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1. Introduction

Pavements are the national capital of every country. A
good pavement should have a smooth driving surface,
withstand high traffic volumes, and sufficient resistance to
fatigue, cracking, and rutting. In order to increase the
resistance of pavements against destructive factors such as
fatigue, cracks caused by severe temperature changes, and
permanent deformation, additives are used to improve the
mechanical properties of asphalt pavement. Less tensile
strength of asphalt mixtures compared with their
compressive strength has given rise to the use fiber with
high tensile resistance as a solution to transfer the existing
tensile stresses in the mixture through fiber and also the
increase of absorbed strain energy during fatigue and
fracture process. The benefits of using fibers in asphalt
mixtures are increased tensile strength, fatigue resistance,
resistance against rutting, and improved moisture
susceptibility. Moreover, the addition of reclaimed asphalt
pavement (RAP) can significantly improve the resistance
to permanent deformation of asphalt mixtures. The
benefits of using RAP are reducing energy consumption
and greenhouse gas (GHG) emissions, reducing the
required new asphalt content (virgin binder), and
preserving nonrenewable natural resources such as virgin
aggregate and asphalt, reduction of waste production, and
reduction of landfill use.

This study uses the data obtained from the laboratory
results of the previous study that warm mix asphalt
modified with glass fibers and 0, 20, 40, and 50% recycled
asphalt pavement (RAP).

The rutting depth of the mixtures was determined by
multilayer perceptron neural network (MLP) and radial
basis function neural network (RBF), and the results were
compared. The post-compaction and rutting depth
prediction model agreed well with the experimental
results.

Post-compaction (PC) consolidation is defined as
deformation (mm) at 500 cycles. Rutting is also a
widespread failure mechanism observed in flexible asphalt

pavements. Usually, rutting is observed with longitudinal
depressions in the wheel path.

In a previous study, the measurement of rutting and
moisture sensitivity of warm asphalt mixtures and their
short-term aging characteristics in dry and wet test
conditions was carried out using the KNTU Wheel Track
test. The KNTU Wheel Track was developed in 2015 at
KN Toosi University of technology, which could build
asphalt concrete slabs in 260 mm width, 400 mm length,
and 50-100 mm thickness through rolling compaction,
which is the closest method to field compaction. Another
capability of this device is performing rutting test in dry
and wet conditions.

2. Method

2.1. Artificial neural networks

Artificial Neural Network (ANN) is a mathematical model
that tries to simulate the structure and functionalities of
biological neural networks. The neural network consists of
a large number of processing elements called neurons that
work together to solve a problem and transfer information
through synapses. The neuron is a basic unit of the nervous
system and a simple processing unit that receives and
processes the signal from other neurons. A network is
created between the neurons, and the network is trained by
the training algorithm (Figure 1). This study’s post-
compaction and rutting depth prediction was made with a
multilayer perceptron and radial basis function neural
network.
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Figure 1. Artificial neural network model

2.1.1. Multilayer Perceptron neural networks

Multilayer Perceptron has at least three layers: input layer,
hidden layer, and output layer. Multilayer perceptron has a
set of weights and biases that are adjusted to train the
neural network. The number of elements in the input layer
is actually the same number of input variables introduced
to the network. The hidden layer contains several neurons
that influence the behavior of the network. Determining
the number of hidden layers and neurons is the
responsibility of the user. He determines the optimal
number of layers and neurons by trial and error. The output
layer of the neural network also represents the output of
the problem that the network must predict.

2.1.2. Radial Basis Function neural networks

Radial Basis Function (RBF) neural network is another
type of feed-forward neural network that uses radial basis
functions as activation functions. RBF network consists of
three layers: input layer, hidden layer with radial basis
function as activation function, and output layer. The
output of an RBF network is a linear combination of
weighted radial basis functions. RBF networks are trained
faster than MLP networks and create better decision
boundaries. Although these networks require more
neurons than MLP networks, they can be trained in a
shorter time than the time required for MLP networks.

3. Conclusion

In this study, the data obtained from the laboratory results

in a previous study were analyzed by Multilayer

Perceptron Neural network (MLP) and Radial Basis

Neural network (RBF), and the results of these methods

were compared with each other. The results of this

research are as follows:

1. Prediction of post-compaction by MLP neural network
has a correlation coefficient of 0.999. The correlation
coefficient for RBF neural network is 0.995, and the
prediction of rutting depth by MLP neural network has
a correlation coefficient of 0.997. The RBF neural
network has a correlation coefficient of 0.945. MLP
neural network was more accurate in prediction.

2.

In order to further validate the model, additional data
that were never used during modeling were used. The
MLP neural network performed better for simulating
these data compared to the RBF neural network and
presented a lower error percentage.
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Developing a Prediction Model for Rutting Depth of Warm Mix Asphalt Mixture Using Neural Network
Mahsa Rouhi Fariman Sayyed Ali Hosseini Mansour Fakhri

Abstract Researchers and engineers are constantly working to improve the performance of asphalt pavements.
Pavements, as surfaces that are often loaded by heavy axles, must have sufficient resistance to fatigue, cracking and
rutting. In this paper, using the data obtained from the laboratory results of the previous study that warm mix asphalt
modified with glass fibers and 0, 20, 40 and 50% recycled asphalt pavement (RAP) were made to evaluate the resistance
of the mixture against rutting, rutting depth of the mixtures was determined by multilayer perceptron neural network
(MLP) and radial basis function neural network (RBF) and the results were compared with each other. The prediction
model of post compaction and rutting depth showed good agreement with the experimental results. To evaluate the
generalizability of the neural network using data that were not used during modeling, the multilayer perceptron neural
network (MLP) performed better than the radial basis function neural network (RBF).

Keywords Recycle asphalt pavement, Rutting, Multilayer perceptron neural network, Radial basis function neural
network, Post compaction.
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