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Critically Designed Asphalt Mixtures
Introduction1

• Every asphalt mixture has:
– Critical temperature
– Critical loading rate
– Critical stress condition

Critical Conditions 
beyond which the mix will 
become highly unstable!

Mixture Rutting Susceptibility

Environmental 
Conditions/Location

Traffic Loading 
Characteristics

Material
Properties

Pavement
Structure
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Critically Designed Asphalt Mixtures
Introduction2

• Critical conditions must be checked against expected field 
conditions where the mix will be placed.

• Optimization of Asphalt Mixture components in the design, 
production, and construction stage can lead to good performing 
HMA mixtures for highways and intersections.
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TCritical = Min temperature beyond 
which HMA becomes unstable

Critically Designed Asphalt Mixtures
Mechanistic-Based 
Approach1
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Critically Designed Asphalt Mixtures
Mechanistic-Based Approach: Five Steps2

Step 1
• Collect project information and select rut depth failure criteria.

Step 2
• Compute TEffective either using MEPDG analyses or the proposed predictive models.

Step 3
• Determine the RLT testing conditions based on HMA mixture dynamic modulus and other 

input parameters such as traffic speed, asphalt layer thickness, TEffective, etc.

Step 4
• Select FNCritical based on designed traffic ESALs.

Step 5
• Conduct FN test and compare FNT-Effective to FNCritical for the appropriate design ESALs. 
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 TEffective for a RD ≤ 0.25 inches at 90% reliability

 TEffective for a RD ≤ 0.50 inches at 90% reliability

Critically Designed Asphalt Mixtures
Established Predictive Equations for TEffective
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Critically Designed Asphalt Mixtures
Flow Number Criteria

No Braking Condition

Braking Condition
Critical FN criteria still need to be established
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Critically Designed Asphalt Mixtures
Validation Mixes/Projects1

Mix ID Location Const. Date / Initial in-
place air voids Traffic Speed 20-year 

MESAL Rut Depth

B. Ave_(6428) Bravo Ave., Reno, NV. August 2008 / 6% Stopped to 25 mph 1 ≤ 0.05 in. after 4 years 
of service

M. Lane_(6428) Moana Lane Ext., Reno, 
NV. November 2006 / 6% 40 mph 6 ≤ 0.09 in. after 6 years 

of service
US95_(7622) US95, Las Vegas, NV. September 2007 / 7% 50 mph 18 No visible rutting

NV55_(6422) WesTrack Cell 55 June 1997 / 4% 40 mph 30
(0.581)

0.87 in. after 5 months 
of service

NV19_(6422) WesTrack Cell 19 March 1996 / 8%  40 mph 30
(4.81)

0.52 in. after 2.5 years 
of service

MN01_(5828) MnRoad, I-94,Cell 1 September 1992 / 6.5% 65 mph 12.0
(8.51)

0.46 in. after 13 years 
of service

MN17_(6428) MnRoad, I-94, Cell 17 July 1993 / 7% 65 mph 12.1
(101)

0.34 in. after 15 years 
of service

MN20_(5828) MnRoad, I-94, Cell 20 July 1993 / 7% 65 mph 12.1
(5.11)

0.48 in. after 9 years of 
service 

MN33_(5828) MnRoad, Low Volume 
Closed Loop, Cell 33 August 1999 / 6% 35 mph 0.4

(0.131)
0.65 in. after 8 years of 

service

MN35_(5840) MnRoad, Low Volume 
Closed Loop, Cell 35 August 1999 / 5.5% 35 mph 0.4

(0.131)
0.73 in. after 8 years of 

service
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Critically Designed Asphalt Mixtures
Validation Mixes/Projects2
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Critically Designed Asphalt Mixtures
Critical Review of Proposed Approach

Consider traffic level? Yes (ESALs)
Consider operational speed? Yes
braking/non-braking conditions? Yes / Requires further validation for braking condition
Approach relies on mechanistic analysis? Yes (MEPDG Predictions using calibrated rutting models)
Consider climate conditions? Yes (TEffective function of MAAT, Wind, Sunshine, Rain, etc.)
Confined test? Yes (Predictive equations)
Consider HMA stiffness? Yes (E*)
Consider pavement structure? Yes (Affect deviator and confining stress)
Consider Initial In-place air voids? Yes
Criteria based on rut depth level? Yes (0.25 or 0.50” at 90% reliability level)
Requires additional processing data? No (Traditional analysis of FN data)
Can be implemented in AMPT? Not yet / Requires equipment modification to be able 

to handle the proposed stress levels and pulse 
durations. Work on equivalent testing conditions.
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Critically Designed Asphalt Mixtures
Draft AASHTO Standard 
(http://www.arc.unr.edu/Outreach.html#TechDevelopmentProducts)
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Critically Designed Asphalt Mixtures
Impact of Mixture Characteristics

Mixture Characteristics

Air voids and 
Asphalt PGHT

Aggregate 
morphology

Asphalt binder non-
recoverable properties

HMA Internal 
structure

Lockwood Mixes
 PG64-22
 PG58-22
 PG52-22

Nine Mixtures (ETG FN Task Force)

RLT Testing
• Flow Number
• Air voids = 2, 4 

and 7%

AIMS
• Particle Shape
• Coarse Angularity
• Fine Angularity
• CAAT

MSCR
• Non-recoverable 

creep compliance
• Percent recovery

2D-Imaging
• Aggregate contact 

points
• Aggregate 

gradation
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Thank You!

Visit our websites at:
www.wrsc.unr.edu
www.arc.unr.edu University of Nevada, Reno, www.wrsc.unr.edu
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