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ABSTRACT  
 

Background: The traditional FMEA risk assessment uses tables meant for European and American companies. 

Because there are various safety, health and environmental conditions at each country, it is necessary to prepare 
tables pertinent to real conditions of firms.  
Aim: To develop adapted tables, evaluate risks, and finally calculate the insurance rate of remaining risks based 

on such tables. 
Methods: Data of machinery faults and human accidents were collected from HSE department of the cement 

factory and recorded in EXCEL 2010 software. Thereafter, machinery mechanical and electrical failures were 
filtered and calculated as the number of fails per day and duration of failures per hour. Then, both direct and 
indirect costs of all occupational accidents were calculated by the software. Finally, adapted FMEA insurance 
tables were designed based on the cost data obtained from the factory’s HARP unit and the costs of human 
accidents. 
Results: In our evaluation, 183 risks were noticed in the crusher unit and recorded in FMEA worksheets. Following 

correction of data, only 39 risks remained in the allowable zone. Using FMEA insurance table, an amount of $ 
106,400 as insurance cost was calculated for remaining risks, which was very considerable compared to that ($ 
175,000) calculated for the crushing equipment by the insurer. 
Conclusion: According to the results, the use of adapted FMEA tables as a new method can be very useful for 

cost calculations of risks. 
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INTRODUCTION 
 

Increasing of losses is equal to reductions in profit and 
loss. The losses can be reduced by risk assessment and 
observance of safety issues as the most important means 
in protection of human and physical resources1,2. Such 
standard risk assessment methods as FMEA are today 
used for industrial risk modeling3,4. The traditional FMEA 
classifies likely problems and defects based on the risk 
priority number (RPN) from the largest to the smallest one. 
On the one hand, this fact is likely to be neglected that the 
three factors of severity, occurrence and detection do not 
have equal weights in a system. For example, the detection 
factor (D) in an unrepairable system may be considered to 
have the same weight as severity (S) and occurrence (O) 
factors. Also, the traditional FMEA risk assessment uses 
tables related to European and American companies, 
which requires preparation of tables pertinent to real 
conditions of firms due to different country-specific safety, 
health and environmental conditions5,6. In the cement 
production process, most accidents arise from explosions, 
fires and machinery defects, and the staff is injured by 
slipping, skidding, falling objects, falling from leveled 
surfaces, hitting objects, and lifting and carrying loads7. A 
study on accidents in Bangladesh cement industry 
indicated that 76.56% of accidents and damages were 
associated with elevators, conveyor belts, welding, and 
lifting of cement bags8. Another study on Egyptian cement 
industry estimated a total of 47,776 lost days based on 155 
accidents in a population of 3,200 individuals9.The Central 
Insurance statistics announced enormous amounts of 
money spent annually for insuring projects without need 
and risk assessments10.Therefore, if insurance companies 
insure projects without assessing industry-specific high 
risks, they will not only undergo inevitable losses in the 

future, but will also lead insurance industry toward 
abnormalities. Moreover, the liberalization of tariffs in the 
domestic insurance industry and likely introduction of 
foreign insurance firms would necessitate the use of risky 
techniques to avoid losing the share of domestic 
companies in the insurance market11,12. The technique has 
been widely broached in various industries of the United 
States, Europe and Japan. A study by Anodra, for instance, 
on 100 working processes at different industries of Japan 
suggests that the FMEA technique has been successfully 
applied at various industries of automobile, power 
generation, road and building construction, 
telecommunications, and so on13,14.  

Although the FMEA technique has been extensively 
applied in various sectors, no study could be found aiming 
at transferring the remaining risks to the insurance industry 
using this technique. This study, therefore, sought to 
design adapted tables, evaluate risks, and finally calculate 
the insurance rate to remaining risks based on the 
developed tables. 
 

METHODOLOGY  
 

This case study was carried out in Ardabil Cement Factory 
consisting of seven units, viz. crusher, grate cooler, mill, 
preheater, furnace, cement mill, and loading house. This 
research was conducted within different structures. All 
product FMEAs follow 10 basic steps presented in Table 1.  
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Risk assessment requires a pattern by which team 
members can initiate risk assessment process at any time. 
Figure 1 shows FMEA's implementation algorithm in 
Ardabil cement industry according to basic studies and 
steps of FMEA12. 
 
