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ALF Experimental Design

ALF % RBR Virgin WMA
Lane (R ap [ Ras | Binder PG | Process
1 0 - 64-22 -
2 40 - 58-28 Water
3 - 20 64-22 -
4 20 - 64-22 Chemical
5 40 - 64-22 -
6 20 - 64-22 -
7 - 20 58-28 -
8 40 - 58-28 -
9 20 - 64-22 Water
11 40 - 58-28 Chemical
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85% Complete

Lane 9 WMA-Foam 20% ABR Complete
Lane 11 WMA-Chem 40% ABR 58-28 Complete
Lane 5 HMA 40% ABR Complete
Lane 1 HMA 0% Control Complete
Lane 3 HMA 20% ABR RAS Complete
Lane 4 WMA-Chem 20% ABR Complete
Lane 7 HMA 20% ABR RAS 58-28 Complete

Lane 2 WMA-Foam 40% ABR 58-28 Loading Now...
Lane 8 HMA 40% ABR 58-28 Loading Now...
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Cracking Performance Measured...
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Cracking Performance Measured...
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Laboratory Performance Tests

 Cyclic Fatigue withOUT Structural Analysis
» Cyclic Fatigue WITH Structural Analysis
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&——SAMPLE PREPARATION—@——TESTING——@———DATA ANALYSIS L FATIGUE PERFORMANCE PREDICTION———0
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“Classic” fatigue life curves representing
uniaxial or flexural l[aboratory strains are
used to interpret a single point in the
pavement, but not the entire thickness



LVECD provides insight into damage throughout the depth
and should provide a more complete picture of pavements
structural response to:

e Supporting Layers

o Traffic

e Temperature

These affect more than just an infinitesimal point.
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Fatigue Life Curves
C; failure criteria
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Fatigue Life Curves
Gy, failure criteria
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Ranking — AMPT Fatigue withOUT Structural Analysis

Laboratory Failure Criteria
ALF Sample Breiks Pseudostiffness at peak Dissipated Pseudostrain
i in AMPT R
Ranking | Pavement : phase angle, Cs Energy, G
Cracking (Figure 4e&)
Unaged Aged Unaged Aged Unaged Aged

AB PC | AB PC | AB PC | AB PC

Best L1 L8 LY L1 L7 L1 L1 L8 L8 L9 L9
Three L9 L1 L1 L2 L3 L2 L3 Le L9 | L2 L2
L4 L4 L8 .3 L2 L6 L9 LY L6 L1 L4

L2 L2 L7 L1 L3 L8 | L11 L1l | L4 L1

Middle I17%% L6 L4 L4 L4 L9 L2 L1 L1 L6 L6
Four L9 L6 L8 L8 | LS Le | L2 L2 L8 L1l
L1l L1l L9 L9 L4 L4 L7 L7 | LI1 L3

Worst L3 L3 L3 L6 L6 L5 L5 L4 L4 L3 L8
Three L5 L5 L5 Ls Liv | it L7 L5 LS | L7 L7
L7 L7 L7 | L1t L5 | L7 LIl | L3 L3 L5 L5

*No S-VECD analysis, only the outcome of the physical tests
** 7 of 10 ALF lanes have performance available at the time of publication
AB = As Built & PC = Perfect Construction
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B LVECD Program : Untitied Project

File  Analysis Tools Help

AMPT Fatigue + Structural Analysis

Quantify the damage throughout the whole depth rather than relying on a single
point at the bottom of the asphalt layer.

