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Crumb rubber use in roads in Australia

Crumb rubber as a bitumen modifier

Agenda

Environmental and technical benefits
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Land area (km?)

Population (million)

Unemployment

GDP / person

Roads total length (km)

Roads sealed (asphalt &
chip seal) (km)

Asphalt (million
tonnes/annum)

Australia
7.7 Million

26.9
4.3%

$14,767

877,650

463,000

~10

NZ

267,710

5.1
5.2%

$11,359

96,000

52,800

~1.6

Ratio

x28

x5.3

x1.3

x9.1

x8

X6.3

~ 3,000 km
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Common Australian
Pavements
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Road network 800,000 km
~ 80% of surfaced road network sealed with spray seals
Cost effective solution

Suited to the scale and needs of Australia’s network

Asphalt is the premium choice for urban and high traffic roads
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Annual tyre consumption (new tyres): 705,000 tonnes (74 million EPU)

Tyre in
Australia

Annual Used tyre generation: 537,000 tonnes

Combined recovery rate: 66% (>85% for automotive tyres; 13% OTR)
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NSW 1960s first known use of crumb rubber in sprayed seals

C ru m b ru b be r » Sprayed sealing widely established
Provides durable and well-suited solution for Australia network

use In AUStraI Ia Asphalt research started ~ 2014
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« Tyre collection

ROad G rad e « Shredding and removal of non rubber content
« Shredded rubber is mechanically ground into rubber chips >rubber granules
Crumb Rubber

—> final product - Road grade crumb rubber = 30 mesh

”_
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1. Scope

1.4 Austroads Technical Specification ATS 3110 sets out the requirements for the supply of polymer
modified binders (PMBs) and crumb rubber modified binders for use in both sprayed sealing and
asphalt applications.

2. Referenced Documents

21 The following documents are referenced in this Specification or are relevant to this Specification;

Australian / New Zealand Standards

ASINZS 2341.4:  Methods of testing bitumen and related roadmaking products:
determination of dynamic viscosity by rotational viscometer

AS 2341.18 Methods of testing bitumen and related roadmaking products:
determination of softening paint (ring and ball method)

ASINZS IS0 9001 Quality Management Systems: Requirements
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Dry Method

» Coarser rubber particles

* Rubber added to hot aggregates

* No special adjustments at the plant

» Lack of chemical interaction between
bitumen and rubber (inert material, ‘elastic
aggregate’)

Wet Method

Finer rubber particles

Rubber added to hot bitumen = bitumen
modification

Plant requires adjustments

Greater fatigue/rut resistance, high viscosity can
generate workability issues in the field

NTRO
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C rU m b Ru b be r Wet blending process

. g » Bitumen (Class 170) blended with crumb rubber (size#30 mesh)
m Od Ifl ed « Two-phase system: rubber particles partially digested and can separate

bitumen

Schematic illustration of crumb rubber swelling due to the absorption
of the bitumen’s light components 5000

Digestion occurs in different
stages:

> 3000 —_—
‘@ 2750 g 185
8 2500 195
3 |
>

1. Light phase of bitumen is
adsorbed

2. Rubber changes into a gel
like material

3. Rubber changes into an oil.

2000 =05

- Bitumen 750
- Rubber particle 250
— 0 ‘ ‘

>—(-\Ge! 0 1 2 3 . 4 5
Stage 2 Stage 3 B o Time (HOUI’S)

WARRIP-Summary-Report-2024-001-CR-Digestion _2025-07-23 Final-for-publication.pdf



https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf
https://warrip.com.au/wp-content/uploads/2023/11/WARRIP-Summary-Report-2024-001-CR-Digestion_2025-07-23_Final-for-publication.pdf

NTRO

Main sources of
crumb rubber

*  Truck tyres
« Passenger car tyres
« Off the road (OTR) tyres

OTR include tyres from:

Tractors (agriculture, construction) 33.6%
Aircrafts (aviation) 2.9%
Forklifts (manufacturing and trade) 2.3%

Earth movers (mining) 61.2%




Crumb rubber bitumen Specifications

Table 8.1:

Test method

AS/NZS 23414 or
ATM-111@

ATM-122

AS 234118

AGPTIT125

AGPT/T121

AGPTIT121

AGPTIT121

ATM-132

AGPTIT108

ATM-112

ATM-103

Class
Binder property

Viscosity at 165 °C (Pa.s)
max .2}

Torsional recovery at 25 °C,
30 s (%)

Softening point (°C)
Stress ratio at 10 *C min.

