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1. INTRODUCTION

There is a number of tire manufacturers on the market.
Great transport systems usually use retreading in order
to reduce their tire costs. In practice, there are different
experiences regarding the exploitation of retreaded tires.
In making a decision on the choice of tire manufacturer,
the main criteria are the number of retreadings, traveled
distance of tires, as well as costs per traveled distance of
a new and retreaded tire. Having that in mind, the
objective of this paper is to “help” great transport
systems in decision making on the choice of
manufacturer.

The question of profitability is one of the key
elements for making adequate business solutions. This
problem has got a huge attention in the world and using
retreated tires is highly present, especially with
commercial vehicles. According to data by Bridgestone
Americas Holding, we can see the share of retreated
tires in different parts of the world (Figure 1).
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Figure 1. The share of new-retreaded tires in different parts
of the world

In the favor of safety of using retreaded tires there is
a data that in America buses transporting school
children use retreaded tires every day. This method has
allowed huge money savings without risking the safety
of children. Besides, according to a US Government
decision, all federal vehicles must use retreaded tires.

However, it is necessary to mention that besides the
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The problem of used products is present in lot a of business processes.
Commercial vehicle tires are one of examples and have a huge influence
on exploitation parameters of the transportation companies. As a way of
reducing these costs, retreading is a commonly used process, which also
affects the reduction of environment pollution. Here, a choice of a tire
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adequate data analysis is necessary to support this decision.
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economical effect, usage of retreaded tires has a very
important ecological aspect. For example, 351 of fuel oil
is used to manufacture one new tire, while only 5-71 is
used to retread one tire. Furthermore, instead of being
treated as waste, by retreading tire is returned to
exploitation, which protects the environment from
pollution. That is one of the reasons why retreading tires
and treatment of other used products has become one of
the obligations of manufacturer of any product in
developed countries.

In Serbia, like in other countries in transition, the
solutions for treatment of used tires have not been well
defined yet. A lot of experiences show that there is no
possibility to import/transfer solutions for this problem
from developed countries. The reason lies in many
system and technological limits, as well as the non-
existing law regulations. It is the fact that influence of
scrapped tire is danger for the environment and that it
needs some sort of treatment, so that it can't threaten the
environment. For that reason, Serbia, like other
countries, shall solve the problem in a special, specific
way, eventually using some of the conveniences of the
existing solutions from the countries that have already
solved (totally or partially) this problem.

The paper includes several parts. The literature
review is followed by a brief description of retreading
treatment restoring the original function of a tire. The
next point includes basic issues regarding the
management of tire retreading with a proposal of
potential improvement of retreading in Serbia.
Furthermore, there is a key issue that specifies the role
and importance of the deciding parameters for choosing
a tire that the company will use for commercial vehicles
(assuming that the installed tires will be retreaded),
which is the main objective of this paper. It shall be
noted that tire retreading is very important for the
preservation of the environment and natural resources.

2. LITERATURE REVIEW

Literature analysis shows that numerous authors have
dealt with the problem of used tires, so that it gain in
significance every day and it is becoming a bigger
challenge for experts of this area. The studied problems
had different levels of complexity, different tools were
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used to get results, but limits specific for the area in
which problems were solved were respected. But we
can conclude that few authors and their researches have
dealt with retreading of used tires, especially from the
logistics aspect.

The paper [6] dealt with the development of EOL
(end-of-life) strategies for treatment of products that
finished their work life. Respecting EU laws, they
directed their researches into electronic products, having
in mind 3R concept (Reuse, Re-manufacture, Recycle).
Their modified researches could be used for used tires.
Research [4] and [11], dealt with the development and
usage of EPR (Extended Producer Responsibility).
Now, the manufacturers are responsible for their
products both during their exploitation and their
treatment at the end of their work life. Authors in [5]
point to the significance of choice of more high-quality
materials different parts of vehicles are made of and by
that the aspect of ELV treatment. When speaking about
retreading tires, this could be the basis that would
provide their simpler return into re-usage. The paper [8]
paid attention to solving the problem of collection of
vehicles in the Netherlands, which, in the treatment of
ELV, has chosen to deal only with processing of old
tires. The so-called Mexican model dealt by [1] deals
with the problem of collecting and increasing of
recycling percentage of used parts of ELV. Some of the
proposed solutions could be used when speaking about
retreading tires. The analysis in [2] deals mostly with
the treatment of old tires and locating of objects for that
purpose. Author in [9] explains the correlation between
capacity levels needed for recycling of ELV vehicles
and their parts, which also means old tires, and
companies for which recycling represents a key activity.
In the domain of treatment of used vehicles [3] propose
solutions that could be used on used tires. The aim of
Directive 2000/53/EC is to increase the recycling level
of used car and their parts as pointed out in [7]. With
adequate law regulations, tires could be relatively easy
to put into re-usage by retreading. Research [10] mostly
dealt with analysis of used vehicles from the ecological
aspect. He shows that tires are a permanent source of
pollution, analyzing them during exploitation and after
the end of their work life.

