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Abstract 

The improvement of working conditions constitutes the major challenge for any company in order to ensure a better 

productivity. The conditions of work include several elements: material, physical, moral…etc. These can present risks  or 

loads on the health and well-being of workers, which will probably reflecting its profitability. Our study will analyze the 

working conditions of casting workplace in a steel company of El Hadjar Complex of Annaba city (Algeria). This work uses 

the Labour Economics and Sociology Laboratory of France (LEST) method to evaluate the ergonomic-psycho-sociological 

quality of work in this workstation with the aim of promoting them in a perspective of socio-economic development of 

the company. 
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Introduction  

Ergonomics is defined as the study of the design of a 
workplace, equipment, machine, tool, product, 
environment, and system which takes into consideration 
human being's physical, physiological, biomechanical, and 
psychological capabilities and optimizes the effectiveness 
and productivity of work systems while assuring the 
safety, health, and well being of the workers [1]. The 
disciplines of ergonomics include biometric, 
environmental, cognitive, preventive, conceptual, 
corrective and specific ergonomics [2]. The application of 
ergonomic principles in the workplace can result in the 
following [3]: 

 Increased productivity; 
 Improved health and safety of workers; 
 Lower workers' compensation claims; 
 Compliance with government regulations such as 

Occupational Safety and Health Administration (OSHA) 
standards; 

 Improved job satisfaction; 
 Increased work quality; 
 Lower worker turnover; 
 Lower lost time at work; 
 Improved morale of workers; 
 Decreased absenteeism rate 
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The improvement of the conditions of work cannot be 
limited to environmental aspects and physical attributes 
but the ergonomics aspects too.An ergonomic analysis 
shows the critical points of the work, through study of the 
real activity of workers, identifying risks and their 
characteristics to detect disequilibrium found between 
the job and the man, capable of providing an increased 
workload and cause negative health consequences [4]. 
These improvements will bring more comfort to the 
workers, who will be better able to perform their tasks, 
which is interesting not only for the employee, but for the 
company, which will have best results as a reflection [5]. 
Also, working practices and conditions that seem 
harmless can eventually lead to serious illness. 

 
Operations in the iron and steel industry may expose 

workers to a wide range of hazards or workplace 
activities or conditions that could cause incidents, injury, 
death, ill-health or diseases [6]. Workplace risk 
assessment, which is a regulatory requirement [7], is in 
most cases, if not always, conveniently left in the hands of 
the occupational health services (OHS) the companies 
may be affiliated to Suleiman and Svendsen, [8]. Stanton 
and Young [9] quantified over 60 ergonomic procedures 
and/or assessment methods for the workplace. There are 
numerous methods, which can be objective, subjective, or 
mixed, some present slight improvement over the others 
[10].  
 

El Hadjar complex (Algeria) workers are surrounded 
by potential risks to their health. The aim of the present 
work was using the Labour Economics and Sociology 
Laboratory "LEST" method to determine the ergonomic-
psychosocial quality of work in a workstation of casting, 
since this position is one of the major issues of the steel 
industry of El-Hadjar for the development of metallurgical 
products that contain minimum defects and provide more 
homogeneity possible in terms of chemical composition. 
 

Case Report 

El Hadjar Complex and Description of Casting 
Workplace 

The steel El Hadjar complex is located to the east of 
the country in the industrial zone of Annaba (Figure 1). It 
is implant to 15km to the south of the city and occupies an 
area of 830 hectares, currently employs 4.100 workers 
(Figure 2). Its first facilities and units date back to 1969. It 
consists of a set of workshops for the production of steel 
and its transformation. 
 

 

 

 

Figure 1: Location of the city of El Hadjar (Algeria). 
 

 

Figure 2: El Hadjar complex. 
 
