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Background: The study was conducted to investigate the current status of the occupational health and
safety management system (OHSMS) in the construction industry and the effect of OHSMS on accident
rates. Differences of awareness levels on safety issues among site general managers and occupational
health and safety (OHS) managers are identified through surveys.
Methods: The accident rates for the OHSMS-certified construction companies from 2006 to 2011, when
the construction OHSMS became widely available, were analyzed to understand the effect of OHSMS on
the work-related injury rates in the construction industry. The Korea Occupational Safety and Health
Agency 18001 is the certification to these companies performing OHSMS in South Korea. The ques-
tionnaire was created to analyze the differences of OHSMS awareness between site general managers and
OHS managers of construction companies.
Results: The implementation of OHSMS among the top 100 construction companies in South Korea
shows that the accident rate decreased by 67% and the fatal accident rate decreased by 10.3% during the
period from 2006 to 2011. The survey in this study shows different OHSMS awareness levels between site
general managers and OHS managers. The differences were motivation for developing OHSMS, external
support needed for implementing OHSMS, problems and effectiveness of implementing OHSMS.
Conclusion: Both work-related accident and fatal accident rates were found to be significantly reduced by
implementing OHSMS in this study. The differences of OHSMS awareness between site general managers
and OHS managers were identified through a survey. The effect of these differences on safety and other
benefits warrants further research with proper data collection.

� 2013, Occupational Safety and Health Research Institute. Published by Elsevier. All rights reserved.
1. Introduction

Inmost industrialized countries, the construction industry is one
of the most significant in terms of contribution to gross domestic
product (GDP). It also has a significant impact on the health and
safety of the workers. The construction industry is both economi-
cally and socially important. In South Korea, the construction
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2012, after the financial crisis it contributed approximately 5% of the
GDP (US$116.35 billion) and ranked 15th among the construction
industries in the world. The construction industry presents a sub-
stantial portion of South Korea’s economy [1]. Its employment rate
ranged from 24.8% to 33.6% of all industries in a 10-year period to
late 2011. The construction industry accident rate (work-related
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victims/100workers) in Koreawas almost similar to the all-industry
accident rate. The construction industry had the accident rate of
0.64e0.95, compared with all-industry accident rate of 0.65e0.90
during this period. However, the construction industry fatal acci-
dent rate (fatal accident/10,000 workers) in Korea (1.89e3.97/
10,000workers) was higher than the all-industry fatal accident rate
(1.47e2.76/10,000 workers) during the same period [2]. The in-
dustry provides homes, buildings, infrastructures, and plants.
However, in the construction industry, there were many accidental
deaths or the workers had serious injuries. More workers were
killed or injured each year in the construction industry than in any
other industries. In the United States, the industry employs 5e6% of
the labor force, but has 15% of the fatal injuries andwell over 9%of all
workdays are lost due to injuries [3]. Constructionworkers who are
disabled or killed each year by work-related injuries are believed to
number in the tens of thousands [3]. In addition, unlike other in-
dustries, the construction industry is project based, and the accident
rates (work-related victims/100 workers) vary from one project to
another. Each project is unique, and each project type (e.g., housing
and office, transportation, and plant) has its own characteristics,
which may include methods of working, materials used, and tech-
niques applied for construction. These characteristics may also vary
from project to project in the construction industry in South Korea.

