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Abstract

This article takes the deep and large foundation pit project of a traditional Chinese medicine hospit-
al in the soft soil area of Jiaxing as the research background. A three-dimensional model of the foun-
dation pit is established using ABAQUS software, and compared with the actual monitoring results to
analyze the impact of the excavation process on the horizontal displacement of the support piles. At
the same time, the influence of support parameters on the deformation of foundation pit excavation
was studied by changing factors such as the position of concrete support, cross-sectional size, and
diameter of support piles. The research results indicate that the numerical simulation calculation
results are close to the actual monitoring results, verifying the accuracy of ABAQUS software calcula-
tion; According to the monitoring results, the deformation of the foundation pit is influenced by the
pit angle effect, and the horizontal displacement of the support piles near the pit angle is relatively
small; In this foundation pit project, the optimal excavation depth for the first three layers of the
foundation pit is 0.2, 0.6, and 0.8 of the total excavation depth. After each layer of excavation is com-
pleted, concrete support is erected at the bottom of the pit; Within the range of 0.2 m variation in the
cross-sectional size of the original support, the cross-sectional size of the support has little effect on
the horizontal displacement of the support pile; When the diameter of the support pile is between
0.85 m and 1.15 m, the maximum horizontal displacement reduction of the support pile is roughly
proportional to the change in pile diameter. When the diameter of the support pile exceeds 1.15 m,
the reduction in horizontal displacement of the support pile is weakened, which is not conducive to
fully utilizing the pile performance.
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1. 518

BEE WA AT RS, ST b BRI K, R A AR B AT A AR o SE5T AR X A
AWK, OR B 1 R T TRE I 35 52 4% 04 Bt T 3R A0 ™ 4% (Xt T 22K [1].

ST AL TR EFEFIX, LFRARARS/KER. BRIt @R, & 5 m 3 T
REM 2 A VERIREE, (RIS th 2ok JE IR 58 7 AR RS . I AF R, ORI (238 2 AT T 3t
i X I G FZAR T B2 0 JE T K AT 7T« ZE IR [2] 55 A XTI AN B3 - 31X 46 AN hiR BE ST S £
RAEAT THIFORUELSS, T 7 ST S H SR 4% R GEAR X W B2 5 B ST A2 IR 2 IRl R & IR EaT
TR ERCR MRS SRR RS E % e BB MK R BB HR[3155 Nt g7 = 4 BR e 78 3K
FH X HEGUTZ TR AR . Liu [4158 NS TRt kX AT e v 40, 380 T E R %
XEGTA I . Feng [5]5%8 NI S AT BRI FE REGTIT42 1 R o BBl 97 45 Fay R ] B AR R AR T LB,
FFEAT R 7 Hr

NI FEGUT 2T HIFEN,  SCIP R RIE BB R B . [ Py Ab 2 3 Bl B AL A
JIES T A R SO T REGUE T 5 . BUBEIE [6] % AR FH A BR G AE X 5T F2 3047 BUE B,
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WETE 1 X SHE S S HOS HE R A2 A% Re g M AR SRS o AR AR [7]5 Nl id i 57 Rk — R AL i
TEREWIHE N RE . BHeAR R 5T DU S R R FE N TR RS AR T BRI . Z8 20K [8] 48 AR
P BRTTERAF0IE TE Bl 2t DX R SR PR 32 26 A T SR TSR 5, 0 e T PN I X Y L S A k[ R
JE SCHPHERIEERS SEGTAS T R . Peng [9]55% AR F AU E A AUAN B IS AR 45 &5 10 759, BRI K
FEGUITF2 0T BoA Bk APUE AR TR, 23 HT AN R S5 2800 st Bkl MUBUE AR TR ORI . Li [10]55 A
3 T 47 ML I AN BB AL (K VA F T S PR S B SO G M AR TR ARFAIE - 2% RE TR - SCHE AN ST AR SR
JEEXS T RGP S AT R