The main facilities of the complex El Hadjar are: 
 Park to scrap 
 Oven EBT (DEMAG) (Figure 3) 
 Pocket Oven 
 Casting machine radial continues (JRC) 
 Casting in source (C.E.S) 
 Conditioning of ingots 

 

 

Figure 3: Oven EBT (DEMAG). 
Source: Author 
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Figure 4: Procedure for the transformation of the 
liquid steel in ingots by Casting. 
(Source: El Hadjar complex) 

 
 

Casting in source (C.E.S) precedes the last process of 
the production and transformation procedure of steel. 
Casting is the operation which transfers the metal from 

the liquid state to the solid state (Figure 4). Then the 
liquid steel is poured in a vertical mother and leads to the 
ingot molds by channels in striped refractory in the base 
plate to obtain ingots of various sections that vary 
between 27 mm and 500 mm and height from 1500 mm 
to 1900mm. 
 
Workers in casting workstation execute several tasks. 
Tasks performed are mainly described by 
 Mounting of the cylinder from the pocket to casting. 
 Placement of the refractory mold above the ingot mold. 
 Transportation of the bags of the powder of coverage 

and put them on the ingot mold. 
 Monitoring during the duration of the casting and make 

the travel control of the ladle. 
 Intervention in case of leak of the pocket of casting. 
 

The daily work requires the worker to do three 
castings in eight hours. During the preparation and before 
the arrival of the ladle, worker performs a manual task 
without machine.  

 
This task is performed three times in eight hours of 

work and the duration of each task is 90 min, which are 
divided into: 
 Transport of refractory molds and their attachment to 

the upper part of the ingot mold. 
 Transportation of the bags of the powder of coverage. 
 Deposit bags of powders in the ingot molds. 
 

Numbers of workers, age, years in company and years 
of experience in casting are represented in Table 1. 

 
Task Number of workers Age Years in this industry Years in this position 

Casting Foreman 08 

45 18 05 
44 16 07 
46 16 06 
48 19 07 
44 22 07 
46 18 07 
51 19 07 
41 11 07 

Operators for casting 09 

49 19 07 
41 18 07 
36 13 07 
47 22 07 
36 6 05 
35 6 05 
39 11 07 
48 18 07 

 
Casting in source preparation 

Receipt of the pocket to steel 

Weighing of the pocket and Calculation of number of 

ingot to achieve 

Deburring and marking of the ingots 

Mold release and reversal 

Maintenance in cooling 

Verification of chemical composition 

Realization of the CASTING 
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35 9 07 

Basin laborer 04 

40 9 07 
42 16 03 
43 19 03 
39 0 6 03 

Deburrer 10 

47 09 01 
40 19 03 
43 19 07 
42 18 05 
47 19 07 
51 19 07 
47 19 02 
44 17 01 
46 18 07 
47 19 07 

Bridge Operator 12 

46 16 07 
40 09 07 
38 15 07 
43 09 03 
41 16 06 
40 16 07 
48 16 03 
45 09 07 
48 09 07 
42 19 07 
45 19 03 
36 09 07 

Cloakroom guardsman 04 

50 19 06 
47 19 03 
49 19 01 
51 16 03 

Table 1: Workers age and experience for every task. 
 

Workers at casting workplace are exposed to several 
risks. Some of the most common in this workplace include 
heat, noise, others loads...etc. In hot environments 
workers may be at risk of heat stress [11]. Heat stress can 
contribute to fatigue; its control is of particular 
importance in tasks of a critical safety nature [12], and 
fatigue affects a person's health, increases the chance of 
workplace injuries, and reduces performance and 
productivity within the workplace [13]. The risk of 
excessive noise causes a temporary hearing loss. The 
more time a person’s ears are exposed to excessive noise, 
the greater the degree of hearing loss. Longer exposure 
time equals more acoustic energy and hence more 
damage. The damage that a result is irreversible, and the 
treatment is limited [14]. Also ergonomic hazards where 
the physical factors that harm the musculoskeletal 
system, such as repetitive movement, manual handling 

and poor body positioning; all these factors constitute 
risks for health.  

