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Figure 1: Porous asphalt pavement system under the
moving load harmonic load.
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Figure. 2: A comparative study of the dynamic deflection
of elastic plate for various values of velocity parameter.
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Modulu Mass
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Layer .. . densit
elasticit s ratio s (cm)
Surface 200 0.3 150 14
Base 50 0.35 140 20
Subbase 15 0.35 130 25
S“begrad 10 0.35 130 200

Table 1: The characteristics of the considered asphalt
pavement system.

X Jlael N -¢

Sl 5 (Sl g g Y Bl L J ) e lzsl 5o
G e sk Sl moly s Dl i 5 b ol
o calie da Ol S Sle sl S m e G
L (V) JSS 50 5 el sy J5unslS (g3 5 Mol 50
S pl S 6 S0k il o alis [31] e s
oo g S35 51 e 5 (gde mlt Sl asile
L

C o ey SV B A 05 (Sels oy sl sV &

S peta 5 e O



Q\)KMJJ[?VL.«)UAW

it Y L sl s (Sl 305 uly

B= 038 550 dm 0ok o bl gl Jorlins
EE edle 4ol sld ol 0l 0,AT =0, =0
gl 03 3 JseslS sl s 5 LEG s saees Oldl (g3ue
Ao o OLaS IS8l sl St b el o 02ls 0L Jse
Cos o geimn o) 300 43 (S5l g o (Ssld frsly &S
i 3y e edaline IS0 55 35 Lol oo il G
(JS m5 8 e e a gl ol o bl Gl
S ol ) 31 Bl S e Iy el Soaliys ey
Sl s e Dl Y s ol L
Ll e Ll oo Gl s (Solys ey 50l oS
e 53 5l il O5lie St 5S5 8 m5 55 ddbe SIS e &S
A3 Ll e (Soabes mul nlaly ol S
s S il WY s ms sl Je ol 88
Sl S3lwss g (Salas fraly 2l S50 S s

el s 2SS L G|

il (g3l e Sy

Type A
- o
ape 0, =03 awa| =075
o i m
it - ‘Qg_ e
- rd % a2 ¥
' &
s ans
w nl
e e
! e e T A O
U v
Type B
y ™ ™
- u=0.25 was| LS amsp @075
w "
= i " sy, o
= # s s ¥
"‘3'; s [ L] 4
e e e s
m il
e | wms s -
B T T P S B S R R P T T T
t' t t
Type C
[oF [k
s O st 05 o} 8,075
. ot . i
¥ o EEN waas b sy wan 5
z . = FN, , N
';" s ) wl wak Vi
wsl b s s |
am| ot
e [ |
, bs | e
¥ " i M 4 al 1 L ak Y — "
[T B TR T I T T T TR W oma o mE a1
t t t

Figure 5: Effect of porosity coefficient on the dimensionless
dynamic deflection of asphalt pavement system for different
values of velocity parameter.
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Figure 3: A comparative study of the dimensionless natural
frequencies of porous plate.
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Figure 7: Effect of excitation frequency parameter on the
dimensionless dynamic deflection of viscoelastic asphalt
pavement system for different values of velocity parameter and
porosity coefficient.
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Figure 6: Effect of temperature variation on the dimensionless .

dynamic deflection of asphalt pavement system for different
values of velocity parameter.
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Abstract

Because of having amazing mechanical physical properties including noise pollution reduction, quiet, reliability,
most cost-effective, sustainable and lasting life, asphalt pavement system has been utilized for parking lots,
roadways, airstrips by the most state and federal governments highly prefer asphalt pavement by many civil
engineers. Generally, asphalt pavement is made up of sand, stone (aggregate), liquid (petroleum) asphalt and
additives. Accordingly, the main objective of this article is to analyze the thermo-dynamic behavior of porous
viscoelastic asphalt pavement system under a moving harmonic load based on the classical plate theory. The
asphalt pavement system is modeled as a rectangular sandwich plate structure. Three states of porosity
distribution  pattern, i.e., uniform  porosity, non-uniform  symmetric  porosity, = non-uniform
asymmetric porosity distributions are considered for porous asphalt layer which are supposed to vary along the
in-plane and thickness directions. The equations of motion are extracted in accordance with Hamilton’s
variational principle and then solved using the expanded Fourier series. The accuracy and correctness of the
extracted formulation are firmly demonstrated by comparing the data accessible in the literature and finite
element simulation COMSOL Multiphysics®. In this study, the dynamic response of the asphalt pavement
system was evaluated analytically and numerically by considering the porous asphalt layer under the harmonic
load at various velocities in a thermal environment. The classical theory of plates was used for the analytical
modeling of the system. The dynamic equations were derived in view of the relations for porosity and thermal
strain in the stress-strain matrices in combination with Hamilton’s principle. With the aid of Fourier series
expansions, and given the considered boundary conditions, the partial dynamic equations were transformed into
differential dynamic equations. Furthermore, the dynamic response of the system was obtained using Laplace
transform, which was then evaluated in terms of effective parameters. A finite element simulation software was
also used to validate the results against the published articles. Parameter studies reveal the impacts of the velocity
and the excitation frequency of the harmonic moving load, porosity distributions, and temperature changes on
the dynamic response of the pavement system. According to the conducted studies thus far, the dynamic behavior
of asphalt pavement system is inevitably affected by such outcomes. Furthermore, the results demonstrated that
non-uniform symmetric porosity case is more suitable than the other two types of porosity, the temperature
changes lead to a softer asphalt pavement system, with increasing porosity, the dynamic response of the system
rises in all the cases of porosity distributions and the amplitude of nondimensional dynamic deflection is directly
proportional to the frequency of excitation up to the resonance. It is seen that for a smaller velocity parameter in
this case, i.e. « = 0.1, and with increasing frequency parameter, i.e. from f = 0 to resonance f = 1, higher
dimensionless dynamic deflections are observed. However, a reversed behavior is displayed if the excitation
frequency parameter surpasses the resonance. For § # 0 (moving harmonic load), and a predetermined excitation
frequency, the number of oscillations is inversely proportionate to the velocity parameter. Accordingly, a twofold
increase in the velocity parameter halves the number of oscillations as observed in the deflection time response.

Keywords: Asphalt Pavement System, Dynamic Response, Porosity, Harmonic Moving Load, Temperature
Changes.
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