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Internal force and deformation of deep foundation pit under asymmetric water
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Abstract: Based on the foundation pit of a subway station, the internal force and deformation of deep foundation pit under
asymmetric water pressure and symmetric water pressure are comparatively analyzed by means of the two-dimensional finite
element numerical method. The variation of the internal forces and deformation of supporting structures is obtained so as to
provide experience and guidance for design and construction of similar projects. The results show that the supporting structures
under asymmetric water pressure has some offset deformation toward the lower water pressure side, and the deformation at the
higher water pressure side increases simultaneously. This deformation mode is harmful to the safety of the deep foundation pit

and the environmental protection, but the asymmetric water pressure has little effect on the internal force distribution of the

supporting structures. Compared with that under symmetric water pressure condition, the internal force at the higher water
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pressure side basically does not change, but the internal force at the lower water pressure side decreases significantly under

R

asymmetric water pressure condition. The axial force of supporting structures reduces as the water level decreases, and the

of the late excavated soils inside the foundation pit causes the deformation of supporting structures

reduction basically equals to the water head difference between both sides. The consolidation settlement induced by dewatering
AVFRI T A AN T, Bt Sl i e 2 R P Rk
KRR B A, AR O DRI T TR R b
BRI o H TIPSR S, XS T
FE 2 A MFEGUHZEX L8 (KD 3

=7

THNER . ARG 2 R S R R

i,
BT T PRI SRS K, AT 2 S B PN 2% AR IR AN
EEWHE: LHHELE L T@ERINE (GDOIKYHT0901)

" PR RHE AT I A RITE  (2007G045-C)
S AR Yrks BER: 2013 - 06 - 06



108 a5 oE L OB ¥

2013 4F

PRV TSR S M (K5 . SR, AR 2 2 oyt
WIRHAEAY A A0 R, L7 AE
RFETFHE AXFRHEE . THEREAR . S A
[R5 T, FEGTP O B9 S5 R (9 o e AT A
FERCR ZZ5% 5 1 HN P PRI () 5 M A7 AR R 22 572
R LR MR RGERRGS, 51— w4 2150
Bowro BTLL, Bevh i s SR o A DT O ) 22
B o BT SRR I DU ZE R0, UMD S I
LA

HIZ, 2238 W B AR RRK IS D Kb,
M RS A Y 130 TOEYL R, BT K
AL PRAN 3 B S T 22%, AT ABEIE R TH T
K R R R DT TR I — A SCBE R

AE G HID RSB U TR, ot T F 9 4
R PIANKIRR K B AR B (R 9 AR T A2 A
A, AR R IE ORI R 0 5 %

1 TiE#DR

FHER R O R 4 2 5 S s, MRk
172.4 m, FrAEBLTE 22.4 mo RIGR T K, Guhi5
WP (b B2 7 JEHESESE R (A1 s, M an
B e ALY MR S5 R0 Al AL I R PG
YNV TIT 3800 LB TR FE L) 16 my 384N R 4589 1 Bl 47
SERED T, WIS, RIfESg—REgim, 2
it T2l oy B AR R, SR B2, 2t 2 4
SEF it 1 5 S S T AL I R 4y, R SR I
(K 1.

LulishERRsy: BT =R
1

Yl FF RS BT=R

Ll OffLMER; O T ESE

1 EREFETE (AR AmE X
Fig. 1 General layout of foundation pit
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ATk, Iy SR 200 A e BB
PR 1.
1.2 FK3THER
FEOK F A TN LR R, K EEK
PEA—, HURIKEIANES:, Joge— 1 H Bk, KAz
IR 0.5~2.0 m.
AR K A LM R K, B T2 DY R 4
MG @, B b @ SHkebEd, 5 EEGs

MR L B RS R R KR &
KIZJERE— % 38~42 m, gL in) sz & & /K 3k
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Table 1 Physical and mechanical parameters of soils

