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Highlights

* Rubber?

* Road problem?
* Modification?
* Issues?

* Performance?

Rubber

Crumb rubber
(ambient grinding or
cryogenic)

Concentrated Latex

Cup lump (coagulated
latex)
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Composition
Water 55-70
Rubber 30-40
Resins 1.5-2
Protein 1.5-3
Ash 0.5-1
Crumb rubber : Natural Rubber 14% 27%
Synthetic Rubber 27% 14%
Carbon Black 28% 28%
Steel 14-15% 14-15%
Fillers, Extender oils  16-17% 16-17%
and Antioxidant

Rubber to Pyrolysis oil

* Converting solid material at elevated
temperatures in the absence of oxygen

Ingredient
(Tire}
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1950

1968
1988
1993
1996

2003
2010
2015

2017

2016 -

Rubberized road in Malaysia

Kota Bharu-Kuala Krai (90 m)

KL-Seremban, KL-Bentong
Klang

Rembau-Tampin (1 km)

Sungai Buluh (3 km)

KLIA (50 km)

Jalan Kuantan-Gambang (4 km)
Bukit Kuantan (0.6 km)

Kota Tinggi, Johor (1 km)

Rubberized asphalt pilot projects
in Negeri Sembilan, Pahang,
Kedah, Kelantan and Johor

Crumb rubber and latex (5%)

1.5% &3% latex

2% latex

Crumb rubber and latex
Crumb rubber

Crumb rubber

Crumb rubber

Crumb rubber

Cup Lump (5%)

Cup Lump (5%)

From observation?

* High stiffness modulus

* Modified bitumen PG76, PG82
* Low density mix, resistance to compaction
* Less sign of damage — crack

* Increase initial paving cost to 10-20%
* Reduce maintenance cost, life cycle cost
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Problem

Bitumen: soft at high temperature (rut) and brittle at low
temperature (crack), aging (oxidation)

Not suitable in extreme temperature

Reduce potential of temperature susceptibility

Rutting vs Cracking
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Aging

Oxidation process

Oxidation ———» binder aged and stiff
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Guna besi buangan industri, bahan penyelidikan sendiri
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Aim of modification

* Better workability (production and construction)
facilitates mixing and compaction — reduce?

* Higher stiffness at high service temperatures — reduce?
e Lower stiffness at low service temperatures — reduce?

* Increase adhesion (binder-aggregate) in the presence
of moisture —reduce?
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I Rubberized
== Bitumen

Bitumen

Why rubber?

* High recovery (elastomer)
* Toughness (high resilience)
* Reduce brittleness and cracking

* Reduce temperature susceptibility
(extreme service temperature)

* Large stretch ratio
* High failure strain
* Extremely waterproof
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* How to mix the materials?
* How much? What size? What form?
* Replacement or additive?
* by mass or by volume? density?
* Aggregate or binder?

Modification Concept

Dry Process: aggregate replacement —coarse, fine, filler

Step 1 i Step 2 End Product

Yy YY) YY)

X+ Aggregate X +Aggregate + Bitumen Modifie
d
asphalt

L . mixture

Wet Process: modified bitumen

Step 1 ‘ Step 2 End Product

[ XX ¥ ] Y Yy LEX X

X + Bitumen X+ Bitumen + Aggregate Modifie

d
asphalt
mivtira
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Issues

* Pretreatment (rubber-water, steel wire, fiber)
* Rubber swelling (absorb and swell)

* Production (storage stability, homogenous blend,
mix design, energy consumption, modification of
existing machine)

* Construction (low density, DOC)
* Field performance (long term monitoring)
* Cost (Initial + maintenance = life cycle)

PERFORMANCE

i o o e
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Laboratory tests

Reduce Penetration

Increase Softening Point (tendency to flow at
elevated temperatures)

* Increase rutting resistance (high temp) — PG76,
PG82

* better viscosity-temperature susceptibility
higher viscosities @ high temperature (stiffer)

lower viscosities @ lower temperatures

Rubberized asphalt mix:
Dry vs Wet
Properties Modification
Dry process Wet process
Binder viscosity High High
Stiffness / modulus Moderate Good
Rutting Moderate Very Good
Fatigue cracking Very Good Very Good
Bitumen Content Higher Higher
Mixing and Higher Higher
compaction temp.
Compaction Slightly difficult Normal
@UITM[
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SAM and SAMI

Reduce reflective cracking

r Membrane
Chips

Existing Pavement

Thin overlay

HMA + asphalt
rubber binder
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Improve toughness vs fracture

Elastic material:

v High resilience: Absorb energy is fully recovered

v Minimize fractures (crack propagation)

v Improve toughness (ability to absorb energy and
plastically deform without fracturing)

Maximum energy

(J/kg)

Crack arrestor

Less tortuosity
Crack propagation:

-
v seeks the weakest //g
path
~

Sharp crack
. 4 branch
Crack blunting Cracktip / PIANE

Resistance to fracture:
v'High Crack Tortuosity
v'High Crack Branching

v'Lower rate of crack /"
propagation Main erack
deviates —_— >
Higher tortuosity Crack continues to
propagate
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@

Pneumatic
actuator

Load cell

Testing
frame
Specimen
100 mm @

Rubber vs Crack

__ Increase crack tortuosity and wiy Do
divert cracks e 7 &

Prevent the localized stress l
intensity (crack tip)

Prevent catastrophic failure
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Storage stability

* Homogeneous blend
* Phase separation can happen

* Agitated tank — proper selection of
stirrer

* Propeller type stirrer (axial flow)

Highlights..

* Content and rubber properties determine mix
performance

* Modified bitumen or aggregate replacement
* Cup lump or latex or crumb rubber should be pre-treated

* Mixture design guidelines: aggregate gradation, bitumen
content and air voids content

* Dense, Open and Gap graded

Slight modifications in mixing and compaction procedures
* Asphalt-rubber warm mix (reduce viscosity & emission)

i o o e
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We do science to address both fundamental knowledge
with potential for application to better mankind, therefore,
| what we created should not bring adverse effect to
human and not only to human but to the ecology and
environment as well

& " = .
Any future collaboration you are most welcome!
Norhidayah Abdul Hassan (PhD)
Pavement and Transportation Research Group = e
Department of Geotechnics and Transportation .
Faculty of Civil Engineering =
Universiti Teknologi Malaysia, Skudai, Johor o :i!
Email: hnorhidayah@utm.my

HP: +60193568284 @UTM e
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