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Abstract This study investigates the effect of the

interface bonding conditions between a concrete

overlay and the existing hot mix asphalt layer on the

design life of bonded concrete overlays. Most of the

current design approaches assume a full bonding

between the layers and ignore the proposed models in

the literature for the description of the interlayer

behaviour. A reason for that is that these models are

very extensive and require big computation effort. To

overcome this limitation, this paper analyses temper-

ature-dependent experimental data, that describes the

bond behaviour in normal and tangential direction and

involves this data in different 3D finite element (FE)

models for the evaluation of the impact of the interface

bonding conditions on the pavement response.

Further, the effect of applying different interface

modelling approaches (full bonding model, friction

model and the cohesive zone model (CZM)) in a

commercial FE-software on the resulting design life

has been demonstrated. One of the most significant

findings to emerge from this study is that the

implementation of temperature-dependent empirical

data to describe the interface bonding conditions leads

to more realistic design results.

Keywords Interface bonding � Pavement design �
White topping � Bonded concrete overlays

1 Introduction

A good bond between the concrete overlay and the hot

mix asphalt layer (HMA) ensures the transfer of

stresses across the interface and thus the durability of

the pavement structure. The bond is normally gener-

ated by the interlocking action of the aggregates and

the adhesion due to the chemical bond of the cement

paste [1]. The interlocking action of the aggregates is

provided by the substrate surface preparation (rough-

ness) [1]. Surface preparation includes milling of

existing asphalt to eliminate or reduce surface distor-

tions and to help provide a good bond, and surface

cleaning.

Considerable experimental research has been con-

ducted regarding the evaluation of pavement interface
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bonding and its effect on the pavement performance.

Most of these studies investigate the interface between

asphalt layers [2–7]. Some of them focus on the

interface bonding between concrete slabs and an

asphalt overlay [8–11] and only a few of them on the

concrete-asphalt interface in bonded concrete over-

layes of asphalt pavements [12, 13].

Further, when discussing the effect of interface

bonding on the pavement performance, it is important

to make reference to the several design procedures for

concrete overlays that have been developed over the

years [14–19]. Each procedure incorporates different

inputs, software and has specific design assumptions,

deficiencies and strengths [20, 21]. Unfortunately,

there is yet no design procedure that considers the real

interface bond characteristics between the asphalt and

the concrete overlay. Most pavement design methods

consider fully bonded layers [14, 16, 18], despite the

fact that excessive normal tensile stresses and hori-

zontal shear stresses can lead to debonding and failure

[22]. ACPA [23] recognizes that the two most

common reasons for failure of the bonded concrete

overlay on asphalt are delamination stemming from

failure in the bond plane or from failure in the

underlying asphalt layer. This method evaluates bond

plane stresses using horizontal shear data. It calculates

stresses and strains for each mode and compares those

against probabilistic models of each mode to deter-

mine which factor is the most likely mode of failure, or

the weakest link, driving failure in the overall system

[23]. Further, a performance based design method for

concrete overlays was proposed in [24–26], which

considers the residual bearing capacity of the existing

HMA-layer, its thickness and temperature-dependent

interface bonding characteristics between the existing

HMA and the new concrete layer.

In addition, various models have been used to

investigate the interlayer behaviour of pavement

structures [9, 27–31]. The linear elastic fracture

mechanics (LEFM) approach assumes that the inter-

face is having some well-known intrinsic defects and,

hence, is not capable of predicting damage between

two layers [31]. For this reason, the majority of recent

studies uses the powerful computationally efficient

Cohesive Zone Model (CZM) that can be applied to

predict cracking in homogeneous and non-homoge-

neous materials and represents non-linear softening

behaviour occurring along the fracture process zone in

terms of traction separation behaviour. Barenblatt [32]

