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FATIGUE DESTRUCTION OF ASPHALT CONCRETE PAVEMENT.
2. THERMODYNAMICS

Abstract. In this paper the fatigue destruction regularity of asphalt concrete pavement, determined before, has
been proved by observance of the identified criteria for thermodynamics of irreversible processes — universal Glens-
dorf-Prigozhin criterion and principle of minimum for production of the entropy of Yu.L. Klimontovich. Values of
production of the entropy under impact of vehicle load of various volumes have been calculated from values of
stresses and strains in asphalt concrete pavement of the highway. Stresses and strains have been determined with the
use of solution of A.K. Privarnikov for multilayer elastic half-space, on the surface of which the vertical static load
has been applied and uniformly distributed along the area of a circle. To calculate the stresses and strains the five-
layer pavement structure has been taken, which included two asphalt concrete layers.

Key words: asphalt concrete pavement, fatigue destruction, production of the entropy, Glensdorf-Prigozhin
criterion, Klimontovich principle.

1. Introduction. Principle of staging of fatigue destruction for the asphalt concrete pavement was
formulated in the author’s work [1], devoted to the analysis of the fatigue destruction of the asphalt
concrete pavement for the highway, based on actual materials, obtained on the sections of the operational
highways. Then, similar to the known phenomena of self-organization in thermodynamics of irreversible
processes and dynamics of non-linear systems (synergetics) — Bemar’s effect and division of biological
cell, it was suggested to consider the parts of asphalt concrete pavement as the specific dissipative
structures, occurred in critical conditions, and a new regularity was formulated for the staging fatigue
destruction of the asphalt concrete pavement. This regularity was explained based on the newly proposed
scheme of bifurcation with the use of the results for experimental determination of the single, cyclic, long-
time and residual strength of the asphalt concrete.

In this paper the determined regularity of staging fatigue destruction of the asphalt concrete pavement
has been proved by observance of the criteria for thermodynamics of irreversible processes namely by
universal Glensdorf-Prigozhin criterion and Klimontovich principle.

2. Stress and strain behavior.

2.1. Pavement structure. To perform calculation of the stresses and strains, occurring under impact of
the estimated vehicle load with further determination of strain and dissipation energies the following
pavement structure has been adopted, which is one of the most typical for the highways of high technical
categories in Kazakhstan:

1* layer: fine-grained dense asphalt concrete, thickness h; = 5 cm;

2™ layer: coarse-grained porous asphalt concrete, hy = 10 cm;

3t layer: crushed stone and sand mix, treated with cement (8%) in the plant, h; = 20 cm;

4" layer: crushed and stone mix (6-40 mm), hy = 20 cm;

5™ Jayer: natural gravel and sand mix, hs = 25 cm.

Soil of subgrade is light dusty clay loam.

It is supposed that bitumen of grade BND 100-130, produced by Pavlodar Petrochemical Plant, will
be used for preparation of the asphalt concretes.




ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 4. 2017

2.2. Deformation characteristics of materials and soil. Asphalt concrete is a visco-elastic material
[2-4] and its strain characteristics depend on the temperature and load duration. In this paper the ¢lasticity
modulus of fine-grained dense and coarse-grained porous asphalt concretes were calculated under the
modified Hirsh formula, proposed in the paper [5]:
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where £, (?) is the elasticity modulus of asphalt concrete at the time moment t; E, (1) is the elasticity
modulus of bitumen at the time moment t; Eag is the elasticity modulus of stone aggregate, adopted equal

to 26 540 MPa; VMA are voids of mineral material (as a decimal fraction); V74 is a share of inter-grain

voids, filled with binder (as a decimal fraction); & is a level of strain, adopted equal to 100-10°° for the
mean temperature.

Elasticity modulus of bitumen %, (t) is calculated under the formula [6, 7]:
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where £g is an instantancous elasticity modulus of bitumen, adopted equal to 2 460 MPa; 77 is a

Ly ()= Eg

coefficient of viscosity for bitumen, MPa-s.
Coefficient of viscosity 77 is determined under the equations:
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where Pl and T,, are penetration index and softening point of bitumen.
Parameter b is calculated under the equation:
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Values of Poisson’s coefficient for asphalt concretes are determined under the formula, recommended
by the Guide [8]:
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where v is Poisson’s coefficient of asphalt concrete; £ _(f) is elasticity modulus of asphalt concrete.

v=0,15+

(10)

Due to the necessity of dissipation energy calculation in the asphalt concrete layer of pavement at the
initial operational period and during the period of fatigue destruction occurrence, the values of elasticity
moduli of the asphalt concrete were determined in their two conditions — after short-term (RTFOT) and
long-term (RTFOT+PAYV) aging of bitumen and at duration of load impact t = 0 s (instantancous strain)
and t = 0.1 s. Calculated values of the clasticity moduli and Poisson’s coefficients of the asphalt concretes
are shown in the Table 1. In addition, at present for many countries of the world, including European ones,
it is adopted that fatigue of the asphalt concrete occurs at moment when its stiffness (elasticity modulus)
reduces two times from the initial one [9]. For the dense and porous asphalt concretes, which we adopted,
such values of the elasticity moduli at the duration of load impact t = 0.1 s are equal to 3467 MPa and
2071 MPa respectively, and the values of Poisson’s coefficients are equal to 0.30 and 0.37 respectively.