 

Study Methodology 

The LEST method [15] was used to perform an 
ergonomic psycho-social assessment of the factors 
negatively affecting the physical environment, the 
physical workload, the psychosocial aspects and the 
working hours of laborers employed in this setting.  

 
This method proposes to establish a diagnosis of the 

conditions of work of a workstation are "good" or "bad", 
"satisfactory" or "harmful";we establish for each element 
identified a rating of 0 to 10 such that the higher rating to 
2 is unsatisfactory and this is one of the main advantages 
of this method (Table 2). The whole of these quotations 
be represented graphically by a histogram allowing to 
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have a quick view of the aspects most favorable or the most unfavorable to a workstation. 
 

Value Effects 
0, 1 and 2 Situation satisfactory 
3, 4 and 5 Weak inconvenience. Improvements possible 

6 and 7 Medium nuisance. Risk of fatigue 
8 and 9 Strong nuisance. Fatigue 

10++ Harmful 

Table 2: LEST method index values and their interpretation [15]. 
 

Indeed, application of LEST Method will allow to show 
more clearly the problems which deserve to be deepened, 
it will generate the interest for news studies. The 
following figure could summarize the diverse stages of 
use of this method of analysis. 

 
 

 

Figure 5: Steps of the use of LEST method [15]. 
 
 

Data were collected through personal interviews with 
workers and for the physical atmosphere of work we have 
used measuring instruments (sound level meters, 
decimeters, hydrometers, light meters…,). Sixteen 
variables were measured with LEST method (with Index 
tables) and clustered into five relevant areas [15]: 
a) Physical environment: thermal environment, lighting, 

noise and vibrations. 
b) Physical workload: static and dynamic. 
c) Mental workload: time pressure, complexity–speed, 

attention, and thoroughness. 
d) Psychosocial aspects: Initiative, social status, 

communication, cooperation, and identification with 
the product. 

e) Working hours. 
The following table summarizes, for each of these 

quotations, the criteria used, as well as the index 
calculations. 

Variables Intermediate quotes Index 
I. Physical environment 

Thermal environment a ( a1, a2  and 
a3) 
a1 : 
- Effective temperature in °C 
- level of physical effort 
- daily duration of exposure 
 
  a2  : Frequent temperature 
fluctuations in the day 
 
 
a3 : Manipulations of contents warm 
or cold 
 

 
                

 

 

 

 

a2 

- 2 If more than 25 changes by Day 
- 0 In the other cases 
a3 

 

- 2 If infrequent contacts 

- 4 if Extended contact (> 25% of 
working time) 

 

 

 

 

 

 

 

 

          
  

Noise  b (b1, b2 and b3) 
If overall measure of the sound level 
-  noise intensity level in dB  
- level of attention 
 

 
 

                
 
 

 
 
 
 
b = b1+ b3 
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If the measurement by frequency 
band 
- sound intensity by octave band 
- limits of bands of octaves  
- level of attention 
 
 
Impulse Noise of intensity ≥ 85 dB 
 

b2  
8 Quotations (1 for each octave band)  
2 = rating the higher of these 8 
 
b3 
If intensity < 100 dB 
- 1 if number of noise < 15 per day 
- 2 if number of noise ≥ 15 per day 
If intensity ≥ 100 dB 
- 3 if number of noise < 15 per day 
- 5 if number of noise ≥ 15 per day  
 

or 
b = b2 + b3 

Lighting c 
Illumination level at workstation \ 
(Lux) 
Importance of contrast 
Level of perception required 
 
Work with artificial light 
 
 
Lighting provided by tubes 
 
 
 
 
Glare at the workstation 
 
 
General lighting level of the workshop 

 
               

 
 
 
   

- 0 if it is not permanent  
- 2 if it is permanent 
c3 

- 0 if tubes 2 X 2 and more than 90 
cm 
- 2 if tubes 2 by 2, but less than 90 
cm 
- 2 if tubes located more than 90 cm, 
but    not mounted 2 by 2 
- 4 if tubes less than 90 cm and not 2 
by 2 
c4 