Consistency 6% at 60 °C
(Pa.s) min.*

Stiffness at 15 °C (kPa) max.

Stiffness at 25 °C (kPa) max.

Compressive limit at 70 °C,
2 kg (mm) min.

Segregation (%) max.
Flash point (*°C) min.

Mass Change (%)

S10E

0.55

22-50

48 64

TBR®!

300

140

MNA

MNA

-8to+8 -Bto+8 Bto+8 -Bio+8 -Bto+8

250

06to
+0.6

S15E

0.55

32-62

55-75

TBR

400

140

NA

NA

250

-06 to
+0.6

Properties of Polymer Modified Binders for Sprayed Sealing Applications

S20E S25E S35E

0.6

3870 55-80

0.9

0.55

16-32

65-95 82-105 48-56

TBR

500

MNA®

35

MNA

250

-06to
+0.6

TBR

900

MNA

30

NA

250

-0.6 to
+0.6

TBR

250

180

NA

NA

250

-06to
+0.6

S9RI"  S15R(1S)

15 452

1545 2555

5060 5565
TBR  TBR

400 800
NA 180
NA NA
0.1 02

-8to+8 -810+8

250 250
06to -06to
+0.6 +0.6

Table 8.3:  Properties of Field-Produced Crumb Rubber Binders
Property Method S9RF!1.2) S15RF!"2 S18RF1.2
MNominal rubber concentration (%) 9 15 18
Rubber content by analysis (%) min.  AGPT/T142 7 13 16
Torsional recovery (%) min. ATM-122 15 25 30
Softening point (*C) min. AS 234118 50 55 62
Consistency 6% at 60 °C (Pa.s)® AGPT/T121 Report Report Report
Table 8.2: Properties of Polymer Medified Binders for Asphalt Applications —_—
Class
Test method Binder A35P A20E A15E A10E ASE A18R(
property
AS/NZS 23414 or  Viscosity at 165 °C (Pa.s) 11 06 09 1.1 0.9 6.2
ATM-11112 max (2
ATM-122 Torsional recovery at 25°C, ~ 6-30 3870 55-80  60-86 2540 30-70
30 s (%)
AS 2341.18 Softening point (°C) 6274 65-95 82105 88110 82-105 6280
AGPT/T125 Stress ratio at 10 °C min. TBR® TBR TBR TBR TBR TBR
AGPT/T121 Consistency 6% at 60 °C 1000 500 900 1000 2500 1000
(Pa_s) min
AGPT/T121 Stiffness at 25 °C (kPa) max. 120 35 30 30 NA NAS)
AGPTIT121 Stiffness at 25 °C (kPa) min. MNA NA MA MA 90 MNA
ATM-132 Compressive limit at 70 °C, MNA NA MA MA MNA 0.1
2 kg (mm) min.
AGPT/T108 Segregation (%) max. -8 to +8 -8 to +8 -8 to +8 -8to +8 -8 to +8 -8 to +8
ATM-112 Flash point (*C) min. 250 250 250 250 250 250
ATM-103 Mass Change (%) -06to -06to -06to -06 to -0.6 to -0.6 to
+0.6 +0.6 +0.6 +0.6 +0.6 +0.6
E—
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A27RF®

25-30
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Australian Specifications

AfPA model specification for wet-method crumb rubber asphalt (GGA&OGA > 18% CR
content)

TMR
PSTS 112 (2017, updated in 2019)

MRWA Specification
. 511 “Material for bituminous treatment”
. 516 &517 Crumb Rubber OGA&GGA (2018, 2020)

DoT Vic specification
»  Section 421 High binder crumb rubber asphalt
«  Section 422 Light Traffic Crumb Rubber Asphalt (2019)

TINSW Specification — Dry method
118 “Crumb rubber asphalt”
DC3256 “Crumb rubber”
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Crumb rubber used in Australia in asphalt

