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Development of a Safety and Health Expense Prediction Model in the Construction
Industry
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Abstract : The importance of the appropriate use and procurement of Safety and Health Expense has been increasing
along with the recent increase of construction projects in height, size and complexity, However, the current standards
for deducting the Safety and Health Expense have shown limitations in applying the properties and environment of the
construction project due to its Safety and Health Expense Rate's classification method. Therefore, the purpose of this
study is to develop a prediction model for the Safety and Health Expense that enables the consideration of different
environment and properties of construction projects, The study uses multiple regression analysis to analyze the Safety
and Health Expense of Ordinary(A) of less than 0.5 billion WON, The research results have shown that the use of
multiple regression analysis reduces the error rate to 4.38% which the current standard calculation method have shown
18.48%. Therefore, the use of the suggested model provides reliable Safety and Health Expense prediction values that
considers the properties of the project. It is expected that the results of this study contributes to the effective safety
management by providing the appropriate amount of Safety and Health Expense to the project. In this study, only
projects of less than 5 billion WON have been considered in the analysis, Therefore, more data is required for future
studies to suggest an overall Safety and Health Expense prediction model that covers the whole construction industry.

Keywords : Safety and Health Expense, MRA(Multiple Regression Analysis), Regression
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Table 1. Current standards for calculating the Safety and Health
Expense (Ministry of Employment and Labor 2014)
(Unit : ¥W1,000)

Total Cost WO0.5~Wbhbillion

Below Above
#0.5billon | Rate(X) |Base Cost(C)| ¥bbillion

Construction Typ

ordinary(A) 2.93% 1.86% 5,349,000 1.97%
ordinary(B) 3.09% 1.99% 5,499,000 2.10%
heavy construction 3.43% 2.35% 5,400,000 2.44%

railroad/track
construction

other 1.85% 1.20% 3,250,000 1.27%

*Note: The Safety and Health Expense of project cost W0.5~Wb5 billion is
calculated by the following formula:
Safety and Health Expense = Project Total Cost x X + C

2.45% 1.57% 4,411,000 1.66%
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Table 2. Facilities defined by different types of construction projects
(Ministry of Employment and Labor 2014)

Construction Type facilities examples

Building (apartment, school, hall, gym, office, department,
shop, factory, power plant, research institute, hospital,
monument, station, wooden building etc.), Building related
facilities construction, Civil(bridge, pavement), Repair of
railway track, Dismantling and demolition of the workpiece,
Dredging and reclamation, Airfield and stadium creation etc.

ordinary(A)

Installation for the various mechanical devices and
instruments, Ropeway construction, Thermal and nuclear
power generation facility construction, Lifts and escalators
installation work, Pollution prevention and waste water
treatment facility construction, Communication equipment
construction etc.

ordinary(B)

heavy High dike (dam) new construction, Hydroelectric power plant
construction  |facility construction, New construction tunnel etc.

railroad/track | On railway or tramway new construction and includes
construction  |construction

Single projects such as: Dredging, Landscaping, Residential
other land development, Pavement, Electrical engineering,
Information and Communication construction
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Table 3. Existing standards of Safety and Health Expense calculation
method

legislation ordinance law labor related department

The Labor Code of the Russian

Ministry of Health: f th
Federation (N197— Federal law) IﬂI.S Vo ea‘ care ot fhe
Russia ) ) Russian Federation (MHSD)
The Article 226,The Article 217

Safety and Health Expense Calculation method

Fixed ratio of 0.2% regardless project total cost (Kim, 2011)

legislation ordinance law labor related department

Industrial Safety and Health Law Ministry of Labor

Safety and Health Expense Calculation method

Example of Common Temporary Cost Estimation

(Japan Ministry of Land, Infrastructure, Transport and Tourism, 2012)
Construction costs |Below ¥ 10million| Above ¥ 10million

common | Max 4.33% 5.78 x p00
temporary cost | Min 3.25% 4.34 x pooss
Formula : Kr=7.56 x P~011% x T02%
Kr : common temporary rate (%)
P : direct construction cost (¥1,000, T(Duration/month)

