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Background: Nowadays, safety management plans have an effective role in reducing 
the incidence of accidents. Therefore, this study aimed at investigating the role of safety 
management systems on accidents and the status of safety performance indicators in a 
combined cycle power plant in 2011.

Materials and Methods: This descriptive-analytical research was carried out in two stages 
in all Yazd Combined Cycle Power Plant units on accident victims from 2004-2011, based on 
the documentation of the previous years and using census sampling. The Accident Frequency 
Rate (AFR), Accident Severity Rate (ASR), and Frequency Severity Rate (FSI) indices were 
derived from the OSHA standard using the formulas and data obtained from the completed 
questionnaires and interviews with the people.

Results: The total number of accidents was 287 cases through the studied period (8 years). 
The results showed a significant relationship between age and work experience, as well as 
between age and marital status. The main causes of accidents were unsafe acts. The lowest 
level of personal protective equipment was used in 2004 (15.2%), whereas the highest rate was 
used in 2011 (30%). After the implementation of the Integrated Management Systems (IMSs), 
accident indicators showed a decreasing trend regarding the washing time. Also, the amount 
of AFR, ASR and FSI indices of the accidents in terms of work shift indicated a significant 
decrease in 2004 than after the implementation of the safety management systems.

Conclusion: According to the results, due to the positive impact of safety programs (IMS), 
incident indicators had a downward trend and unsafe acts were decreased.
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1. Introduction 

onsidering the rapid growth of industries 
and technology, occupational safety and 
health have become an important issue in 
all jobs and industries. Due to the advances 
in science and technology, as well as the 
establishment of occupational safety and 
health management systems, occupational 

damages and disorders has considerably reduced [1, 2]. 
More recently, the role of occupational health and safety 
management as a strategic key and a tool for improving 
long-term health in the workplace and reducing the cost 
of work has been mentioned [3]. 

The sensitivity of occupational accidents to the eco-
nomic cycle can affect the effectiveness of occupational 
health and safety policies [4]. However, industries are 
known as risky environments that impose high costs due 
to occupational accidents and diseases [1, 2]. According 
to the International Labor Organization (ILO), 120 mil-
lion injuries occur annually worldwide and about one-
third of work-related deaths are caused by occupational 
accidents [5]. 

Accidents cause economic losses for workers, employ-
ers and the community in different levels. Direct losses 
may include damages resulting from work interruption 
due to an accident, medical expenses, and eventually 
damages for temporary/permanent disability or death. 
Also, accidents can cause irreparable harm and damage 
to the family and society [6]. 

Nowadays, organizations are working to improve their 
services. In this regard, management systems and stan-
dards play a key role in various industries. One of these 
management systems can be achieved by the combina-
tion of quality, health, safety, and environmental factors 
[7]. Management systems are considered as the strate-
gies to create more coherence and coordination between 
existing systems. Integrated Management Systems 
(IMSs) have been introduced to integrate three standards 
of quality, environmental, and occupational safety and 
health management to achieve a comprehensive man-
agement system and shortly after it has been deployed, it 
has been able to produce positive and significant results. 
In general, the benefits of IMS can are its time- and cost-
effectiveness, increasing productivity, improving organi-
zationally and reducing documentation [8, 9]. 

In Hamidi et al. study on the impact of IMS on safety 
and productivity indicators in the cement industry dur-
ing 2005-2010, there was a significant relationship 

between various safety indicators before and after the 
implementation of the IMS [10]. Considering the above-
mentioned issues, we decided to investigate the incident 
rates in an 8-year period (2004-2011). Based on the 
available information, the limited number of studies has 
been conducted on the accidents occurred in the com-
bined cycle power plants or at least, their reports has not 
been announced. Therefore, in this study, we tried to use 
the accident indicators to monitor safety performance. 
Accordingly, this study aimed at investigating the role 
of safety management systems on accidents and the sta-
tus of safety performance indicators in a combined cycle 
power plant before and after the IMSs implementation.

2. Material and Methods

This descriptive-analytical research was carried out in 
two stages in all Yazd Combined Cycle Power Plant units 
on accident victims in a period of 8 years (2004-2011) to 
examine and compare the status of safety performance 
and safe behaviors before (2004) and after the IMSs 
implementation (2005-2011). The census sampling was 
done and all accident victims were included in the study. 
At the beginning of the study, written consent was re-
ceived from the participants. After the necessary coor-
dination, the initial information was extracted through 
questionnaires and interviews with the accident victims. 

In this study, the accidents resulted in a loss of one 
workday or shiftwork and more were considered as oc-
cupational accidents. According to the rules of the So-
cial Security Administration in Iran (Article 60), occu-
pational accidents are those that occur during the work 
and for the insured person. It means the time, through 
which an insured person is working at the workplace or 
affiliated institutions, or when he is working outside the 
workplace as ordered by his employer. Also, accidents 
that occur during the act of rescuing other insured per-
sons will be considered as an occupational accident [11]. 

