Journal of The Korea Institute of Building Construction pISSN 1598-2033
Vol. 22, No. 4, pp. 359-370 / August, 2022 elSSN 2233-5706
https://doi.org/10.5345/JKIBC.2022.22.4.359 www.jkibc.org

Research Paper

=2 =202} QP ET|H[2] HEhA EM0f et S+

H

A Study on the Correlation between the Building Perimeter and Safety
Management Cost

Han, Bum-]Jin*

Assistant Professor, Department of Architectural Engineering, Daejin University, Pocheon-si, Gyeonggi-do, 11159, Korea

*Corresponding author ABSTRACT
Han, Bum-jin Despite continuous efforts to reduce on-site safety accidents, the construction industry remains a
Tel : 82-31-539-2240 high-risk sector with a high rate of fatal accidents. Design for Safety(DFS), which manages safety risk

E-mail : archism@daejin.ackr  factors at the design stage, is being used as a method to lower the construction safety accident rate.
However, due to limited knowledge, designers are unaware of the design-results risks during the
different of the project lifecycle, including construction, operation, and maintenance. Effective DFS can

Received : June 22, 2022 be conducted if the designer understands the effect of the building shape on the safety accident rate and
Revised :]July 12,2022 corresponding safety management cost(SMC). The cost of safety facilities such as fall prevention nets
Accepted : July 19, 2022 and safety fences will vary depending on the shape of the building. This study analyzes the outer

perimeter length’s impact on SMC. Following the data collection from 21 projects for this study, an
analysis was conducted using the independent variables of the building perimeter(BP), building shape
factor(BSF), and building area(BA), the dependent variable of SMC. The correlation R2 was found to be
0.876,0.801 and 0.792 between the BP and SMC, BSF and SMC, BA and SMC, respectively, indicating
that these factors were closely related.
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HEFEH1]. e 185 F(MOEL, Ministry of Employment and Labor, 2021)2] Atz ol k2, 20191 107] AFgEoF

[e) gL
APalg-2 A 0] 25,29878(26.9%) 02 AFAF AFLgO] Ald W2 A o2 ZAE Y, thZo 2

o] Ajsfi@s =4, e

A 23,6847(25.18%), &, AL, T 5,4647(5.8%) 02 ZALE| T AHE AFE-2 71/ %10] 42875(50.1%)

ZAEHOoZ Wgtom th23.0 2 A XY 2067 (24.1%), 7IEHAH]A) 11875(13.8%) =02 ARt AAA A o2
1

T A% AFIAE A2 <FoltH2). OECD =7F9] T/ @7oll A AFgRt g A5 B H(International Labour
Organization, 2016) 105+ F& o] A2}l 24 8% 0 = 7P @ekow, 71 E}%ﬂi HA|F 19.5%, = 17.6, Z2EZ 15.6

=02 FARE QU AP AT 7P B2 o] At o] A AFIAR = F R AlLtsHE 113 2,00078 0] e
%Olt}.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
By No by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2022 The Korea Institute of Building Construction, All rights reserved.



felg
=]
=]

e
3]

A 9]

4E
w
©

k2
=
2= Qlt}6-8]. thaket

=
=

Lk
=

A2 GANA 9
o] 49 %7] 2t A7} of

o

a1

;I

A
=

7

h=, AlS, A, Al

(9

e

st

R

AGA N Algdel=of of

FAo] A2 giite & DFS7F AgH kA

Az wolof

A
=
Ol_.]\]__’é)‘l

—

#5371 9

Aot =,
o}, 2L o]

