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Research on Risk Assessment and Control of Deep Foundation
Excavation Construction Based on Combined Weighting and
Grey Relational Analysis
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2. School of Civil Engineering, Xi’an University of Architecture & Technology, Xi’an, Shaanxi 710055, China)

Abstract: Based on the deep foundation excavation project of Green Island Hubei Station, a risk
assessment model based on combination weighting and grey correlation analysis is constructed. By
establishing a multi-level index system covering technology, structure, management, environment and
organizational risk, the subjective and objective weights of the indicators are determined by the analytic
hierarchy process and the entropy weight method respectively, and the combined weighting method is
used to integrate the advantages of the two to overcome the limitations of single weighting. On this basis,
the grey correlation analysis is used to quantitatively evaluate the risk factors and realize the quantitative
evaluation of the project risk level. The application shows that the model can effectively identify the key
risks such as joint leakage of underground continuous wall, uneven settlement of high-voltage tower and
poor quality of foundation reinforcement, and the overall risk level is grade III. In view of the above
risks, control measures including anti-circumfluence water bag technology, tower isolation reinforcement
and monitoring system and prefabricated U-shaped groove reinforcement base are proposed. Engineering
application shows that its application effect is remarkable.

Keywords: deep foundation excavation; entropy weight method; grey correlation; risk assessment;

control measures
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Fig.1 Risk assessment and control process for subway

deep excavation construction
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Fig.2 Risk evaluation index system for deep excavation construction
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Fig. 3 Enclosure structure section of standard

section of deep foundation excavation
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Table 1 Risk scoring criteria
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AR/, E, = 0.916,E, = 0.942,E, = 0.926,
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Table 2 Judgment matrix and analysis of

primary indicators

R, R, R, Ry R, R A ax W CR
R, 1 176 1/3 1/5 1/7 0. 041

R, 6 1 4 3 172 0. 300

Ry 3 1/4 1 172 1/5 5.150 0. 086 0.033
R, 5 1/3 2 1 1/3 0. 149

Ry 7 2 5 3 1 0. 424

F 3 HRRHIEE PRI R
Table 3 Judgment matrix and evaluation indicators of

organizational risk

Tij i ISV T3 T4 ris Anax Wy CR
Ty 1 2 5 4 4 0.432

rn 172 1 4 3 2 0. 250

ry /5 174 1 /3 1/5 5.211 0.051 0. 047
ry  1/4 173 3 1 172 0.102

rns  1/4 172 5 2 1 0. 164

x4 EEHAIRURE 3 i 45 BE R TR 4R AR
Table 4 Judgment matrix and evaluation indicators of

structural risk

T 2 Ty T3 T4 s A Wy CR
Y 1 2 7 3 0.431

rn 172 1 6 2 0. 281

s 176 1/5 1 4 173 5.223 0. 080 0. 050
g /7 176 1/4 1 1/5 0. 038

s 1/3 172 3 5 1 0.170

I8 [0,2] (2,4] (4,6] (6,8] (8,10]

PIHZURES: R, M, #6810 2B K a9$T 4, It
X H A TFREAL AL FRAS B RS U,
U, =
0.40 0.20 100 0.40 0.20 0.40 0.00 0.20 0.40 0.60
0.60 0.40 0.80 0.20 1.00 0.40 0.60 0.80 0.40 0.00
LO0 0.50 0.75 0.75 1.00 0.00 1.00 0.50 0.75 0.75
LO0 0.75 0.25 0.75 0.50 1.00 0.50 0.00 0.75 1.00
0.50 0.25 0.75 0.00 0.25 1.00 0.75 0.25 0.50 0.75
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Table 5 Judgment matrix and evaluation indicators of

management risk

Tij 31 T3p  Tsz3  TIzy T35 Aax Wy CR
31 1 7 1/8 1/3  1/4 0.038
T3 7 1 173 2 5 0. 260
33 8 3 1 4 6 5.228  0.493 0.051
T3y 3172 174 1 2 0.126
T35 4 /5 1/6 172 1 0. 083
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Table 6 Judgment matrix and evaluation indicators of

