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Analysis of Factors and it's Effectiveness to Maintenance Cost of Public Buildings

Ko, Kyujin', Cho, Sangouk', Hwang, Jeongha®, Lee, Chansik®

"Department of Architectural Engineering, Incheon National University
“POSCO E & C

Abstract : Multi—household buildings are efficiently maintained from the mid— and long—term viewpoint according to
the long—term repair coverage system etc, On the other hand, public buildings are not systematically maintained due
to a lack of past maintenance cost data and inefficient budget plans, among other problems, Targeting public buildings
in Incheon, this study analyzed operation costs variables, To verify the analysis results, they underwent a correlation
analysis and a multi—regression analysis, With regard to public buildings electricity, gas and tap water cost, the influence
power of the served life, floor area, and workforce were analyzed, revealing that electricity cost was highly correlated
with workforce, while gas and tap water cost were correlated with tap water cost, Also, the correlation analysis results
were verified through a multi—regression analysis, and a maintenance cost estimation model was presented using a
regression equation,

Keywords : Maintenance, Public facility, Multiple regression analysis, Correlation analysis
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Table 1. Current situation of independent variables

A Number of | Number of | Gross Floor
Division Case
lapse years | employees area(m)
City hal A 29 5100 48,414
building
Counties B 35 668 7,693
office
buildings C 8 565 14,983
D 81 646 18,140
E 45 893 18,387
F 31 537 10,487
District G 22 877 19,911
offices
buildings H 21 919 32,646
| 18 1028 31,253
J 15 664 39,987
K 12 718 35,300
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Table 2. Cost by lapse years(2009~2013)
(Unit : Thousand won / m)

Division 2009 | 2010 | 2011 | 2012 | 2013 |Average
_ E [14.254 | 15.436 | 21.561 | 36.206 | 24.485| 22.625
ESH‘:Q A |G| 3397 3.479] 3.056| 2.919| 3.168| 3.204
w1602 1722 1523| 1.801| 2.342| 1.816

E [12.845| 15.138 | 17.297 | 46.031 | 18.423| 22.406

| B |G| 3150] 3256| 3147| 3.286| 3.369] B3.242
CZ;’E':S W | 1.405| 1.411| 1.419| 1.429| 1.485| 1.430
buldings E [15.104] 15.717| 16.032| 16.215 | 16.327| 16.002
C|G|3221| 3469 4.776| 4.647| 4.814| 4.185

W | 2199 2.419] 2.753| 2.845| 2.933| 2.630

E [13.195| 14.564 | 16.387 | 15.496 | 14.850| 15.172

D |G| 2491| 2858| 2.715| 2.929| 3.040| 2.807

W | 1.857| 1.993| 2.046| 1.938| 2.688| 2.104

E | 8.789| 9.399| 11.883| 13.070| 19.259| 12.602
E|G|1.178] 1.983] 1.873| 1.893| 2.628| 1.911

w | 1.178] 1.983] 1.873| 1.893| 2.628| 1.911

E [15.366 | 16.183 | 17.932| 18.787 | 19.105| 17.638

F |G| 2458| 2.809| 2.600| 2.635| 2.290| 2.559

W | 2699 2699 2.135| 2.135| 1.635| 2.260

E [14.845] 16.422| 20.717 | 23.354 | 23.571| 20.097

|G |G| 1.449] 1.461] 2104] 2179 2208] 1.898
District W | 4.984| 6.106| 5.633| 4.900| 4.801| 5.285
b?J]\(IZTr?;s E | 9.284] 10.415] 10.403| 9.846| 10.582| 10.332
H|G | 2519 2607| 2.762| 2.832| 2.797| 2.704

W | 0.607] 0.766] 0.765| 1.103| 1.153| 0.879

E | 8.648] 10.380 | 11.244 | 11.677 | 12.441| 11.228

I |G| 1.166| 1.286| 1.326] 1.386| 1.493| 1.331

W | 1.885| 1.967| 1.922| 2.014| 2.124| 1.982

E|6984| 7.140| 7.536| 7.975| 9.022| 7.763
Jla|1.067] 1.173] 1.315] 1.315| 1.441| 1.262

W | 3.246| 3.570| 3.643| 3.776| 3.992| 3.645

E | 7.842| 8845 7.497| 8.165| 10.300| 8.748

K |G| 3412 4433] 4.438] 4.101| 4.126| 4.102

W | 0918 0945 0.707| 0.749| 0.963| 0.856
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Table 3. Standardization of variables (Example)

Number of Number of Gross Floor
Case
lapse years employees area(m)
F 0.382716049 0.105294118 0.216611
G 0.271604938 0.171960784 0.411265
H 0.259259259 0.180196078 0.674309
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Table 4. Correlation analysis (Total cost and independent variables)

Total | Number | Gross
Number of
Model cost | of lapse | floor el
(E.GW)| vyears | area
Total cost |Pearson Correlation 1 -.132 775 .949
(E,G,W) p—value .698 .005 .000
Number of |Pearson Correlation 1 —.325 —.011
lapse years p—value .330 975
Gross floor|Pearson Correlation 1 .626
area p—value .039
Number of |Pearson Correlation 1
employees p—value

=% _Correlation is significant at the 0.01 Level(2—tailed).
*_ Correlation is significant at the 0.05 Level(2—tailed).
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Table 5. Correlation analysis (Electricity cost and independent variables)

Electricity Number | Gross Number of
Model of lapse| floor
cost employees
years | area
Electricity |Pearson Correlation 1 —.070 | .703+ .976%*
cost p—value .837 .016 .000
Number of |Pearson Correlation 1 -.325 -.011
lapse years p—value .330 .975
Gross floor |Pearson Correlation 1 626+
area p—value .039
Number of |Pearson Correlation 1
employeess p—value

=*_Correlation is significant at the 0.01 Level(2—tailed).
=, Correlation is significant at the 0.05 Level(2—tailed).
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(Table 6).

