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Abstract: The slope of the excavations often has the concrete surface layer and the hardened slope top

which is impermeable to water. In order to study the effect of rain type and the length of hardened slope

top on the stability of the unsaturated excavations, the rainfall simulation is obtained by GeoStudio

SEEP/W module, and the distribution characteristics of the water pressure and volume moisture of

the slope after the rain are obtained. Then, the rain simulation results are imported into the SLOPE/

W module. The shear strength parameters obtained by the consolidated quick shear test are used in

numerically calculation, and the stability of the excavations is evaluated. The results show that the depth

of infiltration of instantaneous heavy rainfall is small, and the infiltration depth of ordinary rainfall

is large in long periods. The hardened slope top tends to limit the infiltration of rainwater, reduce the

infiltration at the slip surface, and is beneficial to the stability of the excavations. When the slope top

hardening length is 3 m, the effect of rainfall on the stability of the excavation is not obvious, and when

the length is 5 m, the stability of the excavation is basically not affected by rainfall. When the initial

water content of the soil of the slope is low, instead of arousing adverse effect on the stability of the

excavations, the early rainfall is beneficial to the stability of the excavations. Finally, taking the actual

landslide as examples, the simulation results are verified and the importance of slope top hardening to

the stability of the slope is explained.

Wi HEA:
EeWmH:
1B

2019-10-08

Bl H AR SR B IE (41372330)

e (1990-), 55, FTREfE AN, AiLBFged:, ARt miioe, " @IIEE: 250k (1963-), B, AR, i,
BlEd%, TEMGE L TR SR TR TR,



BN b - KRR i S AE R R AT AR PRV 79

Key words: unsaturated soil; retaining and protecting for foundation excavation; coefficient of

stability; impermeable surface

FE_B AT, TN o MR HOHT Y 9 B () R
fige M, v Sebr AR AuB I 2 B AR R 10k,
Hoom e Tk, BUATH TR B ESEE
ST AR, BARIX R EES fEF TRE B THAY
RAMMRB TR, HEFETRET P, XBAAR
FITRHAE A L BEVE AU IE R T TR Sk
[ A B R A s %, HRIREE R AR W
KREFED BRI EERF 2 —, EAEA D %%
JE T AR AN 200 R R e AT PR, A5 RR
A A E TR AR 5 B BE VB Y R 3k 22 2 PEREEL A 1R AN
5 FEPRVE AR A PE A Frim, BESE 2L e B Sk A
EMEEATIPO . AHREE Y SR TR R 3
WIFENERI R, SRR, sl ARk
FAREFAS I N BRI AR X4k ) SEBRAE THE
AN D3 L BT 55 BE Y ) 2 2 R e RAEBUE S #r
IaEa T TRREG, HARRULAEEKFMNTEE
RBGEW A, UL I BOR T 2is FAER
T BV, BAEBAURI SR T ik o T A% EAR TR AN
R R ia e, UL S B RAYARE
ARZAE, FGUDSE TR, B N
H—BA AR a5, BRI RS TRE(E ., fE5E
GrLer, ARMRFN-L AR O 0 7 AR R BB o R X
THIURIFRE A RKATTHK, i — EL PR s A
S LA SRR, &R I, ATRESR SR
KGR ', B, T IO R BT R R
HIRONN . SEBRIES TR K BRI T e v,
T, AT T AR A B KRN,
TUFOE TE AAC B A L 5T S A AR TR AN - AR bt ih
YA sE PERYSEN ,  DABIR R AN - B Ve R B A T
TR, AdRmRmMEE SRR S %,

1 BEIZRBTIRIE R T — JK4FHIE B 2%

11 RBE A R A =R
AR 3030 PR TR0 FH - B F P8 2 i v 7 X 7 Rl

AEBE, HEAYIMERE 1R,

] &5 PR 35 308 B AL &5 4 WG-1A B [E S5,
WL-1 B 2 B 59, 3RS R il e T4, Ml
RS Ik 2y 44.6%,  Hox R HL Y 5% B
ZHHh ¢=21.4kPa, ¢'=18.0°,

1.2t — JK4FAE B L HYFREX

R R REE R BN R REE, TRt
- KRRl £, TRGE TR PRI A - ZKRRALE ih 2% 7 R I
A, REEESR e, AFIT TRERISKER B, A
SEEP/W A B Y 75 25 I PR 5 21 4 - JK RRAIE i 2%,
ZIEF| bR TAEEESR, ATCR SEEP/W N B HIHE
AR BE R IR I - R BFE M 2, R, LA
AR TR E K2 44.6%, il FEA B 5L 15 3 1
- IREHIE# 2B 1 FroR,

2 PEFRRHL

MRYE TR TR, 4% AR R iR B =R T
UL, SRIGEESIAERY, BCEDARIE, IRIETEZHbIX.
PEFIAE A, 2 FR Y R R, AT PR

2.1 HRIETRINFFH
FE R & B B LT 7Y % X AR S —

05 o BHEA

— SWCCHI & BiZR
04t
03 F
02t
0.1F
00 '} il rl 1 I il J
IE3 001 01 1 10 100 1000
EF R F1/kPa

Bl 1t - ke i 2k

Fig.1 Soil-water characteristic curve
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Fig.3 Volume content of soil distribution after instantaneous rain
18 — 18 - 18
16 | 16 |- 16
14| 14| 14
12 - 12 b 12
£ 10 |- £ 10 - £ 10 |
B Bt BhE
6 6 v 6 v
4 [ ' } v 4 m 4 j t
202 2 R 2
o B TR 044 0 0
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
BEBS/m BEBS/m BEBS/m
() T 1% 1d ) T 1%3d © TH1%75d
18 — 18 1 18 —
16 |- 16 16 |-
14 14 = :ﬁu;og : 14 -
12 - 12 - m°ﬁ£2*m:r 12 -
£ 10 [ E 10 | £ 10 [
ﬁ 8 |- ﬁ 8 — _ 00237 ﬁ 8 =
6 — éﬁﬂ;‘ 6 L1 1
41 4 g“fi i H_‘{{
2 S 2 B —— 2
o e ) g essmatEm ]
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
BEBS/m BEBS/m BEBS/m
(dITH2%1d (e) T 2% 3d ) T 2% 7.5d
18 18 18
16 [ 16 - 16 [
14 14| 14
12 - 12k 12
£ 10 | £ 10 |- £ 10 |
I B I
6L 6] éﬁébf
4 4 [o. 4 03857
2 2 [ 2
0 0 0
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
BEBS/m BEBS/m BEBS/m
(g T35 1d (h) T35 3d 1) LT3 7.5d

Bl 4 BRl e R AR E k25 A

Fig.4 Volume content of soil distribution after rainstorm
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Fig.5 Variation of the safety factors with rainfall time
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