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Abstract – The problem related to the inadequate 

position of workers during lifting heavy loads is the 
everyday life of many environments, such as industrial 
halls or warehouses, which often results in the 
deepening of the worker's spine load problem.  

An analysis of such a workplace was carried out in 
this paper. The workloads at specific body zones were 
determined, whether they were within the prescribed 
limits or exceeded it, and on that basis a redesign of the 
workspace was made in accordance to the 
anthropological values of the model. 

 
Keywords – Biomechanics, Ergonomics, software 

package CATIA with ergonomic modules. 
 
1. Introduction 

 
Postural stress and the worker's spine load 

problem caused by lifting heavy loadsis common 
among many industrial environments. The problem is 
well studied and some proposed solutions are given 
in [7], [9]. 

In this case study it is necessary to load manually 
a 3,500 kg of cargo from the warehouse to the 
transporting trucks on a daily basis. According to the 
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specification of the contracted work, the job must be 
finished in six months. The contracting company has 
one worker who supplies materials and does the 
work, the anthropological characteristics of which 
are as follows (Figure 1.): 

 

 
Figure 1. Anthropological characteristics of the model: 

gender - male, height - 185 cm, weight - 88 kg 
 

2. The goal of the research 
 

The worker raises cargo of 10 kg each from the 
desk of 78 cm height, and then sets it down on a 
pallet that is placed on the floor, one meter away 
from the desk. After that, a forklifting machine raises 
the loaded pallet and transports it to the truck where 
the loading is completed. The process is repeated 
until all predicted cargo is fully loaded. It is 
necessary to analyze the following three critical 
positions of the worker during this work [6]: 
 

- position when lifting the loads, 
- upright position with load in the hands, 

− - position when disposing or lowering the  load. 

 

For these three positions, all necessary analyzes 
should be made in order to determine how the 
workload is reflected to the worker's body, 
particularly in his L4-L5 zone [10].  

 
3. Modelling 

 
By applying the appropriate mathematical 

modelsand CATIA software solutions, we will 
analyze the workload of workers (which we have 
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previously defined) in these three critical 
positions[1], [2], [3]. 
 
3.1. Load analysis 
 
3.1.1 Position 1 (Biomechanics Single Reaction 
Analysis) 
 

The worker is focused on the subject preparing 
for the next position in which he will raise the cargo. 
The worker is here in a normal position, which 
means he is not loaded yet. 
 

 
Figure 2. Biomechanics Single Reaction Analysis of the 

position 1 
 

From Figure 2.we see that in this position the 
Biomechanics Single Reaction Analysisshows that 
the loads are within the allowed limits. The moment 
in L4-L5 zone is 43 Nm, shear force in L4-L5 zone is 
91 N and the abdominal pressure is 0 N/m2. 

The compression on L4-L5 is 1,241 N, which is 
2,159 N below the recommended limit of 3,400N. 
This is 63.5% less than the recommended limit. 
 
3.1.2 Position 2 (Biomechanics Single Reaction 
Analysis) 
 

The worker raises his hands from the starting 
position and begins to accept the object. 
 

 
Figure 3. Biomechanics Single Reaction Analysis  

of the position 2 
 

We see from Figure 3. that the loads here are in 
accordance with the limits, given that the L4-L5 
moment is 110 Nm and the shear force in L4-L5 is 
169 N. The force and the moment that affect the 
abdominal belt do not exist, because the worker is in 
an upright position. Compression on L4-L5 is 2,824 
N, which is 576 N less than permitted or 16.9%. 

 

We can conclude that this position is not critical 
for a given weight of 10 kg of cargo. 
 
3.1.3 Position 3 (Biomechanics Single Reaction 
Analysis) 
 

In this case the worker is in upright position, 
attracting the cargo box close to his body, which 
significantly reduced the momentum affecting his 
L4-L5 region. As we can see, the hands are beneath 
the object, wrapping it from the bottom. At the same 
time, they are also spread, which results the weight to 
be evenly distributed.  

We can see that in this position a part of the load 
is transferred to the arms, forearms, upper arms and 
partially to the body. In this position, the worker 
transfers a cargo at a length of 1 m, after which he 
put it down on the pallet. 
 

 
 

Figure 4. Biomechanics Single Reaction Analysis  
of the position 3 

 

Figure 4.shows that in this position the moment at 
L4-L5 zone is 198 Nm, while the joint shear force is 
105 N. The compression on the L4-L5 is 3,855 N, 
which is outside the limits. This is 455 N higher than 
permitted or it is 13.4% higher. 

This position is not good in terms of worker 
biomechanical spinal column loading and has a 
higher concentration of strain on the hands and joints 
due to cargo weight influence. As such, this position 
needs to be upgraded or changed. 
 
