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Abstract
Numerical simulations of flexible pavement (KR4gaty) were carried out in the paper. The speciiérgion
was put on modelling of a friction behaviour betwestructural layers. Three types of models werepared:
no possibility of slide, contact with a frictionctar 0,65, contact with a friction factor 0,8. Ine models in which the slip
was made possible the fatigue strength was oneroodemagnitude smaller then in a traditional modesed
in mechanistic desigh method.

ANALIZA NUMERYCZNA W PLYWU SCZEPNOSCI MI EDZYWARSTWOWEJ
NA WYTRZYMALO SC ZM ECZENIOW A NAWIERZCHNI PODATNYCH

Streszczenie

W pracy zbadano wplyw modelowaniasiEgu pomgdzy warstwami nawierzchni podatnej kategorii KR4wyaniki
projektowania mechanistycznego. Wykonano apalimmerycza za pomog komercyjnego programu Abaqus.
Modelowano trzy przypadki konstrukcji nawierzchmogbwej: brak meéliwosci paslizgu, kontakt ze wspotczynnikiem
tarcia 0,65 oraz kontakt ze wspotczynnikiem taf@i@ Nastpnie obliczono trwalé’ znmeczeniow zgodnie z procedur
projektowania mechanistycznego nawierzchni pod&tny¢ przypadku modeli, w ktérych ity byt przesuw nedzy
warstwami z betonu asfaltowego trwétozneczeniowa byta o g wielkoici mniejsza od tradycyjnego modelu
wykorzystywanego przy projektowaniu mechanistycznym

1. INTRODUCTION

Research shows that interlayers’ contact have wmifsignt impact on the fatigue strength of a pavetmend thus
on the number of loads until the first signs of fr@vement’s destruction. In the paper [1] there amasexperimental
segment of a pavement prepared on which severalsl@f bond (tackiness) were simulated. The st&nmoduli were
calculated on the basis of the FWD’s (Falling Weigreflectometer) deflections. Authors observed ttheg moduli
changed through the entire experimental sectioth@froad. In the section where the slide betweeratiphalt concrete
layers was made possible (no bond), the elasticuinedsignificantly decreased. This decreased vafughne modulus
is connected only with the possibility of slip beswn layers. Thus, this modulus shouldn't be usedmwih comes
to calculate strains for the fatigue strength dateThe lack of bond between layers should be rtaikéo account
in the FEM software used for strains calculatidmsthe paper [1] it is shown that when decreasé#thess modulus
is used for strains calculations with the layermptetely tied (no contact) the fatigue strengtloiser than in the case
when real modulus was taken and the lack of bomddmn layers was taken into considerations. Itaksvthat awareness
of the level of bond between layers is cruciahe process of pavement design.

The purpose of this paper is the numerical (FEMjlyasis of a flexible pavement considering the duiBigr of the slip
between structural layers followed by the calcolagiof the fatigue strengths. The results will bmpared to the standard
model used in mechanistic design method of pavesnent

2. FATIGUE CRITERIA

The mechanistic design method of pavements, gépeisato determine the fatigue strength of a dtrces on the basis
of the analysis of stress and strain state. Thempant is modelled as a multilayer half space as s#hown in Fig 1.
Most often the material is modelled as linear &asb that a pavement's layer is characterized tget values
(its thickness, elastic modulus and Poisson’s yatio

The fatigue strength (fatigue life) of a pavemetucture is a limiting value of a traffic loadingx@essed
by the number of so called equivalent axis (1000kM.15 kN) per lane and per twenty-four hours.

The fatigue strength of a pavement’s structurepiing to mechanistic procedure, is calculatedgipurely empirical
formulas called fatigue criteria. There are a lbthese criteria as the formulas have been obtdiyedarious companies
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and scientific facilities from around the world. tinis paper the criteria according to Asphalt buséi will be described
because these criteria are used most frequenBypland.
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Fig.1. FEM model used in mechanistic design methoe; \/%

2.1 The criteria of Asphalt Institute

According to mechanistic designing method therehacefatigue criteria [10]:
« asphalt concrete layers’ fracturing criterion,
e permanent deformations’ criterion.
The criterion of asphalt concrete layers’ fractgris expressed by the formula:

NfP = 184 - 10M - (6,167 - 1075 - £;%°" - |E|085%) W
Vb

M= 484 ~ 0,69 2

(Va +Vp ) ?

