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ABSTRACT

The work breakdown structure and the precedence relations by work activity are very important because they are the basic data for
estimating the construction duration in the construction work. However, there is no standard to accurately estimate the construction
duration since the size of the school facilities construction is smaller than the general construction work. Therefore, some schools are
unable to open in March or September and the delay of the construction duration can cause damage to the students. To solve this
problem, this study developed a work breakdown structure of school facilities construction work and analyzed the precedence relations by
work activities.

The work breakdown structure of the school facilities construction is composed of three steps. The operations corresponding to level 1 and
level 2 are as follows. (1) 2 preparatory work categories; preparation period and temporary construction. (2) 17 architectural work
categories; temporary construction, foundation & pile work, reinforced concrete work, steel roof work, brick work, plaster work, tile work,
stone work, waterproof construction, wood work, interior construction, floor work, metal work, roof work, windows construction, glazing
work and paint construction. (3) 7 mechanic and fire work categories; outside trunk line work, plumbing work, air-conditioning equipment
work, machine room work, city gas plumbing work, sanitation facilities and inspection & test working. (4) 4 civil work categories;
wastewater work, drainage work, pavement work and other work. (5) 1 landscaping work categories; planting work.

The work breakdown structure was derived from interviews with experts based on the milestones and detailed statements of existing
school facilities. The analysis of precedence relations by school facilities work activity utilized PDM(Precedence Diagramming
Method)which does not need a dummy and the relations were applied using FS(Finish to Start), FF(Finish to Finish), SS(Start to Start),
SF(Start to Finish). The analysis of this study shows that if one work activity is delayed, the entire construction duration may be delayed
because the majority of the works are FS relations. Therefore, it is necessary to use the Lag at the appropriate time to estimate the
standard construction duration of the school facility construction. Lag is a term used only in the PDM method and it is used to define
the relationship between the predecessor and the successor in creating the network milestone. And it means the delay time applied to the
two work activities.

The results of this study can reasonably estimate the standard construction duration of school facilities and it will contribute to the quality
of the school facilities construction.

Key words : School Facilities(8}1. A]4), Work Breakdown Structure(2}45-534]|4]), Precedence Relation(415-3 THA))
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Table 1. construction duration estimation standard of OO Office of Education

standard I I

=

v

duration 300 day 330 day

360 day 430 day

site condition housing development district

housing development district
(reclaimed land)

housing development district

. mountain regions
(reclaimed land) €

design condition S stories above ground

pile construction & 5 stories
above ground

pile construction &
lower ground level 1 & 5
stories above ground

pile construction &
lower ground level 1 & 5
stories above ground
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Table 2. survey related to construction duration of school facilities

respon- total duration scarce duration reasonable
dent (month) (month) duration (month)

a 12 6 18
b 12 3 15
c 10 2 14
d 15 2 15
e 11.7 3 15
f 11.7 3 15

12 3 13
h 14 3 15
i 12 2 14
j 12 3 15
k 12 6 15
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Table 3. investigation of school facilities work breakdown structure
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subject of investigation

section work breakdown structure of middle stage
AlB|c|p|E[F |G |H
architectural work
temporary work, earth work, steel frame work, reinforced concrete work, brick
common work work, plaster work, waterproof work, tile work, stone work, wood work, metal 15114 115 (15 114 114 |12 | 8

(15EA)
work

work, windows work, painting work, interior finishing work, roof and drainage

non-common work
(13EA)

common temporary work, rebar work of foundation, insulation work, block work,
general work, paper work, other work, installation of a flagpole,
speech, security office, entrance, aggregate cost, transporting cost

facilities for | 6 |7 |5 |6 |6 |7 |4 |0

civil work

common work

earth work, retaining wall work, wastewater work, drainage work, pavement work,

(6EA) additional facility work
non-common work common temporary work, structural facility work, traffic safety facility, quality >lol3lslslalolo
(8EA) test, other work, transporting cost, main material, etc

mechanic and fire work

common work

(TEA) anti-vibration work

water supply work, hot water supply work, wastewater plumbing work, duct
work, gas work, sanitation facilities work, machinery room work, soundproof and | 6 |0 |0 [6 [ 6 |6 |0 |6

non-common work
(13EA)

fire work, installation of equipment, freeze protection system, geothermal system,
food service facility, kindergarten, outside branch circuits and feeder, installation {6 [0 [0 |9 |7 [4 |0 |3
of flue, potting, automatic control, utility tunnel, special work, other work

landscaping work

common work . s
planting work, facilities work, pavement work

(3EA)
non—coglél;);l work common temporary work, roof garden, plantation maintenance 1 o111 |1]0]|O0
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Table 4. critical path of school facilities
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site survey &

