
Performance Based Mix Design 
[Balanced Mix Design (BMD)]
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Balanced Mix Design

Mix design based on balancing mix 
rutting and cracking performance for 
the desired end use application. 

Idaho Asphalt Conference 20202



Balanced Mix Design - History

1993: Superpave

• Level 1 Volulmetrics

• Levels 2 and 3 Performance

Mid 2010’s – Present DOT BMD 
Specifications
• Louisiana, Illinois, New Jersey, Texas, 

Oklahoma, Virginia, Wisconsin

• In process: Missouri, Vermont, Utah, 
Minnesota, Kentucky, Oregon, Tennessee, 
Indiana, and others.

2018: NCHRP 20-07/Task 406 
Completed by NCAT
• Framework for BMD

• AASHTO Draft Standards for BMD

1920’s/40’s Previous Mix 
Design Methods
• 1927: Hveem Stabilometer / 

Coheshiometer)

• 1943: Marshall (Stability / Flow)

Mid 1990’s Loaded Wheel 
Testers Development/Use
• Georgia LWT

• Asphalt Pavement Analyzer (APA)

• Hamburg

Late 1990’s – Present: Search 
for “THE” Cracking Test
• IDT, SCB, IFIT, DCT, IDEAL 

CT, AMPT

2019+: Education and 
Implementation Efforts

• NCAT BMD Regional Workshops

• NCAT BMD Test Track Experiments

LWT
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Why Move Forward? 

• Each day, approximately 1.4 
Million tons of HMA are 
produced in the U.S. (M-F 
production basis)

• Equivalent to ~2500 lane miles 
@ 12’ wide and 1.5” thick

• New York to Las Vegas

• Pave to the moon and back!              
~ 41 times 

• Pave around the earth’s equator 
~ 782 times.      

Since Superpave’s 1993 Introduction 
~ 11,225,000,000 Tons of Mix Produced in U.S.

= 19,548,938 miles @ 12 ft wide 1.5 in thick

The Time is Now to Move Forward!
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In Idaho, did you know….

• Each day, approximately 11,000  tons 
of HMA are produced in Idaho (M-F 
production basis)

• Equivalent to ~20 lane miles @ 12’ 
wide and 1.5” thick

Nampa to Boise

Idaho Asphalt Conference 20205

NAPA: Asphalt Pavement Industry Survey on Recycled Materials and Warm-Mix Asphalt Usage 2019
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 Problems: 
 Volumetrics alone can not adequately evaluate mix variables, such 

as recycle, warm-mix additives, polymers, rejuvenators, and fibers.
 Solutions:
 Increase understanding of the factors which drive mix 

performance
 Design for performance and not just to “the spec”.
 Start thinking outside of long held “rules and constraints” 
 Innovate!

Why Move Forward?
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 Most of today’s mix design specifications are heavily scripted and follow a “recipe” or standardized 
approach.
 Aggregates and grading 
 Volumetrics (Va, VMA, VFA, D/A, etc.)
 Binder grade and/or minimum %
 RAP and/or RAS

 While this may work, there are problems
 What happens when the recipe fails?
 Specifications have become convoluted and confounded

 Existing specified items compete against each other 
 New requirements get added and nothing gets removed
 “Spec Book Creep”

Current Mix Design Specifications
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All these changes 
are being made to 
yield a better 
performing mixture.
Question: Why Not 
Just Test the Mix?
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Balanced Mix Design 
Approaches
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• Several approaches 
available.

• CAUTION: Adding 
performance testing to an 
existing specification 
without allowances can 
make for an unachievable, 
unrealistic outcome.  

• Allowances: volumetric 
property target ranges, 
thresholds, etc.
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Performance Tests (Rutting and Cracking) for BMD
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Main Pavement Distresses Observed in the Field
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http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-07(406)_Revised_final_report.pdf

http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-07(406)_Revised_final_report.pdf


|

Rutting Tests
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Rutting Tests

• Rutting can be evaluated with several available tests based on the user preference.

Hamburg Wheel Test (HWT) Asphalt Pavement 
Analyzer (APA)

Most commonly used tests.  Hamburg gaining 
popularity due to moisture susceptibility analysis. 

AMPT Flow Number / 
Dynamic Modulus

IDT - HT
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Durability Testing (Cracking)
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Durability/Cracking Evaluation

• Durability/cracking evaluation is 
substantially more complicated than 
stability with aging being one main 
variable.

• No general consensus the best test(s) or 
the appropriate failure threshold.

• MANY different tests are available with 
more being developed.

