
International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-9, Sep.-2018, http://iraj.in 

Design of Experiment for Upscaling Material Value of Used Tire as Material Mixture in Tire Production 
 
8 

DESIGN OF EXPERIMENT FOR UPSCALING MATERIAL VALUE OF 
USED TIRE AS MATERIAL MIXTURE IN TIRE PRODUCTION 

 
1ANDI SUPRIONO, 2DJOKO SIHONO GABRIEL 

 
1,2 Department Industrial Engineering University of Indonesia 
Email: 1 suprion.andi10@gmail.com, 2dsihono@gmail.com 

 
 
Abstract - Negative effects arising from the presence of waste tires on the environment are a major problem worldwide, this 
requires an emphasis on recycling and reuse processes. The purpose of this research is to find the method of processing that 
gives the highest value for used car tire material and make one of the raw material of mass production. Recycling as a 
substitute raw material for new tire production becomes one of the potential options for obtaining utilization with the best 
possible conservation of material value according to the principles of Production for Material Value Conservation. In this 
research, crumb rubber from used car tire material has been tested as raw material of mixer in producing tire. Rubber 
compound is made with variation of rubber material mix from used car tire and new rubber material. The test results show 
the most optimum percentage of used tire material for rubber tire material mixture is 15% for car tire, after applied to the tire 
retreading process and then the proof was performed with visual inspection, Dimension inspection, Tread Wear Indicator, 
and endurance test to meet the standard requirements. 
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I. INTRODUCTION 
 
Scrap tires are a major environmental problem 
worldwide. The current scrap tire recycling market is 
too small compared to the annual number of waste 
tires generated globally (17 million T) [1] Waste tires 
are nearly non-degradable and take up large landfill 
space. If not properly disposed of,they can hold water 
that provides a breeding ground for mosquitos and 
facilitate the spread of mosquito-borne disease. It is 
essential to develop new markets for waste tires [2]. 
Moreover, it is necessary to have in mind how waste 
tires can be converted into a valuable resource [3]. 
Recycling of such materials has been carried out by 
different processes, including (a) landfilling, which 
diminishes in some countries due to new laws that 
forbid any new landfill; (b) producing powder richer 
in carbon compounds by pyrolysis process, 
sometimes is not economically viable due to low 
quality final products; nevertheless, it is possible to 
obtain three different phases through all processes : 
solid black phase composed by ZnO and ZnS; [4]: 
gaseous phase containing aromatic compounds; and  
liquid phase with heavy and light oils; (c) using as 
fuel in cement kilns, whose cost is lower than raw tire 
materials, which is an example of downcycling 
process [5]; (d) recycling by shredding process, 
where waste tires particles require having certain size 
for specific applications, varying from 0.15 mm to 
19 mm; after shredding an electromagnetic process is 
applied for separation of rubber particles and steel 
fibers, for reusing them in several applications, for 
making rubber products such as floor mats, carpet 
padding, and plastic products, and as a substitute of 
fine aggregate in concrete [6].  Utilization of the used 
tires is still not mass produced and some are still in 
the research stage. So that the utilization is still less 
provide high economic value. This research aims to 

obtain the used tires utilization as a tire-making 
material mixer wich gives better material value and 
also seek evidence of compliance with the Standar 
Nasional Indonesia (SNI). This research is limited to 
the use of used tire rubber material for the 
manufacturing industry which is used as raw material 
for substitution of tire production, with the 
explanation of performance test results using 
laboratory test. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
Tyres have a mixed composition of natural & 
synthetic rubber, cord, chemicals, and bead. Fig. 1 
shows a view of this composition [7]. Tyres are made 
up of four main parts as follows: 
 The tread – designed for contact with the ground 

and to ensure the proper friction; 
 The carcass – the structural part of the tyre on 

which the tread is vulcanised; 
 The shoulder – minimizes the effects of 

irregularities of the terrain and transfers the load 
due to braking and oversteering under acceleration. 

 

 
Fig. 1. Average Composition of a tire 
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 The heels – to fit the casing to the rim. In this 
research, crumb rubber from used car tire 
material has been tested as raw material of mixer 
in producing tire. Rubber compound is made 
with variation of rubber material mix from used 
car tire and new rubber material. 

