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Seasonal Load Response Behavior of a Thin PCC Pavement 
 
ABSTRACT 
The mechanistic-empirical pavement design methods currently under development have 
demonstrated a need for seasonal material and load response behavior characterization.  This 
study examined the seasonal dynamic load strain response of a thin (5 inch [127 mm]), low-cost, 
portland cement concrete pavement at the Minnesota Road Research (Mn/ROAD) Project.  
Environmental and load related factors to be considered in this type of study were described.  For 
the truck speeds used in this study, analysis found there were minimal effects on measured 
dynamic strain.  Nonlinear temperature profiles in the slabs prompted the use of the temperature-
moment concept in the analysis.  For the approach side of the joint in the slabs, during periods 
with unfrozen base and subgrade layers, there is only a small increase in the dynamic strain 
response with decreasing temperature-moment.  Average dynamic strain responses range from 
50-80 microstrain, with little difference in magnitude between the 80,000 lb (355 kN) and 
102,000 lb (453 kN) loadings.  For the leave side of the joints in the slabs, there is a larger 
increase in dynamic strain response with decreasing temperature-moment.  In addition, the 
102,000 lb load response is nearly 60 percent larger than the 80,000 lb load response for large 
negative temperature-moments.  Recommendations on improving dynamic load testing of 
pavements are given.  

INTRODUCTION 

Background 
Portland cement concrete (PCC) pavements have served low-volume traffic applications very 
well for over 100 years.  Unfortunately, due to higher initial construction costs, and limited city 
and county construction budgets, the use of PCC pavements for low-volume roads has declined 
significantly.  At the same time, however, the development of new mechanistic-empirical 
pavement design methods has demonstrated a renewed effort to characterize the load response 
behavior of all types of PCC pavements.  Perhaps it is time reexamine the behavior of thinner, 
lower cost PCC pavements. 
 There is little in the literature with respect to the behavior and performance of thin (less 
than 6 inch [150 mm]) PCC pavements.  The AASHO Road Test (1) studied the behavior of both 
reinforced and nonreinforced slabs of thickness 3.5 inches (90 mm) and 5 inches (127 mm).  Test 
results from those sections were rather inconsistent, and the test sections differed in geometry 
and joint restraint from those considered in design today.  A limited number of design methods 
(2) recommend a minimum design thickness of 5 inches (127 mm) for nonreinforced PCC 
pavements.  Most other reports (3,4) describe the behavior of 6 inch (152 mm) thick PCC 
pavements or various thicknesses of concrete overlays. 
 The same challenges that brought about the AASHO Road Test, namely the 
characterization of the effects of modern day traffic loads, are once again in the forefront of 
pavement design.  While the focus of previous pavement experiments was predominantly 
empirical behavior, the current focus is on mechanistic-empirical behavior.  The Minnesota Road 
Research Project (Mn/ROAD) was constructed by the Minnesota Department of Transportation 
(Mn/DOT) in the early 1990’s to contribute to this effort.  To supplement the existing standard 
thickness PCC designs under evaluation at the Mn/ROAD project, a 5 inch (127 mm) thick PCC 
pavement test section was added to the facility’s low-volume road testing loop in June 2000.   
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 The mechanistic-empirical pavement design methods currently under development have 
demonstrated a need for seasonal material and load response behavior characterization.  The new 
thin PCC test section at Mn/ROAD, designated as Cell 32, was constructed predominantly to 
study the behavior of a thin, low-cost PCC pavement subject to heavy traffic loads and 
Minnesota’s extreme weather conditions.  This test section will provide valuable data for new 
design methods, particularly in the area of developing fatigue and joint distress models for thin 
PCC pavements. 

The study presented here describes the materials and instrumentation in Cell 32, and 
examines the seasonal behavior of dynamic strain measurements from the cell.  The data 
collection methods, and important factors considered in the analysis of dynamic strain 
measurements, will be described.  Finally, recommendations for the improving the collection of 
dynamic strain data will be provided. 
 
Mn/ROAD PROJECT 
 
Test Cell Description 
Mn/ROAD test cell 32 is constructed of 5 inches (127mm) of jointed plain concrete over a 7 inch 
(178 mm) thick layer of gravel base.  The subgrade layer is a silty-clay material.  Total length of 
the cell is 470 feet (143 m) and lane widths are 12 feet (3.7 m).  The slabs are 10 feet (3.1 m) 
long and the transverse joints are undoweled and cut perpendicular to the centerline of the road.  
The shoulders are made of gravel.  Thirty-five percent of the cementitious material in the 
concrete mix consists of ground granulated blast furnace slag (GGBFS). 

