$42% B3 "= L T #M o #k Vol. 42 No.3
2020 4F 3AH Chinese Journal of Geotechnical Engineering Mar. 2020

DOI: 10.11779/CJGE202003006

P TR+ B AP AR I ST R AR5

Aoowgtt FELLL R R x| #ED, x|k
(1. RERMFEH TR, K 300072; 2. WERFEARTREGHEZEHEIME S LK R, RE 300072;
3. RETIMEEEEA TG0, K 300301; 4. dbnt iR EENARAR, dbat 100020)

o T BEWET S FELFUARES . KAa, BRI ERGURE AR R L A T BRI B > o BRI T
BEILGURIT S, FF245 R A6 AT HAb i T 460, 348 3 d 247 mm MR SBEEGTSC Y HET AT A7 A2 840 13.75 mm,
IR AT 72 B BN R IR T AR IE LB B + r R e 8 Sl AT R I AN B TR S Bkt AR RN 85 4 B8 7 2
PERR R 2 ARG, 7EBLIERN EAE S TS, RFH Plaxis2D A FRIC/T 8RS — 4Rk IR, 40 HT T BERT N
AT A GRS LR, BB b T BRI GREE . PER I . RN R IR S S AR R, DA TS
RIS METRRIEAIRS « P A RIS B W IO RURRE S . 5 SRR PR B E 3R T S 5 M AR TR i 2 ZE IR 3R 3T
AR E BRI B ARG BIRAER, BRI R X RS SC AR TR A K I R s FRRT P A 1 S S5 e
W82 AP SRR AL R S R K, T B G H2 IR R AH [ B R 2% AR T SO 45 A 7 T 1 BB i 22 e AN K

EHEIE: PR s N A

FE 5SS TU447 XEAFRINED: A XEHRS: 1000 - 4548(2020)03 - 0447 - 10

PEEG: X 1%(1974— ), L, BIFEE, W+, 3N SEHEIER . ST TRE R TREWF S T4 - B-mail: 1clc74@163.com.

Measurement and mechanism of influences of rainfall on supporting
structures of foundation pits in soft soils

1,2 1 1,2 1,4 3
LIU Chang"“, JI Fan-fan', ZHENG Gang"“, LIU Tao ", LIU Yong-chao
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China; 2. Key Laboratory of Coast Civil Structure Safety, Ministry of

Education, Tianjin 300072, China; 3. Tianjin Pile Foundation Technology Engineering Center, Tianjin 300301, China; 4. Beijing Longhu

Zhongbai Real Estate Co., Ltd., Beijing 100020, China)
Abstract: Rainfall is usually easy to cause sliding and instability of soil slopes. At the same time, it also has a great influence
on foundation pits, especially for those in soft soils. In the absence of other construction, after three days of rainfall of 247 mm
deep, the horizontal displacement of supporting structures of a foundation pit in Tianjin increases by 13.75 mm. Therefore, it is
of great significance to study the mechanism of deformation induced by rainfall of foundation pits in soft soils. Firstly, the
experiments on the influences of rainfall on relevant model are conducted by using Plaxis2D. The influence mechanism of
rainfall on the deformation of supporting structures of the foundation pit in soft soils is analyzed. The influences of intensity,
duration and amount of rainfall on the deformation of supporting structures are analyzed, and the sensitivities of the excavation
depth, the initial displacement of pile top, the form of supporting structures to rainfall are studied. The main factors affecting
the deformation of supporting structures are the increase of the residual soils outside the pit, the softening of the soils in the pit
and the fluid-solid coupling. The amount of rainfall is a factor to have a large influence on the deformation of the supporting
structures of the foundation pit. The displacement increment of the supporting structures caused by rainfall is most affected by
their initial displacement, while the depth of foundation excavation has small influences on their deformation increment under
the same rainfall conditions.
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Table 1 Increments of horizontal displacement of test pile top
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Table 2 Test plans of rainfall