Work-related accidents cause a loss to the company as well as
the employees. Accordingly, the Accident Prevention Advisory Unit
(APAU) of the Health and Safety Executive (HSE) in the United
Kingdom (UK), which passed the world’s first Occupational Health
and Safety Act, surveyed the costs of work-related accidents in
1989. The results indicated that the loss for the companies from
work-related accident was 5e10% of the profit for all industries and
8.5% of the tender price for the construction industry. The ratio of
the direct cost to the indirect cost of the work-related accidents is
1:11 [4]. The indirect costs are product andmaterial damage, loss of
production time, legal costs, overtime and temporary labor, inves-
tigation time, supervisor’s time, fines, loss of expertise and expe-
rience, loss of morale, and bad publicity. The occupational health
and safety management system (OHSMS) was first prepared by the
HSE’s APAU in the UK in 1991 as a practical guide for directors,
managers, health and safety professionals, and employee repre-
sentatives who wanted to improve health and safety in their or-
ganization [5]. The OHSMS is part of the overall management
system that facilitates the management of the occupational health
and safety (OHS) risks associated with the business of the organi-
zation. This includes the organizational structure, planning activ-
ities, responsibilities, practices, procedures, processes, and
resources for developing, implementing, achieving, reviewing, and
maintaining the organization’s OHS policy [6]. A variety of OHSMS-
based standards, guidelines, and audits since then have been
developed within public, private, and not-for-profit sectors. Many
of these have been adopted by various workplaces [7]. In South
Korea, the Korea Occupational Safety and Health Agency (KOSHA)
and the Korean Accreditation Board have also developed KOSHA
2000 (revised to KOSHA 18001 in 2003) and K-OHSMS 18001 in
1999 and 2001, respectively. The OHSMS was placed to enable an
organization to control its OHS risks and to improve its OHS per-
formance [8]. The OHS is an important issue in business manage-
ment, and thus, it is necessary to carry out a systematic study of the
costs and benefits of OHSMS. Today, OHSMS has been recognized as
not citation and moral issue but as an approach to improve the
transparency, productivity, and competitiveness of business. To
make OHS an essential element in decision making and effective in
preventing occupational accidents, it is necessary to examine the
effects of an OHSMS. Although the OHSMS has been developed and
implemented by many major companies in South Korea, studies on
their implementation and effect have rarely been carried out.
This study tests the following hypotheses: First, reducing the
accident rate is one of the most important purposes of developing
and implementing OHSMS. Hence, the construction company in
which the OHSMS is established will have low accident rate. Sec-
ond, in the case of South Korean construction industry, the large
companies are generally aware of the need for OHSMS, but most
small- and medium-sized construction companies are at an early
stage in terms of the practical aspect such as the health and safety
investment. The health and safety as well as the quality and pro-
ductivity play an important role in the success and development of
business management. Thus, the value-added management can be
accomplished by providing an outstanding health and safety ser-
vice. The OHS managers in the company also need to make
continuous efforts to manage the work performance and cost
within the scope of their tasks to improve the added value of health
and safety service. It is difficult for most OHS managers to be
directly involved in chief business management positions such as
strategies, evaluations, organization operations, planning, and au-
dits. For management, the decision making is generally determined
at the directors’ meeting by the authority of chief executive officer,
and is notified to the front-line manager. The directors’ meeting is
responsible for establishing the business strategy, and the line
manager is responsible for carrying out the business plan to
perform the strategy. Therefore, the OHS manager also needs to
develop the service strategy for the best value-added business [9].
However, in the case of South Korea’s construction industry, there
are not many opportunities for the OHS manager to participate in
the strategy development for the added value of business.
Accordingly, the awareness of site general manager and OHS
manager for OHSMS is expected to be different. Third, unlike other
industries (e.g., manufacturing industry, service industry), the
construction industry is not involved in the continuous production
activity at a single location. The construction industry is project
based, and depending on the project, it performs the tasks in the
fields of housing and office, transportation, and plant. Each field has
its own characteristics and working procedures. Consequently, the
OHSMS for the construction industry is expected to differ among
those fields.

The objectives of this study, which are based on the above hy-
potheses, are as follows: (1) understanding the effect of OHSMS
through the analysis of accident rates for the construction com-
panies in which the OHSMS is established; (2) understanding the
differences of OHSMS awareness between the site general man-
agers and OHS managers through statistical analysis; and (3) un-
derstanding the differences among various construction types.

2. Materials and methods

2.1. Analysis of health and safety data

Since the establishment of KOSHA 18001 OHSMS in 1999 by the
KOSHA, 876 companies had maintained the certification as of late
2011. Among these, 17 companies were in the construction in-
dustry. Although there were more than 1,000 construction
companies in South Korea at the time of this study, all these 17
OHSMS-certified construction companies were among the top 100
construction companies. None of the small- and medium-sized
construction companies were OHSMS certified. To examine the
effect of OHSMS certification on work-related accident rate, com-
panies of a similar size with and without OHSMS certification are to
be selected. The small- and medium-sized companies cannot be
included as none of them were OHSMS certified, although they
represented approximately 70% of the construction workers. The
top 100 companies hence were selected for this study. By doing so,
the effect of company size on the work-related accident rate can
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Fig. 1. Accident rate (work-related victims/100 workers).
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Fig. 2. Accident rate (work-related victims/100 workers).
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also be mitigated as all the selected companies are in the similar
size (top 100 companies). The accident rates for the construction
companies from 2006 to 2011, when the construction OHSMS
become widely available, were analyzed to understand the effect of
OHSMS on the work-related injury in the construction industry.

