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A Study on the Estimation Method of the Repair Rates in Finishing Materials of
Domestic Office Buildings

Kim, Sun—-Nam', Yoo, Hyun-Seok', Kim, Young-Suk"
"Department of Architectural Engineering, Inha University

Abstract : Business facilities among domestic architectures have rapidly been constructed along with domestic economic
development, It is an important facility taking the second largest proportion next to apartment buildings among
current 31 building types of fire department classification of 2012 year for urban architectures, The expected service
life of business facilities is 15 years, but 70% of those in urban areas have surpassed the 15 year service life as of the
present 2014, Thus, the demand for urgent rehabilitation of such facilities is constantly increasing due to the aging and
performance deterioration of the facilitiesmain finishing materials. Especially, the business facilities are being used for
the lease of company office or private office, and such problems as aging and performance deterioration of the facilities
could cause less competitive edge for leasing and real estate value depreciation for the O&M (Operation & Management)
agent and the owner, respectively, Therefore, an effective planned rehabilitation as a preventive measure according
to the standardized repair rate by the number of years after the construction is in need in order to prevent the aging
and performance deterioration of the facilities(La et al, 2001). Nonetheless, domestic repair/rehabilitation standards
based on the repair rate are mainly limited to apartment buildings and pubic institutions, resulting in impractical
application of such standards to business facilities, It has been investigated and analyzed that annual repair rate data
for each finishing material are required for examination of the applicability of the repair rate standard for the purpose
of establishment of a repair plan, Hence, this study aimed at developing a repair rate computation model for finishing
materials of the facilities and verifying the appropriateness of the annual repair rate for each finishing material through
a case study after collecting and analyzing the repair history data of six business facilities, The results of this study are
expected to contribute to the planning and implementation of more efficient repair/rehabilitation budget by preventing
the waste of unpredicted repair cost and opportunity cost for the sake of the business facilities’ owners and O&M agents,
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Literature review

Literature review on repair rate

Analyzing actual domestic repair rate standards

Literature review on previous studies of repair rate estimation
Analyzing limitations of previous studies
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Table 1. Durable years notified by public procurement service

Model implementation and verification

Predicting the repair rate of finishing materials in office
building using the suggested model
Verifying of the model by comparing with actual values

Estimation of repair rate of finishing materials in
office building

Fig. 1. The methods and procedures of this study
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I Serial number | Item number |Name of product| Durable years
Model design 318 30161505 Wall-Panel 8
Analyzing the main factors affecting repair rate 319 30161801 Built—in closet 8
Data collection
Analyzing the properties of repair rate 320 30171505 Metal door 8
Literature review of appropriate statistical analysis method 301 30181502 Bidet 6
Model development 322 30181504 Washbasin 7
Developing the estimation model for repair rate of finishing
materials in office building based on statistical analysis - -
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Table 2. Standards for long-term maintenance plan of apartment building

Classification | Finishing method Repair F_tepaw Repa°|r
range | period(year) | rate(%)
- Partial 5 15
o (1) Mortar finishing Overal 20 100
e Partial 10 15
(2) Tile finishing Overall 20 100

PR AR A AxEHRe] A
Aate] AHAIS ZAKICH Table ), S MM elA =

sEAMMEIEE =24 Mi6d A5 20158 18 H3



/\Z
AT

) AN AEE PO 3 2E S, Sz, 4
o]

ki
A ANIBIAL 5 & 4 QtHARn 2007).

Table 3. Guideline for long-term maintenance plan of seoul “A” school

Table 4. Former researches on repair rate estimation

Former researches Estimation method

A Study on the Establishment of Maintenance| Corrections are applied
Standards (Repair Periods and Eates) of| to the existing long—term
Educational Facilities (Lee et al. 2009). repair plan regulations.

