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Model Test on the Effects of Rainfall on the Surface and
Inundation at Slope Toe on Landslides

WANG Yibing', ZHU Baogiang' , ZHOU Cheng', TAN Changming’, HAN Libiao'
(1. State Key Laboratory of Hydraulics and Mountain River Engineering, College of Water Resource & Hydropower
Sichuan University, Chengdu, Sichuan 610065, China;
2. Sichuan Provincial Highway Planning, Survey Design and Research Institute Co. ,Lid. , Chengdu, Sichuan 610041, China)

Abstract ; Rainfall is an important factor in inducing instability of slopes. In order to analyze the sliding failure mecha-
nism of soil slope under rainfall conditions, model test on cohesionless soil slope under rainfall was conducted, the var-
iation of moisture content at different depth and position of the slope was measured by means of the volumetric moisture
content sensor. Progressive failure of the slope and the deformation characteristics was analyzed by the PIV technology.
The failure mechanism of the slope by long — term immersion at the slope toe under rainfall was studied as well. The
test results show that the volume moisture content of the slope under continuous rainfall infiltration condition can be di-
vided into three stages: initial stable stage, rising stage and final stable stage, and inundation of water at slope toe will
further pull sliding of slope. The slope exhibits a model of progressive deformation to failure, and according to the dis-
tribution characteristics of velocity or displacement within the thickness of slope soil, the slope soil can be divided into
the no — flow zone, the shear zone and the rigid zone from the slip surface to the slope surface.

Keywords: soil slope; rainfall on the slope surface; immersion at the slope toe; deformation and failure
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Strength Evolution Characteristics of Granite Residual Soil Immersed
in Distilled Water and Sulfuric Acid Solution

LIN Qilong'*, HUANG Zhenping'**, CAO Yangbing'***, SUN Jialiang' "
(1. College of Environmental and Resources, Fuzhou University, Fuzhou, Fujian 350116, China;
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3. Fujian Provincial Universities Engineering Research Center of Geological Engineering, Fuzhou, Fujian 350116, China;
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Abstract: In order to reveal the strength evolution characteristics of the granite residual soil under different immersing
environment. By considering the structural damage and medium dissolution of the granite residual soil, this paper took
the different sulfuric acid solutions concentration and immersing time as the variables, the wave velocity test, fast shear
test and quality test of the sample immersed in clear water and sulfuric acid solutions were carried out. The results
show that: cohesion, internal friction angle and P — wave velocity of granite residual soil samples decreased exponen-
tially with the increase of immersion time when immersed in clear water, and are stable after 28 ~40 days. In sulfuric

acid solution, they decreased exponentially with the increase of sulfuric acid concentration immersed, and stabilized af-
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ter the concentration increased to 5% . The deterioration variables are defined by cohesion, internal friction angle and

longitudinal wave velocity, they increase with the increase of immersion time and then became stable after 28 ~40 days

in clear water. When immersed in sulfuric acid solutions, they increased with the increase of sulfuric acid concentra-

tion, and then tended to be stable after the concentration increased to 5% . The evolution characteristics of cohesion

and P —wave velocity are similar, it is feasible to calculate cohesion by P — wave velocity. With the increase of sulfuric

acid concentration, the loss rate of soil mass gradually increases.

Keywords: granite residual soil; strength evolution; sulfuric acid solutions; immerse; P — wave velocity

A i 5% AR 0 T I AR P O ML X )32 A0 A
JEREZ 0 20 m ~35 m'" R PRI A%
X3 SO,> " BRI FREEAE TR, A 45 # 5 W45 3 1k
R, R 2 B 25 A, DT 36 LA 1% 2 L R AR Sy AR i p
B SUPR A A i | 3 B R S R R R K
DRI , T JE 4 5 % AR L3 K B B BRI T
SR R AL AL TS B RS M S AR