2.2. Survey on OHSMS awareness of site general managers and OHS
managers of construction companies

KOSHA 18001 is the certification to these companies performing
OHSMS in South Korea. The questionnaire (see the “Appendix”
section) was created to analyze the differences of OHSMS aware-
ness between site general managers and OHS managers of con-
struction companies. This survey was performed on approximately
60 OHSMS-certified construction workplaces of the 17 companies
by e-mail and phone. The research participants were the site gen-
eral managers and OHS managers of each construction workplace.
Among the 60 workplaces surveyed, 36 workplaces, where both
site general manager and OHS manager responded to the ques-
tionnaire, were selected as the research areas.

2.3. Statistical analysis

All values are presented as a number of participants and per-
centage for categorical variables. The differences between partici-
pant’s demographics and the awareness between groups were
tested using Fisher exact test or Pearson Chi-square test. All sta-
tistical analyses were performedwith SPSS (version 19.0; SPSS, Inc.,
Chicago, IL, USA). A two-sided p < 0.05 was considered to be sta-
tistically significant.

3. Results and discussion

3.1. Effect of OHSMS on work-related accident rate

All companies in Korea report their work-related accidents and
organization information to KOSHA. This database was used for
analyzing the accident rates in this study. The comparison of the
work-related victims of all companies and all OHSMS-certified
companies from 2006 to 2011 is shown in Fig. 1. It clearly shows
that the certified companies have a lower work-related accident
rate. However, due to the fact that large companies have a higher
possibility to be OHSMS certified, the size of the company (number
of workers) may be a factor contributing to the accident rate. To
mitigate this factor, the top 100 largest construction companies
were selected from more than 1,000 construction companies in
South Korea to analyze the effect of OHSMS certification on the
work-related accident rate in this study. Although the comparison
of accident rate for small- and medium-sized companies with and
without OHSMS certification was also intended, however, as
mentioned earlier, none of the small- and medium-sized con-
struction companies were OHSMS certified. Therefore, the com-
parison cannot be made to examine the effect of OHSMS
certification on the accident rate.

The data collected from KOSHA [2] indicate that from 2006 to
2011, the number of workers in the certified construction com-
panies ranges from 135,981 to 322,696, whereas it ranges from
329,396 to 616,220 for the noncertified construction companies. As
shown in Fig. 2, the accident rate, among the top 100 largest con-
struction companies, is much lower for the certified companies
than that for the noncertified companies. The average annual ac-
cident rates during this period were 0.30 and 0.18 victims/100
workers for the noncertified and certified companies, respectively.
The average accident rate is lowered by 67% when certified com-
panies were compared with noncertified construction companies.
This reduction is likely to due to the implementation of OHSMS,
because the influencing factor of the company size has been
mitigated.

As shown in Fig. 3, the fatal accident rate of the certified com-
panies, among the top 100 largest construction companies, is also
lower than that of the noncertified companies. The average annual
accident rates during this period were 2.03 and 1.82 victims/10,000
workers for the noncertified and certified companies, respectively.
The average fatal accident rate of the certified companies is lowered
by 10.3% when compared with that of noncertified construction
companies.

There may be other less important factors that can affect the
work-related accident rate. However, these factors are likely to
similarly affect both the OHSMS-certified and OHSMS-noncertified
companies selected in this study.

It is clear that the OHSMS-certified companies have a lower
accident rate and fatal accident rate among the top 100 construc-
tion companies in Korea. The implementation of OHSMS has also
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Fig. 3. Fatal accident/10,000 workers.

