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Maxwell’'s Observation

@ “What is required to alter the form of a soft solid is a sufficient
force, and, this when applied produces its effect at once. In the
case of viscous fluid it is time which is required, and if enough
time is given, the very smallest force will produce a sensible effect,
such as would require a very large force if suddenly applied. Thus
a block of pitch may be so hard that you cannot make a dent in it
by striking it with your knuckles; and yet it will in course of time,
flatten itself by its own weight, and glide down hill like a stream of
water."”

J. C. Maxwell, Theory of Heat, Ninth Edition, 1888

J. Murali Krishnan (IIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 4/50



Pitch Drop Experiment

@ One of the oldest running experiments in the history of science
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Pitch Drop Experiment

@ One of the oldest running experiments in the history of science

@ Professor Parnel started this experiment in 1927 in University of
Queensland

J. Murali Krishnan (IIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 5/50



Pitch Drop Experiment

Year Event
1930 The stem was cut
1938 (December) 1st drop fell
1947 (February) 2nd drop fell
1962 (May) i drop o
ay. th drop fel
1970 (August) 5th drop fell
198 (i) Pt crop o
19 uly th drop fe
2000 (November) 8th drop fell
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Some Early Experiments on Asphalt

Table II.
Foree. 0. 140, 240, 840, 440,
Rate of elongntion ... 20 64 14 20 26
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Some Early Experiments on Asphalt

@ Trouton conducted one of the
earliest experiments on torsion
and uniaxial compression on
cylinders of pitch etc.

Table II.
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Some Early Experiments on Asphalt

@ Trouton conducted one of the
earliest experiments on torsion
and uniaxial compression on
cylinders of pitch etc.

@ “...the rate of flow of the

material under shearing stress Table TI.
cannot be in simple proportion T I P e I
to stress ...” ot coguon | 30 | 64 | 10 | m | o6

Trouton(1906), Proc. R. Soc.
London, Series A 57(519), 426-440.
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Some Early Experiments on Asphalt

Frastie RECOVERY OF BITUMENS
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@ ‘Elastic recovery’ in a concentric cylinder viscometer
Broome (1939), Journal of Institute of Petroleum, 25, 509-5
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Some Early Experiments on Asphalt
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@ Air-blown Gulf Coast Il Asphalts of 6 different types =
Romberg and Traxler(1947), Journal of Colloid Science, 2, 33-4
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Some Early Experiments on Asphalt

@ ‘Plastic’ Bitumen: . .. its viscosity is not constant, but fluctuates
with the shear stress. . .

J. Murali Krishnan (IIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 10/50



Some Early Experiments on Asphalt

@ ‘Plastic’ Bitumen: . .. its viscosity is not constant, but fluctuates
with the shear stress. . .

@ Maltenes themselves are not plastic; not until asphaltenes are
present can there be any plasticity.

J. Murali Krishnan (IIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 10/50



Early Investigations on Asphalt

Some Early Experiments on Asphalt

@ ‘Plastic’ Bitumen: . .. its viscosity is not constant, but fluctuates
with the shear stress. . .

@ Maltenes themselves are not plastic; not until asphaltenes are
present can there be any plasticity.
@ The influence of pressure is far greater upon asphaltic bitumens

than upon lubricating oils. For instance, under 100 atmospheres,
the viscosity of a non-plastic, soft asphaltic bitumen at 35°C,

increased to 2} times its original figure.

