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Abstrakt: Cldanok sa zaoberd analyzou suc¢asného stavu aplikécie moznosti uskladiiovania a
transportu gumového granuldatu, ako produktu recyklacie opotrebovanych pneumatik.
Clanok charakterizuje a porovndva vyhody a nevyhody pevnych kontajnerov, skladacich
kontajnerov a kontajnerov pre Big Bag vrece.
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Abstract: The article deals with analysis of the actual state of application options for
storing and transporting of rubber options for storing and transporting of rubber granules,
as a product of waste tyres recycling. The article characterizes and compares advantages

and disadvantages of solid containers, stacking containers and containers for Big Bags.
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1 INTRODUCTION
1 UVOD

One of the main problems
Jednym nosnych problémov
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uskladiiovania ~ a transportu granulatu,
ktory vznikd pri drveni opotrebovanych
pneumatik- ich zhodnocovania je plnenie
tzv. Big-bagov. Implementicia modernych
technologii  do  procesov  plnenia
medzioperacnych a transportnych vriec je
nutnd z dovodu:

e zvySovania bezpecnosti a
humanizécie prostredia obsluzného
personalu implementaciou

Spickovych senzorickych systémov
s prvkami umelej inteligencie v
plne automatizovanych rezimoch

prace,
e redukcie rozptylu hmotnosti
naplnenych  ,big-bagov®“  pre

eleminaciu moznych negativnych
dopadov na prirodné prostredie pri
destrukcii  obalov a efektivitu
vyuZitia v pripade ich nedoplnenia,
nehovoriac o stadlom zlepSovani
image firmy k zakaznikom.

2 ANALYZA SUCASNEHO STAVU
PROBLEMATIKY

Zvysenie efektivnosti procesov pri
spracovani gumového granulatu
prostrednictvom  navrhnutia  vhodnych
prepravnych kontajnerov pre manipulaciu
a uskladiiovanie s nosnostou priblizne
1000 kg je kardinalnym problémom firiem,
ktoré zhodnocuju odpady na baze
opotrebovanych pneumatik.

Zakladné vstupné informécie

Zakladné charakteristiky doterajSieho
technického a technologického vybavenia
st:

1.  Gumovy granuldt je jednym z
vystupnych produktov technoldgie

spracovania opotrebovanych
pneumatik.

2. Gumovy granuldt je primarnou
surovinou zhodnocovania

opotrebovanych pneumatik.

3.  Textilna zlozka je d’alSim vystupnym
produktom technologie spracovania
opotrebovanych

of  storing and transporting the

granules produced during the chopping

of waste tyres is filling the so called

Big Bags. Modern technologies

implementation into the processes of

filling the semioperational and
transport bags is inevitable to:

e increase the safety and humanize
the working environment of the
utility staff by implementing high-
quality sensor systems featuring the
artificial intellignece in the fully
automatized working regimes.

e reduce the weight spread of the
filled ,Big Bags“ in order to
eliminate potential negative
environmental impact during the
wrapping destruction and the
efficiency of their incomplete use,
not to mention the company image
improvement towards the
customers.

2 ANALYSIS OF THE ACTUAL
STATE

The increase of efficiency in the
rubber granules processing via design of
suitable transport containers for the
granules manipulation and storage with the
load capacity of 1000 kilograms is the
cardinal problem of the firms processing
the tyre waste.

Basic input information
The features of the up-to-now
technical and technological equipment are:

1. Rubber granules are one of the output
products of the waste tyres
processing technology.

2. Rubber granules are primary stock of
waste tyres processing.

3. Textile component is the other output
component of the waste tyres
processing — its main use lies in
energy extraction via  burning.
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pneumatik — hlavnym vyuzitim je
ziskavanie energie prostrednictvom

spalovania.
4. Kovova zlozka ziskana 70
spracovania opotrebovanych

pneumatik — je to druhotnd surovina -
kovosrot, ur¢ena na recyklaciu.

5. Cudzie telesd nachadzajice sa v
pneumatikach — produkt, ktory uz nie
je urCeny pre dalSie spracovanie,
tvori odpad vyvazany na skladku.

