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Abstract

The paper deals with finite element modelling of the test carried out on plate samples made of asphalt mixture and reinforced
with glass grid. The apparatus constructed for testing of plate samples in the large scale is modelled in detail as a contact problem.
All materials are assumed to be linearly elastic and isotropic, and stiffness modulus of the asphalt mixture is determined on the
samples cut out from the plate. The finite element solutions of the static indentation of the sample resting on elastic support with
a circular steel indenter have shown that the grid reinforcement influence the overall behavior of the sample only in non-standard
loading cases causing inhomogeneity of stress and strain fields or when the ratio between stiffness of the reinforced material and
reinforcement material is particularly high (for example in case of asphalt mixtures at higher temperatures). The second conclusion
was proven experimentally in the fatigue test carried out on reinforced and non-reinforced asphalt (HMAC 16 20/30) plate in
two different temperatures equal to 10 and 30[°C]. In the higher temperature the maximum norm of the vertical displacement is
increasing faster for non-reinforced plate than for the reinforced one.
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Introduction

.. . the region of connection of the pavement layers with each other,
In designing and production of the pavements the glass, steel g p y

and carbon fiber grids are more often used [1-7]. Nevertheless, which can additionally be enriched with reinforcing grid. It can

. . .. . . . . be concluded that the constitutive models of road materials are
in the direct designing calculations, the grid reinforcement is not

included. The application of the grid is taken into account through quite well developed [10-13], while the interface models require

. . . . refinement and experimental verification [2,14]. To carry out this
some transfer function allowing thickness reduction of the pavement

ification indirectly th t d in [3 Iso b
layers. It is caused by the fact that in road laboratories there is no verification indirectly the apparatus proposed in [3] may also be

. : . . . . sed. In this apparatus installed in a standard testing machine with
standard test, in which the influence of the reinforcing grid on the 4 pparati J W

. . . a temperature chamber, the static, dynamic and fatigue tests can
behaviour of the layered pavement is taken into account. In the p Y g

. . . be carried out taking into account also the temperature influence.
paper [3], a laboratory test was proposed in which the influence of 5 P

. . . . . . In the paper the FEM analysis of the static indentation test of
the reinforcing grid can be taken into consideration. The tests are pap Y

. . . . reinforced asphalt plate resting on elastic foundation are presented
carried out on plate samples with maximum size of 40x40x15 [cm], phatp & P

in which a grid with large mesh dimension can be placed while in comparison with non-reinforced sample. The detailed analysis is

. ) . presented, proving that the grid reinforcement is influencing mainly
maintaining the representativeness of the sample, see (Figures 1 ) ) i
. . . . . i non-standard situations like local pavement damage, sub grade
& 2). The influence of reinforcing grid on pavement behavior using

the finite element method (FEM) can also be analyzed, cf. [8,9]. slipping, thermal cracking [15-17] etc. When pavement is working

in the designing state, the grid reinforcement is not influencing
In FEM simulations, the most difficult problem is to its behavior much. This conclusion is supported by results of the
characterize the physical behaviour of the so-called interface, i.e.  fatigue experiment carried out on reinforced and non-reinforced
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asphalt plate in two different temperatures equal to 10 and 30
[ °C]. In the higher temperature the maximum norm of the vertical
displacement is increasing faster for non-reinforced plate than for
the reinforced one (Figure 1).
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Figure 1: Examples of a grids used as asphalt pavement
reinforcement: a) glass grid, b) bidirectional glass grid, c)
glass grid with intermediate fibers, d) composite (glass

grid + nonwoven).
- J

The Apparatus for Evaluation the Influence of Grid
Reinforcement on the Pavement Behaviour

Analyzed further apparatus for testing road pavement plate
elements reinforced with grids has been presented in the paper [3].
At the design stage of the apparatus, the following conditions were
considered:

a) the possibility of technical implementation of the
apparatus,

b) the possibility of sampling from the pavement already
made,

c¢) reduction of the scale effect, in the case of standard grids,

d) the possibility of fitting the apparatus in a testing machine
with a temperature chamber without use of additional devices
(limited weight and dimensions),

e) easy preparation of samples in the laboratory

(technological conditions and limited mass),

f)  the possibility of conducting static, dynamic and fatigue
tests,

g) the possibility of determining the plate behavior at
limit states, taking into account the limitations of the testing
machine.

