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Fuzzy-based Decision Support Model for Determining Preventive Maintenance
Works Order

Ko, Taewoo', Park, Moonseo®, Lee, Hyun-Soo', Kim, Hyunsoo', Kim, Sooyoung’,
1Depamnerlt of Architecture and Architectural Engineering, Seoul National University

Abstract: Preventive maintenance of buildings has increased the importance of interest in that it is able to maintain the
performance building has and to prevent a problem occurred in future. For improved preventive maintenance work, it should
be performed to select works order clearly and preceded the accurate measurement for the state of works order. when
measuring the conditions, measurement of the state of work order considering the various criteria is more effective than to
measure by only criterion. But, there are something hard to evaluate exactly between the criteria because of decision-maker’s
subjective judgments. To solve these problems, this research proposes decision making support model to determine preventive
maintenance works order using Fuzzy-sets. By using Fuzzy-sets when measuring state of work objects, it can be reduced
vagueness of judgments by decision-makers. This model can be used as a tool for objective evaluation of preventive
maintenance work orders and offer the guideline to perform decision-making;
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Table 1. Literature review to Building performance

Author Description
- To make a decision to proceed with any project of building
Caccavelli and refurbishment, this paper is devoted to the methodology used
Genre for elaborating database
(2000) Evaluation | The current state of the building
factors Cost estimation
- To propose computer based implementation model for Building
Lee Performance Evaluation
(2009) Evaluation Building performance itself
factors Performance of exterior effect on building
- To demonstrate the use of total building performance(TBP)
evaluation and diagnostic to assess the performance of an
Oyedele et al. .
existing office building
2011) o
valuation ) . )
factors Spatial, Thermal, 1AQ, Visual, Acoustic
. - To develop Cl(Condition Index) of concrete structure using
Jain and fuzzy concepts
Bhattacharjee -
(2012) valuation . . . .
— Data obtained using visual inspection
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Table 2. Literature review to maintenance policy

Author Purpose Evaluation factors ngntl Sl
zation | type
Offer a frame | Physical parameters
Reddy et al. based dedison |_ Safety Crisp
support model for L o
(1999 building - system compatibility set
refurbishment | Facilty location
Introduce the |- indispensability of the building
Shen and multi-attribute |- Physical condition Ciis
Sppeding | model for priority |~ Importance of the facility's use o setp
(1998) setting in planned |- Resultant effect on the users
maintenance |- Effects on service provision
C?:;?S; - Time since last maintenance
pe - Total number of maintenance
Peroy and malntenance | Average maintenance interval Cris
Kobbacy. |intervals based on d o P
duration set
(2002) the renewal | ) ‘ tail
rocess and seve_n_ty measures of failures
P - condition measurements
hazards
Shohet I. M.| Provide a Key |- Reinstatement index i
: risp
et al. Performance |- Maintenance index ot
(2003) Indicator — Life cycle cost index
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¥ Determine the |!'$" Weight for the criteria of || Determine
criteria for measurement preventive
performance [ Famr ] 1 maintenance
Literature | work orders
review Performance measurement | |
Questionnaire to work order __VIKOR
survey 1 Expert survey 1
| A Using Fuzzy Scores :

Fig. 3. Decision support model process
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Extracted by literature review

- Physical condition - Management expertise - Safety planning

- Facility location - Severity of failures - Visual appealing

- Importance of use - Return on investment - System compatibility
- Maintenance cost - Sufficient manpower - Maintenance duration
- Availability on equipment and tools - User satisfaction

- Indispensability of the building - Cooperation

- Timely submission of required documents

Determination of criteria

Physical condition
User Satisfaction
Progression of Deficiency

Importance of Usage
Ease of Construction
Substitutability

Fig. 4. Determination of criteria for preventive maintenance
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Table 3. Criteria for preventive maintenance work order

Criteria Description

Physical Condition ~ Evaluate Physical condition for work objects
) - Exploit the standard of defection diagnosis

- Evaluate the importance of building functions.
Importance of Usage | - Measured by managers of facility.

