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Abstract 
 

 This study analyzes a current pavement structure in Guilford, Maine and designs a 

new, more economical pavement structure for the site.  The pavement data was obtained 

with a number of in-situ instruments, which were installed in conjunction with the Maine 

Department of Transportation, and analyzed using pavement analysis programs.  This 

study examines both theoretical and empirical traffic loading and environmental changes 

to efficiently design new pavement structures. 

 

 

 

 

 

 

Capstone Design Report 

 The capstone design requirement for our MQP was fulfilled by designing a 

suitable pavement structure for Maine, with the considerations of appropriate traffic, 

temperature conditions, and properties of materials.  
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1. Introduction  

 

Most pavements used in the United States are designed using American Association 

of State Highway and Transportation Officials (AASHTO) design standards which are 

not site specific and are becoming rapidly outdated for the current traffic levels which 

exist on most roads.  It is necessary to have pavements designed regionally with 

appropriate environmental conditions taken into account, rather than using generalized 

pavement research. 

This project utilizes a pavement test site in Guilford, ME.  The road experiences a 

large percentage of trucks as part of its daily traffic loadings.  The Maine Department of 

Transportation (MDOT) is utilizing multiple test sites around the state to research current 

pavement conditions and see if changes should be made.  This enables the MDOT to 

perform research which is very specific to roads across the state and therefore may be 

able to produce a pavement which is designed for maximum performance at the specific 

areas. 

This project uses the data collected at this test site.  The data collected includes 

environmental, pavement responses as well as data acquired from a weigh in motion 

sensor which is able to determine a vehicles weight and class.  Using the environmental 

data and the data acquired from the WIM equipment it is possible to calculate 

theoretically the stresses and strains responses of the the pavement for any given 

combination of temperature and vehicle type.  These calculated numbers can be 

compared to the óactualô response data from the site.   
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Combining the results allows for a very site specific and accurate pavement design 

which will hopefully allow for less maintenance and longer life of the pavement in the 

region.  Through the longer life of a well designed pavement, the state will have to spend 

less money on projects to repair the pavement.  If the majority of pavements throughout 

the state were designed on a site specific basis this would potentially result in a large 

amount of savings.   

2. Objectives 

The objectives of this project were: 

¶ To effectively collect environmental, traffic and loading data from the test site. 

¶ To determine the effect of the environment and traffic on pavement response for 

the pavement section. 

¶ To design the optimum pavement for the site based on traffic, temperature and 

materials properties data. 

 

 

3. Background 

 

It is important to understand how a pavement responds to traffic and 

environmental conditions when designing a pavement structure.  Currently road design 

standards are based off of testing done in Illinois in the 1960ôs through the AASHTO 

specifications.  However useful these standards are, they might not be valid to all roads 

around the United States.  Data from a test site along Route 15 in Guilford, Maine will 

provide the information needed to design a typical pavement section in that region of 
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Maine.  This specific road segment was chosen as a test site due to its typical pavement 

design and traffic loading experienced around Maine.  Currently the instrumentation at 

the test site consists of: thermocouples, moisture gauges, resistivity gauges, HMA strain 

gauges, subbase and subgrade pressure cells, and strain gauges.  All the instrumentation 

was installed during pavement reconstruction.  The pavement cross section is a soil 

subgrade covered with ñnewò subgrade made of old HMA, HMA base, HMA binder and 

lastly a HMA surface layer.  A Weigh in Motion (WIM) detector was recently installed to 

record traffic loading and vehicle classification.     
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4. Literature Review 

 

4.A. Literature Review Summary : 
 

 There is a general trend in the pavement design industry to gather more site 

specific data.  The traditional method was to use load equivalency factors.  These 

methods for predicting pavement damage have been found inadequate
1
.  Current research 

shows that pavement design needs to reflect site specific conditions
2
.  The factors that 

influence pavement deterioration include tire pressure
3
, temperature and traffic

 4
.  Efforts 

have been made to study the methods used to gather the site specific data
5,6,7,8,9,10

 and tire 

pressure
11

.  More complex models have been developed to analyze the tire-pavement 

interface
12

. 

 One of the major factors influencing pavement deterioration is traffic.  

Specifically, the majority of the studies showed that vehicle speed
13,14,15

, loading 

position
16,17,18

 and magnitude of loading
19

, all have a significant effect on pavement 

response
20

.  Speed has been found to greatly affect horizontal transverse strain under the 

HMA but it did not affect the vertical effective stress in the same position
21

.  In addition, 

as vehicle speed increased, the magnitude of the calculated pavement strain response 

decreased
22

.  Pavement breakdown, especially at the pavement edges, is most affected by 

the lateral position of the tire
23

.  This is due to the fact that when there are both 

longitudinal and transverse strains at the pavement surface, tensile strains result at the 

edge or adjacent to the contact area and compressive strains result within the contact 
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area
24

.  The weight of the vehicles can result in two common pavement failures, fatigue, 

too much tensile strain, and rutting, too much compressive strain
25

. 

 Some studies show that tire pressure, under normal ranges, have been found not to 

affect the measured vertical compressive stress and the measured horizontal transverse 

strain at the bottom of the HMA layer
26,27

. However, there are some others that find this 

to be false.  They have found that Pavement strain is directly related to tire pressure and 

tire area, specifically the strain resulting right below the tire
28

 and thus do need to be 

considered when designing a pavement, especially when designing a pavement with a 

thin HMA surface layer
29,30,31,32,33

.  The results of one study found that at the same load 

level and asphalt thickness, a higher tire pressure is associated with a larger critical 

transverse tensile strain
34
.  Another study found that a tire ñloaded at the rated load and 

inflation pressure may produce maximum stresses, and hence the calculated analytical 

parameters at the tire center position near the bottom of the thin surfacing.ò  However, for 

an under inflated or over inflated tire ñtwo maxima located within the asphalt layer under 

the maximum applied stress position, which means at the tire edgesò may result
35

.  A 

possible reason for the polar discoveries is due to the how the tire pressures were 

analyzed.  Conventional theory has been that tire-pressure is applied over a uniform 

circular area.  However, this assumption has been overruled by some studies
36,37

 and one 

study even found that response due to non-uniform contact tire-pavement stress 

distributions is in the range of 6ï30% higher than when uniform pressure is assumed
38

. 

 Another factor that greatly affects pavement performance and response is due to 

environmental conditions
39

.  Except for one report of otherwise
40

, the majority of 

research has found that induced pavement stresses are most influenced by temperature 
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variation, specifically in the asphalt concrete layer.  Same is also true due to sublayer 

moisture content that creates stresses, typically during the spring-thaw season
41,42,43

.  