A retreated tire is put back into service (on the
vehicle) by an appropriate treatment ensuring almost the
same technical and exploitation characteristics as a new
tire. The only difference is that exploitation costs of
such a tire are much smaller than the costs of
exploitation of a new tire from the same category. There
is no doubt that retreading is a cost effective procedure,
especially for big transport companies. However, the
problems of retreading itself, starting form the
management to the use of retreaded tires has not been
elaborated well enough yet. Such facts represent
motivation for further research of this type of treatment
of used tires. Nevertheless, the problem of tire
retreading in the world has not been treated enough in
literature and, that is why obscurities and dilemmas are
frequently encountered while making decisions. The
aim of this paper is to give some answers that could
facilitate making optimal business decisions in
companies with intensive exploitation of tires.
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3. RETREADING AS ONE OF USED TIRES
TREATMENTS

Retreading is the process which is lately that has been
increasingly represented in commercial vehicles. There
are many reasons for that, and they are based on the
premises that retreaded tires comply with new tires in
technical-exploitation performances, at the same time
providing conditions for cost reductions.

In order to identify the problems and steps in the
retreading process. Figure 2 presents a cross-section of a
tire. Regarding construction parts, tread — protector is
the part of the tire that is exposed to load in exploitation,
that is — this is the part which is worn and damaged the
most. When thickness of tread reduces to the allowable
minimum, the question is what to do with that tire. If the
detailed tire structure control determines that only the
tread is worn out (with no other damages), than
retreading (tread coating) is one of the options for used
tires treatments aiming at further exploitation the the
tire.

Steel belt

/" Nylon belt

Plies
Liner Sidewall

Filler

Figure 2. The structure of the tire

In practice, two basic procedures are performed —
cold cure and hot cure retreading. Cold Cure Retreading
is the procedure in which the protection in shape of ring
or stripe (Figure 3a, 3b) is coated on worn tread. New
tread is glued to the tire while heated on the temperature
lower than 100°C in a special chamber, the so called

autoclave.

(b)
Figure 3. Protector setting (a) in shape of ring and (b) stripe

This kind of heating has no influence on the tire
structure and therefore cold cure procedure can be
performed several times on the same tire. The described
procedure is used for the retreading of tires for
commercial use.

Hot cure retreading is the procedure where the tread
in shape of stripe is put in an appropriate press and is
heated at the temperature of approximately 140°C. Due
to the use of high temperature, the tire can be retreaded
only once. This procedure is used for the tires for
passenger vehicles.

According to the methodology, after described
retreading process, the next part is the approach to the
analyses of basic exploitation parameters. This analysis
is performed on the sample of tires used in one of the
plants of GSP Belgrade.
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4. KEY CHARACTERISTICS OF TIRE RETREADING
MANAGEMENT

Retreading of used tires represents one of several ways
of treatment of wused tires. Having in mind
environmental, economical and other aspects, this is one
of the methods increasingly used with old tires. It is
especially significant because the tire can be returned
into exploitation and therefore its working life can be
extended. Other types of treatment are: recycling,
crushing and burning, but these are not the subject
matter of this paper and therefore they will not be
further discussed.

In order to retread a tire, besides the material for
tread layer applied (explained in the previous chapter of
the paper), it is necessary to have other resources. This
procedure requires appropriate facilities, space,
technology, man-power, etc, which means that in case
of a larger volume of manufacture, retreading requires a
specific industrial complex.

