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Abstract

E46291

Due to largely increasing traffic volume and truck load, a large volume of hot-mixed
asphalt (HMA) pavement in Thailand is susceptible to damage. Use of Polymer-
Modified Asphalt (PMA) has become more popular in pavement construction due to its
ability to support quantitatively larger traffic load than the HMA. However, PMA is
prepared by compaction of aggregates to the specified density, as a result, its strength
and deformation properties are anisotropic, depending on the direction of external stress
application relative to the direction of compaction. This research is a study of the
strength and deformation of PMA that was prepared by compaction in different
directions. The strength and deformation of PMA specimen were investigated by
performing unconventional unconfined compression tests. The axial and lateral strains
were locally measured by means of a pair of local deformation transducers (LDTs) and
a set of three clip gages to determine deformation properties which are free from
bedding errors. Test results were compared with HMA specimens previously studied. It
was found that: 1) the compressive strength and secant stiffness (Eso) of the vertically
compacted PMA specimen were higher than those of the horizontally compacted PMA
specimen; 2) at the same stress level, the vertical equivalent elastic Young’s moduli,
E, .., were higher than the horizontal equivalent elastic Young’s moduli, E, ; and,
the vertlcal to-horizontal Poisson’s ratios, v, ., were higher than the honzontal to-
vertical Poisson’s ratios, v,, ., ; and, 3) at the same density, the compressive strength
and the stiffness of PMA were significantly higher than those of HMA.

Keywords: Polymer-Modified Asphalt / Hot-Mixed Asphalt / Anisotropy / Compressive
Strength / Stiffness
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and PMA-3H as a function of horizontal stress

Equivalent elastic modulus for all densities of PMA-1V, PMA-2V

and PMA-3V as a function of normalized vertical stress

Equivalent elastic modulus for all densities of PMA-1H, PMA-2H

and PMA-3H as a function of normalized horizontal stress

Equivalent elastic modulus for all densities of PMA-1V, PMA-2V and
PMA-3V as a function of normalized vertical stress with eg and ecurrent
Equivalent elastic modulus for all densities of PMA-1H, PMA-2H and

PMA-3H as a function of normalized horizontal stress with eg and ecyrrent

Equivalent Poisson’s ratio for all densities of PMA-1V, PMA-2V

and PMA-3V as a function of normalized vertical stress

Equivalent Poisson’s ratio for all densities of PMA-1H, PMA-2H

and PMA-3H as a function of normalized horizontal stress
Comparisons between vertical and horizontal equivalent elastic
modulus for PMA-1V and PMA-1H at density of 1.90 g/cm’
Comparisons between vertical and horizontal equivalent elastic
modulus for PMA-2V and PMA-2H at density of 2.15 g/em’
Comparisons between vertical and horizontal equivalent elastic
modulus for PMA-3V and PMA-3H at density of 2.37 g/em’
Comparisons between vertical and horizontal equivalent Poisson’s ratio
for PMA-1V and PMA-1H at density of 1.90 g/cm’

Comparisons between vertical and horizontal equivalent Poisson’s ratio
for PMA-2V and PMA-2H at density of 2.15 g/cm’

Comparisons between vertical and horizontal equivalent Poisson’s ratio
for PMA-3V and PMA-3H at density of 2.37 g/em’

Comparisons between vertical and horizontal normalized equivalent
elastic modulus for all densities

Comparisons between vertical and horizontal normalized equivalent
elastic modulus for all densities, linear fitted with the average m-power
Comparisons between vertical and horizontal equivalent Poisson’s ratio
for all densities, linear fitted with different m-power values
Comparisons between vertical and horizontal equivalent Poisson’s ratio
for all densities, linear fitted with the average m-power
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4.38(a)
4.38(b)
4.38(c)
4.39(a)
4.39(b)
4.39(c)
4.40(a)
4.40(b)
4.40(c)
4.41(a)
4.41(b)
4.41(c)
4.42(a)
4.42(b)
4.43(a)
4.43(b)
4.44(a)
4.44(b)
4.45(a)

4.45(b)

Comparisons for equivalent elastic modulus between PMA and HMA
specimen as a function of vertical stress at density of 1.90 g/cm3
Comparisons for equivalent elastic modulus between PMA and HMA
specimen as a function of vertical stress at density of 2.15 g/cm3
Comparisons for equivalent elastic modulus between PMA and HMA
specimen as a function of vertical stress at density of 2.37 g/em’
Comparisons for equivalent elastic modulus between PMA and HMA
specimen as a function of horizontal stress at density of 1.90 g/em’
Comparisons for equivalent elastic modulus between PMA and HMA
specimen as a function of horizontal stress at density of 2.15 g/cm3
Comparisons for equivalent elastic modulus between PMA and HMA
specimen as a function of horizontal stress at density of 2.37 g/em’
Comparisons for equivalent Poisson’s ratio between PMA and HMA
specimen as a function of vertical stress at density of 1.90 g,/cm3
Comparisons for equivalent Poisson’s ratio between PMA and HMA
specimen as a function of vertical stress at density of 2.15 g/em’
Comparisons for equivalent Poisson’s ratio between PMA and HMA
specimen as a function of vertical stress at density of 2.37 g/cm3
Comparisons for equivalent Poisson’s ratio between PMA and HMA
specimen as a function of horizontal stress at density of 1.90 g/em’
Comparisons for equivalent Poisson’s ratio between PMA and HMA
specimen as a function of horizontal stress at density of 2.15 g/em’
Comparisons for equivalent Poisson’s ratio between PMA and HMA
specimen as a function of horizontal stress at density of 2.37 g/em’
Comparisons of equivalent elastic modulus for all densities of PMA
and HMA as a function of normalized vertical stress