Temperature variation can affect pavement response in two ways, daily or seasonally.  It 

was determined that the most variability in daily temperature of the pavement was 

observed in the layers closer to the surface.  Surface pavement temperature variations 

during the daily and yearly cycles were influenced by the solar radiation, air temperature, 

wind speed, and to some extent the temperature of the ground
44

.  It was found that strain 

readings were higher in the binder layer during September than February.  Similarly, it 

was discovered in the middle of the subbase layer that tensile strains were higher in 

September than in July
45
.  In addition, ñspring-thaw weakening contribute to loss of load 

bearing capacity and subsequent pavement failure.ò  The defrosting process is delayed in 

the deeper layers when compared to the upper layers
46

. Lastly, through use of the 

subgrade moisture content sensors, it was found that moisture content is constant until 

October; at that point significant changes occurred.  However, it was found that ñthese 

changes did not seem to have significant effects on the subgrade shear wave velocity.ò
47

 

 The literature review was conducted to identify recent studies about instrumented 

pavement, the instruments used, and the data being collected.  The literature search was 

conducted by searching relevant electronic databases and scholarly works online.  The 

following reviews contain a brief description of the project conducted, the objectives of 

the project, and what was done to achieve those objectives.  In addition, any conclusive 

points that were made in the articles were provided. 
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4.1.  Field Instrumentation and Testing Data from Pennsylvaniaôs Superpave 

In-Situ Stress/Strain Investigation (DRAFT FOR REVIEW) 

By: Shelley M. Stoffels, Mansour Solaimanian, Dennis Morian and Hao 

Yin .
48

 

 The Pennsylvania Department of Transportation (PENNDOT) has sponsored a 

project to provide data to validate and calibrate its regional Superpave design.  Under the 

project name, Superpave In-Situ Stress/Strain Investigation (SISSI), they hope to create a 

new Mechanistic-Empirical Pavement Design Guide (MEPDG) using instrumentation 

and analysis of eight Superpave pavement sections in northern and southern 

Pennsylvania.  The sections are half newly constructed overlays and half existing 

pavements that have been designed with currently used materials and practices and are 

open to normal traffic.  The project included detailed ñmonitoring of the construction 

process, and an intensive materials characterization effort, detailed load-response 

information, traffic and environmental data, and performance measures.ò 

The paper, Field Instrumentation and Testing Data from Pennsylvaniaôs 

Superpave In-Situ Stress/Strain Investigation (DRAFT FOR REVIEW) by Shelley M. 

Stoffels et al., describes the results of dynamic gauge response (due to loading), WIM 

analysis for traffic data analysis, as well as subsurface environmental gauges to analyze 

ñvariation in pavement temperature with respect to time and season, depth of freezing 

temperature, and variation of temperature with depth.ò   
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Several important conclusions relating to pavement response and design resulted 

from the project.  First, it was confirmed that pavement response is affected by the speed 

of the traveling vehicle as well as the position of the tire with respect to the location of 

the gage.  It was determined that ñthe larger the lateral deviation of the loading point 

form the gage position, the less will be the magnitude of the gage response.ò  Second,  

analysis of the vertical pressures in unbound layers of the pavement using pressure cells 

showed that there is higher pressure in the subbase than those in the subgrade (both cell 

are positioned at the top of each layer).  Figure 4-1, shows the results for the test section 

at a central PA site. 

 

Third, strain values decreased along the depth of the pavement structure.  Fourth, there is 

a significant difference in how a pavement responds during varying seasons.  It was 

found that strain readings were higher in the binder layer during September than 

February.  Similarly, it was discovered in the middle of the subbase layer that tensile 

strains were higher in September than in July.  Fifth, the data collected with the weigh-in-

Figure 4-1 Comparison of pressure cell responses in subgrade and subbase (5/4/04).49 
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motion stations (WIM) were found to be accurate because they ñcompare well with the 

actual weights and attempted speeds.ò   

Lastly, there were significant conclusions relating to the environmental data 

collected.  It was determined that the most variability in daily temperature of the 

pavement was observed in the layers closer to the surface.  Surface pavement temperature 

variations during the daily and yearly cycles were influenced by the solar radiation, air 

temperature, wind speed, and to some extent the temperature of the ground.  By 

analyzing results seasonally it as found for colder regions that the ñfreeze-thaw cycling 

and spring-thaw weakening contribute to loss of load bearing capacity and subsequent 

pavement failure.ò  The defrosting process is delayed in the deeper layers when compared 

to the upper layers. 

4.2.  Design and Instrumentation of the Structural Pavement Experiment at the 

NCAT Test Track 

By: David H. Timm, Angela L. Priest and Thomas V. McEwen.
49

 

Due to the limited nature of empirically-based design, there has begun a shift 

toward mechanistic-empirically (M-E) based procedures in the pavement design industry.  

There is much that still needs to be investigated because of the variety of material types, 

material properties and climatic conditions throughout the country.  Because of the 

aforementioned reasons a structural experiment was conducted at the National Center for 

Asphalt Technology (NCAT) test track to advance M-E design and analysis.  In the 

paper, Design and Instrumentation of the Structural Pavement Experiment at the NCAT 

Test Track by David H. Timm et al., the objectives, and scope of the project were 

outlined.  The main objective of this paper was to describe the instrumentation chosen, 

the sensor installation procedure and data acquisition system installed. 
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The objectives of the project are outlined as follows: first, to validate mechanistic 

pavement models; second, to develop transfer functions for typical asphalt mixtures and 

pavement cross-sections; third, to study dynamic effects on pavement deterioration from 

a mechanistic viewpoint; and fourth, to evaluate the effect of thickness and polymer 

modification of asphalt binders on structural performance.  The test track was made up of 

eight pavement sections of varying thickness and material composition and in-situ 

instrumentation to measure ñasphalt strain, compressive stresses in the unbound layers, 

moisture, and temperatureò  The pavements were designed according to the 1993 

American Association of State Highway and Transportation Officials (AASHTO) Design 

Guide methodology and consisted ñprimarily of three HMA thicknesses and modified 

versus unmodified bindersò as well as two sections with ñan SMA surface course and a 

rich bottom layerò.  The instrumentation was installed to provide the following pavement 

responses: asphalt horizontal strain, base and subgrade vertical stress, subgrade moisture 

and vertical temperature profiles.  The data collection was conducted through slow speed 

acquisition (hourly averages) as well as high-speed dynamic acquisition (5 kHz).  Lastly, 

deflection testing and surface condition surveys were done. 

 The main conclusion that resulted from this portion of the project were relating to 

the installation of the sensors.  Prior to the first array of strain gauge installation, ñ#8 

granular base material was placed to a depth of 1 in. in each of the 3 inch deep cable 

trenches.ò  Then the gauges were placed in their approximate location and the cables 

were laid in the trenches.  Lastly, ñthe trenches were then filled with the same sieved 

material and compacted using a Marshall hammer to restore the gradeò.  During the 

gauges placement, several ñdid not have a cable tie anchoring the cable to axial bar or it 
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was removed to facilitate placement of the cable in the trench.ò  After paving, it was 

found that half or six of the twelve gauges were of poor serviceability.  Unfortunately it 

was impossible to know whether not using the cable ties ñto attach the cable to the axial 

bar and transverse flange of each instrument in an attempt to provide strain relief to the 

connectionò would have increased serviceability.  However, in later gauge arrays this 

procedure was followed and the asphalt strain gaugeôs serviceability in the other test 

section improved greatly.  Therefore, the major conclusion found by the authors was that 

in future asphalt strain gauge installations that additional cable ties should be used to 

increase the survivability rate.  

