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Abstract: In this article an interpretation of four-point bending fatigue test results are 
discussed. This test needs a long time to per-form, but during the process, 
knowing the cycles – stiffness function, we can assume the final result of 
the test. In our laboratory we have performed the fatigue test on some 
mixtures to the failure (50% of the initial stiffness), and examined the 
precision of the pre-assumption of the result, if we use only limited range 
of the specimens’ cycles – stiffness function. We can do this because a 
linear line can be laid onto the cycles vs. stiffness diagram, so we can 
extrapolate to the failure of each specimen. The inaccuracy of unique 
specimens’ cycles to failure has low effect on the final result of the test. 
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1. Introduction 
Amongst the testing methods of asphalt mixtures, the measure of the stiffness and 
resistance to fatigue receive more and more attention among the mechanical properties 
of asphalt mixtures. The reason of this is that these tests provide basis to infer to the 
behaviour of asphalt mixtures pavement structures, the mixtures can be classified on the 
basis of their performance. Based upon the execution of these test inspections we may 
move away from the earlier practice of pavement design, according to which only the 
total thickness of the asphalt layer to be fed in has been defined for the pavement 
structures, regardless of the asphalt mixture type. However, the probably higher 
performance asphalts are able to present the identical behaviour in lower thickness than 
the traditional asphalts do in higher thickness. 

The paper intends to give a better understanding of the fatigue test procedure of asphalt 
mixes in the laboratory. Since the laboratory fatigue tests equipment is a device 
modelling the real behaviour of the asphalt mix the test procedure needs a deep 
interpretation. In several cases the fatigue test results (106ε) are identical although the 
fatigue curves of the specimens are different, respectively. 
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The paper describes investigation results, and of course research works could, but 
should not follow any standards. Test results are not supposed to use in industrial area, 
since industry should use standards, and mustn’t use separate research works. 

2. Types and Description of Flexing-Beam Fatigue Tests 
The measure and evaluation of the fatigue properties from the performance related 
parameters in case of the asphalt as material is an important aspect. As the asphalt can 
be described as a viscoelastic material model instead of being clearly elastic, so its 
stiffness modulus is not only a function of material composition, but it decreases with 
increasing the number of load cycles directing to it. 

The measuring method of the resistance to fatigue of the asphalt mixtures is practically 
simulating the loading received after installation into the pavement structure, that is to 
say, the crossing of axes of the individual vehicles. The measuring method is based on 
the standard named EN 12697-24:2005, „Bituminous mixtures. Test methods for hot 
mix asphalt. Part 24: Resistance to fatigue” [3] (further on: Standard). According to the 
description there, for measuring the resistance to fatigue there are five types of methods 
to disposal. In this test the “four-point bending test on prismatic specimens” (4PB-PR) 
were used. 

The principle of the fatigue test is that the asphalt specimen, upon the effect of repeated 
– under laboratory circumstances usually sinusoidal – deflecting force, will 
continuously lose from the initial value of stiffness. The failure of the specimen, in 
accordance with the conventional failure criteria, is the number of load cycles. 
belonging to the 50% level of the initial stiffness (NSmix,0/2). Specimens examined at the 
same force, can have reasonably great deviation, according to the inhomogenity of the 
mixture [5]. The results of the fatigue failure have a great extent, but it is determined by 
the rheological status of the mixture [4]. The result of this test is only able to compare 
mixtures, and not represents the real fatigue life of the asphalt layers laid on the 
pavement structure. 

3. The execution of the four-point bending test 
The essence of the testing is that the prismatic beam shaped, approx. 50×50×380 mm 
size specimen (dependent from the maximum grain size) is to be fixed into the bending 
frame, then after these the equipment initiates the periodic flexing, with free rotation in 
each loading and supporting points. The bending is realised via the loading transferred 
in vertical direction through the two internal clamps. This loading version causes a 
permanent strength of momentum between the two inner clamps, so here we may 
measure the strain of the bottom or top level of the specimen upon the effect of a given 
momentum, so any time valid stiffness of test specimen can be calculated. 

The test can be performed: 

• with constant force:– σ(t) = const. – the strain of the side fibre (µε) is increasing; 

• with constant deflection: the strain of the of the side fibre is constant (µε), in and 
the stress – σ(t) – will decrease. 
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Our test equipment is capable of applying a sinusoidal load to a specimen via two inner 
clamps mounted on the specimen. The testing system is provided with a system to 
control the loading mode of the specimen in such a way as to meet the requirements for 
the execution of the test. The measurement of the force takes place midway between the 
two inner clamps. The measurement of the displacement takes place at the top surface 
of the specimen between the two inner clamps.  

