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Abstract

It is generally acknowledged that subcontractors mostly allocate their resources to project relying on their previous
experiences, instead of data—based judgement. Installing residential fire protection systems, typically performed by
subcontractors, is labor-intensive job and its schedule is frequently changed as the contractor master schedule is
often revised. Nevertheless, it is still important for subcontractors to make much effort to improve labor productivity
through a thorough planning for scheduling and resource allocation. The purpose of this study is to identify
significant factors that affect labor productivity for residential fire protection system installation. For this purpose, 50
potential factors that may affect productivity were identified based on literature reviews and expert interviews. These
factors were further explored using correlation analysis and ANOVA test. The results showed that the labor
productivity is significant impacted by various project characteristics.

Keywords: fire protection system, labor productivity, influence factor, residential building

1. A & of AsARE 6 - A89iaL Jlrt. e, ARERIEE
= Zd—l%,_éi‘ﬁxﬂaol FAlste] B 3550l viste] B9
1.1 AFHHZ A2 AR 7IHIRE St 719] ol FofRIA] o
A At el AR ARE S 38 = AAoIHH2. HiFEe As@elMs S A 9
vl Sasl]. sAwe|Y 7122 71 @ & e ARl et AR dRIAlE 2jlo] ofFoA]
AArfae} S Sl SFHE VP ARG Aol o |, A S AR FYY AR 3 dele ] Aedd
2} Apeke FRloks Zlofnt of2fet 3AERE M Al ] ARl &Sk I3 4.
T 2Rl ibdafze] gl o] AlsiE ook FETE Tl Aol 7HE B2 AREE mREE 3t
5h, W doNe EEEA A2 A A o2 s AP ARt o wisi= oo T1sgel
ApE Aol S BleA Q] Ame ool oEel Wil a2 (5], AR A E vl vJ%P:P

Received @ May 19, 2017

Revision received : May 30, 2017

Accepted : June 16, 2017

% Corresponding author : Huh, Young-Ki
[Tel: 82-51-510-3525, E-mail: ykhuh@pusan.ac.kr]

(©2017 The Korea Institute of Building Construction, All
rights reserved.

377

3, FESEO] AR 7Her]) ABA Rn|o] e

o 507 oIS B0, ST gejoln
HAIZIQ] =RAPITlo] Ofh QIRRg) ATS 213k
o QFyR) ESK el =, Hellel 3Rl
TS Bk Apanle] FAS shashy] S AV
T uhg BasfeH6,7,8,9,10],



Identifying Factors Affecting Labor Productivity for Residential Fire Protection System Installation

Study Objectives &
Scope

influence Factor Survey Interview

e develop questionnaire
e (distribute and collect
guestionnaires

* Review previous literature
¢ Interview with experts

Analysis of influence factor for productivity

¢ Respondents’ characteristics

¢ Current installing and management status for
fire protection systems

¢ |Influence factors based on the correlation
analysis

* Significant factor based on the ANOVA test

conclusion

Figure 1. Methodology and process of study
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(Table 1),

Table 1. Factors affecting the fire protection system

installation
main -
category sub-category Factor
Firm Capability of construction firm /
Capabilit scheduling/ no. of employee/ level of
p Y support by headqguarter
Distance from the office / Construction
Environment Area area)(SeouI metropolitan area, metro,
rural
Temperature / Weather condition (rainy,
Weather strong wind etc.)
Time  Season / Holiday
Field coordination / Critical path / Work
Field space /Quantity to work / Finishing work
situations  method / Duration / Ability of
construction supervisor
. Distance to site gate / site area/
Location topography of the site
Human Ability of construction manager /
Site Resource Employment type / Skilled worker /
Condition Worker's age
Level of safety management/ manager’s
Managementability/ management level of the
company
}\Iumber of floors / No./of units pe/r floor
o Total number of units/ Unit plan
Building typeStructural type / Building use and
occupancy
Work Normal work/ Night work / Rush work
condition
Human
_ resource  No. of workers (many, few)
Installation ) ) )
Quality of parts / Materials purchasing /
Material  Piping materials (copper tube, CPVC,
stainless steal tube)
Method  Production / S/P type / Connection
Design  Accuracy of drawings
Size of the company / Contract type/
External Contract Payment for work completed/ Labor cost
factor paid
- Construction regulations / Various
Regulation institutions