proposed the CZM to investigate perfectly brittle

materials, while Dugdale [33] adopted a fracture

process zone concept to study ductile materials

exhibiting plasticity. Xu and Needleman [34] pre-

sented a potential-based model, where cohesive ele-

ments were inserted along either lines or regions in

advance by means of the finite element method

following an exponential cohesive law. Camacho

and Ortiz [35] proposed a similar cohesive law. As the

model by Xu and Needleman induces artificial com-

pliance due to the elasticity of the intrinsic cohesive

law, Geubelle and Baylor [36] and Espinosa and

Zavattieri [37] proposed a bilinear model to alleviate

the artificial compliance due to the initial pre-peak

slope of the intrinsic cohesive model. Some research-

ers [28, 31, 38, 39] applied successfully the CZM to

address fracture in viscoelastic materials. Olubanwo

[29, 40] used an approach based on plane strain

analysis within the context of Interface Cohesive Zone

Model (ICZM) as viable for describing and predicting

delamination mode of failure in bonded concrete

overlays systems (BCOs). The study demonstrates the

significance of numerical computational tools in

resolving the complexity associated with interfacial

delamination problems. Cohesive elements and CZM

are also implemented into some FE commercial

softwares that allow for the effective analysis of

fracture initiation and propagation in pavement

models.

Having all this in mind, it can be concluded that a

more advanced estimation of relevant stresses and

strains in the pavement structure would consider in

greater detail the effect of the interface conditions

between the layers. Such considerations could expand

the capability of design methods and better predict the

pavement performance. Therefore, this paper dis-

cusses the importance of considering the interface

bonding conditions between the concrete overlay and

the existing HMA layer in the design procedure.

Hence, the CZM implemented in the software Abaqus

is proposed to characterise the interface bonding

conditions which are represented by the consideration

of empirical data in the model. Additionally, the

impact of using different modelling approaches on the

estimation of relevant stresses and on the resulting

design life has been investigated.
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2 Modelling of the interface bonding conditions

Modelling a pavement structure with different load-

ings, interactions between the layers and boundary

conditions requires a more sophisticated method than

the analytical methods. A correlation between differ-

ent material parameters, slab dimensions, loadings and

interactions, and the resulting stresses and strains can

be effectively established by the use of finite element

models. Hence, different FE-models have been cre-

ated with the software Abaqus [41]. An important

feature of this software is the implementation of

different interaction models. This section focuses on

the characterisation of the bonding conditions between

the concrete and asphalt layers.

For the purpose of this study the CZM was applied

to characterise the interface behaviour between the

concrete and asphalt layers. A surface based cohesive

behaviour implemented in Abaqus was used in the

modelling as a interaction property. It provides a

simplified way to model cohesive connections with

negligibly small interface thicknesses using the trac-

tion-separation constitutive model. As Fig. 1 shows,

normal sn and shear stresses ss, st are related to the

normal dn and shear ds, dt separations across the

interface before the initiation of damage. At smaxn (smaxs ,

smaxt ) the cohesive strength is reached, the damage

initiates with first micro cracks and the separation

begins. After that the damage grows with the increase

of the separation until the traction becomes zero. At

dfn(d
f
s , d

f
t ) the layers are completely separated and the

interface fails (damage evolution). The fracture

energy, Gc, is calculated as the area under the

traction-separation curve and represents the dissipated

energy dissipated for crack formation. The stiffness

matrix is formed from the shear stiffness components

Ks and Kt and the normal stiffness component Kn [41].

The characteristic parameters describing the bilin-

ear traction-separation law between concrete and

asphalt in normal and tangential direction can be

obtained from pull-off resistance tests according to

ÖNORM B 3639-2 [42] or wedge splitting tests

according to RVS 13.01.51 [43] and shear resistance

tests according to ÖNORM B 3639-1 [44]. In Austria,

the shear resistance test and the pull-off tensile

resistance test are standardly used for the investigation

of the layer bonding in asphalt pavements, where

specimens are loaded in shear and normal directions,

respectively. The wedge-splitting test is used to test

the notch-gap tensile strength and the specific fracture

energy in concrete pavements. A detailed description

of the tests setups is given elsewhere [42, 44, 45].

