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Abstract The maintenance of educational facilities was assembled in 12 project classifications of the
Educational Improvement Program. The priorities were decided by the evaluation scores derived from
the condition investigation, and maintenance works were budgeted in the order of priorities. These
priorities were a schedule for conducting maintenance and an important criterion for obtaining a
construction order. Several restrictions in the condition investigation exist, which derives budgets and
conducts maintenance separately based on the priorities. An educational facility manager has a
restriction in quantity take-off, which results in an incorrect budget. Discomfort would occur in an
educational environment, and a period of infringing safety would increase. This study proposes applying
a BIM in the condition investigation and the planning framework for work-type packaging. A BIM
supports a budget calculation and derives evaluation scores by linking a repair and an inspection result.
The work-type packaging algorithm divides a budget allocation range and derives the result of a grouped
work-types applied in an equivalent space and element. As a result of applying cases, it could shorten
the duration by approximately 37.4%. Its usability in selecting a grouped work-type was evaluated

through an assessment with workers.
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o - Facility manager
B - [dentify and submit what needs improvment
¥
g - District office of education
Investigation - Investigate requests for each school
¥
Review of - District office of education
invstigation result * Evaluation score (cf. aging. Amount of leak, etc.)
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WVerification - Main office of education
(by Citize) * Priotity determination by evaluation items
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Final priority selection for 12 projects
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Erege ton - Organize budgets based on priosities

Fig. 1. Educational facility maintenance process
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Fig. 2. Quantity information of toilet partial project
using integrated information system
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Table 1. 2016-2019 Educational environment improvement project
2016 2017 2018 2019
No. of Total @/® | No. of Total @/® | No. of Total ®/® | No. of Total ®/@
project |  budget (1,000 | project | budget (1,000 | project | budget (1,000 | project | budget (1,000
(@) @) KRW) ®) @) KRW) ®) ®) KRW) @) @) KRW)
Toilet 7 | 2019900 | 288,557 | 15 | 4.638.600 | 309240 | 9 | 2.887.400 |320822| 9 | 2.589.155 | 287,684
Electric 15 | 8409520 | 560,635 | 24 |12.648715|527,030| 8 640,000 | 80,000 | 13 | 1265000 | 97.308
Cr?;;:fg& 30 | 4540560 | 151352 | 36 | 7753360 | 215371| 13 | 4264270 |328021| 30 | 11,894103 | 396470
Window | 67 |20831,400|310916| 75 |20783,600 |277.115| 56 |15681,800|280,032| 40 | 14,148,600 | 353,715
Ex;e;?al 11 | 4,740,000 | 430,909 | 16 | 7032000 | 439500 | 13 | 5,532,000 |425538 | 7 | 3,491,400 | 498771
Fire 2 287,840 | 143920 - - - 1 92,000 | 92000 | 6 | 1.466,000 | 244,333
protect
f’gf;eorf 20 | 1966950 | 98348 | 14 984270 | 70305 | 11 795600 | 72327 | 12 | 1.067.040 | 88920
Floor 5 1,302,000 | 260,400 | 13 | 3.056000 | 235077 | 8 | 2155080 |269385| 5 1,363,080 | 272,616
Paint 9 448,700 | 49856 | 10 455500 | 45550 | 11 564960 | 51,360 555075 | 69384
Ezf;gil 31 | 2569375 | 82,883 | 32 | 2556300 | 79.884 | 23 | 1797375 | 78147 | 31 | 2.282.875 | 73.641
Cafeteria - - - - - - 21 1,188,548 | 56,598
Etc. 32 | 5162265 | 161321 | 32 | 5162265 | 161321 ] 25 | 2772449 | 110898 | 28 | 3.323.379 | 118,692
Total 229 |52278510 267 | 65,070,610 178 | 37,182,934 210 | 44,634,255
IS FNANLLS 2 Al AAAER A 4 YILZAL A7 34 EFAL, 7IERGA 202 =
ofo] JETh AHIEAS o S gRAAEel @ UE T ﬁ—’F@r alitdggdol A FEgAke WA
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S Aot GeSuEAAHY 25 FUGRE o A= FHHL # At AEARE 20181 HiH] 20194
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SIAIE A1 A%} ool Thst Bsgole). mrAE A
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Yoz

2016 (Execution rate: 26.09%)

2017 (Execution rate : 28.57%)

