$39 % 5 MEXREE A Vol.39 No.5
2025 4 10 H FLY ASH COMPREHENSIVE UTILIZATION Oct. 2025

BRSO TS M F S A B

Study on the Influence of Zone and Step Excavation of Deep and Large Foundation Pit on Existing Underground Pipelines
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Abstract: Based on the deep excavation project of Hangzhou Fengqi Chaoming, this study employs a coupled approach of field
monitoring and 3D finite element analysis using Midas GTS NX to systematically investigate the impact of zoned excavation on
parallel double — shield utility tunnels. The monitoring program covers arch bottom settlement, horizontal displacement, and
surface deformation. The numerical model simulates seven excavation stages and the installation of two internal supports
according to the actual construction sequence. After comparative validation, parameters such as pipeline bending moment,

differential settlement, and surface heave were extracted. Results indicate that the maximum arch bottom settlement at the
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midspan reaches 4.2 mm, decreasing towards both sides; horizontal displacement increases with excavation depth and

eventually stabilizes at —3.9 mm; the maximum positive bending moment occurs at the arch crown and arch bottom, while the

most significant negative bending moment appears at the arch waist; excavation in the central zone causes local surface heave of

1.9 mm. The study concludes that the sequence of zoned excavation and the timing of support installation are critical for

controlling pipeline deformation, providing quantitative references for similar deep excavation projects in soft soil areas.

Key words: foundation pit excavation; underground pipeline; three — dimensional finite element; monitor; stress deformation
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Fig. 1 Foundation pit excavation plan
1.2 TREMREMN

YR s, ST s N 12 LY
JIEER bR LR 1, X 2 EKERK,
W5y, B AE, THAEALRIR P - P+ )2 E T,
WE2 fos, zal AL TS AR, SR
W%, LR mds), BAMREMN, RIRG 1R
Wiz TARSLS L4200 1 T A LA R2 I o

*1 thksH
Table 1 Soil parameter +
JE R Gy , EEHE S B
4 LR J§3 Wb qe%f@’oﬁn &N
/m /(kg/m”) / (°) /kPa
it 3 18 0.2 12 12
WA+ 5 19 0.2 19 3
0k e by b 5 19 0.3 27 2
ikt 8 19 0.3 19 3
IR R e+ 10 17 0.4 10 13
b 3 18 0.3 27 2
SRR+ 16 18 0.3 12 21
%
5 ;i
b M+ %
g, L gé
b M+ ;é .
0 o || M@ Iy
A B Sy P-PHIE -
3 o |
16
F R
B2 TEIEE

Fig. 2 Soil profile
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Fig. 3 Finite element model
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Table 2 Construction procedure
B IR RS LB

AL TR,

b PR 48 B BURPS S £

2 WFBAIT S SR T
3 T ST HESHIET . H T
" I S -1 m i

S WM R R EAEEN O m i

6 Rk SR -3 m it

7 R TP BIRES -5 m 4t

B WG MREL N LA -4 m b

O JHm Lk TP S 7.6 m it

4 Bt TELSWMSHN

4.1 BRI

RGN SIE Y, BT RIFEE
YER, ARRE S EATE 34, AT 2 %0 1l 8 2k
PR —E R, [ R LR A,
LR IAHE IR TIC A S B W 00 {8 55 T SRS HDLA 1 X B il 4%
e 4 frs

Hb A AN T R DN, B R T R TR
Bk, BRBEONMNIE, MR B4 BRI AR
2~8 mm Z[A], A2, A7 AR SHLR S e U oy
HIN 764 5.78 mm, A5 FRICEHLH IR TTRE 7350k
4.1, 4.73 mm, @A BRICH LB S5 0 4 R
PEATXTEE & B, MR B 2R AR DT A 0L 25 R S 8
IR €1y SR e~ % N/ S = e AR 35N
ACEEATE R AR TT 2 58 J I b T 4 R ) HE IR TR
S PR W IE A BT . A BRIT I T 5 45 SRR Sl
FAPR WA, b 8 2R 00 DO A R 2 R,
RV 45 £k 19 5 R AL LR URR B R, B/, X
JEH TGN T X A7 T 4 &R i X, 3Lt
THESE AR, X b 2R 1Y B5 v kb 5 i B
NI =S NS e R YT 2 A A i o [ P 2
JCRRAIL 2, S5 SR W IIE ) 25 (R R AL F7E 2 mm 2
W, X EZE R TR PR T, T A T 3
SUrnt TR AT, FE X TS i T R 2 R0k, &
HE— 25 1 3 B T 45 R UTRE, T 2 AS U FR T4
o, B TRV Rt T A R R 45 e T R 2B AT 1Y
AN T B LA BRI, Xt T8 T AR
BN 45 5 /N S B W A

£
i -
¥
= -
. — AR
8L . - AL
.
o BERAA
~10 1 1 I 1 |
0 20 40 60 80 100

ki

B4 #TELRNHKRTE

Fig. 4 Arch bottom settlement of underground pipeline
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Fig. 5 Horizontal displacement of underground pipelines
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Fig. 6 Section bending moment of underground pipeline
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Fig. 7 Overall settlement of underground pipeline
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Fig. 8 Ground surface settlement
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