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Abstract
This study presents solutions for improving a bending awkward posture in steel industry in Egypt using digital Human 
Modeling (DHM). The information is gathered by interviewing the workers, working postures are recorded via a video 
camera while the worker is performing his usual work. The postures are analyzed using DHM software. Porter comfort 
analysis and Rapid Upper Limb Assessment are applied for postures analysis. The analysis shows high levels of discomfort 
in neck, trunk, leg and forearm. These discomforts could cause permanent injuries over long periods. A modified design 
is proposed to reduce the fatigue caused by the original process. Furthermore, a comparison between the old and new 
design is performed. This study is important as workers comfort and productivity are increased when the work environ-
ment is ergonomically well-designed.
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1  Introduction

Ergonomics is the discipline of science concerned with 
understanding and analyzing the interactions between 
humans and their surrounding environment with taking 
the effect on the human abilities [1]. Improving the ergo-
nomics in workplaces increases the overall productivity of 
workers and consequently the factory. Despite this fact, 
some industrially developing countries still neglect design 
for ergonomics although they strive to increase their pro-
ductivity. This is in many industrial sectors such as the sem-
iconductors sector. It is widely thought that ergonomics 
cost is a burden and not as an investment [6]. However, 
well designed ergonomics is essential to manufacturing 
excellence [7].

Efficient ergonomic design is a process of high com-
plexity and requires high investment of money and time. 
It also requires a highly skilled team with interdisciplinary 

engineering and scientific background. However, Lack of 
ergonomics analysis can lead to various injuries and risks 
such as joints sprains, muscle strains, and musculoskeletal 
disorders (MSDs) that are caused by awkward postures, 
carrying heavy loads, and repetitive movement [2]. In 
any industry such as steel industry, the main contributor 
to health problems are the occupational risk factors. For 
instance, exposure to high levels of noises or extreme heat 
for long periods can lead to occupational illnesses. The 
industrial environment in a factory with its noise, exhaust 
the workers [3]. Workers in power and steel industries are 
exposed to many hazardous activities that lead to higher 
probability for serious accidents causing death or diseases 
[5].

In this manner, the International Labor Organization 
(ILO) [4] estimated that the number of deaths due to 
diseases and accidents that occur to people from both 
genders in work environment exceeds the 2.3 million per 
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year worldwide. This is corresponding to more than 6000 
deaths on daily basis. Furthermore, work-related illness 
causes the death of over 160 million workers annually. 
Again, the number of occupational accidents exceeds 
the 340 million accident annually. The data is regularly 
updated by the ILO and the updates show that the acci-
dents numbers are rising each year.

Digital human modeling (DHM) is an efficient technique 
for ergonomics design, analysis and prediction. It gets 
more efficient when integrated with computer-aided engi-
neering (CAE) software [8]. For example, Dassault Systems 
Company integrated SAFEWORK which was a standalone 
product with CAE as a digital human modeling software 
[15]. Now, SAFEWORK is integrated with both CATIA V5 [9] 
and (DELMIA V5) software [10] which are used for prod-
uct design and manufacturing planning respectively as a 
workbench for computer added design (CAD). The integra-
tion allows the existence of the product model and the 
human model in the same environment. This makes the 
design and simulation of different human postures or tasks 
easier, realistic, more accurate, and less time-consuming 
process [11]. Rapid Upper Limp Assessment (RULA) is inte-
grated with CATIA V5 software DHM module and is based 
on the work of McAtamne et al. [12]. This type of comfort 
assessment is concerned with the upper part of human 
body. Furthermore, Siemens NX software named has a 
DHM module named NX Human Modeling and Posture 
Prediction previously named JACK [13, 14, 16] based on 
the work of Porter et al. in [17].

There are many DHM software developed for various 
purposes and design needs as the 3DSSPP software for 
materials handling [18]. Moreover, SANTOS was developed 
serving different industries including aerospace, military, 
and medical ergonomics [21]. Another DHM software spe-
cialized for car crash simulations and safety MADYMO soft-
ware [19]. Again, RAMSIS software is developed for vehicle 
ergonomics simulation and analysis [20–22].

This paper provides a convenient assessment of the 
work station in the steel industry. In Sect. 2, the detailed 

methodology followed in the article is illustrated. First, 
questionnaires were performed. Furthermore, worker’s 
postures were recorded by a video camera and main posi-
tions of the worker were determined. Moreover, Upper 
Limb Assessment (RULA) and Porter comfort assessment 
were executed using CATIA V5 and Siemens NX software. 
Furthermore, Sect. 3 contains the initial results and discus-
sion. Upon software results, some improvements are sug-
gested and approved via simulation in Sect. 4. Section 5 
contains a comparison between the initial and final results. 
Relevance of previous work is discussed in Sect. 6. Finally, 
the work is concluded in Sect. 7.

2 � Methodology

This section contains the detailed research strategy, meth-
ods and interview questions during the data collection 
phase.