The execution of the test in accordance with the Standard is rather time-consuming: the 
prepared 18 test specimens are to be cured for at least 2 weeks, then at three strain levels 
– that is, at the expected value of µε side fibre strain – the flexing-beam fatigue test of 
6-6 specimen are to be performed, that takes also approx. 2-4 weeks period of time. 

According to the time saving, a model based on the theory of continuous damage was 
formulated to represent the fatigue behaviour of asphalt mixtures. From this model, a 
method for the estimation of fatigue curves of asphalt mixtures has been developed [7]. 
This time consuming test could be also accelerated by decreasing the period that the 
specimens clamped in the bending frame [1]. 

4. Evaluation of test procedure 
In the course of running the flexing-beam fatigue test the testing equipment will, at 
given number of load cycles, register the cycle number [n], and the value of the 
complex stiffness modulus [Smix, MPa] belonging to it. If the registered data were set to 
graphic figure, a diagram similar to that in Figure 1 might be the result. 

0

2000

4000

6000

8000

10000

12000

0 500000 1000000 1500000 2000000 2500000

Cycles, N

St
iff

ne
ss

, S
* [

M
P

a]
 

130 microstrain

170 microstrain

220 microstrain

 
Figure 1. Changes in stiffness in the function of number of load cycles and strain level 

It can be stated from the curves seen on the graphics that the cycle number vs. stiffness 
modulus function is of concave characteristics and can be divided into two well 
separable sections [2], [6]. 

• first, strongly concave section; 

• further, nearly linear section. 
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It is a possible method to define the borderline of the concave and linear sections is to 
fit a linear regression line onto the number of load cycles vs. stiffness modulus function 
(Figure 2.). This regression line, however, is placed not onto the entire curve, but from a 
certain defined percentage of the initial stiffness (e.g. 85%, 80%, 75%), as from an 
initial value to the domain of variability extending to the end of testing process. 
Provided the correlation value (R2) of the fitted line is adequately high (>0.90), the 
correlation is strong (Figure 3.). It can be stated upon the figure that starting from the 
initial value of 80%, the value of R2 is already above 0.90 in each case. Owing to this, in 
accordance with the method applied, the inflection point between the concave and 
(almost) linear sections is interpreted as the point at the 80% value of the initial 
stiffness. 

 
Figure 2. The linear line being laid onto the diagram of number of load cycles cycle 

number vs. stiffness 

The equation of regression lines applied onto the number of load cycles vs. stiffness 
functions of the individual test specimens: 

 bnmS n,mix +⋅=  (4-1) 

where 

• Smix,n is the value of complex modulus belonging to n number of load 
cycles; 

• m is the slope of the regression line (m < 0); 

• n  is the number of load cycles; 

• b  is the ordinate of the regression line at “y=0”. 
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Figure 3. The correlation of regression lines applied onto the number of load cycles vs. 

stiffness curves in the function of the initial values of application 

It can be stated that the slope of the regression line is always negative (m<0) as arising 
from the characteristics of the material, the stiffness modulus will always decrease by 
the increase of the number of load cycles. It can be further stated that by increasing the 
strain level – in case of the displacement control method, the side fibre strain [µε] to be 
achieved – the stiffness modulus will decrease more intensively, so the absolute value of 
“m” will in-crease. 

In accordance with the standard MSZ EN 12697-24:2005, during the test process of the 
18 test specimens, the number of load cycles (NS0/2) belonging to the conventional 
failure criterion (S*0/2) is to be noted, and then figuring it in a number of load cycles 
(N) vs. strain level (µε) diagram, applying log-log chart scale. The final result of the 
flexing-beam fatigue test is such a strain level value that causes full failure at a number 
of load cycles of N=106 – this value is to be calculated from the formula of the 
regression line (Wöhler-curve [8]) having applied onto the set points in diagram (Figure 
4.). 

Provided it is true that a regression line can be applicable onto the number of load 
cycles vs. stiffness function of the individual test specimens (starting from the 80% 
value of stiffness), the number of load cycles (NS0/2) belonging to the conventional 
failure criterion (S0/2) can also be defined by calculation – not only by noting the real 
actual number of load cycles – provided the equation of regression line is available: 
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where 

• NSmix,0/2 is the number of load cycles belonging to the conventional failure 
criterion  
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• Smix,0 is the initial complex stiffness modulus  [MPa] 

• b  is the ordinate of the regression line at “y=0” [MPa] 

• m is the slope of the regression line [MPa/cycle] 

This method can be significant due to the fact that the time requirement of establishing 
the fatigue condition is high. Provided the position of the regression line can be pre-
estimated from the specimen number – stiffness function already prior to the failure of 
the specimen, the time requirement of establishing the fatigue condition can be 
decreased. 

