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ASPHALT 
MIXTURE

Mixture of aggregate and binder agent

Provide a hard - top , while being waterproof  to a level to 
prevent the support layers from becoming saturated and 
loosing support

Stiffness  and Behaviour  at different in -service temperatures 
controlled by aggregate skeleton and/or binder properties.
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ASPHALT MIXTURE

ENERGY
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(RAP)
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PRODUCTION

%BW= 94 to 96%
$/MT = 5 to 50%

%BW= 4 to 6% 
$/MT = 40 to 55%

$/MT = 10 to 20%

Desired  Mix 
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Aggregate 
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ASPHALT MIXTURE
Mix Design Historical Trends

1890 1905 1920s 1927 1943 1993 NOW?

Barber Asphalt 
Paving 
Company
Mix of AC with Sand and 
Pulverized carbonite Lime

Clifford Richardson, 
New York Testing 
Company
Surface Sand Mix
Asphalt mix for lower layers
VMA terminology used

Hubbard - Field 
Method
Sand asphalt design
30 blow, 6Ó diameter with 
compression test

Francis Hveem  
(Caltrans)
Surface Area factors to determine 
binder content ( Hveem  stabilometer  
and cohesionmeter )

Air voids not used initially, mixes 
generally drier relative to others

Issues with fatigue cracking 

Bruce Marshall 
(Mississippi DOT)
Refined Hubbard Field Method Ð 
standardization of compaction energy 
with drop hammer
Used only air voids (3 to 5%) 
VFA and VMA added in 1962
Stability and flow utilized

Superpave
! Level 1 (volumetric -based 

approach) using 4% air 
voids, VFA, VMA, DP

! Introduction of gyratory 
compactor

! Level 2 (performance -based 
approach) Ð Never 
implemented

First trial in Ontario placed 
in 1996

Timeline prepared by Sina.V  after reviewing ÒHistory of asphalt mix design in North 
AmericaÓ published by Asphalt Magazine, Asphalt Institute Link : 
http://asphaltmagazine.com/history -of -asphalt -mix -design - in -north -america -part -1/ #
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ASPHALT BINDER
Historical Trends in Testing Binders in Canada

1947

Penetration 
Graded
(i.e. 85/100)

Stiffness 
Characterization
At 25 ¡C

1970s

Viscosity Graded
(i.e. AC - 5)

Stiffness & 
Workability
25 ¡C
135 & 165 ¡C

Early 1990s

Performance Graded
(i.e. PG 58 - 28)

Array of testing
Stiffness  at Low, Intermediate and High
Workability
Aging susceptibility

Now?
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ASPHALT BINDER
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Temperature 

Desired Characteristics 
(Stiffness vs. In -Service Temperature)

Thermal 
Cracking

Non - load 
Associated

Fatigue 
Cracking 

Load Associated

Rutting
Shoving  

Load Associated

Handling
Production
Workability

Below
- 16 ¡C 0¡ C to 25 ¡ C 40 ¡ C - 60 ¡C 120 ¡ C Above

Aging due to Oxidation during 
production and after being 

in -service

Ideal Ð Desired
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ASPHALT BINDER

Temperature 
and

Time Sensitivity

Rate 
of 

Loading
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Changes in crude and 
refining practices
Changes in other raw 
material supply

Increasing Loadings

Extreme Events
Structural Resiliency

'



RESILIENCY AND SUSTAINABILITY



RESILIENCY AND SUSTAINABILITY
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THE DECARBONIZATION PATHWAY
Materials and Processes



Decarbonization Requires EPDs and 
Product Category Rules (PCRs)
Environmental Product Declaration

ÒNutrition labelÓ for asphalt pavement products



BUT REQUIRES UNDERSTANDING..





CHALLENGES WITH CURRENT 
DESIGN APPROACH
The Bigger Issue Ð ÒAsphalt Mix IcebergÓ

Navigating using PAST EXPERIENCE by seeing

! Asphalt Binder Physical & Chemical Properties

! Aggregate Properties

! AGG-Binder Volumetrics (ABV) Relationship

The Òperformance testsÓ donÕt really reflect performanceÉ
! Marshall Stability, Flow, and Tensile Strength Ratio

DoesnÕt do a good job at evaluating the benefits (or potential risk s) in the incorporation of:
! PG binders
! RAP/Rubberized Asphalt 
! WMA additives
! Etc.

Rely on field performance (with many years in service) to 
ÒproofÓ changes/modifications 

(%



INCLUSION OF PERFORMANCE TESTINGÉ
Four Approaches 
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ASPHALT MIXTURE
Considering Performance in Mixture Design

Recipe & Volumetric SelectionA

Performance - Verified Volumetric Design

Performance - Modified Volumetric Design

Performance - Based Design

B

C

D

Verification of resistant to a specific distress
Example: Asphalt Cement (AC) modification to resist fatigu e cracking

Adjustment of mix proportions to resist a specific di stress
Example: 

Durability
Performance testing for Pavement design input
Conduct volumetric for QA

Mix 
Durability

Vs.