4.3.  Dynamic Pavement Response Data Collection and Processing at the 

NCAT Test Track  

By: David Timm and Angela Priest
50

 

The project reported in this paper was set up to measure the pavement responses 

under dynamic truck loads.  This report specifically talks about the collection and 

methods of processing of the stress data.   

 The NCAT test section is located in Auburn, Alabama.  The test track has eight 

sections labeled N1 through N8.  Between the eight test sections, there are over 133 

gauges.  Each section was trafficked three times by the same truck under similar 

conditions.  The information was collected by a DATAQ data acquisition system.  The 

data was collected at two thousand samples a second.   

 A DADiSP system was used to compile the information from the DATAQ 

acquisition system.  A moving average was used in the DADiSP program to clean up the 

electronic noise from the raw data and to provide an average from the large amounts of 

data collected.  The current procedure for analyzing the data involves visually selecting 
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the baseline and local maximum and minimum points of the signal with the cursor in 

DADiSP and copying them into an Excel workbook. The voltage and time of the selected 

point are recorded and organized by date, section, gauge, truck pass, and axle.  This 

method of processing is very tedious and requires a lot of time.  Currently an automated 

algorithm is being developed to process the data much more quickly. 

4.4.  The Virginia Smart  Road: The Impact of Pavement Instrumentation on 

Understanding Pavement Performance  

By: Imad L. Al -Qadia, Amara Loulizi b, Mostafa Elseific, and Samer 

Lahouard
51

 

 This paper presents the description, calibration procedures, installation, and 

performance of the instrumentation used at the Virginia Smart Road to measure flexible 

pavement response to loading. Also presented are the measured horizontal transverse and 

longitudinal strains induced in the hot-mix asphalt (HMA) during compaction with a steel 

drum compactor both with and without vibrations. In addition, this paper presents the 

data collected and used to determine the vertical compressive stress pulse induced by a 

moving truck at different locations beneath the pavement surface. These data were also 

used to determine the effects of temperature, speed, and tire inflation pressure on the 

measured vertical compressive stress and measured horizontal transverse strain, induced 

by a steering-axle tire of 25.8kN, under the HMA layer.  

The data were used to make a comparison between measured pavement responses 

to truck loading with those calculated using linear elastic theory. It was found that HMA 

is subjected to very high horizontal strains during compactionð especially when 

vibration is used. It was also found that a haversine equation well represents the 

measured normalized vertical compressive stress pulse for a moving vehicle. Haversine 

duration times varied from 0.02s for a vehicle speed of 70km/h at a depth of 40mm to 
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1.0s for a vehicle speed of 10km/h at a depth of 597mm. As expected, temperature was 

found to significantly affect the measured vertical compressive stress and measured 

horizontal transverse strain under the HMA layer.  

Although speed was found not to affect the magnitude of the measured vertical 

compressive stress, it was found to affect the loading time. On the other hand, speed was 

found to significantly affect the measured horizontal transverse strain under the HMA 

layer.  

Variation in tire inflation pressure from 552kPa to 724kPa was found not to affect 

the measured vertical compressive stress and the measured horizontal transverse strain at 

the bottom of the HMA layer. A comparison between the measured responses and those 

calculated using a finite element model that uses linear elastic theory indicated that the 

elastic theory overestimates pavement responses at low temperatures but significantly 

underestimates these responses at high temperatures. An improved prediction of 

pavement responses was achieved by modifying the bonding conditions at the interfaces, 

and by modeling HMA as a viscoelastic material. 

4.5.  Minnesota Road Research Project: Load Response Instrumentation 

Installation and Testing Procedures  

By: Harris B. Baker, Michael R. Buth, David A Van Duesen
52

 

The Minnesota Road Research Project (MN/Road) began a study in 1994 to 

determine the effects of two different types of loading:  freeway traffic and calibrated 

trucks.  The testing was done at a cold region pavement facility built in Minnesota, with 

the mainline of the facility part of I-94.  The facility contains 40 500 foot test sections of 

pavement with sensors.  The goal of the facility is to be able to improve upon existing 

pavement models as well as creating new models which can be applied to roadways.  The 
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facility also allows for research on how pavement responds and performs under very 

specific conditions.  The results of the response research are important to create accurate 

mechanistic-empirical response models. 

 This report includes detailed listings of all the sensors and other equipment used 

to obtain the results.  It was determined in the study that a key component of accurate 

data acquisition is to have the system in working order before sensors are installed in the 

pavement due to both the short life of sensors and the necessity to have readings taken 

during all phases of the pavement life.  The sensors must also be placed in a manner 

which will not cause problems during installation.  In the case of this study it was found 

that some sensors were planned too close together and therefore presented troubles to 

each other when the time came to install.  The handling of the instruments also proved to 

be a source of inaccurate readings.   Although much of the damage to equipment can be 

credited to the harsh environments that they are objected to, it is also possible that they 

are damaged during the moving and installation process.  The report states that everyone 

involved in a project must be well educated on the goals of the project for everyone to 

respect the equipment at hand and use the most care when handling it.   

 The MN/Road report also includes the actual installation procedures that are used 

in the tests.  To measure the dynamic horizontal strains in the asphalt pavement all 

gauges are installed at asphalt/concrete base or sub grade immediately prior to paving.  

The project also tested for the strains in concrete pavements.  Other tests included vertical 

deflection in both asphalt and concrete, static horizontal movement, acceleration in rigid 

pavements, dynamic vertical pressure and dynamic strain in steel dowels.  Tests were 

also performed on the sensors to determine if the installation process as well as the loads 
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on the pavement had not altered the validity of the data produced in the tests.  Several 

said tests are described in the report.  Tests conducted on the sensors included circuitry 

and wire checks as well as integrity and response tests. 

4.6.  Pavement Evaluation and Development of Seasonal and Temperature 

Adjustment Models Using Seismic Pavement Analyzer (SPA) 

By: Nenad Gucunski, Sameh Zaghloul, Rambod Hadidi, Ali Maher and 

Tony Chmiel
53

 

 The New Jersey Department of Transportation (NJDOT) has begun a study to 

determine the seasonal and temperature corrections and adjustment models needed for the 

AASHTO design guide for their state through the use of geophysical methods, 

specifically seismic techniques.  Throughout New Jersey there are twenty four 

instrumented pavement sections, twenty one flexible section, two rigid sections, and one 

composite pavements section.  Each section were separated into three different classes 

depending on the objective of the section and thus instrumented to suit the objectives 

needs.  The sensors recorded pavement temperature, frost-thaw, moisture, ground water 

table and environmental changes (including air temperature and rainfall).  In addition, 

pavement response was collected through field observation using Falling Weight 

Deflectometer (FWD) and Seismic Pavement Analyzer (SPA) during a two year period.  

