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Evaluation of the possibility of foundation pit collapse with " diaphragm wall+
support' based on T-S fuzzy fault tree

ZHONG Guo-giang"?*?, WANG Hao', KONG Li’, WANG Cheng-tang"*

1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei
430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Shandong Provincial Communications Planning & Designing Institute,
Jinan, Shandong 250031, China; 4. College of Geomatics, Shandong University of Science and Technology, Qingdao, Shandong 266590,China

Abstract: Due to the complexity of foundation pit supporting structure, frequent occurance of collapse accidents and applicating
limitation of traditional fault tree analysis(FTA) methodinduced by probability and accuracy logical relationship, a method for
eveluating the foundation pit collapse probability based on T-S fuzzy fault tree is proposed. This method uses fuzzy numbers to
describe the probability and fault state of each bottom event, which sloves the problems suffered by traditional fault tree that relies too
much on accurate probability and fails to take the intermediate fault state of events into conisderation. At the same time, T-S model is
used to replace the traditional logic and/or relationship, which reflects the fuzziness of fault mechanism and event connection,
reducing the difficulty of building fault tree. This method can use the actual failure state or the fuzzy probability of the bottom event
two different ways to calculate the collapse possibility of foundation pit, which can also guide the risk control work according to the
analysis result of bottom event importance. Case analysis shows that this method is more suitable for engineering practice than
traditional fault tree. It can scientifically and accurately evaluate the possibility of collapse and determine the key risk factors which
can be an effective tool for evaluating the possibility of foundation pit collapse.
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Fig.3 Flow chart of evaluating the possibility of

foundation pit collapse based on T-S fuzzy fault tree
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Table 1 Rules of T-S gate 5
P(B1)
® ® B=00  B,=05  B;=10
1 0.0 0.0 1.0 0.0 0.0
2 0.0 0.5 0.9 0.1 0.0
3 0.0 1.0 0.7 0.3 0.0
4 0.5 0.0 1.0 0.0 0.0
5 0.5 0.5 0.3 0.6 0.1
6 0.5 1.0 0.0 0.7 0.3
7 1.0 0.0 1.0 0.0 0.0
8 1.0 0.5 0.0 0.8 0.2
9 1.0 1.0 0.0 0.0 1.0

T-S
Fig.4 T-S fuzzy fault tree of foundation pit collapse in the form of “diaphragm wall+ support” support
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2 ! pl 2 p2
P{B, =0.5}=> PR P'(B =0.5)=F'P*(B, =0.5)+
2.2 Pt
3 p3 _ 5 pS _ 6 D6 —
E'P*(B,=0.5)+F P’ (B =0.5)+FP°(B =0.5)+
23 B'P* (B, =0.5)=(0.014 88, 0.017 67,
0.019 53, 0.022 32)
9
J ! pl 5 pS5
P{B =10}=Y PP (B =1.0)=FP (B =1.0)+
I=1
6 D6 _ 8 p8 _ 9 p9 _ —
F'P°(B =1.0)+FP*(B =1.0)+F P’ (B, =1.0)=
(0, 0, 0, 0) 10
5.10 (7]
+ 2
Table 2 The fuzzy probability of the bottom events
4.1
X1 0.000 00 (0.000 00, 0.000 00, 0.000 00, 0.000 00)
X2 0.000 00 (0.000 00, 0.000 00, 0.000 00, 0.000 00)
X3 0.046 50 (0.037 20, 0.044 18, 0.048 83, 0.055 80)
X4 0.002 14 (0.001 71, 0.002 03, 0.002 25, 0.002 57)
Xs 0.008 01 (0.006 41, 0.007 61, 0.008 41, 0.009 61)
s Xe 0.005 66 (0.004 53, 0.005 38, 0.005 94, 0.006 79)
X7 0.040 80 (0.034 68, 0.038 76, 0.042 84, 0.046 92)
Xg 0.000 94 (0.000 75, 0.000 89, 0.000 99, 0.001 13)
X9 0.000 78 (0.000 62, 0.000 74, 0.000 82, 0.000 94)
X10 0.002 50 (0.002 00, 0.002 38, 0.002 63, 0.003 00)
X 0.000 00 (0.000 00, 0.000 00, 0.000 00, 0.000 00)
223m  202m 16 m 800 mm !
X12 0.019 76 (0.015 81, 0.018 77, 0.020 75, 0.023 71)
+ X13 0.018 75 (0.015 00, 0.017 81, 0.019 69, 0.022 50)
X14 0.015 63 (0.012 50, 0.014 85, 0.016 41, 0.018 76)
[8 18] X1s5 0.029 89 (0.023 91, 0.028 40, 0.031 38, 0.035 87)
b
2 .8 X16 0.094 38 (0.075 50, 0.089 66, 0.099 10, 0.113 26)
X17 0.004 83 (0.003 86, 0.004 59, 0.005 07, 0.005 80)
X18 0.000 75 (0.000 60, 0.000 71, 0.000 79, 0.000 90)
19
GB50625 2011 [ 4.2.1 X1o 0.001 03 (0.000 82, 0.000 98, 0.001 08, 0.001 24)
X20 0.000 00 (0.000 00, 0.000 00, 0.000 00, 0.000 00)
[16] X1 0.000 00 (0.000 00, 0.000 00, 0.000 00, 0.000 00)
X2 0.001 11 (0.000 89, 0.001 05, 0.001 17, 0.001 33)
2 s, =5, =0.05m, | = 1 B
f.=0.15m,
1 T—S 5 2 X2 X3 10 05
34 1.0 0.5
B

P{B, =0.0} = zglp(fpl (B,=0.0)=

=1
RP'(B =0.0)+FP*(B,=0.0)+F P (B =0.0)+
E'P*(B =0.0)+F P’ (B =0.0)+F P (B =0.0)=
(0.977 68, 0.980 47, 0.982 33, 0.985 12)

P{T =0.0} =(0.662 65,0.695 69,0.720 42,0.756 22)
P{T =0.5} =(0.126 87,0.143 19,0.153 78,0.167 59)
P{T =1.0} =(0.116 91,0.136 39,0.150 53,0.169 76)

11
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great effect on the foundation pit collapse
1§5(x)) 17 (x,) : 23 !
3 2/3 0
1 X1s 0.336 X10 0.669
4 1/3 0
2 X17 0.326 X9 0.661
3 X1 0.227 Xg 0.647 > 13 !
4 X7 0.217 X19 0.552 6 13 0
5 X6 0.182 X 0522 7 0 0
8 0 1
9 0 0
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