2.1 � Research strategy

First previous related studies are investigated. Further-
more, initial screening take place through interviews. 
Then, the problem main theme is defined, and suitable 
methods are selected. Afterwards, analysis is performed 
through DHM Software. Moreover, improvements are sug-
gested upon the analysis. Finally, the improvements are 
verified through further DHM analysis.

2.2 � Previous related studies and methods

Some previous studies on ergonomics analysis in steel 
industry were investigated and listed in Table 1.

More methods and their corresponding risk factors are 
presented in [29].

Table 1   Previous studies and corresponding methods

Research title Methods used

Ergonomics Intervention in Unit Blast Furnace of a Typical Steel Company [24] Nordic Musculoskeletal Questionnaire (NMQ)—
Rapid Entire Body Assessment (REBA)

Ergonomic assessment and workstation design of shipping crane cabin in steel industry 
[25]

Questionnaire—RULA

Ergonomics Analysis in the Scarfing Process by OWAS, NIOSH and Nordic Body Map’s 
Method at Slab Steel Plant’s Division [26]

Nordic Body Map questionnaire—Ovako Work 
Posture Analysis System (OWAS)

Assessment of Risk of Musculoskeletal Disorders among Crane Operators in a Steel Plant: 
A Data Mining–Based Analysis [27]

NMQ

Ergonomic Study and Design of the Pulpit of a Wire Rod Mill at an Integrated Steel Plant 
[28]

RULA–REBA–OWAS–Quick Exposure Check (QEC)
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2.3 � Working conditions and initial screening

In the initial screening phase, 16 workers were interviewed 
at the factory and asked if they are feeling any pain due 
to their work duties. This is to get initial view on which 
subject should be analyzed and get an overview of the 
problem taking into consideration that the company does 
not have its own comfort assessment. The worker was cho-
sen because his work is repetitive, and he had the most 
awkward postures among his colleagues. The working 
cycle postures were recorded using a video camera while 
performing his usual work. Postures which are seen to be 
significant were chosen for the study as shown in Fig. 1.

The job process is that the worker first places a bulk 
cylinder of mild steel that weighs more than 50 kg to the 
strip saw machine mechanical vise. Then he tightens up 
the bench vise to the part and starts cutting the pillar to 
the required length. Furthermore, the pillar is taken to the 
lathe to be formed according the set design.

2.4 � Study main theme

This study is performed at a steel factory in Egypt. It is 
obvious that the worker’s duties are mostly depending on 
the upper part of his body and partially on his legs. Thus, 
RULA is found to be an appropriate method for ergonom-
ics analysis under the illustrated condition. Porter comfort 
assessment is concerned with the whole body and it is 
considered as a confirmatory assessment in this study.

2.5 � RULA and Porter analysis

After the initial screening, the chosen postures were mod-
eled using Digital Human Modeling Software. The RULA 
was performed through CATIA V5 software while Porter 
full body assessment was performed on Siemens NX11 
software. Regarding human modeling on CATIA V5 and 
Siemens NX, there is a module that enables inserting a 

Manikin representing a human model. The Manikin is ini-
tially in a standing position. All body parts of the model 
can be modified to represent any real posture. After simu-
lating the real posture, the assessment is performed as 
an integrated feature. The three postures are modeled on 
both software following the previously stated measures.

The Human Model in CATIA V5 does not show which 
body parts are less comfortable as shown in Fig. 2. On the 
other hand, Siemens NX shows the body part that has high 
levels of discomfort as shown in Fig. 3.

Figure 3 shows the three modeled postures for the 
worker placing the bulk cylinder to the strip saw machine 
mechanical vise. The right arm and shoulder are showing 
high levels of discomfort due to the stress while position-
ing the part and tightening the vise. Both legs are also 
showing high levels of discomfort for the same reason.

3 � Results and discussion

3.1 � Interview result

Interviewing the subjects is an inefficient way to detect 
if the postures are awkward or not. However, it was per-
formed to get a broad overview on body parts under high 
risk. Based on the interview, the worker had experienced 
irritation in the rest, trunk, forearm, leg, lower back, knee, 
thighs, hips, elbow, waist, and foot while conducting his 
job tasks. The worker is asked about each body segment to 
provide a discomfort level (Low, Medium, High). Further-
more, it is obvious that the raw material bulk weight is very 
high and require high effort to handle, specially that task is 
repetitive. The interview results are shown in Table 2.