Planed (23) ‘ Planed 21)
Execute (6) Execute (6)
Prioirty Project Prioirty Project
Electric (Planed : 4/ Execute : 0) Electric (Planed : 4/ Execute : 4)
9 [ Lamp replacement 2 [ Lamp replacement Lawp replacement
Lasp ment 3| Lamp replacement Lamp replacement
L ment 4 | Lamp replacement Lamp replacement
14 | Lawp ment 7| Lamp replacement Lamp replacement
Window (Planed : 10/ Execute : 0) Window (Planed : 11/ Execute : 0)
A 51 i 46
5 )
56 51
62 57
66 61
External Wall (Planed : 5/ Execute : 2) 64 | Cultwre Hall - Ext Window
1 | Stdent Hal Student Hall | External Wall (Planed : 3/ Execute : 0)
2 |ofice Ofice | 5 [ Domokdo
7| Domokdo Domitor
Doitor 9 | Science
Scieac Waterproof (Planed : 1/ Execute : 1)
Waterproof (Planed : 2/ Execute : 2) [ 7 | Cutwe Hall : Roof. | Culture Hall : Roof |
[ 6 [Domitory - Roof | Domitory - Roof | Cooling & Heating (Planed : 1/ Execute : 1)
|13 | Fiwadong - Roof | Hivadong : Roof | [ 31 [ Hiwadong - GHP replaccment | Hwadong - GHP replacement |

Etc. (Planed : 2 / Execute : 2)

Enviroment (Planed : 1/ Execute : 0)

1 [ Office - Broadcating

[ Office - Broadcating |

Sewer replacement

\
{3 | Domitory : Remodeling | Domitory

Remodeling_|

Fig. 3. Educational environment improvement of K high school 2016~2019
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2018 (Execution rate : 33.33%)

Planed (15) S
xecute

Prioirty Project

Window (Planed : 11/ Execute : 2)
4 Classroom : Window

Domok:

Classroom : Window

23| Domiton
24 Sci
25 Gyn
26 Hw
3% | om
30 | Library
31 Classroom : Entrance Classroom : Entrance
34 Gym : Entrance
35 Culture Hall : Ext. Window
External Wall (Planed : 3 / Execute : 3)
L[ 2 [ Domokdo Domokdo
5| Domitory Domitory
6 Science Science

Environment (Planed : 1/ Execate : 0)

[ Sewer replacement

] ecuted prjecs

. :E Non-executive project ofthe same facility

+——————s Case of possible work-type packages
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Project 1

7H/‘K:]_ , ﬂ_l_,oc]_—%llg—k]-“‘_:_ I:]—_{,\_Q,] fg%—ol %@—Zj oz Q-/Ké]q BIM.based actual Evaluation results
BIM-based property data Data for cvahuation
T T SARIT A4l Wk 127) WAL Fo "
_ Unit price || Hitorical
3 B9AS A9t 20169~2019471] 9 Bl
= Project 2
}\]-%9’] 7062—]_‘1‘%— H]‘%—o—i ;‘(;’%_ ﬂlﬂe 'OTJO}— H‘(HE& —T’%_ - t]3]1\/[ based actual Evaluation results
£UAFE ARG Table 25 5 Aol | [EEmmew | pees ] [C 05 0
A%, ¥, viet w9le) BHEY Wl et RAAAS = e -
o 57 35, A 4 35, WHT v 27 3T :
Project N
i ]’]-E]-];’]‘-E.I— BIM-based actual Evaluation results
BV basedpmpatydala | [ Data for evamation - -w -
Table 2. Analysis of projects and elements (2016-2019) AN @ @ ’
tofeeEE == = - o
Element . Wall
) Ceiling - - Floor
Project Interior | Exterior Maintenance Program
Electric [ Algorithm of work-type package work type package
Cooling&heating [ Sort bascd on space. Related work based on clement C — =
Window [ ] [ ] [ e B vl
External wall ° ot poat ||t v st [
Fire protect [ J [ Sortby spacename -Estemal wall and waterproof W
Waterproof [ ] [ ] ga::izirbcz::;;}:(g\m etc ¥ Hd::m and Cooting Heating
Floor [ ]
Paint [ ] [ ] X )
Frc. ° ° Fig. 4. Planning framework BIM-based work-type
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A= COBiedlA ﬁﬁﬂﬁ}b EF JHE ERlsto] I3t
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AbEsit, stuAl AR AAS Yot AEAQA A4
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250, QALEAE 2AFstE 7|F0] Hot FUES
A EAT TAIQIe] E5H o R H8o] 7Hs%t

2 9 B40] HigE 8, AE T e
€}, Table 32 BIM i*;;xm H2old, HAAT ¢
g2 =40 wet 223l Axjo|ct

Table 3. Evaluation items for score calculation
Evaluation items
BIM | Building type * Quantity
+ Material + Type of window
Repair | * Elapsed year(as-built) - Number of repair
data | * Flapsed year(repair)
+ Adjacent Environment « Inspection result
- Aging rate - Safety
Input | * Amount of leak + Power Peak
data | * Broadcast operation + Repair rate
(user) | * Broadcast signal + Type of aging
transmission « Urgency
+ Dredge or not + Video quality
Al 2AFEA A BIM 882 fl5f dloe] 4o ot