The basic idea of the proposed apparatus is the joint work
of the sandwich element of the road pavement with the elastic
element simulating the resistance from the remaining pavement
layers [18,19]. This idea was used earlier in Van Dijk research [20],
applied to the rutting apparatus, and then presented again in paper
[21], in the context of the review of research methods used in road
engineering. At the preliminary stage, it was determined that the

size of the test sample in plan have to be large enough to reduce
the scale effect. It was assumed that the sample will have the shape
of a rectangular prism with a base dimensions allowing for testing
grids with a mesh size close to few centimeters. From the other side
the limiting criterion is the internal dimensions of the temperature
chamber. Therefore, the dimensions were assumed to be equal to
40x40 [cm]. It was assumed that the sample is going to be loaded at
its central point on the upper surface and would rest on a layer of
elastic material of considerable stiffness. The load from the actuator
is transmitted through a steel disc with a diameter d =200[mm] and
thickness g, =6[mm], see (Figures 2 & 3).
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Figure 2: The schematic view of the tested sample
placed on elastic foundation (characteristic dimensions:
b=400[mm],  h=80[mm],  h,=150[mm], d=200[mm],
gp=6[mm], s=40[mm], g=4[mm]).

J

The elastic support with thickness h, =80[mm] and dimensions
in plan the same like sample dimensions may be additionaly
notched as shown in Figures 2-4, what may simulate the cracks
in the bottom pavement layers. In prototype presented in [9] and
analyzed in this paper the orientation of the notches with depth
s =40[mm] and thickness 4[mm] were assumed as shown in Figure
4. After considering the volume of the thermal chamber and the
method of fixing the base of the apparatus to the lower fixture of
the testing machine, it turned out that the cuboidal casing can have
height not exceeding 230 [mm)]. It follows that the sample can have
maximum height equal to h, =150 [mm]. Therefore, in the context of
technological limitations and granulometric composition of typical
asphalt mixtures, it turns out that the sample can consist of at most
two layers with different proportions of thickness (Figure 2).

The polyurethane support together with the sample is placed
in a steel casing that realizes unilateral contact conditions on the
surfaces ABCD, ABB”A”, BCC”B”, ADD”A”, CDD”C”. This casing is
completely dismountable, which facilitates sample placement,
cleaning and disassembly of the apparatus. The apparatus was made
from stainless steel meeting the conditions presented above. The
walls of the casing are dismountable and their weight is reduced by
removing excess of the material in the least stressed places. Fixing
the walls to the base may be done on several levels depending on
the needs (height of the tested sample/polyurethane pad). Having
in mind that assumption was made about the possibility of testing
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on samples taken directly from the existing road pavement and a mold for making samples and a set of spacers, allowing thickness
samples prepared in the laboratory, it was also necessary to prepare  grading of individual layers and proper compaction.

4 A

support

Figure 3: a) The proposed apparatus with maximum possible sample thickness h, =150[mm] mounted in temperature chamber,
b) the view on the tested sample and rubber support with indication of the grid reinforcement interface.

Figure 4: a) The polyurethane support placed in the apparatus with front and back wall taken off, b) the notch in the elastic
polyurethane support.

Table 1: Properties of the polyurethane support.

Property Standard Value
Hardness in 20[ °C] DIN53505 Shore A 95
Elasticity modulus for 100% elongation DIN53504 12.4[MPa]
Elasticity modulus for 300% elongation DIN53504 23.4[MPa]
Tension strength DIN53504 34.5[MPa]
Elongation at braking point DIN53504 400%
Density - 1140[ kg/m?)

The polyurethane pad was made of material whose properties elements with linear shape functions and reduced integration (in
are listed in (Table 1). (Figures 3 & 4) show the implemented total 13129 elements C3D8 type), cf. (Figure 6). The dimensions of
apparatus mounted in the temperature chamber of the MTS testing  each individual model part are given in the description of Figure
machine together with the sample placed in it. 2. The task was solved as a static problem in which the indenter
load is linearly increasing up to 200 [kN]. As a consequence of the
adopted assumptions related to the contact, the indenter affects the

FEM Model of the Test Apparatus and Analysis of
the Tests with Static Loading

test sample of the asphalt mixture and tested plate contacts with

Due to the symmetry of the task, the quarter of the system the polyurethane support. The stress concentration profile under
is considered as shown in Figure 2 (marked in blue). The task the indenter is similar to that under the real wheel [22,23]. The test
was solved as a three-dimensional contact problem. The contact can be carried out at any temperature (possible to be generated by
between the sample and the elastic support, the elastic supportand  the thermal chamber). It is assumed that the material parameters
the steel casing walls, between the sample and the casing wallswas  will be accepted as corresponding to 20 [°C ]. In the case of the
modelled, see (Table 2) and (Figure 5). The sample, the indenter  asphalt mix (HMAC16 20/30), which is a material with rheological
and the polyurethane support were modeled with eight-node cubic  properties, the complex stiffness moduli at 10, 20 and 30 [°C] and
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frequencies of 0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 25.0, 30.0, 33.0 [Hz]
were determined on the samples cut out from the tested plates
[12,13,24-26]. The obtained results in bar chart are presented