Saal and Koens (1933), Journal of the Institution of Petroleum Technologists, 19,
176-212.
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Pressure Dependence on Viscosity of Bitumen - 1950
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@ Viscosity of California (residual) bitumen at different temperatures
and pressures.
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Pressure Dependence on Viscosity of Bitumen - 1950
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@ Viscosity of bitumens at 30°C and at different pressures
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Early Investigations on Asphalt

Pressure Dependence on Viscosity of Canada Oil
Sand Bitumen
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Early Investigations on Asphalt

Pressure Dependence on Viscosity of Canada Oil
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@ Viscosity - temperature -
pressure data for compressed,
gas free Athabasca bitumen,
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Early Investigations on Asphalt

Pressure Dependence on Viscosity of Canada Oil
Sand Bitumen
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@ Viscosity - temperature -
pressure data for compressed
cold lake bitumen, 1987

@ Viscosity - temperature -
pressure data for compressed,
gas free Athabasca bitumen,
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Pressure - Temperature - Viscosity of Bitumen
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Pressure - Temperature - Viscosity of Bitumen
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Pressure - Temperature - Viscosity of Bitumen
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@ ‘Newtonian’ Viscosity -
temperature - pressure
150/200 bitumen, 2006

@ ‘Newtonian’ Viscosity -
temperature - pressure 60/70
bitumen, 2006

Alfonso et al. (2006), Fuel, Manuscript in Pr
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Significance of Pressure on Viscosity of Bitumen

@ Compaction Mechanics
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Significance of Pressure on Viscosity of Bitumen

@ Compaction Mechanics

@ What is the mechanical behavior of a thin film of asphalt holding
the aggregate particles during aircraft landing?
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Significance of Pressure on Viscosity of Bitumen

@ Compaction Mechanics

@ What is the mechanical behavior of a thin film of asphalt holding
the aggregate particles during aircraft landing?

@ Current state of art: Time - Temperature - Pressure Superposition

(?)
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Significance of Pressure on Viscosity of Bitumen

@ Compaction Mechanics

@ What is the mechanical behavior of a thin film of asphalt holding
the aggregate particles during aircraft landing?

@ Current state of art: Time - Temperature - Pressure Superposition

(?)
e Ci (T — Trer — 0(P))
i:_ 1 — Tref —
Iog Nref CZ(P) + (T - 7-ref - Q(P)) (1)
14 C4P 1+ GeP
(P = CalP)in (1) - as(PIn ({5 ) @)

Alfonso et al. (2006), Fuel, Manuscript in Press
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Early Constitutive Models

e Early Constitutive Models
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Early Constitutive Models

Burgers’ Model - Lethersich’s Experiments
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Burgers’ Model - Lethersich’s Experiments

clan)

M{EL) <

BiEg)
i [IEps)

@ Bitumen is assumed to possess a colloidal structure consisting of
asphaltenes (disperse phase, solid-like) and petrolenes
(dispersion medium, viscous fluid) - ‘elastic elements buried in a
viscous fluid’

Lethersich (1942), Journal of the Society of Chemical Industry, 61, 101-108.
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Frohlich and Sack, 1946

S+ \S = 111Dy + p2Do, (3)

o= (3 (3))
o= (1 (2))

Frohlich and Sack (1946), Proceedings of the Royal Society of London, Series A,
Mathematical and Physical Sciences, 185, 415-430.
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Frohlich and Sack, 1946
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according to which it should be an‘exponential function of time. Figure 8 shows that
this is the case for most of the recovery curve, but for (relatively) short times there
is an additional recovery. It seems evident that the structure of bitumens is more
complicated than was assumed in our model, and there are a number of suggestions
one can make to account for the additional recovery (e.g. an interaction between the
elastic spheres, or an elasticity of the fluid in which they are dispersed). It is not the

@ Interestingly, Oldroyd (1950) developed models for emulsions which was inspir
by the work of Frohlick and Sack.
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Current Attempts in Modeling Asphalt

@ Linear viscoelasticity - Time temperature superposition - Master
curves - Complex Modulus (SHRP, USA)
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Current Attempts in Modeling Asphalt

@ Linear viscoelasticity - Time temperature superposition - Master
curves - Complex Modulus (SHRP, USA)

@ Lesueur ef al.(1996) - failure of time temperature superposition - A
bimodal model assuming asphalt as a dispersion of asphaltene
particles peptized by resins

