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Coupling effect of water table rising in unsaturated
soil due to rainfall infiltration

LI Bine', WU Lizhou', XU Qiang', LI Hailiang’
(1. State Key Laboratory of Geological Hazard Prevention and Geological Environment Protection, Chengdu 610059, China;

2. Sichuan Provincial Transport Department Highway Planning, Survey, Design and Research Institute, Chengdu 610041, China)

Abstract; Rainfall easily induces water table rising and leads to a variety of hazards. Infiltration and
deformation are coupled during rainfall, while most of the current study focused on changes in seepage field and
stress field and there are few studies on the water level and its influence factors. Based on the seepage theory,
elastic theory and VG model, the two-dimensional hydro-mechanical model of unsaturated soil slopes was
established. The water table rising was studied under rainfall condition based on the hydro-mechanical coupled
theory. The model considered not only any soil-water characteristic curve, but also the variation of the coefficient
of permeability at saturation. The two-dimensional hydro-mechanical model was analyzed through examples, and
the coupling effect of water table change was deeply researched. The results indicate that the effects of rainfall
intensity, initial conditions, and the saturated hydraulic conductivity have a great influence on the water table
rising. The maximum displacement appear above the underground water level, the displacement gradient is
bigger below the water table.

Key words: unsaturated soil slope; water table; coupled seepage and deformation; rainfall infiltration;

numerical analysis

AUTAFR 50 o T 24 AR i A B 2R SRR R AR, MR R, X ) LA i SR St
R IROL LK, 555 51 AN BOURBEOR, BT RS IR A o R K AL BT+ PEBE R R KB

W5 HEA 2014 - 04 - 09

ESWE : ER ARSI E (41172280, 41272005) ; 191148 245 tH 5 4F AR HARAM K ATHRITH (2012JQ0007 ) 5 14 )1 45 24
B AH I A H

BISESE  RALST(1975 - ) V5BV BRRUCE IR A 808, B E NG+ TS E - mail: cewulz@ gmail. com



54 IR ERFONE == [ S RN B )

2014 44529 %

T B AR AR 1 728 A2 8 K 28 e 35 1)
PR E AR BT R Z N E T RN B S
FURE 135 WAL , XoF B R AR T R K A2 A |
BRI D, K = JIREA 2 BT 0 1 BE b Pt
WFF TR 251 T AR A - ot KA B ke, 7
PEE R R i AR KFH KA LRELL B Aok £
PRA5 S 2 b SRR HLA E 25 3L

R T 5 A A K 7 AR AL I A 5 5 12 T L P b
R WIS, A58 5 DA BB S b 4
FBE ST T RN 4500 KL BBk LA, L Rk
{37 3R AR R XTSRS
[ R, AT PN A M5 1 £ A5 i o 2 R e
TR - TR RAAE Bl R SR T A B A A
SR EN AR AR T 2 AR A L £
DB G R 25 0 T AT e RV EIC(E A 1 45 5 o
T A LR I AR AL B, IR R B S R
e

A SCEET B IS RIS R VG BT
1438 4RI - B I - AR TR R R AL
G T Garnder BEHYFNIRL RN 2 7 28 k. A H AL
R R ARTE AR A B 0 - AR TE R A AL, R
A FRITHEFERE A S50 T AR A R0 44 7K A7 E ok
WU KL — BR800, I T SO K AL Tk
(5.

1 van Genuchten £ A

van Genuchten $& H Y + — 7K RRAE Hh 28 45 AU J&
HoBe 2 I TR = — VG TP Ak 0
oy
T T v
1,0 %+ IR A KR R B IE Kk, msa,
mon BHBRAAESH m=1 - 1/n;0, LKA
RBTE K0, IR K

IR B 13815 RN

ko= kST (1 -SH)"]% (2)
S, HARUARIE,S, = 1/[ 1+ (ah)" )"k K
A L858 FA, m/s b, BRI L3518 R, m/
S, S2BR bk, AR AN, PR RN AR O

(1 + 202
Un

6 =

ks = ksO

(3)

1+‘~'3V ’

P ko RN LRI HR B B R, m/s, 2 AME E Y
{Hse, HIRBUNLALS sn, JIWIIRFLER AR

2 WAL -EEeEH TR

FEREST AR AN L0 - RS A BRI 2 T LR
1% < 1) AR I AT B B R 2) 125 1] LA A
T KT RS 33) A% et — AKEHAE it 28 1 )5
FEME4) LR FLBRAUE I — e (H.