work preparation ready for construction

construction documents

site survey &
construction documents

temporary fence &
wash facility for the
construction equipment

site survey &
finishing stake

lean concrete &

. ile work
mat foundation p

excavation

mat foundation &
underground pit

temporary water &
temporary electricity

pile work &
excavation

mat foundation &

piling work underground pit

B1 concrete

1F concrete

piling work &
excavation

1F concrete

1F concrete mat foundation 1F concrete

2F concrete

lean concrete &
mat foundation

2F concrete

2F concrete 1F concrete 2F concrete

3F concrete

pit & foundation &
beam of the ground

3F concrete

3F concrete 1~2F concrete 3F concrete

4F concrete

1F concrete

4F concrete

4F concrete 3~4F concrete 4F concrete

5F concrete

2F concrete

5F concrete

5F concrete 5F concrete 5F concrete

rooftop & roof rails

3F concrete

rooftop concrete

wall tile rooftop concrete rooftop & roof rails

IF plaster work

4F concrete

3F painting

floor tile ceiling frame 3F plaster work

2~3F plaster work

5F concrete

4F painting

ceiling work interior finishing work 4F plaster work

urethane & epoxy
(machine room)

rooftop & roof rails

SF painting

flooring work painting SF plaster work

IF painting

school gate & facilities
for speech

rooftop painting

disassemble the

painting completion cleaning 1~2F painting 2F painting external scaffold ceiling & floor & wall
. ) _ . . pipe installation construction inspection
taking over 3~5F painting 3F painting (rain water & wastewater) | & rearrangement work
) ) spray palptmg of the 4F painting foundation of wall & )
staircase sub-base
- - other work & finishing SF painting set a boundary stone -

inspection

completion cleaning &

spray painting of the
staircase

interlocking block

other work & finishing

installation of fences

completion cleaning &
inspection

completion cleaning &
inspection
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Table 5. work breakdown structure of the school facilities
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level 1 level 2 level 3
title code title code title code
preparation period PP preparation period for construction work PPP001
preparatory P installation of temporary office and fence PTCO001
work temporary construction TC
temporary water & temporary electricity PTC002
site survey & installation of finishing stake ATCO001
temporary construction TC disassemble the external scaffold ATCO005
completion cleaning & inspection ATCO006
excavation & pile work AFP001
foundation & pile work FP
foundation work & Bl concrete work AFP002
1F reinforced concrete work ARCO001
2F reinforced concrete work ARC002
3F reinforced concrete work ARC003
arch\i}tz;:l?n al A reinforced concrete work RC 4F reinforced concrete work ARC004
SF reinforced concrete work ARCO005
5F reinforced concrete curing ARC006
rooftop & roof rails ARCO007
manufacture of steel ASR001
steel roof work SR
steel frame work ASR002
IF internal brick work ABWO001
brick work BW 2F internal brick work ABWO002
3F internal brick work ABWO003
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Table 6. work breakdown structure of the school facilities(continue)
level 1 level 2 level 3
title code title code title code
4F internal brick work ABWO004
SF internal brick work ABWO005
IF external brick work ABWO006
brick work BW 2F external brick work ABWO007
3F external brick work ABWO008
4F external brick work ABWO009
SF external brick work ABWO010
IF wall plaster work APWO001
2F wall plaster work APW002
3F wall plaster work APWO003
4F wall plaster work APW004
plaster work PW SF wall plaster work APWO005
1~3F slab plaster work APW006
4~5F slab plaster work APWO007
staircase plaster work APWO008
rooftop plaster work APWO009
IF tile work ATWO001
2F tile work ATWO002
3F tile work ATWO003
4F tile work ATWO004
) SF tile work ATWO005
architectural A tle work ™ TIF termazzo work ATW006
work

2F terrazzo work ATWO007
3F terrazzo work ATWO008
4F terrazzo work ATWO009
SF terrazzo work ATWO010
stone work SW floor stone work ASWO002
IF waterproof construction AWC001
2F waterproof construction AWC002
3F waterproof construction AWC003
waterproof construction wC 4F waterproof construction AWC004
SF waterproof construction AWC005
basement waterproof construction AWC006
rooftop waterproof construction AWC007
1F wooden doorframe installation AWWO001
2F wooden doorframe installation AWWO002
3F wooden doorframe installation AWWO003
4F wooden doorframe installation AWWO004
wood work WWwW 5F wooden doorframe installation AWWO005
restroom partition installation AWWO006
auditorium flooring work AWWO007
auditorium stage installation AWWO008
auditorium wall carpenter work AWWO009
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Table 7. work breakdown structure of the school facilities(continue)