@ Cheung and Cebon (1997) - ‘Eyring plasticity model’ at
temperatures below glass transition with a temperature
dependence of the Arrhenius type at temperatures above glass
transition - Assumed that asphalt obeyed time-temperature
superposition at high temperatures.
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Issues in Modeling Asphalt

e Issues in Modeling Asphalt
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Issues in Modeling Asphalt

@ Multi-constituent nature of asphalt
e asphalt is a mixture of different reacting and diffusing components,

e asphalt from different sources of crude have different amounts of
constituents and possibly different ability for reactions and

@ each and every manifestation of change in the behavior of asphalt
(such as aging etc.,) is due to the inter-conversion of one type of
constituent to the other type.

@ Asphalt Transitions

@ Internal Structural Change of Asphalt with Time
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Asphalt Transitions

@ Starting from a low temperature of approximately -40°C and
heating asphalt at a uniform temperature rate to a temperature of
+100°C, the following transitions are observed:
glassy solid = viscoelastic solid = viscoelastic fluid = Newtonian

fluid
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@ Schweyer (1973)
high temperature (> 60 °C) - Newtonian fluid,
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@ Starting from a low temperature of approximately -40°C and
heating asphalt at a uniform temperature rate to a temperature of
+100°C, the following transitions are observed:
glassy solid = viscoelastic solid = viscoelastic fluid = Newtonian
fluid

@ Schweyer (1973)
high temperature (> 60 °C) - Newtonian fluid,
near-transition region (between 0 and 60 °C) - viscoelastic and
far-transition range (between glass transition temperature and
0°C) - elastic

@ Storm et al.,(1996)
in the temperature range of 65 - 150 °C, asphalts behaved as
Newtonian fluids and in the temperature range between 25 - 65
°C, the behavior was essentially viscoelastic
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Asphalt Transitions

@ What causes these transitions?
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Asphalt Transitions

@ What causes these transitions?

e Solvation of the asphaltene shells becomes larger during
temperature transition imparting a new microstructure to asphalt
o crystallization

@ One can view asphalt as a mixture of amorphous and crystalline
phases and that the influence of temperature is in the melting of
crystalline phases as the temperature is increased or in the
formation of crystalline phases as the temperature is decreased.
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Asphalt Transitions

@ What causes these transitions?

e Solvation of the asphaltene shells becomes larger during
temperature transition imparting a new microstructure to asphalt
o crystallization

@ One can view asphalt as a mixture of amorphous and crystalline
phases and that the influence of temperature is in the melting of
crystalline phases as the temperature is increased or in the
formation of crystalline phases as the temperature is decreased.

@ Claudy et al.,(1991):
at temperatures below 0 °C - glass transition
at temperatures between 0 and 90 °C - gradual dissolution of
crystallized fractions and
at temperatures roughly above 100 °C - asphalt behaving as a
‘homogeneous solution’
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Asphalt Transitions - Noel and Corbett (1970)

@ One of the significant investigation on the crystalline phases in
asphalts
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Asphalt Transitions - Noel and Corbett (1970)

@ One of the significant investigation on the crystalline phases in
asphalts

@ Used Differential Scanning Calorimetry (DSC) and tested 6
different types of asphalts.

@ Conclued that the crystallizable components present in asphalt
are largely found in the saturate fractions of the asphalt with some
lesser amount in the naphthene-aromatics fraction.

