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Abstract— Pavement management systems (PMS) play a significant role in c ost-effective management of
highway networks to optimize pavement performance over predicted service life of the pavements. Although, the
Iowa DOT manages three primary highway systems (i.e., Interstate, US, and Iowa highways) that represent 8%
(approximately 9,000 miles) of the total roadway system in the state (114,000 miles), these systems carry around
62% of the total vehicle miles traveled (VMT) and 92% of the total large truck VMT. In this research, historical
climate data was acquired from relevant agencies and integrated with pavement condition data to include all
related variables in prediction modeling. An artificial neural network (ANN) model was used to predict the
performance of ride, cracking, rutting, and faulting indices on different pavement types. The goodness of fit of
the ANN prediction models was compared with the conventional multiple linear regression (MLR) models. The
results show that ANN models are more accurate in predicting future conditions than MLR models. The
contribution of input variables in prediction models were also estimated. The results indicated that climate
factors directly influenced the pavement conditions, and ANN model results can be used by the decision makers
to establish appropriate management actions to withstand harsh weather over the years.
Keywords— Pavements, Pavement management system, Artificial Neural Networks, Asphalt concrete
pavements, Pavement prediction modeling.
I.
INTRODUCTION
State highway agencies spend millions of dollars each
year on maintenance and rehabilitation to meet
legislative, agency, and public requirements. Effective
pavement management requires a systematic approach
that includes project planning, design, construction,
maintenance, and rehabilitation. Pavement management
systems (PMS) play a significant role in managing the
condition of highway networks efficiently based on costeffective strategies to be applied at a given time for
maintaining that pavement condition at an acceptable
level so the pavement can satisfy the demands of traffic
and environment over its service life [1]. Individual PMSs
operate at two administrative levels, the network and
project management levels. At the network management
level, a PMS predicts the overall pavement performance
for establishing budget allocations and treatment
strategies. At the project management level, more detailed
information and specific treatment options are required to
determine when a particular pavement section may need
maintenance or rehabilitation action [2].
Traffic loading and environmental factors result in
pavement distress [3]. The ability to trace that distress
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over time allows researchers and agency decision makers
to develop performance prediction models. Predicting
pavement performance requires historical data about
pavement conditions, traffic loading, structural
characteristics, and climate data [4]. These data can be
acquired from a single test road or from in-service
pavements to obtain data for more practical prediction
models. However, constructing and monitoring single test
roads is expensive and unrealistic for small and local
agencies. Developing accurate prediction models for
pavements allows transportation agencies to effectively
manage their highways in terms of budget allocation and
scheduling maintenance and rehabilitation activities.
In this research, historical traffic loading and pavement
condition data was obtained from the Iowa Department of
Transportation (DOT), and climate data was acquired
from the Iowa Environmental Mesonet (IEM) in order to
include all related variables in the prediction models. The
results of this research will improve pavement
management strategies by predicting an accurate
pavement distress, and evaluate the impact of Iowa
weather conditions on predicting pavement performance.
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The Iowa DOT manages three primary highway systems
(i.e., Interstate, US, and Iowa highways) that represent
8% (approximately 9,000 miles) of the total roadway
system in the state (114,000 miles), but these systems
carry around 62% of the total vehicle miles traveled
(VMT) and 92% of the total large truck VMT [5]. These
highways play a major role in Iowa’s economy by
connecting customers and supplies across the United
States, and the roads are important to economic
development in several sectors such as agriculture,
manufacturing, and industry. According to the Bureau of
Transportation Statistics, in 2012 around 263.36 billion
tons of goods valued at $195.99 billion were transported
on Iowa highways to other states [6].
Iowa faces critical challenges in providing a safe,
efficient highway system, particularly in terms of
balancing optimum highway conditions and available
local, state, and federal funds. According to the American
Society of Civil Engineers, 45% of major roads in Iowa
were in fair condition, and large truck VMT, which
directly affects pavement deterioration, will increase by
66% between 2015 and 2040 [5]. The Iowa DOT has
allocated about $2.7 billion for highway construction and
$1.2 billion for improving highway safety during fiscal
years 2015 to 2019 [5]. Despite these allocations, Iowa
DOT administration, maintenance and construction costs
result in an estimated annual funding shortfall of over
$215 million [7]
Current PMS models used by the Iowa DOT do not
consider climate factors and as such, may not be accurate.
