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A Study of Risk for Building using Fuzzy-FMEA
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Department of Architecture, Chonnam National University

Abstract

The building safety check is basic for safety management of building and that is determined by the
checklist such as member force ration, intensity, crack, neutralization, sodium chloride content,
reinforcement corrosion, spalling, exfoliation, leakage, reinforcement exposure and settlement. So a
safety grade from checklist of members is an equivalent evaluation that do not have a member
weighting. There is need to modify the evaluation system of building. In addition safety evaluation
system is many problem such as simple process and priority calculation. So this paper contents paper
research for Fuzzy-FMEA and sample process for risk of reinforce-concrete building that came from

an expert survey.
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Table 1. List of risk factor in building
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Class Items

Scale

Safety

/ content, reinforcement corrosion,
evaluation

reinforcement exposure, settlement

Member force ratio, Intensity, Crack, neutralization, sodium chloride

spalling, exfoliation, leakage, Likert 10
point scale

Member | Pier, Proof-stress wall, Girder, Beam, Slab, Spandrel Beam, Juction

Table 2. Respondents of the survey

Survey Contents

Survey 2013. 8. 15- 8.23.

Sample 27
average carrier 12.46 years

sex

Male 21, Female 3

Table 3. FMEA scales in the survey

Scale Explanation
Occurrence; O Frequency of Risk factor in building
Detection; D Detection degree of risk factor
Severity; S Influence deree of risk factor
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FMEA(Failure Mode and Effect Analysis)
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Fig. 1. Membership function.
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Table 4. Linguistic variables

0
q
=
(@)
o]
=
)
>
r_.d
e
g
=
ho)
=t
r
i)
>
ro

“TF 2N = is Low and AZ= is Low
and €% is Low THEN $1d% is Very
Low ”
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Language

Explanation

Evaluation items

Risk potential is extremely low O

Extremely low

Difficult to solve is extremely low

Influence to the other factor is extremely low

Risk potential is low

Low Difficult to solve is low

Influence to the other factor is low

Risk potential is middle

Middle Difficult to solve is middle

Influence to the other factor is middle

Risk potential is high

High Difficult to solve is high

Influence to the other factor is high

Very high

Risk potential is very high

Difficult to solve is very high

Influence to the other factor is very high
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AZETI} 247} 5719] oW HrtEER o o) # FA(MAX-Product Composition)
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Table 5. Fuzzy role
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IF THEN
Rule 8 S i =
R1 Re Re Re AU
R2 VH H VH AN
R3 H VH VH AN
R4 VH VH H AN
R5 VH VH VH AN
R6 Re L Re AU
R7 Re Re L AU
R8 L Re Re AU
R9 H H M H
R10 M H H H
R11 VH H L H
R12 L H VH H
R13 M L VH H
R111 H M VH VH
R112 H VH M VH
R113 M VH H VH
R114 L VH VH VH
R115 VH VH L VH
R116 Re H Re VL
R117 L L L VL
R118 Re L M VL
R119 M L Re VL
R120 Re M L VL
R121 L M Re VL
R122 Re Re H VL
R123 H Re Re VL
R124 L Re M VL
R125 M Re L VL
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MIN d4be] dFoltt. afAEe %o < =23 & 0 FFets 1A FHL
7h DA a]l A AR AAHR A 7+ o] ~(Fuzzy Rule Base)ZHEl F&

i

Be] wx3to] BV} €t} 1= Table 83} -t}

O

3.4.3. d|gx|gl RE(Defuzzification Model)

A A
1 A2 98 gHFuzzy Inputs)& o HollA A
. B WA 79 o) 2 34 B4 3
/\ 2 %8 ZHFuzzy Outpu) & =259, &
Max Min 944t Q_}:g—]_% ]j.%jl]— Z_:]:TL]-
Fig. 2. Concept of approximate reasoning. o] Z+&

w

B|HX|& & (Defuzzification Model)

