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BACKGROUND
Fatigue

 structural distresattributed tcaccumulated damaganderrepeated
load applications

Fatigue in Asphalt Concrete
o arises fronrepeated tensile strainssulting due taraffic loading

« Fatigue characterizatiehhigh tensile strainat the bottom (thin
layer) or at the surface (thick layer) of the asphaltic layer
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BACKGROUND

Flexural Stiffness
* mix property linked tonaterial responsandload-spreading ability

 Influenced bymix components, loading time (or frequency) and
temperature

« flexural stiffness characterization — influenced by mix mechanical
properties i.ecohesiveandadhesive properties (mixture stiffness)

* mixture stiffness - fundamental in tdetermination of fatigue
behavior (fatigue life)
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WARM MIX ASPHALT (WMA)

Why alternative Materials such as WMA?
e sustainability, improved performance and durability.....among others

Interest in WMA

« technicalandeconomic benefitsuch as, reduced fume generation,
low fuel usage, worker health safatygreased usage of recycled
asphalt concrete pavement (RA) ....

15t :Technological advancement must equal sustainable living???
2nd: Alternative materials evaluation must equal rational evaluation!
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FATIGUE DAMAGE MODELS

« 3 Fatigue models Wdhler approach, the dissipated energy
approximatiorand fracture mechanics technique

e 4-Point Bending Beam test — under repeated flexueximum
flexural tensile straims at theouter most fibre of the beam specimen

« Fatigue relationships — number of load repetitions to faiurelated
to the tensile strain

o Laboratory fatigue testingdamage concefiased on Miner MA
1945 i.edamage is an inverse of number of load repetitions to failure

1S
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FATIGUE DAMAGE MODELS:

Wohler fatigue relationship 1
Nf = k. ()"
3

e Nf — number of strain applications

e kin-— factors depending on mix composition and property
e & - strain at the bottom of the asphaltic layer

Note:

ki & n are influenced bjoading time (freq.) and test temperature

1S
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FATIGUE DAMAGE MODELS: dissipated energy approach
Van Dijk 1977

WN =A (Nf) A
e Nt — number of strain applications
e AZ- experimentally determined coefficients
e Wh — cumulative dissipated energy to failure

Note:
A & Z are influencedby loading time (freqg.) and test temperature

1S
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Description of mix types

HMA Surface mix WMA Surface mix

(Control mix) (Trial mix)

10% RA 60/70 Controll) 10% RA 60/70Chemical Additive

10% RA 60/70 Controll) 10% RA 60/70Foam

10% RA 60/70 Control 1) 10% RA 60/700rganic Additive

20% RA 80/100 PlastomefEntrol 2 20% RA 80/100°lastomer and Chemical Additive

20% RA 80/100 ElastomerControl 3 20% RA 80/10C=lastomer and Organic Additive

« All mix types— Surface Mix Types (2 surface binders, 2 asphalt
binder modifiers, 3 WMA technologies and 2 RA contents)

1S
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Description of mix types

Asphalt Binders — 60/70 pen and 80/100 pen

Asphalt Binder 80/100 pemodified — Elastomer SB&\-E2) or
Plastomer EVAA-P1)

SBScombined withOrganic additivdechnology
EVA combined withchemical additiveéechnology
60/70 pen -unmodified

RA stockpiles -RA1 (-16mm) andRA2 (-8mm)

1S
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Grading of mix types

100

90 —eo— Lower Limit /
80 —=— Upper Limit //
70 -

60 —+—60/70 Mix Type / /‘///
50 ——80/100 AP-1 Mix Type 4

40

——380/100 AE-2 Mix Type

30

PercentagePassing (%)

7L R B

10 _______________

0 T .
0.01 0.1 1 10 100

Sieve Size (mm)

« HMA grading Specifications were considered
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Methodology

e All HMA mixes (control mixes) — produced at and abdé€’C and
compacted at and abo¥83C (Unmodified)and145°C (modified)

o All WMA mixes (trial mixes) — produced d25°C (unmodified)and
135C (modified)and then, compacted 5t(°C ( unmodified)and
120°C (modified)

e Compaction method Fwo-drum roller compactor (compaction
effort), metal mouldnounted on concrete flogconfinementpat 35
passesimulating field compaction criterion

1S
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Field Compaction vs. Specimen Compaction
7 -
m Field compacted Cores B Cores Compacted @ 35 Passes
6 i
5.3 . 5
N - = L
5 o Void content —_47%- |
= 3.1
g 7
S
() 7
=
O
=
1 A
o =
20% RA 80/100 WMA  20% RA 80/100 HMA  20% RA 80/100 WMA  20% RA 80/100 HMA
Elastomer Elastomer Plastomer Plastomer
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Beam Compaction

10.00

m 10%2 RA 60/70 WNMLA Chemical Additive (Surface Mix)
QLD P e

m 10%0 RA 60/70 WNMNLA Organic Additive (Surface Mix)
800

m 10% RA 60/70 HMA Conurol (Surafce Mix)
ToOO o

m 20% RA S80/100 WNMNMA Elastomer (Surface Mix)

Void Content (%)

Beam Number
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Laboratory: Fatigue Testing

e Test temperature5°C and frequency 10Hz using sinusoidal strain
(as loading mode)

o 3 applied strains300pe (peak to peak) or 15 (peak)as
benchmark straiand 2 extra strains depending on the outcom3@@t
ue (peak to peaka lower or higher strain was selected

* 50% reduction of the initial flexural stiffnessfasigue failure
 Initial flexural stiffness registereafter 50 cyclesrom the start of test