@ Melting of the crystalline fractions of the waxy asphalts took place
over a broad range of temperature of 0 - 85°C
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Asphalt Transitions - Noel and Corbett (1970)

@ Recorded for the first time cold crystallization (suppressed

crystallization by quench cooling, results in metastable
amorphous state below glass transition)

;;;;;;
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Asphalt Transitions

@ Mass fractions of the crystallized fractions can vary depending
upon the asphalt type and the temperature
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Asphalt Transitions

@ Mass fractions of the crystallized fractions can vary depending
upon the asphalt type and the temperature

@ Claudy (1992) - percentage of crystallized fractions varied from
zero to 33.9 percent for different types of asphalts

@ Netzel (1998) - existence of an interphase between amorphous
and crystalline phases using '3C nuclear magnetic resonance

@ What is the nature of the crystallized fractions in asphalt? -
Essentially wax
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Asphalt Transitions

@ Wax in bitumen

Bitumen samples ‘Wax content (%) Crystallisation starting Wax melting out
temperature (°C) temperature (°C)

B1 0 -

B2 40 30 63

B3 1.9 37 90

B4 62 41 74

B3 19 28 70
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@ Paraffin wax: Group of n-alkanes, crystallize in large flat plates or
needles, also known as macro-crystalline wax
@ Micro-crystalline wax: Aliphatic hydrocarbons with considerable iso
and cyclic paraffins, crystallize in tiny microscopic needles.
© Certain aromatics and polar functional groups can also crystallize

Bitumen samples ‘Wax content (%) Crystallisation starting Wax melting out
temperature (°C) temperature (°C)
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Asphalt Transitions

@ Wax in bitumen
@ Paraffin wax: Group of n-alkanes, crystallize in large flat plates or
needles, also known as macro-crystalline wax
@ Micro-crystalline wax: Aliphatic hydrocarbons with considerable iso
and cyclic paraffins, crystallize in tiny microscopic needles.
© Certain aromatics and polar functional groups can also crystallize

@ DSC techniques can be used to characterize the crystallization
starting temperature (during cooling) and wax melting temperature
(during heating).

Bitumen samples ‘Wax content (%) Crystallisation starting Wax melting out
temperature (°C) temperature (°C)

B1 0 - -

B2 40 30 63

B3 1.9 37 90

B4 62 41 74

B3 19 28 70
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Asphalt Transitions

24 hour at 40°C

Lu and Redelius (2006), ENERGY and FUELS 20 (2): 653-6
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Asphalt Transitions

@ Typical wax morphology

24 hour at 40°C

Lu and Redelius (2006), ENERGY and FUELS 20 (2): 653-668
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Asphalt Transitions

@ Typical wax morphology

24 hour at 40°C

Lu and Redelius (2006), ENERGY and FUELS 20 (2): 653-668
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Asphalt Transitions

o Effect of time and temperature

® Typical wax morphology on wax crystallization

24 hour at 40°C

Lu and Redelius (2006), ENERGY and FUELS 20 (2): 653-6
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Internal Structural Change of Asphalt with Time

@ The internal structure of asphalt can develop and evolve if it is left
undisturbed at a constant temperature.

Reversible - Similar to physical aging of polymers (“This
phenomenon is the observed change in a property of the polymer
as a function of storage time, at constant temperature, at zero
stress, and under no influence from any other external conditions”
- Hutchinson (1995), Progress in Polymer Science)
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Internal Structural Change of Asphalt with Time

@ The internal structure of asphalt can develop and evolve if it is left
undisturbed at a constant temperature.

Reversible - Similar to physical aging of polymers (“This
phenomenon is the observed change in a property of the polymer
as a function of storage time, at constant temperature, at zero
stress, and under no influence from any other external conditions”
- Hutchinson (1995), Progress in Polymer Science)

@ Irreversible - Aging
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Internal Structural Change of Asphalt with Time

@ Reversible Change in Internal Structure - Two mechanisms
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Internal Structural Change of Asphalt with Time

@ Reversible Change in Internal Structure - Two mechanisms

@ “Steric Hardening” - Takes place at room temperature, an extremely
slow process taking from days to weeks to reach equilibrium
conditions

@ “Low Temperature Physical Hardening” - Takes place at
temperatures near glass transition, is much more rapid and
experimental investigations have reported that it takes normally 1 -
2 days at the temperature range of -15 to -35°C
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Internal Structural Change of Asphalt with Time