The shear strengths ss and st, respectively, (max-

imum tangential cohesive traction) in ½N � mm�2� can
be calculated by using the following equation

ss ¼ st ¼
Fs;max

A
ð1Þ

where Fs;max is the measured maximum shear force in

N and A is the area of the cross section of the specimen

in ½mm2�.
According to [41] and [46] the tangential cohesive

stiffnessKs=Kt can be obtained from the shear strength

ss and the displacement dmaxs measured when Fs;max is

reached

Fig. 1 Constitute law for

fracture behaviour
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Ks ¼ Kt ¼
ss
dmaxs

: ð2Þ

As mentioned above the normal cohesive traction can

be sn obtained from a pull-off tensile resistance test or

from a wedge splitting test. The pull-off resistance is

determined by the maximum reached tensile force

Fn;max in correlation to the area of the specimen cross

section A:

sn ¼
Fn;max

A
: ð3Þ

From the determined pull-off strength sn and the

displacement dmaxn measured when Fn;max is reached,

the adhesive tensile stiffness Kn can subsequently be

derived according to equation

Kn ¼
sn
dmaxn

: ð4Þ

The wedge splitting test is a displacement controlled

test and is performed with a loading velocity of 0.5

½mm � min�1� in the vertical direction. After the test, a

load–displacement curve can be gained automatically

and the fracture mechanical parameters can be deter-

mined from test results. The specific fracture energy

GTC can be calculated by integration

GTC ¼ 1

A

Z d

0

Fn;max
_ddmaxn ; ð5Þ

where dmaxn is the horizontal displacement, A is the

projected area, Fn;max is the maximum horizontal

force, and d is the maximum horizontal displacement

of the cutting banks. The nominal notch tensile

strength sn can be calculated from the maximum

horizontal load Fn;max using

sn ¼
Fn;max

bhð1þ 6y
h Þ

; ð6Þ

where h and b are the height and the width of the

fracture surface area, respectively, and y is the vertical

distance of the centre of gravity of fracture surface

from the horizontal force. The nominal notch tensile

strength comprises the contribution of tensile stress

and flexural stress.

In a subsequent step the shear resistance test

according to the Austrian standard ÖNORM B 3639-

1 [44] has been modelled in order to investigate the

compatibility of experimental results from the

bonding test with the surface-based cohesive model

in Abaqus.

The model in Fig. 2 consists of a 40 [mm] thick

concrete layer on top of a 40 [mm] thick HMA layer.

Both assemblies have a diameter of 100 [mm]. The

material properties of the layers at 20 �C are given in

Table 1. Both parts are meshed with solid brick

elements with a size of 5 [mm] with a total number of

elements 18476 each. While the HMA layer is fixed in

each direction, the concrete layer is fixed only in x- and

y-direction so that it can move in direction z. In the z-

direction a measured displacement from the static

shear resistance test is applied. The interface bond

conditions are simulated with the cohesive zone model

as an interaction property, where experimental data

from shear resistance and pull-off resistance tests on

cores from a road section with white topping was

utilized (Table 2). The damage evolution dfn(d
f
s) is the

only parameter that has been appraised iteratively.

Figure 3 shows a comparison of the force-displace-

ment curves from the shear resistance test and from the

simulation. The considered CZM here is linear and the

increasing branch of the curve can therefore only be

approximated linearly. However, in the crucial points

(points of failure, decreasing branch) the model fits

very well. It can be concluded that the actual interface

bonding behaviour of the tested specimen was reliably

modelled. Therefore, the application of the CZM as an

interaction property between layers appears to be

Fig. 2 Simulation of the static shear resistance test
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feasible for the estimation of critical stresses and

strains in pavement structural models.

3 Experimental investigation of the temperature-

dependent bond characteristics

The main goal here is the assessment of the bonding

parameters between the concrete overlay and the

HMA layer. As the behaviour of the HMA layer is

strongly temperature-dependent, this should be con-

sidered in the modelling of the interface and in the

design of bonded concrete overlays. For this reason,

cores were taken from two test tracks and examined at

different temperatures using the three above men-

tioned bonding test methods.