- 0 if no 

- 5 if yes 

c5 

-              √  
-               √  
(E = illumination at the station) 
 

 
 
 
 
 
 
 
 
 
                  

Vibrations  d 
- Frequency of vibrations 
- Amplitude of vibrations 
- Duration of exposure 

 
                

 
     

II. Physical expenditure 
Static Expenses 
- Various postures 
- Hourly duration of each 
Working Energy Expenditure 
- Work expenditure in kilocalories / 
day 
- sex 
 
Work expenditure (static + dynamic) 
is calculated according to the method 
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described on pages 108 to 117  
(Guélaud et al., 1975) 
III. Mental load 
1. Repetitive work 
Time pressure 
- Compensation method 
- Ramp-up time 
 
- Chain - non-chain 
- Delays to catch up 
- Number of breaks 
 

 
                

 
 

                
 
 

 
 
 

  
     

 
 

Complexity-speed  
- Average duration of each 
operation 
- Duration of each cycle 
 
- Number of choices made per cycle 
- Duration of each cycle 

 
                

 
 

                
 

 
 

 

        

Attention  
- Level of attention required by the 
task 
- Duration of maintenance of 
attention 
 
- Frequency of accident risks 
- Importance of risks 
  
- Frequency of risk of deterioration 
of equipment 
- Hardware features 
  
- Frequency of the risks of rejection 
of the product 
- Value of the product 
 
- Opportunity to talk with other 
workers 
- How long the worker can take his 
eyes off his job 

 
 

                
 
 

    
 
 
 

                                                         
   

                                                equal to the big                   
                                                   of  the 3 quotes 
 
 

    
 
 
 

    
 

 
 
 
 
 
 
 
 
 
 

  
    

    
 

 

Thoroughness 
- Level of perception of details 
- Dimensions of objects 

 
                

 

 
      

 
2. Non-Repetitive Work 
 
Time Constraint 
 
- Chain - non-chain 
- Delays to catch up 
- Number of breaks 
 
- Possibility of being absent by 
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being or not replacing 
- Number of breaks 
 
- Possibility to stop the chain or the 
machine 
- Compensation method 
 

 
 
 

                
 

  
        

 
 

Attention 
-  Level of attention required by the 
task 
-  Duration of maintenance of 
attention 
 
- Frequency of accident risks 
- Importance of these risks 
 
-  Frequency of risk of deterioration 
of equipment 
- Hardware features 
 
- Frequency of the risks of rejection 
of the product 
- Value of the product 
 
- Opportunity to talk with other 
workers 
- How long the worker can take his 
eyes off his job 
- Number of machines or devices to 
monitor 
- Average number of signals per 
machine / hour 
- Average duration of interventions 
per hour 
- Number of different interventions 
 
 

 
    

 
 

    
 
 
 

                                                         
   

                                                equal to the big                   
                                                   of  the 3 quotes 
 
 

    
 
 

    
 
 
 

    
 
 
 
 

         
 
 

 
 
 
 
 
 
 
 
 
 
 

  
    

            

 
 

 
 

Thoroughness 
- Level of perception of details 
- Dimensions of objects 

 
                

 

 
      

 

IV. Psychosociological aspects 
Initiative 
- Possibility to organize his work or 
change the order of operations 
- Possibility to control your work 
place 
- Ability to get ahead 
- Possibility of self-monitoring 
- Possibility of retouching parts 
- Possibility to adjust the machine 
- Possibility to intervene in case of 
incident 
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Social status 
- Workplace learning time 
- Level of training required for the 
task 
 

 
   

 
     

Communication  
- Ability to speak during work 
- Possibility to move 
 
- Number of people in the 
neighborhood 
- Possibility to move 
 

 
   

 
 

   

 
 
 

  
     

 
 

Cooperation  
Types of  labor  relations 
Frequencies of   labor  relations 

 
   

 
     

Identification 
- Situation of the worker in the 
manufacturing process 
- Importance of the transformation 
carried out 

 
   

 
     

V. Working hours  
- Schedule type 
- Working week 

        

Table 3: Variables of the working conditions and their index calculation [15]. 
 