Repair Repair Repair

Classification | Finishing method range | period(year) | rate(%)

L Partial 5 15

oo (1) Mortar finishing Overall 20 100
R Partial 8 10

(2) Tile finishing Overall 0 100
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Study on the Analysis of the Service life in
the Office Building Finishings (Lee, K. H.
and Chae, C. U. 2006).

Study on Forecasting the Repair Time Range
of the Finishings in Office Building (Lee, K.
H. and Chae, C. U. 2007).

Service life and repair time
range of the finishings
are estimated using the
arithmetic mean method
and the theoretical model.
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Table 5. Factors influencing the model

Factor Details

Analyzing actual repair history data

Objectivity - - -
Using statistical analysis technique

New research based on previous study

Novelty Targeting adequate numbers of recently completed

office building data

Regional influence |Analyzing office building’s repair data in the same area

Usability Presenting annual repair rate
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Table 6. The Summary of the office buildings

Classification A B C D E B
Site Incheon | Incheon | Incheon | Incheon | Incheon | Incheon
Structure  |SRC+RC| SRC SRC SRC SRC SRC

Curtain | Curtain
Exterior Curtain | Curtain | wall& wall& | Curtain | Curtain
finishing wall wall  |Wooden |Wooden | wall wall
panel panel

Floors | 15F+B1 | 10F+B1 | 4F+B1 | 3F+B1 | 3F+B1 | 3F+B1
Total floor
16,512 | 35,484 | 16,697 | 14,149 | 9,071 | 5313
area (m)
Use Lease Owned Owned | Owned | Owned | Owned
&Lease
Comletion | 5015 | 2010 | 2010 | 2010 | 2010 | 2010
year
Number of - 5g 188 | 166 99 25 34
repair times
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Table 7. Classified actual repair data of the office buildings

Category Iltems

office, meeting room, corridor, hall&robby, toilet, lounge,
entrance, under ground parking lot , outside, restaurant,
Place cafeteria, electrical room, machine room, fitness club, ping—
pong room, exterior, storage, deck, staircase, kitchen, E/V
front room, roof, shower room, studio, dressing room

Section | ceiling, wall, floor, door, exterior, stairs, railings, other

stone, doors, gypsum board, paint, outside, automatic
doors, pottery, gypsum cement board ceiling, fabric, veneer,
wallpaper, roll carpet, sheet molding compound ceiling,
flooring, tile, deluxe tile, curtain wall, waterproofing, metal
sheet, masonry, steel gypsum panel, carpet tile, access
floor, panels, shutters, glass, sound—absorbing material,
steel railings, toilet partitions, plastering, signage, other

Work
Type
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Stone(dry method), stone(wet method), plaster board, resin
coating, aqueous paint, oil paint, gypsum cement board,
fabric, fire doors, glass doors, outside, wooden door,
automatic door, sink, flooring, tile, deluxe tile, exposed
concrete, external silicone, waterproof sheet, curtain wall
Finishing | glass, stone cement grout, exterior panels, waterproof
Material | coating, oil stain paint, painted lane, sidewalk, asphalt, curb,
steel gypsum panel, wallpaper, tile cement grout, roll carpet,
sheet molding compound ceiling, carpet tile, access floor,
shutters, glass walls, glass, curtain wall frame, steel railings,
plastering, signage, veneer wall, car stopper, sound—
absorbing material
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Table 8. Result of frequency analysis on actual repair data
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Table 9. Result of descriptive statistics on the finishing materials

Classification Gypsum cgr_nent Aqugous Re_sin Tile Stone finishes
board ceiling paint | paint (dry method)
N 44 44 44 44 44

Range 1.403 3.951 | 1.484 | 1.324 1.480
Minimum 0.003 0.008 | 0.020 | 0.007 0.001
Maximum 1.406 3.959 | 1.504 | 1.331 1.481
Sum 30.952 73.875 | 32.613 | 24.911 33.248
Average 0.703 1.679 | 0.741 | 0.566 0.756
Z:?;ig 0.459 1.323 | 0.422 | 0.388 |  0.465
Dispersion 0.210 1.749 | 0.178 | 0.151 0.216
Skewness 0.053 0.207 |-0.014] 0.217 -0.113
Kurtosis —-1.357 —1.276 | —0.790 | —0.993 —1.44
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Unit: Cases, (%)

