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Abstract

In this paper, based on an ultra-deep foundation pit project with a depth of more than 30 m and a
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depth of 60 m of diaphragm wall in Shanghai, a three-dimensional finite element simulation of the
whole process of the excavation of the foundation pit was carried out. In this simulation Mohr-
Coulomb model and HS-Small model were used for the soil constitutive model. By analyzing the
deformation of ultra-deep diaphragm wall and comparing with the field measured data, the re-
sults show that the HS-Small model is more suitable for the deformation analysis of ultra-deep di-
aphragm walls in soft areas.
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H il E R AR 158655 Mohr-Coulomb (MC)#%4 . Druker-Prager (DP)fR#Y . 1 IE 81| #F(MCC) Y
DA JLAEA) 12 A TS0 5T TR 9 Hardening Soil-Small /MW AF (HSS) R, Hoh MC 554l DP £ 7
JE T ARSIV, MCC BRI HSS BALJE TR bR e B AR AL (1] H At A A2 R A H 1)
BT VERT R T b IR U A2 I AR AT T AUE B 7T, XIZRSE[2]FIFH ANSYS HBRGHE 5 7 5
MR BB ER IR G2 BB TR AL, BRI IR T Mohr-Coulomb #8!, it 531
W DK FR LUEGAIE TR AT AE E, JRaE DX SCHEALE L A A AL A N L AR B S DR B0 A5 A AR T
IEEI AT 1 534 BOREE[3]FI A Plaxis 2D A FRIGE AT G | BEGTRFFZ 4B v R, AR ARy
16 F BRI St AR R 21K HS AR, BT T BT IA] 92 v X B8 FE o AH QB B [R5 42 (1 5 0
Bl BT AEZE[418@5 ANSYS  FRITHAE FR ST R S 9 4500 5 AR 1 3L R F AT T = 4E 80 st
b, Horp RARAFIBIAYIE FH Drucker-Prager A5, 2 458 — AR [R)E FH 6 E 2 1 2 R R0 6 AR
TERIRZMA s R AR [5]1 6% g i BB 0% F T8 IE S BB (MCC BB (E Dy LR AR i AL, 1) A
ABAQUS A FRICIR X = A _F g 8 R RIS 420t T PR AT T = 4e Bl A, i 7 Bl IX S d gk
15 EARF S S FIREGUR AR REGIAE[6]75 18 1 A LM KR GUT1Z IR T/ RA T, 8 7+
PN N ARREACASE R (HSS AR VE N H AR AR IR, FIF Plaxis 3D 3 PR GH AR5 b [X — g A 1 bk
REEGUHZ AR IAT 7 e BUE BT, R T RSS2 & BRI TR kISR [7156 Tt
AR AL (1GS #EAY) I I Plaxis 3D 3 PRICE MG T = 4EEE A AL, S FEHUIF 2 ik R Hh 40T R ) i 17
BEAT THITTE, BOUE 1AM R AT AT s TRIFSF BRI HSS A KA RS it As 1y [X 248 — IR K2
YU TRERAT T =404 BRICAEL A3 AT T SEGTIFA2 0 A0 B3 T8 (1 52 5 250 269K FH HSS A K B AL 6 1 45 41
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Figure 1. Layout of foundation pit and main monitoring points
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AR TRRFEGUSCH 7 SO T IE S+ SR R (8] 2), HR B SMRA 1.2 m By TSR, &
FELEW I TAEHAE K 66 m, EBRALE ALK 61 mo G2 BE s, Hph—, = H. L.
FUTE 90 15 Ve ek S 4%, 28R T TR AX 43 5109 1000 mm x 1000 mm- 1200 mm x 1000 mm. 1400 mm x 1000 mm
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Figure 2. Sectional view of foundation pit
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3. BRMEER TiFIE =4 AR TR
3.1 ZH#HHERR

43 HIRFH ABAQUS Al Plaxis3D #fF@ iR FE YT = HERE A, M rpaudh 4k, shigERs . ok
R MR g AATE) . ot ABAQUS A 11 - AAABE AR Sy i Gt 482, ST € 9 400 m x 250 m x 100
m, FIRIRE DT A LR R 8 JZ AR OE 5 @, B L3R RE) AR MC AL, SR H
YR LIT C3D8 HEAT AR, HIERS G 5E T SAR B, SCHEIA R BT B31 EAR. Y
o AR RO R AR L ARG, PR RAERGEE, MR AT IR AN AR, %R
B DY JE B BV IR L0, SR E B 2R, MR E . B — 1L 288,685 MG 305,720 M4 M.

