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Concerns With Balanced Mix Design (BMD) ’A@
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* Current tests
o Not performance tests (FHWA-HIF-19-103)
o Fl vs CT Index

* FI : fatigue, top down, reflective
e CT : thermal, reflective

o What is the distress?
* Lack of long term aging
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e Selection of criteria
e Selection of binder content for “balanced mixes”
* Agency expectations



Index Tests ’A@,
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* Work recently done at UNR (Rami Chkaiban)
5 different mixes with similar index values

* Additional testing done and run through FlexPave prediction
modeling software

e Significantly different performances predicted



UNR Study — Rami Chkaiban ’A@
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Step 3: BMD influence on predictive pavement performance
(Method 1: Predict pavement performance using default pavement section.)

|
» FlexPAVE™ 1.1 predictive pavement performance — 8" AC, 8" Base, over Subgrade.
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—— Control mixture = = Mix A-30-NV — - Mix B—15-NV — —Mix B+-15-NV Mix B+-15-ER «+++-- Mix C—40-NV-2.5
Mixture | Pass/fail target reliability
Percent cracking Total pavement rut depth
Control mixture Pass Pass
Mix A-30-NV Fails at month 209 Pass
Mix B-15-NV Fails at month 143 Pass
Mix B*-15-NV Pass Fails at month 108
Mix B*-15-ER Pass Fails at month 108
Mix C—40-NV-2.5 Fails at month 135 Fails at month 156 No.20




UNR Study — Rami Chkaiban ’A@
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Step 4: BMD influence on predictive pavement performance
(Conclusions)

» BMD mixtures with similar index-based performance tests parameters = # predictive
pavement performance.

» BMD mixtures with similar index-based performance tests parameters cannot be
substituted in pavement design.

» BMD mixtures with similar performance may require different pavement structure =
similar predictive pavement performance.

@ No.22



Aging ’A@
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* Balanced Mix Design (BMD) process, is an asphalt mixture
design process that uses performance tests on appropriately
conditioned specimens to address primary modes of distress
while taking into consideration asphalt mixture aging, traffic,
climate, and location of the mixture within the pavement
structure. (FHWA-HIF-19-103)

* How is this being accomplished?



Long Term Oven Aging A
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With the advancement of Balanced Mixture Design (BMD), . . )
laboratory performance tests for asphalt materials are being With the advancement of Balanced Mixture Des'Qn (BM D):

assessed for their relation to cracking performance in the laboratory performance tests for asphalt materials are being
field. However, most BMD applications do not account for

long-term aging. This gap limits the appropriateness of assessed for their relation to cracking performance in the

thresholds and the potential of BMD to improve pavement field. However, most BMD applications do not account for

performance as the plethora of additives and reclaimed lona-term aain This gap limits the a ropriateness of

materials available can behave in drastically different g ging. gap pprop

fashions between early, intermediate, and late stages of thresholds and the pOtential of BMD to improve pavement

service. In this study, five mixtures with documented . .

field performance from the Federal Highway Administrations performance as the plethora of additives and reclaimed TRBAM-22-03912
Accelerated Loading Facility were subjected to long-term materials available can behave in drastically different

oven aging (LTOA) protocols. In addition to reheating loose . . : . .
mixtures containing reclaimed asphalt pavement and fash!ons between early, intermediate, and late stages of David J. Mensching,
shingles, the two LTOA methods were 8 h at 135°C and 3 d at service. PhD. PE

95°C. The objective of this paper is to compare aging ’

approaches, particularly whether equivalence between long- Th biecti f thi is t . TFHRC

term aged procedures exists, and to highlight the sensitivity € objective o IS paper IS to compare aging

(or lack thereof) of common laboratory mixture performance approaches, particularly whether equivalence between long-

tests. The Indirect Tensile Cracking (IDEAL-CT), lllinois . . . cae .

Flexibility Index, Asphalt Mixture Performance Tester cyclic term aged procedures EXIStS, and to hlghl'lght the sensmwty

fatigue, and dynamic modulus tests were employed. (or lack thereof) of common laboratory mixture performance

The results show a collapse in mixture cracking indices when tests. The Indirect Tensile Cracking (|DEAL—CT) Illinois

LTOA is incorporated, raising concerns over BMD - . ! .

implementation using criteria established exclusively with FleX|b|I|ty Index, ASDhalt Mixture Performance Tester CYC|IC

short-term oven aging. Use of [E*|/sin() presented a fatigue, and dynamic modulus tests were employed.

universal and logic shift in response from the reheated to . . . T

TOAstate, sffifning uiility &% 86 eging index.. Blending The results show a collapse in mixture cracking indices when

insights can possibly be gleaned from the data, although 95 LTOA is incorporated, raising concerns over BMD

and 135 LTOA procedures yield mostly equivalent linear

: : A implementation using criteria established exclusively with
viscoelastic and cracking indices.

short-term oven aging.



