Journal of The Korea Institute of Building Construction pISSN 1598-2033
Vol. 24, No. 3, pp. 381-391 / June, 2024 elSSN 2233-5706
https://doi.org/10.5345/JKIBC.2024.24.3.381 www.jkibc.org

Research Paper

dd eiEeiRe] £d H Z2HE E40| 0oj2 x| SAte] eFd H=0 0|x|=
oy5t
oo

Impact of Construction Safety Managers and Project Characteristics on Air
Conditioning Installation Safety Scores

1 2 =x3
A0’ - ARG - YEX

1

Uhm, Miyoung® - Kim, Jinyoung® - Kim, Hongjo**

!Postdoctoral Researcher, Department of Civil and Environmental Engineering, Yonsei University, Seoul, 03722, Korea
“Graduate student, Department of Civil and Environmental Engineering, Yonsei University, Seoul, 03722, Korea
3Associate Professor, Department of Civil and Environmental Engineering, Yonsei University, Seoul, 03722, Korea

*Corresponding author ABSTRACT

Kim, Hongjo This study examined the factors influencing safety scores in air conditioning installation projects, with

Tel : 82-2-2123-2888 a specific focus on the characteristics of safety managers and project-specific details. Given the increase
E-mail : hongjo@yonsei.ackr  jn jndustrial accidents within this sector and the lack of research on smaller-scale operations, this
analysis of 7,046 safety data records from Company A aimed to address this gap. The results indicate
that the month of project commencement has the most significant impact on safety scores(correlation

Received : March 26, 2024 coefficient of 0.21), followed by the age of the safety manager(correlation coefficient of 0.06).
Revised :April 12,2024 Interestingly, the educational background of the managers did not appear to influence safety outcomes.
Accepted : April 17,2024 Furthermore, project cost was found to have a negative correlation with safety scores(-0.1), suggesting

that lower-cost projects may be associated with higher risk levels. These findings underscore the
importance of developing tailored safety checklists that take into account the specific timing and scale
of air conditioning installation projects. Additionally, the results suggest that incorporating both
experienced(older) and less experienced(younger) safety managers into safety strategies may be
beneficial for achieving optimal safety outcomes. This balanced approach could leverage the strengths
of both groups, potentially enhancing overall risk assessment and mitigation efforts.
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B Aof| M AREH AALS] OFA 7} AT 8] AE= Table 17} Z0] £ 207] F20 2 FLAIE0] 9lor 1003 T2 B}
Hr}. o] FollA 7P T8 HRE O 2 IR = A2 AlF A5 oFd BAAIZA AlE ofil=, 1%}—‘%011?30@01 = o]
T2 JA Y P 5 22 W8-S ?:?P’r A Eol, i HeT

ATt U2 177 5ol 703 0] vl =, o]52
24, Aftte] okl A %], A0h ] HIR] 52 212 9d o, Atrte] A 2 A 112 (5 3), ”‘ﬂl oRzE] 7 A5
), SIS 2847, TekIe WA AR @), O % o157, 29 12 AUGH) 5 FR el thet g4 Wi,
Table 1. Checklist items and scores
Type Factor Score
Personal Protective Equipment(PPE) 9
Mandatory Ladder Outrigger Installation 9
Firefighting Equipment Provision 9
Basic Requirements Safety Shoes N
Basic Safety and Health Training 3
Elevated Work Two-Person Team Work with Type A Ladder 3
(Below 3.5m) Prohibition of Working on the Top Step of Type A Ladder 5
Removal of Flammable Materials within Work Area 1
Pressure Regulator 2
. Hot-work Backflow Prevent for Pressure Vessels 3
Site Visual Inspection of Hose Condition for Pressure Vessels 3
Hazardous Substance Warning Signs 3
Grinder Cover 4
Public Tools Grounding Wire for Electrical Cables and Connection Devices 1
Visual Inspection of Outer Sheath Condition of Electrical Cables and Connection Devices 1
Heavy Equipment Outrigger Installation 5
Overload Prevention Device 1
Machinery Anti-Two-Blocking Device 1
Two-line hanger 1
Access Control 2
Advance Sharing of Work Schedule 10
Documents Before Commencement 10
At Commencement 10
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Figure 1. Histogram of scores by safety managers
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2 AF= AT AT AAE 7HEe 2 P 4 F7F 8210 & to|(hl), Bl A Al (h2), FAF B (h3), Al (hd)S A
st JF a9l AH o] 44 IHE S5l Y EAHEA (One-Way ANOVA)S =38eh A 4712] 821 b 40f 5
AR o &2 5 om3kp-value<0.05)2 <15+ tH Table 2).