Therefore, the Iowa DOT could benefit from better
prediction of the future needs of pavements to ensure they
serve as effectively as possible. Therefore, efforts have
been made to acquire historical climate data from Iowa
Environmental Mesonet (IEM) and integrate it with
pavement condition data from Iowa DOT. Then pavement
performance models could be developed for asphalt,
concrete, and composite pavements.
In addition to pavement performance modeling, some
transportation agencies (e.g., cities and counties) do not
have the capability for conducting deflection tests on their
roadways for structural evaluation because these tests
generally require specialized equipment, experience, and
knowledge. As a result, these agencies may rely primarily
on functional condition data to assess the strength of their
roadways. However artificial neural network (ANN)
pavement prediction models have been developed that
can account for both the pavement conditions and the
climate data and can estimate the relationship between
structural capacity and rutting depth in asphalt pavement
at the network level.
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This research aims to explore pavement performance
prediction models that can help decision makers take
appropriate actions by developing and comparing
traditional regression and artificial neural network models
in predicting future pavement conditions for asphalt,
concrete, and composite pavements and support pavement
management decisions, and ii) determining the impact of
various input variables on the deterioration of pavement
conditions.
II.
METHODS
Predicting pavement performance is often considered to
be a difficult task because of several influencing factors.
Accurate pavement performance models, including large
data, are needed to develop pavement maintenance and
rehabilitation strategies. Varying causes of pavement
deterioration from one road section to the next makes the
modeling of pavement performance a complex process. In
this research, multiple linear regression (MLR) and
artificial neural network (ANN) models were used to
predict pavement performance. Also, the results of ANN
models are analyzed to determine the relative contribution
of each variable on several distress indices.
Pavement distress data was obtained from the Iowa DOT
Pavement Management Information System (PMIS) and
climate data was obtained from the Iowa Environmental
Mesonet (IEM). Iowa highways are classified into three
systems: Interstate highways, US highways, and Iowa
highways. The most recent PMIS data is presented in
Figure 1. It can be seen in the Figure that Iowa highways
system has the longest highways in Iowa, and 55 % of
these highways are composite pavements.

Fig. 1: Length of Iowa highway systems with different
types of pavement
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Geographic information system (GIS) software was used
to integrate the PMIS road condition data and the IEM
climate data for each location under study. The GIS
spatial integration process provided accurate overlays of
the weather stations over Iowa highways. The GIS was
also used to display weather conditions as colored maps.
To ensure that the climate data and locations of each
pavement section were associated, each pavement section
was assigned to the closest weather station. For example,
Figure 2 shows the 32 pavement sections that were
closest to weather station IA0133.

Fig. 2. Pavement sections associated with the closest
weather station
Two kinds of pavement performance models, traditional
multiple linear regression (MLR) and artificial neural
network (ANN) models are developed to study three
pavement types with different pavement properties and
different material properties. Goodness of fit is a common
measure for evaluating model performance. The
coefficient of determination (R2 ) and root mean square
error (RMSE) were utilized to measure and compare the
performance of the models.
Historical data was used on in both ANN and MLR
models to predict individual distresses for three pavement
types, ACC, PCC, and COM pavements. These individual
distresses were predicted based on weather factors (i.e.,
temperature, precipitation, and freeze-thaw cycles), traffic
loading, pavement age, structure number, layer
thicknesses, and subgrade stiffness. For ACC and COM
pavements, three models were developed for predicting
roughness, cracking, and rutting, and for PCC pavements,
three models were developed for predicting roughness,
cracking, and faulting. These predicted distresses were
aggregated to calculate the PCI values based on Equations
1 and 2 in order to represent the overall PCI over the
years. To determine the reliability of ANN models, the
results obtained from the ANN models were compared
with the results from MLR models.
www.ijaems.com
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PCICom&ACC = 0.4(Cracking Index) + 0.4(Riding Index) +
0.2(Rutting Index)
(1)
PCIP CC = 0.4(Cracking Index) + 0.4(Riding Index) +
0.2(Faulting Index)
(2)
Three main components are used to develop ANN
models: i) the structure of connection between input and
output layers (architecture); ii) the method of adjusting
the connection weight (learning method); and iii) the
neuron activation function.
There is no standard method for selecting the appropriate
number of neurons, so training the ANN model with
sequential number of hidden neurons and then selecting
the number of neurons that achieve minimum RMSE was
employed. The lowest RMSE value was achieved at 12
hidden neurons for predicting cracking index in COM
pavement. The final layer in the structure of ANN model
is the output layer that produces the result from
processing provided by the hidden layer.
