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Outline

• The need for Bitumen Modification 

• Effect of Modification on 

– Bitumen properties using Superpave and other methods

– Constructability of asphalt mixtures 

– Rutting and cold temperature cracking testing. 

• Using digital imaging to show how some polymers can 

cause better packing of aggregates 

• Potential savings of material, energy, and longer 

pavement life cycle 
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Refineries Are not Designed to Improve Bitumen
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Bitumen Role in Road Construction -
Performance Based Grading 

•Constructability

•Performance 

•Durability 

Rutting

Fatigue Cracking

Thermal Cracking



Polymers for Asphalt
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Modification Targets 

• Polymer interacts with the asphalt to produce a more durable pavement

– Elastomers Or Plastomers (FPE)

Elastomer

PEF



Modification can Improve Bitumen Behaviors
Hardness and Visco-elasticity 

Hard 

Soft

Elastic Viscous 

Lower Temp
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Thermal
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Fundamental Rheology Tests – PG System



Modification by Changing PG Grades
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PG Grades and Binder Modification

Modification with Polymers 

Modifi-

cation

with 

Oils 



The New Grading System- MP19 –
PG xx(z)-yy

1. Climate: xx-yy
2. Traffic conditions- Trucks  (S,H,V,E)
3. Reliability , and
4. Modification 

PG 64(V)-10
Performance

Grade Summer

Average 7-day

max pavement

design temp

Winter

Min pavement

design temp

Traffic

Volume & 

Speed 



Effect of Modifier on Aggregate Structure :  
Rocks + Asphalt + Air Voids

Stability of HMA:

1.Rock- to – rock contacts

2.Binder rheology
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Polymers can Change 
Viscosity vs. Temperature
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Workability 
Gyrations to 92% Density
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Polymers can improves workability
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Moisture Sensitivity-(AASHTO T283, 
+EN12697-11)
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Neat With Anti-Strip

Reduces or eliminates need for Anti-Strip 

additives

•Tensile Strength Ratio*

•All Compositions Additized to PG 76-22

3% E

3% OxPE

•Boiling Water Test**

**North West Russian Granite Aggregate

•Dorservis Russian lab test shows increased 

adhesion to granite

*Evaluation completed in collaboration with Modified Asphalt Research Center –

MARC at Univ. of Wisconsin Madison



Wheel Tracking Test-(EN 
12697-22)
Test: water  50°C, steel wheel, 20000 cycles

Binders used in 
SMA 8S:

P1: PmB 45A (E) 

P2: PmB 45A  

(E+OxPE)

P3: PmB 45C  (OxPE)
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Rutting Resistance - EN 12697-22

With Hybrid formulation, rutting reduced by ~50%.

Pen 35/50 

(E1)

Pen 

50/70

Pen 35/50

(E2)

Pen 35/50

(E+OxPE)

Pen 35/50 

(OxPE)

Spec
BBSG 0/10 

Cl 3

30000 cycles 

@ 60°C air
3.4 5.1 4.2 2.2 3.1 < 5,0



Typical Flow Number(FN) curves

OxPE

Rutting Resistance – Flow Number (AASHTO TP79)

E E+OxPE
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Thermal Stress Restrained Specimen Test (TSRST)

Ashalt Thermal

Cracking Analyzer(ATCA)

E+OxPE

Control

OxPE

E

αg

αl

Tg
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Good correlation between Internal Structure Parameters

and Coefficient of Thermal Expansion. 

Increase in Total 
Proximity Length

Higher Connectivity of 
Aggregate Skeleton

Higher Resistance to 
Thermal Strain

Effect of Aggregate Structure on CTC
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Concluding Results

• Roads are built with mixtures, not Binders!

• Roads’ Cracking & rutting are affected by:

– aggregate structure and bitumen Properties.

• There are many modifiers that can improve road 

performance. The best are those that can improve:

 Workability 

 Packing of aggregates at  reasonable construction temperatures 

 Moisture resistance

 Low and high temperature performance 

• There could be significant savings of cost, energy 

and increase in service life of roads



Thank You!

www.uwmarc.org

Questions?

Hussain Bahia
bahia@engr.wisc.edu


