

TRERA A IKEN 15.5%, F KT N 1.86 glem’s

[E v A ElE N i ¥ & P T W IR MO E U WA Ry E S
17%; eI 77155 WCHR20].
1.2
AR TARRATIRS R, HBET e S
Ky WEFEER, ACHHFLET TEKIT . AREA
BIKRE AL e #KP, B2 AR 8K S B A
FImELR, E KRR (WG R) i, & UL

TokkBiERE CEMMSIBERED
KR A L SURITR B, TR & B R RIA O 5 /KR (B

YRS S B kg R E AR K R EL & LA
HHME . X FMESER LS, k EEZABL e &
FE) il AIEAE e HIRE k(e). ASCRA (LK
e IFEI ko

BRI B AR K SKIBIERIG " D7 E 8 FANIH]
VLRI ) B g ek B, RITEE A S K R B R A

HCF". HCF I B i 2 ¥, Ik T 4eit 2440
B ATEIE ) VGM BALPTE Oy R, R A

RI6KH B A% 61.8 mm, 5% 40 mm )35 T3k,

8 MAFEHIREAEHI RS E AN 95%, 90%, 85%.
Hydrus!""'. GeoStudio %% R AEM RIS T /7 i

80%, 75%, 70%, 65%, 60%. HIFEsEHGE, KHERT)
TAAE BT AT 2 4505 0 [ 45 25 2 iRk, BB
BEE ) AR, BhAl, AEMIRNE K REOE 2K 7
s, B/t FE Y HCF fRfE = m| 78, 2k

VEFATRRE, FRE AR IAIRE 24 h ol R AL .
HCF i [8] O8E 1K) 75 20 AT, — PR P BCR 2R K0

%&[1610

H. ~
R, 41 Kool 2!, Lenhard 211, wWei 2", Hu
R G VGM R R, 5ok 5/ Y i 45 R AN [R) R Y 2

WSS ReR IR TR B WK BEZRK e A TR 6
AL SR WAL 55— R A 2X 1 8 HCF

Y1, AR, E B E . K 8 Ml
IR BN A IR ES AR AR 2771 TST-55 7Y
BELCR, g IR HEPIE ke WL,

STORPERR, M RT LR, LARIE 8 e
MFFILBE L% 1.
Y TR R LRI K AT R HCF S

MR TOEAZ W, AT VGM BLRL, KRBT
FE 5 B 57K F7 4 B HCF #8240 HCF. JEi

1.3 TRIM i{I& /535N E HCF TIE[RIE
FBFATHT 3 ASZ IR DA NGRS % e k%

= [# Soil Water Retention 2 &) 4 7= ] TRIM R 46
ARG 1. TRIM 356 7L —Fh i i -4 B/
M RN R K ARRIE T 28 SWCC SRS /K R 4L
PR HCF (fikgd i1,



1802 H O+ T OB % M

2019 £

TRIM R J77: TAEFEE R St —4E 36
LN N ETF S G BN R 2 5% PR FW =i ) | i N SN ]
W S84k (R ) &, DRI FRK B S
HE/AE - BFEOCR, PR N IR H bR R
¥, 7F Hydrus-1D &/ rpsR i —4E Richards /57 F,
PLSRE /M R i fE SWCC 5 HCF IS8, — 4
Richards H N

9 Oh 1|20 oh
&PM{&+Q} on o o

A, h AW IRk, 0 IEFIE KE, 0(h)N SWCC,
XH van Genuchten #1102 7%,

sc=90”_9f={ ! }" e
6,-6, |1+(aln))
k NAEMBATS K 230 k(h) N HCF, KM VGM A0
TR
%—WMY*D+WMY}4}
k=k, - )
D+WWVPE

ZAE A van Genuchten B8\ Mualem 15571
SRIFHIfETRIAR 2z NIE W5 E D)7 W — 3k
FROLE, AT,

X 2 5K 3) o, WBAERIEKE,; o,
NIRR TG K S NARMBAE; o, n N O0(h),
KWPIBRSH, o 5t SAEMASS, o 5 kfL4E
SRS . #E Hydrus-1D P27 o R MR U 2
o, n, HISEIFHF SWCC 5 HCF.