in Figure 7, where norm of the complex moduli as a function of
temperature and frequency is shown (yellow bar indicates the
analyzed case).
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Figure 5: Norm of the complex stiffness modulus (|&][#7] ) as a function of frequency (f[Hz] ) and temperature (7['¢] ) for
asphalt mix.
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Figure 6: The geometry of the model: a) polyurethane support, steel walls on steel indenter, b) the model of the tested sample
with indication of the interface.
J
Table 2: Contact parameters.
Contact Asphalt mix -polyurethane Polyurethane Polylirethane steel SteclNasphaltmiy
surfaces support -polyurethane
Slip tolerance 0.005 0.005 0.005 0.005
Eriction 05 03 02 03
coefficient
e ™
0
Figure 7: FEM mesh for the analyzed problem (13129 elements of the C3D8R type).
- J

All materials in FEM analysis were modelled as isotropiclinearly
elastic materials [6,9,11] with parameters shown in (Tables 2 & 3)
and (Figures 7 & 8). The glass grid with the mesh dimension 15x 15
[mm] and the same stiffness in x and y directions was modelled with
three-dimensional truss elements (T3D2 type) with a cross section
area equal to 1.0[mm?] cf. [1]. In the interface cf. (Figure 8) the

connection between materials is assumed as ideal one - the nodes
of the mesh are common for upper part of the plate, for reinforcing
grid and bottom part of the plate. The grid principal directions are
coinciding with the axes of the coordinate system, cf. [2,14] (Figure
5). The problem was solved in two variants. In first variant the
asphalt sample is non-reinforced while in the second it is reinforced
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with a glass grid. The obtained solutions for the final configuration
(full loading of the indenter) in the form of contour graphs are
presented in (Figures 8-10). Comparing the graphs of maximum
and minimum principal strain and minimum principal stresses
presented respectively in (Figures 9-12) one can conclude that it
is the same solution. The first clear difference may be observed in

Table 3: Material parameters in temperature 20[ °C .

the contour graph of maximum principal stresses shown in Figure
10. In case of reinforced plate the stress concentration is located in
the grid compare also (Figure 13). In the following contour graphs
the results are presented with grid exposition (Figures 14-16). The
graphs prove that also in case of the plate reinforced with a grid the
stresses in the grid concentrate near middle point of the sample.

Asphalt mix
Material Polyurethane support Steel Grid x and y direction
HMAC16 20/30
Young modulus [MPa] 6038 (for f=2[Hz]) 100 210000 70000
Poisson ratio [-] 0.4 0.45 0.3 0.3
e a
U, Magritude
+1.BdBa+00
— s
. +1. &
[ S e
1. E40w-+ 00 +1.07 R
+ 1. Sde+ 00 +3. X3De-01
i R
whiel it
+#8.1818-00 i
48T 1e-00 +1.5400-01
+3.080a-01 +0.0008+00
)
Figure 8: Contour graph of displacement vector norm in case of a) unreinforced, b) reinforced plate.
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Figure 9: Contour graph of maximum principal strain in case of a) unreinforced, b) reinforced plate.
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Figure 10: Contour graph of minimum principal strain in case of a) unreinforced, b) reinforced plate.
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Figure 13: The graph of a) maximum and b) minimum principal stresses in the reinforcement grid.
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Figure 14: The graph of a) maximum and b) minimum principal strain in the reinforcement grid.
N J

Citation: Gajewski M, Gajewska B. Estimation of the Grid Reinforcement Influence on Asphalt Plate Behaviour through FEM Analysis and
Laboratory Testing. Tr Civil Eng & Arch 1(4)- 2018. TCEIA.MS.ID.000116. DOI: 10.32474/TCEIA.2018.01.000116.



http://dx.doi.org/10.32474/TCEIA.2018.01.000116

Tr Civil Eng & Arch

Copyrights@ Gajewski M,et al.

+2.121e-01

U, Magnituce

+2.350e-01
+1.175-01
+0.000e+00

Figure 15: a) The graph of equivalent Mises stresses and b) norm of the displacement vector in the reinforcement grid.