The starting point of each industrial complex is the
organizational structure, i.e, the management, in order
to provide the conditions for a successful work. The
management of retreading unit itself is not a subject
matter of this paper, but in order to attain the objective,
which is the choice of an optimal tire manufacturer by
large transport companies, it is necessary to examine the
key parameters of retreading management.
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Figure 4. Retarding number distribution density for “Sava”
and “Kormoran” tires

5. COMPETENT PARAMETERS OF RETREADED
TIRES

The overview of realistic indexes from exploitation of
retreaded tires is very significant for optimization of the
logistics processes and transport companies. To provide
this, it is necessary to determine basic parameters
directly related to logistics costs and they are:

- number of retreadings of tire

- traveled distance of tire (as new one and after
average number of retreading), and
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- exploitation costs of exploitation (€/km) of
retreaded tires that consists of the price of new tire and
price of retreaded tire multiplied by number of
retreadings of one tire.

Retreading number of the tire depends on its
quality, load quantity, road characteristics, style of
driving etc. In practice, there are extreme situations
present - due to some damage, the tire was not retreaded
at all, while some tires are retreated up to 12 times (for
aircraft tires - http://www.reifensuchmaschine.de/reifen/
runderneuerte_reifen.html, accessed 15.09.2011).

In order to investigate this parameter, the authors
have approached data analyses for tire exploitation of
the company GSP Belgrade, public transportation
company. Analyses included tires (sample of more than
1100 tires) in one of the plants of the company. The
sample itself included tires from different
manufacturers, where differences were noted in
duration, price, retreading number etc. Analyses
included tires from the manufacturer “Sava” (506
pieces) and “Kormoran” (547 pieces), which are similar
in price and belong to the relatively cheap tires on the
market. They make the biggest part, about 90% of the
analyzed sample of tires (other 10% is a small number
of tires of many other manufacturers and are not further
analyzed). This characteristic of the vehicles of this
plant is that they are driven in harder conditions
compared to the busses in other plants. They cover
routes that connect city center to the suburbs, so that
vehicles are driven on damaged infrastructure. Results
of tire retreading number analyses are presented in the
Figure 4 with the distribution density for products
“Sava” (a) and “Kormoran®(b).

Based on diagram in the Figure 4(a), it can be noted
that retreading number of “Sava” tires is a random
variable with the mean u=1.59. Assumed distribution is
according to Poisson distribution law, which is
confirmed with chi-square test (x*=2.227 (which is less
than appropriate adopted statistical value for defined
number of parameters)). For “Kormoran” tires,
significantly different distribution of tire retreading
number is observed (Figure 4(b)). Mean value of
retreading number is p=0.63, but the hypothesis on
accordance with Poisson Distribution Law is not
confirmed, which points to significant differences for
this exploitation parameter for these two manufacturers.

Traveled distance of tire is very significant for
optimization of logistics processes and transport
companies. It is clear that this parameter depends, on
the one hand, on the manufacturer and, on the other
hand, on the potential number of retreadings and
traveled distance of a new tire or a tire which has been
retreaded one or more times.

Traveled distance presents the value which is
analyzed (for each tire) in two ways:

- traveled distance of a new tire (whether it is being
written-off or not) and partial traveled distance after
each retreading process, and

- by determination of total traveled distance (till
writing-off) - sum of travel distance of new tire and
after different number of performed retreading
processes (this number can be 0,1,2..)
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Table 1 presents a comparative description of
diagrams of traveled distance (km) of tires for different
number of retreadings (0, 1, 2..) till writing-off, for two
manufacturers: “Sava” and “Kormoran” and sum - total
traveled distance.

From information on mean of traveled distance
value, it can be noted that tires manufactured by “Sava”
reach greater total traveled distances compared to tires
manufactured by “Kormoran”, but that the ratio changes
in the function of number of retreadings. “Sava” tires
can be retreaded up to 5 times, compared to
“Kormoran” tires, which can be retreaded 3 times at the
most (presented in Table 1), but reached traveled
distance (for same retreading number) of the second
ones is longer, having in mind that it is an average
traveled distance till the end of work-life (till writing-
off).

Trend analyses of traveled distance mean values
point to the high correlation coefficient (above 0.98)
with assumed linear trend (Figure 5). Comparing line
ascent of trends, it is concluded that “Kormoran” tires
are favorable compared to “Sava” tires.

