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Balanced Mix Design of Asphalt
Mixtures: Challenges &
Opportunities

This Technical Brief summarizes key challenges Stare Departments of
Transportation (DOTs) face in adopring Balanced Mix Design (BMD)
that are categorized into three focus areas: management (M), technical
(T}, or overlapping technical-managerial (TM). It also highlights
associated opportunities and actionable steps to support effective BMD
implementarion.

Introduction

As part of the Federal Highway Administration (FHWA) Development
and Deployment of Innovative Asphalt Pavement Technologies
program, six regional peer-to-peer exchanges were conducted
(Figure 1)."% These exchanges facilitated discussions on
implementation challenges, emerging themes, and key takeaways
related to BMD. The peer-to-peer exchanges covered Southeast, North
Central, Northeast, Rocky Mountain West, Midwest, and Mid-Atlantic
regions. In addition to these efforts, separate virtual exchanges with
Mega-States were held approximately every six months to address
unique challenges and share progress specific to larger state agencies.
Key objectives included:
* Providing information and effective practices for State DOTs
starting or considering the transition to BMD.
* Sharing lessons learned from State DOTs that have pioneered BMD
implementation.
* Discussing operational changes and challenges associated with
BMD implementation.

B

Figure 1. U.S. map af BMD peer-to-peer exchange participanis.
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Why is the performance of
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asphalt pavements important?

®* Our Roadways are a major asset in
terms of replacement cost.

* Pavements are the biggest part of
construction spending i the
Federal-Aid system:

* ~60%+ ofall federal-aid
* $30+ billion in 2024

Source: FHWA Memo HICP-50 5/20/2025 Methodology for Determining Pavement Costs
Image: Grok




Why is the performance of

asphalt pavements important?.
For Wisconsim...

*~115,000 miles of pavement
* WisDOT 1s responsible for 11,746 miles

* Overall State Highway Construction
Program (2025-2030): ~$4.5-$5 billion

®* Challenges: Wide temperature range,
varying materials, & traffic loadings
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independent Stafistics and Analysis
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Market Motivations

* INDUSTRY *
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Market Trends — RAP (million tons)

1980's ~9 to 13%
2009
2012
2019
2021

2022

0 50 100 150 200 250 300 350 400 450 500
= Asphalt Mix (less RAP) =RAP

Image Source: A. Hand (UNR)
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REGRESSION AHEAD

NOW LEAVING

g SUPERPAVE

m— WELCOME TO
BALANCED DESIGN




Wisconsin is a Leader
In Asphalt Research and BMD!
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Regressing Air Voids for BMD

2016-18 (Pl — Dr. Randy West)

* 6 IMFs, 40-75-100 Nyegion> PG 58-28/-34, 15-37% RAP, 0-3% RAS
®* Regressing 4.0 to 3.0% V, increases P, by 0.3 to 0.4%
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DEER-TO-PEER EXCHANGES
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BMD Implementation Support

Primary Criteria for DCT, IDEAL-CT, HWTT

* Interview Mix Designers

* Benchmarking/BMD Modifications

* Economic Analysis

* Proposed WisDOT Specs...Continue Regressed Air Voids &...

' Nrational Center for
sphalt Technology

CAT

A T Specimen testing with (from left to right) DCT, IDEAL-CT and HWTT.

19

Randy, Fan, Adam, Carolina



BMD Implementation Support— ——

Primary Criteria for DCT, IDEAL-CT, HWTT

* BMD Mix Optimization Strategies (attempted)

Strategy

Add additional binder
Remove/limit RAS

Cracking _
Add rejuvenator (RA)
Lower LT-PG grade
Rutting Higher MSCR grade
Stripping Add liquid anti-strip (LAS)

: ”to al Center for
phItT chno Igy

NCAT




BMD Open Road Test Sections

STH 69, Dane County, South of Verona
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BMD Open Road Test Sections

STH 69, Dane County, South of Verona

: “Outcomes from this project advanced
® @ implementation of BMD for WisDOT,

: as well as provided valuable lessons
i learned on how to build test sections.”
— Tirupan Mandal, WisDOT
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10 Shadow Projects

Exploring BMD test variability
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What is the Primary I\/Iotlvatlon for Sté_ s AIEI ,
DOTs Movi ng to BMD 2 ot e et s

p *-,L “‘F’ 's-_,ii‘

Greater Flexibility m Material
Selection

. Volumetrics Do Not Always
Yield Optimal Performance

. Support Responsible Use of
Recycled Materials

. Greater Opportunity for
Innovation

. ACombination of Motivators



What are Your
Common Performance Challenges?.