 
Various samples were prepared using different 
methodologies based on experimental design to 
predict the effect of the raw material using the 
mixture of crumb rubber from used car tire with new 
rubber materials. Experimental design is an important 
tool that can be used for product or process 
development and improvement. [8] 
In this study the effect of two control factors on the 
respone, tensile, hardness, elongation and modulus 
was investigated. All continuous variables were 
studied at 3 levels. Control factors levels used in this 
designed experiments were: crumb rubber (0%, 10%, 
15%) and additive (0%, 1%, 2%).   

Table 1. DOE Factors 
DOE Factors Level 1 Level 2 Level 3 
% crumb rubber 0% 10% 15% 
% additive 0% 1% 2% 

Crumb rubber is manufactured from two primary 
feedstocks : tire buffings, a byproduct of tire 
retreading and scrap tire rubber. This study uses 
crumb rubber result from buffing process from used 
car tire. The following advantages exist for 
considering buffings as the source of crumb rubber 
for increasing the recycled content of new tires (a) 
Rubber will already be clean before further grinding 
begins; (b) High density of the buffings, which means 
more usable material would be shipped to the 
manufacturer than if whole tires were shipped. 
Preparation of the test sample is done by mixing the 
material composition standard for the production of 
tire compound tread, which is further varied with a 
crumb rubber mixture of used tires with variations of 
0%, 10%, and 15%. In addition to making 
compounds with varying amounts of crumb rubber, 
also made test samples from new car tires to be tested 
as for reference comparator of rubber compound 
made. The machine used for mixing all the raw 
materials into a rubber compound is a Banbury Mini 
engine Mixer contained in the Laboratory. Proper 
mixture of rubber, polymer, filler, oil and pigment for 
certain compound formulas are incorporated in a 
closed mixer in 1 batch of 5 kg. The temperature of 
the batch is tightly controlled, as well as the mixing 
power,cycle time and rotor speed, shall conform to 
specifications. Every batch flattened into slabs to be 
processed as needed.Minitab 18.0 software is used to 
create and design the DOE with orthogonal array 
method, the results were investigated in more details 
for each tensile strength, hardness, elongation and 
modulus 300%  in Table 2. The additives are 
Plastiziser is a compounding material used to enhance 
the deformability of a polymeric material [9], and 

PVI (Pre Vulcanization Inhibitor) as time constraints 
maturity of the compound. 
 
III. RESULTS AND DISCUSSION  
 
The results from the set of experiments tire 
compound can be seen in Table 2.  
Table 2. Result for Tensile, elongation, hardness and Modulus 

tes

t 
A. Tensile Properties 
The most used strain mode in the quality control 
rubber laboratory is tensile. In this test, a piece of 
rubber is stretched until it snaps (tensile at break). 
The test piece often goes through a considerable 
amount of elongation before break occurs (up to 
around 900%) depending on the compound [9] . Fig 
2. Tensile testing is accomplished by first molding a 
flat sheet of rubber about 2 mm thick, from which 
dumbbell shaped pieces are die cut.  
 

 
Figure 2. Dumbbell shaped test piece for tensile testing 

 
Tensile strength is a tensile scale that can be used 
when objects tested with ISO Standard 37 and ASTM 
D 412 [10]. The test pieces are then stretched in a 
tensile testing machine and the force required to 
stretch the samples is measured. Values of stress 
(force divided by the unstretched cross sectional area 
of the straight portion of the dumbbell) are recorded 
at various levels of extension, up to the break point.  
Fig 3. Shows the pareto chart of the factors affecting 
the tensile strength. The interaction of % crumb 
rubber is the most dominant factor to the value of 
tensile strength. With the increase in the number of 
crum rubber % will reduce the value of tensile 
strength. 

Exp. 
No

% 
Crumb 
Rubber

% 
Additive

Tensile 
(Kgf/cm2)

Elongation 
(%)

Hardness 
(Shore A)

Modulus 
300%      

(Kgf/cm2)

182 382 62 134
1 0 0 186,5 582,28 65,2 144,2
2 0 1 196,08 580,68 64 159,02
3 0 2 203 601,69 61,5 167,91
4 10 0 173,76 508,53 62 133,64
5 10 1 180,68 536,83 62 147,4
6 10 2 187,6 557,84 62 155,27
7 15 0 120,6 403 61 126,51
8 15 1 130,5 420 62 141,33
9 15 2 185,9 541,94 62,6 150,22

New Tire
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Fig 3. Pareto chart of Tensile strength 

Figure 4. illustrates the plot of the main effects of 
each of the factors studied. % crumb rubber seems to 
affect the value of tensile because the line is not 
horizontal. 15% crumb rubber has lower tensile value 
than 10% and 0%. Additives also affect. 0% additive 
has a lower tensile value than the 1% and 2% additive 
sites. The reference line represents the average 
overall. 