3.2 � RULA results

Using CATIA V5 software RULA analysis was performed 
for each posture and the results for the three postures 

Fig. 1   Awkward recoded work-
ing postures
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are summarized in Table 3. The analysis indicated that the 
postures are awkward, and the worker is at high risk with 
an overall score of 6 for the first and second posture and 
7 for the third posture. Figure 4 shows RULA analysis for 
the second posture. Immediate Investigation and changes 

Fig. 2   Corresponding human 
model postures using Catia V5

Fig. 3   Corresponding human 
model postures using Siemens 
NX11

Table 2   Interview results for each posture

Segments Comfort levels for each posture

1st posture 2nd posture 3rd posture

Rest H L L
Trunk M H H
Forearm H M M
Leg M M M
Lower back M H H
Knee H L M
Thighs H M H
Hips L M M
Elbow L M M
Waist M M H
Foot M H L

Table 3   Initial RULA score

Posture Score Risk 
level

Action to be taken

1 6
Medium

Investigate further and 
change soon2 6

3 7 High
Investigate and change 
immediately
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are needed for the obtained results [30]. The highest risk 
is found to be within the forearm, Neck, Trunk and Legs. 

3.3 � Porter results

Siemens NX11 software was used for such assessment as 
shown in Fig. 5. The software’s results are more of dynamic 
graphic bars representing the acceptable range for each 
body part that displaying the ratings on the model by 
using various colors (Red–Green) to represent comfort 
results for all body parts [23]. The results in Fig. 4 shows 
high level of risk at many body parts for the three postures, 
but the thigh and feet are the main problem.

4 � Suggested modifications

To reduce the effort of pushing the bulk to the vise, a 
simple slider for the cylinder could be used as shown in 
Fig. 6a. A hinge vise as the one shown in Fig. 6b should be 
used instead of the bench vise. The workflow will change 
to be as follows:

1.	 The working part is placed on the slider.
2.	 The worker while standing slide the part to the vise.
3.	 Tighten the hinge vise while in standing posture.

Fig. 4   RULA for the 2nd posture using CATIA V5

Fig. 5   Porter assessment for the 3rd posture
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This will make the worker standing in a straight position 
and eliminate the need for bending. The energy to do the 
job should reduce stress the minimum, MSDs are to be 
avoided, and productivity is increased.

5 � Final analysis and results

Upon the improvements, the postures were modified 
and simulated using CATIA V5 and Siemens NX. RULA was 
repeated and the numerical output dropped from 6 to 2 
for the first and second postures showing acceptable com-
fort levels. Furthermore, RULA numerical output dropped 
from 7 to 3 for the third posture which is better than the 
original status. The results summarized in Table 4 show the 
good impact of the improvements.

Furthermore, Porter assessment is performed and the 
graphical illustration in Fig. 7 shows that all body parts 
are within the green safe limits for the first and second 
postures. On the other hand, Porter analysis for the third 
posture after modifications showed 3 discomfort body 
parts conforming with RULA analysis.

6 � Discussion

Steel industry has many occupational risk factors and 
requires much attention regarding ergonomics design. 
The present study analyzed an awkward posture from 
the steel industry in Egypt using DHM. The authors suc-
ceeded in improving the current condition by suggesting 
new workstation or process design. The efficiency of the 
new modification got verified by performing RULA and 
Porter analysis. The findings of this study proved that 
industrially awkward postures can be efficiently analyzed 
and improved using DHM. For instance, interview results 
show high levels of discomfort in trunk, forearm, and lower 

Fig. 6   (a) Slider. (b) Cylindrical 
hinge vise

Table 4   RULA score after improvements in workstation

Posture Score Risk 
level  

Action to be taken  

1 2 
Negligible 

Acceptable if not repeated 
over long periods 2 2 

3 3 Low Investigate further  

Fig. 7   Final Porter comfort assessment using Siemens NX11



Vol.:(0123456789)

SN Applied Sciences (2020) 2:2085 | https://doi.org/10.1007/s42452-020-03872-y	 Research Article

back. When the postures got simulated and analyzed via 
DHM software, the results were conforming with the real-
ity. In this context, previous studies analyzing postures of 
manual workers in small scale industries [30, 31] followed 
the same procedures and revealed that the RULA method 
is the best technique for predicting the risk of the occur-
rence of upper limb musculoskeletal disorders among 
the different examined tasks. Many previous studies used 
DHM to analyze and Kushwaha and Prasad Kane [25] used 
questionnaire and RULA for ergonomic assessment and 
modifying of crane cabin. Kushwaha and Kane had the 
privilege of collecting the data form 27 crane operators. 
In our case there was a limitation that only one person 
is performing the job. The analysis would be much more 
powerful if there were many workers performing the same 
job. Thus, future development of this research could be a 
deeper investigation and statistical analysis of ergonomics 
design in the Egyptian steel industry in general.

7 � Conclusion

The study analyzed some awkward postures in a steel 
manufacturing company in Egypt. The results of the analy-
sis matched the data collected. Based on the analysis, the 
suggested improvements achieve the highest ergonomic 
scores and ensure the workers’ safety. These procedures 
meet the international standard for a proper workplace. 
Thus, it should be implemented to reduce the musculo-
skeletal disorders and decrease nonvalue added activities 
during operation. Further analysis was performed to verify 
the efficacy of the suggested modification. The modifica-
tion analysis showed significant advancements over the 
original design.
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