+= ﬁ? m%%ﬁ Eg Héa/f)
/MPa

O, 4+ 2.7 18.6 2.0 10.00  20.0
O, %I+ 25 18.8 4.0 28.8 312
©; LR 25 17.4 2.0 140 10.0
@, Fi* 2.4 18.7 6.5 200 16.8
®, BmE L 40 19.1 6.0 279 299
C%%E%*J%sz 19.0 8.0 20.0 35.0

SN i VN P

@, kg 29.9 19.3 14.0 — 390
s RS 3.5 19.6 15.0 — 350
20, mEALLYES  12.0 253 21.0 450 250
20, FHAMIEE  — 25.5 250  200.0 35.0

1.3 EFAE

AL (B 1D A 4589 H 1000 mm &
RS, BRI 60~65 m, BRWIAH /K 25k = AR
MV IF R4y T & 1200@1500 mm %5 FLEETHERE TF, B
K40 mo ZEIGEAMAM T 4 2, JFIZEREL 24 m, B
) A 4 TEI S PN S (B 2D, ZERhsk
HH T 3 2, 24 16 m, S5H#iF 4 JZ255-H o
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Fig. 2 Supporting system of sectionl-1
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Fig. 3 Supporting system of section 2-2
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KT 0.5~2.0 m, ZXIKALIIA TR EEA T K
TR RN ZE R, BT AR e
& B LU B M B G5 R AE AR R K TN
FIARTERNAE,  ORUESEDT S JE R 22 4
1.4 EymE

(DB VG R /MR T 3 Rt 34K
R 4 2Rl RIS AR, 2% & RGN A
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SOl E A0, JfL S P AR SR, I 47 245 ) SR FH 2 LA 2
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WAMK A, TN AR TR

(3) B FLHE A OB« A FLHE T AP AR 4 D1 P 25
R, SR R T T

(4) BB RSERE M B R Y40 3 A5 TFHA T8 R, 9hIm)
WA MR AR 30 m
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Fig. 4 Computational model of section 1-1

(1) AJEHE

AGTAM R KL RAFAEHIR LAR 1 m A, /e
MIGT A KA BEA THAZA KT BRAC R THZI R 1.0 my JF
RN YUK B2 23.82 m), FEHTH A FRAK Heik
B2y 24 m Kk, ZEOREVEME R A BRI IS4
BN, KLY 31 mm, A MESEARTEAT N ST,
AL L) 52 mm, AAEEHITLL T 20 m 2247,
SEL DR

| IS HAL: mm
(b) FMELESRAK LR

(a) ZEMUREEREAK AL

[ 5 $REREE 2 IESTIERT B P LA MK LS
Fig. 5 Horizontal displacement of supporting structures
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Table 2 Variation of maximum horizontal displacement with Pp= ==
excavation 1900 <5 — 2760 %g‘
S —=
N FKAA # /mm H
il T2 — - i E
A HEVERE Lo }
THEE 235 m 1.49 (6.33) 7.04 (6.41) =
S '
THE% 8.10 m -6.36 (11.18) 17.09 (11.33) s g
THER 12.6 m -12.57 (13.93) 24.05 (14.41) | B4R kN-m
(a) ZEMUME TR 2 4G f 4% (b) D s 4 2
THER 15.6 m -16.48 (15.24) 27.91 (15.84)
JHEFE 203 m 2373 (19.63) 36,59 (21.28) E 7 BEirEMTREasE
FH5 % 23.82 m -31.05 (27.62) 50.51 (30.61) Fig. 7 Moment envelope of supporting structures
PERRAE s -30.85 (28.44) 51.40 (31.53) T R P A XS R 0, FEA A 2K B K
PRBRSE 4 1378 -30.54 (28.58) 51.95 (31.63) RSN 2750 KN-m/m, ESERSARAEK A KA N
PERRSE 31 -30.19 (28.35) 51.83 (31.33) 2630 kKN-m/m, FFZRYURIISCEN M R 5
PR 2 WS -30.25 (28.35) 51.75 (31.33) WA 421.69 KN/mCE— B R &k 1 4%) . 718.43 kKN/m (5
PRBRSE 138508 -28.57 (28.37) 51.75 (31.35) THAREE ). 692.66 KN/m (HS B TEEE ).