environmental risk

Table 7

RT BRI H B 58 B R VN HE AR

Judgment matrix and evaluation indicators of

technical risk

ij T4 T2 43 Taa T4s ma Wy CR Tij Ts1 Ts2 s3 Ts4 T'ss A Wy CR
T4 1 2 7 5 6 0.477 Ts 1 72 5 3 6 0.285
ry 172 1 4 3 3 0.256 Tsy 2 1 7 4 9 0.454
s /7 174 1 175 1/3  5.235 0.044  0.052 rs3 175 177 1 1/5 2 5.276 0.053 0. 062
g /5 173 5 1 2 0. 136 rsg /3 174 5 1 8 0.174
rs 176173 3 172 1 0. 086 rss /6 179 172 1/8 1 0.034

2.3 JKEREKE

X, o PR E AR XU B i (A 275 7 81 X =

e SR SRR AL G AGE , 5 AMER 10 4 (1 1 1 1 11, BX(8) AR A & HKAT 57
L RAGIEER 3 X —RIE b ATV, I L K OE (IPREE Y8
R O JHT 1 2 o G A e A4 b B 0
[0.800 0.200 0.600 0.400 1.000 0.200 0.600 0.600 0.400 0
0.667 0.000 1.000 O0.333 0 0.667 0.333 1.000 0.000 O0.667
X, =10.333 0.667 0 1.000 0.333 0.000 0.667 0.333 0.667 0 (12)
0.600 0.400 0.800 0.400 0.200 0.600 0.800 0.400 0 1. 000
10.667 0.333 1.000 0 0.333 0.667 1.000 0.333 0 0. 667 |
[0.714 0.385 0.556 0.455 1.000 0.385 0.556 0.556 0.455 0.333]
0.600 0.333 1.000 0.429 0.333 0.600 0.429 1.000 0.333 0.600
v; =10.429 0.600 0.333 1.000 0.429 0.333 0.600 0.429 0.600 O0.333 (13)
0.556 0.455 0.714 0.455 0.385 0.556 0.714 0.455 0.333 1.000
10.600 0.429 1.000 0.333 0.429 0.600 1.000 0.429 0.333 0.600
*F 8 RENHEI X EMIBIRNE
Table 8 Weight of risk evaluation indicators for deep foundation excavation construction
— G &AL F WAL HAEE ZRARbR AL E T AL E HAETE
KTyt B 0.256 0. 432 0.344
AP RMAL R A 865 7 0. 201 0.250 0.226
HLURES R, 0.201 0. 041 0.121 57 8 IV BCAS I 0. 139 0.051 0. 095
BB B A A W r 0.178 0.102 0. 140
AR AR5 1 5 0.225 0. 164 0. 195
T SRR AN B 1y, 0.240 0. 431 0.336
P B BETE oy 0.275 0.281 0.278
LR R, 0. 194 0. 300 0.247 TR R A 1oy 0.184 0. 080 0.132
TERIREE LT 1y, 0. 144 0. 038 0. 091
P47 5 40 2 LA 22 1y 0. 157 0.170 0. 164
i TN BV TATF 1y, 0.191 0.038 0.115
oy 2T W AR % sy 0.210 0. 260 0.235
BHLX R, 0.170 0. 086 0.128 GAEFIERITA R ryy 0.231 0.493 0. 362
FAREICATESY 13y 0. 170 0. 126 0. 148
PRI AN 4 1y 0.198 0.083 0. 141
R R S AR SR 1y 0.269 0.477 0.373
LI ryy 0.232 0.256 0.244
IR R, 0.229 0. 149 0. 189 TR R ryy 0.198 0. 044 0. 121
AR A Y R ry, 0. 170 0.136 0. 153
T KA S BN rys 0.132 0. 086 0. 109
T HHAZIUTFA Y rg, 0.219 0.285 0.252
Hb I [ A 2% 1, 0. 190 0. 454 0.322
FARKEE R 0.206 0. 424 0.315 W B ST I 7y 0. 167 0.053 0.110
KR BT & sy 0.228 0.174 0.201
BT HENZE ORI 15 0. 195 0.034 0.115
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Fig.4 Risk weight distribution of high-risk factors

in deep excavation construction
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Fig. 6 Ground surface settlement monitoring results

around the high-voltage tower
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Fig.7 Precast U-shaped channel reinforcement system
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