Selection of Criteria

* Should be done based on actual field performance

* Not benchmarking
* VA used mean values

* CT Index
NY -135
PA —70-90
VA-70
FL—-30
OK-80
AL-55, 83,110
 Some mixes might get worse

Flexibility Index Fl
NY - 8
NH - 10
IL-8-16; 5-10
MO - 2-6
CA-3
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Balanced Mix Design Results

Comparing Volumetric vs Performance Mix Type | imimum Asphal Content (%) | Vol. v&

Optimum AC% 2 | 557 1
o _ _ Mix #3 6.67 6.8
Performance Minimum AC% is defined as Mix#s | 6.36 6.8

o Mix #5 6.54 6.2 -0.34

average minimum asphalt content to M6 | 591 5.5 0.41

. ] . Mix #7 6.50 6.1 -0.40

achieve fatigue cracking performance vix#8 | 781 70 081

. Mix #9 6.38 6.3 -0.08

For the 11 mixes tested; Vix#10 | 6.39 60 | 039
Mix #11 6.63 6.7

5 of 112 mixes were shown to be "Balanced”

Acceptable Range of

. W 17, . Standard D?TIJTIOH Two Te'?t P‘:esulfe
6 of 11 mixes were not “"Balanced” or S,
Single-operator precision
Asphalt content (%) 0.069 0.196
under-asphalted
Multilaboratory precision
. . . Asphalt content (%) 0.117 0330
A L L m Ixe S m et t h e rUtt I n q re q U I re m e nts ?  These values represent the 1s and d2s limits described in ASTM C670.

Courtesy of Tom Bennert



Selection of Binder Content ’A@
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* Who determines the binder content?
o Minimize cracking (high end of the range)
o Middle of the BMD range (truly balanced)

o Minimize rutting (low end of the range) Criteria was

selected based

a
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Courtesy of Tom Bennert



Balanced Mix Design Results

Another factor to consider . .
IS not just minimum £ 2.
asphalt content, butthe -] N N
“range” within a BMD b, LY
Narrow ranges WOUld make T hmcomemy T ety
mixture difficult to produce WX Tyve | e | pertorm. Content () Paof nap | _orade

ithin tolerances v | 27 5 i3 Troeavas
Wlt I n Mix #3 0.9 15 -17.8 PG64V-22

Most mixes resulted in an Vs T 21 | ost | 20 | se [reervas

average BMD range that N T By P B T T VoE

could be achievable during O O N

production T o0 ——freeitsr]

Including a tolerance for AC% Courtesy of Tom Bennert



Agency Expectations ’A@,
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* This is not the holy grail
* Improved performance is not guaranteed with BMD
* FHWA Mission Statement:

“The Path Forward for Asphalt Pavement Performance will guide FHWA
Pavement & Materials engineers in focusing their efforts to increase
asphalt pavement performance by fostering science surrounding data-
driven approaches to asphalt pavement across its life cycle in order to
improve sustainability, including mobility, economy, and safety. This Path
Forward will guide FHWA as we assist stakeholders in the implementation
of BMD and performance testing tools to attain incremental improvements
in mixture durability, cost effective designs, and innovation.”
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Improving Durability y' N\

asphalt institute

Increase Effective Volume of
Binder

Use Polymer Modification Enhancing the
. Durability of
Use Softer Grade of Binder T B

Papers from a Workshop

Place Limits on Recycled
Binder Effectiveness

TRANSPORTATION RESEARCH BOARD
OF THE NATIONAL ACADEMIES

http://onlinepubs.trb.org/onlinepubs/circulars/ec186.pdf
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lllinois SCB (Flexibility Index)

!a

1600

1400 / - \
1200 g !