Table 2. One-way analysis of variance(ANOVA) results for four factors

2

Factors X df p-value
Age-Score(hl) 83.5 4 <.001
Major-Score(h2) 159 4 <.001
Cost-Score(h3) 99.5 4 <.001
Month-Score(h4) 114 11 <.001

3.4 40| &4

3.4.1 Y& 201 24

1) 2] Ate] vo|(hl)

AAFE] 3978 P2t F, 30TH7F 2278(56.4%) 0= 7HE =& H-E-S ZFA]5HH, o] 40tf 878(20.5%), 20t 4%
(10.3%), 60TH 378(7.7%), S0 275(5.1%) =22 Yebdth. £ 5 7,04671 9] QP2 Lo A M= & BARE 43,
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30TH7F 3,93771(55.9%) 0.2 7 2heh S5-2 Holr, 40t+ 1,3327(18.9%), 20THE 66471(9.4%), 60HH+= 6617
(9.4%), 50t=45271(6.4%) <=0 2 L}E}l&ﬂr O}EH Table 3-& AP NE otda|Ar 4, 2k 4 Eg $Y T2AE =4 AL

J1E)ar QP AL o B Wt 3 = A, 30t P AT HlE R Bt e 8145 0=, thE Aol
Hlsf| A o2 2 Y-S aidchs B Kl
Table 3. Distribution of safety managers by age group and project completion data
Age 20 30 40 50 60 Sum
Number of Managers 4 22 8 2 3 39
Projects Completed per Manager 664 3,937 1,332 452 661 7,046
Average Projects per Manager 166 179 167 226 220 180
Mean 84.6 81.4 83.0 83.6 84.7 -
Median 86.0 83.0 85.0 83.0 86.0 -

ehIglel o] Ltols} ool WA 5 Bt 9l8) M@ el AL el Ak, o]
A5 B AT(25.2) 7 pvaluerF0.001 BIEHO 2 SlTielRte] Lolol HiEe] 43 TAle] et EAH £
oI5t Table 4).

Table 4. Regression analysis results(age-score)

R R2 Adjusted R2 F dfl df2 P
0.0597 0.00356 0.00342 252 1 7,044 <0.001

Table 59] EAHEA(ANOVA) Aol 42 4] Tigt F-E712H25.2) 7 p-value(0.001 T%h 2 Qigkejzte] Lol 7} ul
Aol - ofat Aol 9L o 4 ole. T2t} 817] 2R o] A S b R* 9 245 R2 10,0356, 0.00342) S 53
Qragrelao] Lol 7} el st A eo] s Algkaglo] shlsict.

Table 5. ANOVA test results(age-score)

Sum of squares df Mean square F p
Score 2,836 1 2,836 252 <0.001
Residuals 793,099 7,044 113
Sl ARE Y =] ¥4 7ho] ZAA (Collinearity) o122 B71517] o) HAHH%EQ Ql(Variance Inflation Factor, VIF)xt
5]-8-%](Tolerance) 78 A}, A E B 715 1.0002 AP E Afo] o] 34148 AI7EEASHA] 9k, Scheffé ]
CFE 1 WP B4 AT AP} ol B E4} ok F71ek Al selgt,

1 70 FoI7 3972 AT 3, 71 AT ABA14T)7H P BOm, AT 1Y, AET 10, ES T
39, 275t AEA7E 1902 TRl Sick. AA) 7.046730] 47 Blolelel A, J1ABS REAH 2,5067, QT
] 3%

21197, A28 1,677, 238t 5877, 278 167709] 249& S-43ct. oht, Aoz Ago) Bao] 2jol7t 2
AFITE o5 Sol, 6orf PP B S| A TS AEAolR, 20t £ A5 E ok 7| A e B TAE] 9
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t}. Figure 2004+ A5 Ho Bz AR A8 W40] o] geldct.
AEIE 7 2719] 2tolof] et a/d-& &}lIst7] 918l Games-Howell Post-Hoe L
sz}, 7|AEe-EAlge), EEgehegel, EAlgeetgg el T|AlEe-P-g st SAA felnlet gt
A 9

f [€) [€)
(p-value<0.01)°] ERI=L, 7] Al ok-A=-5-¢t, 71 AlF ok ER5oF,
\=]

= = (1)_].—
o]t gto] Shels]A] gpot 1go] W2 4] Aol AL & 4 U9l

3) 3A = (h3)

B Aol A BT ool x| FAFH HEE 2HY g 5T nlke] ZALF 0] 2,286 71(32.4%) 0.2 7 H
T, 24T wigto] 1,78771(25.4%), 1219 ulgto] 1,70571(24.2%), 32 m|Tto] 9547(13.5%), 5911 uldto] 253A
(3.6%), 12111 599 o1/ 6171(0.9%) 2= H A= AAct. TAF TR H 4= The] A B4 At FAFado] &
7YEE P A7 HolA] = 9] ATEAZT T (Table 6).

