
3DSHU�1R���������

Duplication for publication or sale is strictly prohibited
without prior written permission

of the Transportation Research Board.

'HVLJQ�DQG�HYDOXDWLRQ�RI�D�VLPXODWLRQ
WRRO�IRU�WKH�FRPSDFWLRQ�SURFHVV�RI

DVSKDOW�SDYHPHQWV

$XWKRUV�

Henny ter Huerne, Martin van Maarseveen

Civil Engineering & Management, Twente University

and André Molenaar

Civil Engineering, Delft University of Technology

Postal adress

Civil Engineering & Management, Twente University

P.O. Box 217, 7500 AE Enschede, The Netherlands

Phone: ++31 53 489 4322, facsimile: ++31 53 489 4040

e-mail: H.L.terHuerne@sms.utwente.nl

7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG
��th�$QQXDO�0HHWLQJ
-DQXDU\�����������
:DVKLQJWRQ��'�&�



 ter Huerne,  van Maarseveen and Molenaar 2

ABSTRACT

Maintenance of flexible paved roads is faced increasingly with time constraints and spatial

limitations. As a consequence rather often the maintenance process has to be carried out under

less favorable circumstances, e.g. adverse weather conditions. It raises a number of questions,

such as; “how do less favorable circumstances affect the quality of work?”, and, “how should the

operating procedure of the maintenance process be adapted to unexpected or changing

conditions?”

The paper presents the results of a research project that focuses on the compaction process of

asphalt pavements to determine the impact of varying conditions during this process. The main

objective is the design of a simulation tool for the compaction effect of a roller under varying

external conditions. During the compaction process material behavior is mainly elastic-plastic due

to the reorientation of the particles. Large deformations can occur and, because of that, also large

strains. Therefore, an elastic-plastic non-linear analysis is carried out to examine the relations

between roller and material properties and the compaction result. Within the DiekA model, an

Arbitrary Langrange Eulerian FEM approach, a material model derived from soil mechanics and

called “Rock model” is implemented. This model describes material behavior in an elastic-plastic

manner and has a closed yield locus. Calculations with the model show a realistic stress and strain

pattern in the asphalt mix under a static roller while compacting. In the project, a field experiment

has been set up to validate the model. (5580 words).
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1 INTRODUCTION.

Topics like the design of asphalt mixtures, its material characterization and the development of

performance based specifications have received most attention in research in the last decades.

This is somewhat amazing the mechanical characteristics of the mixture, once it is laid, heavily

depend on the quality of the construction in general and the level of compaction in particular.

The degree of compaction is one of the most crucial factors, but only little detailed knowledge is

available on how to get there. No models are available to describe and to analyze the compaction

process. It also means that there is a lack of understanding concerning which external conditions

in practice have an impact on the compaction result and to what extent. Analyzing the compaction

process and developing a tool to manage the process in an efficient way can lead to better

mechanical characteristics.

In the second section of the paper the effect of insufficient compaction on material characteristics

is discussed. To gain knowledge about the compaction process a FEM approach is chosen. Both

the material and the process, however, require a non-standard FEM approach, that is discussed in

section 3. In section 4 a model for characterizing the material behavior is described, that is

derived from soil mechanics. In the fifth section the results of a simulated first roller pass are

presented. Finally, the setup of a validation study is given, and conclusions are drawn.
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2 INFLUENCE OF THE COMPACTION RATE ON MECHANICAL PROPERTIES

In constructing an asphalt layer the compaction is probably one of the most crucial stages. The

level of compaction largely governs the structural performance of the entire pavement

construction (1).

Knowledge of the variation in compaction is important because road deterioration starts at the

weakest link. Leech and Powell (2) showed that the distribution of the degree of compaction over

road sections is quite inhomogeneous. They took about 25 cores from a road test section and

determined with a gamma ray scanner the average density of the laid strip, which they related to

the average distribution of the roller passes applied over the width of the strip. The nearside wheel

path, that is in conventional constructed pavements about 0.9 m from the edge of the lane,

received less than half of the roller passes that where applied to the middle of the lane. The

corresponding densities in the wheel path turned out to be about 3 percent lower than the

maximum density in-between the wheel paths.