1S
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Laboratory: Flexural Stiffness Testing

 different test temperatures — fra@¥C to 25C @ an interval of &
and frequency sweeps 0f5Hz, 1Hz, 2Hz, 5Hz and 10HKwere
applied per specimen f@00 cycles

» sinusoidal strairfas loading mode)

 Master curve was used ¢éatrapolate flexural stiffness test data
beyond test-ranges by applying tehenius equation

1S



| | " -

ey ].*._-._ g . ¥ . .
. Vgl e Toad T T T e v o
i f o o = 4 3

7. #PBB. Fout Point Befiding Beam

r
- L w -
» .. - - i T &

i e

g 8

3rd 4PBE Conference 17-18 September 2012, Davis,CA, USA

10% RA 60/70 Fatigue Results: Strain vs. Nf

0.001 e 10% RA 60/70 HMA Control Mix
10%6 RA 60/70 WNMNLA Chemical Additive
10% RA 60/70 WMA Foam

10% RA 60/70 WMA Organic Additive

0.9546
! + [v = 0.0005x0%
v R?* = 0.1579

v =0.0011x0.167
0.0001 R? = 0.725

v=0.0012x0173
R*=0.9319

Strain (pe)

0.00001
1000000 10000000

10000 100000
Number of Cyvcles
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10% RA 60/70 Fatigue Results: WNvs. Nf

1000

€ 102 RA 60/70 HMA Control Mix

B 10% RA 60/70 WMA Chemical Additive
L 10% RA 60/70 WMA Foam

+ 10% RA 60/70 WMA Organic Additive

¥ = 0.0109x9-6249
R* = 0.9044

100

¥ = 0.0095x0-6292
R*— 0.9674

Cumulative Dissipated Energy to Failure (MPa)

v = 0.0034x0-7159 ) -
R*=0.9421

10 T T 1
10000 100000 1000000 10000000

Number of Cycles
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10% RA 60/70 Flexural Stiffness

100000 -
! ! - l Fatigue

. 10000 - ’ * r
= % e
é o 2 i + 10% RA 60/70 HMA
& - " <
e 1000 I m 10% RA 60/70 WMA Foam
= Rutting
= 4 10% RA 60/70 WNMA Chemical Additive

< 10% RA 60/70 WNMA Organic Additive

100 i : - T i
0.01 0.1 1 10 100 1000 10000

Long Loading Time Frequency (Hz) Short Loading Time
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20% RA 80/100 Fatigue Results: Strain vs. Nf

008 20% RA 80/100 HMA Plastomer
I 20% RA 80/100 WMA Plastomer
L 20% RA 80/100 HMA Elastomer
+ 20% RA 80/100 WMA Elastomer

£ y = 0.0022x9207 v =0.0027x9217
:E R*=0.9281 Rz = 0.7086
i v = 0.0008x0121
R*=0.3382
0.0001
10000 100000 1000000 10000000

Number of Cycles
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20% RA 80/ 100 Fatigue Results: st Nf

LOO% € 20% RA 80/100 HMA Plastomer I -
Bl 20% RA 80/100 WNMLA Plastomer
A 20%0 RA S80/100 HMA Elastomer
+ 20%% RA 80/100 WMA Elastomer
= v — 0.0026x0-7698
= R> — 0.9832
Zg 100 ¥ — 0.0048x0-7159
= R* = 0.9626
=
= v — 0.0066x9-6902
"z Rz — 0.97
Z
2 10 &
]. T T 1
10000 100000 1000000 10000000
Number of Cyvcles
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20% RA 80/100 Flexural Stiffness
100000

~
10000 %:—‘ : a T I
s324°

A 3%
* (0.4 -
16000 | ,A,_,F!f_,,, € 20% RA 80/100 HMA Elastomer

Rutting W 20% RA 80/100 WMA Elastomer

A 20% RA 80/100 HMA Plastomer

Flexural Stiffness (MPa)

<20% RA 80/100 WMA Plastomer
100 : .

0.01 0.1 1 10 100 1000 10000

Long Loading Time Frequency (Hz) Short Loading Time
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Fatigue Models

Fatigue Models (Dissipated Energy Apnroach)

Mix Type
10% RA 60/70 HMA Control

0.967 W, = 0.0095(Nf§-6292
0.942 W, = 0.0034(Nfy-715°
0.994 W, = 0.0109(NfY-6249

10% RA 60/70 Chemical Additive

10% RA 60/70 Organic Additive

10% RA 60/70 Foam 0.904 W, = 0.0050(Nfy-7023

0.983 W, = 0.0026(Nf¥-769%8
0.963 W, = 0.0048(Nfy-715°
0.973 W, = 0.0014(NfYy-8022

20% RA 80/100 Plastomer Control

20% RA 80/100 WMA Plastomer

20% RA 80/100 Elastomer Control

20% RA 80/100 WMA Elastomer

D

0.970 W, = 0.0066(Nfy-6902
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CONCLUSIONS:

« Wohler fatigue relationship (Strain vst)Nrovides a better analytical

fatigue evaluation compared to the dissipated energy approachs (W
Nf)

* mix fatigue characterization should also incltdge evaluation of mix
flexural properties as to correlate mix flexural properties tongits
well as fatigue criteria

« evaluation of material performance necessitates the assesgment
material properties in terms of durability and material response
regarding area of application or service

1S
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RECOMMENDATIONS:
Future Research;

* should consider an integrated approach of fatigue evaluation that
Incorporates fracture mechanics technique with its evaluation

e consideration of advancing present fatigue models, as to better the
analysis and evaluation, is highly required especially with the ever
Increasing research innovations and newer material types

The challenges remain attainable - RESEARCH!
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