6.  Uskladiiovanie gumového granulatu
sa je prostrednictvom naplnenia do
Big Bag vriec s napustnym rukdvom
(40 cm priemer) so 4 zavesnymi
popruhmi precnievajucimi 20-30 cm

a naslednou manipulaciou
vyskladiovanie v uréenych
priestoroch.

7.  Skladovanie granulatu v Big Bag
vreciach, rovnako ako iné rieSenia
nevyzaduje ochranu proti
poveternostnym podmienkam.

8.  Stohovanie Big Bag vriec nie je v
terajSom stave mozné, pretoze:

a) Po naplneni sa tvar vreca tlaku

naplne oproti idedlnej schéme
zmeni tak, ze plochy su vypuklé a z
toho dovodu by stohovanie
nezabezpecilo pozadovanu
stabilitu.

b) Pouzivané manipulacné prostriedky
nie su  schopné  zabezpecit

manipuléciu s vrecami v druhom
rade ( vySka cez 4 metre).

9. Manipulacna hmotnost Big Bag
vreca naplneného gumovym
granulatom je 1.350 kg.

Pevny kontajner
Pevne uzavreta konstrukcia

kontajnera zabezpeCuje velmi vhodnua
stabilitu a zaroven zabezpecuje bezpecné
prepravovanie gumového granulatu z
hl'adiska moznosti jeho tniku.

Vyhody:
¢ vysoka tuhost,
e vyborna manipulovatelnost’,
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4. Metal component obtained from the
processing — is the secondary stock -
scrap, intended for recycling.

5.  Foreign bodies inside the tyres —
these are not processed further but
are waste taken to the junkyard.

6.  Rubber granules storage is in form of
Big Bags with the filling sleeve (40
cm diameter) with 4 hanging straps
with the overhang of 20-30 cm and
their subsequent emptying
manipulation in the set area.

7.  Storage in form of Big Bags, the
same as other solutions, does not
require  protection from weather
conditions .

8.  Stacking of Big Bags at this stage is
impossible as:

a) After the bag filling, inside
pressure changes in comparison
with the ideal scheme and the bag
surface becomes round, making the
stacking unstable.

b) The devices used for manipulating
are unable to provide the
manipulation of bags in the second
row ( over 4 metres high).

9.  Manipulating weight of the Big Bag
filled with the granules is 1.350 kg.

Solid container

The solid and closed construction of
the container provides a very convenient
stability and also, regarding the possible
material outflow, provides a very safe
means of transport.

Advantages:
e high stiffness,

e excellent manipulability,
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e vyborna stohovatel'nost’,

e vyborna odolnost voc€i moznosti
uniku gumového granulatu
mechanickym poskodenim
kontajnera.
Nevyhody:
e prazdny  kontajner  zabera  pri

manipulacii bez gumového granulatu
(doprava, skladovanie a pod.) vel'mi
velky priestor,

e nemoznost pouzitia v terajSom
prostredi — nutnost kompletného
prepracovania st¢asne;j
technologicke;j Casti plnenia
granulatu,

e zna¢nd nadobudacia cena  (pri
uvazovani  terajSicho  mnoZstva
spracovan¢ho materialu a potrebnom
prepravovanom objeme je  pre
celkovo pozadovany pocet
kontajnerov radovo v  milidonoch
Eur),

e navySenie hmotnosti manipulacie s
granuladtom oproti doterajSiemu o cca
15 az 30%,

e vysoké naklady na spétné dorucenie
kontajnera  od  odberatela  do
V.0.D.S. (pri vzdialenosti cca 500
km sa takto navysi cena za prepravu
1 kg granulatu cca o 0 3 az 10 centov
za kilogram).

Skladaci kontajner

Skladacia  konStrukcia  kontajnera
zabezpeCuje  vhodné  parametre  pri
manipulacii adoprave bez gumového

granuldtu a vhodnu stabilitu. Vzhl'adom na
Standardizované rozmery pddorysu je
mozné pri celistvych boc¢niciach dosiahnut’

vySku maximdlne do hodnoty Sirky
podorysu, Co  spOsobuje  zniZenie
objemovej kapacity kontajnera oproti

ostatnym typom.