Field observations were taken monthly (or by-monthly during freeze-thaw periods) where 

as the in pavement sensors were continuously collected and saved for future analysis.  So 

far only 16 testing cycles, or FWD and SPA rounds, have been performed but their hope 

is to use this information to determine the variation of the elastic modulus in flexible 

pavements over time.   

 One of the seismic techniques begin used to evaluate pavement response is the 

Spectral Analysis of Surface Waves (SASW).  SASW has been used to create pavement 
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shear wave velocity profiles to determine that during the warm period from June to 

August, low asphalt concrete (AC) velocities were measured due to a decrease in AC 

modulus during the hotter weather months.  They authors determined a preliminary 

model for the ñstrong relation between pavement temperature and shear wave velocityò 

however more data is needed to get a more accurate and reliable model.   

 The subsurface temperature sensors revealed very high temperature gradient in 

the pavement.  For example, during September there was a 20°F temperature difference 

between the top and bottom of the paving layer.  Also, a subsurface temperature 

measurement about 25in below the surface was as much as 80°F or as little as 40°F 

depending on the time of year.  Temperature variation can have an extreme effect on 

pavement response so it is very important to know the expected variation for where a 

pavement is being designed for. 

 Lastly, through use of the subgrade moisture content sensors, it was found that 

moisture content is constant until October; at that point significant changes occurred.  

However, it was found that ñthese changes did not seem to have significant effects on the 

subgrade shear wave velocity.ò   

 As more data analysis and collection proceeds it is the hope of this project to first 

put their data to the test of currently available models and then to create models that are 

better calibrated to the conditions of New Jersey for practically pavement design. 

4.7.  Load Testing of Instrumented Pavement Sections 

By: University of Minnesota, Department of Civil Engineering
54

 

 This paper serves as a literature review to determine if the load equivalency 

factors used by in AASHTO pavement design are still valid as well as summarizing 
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current definitions, procedures and commonly accepted facts about pavement response 

and performance. 

 When determining what is a ñgreatò pavement design the most factors that affect 

pavement response are: total loading, axle spacing, tire location, and tire pressure.  

ñPavement responses are indicators of the load related distresses which ultimately dictate 

the failure of the structure.ò  Pavement design in general is done using AASHTOôs 

procedure which is an empirical method.  This method converts axels of different 

configurations and weights to ñ80kN (18-dip) equivalent single axle loads on the basis of 

equal performance.ò  This is a simplistic method that also averages seasonal changes in 

subgrade and base layers and mostly ignores surface layer properties.  With the many 

agencies moving toward mechanistic-empirical approaches, which are less limiting in 

their applications, many aspects of design are being reanalyzed to better take into account 

regional differences, including traffic loading and environmental variances.   

 There are currently several different models to evaluate the effect of differing load 

types and environmental conditions.  It has been found through research that by 

evaluating load, vehicle, pavement characteristics and environmental conditions with 

pavement responses including pavement stresses, strains, deflections, and pavement 

distresses, for a particular field obtained response measurements, usually creates models 

for pavement response and thus design. 

 When analyzing the pavement response there are several direct relationships that 

have been found to be true.  First, fatigue is mostly related to the magnitude of axel 

loading.  Second, rutting is influenced most by the vehicleôs gross weight and the asphalt 

concrete material properties.  Third, accelerated pavement damage is related to the lateral 
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position of traffic on the road.  For example, there is a greater damage near the edges of 

the pavement.  Forth, pavement strain is directly related to tire pressure and tire area, 

specifically the strain resulting right below the tire.  Lastly, induced pavement stresses 

are most influenced by temperature variation, specifically in the asphalt concrete layer.  

Same is also true due to sublayer moisture content that creates stresses, ñespecially during 

the spring-thaw season.ò   

 In closing, the paper determined that predicting pavement damage is controlled by 

many more factors than the AASHTO LEFs model can accurately depict.  Thus, there is a 

great need for the re-evaluation of the AASHTO load equivalency factors. 

4.8.  Using Fiber-Optic Sensor Technology To Measure Strains Under The 

Asphalt Layer of A Flexible Pavement Structure
55

 

By: Stephen R. Sharp, Ph.D., Khaled A. Galal, Ph.D., Mohamed K. Elfino, 

Ph.D., P.E. 

This paper reports a study of a flexible pavement system instrumented using fiver-

optic strain sensors (FOSS).  This study was conducted to exhibit the feasibility of using 

FOSS to monitor the long-term strains in flexible pavements subjected to repeated traffic 

loads.  These strains were compared the strains calculated using a multi-layer elastic 

(MLE) analysis.   

The MLE analysis was conducted both before and after the installation of the 

FOSS.  It was done to monitor strains during and after construction.  Strains caused by 

the construction traffic were collected by the FOSS during construction operations and 

compared to results of the MLE analysis.  Additionally, after construction, dump truck 

and falling weight deflectometer (FWD) strains were collected at multiple load levels and 

compared to the MLE analysis.   
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It was found that the in-situ strains during construction were at least 50 times that 

which were calculated using the MLE analysis.  It was also found that the FOSS was able 

to collect stain data even during the very hot temperatures that the construction activities 

presented.  Additionaly, the field data mimicked very closely the measured deflection 

under dump truck and FWD loading.   

This study concluded that the MLE analysis ñcan be used to validate and calculate 

the strains in asphalt pavement sections.ò  

4.9.  Guide for Mechanistic-Empirical Design
56

 

This report presents a guide to pavement design using mechanistic-empirical 

principles with numerical calibrated models from the Long-term Pavement Performance 

program.  This study started in the mid-1990s and is wrapping up.  This guide is slated to 

replace previous AASHTO pavement design guides.  It stresses the availability of local 

data to improve pavement design.  Some of the more critical local data include 

environmental and traffic data.   

ñEnvironmental conditions have a significant effect on the performance of both 

flexible and rigid pavements.ò  Some of the factors that play a key role in defining the 

limits the environment can have on a pavement performance include: the amount of 

precipitation, temperature, freeze-thaw cycles, and depth to the water table. 

Temperature has a significant effect on the modulus of Asphalt bound materials.  

ñModulus values can vary from 2 to 3 million psi or more during cold winter months to 

100,000 psi or less during hot summer months.ò  However, unbound materials are only 

affected by temperature if ice forms.  The water in soil freezes below 32°F and raises the 

resilient modulus to values 20 to 120 times higher. 
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ñTraffic data is one of the key data elements required for the structural 

design/analysis of pavement structures.ò  Traffic data is used for estimating the loads 

applied to the pavement and the frequency the loads are applied. 