@ Reversible Change in Internal Structure - Two mechanisms

@ “Steric Hardening” - Takes place at room temperature, an extremely
slow process taking from days to weeks to reach equilibrium
conditions

@ “Low Temperature Physical Hardening” - Takes place at
temperatures near glass transition, is much more rapid and
experimental investigations have reported that it takes normally 1 -
2 days at the temperature range of -15 to -35°C

@ Clearly Arrhenius kind of relationship between rates and
temperatures do not apply for asphalt.
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Internal Structural Change of Asphalt with Time

@ Increase in the viscosity of asphalt kept in the viscometer for
sufficiently long time
Traxler and Schweyer (1936), Proceedings of the American Society for Testing and
Materials, 36, 544-551.
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Internal Structural Change of Asphalt with Time

@ Increase in the viscosity of asphalt kept in the viscometer for
sufficiently long time
Traxler and Schweyer (1936), Proceedings of the American Society for Testing and
Materials, 36, 544-551.
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Internal Structural Change of Asphalt with Time

@ Steric Hardening
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Internal Structural Change of Asphalt with Time

@ Low Temperature Physical Hardening
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Internal Structural Change of Asphalt with Time

@ Low Temperature Physical Hardening
@ Collapse of the ‘free volume’ as asphalt passes through glass
transition (Bahia and Anderson, 1992)
@ Molecular agglomerations of the crystalline phases at low
temperature (Claudy et al., 1992)
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Internal Structural Change of Asphalt with Time

@ Low Temperature Physical Hardening

@ Collapse of the ‘free volume’ as asphalt passes through glass
transition (Bahia and Anderson, 1992)

@ Molecular agglomerations of the crystalline phases at low
temperature (Claudy et al., 1992)

© ‘Spinodal decomposition’ a phenomenon in which a ‘homogeneous’
liquid separates into two liquid phases as the material is cooled
(Claudy et al., 1998)
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Internal Structural Change of Asphalt with Time

@ Low Temperature Physical Hardening

@ Collapse of the ‘free volume’ as asphalt passes through glass
transition (Bahia and Anderson, 1992)

@ Molecular agglomerations of the crystalline phases at low
temperature (Claudy et al., 1992)

© ‘Spinodal decomposition’ a phenomenon in which a ‘homogeneous’
liquid separates into two liquid phases as the material is cooled
(Claudy et al., 1998)

© Four stage internal structural development process for asphalt
(Masson:2002)
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Internal Structural Change of Asphalt with Time

ARA-1 At = ASAC
Neat Hydrated lime [ Galcium carbonate

30T

Johansson and Isacsson (1998), Construction and Building Materials, 12, 463-470.
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Summary of the Issues in Modeling Asphalt

@ The mechanical behavior of asphalt in the temperature regime of
interest is quite complicated and not well understood,
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Summary of the Issues in Modeling Asphalt

@ The mechanical behavior of asphalt in the temperature regime of
interest is quite complicated and not well understood,

@ A comprehensive theory for modeling asphalt even with the limited
information that is available is lacking and

@ Each and every facet of the modeling of the mechanical behavior
of asphalt requires fusing ideas from physics and chemistry.
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Summary of the Issues in Modeling Asphalt
@ Asphalt is a mixture of different chemical species and the different

manifestations of the mechanical behavior of asphalt depends on
the relative proportions of each of these species.
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@ Asphalt is a mixture of different chemical species and the different
manifestations of the mechanical behavior of asphalt depends on
the relative proportions of each of these species.

@ The proportion of these different constituents as well as the
potential for chemical interconversion depends to a large extent on
the source of asphalt (crude source), the processing method etc.
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@ Asphalt is a mixture of different chemical species and the different
manifestations of the mechanical behavior of asphalt depends on
the relative proportions of each of these species.

@ The proportion of these different constituents as well as the
potential for chemical interconversion depends to a large extent on
the source of asphalt (crude source), the processing method etc.

