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Phased Robustness Design of Combined Pile-anchor-bracing Support
Systems and Construction Collaborative Control

LOU Kaijun, YUAN Jing, TONG Lei, HE Yancheng, YAO Hongbo
( Zhejiang Provincial Institute of Architectural Design and Research Co., Lid., Hangzhouw, Zhejiang 310000, China)

Abstract; Under the background of urban renewal, the development of underground space is facing
challenges such as complex environments and cost constraints. The pile-anchor-bracing combined support
system has the advantages of strong deformation control ability of the pile-bracing system and fast
construction speed, low cost, and flexible layout of the pile-anchor system. It is more widely used in
deep and large foundation excavations. However, its safety and economic balance are restricted by
changes in geotechnical mechanics indicators, water level, live load, construction errors, etc. The
reliability design method was used to calculate the failure probability of the support system based on the
determined parameter statistical law, which easily leads to design redundancy or risk underestimation. Tt
is urgent to consider the robustness design method of parameter uncertainty. And with the construction of
collaborative control to achieve safety and cost balance. A phased robust design method and process of
“quantifiable parameter optimization-non-quantifiable parameter iteration” was proposed. In the first
stage, the variation coefficient of water level and live load was fixed. Based on the NSGA-II algorithm,
the initial optimal support design parameters were obtained by considering the variation coefficient of
quantifiable geotechnical mechanics indices and construction error. In the second stage, the variation
coefficient of iterative water level and live load was analyzed by grey correlation analysis to obtain the

optimal solution that meets the correlation requirements, and the implementation of construction
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collaborative control measures was fed back to obtain the final optimal support design parameters. This

method has been applied to the project of the Zhijiang Cultural Center in Zhejiang Province. After the

optimization of the pile-anchor-bracing combined support system by the phased robust design method, the

construction collaborative control measures, such as the joint control of water level and live load

management by the waterproof curtain and precipitation, are implemented to meet the requirements of the

optimal solution of non-quantifiable parameters, and the support design parameters that meet the safety,

robustness, and economy are obtained.

Keywords ; urban renewal ; underground space; supports; pile-anchor-bracing; robustness design; grey

relational analysis
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Fig.1 Pile-anchor-bracing support system
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Table 1 Classification and control methods for uncertain factors
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Fig.2 Flowchart of phased robustness design
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Table 2 Parameters of soil layer
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Table 3 Uncertain parameter values

i . TRAK B

2 PO T

N = I<Es

KR W% B/ %
RIS

M AL RS2
B2 B AR |
it T PR 22
ECE q, (WIhR)
KA K o (BIHY)

EERS 1.0 0. 05 0. 05

ERSE 200 £5.0 5.0
EAS 1.0 +5.0 5.0

ARG IR AR 22 MR R RIS A |
AR 1) S AP SUR B S BOREIE I, a3k 4
Bs

x4 ZPRITSHAES

Table 4 Combination of geometric design parameters
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and economic metrics for typical pile-

anchor-bracing support systems
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Table 5 Comparative study of robustness design methods
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