In the Netherlands a significant part of the construction work is carried out under less favorable

weather conditions. These conditions might result in inferior degrees of compaction due to faster

cooling down process of the hot laid asphalt concrete mixture and deterioration of the road

quality. To test this hypothesis a validation study was carried out using an existing database from

the Road and Hydraulics Engineering Department of the Dutch Ministry of Transport. The

analysis showed that the degree of compaction for work performed under “poor” conditions was

about 1.6 per cent less than for work carried out under “good” conditions (3). Poor conditions

were defined as conditions that cool the asphalt layer fast, for example: rain, high wind velocities

and/or low environmental temperature.
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The dynamic stiffness of asphalt concrete mixtures is one of the key factors in control pavement

performance. Powell and Leech (4) showed that the dynamic stiffness of the mixture increases

with 30 % if the void content of the material is reduced with 3 %. Linear elastic analysis of the

construction as a whole showed that thereby the thickness of the construction can be reduced with

8%. Moreover a higher compaction level will increase the fatigue resistance of the material. The

third advantage of adequate compaction is the increase of the resistance to the permanent

deformation. An increase of 3% in compaction leads to a reduction of the permanent deformation

of about 50% after 1000 passes, measured with a pneumatic tired wheel tracking machine (1).

Improving compaction results in a significant improvement in load spreading, resistance to

fatigue cracking and resistance to deformation of asphalt concrete mixtures. These improvements

undoubtedly result in extended pavement life (1).
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3 A FEM APPROACH OF THE COMPACTION PROCESS.

To increase the knowledge about the compaction of asphalt concrete mixtures several approaches

can be taken. In this section simulation of the process with a 2D FEM calculation, based on

elastic-plastic material behavior is described. In section 4 a soil mechanics material model for the

behavior of freshly laid hot asphalt concrete is presented. Since the analysis is a 2D one, edge

effects and the effect of the width of the roller drum are not taken into account.

Within FEM two approaches can be used based on different principles, the Eulerian approach and

the Lagrangian approach. The Lagrangian formulation, which couples the element grid to the

material, is often used in constructural disciplines. The Eulerian formulation fixes the grid in

space and this approach is notably used in fluid mechanics. Both formulations are not capable to

simulate the compaction process of asphalt, because during the process the behavior of the

material is in between that of a fluid and a solid. Large strains occur due to the relatively large

deformations that arise during the rolling process.

Eulerian formulation.

With the Eulerian formulation the reference system is fixed in space. In simulations of (semi-)

continuous processes such as rolling, the mechanical deformations occur in an area that is very

small compared to the length of the workpiece. In these circumstances one would like to model

only the relevant part of the workpiece and let material flow into the mesh at the entrance and out

of the mesh at the exit. With the Eulerian formulation this is possible but there are other demands

that are not fulfilled by this approach.
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Lagrangian formulation

In the case of the Lagrangian formulation the reference system is attached to the body. In a

Lagrangian analysis, a material point is followed in time. The deformations that the material point

experiences can influence the constitutive behavior. If the displacements remain small the

difference between the undeformed and the deformed geometry can be ignored. In this case a

geometrically linear analysis is sufficient. If however, the displacements become larger, the

notion of stresses and strains depends on the choice of a reference frame. In this case a

geometrically non-linear analysis must be performed (5).

In a finite element analysis the stresses and strains are usually determined only in the integration

points. During the complete Lagrangian analysis an integration point represents the same material

point. The Lagrangian formulation is usually adopted for solids. Material behavior that is history

dependent is easily solved in a Lagrangian analysis, because the same integration point represents

the material all the time (6).

Arbitrary Lagrangian Eulerian analysis.

When considering forming processes like rolling, it seems advantageous to use the Eulerian

approach, fix the grid and let the material flow through it. But path dependent material behavior

necessitates the integration along streamlines and secondly the boundaries perpendicular to the

process flow may not be known in advance. The analysis is not applicable for the compaction of

asphalt concrete mixtures because of the in space fixed discretization, the boundaries of the solid

can not change its form, which is an essential quality of forming processes.
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For processes with large deformations, like forming processes, the Lagrangian formulation is not

applicable because of large mesh distortions. To overcome this shortcoming researchers

developed the Arbitrary Lagrangian Eulerian (ALE) approach, a combination of both the Eulerian

and Lagrangian method. In this method the computational grid is disconnected from the material

and can have any displacement. It can be used to keep the mesh more or less regular and let the

material flow partly through the mesh and at the same time to keep track of the material

boundaries. One of the implications of this method is that a material point is not represented by

one and the same integration point during the analysis and special measures must be adopted to

take history dependent material behavior into account.