3.2. RULA analysis 
 

3.2.1 Position 1 (RULA-analysis) 
 

 
Figure 5. RULA Analysis of the position 1 

 
In this position both sides of the worker are 

identically loaded (symmetric problem) [5]. The 
weight of the cargo is set to be 10 kg. We can see 
from Figure 5. that the loads are particularly shown 
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in the zones around the hands and hand joints (the 
grade is 3) and in the zones around the neck, body 
and legs (the grade is also 3).  

The overall rating is 3, which means that, 
although not dangerous for the worker, this position 
needs to be further investigated. 
 
3.2.2 Position 2 (RULA- analysis) 
 

 
Figure 6. RULA Analysis of the position 2 

 
We can see from Figure 6. that in this case the 

loads are particularly high around the zones of the 
neck, body and legs (the grade is 6). The overall 
rating is 6, which means that this position needs to be 
further investigated and changed in order to preserve 
the worker's health. 
 
3.2.3 Position 3 (RULA- analysis) 
 

 
Figure 7. RULA Analysis of the position 3 

 
We see that in that position,  the worker is slightly 

bent, with relatively extended arms in order to get 
down the cargo on the pallet. The final score for this 
case is 6, which requires further improvements.  

The problem areas are around the neck, body and 
legs. This is caused primarily by the weight of the 
cargo, as well as by the bad position of the worker.  
 
4. Comparative analysis 
 
Table 1. Comparative analysis for positions 1, 2 and 3 

 RULA Analysis 
(final grade) 

Biomechanics Single 
Reaction Analysis (load 

on L4 and L5) 
Position 1 3 1,241 N 

Position 2 6 2,824 N 

Position 3 6 3,855 N 

 
 
 

5. Technical improvements of the workplace 
 

After redesigning the workplace, we lowered the 
lifting height of the cargo and thus reduced the angle 
of folding back of the worker compared to the work 
desk [4]. After that, an analysis of the redesigned 
working environment was carried out with the help 
of the CATIA Ergonomics Design and Analysis 
module [8]. 
 
5.1 Biomechanical analysis 
 

We see from Figure 8. that the loads are in 
accordance with the limits, the L4-L5 moment is 171 
Nm, the shear force in L4-L5 zone is 24 N. The 
compression of the L4-L5 zone is 3,294 N, which is 
106 N less than the allowed (3.11% less). The 
conclusion of the analysis is that, from the aspect of 
safety in the work, this position is acceptable for the 
worker and that in this case the workplace's influence 
on the worker's health is satisfactory. 
 

 
Figure 8. Biomechanical analysis of the workplace 

 
5.2 Position 3 (RULA-analysis) 
 

 
Figure 9. Position 3 (Rula analysis) 

 
In this position both sides are identically loaded 

(symmetric problem). We can see from Figure 9. that 
the overall rating is 4 in this case, which is clearly 
not dangerous to the worker. 
 
6. Calculation of the energy needed to carry  

the loads 
 

A work that is spent for moving the cargo 
between the platforms can be expressed as a product 
of the force on the worker’s hands and the distance 
traversed. The obtained work should be combined 
with the work that is already done for lifting, rotating 
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and lowering the cargo. Doing so, the total work that 
is spent on the worker's hands during the work 
activities can be determined. 

The force in worker's hands can be calculated as a 
total force that burdens both hands, which can be 
calculated on the basis of the mass of the cargo: 

  
F = m • g [N] = 10 • 9.81 = 98.1 N 

 
The distance the arms travel while carrying the 

cargo is the length that the worker moves from the 
pick-up point to the pallet and it should be measured 
from the center of the gravity at the initial and final 
position. The distance of lowering the cargo is 
measured from the upright position to the final 
position in which the cargo is left on the pallet. The 
work can be determined by the force and the distance 
using the following formula: 

 
A= 3 • F• s [J] = 3 • 98.1 • 1 = 294.3 J 

where: 
F [N] – is the force acting on hands, 
s [m] -  is the distance the hands are passing 
by with the cargo in all three positions. 

 
The force required to move the cargo from one 

place to another is calculated as: 
 

F = m • g • µ [N] = = 10 • 9.81 • 0.5 = 
49.05N 
 

where: 
F [N] – is the force acting on hands, 
g [m/s2] – is the gravitational acceleration, 
and 
µ - is the coefficient of friction of the 
worker's foot from the surface, the 
approximate value is 0.5. 
 

Mechanical power consumed during the work is 
calculated by the expression: 

 

E = A • f • T • Θ [J] = 3 • A• f • T • Θ = 3 • 
98.1 • 0.690 • 0.4725 • 2 = 191.90 J 
 

where: 
 

A[J] – is the total workload for cargo, 
f – is the frequency of repeated activity per 
minute, 
T – is the duration of activity, 
Θ– is the fatigue factor, which depends on 
the frequency and weight of the cargo; it is 
within the values of 1.1 for light tasks and 
2.0 for heavy jobs. 
 