Y24 N Ik, 6 TRk O AE T R AR 1 sk
B 12 SRR IE DT R b R3S 267
F T GRER R WO 16 b4 2 5% R 1 W B0 ) 24 R 1 11 52
U 5 VR 4525 RS T R RRIE ) 4B 1 A R A A
SN BRI AS A 5 ¥ 1 A 45 TR T R
AL B35 A ) pH R AE B 2 5% B 4 30 i 7 5
iF 5 A R TR R pH AR R M 3 Y6 I ] %of
IR R B, R, RS R
VI PR R B BE B, R FE A TR AL AE B o 5%
TR 5 R G D R A 0 5 FRAEAE b AR AR
VA SRR (4 I B VAR AE . BRI 1, A S 2
MISEHIAE b 2 5B - SR AR FI T B AR
SRR L S T R R, B
LW TIRAEFR XS £ — KR AE 22 A £L A2 230 A1 1 52
M0 s BE T K — AR AE R 40 K R A 1] 1
JEA 7 5 BT A — AR R 4 R S F I
S R R SRORES TR W B P A0 5T U A i B BT
T2 A5 AR RUIR A R R R B X L BT
G810 AR RN i Xk ML I8 ) T 14 2 R T
SR T P ER B R AE 1 2 R AR R B 45 15 AL
PR R B A AR R R S A TS U
R TR ERE T AL e 2 5% AR /N A R
FEREPE S AR RRR AR B35 U0 1 A Lo 45 A e e
AT RIS AT g A SO E 45 A PR 4 4 £
W HIE R B R K B B R VA MR T
6 A % FR 3R B AL AR

g5 FTIR , A va IR BIFS A A (0 IR, A3
PAZE b A AR A R 0 5, 6 H, S0, VA VRV 158 R

Ak, JT R K Je H,S0, HAE R T iR eI,
5 EAL A R B SR 475 5 A T, BT IR
e A A I | DR BT A R, s A
Rl IREE T A6 b 2 5 AR b 1 56 JBE T AL AL, 5 A
I R R A Ve T o A AR

R T 8 F ISV ST E S

1.1 iEEkRiESH&

AR SCHTFAAE B4 2 iR A 3 RE A o] SR 5 A
AR, BB T XS LA AT 0 L 3 ) R
SRS K s A S B R, +
IR 45 PRI . T AREURR AR K F0.5
mm 5 1.2% ,0.075 mm ~0.5 mm & 17.7% , /N T
0.075 mm (j 81. 1% ,¥APE48%K 1, 4 10. 8, H#ERIE
el A R JJIRFE (175 20 mm | 4% 61. 8 mm) , ESCFE
96% .
1.2 RIEHR

RIS H IR 80 K OGRS T BRI W B2y
0) M BRFR VA VR I 1 T A6 5 5 AR i B2 T AL ARk
it AN TR] H, SO, ¥ i vk B A T s ) 4 Ry i g
AR AR U B R BE 53 5 R 0% (1% 3% 5% Fil
7% ,BEERRIE 55 1 d2 d4 d.7 d.10 d,
13d.16 d.20 d .24 d.28 d 40 d, B4R AN
PR TIERE 1 B ST S IS AR L RGBT
5, W FLEARARAEER T AMI , ke G a6 5 A P BRIV
JE IR TT P O G R B O FH 20 RE R 5T 1) 4 2
AT R AR AR IR AR T K RIS [ B H, 80, %
W IR BB R R S |, 585 SEA T 1
Peay 5, fefe ORI AE AN R BE WP 40 d 5
IRAE , 7 105°C LT ot 1, FEARIUIE T J5 3K
FER T .
2 ASRES R
2.1 FHKBRETEEBRLESME

B 1 A3 KR T R A I 5 FR B ] 14
KRFHE, B L Al 78 < 2 R B e 9\ i



52

M, 25 < 35 K SRR IR0 T AE b o R A 3 B AL R AE AT 29

U R i 5 152 YL P ] ) 38 DR S S i/ T i 2 1
/N PTG E o SRR FE R R A TEIR I 0
~16 d, M\ 885 m/s JE/NE] 690 m/s, ZZ 18 /N KA
TE1E30 16 d ~28 d, )k 690 m/s /N5 648 m/s, 5
1128 d ~40 d J5 B AT E o R HIHEER %L
PTG, WA AN N PP ~ R SC R =

