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What controls cracking ?

Strain or stress

Bitumen or mastic

What controls mastic cracking behavior ?
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Introduction: Thermal Cracking

* Low temperature cracking is a major distress in many
regions.

Tensile
“itre.,,  Strength

Stress

t“
-t

* Thermal stress buildup due to:
— Restriction of thermal strain
— Excessive brittleness Thermal stress
— Increase in stiffness

— Decrease in the ability to relax stress Ter Temperature, "C

e Current understanding: Thermal stress exceeds tensile
strength, thermal cracks will occur.
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Motivation:
What controls Cracking ?

j Eijkl (t-2)

Thermal Stress Thermal Strain- From T, component:
Coefficient of thermal contraction
o(T) and T,

This is a Strain-driven Mechanism; no strain= no stress
What about strain at Failure ?
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Asphalt Mixtures Thermal Strain
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What controls Shrinkage:
Bitumen or Mastics?
o Fillers & modifiers

affect all aspect of
bitumen behavior

radient of stiffening

1. Filler
2. Asphalt adsorbed layer
3. Asphalt layer affected by adsorption

Important Filler Properties:
Geometry and Composition
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Importance of Mastic in Thermal
Cracking Prediction

 Stiffening effect of mineral fillers has been observed in asphalt mastics

and mixtures for many years (Anderson and Goetz (1973), Dukatz and Anderson
(1980), Craus et al. (1978), Buttlaret al. (1999), etc.)

 Stiffening results from volume fraction of filler and physio chemical
interaction between asphalt and filler.

» Cracking can be considered as an asphalt mastics related problem due
to effects of mineral fillers on crack propagation and crack pinning

Importance of asphalt mastics in asphalt mixtures thermal
cracking resistance is debated.
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How to characterize Cracking: Time-
Temperature Superposition Principle (TTSP)

. Asphalt isa thermo-

S g p———

Master ¢urve Tk
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Application of Time-Temperature Principles on Fracture
Properties of Asphalt-Aggregate Composites

*»* Master curves can be constructed for rheological
properties of relatively homogenous materials at small

strains.

+»* Can this be applied to large strain composite materials

(Mastics) characterization?

e Crack pinning of fillers T
 Damage Propagation in Mastics

Complication of the
behavior of asphalt
mastics at high strains
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Problem Statement:

Stress and Strain in Failure Zone

* The binder S(60) and m(60) measured with Bending Beam
Rheometer (BBR) can estimate stress / strain build up, but not
fracture

* Neat bitumne strength / strain
tolerance values highly correlate
with binder stiffness

Non-LI:flear

. . . -- Damage
* However mineral fillers (binder- @ 5
aggregate interaction) have %’
significant effects on fracture Strain -
f

properties of binders.
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Study Focus:

+»* Development of suitable failure characterization of mastics
by constructing fracture master curves using Single Edge
Notched Bending (SENB)

+» Assessment of the sensitivity of the mastic fracture
properties (e.g., strain at failure), to changes in loading time
and temperature
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Mineral Filler Selection

1. Surface Area of Fillers Name | Code | RV (%) | BET (milg) | SG (glem?)
2. Rigden Voids (Size DasdlVesoler | BV1 | 310 | toat | o7®
. . . Cisler Granite CSG 32.75 2.17 2.66
DISt"b“tlon): Hydrated Lime HL 52.80 21.31 2.46
: mx10°
%Volids =| 1— %100

X% pxh

m = mass of compacted filler
| | r = inner radius of the cylinder
Place plungerin  Raise to drop height 0 =Specific gravity of filler
dropping blockand  anq et fall freely, h = Height of d fill
seat on guides repeat 100 times. = Height of compacted filler.
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BBR-SENB System

e Evaluates:

— Binder/Mastic low
temperature fracture
properties

e Modification of BBR by:

— Deflection-controlled instead of
load controlled.