S B%Eﬁ%ﬁ% — [ SERTiNY By qNshs B%Hﬁl‘ﬂrﬁ%ﬂﬂ“l‘fﬂ ﬁ%ﬂﬁ BRI e
/(mm-h™) /h /mm /min W /g
1.25 HHR 6 7.5 5 72 4.71
P& R I K 1.25 R 12 15 5 144 471
1.25 i 24 30 5 288 4.71
0.4 /NFR 12 4.8 5 144 1.51
e W R ST 1.25 S| 12 15 5 144 471
2.5 KW 12 30 5 144 9.42
1.25 S| 28.8 36 5 346 4.71
e W R ST 2.5 KW 14.4 36 5 173 9.42
6 M 6 36 5 144 11.31
R 3 FEIEKEFEMIBYIEHF MR
Table 3 Initial physical and mechanical properties of clays with different water contents
FKFEw WS, @gﬂ wp/% wi/% I 0] FRARHLE
J(kKN"m3) B ikPa PRSI ) E/MPa
25% 70.1% 17.3 2291 17.70 8.2
30% 84.1% 17.9 27.8 465 187  0.67 13.86 14.61 6.9
35% 98.0% 18.6 11.84 12.52 43
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Fig. 3 Water contents and strength parameters of different soil
columns under different rainfall durations at rainfall
intensity of 1.25 mm/h
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Fig. 4 Water contents of different soil columns under different

rainfall intensities at rainfall duration of 12 h
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Fig. 5 Water contents of different soil columns under different
rainfall intensities of rainfall 36 mm deep rainfall
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Fig. 6 Water accumulation of soil columns I, II and III under
different rainfall durations at rainfall intensity of 1.25 mm/h
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Table 4 Water accumulations and infiltration depths of different soil columns under different rainfall schemes
N§ FRUK IR fmm NBIRIE /em
W R 7 2 /(mm-h ) ig BRI K/h B R /mm ‘ e ‘ ‘ —— ‘
= SR SRl R Al SR SRl AT
1.25 R 6 7.50 0 0 6.48 5 10 0
1.25 Y 12 15.00 0 0 12.96 10 20 0
1.25 R 24 30.00 0 0 25.92 20 40 0
0.40 /NTR 12 4.80 0 0 2.76 5 10 0
2.50 KW 12 30.00 0 1.20 27.96 10 20 0
1.25 R 28.8 36.00 0 0 31.10 20 40 0
2.50 KW 144 36.00 0 1.44 33.55 20 40 0
6.00 N 6 36.00 0 21.60 34.98 20 20 0
x5 THNBREEEANLHMENFSHKT
Table 5 Change of physical and mechanical parameters of soil in soils column infiltration depth
ey HF y /(KN'm”) iR c/kPa PWEEHE S 0/(° ) JE4itsi & E/MPa
MIEES.  wempi AR5 MR BN MRS IE RN MRS R BWN BWEE e
70% 17.3 18.7 7.5% 2291 11.79 50% 17.7 12.46 30% 8.2 4.2 48%
84% 17.9 18.6 3.9% 13.86 11.65 15% 14.61 12.45 14% 6.9 4.3 38%
98% 18.6 18.7 0.5% 11.84 11.62 1.9% 12.52 12.51 0.1% 4.3 4.2 2.3%
& 6 LIMTEYEHF R
Table 6 Computational physical and mechanical indexes of soil
g TERE HE EX ES E™ Gy BRI ON 4 .
E5 R S S S S Ky/(md") K/(m-d")
F/m /(kN'm°) /N-mm?) /Nmm?) /Nmm? /(N-mm?) ckPa f/(°)
@O HE 072 16.00 2.0 2.0 16.0 48 8 10 8.64x10" 8.64x10"
O, &L 070 18.88 35 35 28.0 84 20 8  8.64x10" 8.64x10°
O == 3.48 18.61 4.2 4.2 33.6 100 1645 12,52 8.64x10° 8.64x10°
@ emA L 5.10 18.30 3.0 3.0 24.0 72 9 10.5 8.64x10° 6.70x10°
© FmE+E 10 19.24 6.0 6.0 36.0 90 15 2119 3.71x10° 2.78x 10"
R 7 RERFLEM/AEEMTASE
Table 7 Parameters of silt clay saturated/unsaturated soils
/E@$D§ i}%gg EE ref -2 ref -2 ref -2 ref -2 § géjj V\]@}?ﬁ
3 Ey /(N'mm~©)  Ej,/(N'mm°) EJ/Nmm-°) G /(N'mm-)
S; /m /(KN-m™) /kPa I )
80% 1.0 17.3 5.2 5.2 41.6 124.8 13.5 12.62
100% 1.0 18.2 3.0 3.0 24.0 72.0 9.0 10.50
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Fig. 8 Earth pressures on pile in foundation pit
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Fig. 9 Lateral movements of pile before and after softening
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Fig. 10 Lateral movements and bending moments of pile before

and after softening
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Table 8 Horizontal displacements of pile top under different water

accumulation conditions

BUK  BETOKPAL BETUKFA METHK
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Fig. 11 Pore pressures on pile side inside and outside foundation
pit at different water-level rise conditions
(5) VRS Hr
THz8iR)E, FEIUERRRSER, Zh, ERGT

RO T B PN 7O B 7 2% A s SR 0.083 mvd, B
N3d, EGURABSER. EE 12 M, REEE
TEMJE, HUAMEMLE FLERAESTR BL LB, BRI AR
00 i FURS /0N T PAATE ) FL s 7 B3I A JE I 38 »
LA AN LR ZZ IR, MRS R AR . HETH
AKPRLRS T 32.9 mm K 2 FERT A 1 40 mm, 3EEDN 7
mm, 31 20%.

