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Objectives Task 2

1. Develop method to simplify measurements of pr
hardening

2. Model to adjusitiffness and wvaluebased on
climatic condition

3. Collect physical hardening for variety of asphalt
binders

4. Usel,to quantify effect of isothermal storage on
dimensional stability of asphalt mixtures

5. Effect of PPA, WMA additives, and Polymers on
physical hardening
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Physical hardening (agiey: a new

A It is caused liyne dependent isothermal
changes in specific volume

A It is similar to reducing temperature.

A Effect completely removed when material is |
to room temperatures.

A Physical hardening for polymers can be
explained by free volume theory in Glas
Transition regi@Btruik(1978) and Ferry (1990)
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Physical Hardenivpdel For Asphalt
Binders (1) and (2)

A Mechanism of gradual particle rearrangement toward lower free volu
resulting in gradual increase in stiffness, can be described asee p «

behavior.
Temp dependant oOostressodo term

KelvirVoigt Model Structure

\ —9(T—To)
2x)*? G
A In which: - (1_8-%”) av. A°
S

I X is isothermal contraction

I ¥ S [isSthe hardening rate

I Tpis the peak temperature for hardening rate, assumed t§©O€}he

I 7is the conditioning temperatuk@)(

I £.is the conditioning time (hrs)

I 2xis the length of the temperature range of the glass transitionGggion (
I GandGare model constants, derived by fitting the model
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Physical Hardening and Temperatt

APhysical hardening for 40 binders investigated:
I Physical hardening was smdll=flg
i Physical hardening peaked af@
I In half of binders, physical hardening was Tesslat
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Physical Hardening Model
(1) and (2)

Temp dependant ostr
—a(T—Ty)*
e (.'Zx)2

Specific

A Physical hardeningee:
Is limited to glass
transition region

A Physical hardening
Ratepeaks af,

Glass Transition Temperature
(Hardening rate= &S/ SO0 jlemperaturdf
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ODbtaining parameterpbf/sical hardenin
model (2)

Firstapproach:

1. Run BBR test for sample at 3 conditioning time
(l.e. 1, 3, and 6 hrs, or longer!)

2. Use Glass Transition temperaiyrartd length of
T,region from bindéjtest.

A The longer the test duration, higher the accuracy
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Obtaining parameters of physical harde
model (2)

Seconcpproach:

1. Run BBR test at 1 hr conditioning time at 3
temperatures, as in performance grading

2. Calculate power law slope, B.

3. UseB alon%_ Wﬂ%and length df, region from
gladSé transition test to predictmodel parametel
an

A GandGareunique for every bindéwus constant at all
conditioning times and temperatures

A Tgmay be indirectstimated from BRBE&nditioning
tests at 3 temperatures
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Goodness of Fit of PH model for Binde

(2), and (3)
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3D Representation of Model
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mvalue calculation from model

Alt has been shown that timperature
superposition holds for hardening (Bahia ar
Anderson, 1993)

A Them(¥), -vis the nvalue aftexseconds of loading time
afterYhr of isothermal conditioning

AAccording to tiriemp super position:
m(60) _y = m(X) -,
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mvalue calculation from model

A Use physical hardening model to predict S(60) at differe
conditioning time$(60) -y
A Find equal S(x) = S@9) on Log(8pg(t) attc=1hr curve.

A Find nvalue for time x, 2o
and use: 280 AAB1 Observed Log S at -25 1h

0 570 | Log(S(6ap=6 -
— o
m(60)c=Y - m(X)c=1 3 2 60
2.50
m(6O)CZ6 = m(3712:1 240 NP
10 =318 100

Loading time (Sec)
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mvalue calculation from model

0.500
Temgtc=Y (hnlog S(60)tc5Log S(X)tcq x (sec)| log x m(x)tc=]|m(60)c=\ j—ry
9 hr | 1.92 1.02 25 | 1.40 | 0.406 | 0.387 It 0.450
10| 24hr| 1.88 1.88 32 | 150 | 0.414 | 0.394 4= 0.400
=
6 hr 1.81 1.81 46 | 1.67 | 0.427 | 0.419 2 0.350
96 hr | 2.25 2.25 24 | 1.38 | 0.339 | 0.320 E. 0300 R2=0.99 _~
45 | 24hr [ 221 2.21 31 | 1.49 | 0.349 | 0.329 T oeo
6 hr 2.14 2.14 50 | 1.70 | 0.366 | 0.351 % '
9% hr | 2.84 2.84 11 | 1.04 [ 0.198 | 0.198 5 0-200
25| 24hr [ 2.80 2.80 17 | 1.24 | 0.213 | 0.218 D 0.150
(enr 273 273 37 | 157 | 0238 0233 Q 5100- em values_(AABl)
96 hr | 3.15 3.15 3 0.45 | 0.072 | 0.092 0.050 — Linear (x=y)
35 | 24hr) 311 3.11 8 | 089 | 0097 0111 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
6 hr 3.05 3.05 29 1.46 0.129 0.127 Measured [m(60)tc:Y]
A Very good agreement between prediction and measur

