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Abstract 

 
Life in a fast-paced era demands a company to increase its productivity. One of them is the Bekonang roof tile 
company which is located in Sukoharjo, Central Java. The demand is quite stable and allows an increase in demand 
production, requiring Bekonang roof tile company to carry out the process more efficiently. However, in the process 
of making roof tiles, there are still less efficient activities, namely in the material handling process for wet tile 
transportation. The material handling process is only done manually, using only 2 hands by the operator. This 
condition can increase the damage during the wet tile transportation period because it can change the tile and also the 
tile is prone to falling. Therefore, it is necessary to make ergonomic equipments to increase the productivity of the 
Bekonang roof tile company. After adding the equipment for transporting tiles, within 12 minutes there were 135 tiles 
obtained more than not using equipment, namely 21 pieces. 
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1. Introduction  
 
Currently, the spread of industry in Indonesia is mostly still on the island of Java, which is about 75 percent (Dedi 
Mulyadi, 2012). Bekonang roof tile company is one of the centers for the roof tile press industry in Sukoharjo, Central 
Java. Currently, there are at least 50 households producing roof tiles in the Wirun area itself. Mostly, this cottage 
industry is owned and managed from generation to generation by the owner's family. Every day the Bekonang roof 
tile company is able to produce an average of 400-500 tiles to meet the demand for roof tiles from the areas around 
Solo-Raya, Jogja, and Pacitan. Bekonang roof tile company produces 8 types of tiles consisting of super mantili, 
sokka, super sokka, ABL, sokka ABL, mini, large mantili and small mantili. Bekonang roof tile company traditional 
tiles are still quite attractive, especially by residents in rural areas, who mostly have simple houses. In addition, the 
demand for traditional roof tiles can increase at any time after natural disasters such as floods and landslides occur 
(Result of interview). 
 
The demand is quite stable and there is a possibility of increasing demand, requiring Bekonang roof tile company to 
carry out the production process more efficiently. However, field conditions state that there are still obstacles from 
the production process at Bekonang roof tile company. The amount of at least the quantity of production factors that 
must be used to produce output determines the state of efficiency (Sudarsono, 1995). In the process of making roof 
tiles, there are still some inefficient activities. The core process of making tile itself consists of processing clay, 
molding clay into tile, drying wet tile, and burning tile. One of the less efficient activities in the process of making 
this tile is the material handling process for transporting wet roof tiles. The material handling process is only done 
manually, using only 2 hands by the operator. This condition can increase the risk of damage during the wet tile 
transportation period because it can change the tile mold and is also prone to falling. In addition, in terms of time it is 
less efficient because the operator carries out repeated activities with only 2 tiles that can be transported and at the 
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same time it takes up production time because the operators carrying out the transportation are the operators involved 
in the production process (result of interview). 
 
From the existing problems, a tool is needed to increase the productivity of the bekonang tile industry. The making of 
this tool is intended to increase the capacity of transporting tiles and minimize damage to the material being handled. 
With reduced transport time, the production (printing process) time will increase. So that the number of tiles produced 
will increase. It's just that small industries do not have to carry out production to the maximum point continuously, 
adjusted to the current demand. If there is a surge in demand, the company is ready to deal with it with existing 
equipment. 
 
2. Literature Review 
Increased productivity and efficiency are the main sources of growth to achieve sustainable development (Astuti and 
Iftadi, 2016). Anthropometric measurements whenever considered for design will help in achieving a level of comfort 
to reduce musculoskeletal disorders (MSDs) (Adu et. Al., 2014). The basic philosophy of ergonomics is to create 
designs that aim to improve comfort, physical health, safety and well-being (Dawal, et al., 2015). Manual material 
handling (MMH) is an effort to address the many demands and needs in the workplace (Hermans et al., 2012). 
The use of human labor in the industrial world in Indonesia is still very dominant, especially in Manual Material 
Handling (MMH) activities. The advantage of MMH when compared to material handling using assistive devices is 
the flexibility of movement that can be performed for light loads. However, the posture carried out has a big risk as a 
cause of spinal disease (Low Back Pain). 
Considering that MMH activities play a vital role in the work carried out in the production process, there have been 
many studies to analyze MMH posture by recommending improvements in posture and workspace. Carrying out work 
measurements such as analyzing the mechanical measurements of the human body using the biomechanical method 
are needed to prevent adverse things such as spinal cord disease. Human physical power when working and how it 
works and the equipment must be designed to match the physical abilities of humans when doing work activities. 
Considering MSD and the costs associated with manual handling tasks, such a safe training program seems essential. 
The integration of ergonomic aspects into operations research models and procedures is a relatively new problem. 
Lodree, Geiger, and Jiang (2009) provide a good overview of combining scheduling theory and human factors and 
opening up research opportunities. Otto and Scholl (2011) consider the well-known assembly line balance problem 
and integrate aspects of ergonomic risk for workers. They show that a considerable (maximum) reduction of 
ergonomic stress without increasing the workforce is possible in addition to considering ergonomic constraints and / 
or objective functions. 
Inventor is a computer-aided design (CAD) software developed by Autodesk. It uses a parametric design concept, 
which is used primarily to create technical drawings for mechanical purposes. It is found in many fields such as 
automotive, architecture, construction, etc. (Sculpteo.com). 
Arena simulation software is used to evaluate the implementation of business decisions before they are implemented 
in real systems. Discrete event simulations describe a process with a series of unique and specific events in time. This 
activity-based flexible model can be used effectively to simulate almost any process (arenasimulation.com). 
 