300000 Y = 30039 + 30832
250000 Ri= 09935 2
200000 y = 46325x + 11246
RE=0,988
=150000 =z
100000 /
50000
0
0 1 2 3 4 5
Sava Kormoran Linear (Sava) == = Linear (Kormoran)

Figure 5. Total travelled distances sum trends in function
of number of retreadings for “Sava” and “Kormoran” tires

Exploitation costs of the tire are used for decision
making on a choice of a tire manufacturer and depends
on the two previous parameters. Costs per traveled
distance of new tire (before retreading) and retreaded
tire are of a great importance in choosing the tire
manufacturer for the big transport system. Previous
analyses have shown that there is an important
difference in traveled distance, a well as in the possible
number of retreadings between the two analyzed
manufacturers (Sava and Kormoran). However,
exploitation costs per unit of traveled distance (€/km)
are the same for both manufacturers; exploitation costs
for new tires (cp = 0.194€/km) and retreaded tires
(cp =0.164€/km) (cost is determined by technical
services of GSP Belgrade).

The results of analysis shown here points out that
business with usage of retreaded tires, because of
potential savings, is of large importance for business
decisions of various companies, and especially for the
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ones dealing with transport of goods and passengers by
cars, trucks and buses.

6. CONCLUSION

Usage of retreated tires is of great importance for
economical management of companies having a great
car park (motor pool). The question of profitability is
one of the key elements for making adequate business
solutions. This paper shows the results of analysis
necessary as inputs for basic economical analysis for
this subject. Also, it is mentioned that safety aspect
during exploitation of these tires is solved. In practice, it
is proved by giving the same warranty for these tires as
for new ones, and at the same time there are positive
effects in the domain of ecology and natural recourses.
It is necessary to point out that such analysis, depending
of company's business policy, has to be realized
permanently for concrete conditions of exploitation of
its vehicles. Such analysis should be as detailed as
possible, related to every tire separately, to increase the
number of tires whose working life is extended by
retreading and the increase of the following positive
effects.

The choice of a tire manufacturer itself usually
requires the application of certain DSS tools (Decision
Support System). Regarding this issue, besides the
analysis of the mentioned input values, there can be
efficiently applied the Decision tree, as well as some
other appropriate tools. It is specifically noted that the
described analyses shall be carried out separately for
each company, depending on the number and types of
vehicles in their car park, conditions of exploitation,
manufacturer, types of the used tires, etc.

REFERENCES

[1] Cruz-Rivera, R. and Ertel, J.: Reverse logistics
network design for the collection of ELV in
Mexico, European Journal of Operational Research,
Vol 196, No 3, pp. 930-939, 2009.

[2] Dabi¢, S. and Miljus, M.: Location of the plant for
ELV tires treatment, Transport and Logistics, No
15, pp. 80-91, 2008

[3] Dabi¢, S. and Miljus, M.: Logistics aspects in ELV
treatment, microCAD 2007, International Scientific
Conference, University of Miskolc, Hungary, pp.
13-18, 2007.

[4] Ferrao, P., Ribeiro, P. and Silva, P.: A management
system for end-of-life tires: A Portugese case study,
Waste management, Vol 28, No 3, pp. 604-614,
2007.

[5] Froelich, D., Haoues, N., Leroy, Y. and Renard, H.:
Development of a new methodology to integrate
ELV treatment limits into requirements for metal
automotive part design, Minerals Engineering Vol
20, No 4, pp. 891-901, 2007.

[6] Gehin, A., Zwolinski, P. and Brissaud, D.: A tool to
implement sustainable end-of-life strategies in the
product development phase, Journal of Cleaner
Production, Vol 16, No 1, pp. 17-27, 2006.

VOL. 41,No 1,2013 =75



[7] Gerrad, J. and Kandilikar, M.: Is European end-of-
life vehicle legislation living up to expectations?
Assessing the impact of the ELV Directive on
"green" innovation and vehicle recovery, Journal of
Cleaner Production, Vol 15, No 6, pp. 17-27, 2006.