Table 6. Correlation analysis (Gas and independent variables)

Number | Gross
Gas Number of
Model of lapse | floor
cost employees
years | area
Pearson Correlation 1 —.255 | .749%~* 653+
Gas cost
p—value 450 .008 .029
Number of | P€arson Correlation 1 —.325 —.011
lapse years p—value .330 975
gross floor | Pearson Correlation 1 .626*
area p-value .039
Number of | Pearson Correlation 1
employees p-value

=x_Correlation is significant at the 0.01 Level(2—tailed).
= Correlation is significant at the 0.05 Level(2—tailed).
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Table 7. Correlation analysis (Tap water cost and independent variables)

Tap |Number| Gross
Number of
Model water |of lapse| floor
employees
cost | years | area
Tap water | Pearson Correlation 1 —.268 | .572 .278
cost p—value 425 | 066 409
Number of |Pearson Correlation 1 —.325 - 011
lapse years p—value 330 975
Gross floor | Pearson Correlation 1 .626%
area p—value 039
Number of |Pearson Correlation 1
employees p—value

=x_ Correlation is significant at the 0.01 Level(2—tailed).
= Correlation is significant at the 0.05 Level(2—tailed).
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Table 8. Independent variables (Number of lapse years)

Division Category Case
A
B
Number of lapse years” | Over 20years — Under 40years F
G
H

Table 80 =¥ A, B, F, G, Ho} 217], 7}~ Swg
Te] A 248 AARE Axt, ZF2E 0,275, 0.090,
0.384=% Yepdel wet ZFahd<as 20 o idollA 40 wlgk
O] E g TGt Aol A2 o= YeRitt
(Table 9).

Table 9. Correlation analysis (Gross floor area and dependent)
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— Over 20years | Electricity| Gas V\Latzr A 4= glom AuPd4E {4 00501402 34 1l
Under 40years cost cost — Zj% }\] _{_47]_ —ggo}u}‘
Pearson
Over 20years Correlation 1 .275 .090 .384 - - - -
Under 40years Table 10. Multiple regression analysis (Total cost and independent
p—value 654 .886 523 i
. variables)
earson 1 915 | 654 _ _
Electricity cost | Correlation Unstandardized | Standardized
Model - - t |p-value
p—value 029 | 421 coefficients | coefficients
Pearson (Constant) 123995.045 1.576| .159
1 —.344
Gas cost | Correlation Number of lapse years —503.471 —.034 —.384| .713
p—value .480 Gross floor area 6.555 279 2.493 | .041x
Pearson ’ Number of employees 179.624 T74 7.307 | .000%**
Tap water cost|Correlation R .955
p—value Adjusted R° 936
=+ Correlation is significant at the 0.01 Level(2—tailed). Sig.‘F Change -000
*_ Correlation is significant at the 0.05 Level(2—tailed). Durbin—Watson 2.146
=% Correlation is significant at the 0.01 Level(2—tailed).
=, Correlation is significant at the 0.05 Level(2—tailed).
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Table 11. Multiple regression analysis (Electricity cost and

independent variables)
Unstandardized | Standardized
Model - - t |p-value
coefficients coefficients
(Constant) 97657.018 56440.727 |1.730| 0.127
Number of lapse years —178.458 -0.14 —.190| .855
Gross floor area 2.802 143 1.485| .181
Number of employees 171.738 .887 9.736 | .000+*
R .967
Adjusted R .953
Sig. F Change .000
Durbin—Watson 2.064

=% _Correlation is significant at the 0.01 Level(2—tailed).
=, Correlation is significant at the 0.05 Level(2—tailed).
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Table 12. Multiple regression analysis (Gas cost and independent

variables)
Unstandardized | Standardized
Model - - t p-value
coefficients coefficients
(Constant) 12496.441 .368 723
Number of lapse years —186.125 —.084 -.329 | .752
Gross floor area 1.796 516 1.583 157
Number of employees 11.344 .330 1.070 .320
R’ .623
Adjusted R* 462
Sig. F Change .064
Durbin—Watson 1.982

=% _Correlation is significant at the 0.01 Level(2—tailed).
= Correlation is significant at the 0.05 Level(2—tailed).
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Table 13. Multiple regression analysis (Tap water cost and

independent variables)
Unstandardized | Standardized
Model - . t p-value
coefficients | coefficients
(Constant) 13841.948 .340 744
Number of lapse years —138.889 —.069 —.204 .844
Gross floor area 1.957 .619 1.437 194
Number of employees —3.458 =111 -.272 794
R* .342
Adjusted A° .060
Sig. F Change 374
Durbin—Watson 2.910

= _Correlation is significant at the 0.01 Level(2—tailed).
= Correlation is significant at the 0.05 Level(2—tailed).
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