Performance Challenges & Solutions Al

Block Crk Challenges

/

[Block Crack] A2 Testing

J

[ Therm Crk ] | Additives

—

[ Cracking ] [ Modifiers
[ Rutting ][Mix Design
[Stripping] : Spec.’s |
[ Raveling ] int Designj
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Key Challenges

Management Technical Overlapping
\ (T) \ (TM)

28
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M1-Change
Management

" Challenge

RESIStance to
iCplacing traditional
Speceitications with
BIVID due to unclear
poals and priorities.

Opportunity( )

Alignment of BMID
with performance
goals through cICar
communicationiane
understanding
across various
stakeholders.

AIEI
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ACTION >

Identify Champions
Document and share
BMD goals and scope
Emphasize eliminating
poor-performing mixes
Align with State internal
priorities
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T1-BMD Test
Validation

" Challenge

A ck ofa standard
Validation framework
and timely data
sollection: need for
imking laboratory
BIVID test results with
weld performance.

Opportunity )

Validation, using
multiple approaChecs,
builds credibilityaand
confidence i BNID
tests and their
criteria.

~ AlIEI
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Create a standardlzed
test validation
framework.

Conduct validation
expermments and
leverage peer
knowledge on
validation practices
Monitor in-service
performance ofasphalt
mixtures and refine
BMD test criteria.
Collect and store field
samples for future
testing.
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In 1939, how did Bruce Marshall AIEI

establish Criteria for Stability? g i

500 pounds minimum light traffic
1,800 pounds minimum for heavier traffic

A. Laboratory Study: Various Asphalt-Aggregate
Combinations

B. Benchmarking of Good and Bad In-service
Pavements

C. Empirical Thresholds through Trial and Error

D. Empirically Adjusted over Time
E. All the Above

Bruce G. Marshall (1908-1977)
Mississippi Department of Highways
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N

NCHRP 10-107

Guide for Implementing
Balanced Mix Design Specifications

77N\
e O
\e”

Initial
Implement-
ation

Projects & Monitoring

Studies & Analysis Refinement

38
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Open-Road
Validation
Sections

Agency Closed
PMS/AMS Data Test Track
Analysis 4 Studies

M2: Cost-
Benefit
Analysis
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<
Initial

Implement-
ation
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Studies & Analysis Forensic Studies (HVS/PTF)
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Validat

Validation Techniques
for Setting BMD Test
Criteria

Foreword

The development and validation of test criteria for asphalt mixtures are eritical to the successfulimplamentation
of balanced mix design (BMD), ensuring long-term pavement durability, t-eff 1258, and su

Methods such as banchmarking, open road test sections, modeling, heavy vehicle simulation (HVS), accetelsted
loading facilities (ALF), test tracks, pilot projects, and forensic studies each offer unique strengths and limitations.
Mo single approach fully addresses the diverse requirements posed by varying pavement types, traffic conditions,
and environmental factors. Agencies must, therefore, strike a balance between rigorous evaluation and practical
considerations, including time constraints and available resources. Integrating multiple tachnigques can enhance
confidence in the validation of outcomes while reducing risk.

ilabl id st h ighli thair adh and

This document provides concise guidance on
challenges, and provides a framewaork for implementation. Supported by real-world case studies from state
departments of transportation {DOTs) and other agencies, this resource aims to offer practical insights into
successful velidation strategies for BMD performance tests.

Validation Techniques

The following summarizes validation technigues for setting test criteria in asphalt BMD.

Benchmarking involves tasting existing mi ‘with or proposad laboratory tests, like the
Hamburg Wheel Tracking Test (HWTT) to assess rutting resistance or the Indiract Tensile Asphalt
I I CrscklngTest {IDEAL-CT) to assess cracking Thiz provides with a zet of
line metrica. Itis o fHective and relatively quick. This technique ia best used for early-stage
walidation of mix designs and establizshing initial thresholds for specific tests. However, initial thresholds lack field

walidation and must be refined.