4.10.  In -Situ Measurements of Flexible Pavementôs Response to Vehicular 

Loading  

By: Salman A. Bhutta1, Imad L. Al-Qadi2, and Thomas L. Brandon
57

 

 This report discusses the experimentation using geosynthetics in pavement design 

in Bedfor County, VA.  The purpose of the report is to validate the results of a similar test 

conducted at Virginia Tech in 1992.  This previous testing used dynamic loadings in a 

controlled laboratory setting to test the performance of geogrid and geotextile materials in 

pavement.  The 1992 report found that the geosynthetics improves the performance of 

flexible pavement because the synthetics provide separation between the aggregate layer 

and the sub grade layer.  The most recent experiment used a test section to validate these 

results under non laboratory conditions.  This pavement test section was installed in a 

newly laid sub grade. 

 The instrumentation installed had the main purpose of collect data on stresses, 

strains, temperatures, and moisture at critical points in the pavement test section.  These 

critical locations were to be located at the bottom of the hot mix asphalt, the top of the 

base layer and the top of the sub grade.  These locations are considered critical because 

the reactions at these locations play a large role in fatigue and rutting.  The various 

instruments used included pressure cells, strain gages, thermocouples and moisture 

sensors.  Within the first three months of testing most of the strain gages failed.  This led 

to the conclusion that recording geosynthetics was difficult due to the medium that the 
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strain gages were attached to.  It was determined that geogrids develop far less strain than 

geotextiles due to geogrid being a stiffer material.   

 The findings of this experiment verified with those of the previous laboratory 

testing in relation to dynamic response of ordinary vehicles.  Geosynthetics may improve 

the pavement due to the movement of materials at the base course and subgrade interface.  

Geosynthetics can stabilize these sections. 

4.11.  Impact of Changing Traffic Characteristics and Environmental 

Conditions on Flexible Pavements  

By: Zhanmin Zhang, Joseph P. Leidy, Izydor Kawa,W. Ronald Hudson
58

 

 This report begins by making the very important statement that although 

pavement design is shifting steadily towards using an mechanistic, in Texas, where the 

study was conducted, pavement is designed using AASHTO data.  It is important to know 

that AASHTO recommendations come from data that is not collected in an environment 

that is overly comparable to Texas.  Texas has also seen an increase on the number of 

trucks that run through the state, in part being located between the Midwest and Mexico.  

The report shows the methods to compare the results of AASHTO to the results that 

would apply specifically to Texas roads. 

 The report states that AASHTO findings, concerning tire pressure and appropriate 

response, are often inconsistent and contradicting.  The AASHTO LEFôs were developed 

using four parameters; axle load, configuration, structural number for flexible pavements 

and slab thickness for rigid pavements, terminal serviceability level.  The report 

established parameters that are specific and important to Texas.  These include higher tire 

pressures, newly developed tire widths, new axle configurations, and unique 

environmental factors.   
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 The key finding of this report was the use of a fatigue model to link the data from 

a computerized mechanistic design program and AASHTO design standards.  From this 

relationship the report was able to make conclusions about tire pressure, the new tire 

widths, axles and environmental factors.  It found that a higher tire pressure on dual tire 

vehicles and supersingle axle vehicles is significantly more damaging to the pavement 

than if calculating using AASHTO standards.  For tandem and tridem axles the results 

were approximately the same.  It was determined that the environmental conditions do 

not have a large effect.  It is said in conclusion that these results are ultimately based on 

AASHTO testing results and should not be applied to pavements which are not designed 

in such a manner. 

4.12.  Validation of Flexible Pavement Structural Response Models Using 

Mn/ROAD Data  

By: Angel Mateos, Mark B. Snyder
59

 

 This report utilized data from the Minnesota Road Research Facility to draw 

conclusions concerning three main objectives.  The objectives are the characterization of 

the structural behavior of flexible pavements, determine the influence of axle load, 

configuration, speed, and tire on pavement response, and lastly to validate a flexible 

pavement structural model and an appropriate means of determining input parameters.  

 The MN Road facility features 40 test cells.  The facility has testing sites along 

Interstate-94 which is used to analyze highway pavement response as well as a closed 

loop which is used to simulate loads of rural roads.  Dynamic horizontal strain was taken 

from the bottom of the asphalt layer.  It is noted in the report that of the original gages put 

in place to record this data, only a few of the test cells had working gages to record the 
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data.  The study utilized four separate sections.  Because of this all the data needed was 

obtained, although all not in one cell. 

 The study concluded that the pavement response to varying loads was linear and 

that varying tire pressures did not effect the pavement.  It was also found that an increase 

in vehicular speed resulted in a decrease in strain measurements.  Ultimately it was found 

that the use of linear elastic models to develop pavement can be effective, but may also 

come with certain negatives.  There are some aspects of the design, such as asymmetry in 

longitudinal response that cannot always be found.  The study validated the prior 

research, but found ways in which further studies could be impeded.  

4.13.  Analytical Study of Effects of Truck Tire Pressure on Pavements Using 

Measured Tire-Pavement Contact Stress Data  

By: Randy B. Machemehl, Feng Wang, and Jorge A. Prozzi
60

 

 This report investigates the results of inputting tire-pavement contact stress data 

into an elastic model multilayer pavement design program.  The study inputted the data in 

both a thin and a thick pavement.  The purpose was to see if there is a difference in the 

two methods most commonly used to obtain the data, conventional and major pavement 

responses at certain test locations.  Conventional assume that tire pressure is distributed 

uniformly over a circular area and is equal to the tire inflation pressure.  This report looks 

at testing which does not assume tire pressure is uniform across a testing area. 

 A two way model was used to compare the pavement response and track the 

effects of truck tire pressure on the pavement.  This statistical analysis found that tensile 

strains were most prominent in the bottom of the pavement structure while eon the 

surface tensile stresses were prevalent.  From this it was found that varying tire pressure 

only has a significant effect on think pavements. 
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 In conclusion however, the report did not focus on the actual statistical findings, 

but the fact that using measured tire pavement contact stress data a pavement analysis can 

be improved significantly.  It was determined that using the conventional method usually 

will underestimate pavement responses at low tire pressures and overestimate at high tire 

pressures.  This study also found that because tires can deflect freely in the longitudinal 

direction that the impact area may be more rectangular and circular, further reducing the 

validity of the conventional method.  In general though, the effects on the pavement due 

to varying tire pressures are much lower than the effects of loads on the same test area. 

 

4.14.  Development of Quick Solutions for Prediction of Critical Asphalt 

Pavement Responses due to Measured Tire-Pavement Contact Stresses 

By: Feng Wang and Randy B. Machemehl
61

 

 This project was conducted in Texas at the University of Texas in Austin.  The 

tire-pavement contact pressure data was provided my TxDOT. The data came from a test 

site in South Africa using a Heavy Load Simulator and a Stress-In-Motion transducer 

pad.  The most widely used tire in Texas, the Goodyear 11R24.5, was chosen to be used 

in the experiment.  The tire-pavement vertical stress loads were measured at tire loads 20, 

24, and 31 kN and at a tire inflation pressures of 483, 690, and, 896 kPa.   