Japan

legislation ordinance law labor related department

Industrial Safety and Health Law and | Occupational Safety and Health
us Federal rules (OSHAct, 29 CFR) Administration (OSHA)

Safety and Health Expense Calculation method

Calculated by using similar projects as a reference(Park, 2006)

legislation ordinance law labor related department

Industrial Safety and Health Law and

Health and Safety Executive (HSE)
Sub—regulation (HSWA, CDM) y

UK

Safety and Health Expense Calculation method

Calculated by deducting operations that require Safety and
Health Expense and multiplied by unit cost (Park, 2006)

legislation ordinance law labor related department

Industrial Safety and Health Law and | Federal Ministry of Labour and
Accident Prevention Regulations | Social Affairs (BMA), Construction
(ASIG, UW) Accident Insurance Fund

Germany

Safety and Health Expense Calculation method

Calculated by multiplying rates published by
construction accident insurance fund (Park, 2006)

legislation ordinance law labor related department

Swiss Federal Labor Law Article 6 | Suva Accident Insurance (SUVA)

Safety and Health Expense Calculation method

Safety and Health Expense calculation method

in Switzerland (Son, 2005)
Apartment 1.0%
Office 0.2%
Tunnel 1.0%
Dam 0.1%
Industrial facilities 0.5%

Compared to the Total Cost regardless of Construction Size

Switzerland
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Table 4. literature review

Author Title Contents

The study focuses on investigating
Safety and Health expenses of 11
representative facilities. Regression
analysis and AHP has been used to
analyze the occupational safety and
health expense rate.

Son, Establishing Appropriate
Ki—Sang |Rate for Standard Safety &
(2005) |Health Management Cost

The Ways to improve the  |Deducted the limitations of current

M;/J:;:éf Appropriation Standards | Safety and Health expenses
. for the Occupational Safety |calculation method by expert interview
Jin ;
(2011) and Hea\th Expenses in and survey. The study also sugg§sts
Construction an advanced method of calculation.
A Study on the Estimation |The study suggests the occupational
oh of Occupational Safety safety and health expense rate by
SefW’ook and Health Expense Rate |analyzing Safety and Health Expense
(2013) by Safety Environment data and suggests the occupational

Change in Construction
Industry

safety and health expense rate for
calculation.

*

Note: 11 representative facilities : Construction of Building(apartment,
residential complex, hospital, Commercial Building etc.), Plant, Bridge,
Tunnel, Port, Water and Wastewater, Road, Electric, Telecommunications,
Cultural property repairs, Fire Protection etc.
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Table 5. Data collection of construction projects of total cost below

Whbillion

Daily Safety

No. Wit Gt | DI C(;)Jr:(s)tg;lg:so ! a\II:k:?e Fie_ld position IS Hzr:ljth
(#1,000) | (Month) %) i Experience level Brozies
(Man) (¥#1,000)

1] 477,940 5 25 10 4 1 1] 9,940
2| 400,000 4 80 10 2 1 3| 7,400
3 45,000 5 40 8 4 1 3| 7,850
4| 541,300 5 42 15 2 3| 2] 15,502
5| 396,550 4 80 5 3 2| 3| 7,700
6 45,000 4 80 7 3 2| 3| 8,690
541,870,000 7 38 15 4 1] 65,527
553,748,000 40 60 20 4 1 2| 8,813
56| 558,240 12 40 4 4 3] 1] 11,629
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Table 6. Description of collected data
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variable

Parameter

Unit

measure

dependent

Safety and Health expense of
each construction project

1,000

ratio

independent

total duration

1,000

ratio

total duration

Month

ratio

Construction progress

%

ratio

Daily average labor input

Man

ratio

Experience of safety manager

dummy

Position of safety manager

dummy

Risk ratio

ratio
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Fig. 4. Scatter plot of selected parameters with safety and Health

