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─────────────────────────────────────────────────────── 
Abstract: Predicting the fatigue life or remaining life of existing roads will lead to greater opportunities to use contracts related to 
performance-based parameters (mechanical properties of pavement layers). In 1996, a test road was built on the E6 motorway with 
several observation road sections. After 10 years of traffic, two pavement structures with different types of bituminous layers were 
evaluated in regard to fatigue cracking. One of the structures is based on the idea of using the stone mastic asphalt (SMA) principle for 
all bituminous bound layers, while the other is a reference section with a conventional road base mix. A procedure for fatigue life 
prediction was developed based on the stiffness and fatigue properties of cored samples, falling weight deflectometer (FWD) deflections, 
field temperature data, and traffic monitoring at the site. It was concluded that the procedure can be useful for evaluating the material 
characteristics’ impact on the fatigue life of flexible pavement and in turn the connection between mix properties and pavement design. It 
is demonstrated that pavement performance can be significantly prolonged by choosing bituminous layers with adequate mechanical 
properties. It is also shown that a reasonable estimation of the remaining life of flexible pavement can be forecast. 
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Between 1994 and 1996, a test road was built on the E6 motorway 
in the west of Sweden. The test road consists of several sections 
comprising of different types of bituminous pavement, with the 
purpose of evaluating the performance of alternative pavement 
designs. The client requested analytical methodologies to evaluate 
new techniques, among other things for use in function-based 
contracts. The test road has been in use and studied since 1996 [1]. 
This paper is limited to the evaluation of the fatigue properties of 
two flexible structures. Tensile strains in the bottom surface of the 
bituminous layers are defined as critical for fatigue evaluation in 
this work; the structures are, therefore, relatively thin and bottom-up 
cracking is normally reported in Sweden. Typical asphalt layer 
thicknesses are between 75 and 130 mm for Swedish structure. 

Important parameters in evaluating existing flexible pavements in 
regard to cracking are the characteristics of the asphalt concrete 
layers, more precisely stiffness modulus, fatigue resistance, and 
layer thicknesses. Layer thickness influences the resultant strain in 
the bottom surface of bituminous layer and time for crack 
propagation to the pavement surface. Stresses and strains at the 
bottom surface of the asphalt concrete layer under traffic loading are 
essential for the resistance of the asphalt concrete layer to cracking. 
It is well known that pavement service life is sensitive to changes in 
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climatic parameters. The most important climatic factors are 
temperature, moisture, and frost. The stiffness and fatigue 
characteristics of bituminous layers are very sensitive to changes in 
temperature and the influence of the temperature variations must be 
carefully considered when predicting cracking. Moisture and frost 
primarily influence the properties of the subgrade and the unbound 
layers and indirectly influence the critical strain at the bottom of the 
bituminous layer. The effect of moisture and frost on the critical 
strain at the bottom of the bituminous layer can be evaluated by 
calculating the strain using for example the BISAR software for 
stress analysis in roads, or preferably based on FWD measurements 
under various conditions encountered over a year. Performing FWD 
measurements during different climatic periods to predict strain is 
believed to be adequate for calculation of the strains in the bottom 
surface of the asphalt layer in order to determine the fatigue life of 
the pavement with respect to cracking.  

The main purpose of this work is to quantify the effect of using 
alternative bituminous pavements and to present an evaluation 
methodology with relevant criteria concerning the remaining service 
life of existing roads with regard to fatigue cracking.  
 
Methodology 
 
The course of action has been to calculate fatigue life depending on 
the traffic-induced deterioration of the pavement. Deterioration of 
the pavement was predicted by studying the characteristics of the 
cores taken from existing pavement layers, chiefly the stiffness 
modulus and fatigue characteristics of road base layers, and by 
FWD measurements, as well as the actual temperatures encountered 
in the field. The FWD deflections were analyzed as indicators of the 
structural bearing capacity of the pavement in order to calculate 
critical strains in the bottom surface of the road base layer. 
Top-down cracking is not considered here.  

A condition in this work for using the methodology is that the 
bituminous layers are not cracked; otherwise, it is not appropriate to 
measure stiffness modulus and fatigue properties of bituminous  
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Fig. 1. Illustration of Performance Model. 
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Fig. 2. Pavement Structures of the Reference Section and the FAS 
Road Sections on the E6 Motorway.  
 
layers by testing cores. Since the road sections had been in service 
for 10 years, with a consequential obvious risk of cracking, the 
stiffness moduli and fatigue properties were studied in comparison 
with an area normally not used to traffic (area in-between wheel 
paths). The fatigue properties of the wearing and binder courses of 
the structures are not considered other than in respect of the effect of 
the layer thickness on crack propagation time (described later). The 
variations in temperature in the bitumen-bound road base layer over 
a year were calculated using temperature measurements made over a 
three-year period at a nearby weather station. Traffic counts are 
based on traffic monitoring performed close to the test road. As the 
purpose is to evaluate two bituminous structures on identical 
underlying layers, the effects of the unbound layers and the 
subgrade have not been taken into account other than when 
performing the FWD measurements. A further limitation is that the 

FWD measurements are performed only during the autumn. The 
effect of seasonal climatic variation on calculated strains was 
estimated based on the literature.  

The plausibility of the fatigue life predictions was verified by 
means of comparisons with calculated fatigue lives using a reliable 
linear elastic model [2]. The methodology is illustrated in Fig. 1.   
 
Full-scale Test Sections 
 
Two full-scale test sections, each with a length of 200 m, were 
incorporated in the E6 motorway between Fastarp and Heberg. 
Except for the type of bituminous bound layer, these sections are 
similar in structure. The reference section (section 12) is one of the 
most common types of pavement structure in Sweden, i.e., 
gravel-bitumen pavement. In this case, it consists of a 40-mm 
conventional wearing course type SMA16 and a 195-mm layer of a 
typical road base mix called AG22 160-220. The FAS structure 
(section 13) has the same thickness as the reference section. 
However, all the bitumen-bound layers in the FAS structure are 
based on the idea of using a type of SMA mix called the VIACO 
concept, a trademark of the NCC construction company. The 
wearing course consists of a 40-mm SMA16 mix, called 
VIACOTOP. The binder layer consists of an 80-mm SMA mix 
called VICOBIND22 and a 115-mm SMA mix called 
VIACOBASE22. The unbound pavement layers of both sections are 
identical. The structures are illustrated in Fig. 2. The adopted road 
base thicknesses for the trial sections are somewhat thicker than the 
typical road base layer for a Swedish pavement. Traffic volume and 
climate at E6 motorway are described later. 
 
Pavements Structures 
 
The asphalt mixture recipes and the results from quality control of 
the bituminous layers during construction are reported by Ulmgren 
et al. [3]. Road base mix VIACOBASE22 pen 70/100 has a binder 
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Fig. 3. The Influence of Asphalt Layer Thickness on Fatigue Life. 
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Fig. 6. Adjusted Strains for Reference Temperature 10°C. 
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