Comparisons of equivalent elastic modulus for all densities of PMA
and HMA as a function of normalized horizontal stress

Comparisons of equivalent Poisson’s ratio for all densities of PMA
and HMA as a function of normalized vertical stress

Comparisons of equivalent Poisson’s ratio for all densities of PMA
and HMA as a function of normalized horizontal stress

Comparisons of equivalent elastic modulus of PMA, HMA, Hime gravel
and Toyoura sand as a function of normalized vertical stress
Comparisons of equivalent elastic modulus of PMA, HMA, Hime gravel
and Toyoura sand as a function of normalized horizontal stress
Comparisons between vertical and horizontal normalized equivalent
elastic modulus of HMA, linear fitted with the average m-power
Comparisons between vertical and horizontal normalized equivalent
elastic modulus of Hime gravel, linear fitted with the average m-power

4.45(c) Comparisons between vertical and horizontal normalized equivalent

A1(a)

A.1(b)

elastic modulus of Toyoura sand, linear fitted with the average m-power
Relationship between vertical stress and vertical strain obtained

from minute cyclic loading test on PMA-1V from test VSC-02,

density = 1.89 g/cm’ and VMA =31.731 %

Relationship between horizontal strain and vertical strain obtained

from minute cyclic loading test on PMA-1V from test VSC-02,

density = 1.89 g/cm® and VMA =31.731 %
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A2(a)
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A3(b)

A4(a)
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A.6(a)

A.6(b)
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A.8(a)

A.8(b)

A9(a)

A.9(b)

Relationship between vertical stress and vertical strain obtained
from minute cyclic loadmg test on PMA-1V from test VSC-03,
density = 1.90 g/cm and VMA =31.369 %

Relationship between horizontal strain and vertical strain obtained
from minute cyclic loadlng test on PMA-1V from test VSC-03,
density = 1.90 g/cm and VMA =31.369 %

Relationship between vertical stress and vertical strain obtained
from minute cyclic loading test on PMA-2V from test VMC-02,
density = 2.15 g/cm’ and VMA =22.339 %

Relationship between horizontal strain and vertical strain obtained
from minute cyclic loadmg test on PMA-2V from test VMC-02,
density = 2.15 g/cm and VMA =22.339 %

Relationship between vertical stress and vertical strain obtained
from minute cyclic loadmg test on PMA-2V from test VMC-03,
density = 2.13 g/cm’® and VMA = 23.061 %

Relationship between horizontal strain and vertical strain obtained
from minute cyclic loadmg test on PMA-2V from test VMC-03,
density = 2.13 g/cm’ and VMA = 23.061 %

Relationship between vertical stress and vertical strain obtained
from minute cyclic loadmg test on PMA-3V from test VLC-02,
density = 2.35 g/cm® and VMA = 15.114 %

Relationship between horizontal strain and vertical strain obtained
from minute cyclic loadlng test on PMA-3V from test VLC-02,
density = 2.35 g/cm’ and VMA = 15.114 %

Relationship between vertical stress and vertical strain obtained
from minute cyclic loadmg test on PMA-3V from test VLC-03,
density = 2.35 g/ecm’ and VMA = 15.114 %

Relationship between horizontal strain and vertical strain obtained
from minute cyclic loadmg test on PMA-3V from test VLC-03,
density =2.35 g/cm’ and VMA = 15.114 %

Relationship between vertical stress and vertical strain obtained
from minute cyclic loadlng test on PMA-3V from test VLC-04,
density =2.36 g/cm’ and VMA = 14.753 %

Relationship between horizontal strain and vertical strain obtained
from minute cyclic loadlng test on PMA-3V from test VLC-04,
density =2.36 g/cm and VMA = 14.753 %

Relationship between horizontal stress and horizontal strain obtained
from minute cyclic loadmg test on PMA-1H from test HSC-02,
density = 1.92 g/cm and VMA = 30.646 %

Relationship between vertical strain and horizontal strain obtained
from minute cyclic loadmg test on PMA-1H from test HSC-02,
density = 1.92 g/em’® and VMA = 30.646 %

Relationship between horizontal stress and horizontal strain obtained
from minute cyclic loadmg test on PMA-1H from test HSC-03,
density = 1.90 g/em’ and VMA =31.369 %