Table 1
General characteristics of the respondents (n ¼ 72)

Characteristics Job position p*

Site
general
manager

OHS
manager

N % N %

Construction
types

Housing and office 24 66.7 24 66.7 d

Transportation 10 27.8 10 27.8
Plant 2 5.6 2 5.6

Gender M 36 100.0 35 97.2 >0.9999*
F 0 0.0 1 2.8

Age group (y) <30 0 0.0 6 16.7 <0.0001*
30e39 0 0.0 24 66.7
40e49 29 80.6 6 16.7
50e59 7 19.4 0 0.0

No. of workers <100 6 16.7 6 16.7 d

100e199 5 13.9 5 13.9
200e399 14 38.9 14 38.9
400e599 8 22.2 8 22.2
>600 3 8.3 3 8.3

Major Environment 0 0.0 2 5.6 <0.0001*
Safety 0 0.0 24 66.7
Health or hygiene 0 0.0 0 0.0
Engineering 35 97.2 9 25.0
Management 0 0.0 0 0.0
Other 1 2.8 1 2.8

OHSMS training Yes 35 (97.2) 35 (97.2) >0.9999*
No 1 (2.8) 0 (0.0)
Unknown 0 (0.0) 1 (2.8)

Necessity of
OHSMS.

Yes 36 100.0 35 97.2 >0.9999*
No 0 0.0 1 2.8

Fisher exact test and Pearson Chi-square test were performed to examine the sta-
tistical difference for the participant’s demographic factors and awareness between
site general managers and OHSmanagers. For reference, the Pearson Chi-square test
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been reported to reduce accident rate in a study [10]. A similar
effect of OHSMS is expected for small- and medium-sized con-
struction companies in Korea and it can be examined when a
number of Korea’s small- and medium-sized construction com-
panies are OHSMS certified and their safety records are available.
is generally conducted for the comparison between the groups of categorical vari-
ables, but when the sample number is small (i.e., when the frequency in the cell is
small), the Pearson Chi-square test could lead to incorrect result. In that case, the
Fisher exact test was carried out.
OHS, occupational health and safety; OHSMS, occupational health and safety man-
agement system.
* p value by Fisher exact test.
3.2. Differences of OHSMS awareness between site general
managers and OHS managers

In September 2010, KOSHA 18001-certified construction com-
panies were asked to take our questionnaire survey. There were 72
samples from 36 workplaces, where both site general managers
and OHS managers responded to the questionnaire. The 36 work-
places surveyed were classified into three types of constructions.
The housing and office construction includes construction of
apartments, offices, and commercial buildings. The transportation
construction is responsible for building ports, highways, roads, and
subways. Plant construction includes construction of water-treat-
ment plants, power plants, chemical plants, and other plants.
Table 1 shows characteristics of the companies and the managers
who responded to the survey.

Statistically significant differences were found between the two
groups on age and professional background (p < 0.05). The site
general managers were mostly in their 40s, and the OHS managers
were generally in their 30s. As for their professional background,
engineering was 97.2% for the site general manager group, while
safety was 66.7% and engineering 25.0% for the OHS manager
group. There was no OHS manager who majored in health or hy-
giene. Unlike other industries such as the manufacturing industry,
there were no managers with health or hygiene major in the con-
struction industry. No other characteristics were found to be
significantly different.

The motivation for developing OHSMS showed statistically sig-
nificant differences between the site general manager group and
the OHS manager group (p < 0.05; Table 2). With regard to the
motivation for developing OHSMS, “lack of health and safety
management system” was the highest percentage for both groups.
“Elimination and management of health and safety risks” was the
second highest percentage for the site general manager group, and
the response of “social responsibility and legal issues” was the
second highest percentage for the OHS manager group. Many sur-
veyed companies did not have their OHSMS in place and they
needed it to manage their own health and safety issues. Shearn [11]
examined many cases of business benefits arising from health and
safety interventions, but provided no explanation of business mo-
tivations for implementing OHS interventions [12], although it
could be assumed that the businesses involved have a proactive
attitude toward OHS [13]. With regard to the motivation for
developing OHSMS, it was found that the site general manager
group believed more highly of “elimination and management of
health and safety risks” than “social responsibility and legal issues.”