 
Fig 4. Main Effect Plot for Tensile 

B. Hardness 
The principle of operation of this instrument can be 
likened to pressing a ball point pen into the material 
to be tested, and relating the depth of penetration of 
the point to an agreed scale of numbers [9]. The 
greater the penetration of the point the lower the 
hardness. Hardness is probably the most widely used, 
cured property of rubber. Fig 5. Shows the interaction 
of A and B is the most dominant factor to the value of 
hardness test. The main effect plot for hardness 
shows in Fig 6.  

 

 
Fig 5. Pareto chart of hardness 

 

 
Fig 6. Main effect plot for hardness (Shore A) 

 
C. Elongation 
Elongation at break, also known as fracture strain, is 
the ratio between changed length and initial length 
after breakage of the test specimen [11]. Tensile 
strength and elongation at break were measured 
according to ISO 37 for all materials.  
In Fig 7. Interaction A to elongation is dominant 
compared to B and mixed A and B. In Fig 8. the 
increase of crumb rubber affects the value of 
elongation test, while addition of additive increases 
the value of elongation although not significant. 

 

 
Fig 7. Pareto Chart of Elongation 

 

 
Fig.8 Main effect plot for Elongation 

D. Modulus 300% 
Modulus is the tensile stress required to stretch a 
piece rubber test specimen to determine its extension. 
Renewal at break is the maximum extension 
expressed as a percentage of the length the original 
before the sample is broken. 

Term

AB

B

A

3,53,02,52,01,51,00,50,0

Standardized Effect

2,571

Pareto Chart of the Standardized Effects
(response is Tensile (Kgf/cm2); α = 0,05)
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A   Crumb Rubber (%
Factor Name 
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Main Effects Plot for Tensile (Kgf/cm2)
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B

A
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876543210

Standardized Effect

2,571

3,28147

6,06609

7,37022

Pareto Chart of the Standardized Effects
(response is Hardness (Shore A); α = 0,05)
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A   Crumb Rubber (%)
Factor Name 
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Main Effects Plot for Hardness (Shore A)
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Term

AB

B

A

543210

Standardized Effect

2,571

Pareto Chart of the Standardized Effects
(response is Elongation (%); α = 0,05)
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A   Crumb Rubber (%)
Factor Name

15100

600
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% Crumb Rubber

M
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Fig 9. Pareto Chart for Modulus 300% 

 
Fig 10. Main effect plot for Modulus 300% 

From Figure 9. it can be seen that B is the dominant 
factor affecting the value of the modulus of 300%, 
reinforced by Fig 10. where the addition of percent B 
will significantly increase the modulus value. The 
experiment was then compared to the standard 
specification of the new tire to prove the quality of 
the test in accordance with the specifications of the 
new tire compound.In Fig 10. The yellow colour 
indicates the specification of the tire compound as a 
reference, light blue (15%,2%) selected based on the 
consideration that this research tries to find utilization 
with the highest value in used tire material.  

 
Fig 10. Result of experiments compare with new tire compound 

To prove the compound tire with a mixture of used 
tire material meets SNI technical standard then 
experiment Number. 9 is further processed in the 
form of tread mold and then applied to the tire casing 
for retreading. The retreading tire is further tested for 
dimensions, tread wear index (TWI) and endurance to 
meet the requirements of Indonesian National 
Standard (SNI), the results can be seen in Table 3.  

 
Table 3. Result of Standar Nasional Indonesia 

 
 
CONCLUSIONS 
 
From literature studies and experiments that have 
been implemented can be seen that mixing crumb 
rubber from tires used in tire manufacturing is a 
potential choice to utilize waste tires, of course, with 
proper supervision and testing in order to continue to 
meet technical and safety standards. Testing of 
tensile, hardness, elongation and modulus in 
experiment No.9 with crumb rubber percentage of 
15% and 2% additive yield best result. With these 
results it is expected to be a reference especially in 
the production of retread tires that the material mix of 
used tires is allowed up to 15% of the total rubber 
material used.  
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