FERRIEGTTRE S, AT RIERE ST TRE A 2 AR E I, BRREES U2 AR H EH 2. H
AT, [ A A3 06 R X B T2 AT B RS0 LK S 2 i e i A AT KR BT 7, (R AR T
SCPZHIWT TP AR B SCHE AL E RO . RIS B TR ZE S, A [ DX AR T TR A 5 i LA
FAAEZRNE, R —DIRAIIT. AL X R BE B RS TAEH i 7t 5, s e
PN IS I 738, o Mk GO I2A8 T B, AR EE AR A 45 30 3K 22U e m A AT B 7L
NRAUEGT TRE BT S T RS %

2. TR E A

AT EAL TR EERE N, KA E =8RG LS B 5. AHEGUT
AL TR EHX, LERREE . R TSRS, AU TREBUEIS LA 9 2. BT
T Hh T iR 35 25 H OB 2 L ARMIBR 25 11 R I R4 i, 76 S2Pr ABAQUS B A R It A& s MR AR i . AR
THELH, AR AT BN IR AR R 2~5 f%[11] [12] [13], #&IEMEHC KRG, & e AR TR
T A AR B PR AR AR R 5 Ay, aiER 1 BTR .

Table 1. Soil parameters

# 1. TiEsH

=37 HRARR JEREEm)  EEKNMY) M) REI(Pa)  SMERLE(MPa)  JARALL

1 R+ 3 185 10 12 3 0.4
2 TJE TR+ 2.6 18 6 16 15 0.37
3 Rt 2.5 19.8 14.8 48.4 42 0.35
4 WA 438 19.3 9.7 30.5 35 0.35
5 {2t i 2.7 19.3 27.3 12.7 55 0.3
6 TRV TR PR 4.1 18.4 7.7 24 30 0.37
7 kit 6.4 19.8 15.5 50 60 0.32
8 R+ 2.4 19.5 115 365 52 0.35
9 Bkt 215 19.5 114 40 80 0.3

3. #{EIEH
3.1 ¥{EEBENT

K ABAQUS A7 FRITEAF N 1 PN SCHESCH i M R 5T = 4R, JEXEEGTE E Y 7p 2 — &R 2 5UT
PR AT REREAT BB AR, 3 SCHPHERTER 7 17 B KT LA HEAT WE T
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FEGUR F B AL AR N =8 VR B N SRS, RS AR SRR T A ARG, SR B
Pl B NHATIZ  BEYUE 1 B R 4 EIIHZIRER N 2m. 5.9 m 4.4 m A1 2.9 m, 3LIF45 152 m.
R RIEGUZ 8, AR R A B iR L A S HE

ARFEGT TREEEFLREE AR R A C30 VR &E L, H12 M 1.05m, #EIFEH 1.15 m. L& ZiEW A RE -
WSCHE, RIS A, RIS .. o — 18 ) SR A 0.8 x 0.8 m, IERAERR I,
IHEWRE N 1.6m, . =WIERBR L SHENEER N 09%x09m, HlfiT 7.45m, 11.85 m fif
BAb, @ RS L RE A

BhALEENE RS2 A S R ST, v DABRAE 2 AT B [14].

(D+t)h® =127D" /64 (1)
X, D NGNS, ¢ VB FLBEENE Z B R, h NFELR DRSNS RS . SR, RARE

HELEEE Y 0.85 m, HIERDY 32.2 mo SRAJSEAR BTSSR AN Ak, SRR ST BELLIR B 1 ST
SRR FEGUSCY R S AR oy MEDN s P 1 TR

Figure 1. Foundation pit support model

B 1 BEHipRa

FRAE (Il T B A TREBOR M MRTE) [15], BEHUITHZER LA S R B A = X, E#
SN X N 0.7 RS HIBESUT 2R, RESZIAXON 0.7 5 8 3 M MIBLTTT 2R« SR80 52 DT A R
980 mx 120 m x 50 m. FERTHES H e, A B DY A BN K7 R A R 25, R N I E 2
SGUTZ R 2 Fos.

3.2. ML TEER

FEHUM T2 FEE ABAQUS B il ik AL AEHL G S B, BERUD BRI R -
(1) ZHBSAER, AT R ) A .

(2) EHELIEMAHES AR, WG NSRS, BE .