2.1 BAOTEHHHE

WA 12 BRI, 76 1] xoy ELAAALHR R,
LB R R INUR 2 (T Ok LIS

oy + /i =0. (4)
R, o, HERBER TSk oy, ARk R
X AR 7 IR SR, R B KN/m’.

M4 Bishop' " 45 Hy A 2800 g SRR, A5 20
T Lk R

o', =0'£j—[5ru“ + (1 —S,)ua]&j. (5)
K, o A RO 3k, S R K
FE,S, =6/6, 5 6, JHl K Kk k.

FEFBGE 4) , I A B 3 A B B 1] 25
A, 6T 2k ) B e A 200 7 I ) 7 A 56
ZAFEN

aa—’x _ a(Sruw>
a o
(6)
o', a(Su,)
at ot

ARG TN Sy 2 PG, 455 A ROV 7 JEUEE, e
TS AE (] R AR ZRAR AL J5 R ] 218

1+
& =g v[<1 -v)o', —vo' 1;
1 (7)
+
g, = TU[(I —v)o”y -vo' 1.

AP, v O R ACEIA R L5 E Dy AR A S AR
&, kPa.

FEF- TR AL TR, BT L AR B R B AL &,
=g, +e,, 6,6 S0 %,y J7 1A 9 IE W AZ. 5K
(T) FRAMBULAE &, BIFIE, IR ] ¢ 5K i 5
B A AR 2

de, -294(Su,)
ot~ C o (8)
i, ¢ E

T (1 +0) (1 -20)



553 4]

RS A PR A AR A 3 T KA b K AR 45 R0 55

2.2 BRWHFE

4R Richards J7FE K
i@%@*%%@+%ﬂ=% (9)

Kk, 53000 xy AebRBl gy a1 0203 REL,
m/s 50 A RERTRFELI ] 5.

2 R TR ALRASR, £ oK RBUE L
s S N N W VA S VS B 1l AP R Sl S
Dakshanamurthy 25 H 3 {61 4= b (9 8AH A 48 5
(ELESIPTR

0 =B, +ow(u, —u,). (10)

X (10) FIREL B, o P HABUVE B R H A
R RN

B:

—_

; (11)
14

1-2
38
= (12)

w =

x[— =[&

X H 5 KSR AR 0 AR AR R
kPa; R g5 S K K AHSG B K AR R AR AL B i kP,
I/R 7R 4 - KRR il R iR R H 26 T3
W, R A

1 _ 00 _ 96 9h _ _ R a
R ™oy~ ohay ~ (6, = 6,)manS,_ " " (
. 1
ah)" (- —). (13)
pwg

P, NI ], kPa.
2 (10) 14 37 4 TS IR 18] ¢ SR AR 5, FHHF U
Ja A4S B B8 L AR TE R0 7K Sk AR R K AR
AR G (I ST W
]

1
— ok
gf=—pwg{zﬂc"[s,+hi‘2’]+wo+h (a}[f)}a' (14)

ﬁ%&ﬁiw@ﬂﬁﬁr:§:%+<l_

0,
)5

e E A AR R, L (14) IRAK(9),
13307 B - FIRE G BB e R

d oh d oh
Y 9t o ony | _
ax( : ax) " ay[k?‘(l + ay)]

1
o)

-p“g{Zﬁo a5, R } (15)
C Sr+h—]+w0+h oh ot

A(1S) ip L AR I, By AR A 1B T
AER G4 5 R

3 &1

BT X — AP AR AT T RN
NABH TR A AR S TR AR,
Bt 72 S B0 R T A5 PF T ARG AN 3 R KA Lk
FSZ M.