An additional motivation for using the ALE method for simulating the compaction process is

because the control capabilities of the mesh deformations. For modeling the interaction between

the roller and the asphalt concrete, contact or interface elements are used. In this case the nodes of

the elements connected to one body have to be lined out with the nodes of the same element of

the other body. This can be arranged easily in the ALE method.

Contact elements

The contact elements are regulating the normal and shear stress, and the normal and shear strain

between the two components (material and workpiece). The size of the contact element in the

thickness direction (i.e. perpendicular to the direction of the contact plane) can be zero (the con-

tact element is closed) or can be larger than zero (there is a gap between the two bodies i.e. the

contact element is open). The contact behavior in the normal direction, perpendicular to the

contact surface, can be represented by an elastic spring parallel to a damper as shown in figure 1.

The damper can be activated or not. The damper is used to smooth the opening and closing of the

contact element. If the damper is activated, the behavior of the contact element in normal
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direction is elastically delayed. In this case it is not necessary that normal stress is zero when the

gap is just closed, but a small negative or positive stress can appear depending on the fact whether

loading or unloading takes place.

Figure 1; Model of behaviour of a contact element (8).

The thickness of the contact element can also become negative, in which case the contact element

is turned inside out and both contacted bodies are penetrating each other. In this case one is

talking about an overlap. In fact the overlap is limited and can be adjusted with the input

parameters. The normal stiffness of the contact elements does not have a physical meaning but

has to be defined to stabilize the calculation process. Values for the stiffness have to be chosen

within a certain range. If a too low value is chosen, large penetration depths are obtained that can

decrease the accuracy of the calculation. If the value is chosen too high, convergence problems of

the calculation might occur (7).

For modeling the shear stress between the two bodies that come in contact with each other, the

contact element contains an elastic spring parallel to the direction of the contact plane. If

Coulomb friction is modeled, the maximum shear stress is limited and apart from this also

depending on the normal stress in the element. If the maximum shear stress is exceeded, slip

occurs and when this is not the case stick occurs between the bodies. In contrast with the normal
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stiffness of contact, the shear stiffness has a physical meaning. Stick-slip behavior plays an

important role especially in modeling rolling processes. For this reason the parameters that

represent the phenomenon have to be chosen with care (8).

Element mesh and boundaries

The dimensions of the elements are variable in both directions (depth and length) in such a way

that the smallest elements are at the places where the most varieties can be expected for stress and

strain (i.e. in the middle under the roller and at the top of the layer). The element mesh can also be

seen in figure 7.

The boundary conditions of the modeled material (except for the free surface) are fixed. The

nodes laying on the edges are geometrically coupled and the deformation of the boundaries are

prescribed (zero in vertical direction and a specific value per step in horizontal direction). By this

prescribed geometrical displacement the considered piece of material is forced through under the

compaction roller. The top of the modeled material is a free surface as far as there is no contact

with the roller drum. On places where there is contact, a prescribed displacement is active as a

fourth boundary on the material. Because the assumption is made that the roller drum does not

deform during the compaction process, the roller drum itself is not modeled with finite elements.

The edge of the drum is geometrically fixed in space with help of a rotated coordinate system.

The deformation of the roller edge is free in the direction of the tangent of the drum and fixed on

zero perpendicular to this tangent direction of the roller. The roller drum can turn free around its

center but can not move in vertical direction.

Since the workpiece of the material and the roller drum are fixed in vertical direction and the

material is driven through under the roller drum, the system can be seen as a rolling process with
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a prescribed deformation (or compaction) result. The force needed for this compaction can be

determined and a relation "roller drum weight" versus "compaction progress" is created. This kind

of calculation is preferred above one in which the roller drum weight is prescribed because the

latter approach is far more unstable.
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4 CONSTITUTIVE RELATIONSHIPS

The behavior of asphalt concrete mixtures during compaction is mainly plastic and partly elastic

and viscous (9). The plastic behavior is mainly due to the particle reorientation that occurs during

the compaction process of the aggregate material. Also in soil mechanics particle reorientation

plays a significant role in describing mechanical properties. A fundamental theory describing the

behavior of soil is the Critical State theory or the Cam Clay theory. Some of the principles of this

theory are used as a blueprint in describing the asphalt concrete material behavior for the

compaction research.

Critical State theory.