(3) FF¥Z 2m, WIS —iETRE T ¥,

(4) FF4Z 5.9 m, BUEHE iERE LS

(5) JHHZ 4.4 m, WOEEE =B IR ¥

(6) 2 2.9m,
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Figure 2. Calculation model for foundation pit excavation
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4. BIERPGR
4.1. IKFLLF AT

WA 1 R, CX16 I s T AR AE BOK P SR b A B, CXA8 il s T+ 76 b7 R S b S
PE, AKPABER, BAMRERM, AU I Bk BUX 7 A W I 247 B 1 S A KPS 34T 24T
CX16. CX18 fir B AbPUA T I8 NS4 R AK AL RS s 25 SR 5 BB AL &5 T e an il 3. 18] 4 B
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Figure 3. Horizontal displacement of support pile at CX16 position
[E 3. CX16 L B A X #PHEK AL F%
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Figure 4. Horizontal displacement of support pile at CX18 position
4. CX18 L B T 1PHE7k T

XTEGIE 3 R 4, WAL B KA AR (AT, BYUE— )2 DRI 2 5E UG, K ET
HALRE R, BEERERIII, ST AP BN . B YU W2, JREE T Py SR ST
MRS = AE AR, 345 SCHP A o (] AR 28 BB IR, B TR A2 IR BE 3 I, S =2 TR e 1
SCHERI R BRSSP BRI B R AP AL RS [a) R R 3, BETR KA ALRE AT oK. DUFh T CX16
LB AL ST AP ALRS B KT CX18 A B AL S KAk, FE RN CX18 AL EAHLL T CX16
B EINEEIEYUA, YRS, RE 3 AE 4 TR, £, CX16 Wil fiibsr
PHE B KAKPALRZIA 2 73.58 mm, CX18 Ml fi b ST 4 AT I /KA #2 1A B 62.54 mm. AR it T B %1t
SR, SRR T NESE 3 RT3 mm B R AT 50 mm, WAL FELTIE IS R O
IR . SR, TRV B, Witk A GRS TR S I R DU S /N T TS, T Re 2R it
SR R AR, B E RS MRS s, R BRI R

/tblﬁii# 1_L§. E‘J%‘ﬂl']

A TR BSOS SR 2 b, FERUR SCHE AL B R RN, 75 SR AR L 000 b R R O A2 TR B kAT
VR DOEGTTREE SR EONWIIG S A, AR ORI OB SR B I AR FEI, L 05 m NFIR L
NRBIREE S E . RYUTHZE R, SRR RS DU TH R KT A2 A% Bl S 4 B 1A Ak
%2 PR

Table 2. Changes in horizontal displacement of support piles with support position

2. APHIK AL IE M BT

EIESCHRIZ(m)  PIESCERATE(M)  ORIESCHEREE(M) SRR AR (mm) S TR AL F% (mm)

11 7.45 11.85 77.49 32.39
16 7.45 11.85 745 31.22
2.1 7.45 11.85 73.85 33.45
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Continued

2.6 7.45 11.85 73.68 39.87
31 7.45 11.85 735 53.19
1.6 6.45 11.85 76.49 32.95
1.6 6.95 11.85 75.22 323
1.6 7.95 11.85 73.08 29

1.6 8.45 11.85 72.55 28.39
1.6 8.95 11.85 76.5 27.42
1.6 7.45 10.85 83.9 30.35
1.6 7.45 11.35 76 29.8
1.6 7.45 12.35 75.77 29.87
1.6 7.45 12.85 77.76 29.64

Wi 2 FioR, SCHFHEMIK AR 2 3L B R R . B 15 SO AL B AR, SCP ik ek
AKPALRS BTN, AB TR KPR IR G R M R LS i B 2.6 m B, 25— 2 LAATT
Y25E UG, SCAPE R ROKPAL RS RIS 30 mm, 75 )% SCHP AR TR I iR o« B . I vRE L SR
REGLTRERE — N AN E, TERAEN B DL R DUF 23 RS M B KK R, Rt 28 e f:
BEE, SCAPHE R B R K P R 18 s ] 2