Vyhody:
e dostato¢na tuhost’,
¢ vyborna manipulovatelnost,
e vhodna stohovatel'nost’,
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e cxcellent stacking,

e excellent granules outflow resistence
in case of mechanical damage to the
container.

Disadvantages:

e the empty container takes too much
space (transport, storage and the like)

e impossible to use in the actual
environment — complex revision of
the actual technological part of the
granules filling is inevitable,

e considerable acquiring costs
(considering the amount of processed
material and the amount to be
transported in the containers, the
container costs reach millions of
Euros),

e approximately 15 to 30% higher
manipulating weight of the granule
material,

e high costs of the container return
delivery from the buyer to V.O.D.S.
(with 500 km distance the cost of
transport increases by 3 to 10 cent
per 1 kg of the granules).

e Stacking container

The construction of this container
provides very suitable parameters and
adequate stability when manipulating and
transporting it without being filled with the
granules. With regard to its ground
standard dimension, is possible the
compact sides of the container only allow
its height to be of maximum ground width
which decreases the container capacity
compared with the other types.

Advantages.
e sufficient stiffness,

e excellent manipulability,
e suitable stacking,
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e prazdny  kontajner = zaberd  pri
manipulacii bez gumového granulatu
(doprava, skladovanie a pod.)
podstatne mens$i priestor ako pri
pevnej konstrukceii kontajnera.

Nevvhody:
e nemoznost pouZitia v terajSom
prostredi — nutnost kompletného
prepracovania sucasnej
technologicke;j Casti plnenia
granulatu,
e znizend  objemova  kapacita -

maximalna vySka kontajnera je pri
celistvych bocniciach moznd len do
hodnoty Sirky kontajnera,

e znatnd nadobudacia cena  (pri
uvazovani  terajSicho  mnozstva
spracované¢ho materiadlu a potrebnom
prepravovanom objeme je pre
celkovo pozadovany pocet
kontajnerov rddovo v miliénoch Eur),

¢ navySenie hmotnosti pri manipulacii
s granulatom oproti doterajSiemu o
cca 15 az 30%,

e vysoké naklady na spétné dorucenie
kontajnera  od  odberatela  do
V.0.D.S. (pri vzdialenosti cca 500
km sa takto navysi cena za prepravu
1 kg granulatu cca o 3 az 10 centov
za kilogram),

¢ mensSia odolnost’ vo¢i moznosti uniku
gumového granuldtu mechanickym
poskodenim kontajnera.

Kontajner pre Big Bag vrece

Konstrukcia kontajnera zabezpecuje
vhodnejSie  parametre pre  stabilitu,
manipulaciu a stohovanie ako pouzitie iba
obyc¢ajnych Big Bag vriec.

Vyhody:
e zvySena tuhost,
¢ dobra manipulovatel'nost,
® mozna stohovatel'nost’.

Nevyhody:
e nemoznost  pouZzitia v terajSom
prostredi — nutnost prepracovania
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e the empty container takes much less
space when being manipulated
(transport, storage and the like) than
the container with rigid construction.

Disadvantages:

e impossible to wuse in the actual
environment — complex revision of
the actual technological part of the
granules filling is inevitable,

¢ lower capacity — maximum container
height allowed with the compact
sides is equal to the container width,

e considerable acquiring costs
(considering the amount of processed
material and the amount to be
transported in the containers, the
container costs reach millions of
Euros),

e approximately 15 to 30% higher
manipulating weight of the granule
material,

e high costs of the container return
delivery from the buyer to V.O.D.S.
(with 500 km distance the cost of
transport increases by 3 to 10 cent
per 1 kg of the granules),

e lower resistance to granules outflow
in case of mechanical damage to the
container.

Containers for Big Bags

The construction of this container
provides more suitable parameters and
stability when manipulating and stacking
than using just ordinary Big Bags.

Advantages:
e higher stiffness,

¢ good manipulability,
e stacking possibility.