• Main question is “What is the anticipated 
mode of distress?”
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Fatigue (Bottom Up or Top Down) Related Cracking Tests

IDEAL CT

Bottom Up / 
Top Down 
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Thermal Cracking Tests

IDT Creep 
Compliance

TSRST SCB at Low Temp Disk Shaped Compact 
Tension (DCT)
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Reflection (Reflective) Cracking Tests

Disk Shaped Compact 
Tension (DCT)

Texas Overlay Test SCB (IFIT)
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Leading Tests Today

Hamburg Wheel Test (HWT)
IDEAL CTIllinois Flexibility 

Index Test (IFIT)
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Hamburg Wheel Test (HWT)

• AASHTO T324
• Rutting performance combined 

with moisture susceptibility
• No. of passes (20,000)
• Temperature (~50C)
• Air voids (7 ± 0.5%)
• Steel Wheel 
• Submerged specimen



|

Leading Cracking Tests
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Illinois Flexibility Index Test (I-FIT)

• AASHTO TP 124
• Temperature 25C
• Air voids (7 ± 0.5%)

Notch
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Indirect Tension Asphalt Cracking Test (IDEAL-CT)

• ASTM D8225

• Similar to IFIT

• Faster, easier to test.

• 62 mm height, uncut 
specimen
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Total Mixture Performance
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What are the States Doing?
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Illinois Balanced Mix Design 

• Phased implementation

▪ 26 Pilot projects 2016/2017

▪ All Interstate projects 2019

▪ Full implementation 2020
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Louisiana Balanced Mix Design 

• Louisiana DOT implemented 
BMD in the 2016 Standard 
Specifications for all DOT 
projects.

Hamburg Louisiana SCB

+

• Hamburg research began prior to 2000
• SCB research began in 2004
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New Jersey Balanced Mix Design 

• NJDOT High RAP Design 
incorporates BMD

+

Asphalt Pavement 
Analyzer (APA)

Texas Overlay 
Tester
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Virginia Balanced 
Mix Design 

• New (April 2019) Special Provision for 
High Reclaimed Asphalt Pavement 
(RAP) Content Surface Mixes Designed 
Using Performance Criteria

IDEAL CTAsphalt Pavement 
Analyzer (APA)

Cantabro
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Texas DOT Balanced Mix Design 

+

Hamburg Texas Overlay 
Tester
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Oklahoma DOT Balanced Mix Design

Notes:
Hamburg + IFIT @ 7% voids, Cantabro @ 4%
Short term aging used (R30)

(50C)

Hamburg IFIT

+
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Vermont AOT Balanced Mix Design
(Under Development)

Hamburg IFIT

+
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Kentucky TC Balanced Mix Design 
(Under Development)

• Special Note

▪ Hamburg

▪ IDEAL CT (KYCT Index)

Hamburg
IDEAL CT

Data Collection first, Threshold Setting afterwards!
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BMD Momentum



|

New Published AASHTO Standards in 2020!

• PP 105 – Balanced Design of Asphalt 
Mixtures (standard practice document)

▪ Serves as a framework for balanced 
design of asphalt mixtures that governs 
the development of an asphalt mixture 
job mix formula based on mixture 
volumetric properties, performance-
based/related test results, or both.

▪ May also be used to provide a 
preliminary selection of mix parameters 
as a starting point for performance 
prediction analyses.
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• MP 46 – Balanced Mix Design (standard 
specification document)

▪ Specifies minimum performance testing 
requirements for balanced design of asphalt 
mixtures.



|



|

What are Some Steps to Prepare for BMD?

1. Remember, it’s still aggregate, asphalt, and air!

2. Be aware of what’s happening

3. Participate in conferences/meetings to learn more

4. Understand the impact of BMD on asphalt binder demand, recycle potential / 
availability

5. Evaluate your readiness (e.g., capabilities / needs).  Do you need to more people, 
training, equipment? 

6. Act to increase readiness

7. Establish baseline (test your mixes to see where you are at)

8. Optimize mixes (performance + economics)

9. Embrace the opportunity!

10. Be the leader!
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Will a BMD Have a Higher Binder Content?

• Depends…

• How is the current “recipe” specification established?

• Are your mixes currently “dry”?

• What part of the state do your operate?

• Varying aggregate gravities w/ current specifications yield “different” 
mixes.

• Evaluate your mixes now and find out!
• For initial evaluation, use IFIT w/ 8 or IDEAL CT w/ 70
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Will BMD Mixes Cost More to Produce?

• Depends…

• What is your current performance relative to a BMD requirement?

• What’s the overall provided opportunity to innovate?

• Recycle

• Aggregates

• Grading

• Additives
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What Do I See Happening!

• Most states will move toward a version of BMD within the next 3 years.

• Vast number of tests will be consolidated down into probably 4 to 5 
test.

• Regional type approach may be used (similar tests and perhaps 
thresholds).

• Mix designs opened up to allow for alternate volumetrics / materials 
provided performance is achieved.

• Production testing conducted via mix design and/or surrogate tests 
(quicker) to ensure design = JMF.

• Mix performance will be increased.
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More Information

Training Course: 
http://www.eng.auburn.edu/research/centers/ncat/educatio
n/training/industry/balanced-mix.html

Task 406 Development of a Framework for BMD
http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20
-07(406)_Revised_final_report.pdf

http://www.eng.auburn.edu/research/centers/ncat/education/training/industry/balanced-mix.html
http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-07(406)_Revised_final_report.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-07(406)_Revised_final_report.pdf
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Thank You

http://www.pennyauctionwatch.com/

Shane Buchanan
Asphalt Performance Manager 
CRH Americas Materials
205-873-3316
shane.buchanan@na.crh.com
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