In Critical State theory, often use is made of p’ and q as stress parameters and υ as a parameter

for the specific volume of the material. p’ is the isotropic normal stress on the material eventually

reduced with the fluid pressure in the material. q is the deviator stress in the material and can be

calculated in a plain strain (triaxial test) situation with:

q = σ1 - σ3    [Pa]   (σ2 = σ3)

p’ can be calculated in the same situation with:

p’ = 1/3 ( σ1 + 2 σ3)    [Pa]    ( σ2 = σ3)

Because many important mechanical properties of soil are depending on the closeness of the

particle pattern the state of the soil can be described by the specific volume parameter, υ, by

υ = V/Vs    [m
3/m3]

where V is the volume of a sample containing a volume Vs of soil grains (10).
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One of the aspects of the Critical State theory that is used for the modeling of the compaction

process of asphalt concrete is the limitation of possible stress-specific volume states in the p’:q:υ

space which is known as the State Boundary Surface (SBS). In theory it is assumed that every

specific volume of the material is coupled to a yield locus, a criterion for the material that

indicates at which stress elastic deformation is switched over in elastic-plastic deformation. The

well-known Mohr-Coulomb criterion is a similar relation with the difference that this criterion is

not “closed”. It means that no plastic and volume change due to isotropic compression takes

place, which is especially not the case when particle pattern is loose. Schwartz and Holland

coupled a Mohr-Coulomb criterion to a so called “closure cap” with which they created a closed

yield locus (11).

For a fixed q over p’ proportion the SBS reduces into a line that can be drawn in the p’:υ space,

and that becomes a straight line if it is drawn in the ln p’:υ surface. If q/p’ = 0, there is no shear

stress in the material and the material is “isotropic normal compressed”. This situation can be

represented by a line in the p’:υ space, and is known as the Normal Compression Line or NCL.

At a specific stress combination of q/p’ the material is in a Critical State. This Critical State of the

material is defined as a situation in which the material deformation increases constantly at a

constant volume and a constant combination of stress. The line that the critical state points

connects is known as the Critical State Line (CSL) and when it is drawn in the ln p’:υ space, it

has the same slope λ as the NCL. The surface between the NCL and the CSL is of interest for the

compaction research because in this situation a closer particle pattern (i.e. compaction) occurs.

Left and below the CSL there is dilation of the material because of shear. The surface between the

CSL and the NCL can be seen as the “closure cap” of the yield locus (figure 2). This situation is

known in soil mechanics as on the wet side of critical, the surface is the Roscoe surface (12).
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Figure 2: The yield locus and subdivision of the elastic plastic “Rock” material model.

To characterize a material model of the yield locus has to be determined. In the original Cam

Clay theory this model was a logarithmic spiral, later on in Modified Cam Clay (MCC) theory it

became an ellipse. As an extension of the Cam Clay theory several yield loci have been

developed. Some of them fit better with experimental measured data and others are more practical

to implement in a mathematical model (13).

Another characterization of granular material is the progress in which a material gets stronger. In

fact this can be determined from the slope λ of the CSL and the NCL in the ln p’:υ space. This

progress in strength of the material is also known as the hardening relation. The proportion of the

plastic shear strain, εs, versus the plastic volumetric strain, εv, as a result of the stress ratio q/p’, is

an important material characteristic. If both quotients are equal in number, one is speaking of

associated flow and the yield locus coincides with the plastic potential, which is the line that

indicates the direction of plastic deformation. In this case plastic strain is directed perpendicular

to the yield locus. This is the case for the closure cap of the Rock model, which is described in the

sequel.
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Nature of deformation asphalt mixes during compaction.

Although in an asphalt concrete mixture the volume of bitumen is small in relation to the volume

of the aggregate, the characteristics of the bitumen are of significant importance on the

mechanical characteristics of the total mixture. Figge (9) concludes that in mixes with a mineral

aggregate and a bitumen component, the aggregate has clearly the biggest influence: Nevertheless

the characteristics of the bitumen also influences the characteristics of the total mixture

significantly. During compaction the largest part of the deformation is due to non-reversible

particle reorientation and fracture, which causes plastic deformation. During the compaction

process, the elastic component increases whereas the plastic component decreases. The viscous

rate of the deformation is almost constant during the entire compaction process.

The DiekA Rock material model.

The Finite Element calculations are carried out with the DiekA FEM code, a code that consists of

an ALE calculation method and in which a suitable material model, the “Rock” model, is

implemented. The “Rock” material model is developed for calculations of dredging activities in

soft rock. With its closed yield locus and its hardening and softening possibilities, it is applicable

for asphalt concrete mixtures.

