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Optimization Analysis of Advance Support
Small Pipe Parameters for Urban Under-
ground Passage CRD Method Construction

LI Jinkui, REN Heng

Abstract Objective: The AS (advance support) before tun-
nel excavation is a key link in CRD ( center cross diagram )
method construction. The deformation and stress of surround-
ing rock under influence of different supporting parameters of
CRD method AS small pipes are studied, to better enhance the
AS effect according to the actual site conditions. Method: The
underground passage connecting Dalian Henglong Plaza and
Dalian Metro Line 2 People’s Square Station is taken as engi-
neering background, and the construction site data is combined

with theoretical analysis and MIDAS GTS finite element soft-
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ware numerical simulation test; the vault subsidence, horizon-
tal convergence and land subsidence during underground pas-
sage excavation are taken as analysis indexes, and the external
insertion angle, pipe length and circumferential distance of
small pipes are studied. The support effect of various small
pipe parameter combinations on surrounding rock is compared
and analyzed. Optimized small pipe parameters are selected for
numerical simulation. The fitting of field monitoring data and
numerical simulation results show that the advance support
effect is mainly related to the pipe length and external insertion
angle of the small pipes, adjustment to the above factors can
effectively enhance the support effect; as the effect of circum-
ferential spacing on AS is not obvious, the circumferential
spacing should be determined according to the grouting radius
of small pipes. Result & Conclusion; By adjusting the param-
eters of the small pipes, the effectiveness of supporting sur-
rounding rock can be evidently improved, ensuring the opera-
tion safety and construction efficiency of underground pedestri-
an passage.

Key words urban rail transit; underground passage; center
cross diagram method; advance support; numerical calculation
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Fig. 1 Characteristic curve of stress on supporting structure
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Tab.1 Small pipe simulation parameters

YE| L/m o/(°)  FREAEE/mm X R/ m
G EDS 2.0 15 300 0.52
B4 2 2.5 15 300 0.65
B 3 3.0 15 300 0.78
AL 4 2.0 10 300 0.35
[EPR 2.0 20 300 0.69
il 6 2.0 25 300 0.85
kv 2.0 30 300 1.00
VRS 2.0 15 200 0.52
LRy 2.0 15 400 0.52
Bifl 10 2.0 15 500 0.52

Wk 2 SRRl M N EE K 2 272 m, 58
HT.5~15.0 m,HZ) M 6.0 ~10.5 m, N, &
FEEIE T bR 290 11,73 ~ 18. 82 m, JE %1 15
JEAR AR 2 1. 92 ~ 13.32 m, 38 18 T Al - &4 +
JEZ)75 0. 40 ~11. 48 m 7247, % 81 0 B Ay TR € £ 405
Aay, 3t A DR FH I 42 35 0 1, 3 O 42 0
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Fig.3 Diagram of under ground passage guide hole excavation
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Tab.2 Mechanical parameters of small pipes and rock

stratum
ﬁ)%ﬁi PR/ R HE/ FRI NEH
RN GPa (KN/m?) kPa f1/(°)
ES - hn 0.005 0.33 17.0 10 8
SREAE 0.200  0.31 16.4 35 28
RS 0.800 0.25 78.0 55 35
T X 1.800 0.35 22.0 30 25
¥ 10,000 0.28 25.0
NS 210,000 0.30 78.5
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Fig.4 Screenshot of single variable finite element

model diagram
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Influence of extrapolation angle on surrounding rock stability
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Fig.7 Influence of different circumferential spacing on the surrouding rock stability in different construction stages

3.3 RUETEERITEETLL
DA T 3838 90 4 v T2 2O 2 A0 AG i AR

FECIER T R4 L B — 8 I 2000 73 B

M o

SR TR /NG IR M A B [0
.79 .



DX BE fIE AL I A R 0 Ak i A9 8 250 2 0L
3.

x3 INSESY
Tab.3 Small pipe parameter

INGESRL
UG KEE/ SMEf/ B i x
m (°) i/ mm JEREE/m
R ta) 2.5 15 300 0.647
RiAE 2.0 20 400 0. 680
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Fim o
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Tab.4 CRD method construction steps after small pipe

parameter optimization
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Fig.8 Underground passage finite element model
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Fig.9 Data curves before and after optimization and the

site measured ones
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