i

&

S

L
e

il

Han, Bum-Jin

%

TTE O MePTEYT Br FHWRED
T O T o)z o % & o+ B W m ' 5 N
Due TgLE ki T® ,Tsce
toi pIifre gE FRiia
kR zIielom Bw osEoE®
Fal: L R O <o o RN
W e FmEWT omood g Mg o
T H B R o GL w o= R
oo %o oo o % 9 B o B g o B
HEX Eesog B Wouw @R W
TR L X W G m wm R M N
WoEd zTeEdpeE do gdad L
p2H PNTEEET IE zhalE
0 I 1
BRE Bolr@dcE L REBew
S e G SO R R IR Iy
w-mﬂq_on oy N R T @W mu%ﬂcmo_eﬁ
;oﬂur_‘ J}L_LﬂLﬂW}W.MﬂM ﬂ.ﬂjln_moo_e
Pwl BEXUr ko ooy
Mﬁoﬁ_bﬂl_i%e%otqﬂraogm_].ﬂe@oﬂ;mﬂATﬂw_
paxFrBLP TR B nEE
m_,umoxaﬂo_m%ooMovﬂLduiﬂ&mﬁMmﬁoﬂLmoﬁ
7__oro e H o on o = B~
o RELe e b C R R ER SR T GG
R R R
A@}w,ﬂa_io U,OI,QI,WO ﬂor E._,gl,mﬂ‘mul‘mﬂl
T erwRE Tk Rd o dduwl g
1] XY o = ~o 0 leA
].@uﬂﬂﬂﬂ%@%moa:eﬂ@%i_,_nu.o%.uu
> T = X T o XN g T iR
MoNe B o XX o ~ B n > B
CuA ST o O X o Sm 2 MY oo oo &
Do T uT ,E‘muuﬂom,_o._},_ﬂ@ﬁl%éx o
EIB R g FE RN BB EZE S Do
N oS R o — o o TR B o o T o —
OT_U,_.,JQ‘F.L7OWZAe_zo,lﬂﬂ._l__ol,.ﬂ._:lmE,_A/E_,Ul
—— N~ — = ! —
SIS B EETI g RsiekEEE
o . ! N — &
PET U TR ERE T LT Su f e
%Aztﬂhmﬁwﬂa_aiiﬂ.mﬂ%ﬂﬁﬂamm_.EﬁWooa
M wmmerdla 3ol E En o F
Nmgo® B2 oEx 84D x 2 X -8 ® 0
o of %ORW E W M o — T o4 W] N ] o
o W W N W g T o JJ
B 2o YT o Sy P fREeRE TR
o = 0 © : o < N = =
N R e - SR B I~ e oI
x_zﬂ.@%ﬁ%?ﬁﬂw%ﬁuulw_mmon%o__oﬂ
R A R RN B e [ s
X m M S x Yoo X o BloE
i = up
oy AR OB RO W ogw B R J U T T oo
a0 S monp do o Al ) R
(L mmu_ Ho ao.w wo B! WL o H_mo B o or _,J B A9 10° W.,_
ol = g L MEHVEE,@.% w0 B o
M o 8EF Ve 0w ¥R o .4 B R
o o) mK W AR e ® W o R T e )R o

+ Calculate process of safety management
tactor(BSF), building area(BA) and SMC

cost(SMC)
* Building perimeter(BP), building shape

* Problems in Calculating SMC

* Main factor of SMC
‘4— * Correlation analysis of BP, BSF, BA and SMC

‘
‘

Figure 1. Methodology

‘ Discussion and conclusion

‘ Literature review
‘ Data collection
‘ Data analysis



A Study on the Correlation between the Building Perimeter and Safety Management Cost
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= L-LOO

gh=o] AT E ] H] = 1-8 1 5 H(MOEL, Ministry of Employment and Labor) 2] AF3QFd B AR of] o]5f oA 1
AT o] FA3tE FA o= okl Gl Hlgolth FAF ERel weh YAFAS A FA A of| Bk = Adste =
Sto W2 9 Al F A7 QEAAA ], QEATAIRY 9171H], QP H 1] 5 2 2te] QP Q1o AR ARgsliof gttt 714

SA DAY SS] SAFET Pl 3 A SAMTE AR & 4 HlE(ratio)= H51] IHSAMIE AP S " 74

=249 =
FAH] G2 Fo] Qe A 7)%o0] glow, QkaptelH] A 7148 T84S HMOEL, Ministry of Employment and

Labor) AFAPHEAH A722(AEAL 2 AP Eawa] 8] AV -5) 194l 27151 Table 13} @] A7 RITH21].

Table 1. Safety management cost appropriation standard Unit : 1,000 USD
Division Under 436 436-4,360 4,360 or more
Ratio(%) Base amount
General construction(A) 2.93% 1.86% 4.67 1.97%
General construction(B) 3.09% 1.99% 4.75 2.10%
Heavy construction 3.43% 2.35% 4.71 2.44%
New railroad and track construction 2.45% 1.57% 3.85 1.66%
Special and other constructions 1.85% 1.20% 2.84 1.27%

Note: 1,146 Won =1 USD as of 2021/07/30(Bank of Korea)

ol gk eHie]n] A4l o] EA -2 =0 eFdol, A= T 2 TRHE EAJo| WHY =] Fotal, 5Y
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cost)oll S| H]E o, AP QP 7FE AAISHA| T T2 A E o] E4Jo] ¥ =] 2] oh=rH22]. £9]29] 9%
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] Z] 9=t 23]. F=2 o]et ZE] AFA 7 H A% (Health and Safety Executive, HSE)= ZH 7|30 2, Construction Design
Management(CDM) Al &ol o5l A7 91 @ AF &3k AR FA 225 Algste] SHdate] a9 9 -
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A Study on the Correlation between the Building Perimeter and Safety Management Cost