 
 
 

7.  Calculation of BMR  
(Base Metabolic Rate) energy 

 

For the calculation of BMR energy, Harris-
Benedict's formula is most often used. For males: 
 

BMR = 65.51 + (9.563 • M) + (1.85 • H) - 
(4.676 • Y) [kcal/day] 

 

where M [kg] is the worker's mass, H [cm] is his 
height and Y [year] is his age. Taking into account 
the anthropological characteristics of the model, this 
gives: 
 

BMR = 65.51 + (9.563 • 88) + (1.85 • 185) - 
(4.676 • 26) 
BMR = 1127.73 kcal/day 
BMR = 4510.92 J/day 

 

The total spent power can be determined as the 
sum of the BMR and the power needed for 
performing the job: 

 

Et = E+ BMR = 191.90 + 4510.92 = 4702.82 
J/day = 4.7023 kJ/day 

 

To calculate the energy needs we can use the 
following relation: 

 

EP = BMI • 24 • ffa [kcal] 
 

where: 
 

BMI [kg] – is the Body Mass Index, 
24– is the orientationalvalue of basal 
metabolism in kcal/kg/hour; ffa– is the factor 
of physical activity (ffa = 2.10) 
s 

 
Table 2. Energy needs for males and females 
 

Gender 
Easy 

physical 
i i  

Moderate 
physical 

i i  

Heavy 
physical 

i i  male 1.55 1.78 2.10 
female 1.56 1.64 1.82 

 

The Body Mass Index can be determined by using 
the Lorenz's formula. For males: 
 

BMI = (BH (cm) – 100) – (BH (cm) – 
150)/4) [kg] 
where BH [cm] is the body height. Therefore, we 
have: 

BMI = (185 – 100) – ((185 – 150)/4) = 
76.26kg. 
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8.  Mandatory menu based on energy  
needs of workers 

 
Energy needs (EN) can be calculated as: 

 
EN = 88 • 24 • 1.78 = 3,759.36 kcal 

 
This means that the average energy value of 

meals during the week is EN/3 = 1,253.12 [kcal]. 
 
Table 3. Worker optimized seven-day diet 

Day in 
week Foods Groceries Total 

[kcal] 

Monda
y 

Veal 
and 

potato 

veal 
meat potato chocolat

e cake bread 
1,202.7

2 
1,202.7

2 
1,202.7

 

270 [g] 250 [g] 100 [g] 100 [g] 
461.3

 
 

271.36 
 

250 
 

220 
 5% increase because of the added fat and spices: 1,262,86 

Tuesda
y 

Chicke
n in 

curry 
sauce 

 
 

chicken 
meat 

pasta drink bread 1,130.0
0 

1,130.0
0 

 

300 [g] 300 [g] water 200 [g] 
436 

 
394 

 
/ 300 

 5% increase because of the added fat and spices: 1,186.50 

Wedne
sday 

Soup 
with 
veal 
meat 

veal 
meat 

vegetabl
es 

fruit 
cake bread 1,146.0

0 
1,146.0

0 

 

kcal 
  

300 [g] 100 [g] 200 [g] 
357 [] 289 

 
200 

 
300 

 5% increase because of the added fat and spices: 1,203.33 

Thursd
ay 

Fish 
with 

potato 

trout 
fi h 

potato drink bread 1,202.0
7 

1,202,0
7 

 

260 [g] 240 [g] 0,5 [l] 200 [g] 
397 

 
264.54 

 
240.54 

 
300 

 5% increase because of the added fat and spices: 1,262.17 

Friday 
Turkey 

with 
rice 

turkey 
meat rice salad bread 1,200.0

2 
1,200,0

2 

 

300 [g] 240 [g] 200 [g] 200 [g] 
387.5 

 
312.52 

 
200 

 
300 

 5% increase because of the added fat and spices: 1,260.02 

 
9.  Conclusion 
 

Using the CATIA software package, a workplace 
analysis was performed with several characteristic 
positions of the worker before and after the working 
cycle. The analysis deals with three working 
positions during the working cycle. It was found that 
in the position 3, the compression on the L4-L5 zone 
of the workeris 3,855 N, which is outside the allowed 
limits by 13.44%.  

 
 
 
 
 
 
 
 

On the basis of this analysis, a redesign of the 
workplace was proposed by lowering the lifting 
distance and thus reducing the angle of the worker's 
back to the working table. As a result of the proposed 
redesign, the total compression on the worker's L4-
L5 zone was reduced by 3.11% from the allowed 
3,400 N. Taking into account the calculated 
properties of the redesigned system, the energy 
needed for the worker for doing the job is calculated 
and an appropriate menu of his optimal seven-day 
diet was created. 
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