3.1 EfIHR
YR AR 1

4 ¢=0 q=0

q=0
! ! ! B

0 5 10 o 15 20

Bl 4% AR (n)

1N AR 28 R 2 N
(IRIERENIE =R PLPIE 2~ G
A1 detafe £ R%

A 6, ko/(m/s) o/ m~' ng ¢/ky n m

0.4 0.0l 1x10"®* 0.01 0.35 0.9 2 0.5

K2 EARAKNIE I F S

E/MPa v v/ (KN/m?) y,,( kN/m*)  H/MPa

10 0.3 18.0 10.0 10

WA EF sl g = Ak, ,DE, CF /%
WA, H B CD g B i R A AB Oy
T A, HOW € s 721 5t AD 54315 BC
AT, HA [ 7 .

WG ch = =y 3K By RPN FR.

P2 Bl 1 ks R o318, ekl 4y 512 4> =
L BIC. TR E B RTR 2K R 0.1 h.

/N

B2 H#1 RExsE

3.2 q¢/k, IR

K3 Hq/k B10.3,0.6,0.9 [FEH TR 10 h
MRS (a) WA ZER G R, 1 (b) 43 #
THATEM. IWE 3 el LUE 1 ¢/k, {EXT T 7K



56 IR ERFONE == [ S RN B )

2014 44529 %

DLoM A AT BER B SE . g/ k, RMEBCR, #5 S5E
WG DL T I RO AR BR, 3t T K 3 R
XF EERR A FIARRR A A SR, AR 3 R K A7
PR, R T HAECYIEEGREEL) ISR
WA 78 Ak B 0 T AR R A e e T
3T AR B e A BRAE A R ] AR
BIROC NN AR BLR 22 5 BER ¢/, I93E R AL 7
.

(b) AT

B3 gk BT KA A 8% (1 =10 h)

3.3 k, HISNE

TRANEIE Rk, SEPR BN R — A, 2R
TR S R AR, RIS, ke, A8 A0 X6 1 7K A 19 A8 A
A—E M. 4 R kAR A RUAS 22 A A
LRI 10 h FIFERT 17 h R K7 40 A5 1. % i
ke, AEAR XS AR Hb T KA 1 5 ) 5 B R R R DG 0
=10 h,k, 05 k, AR T #bF KALLF
WA 20,0 =17 h,k 25 b AELE R A
BNZER, B KA R ZEAEAE v = 10 m &b, 2E{H K
0. 14 m. Fifi %5 PR I E] 35, 25 1 &, S A0r
IKAE P R AR A5 I 2 RS M 558 /N %o RN K
-2 YNGR RN A o N EE R

Y

A4 k ARAEGHTKRALLS A E(1=10 h,17 h)

3.4 HEEFHHIFIE

5 AN TR iR 25 F Ch 23 BTG - 0. 3y,
=0. 6yl —y) T AL G FIHE G LT K AL A5 1] (¢
=4 h). NIELS ol LU, B0 46 A 5T 3 T ad A o

T KASE 53 A7 7 A T B K SRR (E A 4 % {EL
N RS AR A 00T M T K A7 R [
FRAGE 1], AR [T S 22030 7K AL Bl 3 K Sk 26 06 (L
(/NI . B8R s 17Kk Sk - 0. 3y IFRR G 15
AERE S o= K AL Z AN 0. 49 m, WIHR KK -
0. 6y M /K AL 2Z{H N 0.29 m, BIURKK N -y
I fe s AR L 22 (E O 0. 23 m. [ RN ) 301, 76 AH [ I
Z0 W AR R ALY 22 5 B B K Sk (1 4
XHEL A3 KT8]