level 1 level 2 level 3
title code title code title code
IF interior finishing work AIC001
2F interior finishing work AIC002
interior construction IC 3F interior finishing work AIC003
4F interior finishing work AIC004
SF interior finishing work AIC005
1F floor work AFWO001
2F floor work AFW002
floor work FW 3F floor work AFWO003
architectural A 4F floor work AFWO004
work 5F floor work AFWO005
metal work MW aluminum sheet wall construction AMWO002
roof work RW roof work ARWO001
windows construction DW [~2F windows work ADWOOI
3~5F windows work ADW002
first glazing work AGWO001
glazing work GW
secondary glazing work AGW002
paint construction pC 1~3F painting work APC001
4~5F painting work APC002
outside trunk line work oT outside trunk line work MOTO001
1F vertical plumbing work MPWO001
2F vertical plumbing work MPW002
3F wvertical plumbing work MPWO003
4F vertical plumbing work MPW004
SF vertical plumbing work MPWO005
1F vertical pipe insulation work MPWO006
2F vertical pipe insulation work MPWO007
plumbing work PW 3F wvertical pipe insulation work MPWO008
4F vertical pipe insulation work MPWO009
SF wvertical pipe insulation work MPWO010
1F horizontal plumbing work MPWO11
mechanic and M 2F horizontal plumbing work MPWO012
fire work
3F horizontal plumbing work MPWO013
4F horizontal plumbing work MPWO014
SF horizontal plumbing work MPWO015
1F air-conditioning equipment work MACO001
2F air-conditioning equipment work MAC002
air-COIlditiO\I;]i(I)‘ii equipment AC 3F air-conditioning equipment work MAC003
4F air-conditioning equipment work MAC004
SF air-conditioning equipment work MACO005
order of the equipment and material MMRO001
machine room work MR plumbing work MMRO002
equipment installation MMRO003
city gas plumbing work CG city gas plumbing work MCGO001
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Table 8. work breakdown structure of the school facilities

level 1 level 2 level 3

title code title code title code
mechanic and M sanitation facilities SF sanitation facilities installation MSF001
fire work inspection & test working 1T inspection & test working MITO001
wastewater work wWwW wastewater pipe & manhole work CWW001
. U type side ditch work CDWO001

drainage work DW - -

stone filled drain dummy ditch work CDWO002
civil work C boundary stone work CPWO001
pavement work PW sidework/roadway pavement work CPW002
put coarse sand on the playground CPW003
other work ow wash facility for the construction equipment COWO001
large planting work LPWO001
landscaping L planting work PW medium @d small planting work LPW002
work other planting work LPWO003
landscape facilities installation LPW004
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Z21} EAo] uwlg} Bar-Chart(Gantt Chart), LOB(Line of
Balance), LSM(Liner Scheduling Method), PERT(Programme
Evaluation & Review Technique), CPM(Critical Path Method)
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Table 9. Precedence relations of preparatory work

level 2 predecessor successor relation

ATC001 FS

PP PPP001 PTCO001 SS

PTC002 SS

PTCO001 ATC001 FS

TC COWO001 SS
PTC002

AFP002 FS
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Table 10. Precedence relations of architectural work
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Table 11. Precedence relations of architectural work(continue)

level 2 predecessor successor relation level 2 predecessor successor relation
ATC001 AFP001 FS AWW004 SS
ABWO004 AWC004 FS
TC ATCO005 AMWO002 FF
MAC004 FS
ATCD06 - - APW005 FS
AFP001 AFP002 FS AWWO005 SS
Fp ABWO0S AWC005 FS
AFP002 ARC001 FS
BW MACO005 FS
ARC002 FS
ARCO01 ABWO006 ABWO007 FS
ASRO001 FS ABWO007 ABWO008 FS
ARC003 ES ABWO0S ABWO09 FS
CDWO001 FS
ARCO02 0ol FS ABWO009 ABWO010 FS
AWC006 FS ABWO010 ATCO005 FS
APWO002 FS
ARC004 FS APWOOI
AIC001 FS
ARC003 MPWO001 FS
RC APWOOD APW003 FS
ASRO002 FS AIC002 FS
ARC004 ARC005 FS APWO004 FS
APWO003 APWO006 FS
ARC006 FS
ARCO005 AIC003 FS
ARC007 FS APWO005 FS
MPWO15 FS APW004 APWO008 FS
ARC006 AIC004 FS
MPWO005 SS PW
AIC005 FS
ARC007 ABW006 FS APWO0S APW007 =
ASRO001 ASR002 FS APWO007 FS
SR
ASR002 ARWO001 FS APW006 ATWO06 FS
AGWO001 FS
ABWO002 FS ATWO009 FS
APWO007
ABWO001 AWWO001 SS AIC005 FS
AWC001 FS APWO008 APWO009 FS
APWO09 APCO001 FS
ABWO003 FS MCG001 FS
AWWO002 SS ATWO001 ATWO002 FS
ADWO001 FS ATWO002 ATWO003 FS
ABWO002 ATWO003 ATWO004 FS
BW AWC002 FS ATW004 ATWO005 FS
MAC001 FS ATWO005 AWWO006 FS
APWO01 FS ATWO07 FS
™ ATWO006 ASW002 SS
ABWO004 FS
AFWO001 FS
AWWO003 SS ATWO008 FS
ABWO003 ATWO007
AWC003 FS AFW002 FS
ATW009 FS
MAC002 FS ATWO008
AFW003 FS
ABWO004 ABWOOS ES ATWO009 ATWO10 FS
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Table 12. Precedence relations of architectural work(continue)
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Table 13. Precedence relations of mechanic and fire work

