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The fuzzy fault tree analysis of mix-material blocking pipe in

pile-forming of long spiral drill

HAI Tao, ZHAO Xiaodong
(Jinan Rail Transit Group Co., Litd., Jinan Shangdong 250013, China)

Abstract: In the process of drilling engineering construction, the mechanical failure will inevitably appear. The fault tree

is one of the common methods to analyze the causes. But in the construction, due to the insufficient data or no attention to

save these data, assigning value is difficult in the actual application and only qualitative analysis can be made. In view of

the fuzziness and uncertainty when faults of the engineering construction machinery happened, the occurrence probability

of the bottom event is described with fuzzy number, and a machinery fault tree analysis method for engineering

construction based on triangular fuzzy number is proposed. This method uses the experience of experts, field technicians

and

operators to describe the probability interval of each bottom event. The median importance of the triangular fuzzy

number is caculated and is used to sort the causes of the fault, which is served as the basis for formulating preventive

measures. Finally, it is applied to the reason analysis of mix-material blocking pipe of long spiral drill, and makes

targeted preventive measures for faults according to the fuzzy importance. The results show that the ranking of important

influencing factors is consistent with the qualitative analysis and judgment of the field technicians and operators.
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Fig.3 Flow chart of CFG pile construction system with

inner pump pressure of long spiral drill pipe
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Fig.4 Fault tree of mix-material blocking pipe in CFG pile technology with inner pump pressure of long spiral drill pipe
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Table 1 Triangle fuzzy number of bottom events
HlRE A2 a m b [ u

z B BE R /N 0.0026 0.0046 0.0066 0.0020 0.0020
z, AN EE % 7 0.009 0.0100 0.0100 0.0010 0

z, FREKR 0.0015 0.0033 0.0053 0.0018 0.0020
z, 3% M RE 22 0.0085 0.00975 0.0100 0.00125 0.00025
;5 R 0.0019 0.0039 0.0059 0.0020 0.0020
z Bl B4R R K g 0.0088 0.0099 0.0100 0.0011 0.0001
z B3k AR B ALK 0.0090 0.0100 0.0100 0.0011 0.0001
z Bl Sk AR R B 0.0090 0.0100 0.0100 0.0011 0.0001
z, iRk AT I 0.0059 0.0079 0.00945 0.0020 0.00155
T 22 I 0.0026 0.0046 0.0066 0.0020 0.0020
2y SR ) 0.00095 0.0027 0.0047 0.00175 0.0020
R PSRN 0.0084 0.0097 0.0100 0.0013 0.0003
EoR HHANR 0.0084 0.0097 0.0100 0.0013 0.0003
z, Ji AN R 0.0084 0.0097 0.0100 0.0013 0.0003
T HRE TN 0.0084 0.0097 0.0100 0.0013 0.0003
E KR 0.0057 0.0077 0.00925 0.002 0.00155
E (RN 0.0026 0.0046 0.0066 0.0020 0.0020
B AKIK Lt R 0.0026 0.0046 0.0066 0.0020 0.0020
Loy FibL B L 0.0026 0.0046 0.0066 0.0020 0.0020
Ty oy SRV BURN 0.00095 0.0027 0.0047 0.00175 0.0020
Ty WEELNL £ 0.0048 0.0072 0.00865 0.0024 0.00145
o {ufi FH - 3 B PR AL 0.0057 0.0077 0.00925 0.0020 0.00155
Ly b i 0.0049 0.0069 0.00865 0.0020 0.00175
Zy TR RHEE B ) 3 R 0.0090 0.0100 0.0100 0.0010 0
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Table 2 The top and intermediate events of fault tree
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Table 3 The correspondence of linguistic variables with triangular fuzzy numbers
EHAEW R KA — i He e B 1 A3
0,0,0.1 0,0.1,0.3 0.1,0.3,0.5 0.3,0.5,0.7 0.5,0.7,0.9 0.7,0.9,1.0 0.9,1.0,1.0
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Table 4 The P, confidence intervals for different 1 values

A Ly my Uy A Ly my Uy

0 0.1205 0.1523 0.1665 0.6 0.1396 0.1523 0.1580
0.2 0.1268 0.1523 0.1636 0.8 0.1459 0.1523 0.1551
0.4 0.1322 0.1523 0.1608 1.0 0.1523 0.1523 0.1523
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Table 5 Sensitivity analyses of three different weights
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Table 6 Sensitivity analysis of three different investigators
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