In Figure 4, in accordance with the above written, an evaluation process according to 
the Standard has been applied to a selected asphalt mixture; the resulting Wöhler-curve 
and the strain level (µε) number belonging to N=106 cycle number is shown there. 
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Figure 4: Evaluation of the fatigue test according to the Standard 

In Figure 5, the evaluation process for the same mixture has been performed so that a 
regression line has been applied onto the cycle number – stiffness curve of each and 
every specimen within the range of 80% ÷ 50% of the initial stiffness, then, upon the 
equations of the lines, the NS0/2 number of cycles to failure has been calculated using the 
method described above. Applying these cycle numbers, the values of the Wöhler-curve 
and the strain level (µε) belonging to the N=106 cycle number is presented on the figure. 

In Figure 6, using the same mixture during evaluation, the regression line has been 
placed onto the cycle number – stiffness curves of the test specimens within the range of 
80% ÷ 60% of the initial stiffness, from which the NS0/2 number of cycles to failure has 
been calculated by extrapolation, using the equations of the lines and the method 
described above. The number of cycles to failure of the test specimens has also been 
used to take the Wöhler-curve and calculated the strain level (µε) belonging to the 
N=106 cycle number. 
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Figure 5: Evaluation of the fatigue test applying regression lines (the fatigue test of the 

test specimens has been performed up to the value of NS0×50%) 

In Figure 7, the principle similar to that of Figure 6. has been followed, but the 
regression line has been placed onto the cycle number – stiffness curves of the test 
specimens within the range of 80% ÷ 70% of the initial stiffness, from which the NS0/2 
number of cycles to failure has also been calculated by extrapolation, using the 
equations of the lines and the method described above. 
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Figure 6: Evaluation of the fatigue test applying regression lines (the fatigue test of the 

test specimens has been performed up to the value of NS0×60%) 

It can be seen from figures 4-7 that based on the mixture having introduced as an 
example, the final result estimated from the test process performed until the 70% level 
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of the initial stiffness shows only 4% deviation related to the test process performed 
until the 50% level, real actual failure criterion. 
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Figure 7: Evaluation of the fatigue test applying regression lines (the fatigue test of the 

test specimens has been performed up to the value of NS0×70%) 

According to Table 1 below, flexing-beam fatigue tests have been performed using 
several types of asphalt mixtures, on them the strain level values belonging to the N=106 
cycle number have been pre-estimated. It can be seen from the table that the estimation 
of final results for the fatigue tests performed until the 70% level of the initial stiffness 
is reasonably good, that is to say, it has shown only a maximum of ±8 % deviation has 
been found related to the final results of the actually performed fatigue tests on the 
seven types of test materials. 

Table 1. Estimated results of the flexing-beam fatigue tests 

Fatigue test end level (percent of the initial 
stiffness) 

50% 60% 70% 

Type of 
mixture 

Mixture 
identification 

ε (Ν=106) [µε] 
mK-22/F H61 GB 166 166 159 

mK-22/NM H61 GC 158 159 160 
K-20/F FB6-B 109 109 108 

AB-12/F FA4 B 151 153 155 
AB-12/F FA4 C 134 136 139 
AB-12/F FB6 C 156 159 161 
AB-11/F H91 GB 118 118 119 

5. Conclusions 
Four point bending fatigue tests were performed on seven asphalt mixture types. The 
chosen loading mode was constant deflection. Three mixtures included normal bitumen, 
and three mixtures were prepared with polimer modified bitumen. The test equipment 
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records the force and displacement of the specimen during the test. The value of the 
calculated stiffness modulus shall be calculated from the measured values after every 
hundredth cycle, so we can represent the cycle – stiffness modulus function to every 
unique specimen. 

This function has been in the focus of our examination. It can be divided into two well 
separable sections: a first, strongly concave and a second, nearly linear section. Fitting a 
linear regression line onto this function’s second (linear) section, the borderline between 
the two sections can be determined. Our results showed that if this borderline is at the 
80% value of the specimen’s initial stiffness, the correlation of the regression line is 
adequately high (>0.90). 

If the test is performed to the 70% or 60% of the initial modulus – and the shown 
evaluation method is applied during the calculation of the final results – the results can 
be similar to the test result based on the Standard.  

In the examined seven cases the final results of the fatigue tests performed until the 70% 
level of the initial stiffness is reasonably good, that is to say, it has shown only a 
maximum of ±8 % deviation has been found related to the final results of the actually 
performed fatigue tests. Performing the test until the 60% of the initial stiffness, 
deviations are lower. 
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