level 2 predecessor successor relation level 2 predecessor successor relation
_— ATWO009 AFW004 FS oT MOTO001 MCGO001 FS
ATWO10 AFWO005 FS MPW002 FS
Sw ASWO002 ATWO008 FS MPWO001 MPWO11 FS
AWC001 AWC002 FS MPW006 FS
ATW001 FS MPW003 FS
AWC002 AWC003 FS MPW002 MPWO12 FS
ATWO002 FS MPW007 FS
AWC003 AWC004 FS MPWO004 FS
ATWO003 FS MPW003 MPWO013 FS
WC AWCO005 FS
AWC004 MPWO008 FS
ATW004 FS
MPWO005 FS
AWC007 FS
AWC005 MPW004 MPWO014 FS
ATWO005 FS
MPWO009 FS
AWC006 AWC001 FS
MPWO015 F
MMRO002 FS MPWO005 S
AWC007 APCO01 FS - MPWO10 ks
AWWO01 AWWO002 FS MPWO006 MPWO007 FS
AWW002 AWWO003 FS MPWO007 MPWO008 FS
AWWO004 AWWO005 FS MPWO009 MPWO010 FS
WW AWWO005 APW005 FS MPWO010 MPWO015 FS
AWWO006 MSF001 FS MPWO012 FS
MPWOI11
AWWO007 AWWO008 FS ABWO001 FS
AWWO008 AIC005 FS MPWO013 FS
MPWO12
AWWO009 AWWO007 FS ABWO002 FS
AIC001 AIC002 FS MPWO014 FS
AIC002 AIC003 FS MPWOI3 ABWO003 FS
IC AIC003 AIC004 FS VPWOLS MPWO15 FS
AIC004 AIC005 FS ABWO04 FS
AIC005 ATWO10 FS MPWOI15 ABW005 FS
AFWO001 AFW002 FS \ACOOL MAC002 FS
AFWO002 AFWO003 FS AICO01 FS
FW AF AFW004 F
W03 W S MAC003 FS
AFW004 AFWO005 FS MAC002
AIC002 FS
AFWO005 APC002 FS
AC MAC004 FS
CWWO001 SS MACO003
MW AMWO002 AIC003 FS
CWWO001 FF
MAC005 FS
RW ARWO001 AWWO009 FS MAC004
ADWO002 FS AIC004 FS
DW ADWO001 ABWOOG FS MAC005 AIC005 FS
ADWO02 ABWO10 FS MMRO001 MMRO002 FS
AGWO002 FS MR MMRO002 MMRO003 FS
GW AGW001 AFWO001 FS MMRO003 MITO001 FS
AGW002 AFW004 FS CG MCGO001 APC002 FS
APC001 APC002 FS SF MSF001 MITO001 FS
PC
APC002 MSF001 FS 1T MITO001 ATC006 FS
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Table 14. Precedence relations of civil work

level 2 predecessor successor relation
WW CWWO001 CPWO001 FS
CDWO002 FS
CDWO001
DW CPW001 FS
CDWO002 CPWO003 FS
CPWO002 FS
CPW001
LPWO001 SS
PW
CPW002 ATC006 FS
CPWO003 LPWO004 FS
ow COWO001 AFP001 FS
Table 15, Precedence relations of landscaping work
level 2 predecessor successor relation
LPWO002 FS
LPWO001
CPWO002 FS
LPW003 FF
PW LPW002
LPWO003 SS
LPWO003 ATC006 FS
LPWO004 ATC006 FS
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