Open Road Test Sections entail constructing full-scale pavemeant sections on actual roadways to
L i under real, yat traffic and environmental conditions over time.
They provide valuable real-world data reflecting local conditions and long-term behavior, but are
time-intensive, costly, and subject to variability in traffic, climate, and potential variations in support
conditions. Thiz approach is best for validating mix designs for high-traffic or critical roadways and verifying?
laboratory results with field performance. (See: CAPRI Report

Modeling with Laboratory Data involves leveraging laboratory tests and mechanistic-empirical
madela to predict asphalt mix per h
functions developed to correlata these pradictions with BMD index tests. This approach is rapid and
L cost-effective, enabling simulation of various traffic and environmeantal scenarios while integrating
lab-based index test results. However, its accuracy relies on quality input data and may cversimplify
complex field interactions. It iz best suited for preliminary evaluations, optimizing validation plans by linking
mechanistic predictions to index test outcomes and supporting other validation methods by forecasting long-tarm
performancsa.

based onm properties, often with transform

Heavy Vehicle Simulation {(HVS)/Accelerated Loading Facilities (ALF) employs mobile or
@ stationary equipment to apply controlled, repstitive loading to pavement sections, simulating years
— of wraffic in months. This method acceleratas pavement distress, provides repeatable results, and

on Techniques & Case Studies

‘ Validation Techniques c R I + Hemburg (HWTT, results were very promising.
for Setting Test Criteria Pt M comsarvtvs AT hrethle, i misuren e remetrs e
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Objectives impact on pavement life. Out of the three distresses, rutting was the most
‘ raionce s vacucion e of meve dan 50 percart.
Desien ™ i
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b
The study conducted ¢
England states and ac

Benofit " for Setting Test Criteria

| Validation Techniques
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Recommendations

*  Preliminary Criterias WisDOT's HWTT riteria (< 12.5 mm rut depth, no stripping inflection point before 15,000
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| Validation Techniques
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Benefit

CAPRI
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Methodology
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Results (to-date)

e #776 585-32, and
Eeate angularity
g ing anc moisture resistance, the Rapid Shear Rutting

isile Asphalt Cracking Test (IDEAL-CT, ASTM DB225) for

Pavament (RAF),
Pact Tension Test (DCT, ASTM D7313) for low-temparature

i
i
5

acaral Highway Administration (FHVWA), Wiseonsin DO, and Mantana DOT to understand and salect
BMD tests. In 2022, NDDOT sslected the HWTT, IDEAL-GT, and DCT. In 2023, the IDEAL-RT was added for
ts rapid rutting assessment, suitable for fisld quality assurance.

Test Parameters: Test raportingincludes for the HWTT st 46°C, instsad of standard 50°C}: stripping
inflsction point (SIF], maximum cyeles (up to.20,000), rut depth (mm)at3, 10, 15, and 20 thousand passes
IDEAL-CT: fracture sneray (1/m?), tansila strangth (kPa), and CT,..; DCT: fracturs energy (Gf) and maximum
tosd (hy); and IDEAL-RT: fracture enargy, shaar strangth (Pa), an

3 ol 38 in
2022, 14 projects (31 samples) in 2023, and 8 projects (21 samplas) in 2024, representing diverse RAP
contants and raffic lavals across Morth Dakota.

Pavament Associstion BMD acloption

Challenges/Logistics

Equipment and Setup Costs.
Staft Training.

*  Sampls Collaction, in 2024: 21 samplas | & projscts.

Satting
(NDDOT wtilized Microsoft Excal).

Level of Effort / Cost

NDDOT's benchmarking involved significant nitial sffort

and toevalusta

- sampling collsction, preparation, andtesting, along with

equipment costs ($150,000), annual meintenance, and
@ continued training,

References

o napal

Agency and Research Entity

Figure 1. Banchmarking Data; HWTT versus Cloca,

DT Fracture Energy

!?nlll!luhulhmll.l...ul,.,l

[
Figure 2. Banchmarking Data: DGT

CAPRI-E-12.25.003
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TM2-Education &
Training

" Challenge
m.“ -

Pimited formal ~

piiamimg on BMD test
methods and data
mitcrpretation,
ICading to skill gaps
i BMD
mplementation and
analysis.

X

Opportunity( }

Tramning programs
and workshopsSion
BMD test methods
and data
interpretation,
developing skilled
staff for contmucd
implementations

AIEI

—— ASPHALT | INNOVATE | ENLIGHTEN | IMPLEMENT

Collaborate with
universities and
industry partners to
develop hands-on BMD
training modules.
Develop and deliver
BMD certification
programs.

Include test method
demonstrations, data
analysis, and
Interpretation exercises
in the traming.

T4
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Lots of Resources N
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v'BMD Implementation Workshop

v'High-Reclaimed Asphalt Pavement
(RAP) Mixture Strategies
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State Participants Key Takeaways (1/3) AIEI

@) Start with a Plan

Q Define Your “Why”

@ ldentify Champions
@ Account for Staffing Needs

@ Invest in Training




TechBrief

The Asphalt Pavement
Technology Program s an
inbegrated natonal effart 1w
improve the long-lerm
performance and cost
effectiveness of asphalt
pavernenis. Managed by
the Federal Highway
Administration working
with State highway
agencies, industry and
acadiemia, the program™s
primary goals are o reduce
congeslion, EHprove
safety, and foser
technology innovation.
The program was
established 10 develop and
implement guidelines,
methods, procedures, and
other toals for use in
asphall pavement
materials selection, mix
dL1:5:1.1l::[ing.
construction, and guality
comtrul.