Disadvantages:
e Impossible to use in the actual
environment — complex revision of
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sucasnej technologickej Casti plnenia

granulatu,
e zna¢nd nadobudacia cena (pri
uvazovani  terajSicho  mnozstva

spracované¢ho materidlu a potrebnom
prepravovanom objeme je  pre
celkovo pozadovany pocet
kontajnerov radovo v miliénoch Eur),

e navySenie hmotnosti manipulacie
s granuldtom oproti  doterajSiemu
occa 15 az 30%,

e prazdny  kontajner  zabera  pri
manipulacii bez gumového granulatu
(doprava, skladovanie a pod.) velky
priestor,

e vysoké naklady na spétné dorucenie
kontajnera  od  odberatela  do
V.0.D.S. (pri vzdialenosti cca 500
km sa takto navysi cena za prepravu
1 kg granulatu cca o 3 az 10 centov
za kilogram).

the actual technological part of the
granules filling is inevitable,

e considerable acquiring costs
(considering the amount of processed
material and the amount to be
transported in the containers, the
container costs reach millions of
Euros),

e approximately 15 to 30% higher
manipulating weight of the granule
material,

e the empty container takes too much
space whem being manipulated
without granules (transport, storage
and the like),

e high costs of the container return
delivery from the buyer to V.0.D.S.
(with 500 km distance the cost of
transport increases by 3 to 10 cent
per 1 kg of the granules).

Obr. 1. Kontajner pre Big Bag vrece
Fig. 1 Container for Big Bag
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3 POROVNANIE VARIANTOV

Navrhnuté  konStrukéné  rieSenia
pontkaju ziskanie urcitych vyhodnejSich
parametrov na ukor inych. Vzhladom
k zna¢nému poctu dosahovanych vlastnosti
a funkecii tychto rieSeni, boli vyselektované
len najpodstatnejSie parametre z pohladu
pouzitia v redlnych vyrobnych
podmienkach. Prehl'ad vybranych
hodnotenych vlastnosti resp. funkcii je
uvedeny v Tab. 1.

Tab. 1 Porovnanie variantov
Tab. 1 Variants comparison

3  VERSIONS COMPARISON

The construction solutions designed
offer some parameters improval at the cost
of others. With regard to the amount of
specifiactions and functions contained in
the solutions, we selected only the most
important parameters from the real
production conditions use point of view.
The specifications or functions survey is

presented in Tab. 1.

Variant

N = - -

£ 2 2 g 2 £.%

3 > E g E 8 = /M

. . A = @ = z A
Hodnotena vlastnost’ / funkcia

Moznost’ pouzitia v si¢asnom prostredi Ano Nie Nie Nie
Manipulovatel'nost’ * 1 1 1 1
Stohovatelnost’ - pocet d’alsich vrstiev 0 2 1 1
Navysenie obst. ceny voc¢i Big Bag (Euro) 0 597 863 763
Navysenie hmotnosti vo¢i Big Bag (kg) 0 224 327 284
Zabezpecenie proti tniku materialu * 2 1 3 2
Néklady pre spétné dorucenie (Euro)** 0 100 66 100

* Pouzita skala:
** Pouzité hodnoty

(1- vyborne az 5- tazko)
prepravna vzdialenost’ 400 — 500 km, uvazuje sa z hmotnost'ou a zaberanym

priestorom spitne dopravovaného kontajnera

Variant
o o [ S
E s £ £E 2. 8
o = = < '3 s 5 /A
(=] QO - N
‘= ® = 8 = = = &
. . . = 54 @ 3 S /m
Specifiaction / function evaluated © © o
possibility to use in the actual environment yes no no no
Manipulability * 1 1 1 1
Stacking — number of follow up layers 0 2 1 1
Increase of acq.price compared to Big Bag 0 597 863 763
(Euro)
Weight increase compared to Big Bag (kg) 0 224 327 284
Material outflow prevention * 2 1 3 2
Return delivery costs (Euro)** 0 100 66 100

*Range used:
** Values used
container is considered

(1- excellent to 5- poor)
transport distance 400 — 500 km, the weight and capacity of the return delivery
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Pevnostna MKP analyza

Vytvorené modely kontajnerov boli
podrobené pevnostnym analyzam metdédou
kone¢nych prvkov.

Kreovanie 3D modelov  nebolo
primarne zamerané na ziskanie jediného
variantu, ale na variovanie niekolkych
moznych rieSeni problému skladovania
gumového granulatu,  pretoze sa
predpokladalo, ze kazdy variant bude
ponukat zna¢ne rozdielne moznosti
variacie parametrov, zktorych sa zvoli
najvhodne;jsi variant.