Regarding the implementation of OHSMS, the factors that had
statistically significant differences between the two groups were
“external support needed for implementing OHSMS,” “any prob-
lem with the implementation of OHSMS,” and “if you have prob-
lems, what kind of problem” (p < 0.05). The “cost of OHSMS
implementation and certification” did not show statistically sig-
nificant differences (Table 3). For external support needed for
implementing OHSMS, the site general manager group mostly
selected “risk assessment,” and the OHS manager group selected
various factors in the order of “risk assessment,” “goals and plans,”
and “management review.” In other words, 91.7% of the site gen-
eral manager group responded that the external support is the
most necessary for “risk assessment,” but the OHS manager group
suggested that the external support is needed for various reasons



Table 2
Motivation for developing company’s own OHSMS (n ¼ 72)

Factors Job position p*

Site general manager OHS manager

N % N %

Motivation for developing OHSMS 0.0002*
Lack of health and safety management system 15 41.7 24 66.7
Social responsibility and legal issues 7 19.4 5 13.9
Elimination and management of health and safety risks 12 33.3 4 11.1
Reduce the cost of health and safety management 1 2.8 2 5.6
Responding and complying with interested party 1 2.8 1 2.8

OHS, occupational health and safety; OHSMS, occupational health and safety management system.
* p value by Fisher exact test.
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including the “risk assessment.” For the external support needed
for OHSMS implementation, “risk assessment” was the predomi-
nant support needed for the site general manager group, whereas
the OHSMS group selected various needs. The risk assessment
takes into account the cost, time, and an availability of reliable
data. The company determines what its OHS risks are, taking into
account the inputs and outputs associated with its current and
Table 3
Implementation of OHSMS (n ¼ 72)

Parameters

Site gene

N

Implementation methods
Itself 18
Part of support from consulting firm 12
Support from consulting firm 6

Cost of OHSMS implementation and certification
Inexpensive 10
Reasonable cost 24
Expensive 1
Other 1

External support needed for implementing OHSMS
Policy 1
Risk assessment 33
Legal compliance 1
Goals and plans 0
Organization and responsibility 0
Training and communication 0
Documentation 0
Implementation management 1
Inspection and correction 0
Audit 0
Management review 0

Any problem with the implementation of OHSMS
Yes 12
No 24

If you have problems, what kind of problem
Complicated documentation management 0
Noncompliance with existing OHSMS 4
More complicated (organization, operation, etc.) 7
No measurement of visible achievements 0
Nominal certification 0
Excessive cost of obtaining and maintaining certification 1
No needs of external buyers 0
No incentives 0

OHS, occupational health and safety; OHSMS, occupational health and safety manageme
* p value by Fisher exact test.
y p value by Pearson Chi-square test.
relevant past activities, processes, products, and services. A com-
pany with no OHSMS needs to establish the risk assessment [12].
For the factor of “any problem with the implementation of
OHSMS,” 33.3% of the site general manager group responded that
there were problems with the implementation of OHSMS, and
69.4% of the OHS manager group responded that there were
problems with the implementation of OHSMS, showing a
Job position p*,y

ral manager OHS manager

% N %

d

50.0 18 50.0
33.3 12 33.3
16.7 6 16.7

0.2214*
27.8 8 22.2
66.7 20 55.6
2.8 6 16.7
2.8 2 5.6

0.0007*
2.8 2 5.6

91.7 20 55.6
2.8 2 5.6
0.0 7 19.4
0.0 0 0.0
0.0 1 2.8
0.0 1 2.8
2.8 0 0.0
0.0 0 0.0
0.0 0 0.0
0.0 3 8.3

0.0022y

33.3 25 69.4
66.7 11 30.6

0.0029*
0.0 10 40.0

33.3 6 24.0
58.3 3 12.0
0.0 3 12.0
0.0 2 8.0
8.3 0 0.0
0.0 0 0.0
0.0 1 4.0

nt system.



Table 4
Effectiveness of implementing and management benefits of OHSMS (n ¼ 72)

Factors Job position p

Site general manager OHS manager

N % N %

Effectiveness of implementing OHSMS 0.0326*
Prevention of accidents 17 47.2 11 30.6
Legal compliance 5 13.9 12 33.3
Effective on-site safety and health management 5 13.9 8 22.2
Improving quality 3 8.3 5 13.9
Improving productivity 5 13.9 0 0.0
Reducing management costs 0 0.0 0 0.0
Improving safety consciousness of management 1 2.8 0 0.0
Improving safety consciousness of workers 0 0.0 0 0.0
Improving company’s image 0 0.0 0 0.0

Management benefits of OHSMS 0.0317*
Products 10 27.8 3 8.3
Process 8 22.2 17 47.2
Production 9 25.0 9 25.0
Marketing 2 5.6 4 11.1
Loss control 7 19.4 2 5.6
R and D 0 0.0 1 2.8