Table 2. Questionnaire development

Item Descriptions
; Seoul metropolitan area / Metropolitan area /
Region rural area
Engineer / Assistant manager / Manager /
Position Deputy general manager / Department

manager / Project manager / Board of
Director

Business design / construction / construction

Type supervision / inspection
Career €88 than 1 year / 1~5 year / 6~10 year
General / 11~15 year / 16~20 year / over 21 year
Fire extinguishing me;:hanlc / Fire
.__extinguishing electric / Whole fire
Construction extinguishing facilities / Mechanic(facilities+fire
extinguishing) / electric(facilities+fire
extinguishing) / Whole facilities
Below a billion / 1 bilion~2 billion / 2
ﬁ?n”éfnctt bifon 5 blion / 5 billion ~ 10billion / Over 10

billio

Project Size Number of units

location from the site / Human resources,
Management Level Material, Quality, Safety management level /
Productivity data / Site support system level

Productivity Factors 50 factors
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Project
manager
18

Seoul metropolitan area
Engineer
31%

rural area

Department
42%

manager
9%

Deputy
general
mangaer
8%

ssistant
manager
16%

Manager.
18%

Metropolitan area
39%

a) A component ratio of area b) A component ratio of position

Whole facilties Fire extinguishing
5% mechanic
19%

electric

over 21 year Less than 1 year
17% 9% 3%

1~5 year
26%

16~20 year
8%

‘Whole fire
extinguishing
facilties

1%

11~15 year Mechanic

2% 6~10 year
18%

! d) A component ratio of
¢) A component ratio of career construction field

over 10 billion Blow a billion

5~10 billion

36% 1~2 billion

20%

2~5 billion
2%

e) A component ratio of contract payment

Figure 2. General term chart by survey respondent
(unit: a copy)
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Table 3. Rankings of 50 factors affecting productivity

Ran Aver | Ran Aver | Ran Aver
king Factors age | king Factors age | king Factors age
Capability of construction Level of schedule
1 firm 412 18 management 3.76 35 Total revenue of GC 3.52
2 Number of floors 4.09 19 Quality of major parts 3.74 36 Temperature 3.52
3 Payment for work completed  3.99 20 Connection way 3.72 37 Structural type 3.46
4 Unit plan 3.95 21 Ceiling height 3.72 38 Various institutions 3.45
5 Labor cost paid 3.94 22 Finishing work type 3.71 39 Site environment 3.41
) Level of support from
6 Total number of units 3.93 23 headquarter 3.66 40 Weather 3.39
. ) " . ' Amount of work to be
Site Manager’ s ability 3.92 24 Construction duration 3.64 41 performed 3.38
8 Contract type 3.92 25 Pipe’ s material quality 3.64 42 Employment type 3.38
9 Production method 3.91 26 interference with other works  3.62 43 Number of workers 3.35
10 Worker’ s proficiency 3.91 27 Management level of GC 3.61 44 Distance from headquarter 3.35
11 Ler\{gngfgg}aetﬁ{ial 3.85 28 Construction regulations 3.61 45 Site area 3.33
12 Accuracy of drawings 3.80 29 Number of daily workers 3.60 46 Topography of the site 3.33
13 Project manager’ s ability 3.79 30 Level of work space 3.59 47 Distancgn;‘:gr:rwc;he site 3.29
14 Level of safety management  3.78 31 Worker’s age 3.59 48 Holiday work 3.12
15 Number of units per floor 3.78 32 Support from GC 3.56 49 Rush work 3.07
16 Supervisor’ s ability 3.78 33 Season 3.53 50 Night work 2.92
17 Sprinkler pipe’s type 3.76 34 Building use and occupancy  3.53
O 2= A AlFsY, S, 718EAE, AlEE 5ol oA AHlREiE AlSSial Sl T 71A
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Table 4. Correlation between general characteristics and influence factors

Constr Constr
Posm contract Building Posm contract Building
Rank Factors Area career u]%l%n payment  scale Rank Factors Area career uf%l?in payment  scale
Capability of '
1 construction firm o 20 Connection way
_ Level of support from
2 Number of floors @) 23 headquarter @) ©
Payment for work Pipe’ s material
3 completed © © 25 quality ©
4 Site Manager’s ability © O @) o} 27 I\/Ianagemé‘egt level of o ©
’ Number of daily _
5 Labor cost paid © 29 workers ©
6 Total number of units —O 31 Worker’s age © o
9  Production method 32 Support from GC O O
, - Building use and _
10  Worker’s proficiency 34 occupancy O
1 Ler\;]ealngggnaetﬁ?al O O 43  Number of workers O @)
12 Accuracy of drawings (@) 45 Site area O
Project manager’ s Topography of the
13 ability © © ©0 46 site ©
Level of safety Distance from the
14 management © © 47 site entrance ©
16 Supervisor’ s ability O 49 Rush work -0
17 Sprinkler pipe’s type -O 50 Night work -0 -0
19 Quality of major parts O O

© : correlation is significant at 0.01(both sides). O : correlation is significant at 0.05(both sides).