This project concerned the creation of a quick way to predict critical pavement 

responses to tire loading conditions and pavement structures.  The project was started due 

to the assumption that the contact tire pressure was uniform and circular.  Due to recent 

studies, however, this is not the case.  This study used measured non-uniform tire-

pavement contact stress data from different tire loading and inflation pressure were 

inputted into a program called ANSYS to compute immediate pavement responses.  

Finite element models for single tire, dual tire, and tandem axles of dual tires were 
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created from the program.  Running these finite element models for a factorial 

experiment design of different tire loads, tire pressures, pavement structures, and tire 

configurations, generated pavement response data.  Using regression models that relate 

critical pavement responses to tire loading conditions and pavement structures, a quick 

method of predicting critical pavement responses was developed.   

4.15.  Mechanistic-Empirical Study of Effects of Truck Tire Pressure on 

Pavement Using Measured Tire-Pavement Contact Stress Data
62

 

By: Feng Wang and Randy B. Machemehl 

This study reviews the truck tire inflation pressure and its role in tire-pavement 

interaction.  Pavement studies traditionally approximate tire-pavement contact stress to 

be uniformly distributed over a contact area assumed to be circular and equal to the tire 

pressure.  Recent research has shown this is not true.  This study measured the tire-

pavement contact stress and used a finite element program to determine the immediate 

responses from three different tire configurations.  The tire configurations evaluated 

included the single tire, duel tires, and dual tire tandem axles.   

The computed pavement responses were further analyzed using pavement distress 

transfer functions to determine the effects of tire inflation on the pavement performance.  

Both thin and thick asphalt concrete pavement structures were examined.  Pavement 

responses calculated by the finite elements method were compared with those predicted 

by a  multilayer program using traditional uniform contact stress. 

The computed results showed that the traditional uniform contact stress method 

and multilayer program tend to overestimate the horizontal tensile strains at the bottom of 

the asphalt concrete.  However, the vertical compressive strains at the top of the subgrade 

tend to be underestimated.  Results also show that the overestimation and 
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underestimation tends to intensify with increased tire pressure.  These estimations also 

are more significant for thin pavements than for thick pavements and for dual tires and 

tandem axles than for smaller vehicles.  This study also found that the ñprediction of 

effects of tire pressure on pavement performance shows that increases in tire pressure 

result in increased pavement distress due to both cracking and rutting, and tire inflation 

pressure is also related to the shape of pavement ruts.ò 

4.16.  Effect of measured 3-D Tire-Pavement Contact Stress on Pavement 

Response at Asphalt Surface
63

 

By : Rong Luo, and Jorge A. Prozzi 

 This paper investigated fatigue cracking, specifically top-down cracking that 

results from the horizontal strains at the pavement surface due to high wheel loads.  To 

analyze this effect of actual 3D contact stress on pavement response, ñthis study evaluates 

the horizontal strains at the surface of the asphalt layer produced by measured 3-D non-

uniform stresses.ò  However, in should be understood that current research has found that 

it is not correct to assume that the tire-pavement contact stress was equal to the tire 

inflation pressure and to be uniformly distributed over a circular contact area when 

calculating horizontal strains at the pavement surface.  Instead, ñthe tire-pavement 

contact stress is non-uniformly distributed in a noncircular areaò and thus ñthe actual 

contact stress varies along the longitudinal (vehicle travel direction) and transverse 

directions (perpendicular to the longitudinal direction)ò. 

 The study evaluated 5 wheel loads, 5 tire inflation pressure levels, and 12 

pavement structures with different asphalt thicknesses using a multilayer linear-elastic 

computer program, CIRCLY.  This program was able to estimate ñhorizontal strains in 

the longitudinal and transverse directions under each combination of load, tire pressure 
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and asphalt thickness.ò CIRCLY had the unique ability was to both be able to handle 

normal as well as shear stresses at the pavement surface.  This program was ideal because 

it used less data and was less computationally demanding when compared to finite 

element models.  In addition, ñhorizontal strain distributions and critical (maximum) 

horizontal strains due to uniform stress were also calculated for comparison due to non-

uniform stressò were performed. 

 This study was able to make a multitude of conclusions.  First, when there are 

combined 3D stresses, both longitudinal and transverse strains at the pavement surface 

were tensile strains at the edge or adjacent to the contact area and were compressive 

strains within the contact area.  Second, the vertical and transverse stresses showed 

significant effect on the longitudinal strains at the pavement surface. However, only 

vertical stress has significant result on the transverse strains at the pavement surface.  

Third, the ñcritical longitudinal tensile strains decrease initially with surface thickness 

and then increase.  There appears to be an optimal value of asphalt thickness that 

corresponds to a minimum critical longitudinal tensile strain. The optimal asphalt 

thickness depends on the magnitude of the wheel load but is independent of tire pressure. 

The tire pressure is positively correlated with the critical longitudinal tensile strain.ò  

Forth, the ñcritical transverse tensile strains decrease monotonically as the asphalt 

thickness increases for the lower load levels.ò  It was found that as the load levels rose, 

the critical transverse tensile strains increased initially and then decreased as the asphalt 

thickness increases when combined with a low tire pressure. In addition, ñthe critical 

transverse tensile strains decrease monotonically for a higher tire pressure.ò It was future 

concluded that at the same load level and asphalt thickness, a higher tire pressure is 
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associated with a larger critical transverse tensile strain.  Lastly, the two regression 

models created to predict the critical tensile strains in both longitudinal and transverse 

directions were able to address the joint effect of asphalt thickness, tire load and tire 

pressure on the critical horizontal strains.  The models were determined to both be 

applicable to the pavement structures evaluated as well as able to capture general trends. 

4.17.  Determination of Pneumatic Tire/Pavement Interface Contact Stresses 

Under Moving Loads and Some Effects on Pavements With Thin Asphalt 

Surfacing Layers 

By: M. de Beer, C. Fisher, and Fritz J. Jooste
64

 

 In this paper the authors explain the system they developed for simultaneous 

measurement of tire/pavement interface contact stresses of slow-moving pneumatic truck 

types.  As it can be seen Figure 4-2 below this is important to analyze because tire 

pressures are increasing but not much is known as how the pavement will respond to 

these added stresses or even how to design for them.   

 
Figure 4-2 Tire Inflation Pressure Distribution Comparison for Two Time Periods 
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Even more specifically, South Africa often uses relatively thin pavement (<50mm) 

unfortunately very little has been researched as to how to successfully apply mechanistic 

pavement design techniques under their unique pavement design.  This is due primarily to 

the fact that there is an inappropriate definition of the contact stress condition at the 

tire/pavement interface. 