where:g;,, — horizontal tension strain at the bottom of ihedst asphalt layer (see Fig. 1)
|E| — stiffness modulus of the asphalt aggregate maxpdPal],
v, — content of asphalt in the mixture by volume [%],
V, — content of free spaces in the mixture by vol(i#he

Permanent deformations’ criterion is given by tharfula:

Nf = (:(_,,)% ©

where:k = 1,05 - 1072; m = 0,233 — material parameters
&, — vertical tension strain at the top of the fouratalayer (see Fig. 1)

The vertical and horizontal strains are obtainesetdaon the finite element method analysis of astieldalf space.
The stiffness modululE| in the formula (1) will be understood as a reakgt modulus if the layer’s material is modelled
as a linear elastic. If the material is modelledviasoelastic the valugE| is an absolute value of the complex modulus
(dynamic modulus).

During the designing process the lowest fatiguengfth is taken as the final one. The pavement oateg finally
determined on the basis of the fatigue strength.

3. MODEL PROPERTIES AND FE RESULTS

All of the pavement’s structural layers were mogilas linear elastic. The calculations was cawigdor three cases:
*  no contact,
« contact with the friction factop = 0,65,
e contact with the friction factou; = 0,80.
In every case the fatigue strength was calculatedthe results were compared to each other. Thenesoial program
Abaqus was used for the analysis (Abaqus/Stan&atic/General solver).
A typical structure of a flexible pavement (KR4 egory) was chosen for the analysis (Fig. 2). Aspgheblem is
axisymmetric, only half of the structure was moelélbn a width of 2 metres. The foundation layer wssumed to be
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2 metres high. The axisymmetric 8-node finite eletmavere selected for the analysis (CAX8). The lblauy conditions
are shown in Figure 3.

Wearing course 5cm  E=10300 MPa v=0,3
Binder course 8cm E=10100 MPa v=0,3
Base course (asphalt concrete) 10cm E =9600MPa v=0,3
Base course [ -
(crushed stone aggregate || 20cm E=400MPa  v=0,3
mechanically stabilized) | cS
|y 430m
Subgrade (G1) E =100 MPa v=0,3

Fig.2. KR4 category flexible pavement structuréhwaitaterial properties
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Fig.3. Boundary conditions and mesh

A standard Coulomb friction model (penalty formida) was used in Abaqus to describe frictional achbehaviour.
In this model, two contacting surfaces can cargeslstresses up to a certain magnitude acrossittkeiface before they
start sliding relative to one another. The Couldnttion model defines this critical shear stress;;, at which sliding of
the surfaces starts as a fraction of the contagsorep, between the surfaces,{;; = up) [2]. The fractionu, is known
as the coefficient of friction. The model assumieat i is the same in all directions (isotropic frictiorjor three-

dimensional simulation Abaqus calculates an “edeivashear stress = /77 + 72 [2]. The interaction between layers
was stabilized at the start of the simulation ushegprocedure described in [2] (34.3.5 Adjustinigial surface positions
and specifying initial clearances in Abaqus/Staddeontact pairs). It was also assumed that strakclayers cannot
separate after achieving contact.

Table 1 shows calculated fatigue strengths inhatté cases of the analysis. These values wereneltaising the
formulas (1) and (3) and the strains results fropadus. In the figures 4, 5 and 6 there are alswstibe contour plots of
strains in the analysed structure. The contourspleteal that, when the slip is possible, paverstmtture behave like
partially independent system of plates.

Tab. 1. Calculated fatigue strengths

No contact Friction; u; = 0,65 Friction; ur = 0,80
N
f
[equivalent axis/24h/lane] 562 39 42
Category KR4 KR2 KR2
Location Base course Base course Base course
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Fig.4. Horizontal straing,,. Contact with the friction factor equal to 0,65
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Fig.6. Horizontal straing,;. No contact (classic mechanistic model).
4. CONCLUSION

The analysis carried out demonstrates that, wherslip between the pavement’s layers is consideted fatigue
strength significantly decreases. This conclus®ndnsistent with the experimental tests. In akéhcases, the limiting
(smallest) value of the fatigue strength occurrethe base course. However, when contact was @mesidthis value was
one order of magnitude lower than in a traditiomay of modelling.

Taking into consideration the possibility of slibetween structural layers, using different frictifactors leads to
almost the same results. Therefore, in this typstrofcture and with such loads, only the existesfcaide behaviour has
an impact.
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The analysis prepared reveals how important itoisdrry out appropriate actions during the consivacof the
pavement to prevent the slip between layers.
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