Vi LACPRIBS BTN IETT I, [FISTAN A5 2,465 o
PR RIFR, ALY RIS, F AT S

T EVE A AC YT AN /KA IR RR S R %, 5l
2o LA e R B[ 45 AR Y, DU TR B S 30
mm (& 6). I THPMPIRERAZIEESL 30 mm, K
ARG SEIT N E SR

B 6 Eiksix IRNERBREENBEE
Fig. 6 Final contours of vertical displacement
(2) IR
FEENERE RE K B KA S 0 1900 kKN-m/m,
HEBEREEA 1.5 mvil, AHY TR E A AR 2 R
1900 X 1.5=2850 kN-m. 34 £E 55 5 48 K fe K2 5 4 2760
KN-m/m, BT A A K AR HE R, RIZK Sk ]
FlAP a5t ok (BT,
THZERYURIN SN N E2T 73900k 228.66
KN/m v EE -8, 456.07 KN/m (25 IE 1R B
1), 533.62 kN/m B =i i 14D+ 1750.0 kN/m
CEVUIETR -4, 281.20 KN/m (5 FLIEHN 7 #%),
LR .
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Fig. 8 Computational model of section 2-2

(1) AJEHE

A MRS CRZEs T 3 J2 4k
BRIHZREE R 15.6 m), HIFZZIGURE, HARRE
SERIPRIK L ZE05 A 24 m, AR T AARA 2401
PR T A SERE (1 AR T, DR BBl 25 R 1R AR TR 4R 1-1
Hs,  HAAMBEE AR A P 2 . e
FEME B3 20 m RAEMYIMEE, HKA17 mm, T
TR AL GTAZR TG, Ry 14 mm; A ISR
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Fig. 9 Horizontal displacement of supporting structures
HIE 3 WA, SVAITS, THERERIWURZ A,
JREETHER B S AR TSN, 1-1 BTN
ZRAET RGOy ST B Tu~ —TE 508D X
9 G AR TEAT— 38 S
#3222 HIEBERKFABHERETISTL

Table 3 Variation of maximum horizontal displacement with

excavation

e KA /mm

WL T B
22 2.5m 0.83 5.26
T2 2 8.1m -5.79 12.00
JFHZ % 12.6 m -12.56 20.42
FFiZ4 15.6 m -15.45 23.43
FFI%4 20.3 m -17.10 24.55
TTHEE 24.0(HUE) -17.23 24.99
PrEREE 5 1 4% -16.96 25.06
PREREE 4 160 H% -15.81 26.88
PREREE 3 1 4% -15.15 27.52
PREREE 2 1S 4% -14.82 27.59
PREREE 1 1S 4% -14.96 27.59

Vi AL T N IETT 17, BTN R A

[IAE, T e DB AR R R R K [ 25, K
PN 7K Sk ZE A A, Ao S A ) LT M %Y
PRI L 31 mm, HEGHEER (K10,

10°m
20.000
> \ 16.000
GR PR i
8.000
" 4.000
| 10.000
|4 -4.000
1-8.000
-12.000
1-16.000
1-=20.000
-24.000
:‘ -28.000
-32.000
-36.000
-40.000
—44.000

10 ERFEHTIMERBAREEMNBEE

Fig. 10 Final contours of vertical displacement

(2) IR

FEVENERR A K B KRS AR 1400 KN-m/m, 3
FENEIEEA 1.5 m/AR, AH S TR A A FH 25 50 A
1400X 1.5=2100 kN-m. 3% %255 5 4 K B KA 54
575.66 kN-m/m (& 11).

BHEHALL: kN-m

(a) ZEQMEVERES 402
E 11 B4 SiEagE

Fig. 11 Moment envelope of supporting structures
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