V, =324.115 +263.013ef‘4‘-%ﬁ,R2 =0.9612 (1)
AV, BGE (m//s) 50 RIS (d, TR 5
R NYGERBCR)

900
L

~ ! e S

“s00b — ek

g \

=

kS

X700

=

600 1 1 1 1

0 10 20 30 40

¥ 1IN e)e/d

B KR TR R RN A 2 2

12 iR KR N R ) IR LN R] Y O
REHE. B 2 AT, 18 < iR AR R AR I R R )
Bt TR RIS ] P 3 R SRR 2/ TS G212 )
AT RGE, R N FE L AETER IO
~16 d, ]\ 28. 1 kPa J/N5I 18. 5 kPa, Z48 50/ 12
116 d~28 d,#Zif128 d ~40 d R S AT E .
KR BOREHAT G, W RIS N R R T - Rl
A a] oG R 2

¢ =13.580 +14.891e =% R> = 0.9410 (2)
e WFE S (kPa, T H]) .

B 3 A /K Is  1aE PN EE A8 A 5 1R R [ 1Y
KARFHE. B3 AT, 16 i< o 55 R A iR 119 P R
A7 Bl A R YRS [) 1 15 K S 2 R8N , T 7235 X
G A SETRE b 208N 8 R A A
R0 ~16 d, N 27. 7° RS 21. 7°, 5B 5 X8I
INHEL 16 d ~28 d, M 21. 7ou/NE] 21, 1°, B
28 d ~40 d J5 B AT E TRk, SR AR5
PRECGHA TG, LIRS 0N N BRI A — IR I ] 3G
K

@ = 21.522 +6.046e 5% R> = 0.9598 (3)
o HNEEEM (), T

30

LG e ST
N — Ak

[}
w

%K Jic/kPa
[}
(=]

w
T

10 20 30 40
BRI e/d

2 FKERBTEHRENRER AR B i L&

28 -
|
w2
261 —pak
s
=4t
fﬁ
&
=
22
20 1 1 1 1
0 10 20 30 40

B le/d
B3 EKRETNEZERMER QR B L

2.2 WMBRARRIETRERLEE

Bl 4 J ARk BE H,S0, ¥R 40 d J5 ke
g 5 H,80, WeBE I R Rkt 4 Al A,
A6 54 7 R AR A IR G B P 5 H, S0, ¥k B2 11 3
KA T 5 G202 NG T RaE , Horh 2]
/N B A AR H,80, WIE 0% ~ 3% Ju N,
642 m/s [EARE] 431 m/s, i8N T A e K4
TE H,S0, HeEE 3% ~7% BBt i A 431 m/s R[5
£ 406 m/s, [F] A G B B it e A 8B AR /N DA i
B WA TRE . RHIEEREGHTILA , AT 3RS
AN BB - BRI O R L

V, = 408.849 +232. 938 T3 R’ = 0.9964 (4)
Ko BRI (% , TR .

K5 AR H,S0, I 40 d J5 iAE
RIS H,80, REE R L RFHIE. HELS AlAl, 16
i R AR R B R 5 I B R R M 2 ) 1S e 2
T8N, T F A5 i/ ks TAR e, Horh SR/ B
KAAE HyS0, W 0% ~ 3% 5 Bl N, Z6 5 1
14. 86 kPa Jifi/N5l| 6. 96 kPa, Z1E /N THE R
H:AE H,S0, WEEE 3% ~T% BEs, B8 J1 M 6.96 kPa
W /NE 5. 25 kPa, [l By i B B th R R B WS /N B



30 IR R TR

%18 &

RITBEETRE . R R BTG, TR
RN FER ) - R O R
¢ = 4.559 +10.580e =% R* = 0.9661 (5)