I Model prediction hold for time temperature superposition

I Model can be used to predict oéimd S changes
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ATCA: Asphalt Thermal Cracking Al

LVDT Unrestrained bea
Gt *m;v ‘»?“LQ' P AR

Load cell Rollers Restrained beam
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ATCA System: Sample preparation




ATCA=uantify effect of isothermal storag
on dimensional stability of asphalt mixtures

TheATCAan simultaneously test two asphalt mixture
beams under following conditions:

I unrestrained specimieam which change in length with
temperature is measured

I restrained specimémmeasure thermal stress buildup.

I Both specimens produced from same sample and both expo
samahermal history
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oo Isothermal testing
cw 1 asphalt mixtures (4
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Isothermal Conditioning (ATCA and BB

——V\alero ——Citgo Citgo 58-28 —M—-Valero 58-28
2.2

Hardening index [S/S0]

Isothermal strain rate [De/e0]

l I T T T 1
0 10 20 30 40 50

Time [min] Time [h]
BBR binder tests shiwferent amount of harderfioigthe two types of bindrsame PG
ATCA mixtures reflect the same hardening trend as the binders
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Effect of Cooling Rate
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A Delayed strain during fast cooling takes place isothermally
A If enough isothermal time is given, mixes reach same stress level
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Importance of Physical Hardening

1. Strain at low temperatures Is function of
temperature ancbnaitioning tinie

2. Thermal stress at any cooling rate cannot be
calculated without including time dependent
strain

3. Time dependent strain = Physical Aging
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Importance of Physical Hardening
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Physical Hardening of WMA and PPA

FH FH+PPA FH+SASOBIT

0.164
0.162
0.16 -
= 0.158 -
0.156 -
0.154 -
0.152
0.15 -
0.148 -
0.146 -

e R = T e e = |

Average Hardening over all
times and temperatures

140

FH FH+PFPA FH+SASOBIT 120
Binder type 100

A WMA decreasaddPPA increas¢otal *

amount of hardening 20 I I I

" 0 | 00 92 /SN 0090 e 0
A WMAnNcrease@ndPPAdecreasetate FESPPA  FHYSASOBIT
. Binder Type
of hardening.

:::::::::::

ooooooo



Conclusions Task 2

A Physical hardening in asphalt binders results in significe
changes In their creep response at temperatures below
glass transition

A Physical hardening can be represented with e e pwith
parameters obtained from BBR andjfasts

A Thermal stress calculations are not accurate without
accounting faglass Transitiamdtimedependant strain
(isothermal contraction)

A Effect of isothermal contraction becomes very important
using lab tests at faster cooling rates to predict field con

rrrrrrrrrrr

MMMMMMM



Task 3Development of Sinfldge Notchec
Beam (SENB)

Follows ASTM E399 and assumemsiear Elastic Fracture
Mechanics (LEFMxonditions are true 200
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BBRSENB system at-WAdison

BBRiConstantate motor

| 1
. : 1
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BBRSENBEffect of Modification

Force (mN)
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SENB vs. BBR

¢-12C m-18C n-24C
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A BBR nvalueandcreep stiffnedsaveverypoor correlationith theSENB
parameters.
A BBR criterifailsto account fanany bindersithlowfractureenergy
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SENB vs. BBR

¢-12C =-18C A-24C ¢-12C m-18C 4a-24C

700 0 100 200 300 400 500 600 700
S(60) (MPa)

0 100 200 300 400 500 600
S(60) (MPa)

SENBracture energys) clearlydiscriminatebetween binders wdimilar stiffness amdvalue

MODIFIED
ASPHALT

RESEARCH
TTTTTTTTTTT

CENTER o
WISCONSIN

MMMMMMM




SENBsfas Performance Indicator
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A Difference in performance as measured ba$&Nihders of
the same PG, tested at-{2)C, and (b4 C.
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Brittle-Ductile Transition
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A KlICdoes not shaavclear trendbove and below. TG
A Gfdecreaseat temps below TG.
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Brittle-Ductile Transition

¢-12C m-18C A-24C
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A Fracture deflectiarearly showsittle-ductile transition
A Fracture deflection @35 mnseems to kbreshold value
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SENBSLTPP Data

TC Index:

# of Thermal Cracks/Freeze Ir

\ LTPP ID code

A Lower TC index shows better low temp performance
A Binders wittower TC Indeavehigher Gf and failure deflection

90961 (9.3)
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