The model describes elastic plastic material behavior. The transition between elastic and plastic

behavior is modeled with the use of a yield locus as described for Critical State theory. For the

elastic part of the material behavior the model uses the modulus of elasticity E and the Poisson’s

ratio ν. For hardening caused by compaction in the isotropic compression side of the p’:q plane

(high p’/q ratio) a hardening parameter can be defined. For softening caused by shear a softening
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parameter will be used. Hardening and softening parameters determine how fast the yield locus

grows or shrinks when the specific volume changes. The right values have to be determined

through calibration. A yield locus determined by a FEM calculation with specific material

properties is illustrated in figure 5.

The yield locus of the “Rock” model consists of four areas (figure 2). Zone I is the tension stress

zone. Zone II is the brittle plastic zone and is located between SBP and the q axis. Zone III is the

compressive cap zone, located right of the SN point. The closure cap is modeled with an ellipse.

Zone IV is the shear cap zone, located between SN as right border and SBP on the left side.



 ter Huerne,  van Maarseveen and Molenaar 17

5 CALCULATION RESULTS

Calculations have been made with fictive values for material properties of an asphalt concrete

mixture. The material properties are the properties of the yield locus mentioned in the previous

section. The parameter values are roughly estimated from results found in literature (9). In the

near future calibration of parameter values is foreseen based on experimental material

measurements.

The simulation is carried out using a roller drum diameter of 1000mm, and a start value of the

layer thickness of the material of 50 mm. For the stability reasons of the calculation process the

compaction progress per pass is fixed here on a reduction of the layer thickness of 2.5 mm, so

progress in the degree of compaction is about 5 per cent. This is just one single roller pass which

can be expected at the start of the compaction process. The total vertical reaction force on the

material (or the total vertical force on the roller drum) is calculated as 70.1 N/mm1. So a roller

drum weight of 7010 kg/m leads to a compaction progress of about 5%, complied with the

specific roller drum diameter and the specific material specifications.

Analysis of plastic deformation of the material at different depths.

The plastic deformation (=compaction) of the material is analyzed at various depths in the

material. These depths are;

• level 0  =  the top of the layer,

• level 1  =  on 18 % depth in the layer,

• level 2  =  on 30 % depth in the layer, and,

• level 3  =  on 100 % depth or the bottom of the layer.
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Mentioned depths are approximate values because of the fact that compaction of the layer in

depth direction is not homogeneous and values come from specific nodes. Thickness of the layer

is reduced during the simulated roller pass from 50 mm onto approximate 47.5 mm.

In figure 3 the progress of different compaction at levels 0, 1 & 3 is shown as a function of the

distance to the center of the roller drum. The progress of the compaction rate at the top of the

layer (level 0) is bigger than the progress at the bottom of the layer (level 3). Furthermore, a

strong progress of compaction is reached at the point where the roller drum makes contact with

the material (vertical position –43 mm), around the center of the drum no significant progress

occurs, and, in the upper part of the layer just at the place where roller drum loose contact with

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

-100.00 -50.00 0.00 50.00 100.00 150.00

Distance to centre drum [mm]

Level 0, top layer

Level 1, 9mm deep

Level 2, 30 mm deep

level 3, 50 mm deep

Centre of the roller drum

the material, extra progress of compaction takes place.

 Figure 3: Compaction progress on three horizontal levels.
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Analysis of the compaction results at various distances from the roller.

The results of compaction have been calculated on vertical cross-sections on the following five

distances in mm relative to the center of the roller drum;

• position  – 43 = location where the roller drum just starts to make contact with the material,

• position – 28.3 = approximate in between positions – 43 and 0.0,

• position    0.0 = the center of the roller,

• position   10.5 = a place where high deviator stresses occur,

• position    28 = the location where the roller drum looses contact.

In the position definition the “-” sign means that the specific position is in front of the center of

the roller drum, and the “+” sign means a position located behind the center of the roller drum.

The progress of the compaction rate at the four distances is illustrated in figure 4. Most of the

compaction progress is realized in the upper part of the layer (about 3.5%) until position -43,

while in the lower part of the layer few compaction progress is made (2.5%). At position 0 the

compaction progress in the upper part of the layer has increased until 6%, while the compaction

progress in the lower part of the layer increases onto about 4%. As already can be expected no big

progress in compaction is made anymore behind the center of the roller drum as can be seen from

the lines of positions +10.5 and +28.
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Figure 4: Compaction progress on four vertical positions.

Analysis of q versus p’ stresses.