Ay o 2 BAsict AR E 217] T2 A E= A duration)©] Bt 3371 €0 ™, Bt 87 S(buildings), B IHZA
L 174,467, Bt AZHZAL 9.866m’, Fat = 1852 oftE QY] (apartment building) &2 FAF|7HS g
2016\ 2230 2020 of| F=&51 et

2 Aol A= Table 29] At 22 A EXY AA] HaH PATHE ZALY, A& /el 9 vAl= 8907 ¢
B[] A E AR A=) el thigh 8912 3.27 | 4] ZbAIsHA ARttt

Table 2. Brief description of case projects

No. Duration Nlo..of Highest floor Average floor Total ﬂo;)r area Buildinég area  Total const. cost
(months) Buildings (m°) (m°) (1,000 USD)
1 30 12 22 18 53,717 3,025 62,553
2 29 5 23 21 63,423 2,951 69,736
3 35 2 37 11 50,410 4,581 72,412
4 27 1 15 7 56,358 7,828 76,584
5 27 8 24 17 75,483 4,554 78,361
6 27 7 27 20 102,252 5,129 92,144
7 35 8 27 20 106,107 5,356 92,301
] 0 2 49 16 91,274 5,573 93,729
9 31 6 29 20 211,532 10,467 97,781
10 29 6 29 20 125,849 6,325 120,475
11 29 7 2 17 143,044 8,668 149,576
12 27 12 24 19 157,213 8,436 153,364
13 41 5 49 18 146,552 8,348 176,647
14 33 8 37 23 160,901 7,127 184,028
15 32 18 20 13 241,068 18,242 205,560
16 31 1 15 14 270,406 19,536 214,903
17 33 10 35 22 195,603 8,773 224,600
18 28 15 25 19 261,783 13,831 231,663
19 31 16 25 20 77,278 3,936 240,964
20 36 12 43 25 293,555 11,653 283,148
21 36 17 35 19 811,619 42,902 377,505
Avg. 33 8 30 18 174,467 9,866 157,133

Note: 1,146 Won = 1 USD as of 2021/07/30(Bank of Korea)

3.2 Data collection for case projects

A=) @4 STt H| o] A E 7451 flste] 2171 @79 apartment building®] 2|52 ©](building
perimeter, BP), 715 (building area, BA)T} QFATHE]H| 2 ZALS 0 W, 712 ZAVE A2 2 ek o 2 PAASE A
74513t} Ahn et al.(2021)9] A5 FalotH, FUN ASHAY 72 1A=9] /del ohE 252 o] <] Hstof thaf F4
A4E g-g-oto] Astatt. A2 A (building shape) ] B4 =5 UEH = 234 A< (building shape factor)= 2] (1)
T} Zo] AP ETH17].
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BSF= BP=(\/BA x4) 1)

BSF: building shape factor
BP: building perimeter
BA: building area

P A= A (D)3 Zo] A d=9] @]FZ 0](building perimeter) S FH I A H-9-2] el o]2 Lo A Ht 5,
AHEIAEC] =3 A15(building shape factor)= Y AE2] FHATE 12 Aot o offd A=) A4 vl &=

146}1:]-

A=9] e]F ol Figure 22} 7o) HFdd(square type) A& THH] A (rectangular type) =] 2F 25%, tHd
(polygonal type) A2 2F 67%7F 571t At @72l A 1452 (building area) tHH]| 252 ©](building perimeter)
o] z}o]& X ™ Figure 22} Zt}. Case A2} Bo] ASHAL 1,050m*2} 1,000m* 2 A5} 13U Case A2 ﬂz Z ‘O]
170m, Case BS] 254 0]= 130m= °F 24%2] 2fo|7F At =, SUt A A -9, A8 A=+ do|7}
A, Yot 1E, oFd " 73] B ofof| mhE Q1AM ST % ﬂam%%‘ﬂ?}‘:}- b, =9 ﬂ 4o]
FTAEA S HFY ol i 2k aglo]th

rlr m

15m
+—
40m
25m

+ | |
| | I I
' ' 40m

45m
Case:A - Building area:1,050m’ Case:B - Buildingarea:1,000m’
- Building perimeter : 170m - Building perimeter : 130m

Figure 2. Comparison of building perimeter with building area

]Fol= AR 5 A 9] e]5 o] 2] gho|m, Qb yHa]H|(Safety management cost, SMC)+= HA 2| =Fe] Q1A
FAALEH], 7)1 B E ], QP A H], P w S e, e A A E], A A ol 2] ], 2AF I E R F 8
Akt 2171 @7Fo] b ha]n] e el-& B H, Table 33+ Zro] thii-o] Aol 4] W22 5 e A4,
2 QPHERTH|EEE 8,000~293,000 dollars 2= 22 & = ATt ol2 et A= A FAl AT ==
AT H7F A 5HA] Eolths A= —JU]OJD’r