Total PMB: 189,000t

Total PMB: 230,000t

Volume of crumb rubber likely to
increase due to uptake in asphalt
applications

Total PMB: 262,000t

Non-CRM PMB CRM Bitumen Crumb Rubber (CR) content
DG Asphalt

OG Asphalt

EPU per lane km against SAMI Sealing

treatment type
SAM Sealing

XSS Sealing

HSS Sealing
TSA, The Benefits of Surfacing Roads with Tyre Derived Crumb

Rubber, 2022

14



Research to Implementation
2014 - 2025




Research To Implementation I\ITRO

~ Austroads g
Research Report ; :

eIk e Transfer of Appropriate Crumb
"'R.'JR- S Rubber Modified Bitumen
Ret

. Technology to WA
it
ﬂ.-"__\ e Stage 1: Open Graded Asphalt

2014 - 2016 2017 2019 2020

NACOE projects P31/P32 NACOE Project P31 WARRIP Austroads

WARRIP project

- Optimising the use of - Transfer of Crumb Rubber - Transfer of crumb rubber - Passenger Cars and other

crumb rubber modified Modified Asphalt technology to WA — GGA Non-Truck Tyres National

Frased! 0 0ot | pemimgted | e

; Trr?nslfer 01; C(/t\J/rEb gJGbZer _ Emissions Monitoring rpeaslglr?eent ?r%rr)n gsphalt Technology Transfer and

echnology to - (spray sealing and asphalt containing crumb rubber demonstration project
STl modified binder

—
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Research in Progress

WARRIP LG TRRIP LG TRRIP

WARRIP (2020-2022-2024) Crumb rubber modified binders in Practitioners’ Guideline: Crumb
Digestion of crumb rubber in bitumen asphalt applications and sprayed Rubber Modified Binders in sprayed
seals on local government roads in seal applications on Local
WA Government roads in WA



Current Focus Area

Research &
Development

Understanding
material behaviour

- Digestion of the
crumb rubber in
bitumen and effect of
different rubber
sources

- Dense graded
asphalt application for
local governments

Demonstration

projects

Proof of concept,
adapt to local
conditions

Validation of other
rubber sources (OTR)
and technologies to
fully exploit the
performance
improvements

Building
capability

Market
assessment

Understand the
barriers to growth and
support solutions

Skills development

Training and
awareness

Practitioners'
guidelines

Support
Adoption and
uptake

Raise awareness
on the benefits and
share the learnings

Life cycle assessment

NTRO



Technical and
Environmental benefits




Spray sealing

NTRO

5% - 18% crumb rubber by mass of binder
S15R, S15RF, S18RF used nationally for seals in high demand situations;
heavy traffic, or over cracked pavement

5% crumb rubber used in Victoria as tough resilient seal on light trafficked

roads and to improve aggregate retention on heavy traffic roads




NTRO

* Open Graded asphalt (OGA): 18% - 20% CR by mass of binder

AS p h a It * Gap Graded Asphalt (GGA): 18% - 20% CR by mass of binder
* Dense Graded Asphalt (DGA): 10% -15% CR by mass of binder




Technical Benefits

* Rubber and carbon black represent approximately 70%

of the weight of a tyre.
. Rubber acts as bitumen modifier
e Carbon black acts as a 'sunscreen’

*  Crumb rubber modified bitumen (CRMB) has enhanced

elastic and anti ageing properties - more durable roads

Crumb rubber
components

| Fitter




NTRO

Key performance
Enhancements

Sprayed seals

 Enhanced Cohesion and Aggregate retention
« Delayed oxidation cracking and stone loss

«  Superior resistance against reflective cracking

»  Better performance under high stress

Asphalt
» Higher binder film thickness, and elastic recovery deliver proven

durability improvements and retard ageing

« Higher rutting resistance _ |
Neat bitumen 15% Crumb rubber bitumen

«  Superior cracking resistance

INNOVATION DRIVEN COMMERCIA INCONFIDENCE ntro.org.au



Asphalt Performance Testing

g;';‘:r';':ge Test BCC2 AC14  GGA10 %;T/g fgﬁg‘é’R“BB
(Ideal-CT) Method (C320) (A15E) (OTRCR18) (g 18)
CT Index - Aged 5 177 940 1950 4213
Specimens

ASTM

D8225
CT Index - Unaged 125 197 1014 3407 7631

Specimens

INNOVATION DRIVEN COMMERCIA INCONFIDENCE

NTRO

ntro.org.au



Binder UV aging

SOLAR RESOURCE MAP

DIRECT NORMAL IRRADIATION

GE'W (I 13 12w 417 B T 60" W AFW

5

Long-term average of direct normal irradiation (DNI)

Daily totals: 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
I = kWh/r?
Yearly totals: 365 730 1095 1461 1826 2191 2556 2922 3287 3652

This map is published by the World Bank Group. funded by ESMAP, and prepared by Solargis. Fer mere information and terms of use. please visit http://globalsolaratlas.info.