@ A complete and rigorous constitutive model should be able to take
into account the multi-constituent nature of asphalt, the ability to
interconvert as well as the influence of the crude source on the
mechanical behavior of asphalt.
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Summary of the Issues in Modeling Asphalt

@ Asphalt is a mixture of different chemical species and the different
manifestations of the mechanical behavior of asphalt depends on
the relative proportions of each of these species.

@ The proportion of these different constituents as well as the
potential for chemical interconversion depends to a large extent on
the source of asphalt (crude source), the processing method etc.

@ A complete and rigorous constitutive model should be able to take
into account the multi-constituent nature of asphalt, the ability to
interconvert as well as the influence of the crude source on the
mechanical behavior of asphalt.

@ Due to the paucity of experimental information, we ignore
influence of the different chemical species that constitute asphalt
as far as its mechanical behavior is concerned.
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Summary of the Issues in Modeling Asphalt

@ We can consider asphalt as a mixture of two complex amorphous
phases at roughly 100°C.
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@ We can consider asphalt as a mixture of two complex amorphous
phases at roughly 100°C.

@ As the temperature is reduced, one phase of this mixture starts
crystallizing while the other remains in the amorphous phase.
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Summary of the Issues in Modeling Asphalt

@ We can consider asphalt as a mixture of two complex amorphous
phases at roughly 100°C.

@ As the temperature is reduced, one phase of this mixture starts
crystallizing while the other remains in the amorphous phase.

@ The mechanical behavior of asphalt then is influenced by the
volume/mass fractions of these different phases and the tendency
for the crystalline phase to either dissolve or solidify depending
upon whether the pavement temperature increases or decreases.
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Summary of the Issues in Modeling Asphalt

@ We can make reasonable assumptions on the conditions for the
initiation of crystallization and the evolution for the growth of the
crystallized fractions if we know the crystallization kinetics.
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Summary of the Issues in Modeling Asphalt

@ We can make reasonable assumptions on the conditions for the
initiation of crystallization and the evolution for the growth of the
crystallized fractions if we know the crystallization kinetics.

@ In this investigation, we assume that the amorphous and
crystalline phases give rise to different relaxation mechanisms and
hence we will model asphalt with multiple relaxation mechanisms.
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A Thermodynamic Framework for Modeling Asphalt

e A Thermodynamic Framework for Modeling Asphalt
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Modeling of Asphalt

@ The key element of the framework that we use is that a body can
exist stress free in numerous natural configurations.
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Modeling of Asphalt

@ The key element of the framework that we use is that a body can
exist stress free in numerous natural configurations.

@ We follow Rajagopal and Srinivasa (2000), Journal of
Non-Newtonian Fluid Mechanics, 88, 207—227 for our modeling of

asphalt.
X = xup(X;1). (6)
OXrg
F”R = oxX - (7)
_ T
BI{H = FK/RF}{R7 (8)
_ T o
Crp = FI_Fup. (
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A Thermodynamic Framework for Modeling Asphalt

@ Experimental studies on the compressibility of asphalt have
pointed out that the change in the density is of the order of only
1.5 percent under normal temperatures and pressures and hence
in this study, we assume asphalt to be incompressible.

divw = 0. (10)
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A Thermodynamic Framework for Modeling Asphalt

@ Experimental studies on the compressibility of asphalt have
pointed out that the change in the density is of the order of only
1.5 percent under normal temperatures and pressures and hence
in this study, we assume asphalt to be incompressible.

divw = 0. (10)

@ The balance of linear momentum is

p [g‘t’ + (Vv)v] = divT + pg, (11)

J. Murali Krishnan (IIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 42 /50



A Thermodynamic Framework for Modeling Asphalt

@ Experimental studies on the compressibility of asphalt have
pointed out that the change in the density is of the order of only
1.5 percent under normal temperatures and pressures and hence
in this study, we assume asphalt to be incompressible.