Table 7. Data used for developing the prediction model

E

xpense

Daily Safety

| T ot O 20 ey ||
(#W1,000) | (Month) ) i Experience level BrEres
(Man) (#1,000)

1 45,000 5 40 8 4 1 3] 7,850
2 45,000 4 80 7 3 21 3] 8,690
3 62,580 1 75 5 2 2| 2| 6,366
41 144,180 12 80 5 4 5| 1] 3,012
5| 232,919 16 67 2 4 1 41 5912
6 | 259,420 13 35 4 4 1 41 5,773
43 /3,960,000 12 100 15 4 1 1 143,928
44 14,368,600 16 90 45 4 1 2 72,679
45| 266,730 14 27 5 3 2| 4] 7,480
siRziTRIsHE =27 M6 HeE 2015 18 6/
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Table 8. Multiple regression analysis results using enter method

R R? Adjusted R | Durbin-Watson
.940a .884 .846 2.001

a. Predictive value : (Constant), Risk level, Field Experience4, Position5,
Position3, Duration, Construction Progress, Position4, Daily average labor
input, Field Experience?2, Position2, Total Cost

b. independent: Safety and Health Expense

Table 9. Multiple regression analysis results using enter method
(analysis of variance)

sum of | degree of mean

model F p-value
squares | freedom square
regression | 1.283E10 11 1.167E9 22.932 0.000a
residual 1.679E9 33 5.087E7

total 1.451E10 44 -

a. Predictive value : (Constant), Risk level, Field Experience4, Position5,
Position3, Duration, Construction Progress, Position4, Daily average labor
input, Field Experience?2, Position2, Total Cost

b. independent: Safety and Health Expense

Table 10. Multiple regression analysis results using enter method

(Coefficient)
unstandardized | standardized ATAEEE 2T
independent - statistics
variables standard ! prvale tolerance
B Beta - VIF
error limit
(Constant) | —5,946| 4,894.5 —| -1.215| .233 - -
Total Cost .009 .002 557 4.823| .000 .263(3.809
Duration | 726.97| 224.85 247| 3.233] .003| .602|1.662
constuction| .y, 671 3 506.3|  — 195/ -3.019| 005 .842|1.187
Progress
Daily average| 4 4, 5| 327 80 41| 4102] .000| .349|2.866
labor input
Field
. 1,297.3|3,482.6 029 373 712  .583|1.717
Experience?2
Field
. 1,598.0(2,898.0 044 551|585  .539|1.857
Experience4
Position2 | 1,766.4|2,878.7 049 .614| .544| .559|1.788
Position3 | 7,013.5(5,216.2 .097| 1.345/ .188| .6681.498
Position4 11,185(8,126.0 .092| 1.376| .178 .788(1.269
Position5 | —1,985|5,671.5 -.023| -.350| .729| .828|1.208
Risk level |—163.68|1,199.4 -.011| -.136| .892| .559|1.789
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Table 11. Multiple regression analysis results using Stepwise Method

Step R R® | Adjusted R? | standard error | Durbin-Watson
1 .848a 719 712 9,745.927
2 .880b 774 .763 8,839.502 -
3 911c .830 .818 7,756.512
4 .932d .869 .856 6,886.192 2.058

a. Predictive value : (Constant), Total Cost

b. Predictive value : (Constant), Total Cost, Daily average labor input

c. Predictive value : (Constant), Total Cost, Daily average labor input, Duration

d. Predictive value : (Constant), Total Cost, Daily average labor input, Duration,
Construction Progress

e. independent: Safety and Health Expense

Table 12. Multiple regression analysis results using Stepwise
Method(analysis of variance)