HFLHE/kPa BFLIE/KPa
50 > -50 -100 -150 -200 ZQ.‘ -20 -60 -100
Agh A MEBGERE | -+ WEBRAEAN
N —— W EHAAERE AL -~ WEMEEAE

E £ -6.5
% -8.5 gﬂg -8.5
#H-105 g -105

(a) sk (b) LK

12 RERESIERATRRASMEN S FLES

Fig. 12 Pore pressures on side of pile before and after fluid-solid

coupling
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7 GEH; OFERILAFAMET, HEGibESsi. BiEk
P SR R 2 MR A B N D RS AS 20 8T 15 Fos
SR, METUKPALREAE 7 H 12 H—15 H 5550 6.5
mm, 7 7 15 H—18 HWIEIEH 3 mm, 7 /18 H—
22 HIIEIHE N 14 mm.

HE S /mm 255 /(kN-m)
0 10 20 30 40 50 60 -200 -150 -100 -50
v 1/ r T T T

2.5 25
—0-2016-07-12
4.5 —-2016-07-15
65 —2-2016-07-18
e ——2016-07-22.%
5 85t g z
B o5l —-2016-07-12
: —*—2016-07-15
12.5 ——2016-07-18 L
}  —%-2016-07-22 N
14.5 8 14.5%
(a) HEUE (b) HHZHE

15 NERTEHE S MFE K E5E
Fig. 15 Lateral movements and bending moments of pile at
different time
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displacements of pile top

H—RFERI, BETTKP R0 SCME S5 B2
Belt, RZETE 5%W, M _IkMEWE, Scill S5z
AR, KRBT RIERAAE 3 d KA ERE, bt
WIKBEHRE, SAARRITK 2K, SRR EZE R T
WERFER, GTA S AR RS, BUAh kIR
T E . HE T BTG e % E AR
R, WX EE U2 45 R 5 8 — IR kAT T
BAUIRAE, SRS R RAF, UG NI R 1
HE B E BUA AT B AT TR TR ATEE .

4 PFERREEZNERS T

N FE I ST, TESEDU T2 45 A R
BTN, ANFREELS . G Rm, eyt B RUK,
FETN & 300 mm AN AR KTESTA/R T NS B 4H +
B B IR EAT I R ORI
A fuf B 2N AE ST/ B+ 2 s @Yt TERUK,
TEVTN AT AMT ;. @Y LR G KNS,
NBIRETGE N LR R AE B, SRERK, SRE 4
HATEUE; @ithnbEmia R &m, EiBESB.
4.1 AEIFEREZEZN ST

DLEE SCY BT S PR ISR . PRI . PR
YT SRR, B ST S AR
HIAETHK AL N 4 em.

(1) PERNBRFE

P PR 24 b, TFEARE . K. B
KRN 4 Fh L0, ST EARBALIRE 258 20, 40,
70, 70 cm, HUAMIAFUKEE A8 0.3, 0.6, 1.44,
2.4 kN/m, HEFREE GLAG 3 B AT S AE SRS . AR
WK 17 Fizn. BTN 24 h, BEFFERYSREREN, HETKF
A E PR 6 mm B 2= KA 10 mm. T
17 mm. KEWH 21 mm, HESEE. LR
e GRS IO N TRTE N

(2) FEmR

Pt R SR AN 2.5 mm/h CKFR), 1158 12, 24,
48, 72 h 4 FRERIT K, ST LARKALIR 5 3R 20,
40, 80, 100 cm, UAMIAMBUIKATE S 54 0.3, 0.6,
1.2, 1.8 kN/m, HEH[E R AT 5 AT 0K 7 A 5

(b) BEEAH
17 7 24 h FEIMTBEAESNBREE

Fig. 17 Lateral displacements and bending moments of pile under

(a) HEENB

different rainfall intensities at rainfall duration of 24 h
9 T EEMMKSBHES VB RANEWL
Table 9 Variation of pile displacement and internal force during

heavy rainfall intensity with different rainfall durations

Ve jﬁ:ﬁ?ﬁ?ﬁfz# L*E%%ﬁ%“%ﬁ _
s MR R EWE W R
/mm /mm /% /(kN'm) /(kKN-m) /%

0 40.48 0 0 173.4 0 0
12 45.47 500 12 186.8 134 8

24 49.79 931 23 203.0 29.6 16
48 56.64 16.16 40 229.4 56.0 28
72 62.88 2240 55 254.0 80.6 35