670

-m-- SR

BV, (m - s

370 1 1 1 ]
0 2 4 6 8
WK o/ %

4 WEEHhIRIE 40 d R R IBIERE H,S0, RET{L th £

- ST
WA ek

Fi % J1c/kPa

WL ol/%
5 FRERFIRIE 40 d FRER M H,50, RETL L
Bl 6 AR H, S0, R 40 d 5 i F
WEESE S5 H,S0, WEZIYSC R AL, & 6 nl A,
B o 5 AR R IR Y P9 B A B 1, S0, R Y 1
K/ e H,80, WREE 0% ~7% W B Rt ff S bk
M 21 1o3/Ng 10,290, Horp W6 5% ~ 7% By By
RN EESE A TR 1. 44° TR 0% ~ 1% B BE,
LR EERE A AR B 2. 79°, 73 R R R R AT
1 3. 88 {7 RAMEAR B TG, Al I~ A
BEVE A — BRIRM B R R X
@ =-16.965 +38.335¢ ™8 R* = 0.9598 (6)
2.3 #mmRWEHE
N RE R AEAS Rl LA IR T A b e S A
PUOHRE , & SCom AP B i, Horp s
PR AT
(R, - R)
D = TR (7)
ARy IAFERIIRRE IR T RS AT s R, D il iR
WS RS NEEE S D s R AL i

SR 16 ], 8 P EPH A ST
D, =1- (%) (8)

AP Vo IR A PP I 5 V, iR R 5
P 5 Dy S AE R A 2
B 7 9 AE i R AR I RE A R R T N B A
NG = 5 SO 3 2 1t 55 R N TR] 7 OG %
FRAE, FEE 7 TR, 6 3R 7 DA EE 45 A RN I8 e 4
473 g [ TS U N T A S T 5 ks TP
SARYE, =R A AE 0 d ~ 16 d PR
11[1 16 d ~28 d /Mg N, 28 d 5 T4, Hoh
RO I FNGNB T TE S5 47 7% B A i (E AR
17 A EE SR A 0 A8 A 10 d i 9 B (A8 A A T i
Hho

24

~ e S
20 . — A
S
&6k
£
i
=
12+
8 1
0 2 6 8

4
W B o/%
6 FRERFPIRIE 40 d FHEEZE AR H,S0, iRETH ik

0.6

—A— TR 1
—a— B SR 0
051  —e— gy ki
0.4r
i
fé 03
N 0.2
0.1F
00 . . . ,
0 10 20 30 40
B /d

7 KR TR LRI BT &

FTPEL 7 AT Bl IR 0 N 1) A8 AR 1 246 2R 0 AN
WA A7 R S AR - 0 AR R 3R A
JK iR R 31 1) 246 2R 0 0 NI I A0 22 i i ]
8, 1 8 Al M, —F BLSRANSC AR, Y AR A
T, BT NGB T 52 458 75 e J3E S AR -5 [
e, B RO MO AT, A AT

=~-106.899 +21.609In(V, - 362.856) ,
R* =0.9732 (9)



552 4 ARHCRE , 55 3 7K BB R VAR IR T AE b B AR L 0 BV AL R WY 31
29 - 16 -
e S
25 — WALk 131
2 =10 e B2
B ik —ak
17 1 7F
4

13600 7(|)0 8(I)0 960
I BEY,/(m - s™)
B8 BFARRETRENSNHEEXRME

9 M AL E B AR AR IR IR T L N EE R A
TGN s = 7€ R AE it 5 H,80, #EZ /Y
KAFHE. B9 nlAL FhR T N EEEEA AN
AR B H, SO, WSR3 i s, 3 1K
JESRtRE 18, & TP . fEMIF H,S0, WE
N GNP AR SR 1 R A e O AR, HL
PILENEESE AR . b B 3R 0 RGN 1) 45 4
AREAEHRE 0% ~3% B BEE LR, We ¥ 3% ~T%
Br B R, FEA TR, RAL MAE 3% 5 N
FEB SO A RN AEWE 0% ~ 5% [y BEPR I
WPE 5% ~T% B BeHE I BEA BT [, B A i 2 Fil
BB TR R B