Table 1 — Values of elasticity modulus (E) and Poisson’s coefficients (v) for asphalt concretes

Aging Duration Asphalt concrete
of bitumen of load impact t, Fine-grained dense Coarse-grained porous
s E, MIIa v E, Mlla v
0 19810 0.15 16 870 0.15
RTFOT
0.1 5681 0.21 3307 0.31
0 19 810 0.15 16 870 0.15
PAV
0.1 6933 0.18 4142 0.27

Values of elasticity moduli and Poisson’s coefficients for the materials of other layers of pavement
and soil of subgrade are specified under the standard document CN RK 3.03-19-2006 [10] and are shown
in the Table 2.

Table 2 — Values of elasticity modulus and Poisson’s coefficients for the materials of the layers for pavement and soil

Material, soil Elasticity modulus E, MPa Poisson’s coefficient
Crushed stone and sand mix, treated with cement (8 %) 1000 0.30
Crushed stone and sand mix (6-40 mm) 250 0.30
Natural gravel and sand mix 180 0.30
Soil — light dusty clay loam: moisture Wp = 0,64 Wy 58 0.35

2.3. Calculation scheme. Calculation scheme of pavement structure and subgrade is shown in Figu-
re 1. As it is seen, the top five layers of this calculation scheme simulate the layers of the adopted
pavement, they have relevant thicknesses h;, hy, hs, hs, hs, materials of the layers are characterized by
elasticity moduli E,, E,, E;, E,, Es and Poisson’s coefficients v, v, vs, V4, vs. And the lowest, i.e. the sixth
layer simulates the subgrade and infinitely stretches downwards (hs — ). The material of this layer is the
soil of subgrade, which is characterized by elasticity modulus Es and Poisson’s coefficient vs.

The vertical static load with the intensity of q, uniformly distributed within the circle with diameter of
D, impacts on the surface of the upper layer, which simulates the load from the wheel of the vehicle. In
our case  =0.4;0.5;0.6;0.7 and 0.8 MPa and D =42 cm.

Materials of all constructive layers of pavement and soil of subgrade are considered as elastic ones.

Stresses and strains in such multilayer elastic system are determined with the use of solution of Prof.
Privarnikov A K [11].
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Figure 1 — Calculation scheme of pavement and subgrade

2.4. Stresses and strains. Components of stress and strain were calculated at temperature of 10°C in
point, located on the bottom surface of the second asphalt concrete layer along the vertical axis, which
passes through the center of the circle of loading, and they are shown in the Figures 2-9. The analysis of
graphs for variation of stresses and strains show that they have as general, common for all, as well as
separate, specific for each of them, peculiarities. General features for all the components of stress and
strain are:

1. Significant variation of stresses and strains occur in zone with dimension 2-3 of the diameter for
the circle of loading, which is under load impact.

2. Stiffness of asphalt concretes impacts greatly on distribution and variation of stresses and strains.

Together with the general peculiarities, mentioned above, the components of stress and strain have
the following individual peculiarities of variation in longitudinal direction (in direction of traffic moving):

1. Longitudinal and transversal normal stresses, in zone under impact, are tensile, they are reduced
fast with the increase of the distance and, depending on the stiffness of the asphalt concrete layers on
various distances, they transform into compressive ones. The value of tensile longitudinal and transversal
normal stresses depends greatly on the stiffness of the asphalt concrete layers, with the increase of which
the first ones considerably (in several times) increase. Thus, the maximum values of the longitudinal and
transversal normal stresses at the instantancous strain (t = 0), load duration t = 0.1 second and during
decrease of the asphalt concretes stiffness for a half of the initial one (t = 0.1 s and E = E/2) are 1,46; 0.39
and 0.03 MPa respectively.

The longitudinal and transversal strains are of similar qualitative nature, only with a small difference
that their values decrease in the sphere of compressive strains with the increase of the asphalt concretes
stiffness. And the values of instantaneous strain are lower than others in the sphere of tensile strains.
Maximum value of longitudinal and transversal strain is 110 microstrain, i.e. 110 - 10°,

2. The vertical normal stress is a compressive one in every location. Its value also varies considerably
depending on the asphalt concretes stiffness and decreases with its increase.

The vertical strain is of similar character of variation in the sphere of the compressive values (under
impact). The vertical strain changes its sign approximately at the distances, equal to 1.5 of the radius of
the circle of loading, depending on the stiffness of the asphalt concretes, i.e. it transforms from the
compressive strain to the tensile one. The strain increases with the asphalt concrete stiffness decrease in
the sphere of the compressive values, as well as in the sphere of the tensile ones.

3. Shearing stress and shearing strain are of similar qualitative nature for variation: at the beginning
of coordinates (under load impact) they are equal to zero; at the distances, which are approximately two
radiuses of the circle of loading, they have maximum values, then they reduce again; it seems that the
location of maximum shearing stress and shearing strain do not depend on the asphalt concrete stiffness,
but their values considerably depend on the latter — the shearing stress and shearing strain decrease with
the asphalt concrete stiffness increase. Their graphs are antisimmetric in relation to the axis, passing
through the center for the circle of loading.