Table 6. Correlation results(cost-score)

Pearson’s r df p-value
Score-Cost -0.093 7,044 <0.001

4) FAF 2= A17](hd)

oflelzd 2] SAre] W 2hg e B4 AT, F 704670 F 39l 1 43174(20 3%) 0= 7P w2 AHQlo] x| }loH
64 78371(11.1%), 29 73771(10.5%)2] =02 Zefo] Hir]of qlrt. 55| 58(39~69) & &Y 14=2,67771
(38.0%) 0.2, AZE /M =2 HIEE H G o A2 1,84571(26.2%), S-S 1,5527(22.0%), 7Fe-2 97271(13.8%) =2

2 HAE]Qlth ANOVA B4 53l TAF 24 Al7] 9} 4= 7o) TAIS B4 A3, TAE 2= A1717F 2hdate] ok A
Foll FAH = o]t FEE vlA= Aoz FR(p-value<0.001)E] o] o017 A5 QH A O] FAF 2= A 7] of mhE
oFdytE] o] FaAdo] SHolFTh

S

i oF a9l B4 AaE 7|hte s g
Ratio(C.R.)+1.962 7|50 2 QPATH2] 0] Z4-5(Edu, h2)0] H4-e]l v] 2= dd2 $AA o= Fon|ehA] gf2= &¢ls
I TH(Table 7).

Table 7. Standardized regression weights of four factors

Estimate S.E. CR. P
Age — Score 0.062 0.012 5.228 ok
Edu — Score -0.006 0.109 -0.538 0.591
Cost — Score -0.090 0.001 -7.618 Hokk
Month — Score 0.065 0.039 5.538 ok

e

ZF 4= 2 AR Ff AL E S0, S5l A= 92 6] 916 MI(Mutual Information) THHR] & H3}
(Par Change)= 2413t Z3l(Table 8), H]-&(Cost)} 2% A]7](Month) 7HS] MIZHS =] LFeR 74t A B 262 Kol x]qt
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Par Change %1©] —0.003. 0.2 Yo}, v]-gof that 2 A|7]9] &3S nju|eh Z1.0 2 B ET} Costt Age 1] WA A=
MI Zke] 18.5022 F7F 4=<=0] ATk, Par Change %1©] 0.5892 A THA 0 2 =4 UrEP)r, g 37t whef =2 7 ALl

o] foJulotA| F7 k= ZdaFo] ER1E Tt Age?t Month, Cost 7He] TA|of| A= MI gho] WA JEFA]RE PAR Change 412
Hof| thisf 0.108, H]-&ofl thisf] 0.004% o] HARIE W ofFrh. -3 FAH G o] A of| A= MI 6] 26.080.2 % =A] L}
O, PAR Change 4t°] —0.559% e} gl w2t A godo] f-oln|sHA §iakd 7hs/d-2 AR A & &= Sick

Table 8. Regression weights of four factors

Factors M.L Par Change
Age — Month 7.799 0.010
Age — Cost 18.502 0.589
Age — Edu 26.080 -0.007
Cost — Month 63.815 -0.003
Cost — Age 18.502 0.004
Month — Age 7.799 0.108
Month — Cost 63.815 -3.565
Month — Edu 5.489 -0.010
Edu— Month 5.489 -0.079
Edu— Age 26.080 -0.559

%

rdEE|Are] Q1A EA(Holeh 8 B A B a(FARE T 2= A7) F AR QP Aol miAlE el H
A2 Bk thaah 2ol gofd 4 qlrtk 2, I EEIRke] AR 2rdAke] o Al wrefRt Fde miRle
LFERSATE. Scheffé ] oF5 Ha 4] Axfof| k=1, Aol 2 IR Bu 4 o & ¥ &2 A48 Fofohe Bl 1
et 2t 87 magollA] vebd R 9 2735 R® 41(0.00356, 0.00342) ©] FaFo] ufe- AlgHA ol Hofert &4, <t
deEAe] st 2h}dAre] b A Aelolls SAIR 0= frofet el o] §1om, Games-Howell 2] AL A5 &3l A

—_

P

ol
o

93

=2 =
wJoick. VA, B4 B O Aot o) ATEAR 7 20 R ettt 5, 12 17 sk 345 okl 147 wot
A 7o) ST o] BA Auhe ZRAE Fu] 784S 2] 52 Fan A HIE Z712 Q19 S Y Wl

7hisobAlgiA] Qe e] Sllel diet Ttz 4] mobA)7] wholakan shE 4 QIek SUAL BAF 24 A1 o e
SAH 02 folot e mAk ol AEA 491e AR Ae] WFEel o] e o] 1] AR A%k ok
o] A= S84 Sk e, AlElolol AT 21410] Q1 M4 el A Lo (age, 0.06), B4 3 cost, -0.1),
FA A A7 month, 0.21)° TS WOP, 58] A2 A7 171 2 GFL vl 2102 Ukt oleig Al2de]
of71 3] BAFe] Q1 2] 2ol BIA) G 291 4 TR Figure 261 2 224 toloj 1o 2 Bt

-

JQ

Y

i

112.96 112.61

-l
14909.94 0.06\

e Cost 0.1 N Score
10.62 0.21

Month L

Figure 2. Path diagram
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