Then, the Accident Frequency Rate (AFR), Accident 
Severity Rate (ASR), and Frequency Severity Rate (FSI) 
indices were obtained based on the OSHA standard [12] 
using the formulas and data derived from the initial anal-
ysis (Formulas 1-3).

1. AFR= N×200000
T

2. AFR= n×200000
T

3. FSI= (AFR×ASR)
1000

C
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N: Number of accidents in a specified time;

n: Number of lost workdays due to accidents in a speci-
fied time;

T: Total efficient working hours of the workers in that 
specified time;

Calculation of these indicators when the accident 
causes permanent disability or death is obtained using 
the tables of lost workdays according to the type of in-
jury. In addition, there were some limitations and prob-
lems, such as the lack of number of affected workers at 
the workplace to be interviewed and failure to properly 
record accident reports for damaged workers that instead 
an interview was conducted by witnesses to solve these 
problems and the necessary explanations were provided 
to convince the interviewees. 

Finally, data were analyzed using SPSS v. 19 through 
the descriptive statistics and Chi-square test. In this re-
search, the significance level was considered equal to 
0.05. In addition, scientific methods were developed to 
monitor safety performance, reduce the incidence of ac-
cidents, and make the necessary management decisions.

3. Results

Based on the results, 287 work-related accidents had 
occurred during an 8-year period (2004-2011). Most of 
the victims were married (68.6%) and were official or 
contract workers (75.6%). Also, it should be noted that 
the study was conducted in 2012, which was chosen 
based on the documentation available in previous years. 
All studied subjects were over 20 years of age. The high-
est number of accidents belonged to the workers (164 
accidents, 57.2%), whereas the lowest number (55 ac-

cidents, 19.1%) was related to managers, engineers, and 
experts. 

The results showed that a significant relationship be-
tween age and work history and also between age and 
marital status (P=0.000). According to the chi-square 
test results, there was a significant relationship between 
marital status, education level and work experience. 
However, there was no significant relationship between 
the different units of work, the cause of the accident, and 
the use of personal protective equipment. The mean and 
standard deviation of lost working days was 11.09±3.8 
and the lowest and highest numbers of accidents had 
been recorded in 2011 and 2009, respectively. 

According to Figure 1, following the implementation of 
IMS, the use of personal protective equipment by work-
ers has been growing. Also, it has been growing since 
the introduction of the integrated management systems. 
The lowest and highest application of these devices was 
in 2004 (15.2%) and 2011 (30%) among victims, respec-
tively. Of those who used PPE, 46 subjects had used PPE 
for protecting the head, face, and neck, 43 subjects for 
hand and foot protection, 58 cases were found with pro-
tective clothing and about 10 cases with the safety belt 
during an accident. Meanwhile, the simultaneous use 
of several types of protective devices by some victims 
caused an increase in some of these statistics. Also, the 
most of the accidents affected the hands, wrists, arms, 
and fingers (about 125 accidents). 

According to Figure 2, the main causes of accidents in 
this 8-year period were unsafe acts, unsafe conditions, 
and no use of PPE. Meanwhile, there was no significant 
relationship between the cause of the accident and the 
work experience of the victims (P>0/005). It should be 
noted that through the studied years, there was no work-

 

 

 

 

84.8 84.4 84.4
80

74.1 75.5 73.2 70

15.2 15.6 15.6
20

25.9 24.5 26.8 30

0

10

20

30

40

50

60

70

80

90

2004 2005 2006 2007 2008 2009 2010 2011

No Yes Linear (Yes)

23 22

34 31
22

32 31

17

73.9

0

10

20

30

40

50

60

70

80

1383 1384 1385 1386 1387 1388 1389 1390 Total

Unsafe acts Unsafe conditions Non-use of PPE

188.87

120.53

42.82
32.01 28.63

17.56

0
20
40
60
80

100
120
140
160
180
200

2004-2005 2006-2007-2008 2009-2010-2011

ASR

AFR

Figure 1. Frequency of using personal protective equipment by victims before and after the implementation of Integrated 
Management Systems in Yazd combined cycle power plant 
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related death, permanent disability, or amputation in 
the Yazd combined cycle power plant and all accidents 
caused some injuries. 

As shown in Figure 3, a downward trend was found for 
accident indicators after the implementation of the IMS. 
Also, the years following the implementation of the IMS 
(2006, 2007, and 2008) were considered as “Washing 
Time”. Meanwhile, the cycle power plant comprised a 
two-shift operation, namely day shift (7 am to 19 pm) 
and night shift (19 pm to 7 am). The highest rate of ac-
cidents had occurred during the day and at the beginning 
of the shift (7 am to 13 pm) (187 accidents (65.2%)). 
Also, the highest rate of accidents had been occurred in 
the night shift (1 pm to 7 am). According to Table 1, it is 
noticeable that the frequency of the indices in 2004 (be-
fore the IMS implementation) was significantly lower 
than the years after its implementation.

