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ABSTRACT

Purpose: According to the recent occurrence statistics of ground accidents, ground subsidence and
subsidence have become social problems as the frequency has increased centering around the downtown
areas. This study tried to clarify risk of detailed factors which have an effect on subsidence. Method:
For the study, detailed risk factors of 28 foundations were mainly drawn through the materials, precedent
studies, and research reports shown by analyzing JIS' accident cases from 2016 to September 6, 2022
and by taking advice from an excavation expert. And risk was assessed by conducting a survey on 12
subsidence experts from the universities, research institutes, and industries and applying Fuzzy-FMEA
to it. Result: It has found that damage of sewer pipes is 24.99% of overall risk, followed by excavation
work (17.34%), water pipes (14.84%), and poor compaction (refill) (13.93%). And it has found that
risk of damaging utilities (water pipes, sewer pipes, and other utilities) is highest, followed by poor
construction works (excavation work, damage of sewer and water pipes, and other utility work) and
poor compaction (refill). Conclusion: This shows that risk of subsidence factors judged by experts is
similar with JIS' cases of ground subsidence.

Keywords: Subsidence Hazard, Subsidence, Ground Subsidence, Fuzzy-FMEA, Risk Assesment
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Table 1. Detailed causes of subsidence(Continue)
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Table 2. Results of the survey of triangular membership functions of occurrence, severity, and effects of input variables

Rule Remote Low Moderate High Very High
a b c a b c a b c a b c a b c
A&7 1 0 07 15 1 3 45 3 47 73 5 7 85 7 82 10
A&2712 0 05 25 08 25 42 25 52 72 5 75 92 715 85 10
% 2713 0 15 3 1 35 45 32 5 7 65 17 9 75 9 10
- 274 0 1 3 08 25 4 32 5 72 6 13 9 72 87 10
A&7t 0 1 307 3 47 32 52 75 55 75 92 73 87 10
i 0 09 26 08 29 43 30 50 72 56 74 89 73 86 10
HE7H 0 1 2 1 3 45 3 47 713 5 67 9 7 8 10
HAE7E2 0 05 25 1 25 42 25 52 65 6 13 9 8 9 10
;‘31 2713 0 15 3 1 35 45 35 5 72 65 717 9 15 85 10
c  A=7h4 0 08 15 08 25 4 3 45 6 45 6 85 65 8 10
275 0 12 25 12 25 38 3 46 65 45 75 85 17 9 10
B 0 1 23 1 28 42 3 48 67 53 70 88 72 85 10
A7 0 1 2 1 3 45 3 47 68 5 67 9 8 10
272 0 15 25 08 25 38 25 52 65 5 73 9 8 9 10
3 B3 0 13 22 1 35 45 35 5 72 6 715 9 715 87 10
. AB4 0 1 18 1 27 4 27 47 7 55 g8 72 85 10
2715 0 12 2 12 33 42 28 45 7 48 7 85 73 83 10
g 0 12 21 1 3 42 29 48 69 52 71 87 716 87 10
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Fig. 3. Triangular membership functions for fuzzifying input variables
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A7 e a]lo] NIE=7, HAE=5, P =62 F7I HJUttH, 2ol =E3t A2 57E o8t &
2 342 Eof| v|2|5lst B AT thst 3112 92 Z(Fuzzy Inputs)S THS Table 39t 2t

Table 3. Fuzzified input variables(Fuzzy Inputs)

Remote(Re) Low(L) Moderate(M) High(H) Very High(VH)
AR =7 0 0 0.108 0.778 0
AT =5 0 0 0.895 0 0
IFE =6 0 0 0.433 0.402 0

=2 9 (Inference Model)
H22HE Fofl 2] 2 gh& TESH & 11 gholl sidokes W A] 22 M| 2] Ho]A(Fuzzy Rule Base) 2 F+Z51H
= p=sU Edye g

R51=IF OisMand S is M and I is M THEN Risk is M
R76=1F Ois M and S is M and I is H THEN Risk is H
R78=1IF Ois Hand S is M and I is M THEN Risk is H
R98=1F Ois Hand S is M and I is H THEN Risk is MH

o3| a2 2] R0 Adsize] Thgh MIN Q4HS 5985 char} 2k

R51: m51 = min( #A51(051), #B51(S51), #C51(I51))
— min( £M(7), £M(5), £ZM(6)) = min(0.108, 0.895, 0.433) = 0.108
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R76: m76 = min( #M(7), #M(5), £M(6)) =min(0.108, 0.895, 0.402) = 0.108
R77: m78 = min( #M(7), £M(5), M(6)) = min(0.778, 0.895, 0.433) = 0.433
R99: m98 = min( #M(7), #M(5), 1£M(6)) =min(0.778, 0.895, 0.402) = 0.402