KW ERE T, AR RS IR TR 12 hEF N 12%,
24 h N 23%, 48h N 40%, 72 h KN 55%, FEFNGRE—
SERT, R N AN, W TTUK P RSB 2R 38

(3) FFEWE

E-% 50, 100, 200, 300 mm 4 FiPERE, W5
PRV DA PR R —E BN SR IR AN [R5,
THE TR 10 FioR.

10 FEIMFERMEFRETTEEY

Table 10 Calculation conditions for different rainfall amounts and

intensities

E355] 353} S a4 S S K
N8 NSRiD .
g o mr PR g
/mm = /(mm-h') fem /(kN-m")
/N 1.25 40 30
PN 2.50 20 30
50 W 6.00 8.3 25 0-5
KEW  10.00 5 15
/N 1.25 80 65
K 2.50 40 65
100 TN 6.00 16.7 50 1.0
KEW  10.00 10 30
/N 1.25 160 100
PN 2.50 80 100
200 W 6.00 33.3 100 2.0
KEZEW  10.00 20 60
/N 1.25 240 100
PN 2.50 120 100
300 W 6.00 50 100 3:0
KEM  10.00 30 90
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Fig. 18 Lateral displacements of pile under different rainfall
amounts and intensities
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RAEATIA LS8, B FEGTRIN E 2 5 R &
R, Nt — PRI SHON B M BURRE S, £t
XA FIBEGTIHZIR L AN R S 5 K AT AR T RS
AFSCAPIEIIFEGT, 7387 3P SR AR T X e W ) B
ERERE, PR DT SRAIFE M 3 d 247mm, TN
WIRIZ 1 m, HUAMPUKATE 2.5 kKN/m.

(1) JFZiRE

FEGUAFITHZREERS, TR ST o F 4
BEIN B — T8 K S8, IR S i R 08 1
cm, P19 45 TIFZIRE S, 6, 7, 8 mEELTMETHT
JESCHHERIRE B IRS . 25, RN JE A B B KK AL
P 4G 217y 2.5 mm, [ R0 FEGT S 3 S5 AR TE 52
HIHZERERRZA K.

254 /(kN-m)
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(b) HEHZHE

E 19 TRAZREEREIEHESMBREIE
Fig. 19 Lateral displacements and bending moments of pile under

different excavation depths before and after rainfall
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Fig. 20 Lateral displacements of piles under different initial

displacements of pile top before and after rainfall
MRYEE 20 FIHA: ABETRAIAG A2 9 2 em I, A
TACHAI BN 9 mm, 0 45%; 4HETRYIGA L
¥ oh 5 em IS, METTUKT-CLR 39 809 39 mm, 311 78%.
W& BETRA IR I RS 1, [ R S BURAE T KA A2 1)
SRR

5 & i

SEA B SR = R, JE T AR RS R
i, FIFH Plaxis2D ABRIGHHTEAR, 238 T BTG
BYUA EARTE R e, #E 2 5R T BERA ET
A LKA TR I E LR, 3R N E

(D RN, HAREMEERK, BiEkE
B PR, RS 7 b ey i B 4 i) T
BLEARNIBIRE R s 65 )R R 4 458556 W9 7K IR ek
FERE T N BEHE . FLBRELA 0.97. HIRIEE 70%F %6
THENBIREN, BRI R R 50%, KB
BEA B 30%.

(2) FERYATIR BTSSR T R e B R 3
NGTAN IR E SN, ST AR BB RAE

(3) B RN AR M BRI R . %
FVE 300 mm P, FERGREE—E, FREREHIE 0,
DAS BRI K —E, BEFERNSRES N, By
IR RRIEAMEG K ER, BNE—E, KR
JEE K T L s 5 5 6 7 R B4 T T 0] R I S 4P 5 4
A AL NS

(4) LI EERIWIERI RS AR RIS, A2 IR XA R
B R 254 T I S 5 M AR TE 3G = i A K

(5) SCHHETRHIGE L RS, I 450 52 P T 5
MRk . AHIFIRERT LU0, B Sy YUt I aa 1
N 2 em B, BETKPAIAEIE N 45%, 4AETHMILG
RN 5 cm I}, SEIER 78%.
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