) 2 4 6 8
W 0/%

9 MERHIRE L0 d FRGEER H,50, RETHHL

HI &9 ], B H,S0, ¥ B2 A 2G5 1 Al
Tk e A 1572 i 2 AR AR AR AE o AE AR, AN R v
& H,S0, I HhiR M 40 d J5 AR AR 1M
NIz i R 22 & 10, F 1B 10 AT, — K R
PG, 16 B AR 2 i 78 K TR vk B H, S0, ¥ i)
H, TE R Z B, 20 P A R B A T 40
B A AT
¢ =-16.301 +5.566In(V, —359.957),
R* =0.9821 (10)

400 450 500 550 600 650
I E Y/ (m - s

10 MEBRETHBNENRBEXR

3 4% &

(1) IZULAETE K A8 B e S A R,
RT7 VA EEAE A RN D I 3 it 352 96 F [ 394 o 56 R i
N, SR NN, A T RRE , H =3 BRI
[ A2 A RFAIE 24 5 18 ROk

(2) BIWAEAF WL HySO, Wb i e R &
SRAR I, FLR R 7 L P EE A0 R N I8 I8 T ) B
H,S0, ¥ BERE T T [, HL A48 Bl o

(3) 733 AR IR J7 A EE 45 s AN A i 3 7
IRER RT3 A o, K REIR TR 3 niR e T
e, Wi H,S0, WP, Jely K TR e,
A% SR 1 RN B e S A5 728 A8 AR A
—H,

(4) 2R J7 O3 ] R FH X 40 e A kA 40
A AR R, UL i A R HE S B R HA
—E AT,

SEW:

(1] M. v ity DX AE 1 5 2 AR R R v 4R 0T
[J]. SRR S T ,2010,24 (1) :41-43.

(2] MEXFS,7F 5. FRVEE O AL b A S A Y B 2
FEPERRZR (D], T 23 18] 5 TR 224, 2017, 13 (6)
1506-1510,1530.

(3] PMRE, Wi k. o2 M AE b 2 AR L b sk )
SEREPER R [T ] sl R s 4k (B AR 2R
2018,57(3) :7-13.

(4] s, AR B i, 55 IR T 3 i A
Wi AR AE K pH (B AR A % 2 i [ ] A VR 2 Be B
#,2019,36(12) .78-82,90.

[S] & 0, BALHF, BhETAK. MRS Je 5 1F T AE R H kL
BRI BT [T ] K F 5 5 TR~ 4, 2017,
15(6) :194-198.

[6] Kong Lingwei, Sayems Hossain Md, Tian Huihui. Influ-



32 IKF S TR 3R 918 %
ence of drying-wetting cycles on soil — water characteristic [11] Fonseca A V D, Carvalho J, Ferreira C, et al. Charac-
curve of undisturbed granite residual soils and microstruc- terization of a profile of residual soil from granite combi-
ture mechanism by nuclear magnetic resonance ( NMR) ning geological, geophysical and mechanical testing
spin — spin relaxation time (T2) relaxometry[ J]. Cana- techniques[ J]. Geotechnical & Geological Engineering,
dian Geotechnical Journal, 2018 ,55(2) :208-216. 2006,24(5) :1307-1348.

(7] A B P BRE, 5. B R A FR A K 1R AE [12]  BEFZUE, f6] 3OS, BRIGE 0T, I8 B BR T R SR AR -
2k r X B B 5T [ J]. 7K SCHb 5T T 72 3 5T, 2008 (4) AEL IR IRATFE [T ]. KA 5 d 5 TR =4, 2015, 13
62-65,79. (3):1-5,23.