Content
. . ) . Underground .
Corridor Office Meeting | Hall, Lobby | Entrance Toilet External ) Outside Other
Place parkin—g lot

94,(15) 93,(15) 65,(11) 43,(7) 32,(5) 30,(5) 30,(5) 25,(4) 168, (27)
Work Section Wall Door Floor Ceiling External Rail Other - - -

200,(32) 144,(23) 130,(21) 106,(17) 5,(1) 5,(1) - - -

Agueous |Gypsum cement ) ) , ) Stone finishes | Curtain wall .
A . ; . Glass door Tile Fire door | Resin paint External silicone Other

Finishing Material| paint board ceiling (dry method) glass
105, (17) 74, (12) 71, (11) 59, (10) 53, (9) 51, (8) 14, (2) 12, (2) 124, (20)
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Fig. 2. Sequential diagram on accumulated repair rate

332 HFAE A= o M8 LAY EMTIH

kS|
TolM= AFAIA A5 rREA Y] A4dE Aol 4]
AlsH 4 7S AAsl] flste] A 24 7]
D=3l HEA, 2)ARIMA(Autoregressive Integrated
Moving Average)=-4], 3413 3|94, 9)x]4= L Winters
7R ST, A AolES TR
Aow AT 49 Ak S8 o A8 EAE 5
5] EoH| Him AAE 4] AlREA 9] o] Ukt
Ao FARCE FofsiA] X3t ks A "ok thge =
ARIMAR & ARESto] Adold S #4184, 3E 4=
A& glofEl7} A7) L2 Bl ARIMARAo] Zagt X
2x H|oJEl= 507} ol dolE= A
FBHA el er, o5 Tt Wil o g PARIAA =4
£ dSsiei= oS54 gho] AA dloleet HARrt ui-
A VERtE, o]9} tEo] ARIMARARS B0 B3t
sto] AT A-8Ado] ofe=o] Qrkal Aslet, webA =
Aol M= thaRlHEA 7 ARIMAR S-S Alelstal 5=
AIE 7H A A GA = A0 Agdskal EA4aHgo] sHefgt
A&7 HT} A5 Winters7 ' 28-S FAA
A5 v ] 4ds Aol ARt EA7 I o= Ak
o}, E3h AE A5l RS Alarsh] ffste] AEE]
A AR, 22K, AR, SHY o= JEslo]
S AAEEaLA} gl

DA A8 FJHEA

FAA A SARA 7 AR SR o] A
7o) Zzste]| T Hateo] skt 71
lof| Tth 4] (D} o] el 4= 9lom, AgSAol 2lgt

AL o5& T 5 A

el

oft 2
_10{4

ol
o o rk

rE o
N

Y, =G+t te @

4 WOIR G+ Bis AARL) Btk AZE 2] A
AS Lo AL Bge A Zje] et

simzAMpe|stE] =27 MieH A1E 20053 18 57



ABRG: y=F[+ht ©)
27 B g= B+ Bt + Gyt
A I e(ﬁﬁﬁ})

Y
- Bot+ B/t
s = Ot Y

L ofh

n
[l
i)

2) 8= B, HAARG 247 A= 5,0 AT 24 B 6,9 A

Al 8%k y=olSgk

B~

(2) A5 Winters T &

A5 Wintersi 92 AG5A|<} SHAAHE S 2=
AAGE ASsH7] oA AMSElE HORA TP S22
A7 HoltHKim 2012), ARl 1eshr] flsfiA
= Winters 7P 37} Winters $HE S AR&sH 5 glo
), dubdow JAbo] FALS Hol= AlA|gHolE= 7t
] AR EGE ARGSEAL (4] 3), wHithe] o= AR
Foluf E3et HgS AMgSk= Ao Elgsital 3 4= Qlrk
(Choi 1995, Kim and Son 2006, Bae and Kim 2011), THA|
23f], Winters 7PHE -2 Ago]al AFe] o) wE3]
AL AP 7} Qi AlAFoll A3tstchRho 2010).