Oifice of Preconstnoction,
Construction, and
Pavemenis

FHW A-HIF-22-04%
Drate: April 2022

W5 Deparrmoent of rarsporiation
Fedenl Highwery Administeotion

Balanced Asphalt Mix Design:
Eight Tasks for Implementation

Introduction

Halsmeed Mix Design (BMD} 5 described os an “mphait mix
design wsing perfonmance tests on apgropristely conditionsd
specimens that sddress mwaltiple modes of distress walong inlo
consideration mix ag maffic, climste, and locstion within
the pavement strectare. ™' Goals for implenseniation of BMD
may differ samong St Depanments of Transportation
(DT ). Inivizlly, sonwe may wish only to add performance
iests o part of mix design spproval, whenses others may want
10 replace many exming criena with new perfomuance test
eriteris for mix design approval as well & for quality
sssarmmce {{A). Te learm more reganding the details of BMD
and imniplementaticn efforrs, FHWA conducted virtual sise
visits between April and September 2000 and interviews of
seven early sdopier Saate DNOTs, along with material
prosdecers, consultants and paving contraciors that serviced
the agencizs. The participating State DO Ts were Califomia
[OT (Calirsss ) [linois DOT (IDOT ) Lovisizna DOT and
Dew elopmaend | LaldOTIN: Maine DT (MeaneDOT), Mew
Jemsey DelFT (MIDOT) Texss DOT {TDOT ), and Y irgisia
DT (VIR ).

Successful practices documenied from these vinual site visits
were collected and synthesized imto an overall process of
implementing BMD as pan of mix design spproval and Q.
This «ffon suggested eight major tasks based on concaren
activities (e.g., BMD reghonal workshops'™, BMD
implementation guide™’). The tasks and the asscciated
subimks are presemted im Tabde |. These tnsks mre mesnt 1o
summarize the suggested activities that o Swate DOT may
need 1o underake o plemeent 5 BAMD program. Mot all
tashs mary e applied or considered by o State DOVT
depending on its organizations] sinecvere, sinffing level,
workspace, sneval asphalt tosmage., as well as industry

experiences and practices. Use of the wshs is not 8 Federal
requirensent

Although there sre logicsl sequences for some of the tasks,
thexe are some cases where tnsks may be conducted
parellel or i o different order without any negative
conssquences. For instance. severl soOvilkes can soour in
multiple inler-reloied tasks or sebiesks. The following
sevtios describe the varows ks for BMD implementarion.

Task

Sub
Task

Description

Motivations and Benefits

of Performance Specifications

FHWA TechBrief: FHWA-HIF-22-048

2.1 Identification of Champions
2.2 Establishing a Stakeholders Partnership
2.3 Doing Your Homework
Overall ==
. 2.4 Establishing Goals
Planning :
2.5 Mappin;
2.6 Identifyi
2.7 Develop
Selecting 3.1 Identifyi
Performance 3.2 Identifyi
Tests 3.3 Validatir
Performance 4.1 Acquirin
Testing 4.2 Managit |
Equipment: 4.3 Conduct
Acquiring, 4.4 Evaluati
Managing 4.5 Conduct
5.1 Reviewil
Establishing >-2 Condud]
Baseline Data >3 Conduf:i
5.4 Analyzir
5.5 Determi
6.1 Samplin
Specifications 6.2 Pay Adjt
and Program 6.3 Develop
Development 6.4 Conduct
6.5 Final An
Training, 7.1 Develop
Certifications, 7.2 Establisl
Initia




State Participants Key Takeaways(2/3) AIEI

@ Start Validation Early

Transition Mindset

@ Collaborate with Industry

e M Leverage Peer Resources

-=) Utilize Existing Funding




State Participants Key Takeaways(3/3) AIEI

Build a Strong Data System
e'?‘e Encourage Regional Collaboration

Plan for Setbacks
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What are Your Takeaways?

- xj(\ o 5
(A

Resource Constramed
Environment

f/‘\/ﬁ\/Volumetrics do/willnot address
J N
our current/future needs

r\)/BMD will continue to evolve

E

XAre you part of the solution?

( 51
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National Center for
Asphalt Technology

CAT

Thank you!

Tom Harman
Senior Research Engineer

AT AUBURN UNIVERSITY

AlEI
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