- I negative correlation

Table 5. Results of ANOVA test

Table 6. Results of tukey’s post hoc test

(capability of construction firm by region) (capability of construction firm by region)
95% Confidence
Sum of Degfree Mean F Sig. Mean Std interval
squares  gooqom  Sauare () Region (J) Region diff(eliir)wce oror SS9 Upper Lower
limit limit
Bg%"jg” 5.861 2 2930  5.866 004
Within Seoul Metro area -.343 215 255 -.86 A7
goup 40963 82 500 - - metro area ) o1t 212 004 121 -19
Total 46.824 84 - - - Seoul _
Metro area metro area 343 215 255 A7 86
Province -.359 170 .095 =77 .05
Seoul *
Rural | Meto area 701 212 .004 190 121
Metro area .359 170 .095 -.05 77
E i = Note that the average difference is at 0.05 level.
E
o, 3.3.2 ‘@A TS FLJFL 5] ANOVA £4
Y| ARlFAL (AR 2 Qo] ANOVA
AT, @YFRCIRRL 248 BN, S
a Tt TR | Teja AR B o] ojekeo]
717+ 0,001, 0, 007 0. 043_:5'574114 o ojn] gl AYAHo]
N Ssnuhnelmlpumanalaa Metmpn\‘rlansraﬁ . Ooj‘o];% U]i]‘:_ 04;}3:}\]:]‘. HE-?J:, 7]/\‘01% Z]%’ .9_?_]_*‘:_—
. Al 1:1 ] EA|Zoln 3]
(capability of construction firm by region) L 7oz T,t_yg‘ M“J(Table 7. 8).
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Table 7. Results of ANOVA test (level of support from
headquarter by contract amount)

Sum of Degree Mean Sig
squares  pooqoy  Sauare
Between
qroup 13.690 4 3.422 5.541 .001
Within _ _
group 49.416 80 .618
Total 63.106 84 - - -

Table 8. Results of tukey’s post hoc test (level of support
from headquarter by contract amount)

0) 95%
i ] Mean Confidence
%ltg,g?nné Site_contra difference eSrtrg'r Sig. __ interval
unt ct_amount (1I-J) Upper Lower
limit— limit
1~2billion -471 290 48 -128 34
Below 1 2~ 5billion -500 .286 411 -1.30 30
tilon 5~10bilion  _gg7* 261 003 170 -24
Ogﬁ"nro;o -1429" 368 002 246 -40
Below 1 471 200 486 -34 128
Tbillion~ 2~ 5billion -029 266 1000 -77 71
2bilion  5~10pilion ~ -.496 239 239 -116 .17
over 10 _ ~
billion 958 353 061 -194 03
Below 1 ~
billion 500 .286 A1 .30 1.30
2billion~ 1~ 2billion 029 266 1000 -71 77
Soilion 5~ 10bilion 467 234 280 -1.12 .19
over 10 _ ~
billion 929 350 071 -191 05
“Bion’ 967" 261 003 24 170
5billion~ 1~ 2billion 49 239 239 -7 116
10billion 2~ 5pillion 467 234 280 -19 112
over 10
billion -462 330 629 -138 46
Bolow T 49" 368 002 40 246
Gver 101~ 2bilion 958 353 061 -03 194
2~5billion 929 350 o7t -05 191
5~ 10billion 462 330 629  -46 138

= Note that the average difference is at 0.05 level.

Q= Yto] Bt AJolE ApA5] A EE, “EAL
A QLZ o= 1001AF~209] u]el 7} 2020}t~
509 H]gF ofli= 71 Ao} ¢SS & = e (Figure 4),
THAAAR] Tl 1 AR oA 109
op~20u|qr oA 1 Fawol gk SHo] HykAQl
AL g wopog 7Rl At e Aos i
Itk Figure 5, 6).
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Figure 6. Level of material management by contract amount
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