3.1 Test sections and sampling

The first test track was built in 2014 as part of the

project ‘‘Urban Traffic Surface - Optimized concrete

for inner-city areas’’ [47]. The rigid pavement (with a

thickness of 12 [cm]) was constructed according to the

usual methods for white topping. The surface of the

asphalt layer was milled in longitudinal direction

before layering the concrete. No tack coat was used.

The test track has been used as a parking area for

construction equipment and has not been exposed to

real traffic. Five years after the construction cores

were extracted and tested using the above described

test methods.

The second test track was build in 2018 on the

regional road L45 between Stratzdorf and Rohrendorf

(km 4.050–4.200). In this project, the HMA top layer

Table 1 Material properties

Layer E-Modulus at 20 �C ½N � mm�2� m Density ½kg � mm�3�

Concrete 30000 0.15 2.40�10�5

HMA 3500 0.4 2.20�10�5

Table 2 Interface bond

properties
Tempe- Normal stress Shear stress Normal stiffness Shear stiffness Damage evolution

rature smaxn smaxs ¼ smaxt Kmax
n Kmax

s ¼ Kmax
t dfs ¼ dft

½�C� ½N � mm�2� ½N � mm�2� ½N � mm�3� ½N � mm�3] [mm]

20 2.89 3.22 1.84 3.31 2.49

Fig. 3 Comparison of the

force-displacement curves

from the shear resistance test

and from the simulation
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was conventionally milled in the driving direction and

replaced with a 10 or 12 [cm] thick concrete layer. The

test section was divided into individual fields with

different layer thicknesses and joint spacings. The

used concrete mixture has a maximum aggregate size

of 22 [mm]. No tack coat was applied before layering

the concrete. Close to the test section there is an

operational gravel pit and therefore a significant

amount of heavy traffic has been expected to pass

the section daily. Cores were extracted from this road

section in 2021 to examine the interface bonding

properties between the concrete and the asphalt layer.

Table 3 gives an overview of the testing program

and the number of extracted cores from both test

sections. As the samples from the second section were

taken two years after the examination of the first one,

the knowledge gained from the first examination was

considered when determining the test program for the

second section. The pull-off and wedge splitting tests

on samples from the first test track at 40 �C were not

evaluated because the failure during the testing

occurred in the asphalt layer and not at the interface

between the two layers. For this reason a maximum

test temperature of 30 �C was defined for the

specimens obtained from the second test track.

3.2 Results

This chapter analyses the results from the laboratory

tests and discuses the implementation of the obtained

experimental results in the design of white topping

pavement structures.

3.2.1 Normal cohesive behaviour

Pull-off resistance tests and wedge splitting tests are

employed to identify parameters, which can be used in

the CZM to characterise the interface behaviour in

normal direction. Hence, tests are carried out at four

test temperatures (–10 �C, 0 �C, 20 �C and 30 �C or 40
�C).

However, the pull-off resistance tests and the

wedge splitting tests on cores from the first test section

failed at 40 �C. Therefore, it was decided to try to

conduct them at 30 �C for the second test track. At 30
�C the failure occurred again in the asphalt and not at

the interface. This indicates that at high test temper-

atures the tensile strength of the asphalt is lower than

the tensile strength of the interface. The results of three

specimens from the first test track at 20 �C were also

not evaluated because cracks occurred in the HMA

during the tests.