3. Methods  
3.1 Workflow and tools 
The followed workflow (Fig. 1) was arranged in five stages: (i) Describe existing condition, (ii) Ergonomic analysis, 
(iii) Cost analysis (iv) Data analysis, and (v) Create simulation and design of roof tile transportation tool. The 
ergonomical impacts and the costs were assessed to defining a list of guidelines and helping decision-makers on 
making wiser choices. 
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Figure 1. Overview of workflow in this research study 

 
3.2 System boundaries of the life-cycle assessment 
The contradictory constraints / limitations in achieving these conditions are narrow road conditions, uneven production 
floor conditions, and operators who are accustomed to doing work in an ergonomic and less safe manner. 
3.3 Product design of ergonomic roof tile transportation tools 
The design of ergonomic roof tile transportation tools will be created using software Autodesk Inventor 17 using 
anthropometric measure consideration the average for Indonesian men aged 30-40 years in accordance with the 
operator who worked on the roof tile transportation. 
3.4 Arena model 
Modeling using arena software will be used to see the differences between the systems before and after adding roof 
tile transportation tools in transportation process. 
 
4. Data Collection  
The data needed in this study include data on the number of workers, anthropometric data for tile transport workers, 
tile size data, and tile production area plans. These data are obtained through direct measurement and observation. 
4.1 Data Observation Collection 
The number of workers in Mr. Yakup's bekonang tile home industry is 3 people. And then anthropometric data, the 
worker's body parts that were measured included standing eyes height of 140 cm, elbow height of 83 cm, and hand 
grip width of 10 cm. Then tile size, the Bekonang tile taken as a sample is the Mantili tile with a length of 34 cm and 
a width of 25 cm. And the following is a plan of the tile production area in Mr. Yakup's bekonang tile home industry: 
 

 
Figure 2. Location Plan Production place and material handling process 
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Plant Layout Information: 
A. Printing 
B. Temporary laying 1 
C. Temporary laying 2 
D. Drying 
E. Drying 
F. Storage of raw materials 
 
4.2 Data Analysis 
The data that has been collected is then used in determining the dimensions of the tools with several adjustment. 
Height of tool = 133.8 cm, this size is adjusted to the height of the workers' standing eyes, namely 140 cm. 133.8 cm 
is taken so that the shelf height does not obstruct the view of workers when using the shelf. Length of tool = 110 cm, 
this size is adjusted to the width of the tile (25 cm) multiplied by 4 pieces of tile as a capacity that can be transported 
in one rack with an allowance of 10 cm so that there is a gap between the tiles so that the tiles do not stick to one 
another. Shelf width = 40 cm, this size is adjusted to the tile length, which is 34 cm. The rack size is added 6 cm from 
the size of the geteng as allowance to make it safer for the tile during the moving process. Handle height from floor = 
85 cm, this size is adjusted to the operator's standing elbow height, which is 83 cm. The height of the handle is added 
to the allowance of 2 cm so that the operator is more comfortable in making movements. And handle length = 14.4 
cm, the size is adjusted to the operator's grip width, which is 10 cm plus an allowance of 2.4 cm to provide space for 
movement. With this size adjustment, it is hoped that the proposed tools can provide comfort and efficiency in future 
practice. 

 

5. Results and Discussion  
5.1 Result of the Proposed Tool Design  
The following is the result of the proposed tool design, This size has been adjusted to the anthropometric data of tile 
transport workers in the bekonang tile industry, the size of the tiles, and the size of the production area as access in 
and out of supporting tools, The result is presented in the figures below. : 

 
Figure 3. Result of 3D proposed tool design 

 

 
Figure 4. Result of 2D proposed tool design 
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1. Height of tool = 133.8 cm This size is adjusted to the height of the workers' standing eyes, which is 140 cm. 133.8 
cm is taken so that the shelf height does not obstruct the view of workers when using the shelf.  
2. Length of auxiliary tool = 110 cm This size is adjusted to the width of the tile (25 cm) multiplied by 4 pieces of tile 
as the capacity that can be transported in one rack with an allowance of 10 cm so that there is a gap between the tiles 
so that the tiles do not stick to one another.  
3. Shelf width = 40 cm This size is adjusted to the tile length, which is 34 cm. The rack size is added 6 cm from the 
size of the geteng as allowance to make it safer for the tile during the moving process.  
4. The height of the handle from the floor = 85 cm This size is adjusted to the height of the operator's elbow, which is 
83 cm. The height of the handle is added to the allowance of 2 cm so that the operator is more comfortable in making 
movements.  
5. Handle length = 14.4 cm. The size is adjusted to the operator's grip width, which is 10 cm plus an allowance of 2.4 
cm to provide space for movement. 
 