— Notched samples
e Used in this study to measure
importance of mastic strain at
failure in low temperature
cracking.
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Can we Construct Fracture Master Curve?

e 1 Binder Type 3 different Loading Rates:
> PG 64-22 0.04 mm/s, 0.01 mm/ and 0.0025 mm/s
e 2 Filler Volume 5 Different Temperatures:

Fractions: 20 % and 35% > -6,-9,-12,-18,-24°C

* 3 Mineral Filler Name Code I§V BET (m?/g) | SG (g/cm?3)
Types _ -
y Basalt Vesicular | BV1 | 37.80 10.21 2.79
Cisler Granite CSG | 32.75 2.17 2.66
Hydrated Lime HL 52.80 21.31 2.46
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BBR-SENB Loading Rate & Temperature

Effect of
Strain
Rate:

Effect of
Temperature:
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Time-Temperature Superposition Application
Strain at Failure
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Failure Strain Master Curves
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F(f) = Emin + (gmax o gmin) [1 + (fc/an)k]

logar = —cy(T — Ty)/lcz + (T — Ty)]

MODIFIED
ASPHALT

RESEARCH
CENTER

-m

* Asphalt mastics have
different fracture
behavior than asphalt
binders

e TTS principles can be
applied to mastics

* The volume fraction of
filler is a Main factor
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Failure Stress Master Curves
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v" Failure stress is less sensitive to cooling rates .
v Suggesting consideration of failure strain as the main Characteristic

MODIFIED
ASPHALT
RESEARCH 18

0o URPSCEREE | THE UNIVERSITY

ananananan



Temperature Shift Factors
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Shift curves are :
steeper for materials
which failed at smaller
strain, and
less steep for materials
which failed at larger
strains

MODIFIED
ASPHALT
RESEARCH

CENTER

TTTTTTTTTTT

nnnnnn



Failure Master Curves Sensitivity

Analysis

Factor Filler Volume | Temperature | Deformation Replicate
Type Fraction (°C) Rate (mm/sec) P
Level 3 2 5 3 2
_ CSG -6, -9, -12, - 0.0025 A
Description 20%, 35%
BV1, HL 18, -24 0.01, 0.04 B
Factor Df Sum Sq Mean Sq F value Pr(>F) Significance
Filler Type 2 5123053 5123053 2.3092 0.1294 N
AL Vqlume 1 15273112 7636556 3.4422 0.0329 Y
Fraction
Temperature | 4 1494287770 373571943 168.3869 | <2.2e-16 Y
Displacement 2 322264719 161132359 72.6301 < 2.2e-16 Y
Rate
Replicate 1 1860339 1860339 0.8385 0.3604 N
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Summary of Findings

e Mastic fracture master curves can be developed and applied.
Time temperature superposition remains valid for asphalt
mastics (binders with mineral filler inclusion) at large strains
at failure.

e Mastics have significantly different fracture behavior than
binders
— Itis better to test mastics to predict mixture cracking
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Summary of Findings

 Strain at failure is more sensitive to cooling rate than stress at
failure mmmp More emphasize should be placed on failure strain
in areas where cooling rates vary significantly

e At lower mastic strain rates representative of low cooling rates
typical of field cooling conditions, the strain at failure of asphalt
mastics are found to be the controlling factor since the failure
stresses are almost independent of strain rates (cooling rates)
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Thank You!
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Questions?

WwWw.uwmarc.org

Hussain Bahia roacs.
bahia@engr.wisc.edu ...

Pouya Teymourpour
teymourpour@wisc.edu
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MARC Researchers Present Research Findings at
2015 AAPT Meeting in Portland, OR.

MARC researcher Mr. Amir Arshadi attended the 2015 Annual
Meeting of the Association of Asphalt Paving Technologists
(AAPT) which was held in Portiand Marriott Downtown
Waterfront Hotel, Portland, Oregon, on March 8-11, 2015. With
his paper titled "Development of an Image-based Multi-Scale
Finite Element Approach with Effective Simulation of Particle-to-
Particle Contact Behavior to Predict Mechanical Response of
Asphalt Mixtures” being accepted, Mr. Arshadi attended a
technical session where his paper was listed in the program as
"By Title" and had discussions with other researchers who were
interested in this field. Ms. Raquel Moraes, the MARC alumni,
also attended this meeting and presented her research findings
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BBR-SENB

The BBR-SENB system is
a modification of the
Bending Beam
Rheometer, that enables
low temperature fracture
testing on BBR size
beams.

MARC continues to
evaluate the potential of
the BBR-SENB system for
better estimation ofthe
thermal cracking
susceptibility of asphalt
materials.

Events

MARC Workshop on Mixing and Compaction of
Hot and Warm Asphalt Mixtures to be Held on
4/30-5/1

The Modified Asphalt Research Center (MARC) will be hopsting
its 5th workshop on the factors affecting mixing and compaction
temperatures of conventional and non-conventional HMA

products on April 30-May 1, 2014. For more information on future

workshops and registration please visit the w

First Workshop on Improved Characterization
Methods for Modified Binders, Emulsions, and
Mixtures in May 2014
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