Rigidity FCM analysis

The models of containers created
underwent the rigidity analysis on the basis
of final components method /FCM/.

3D models creation was not primarily
aimed at gaining one variant, but to collect
various solutions for rubber granules
storage as each one was supposed to offer
quite a different variety of parameters to be
considered when finally choosing the best
solution.

Tab. 2 Podmienky zatazovania kontajnerov pre uskladnovanie gumového ganulatu
Tab. 2 The conditions for containers load when storing the granules

LW - =
g g 232
g = — 5 ?D g )5 g
) A S X =S 2 S 8
i z2 5= £ 3 £ S 2 g 2
S~ g C; = 3 g '; s 2 2 5
< B £ 2 & g g = S 2 = 2
E EEZ S5 EE2E Z s
= O == R = 2 8 ¢ g 2
- o = = ;X 9
[=] B S =) (=
Y =< N &
£ = £ A g g
= g =3
Pevny kontajner 224 1000 5000 3
Skladaci
i 327 620 2000 2
kontajner 2
Kontajner re
ontal P 284 1050 3000 2
Big Bag
=
g, E FER g
< = 5 < S
- = kS g ~
< T s = e 2 =
5 o0 s 2 2 3 e~
() = g < - = S ©
3 g = - e .= s =
= £ & T 8 g S Z =
g ] 5 o s S s =
= e
S 2 = S = g S e
g 2 G = °
= < = = < &
e "" S = = &
@] = (G <
7))
solid container 224 1000 5000 3
stackin
g 327 620 2000 2
container 2
container for Bi
g 284 1050 3000 2
Bag
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Hmotnost (kg)

Charakteristiky unosnostinavrhnutych typov
kontajnerov

-

Dimenzovana unosnost kontajnera (kg)

s
Hmotnost prepravovaneho granulatu...

Hmotnost kontajnera (kg)

Obr. 2 Charakteristiky unosnosti navrhovanych kontajnerov
Fig. 2 Characteristcis of containers carrying capacity

4 ZAVER

Kreovanie 3D modelov sa zameralo na
ziskanie variantu z niekol’kych moznych
rieSeni problému skladovania gumového
granulatu, priCom vytvaranie modelov
a vykonavanie analyz MKP museli
prebiehat’ subezne, aby sa optimalizovali
pevnostné atuhostné parametre kazdej
palety.

Na zéklade hodnotenia technickych
a ekonomickych ukazovatel'ov pri
uskladiiovani gumového granulatu je
mozné konStatovat’, Ze nové konStrukéné
rieSenia s pouzitim kontajnerov vyzaduji
investicie uvedené v Tab. 3 pri dosiahnuti
uspor uvedenych v Tab. 4.
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4 CONCLUSION

3D models creating was aimed at
getting avariant form several possible
solutions and the models creating and
FCM analysis had to be carried out
simultaneously in order to optimalize
rigidity and stiffness parameters of each
pallet.

Based on the technical and economical
parameters considered in the process of
rubber granules storage it is possible to
claim that the new construction solutions
using the containers require investitions
presented in Tab. 3 and allow the savings
presented in Tab. 4.
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Tab. 3 Naklady spojené s pouzitim kontajnerov pre uskladnovanie gumového granulatu

Tab. 3 Rubber granules storage costs

Ponis Naklady Opakovanie
P (Euro) Nikladu
Uprava sucasnej technolgglc.ke’:J }mky pre pouzivanie radovo Jednorazovo
kontajnerizécie 1.000
Navysenie obstaravacej ceny oproti nakupu Big Bag vriec (cena radovo Jednorazovo za
Big Bag vreca je cca 7 Euro bez DPH) 100 1 kontajner
, e . . radovo Pri kazdej
Naklady na spitné dorucenie kontejnera 10 dodavke
Description Costs Costs
P (Euro) repetition
. . . . lineally
Adjustment of the actual container technological line 1.000 once
Acquiring price increase compared to Big Bag (Big Bag price is lineally once per 1
apprx.7 Euro excluding VAT) 100 container
Container return delivery costs lineally with every
10 order