The Results of Exemplary Fatigue Tests

Fatigue tests in road engineering are rather standard and are
carried out using bending beams (4PB-four point bending) made
of asphalt mixtures; see e.g. [21,24,25]. The dimensions of the
beam, depending on the type of apparatus used, differ slightly,
however, they are definitely too small to allow for considering the
beam reinforcement. In a typical fatigue test the complex stiffness
modulus is measured, at a fixed value of the amplitude of the
displacement of the central axis of the beam and the set frequency
(usually 10 [Hz]). The tests are carried out until the value of the
norm of stiffness modulus drops to 50% of its initial value. In
order to obtain the so-called full fatigue characteristic, the test
is performed for different displacement amplitude values. Then,
on logarithmic scale, the number of cycles needed to reduce the
stiffness modulus by half as a function of the center displacement
of the beam (or the extreme strain generated in the sample) is
drawn. In order to check the usefulness and robustness of the
testing apparatus, the fatigue tests on 150 [mm)] thick plates were
carried out, taking into account the reinforcement with glass grid
and without reinforcement. Asphalt layers were made of asphalt
concrete with a high stiffness modulus marked as HMAC 16 20/30
designed for the Polish road traffic category KR3-6.

This mix is characterized by the voids ratio at the level of 14.9%

(v/v), the content of road asphalt 20/30 at the level of 4.8% (m/m),
the norm of the complex modulus at 10 [°C] and frequency 10 [Hz],
equal to 17058 [MPa] (compare bar chart presented in Figure 7,
good resistance to rutting (0.04 [mm/1000cycles]). Samples for
initial tests were taken from the already placed road pavement.
The sample was loaded with a force changing over time, as shown
=40[kN] and
=5[kN]. For subsequent load cycles, the total displacement of

in Figure 8, reaching extreme values over time F
F

min

the indenter is recorded. Thus, the nature of this fatigue test is

max

completely different from the standard test. Exemplary graphs of
the total displacement increment as a function of the number of
load cycles are shown in Figure 16, respectively for temperature
10[°C] and 30[°C]. In case of the lower temperature there is no
visible difference in answer for reinforced and non-reinforced
sample. On the other hand for higher temperature the influence of
the reinforcement is visible and significant. The obtained results
and conclusions confirm those formulated on the basis of the FEM
analysis, cf. also [1,15,22]. In the case of significant stiffness of
asphalt mixtures (which is absolutely temperature-related), the
introduction of reinforcement grid in normal conditions is of little
importance. On the other hand, in the case of higher temperatures,
the grid reinforcement is of great importance for reducing
displacements, increasing resistance to rutting and increasing the
durability of the road structure (Figure 16).

e 2\
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Figure 16: a) Loading function for fatigue test: F__=40[kN], F_ =5[kN], t =1[s], b) results for fatigue tests for plates with and
without reinforcement in temperature 10 and 30 [°C ]. )
Conclusion resting on elastic support with a circular steel indenter has shown

The technical explanation of the grid influence on the sample
overall behavior can be done on the basis of the FEM Analysis. The
finite element solutions of the static indentation of the sample

that the grid reinforcement influence the overall behavior of the
sample only in non-standard loading cases causing inhomogeneity
of stress and strain fields or when the ratio between stiffness of the
reinforced material and reinforcement material is particularly high
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(for example in case of asphalt mixtures at elevated temperatures).
On the basis of the FEM analysis performed above the following
particular conclusions may be formulated:

a) In tested asphalt plate the stress and strain tensor
components concentrate in the region under indenter. Thanks
to the modelled contact the influence from indenter is similar to
the influence of the wheel tire [22,23].

b) Having such inhomogeneity of stress and strain tensor
field, still the influence of a grid application is visible only on
contour graph of maximum principal stress (Figure 11). Grid
having significantly higher stiffness resist to deformation and
stresses in grid increase to the value exceeding 80[MPa]. In
non-reinforced plate maximum principal stresses are about
12[MPa].

c¢) Comparing results of principle stresses in a grid (Figure
13) next to the tension stresses also the compression stresses
appear (even higher than 50 [MPa]).

d) In all calculations the interface between plate parts
and grid is assumed as ideal interaction (full displacement
bounding, cf. (Figure 14). The real situations in the pavements
not always allows for such assumption. Still describing behavior
of not perfect interface is a general and not solved problem.

The laboratory tests results confirmed the results of analyzes
using the finite element method. On the basis of the preliminary
tests carried out in the apparatus proposed and built in Road
and Bridge Research Institute the following conclusions can be
formulated:

a)  Theuseofthe proposed apparatus for comparative fatigue
tests is possible without any additional technical changes.

b) Inthe case of fatigue tests, the positive effect of reinforcing
grids at elevated temperatures is clearly visible.

c)  For the chosen force amplitude the vertical displacement
norm is increasing significantly after hundreds of thousand
loading repetitions.
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