('
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NEED FOR EXPERTS IN
SELECTING THE RIGHT MIX DESIGN AND TEST

Understanding 
Tools

Not designing for a driveway, if runway airfield 
mix was needed



BE PRACTICAL!!
THEORY VS. PRACTICALITY

Avoid measuring with a caliper precision, 
                                              ..mark with piece of chalk 
                                                                                  ..and cut with 
an axe

Must be able to see the Òtotal picture Ó         
                                               and not just a part



!"#$%#&'()"*+",+-(.*-(*)'('/'
!"#$%&'()*+(,

23

!!!!!!!
!!!!"#$%$&

!"
#$

#%
&

''
'(

)*
+

,-
#.

/*
-0

"$
.

!"
#$

"%
&

'()
"*

1.
2#

$)
-.

3+4)2

'()*+,-
!

+,-%')(#%
.(--/%,-/(#

!"#$%"&

.$/!0+#(1/,&2

.-3*!4&-),*

!"#$%&
'()*"(+,-.*$(

/&)012$(.*$(+
3$(+4*5"*(1"

!!!!!!!
!!!!"#$%$&

!"
#$

#%
&

''
'(

)*
+

,-
#.

/*
-0

"$
.

!"
#$

"%
&

'()
"*

1.
2#

$)
-.

3+4)2

'()*+,-
!

+,-%')(#%
.(--/%,-/(#

!"#$%"&

.$/!0+#(1/,&2

.-3*!4&-),*

!"#$%&
'()*"(+,-.*$(

/&)012$(.*$(+
3$(+4*5"*(1"

!"#$%&'"()

!"#$%&'%
()*&+#&+

/*
-0

"$
.



ASPHALT MIXTURE
Test Methods Ð Permanent Deformation/Rutting

Hamburg Wheel 
Tracking

Asphalt Pavement 
Analyzer

Flow

Load

Load

Simulative

Stress

Time

Vertical
Deformation

PD

Time

Deformation
(Rut Depth)

Cycles
!"
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ARE WE READY?
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!
SP12.5 FC2 ÒCAT-EÓ
Zone 3 (PGAC 70 -28 XJ)

Contractor A & B Mixes

Plant -Produced 
Lab-Compacted

3 to 4 labs participated

!
SP12.5 FC2 ÒCAT-DÓ
Zone 3 (PGAC 70 -28 XJ)

MTOÕs Superpave 
Hot Mix Inter -Laboratory Testing 
Program

Plant -Produced 
Lab-Compacted

4 to 6 labs participated

Round 3
Included BMD exerscise
Understanding effect of RAP up to 30%

!"#$%&'()*+,&-*&.&/012,

"
SP12.5 FC2 ÒCAT-EÓ
Zone 3 (PGAC 70 -28 XJ)

Same as Round 1

Lab-Produced 
Lab-Compacted

4 to 11 labs participated
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EFFECT OF VARIABILITY ON ÒBALANCE MIX DEISGNÓ OUTCOME
PERFORMANCE SPACE DIAGRAM (PSD)
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ACADEMIC WORKS IN PROGRESS

43

Establishing Low - Temperature 
Grade of Asphalt Mixtures 
Using Different Practice - ready 
Asphalt Mixture Performance Testing Methods

Establishing High - Temperature 
Grade of Asphalt Mixtures 
Using Hamburg Wheel Track 

Critical Evaluation of Flexibility 
Index
Measured Using SCB 



STRUCTURAL RESILIENCY
Need to Consider All Around Approach

Accelerated Loading Facilities
(ALFs)

MATERIALS
STRENGTH 

STRUCTURAL
RESONSE/RESILIENCE

FIELD
NON- DESTRUCTIVE

EVALUATIONS

Laboratory Torture Testing Pavement
Instrumentation

""



STRUCTURAL RESILIENCY
Need to Consider All Around Approach
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Last Few WordsÉ.
Enhancing our understanding, while being practical

1. Understand the thresholds
2. Collect at least 3- YEAR for Òinformation onlyÓ testing as part of MIX 

DESIGN SUBMISSION

3. Understand efforts required in coarse and fine - tunning phases of 
thresholds Ð avoid any desperate changes  to mix design to just 

pass the test (i.e. aggregate changes, PGAC and etc.)

4. Request  PERFORMANCE- VERIFIED MIX DESIGN SUBMISSION

5. Control the Performance throughout the contract using traditional 
Quality Assurance Measures (i.e. gradation and AC%)

6. ONLY do performance testing on plant -produced, field retained, and 

field compacted if Forensics  required  
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