o|ZA Fal|7l 2&5EE 7|22 FHH (the THEN Part)9] 4455 751 thgat 2t

Conclusion of R51: #D51(R) =min(m51, #D51(R))=min(m51, #L(R)) VR € DM
=0.108 /\ [0/4.04, 0.5/4.47, 1/4.9, 0.5/5.33, 0/5.76]
Conclusion of R76: £ D76(R) =min(m76, ¢D76(R))=min(m76, xM (R)) VR & DH
=0.108 A [0/4.9, 0.5/5.47, 1/6.04, 0.5/6.52, 0/7]
Conclusion of R78: #D78(R) = min(m78, x#D78(R))=min(m78, uM (R)) VR & DH
=0.433 A [0/4.9,0.5/5.47, 1/6.04, 0.5/6.52, 0/7]
Conclusion of R98: £ D98(R) = min(m98, xD98(R))=min(m98, «M(R)) VR & DMH
=0.402 A\ [0/6.04, 0.5/6.5, 1/6.96, 0.5/7.45, 0/7.94]

Min@AHS S510] =25 Zkzke] 7200 o)
e che a2k

e

AHEE Max b ol §3le] 25202 shio] goz Fste] Liet

#D(R) = max( £D51(R), #D76(R), - xDI8(R)) = 1D51(R)V) zD76(R)V) D78(R)V) 2 DIS(R)
= [0.1/4.47, 0.1/4.9, 0.1/5.33, 0.43/5.47, 0.43/6.04, 0.43/6.52, 0.4/6.5, 0.4/6.96, 0.4/7.45]

Defuzzification Model:H|I{X|2} 2

2|52 O] R AIQ] Bl R 2h= ool A mE T WX 20| AVE AA| gl 9 A48T o AeE A gle R
HH S = S ou|sict. ERHE 99t /@5 Almost Unnecessary(AU), Minor(M), Very Low(VL), Low(L),
Moderate(M), High(H), Moderately High(MH), Very High(VH), Necessary(N), Absolute Necessary(AN) 107]2] 1ot

Table 4. Results of the survey for membership functions of output variables(Risk)

Rule AU MI VL L M H MH VH N AN
a c a b c a b ¢ a b ¢ a b c a b ¢ a b ¢ a b ¢ a b ¢ a b ¢
FE7H 0 0815 1 15 2 153242 3 4 5 42 558 526272 627282 65 8 87 82 9 10 9 10 10
AE7R 0 1 2 1152 2 3 4 3 4 5 4 5 6 5 6 17 6 6875 7 78 9 8 87 10 92 10 10
HE7BB 0 051 08 2 25 152535 253 4 354555 45 6 75 6 7 85 67 8 95 75 9 10 8510 10
HE7M 0 0715 1 1725 17 3 45 3 3745 45555 5 665 657 75 758 9 859 10 9510 10
A&7 0 1 2 1152 2 3 4 3 45 4 5 6 48 6 68 5568 8 7282 9 8 8510 87 10 10
0 08 1.6 0961.64 22 1.742.94404 2937447 40449576 49604 7 604696794 698 8 9.04 804884 10 898 10 10
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TR AME ool thgohe Bl Aok et A% =] 2 3.1 1014 A HA|hE Pl A gl E WY
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O] A7 w2 g HeRd Sl
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Fig. 4. Triangular membership functions for fuzzifying input variables

2] P gh2 erofl A et WA 412 79 22 IS Fol A A St e E ™, Qo5 U= Table 59H T

Table 5. Inference results based on the fuzzy rule(Fuzzy Output)

L REE I A=
Rule N. . . Center
(Occurrence) (Severity) (Influence) (Risk)
R51 Moderate(M):0.10 Moderate(M):0.89 Moderate(M):0.43 Moderate(M):0.108 4.9
R76 Moderate(M):0.10 Moderate(M):0.89 High(H):0.40 High(H):0.108 6.04
R78 High(H):0.78 Moderate(M):0.89 Moderate(M):0.43 High(H):0.433 6.04
. ) . . . Moderately High
R98 High(H):0.78 Moderate(M):0.89 High(H):0.40 (MH):0.402 6.96
o] F= 2(2)9] FAl TS E-85to] Hlmx|at shH A4 g1l 2F =TT S5t
e 0.108 4.9+ 0.433 X 6.04+0.402 X 6.96
De fuzzification = =6.302 2

0.108+0.433 4+ 0.402
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Table 6. Comparison of risk ranking of subsidence factors
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