= = AE9] oJF4o|(BP)2}t AEFAAIG(BSF), A5HA(BA)= main factor2 445111, o] 53} Al 22
A E o] AA| QHyte]H]ofo] FPPAE FARIT o] 5 53l &= T4 o|(BP)2F =3 AG(BSF)7t {H e H 9
H| 2= e Flstarzt vt Z2AEH oj5=7o|, A, TS HA I HATHE]H]= Table 42} £
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Table 3. Comparison between PSMC and SMC Unit: 1,000 USD
No. PSMC" (a) SMC? (b) (a) - (b) (%)
1 1,054.6 1,089.1 -35 -3.2
2 1,140.5 1,333.5 -193 -14.5
3 998.6 1,095.1 -97 -8.8
4 916.5 939.1 -23 -2.4
5 1,191.1 1,200.6 -10 -0.8
6 1,268.4 1,527.2 -259 -16.9
7 1,289.4 1,338.3 -49 -3.7
8 1,306.3 1,521.0 =215 -14.1
9 1,253.9 1,261.7 -8 -0.6
10 1,773.5 2,044.6 =271 -133
11 2,023.8 2,064.3 -41 -2.0
12 1,965.1 2,032.4 -67 -3.3
13 2,444.1 2,482.8 -39 -1.6
14 2,852.3 2,877.9 -26 -0.9
15 3,093.7 3,217.3 -124 -3.8
16 2,710.5 2,726.2 -16 -0.6
17 2,745.2 2,761.6 -16 -0.6
18 3,231.7 3,451.3 -220 -6.4
19 2,747.1 3,040.5 -293 -9.7
20 3,555.6 3,627.9 =72 -2.0
21 5,241.7 5,373.0 -131 -2.4

Note: 1) Planned Safety management cost, 2) Safety management cost. Exchange rate is 1,146 Won/USD as of 30 July 2021(Bank of Korea)

Table 4. Actual BP, BSF, BA and SMC of case projects Unit: 1,000 USD
No. BP" (m) BSF? BAY (m?) smc?
1 3,759.2 17.1 3,025 1,089.1
2 5,188.5 23.9 2,951 1,333.5
3 3,291.8 12.2 4,581 1,095.1
4 916.0 2.6 7,828 939.1
5 5,766.0 21.4 4,554 1,200.6
6 7,262.8 254 5,129 1,527.2
7 8,528.0 29.1 5,356 1,338.3
8 1,263.1 4.2 5,573 1,521.0
9 5,795.2 14.2 10,467 1,261.7
10 10,157.4 31.9 6,325 2,044.6
11 4,459.9 11.9 8,668 2,064.3
12 8,129.7 222 8,390 2,032.4
13 9,748.0 26.7 8,348 2,482.8
14 7,379.6 21.9 7,127 2,877.9
15 16,441.7 30.4 18,242 3,217.3
16 9,397.9 16.8 19,536 2,726.2
17 17,305.3 46.2 8,773 2,761.6
18 23,590.7 50.2 13,831 3,451.3
19 18,879.0 75.2 3,936 3,040.5
20 21,525.7 49.9 11,653 3,627.9
21 23,284.0 80.0 42,902 5,373.0

Note: 1) Building perimeter, 2) Building shape factor, 3) Building area, 4) Safety management cost. Exchange rate is 1,146 Won/USD as of 30 July
2021 (Bank of Korea)
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4. Hio|e 24

At @] = E Hlo| 5 & o]-§oto] T H|(SMO) 2t T8 321 ZHo] AHA| S 2415, Table 59+ o] F3
282} 2|54 o|(BP), FAABSF), A=HA(BA) 7H] A3 A4 (correlation coefficient)= Z}7] 0.876, 0.801, 0.792%
H| 4 =7 P Th f-9J2hE-2 0.050]5t=2 A 0 = f-ofn|sie}. SHake|H| et 7P WA BA7E Sl A2 954

°|(BP)°|™, /dAIBSF), A5HA(BA) <=0 = UeRdth 55|, bdteln|et ej5=Z o] 7he] AJa/do] &7 Yetyttt
A g9 Qo) ehdteir]o] & JE nldohks A ofnfeith

[‘Ir‘
o

Table 5. Result of correlation analysis

Description BP BSF BA
Pearson Correlation Coefficient 0.876 0.801 0.792
SMC Significance Probability(both) 0.000 0.000 0.000
N 21 21 21

**_ The correlation coefficient is significant at a 0.01 level(both sides).
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Figure 3. Scatter diagram of SMC and influence factors
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