Table 1: Ten basic steps of FMEA 

1 Review the process or product 

2 Brainstorm  
3 List potential effects of each failure mode 
4 Assign a severity ranking  
5 Assign an occurrence ranking 
6 Assign a detection ranking 
7 Calculate the risk priority number (RPN) 
8 Prioritize the failure modes for action 
9 Take action to eliminate or reduce the high-risk failure 

modes 
10 Re-calculate the resulting RPN  

 
The model and stages of FMEA were introduced in the 
above sections. Here, descriptions are provided on 
preparing FMEA tables, completing the columns with an 
insurance viewpoint, defining appropriate descriptive 
phrases for the severity, calculating financial risk by 
occurrence and detection tables, evaluating numbers 
obtained from RPN table, using such tools as ALARA for 
making decisions on risk acceptance or refusal, and finally 
estimating minimum insurance rate as follows. 
Step 1:  All failure modes occurred in units during the last 

10 years with failure times and number of re-
occurrence were extracted from the PM 
department. As data of the early years were 
incomplete, data of the last 4 years were used 
as the basis of this work. 

Step 2:  All fault conditions extracted from PM 
worksheets were tabulated in EXCEL 2010 
software based on the failure code, date, shift 
number, unit code, failure duration, failure type 
code, and department code. 

Step 3:  The faults occurred by mechanical and electrical 
causes within 4 years were filtered by the 
software according to the review of partially 
planned failures and the causes. 

Step 4:  Failures times caused by mechanical and 
electrical faults within 4 years were filtered by 
the Excel 2010 software. 

Step 5:  Considering the 4-year calculations, the final 
fault numbers and failure times were converted 
to units of faults per day and failure duration per 
hour, respectively. 

Step 6:  In this step, the calculations were described in 
dollars in order to define an appropriate 
descriptive phrase and to determine the 
insurance rate based on the severity and 
occurrence tables, for which the failure costs 
were extracted from the HARP (financial) unit. 

Step 7:  First, occupational accident report forms were 
analyzed to determine the risks caused by the 
machinery and the environment for workers. 
Then, the cost data of each accident was 
extracted using a questionnaire completed in 

two parts by the casualties and the safety expert 
of the company. Other cost data were gathered 
from such departments as clinic contractor 
company, legal unit, product control, repair and 
maintenance, or by interviews with informed 
people, and then analyzed by the EXCEL 
software. The costs calculated for the employer 
included two sections of direct costs for 
treatment and equipment, and indirect costs 
namely salaries and benefits of personnel at 
absence times, production failure, 
communications, corrective actions, 
management, turmoil, inspection, time loss, 
replacement, and travel costs. Finally, the 
severity, occurrence, and detection tables were 
designed to determine the insurance rate of 
occupational accidents. 

Step 8:  Adapted tables were designed for the cement 
company by the team members and subjected 
to final management approval. Also, the 
management needed to propose RPNs to be 
considered by team members as a cut off for an 
acceptable/unacceptable risk. The levels of 
severity, occurrence, and detection with 
accepted scores of 6, 7 and 3, respectively, 
were approved by the management. An RPN 
cut-off of 126 was obtained from multiplication of 
the three above items, which was taken as a 
basis for corrective actions. 

Step 9:  Team members prepared the RPN table as the 
basis for making decisions on the obtained 
rankings. The table is used to evaluate the 
obtained values so that the risks above 126 and 
below 100 are clear-cut. However, it is not very 
clear how to deal with the risks in the important 
and intermediate ranges. Therefore, the team 
members used the ALARA decision-making tool 
for risks numbers of 100-126 (intermediate 
range). ALARA rule points out that the risk is not 
reduced as far as possible, but it is lowered to 
an apparently reasonable point. Corrective 
measures and transfer of remaining risk to the 
insurance industry were used for risks above 
126. 

Step 10:  At this stage, Table 2 was prepared to determine 
the risk premium rate with RPN values higher than 126. 
 
Table 2: Determination of risk premium rate by FMEA technique 

Severity 
ranking 

Equipment break-
down insurance 
(in dollar) 

Accident and disease 
insurance 
(in dollar) 

01 00111 0011 
9 00111-0111  0011-0011  
0 1110-0111  0011-0011  
7 0111-0111  0011-0011  
0 0011-0011  0011-0011  
0 0011-011  0011-011  
0 011-011  011-011  
0 011-001  011-011  
0 001 011 
0 - - 
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Fig. 1: FMEA algorithm 
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RESULTS  
 