M Plaxis3D H A4 -1 <)y 400 m x 325 m, BIEAEFL o EI 2, HEE AN 120 m, HiAA
PR AL ) HSS R, SR 10 79 fiseR sion # 185, HuEsE R 6 1755 Plate AR ICEERE, SR Rk
FH 3 715 5 beam FEHLICEL, AP A RE N A4 4 H embedded A SR TR, MR 5 A R )%
ik 3 3 B AR, . MY — 3k 158,422 M EA T, 254,758 M4 Rl = 4ERUEE AL ANIE 3 B
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Figure 3. 3D numerical model of foundation pit
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3.2. TIFEATESH

ABAQUS A& A AL FIALEL e BRI MC B2, H S HHUERCA M B, Plaxis3D M) -k A Hyik
F HSS /INSARKERY G5 58 AR b S Bk AR U2 R TR 1 2 ma N, (H R RS S, 2R
GevEwtye, BRGRSE[14]5 £ TR S [15]08 5 m 45 K Sl e HodE i ar 1 g XCRE T AR FLBR L ) HSS
B BB EUE, JFEE 2 NRREGT TR T H AN, FrolA e HSS # 2 K2 2% iik[14]
[15]45 & M hi 5 AT RUE . AR ESHEMER 1. £ 2 Fir.

Table 1. Mohr-Coulomb model parameters
%2 1. Mohr-Coulomb 18! £:#

o SRR v/ ; E/ c/ (/z/
m kN/m MPa kPa
@, 2.5 18.8 15.0 20.5 17.0
®), 9 17.4 8.6 11.8 14.1
@ 14 17.4 9.0 11.8 13.0
@, 16.6 18.6 30.6 46 31.4
®, 26.1 17.8 10.8 15.3 15.6
®, 30.7 19.5 23.4 46.3 15.0
@, 36.5 19.5 36.1 3.6 318
@, - 19.8 443 3.6 31.8

E: y NERRRERL; ENERBEIESE, BURSBER 2~5 ff; c NEWMKMET o NNESS.
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Table 2. HS-Small model parameters
5= 2. HS-Small #58I15%

/ Eref/ Eref / Eref / Gref/ ¢/ §DI/ ref/
F% v oed 50 ur 0 ] 7o, v p m Rf K
“7 kN/m* MPa MPa MPa MPa kPa o1 " kPa 0

@, 188 422 48 2918 10688 9 274 32x10* 02 100 065 095 05
®, 174 259 282 1840 5658 41 266 32x10* 02 100 065 0.74 055
@ 174 269 294 1903 5206 47 250 32x10% 02 100 065 076 06
@, 186 430 492 2973 14855 31 307 39x10% 02 100 07 095 035
®, 178 328 366 2296 7539 73 272 32x10% 02 100 065 090 05
®, 195 493 569 3392 14084 372 267 32x10¢ 02 100 065 095 045
@, 195 515 597 3539 16431 33 330 39x10¢ 02 100 07 095 035
@, 198 557 648 3817 17831 27 331 39x10* 02 100 07 095 0.32
T Egg NEHVIAME: Eg AZHHILEE: EF NINEEREE: i NEhvIvInaEiE: o BRI

0 AN BEGF: o, AIBABTUIBLR: 709X REBTRIAS: v, AMEIEIARALL: p™ NSHRA: m BRI
AOPHRRIREG Ry ABUREL; Ko g bk /) 25

3.3. HEIERTESH

S HEBUE AR b BT G R RTY 3 SR R AR, A A YRR LA R ) S MRS BN 3107 KPa
R (K PVE R LA 2.06x10° kPa , HhIEREE R AE 1.2 m (AR B ICHALL,  SCREfR R F R B0,
SCHER RIS L 3 fis.

