Journal of Ferdowsi Civil Engineering, 35, 3, 2022. (69-88)

D

b
Ferdowsi
University of
Mashhad

Journal of Ferdowsi Civil Engineering

Page Journal: civil-ferdowsi.um.ac.ir

Modelling of Rutting Behavior of Modified Polymer Asphalt Mixture using Artificial Neural

Network™
Research Article

Amir Aghasi*®, Mohsen Torbatinejad?, Amir Bagherzadeh®

DOI: 10.22067/jfcei.2022.76444.1135

1. Introduction

In the past few years, the increase in the severity and
extent of damage on the road surface and the increase in
traffic load and the reduction of budgets allocated to the
road maintenance and repair sector have caused the
performance improvement of the characteristics of
asphalt pavements to be considered more than before.
One of the most important damages caused in asphalt
pavements is the deformation of asphalt surface and lack
of pavement resistance against rutting, so that the
estimation of rutting behavior at the design stage could
have a significant impact on the long-term performance
and service life of the pavement. Rutting occurs mainly
in hot weather and in the wheel track of vehicles parallel
to the longitudinal axis of the road. Considering the
viscoelastic behavior and the influence of various
parameters on the long-term properties of asphalt
concrete, the estimation of pavement behavior is a
complex task and requires appropriate methods and
techniques. Therefore, the issue of modeling and
predicting pavement parameters under the influence of
various operational and environmental conditions is
being developed.

In recent years, neural networks have been proposed
as one of the best and most reliable innovative methods
in predicting the behavior of materials. Considering the
need to evaluate pavement performance in the design and
service phase and the power and ability of neural
networks in estimating material properties, the main goal
of this research is to predict the creep and rutting behavior
of asphalt concrete modified with polymer bitumen under
the influence of environmental and structural variables of
the mixture by using neural networks.

2. Data and method

For the production of asphalt mixtures, limestone
materials from Asbcheran mine with grading No. 4 of
Iran's Pavement Regulations were used. According to the
regulation of asphalt paving of Iranian roads, the stone

materials used were within the permissible limits of the
regulation. In this research, two types of bitumen 70/60
with performance Grade 64-22 and 100/85 with
performance Grade 22-58 were used as reference bitumen
in the production of asphalt mixtures, which were
prepared from Jey Oil Refining Company. Bitumen
quality tests were also conducted according to what was
recommended in Iran's Pavement Regulations and the
results were controlled with the permissible limits. In this
study, SBS polymer was used in amounts of 2, 4 and 6
percentage of bitumen weight. To prepare the modified
polymer bitumen with SBS, bitumen was first heated to
150°C and polymer was added to the bitumen in
determined percentages. Then, the mixture of bitumen
and polymer was heated to 180°C and the final mixing
was done using a high shear mixer at a speed of 4000 rpm
for a period of 60 minutes. After calculations, the optimal
bitumen percentage of asphalt mixtures was determined
to be 4.5% for making HMA asphalt mixtures modified
with SBS polymer. The samples used in the creep test are
cylinders with a diameter of 10 cm and a height of 7 cm.

In this research, the dynamic creep test is performed
on control and polymer-modified asphalt samples
according to the Australian Standard: AS 2891.12.1 air
void is determined of 3 and 5% and stress level was 400
kPa and test temperatures was 40, 50 and 60°C. The main
purpose of this test is to investigate the resistance of
asphalt mixture against rutting.

Five input variables and one output variable are used
in the modeling section. Based on this, the variables of
this research are the type of bitumen, the percentage of
SBS polymer, the test temperature, the percentage of air
void, and the number of loading cycles in the dynamic
creep test, which is a variable of the type of loading and
based on 6 steps 600, 1200, 1800, 2400, 3000 and 3600
loading cycles were applied. In this research, neural
networks with special capabilities in deducing the
concepts from complex or ambiguous information are
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used in extracting methods that are complex and difficult
for humans and other computer technicians to understand.

3. Results and Conclusion
After investigating the creep behavior of asphalt mixtures
under the influence of the investigated variables, the
optimal structure of the neural network model was
determined in predicting the rutting performance of
asphalt mixtures under the influence of -effective
variables, and the accuracy of the predicted results of
cumulative strain of asphalt mixtures were determined
using statistical indices. The following results were
obtained:
* The effect of the type of bitumen and polymer
showed that the use of polymer and bitumen PG64-
22 reduces the cumulative strain of asphalt mixtures
and, as a result, improves the rutting resistance of
the pavement, and with the increase in the
percentage of polymer, the performance of the
asphalt mixture against rutting improves. The best
resistance is related to the sample containing 6% is
polymer with PG64-22 bitumen;

*  The simultaneous investigation of the structure
and loading cycle on the creep behavior of the
asphalt mixture shows that with increase in the
number of loadings and the intensity of rutting,
resistance in the mixture containing bitumen
PG64-22 improves over time due to increase in
bitumen hardness;

* Investigation the impact of the number of
loading showed that with the increase of the
loading cycle, the permanent deformations
created in the pavement increased significantly
and the resistance of the mixture against rutting
decreased. Moreover, the addition of polymer
with proper and positive performance reduces
this rate and improves the process of reducing
the resistance and increasing the creep of asphalt
mixtures;

e The values of strains between 1800 and 3600
cycles showed that the results for samples
containing 2, 4 and 6 percent of polymer are 48,
28 and 16 percent, respectively. Based on these
values, SBS polymer by increasing the hardness
and viscosity of asphalt mastic increases the
strength of the asphalt mixture, and this positive
effect is better manifested by increasing the
percentage of polymer and loading cycle;

* Measuring the impact of air void on creep
behavior showed that increasing the percentage
of air void in asphalt mixtures increases the
permanent deformations and cumulative strains
in the mixture, so that with the increase of the
percentage from 3 to 5, the creep graph of the
asphalt mixtures increased greatly in terms of
slope and the created deformations increased
significantly;

»  The results of the modeling section showed that
the 5-10-10-10 model has the best performance
and the model performs very well in terms of

predicting creep behavior and rutting resistance
of polymer modified asphalt mixtures.

The examination of the correlation coefficient
between the experimental and predicted data
showed that the value of R? is 0.987, that there
is a significant relationship between the data,
and the structure chosen for the neural network
model has been able to predict the data well in
the training and testing section;

Examining the error percentage of the model
based on the difference between the predicted
and experimental values shows that the
minimum, maximum and average values are
0.00076, 13.81 and 0.51 respectively. Based on
the results, a small average error percentage can
be observed, which can be said that the model
has good power and efficiency in estimating the
rutting behavior of polymer asphalt mixture
under the studied variables.
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Modelling of Rutting Behavior of Modified Polymer Asphalt Mixture using
Artificial Neural Network

Amir Aghasi Mohsen Torbatinejad Amir Bagherzadeh

Abstract Rutting is one of the most important damages caused in asphalt pavements, which creates serious risks for road
users. The purpose of this research is to investigate the creep resistance of asphalt in different conditions including
different percentages of polymer, percentage of air void, temperature and number of load cycles. Also, the results have
been modeled with the help of neural network. According to the findings of this research, bitumen with penetration degree
60 to 70 millimeter has a better performance against rutting and the increase of polymer improves its performance. On
the other hand, the rutting resistance of the mixture has an inverse relationship with the loading cycle. But the presence
of polymer reduces the rate of drop in creasing resistance due to increased cycle. Finally, the modeling results showed
that the neural network model performs very well in terms of predicting creep behavior and rutting resistance of polymer
modified asphalt mixtures.

Key words Asphalt mixtures, polymer bitumen, rutting, neural network, prediction model.
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