_,,!//////H\\\\\\\Eﬂz
//\L

h=-0.6y
h=—y

(@) JEFEEIE L

h=—y

(b) FEE L

B5 REAIH K k3 T AL 89 %o (1 =4 h)

4 &2

B 2 P R SR AR, T o A\ i v e 7
(BT T 9% 1 T RBA R, 23 5 e
R38N T A8 RE 0 R T 98 3 K T R A
PBRE T 2 FRORIE A BT R R T A B 0T
4.1 HEHIER

[l 6 3T e AR ) s 3t R K SR 9 2
m, BT B 4 m. BREE Wl TR % M TR O R 4%
1 BT g A3 /K T, B K8 % R BNZ £ M5
T PSS JEORS -

VA S B0 BE R K LAE -2 m B E, )
B TR 13k i N h = —y = 2.

L ® S S TR \Vav SE UL SOl Y Ny S UL
LAy B 5 S, T A A 5 7K 33 . b T R B
TR B SY Hy 2 Bl - 1) 24 T 58 1/
FHEEABRE SN, R AR W TR, £k
H g = Akgeosa, o o 3 f E 0 T UERT, 3k
H g = Mg ;2) MFETERE KT LA B,
FIARSER AL, A TR, 2 TR MR AR R
RS Kk R AT R ALk h =
0. B 45 2 43 AT X 2 P B HEAT T AR A0 A £



F3H AU S WA A ARARN -3t R KA b Bk RS 5 5800 57

i AB T Sk, HAEHM N OKALLA b 3R K A7 AN B9 467 8% S5
AR K /e LR A B LR S AL B R AR O B, R K AL

i / q N N y e N

3 \'\<\ PA BRI BE RS AR AL BOBR BERS /I AT L 2 i o0, B
I L S ) 0 SRPER T HIHEABRE I DL T BORLRS e K AF B K.
4 I _ I Cin I 1 I Z\‘ﬁiﬂ@%ﬁ

0 5 10 15 20 25 30 35

A6 iy LA (m)

EMFNE 7 R BRI (2) , X THA 11
UL, MRS E 28 b, 2w, lC(3) . &
%2 (AR LR I S5O %R 3, 5K 4
B 2 W SR
%3 dFeA EAH

~5.48 ~4aq

(a) WERNSRBE/NT LHEAB RS A L
NI K BT

0, 0, ko/(m/s) o/ m~' ng q/k, n M

0.43 0.08 6.6x10°% 0.01 0.35 0.8 2 0.5

R4 TRARYE N FHK

E/MPa v v/(KN/m*) 7y, (kN/m*)  H/MPa

10 0.3 18.0 10.0 10

B 7 500 2 Bt R Ak ], 3tk 7y 588 A

=S, TR R R A 0.1 h.

v\ /

\/
B7 H62A%sE

4.2 HPIERRSH

P 8 DAy 5 /N T - 38 B B ) R R 5
JERT NG RE S0 15 Sy 7KK B HZ A (¢ =
10 d). AN 8 R RT RUE i AL T KA 36 THEK
PR F T TR AN K B T S R P AR (S LT
Befy bk, R ROZLA b, W B i L, s g Sk 4
XEZE )N , R K AL LAR R 3K Sk S AR X
FE(a) (b)) AT LA B, B RT3 K T A B B
JIIEOLT T R AL Lk SR 7T KA L L
FRE R T B REIIE O0 T 1 s 7 3k 4 X (L
/NTRERTIREE /N T R IEABRE I RSO, W13 X
FREEPR.