The study of the workplace with the taking of the 
Situations (measures and calculation of parameters in 

casting workplace with LEST method) and results are 
presented in the Table 4. 

 
Variables Measurements of the variables Index 

Thermal environment 

 The worker is exposed to a temperature of 38°C up to 40°C 
for 03 hours and at a temperature of 34°C to 36°C for 02 hours 
maximum. 
 The worker is exposed to an average temperature of 28°C 
during the rest of the working time. 
 The worker is in prolonged contact greater than 25 per cent 
of the time of work with the heated material and the frequency of 
variation of temperature is less than 25 changes by day. 

10++ 

Noise The daily sound exposure level is 90 dB. 10++ 

Lighting The illumination is equal to 165 lux. With a contrast medium level 0 
Vibrations No vibration in this workplace 0 
Static load The worker provided an energy of 59.4 kcal per day 0 

Dynamic load The worker spends energy of 96.48 kcal per day. 0 

Time pressure 

 The mode of remuneration of workers is the salary to the 
time and the time of mounted in cadence is limited between 02 days 
and one week. 
 The worker has a pause in half- day and the delay of work to 
non-chain regained 

2 

Complexity-speed 
 The duration of each operation is greater than 20 seconds 
with duration of each cycle greater than 10 minutes. 

0 
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 Absence of choice to perform the tasks by cycle. 

Attention 

 The level of attention is very high during 45 min per hour 
and the risk of accident is serious. 
 Value of the parts is high and the risk of their deterioration 
is rare, the characteristics of the hardware are robust and costly 
with a frequency of risk of damage intermittent. 
 Possibility to speak: a few words 

8 

Thoroughness 
The level of perception of detail is moderate with a size of objects is 
greater than 5 cm 

0 

Initiative 

The lack of the possibility to change the order of the operations, the 
worker made the control of the parts but does not the editing and 
the adjustment of the parts, also the worker has the power to 
intervene in case of minor incident. 

8 

Social status 
The general training required for the task is "Knowledge, read, write, 
count" with duration of learning to the workstation greater than or 
equal to 3 months. 

0 

Communication 
Possibility to speak a few words and to move with a number of 
people which is equal to 3 in a radius of 06 m 

2 

Cooperation 
The type of relationship between the workers is co-operative with a 
possibility for cooperation average. 

0 

Identification 
The importance of the processing carried out is important and 
visible, and the situation of the worker in the process is at the level 
of an element. 

2 

Working hours The type of work schedule is (3 x 8) with a weekly duration of 48 h. 10 

Table 4: The sixteen variables measured in the casting workplace. 
Source: Author 
 

Discussion and Interpretation of the 
Results 

The whole of the previous index can be represented 

graphically by a histogram that allows quick view of the 
most favorable and unfavorable aspects to a workstation 
(Figure 6). 
 

 

 

Figure 6: Indices of the different variables measured in Casting workplace. 
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The parameters lighting, vibrations, dynamic load, 
complexity-speed, thoroughness, social status and 
cooperation were constant in the workplace studied. 
Concerning the study of the static load, the 
communication and the identification, we have found that 
these parameters are not really satisfactory and relatively 
inconvenient but there is a possibility for improvements. 
”Attention” and “initiative” can present a medium 
nuisance or risk of fatigue. Analysis of the remaining 
parameters showed significant index for “thermal 
environment”, “noise”, “time pressure” and “working 
hours”. These parameters can present serious risks to the 
health and must be managed [16]. 