& Winters 7P 28 6))
HRHEY 8 =alX,—_ ) +1—a)(S_, +b_,)
2 b =98 85_,)+L—7)b_,
HHEY =B, —8)+(1-P8)]_;

SER:F, =G rom)

2SR, X=ARRKRRD, L=AdTERe, b=
B4, L=57], m=ol %73k

3.4 HFAIZE 2= OpAxfe +ME M8 2y
i
& AollMe e APl ARt A1
P2, 22} 1, JFnd, SEP)I} Al5=H2 Winters
7 2471 o185l A A= niAe) Al

-
2 AReke A AR A, 92 71ES 0|83t AEY

S, ohgAEE 28 dolg F 44 HEs} 304 of
AQl uiiAE A,

h8 st=zumalstsl =2 Hi6H AIS 20151 12

A, e vhge] Sxlol2le s uhae) A
o ju] WEgR AEShA A7 B9, U, 3 D=
712510l 3 AR (4] )2 WSksRs HEsh 214 S el

St

L.C.P.R=P.C.P.R+(T.Q/W.Q - 100) @
F)L.C.P.R=3F 74 418, P.C.P.R=c & 548, T.Q=3¢
A =7, W= v AAlET

A, A3} 2E Foll BolRl 2 miiAd 4 s
S A4 Winters 7PHE G 02 BAst0] USE F4 =
Aga nAE A £ A8 oS A (T E

W ER]-S-© X} MAPE; Mean Absolute Percentage Error)
(4] 5E vluglth Eoh Ay 3L Agndy, 22k =
g, ARy, Sy B4 Axjste] dYE (BHA¢RY
(4] 6)0] =2 HPS AF3 A dxnyg o= A3t

sapp- WO
n =14,
Z)Ai717E0) AR 3 FEi7 b0 ell3 gt e = A~ Fy n= AR A
o ST ©®)
(Y~ 7,7

=)
)
i)
b
ol
oft
=)
=)
=2
1o
>
L
o
2
o,
e
ot
o
of
ol
4>
rx

>
g
20
lo
—
H1
T
)
H
o |
o
of
o
Q
s
i
gy
i1
E
1o

Agsto] drAld AT eade A

274 o FE Belelilnt. & B 7IRe R gFAld
uhgAe} e AP Aike vt A

) A 1A "lole o] =4
& DA A dravdeR A A 6714
oA AT 4777 AdolFuo|BE R3] F 620
o] dold HlolHE Alstith
2) Al 2 A Ao A A1
3 620719] Al ol HE nhhA B2 ERot,



S HTAE 715 01dTHe| fME A otol 2et

Collecting actual repair
data

No

Standardizing & Calculating
cumulated repair rate

{ b
< Linear regression > Winters' additive model
analy3|s analysis

Calculatlng ’ Calculatlng Re of | | Calculatlng Rz of Calculating R#
of Linear model Second model Growth model of S model

Calculating The Mean Absolute
Percentage Ermor

Comparing the Rz value of models &
Selecting representative model

L

Forecasting repair rate
through representative model

; Comparing with actual repair rate :

& Selecting Final Analysis Model
¥

Forecasting Repair rate
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Fig. 3. Repair rate computation model for finishing materials in office building

Forecasting repair rate
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Fig. 4. Result of winters’ additive model
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Table 10. Result of linear regression models

Finishing| \\ | o |Adiusted| F Value Coefficient(PZ!)
Material Rz | (P Value)