{ \
1000 »
z PPS \
3 %07

Sl \\
600 s
400 +
200 - D —
0 . v . .
0.0 05 1.0 15 20 25

Vertical Displacement, mm

FI = Energy/Post Peak Slope
Resistance to cracking
increases with increasing Fl

Advanced Asphalt Technologies, LLC

Engineering Services for the Asphalf Industry™



Example Design Specification ’A@,
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Effective Minimum Design VBE, vol %
RAP Binder | 58-28 | 58-28 | 58-28 | 58-28 | 58-34 58-34 58-34 | 58-34
Ratio S H Vv E S H Vv E
0.00 ( 10.0 ) 10.0 10.0 10.0 10.0 10.0 10.0 10.0

>0.00 <0.05 | 10.4 10.2 10.0 10.0 10.0 10.0 10.0 10.0
>0.05 <0.10 | 10.7 10.5 10.1 10.0 10.0 10.0 10.0 10.0

(
>0.10 <015 ((11.1 ) 109 | 10.4 Go.cD 100 | 10.0 | 100 | 10.0
5015 <0.20 | 115 | 11.3 | 108 | 102 | 101 | 100 | 100 | 10.0
5020 <025 | 119 | 117 | 112 | 106 | 104 | 102 | 100 | 10.0

g D
-
>0.25 <030 122 ) 120 | 115 |[(110) 108 | 106 | 101 |C200)

N
>0.30 <0.35 11.2 11.0 10.5 10.0
>0.35 <0.40 11.5 11.3 10.9 10.3
Low Temperature Grade Controls
>0.40 <0.45 11.9 11.7 11.2 10.6

>0.45 <0.50 12.3 12.1 11.6 11.0




Trial Section 1 — RAP Binder Contribution A
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October 2012- After one year ’As
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Research Approach ’As
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: e Volumetric Design — Perform rutting index
RAP De5|gn test at DBC, -0.5, +0.5, and +1.0

- e Batch out DBC samples — recover RAP
Vi rgin aggregate — add to virgin aggregate
: and mix with virgin binder to DBC —
Speumen perform rutting index test

: e Choose optimum
Binder binder content for the
RAP mixture that
corresponds to the

Content

Selection rutting value for the
virgin specimen




Concept ’A@
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In This Study
IDT Strength
A RAP Mix @ Burnoff
= °
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New optimum
binder content
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DBC-0.5 DBC DBC+0.5 DBC+1.0
% Binder




Materials ’A@
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* 5 different mixes ( all different geologies)
* NY (gravel, limestone, granite), NJ (basalt), PA (gneiss)
* 9.5mm and 12.5mm NMAS

* A simple interim approach in lieu of BMD

e Addresses concerns

. , EES
B R s— !(§ / & B
y ™ Ul Fa e AEIDELBERGCEMENT Group




Table 2. Asphalt Mixture Properties

A

.................... Sieve Size (mm) % Passing .. AasSphalt institute
Mix A Mix B Mix C Mix D Mix E

Producer Polkville Stone Pallette Stone Jointa Lime Co. Stavola Hanson
Location Polkville, NY Saratoga, NY Newburg, NY Bound Brook, Glen Mills, PA
NMAS 9.5 9.5 12.5 12.5 9.5
19.0 100 100 100 100 100
12.5 100 99 100 93.6 100
95 100 93 87 80 98
No. 4 73 56 54 452 63
No. 8 45 34 39 31.3 34
No. 16 30 22 27 24.8 23
No. 30 21 15 18 19.4 17
No. 50 14 9 12 11.2 13
No. 100 9 6 8 6.4 8
No. 200 7 5 49 5.1 4.6
PG Grade PG 64V-22 PG 64V-22 PG 64V-22 PG 64S-22 PG 64S-22
RAP % 10% 20% 20% 15% 15%
Binder % 6.9 6 55 52 5.6
Air Voids % 3.5 3.8 3.6 4.0 4.1
VMA % 16.8 16.6 14.3 15.8 16.4
VFA % 76.8 773 75.2 74.7 7.5
Gmm 2.409 2.519 2.452 2.628 2.607
Gsb 2.596 2.733 2.609 2.840 2.825

Note: Gmm is the Theoretical Maximum Relative Density of the mix, Gsb is the bulk specific gravity of the aggregate, NMAS is
Nominal Maximum Aggregate Size, RAP is Reclaimed Asphalt Pavement, VFA is Voids Filled with Asphalt, and VMA is
Voids in the Mineral Aggregate.



