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Analysis of factors affecting settlement of existing water pipes around
deep and large foundation pits
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(1. Ningbo Ningda Foundation Treatment Technology Co., Ltd., Ningbo 315000, China;

2. College of civil engineering, Shaoxing University of Arts and science, Shaoxing 312000, China)
Abstract: In order to explore the impact of deep foundation pit excavation on the settlement of adjacent existing water
pipelines, in combination with the orthogonal design method, a finite element simulation of the foundation pit was carried
out on the background of a deep and large foundation pit project of a station in Ningbo subway. The result shows that the
numerical simulation result is consistent with the actual settlement value of monitoring points. The three factors of elastic
modulus of the diaphragm wall, pipe material and pipe diameter all have an influence on the settlement of existing water
pipes. The increase in the elastic modulus of the diaphragm wall can reduce the settlement of existing water pipes; the
settlement value of the PVC pipe is smaller than that of the rigid pipe, and the settlement value of the rigid pipe decreases

with the increase of the pipe stiffness coefficient; the settlement value of existing water pipes increases with the pipe

diameter. The settlement value of existing water pipes increases first and then decreases with the increase of pipe diameter.

The significance level of the three factors on the settlement of existing water pipes from high to low is pipe diameter, pipe

material and elastic modulus of the diaphragm wall. The conclusion has certain guiding significance for the protection of

pipelines near the excavation of foundation pit.
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Tab. 1 Layers of excavation
Jr5 + 2 FHAZER B /m FH¥Z b5 /m AR /mm
1 *E 1 +3.100~+2 10
2 12 2 +2~+0.00 25
3 $2 2 1.44~1.8 +0.00~—1.8 42
4 F3)2 3 —1.8~—48 66
5 Fa42 3 —4.8~—17.8 74
6 H52 2.74 —7.8~—10.54 85
7 62 2.56 —10.54~—13.1 97
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Tab. 2 Soil parameters
+ 2 JRJ¥/m PR E/MPa RIRESE r/kN-m? FE I c/kPa NEE e/
FIH+ 1.00~3.50 1.76 16.4 12.1 8.1
it 0.30~1.30 2.81 17.9 22.7 11.5
NSV - 6.30~9.50 4.00 17.1 6.6 8.7
ik 1.00~2.50 12.04 19.2 30.0 15.7
wmBRt 2.10~6.10 2.61 17.6 14.5 9.2
NSV - 7.2~11.0 231 16.9 17.4 10.0
wmBRit 6.10~11.20 3.96 18.5 14.3 10.7
it 2.40~7.10 2.53 17.1 22.8 11.8
W+ 1.10~5.80 2.32 17.0 17.4 10.1
"3 GHRBY ferr, BEGTRIR A AT, RE R KE KA
Tab. 3 Parameters of structures RPN 1T 42 2545, BTN AL B B 23 .
SikiAr EE p/(kN-mP) AR u FPERERL E/GPa 1845 X TR 5 R b K B A R 36 A B 56 2 th T L b
R LG 2800 0.20 20 Y RE R,
TR 2500 0.20 32 3.1 [RIKETRES T
W 7800 030 220 KI5 Cad J2 R /K e D 20 8 45 400 0C B
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Fig. 5 Comparison of settlement of existing water pipes
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Tab. 4 Influencing factors

HE HEREWMEME/GPa FKEME  EF/m
KF 1 10 PVC 0.4
K- 2 20 ek 0.6
K3 30 WE 0.8

x5 EXRERITE
Tab. 5 Orthogonal experimental design

mz  OUEEE pocemm wem
i /GPa
R 1 10 PVC 0.4
R 2 10 ik 0.6
R 3 10 W 0.8
G 4 20 PVC 0.6
R 5 20 Bk 0.8
R 6 20 W 0.4
4 7 30 PVC 0.8
5 8 30 BEEL 0.4
R4 9 30 W 0.6

k6 TRIEMESH
Tab. 6 Parameters of different pipes

B BEEp(Nm?) ARt e B E/GPa
PVC 1 600 0.35 2

ik 7250 0.28 90

W 7 850 0.30 200
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Fig 6 Settlement curves of existing water pipes for each test
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Tab. 7 Analysis of existing water pipe settlements
iSEN i FERE 5REA R/GPa (A) JRKEM BT (B) H4%/m (C) = HF SEE A IR /mm
e 1 1 1 1 1 —34.33
R 2 1 2 2 2 —53.3
G 3 1 3 3 3 —44.15
R4 4 2 1 2 3 —48.56
R 5 2 2 3 1 —44.26
R 6 2 3 1 2 —35.5
R4 7 3 1 3 2 —40.1
X% 8 3 2 1 3 —34.55
R4 9 3 3 2 1 —50.01
BIfE 1 —43.927 —40.997 —34.793 —42.867 -
IME 2 —42.773 —44.037 —50.623 —42.967 —
¥I1E 3 —41.553 —43.220 —42.837 —42.420 -
W% 2.374 3.040 15.830 0.547 —
wILAE AsB1Cy
Vs BEE S SR
=8 RIRETMERES
Tab. 8 Variance analysis of existing pipe settlement
FiE i 25~F- 7 F H FlLt FliFHE B
R R A 8.428 2 16.656 19.000 —
BT 14.887 2 29.421 19.000 x (B3
i 376.075 2 743.231 19.000 % (BF)
R 0.51 2 — — —
—395. 39 —34]
—36
g 40.01 g — 401 2—3&
5 —41.01 54 544
—41.51 461
10 20 30 YN #e me B 0.6 0.8
o P 3 5 B/ GPa JEAKE MR E1e/m
(8) % b M A A TR 3640 H7 (b) JEAKE R %5t (c) ERHEEMT
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Fig. 7 The influence of three factors at different levels
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