OHS, occupational health and safety; OHSMS, occupational health and safety management system.
* p value by Fisher exact test.
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significant difference between the two groups. While OHS man-
agers focus on health and safety issues, site general managers also
have to pay attention to many other issues including logistics, cost,
completion of projects on time, etc. It is clear that the two groups
have different opinions on the problems of OHSMS implementa-
tion or have poor communication between them. In addition,
when there was a problem, the site general manager group
responded that “complicated organization and operation” was the
most serious problem, and the OHS manager group responded
that “complicated documentation management” is the most
serious problem. An effective OHSMS structure simplifies organi-
zation, operation, and documentation, and thus, after the imple-
mentation of OHSMS, the problems of complicated documentation
management, noncompliance with existing OHSMS, and more
complicated issues (organization, operation, etc.) may be elimi-
nated or mitigated. For the implementation methods, there were
no differences between the two groups and the response of “itself”
showed the highest percentage as 50%. When developing and
implementing OHSMS, many companies had difficulty in risk
assessment and operation management and needed help from
external professional organizations. However, 50% of the com-
panies implemented OHSMS themselves. Although implementing
OHSMS by the companies themselves may be cost saving, risk
assessment and operational management in implementing
OHSMS could become more difficult and less effective. With re-
gard to the cost of OHSMS implementation and certification,
“reasonable cost” showed the highest percentage. As a result, for
the implementation of OHSMS, it is necessary for the site general
manager or general manager to comprehensively understand the
problems that the OHS manager is faced with, and to provide
support for various needs including the “risk assessment.”

As shown in Table 4, regarding the benefits of OHSMS, all items
showed statistically significant differences between the site general
manager and OHS manager group (p < 0.05). For the effectiveness
of implementing OHSMS, the site general manager group believed
that the OHSMS implementation is most effective in “prevention of
accidents,” but the OHS manager group believed that the effec-
tiveness is in the order of “legal compliance,” “prevention of
accidents,” and “effective on-site safety and health management.”
With regard to themanagement benefits of OHSMS, the site general
manager group selected, in order, “products,” “production,” and
“process,” and the OHSmanager group selected, in order, “process,”
“production,” and “marketing.” The site general manager group
considered that “products,” “production,” and “process” were the
most important management benefits of OHSMS, whereas the OHS
manager group believed that “process” was the most important
management benefit of OHSMS.

3.3. OHSMS awareness of various construction types

Table 5 shows the statistically significant differences of OHSMS
awareness among the two groups for various construction types
(p < 0.05). In the case of the motivation for developing OHSMS,
“lack of health and safety management system” showed the
highest percentage for housing and office and transportation
constructions, whereas “elimination and management of health
and safety risks” was the top selection for plant construction. It
was found that “elimination and management of health and safety
risks” was the top motivation for developing OHSMS for plant
construction rather than “lack of health and safety management
system.” In the case of the implementation methods of OHSMS,
“itself” showed the highest percentage for housing and office and
plant construction, whereas “part of support from consulting firm”

and “support from consulting firm” showed high percentages for
transportation construction. Regarding the cost of OHSMS imple-
mentation and certification, the response on “reasonable cost” was
the highest percentage, and there were no significant differences
among the three groups. As for the effectiveness of implementing
OHSMS, for housing and office construction, “prevention of acci-
dent” had the highest percentage, whereas “improving quality”
was the top selection for the transportation construction. With
regard to the management benefits of OHSMS, “process” had the
highest percentage for both housing and office and transportation
constructions. Because of the nature of the plant construction,
“production” and “loss control” were found to be the most
important management benefits of OHSMS rather than “process.”



Table 5
OHSMS awareness of various construction types (n ¼ 72)

Factors Construction types p

Housing and office Transportation Plant

N % N % N %

Motivation of developing OHSMS 0.0191*
Lack of health and safety management system 29 60.4 9 45.0 1 25.0
Social responsibility and legal issues 5 10.4 7 35.0 0 0.0
Elimination and management of health and safety risks 12 25.0 2 10.0 2 50.0
Reduce the cost of health and safety management 2 4.2 1 5.0 0 0.0
Responding and complying with interested party 0 0.0 1 5.0 1 25.0

Implementation methods 0.0025*
Itself 30 62.5 4 20.0 2 50.0
Part of support from consulting firm 14 29.2 8 40.0 2 50.0
Support from consulting firm 4 8.3 8 40.0 0 0.0