3.3.
= - . 0.33X5+0.50X7
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0.3340.50
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Unnecessary (AU), Minor (M), Very Low
(VL), Low (L), Moderate (M), High (),
Moderately High (MH), Very High (VH),
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Table 6. Define of linguistic variables
Linguistic variable Priorities Subsequent work
AU Almost Unnecessary
MI Minor
VL Very Low
L Low
M Moderate
H High
MH Moderately High
VH Very High
N Necessary
AN Absolute Necessary
Table 7. Example of fuzzy input
Evaluation item Input Re L M H VH
Occurrence:O 5 0.00 0.00 1.00 0.00 0.00
Severity:S 4 0.00 0.33 0.50 0.00 0.00
Detection:1 7 0.00 0.00 0.00 0.89 0.00
Table 8. Fuzzy rule base inference
Rule N. Occurrence Severity Detection Center Risk
R54 Moderate | 1.00 Low 0.33 High 0.89 5 Moderate | 0.33
R76 | Moderate | 1.00 | Moderate | 050 | High | 0.89 | 7 M‘)}‘{jiegfte 0.50
R, w4-m, xS, /)97 s HAE 229 PR 242 2z o
5100 @29 2AF /)% e, 20 2 3 FAE0REA)IL wdEe Yeit o
SR Sl HFEE, JARF T d5el o gt ZAYEZXS A¥EE Tl 7 4
g AEZSHS RO R A JEsdE WS dotm Bzl o3 AFAAE o3 o]
ot 9 HAREE v 2 e - e A= =4 dEbs
Member force ratio, Intensity, Crack, o] A3 E nigoz g3 FZIFE AHT
neutralization, sodium chloride content, 3o AEE A HAAES A E
reinforcement corrosion, spalling, exfoliation, AT & ok gy AEFIYETRY
leakage, reinforcement exposure, settlement FHE e AT AF, A dAeA F
Table 904 H= uie} o] ALFAZE 8 HAAY=Y $AHEE AAHE =+ AT