1-SERRE, 2-PHER GERS/SE) , 3-RAGESSR,
AfRIETAS, S-RETRE, 6—RIENE, T-HEHE
Wik, S-HAR, 9-MEFVRE, 10-HEEMmO, 11-4km
O, 12-dgEpRm 0, 1B3-ERS RS, 14-KE
POER (HEZSAERS) , 15-KEE, 16-EKEET 7 =K
(PRI AHEK ) , 17-=38 R (hESAERSMISE) ,
18-SMERE, 19-vhRIFFCH, 20-F9 AR, 21-vhklsso,
22-RBE, 238K, 24-BFRF, 25-BHERERS

1 TRIM IR R %
Fig. 1 Apparatus used in TRIM method
1.4 TRIM X35 7AME HCF i3858
(1) FEHES . TRIM XL R A EAZ 61.8 mm.,

= B 10 mm [P JJFE (AT EAR 61.8 mm. =5 20
mm), 6 MAFEHIFERE L5 95%, 90%,
85%, 80%, 75%, 70%. HIFESERE, IR E
FATAF [ 25 00 17 ] &5 254 R K, B B4uE v
FNRFE, Fa@ b e b 24 h i FER EEAZE . MRS
B, M. R (R TRIM IR 45 R
Ja, MTRFEERT LR E, USRBURFERAT 5 L
BRLL ev HURTARFR E7KE 00

(D RGHA KA TRIM iR 56 R Gk 4T A,
BFEHEASAEN 3 bar MM M EARUR KRS, <t
WEE . REE.

(3) BBt R o K MR 5 A PR T A B
TP AR A g GHAREE I 20 kPa (TR S &, 8T
L RFEM . TRIM B R A P R A b A 7K
- IR, — M 24 h JEKRHEERREE AR5,
XPRFEE I 190 kPa (1)U /)34 & (W) 7735 %) 210 kPa),
RGNS PSR E - Rk R, — M 72h )5
K EIE R .

(4) PRSI . NSRRI B S /KR & - 1
XA, T% AR MR8 BB
BOAE A fE, PRV S, Kb T ARAR R AT S
BN EEE AT B E e ST e
B IE RPN B AR & - SCR. ikl
SIBSERUE, RIS . K )M 210 kPa EIEE] 0,
B ARRE, MR, H R R =R

(5) MRS ARG . PR BT g AR e
WHRTFRPIEES, RN 0 CRIEISE,
IR TEI . TRIM R 8 S SRR A 7K
WNE - BIESER, —fK 48 h JE/AKRANEIETIFE.
RIGAE AT, BOREAE, MR, HEEREZKRA
BHE. BT, AT LRE.

(6) Wi—Wgi P iR . AL BbE, 4% L
RREPIR (2) ~ (5), FATH—IRRE, frEk
P T RS /K I & - BHADCR . SRR,
S KMANE - B R.

(7) Bt id #5045 AR IE o« MR TR 514
PSR & - I Se R AR, iR FE AT
REEF R, BIEBRASKREE - W EXAR.

(8) Wi 250 45 A IE o« MR TIAFE 254
B KIMNE - IR 9C Ry W FE Rl R iR FE B B,
BIEBSKRAE - KR

2 WImEER TR
2.1 HANSERY - LURLLXR
VAR AR B RGIIF0 8 F e L ks



10

JREER, A SRR AR AN 7K 28 K ek 2 25 T 5 7K 0 [ RO 1803

AL kBl e BEOR CBRERRA) MR, e BHTEHA
0.929~1.624, ks MM AELTLEN 6.16X 10 *~6.00 X
10 cry/se K3 1 ks - e K FR5ICHR[211005E [FFh
SERZRK 1 e=0.476~0.807 JE I N 5 Fh & I &, [
HER 2, RAS (4) S IIRREEAR k- e
FKFR, WS T BTG ER (R=0.938).

k=2.0x10 "> (4)
X (4 WIEHTEHEN e =0.476~1.624.,

PIRDIRAS N i e S22 IK - R84 %5 4000 kPa,
LBt H AR E 0492 Frk (4) Al Ti%/E
SRR A TR BV ks — e KA

R k-eXxE (e=0.929~1.624)
Table 1 Relationship between k; and e (e=0.929~1.624)

WARE  WRBER| WRE WRBERN
FLER L /(em's™) FLER L /(em's™)
0.929 6.16X10°8 1.295 1.43X10°
1.004 2.79%X107 1.429 4.10%10°°
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Fig. 2 Relationship between k; and e of Jingmen compacted
expansive soil
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#< 2 SWCC/HCF #8124 (VGM 1RE)
Table 2 Parameters of SWCC/HCF model (VGM model)
VR i 2 L TSNN &
e
0! K /(em-s™) a’ /(kPa) n o K /(em-s™) a” /(kPa ™) n”
0.901 0.474 1.03%X10”’ 0.010 1.14 0.478 6.60X 107 0.011 1.16
0.987 0.497 1.84 X 10’7 0.069 1.16 0.473 2.52%X10° 0.093 1.20
1.030 0.507 241X 10’7 0.123 1.27 0.474 5.02%X10°® 0.214 1.30
1.127 0.530 426X 10’7 0.134 1.29 0.460 1.65%X10 0.243 1.33
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Fig. 4 Relationship among parameters of SWCC/HCF model, void ratio and wetting/drying paths
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Fig. 5 Effects of density and hysteresis on k()
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