4540.748 | —0.096 | 0.036

Linear 10.99110-981 "5 000) | (0.000) | (0.000)

Gypsum |Second|0.991| 0.991
- (0.000) | (0.000) | (0.412) | (0.000)

2253.785 | —0.083 | 0.034 |3.86E—005

board
99.838 | -2.830 | 0.089
celing | Growth |0.704) 0697 | 40y | (0.000) | (0.000)

99.838 | —0.082 | —7.452

822 .
S 0822 0818 11 600y | (0.431) | (0.000)
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Table 11. Estimation and verification results of winters’ additive model and representative linear regression model
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lassification Analysis result of winters * additive Analysis result of linear regression
month | Actual accumulate model (Unit: %) models (Unit: %) Remarks
) repair rate (Unit:%) - -
Materials Forecasting Error Error rate(%) | Forecasting Error Error rate(%)
. 45 1.41152 1.47161 0.06009 4 1.52400 0.11248 8
ypsum cement |, o 1.41438 1.50538 0.091 6 156000 | 0.14562 10 Linear
board ceiling
47 1.43718 1.53841 0.10123 7 1.59600 0.15882 1
45 3.96647 3.94427 ~0.0222 1 4.58100 0.61453 15
Agueous Paint 46 3.97415 4.01169 0.03754 1 4.73600 0.76185 19 Second
47 4.00484 4.06285 0.05801 1 4.89300 0.88816 20
45 1.69986 150129 | -0.19857 12 1.44000 | —0.25986 15
Resin paint 46 1.89601 1.54445 | —0.35156 19 1.47200 | —0.42401 22 Linear
47 2.28046 1.57689 | —0.70357 31 1.50400 | —0.77646 34
45 1.37345 1.31411 ~0.05934 4 1.28675 ~0.0867 6
Tile 46 1.40164 1.34216 | —0.05948 4 1.32504 -0.0766 5 Second
47 1.42279 1.41148 | —0.01131 1 1.36371 ~0.05908 4
Stome finieh 45 1.50778 1.53567 0.02789 2 2.07653 0.568745 38
tone finishes =, - 1.54940 1.57872 0.02932 2 213136 | 0.581956 38 Second
(dry method)
47 1.58782 1.59263 0.00481 0 218647 | 0.598649 38
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Table 12. Estimated Annual repair rate of finishing materials in
domestic office building

Year
Classification 1year | 2years|3years | 4years | 5years

Upper confidence limit | 0.4% | 0.9% | 1.3% | 1.6% | 2.1%

Gypsum cement Forecasting 0.4% 1 0.9% | 1.3% | 1.5% | 1.9%

board ceiling - -
Lowest confidence limit| 0.3% | 0.8% | 1.2% | 1.5% | 1.7%

Upper confidence limit | 0.6% | 1.9% | 3.3% | 4.5% | 6.1%

Aqueous Paint Forecasting 0.4% | 1.8% | 3.1% | 4.3% | 5.5%

Lowest confidence limit| 0.2% | 1.6% | 3.1% | 4.1% | 4.9%

Upper confidence limit | 0.6% | 1% | 1.3% | 1.8% | 2.4%

Resin paint Forecasting 0.5% | 0.8% | 1.2% | 1.6% | 2%

Lowest confidence limit| 0.4% | 0.7% | 1.1% | 1.4% | 1.6%

Upper confidence limit | 0.4% | 0.7% | 1% | 1.5% | 2%

Tile Forecasting 0.3% ] 0.6% | 1% | 1.5% | 1.8%

Lowest confidence limit| 0.2% | 0.5% | 0.9% | 1.4% | 1.6%

Upper confidence limit | 0.4% | 1% 1.3% | 1.7% | 2.2%

finishi
Stone finishes Forecasting 0.4% 1 0.9% | 1.3% | 1.7% | 2.1%

(dry method)

Lowest confidence limit| 0.3% | 0.9% | 1.3% | 1.6% | 1.9%
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