[8] Le Blanc, I., Van Kricken, M., Krikke, H. and
Fleuren, H.: Vehicle routing concepts in the closed-
loop network of ARN — a case study, OR Spectrum,
Vol 28, No 1-4, pp. 53-71. 2006.

[9] Miemczyk, J.: An exploration of institutional
constraint on developing ELV product recovery
capabilities, International Journal of Production
Economics, Vol 115, No 2, pp. 272-282, 2008.

[10] Napier, F., Arcy, B. and Jeffeeries, C.: A review of
vehicle metals and  polycyclic  aromatic
hydrocarbons in UK environment, 10th IWA
International Specialized Conference on Diffuse
Pollution and Sustainable Basin Management —
18-22 September 2006, Istanbul, Turkey,
Desalination Vol 226, No 1-3, pp. 143-150, 2008.

[11]Spicer, A. and J., Johnson, M., R.: Third party
demanufacturing as a solution for extended

producer responsibility, Journal of Cleaner
Production, Vol 12, No 1, pp. 37-45, 2004.

HOJPIIKA O/UVIYUUBABY 3A U3BOP
IMPOU3BOBAYA IHEYMATHUKA

Cgetanana A. ITabuh, Momunio [{. Muwbym,
He6ojma J. bojosuh, Henanx /I. Bunanosuh

Kopuuihenu mnpous3Boan TpencTaBibajy MpodieM Yy
MHOT'MM IOCJIOBHHUM MponccumMa. Jez[aH OJ1 TaKBHUX
npuMepa cy MHEYMaTUIM KOMEPIHjaIHIX BO3MJIA U Kao
TaKBM MMajy 3HauajaH yTHUIaj Ha MapameTpe NOCIOBamba
TPaHCIIOPTHUX KoMmIlaHuja. Kao HaumH 3a cMmameme
TPOIIKOBAa OBHMX KOMIIaHHMja BE€3aHHMX 3a KopuiuheHe
ITHEyMaTHKe, yoOW4ajeHa je NpUMeHa NIpPOTeKTHpama
Kao mpoleca KOju y HCTO BpeMe YTHYE Ha CMambCHEe
3araljema xxuBoTHE cpeaune. Ctora m300p mpomsBohada
MMHEYMaTHKa UMa 3HadajaH yTUIQ] Ha eKCIUIOATaIl[HOHE
napaMeTpe BO3WJIA M HEONXOJHO je aHaIU3HpaTH
pacIooKuBe U MOTPeOHE MOAATKE KOjU OU MOCITYIKHIITH
Kao IOJPIIKA OBOM OJTy4NBAIbY.

Table 1. distribution of traveled distnance sum in the function of number of retreadings

Tires manufactured by _ Sava™ Tires manufactured by _Kormoran®
% [A— 2 T g gy
&0
= S .
B “a - ] =
= £ 1871 gy £
E 13.”““”“.;.0.00.0.00000 13.0 1 1 0 0o o0 0
Z B B =1 B
ERRARE B8 88 § B
.- E
km km
&0 = reguwesy T
TO Freguencyp T
ob
£ ST |
= 40 . Hoa ao
30 = 12 = 24
sl S [T
: 12_'_"_' |'|n11ooooo L Il = -
=| BB RERERC
CJ: km e
=
0 (R g LT
= b =
B | =
s | = .y z.,
. I ‘ﬂﬂﬂ”ﬂﬁlww 5 GG | = N | T
cd o s £ § B E B
= E £ § 8 8 & & £ E §E £ 5 £ § F
=1 = = & = = e H = = = =
= xm o
2 2
[T N—— ™ [——
= e L1
s | = :
p
B pis 24 0
% 20 1o 11 1165 z:
1 El 2 1 2
; :ooo1|-||-| ﬂnno|1 ll.ﬂ_uu_uu_u_uu_u u_uu
=, om m
=
g | 2] e
| | =
% - Not retreaded
P .
z = s, 4. times
- S LILICILICII  :
] E §E E E E E B
= S £ 5 ¥ § 3 H °
q: km
=
2P il
§ |z N ded
] = Not retreade
= o .-
E : 5. bimes
w @lo sowaonoaoonsiasa
—_ = = = = = = = =
o 4 = = = g g 8 E
= S 2 8 E_8 3 & °*

76 = VOL. 41, No 1, 2013

FME Transactions