sum of |degree of| mean

Gl squares | freedom | square F PRI
regression | 1.048E10 1]1.043E10 | 109.774 .000a
1 residual 4.084E9 43| 9.498E7
total 1.451E10 44
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regression | 1.123E10 2| 5.615E9 71.856 .000b
2 residual 3.282E9 42| 7.814E7
total 1.451E10 44
regression | 1.204E10 3| 4.015E9 66.731 .000c
3 residual 2.467E9 41| 6.016E7
total 1.451E10 44
regression | 1.261E10 4| 3.154E9 66.503 .000d
4 residual 1.897E9 40| 4.742E7
total 1.451E10 44
a. Predictive value : (Constant), Total Cost
b. Predictive value : (Constant), Total Cost, Daily average labor input
c. Predictive value : (Constant), Total Cost, Daily average labor input, Duration
d. Predictive value : (Constant), Total Cost, Daily average labor input, Duration,
Construction Progress
e. independent: Safety and Health Expense
FAREA A3} 4744 1Y B 0,0009] fojgkEe] =&
Hlom, ol 4719 BY B FE5HSE AYstrlol A
2ok mElolS: ojmjgie), whebA] 47} mEo] miE 71t
Azt

kefu] oS ARS7Rs s, 2 tellMe vt =9

1, ZVAqbde]Hle] oigt AiEls Uehie 8% Rt
o] 7MY w2 B A4S 2T NP L= A HF 2P
ofl thgt Als== of=l Table 137} .

Table 13. Multiple regression analysis results using Stepwise
Method(Model 4)

unstandardized standardized multico_llirjearity
independent statistics
variables o |ete
B standard Beta tolgrapce VIF
error limit
(Constant) | —4,878.5813,022.68 -1.614 114
Total Cost .009 .001 .514| 6.160 .000 .469(2.133
Daily A
AIVAVEIadS| 4 169.850| 266.687 449| 5512|000  .491|2.035
Labor Input
Duration 816.896| 182.206 277| 4.483 .000 .854|1.171
Construction
—11,368.523|3,279.27 —.204| —3.467 .001 .94411.059
Progress

2 A7E 8l == 2HF 2P 3APE0.1HY A4
VIFgro] 10t} o u A0 Bl EAJ5HA) ok 4
o= g 2 AE el HSAcR =2 A
Hep) oz w2 ofe) 4 13} 2,

T=—4.878.581+(0.009% Total Cost)

+(1,469.859 x Daily Average Labor Input) )
+(816.896 % Duration)

—(11,368.523 x Construction progress)
(Unit © W1,000)
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Ao} gk 713iet,

=2 Sj7)400] ofsirl SYnde] FTAEY, AWTE
2olgl, BATRRE Fde] AAlebdaeulo) obo] Al

.,

A 7HAL Qlong, F3Aa, dBdEEdY, SA
7|3te] SV A S8k o A
ik, vh, Sl 88 S5 A4]
2jujet o) HHAE T E Ao R EEERIT D
Z8F Alg Beta glofl Wk S3AREA, d¥TEHUY,
AN, SHES] 0= St Ao Fd=
T AET 2 Ao BAE

2 oS BdS 28T A At A5l ofEEE 7]
AL AP RS A ZRAEY 27|dARE
A A 88 WA Ho g diSd ¢ gle Ao 7]
=, ofof ute} A ZRAE|A Qb digt A= /do] B
o E 5 2ke Ao 7]diEn

4. AOHZIZ|H| oS 22| X A HE

41 NEHHES Sttt 2 =

2ol Efgdd A3

2 el ShA AL Aoy o5 2]

%2 9lal welo] AR 45712) Ah=o) oF 10%0] st

= 509 A2 askageln] of% muo| e A5
1ok AFEE ASHITH Table 14).

Table 14. Test data used for verification

Daily

Construction | average SHEyE
No Total Cost | Duration — [ Field ol Risk | Health
‘| (#1,000) | (Month) P (og/) ) Experience P level | Expense
2 I (#1,000)

(Man) ’
1 232,919 16 .67 2 4 1 41 5911.5
2 11,980,000 10 .25 10 2 2 1 32,580
3 13,330,000 24 .87 27 4 2 3 80,400
413,360,000 10 .75 20 3 1 1152,300.8
5 13,626,290 14 .65 16 2 2 2 56,025