5.2 Simulation Model using Arena  
After the design is made, a simulation is made using the Arena Software to determine the time comparison between 
before and after the existence of a tool for transporting wet roof tiles. The following is the tile transportation flow 
process for the current conditions: 

 
Figure 5. Flowprocess Simulation Arena Before Repair 

 

 

 
Figure 6. Replication 1 of Arena Simulation Entity Output Before Repair 
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Figure 7. Replication 2 of Arena Simulation Entity Output Before Repair 

 
Figure 8. Replication 3 of Arena Simulation Entity Output Before Repair 

 

 
Figure 9. Replication 4 of Arena Simulation Entity Output Before Repair 
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Figure 10. Replication 5 of Arena Simulation Entity Output Before Repair 

 
It can be seen that, within 720 seconds, 72-83 pieces of tile were obtained by manual material handling. The following 
is the tile transportation flow process for conditions after the Arena Software repair: 

 
Figure 11. Flowprocess Simulation Arena After Repair 

 
After running the simulation model, the number of replications will be determined. In determining the amount of 
replication, it will use output in the form of roof tiles which will be stored in a temporary place. As a starting point, 
the determination of the number of replications will be running five replications. The following table shows the output 
of the five replications: 

Table 1. Replication Number Initial Running Output 
Replication Output Simulation 

1 75 
2 78 
3 83 
4 72 
5 83 

Mean 78,2 
Std. Dev 12.3167 

 
Based on the results of the running, the half-width error value is (the error rate used is 5%): 
𝛼𝛼 = 0,05 
n = 5 
std = 12.3167 
t = 2.776 

hw = 
 𝑡𝑡(𝑛𝑛−1.𝛼𝛼2)𝑥𝑥 𝑠𝑠𝑡𝑡𝑠𝑠

√𝑛𝑛
 

hw = 2.776 𝑥𝑥 12.3167
√5

 
hw = 15.291 
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After that, the need for the number of replications will be calculated by finding the value of n 'using the same formula. 
The absolute error value used is 5%. The following is the formula for calculating the value of n ': 

n’ = �
𝑧𝑧(𝛼𝛼2) 𝑥𝑥 𝑠𝑠𝑡𝑡𝑠𝑠

ℎ𝑤𝑤
�
2

 

n’ = �1.96 𝑥𝑥 12.3167
15.291

�
2
 

n’ = 2,5 
n’ = 3 
 
Based on the results of the calculation of the number of replications, the result of the need for the number of 
replications is 3. Due to the results of the need for the number of replications to be smaller than the initial number of 
replications, the number of replications used is still the same as the initial replications, namely five replications. This 
was done so that the data obtained was more accurate and to reduce the randomness of the results. 
 

 

 
Figure 12. Replication 1 of Arena Simulation Entity Output After Repair 

 

 

 
Figure 13. Replication 2 of Arena Simulation Entity Output After Repair 

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 6834



 
Figure 14. Replication 3 of Arena Simulation Entity Output After Repair 

 

 

 
Figure 15. Replication 4 of Arena Simulation Entity Output After Repair 

 

 

 
Figure 16. Replication 5 of Arena Simulation Entity Output After Repair 

 
It can be seen, after adding the tile transportation aids, within 720 seconds you will get 137-146 tiles. Besides being 
able to transport more wet roof tiles, the addition of supporting tools will also reduce the risk due to uncomfortable 
work postures for workers during the tile transport process. This is because the tools have been designed according to 
the posture anthropometry of the workers who carry out the tile transport activities themselves. 
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6. Conclusion  
After conducting research and problem solving, it can be concluded that: 1) One of the less efficient activities in the 
process of making this tile is the material handling process for transporting wet roof tiles. The material handling 
process is only done manually, using only 2 hands by the operator. This condition can increase the risk of damage 
during the wet tile transportation period because it can change the tile mold and is also prone to falling. In addition, 
from a time perspective, it is less efficient because the operator carries out repeated activities with only 2 tiles that can 
be transported and at the same time it takes up production time because the operator carrying out the transportation is 
the operator involved in the production process. 2) Several alternative solutions to solve the above problems are 
improving the layout of the facilities, increasing the number of operators, and designing transportation aids. The 
alternative chosen is the design of facility aids. This is because the repair process can be done at a lower cost and does 
not interfere with the production process. 3) With the improvement in the form of transportation aids simulated using 
arena software, it is estimated that there is a significant comparison where within 720 seconds, 78 tiles were obtained 
manually and 141 pieces with assistive devices. 
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