EEEICERYIE]

G_ Project

@ General Information

General Information % | Design Structure ¥

— Structure General Information

— Layer Propertie:

Structure Name

|Fleijle 3-Layer Pavement | Layer |hC

Pavement/Lane Width (m)
Subgrade

' """ @ Climate Data
i Traffic Data

Thickness (em) _ [ Infinite Layer
Material Type |hspha|t Concrete

ii Results

""" ] Outputs and Analysis Options l

Specific Gravity

(optional)

AC (Click to Edit Layer)

Base (Click to Edit Layer)

Strength/Modulu

Bosmsn . (1)

Poisson's Ratio

Einf (KPa)

Ref. Temp. (C)

Shift Factor al

Shift Factor a2

Shift Factor a3

0.3000
9.7300e+04
5
6.9619e-04
-0.1620
0.7928




%Nodes with Damage Below
Critical C(S) = 0.3
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A Aged-As Built

ALF Cycles to Surface Crack Initiation
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Cycles to 11% Nodes Below Critical Damage
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A Aged-As Built
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Ranking — AMPT Fatigue WITH Structural Analysis

LVECD Structural Prediction
% Nodes Below Critical Damage

Measured ALF
Unaged S Aged —— Performance
_ erfec : criec
As Built Construction As Bullt Construction

L2 9% L2 11% L1 12% L4 12% L1 368,254
L1 10% L4 12% L4 14% L1 14% L9 270,058

L4 13% | L6 13% | L9 16% | L9 17% | L4 88,740
L6 13% | L1 14% | 12 18% | L2  19%
L9 15% | 19 16% | L6 19% | L6  19%
L8 18% | L8 17% | L8 22% | L8 21%
L1l 19% | L11  18% | L1l  29% | L11 28% | L11 81,044
L3 31% | L3 31% | LS 42% | L5 47% | L3 42,399
L7 - L5 35% | L7 66% | L7 62% | L5 36,946
L5 ; L7  46% | L3 ; L3 ; L7 23,005

Lanes 2, 6, and 8
remain to be tested




Laboratory Failure Criteria
ALF ngple Breiks Pseudostiffness at peak Dissipated Pseudostrain
. in AMPT R
Ranking | Pavement (Figure 4e&f) phase angle, C¢ Energy, G
Cracking gure
Unaged  Aced LT rTs - Aged Unaged Aged
g g AB PC | AB PC | AB PC | AB PC
Best L1 L8 L9 L1 L7 L1 LI L8 L8 L9 L9
Mee L9 L1 LI L2 L3 L2 L3 L6 L9 L2 L2
- L4 L4 L8 L3 L2 L6 LY L9 L6 LI L4
L2 L2 L1 L3 LS8 L1l L11 L4
Middle 1% L6 L4 L4 L4 L9 L2 L1 L1 L6 Lo
Four L9 L6 LS8 LS8 LS L6 L2 L2 L8 LIl
L1l L1l L9 L9 L4 L4 L7 L7 Lil 3
Worst L3 L3 L3 L6 L6 L5 L5 L4 L4 L3 L8
Th‘;rs L5 L5 s Vs |\ L7 Ls L5 | L7 L7
ce L7 L7 L7 s\ L7 111 L3 L3 | L5 LS
*No S-VECD analysis, only the outcome of the physical tests
#*% 7 of 10 ALF lanes have performance available at the time of publication
AB = As Built & PC = Perfect Construction
kx
LVECD Structural Prediction
% Nodes Below Critical Damage
Measured ALF
Unaged Aged Performance
) Perfect . Perfect
As Built Construction As Built Construction
L2 9% L2 11% L1 12% L4 12% L1 368.254
L1 10% L4 12% L4 14% L1 14% L9 270,058
L4 13% L6 13% L9 16% L9 17% L4 88.740
Lé6 13% L1 14% L2 18% L2 19%
19 15% | LY 16% | L6 19% | L6  19% ri;’;ff? f{; g*eﬁ’;fff a,
L8 18%0 L8 17% L8 22% L8 21%
L11 19% L11 18% L11 29% L11 28% L11 81.044
L3 31% L3 31% L5 42% L5 47% L3 42.399
L7 - LS 35% L7 66% L7 62% LS 36.946
@ - L7 46% L3 - L3 - L7 23,005