Table 3. Support system section parameters
=3 XESAREESH

1 ETR S 1200 x 1000 1000 x 1000 600 x 600
3. SEm 3000 x 1600 1000 x 1000 600 x 600
T B 3000 x 1600 1200 x 1000 600 x 600
9 TER 3000 x 1600 1400 x 1000 600 x 600
2. 4B X ?609, t =16 KGN 40C
6. 8. 10 iEANTIH X ®800, t = 20 KGN 40C

34. BUIKETHR

PIANA BRIC A3 P DL I B T AR FE A 75V SE I B i T, A TFZ DL B NS . JF HAE
TH¥Z AR RIS R 3t oKL B =T 2T . BARBUE BN 4 .

4. LRSI
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Table 4. Simulate construction steps
4 BB ISR

T AP 25
Stepl AR ]
Step2 Hi R DA SRS R A i T
Step3 BB TS B 8 S e
Step4 WES B IEHNFZRE B ENTEEE
Step12 BB H T E S I R URE
[¥107 m]
U, Magnitude 100.00
g ha
i
£910296-02 60.00
+8.948e-02
+8.867e-02 50.00
+8.787e-02
+8.706e-02 40.00
+8.625e-02
30.00
20.00
10.00
0.00

(a) ABAQUS-MC A {5 45 Jt (b) Plaxis3D-HSS 7 {15 4

Figure 4. Deformation diagram of diaphragm wall from excavation to the bottom of foundation pit
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o O e 57 B8 545 R 5 SEE VL FE LR SRR TR IR LT M %6 KJa /M) “ 57 T8, HAL
B KAE R AEAETFAZ I M, 2R 0 KRR L X RIE ST TR R, 26— B . &
FOE WM T IHZ R S EObE R A M AR A EAT,  TSC I A AN B R M L SRR, P DAt 3%
52 B AN AR PR B PER, RAERPNMKIAES, HAZIE SR, SMIK i 5 17 2
=G, MOERETTZ I AL B AL T SZ AMUK AR 5ok, Bt DAHALAS il 26 78 T 42 1 DA_E R R T 1)
BT I FAETT A2 T AL 1K B e KAB, TIIFAZ 10 BL R Ak BARUS RIS BIE R TS SRS MRS — & LR AEHT
HEBEE R G, s, X520 R AR, i DA SRS (7 4% ih 28 72 T $2 T DA R R L
T3 13BN o AEWTHTBE K ETT 1], HUIESR 1030 IR 2 A3 R RN, XA I ARy “ U A8 7 [16],
BV 3P S A A ST L B A TAE AR N T UM AL, KR i TR RSN AT L B A 2 2 Bk A
GUBEPI AT I ZIARAE ], M TAESEUA N 1 PESCHE, S EOZAE B 25N B 2K Ty i,
I HAEGTKG bR m A A B 8O T 43, T “OTM RN b 5 HEGTH RS 5.

AR EL 2 MC AR I BE X M 12 (LA (LU /MG 22, X7 T HSS B REAS B4 b 25 18 HH AR AR A
IR /N IS 56 TRl P A AR T AR A R, 1T MC BB AR A TR i R P i — LR RE A, HRT
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Figure 5. Comparison of final lateral displacement of diaphragm wall
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PIASBERLAE T2 S LG AR I AR UL DL an 3] 6 o WIS H PR/ AE R VTR O T SR 45
REABAKZESE, MC BRETHZRGTRE B4 7R KRB, 1 HSS AR e S 5T Bl 28 1 W
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Figure 6. Simulation Results of Surface Subsidence
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Figure 7. Comparison of calculation results of surface subsidence
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