NTRO

Australian roads are exposed to a
significant amount of UV radiation

UV ageing conducted on binder samples used in
the field

Samples exposed in laboratory to equivalent solar
radiation of 1 year on Sunshine Coast

Data showed a reduction of UV damage of
approximately 42% when crumb rubber is used in

the bitumen as a modifier.
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E nV| ro nm e ntal « Reduced exposure to harms by illegal tyre dumping and stockpiling

* Recovery of resources

be n eflts * Energy and GHG emissions




Environmental
Impact

= 9% GHG emission reduction from crumb rubber

sprayed seal vs PMB sprayed seal

- Average 7% GHG emissions reduction from a wet
process asphalt mix compared to a PMB asphalt mix

required in 1 km of road

Cradle to gate calculations

*TSA-Life-Cycle-Assessment-of-end-of-life-tyres.pdf

N O

800 764
695
700
600
8 500
o
8
o 400
4
300
200
100

PMB spray seal Crumb rubber spray seal

mEOLT Collection mEOLT Processing m SBS and combining cil mBitumen m Material transport m Spray seal production

18,000

16,445

15,397

16,000

14,000

12,000

Conventional PMB - Default Mix 1 (GGA) Gap Graded Asphalt (GGA)

mEOLT Collection ®mEOLT Processing  mBinder - other mAggregates mMaterial transport  mAsphalt Production



Tyre Road Wear Particles

5-250 um particles from tyre-road friction.

Crumb Rubber

0.5-1.2 mm granules added to bitumen for
roads.

Added to bitumen binders
aaaaaaaaaaaa

Rubber Granules

1-5 mm granules used as infill in artificial turf
and bound into playground

NTRO

Tyre Particle Health,
Environment and Safety
Report (TSA)

TRWP Crumb rubber Rubber granules
0.005 - 0.25 mm 05-12mm 1-5mm
—— 4040 9444004400 D200 *
Strand of hair Dental floss Spaghetti (uncooked) USB cord
0.04 - 0.12 mm ! 0.25-0.5mm | 1-2mm | 5mm

Particles in TDM have a minor risk to the surrounding
environment.
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Initial barriers and solutions

Specifications on crumb rubber asphalt
Concerns about worker exposure and environmental impact (fumes, microplastics)
* lower asphalt temperatures is now standard practice
» research studies did not identify harmful emissions above recommended limits
« same for leaching and water quality TSA Tyre Particle Safety Report (tyrestewardship.org.au)
Initial increased road construction costs
« most findings indicate that these are more than offset by the increased performance life of the pavement

Reuse of RAP with Crumb rubber bitumen — WARRIP study (https://warrip.com.au/projects/crm-rap/ )



https://warrip.com.au/projects/crm-rap/
https://warrip.com.au/projects/crm-rap/
https://warrip.com.au/projects/crm-rap/

Case studies

Innovation Driven




NTRO

Peaks Down: OTR

tyres in spray sealings

7& | Sunshine Coast: OTR
* f tyres in asphalt

NSW SSROC: PT, TT in

asphalt

Vic DoT: asphalt
demonstration

Tasmania: PT, TT and

OTR tyres in asphalt
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OTR mining tyre

» Location: Peaks Down Highway

* Main link between Whitsunday Coast and Central West
region near Moranbah mining heartland

« High percent of Heavy Vehicles

* Project supported by NACOE research program

NATIONAL

*
- - *
. @ Tyrestewardship — App

PAVEMENT ASSOCIATON

Department of Transport and Main Roads



OTR minir pzgulletin

with your subscription to

ConrierhaMail

NTRO

 Location: Peaks [

‘Full circle’: New lease of life for
mining tyre waste

* Main link between
region near Morar

In a Queensland-first, giant tyres from mining vehicles
have been used to resurface a major Central
Queensland highway.

« High percent of Heavy Vehicles

* Project supported by NACOE research program

*
ASSET CENTRE TyreStewardship o
OF EXCELLENCE AUSTRALIA AFPA

£ -
Cairns Today .. 20°/28°) s Call"l‘lS P&?@Sﬁg 2 signin
Today's Local Queensland National World Opinion Business Entertainment  Lif
Paper

News Queensland Rockhampton

Central Queensland mining tyres
recycled to resurface highways

In a Queensland first, giant tyres from mining vehicles have been used to resurface a
major CQ highway.