Table 3 Testing program

and sampling
Laboratory tests Testing temperature Extracted cores

�C Test track 1 Test track 2

Shear resistance test -10 3 3

0 3 3

20 3 3

30 - 3

40 3 –

Pull-off resistance test -10 3 3

0 3 3

20 3 –

30 - 3

40 3 –

Wedge splitting test -10 5 –

0 5 –

20 5 5

30 – –

40 5 –
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The results from the preliminary experimental work

on cores from both test tracks are summarised in

Fig. 4. The normal cohesive traction is represented by

the adhesive tensile strength and by the notch tensile

strength. It is apparent from this figure that the

temperature is a factor, which influences the interface

behaviour significantly. Despite the wide dispersion of

the results, it is obvious that the tensile strength

decreases with the increase of temperature. There are

several possible reasons for the scatter between

individual test results at each temperature. The most

probable one is an inhomogeneous condition of the old

HMA layer. As mentioned above, the tested cores

were extracted from road sections, which were

rehabilitated with a BCO. The old HMA layer was

milled prior to the BCO placement in order to remove

the rutting, restore the levelling and ensure the

composite action between the concrete overlay and

the old HMA layer. However, this procedure, together

with the repair of any further visual defects can not

fully ensure that the HMA is in a good and homoge-

neous condition. Another reason for this scatter could

be that some samples were pre-damaged without any

visual defects during the drilling, extraction and

transport. Further defects could have occurred during

the construction process, e.g. construction at low

temperatures, bad compaction etc. This was consid-

ered when choosing the test data for the derivation of

the CZM parameters.

When comparing the tensile strengths obtained

from the pull-off resistance and from the wedge

splitting tests on cores from the first test track, it can be

seen that they are in same range of values. Due to the

large scatter of the results from both test tracks it is

difficult to assess where the strengths are higher.

However, the tensile strength at 20 �C at the second

test track is almost twice as higher as at the first one.

3.2.2 Tangential cohesive behaviour

Shear resistance tests were performed to derive

parameters describing the interface behaviour in

tangential direction. Figure 5 provides the results

obtained from testing cores from both test tracks.

Three specimens were tested at each temperature (–10
�C, 0 �C, 20 �C and 30 �C or 40 �C). In contrast to the
tensile tests, the conduction of shear resistance tests

was successful at all examination temperatures. How-

ever, to correlate with the examination program for the

tensile tests, the maximum testing temperature for

shear tests at the second test track was set also at 30 �C.
Figure 5 reveals that the resulting shear strengths at

low temperatures from the second test track are much

higher then those from the first one. This can be

explained by the fact that the traffic at the second

section was released 3 days after the concrete place-

ment, which caused an additional compaction of the

concrete and thus better aggregate interlocking. At the

same time, there was no real traffic on the first test

Fig. 4 Normal cohesive

traction
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section during the whole exploitation time. The scatter

of the results at higher test temperatures is smaller than

at low temperatures.

Similar to the tensile strength tests, the shear

strength decreases with rising test temperature. This

indicates again the profound effect of the temperature

on the interface bond behaviour. From Fig. 5 it is

noticeable that the values of the shear strength at –10
�C and 0 �C are in the same range. Further, the results

from the second test section at –10 �C and 0 �C are

almost identical. A possible explanation for this might

be that at low temperatures the adherent effect of the

bitumen is not activated. In this case, transfer of the

shear force is ensured by the aggregate interlocking

(friction), which is not temperature-dependent.

4 Impact of the bonding conditions on the design

service life

4.1 Investigation the occurring stresses due

to traffic loading

To demonstrate the impact of different bonding

conditions and modelling approaches on the occurring

stresses and later, respectively, on the design life of

bonded concrete overlays, two FEmodels of pavement

structures with different geometries were created with

the software Abaqus (Fig. 6). Figure 6 shows the finite

element mesh and the approximate size of the used

quadratic bricks (C3D8, C3D8R and C3D20R accord-

ing to ABAQUS’ nomenclature). These models con-

sist of four layers, whose material properties are given

in Table 4. The moduli of the HMA, base and

subgrade layers have been varied depending on the

season period (P1, P2, P3 and P4). In order to

investigate realistic cases from the practice, a residual

bearing capacity of the HMA layer from 70 % of the

initial bearing capacity has been considered. Together

with the different interface modelling approaches the

concrete overlay thickness was also varied (120 mm,

160 mm and 200 mm).

