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Numerical analysis on the influence of
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Abstract: The deep metro excavation will lead to the deformation of adjacent pipelines. Knowing the in-
fluence of excavation construction on pipelines has significant meanings for controlling the deformation of
pipelines effectively and reducing construction risks. Based on the actual measurement data of some exca-
vation of Xiamen line 1, parametric analysis is applied to the influence of excavation on adjacent pipe-
lines by using the finite element method with the consideration of soil small strain stiffness characteristics.
The influential zone of adjacent pipelines is divided combined with control standards on deformation. The
study shows that burial depth of pipelines, compared to the horizontal distance of which from excavation,

has a larger influence to the maximum settlement of pipelines. The maximum deformation of pipelines has
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considerable correlation to stratum deformation outside the excavation. The stiffness between pipeline and

soil has limited restrictions to the soil displacement. The axial force will increase as the horizon distance

from excavation declines. The larger axis stiffness and sectional area are, the bigger the axial force is.

With overall consideration of pipelines horizontal distance, burial depth and other factors, the influence of

excavation on adjacent pipelines can be divided into main influence area ( | ), minor influence area

(1), general influence area (Il ) and weak influence area (V).

Key words: HS small model (HSS) ; metro engineering; deep foundation pit; pipeline; numerical sim-

ulation ; partition of impact
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Table 1  Basic information of pipelines adjacent to City Square Station excavation
P = 1 2 3
AR S eyl el FEGTRM
AT K S/ m 13.0 3.4~6.0 17.5~19.5
P/ m 0.96 ~1.90 1.36 ~1.90 1.59 ~2.50
ik E2VIN A YN
HAK DN1 000 DN500 DN600
A5 &L (C30) Z27S Bk
BEJE/mm 100. 0 9.0 9.9
HEE/ (KN -m™) 25.0 70.5 70.5
PUPimE g (brifEft) /MPa 2.01 420 420
PR (BEHE) /MPa 1.43 230. 00 230. 00
SLFEAS i/ MPa 3.0 x 10 1.6 x10° 1.6 x10°
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Table 2 Soil HSS model’s parameters
ZH S A AT+ BRI G 1 SIEApi o B+
R ¥ kN/m’ 18 18.5 16.7 18.4
E MPa 6 21 2.5 5
R g E*, MPa 6 21 2.5 5
E" MPa 30 63 12.5 25
¢ ot kPa 25 31 13 37
BE ®' (°) 15 23 12 15
I Gy MPa 30 30 100 30
AN S
e Yo 10°? 0.3 0.352 0.25 0.15
TR R R... 0.5 0.75 0.5 0.5
BBERK k m/d 0. 500 0. 005 0. 005 0. 003

R3OS LR S A

Table 3 City Square Station excavation’s drilling

stratum distribution m
L5 05 06 B9 17 18
AT H+ 2.4 26 28 40 23
3 RS 1 4.5 4.4 32 50 1.7
TR IR+ 6.9 6.8 63 54 8.1
RS + 9.6 80 9.2 58 85
R 40.0  40.0 40.0 40.0 40.0
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Fig. 3  City Square Station excavation’s three

dimensional numerical model
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Fig. 4 Three dimensional numerical model of stratum,

excavation support and pipelines
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Table 4  Construction case by numerical calculation

Jife T Bi Bz (SN

Wl T IR LR 7 A

THll BARTFZE 4.0 m, B B
THt2 TE S S I 400 kN FRN )
T3 1 ~8 I iZ%] 7.5 m

Tt 4 S = E A I 900 kN TN J)
TS 8 ~ 12 HhFF4EF] 12.5 m
TH6 FF¥5 + FEKE] 12.5 m

T 7 BEE S PUIE SZHE, IR 1000 kN TR 5
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and monitoring points
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Table 5  Error comparison between surface subsidence 3 %mm ﬂi&T = éié%ﬂ&/x/f/tﬂ *ﬁ
calculation value and field measurement value i}JjZﬁZT ﬂﬂ—l\—%éiﬁ%@% g . M }:Tﬁ:ﬂ:‘[] Rﬂ‘%
it W R BoRROBRIER pgamde HAMET 2. SSAHLUZE - Bk - JEHE
/oSS o/% SRR, BICEL 1, B2 ML 3 SR
prezlomd ot sl s o U)K T 5 B P AT OB, LA e
DBC-16 -3 -23.82 -26.12 10 5% R 3 G L
DBC-16-2  -28.34 -26.42 -7 3.1 KFEEBEHEME
DBC - 16 - 1 ~30.25 -31.04 3 3011 HAABEA  ELGIGTR AR K AR
DBC-4-1 2601 207 14 T ARWIFET R, HuFAPRIERYH R SOE IR (

AT AP R KT 2 P, SR T

DBC -4 -2 -28.51 -29.22 2 . S . o
FEHTHAZ R T B N ARG Ol . = 4ERETRL an a7
DBC -4 -3 -25.56 -27.34 7 .
iV
DBC -4 -4 -16.22 -13.67 -16

6 ELRUUE NI A

Table 6 Pipeline settlement monitoring points

, . W 5 B LA HBUFE 55 HBUIFHE 555 THEAE 5 SEE
e el M w5 25 » e . b s .
FENAKERE RS /m S TR SCIE/ mm &S TR S/ mm AR/ %
Bk GXC -11 66 —35.48 -34.29 3.35
257k % DN1 000 GXC - 12 94 -21.71 -26.45 21.83
L3, GXC -15 48 — ~29.72 _
257K % DN600  GXC - 16 72 ~18.00 -21.91 21.72
#£7T HTELRNSH
Table 7 Parameters of underground pipelines
SR T 2R A S5
w1 DN500 DN600 DN1 000
5 Pk Pk TREE+
ik R 7k 7K
KRR/ m 5,10, 15, 20, 25 5,10, 15, 20, 25 5,10, 15, 20, 25
YR/ m _ - 1,6, 11

3.1.2 HH4£R 54 K8 S DNI 000 fyiREE +
EELDIE - KOst 2. B, S48
FEHTHKEIE B 36 m BES] T 16 m,

MK 8 KF, BLA I A AR F-FE
BN 16 m B, e IR BT 7K P B
B2l ~26 m EL T, XRVELEKRTIES
HuAMbZE I A G SRR, BEEGTRIKTEE
BORE T, DNS0O il DN60O ()45 %k 44 5 DN1 000
MTREE LA IS IE 220 AR /N, FEARTT LI ZMS . X%

K7 LR EEGUA R KBRS = 4EA T
Fig. 7 Three dimensional model for pipeline at

different horizontal distances away from excavation
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Fig. 8 The change of DN1 000 concrete pipe entire
deformation with with different horizontal
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Fig. 9 The change of DN1 000 concrete pipe axial force

with different horizontal distance from excavation
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Fig. 10  The change of DN500 cast iron pipe axial force

with different horizontal distance from excavation
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Fig. 12 Three dimensional model with different burial depths

(a) /K P
0 T
: —=—D-1m
é — —e—D=6m| |
3:«}_\ —A—D=11m
o 10 e |
B = ! M) i
% . Mi.....-.’.“
s \ﬁéﬁﬂmﬁé
100
&
2 .o.?-nc
it«z =
—8—D=1m
—e—D6
40} 11w -‘j
-50 n .

—40 20 0 20 40 60 80 100
7K 25 /m

13 DN1 000 JEHE+ 4 i 5 AR TE Bl H R Y A2 4
(ST P HE ) 10 m)
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Fig. 14 The change of pipeline axial force withwith

different the change of burial depths
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