Table 149] A2o] £ A7 53] £2H o5 BUL 7
8510] AUPAT M| AESHTL, ©]F A 40wl B
QraATI| ] ot uaEAsle] o5 male] JEhde 1%
shara} gk, Table 15-(B) W52 913t 5719 @4 o]
Hol o2 mES A3t Avolch ERE B AT o2
S B A ANATu|eh A4 408 A
Agkelule] vig B3 OXFE U o 5e] ARl/sRS the:
Table 15-(C)% o] w&3HLY,

it

stEzAMBRIEE =24 x6d xes 20158 12 9
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Table 15. Comparison of research methodology with current calculation standards

(A) (B) (C) (D)
Prediction 95% confidence interval Error Rate between Prediction Error Rate between
No. Calculation formula using ° actual Cost and . actual Cost and
Actual Cost - ; - ) using current - ;
(Regression Model) regression L U prediction using . calculation using
model o [sear regression model current standards
T = —4878.581+0.009 % 232,919+1469.859 X 2
. ’ . . 2. 1% 24.52 44%
1 5,911.5 1816.896% 16—11368.523 X 67 5,610.83 | 1,576.89 | 9,462.53 5.1 6,824.5 15.44
T = —4878.581+0.009 % 1,980,000+1469.859 X
2 2 ’ ’ 2 . 2 . .2 2% 2 .04%
32,580 10 +816.896 % 10—11368.523 X .25 32,996.83 |28,678.31 |35,706.29 1 36,828 13.04
T = —4878.581+0.009 % 3,300,000+1469.859 X
’ ’ 222. . . 1% 23.66%
3 80,400 97 +816.896 % 24—11368.523 % 87 74, 50 [63,909.87 |81,953.33 7.7 61,380 3.66
T = —4878.581+0.009 % 3,360,000+1469.859 X
2 . ’ ’ . . . 0% 2 49%
4| 52,300.8 20 +816.896 % 10—11368.523 % 75 54,401.16 |47,778.67 |58,394.94 4.0 62,496 19.49
T = —4878.581+0.009 X 3,626,290+1469.859 X
2 ’ ’ 2. . . 9% . 20.39%
5 56,025 15 +816.896 % 14—11368.523 X 65 53,852.91 |46,969.94 |57,898.83 3.9 67,448.99 0.39
(Unit : W1,000)
oS Heo] Bl He= $18l Table 149 HSw-S o 2 ATE 3l mEE b o mEe v)E
Fog oxlg Y o2 getE BAS AXG AT & md HYass B viEeldon AgEd Adckdu
O] Pt @Ak 4.38%, EFHAY 2.35%= EEE Y oH, 9 AR/ wtete G840 ok Zloln, Yoyt 57 At
57100 thgt 95% A=l Well A2 Qbde]w| 7 B £ 5ol e SA S 9 ol ohgt oS RElE et
P 208 FAE I, o] oS Kdo] 7gldA o 735 A3 Q& tiAIsto] AAPATRHE APgsk= 7%
ARE AN 1S o] F4Es] AlFE 4 Qe o7 &gH ¢S Ao 7|t
o] oAl sl o g,
5. 48

42 Ao || AFEQENO| H|WE SetAS

& AN E @Y 88s el A
(Table 15—(D)), & A7-] Azl o5 2 S8l 4
H AdqPdEE]v](Table 15-(B), (0)), A2 248<
(Table 15—(A))%+2] HlaE F3f o= 2
R R i

B4 2, & A7 dIE mde Ff AE AEdd
|t A 4.38%, FEHA} 2.35%)= A 85
Sl P AR (Eat 2Ake 18.40%, E=HA
4.19%)°1 vle] = Aol el w2 ASAE =S 23
THTable 15). 53] A3 -85 T3l APEE Adbd
© 579 Al - 471 ARIZE oS K] ARt B st
Foll 23 A] o R A3 K82 AT pAbde

8|9} Abgof] tha A ddke & 4= Ack(Fig. 5).
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Fig. 5. Comparison of Current standards for calculating the Safety
and Health Expense and prediction model
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