Along the longitudinal edge of the pavement, a

shoulder was modelled as an unbound layer in order

reproduce the real boundary conditions. The interac-

tion between the shoulder and the slabs has been

represented by a panalty friction model with a friction

coefficient of 0.1. Furthermore, a symmetry axis was

applied along the other edge of the pavement. The

aggregate interlocking in the undoweled joints is

simulated also by a penalty friction formulation with

a friction coefficient of 0.9. Aditionally, a penalty

frictional interface with l ¼ 0; 5 was applied between

the HMA and the base layer. The bottom of the the

subgrade is fixed in each direction and a surface-based

tie constraint is modelled between the base layer and

the subgrade.

The interface modelling approach between the

concrete and the HMA-layer has been varied with (i) a

full bonding model, (ii) a penalty friction model and

Fig. 5 Tangential cohesive

traction
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(iii) a cohesive zone model. In the cases where the full

bonding and the friction model were applied, the

material parameters were taken from Table 4.

The input parameters for CZM rely on the exper-

imental results from Chapter 3.2 from the second test

track at 0 �C, 20 �C and 30 �C. The mean value of the

shear strength and, respectively, of the pull-off

resistance at each test temperature were determined

and then test results with values close to the mean were

defined as representative (see Table 5). The consid-

ered temperatures were assigned in a subsequent step

to the four seasonal periods with varying subgrade

moduli.

Thus, four additional cases with the utilisation of

the CZM were defined for the parameter study in

Table 6. The material properties of the concrete, base

and subgrade layers are taken from Table 4.

The traffic load is represented by a single axle load

of 100 [kN], which is modelled as uniform pressure

over a circular area with radius of 150.79 [mm] with a

contact pressure of 0.7 ½N � mm�2�. The distance

between these two circular areas is 2.50 [m], which

is typical for HGVs. Furthermore, the position of

the load is different at each joint pattern and depends

on the width of the sealed carriage way. The axle is

always placed in the middle of the lane and the

considered maximum stresses are under the wheels (at

the bottom of the concrete layer).

Figure 7 shows the resulting maximum stresses due

to traffic from the different interface modelling

approaches and slab geometries for seasonal period

4. When comparing Fig. 7a with Fig. 7b and, respec-

tively, Fig. 7c with Fig. 7d, it is obvious that the joint

spacing has almost no effect on the stresses due to

Fig. 6 FE mesh models

Table 4 Material properties

Layer E-Modulus ½N � mm�2� m Density ½kg � mm�3� Thickness [mm]

Concrete 30000 0.15 2.40�10�5 120, 160 and 200

P1 P2 P3 P4

Asphalta 12244 1959 551 12244 0.40 2.20�10�5 50

Base layer 678 169 242 339 0.35 1.80�10�9 500

Subgrade 280 70 100 140 0.35 1.80�10�9 1200

aResidual Bearing Capacity of the asphalt layer of 70%
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traffic, whereas an increase of the slab thickness leads

to a significant stress reduction. The impact of the

different interface modelling approaches on the

resulting stresses increases with the decrease of the

slab thickness.

The full bonding modelling approach yields the

lowest stresses due to traffic, while the highest stresses

result from the friction model with a friction coeffi-

cient of 0.1. However, it should be noted that the stress

in x-direction rx (Fig. 6) is in all cases higher than the
stress in z-direction rz except in the case where the full
bonding approach was applied. Higher rz in the

longitudinal direction indicates that the model can

not sufficiently differentiate between the single slabs

and estimates the stresses as if the concrete layer is

constructed without transverse joints. This is a very

interesting finding because it suggests that the full

bonding approach can not adequately simulate the

structural behaviour of the concrete overlay. However,

to ensure the comparability of the results from the

further estimations, the stresses in in x-direction rx
were analysed for all cases.

Figure 7 indicates also that the occurring maximum

stresses due to traffic are also temperature-dependent.

The maximum stresses due to traffic occur at 30 �C for

CZM. These results can be explained by the low HMA

stiffness and also by the low shear and pull-off

resistance of the bond at 30 �C. With all this in mind,

the consideration of the temperature-dependent HMA

stiffness and interface bond properties appears to be

reasonable for future use in pavement design.