(8] Tk, Ze Eie, XU, 4. AR AER AR L+ - KR [13] 2 LB k. fBba s AR R IIfT 20T )2
PRV e R Ak [T ). A TR 2 B 5 4 , 2016, PER SR [T ] a1 07,1989 (4) 3143,
33(3):98-103. [14] T+ WA, ALAA6, ket R M UE I 5 AR

(9] BRI, FIRKAR , 4R IE 0. i W BRAE b 2 3R BR - i 4y 2 Ao/ R R I AT [T ] A - TR AR,
FREAET IR EL )] A T OFRE4R,2011,33(6) :901- 2017,39(4) :743-751.

908. [IS] gk 3F, RO AR AIAE b s B i AL 1

[10] Rahman A S A, Noor M J M, Jais I B M, et al. Shear WEFEL)]. 4712 ,2013,34(6) :1668-1674.

strength of granitic residual soil in saturated and unsatu- [16] #EFH0E & SOM. Wb 9% o5 40 Tk a0 38 75 I i v 30 06 A
rated conditions[ J]. AIP Conference Proceedings 2020, 3% )]. AaahE5 TSR ,2008,27(3) :557-563.
2018:0200031-0200039.

(E#% 26 )

[4] Sony P, Ahmad R, Kabul B. et al. Determination of un- 249-255.
saturated soil properties and slope deformation analysis [13] VIomed, B EH K =,%. BN HZEKAEA/ER
due to the effect of varies rainfall[ J]. Procedia Engineer- TR )], & T J12%,2019,40
ing, 2015,125(5) :376-382 (11) .4361-4370.

[5] B AR ON AT T S ARRT — RS ANS R AR A [14] 7. mok A KRR By TR 2 1ol g Mgk
TR RTRDRE L SR A AR E RIS [T ] PR R (EAEAH AT ST D] I 2K : R JE VTR %+, 2018 :26-
FE R (A RBLF R ) ,2014,45(10) :3614-3620. 58.

(6] T4 B, E %4,% ETF2yiBe8UE st [15] Zhang S, Pei X J, Wang S Y, et al. Centrifuge model
I Ik % VR 2 I AR TE B SR WL R 5R [T ). &+ testing of a loess landslide induced by rising groundwater
J1%,2015,36(S1) :159-168. in Northwest China [ J]. Engineering Geology, 2019,

(7] BRFIE, B0 . B R0 BYE BRI O RO A AL G 259:1-14.

LI AR R4k ( A AR BH i) ,2017,38 (4) - 576- [16] Ak 2,2 J56, 5K W& KA S &AM T R3BIE
580. FPEEREL) ] KILRR 7 BE Be i, 2019,36 (6)

[8] Ram K R, Kwansue J, Hajime N, et al. Study on mech- 73-76.
anism of retrogressive slope failure using artificial rainfall [17] WREG, R85, W Ae, 4. KO TR T 45|58
[J]. Catena,2014,122.27-41. W BRI [ T]. A4 15 ,2018,39(2) :605-

(9] VR, & SO, SRABAR, 45 B R 5 K R AR LR AR 613.

BRI [T ] v 23 %4, 2018,31(2) :270-279. (18]  wanis , ARGl , IR, 5. )2 ¥ Bl b A 3 T KA

[10] WulZ, Huang R Q, Xu Q, etal. Analysis of physical FEALR AT 7 o R [ 1. kR 5 E 50 TR 2

testing of rainfall-induced soil slope failures[ J]. Envi- 2016,14(5) :181-188.
ronmental Earth Sciences,2005,73(12) :8519-8531. [19] White D, Randolph M, Thompson B. An image-based
[11] BER#E, XN Z 555 BEWE AN LR deformation measurement system for the geotechnical
PR A AR S B R i, — g I e ph £ B E [ T ] centrifuge[ J ]. International Journal of Physical Model-
A+ TR ,2014,36(10) :1784-1790. ling in Geotechnics, 2015,5(3) :1-12.
[12] B B o, F0KE, & BERAB XM NIk L [20] RS9, A A JORR b3t B2 3 06 7% 37 eR 00

SYThES [T ] . R I 1R, 2019,38(2)

Mrhse (1], &+ TR, 2016,38(S2) :210-215.



