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Background  

The Coefficient of Thermal Expansion (CTE) is an important input 
parameter in Mechanistic Empirical Pavement Design Guide 
(MEPDG). This paper presents an application of artificial neural 
networks (ANN) to estimate the Coefficient of Thermal Expansion 
(CTE) based on concrete mix design variables, including coarse 
and sand aggregate types, fly ash type and content, air-
entraining admixture, and coarse aggregate contents. 
 
This presentation shows an application of artificial neural 
networks (ANN) to estimate the Coefficient of Thermal Expansion 
(CTE) based on concrete mix design variables, including coarse 
and sand aggregate types, fly ash type and content, air-
entraining admixture, and coarse aggregate contents.  For each 
combination of these factors, five specimens were prepared with 
target slump of 2 inches for the CTE measurements. This results 
in a total of 320 laboratory observations, of which 192 (60%) 
were used for ANN training and 128 (40%) were used for ANN 
testing.  The field core data were also obtained for validation of 
the ANN model.  The training, testing, and validation results 
suggest that the ANN model is capable of estimating CTE based 
on the mix design variables specified in a fairly accurate manner.  

Specimen Preparations 

CTE Test ( AASHTO T 336-11) 

The frame and two concrete specimens were placed in the water 
bath with fully saturated condition throughout the test.  The 
protocol was then initiated using AFCT2 software interaction. 
According to the test procedure the saturated concrete specimen 
was subjected to a consistent increase in temperature from 50 to 
122 oF (10 to 50 oC) followed by a consistent decrease in 
temperature from 122 to 50 oF (50 to 10 oC).  Length change 
readings were recorded every 1 minute during the heating and 
cooling cycles. The heating CTEs are measured when 
temperature changes from 10 to 50 oC while the cooling CTEs 
are measured when temperature changes from 50 to 10 oC.  
Then the difference between the heating and cooling CTEs are 
checked.  If the difference between those two CTE values is less 
than 0.2 microstrain/oF (0.3 microstrain/oC ), the software 
calculates the CTE avg by taking the average of the extension 
and contraction CTEs.  If the difference between the heating and 
heating CTEs is greater than 0.2 microstrain / oF (0.3 microstrain 
/ oC), the test is repeated until the difference is within the error 
range. 

CTE Results 

Effects of Aggregate Type 

Artificial Neural Networks 

An ANN comprises a large number of simple processing 
elements named neurons. Each neuron in an ANN is an 
independent processing element, having its own inputs and 
output.  Each neuron is connected to other neurons by means of 
directed links with associated weights. The weights acquired 
through the training process represent abstracted information 
from the data set, which is used by the ANN to solve a particular 
problem.  

Evaluation Criteria 

ANN Training, Testing, and Validation 

Contact information 

To validate the ANN model, five specimens were cored from a 
concrete pavement section newly constructed in 2012.  The 
specimens were composed of high stone volume of granite as 
“Gneiss/Amphibolite” and NS as “Alluvial/Marine Sand".  
Concrete properties were obtained from the original mix design in 
2012 for the same period of time when the laboratory 
experiments were conducted for this study.  
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Mix Design Variables 
 
 
 
 
 
 
 
1Coarse aggregate: No. 57 Granite and Dolomite, 2100 lb/yd3 for high stone volume per cubic yards of concrete, and 1150 lb/yd3 
for low stone volume mixes. 
2Fine aggregate: No. 10 Manufactured Sand (MS) and No. 10 Natural Sand (NS), 950 lb/yd3 for high stone volume, and 1900 
lb/yd3 for low stone volume mixes.  MS was made from granitic and gneissic rocks while NS was made from alluvial marine 
siliceous rocks. 
3Cement: Type I Portland cement, 530 lb/yd3 for low Fly Ash mixes, and 460 lb/yd3 for high Fly Ash mixes 
4Fly Ashes: Class C and Class F, 20 lb/yd3 for low Fly Ash mixes, and 160 lb/yd3 for high Fly Ash mixes 
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Granite SM Class C High High High 
64 

Dolomite NS Class F Low Low Low 
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ANN Architecture 

Neuron Activation Function 

Error Function 

The total error was minimized 
during the training process by 
adjusting weights. 

The average CTE value of the five cored specimens is 4.91 
microstrain/oF.  The ANN model estimated a CTE of 5.08 
microstrain/oF, indicating a relatively small difference of 0.17 
microstrain/oF, or 3.4%. 

Conclusions 
A three-layer back-propagation ANN was specified, trained, and 
tested using laboratory data.  It is demonstrated that the trained 
ANN is capable of estimating CTE based on the mix design 
variables specified in a fairly accurate manner. 
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