B IR R AT SN, = VR S AR AL B 5 9 2.6 m, 8.45 m, 11.85 m. U HIEA LT TREH,
BT = R RGBT 2 R KBTI IRE ) 0.2, 0.6, 0.8. VS L bE A TR 5 3047 77 2ttt
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Figure 5. Changes in horizontal displacement of support structure before and after support adjustment
5. X EEERIE TIPSR AB T

WAL 5 Pros, SO B I A G SC BRI B KOKFA2 A% D9 72.07 mm, A EE TSR S8R 3.3%, BETH
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SN B LM B SO B ISP ROR . DI, FEYDD S S USCE L EN,  w TE TR S A
o7 Bt ZB FEHE UK PAEAS . AR ORAEAE TR AT L 88 39 AL S TTAR TEA% il A RIS, AT e T U 3 S A
BHo . SWERE LSS DS W E ST M E, HEYUMHEE 0.6 (FIHZIRIER, ER
GURHR 2R e 2 B IR AL T 304%, JH2E 0.8 T2 IREN, B0 —E iR L 508
43 BB XHBERTHIM

SCYHE KT RS 32 TR+ N SCHE I 20U E Ao, LB SCHE AR B SCHENIEZ IR, SCHP e
B RAFALFE B W8 /IN[16]. A T WF FEIEGTAR ] b5 TR bSPTIR I OGRS I S 43 8 RO AR
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Figure 6. Horizontal displacement of support piles after excavation of foundation pits with different cross-sectional dimensions

& 6. AEIEE RS TEFHZTERE I HEK R

w6 s, ORI RS 2 SRS SCh A v (] R e KK RS, 6 SCHP R TS DA R R 4238 43
IR S /DS, B DU 2% i S 4P (] S B SR AT R 38 K, SC3P i i e KK
RERS BTN o S EE RS B T R RIS K 0.1 my A EE L — AN ST3 A IR 15 23 3009 1.96%,  1.3%,
1.04%, 0.8%. 1t W BfAE SCHERR T R I3 O, SCHPBE IR SCHP A B R 7K T 5 7% B A AK A T ek 5« 7 55
PR AT RST 0.2 m ARG, SCHBE I B RIK SRS 52 3P (AT RS SN, B /N 32
PEABRTH RS 1K /N AT DATE LR R R S RCR 1 st b B A TR AN
4.4, TIPHERERAOSRZ

AREEGUR MR N 1.05 m FISCPHE, A SCERIE RS HEAEWE T, 250 EE A 0.85 m,
0.95m. 1.05m. 1.15m. 1.25 m & GLEEAT /04, 19 BIEGTHFZ 58U 5 FAS AR T S Bk K FAL
ik, Wk 7 Fios.

WE 7 FioR, SCH BB R /INA 250 0 SO B KA R 5o K, BEE SCAP AR AR, S04 i
ML R BN o SCAPAEAT AR K 0.0 m,  SCHPE I e KK A BRI 2 43 31 9 7.66%, 7.34%,
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Figure 7. Horizontal displacement of support piles after excavation of foundation pits under different pile diameters
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BT R, B KK AL S HE R IR AR 2y, BEAE T2 IR IS IE L [ T 8. ESUAR IR 5250
FRANEE I, SEITYUA T SRR AT AL RO

(2) SCHENL BN ST BT LA 2 K o AESEBR TREA, R CRUEME TR B35 2 it T 2R AR, PRI
HIESCEALE, = =PEIREE L SCEYID A BRSO 0.6, 0.8 5 THZIR I GURIL & Lo

(3) TR R F2 ZERZ AT B v (8] fie R AT A% o AR B SCHEME AN BT R ~) 0.2 mARAL TR Y,
SCHPRE R B KR P A% 52 SCEE AT RS SRS, AT S O/ ST RS BRI A

(4) SCHHENETT S BRI A2 5050 K KO0 #8 . fEREAE 0.85 m 3 1.15 m §EHI N, I 40 RIS
PRERITERE . PR 115 m I, ST RERISCY R IZETIR GG . fESEPR TRE, IR IE IR
I RAESCHERI SRR, WAL .
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