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Presenter
Presentation Notes
Mix design is a balance between strength and durability.  We can design and mix that will be highly rut resistant, but it will not be durable.  Or we can design a very durable mix that will be prone to rutting.  The key is to balance the various constituents so as to best produce a mix that will resist rutting and yet last for years.  On top of it all, we want a smooth quite ride.


History of Mix Design
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eBarber Asphalt Paving Company
eAsphalt cement 12 to 15% / Sand 70 to 83% / Pulverized carbonite of lime 5 to 15%

oClifford Richardson, New York Testing Company
eSurface sand mix: 100% passing No. 10, 15% passing No. 200, 9 to 14% asphalt
eAsphaltic concrete for lower layers, VMA terminology used, 2.2% more VMA than current day mixes or ~0.9% higher binder content

eHubbard Field Method (Charles Hubbard and Frederick Field)
eSand asphalt design
*30 blow, 6” diameter with compression test (performance) asphaltic concrete design (Modified HF Method)

Stability

eFrancis Hveem (Caltrans)
eSurface area factors used to determine binder content; Hveem stabilometer and cohesionmeter used
e Air voids not used initially, mixes generally drier relative to others, fatigue cracking an issue

Stability + Durability

*Bruce Marshall, Mississippi Highway Department
eRefined Hubbard Field method, standard compaction energy with drop hammer

eInitially, only used air voids and VFA, VMA added in 1962; stability and flow utilized . .
Stability + Durability

e Superpave
e Level 1 (volumetric)
¢ Level 2 and 3 (performance based, but never implemented)

J

http://asphaltmagazine.com/history-of-asphalt-mix-design-in-north-america-part-2/
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What Should Have Happened with Superpave... ’A@
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* Superpave called for Level 1, 2, and 3 testing based on traffic
load

* Level 1 (Volumetrics + TSR) was only for up to around 1 million
ESALS

* Level 2 and 3 were to be used for higher traffic loads and
included rutting and cracking performance test

 Since we saw such good performance (with materials in 1993-
2000), Levels 2 and 3 were soon forgotten



Balanced Mix Design Basic Concept ’A@
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Levels 2 & 37?
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* Rutting?
o NO

o Generally not a widespread distress since Superpave
implementation

* Cracking?
o YES
o VVarious cracking distresses have increased nationally

* Durability?
o YES
o Related to cracking, durability concerns have been noted



Balanced Mix Design Goals ’Ag
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* Ensure pavement performance
o Rutting
o Cracking
o Durability
* Enable innovation
o Materials
o Specifications

* Optimize economics
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* AASHTO PP 105

o Four approaches
o Condition specimens
o Test for differing distress types

o Consider
* Aging
* Traffic
e Climate
* Layer




BMD Approach A ’Ag
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Volumetric Design with Performance Verification

* Most traditional approach

e Starts with a volumetric design

* Adds performance testing
o Rutting
o Cracking
o Moisture damage

e Adjust design (gradation, AC content, additives,
etc.) though the process as needed

e Establish JMF
* Least innovative

= = Repeat -

Figure 1. Graphical lllustration of the Volumetric Design https://www.asphaltpavement.org/expertise/engineering/resources/bmd-resource-guide/implementation-efforts
with Performance Verification Approach (Approach A)



BMD Approach B ’A@
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Volumetric Design with Performance Optimization

* Starts with a volumetric design

* Add performance testing
o Rutting
o Cracking

* Adjust mix to meet volumetric and rutting
and cracking requirements

* Conduct moisture damage testing

* Establish JMF
* More innovative than Approach A




BMD Approach C ’Ag
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Performance-Modified Volumetric Design

e Less reliant on traditional volumetrics

* Use performance testing to establish initial binder
content
o Rutting
o Cracking

* Adjust components if needed

* Conduct moisture damage testing

* Add anti-strip if needed

* VVerify agency volumetric compliance
* Establish JMF

e e e et * More innovative than Approach B




BMD Approach D
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* Most innovative approach

* No volumetric requirements

* Performance testing for mix optimization
* Select initial combination of materials

* Conduct performance testing at multiple AC
contents

e Select binder content

* Conduct moisture damage testing
* Establish JMF



Performance Asphalt Design Approach in USA (2017) ’A@
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B Yes Approach |
B Yes, Approach 2

"] Use one rutting or cracking
test, but not a BMD approact

NCAT’s Final Report to the National Cooperative Highway Research
Program (NCHRP); Project NCHRP 20-07/Task 406; August 30, 2018



Performance Asphalt Design Approach in USA (August 2021) )A.
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APPROACH A -

VOLUMETRIC DESIGN
. WITH PERFORMANCE

VERIFICATION

. APPROACH A AND D

APPROACH C -
PERFORMANCE-

. MODIFIED VOLUMETRIC
DESIGN

. APPROACH D -
PERFORMANCE DESIGN

https://www.asphaltpavement.org/expertise/engineering/resources/bmd-resource-guide/implementation-efforts



Performance Asphalt Design Approach in USA (January 2022)
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APPROACH A -
VOLUMETRIC DESICN
WITH PERFORMANCE
VERIFICATION

APPROACH A AND D

APPROACH C -
PERFORMANCE-
MODIFIED VOLUMETRIC
DESICGN

APPROACH D -
PERFORMANCE DESIGN

PRE-IMPLEMENTATION



Rutting Performance Testing Options ’A.
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FILTER BY:  BMD APPROACH CRACKING TEST
Bl Ara
B AN HwTT
[l HT-DT

B HwTiT




Rutting Performance Testing Options ’Ag
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* Hamburg Wheel Tracking Test
> Most common choice
o Used in seventeen states
o Generally gaining popularity (BMD and non-BMD states)

* Asphalt Pavement Analyzer

o Used by eight states
o Used by FAA
o Generally loosing popularity (BMD and non-BMD states)

 Hot Indirect Tension Test
o Used in Alabama only for BMD



Cracking Performance Testing Options )A.

asphalt institute

FILTER BY: BMD APPROACH RUTTING TEST CRACKING TEST

AL-CT

BBF, DCT

BBF, I-FIT
CANTABRO, IDEAL-CT
DL, IDEAL-CT

I-FIT

I-FIT, IDEAL-CT
IDEAL-CT

N/A

OT, BBF

SCB-JC




Cracking Performance Testing Options ’Ag
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* Eight test procedures currently reported

* Two tests most common
o |-FIT test
o IDEAL-CT

* Seven states report two cracking tests are required



Where we are going ’Ag

...................................................................................................................................................................................................................................................................... asphalt institute

* Interest in BMD approaches growing significantly

* Multiple combinations of design approaches and testing
requirements being seen

* Likely tends that BMD will instigate (Dave’s opinions)
o Increases in binder contents
* Mitigates cracking and durability concerns
o Less reliance on volumetrics
o Greater reliance on laboratory performance testing during design

o |[nnovations
* Rejuvenators
e Alternative materials
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