divv = 0. (10)
@ The balance of linear momentum is

o [g‘t’ + (Vv)v] = divT + pg, (11)

@ Reduced Energy-Dissipation Equation

T L-pp=p0=¢>0 (12)
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Constitutive Equation

@ Helmholtz Potential

1
) = 2—pZm(h—3>, (13)
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Constitutive Equation

@ Helmholtz Potential
1 n
) = Zpi;ui(li—w, (13)

@ Rate of Dissipation

n

€= 2 (mD“vi(t) BP0 TP D> ' )

i=1
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Constitutive Equation

n
T=-p1+ 21 (MiBﬁpi(t) +77iD) (15)
1=
1v i 3
K = — 1-B, i=1,...n (16)
2 ") ; -1 pi(0) |’ ’
| tr <B,€pi(t)>

J. Murali Krishnan (IIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 44 /50



Some Experimental Corroboration

@ Constant Extension Rate Test : Cheung and Cebon (1997)

A(t) =1+ Kt, (17)
where K is a constant. The velocity gradient for this motion is
given by,

. -1 K -1 K K
L= dig| 5 ke 2 kTR (18)
B, .=1, for t=0. (19)
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Some Experimental Corroboration

Constant extension rate test for Bitumen & 10°C
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Some Experimental Corroboration

For the case with single relaxation

time, the constitutive equation is . | crmesmnaosmaite
given by o |
T=—p1 + By, +7D, (20) . | "

and the evolution equation for the : ]

natural configuration is given by woox?

1y 3

ZBH (t) % ¢ (B*l )1 — B"{p(t)

G0
(21)
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Some Experimental Corroboration

@ Tensile creep experiments of Lethersich (1942)

Extension/time curves for Bitumen

Extensionftime curves for Bitumen " Temperaure 35" c

Tempsamve 317“ c 12 8 g/om Expeﬂ mem N
- Experiment -

mwm Expsmm B
Experiment  *

Extensionin%
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% Timein days

Timein days

Murali Krishnan (lIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 47 /50




Some Experimental Corroboration

@ Tensile creep experiments of Lethersich (1942)

Extension/time curves for Bitumen

Extension/time curves for Bitumen " Temperaure 35" c

Tempsamve 317“ c 12 8 g/om Expeﬂ mem N
- Experiment

mwm Expsmm B
Experiment  *

Extensionin%
Extensionin%

o Timein days

Timein days

Murali Krishnan (lIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 47 /50




Some Experimental Corroboration

@ Tensile creep experiments of Lethersich (1942)

Extension/time curves for Bitumen

Extensionvtime curves for Bitumen " Temperaure 35" c

Tempsamve 317“ c 12 8 g/om Expeﬂ mem N
- Experiment

mwm Expsmm B
Experiment  *

Extensionin%
Extensionin%

o Timein days

Timein days

Murali Krishnan (lIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 47 /50




Some Experimental Corroboration

@ Tensile creep experiments of Lethersich (1942)

Extension/time curves for Bitumen

Extensionvtime curves for Bitumen " Temperaure 35" c

Tempsamve 317“ c 12 8 g/om Expeﬂ mem N
- Experiment

mwm Expsmm B
Experiment  *

Extensionin%
Extensionin%

o Timein days

Timein days

Murali Krishnan (lIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 47 /50




Summary

@ We discussed the complex mechanical behavior of asphalt

J. Murali Krishnan (IIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 48/50



Summary

@ We discussed the complex mechanical behavior of asphalt

@ A thermodynamic framework was used for modeling asphalt

J. Murali Krishnan (IIT Madras) Asphalt - Mechanical Behavior Sept. 25, 2006 48/50



Summary

@ We discussed the complex mechanical behavior of asphalt
@ A thermodynamic framework was used for modeling asphalt

@ In the next talk, we will discuss some open issues in modeling
asphalt
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