Tab. 4 Uspory dosiahnuté pouzitim kontejnerov pre uskladitovanie gumového granuldtu

Tab. 4 Savings using the rubber granules containers

. Uspora Opakovanie
Popis (Euro) uspory
Zvysenie vyuzitia podlahovej plochy skladovania (pri ro¢nych cca
nakladoch cca 3,3 Euro/m?) prostrednictvom stohovania — 1 m” 1,10 — 1,66 rocne
priblizne zaberé 1 Big Bag vrece, alebo kontajner Euro / m*
N Savin Savin
Description (Euro% repetiti%n
Increase in the ground floor use for storage(with annual costs Approx.
apprx. 3,3 Euro/m®) by stacking — 1 m® takes approx. 1 Big Bag, or 1,10 - 1,66 annualy
container Euro / m’

Z uvedeného vyplyva, ze:

1. Jediny technicky prinos je moznost

stohovania zasobnikov s gumovym
granulatom.

2. Jediny ekonomicky prinos - uspory
dosiahnuté lep$im vyuzitim

skladovacich ploch st nepatrné voci
pozadovanym nakladom.

3. Pozaduje sa vel'mi vyrazny zdsah do
plniacej Casti technologickej linky pre
zmenu spdsobu plnenia do prepravnych

zariadeni.

4. Cena za 1 kg prepravovaného
gumového granulatu sa
kontajnerizdciou zvysi priblizne o 3 az
10 centov.

5. Podstatne sa zvySi ndroCnost na

¢innosti ohl'adom evidencie pohybov
kontejnerov.
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From the facts mentioned above:

1. The only technical benefit is the
possibility of stacking the rubber
granules

2. The only economic benefit — gained by
better use of storage area are negligible
opposed to required costs.

3. A very significant intervention in the
filling part of the technological line is
neccessary in order to change the way
of filling the transport devices.

4. The price for 1 kg of rubber granules
transported is raised by 3 to 10 cent.

5. The activities involved in the evidence
of containers movements become more
demanding.
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6. Pozaduje sa velmi vysoka miera
viazanosti investicii do kontajneriacie
s minimdlnym uc¢inkom na zlepSenie
technickych, alebo ekonomickych
ukazovatel'ov.

Snaha o zvySenie technickej trovne
prepravy  gumového  granulatu  bola
rozoberana smerom vyuzitia kontajnerov
namiesto Big Bag vriec. Navrhnuté
konstrukcie boli zamerané hlavne na malt
priestorovu narocnost’ pri spétnej preprave
k producentovi granuldtu a pozadovanu
tuhost’ kontajnerov pri stohovani.

Analyzy poukazali na fakt, ze
stohovanim dosiahnuty efekt Uspory —
maximalne 1,66 Euro / rok je eliminovany
pozadovanym nékladom na Urovni cca 33
Euro dopravnych ndkladov na jediné
spitné dorucenie kontajnera
k producentovi granlatu — predpokladd sa
vSak, ze takyto kontajner by mal rocne
absolvovat’ niekol’ko pouziti, ¢o tento
pristup este viac znevyhodiuje.

Z uvedeného vyplyvy, ze dal$im
rieSenim je moznost’ skladovania v silach.
Tento druh uskladnovania vSak bude
vyzadovat’ vysoké investicie a zvysi
pracnost  potrebni  pre  manipuldciu
arovnako bude potrené vyuzivat sluzby
Specializovanych dopravnych zariadeni pre
sypké materialy.

6. The investitions are bound to container
processing to a significant extend with
minimum impact on technical or
economic parameters improvement.

The Big Bag use for improving the
technical aspect of granules transport was
dealt with and the construction solutions
were focused on small space demand
during the return delivery to the granules
producer as well as the container rigidity
needed for stacking.

The analysis show that the effect of
saving — maximum 1,66 Euro / year is
eliminated by the transport costs of approx
33 Euro per single return delivery of the
container back to the granules producer —
however, such a container is to be used
repeatedly in a year which makes the
method even more inconvinient.

The possibility of silo storage comes
out as the other possible solution from
what was mentioned above. But this will
require high investments and increase the
labour neccessary for manipulation using
the specialized transport vehicles for loose
materials.
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