Figure 5 shows the deviator stress q and the isotropic stress p’ for specific levels in depth

direction of the layer. Also the yield locus of the virgin material (before compaction starts) is

drawn. The figure illustrates at which q/p’ rate the stress situation in the corresponding material

point approximately meets the yield locus. Larger stresses (outside the virgin yield locus) can

only go together with plastic deformation and hardening. Due to hardening the material gets a

bigger yield locus. So stress points outside the virgin yield locus have to correspond with bigger

yield loci, which are not shown in the figure.
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Figure 5: The virgin yield locus of the material, and stress paths of levels 1 and 2.

The stress curves meet the yield locus in the closure cap. It means that no deformation through

shear occurs and that the material does not fail as it will when it is in a critical state. When the

stress curves leave the yield locus in the closure cap, hardening occurs and due to this the material

gets stronger which is of course the goal of the compaction process.

Analysis of vertical stresses in the layer.

The distributions of the vertical stresses on both bottom and top of the layer as a result of the

compaction process are illustrated in figure 6. From the vertical stresses on the bottom of the

layer the total vertical force of the roller drum on the material can be calculated. In this case it

was 70.1 N/mm, and it corresponds with a roller drum weight of 7010 kg/m.
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Furthermore, it can be seen, that if the vertical stresses on top of the layer are combined with the

stresses at the bottom of the layer, a spreading of stress takes place in the asphalt layer with a

slope of approximate 1:1. The magnitude of the surface between roller drum and material can be

derived from the calculation. The contact length of the roller drum was about 81 mm, which

corresponds to a mean stress of 0.87 MPa.

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

-200 -150 -100 -50 0 50 100 150 200

Distance to center drum [mm]

Center of roller drum

Level 0 = top of the layer

Level 3 = bottom of the layer

Figure 6: Vertical stresses level 0 (top of layer) and 3 (bottom of layer).

Horizontal stresses in the material.

The horizontal stresses in the material are calculated. Because roller cracks can occur when the

rolling process is carried out poorly. These cracks can be the result of small tension stresses in the

material. The horizontal stresses applied to the surface are the main cause for the tensile stresses

in the material. The calculation reveals that tension stresses originate at the top of the layer just in
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front and behind the roller drum, and sometimes (depending on material properties) on the bottom

of the layer below the center of the roller drum. The horizontal stresses are illustrated in figure 7.

The figure gives also notion of the set up of the Finite Element mesh.

Figure 7: Horizontal stress distribution in N/mm2 below the roller drum.

Outline of roller drum

Compacted material
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6 VALIDATION OF THEORY

The compaction process simulated with the FEM approach needs validation. Therefore the results

of the simulations will be compared with the results of a field experiment.

For this purpose an experimental section has been constructed in 1998 at the test facility of the

Road and Railroad Laboratory of the Delft University of Technology. The experimental test

section has been constructed with three layers of Dense Asphalt Concrete on an existing road

base. The layers were approximately 30 m long and 2.80 m wide. The thickness of every layer

was planned to be 50 mm after compaction. The roller used was a tandem roller with a total

weight of 7240 kg and drums of 1100 mm diameter and a width of 1400 mm. During the

construction of the test section the following measurements have been collected for each layer:

1. the decrease of the thickness of the layer on 16 measuring points after every roller pass,

a.) with a leveling rod,

b.) with the Stratotest equipment,

2. the nuclear density increase on 4 measuring points after each roller pass,

3. the variation of the density in thickness direction with a gamma ray scanner on 16 cores

drilled out of each layer,

4. the progress of the cooling of the hot spread asphalt concrete with build in thermocouples.

These temperature measurements will not further discussed here.

The validation study, the next stage within the project, will be performed on the basis of these

measurements.
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7 CONCLUSIONS

A FEM approach is presented to simulate the compaction process of asphalt concrete mixtures in

an elastic-plastic way. Within this model use is made of material models that originates from soil

mechanics. Essential features are; an ALE method, the implementation of contact elements and an

elastic-plastic material model with closed yield locus and hardening possibilities. Calibration of

material properties is needed in order to be able to apply the FEM approach for practical

purposes.

From a theoretical point of view it turns out that reliable stresses, strains and deformations of the

material can be predicted. By means of the FEM tool, it is possible to get grip on the compaction

process in a fundamental way, which is necessary for improving quality management of road

works. All other approaches to predict compaction results found in literature, are based on

empirical methods which makes it difficult, though not impossible, to generalize the results and to

adapt these for new materials. The described tool makes it also easier to perform a parameter

study or sensitivity analysis. The developed tool looks very promising and powerful, and further

research is undertaken to validate the approach using extensive measurements of a field

experiment.
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