Cost of OHSMS implementation and certification 0.0448*
Inexpensive 16 33.3 2 10.0 0 0.0
Reasonable cost 26 54.2 16 80.0 2 50.0
Expensive 3 6.3 2 10.0 2 50.0
Other 3 6.3 0 0.0 0 0.0

Effectiveness of implementing OHSMS 0.0051*
Prevention of accidents 23 47.9 4 20.0 1 25.0
Legal compliance 11 22.9 4 20.0 2 50.0
Effective on-site safety and health management 10 20.8 3 15.0 0 0.0
Improving quality 3 6.3 5 25.0 0 0.0
Improving productivity 1 2.1 4 20.0 0 0.0
Reducing management costs d d d d d d

Improving safety consciousness of management 0 0.0 0 0.0 1 25.0
Improving safety consciousness of workers d d d d d d

Improving company’s image d d d d d d

Management benefits of OHSMS 0.0338*
Products 12 25.0 1 5.0 0 0.0
Process 17 35.4 8 40.0 0 0.0
Production 12 25.0 4 20.0 2 50.0
Marketing 4 8.3 2 10.0 0 0.0
Loss control 2 4.2 5 25.0 2 50.0
R and D 1 2.1 0 0.0 0 0.0

OHSMS, occupational health and safety management system.
* p value by Fisher exact test.
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The difference can be used to examine the effectiveness of the
factor. For example, “prevention of accidents” is the higher se-
lection for the effectiveness of implementing OHSMS in housing
and office construction (47.9%) than in the transportation (20.0%)
and plant construction (25.0%; Table 5). It is our plan to collect the
accident rate data of these three types of construction companies
and analyze the difference between the accident rates of these
companies to examine the correlation between the selection and
the actual accident rate.

Differences in OHSMS awareness between the site general
manager and OHS manager groups were identified. Attempts to
correlate some of these differences in cost saving, work-related
accident rate, and other benefits were unsuccessful due to the
limited availability of related data. However, investigations on the
correlations are warranted.

To sum up, an investigation on the effect of OHSMS on the work-
related accident rate was conducted in this study. To mitigate the
possible bias due to company size on the work-related accident
rate, the top 100 largest construction companies were selected for
the analyses. The average annual accident rates during the period
from 2006 to 2011 were 0.30 and 0.18 victims/100 workers for the
noncertified and the certified companies, respectively, with a
reduction rate of 67% for the certified. The average annual fatal
accident rates in the same period were 2.03 and 1.82/10,000
workers for the noncertified and the certified companies, respec-
tively, with a reduction rate of 10.3% for the certified. Both work-
related accident and fatal accident rates were found to be signifi-
cantly reduced by implementing OHSMS in this study.

The survey in this study shows different OHSMS awareness
levels between site general managers and OHS managers. The dif-
ferences were motivation for developing OHSMS, external support
needed for implementing OHSMS, problems, and effectiveness of
implementing OHSMS. The effect of the differences on accident rate
reduction and cost saving can be investigated with proper data
collection and it warrants further studies in the future.
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Appendix. Questionnaire

General information.
ID (name of site)  Construction Types  

Sex  No. of workers  

Age  Job position  

1. What is your major? 

(1) Environment    (2) Safety 

(3) Health or hygiene (4) Engineering

(5) Management    (6) Other (___________) 

2. Did you receive a proper OHSMS training? 

(1) Yes     (2) No 

3. Necessity of OHSMS 

(1) Yes     (2) No 

Motivation for developing their own OHSMS

4. Motivation for developing OHSMS? 

(1) Lack of health and safety management system (2) Social responsibility and legal issues  

(3) Elimination and management of health and safety risks 

(4) Reduce the cost of health and safety management 

(5) Responding and complying with interested party 

Implementation of OHSMS

5. Implementation method? 

(1) Itself      (2) Part of support from consulting firm 

(3) Support from consulting firm 

6. Cost of OHSMS implementation and certification 

(1) Cheaper      (2) Reasonable cost 

(3) Expensive (4) Other

7. External support needed implementing for OHSMS 

(1) Policy      (2) Risk assessment 

(3) Legal compliance (4) Goals and plans

     (5) Organization and responsibility  (6) Training and communication 

(7) Documentation     (8) Implementation management 

     (9) Inspection and correction   (10) Audit 

(11) Management review 



8. Any problem with implementation of OHSMS 

(1) Yes (to Question 9)     

9. If you have problems; what kind of problem 

(1) Complicated documentation management 

(2) Noncompliance with existing OHSMS   (3) More complicated (organization, operation, etc.) 