) - Purpose of use, the number of users, frequency of
usage

- Evaluate the degree of satisfaction by building users
User Satisfaction — Survey based on people’s judgment

(o) - Quantization
- Comfortability, Safety

- Evaluate ease of construction in the course of work

Ease of Construction } o
- Consider economic side

G ~ Input resources per work duration
: - Evaluate the condition of deficiency and predict change
Progression of - ) ) )
e - it helps managers to determine the time to repair or
Deficiency (Cs)
replace
Substitutability - Check possibility that there is other location to replace
(@] function during work process
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a) The weight of each criterion L
@iy = Hat e -(ne]
- Summing the assigned weights by expert k . .
- Dividing the sum by the number of experts ~ @; * the importance weight of
the ith expert

v
b) Calculate the value of fuzzy synthetic extent
-1

E; : the value of fuzzy synthetic extent
for #h criterion

v
¢) Calculate the degree of possibility of E; = E,

if El = (I, myuy), Ez = (lzma,u;)

1 if my 2my
o 0 _
V(B 2E)= I, —u iflizu,

(my—up) = (my— 1)) otherwise b Maly W My U

A 4
d) The degree of possibility to be
greater than n convex numbers

V(Ei = By By e B, Brpa, e, En)
=minV(E; = E)j#1=w

e) Normalize the weight vector
For o', = minV(E; = E}),
W'= (0}, 0y, wp)"
G=12mi+j)

Fig. 5. Fuzzy-Analytic Hierarchy Process (Chang 1996)
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Table 4. Fuzzy sxores for the weights (Kaya and Kahraman 2010)

Linguistic terms Fuzzy Score
Absolutely Strong (AS) (2 253
Very Strong (VS) (15,2, 25
Fairly Strong (FS) (1, 15,2
Slightly Strong (SS) (1,1, 15
Equal (E) 1,1,
Slightly Weak (SW) 0866, 1, 1)
Fairly Weak (FW) (05, 066, 1)
Very Weak (VW) (04, 05, 0.66)
Absolutely Weak (AW) (033, 04, 05
43 Bt iy g5 5
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Table 5. Fuzzy scores for the work order (Kaya and Kahraman 2010)

Linguistic terms Fuzzy score
Very Poor (VP) 0,01
Poor (P) 01,9
Medium Poor (MP) (1,39
Fair(F) 3,57
Medium Good (MG) 57,9
Good (G) (7,9, 10
Very Good (VG) (9, 10, 10)
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a) Changein Matrix form

Express the fuzzy multi-criteria decision making
problem in matrix format

G G Cn

Ey [X11 X1z Xin

E, | *21 X2z Xon

Em jE‘ml me fmn

C,, : mth criterion Em: mthwork
X nn: the rating for mth work with respect to nth criterion

b) Determine FBV(/;")and FWV(f; )
Determine the fuzzy best value (FBV) and the fuzzy
worst value(FWV) of each criterion function

h

c) Calculate maximum group utility & individual regret

n

5= 2,
j=1
R, = max[r.’a‘

x)/ (G =7
/(=77

(=
0 -
$,;:maximum group utility, &;:individual regret
h 4

d) Calculate the value(§;)
(5, -5 (1—-v)(R,—R)
SNCEEE DN S O

$*=min§;, 5"=max5,, B* =minR;, R~ = maxR;
i i i i

Fig. 6. VIKOR analysis (Opricovic 2011)

Table 6. Ideal value to the criteria

the value Evaluation Criteria

Physical Condition, C1

T .
f j— MINT; User Satisfaction, C3

v Substitutability, C6
~ — Importance of Usage, C2
f j= MaxT; Ease of Construction, C4

1

Progression of Deficiency, C5




Table 8. The results to pairwise comparison on criteria

x| HES B 1S AH BANY Oy MY XpDY

Physical Condition | Importance of Usage | User Satisfaction | Ease of Construction Pr%gerf?;:fgy o Substitutability
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Table 9. The weights of criteria

Fuzzy Syntentic Extent Value The weight of criteria

(5) W, w,

Ci (0.113 0.167 0.255) 0.77 0.17
G (0.131 0.204 0.309) 1 023
G (0.118 0.177 0.265) 0.832 0.19
Cs (0.106 0.154 0.219) 0.637 0.14
GCs (0.103 0.152 0.225) 0643 0.14
GCe (0.101 0.143 0.209) 0.561 0.13
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Table 10. The results to performance measurement

Physical Condition Importance of usage User satisfaction Ease of construction Prz(é;;si:i::y o Substitutability
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Table 11. VIKOR analysis results (v=0.5)

Maximum group utility Regret of Compromise value
(8) individual () (Q) | s
E; | 0.155:0.185: 0.198 | 0.076  0.099 i 0.106 | 0.361 : 0.390 | 0403 | 0.386 || 7
E, | 02201 0.309 i 0.331 | 0.087 : 0.111 : 0.111 | 0.521 : 0.644 : 0.654 || 0.615 || 10
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Table 12. The compromise value by the Utility of majority weight's

change
(@)
v=0 v=1
E 0.565 0.207
E 0.346 0.267
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