4.2 Design method

The developed FE-models for the computation of

maximum stresses due traffic loads, which allow for

the consideration of different interface modelling

approaches, are part of a recently developed perfor-

mance-based design procedure for bonded white

topping overlays [26]. The design procedure is based

on the Austrian design guide for the mechanistic-

empirical design of new rigid pavements

RVS 03.08.69 [16] and considers various structural

parameters (i) the residual bearing capacity of the

asphalt layer, (ii) the pavement structure including

joint spacing, interface bonding conditions and the

material properties, (iii) the traffic loading and (iv) the

climatic conditions. It considers also the stresses due

Table 5 Temperature-dependent interface bond properties for the CZM

Tempe- Period Normal stress Shear stress Normal stiffness Shear stiffness Damage evolution

rature P tmaxn smaxs ¼ tmaxt Kmax
n Kmax

s ¼ Kmax
t dfs ¼ dft

½�C� - ½N � mm�2� ½N � mm�2� ½N � mm�3� ½N � mm�3] [mm]

0 P1a 1.65 3.74 1.33 2.54 1.60

20 P2b 0.70 2.13 1.30 1.25 5.00

30 P3c 0.40 1.43 0.44 0.61 4.20

0 P4d 1.65 3.74 1.33 2.54 1.60

a Winter (December 16 to March 15)

b Spring (thawing) (March 16 to May 15)
c Pre-summer (May 16 to June 15)

d Summer/fall (June 16 to December 15)

Table 6 Cases with the

utilisation of the CZM
Case Interface bond properties HMA stiffness

½N � mm�2�

CZM (0 �C) Constant for all periods at 0 �C (Table 5) 12244

CZM (20 �C) Constant for all periods at 20 �C (Table 5) 1959

CZM (30 �C) Constant for all periods at 20 �C (Table 5) 551

CZM period dependent Period dependent (Table 5)
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to temperature impact (curling stresses) with the

revised Eisenmann’s model [48]. Representative tem-

perature gradients were established for Austria in [49].

The service life (number of load cycles the pavement

is able to resist) is calculated with the help of Smith’s

fatigue criterion [50], which takes into account the

maximum occurring curling and traffic stresses at the

bottom of the concrete slab. In a next step, the partial

damages for the different temperature periods are

determined, which can be weighed and accumulated

according to the superposition principle (Miner’s rule

[51]) to estimate the design service life.

4.3 Design results and discussion

Using the above described design procedure and the

resulting maximum stresses due to traffic from the

different interface modelling approaches, the design

service life expressed by the number of load cycles the

pavement is able to resist Nres were estimated. The

results from these estimations are given in Fig. 8. It is

apparent that the interface bonding conditions play a

crucial role in the resulting design life of slabs with a

low thicknesses. Whereas, this effect is moderate for

thicker slabs (slab thickness of 20 [cm]). Further, the

Fig. 7 Resulting maximum stresses due to traffic from different interface modelling approaches and slab geometries (seasonal period

4)
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effect of different interface modelling approaches is

more noticeable at pavements with smaller slab sizes.

The full bonding interface modelling approach

yields the longest design life in all investigated cases.

This corresponds to the lowest estimated stresses in

Fig. 8. Considering the outcome of the stress analysis

that this approach lacks of capability to account for the

joints between the slabs, it shows the need to revise

current design approaches.

The shortest design life is obtained from a simula-

tion considering a friction coefficient of 0.1. An

increase of the friction coefficient from 0.1 to 0.7

triggers an almost unnoticeable increase in the design

life of thicker slabs (16 and 20 [cm]). This effect is

more visible at a slab thickness of 12 [cm] with 14% at

slab size 3 x 3 [m] and 34 % at slab size 1.5 x 1.5 [m].