News All

News

BHP partners on OTR tyre recycling and
repaving project in Queensland

Posted on 25 Sep 2023

In a Queensland first, crumb rubber created from giant mining tyres has been used in a trial to

resurface one of Queensland’s major highways, BHP reports.

Department of Transport and Main Roads



The tyres

Two BHP mining tyres - 59/80R63

* over4m in diameter

* weighed 4.2 tonnes each

» high natural rubber content (> 30%)
* high carbon black content

Tt

~ Departm

ent of

=~

Transport and \

lain

%

NTRO
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Peak Downs
Highway project

7 km sealed road

7 tonnes crumb rubber (S15R)

Two 63" mining tyres
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Sunshine Coast Council Demonstration project

|dentified opportunity for use of Boral Quarry sourced OTR tyres

Circular Economy
opportunity

Manufactured 10 tonnes of #30 Mesh OTR CR for use on the project

Asphalt mixes with 18% CR (in bitumen) compared to control sections

*.r =

Boral Quarries
West Burleigh
& Office Quarry

All l.ri!;_;m report to the: Office
priof to endering Quarry area

mﬁﬁr'iup & Loaders use Channei 30 'Ji
Al Enquiries Phone: $553 5799




Project in numbers

s 7,791 m? of asphalt
« 572 tonnes of asphalt

* 10,000 kg of OTR Crumb Rubber

- ;Béfor_e a2



Asphalt Performance Testing

g;';‘:r';':ge Test BCC2 AC14  GGA10 C(;STAFZ fgﬁg‘é’R“BB
(Ideal-CT) Method (C320) (A15E) (OTRCR18) (g 18)
CT Index - Aged 56 177 940 1950 4213
Specimens

ASTM

D8225
CT Index - Unaged 125 197 1014 3407 7631

Specimens

NTRO

Rut resistance increased (> 20% depending on
content and mix design)

Neat bitumen 15% Crumb rubber bitumen



NTRO

» Client: Department of State Growth

Location: Tasman Highway - Significant route for all oversize activities

Austroads Project

+ Contractor: Fulton Hogan
* Crumb Rubber bitumen: S15 R
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Truck, passenger car
and OTR tyres

»  Three types of crumb rubber from three different
sources
* radial tyres from Boral quarry (earthmovers)
*  passenger car tyres
* truck tyres
*  Manufactured by Carroll Engineering Services
* No changes to the production process at the

recycling plant

Crumb rubber materials were checked to assess their gradation (30# mesh),
moisture content (less than 1%), and presence of metal (less than 0.1%)




Road
condition &
treatment

NTRO

Localised areas of crocodile cracking in the existing surface layer
Irregularities on the surface, including small potholes

Signs of previous crack sealing were visible on the surface.

Asphalt: AC10 Light Traffic Crumb Rubber Asphalt with S15R with different

CR source
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Austroads project

1. No significant adjustments to manufacture crumb
rubber-modified binder.

2. Crumb rubber-modified binder properties were
similar.

3. Asphalt manufacture didn’t require adjustment in

terms of mixing temperature or batching time.

Project in numbers
« 5,700 m? asphalt

* 462 tonnes asphalt

« 3,950 kg of CR




SSROC

Southern Sydney Regional Organisation of Councils

«  Funded by TSA

« Paving the Way Project

* Improve the sustainability of local roads and create
market for EOLT

«  Multi-council demonstration project to enable the use

of crumb rubber in asphalt

Project in numbers
* 12 councils

*  >40,000 m2 of asphalt

« ~28,500 kg of CR

« RAP, RCG included

Bayside

i

J’} Georges River
-

<

-

|

Sutherland

NTRO



Conclusion

Progress and adoption of crumb rubber relies on

5 critical stages:

Research & Development

Demonstration projects

Specifications

Manufacturing capacity and capability
Collaboration between industry, research and

government

NACOE

A

NATIONAL
ASSET CENTRE
OF EXCELLENCE



THANK

Anna.Dangelo@ntro.org.au

+61 427828896

ntro.org.au

100 Wickham Street, Brisbane

NTRO Offices are in Adelaide, Brisbane, Canberra,
Launceston, Melbourne, Perth, Sydney, and Wellington




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	OTR mining tyre
	OTR mining tyre
	Slide Number 34
	Slide Number 35
	Slide Number 37
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47