After determining the architecture of an ANN model,
software (e.g., JMP) is used to randomly divide the
database. Seventy percent (70 %) of the database was
used for training and thirty percent for validation of ANN
model. The training data set is used to develop the model,
while the validation data is used to assess the accuracy of
the ANN model and avoid overfitting in the model [8].
The results of the training process produce the weight
matrices that are stored in links between layers and that
can also be used to extract information about the
contribution of each input in the model output. In the
training process, the connection weights between the
layers is adjusted, thereby, minimize the overall mean
error by using back-propagation algorithm. The basic unit
of an ANN model is a neuron that combines inputs and
produces an output as shown in Figure 9. The neurons are
not individually powerful in terms of computation al
power, but their interconnection with neurons in different
layers produces the desired relationship among variables
and demonstrates the processing capabilities of the
neurons [9].
Multiple linear regression (MLR) models were used to
predict values of pavement conditions (ride, cracking,
rutting, and faulting) and those results were compared
with prediction results from ANN modeling. MLR
modeling has been widely used by highway agencies to
predict pavement performance and deterioration rates
because of its simplicity and ease of implementation [10].
III.
RESULTS AND DISCUSSION
The analysis showed that the ANN models yield
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reasonably accurate models compared to the results of
MLR models.
For ACC pavements, the ANN models yielded more
accurate predictions than the MLR models in riding,
cracking, and rutting indices . The R2 values indicate there
are good correlations between actual and predicted
indices for each index. The R2 values from the ANN
models are higher than the R2 values of the MLR models
by 61.40%, 48.15%, and 48.15% for riding, cracking, and
rutting index, respectively. For PCC pavements, the ANN
models achieve better accuracy models with improvement
in R2 by 23.00%, 26.93%, and 80.00% than MLR models
in predicting riding, crack, and fault indices, respectively,
compared with MLR models. For COM pavements, the
comparison of the results produced by ANN and MLR
models showed that the ANN model performed better
accurate models than MLR models .
After predicting the pavement condition indices, the
weights and biases matrices from ANN layers were used
to predict the future performance of riding, cracking,
rutting, and faulting indices assuming no future treatment
will be applied. The adjusted weights were developed by
a back-propagation algorithm during the training process
in order to make the predicted values close to the actual
values. The weights and biases matrices were stored by
JMP software. Predicting the future pavement conditions
was predicted incrementally; for instance, the first
predicted value for pavement condition in age (t+1) was
used to predict the second year pavement condition (t+2)
as the input of the previous pavement condition and so
on. three pavement sections, one each of ACC, PCC, and
COM pavements, were selected to analyze their
performance over the years and predict future
performance. The curves for each pavement section begin
at the year of construction, and it is assumed that no
maintenance has been or will be done on the section.
The performance curve for an ACC pavement section
from I-35 is shown in Figure 3. The performance curve
shows that the pavement section was in poor condition,
(i.e., the PCI value is lower than 41) 11 years after
construction.
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Fig. 3. Pavement performance curves of I-35 section
(ACC pavement)
Figure 4 shows the performance curve of a pavement
section of US-30 in Story County. The pavement type of
this section is a composite pavement with PCC overlaid
by ACC pavement. Composite pavement is widely used
in Iowa, with around 46% of the total highway. The
composite pavements typically last longer than ACC
pavement because the concrete base layer makes it a
stronger structure. The US-30 pavement section can serve
in good or fair condition up to approximately 20 years,
which is better performance than the ACC pavement
section.
Figure 5 shows the performance curve of a PCC
pavement section of Iowa highway 1. This performance
curve indicates that PCC pavement lasts longer than both
ACC and COM pavements and that PCC deteriorates at a
lower rate early age. The curve indicates that this
pavement section should be in good or fair condition for
almost 40 years.

Fig. 4. Pavement performance curves of US-30 section
(COM pavement)

Fig. 5. Pavement performance curves of Iowa-1 section
(PCC pavement)
IV.
CONCLUSION
Predicting future pavement performance is essential for
allocating available funding for maintenance and
rehabilitation activities at the network level as well as for
determining the most cost-effective strategies at the
project management level. The models in this study were
www.ijaems.com
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developed to include climate data in addition to historical
pavement condition data. Results of the ANN models
were found to be more accurate than the MLR models,
perhaps because ANN models can deal with larger, more
complex data sets.
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