ABY YT #9E 7Y, FIxE F5

s, doR4, e see, $3,

4.2, Bxo| BE YHE

Table 102 A E FaFA ol g 4
A= WAFMEASH AE7F AR Bt
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Table 9. T FFe dig A=
id MfGC)T;t)ee ' Intensity| Crack I;]Zzl%itgil csk?lglrligé Rerlrrllérolice spalling exfoliation| leakage reﬁfecr)lrtce Srggrlﬁ
ratio content |corrosion exposure,
1 5.86 8.00 | 847 | 7.00 | 4.60 3.60 5.96 6.20 5.96 7.55 | 5.00
2 6.00 6.82 | 941 | 888 | 3.00 8.88 6.00 8.88 8.00 9.41 | 6.00
3 6.14 214 | 500 | 692 | 4.60 7.20 6.59 5.00 5.96 8.00 | 3.14
4 3.14 487 | 6.94 | 1.00 | 543 9.41 3.14 6.97 4.60 6.53 |10.00
5 5.96 2.60 | 5.00 | 800 | 5.00 8.00 6.59 5.00 5.86 8.47 | 214
6 7.78 6.59 | 893 | 6.00 | 4.60 7.00 6.00 6.20 6.00 6.94 | 8.00
7 8.60 841 | 9.00 | 594 | 594 7.00 9.00 5.00 4.60 8.41 | 6.20
8 5.00 4.05 | 414 | 341 | 3.00 3.66 3.60 3.14 4.60 5.00 | 3.60
9 6.00 596 | 893 | 694 | 594 7.55 8.00 6.82 7.46 6.97 | 7.00
10 | 5.00 1.00 | 594 | 460 | 1.60 2.60 5.00 4.14 2.14 3.60 | 1.60
11 | 6.00 6.59 | 746 | 582 | 5.00 5.00 6.82 7.55 8.41 8.41 | 6.40
12 | 6.92 6.00 | 10.00 | 10.00 | 10.00 8.88 8.41 8.11 8.47 10.00 | 2.14
13 | 6.92 847 | 941 | 694 | 6.82 8.47 6.40 5.96 6.94 6.94 | 6.92
14 | 8.00 893 | 947 | 500 | 6.92 6.82 6.94 6.94 6.94 8.88 | 6.00
15 | 6.92 7.46 | 941 | 653 | 6.00 7.46 6.40 7.45 8.41 8.41 | 6.00
16 | 8.00 8.00 | 941 | 694 | 6.20 6.97 6.00 7.55 7.55 8.41 | 8.00
17 | 6.82 6.40 | 847 | 6.40 | 4.09 6.00 6.00 6.94 9.47 10.00 | 6.40
18 | 7.20 8.00 | 10.00 | 596 | 4.47 5.00 6.40 6.97 8.88 7.45 | 8.00
19 | 3.00 6.40 | 941 | 7.00 | 6.13 6.00 4.47 5.96 8.00 6.53 | 5.94
20 | 6.40 7.20 | 941 | 10.00 | 8.00 10.00 7.20 9.41 10.00 | 10.00 | 7.00
21 | 10.00 8.47 | 10.00 | 7.60 | 7.00 7.60 9.00 6.53 10.00 8.11 |10.00
22 | 6.13 541 | 755 | 6.58 | 6.82 5.00 6.20 8.60 8.93 6.00 | 7.43
23 | 5.86 7.46 | 8.88 | 7.46 | 7.46 541 5.86 7.46 7.46 7.46 | 7.46
24 | 6.82 9.47 | 10.00 | 9.00 | 7.00 6.59 7.00 6.45 7.20 7.20 | 8.00
Mean| 6.44 6.45 | 836 | 6.66 | 5.65 6.67 6.37 6.64 7.16 7.70 | 6.18
Rank] g 7 1 5 11 9 10 6 3 2 11
ing
B2 Fholth. FoA Hi upe} o] LepH, SEe 71EAos BAE AadEE TtE
SHE, A, A2E, gy, 7159 AU A& 1HsHA de sV 71ReR 7
oo g2t 25, HeEl td A= = o 71E b= Aol 7= EA1A R
of olof tigh #e] =3 B AU AAL 7SR wAkA, At g om 1% A=
7 a9 skl E Y "eds Mg 5Ho=
Fuzzy-FMEA®] W ES 1.3, ATZIYE
5.4 2 Azzel AYz ARt HESH BAL
&3 ACZAE ASE9 =S =2
BAE AZFEE A5l oF dAAE gan
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Table 10. Risk of reinforce-concrete members
id Pier | PrOOTSTESS | Girder | Beam Stab | SBENde | juncrion
1 5.38 5.38 5.38 5.00 6.45 4.00 5.96
2 6.00 10.00 8.11 8.11 7.55 5.96 6.53
3 6.13 6.82 5.00 6.20 6.92 4.60 6.59
4 5.43 3.14 5.94 3.00 4.60 3.00 4.60
5 6.82 7.20 5.00 6.20 6.13 5.00 5.96
6 6.20 6.20 6.00 5.38 6.40 4.60 6.40
7 5.57 5.57 5.94 5.94 5.94 5.00 7.00
8 1.00 1.00 3.14 3.14 4.14 5.00 3.60
9 6.59 6.59 7.55 5.96 7.55 6.14 7.45
10 1.00 4.14 3.60 2.60 5.00 3.60 2.14
11 6.40 9.41 8.47 8.47 9.00 6.00 4.60
12 10.00 10.00 8.11 5.94 10.00 3.60 10.00
13 8.00 8.00 9.00 9.00 9.00 9.00 8.47
14 9.00 9.00 10.00 10.00 9.41 9.41 7.00
15 6.00 6.00 10.00 8.93 9.00 8.41 8.41
16 7.78 6.00 9.41 9.41 9.00 8.00 7.45
17 6.00 6.00 7.60 7.60 6.59 6.53 6.00
18 7.78 6.40 9.41 9.41 9.41 7.00 6.97
19 5.94 5.94 8.00 5.00 8.00 5.96 5.94
20 8.41 6.94 7.00 8.41 8.88 8.88 10.00
21 10.00 10.00 8.41 5.94 9.41 7.00 8.88
22 6.00 5.00 6.53 7.00 6.82 5.00 6.40
23 6.82 6.59 6.82 6.82 7.00 5.00 6.82
24 6.00 6.00 7.46 6.00 6.00 4.47 8.88
Mean 6.43 6.56 7.16 6.64 7.43 5.88 6.75
Ranking 6 5 2 4 1 7 3
A& Fuzzy-FMEAS 53 42 &< 7] 7t Btk £ 2 o]1 E&H 0T thH T A
o T b B A @A B9 2How AtRHT
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