


¡ Asphalt mixture design that 
utilizes asphalt mixture tests 
that relate to performance in 
the field
§ Criteria of tests should be a 

function of;
Distress type
Local climate conditions
Structural needs

Traffic level
Location in Pavement Mike Worden’s foot



¡ Mixture selection for 
problematic pavements

¡ Improving/Modifying 
Specifications
§ Aggregate & asphalt binder 

properties/selection

§ Volumetrics
¡ “Opening” specifications for 

additives
¡ Safety?  BMD 2.0



Importance of Including Mixture Performance Testing



¡ Reflective Cracking – the type of fatigue cracking 
generally witnessed when a crack in an asphalt overlay is 
generated immediately above the longitudinal joint 
and/or crack in the underlying PCC pavement

¡ Different loading mechanisms (or combination of) can 
cause reflective cracking
§ Mode 1 – Excessive Vertical Bending at PCC joint/crack (Pure 

Tensile Straining)
§ Mode 2 – Horizontal Deflections (PCC slab expansion and 

contraction) due to environmental cycling
§ Mode 3 – Poor Load Transfer at joint/crack results in 

independent movement of PCC slabs



¡ The vertical deflection at the PCC 
joint/crack is a function of the applied 
axle load

¡ Magnitude of vertical deflection can 
be evaluated using Falling Weight 
Deflectometer (FWD) at different 
loads

¡ Combined with measured traffic/axle 
loading, a “Deflection Spectra” can be 
developed specifically for the 
pavement

y = 0.0009x + 0.5142
R2 = 0.9982
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Rt 202 S - Joint Deflection vs Applied Axle Load
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DL = CTE(L)(DT)(b)

DL = change in slab length; L = initial slab length
DT = rate of change in PCC temperature (24 hr); 

b = slab/base friction coefficient

¡ Expansion and contraction at PCC joint creates zone of tensile 
stress at bottom of asphalt overlay

¡ Horizontal deflection (DL) can be determined by:
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§ Sample size: 6’’ long by 3’’ 
wide by 1.5’’ high

§ Loading: Continuously 
triangular displacement 5 
sec loading and 5 sec 
unloading

§ Definition of failure
▪ Discontinuity in Load vs Displacement 

curve 
▪ Visible crack on surface   
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¡ Considered horizontal and vertical straining 
and performance required to withstand

¡ Rutting always included to ensure mix not 
too soft (APA Rutting)
§ 2” SMA Surface

Good rutting & flexural fatigue resistance
Can withstand residual bending at the surface

Stiffness compatible with BRIC

§ 1” BRIC 
Excellent at withstanding horizontal and vertical 

deflections
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Material Specification Requirements



¡ Material Selection –  Consensus 
Property Aggregates
§ Angularity – increased angularity & 

texture improve internal shear strength 
of mixture

§ Sand Equivalency – limit presence of 
clayey dust that can coat aggregates, 
reducing bonding of binder to stone

§ Flat & Elongated – minimize issues with 
aggregate breakage/breakdown during 
production & construction

¡ Added cost to improve angularity/ 
texture and reduce dust 

Before Load After Load

shear plane



¡ Consensus properties were used to “guide” mix performance
§ With greater confidence in rutting tests, angularity/texture could be relaxed
§ Level of confidence should dictate level of specification relaxation

For example:  If lack of confidence for TSR, keep sand equivalency
Good idea to maintain source properties 
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¡ Example is typical BMD issue
§ Agency has criteria established for 

rutting and cracking
§ Initial design shows good cracking 

performance but poor rutting

§ Actions?
Stiffer asphalt binder?
More angular/texture stone?
Reduce effective asphalt content?
Increase recycled asphalt content?
Modify gradation/redesign? 

BALANCED

Poor Cracking
Poor Rutting

Good Cracking
Poor Rutting

Poor Cracking
Good Rutting



¡ Developing rutting resistance
§ Using Mohr-Coulomb theory as 

simple example
§ Failure envelope can be improved 

by improving cohesion component 
(binder contribution) or friction 
angle (aggregate contribution) or a 
combination of both

Final approach would be a function of 
costs and availability

t = C + s x tan f
t = shear strength
C = cohesion (asphalt binder)
f = friction angle (aggregate)
s = normal stress applied to material

Shear Stress, t

Normal Stress, s

f

c

failure envelope

Stable

Failure



¡ Original work by Cross and 
Brown (1991) showed impact of 
FAA on HMA rutting

y = -0.0015x + 0.0707
R2 = 0.5066, n = 22
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¡ Original work by Cross and 
Brown (1991) showed impact of 
FAA on HMA rutting

¡ Filtering of data shows that 
greatest impact on finer 
nominal maximum aggregate 
size 
§ Thin lift, surface course asphalt 

mixtures are of greatest concern
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¡ Reconstructed an approved 
NJDOT 12.5mm mix, PG64-22
§ Held gradation +/- 3%

§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ NJDOT utilizes the Asphalt 
Pavement Analyzer (AASHTO 
T340) as a rutting test < 4.0 mm 4.71
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¡ Reconstructed an approved 
NJDOT 12.5mm mix, PG64-22
§ Held gradation +/- 3%

§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ NJDOT utilizes the Asphalt 
Pavement Analyzer (AASHTO 
T340) as a rutting test < 4.0 mm
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¡ Reconstructed an approved 
NJDOT 12.5mm mix, PG64-22
§ Held gradation +/- 3%