2 BIM 4748, Bold, Aadn guyRe 78
sgick. BIM 2] BE HolEg Aeistel Bl 4
9, Ao} 2ol A7) B8] et WARE ol
B9] 7341 918 B A7k} gl AFEIT) BIM &
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o T,
BER AUt WYY 4SS A/1BAe a8,

HT—/\_L_/\]—_,] Oﬂ _,]o]— /\JEHB':IQJ' ,___L]_ 7]_0] @7‘512 =
3 QY= ALY EXo| BiyE FJERET ZAHL)

Table 4= 3D BIM, ®E5=0|9, A2y JJJEE &
G3to] WAkE SRRl BU7PESE AFERE dlAolt
ST ot FHFE2 AAS, H2 79, =¥
£ A & 47folH 1&8~10F802 Y=} 229
R
76%0] ASH}. WG 1SN @) TREAA
HARIOl Mg 39 AT SYsH Z8sI9ch

Table 4. Example of evaluation score for external

window
Item .
Item Data o??aia score WFég)ht Ox®@
(©)
Elapsed .
year(as-buil) 25 years < | Repair 8 5 40
Ty'Ipe of D.ouble BIM 6 3 18
window window
Aging rate 30% < Input 10 1 10
Safety Water leak | Input 8 1 8
Total score 76
43 &3 W7|X| u2E
3% WA dueEe BIM 7 Arast 43S
Hjgho s WegEs, BAIZ] BEoleg Hmslo] A
1

[Setting the budget for project|
(£5% of total requirements)

1

Eliminate items outside of
budget allocations

|

Sort by facility name

]

List of work-type package

Flitering by space and
room name

Comparison

Exclude

ND

Element
contain
multiple works?

Exclude
No

Final list of
‘Work-type package

Fig. 5. Algorithm of work-type package

List of related works ‘
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Aeh. Fig 591 §F W14 LUAFL Al 89
& 445, $YT 29 7|20 35 WAE P4
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£5062 AHE, M %I_i g8} Aw

715 g oy Ao P2 A S Tkl 1
£3} o] WA WAIs] SIsk Aoleh. Table 5k
EFA obilg 74 283 Aselct.

Table 5. Result of budget allocation for painting

work
Actual condition
Painting work investigation Classification 'of
Budget Priority budget allocation
(1,000 KRW)
BE, Interior 47,600 1 [ ]
SM, Interior 44,200 2 [ ]
YM, External 47,600 3 [}
KM, Interior 62,900 4 A
DE, External 56,000 5 A
DM, Interior 56,100 6 A
SE, Interior 40,800 7 X
IM, Interior 57.800 8 X
SH, hall 21,250 9 X
SH, gym 21,250 10 X
A 1049 £5%5 A8t A&
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Table 6. Comparison of budget and priorities for K
high school 2019

2019 Actual condition investigation
Project Evaluation list eviIlIL\lAat}i)s;eist
Budget | Priority | Budget | Priority
Windows (9)
_Domokdo 6400 | 7 | 17067 | 7
ormitory 16400 | 8 | 15972 | 8
Science ext. windows 2,800 9 2,873 9
Gym ext. windows 16,400 10 16,702 10
Hwadong entrance 2,800 11 2,896 11
Office entrance 5,600 14 5,401 14
Library ext. windows 16,400 16 15,729 16
Gym entrance 2,800 19 2,863 19
Culture hall ext. windows| 16,400 20 16,162 20
Painting (1)
Student Hall Int. Wall | 2200 | 4 | 2160 [ 4
Cooling&heating (1)
Office replacement ‘ 6,870 ‘ 18 ‘ 7,028 ‘ 18
Environment (1)
Sewer replacement ‘ 250 ‘ 9 ‘ 260 ‘ 9
Cafeteria (1)
Kitchen ceiling | 15000 | 14 | 1455 | 14
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Table 7. Case application result of algorithm for
work-type package
Case Application result Reduction
(@, day) @, day) @/®, %)
2016 793 500 36.95%
2017 1478 908 38.57%
2018 688 433 37.06%
2019 326 205 37.12%
£ A7 FF W71A Y =AY B, A
T A8 AZL 57 A PGrisiy o, waXYy
o] LW NIAY ARAE oz Aslet. B

o A Aok A%, B, A7), 71AAEH R
gEH, Bt 1449 ol Fe] ARE S Bt ool A
FAECH. 35 WA ZAAAAY] BB Bt
787708 &5 71X oA 8337, AF LA
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