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Transport vehicles are increasing in number as well as magnitude, and the use of super tires and different axle confi-
gurations is increasing too. The effects of these factors tend towards increased pavement deterioration, including fati-
gue, resulting in increased costs to maintain road networks at an adequate level. In this paper the reinforcement me-
chanism of bitumen mixed with GeoFiber™ (including cellulose, rock wool and polyester) is reported.  
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Растет число и размер транспортных средств, а также использование супер шин и различных конфигураций 
моста. Влияние этих факторов приводит к повышенному износу тротуаров, включая усталость, что приво-
дит к увеличению затрат на поддержание дорожной сети на должном уровне. В данной работе сообщается 
о механизме усиления битумных смесей с минеральными волокнами (включая целлюлозу, минеральную вату и 
полиэфирные волокна). 

 
Introduction 

In urban areas, the crushed rock surfacing had, 
in many places, been replaced by stone or wood setts 
(blocks), or by Portland cement or asphalt concrete. These 
materials had not been introduced with any great concern 
for pavement strength, but more as surface treatments to 
mitigate against summer dust and winter mire. 

Several authors studied the viscoelastic and 
elasto-plastic nature of the constituent materials in 
pavement design. The studies performed resulted in 
varying conclusions and theories, but no complete 
pavement design method was developed. For a pave-
ment design procedure to be completely rational in na-
ture, consideration should be given to three elements. 
These elements are prediction of the failure of distress 
parameter, evaluation of the pertinent material proper-
ties, and determination of the magnitude of the parame-
ter in question to the failure or the performance level 
desired [1-7]. In this paper the reinforcement mechan-
ism of bitumen mixed with GeoFiber™ (including cel-
lulose, rock wool and polyester) is reported.  

 

Laboratory study 
 

The aggregate gradation that used in this expe-
rimental work is shown in table 1. 
 

Table 1 - Gradation of used aggregate 

Percentage passing Sieve size, mm 
100 
90-100 
- 
44-74 
28-58 
- 
- 
5-21 
- 
2-10 

19 
12.5 
9.5 

4.75 
2.36 
1.18 
0.6 
0.3 

0.15 
0.075 

In this laboratory study, a neat bitumen 60/70 
penetration grade from Isfahan mineral oil refinery with 
the following characteristics (Table 2) was used.  

Table 2 - Properties of bitumen used 

Purity grade 
Lose weight, % 
Deflagration, 0°C 
Plasticity index, cm 
Flow, 0°C 
Penetration grade, mm/10 
Density, 25°C 

99 
0.75 
262 
112 
51 
66 
1.02 

 
The indirect tensile stiffness modulus 

(ITSM) test  
Samples tested under this experimental work 

are nominally with 100 mm diameter and 70 mm height 
for ITSM test. Before determination of stiffness 
modulus, the resilient modulus of samples should be 
calculated [8]. 

Results 

In Figures 1 and 2 the variation of tensile stress 
and tensile strain versus number of cycle for failure is 
shown for different specimens. It is clear that the tensile 
strain of reinforced samples decreased significantly. 
This can have positive effects on the fatigue life of spe-
cimen used.  

From Figure 1 we can observe the variations of 
tensile stress versus number of cycle before fatigue 
cracking. As it can be seen obviously, the GeoFiber™ 
reinforcement can increase the bearing stress signifi-
cantly. In contrast, the non- reinforced sample expe-
rienced less cycles before failure. In view of the above, 
the reinforced sample can bear more stress than non – 
reinforced one. That means the GeoFiber™ reinforce-
ment can enhance the fatigue life significantly. Mean-
while for certain percentage of bitumen, the fatigue life 
of reinforced sample is more reliable than normal as-
phaltic sample. These results are shown in figure 1. It 
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can be concluded that the use of GeoFiber™ improved 
the fatigue life of asphaltic sample significantly. 

In Figure 2 we can observe the variations of 
tensile strain versus number of cycle for failure. As it 
can be seen, the GeoFiber™ reinforcement can decrease 
the tensile strain in contrast to non- reinforced sample. 
In certain bitumen percent, the tensile strain in rein-
forced sample is less than the tensile strain in non- rein-
forced specimen. It can be seen that the number of cycle 
for failure in reinforced sample is more than non – rein-
forced sample. Therefore, the reduction in fatigue 
cracks in reinforced specimen is expected. In samples 
with 5 and 6 percents of bitumen, the number of cycles 
for failure is increased significantly. It should be noted 
that with 5 percent of bitumen the application of GeoFi-
ber™ can cause a better cohesion between aggregates 
and bitumen. While using 4% bitumen the difference 
between tensile strain in reinforced specimen and non- 
reinforced sample is poor. This is because of   percent 
reduction in the bitumen quantity. However, for 5 per-
cent bitumen this difference is noticeable. Although the 
bitumen percent used is not optimum, therefore, the 
GeoFiber™ reinforcement, lead to the decrease in ten-
sile strain in contrast to non – reinforced sample. The 
result has shown in Figure 2.  

Based on the results obtained in Figures 1 and 
2, the fatigue characteristic among stress bearing and 
resistance against tensile strain, has been improved. 