§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ NJDOT utilizes the Asphalt 
Pavement Analyzer (AASHTO 
T340) as a rutting test < 4.0 mm
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¡ Reconstructed an approved 
NJDOT 12.5mm mix, PG64-22
§ Held gradation +/- 3%

§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ NJDOT utilizes the Asphalt 
Pavement Analyzer (AASHTO 
T340) as a rutting test < 4.0 mm
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¡ Reconstructed an approved 
NJDOT 12.5mm mix, PG64-22
§ Held gradation +/- 3%

§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ NJDOT utilizes the Asphalt 
Pavement Analyzer (AASHTO 
T340) as a rutting test < 4.0 mm
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¡ Current Superpave 
specifications utilizes fractured 
face count to quantify coarse 
aggregate angularity
§ Fractured faces not an indication 

of angularity or texture – just a 
means of quantifying efficiency of 
crushing

§ AASHTO T326 a better means of 
assessing angularity/texture

Consistent with T304
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¡ 12.5 mm mix design
¡ Different levels of CAA developed by 

blending fractured with unfractured gravel
§ Held gradation +/- 3%
§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ Same fine aggregate used for all mixes
¡ Can I get CAA 88:87 to meet high ESAL’s?
¡ APA as a rutting test

§ > 10 MESAL’s:  < 4.0 mm
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¡ 12.5 mm mix design
¡ Different levels of CAA developed by 

blending fractured with unfractured 
gravel
§ Held gradation +/- 3%
§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ Same fine aggregate used for all mixes
¡ Can I get CAA 88:87 to meet high ESAL’s?
¡ APA as a rutting test

§ > 10 MESAL’s:  < 4.0 mm
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¡ 12.5 mm mix design
¡ Different levels of CAA developed by 

blending fractured with unfractured gravel
§ Held gradation +/- 3%
§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ Same fine aggregate used for all mixes
¡ Can I get CAA 88:87 to meet high 

ESAL’s?
¡ APA as a rutting test

§ > 10 MESAL’s:  < 4.0 mm
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¡ 12.5 mm mix design
¡ Different levels of CAA developed by 

blending fractured with unfractured gravel
§ Held gradation +/- 3%
§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ Same fine aggregate used for all mixes
¡ Can I get CAA 88:87 to meet high 

ESAL’s?
¡ APA as a rutting test

§ > 10 MESAL’s:  < 4.0 mm
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¡ 12.5 mm mix design
¡ Different levels of CAA developed by 

blending fractured with unfractured 
gravel
§ Held gradation +/- 3%
§ Asphalt content maintained +/- 0.3%
§ Specimen AV Target 6 to 7%

¡ Same fine aggregate used for all mixes
¡ Can I get CAA 88:87 to meet high ESAL’s?
¡ NJDOT utilizes the Asphalt Pavement 

Analyzer (AASHTO T340) as a rutting test
§ > 10 MESAL’s:  < 4.0 mm
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¡ Current Superpave requirements for 
aggregates included to “guide” 
performance

¡ Confidence in performance criteria 
can allow asphalt mix suppliers the 
flexibility to use improved aggregate 
or improved asphalt binder properties 
to meet performance
§ Provides cost and production flexibility!
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Including Performance Testing for Comparative Performance



¡ Confidence in BMD should allow for use additives to meet performance
§ Example:  How can fibers improve asphalt mixture performance?
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¡ Confidence in BMD should allow for use additives to meet performance
§ Example:  How can fibers improve asphalt mixture performance?

Shear Stress, t

Normal Stress, s
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failure envelope

Maher & 
Gray (1988)
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Index for cracking

¡ Initial testing shows both 
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¡ Inclusion of fibers improved the 
cohesive properties of the 
mixtures
§ Resulted in improved rutting 

resistance and cracking resistance

§ Evidence to show “fibers” can 
mirror improvement observed 
with binder modification
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¡ Field sections being evaluated for 
friction using Dynamic Friction 
Tester (DFT) as well as surface 
texture with AMES Laser Texture 
Device
§ Being used to develop criteria that can 

be brought back into laboratory

§ Same type of methodology as BMD 
rutting and cracking performance
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¡ As BMD currently addresses 
structural needs, can we 
incorporate functional needs?
§ Electric Arc Furnace (EAF) slag 

crushed to #10 size aggregate

§ Substituted at 10% of a washed 
stone sand for 10% of EAF slag

9.5M64 with 0% RAP
Rutting:  APA Rutting
Cracking:  Overlay Tester
Friction:  Dynamic Friction Tester (DFT)   

EAF Slag                              Washed Stone Sand



¡ Even though reduction in 
cracking, improvement in 
rutting and surface

¡ Within BMD (Approach C & D), 
relaxation to reduction of 
volumetrics
§ Confidence in performance tests & 

criteria should allow for volumetric 
and constituent freedom during 
design and production
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¡ The use and benefit of BMD is a 
function of the confidence in the 
criteria

¡ The more confident of the mixture 
test to field performance, the more 
open agencies should be to 
modifications to specifications and 
incorporation of additives
§ Allows for cost effective and innovative 

asphalt materials
§ Same methodology can also be applied 

to functional pavement properties 
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