 
Employers should select the controls that are the most 

feasible, effective, and permanent as it is mentioned by 
the National Institute for Occupational Safety and Health 
(NIOSH) publications in Figure 7. 

 

 

Figure 7: Hierarchy of controls to protect workers 
from workplace hazards. 

 

By inspecting this hierarchy, we will begin by the 
elimination of the hazards sources which is the heat. But 
this factor is the heart of the process; it can neither be 
eliminated nor substituted. So, after analyzing casting 
working conditions, we can proceed to the other stages of 
the hierarchy and after listing the hazards needing 
controls in order of priority. 
 

We can make recommendations for parameters which 
showed significant index:  
 Thermal Atmosphere: hazards from molten metal 

processes include the potential for serious and even 
fatal burns. Prolonged exposure to heat may also cause 
heat stress and fatigue and even collapse. Recognition 
of these hazards must be incorporated in training of 
workers in foundries [17]. To avoid this risk, we should 

put at the disposal of workers the useful means of 
protection (ventilation, mineral water, vaporizers 
humidification, external blinds, personal protective 
equipment...).  

 Noise: Excessive noise is a common hazard in 
foundries and causes permanent occupational deafness 
to those exposed. For health protection, we try to 
reduce the noise at the source, otherwise put actions on 
the spread of noise the remoteness; 
compartmentalization and acoustic treatment of the 
local. Then, we should be looking for working methods 
that expose workers to shorter durations to noise. 

 Static Load: Static work tires the body, and also the 
mind. Allowing for relief from muscle cramping and 
other symptoms by taking periodic breaks to move 
around and do some simple stretching exercises [18].  

 Attention: The work in the Foundry is a painful and 
hard job that can alter the attention. Index of attention 
at the level of the post of casting in source is important 
because of its level, the risk of injury, the risk of 
deterioration of the product also the concentration at 
work are all important, what determines an 
unfavorable state that requires an improvement for the 
reduce. Improve the plan for the prevention for allows 
identifying and limiting risks related to the co-activity 
of the persons present on the site during the realization 
of the work. 

 Initiative: The diagnosis of the initiative is dependent 
on the ability to control the pace at work and the 
possibility of adjusting the machine. Reward employees 
for their contribution to the improvement of 
productivity. 

 Working Time: At the level of the casting, the type of 
schedule is (3x 8h) with a weekly duration of 48 hours. 
The work in this workplace is very painful. We must 
reduce the time of exposure by short frequent breaks 
during the work. 

 
Finally, to prevent heat illness, OSHA presents 

precautions that can be taken any time when 
temperatures are high and the job involves physical work: 
 Establish a complete heat illness prevention program. 
 Designate a responsible person to monitor conditions 

and protect workers who are at risk of heat stress. 
 

Conclusion  

Occupational health and safety (OHS) management 
concerns the improvement in health conditions at 
workplace and reducing a sort of costs emanating from 
work accidents that could originate from by inadequate 
working environment, insufficient informing and low 
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consciousness level of employees or lack of attention [19]. 
By using LEST method, poor working conditions in the 
process of casting in El Hadjar complex lead to many 
problems , as well as thermal atmosphere, noise, static 
load, attention, initiative and long working hours, causing 
serious risks. Poor working conditions are bad news for 
both employees and employers, resulting in physical 
suffering and adverse economic impact. Implementing 
new psychosocial risk-management programs is difficult 
[20], therefore authorities, employers, workers [21], and 
trade unions [22] need to increase their participation. The 
ambition and commitment to prevent all (serious) 
accidents implies the need for innovation [23]. Finally, it 
is in everyone’s best interest to apply ergonomics to the 
workplace. The suggestions offered here should help 
employees and employers to reduce risks and accidents in 
casting workplace. 

 
The proposed method has enabled us to assess the 

working conditions of the workplace `casting` and we 
determined the most dangerous risks in this process. But 
other studies with other methods in the same workplace 
are obligatory for the improvement of working 
environment. 
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