Their first goal of this paper to try to answer the fore mention design problems 

was by discussing the development, calibration and use of the Vehicle-Road Surface 

Pressure Transducer Array (VRSPTA).  The VRSPTA helped to improve quantification 

of the vertical, transverse and longitudinal tire/pavement interface contact stresses.  In 

other words, it was used to understand the pavement response of differing tire types and 

pressures.  The VRSTA consists of an array of ñtriaxial strain gauged steel pins fixed to a 

steel base plate, together with additional non-instrumented supporting pins, fixed flush 

with the road surface.ò  Their second goal of the paper was to discuss some of the 

analyses and basic implications of the test results.  Included in this was to develop 

prediction equations for quantification of these stresses, based on tire inflation pressure 

and loads for seven different tire types. 

 Through their analysis several conclusions were made.  First, using the VRSPTA, 

it was found that ñmost of the time the maximum vertical contact stresses are indeed 

higher than the tire inflation pressure.ò  Surprisingly, even loading and tire pressures 

which were below rating the contact stresses can be found to be up to twice the tire 

inflation pressure.  Second,  also using the VRSPTA, an accurate estimation of the 

maximum expected tire/pavement contact stresses for a fixed load and inflation pressure 

can be determine by several predictive equations for 3D contact stresses.  The following 
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conclusions were through the use of finite element analysis.  Third, when a thin asphalt 

surface layer (<50mm) is used the stain energy of distortion, bulk stresses, and octahedral 

shear stress in the pavement change as a function of the applied stress.  However, it must 

made clear that this is only true under instantaneous loading.  Forth, a tire ñloaded at the 

rated load and inflation pressure may produce maximum stresses, and hence the 

calculated analytical parameters at the tire center position near the bottom of the thin 

surfacing.ò  However, for an under inflated or over inflated tire ñtwo maxima located 

within the asphalt layer under the maximum applied stress position, which means at the 

tire edgesò may result.   

4.18.  Investigation of Tire Contact Stress Distributions on Pavement Response 

By: Raj V. Siddharthan, N. Krishnamenon, Mohey El-Mously, and Peter 

E. Sebaaly
65

 

 In this study two types of tires and different contact stress distributions were used 

to analyze important pavement response parameters generated from the finite-layer 

analytical model, 3D-Moving Load Analysis.  Their objective was to develop a database 

of a number of commonly used ñpavement response parameters computed using a 

recently developed finite-layer mechanistic approach under a variety of tire-pavement 

contact stress distributions.ò Their hope is that the database can be used to ñassess and 

compare pavement performance predictions for different loading conditions using 

appropriate ópavement performance transfer functionsô (or performance equations)ò.   

Their initial step was to investigate past studies to see what their model needed to 

be able to do as well as how they could be integrated previously used models into their 

own model.  It was revealed that: tire-pavement contact stress distribution is significantly 

affected by tire inflation pressure, tire type and tire load; tire-pavement contact stress 
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distribution is noncircular, nonuniform, and has noticeable interface shear stress 

components; and the crucial pavement responses are tensile strain at the bottom of the 

Asphalt Concrete (AC) layer as well as compressive strain at the top of the subgrade. 

In the end, the authors found that the finite-layer approach using response 

evaluation, which treats each layer as a continuum and uses the Fourier transform 

technique, worked ideally to handle complex surface loading, a variety of tire imprints, is 

ñmore computationally efficient than moving models based on the finite-element 

methodò and ñcan accommodate rate-dependent material properties (viscoelastic)ò that is 

seen in AC pavement use.  They decided that in addition to the already stated pavement 

response parameters the maximum shear stresses and shear strains in the AC layer at 

0.05m for the surface under the outer edge of the tire would be valuable to monitor and 

analyze. 

Through this study, the following conclusions were reached.  First, the finite-layer 

model used can handle any specified stress distribution (normal and shear) resulting from 

nonuniform and complex traffic loads at the tire-pavement interface.  Second, vehicle 

speed had a significant effect on all pavement response parameters, which was consistent 

with other field tests including the Pennsylvania State University test track, the 

Mn/ROAD, and the WesTrack studies. In general, it found that the magnitude of the 

calculated pavement strain response decreased with increased vehicle speed.  Third, the 

difference between the responses computed with the uniform (conventional assumption) 

and nonuniform contact tire-pavement stress distributions is in the range of 6ï30%.  The 

range is dependent on many factors, including the type of response and pavement 

structure (thin or thick) and tire type (dual or wide base). However, it should be noted 
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that ñexpect in the case of tensile strain at the bottom of the AC layer for a dual tire 

configuration, the responses computed with the nonuniform stress distribution are lower, 

which indicates that the use of conventional contact stress distributions is conservativeò. 

ñHowever, since the differences are indeed significant, care should be taken when 

conventional assumptions are used to calculate pavement responses for use in transfer 

functions to predict pavement performance.ò  Forth, when analysis of contact shear 

stresses was conducted, in both longitudinal and transverse directions, it was found that 

they ñdid not significantly influence any of the pavement response parameters 

investigated.ò  Lastly, strains reduced as the ñvehicle speed increased signifies the need 

to calibrate accelerated laboratory pavement tests carried out at lower vehicle speeds (5ï

20 km/h)ò. Therefore this database generated can also be utilized to calibrate laboratory 

performance data for use in field cases. 
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5.   Data Collection Methods and Instrumentation 

The test strip in Guilford, ME has a large array of instrumentations in place.  The 

road section was stripped down and all but the Weigh in Motion detector was installed 

during the construction of the pavement structure.  The following sections outline what 

instrumentation was utilized for this investigation and how the data was collected. 

5.1. Traffic Data Collection 

 

Weigh in Motion Technical 

 

 Weigh-In-Motion (WIM) data collection equipment can either be set up as in 

pavement systems or utilize portable WIM pads.  At the test site in Guilford, ME an in 

pavement piezo sensor system is currently in place, as seen in Figure 5-1. The cross 

section of the instrumentation is shown in  Figure 5-2. 

 
Figure 5-1 In-Place WIM Instrumentation in Guilford, ME 

 
Figure 5-2 Cross Section of WIM 
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As indicated in the title of this instrumentation, the data which is output includes 

weight of individual vehicles, as well as speed and vehicle class.  The act of ñweighing in 

motionò refers to the process that the equipment uses to measure the dynamic tire forces 

of a moving vehicle and estimating the corresponding tire loads of the static vehicle.  The 

total vehicle weight of a moving vehicle is determined by the force of gravity acting upon 

all connected elements of the vehicle.
66

  The piezo sensor accomplishes this by creating 

an electrical charge whenever a vehicle passes over the sensors.  From this the dynamic 

loads are calculated.  The static load is estimated using the measured dynamic loads and 

calibration factors.
67

  

 

 
Figure 5-3: Example of Piezoelectric System Layout
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Data from the WIM is collected on a continuous daily basis and can be run 

through MIRA software in order to be analyzed.  When analyzing the data questionable 

results can occur because of equipment malfunction.  The site can simply record no data 

at all, which could be result of power failure or improper connections to the onsite 

computers.  If the speed data has a large amount of data ranging from 0-5 MPH or 95-+ 

MPH it can be determined that either all the equipment or just a specific lane is having 

problems recording speed.  A high percentage of invalid vehicle weights or overweight 

vehicles could possibly indicate malfunctioning equipment.  And if Class 15 vehicles 

represent more than 5% of traffic in any given lane it could be assumed that there is a 

class data problem with the equipment.
69

   Once the irrelevant data is sorted out, it is 

possible to use the data recorded by the WIM to make conclusions on vehicle types, 

classes and speeds, and ultimately use this data to determine loadings in the pavement 

and work towards designing a more desirable pavement for the test area.   