4. Discussion

Given that today’s power plants are the most important 
and strategic industries worldwide, and also the Yazd 

Combined Cycle Power Plant is an active power plant, 
studies on these strategic industries are of great impor-
tance. The results of this study showed a significant re-
lationship between the age and work experience and an 
increase in age and work experience had reduced the rate 
of accidents, which is consistent with findings reported 
by Cloutier [13], Bylund [14] and Wadsworh [15]. In the 
Bylund study, only 9% of the accident victims were over 
50 years old [14], which can be due to the lower work 
experience and educational level in the injured personnel, 
curiosity, hurriedness in carrying out the activities, and 
the lack of sufficient skills to use devices and equipment.

In fact, younger age and lower work experience, with 
the aggravation of each other’s effect, caused a synergis-
tic effect to occur an accident. Based on our results, the 
high risk occupational groups can be identified and by 
taking measures, they can be employed in less risky jobs. 
In this study, no recorded accident was found in people 
younger than 20 years, which indicates the importance 
of no employment of the youth in these critical indus-
tries. Most of the injured subjects were married, which 
was consistent with the results of Mohammadfam [16]. 
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Figure 2. The relative frequency of major causes of accidents in Yazd combined cycle power plant before and after the imple-
mentation of the Integrated Management Systems at Yazd combined cycle power plant 
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Figure 3. The average of Accident Frequency Rate (AFR) and Accident Severity Rate (ASR) indices in different years
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The combination of mental and psychological stress 
in the workplace and family can be regarded as a factor 
to increase the rate of unsafe acts in the married cases, 
which can be reduced by improving organizational com-
munication, individual and group counseling, improving 
the environment, safety, and ergonomics, and also using 
relaxation techniques, such as exercise stressors. This 

study showed that the majority of the accidents had af-
fected the hands, arms, forearms and fingers, which is 
in line with the Web’s results [17]. The rates of accidents 
in this study were almost the same as those reported by 
Henrich (75000 accidents) [18]. 

Table 1. The average of Accident Frequency Rate (AFR) and Accident Severity Rate (ASR) indices by working shift before and 
after the implementation of the Integrated Management Systems (IMS)

Frequency of the Indices
IndicesYear

No ShiftworkShiftwork

29.1152.63AFR

2004 82.27142.10ASR

1.542.73FSI

31.730.00AFR

2005 93.9100.00ASR

1.721.73FSI

32.816.00AFR

2006 86.456.00ASR

1.680.94FSI

27.8627.27AFR

2007 71.3363.63ASR

1.401.31FSI

22.8231.57AFR

2008 239.1363.15ASR

2.331.41FSI

24.0220.00AFR

2009 70.3930.00ASR

1.300.77FSI

17.3133.33AFR

2010 31.8453.33ASR

0.741.33FSI

9.0913.79AFR

2011 28.4034.48ASR

0.500.68FSI
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He found that 88% of the accidents were due to unsafe 
acts, 10% due to unsafe conditions, and 2% because of 
the unforeseen causes. Using effective engineering con-
trols, as well as continuous training as the goals of the 
safety management systems, effective measures can be 
taken to eliminate unsafe situations and practices.

In the current study, the use of PPE showed a growing 
trend from 2004-2011, and there was no work-related 
death, permanent disability, or amputation through the 
studied period, which can be due to the role of train-
ing and management plans for health and safety. How-
ever, Goldenhar [19] have indicated that IMS will have 
a long-term impact (usually through 2-3 years), which 
was confirmed by our results (Figure 3). Another result 
of the present study was the high rate of safety indica-
tors in the shiftwork group that indicates the high level 
of risk in this group. 

Mikko Härmä et al. [20] showed that irregular shift 
work is a risk factor for long sleep and fatigue. Overall, 
the results of this study showed that the state of health 
in the years after the implementation of IMS (2005-
2011) was improving compared with the year before its 
implementation (2004). The results reported by Fernán-
dez-Muñiz [21] and Hamidi [10] were also consistent 
with the positive role of IMS in this study. Hamidi et al. 
showed a significant increase in safety indicators after 
the IMS implementation in the cement industry [10]. 
Also, Jamali reported a downward trend for these fac-
tors, which is similar to our results [22]. According to 
the results of Seo et al., personality traits, occupational 
stress, and safety culture can be effective on safe behav-
iors that should be studied further [23].

5. Conclusion

The implementation of safety plans, especially the 
implementation of IMS and annual audits might have 
a significant impact on reducing accident indicators and 
the use of PPE through the studied years. Therefore, 
safety and health management systems are suitable 
tools for reducing accident rates and also accident in-
dicators are effective to monitor safety performance, as 
well as monitor the safety and health of the management 
systems. Finally, it can be said that safety plans have a 
positive impact on accident reduction; however, the im-
pact of these programs, especially on people’s behavior, 
requires more psychological studies.
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