Laboratory Failure Criteria
ALF ngple Breiks Pseudostiffness at peak Dissipated Pseudostrain
. in AMPT R
Ranking | Pavement (Figure 4e&f) phase angle, C¢ Energy, G
Cracking
Unaged Aged Unaged @60 | Unaged Aged

AB PC | AB PC}) AB PC | AB PC
Best L1 L8 LY L1 Lf L1 L{ L8 L8 L9 L9
Three L9 L1 L1 L2 L3 L2 L3 L6 L9 L2 L2
L4 L4 L8 L3 L2 L6 LY L9 L6 L1 L4

L2 L2 L1 L3 L8 ) L11 L11 | L4
Middle 11 Lo L4 L+ L4 L9 L2 L1 L1 L6 L6
Four L9 L6 L8 L8 LS8 L6 §| L2 L2 L8 Ll1
L1l L11 L9 L9 L4 L4 L7 L7 | L1l L3
Worst L3 L3 L3 L6 L6 L5 L5 L4 L4 L3 L8
Three L5 L5 L5 Ls Li1 g oit L7§ LS L5 L7 L7
L7 L7 L7 | L1l Ly Lz _JJlJ L3 L3 L5 L5

*No S-VECD analysis, only the outcome of the physical tests
#*% 7 of 10 ALF lanes have performance available at the time of publication
AB = As Built & PC = Perfect Construction

LVECD Structural Prediction
% Nodes Below Critical Damage

Unaged Aged
As Built Coﬁsegle;[ion As Built COESe;‘fl;e;‘;[iOn
L2 9% L2 11% L1 12%
L1 10% L4 12% L4 14%
L4 13% L6 13% L9 16% LS 17%
L6 13% L1 14% L2 18% L2 19%
L9 15% L9 16% L6 19% L6 19%
L8 18% L8 17% L8 22% LS8 21%
L11 19% | L11 18% | L11 29% | L11  28%
L3 31% L3 31% L5 42% L5 47%
L7 - L5 35% L7 66% L7 62%
- L7 46% L3

Measured ALF
Performance

L1 368,254
LS 270,058

L4 88.740

Lanes 2, 6, and 8
remain to be tested

L11 81,044
L3 42,399
L5 36,946

L7 23,005
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Summary

 More consistent agreement was
found between the structural
prediction of the damage
distribution through the
thickness of the simulated
pavement and the measured
ALF fatigue cracking




TURNER-FAIRBANK HIGHWAY RESEARCH CENTER -ﬁg
Summary

« Complete data set Is almost

complete but it might indicate 4

clusters in decreasing order of performance
—0% Recycle

—20% RAP-BR 64-22

—40% RAP-BR 58-28

—"Poor”: RAS & 40% RAP-BR 64-22
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Next Steps

 Will determine how much binder needs to be
added for RAS & 40% RAP-BR mixes to
exhibit equivalent performance.

 Will be conducting performance tests on 40%
RAS & RAP-BR + 0.5%, 1.0% binder.

« Which mix is the reference mix that should be
the equivalent performance target?

— 0% or 20% RAP-BR?
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Thank You

Questions?
Comments?

concerns?
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Dynamic Complex Modulus

L1 10,000 - 10,000

IE*|, MPa

1,000 l . l l 1,000
----- L11 0.1 1 10 0.1 1 10

Reduced Frequency, Hz Reduced Frequency, Hz
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ALF Experimental Design

300°F - 320°F 240°F - 270°F
- Foam | Chem.
0% ' '
PG64-22
20% ABR RAP v v v
~ 23% by weight PG64-22 PG64-22| PG64-22
20% ABR RAS
= 6% Shingle by V V
weight PG64-22 | PG58-28
40% ABR RAP
= 44% by weight PG64-22 | PG58-28 | PG58-28 | PG58-28
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“Classic” Fatigue Life Curves
Complete Failure in Test

Cycles to Peak Phase Angle

100,000
Unaged
10,000 -
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100 | T |
200 400 600 800
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400 600 800
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