(4) No measurement of visible achievements   (5) Nominal certification 

(6) Excessive cost of obtaining and maintaining certification 

(7) No needs of external buyers    (8) No incentives 

Effectiveness of implementing and management benefits of OHSMS

10. Effectiveness of implementing OHSMS 

(1) Prevention of accidents    (2) Legal compliance 

(3) Effective on-site safety and health management 

(4) Improving quality     (5) Improving productivity 

(6) Reducing management costs 

(7) Improving safety consciousness of management 

(8) Improving safety consciousness of workers (9) Improving company’s image 

13. Management benefits of OHSMS 

(1) Products     (2) Process 

(3) Production    (4) Marketing 

(5) Loss control    (6) R and D 

(2) no (to Question 10) 

S.J. Yoon et al / Effect of OHSMS on Work-Related Accident Rate 209
References

[1] The Bank of Korea. Economic statistics system [Internet]. Seoul (Korea): The
Bank of Korea; 2013 [cited 2013 Jan 10]. Available from: http://ecos.bok.or.kr/

[2] Korea Occupational Safety and Health Agency (KOSHA). Annual status of in-
dustrial accident [Internet]. Incheon (Korea): KOSHA; 2013 [cited 2013 Jan 2].
Available from: http://www.kosha.or.kr/board.do?menuId¼553.

[3] Ringen K, Seegal J, Englund A. Safety and Health in the construction industry.
Annu Rev Public Health 1995;16:165e88.

[4] Davies N, Teasdale P. HS(G)96: The cost of accident at work. London (UK):
HSE; 1993. HMSO; 52 p.

[5] Health and Safety Executive (HSE). Successful health and safety management.
London (UK): HSE; 1991. vi p.

[6] British Standards Institution (BSI). Occupational health and safety manage-
ment systemsdspecification. London (UK): BSI; 1999. 2 p.

[7] Robson LS, Clarke JA, Cullen K, Bielecky A, Severin C, Bigelow PL, Irvin E,
Culyer A, Mahood Q. The effectiveness of occupational health and safety
management system interventions: a systematic review. Saf Sci 2007;45:
329e53.

[8] The Occupational Health and Safety Advisory Services Project Group. Occupa-
tional health and safety management systems-requirements. Oslo (Norway):
Det Norske Veritas (DNV); 2007. Report No.: ICS 03.100.01; 13.100. 22 p.

[9] Deacon S. Measuring business value in health and safety. London (UK):
Financial Times/Pitman; 1997. 2 p.

[10] Choi JW, Kim YS, Yoon SJ, Hwang GS, Kim KH, Cho YM, Lee SG, Shim SH,
Kim SH. A study on the effectiveness of KOSHA 18001 and future direction.
Incheon (Korea): Korea Occupational Safety and Health Agency; 2008. p. 25e6
[in Korean].

[11] Shearn P. Case Examples: business benefits arising from health & safety
interventions. Sheffield (UK): Health & Safety Laboratory; 2003. 3 p.

[12] Lanoie P, Trottier L. Costs and benefits of preventingworkplace accidents: going
from a mechanical to a manual handling system. J Saf Res 1998;29:65e75.

[13] British Standards Institution (BSI). Occupational health and safety manage-
ment systems. London (UK): BSI; 1999. Report No.: 18002eV8. 14 p.

http://ecos.bok.or.kr/
http://www.kosha.or.kr/board.do?menuId=553
http://www.kosha.or.kr/board.do?menuId=553
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref3
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref3
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref3
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref4
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref4
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref5
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref5
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref6
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref6
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref6
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref7
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref7
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref7
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref7
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref7
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref8
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref8
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref8
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref9
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref9
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref10
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref10
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref10
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref10
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref10
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref11
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref11
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref12
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref12
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref12
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref13
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref13
http://refhub.elsevier.com/S2093-7911(13)00045-0/sref13