Relationship between vertical strain and horizontal strain obtained
from minute cyclic loadlng test on PMA-1H from test HSC-03,
density = 1.90 g/cm and VMA =31.369 %
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A.10(a) Relationship between horizontal stress and horizontal strain obtained
from minute cyclic loading test on PMA-2H from test HMC-02,
density = 2.14 g/em’ and VMA =22.411 %

A.10(b) Relationship between vertical strain and horizontal strain obtained
from minute cyclic loading test on PMA-2H from test HMC-02,
density = 2.14 g/cm’ and VMA =22.411 %

A.11(a) Relationship between horizontal stress and horizontal strain obtained
from minute cyclic loading test on PMA-2H from test HMC-03,
density = 2.14 g/cm’ and VMA =22.411 %

A.11(b) Relationship between vertical strain and horizontal strain obtained
from minute cyclic loading test on PMA-2H from test HMC-03,
density = 2.14 g/cm’ and VMA =22.411 %

A.12(a) Relationship between horizontal stress and horizontal strain obtained
from minute cyclic loading test on PMA-3H from test HLC-02,
density = 2.36 g/cm’ and VMA = 14.753 %

A.12(b) Relationship between vertical strain and horizontal strain obtained
from minute cyclic loading test on PMA-3H from test HLC-02,
density = 2.36 g/cm® and VMA = 14.753 %

A.13(a) Relationship between horizontal stress and horizontal strain obtained
from minute cyclic loading test on PMA-3H from test HLC-03,
density = 2.35 g/cm’® and VMA = 15.114 %

A.13(b) Relationship between vertical strain and horizontal strain obtained
from minute cyclic loading test on PMA-3H from test HLC-03,
density = 2.35 g/cm’ and VMA = 15.114 %

A.14(a) Equivalent elastic modulus for all densities and direction as
a function of normalized stress (Assumed isotropic behaviors)

A.14(b) Equivalent Poisson’s ratio for all densities and direction as
a function of normalized stress (Assumed isotropic behaviors)
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LIST OF SYMBOLS
A = temperature susceptibility
AC = asphaltic cements :
AV = air voids
A, = cross-sectional area of specimen before shearing
C = cohesion
CD = consolidated drained
CG = clip gage transducers
CL = cyclic loading
CRS - constant rate of strain
CIC = conventional triaxial compression
G E = conventional triaxial extension
E = modulus of elasticity or Young’s modulus
EP = electro pneumatic
B = equivalent Young’s modulus
E, 5 horizontal elastic Young’s moduli
£} = vertical elastic Young’s moduli
E% equivalent horizontal elastic Young’s moduli
E,, = equivalent vertical elastic Young’s moduli
E, P initial Young’s modulus
E = Elastic Young’s modulus defined by the slope of relation between
the stress and strain at the half of maximum stress
F = vertical force measured by load cell
e = void ratio
f(e) = void ratio function = (2.17-¢)*/(1+e)
G = shear modulus
G, = specific gravity
g = acceleration due to gravity
H,, Ly = initial height and length of the specimen

HMA = hot-mixed asphalt

AR, AL = changes in height and length of the specimen

IC = isotropic compression

K = bulk modulus

LDT = local deformation transducers

LVDT = Linear variable displacement transducer

M = total mass

Mp = mass of asphalt (binder)

Mgy = mass of absorbed asphalt, absorbed into the pores of the
aggregate particles

Mpe = mass of effective asphalt, the asphalt binder between particles

Mg = mass of aggregate

ML = monotonic loading

mny = slope of E, /f(e)and o, / 0,

my = slope of E, /f(e)and o, / 0,

OGFC = open-graded friction courses

Pp = asphalt content

Ppr = asphalt content
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VBE
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VGE

Vam
VFA
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asphalt absorption

Portland cement concrete
penetration index

plane strain compression tests
mean stress '

mean effective stress

deviator stress

sustained loading

styrene butadiene styrene
temperature

triaxial compression

triaxial extension

time

pore pressure

total volume of compacted mix
volume of air between the coated aggregate particles in the mix
volume of asphalt

volume of absorbed asphalt
volume of effective asphalt
volume of aggregate, the bulk volume including the
aggregate pores

effective volume of aggregate
volume of voidless mix (maximum mix volume)
voids filled with asphalt

voids mineral aggregates
Density

vertical stress

maximum vertical stress
vertical stress rate

horizontal stress

maximum horizontal stress
horizontal stress rate

vertical stress increments
horizontal stress increments
strain

axial strain

volumetric strain

vertical strain

horizontal strain

triaxial shear strain

lateral strain

volumetric strain in percentage
vertical strain rate

horizontal strain rate

vertical strain increments
horizontal strain increments
shear strength

normal stress

Poisson’s ratio

equivalent Poisson’s ratio
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initial Poisson’s ratio

Poisson’s ratio for horizontal strain due to vertical strain
Poisson’s ratio for vertical strain due to horizontal strain
equivalent Poisson’s ratio for horizontal strain due to vertical
strain '

equivalent Poisson’s ratio for vertical strain due to horizontal
strain

Poisson’s ratio for strain in any horizontal direction due to direct
horizontal strain in the perpendicular direction

bulk unit weight of soil