In the evaluation of crusher machine shown as system, 
subsystem and controllable parts (Fig. 1), 183 risks were 
extracted in the crushing unit as the most fundamental and 
most perilous cement production zone. The RPN table 
indicates that numbers of risks in the tolerable, 
intermediate, high-risk, and unacceptable ranges were 63, 
51, 68, and 1, respectively. Corrective actions and ALARA 
rule were applied to convert high-RPN risks to acceptable 
ones. Thereby, 22 of 51 risks in the intermediate range 

reached a tolerable range and 29 risks remained in the 
same range. Of 68 high-RPN risks, 19 and 10 risks 
reached the acceptable and intermediate zones, 
respectively, while 39 remained in the high-risk zone. 
Lastly, there was only one risk in the unallowable range, 
which reached the intermediate zone using corrective 
actions (Table 3). In the next step, insurance costs for 39 
risks remaining in the unallowable zone were calculated 
from Table 2 (Fig. 2). 

 
Table 3: Analysis of RPN 

Row Title Initial RPN 
Final acceptable RPN after corrective actions on initial RPN Unacceptable 

RPN <100 100-126 

1 RPN < 100 00 00 -  

2 RPN 100-126 00 00 09  

3 RPN 126-340 00 09 01 09 

4 RPN 340-1000 0  0  

5 Total 000 010 01 09 

 

Fig.1: Equipment and human insurance rate 

 
 

DISCUSSION 
 

Risk management process requires rational, systematic, 
and risk assessment methods in order to become a reliable 
basis for planning and decision making on risk acceptance 
at industrial units. Our application of FMEA method, which 
is based on reliability in engineering systems and uses a 
bottom-up inductive analysis, can also be helpfully used in 
ranking RPN risks covered by insurance companies. It was 
mentioned above that FMEA-based risk assessment 
requires the design of adapted tables, for which the 
severity table is of paramount importance to estimate 
damages incurred to equipment, human and environment. 
The severity table was used herein to estimate in dollars 
the total equipment and human loss with RPN of 126 and 
above in the crusher unit. Therefore, as FMEA technique 
can dollarize risk estimation, the technique can have an 
important application for risk assessment in the cement 
company from an insurance perspective. Additionally, the 
gradual removal of insurance tariffs in the near future will 
provide a competitive milieu for the insurance industry. 
Hence, the industry will need to prioritize and classify the 
risks covered by equipment insurance policies taking into 
account the technical principles and also using risk 
assessment specialists. Thereby, it will be provided with a 
good opportunity to acquire a higher share of the insurance 

market, and the insured will receive an appropriate 
insurance coverage and increased workshop safety15,16. 
 

CONCLUSION 
 

The damage estimated for 39 remaining risks revealed that 
from a total of $ 106,400, an amount of $ 41,400 incurred 
by human damages, including occupational deafness, 
death by pool cord cut, pneumoconiosis, electric shock, 
fracture, and contusion due to snagging into equipment. 
Also, an amount of $ 65,000 was induced by electric and 
mechanical damages of crusher parts, including separator 
magnet, electrical equipment, conveyor belt, filter bag, 
crasher, and limestone and clay apron. A review of 
insurance documents for the cement factory disclosed that 
the insurance company levied a premium of $ 175,000 
(with 0.46 per thousand) to insure the factory without the 
use of risk assessment methods. This amount is 
comparable to the equipment premium ($ 65,000) 
estimated in here, which can be multiplied by the insurance 
interest rate ranging between zero and one as the profit 
earned by the insurance company. Furthermore, it is 
noteworthy that the insurance company considered the fire 
risk only, which lies in the tolerable risk range based on the 
assessment of FMEA team. Accordingly, it can be 
concluded that the insurance rate determined by the risk 
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assessment method is lower than the current levied 
premium. Thus, both the industrial sector and the insurance 
industry need to pay attention to risk management and real 
costs of risks based on new risk assessment methods. 
Certainly, the role of risk assessment and management is 
well-known in achieving organizational goals in developed 
economies, the outcomes of which are being utilized 
properly. On the other hand, such an understanding has 
not yet been achieved in most developing countries 
including Iran. Despite significant losses incurred on 
properties, assets, facilities, and human resources due to 
lack of both risk assessment and risk management 
systems, there have been no considerable efforts to 
minimize the above losses and compensate them through 
appropriate funding. In addition, increasing work costs and 
its irrational rise in Iran indicate that production process is 
very costly in our country. Even so, implementation of 
industrial risk assessment and safety issues in the country 
can be the best means to reduce costs by protecting 
human and physical resources. 
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Figure 2. Crusher compone
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