Phase 1 ’A@
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e Determine if recovery method has effect on index
values

* Develop virgin mixes based on composite gradation
from each JMF

* Created RAP by adding asphalt then loose mix aging 5
days@95C
* 3 mixes for each aggregate source
o Virgin
o Virgin with recovered agg from ignition oven
o Virgin with recovered agg from solvent extraction

* 30% recovered agg
* Used HT IDT strength - 7% voids, 44C, 64S-22




i Highway Research

Research Report 973 . Program

Long-Term Aging of Asphalt Mixtures
for Performance Testing and Prediction
PHASE Ill RESULTS
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6 mm Depth
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A Legend
Days
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. 30.1-32

Figure 14. Required oven aging durations at 95C to match 16

years of field aging for depths of 6 mm
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Phase 1 Results

Average IDT Strengths @ 7% Voids, 44C, PG 64S-22
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Phase 1 Results ’A@,
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e Performed an ANOVA and t-Test

* ANOVA showed no significant differences in the three average
values for mixes A, C, D, and E

o B results were statistically different

* t-Test showed similar results when comparing virgin/burnoff;
virgin/solvent; and burnoff/solvent
o No statistical difference except for mix B
* Virgin vs burnoff
e Burnoff vs solvent
* Virgin vs solvent were statistically the same



Phase 2 ’A@,
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* Perform HT IDT testing @6.0% +/- 0.5% voids at 44C
o DBC, DBC-0.5%, +0.5%, and +1.0%

* Use PG binder from JMF (PG 64V-22, PG 64S-22)
* Use both extraction methods for virgin mixes
* Determine new optimum binder content
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Results - Mix E
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MIX STRENGTH IN PSI
SAMPLE
MIXID
1 2 3 4 AVG
ERN-5.1 44.599 47.896 42.968 44.951 45.104
35.489 36.896 34.900 34.954 35.560
ERS-5.6 29.552 31.082 29.850 29.485 29.992
ERN-6.1 27.989 29.011 27.672 27.332 28.001
ERN-6.6 23.142 23.488 23.643 22.905 23.295




Phase 2 ’A@
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IDT Strength @6% voids, 44C, PG 64S-22

® Mix E-15% RAP @ Burnoff NYSDOT

— y =-14.597x + 118.38
R*=0.9784

Q
< 30.000 e S~

25.000 \
20.000

New

Binder
>000 | 5.97%

4.5 5 5.5 6 6.5 7
% Binder



Phase 2 ’A@
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IDT Strength @6% voids, 44C, PG 64S-22

® Mix E- 15% RAP Solvent NYSDOT

— y =-14.597x + 118.38
R*=0.9784

J
25.000 \
20.000

New

Binder
5.000 6.06%

4.5 5 5.5 6 6.5 7
% Binder



New Binder Contents ’AQ
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Recovery | JMF Binder | New Binder
Method | Content, % | Content, % Change
Mix A Burn 6.9 7.12 0.22
Solvent 7.26 0.14
Mix B Burn 6.0 6.12 0.12
Solvent 6.27 0.27
Mix C Burn 55 5.89 0.39
Solvent 5.95 0.45
Mix D Burn 52 5.93 0.73
Solvent 5.93 0.73
Mix E Burn 56 5.97 0.37
Solvent 6.06 0.46




Mix E
HWT CT Index
Avg. # of
Avg. # of & Avg. # of
Passes to Avg. CT
Passes to _ Passes to
Fail Index
12.5mm SIP
% Binder @25mm
5.6 10043 12274 9124 112.0
6 8115 10451 6967 152.7

y N
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Concerns With BMD ’A@

asphalt institute

* Current tests
o Not performance tests (FHWA-HIF-19-103) P
> Fl vs CT Index | N
* FI : fatigue, top down, reflective P, m— L
 CT : thermal, reflective i Ly
o What is the distress?

* Lack of long term aging

/
1

| | |
- b .
L1 ] 1 e
_ 1 | - |

e Selection of criteria
e Selection of binder content for “balanced mixes”
* Agency expectations



Future Work 'A@

asphalt institute

* Future work may include:

o Same approach using HWT
and/or APA

o Check each mix for compliance to
current (proposed) DOT BMD
criteria
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Gregory A. Harder, P.E.
Asphalt Institute Senior Regional Engineer
397 State Route 281 — Suite A

Tully NY 13159

Office: 315-238-7000
Mobile: 315-807-7306
Fax: 315-238-7000

Email: gharder@asphaltinstitute.org



y N

asphalt institute

I Loving Memory of

Gregory M. Harder
December 12, 2002
December 21, 2022
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