WIM data is outputted using a program called MIRA.  Once a report is run with 

the information required, it was transferred into Excel from a text file using Script by a 

Computer Science student here at WPI
70

. 

 

5.2. Gauges in Pavement 

 

 

Environmental Data Collection 
 

 

Thermocouple Gauges 

 The environmental data from the thermocouples was a key component in our 

analysis.  At the test site, the pavement temperatures were measured using two strings of 



 

45 

 

twelve Type T thermocouples as seen in Figure 5-4.  The thermocouples were placed at 

the different levels.  Due to failure, data from only 6 thermocouples were collect.  This 

gave us 2 working thermocouples at each pavement layer. 

 
Figure 5-4 Thermocouple Device 

 The test site in Guilford contains two strings of twelve type T thermocouples at 

varying depths.  The purpose of the gauges is to record temperatures in the sub grade, 

subbase and HMA layers.  The thermocouples are made with twenty gauge copper 

constantan wire pairs.  The reaction at the tip of the wire causes an electric potential that 

is proportional to the temperature difference between the end of the wire in the ground 

and the wire connected to the readout device.
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  Using the readout data the temperature of 

the ground can be calculated.  The thermocouples were spaced along a wooden dowel 

and inserted into a previously drilled hole.  The bottom five thermocouples were spaced 

.3 meters apart, the next 6 .15 meters apart and the final thermocouple of each string was 

placed on the top.  The thermocouples were placed so that following final paving, the top 

of each string was located .4 to .5 meters below the final grade.
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Thermocouple Data Collection Methodology 

The first step was to collect the data from the test site in Guilford, ME.  The 

website Logmein was used to remotely log into the computer at the test site.  Once in the 

computer, the program Loggernet was used to connect to the thermocouples and collect 

the data.  There were originally complications when trying to connect to the 

http://www.logmein.com/
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thermocouples.  The setup program for the thermocouples had to be downloaded and 

installed.  Once the setup program was installed, each of the 4 Com Ports was tested and 

only 1, Com Port 4, had a successful connection.  Once it was determined which port 

worked, Loggernet was recalibrated to import data from Com Port 4 and the data was 

finally connected.  

 After the data was collected, the next step was putting it into a usable format.  The 

data that was collect was in a basic text file.  It was imported into Microsoft Excel and 

put into columns and rows.  With the data in Excel and in proper formatting and labeled, 

the analysis could start.   

 With the data sorted out and organized, it was used for numerous comparisons.  

Since data was collect for the three different layers, the differences in temperature were 

very important.  The differences in temperature between each layer were plotted out and 

displayed per month of data collected.  The data was further broken down and graphs 

representing the changes in the temperature per hour for each week were shown 

graphically.   Each layer has its own graph showing the different temperature changes.  

These graphs and analysisôs can be found in the results section for environmental data. 

 

 

5.3. Stress/Strain Data Collection 

 

Soil Pressure Cells 

 To measure the vertical stresses in the soil there are four soil pressure cells 

installed in the sub grade and sub base soils of the test site.  These gauges are Dynatest 

Soil Pressure Transducers, type FTC 1 as shown in Figure 5-5.  The bodies of the cells 

are constructed with titanium to help prevent wear due to environmental conditions and 
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normal use.  The pressure cell is covered in epoxy and sand and they contain a hydraulic 

design in order to improve linearity and sensitivity.  The cell has a constant volume, so 

the gauge is sensitive to pressure over the entire area.  The internal transducer of the cell 

has a full strain gauge bridge.  The cells are capable of recording pressures from 10 to 

200 kPa.  
73

  The cells are connected to the data acquisition equipment through buried 

wires.   

 
Figure 5-5 Soil Pressure Cell 

 

Soil Strain Gauges 

 Soil Strain and Deformation Transducers (SSDT) type FTC-1 are used as the soil 

strain gauges at the test site.  These gages can measure both permanent and dynamic 

strains with occur in the soil.  The gages are made of stainless steel as can be seen in 

Figure 5-6.  Four gauges are connected to their own signal conditional which they were 

calibrated to prior to installation in the soil.  The gages were placed in holes filled with a 

stiff mortar mix which would keep the gauges in place during compaction.  The soil 

around the gauges was hand compacted until the soil would prevent movement during 

paving so that the gauge could properly read traffic loadings. 
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Figure 5-6 Soil Strain Gauge 

 

Strain Data Collection Method 

The strain data was acquired by remotely accessing the computer at the Guilford 

site which was receiving the data from the instrumentation.  In all there are 12 sensors in 

place, resulting in 12 different readings for each vehicle that is recording.  The strain 

gages are triggered by the WIM sensors.  Since the WIM sensors are set to record traffic 

only over class 4 the strain data only represents vehicles over this class.  The data output, 

in addition to the strain from the gages indicates at what time of day the corresponding 

lines are read.  The traffic monitoring program 

saves files for every vehicle, or event, that 

passes over the gages.  This data can be taken 

and graphed to determine how strains vary over 

time with a vehicle passing. 

Figure 5-7 Computer Recording Strain data with 
datalogger 
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Figure 5-9 Setup of Wires running from Pavement 

 

HMA Strain Gauges 

 In addition to the two sets of soil gauges, twelve Pavement Strain Transducers 

(PAST) II Hot mix Gauges are installed at the site as seen in Figure 5-10.  Four locations 

within the test section contain the sensors (three PAST per location).  At each selected 

location within the site, one sensor is closest to the predicted middle of the wheel path 

and the other two were placed on either side of the center about seven to eight cm apart.  

The gauges are laid out in the longitudinal direction at two of the locations and 

transversely at the remaining two.  In order to secure the gauges in place, a small fiber 

strip was placed prior to the HMA base course and covered with a thin mixture of asphalt 

binder and sand.  The gauges were than pressed onto the mix and the appropriate wires 

connected to the data acquisition system.  A small amount of HMA was then shoveled 

over the gauges and hand compacted before regular paving.  The gauges have a range of 

1500 micro strain and the quarter bridge has an effective length of 102 mm.
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Figure 5-10 Asphalt Strain Gage 

Figure 5-8 Data Logger 