When comparing the resulting design life from the

application of the CZM at different temperatures, it is

noticeable that the consideration of temperature-

dependent bond characteristics and stiffness of the

HMA have a very big impact on the pavement

performance. Corresponding to the stress analysis

above, low HMA stiffness and CZM input parameters

at 30 �C generate the shortest design life. The longest

design life arises at CZM (0 �C). It should be noted

here that the definition of cases, where a constant

temperature is assumed over the year, is being

performed only to demonstrate the impact of relevant

input parameters and modelling approaches.

A more accurate way to consider those impact

factors will be the derivation of input parameters to the

CZM at different (and more than in this study)

temperatures, estimation of the resulting stresses and

their consideration through weighting in the final

estimation of the design life. This approach was

applied in the case named CZM period-dependent. On

one hand, the application of a period-dependent

interface bonding properties in the CZM results in a

tremendous decrease of the design life in comparison

to the full bonding approach. On the other hand, the

resulting design life from the friction model with a

friction coefficient of 0.7 is up to 90% lower compared

to the CZM period dependent.

The most obvious finding to emerge from the

analysis is that the implementation of empirical data to

describe the interface bonding conditions in the nor-

mal and tangential direction leads to more realistic

design results.

5 Conclusions

The impact of the interface bonding conditions on the

occurring stresses due to traffic and on the design life

of bonded concrete overlays of HMA was investi-

gated. For that, different modelling approaches (full

bonding model, friction model and CZM) were

Fig. 8 Resulting design service lifes from different interface modelling approaches and slab geometries
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utilised in different FE-models of pavement structures

with various layer thicknesses and slab sizes.

Moreover, special attention has been given to the

description of the CZM and the experimental deriva-

tion of temperature-dependent interface bonding data.

This empirical data was implemented in the CZM and,

therefore, creates the basis for a more realistic

simulation of the interface bonding conditions. The

application of the CZM as an appropriate interaction

property between layers, was validated by a simulation

of the static shear resistance test. It was demonstrated

that the force-displacement curves from the test and

from the simulation are in good agreement.

The following conclusions can be drawn from the

experimental investigations of the interface behaviour

in tangential and normal direction:

• The interface bond properties are strongly temper-

ature dependent.

• The tensile strength decreases with the increase of

the temperature and the conduction of tensile tests

at high temperatures (30 �C and 40 �C) failed

because of the low tensile strength of the HMA.

• The results from pull-off resistance tests and

wedge-splitting tests are comparable.

• The shear strengths at low temperatures (–10 �C
and 0 �C) are in the same range. A possible

explanation for these results could be the fact that

at low temperatures the adherent component of the

bitumen is not activated and force transfer is

ensured by temperature-independent aggregate

interlocking.

• The early traffic release after concrete placement

and the traffic load have a positive effect on the

interface bond through the better compaction and

generation of better aggregate interlocking.

The findings from the investigation of the effect of

different modelling approaches on the relevant

stresses and on the design life are summarized as

follows:

• The effect of different interface modelling

approaches on the relevant stresses due to traffic

loads is more visible at slabs with lower

thicknesses.

• Based on the stress analysis, it was found that the

full bonding modelling approach induces the

lowest stresses and can not adequately simulate

the structural behaviour of the concrete overlay.

• The resulting design life is strongly depending on

the applied interface modelling approach. This

effect is more apparent at concrete overlays with

low thicknesses and small slab sizes.

• The shortest design life results from the friction

modelling approach. It is up to 90% lower than the

resulting design life from the CZM with temper-

ature-dependent interface data.

• The relevance of implementing temperature-de-

pendent empirical data to describe the interface

bonding conditions in the pavement structural

models is clearly supported by the current findings.
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Oberbaus von Verkehrsflächen (RStO). Forschungsge-

sellschaft für Straßen-und Verkehrswesen, Cologne,

Germany

18. FGSV: (2013) Merkblatt Für die Whitetopping–Bauweise

(M WT). Forschungsgesellschaft für Straßen- und

Verkehrswesen, Köln, Germany
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Schubverbund von Asphaltschichten. Österreichisches
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