P9 Sy e R i /N T 1 38 B BE e T i
JERT HIEAB RS0 SRS IR (1 =10 d). AIET9
Haf LA 2 RO T R0 AS K B 3 TR

(b) BT AR T LIEABRE T RORE DL

B8 1=10d REMMREMGENKEEFMELZAWT

AKAE 4 A7 (m)
B K T
Y
b'ﬁw’i
M 0———"0.020 3
e T 0.012 9

0.001 85

(a) BERH SR/ NT I B RETT YT L
AN K BT

177 0,030 80 dxm 9%
0.006 1:.< ,

\ Sogas 0 T

N S —

0,010 80 0.01

0.018°50

=

0.002 05

(b) TR T L HEAB R AT DL

B9 t=10d REMMZENEALHSE LT (m)

5 %k

D) TEFE A B B B, 5 B & 19 3R KA E
BCETR S T A IERS I T KA Bk (H >0).
@/ kRO, H R KA BT, AR S R
OUR MR KL 22 SR g/k, 93 K A
BF.

2) M RIB I Rk, RS AR T LA
FEEERCA , B R T I 18] A S0, kA2 AR MR UK
LRSI Jo 18 (AR B A 0 ) A2 o A A X
T AT, kR0 AR

3) W0AR A X R o R R R KA A 7 AR



58 IR ERFONE == [ S RN B )

2014 44529 %

HELR R , LR A SN A R . W0 T K
Sk A2 XHEL RN 3T KA TH PR 5 280 5|
AL PR ML A PR 22 S Bt D 0 s T 7K Sk 14 268 3 fEL Y
L PN

4)XFF 2 AN [+ o T 9 8 ) O, 3 I iR R
KT HIEABREII IGO0 T K AL Rk SE R, 0
TH O M s e R RS AE L K BL LA L, R
VIS IVAD S A S22 BTy -2 S RO 2" NI U N S 1V D S
/.

5) AR — R A5 S0 A 2 T — b
BN FAR AL RO, (B AR A FLBR R T A —
FEAE. SEPR b Z0mE T A K AGE 1 T -
PR AR A8 SRS R R A B AT — R B RN, 1038
JEARL 2R BT KL A EkE D0, X R AR T —
I T

SE

(1] WG, 2R, skEGAE. b N K AL B THg R R A
et G [T]. A 1 TRERAHR, 2007,29(4)
510 -516.

[2] Reto S,Matthias B,Hans R S, et al. Effect of rising water
table in an unsaturated slope[ J]. Engineering Geology,
2010(114) .71 - 83.

[3] Upadhyaya A,Chauhan H S. Water table rise in sloping
aquifer due to canal seepage and constant recharge[ J].
Journal of Irrigation and Drainage Engineering,2002 128
(3):160 - 167.

[4] Kim J M. A fully coupled finite element analysis of water
— table fluctuation and land deformation in partially
saturated soils due to surface loading [ J]. Inernational
Joural for Numerical Methods in Engineering,2000(49) .
1001 - 1119.

[S] BRIEDL, /9 FA  RCH . AR L Y B RS2 B[ 1]
F2% 55z 2001,23(5) .8 - 15.

(6] FMEL:, BRI, ARARFN Rk oK A 2R s &

FRIEPERTL) ] 5 1 )% ,2012,33(2) 116 - 20.

FALSE, R ARG, B, 45, AR AN L h ST 55 A

B —dE AT RS RO ()] A TR R,

2009,31(9) :1450 — 1455.

[7

[

[8] Cho S E,Lee S R. Instability of unsaturated soil slopes due
to infiltration[ J ]. Computers and Geotechnics,2001,28;
185 —-208.

VRIS RAB 1. 2% 1) S e SR FL IR A B B % - i~
ATER AR [T ], 22 TR 441, 2009, 35 (4) -
70 -73.

[10] Bishop A W. The principle of effective stress [ J].

Teknisk Ukeblad,1959,106(39) :113 - 143.

[11] Dakshanamurthy V,Fredlund D G, Rahardjo H. Coupled

[9

[

three — dimensional consolidation theory of unsaturated
porous media[ C]//Proceedings of the 5th International
Conference on Expansive Soils. New York: Society of
Civil Engineering, 1984.

[12] 2y fl, B, sk, 55 eI A L 52k d
FEAL AN e AR S [T ] K T3k as TR AR,
2005(3) :31 -36.