 
Fig. 1 - Tensile stress vs. number of load pulse 

 
Fig. 2 -Tensile strain vs. number of load pulse 

 

Figure 3 indicates the stiffness modulus versus 
bitumen percent. As it can be seen clearly, the GeoFi-
ber™ reinforcement can improve the stiffness modulus, 
in contrast to non-reinforced samples. According to the 
experiments with certain bitumen percent, the value of 
stiffness modulus in reinforced specimen is more than 
the value of stiffness modulus in non-reinforced speci-
men, specially, when bitumen percent increased the 
cohesion between GeoFiber™ and bitumen will in-
crease, therefore, difference between stiffness modulus 
at 6% bitumen in reinforced specimen and non- rein-
forced specimen will increase. For example, the differ-
ence between stiffness modulus at 6% bitumen in rein-
forced specimen and non- reinforced specimen is 60%. 
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Fig. 3 - Stiffness modulus vs. bitumen percent 
 

In figure 4 we can observe the variations of 
stiffness modulus versus temperature at 6% bitumen. As 
it can be seen, the GeoFiber™ reinforcement can cause 
better characters in asphaltic samples. 

 

 
Fig. 4 - Stiffness modulus vs. temperature 

 
The GeoFiber™ reinforcement can increase the 

stiffness modulus. It is clear that the reinforced sample 
can show a high stiffness than non-reinforced one.  

As the temperature decreased, the cohesion be-
tween GeoFiber™, aggregates, and bitumen increased. 
Therefore, by decreasing temperature, the stiffness 
modulus is decreased as well. Meanwhile, stiffness 
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modulus in temperature of 25°C is more than 40°C. 
This different between stiffness modulus at 25°C and 
40°C is about 53%. 

Figure 5 shows linear regression analysis of the 
ITFT result. As it can be seen obviously, regressions 
determine fatigue function for the asphalt mixtures. It is 
shown that reinforced specimen's slope is more than 
nonreinforced specimens. Away from GeoFiber™ re-
duction strain in reinforced specimens regression equa-
tion for reinforced specimen is 1614.04273.0  and for 
nonreinforced specimens is 044.02177.0  . 

 
Fig. 5 - Strain vs. cycle to failure 

 
Fig. 6 - Fatigue life vs. stress 

 
Fig. 7 - Stiffness of creep at 100 second vs. bitumen 
percent 

 

In figure 6 we can observe the variations of fi-
nal cycle for failure versus of stress. As it can be seen 
obviously, the GeoFiber™ reinforcement can increase 
the final cycle in contrast to non- reinforced sample. In 
certain bitumen percent, the final cycle in reinforced 
sample is more than the final cycle in non-reinforced 
specimen. While using 4% bitumen the difference be-
tween final cycle in reinforced specimen and non-
reinforced sample is poor. In samples with 5 and 6 per-
cents of bitumen, the final cycle for failure is increased 
significantly. In Figure 6 this difference is noticeable. 
This is because of the bitumen percent used is optimum.  
In Figure 7 we can observe the variations of stiffness of 
creep at 100 second versus bitumen percent. As it can 
be seen, the GeoFiber™ reinforcement can increase the 
stiffness of creep at 100 seconds in any percentage of 
bitumen. This improvement can be increased by incre-
ment in bitumen percent.  

In Figure 8 the variation of  percent axial strain 
versus number of seconds. It is clear that  percent axial 
strain of reinforced samples in contrast to non-
reinforced decreased significantly. In samples with 4 
and 5 percents of bitumen, the difference between  per-
cent axial strain in reinforced and non-reinforced spe-
cimens is poor. But this difference in reinforced and 
non-reinforced samples with 6 percent is Noticeable. 
From Figure 8 we can observe that percent axial strain 
in reinforced sample with 6 percent of bitumen is the 
least. It can be concluded that the use of GeoFiber™ 
improved percent axial strain.  

According to this experimental work, the Geo-
Fiber™ reinforcement can obviously improve characters 
of asphaltic samples. Results indicate that reinforcement 
by GeoFiber™ to mixes made with soft bitumen re-
duced their permanent deformation significantly. This 
means that GeoFiber™ provides a strong tool for de-
signing mixes to avert both pavement rutting and low 
temperature cracking in order to prolong road life.  

 

 
Fig. 8 - Percent axial strain vs. number of seconds 

 
Conclusion 

 
The primary purpose of this project reported in 

this chapter was to compare the behavior of the GeoFi-
ber™-reinforced asphaltic sample with the normal as-
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phaltic sample. From above tests, two important para-
meters as stiffness modulus and fatigue life in asphaltic 
specimen studied. In the Nottingham Asphalt Tester 
(NAT) system, applying a dynamic compressive load 
carries out the test and this loading can assist us in bet-
ter analysis of asphaltic samples behavior. The software 
of NAT used in the conditioning pulse for decreasing 
the probably error in this test. The five initial pulse of 
dynamic loading should be used in ITSM test for kept 
the materials response in the liner visco-elastic (LVE) 
range. The dynamic loading leads to two types of de-
formation; namely elastic deformation and the plastic 
deformation. In the ITFT the vertical deformation of     
specimen versus number of cycle for failure is deter-
mined.  

The main conclusions achieved so far are the 
following: 
 The stiffness modulus is a function of load, stress, 

horizontal deformation, percentage of    bitumen 
and Poisson ratio. The Poisson ratio’s normally as-
sumed to be 0.35 which is a     representative value 
for most asphalt.           

 In both reinforced and normal asphaltic samples, it 
can be seen that with increasing the bitumen per-
cent, the stiffness modulus is increased but this in-
creasing in reinforced samples is more than normal 
samples.  

 In ITFT the tensile strain in reinforced asphaltic 
samples is less than normal asphaltic      samples, 
also with increasing bitumen percent, this strain is 
decreased.  

 In ITFT the capability of bearing the tensile stress 
in normal asphaltic samples is less than reinforced 
asphaltic samples, and this capability with increas-
ing of bitumen percent is decreased. 

The overall conclusion of this research indi-
cates that the GeoFiber™ reinforcement can have a pos-
itive effect on fatigue life of the samples. 
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