Six slabs in test cell 32 have instrumentation within or below them.  Instrumentation 
includes strain gages (to measure dynamic and environmental loads), thermocouples, moisture 
sensors, and under-slab pressure plates.  See FIGURE 1 for a plan view of the sensor layout. 
 The data analyzed in this study came from dynamic strain sensors, vibrating wire strain 
sensors, and thermocouples.  The dynamic strain sensors, designated as “CE” sensors, are Tokyo 
Sokki model PML-60 molded strain gages.  CE sensors were embedded horizontally near the top 
and bottom of the slabs, so that dynamic strain profiles could be determined.  They were installed 
in the wheelpaths and mid-panel edges of the instrumented slabs, both in the longitudinal (in the 
direction of traffic) and transverse directions to allow comprehensive determination of dynamic 
traffic load response.  
 Vibrating wire sensors were installed to monitor effects of environmental loads on the 
pavement.  Geokon VCE 4200 vibrating wire strain gages were embedded horizontally near the 
top and bottom of the instrumented slabs near the joints, center of panel, and mid-panel edges. 
 Temperature data came from type-T thermocouples mounted such that temperature 
profiles could be measured through the depth of the slab, base, and subgrade layers. 

Data Collection 
Load response testing at the Mn/ROAD project involves recording the dynamic strain generated 
by a 5-axle tractor-trailer truck loaded in two different total weight configurations.  The axle 
configuration for the truck is a front single axle with single tires, driving tandem axles with dual 
tires, and tandem axles with dual tires on the trailer. 

The westbound lane of Cell 32 is loaded by the Mn/ROAD test truck weighing a total of 
80,000 lbs (355 kN).  This is the maximum legal load allowed in Minnesota for trucks without 
special permits.  To examine the behavior of the pavement subject to potentially higher load 
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limits in the future, the eastbound lane of Cell 32 is loaded by the Mn/ROAD test truck weighing 
a total of 102,000 lbs (453 kN).  The lanes are referred to as 80k and 102k, respectively.  TABLE 
1 lists the axle loads for each configuration. 
 The data analyzed in this study was collected throughout the year 2001, the first complete 
year of seasonal testing for Cell 32.  Testing was performed in the early and late spring, summer, 
and late fall.  For each lane, tests were run from early morning to mid-afternoon to evaluate the 
effect of temperature changes on pavement response.  Truck passes were made at two different 
speeds, 5 and 30 mph (8 and 48 kph).  These represent typical speeds for the low volume 
applications this design would serve. 
 The load response measured by a strain sensor can vary depending on the location of the 
tires in a slab.  Therefore, monitoring the location of the tires is necessary for each pass of the 
truck.  For load response testing events at Mn/ROAD, a special video camera is mounted over 
the leading drive axle of the truck.  Measuring strips are painted on the instrumented slabs such 
that the camera captures the lateral location of the tire in the lane as it passes. 
 Data from Mn/ROAD vibrating wire strain sensors and thermocouples is automatically 
collected every 15 minutes, 24 hours a day, and loaded into a central database. 

DATA ANALYSIS 

Dynamic strain data 
The data examined in this study came from five pairs of stacked dynamic strain (CE) sensors in 
Mn/ROAD test cell 32.  FIGURE 1 and TABLE 2 give the locations, depths, and orientations of 
the sensors considered.  These sensors were chosen for the completeness of their data. 

The data consists of the peak dynamic strain values (compression or tension) measured 
by the sensors in response to the load from a single tire or one set of dual tires.  The peaks were 
selected from a dynamic strain versus time history plot for each truck run considered.  For this 
study, only the response from the dual tires on axles 2-5 was examined. 

Since the sensors are embedded in the slab, and thus are not located at the surface or very 
bottom of the slab, their measured values had to be extrapolated to the surfaces using plane strain 
theory (equal but opposite strain at top and bottom of pavement) for viable comparison.  After 
back-calculating the depth of a sensor and comparing it to its as-built depth, a common 
correction factor was determined and used to extrapolate all other measured data for that 
particular sensor.  The correction factors were determined for conditions where the temperature-
moments, described later in this paper, were near zero.   

Although as-built survey measurements were taken during the construction of Cell 32, 
local variations in the thickness of the slab only allow an estimate of the true depth of the 
sensors.  Therefore, the values used in this analysis are only close approximations of the true 
dynamic response.  As the sensors cease to function, they will be removed in cores and examined 
to reveal their actual as-built depth.  The data will then be updated to improve accuracy. 

 
Tire loading offset considerations 
The response measured by a strain sensor in the pavement depends on the proximity of tire loads 
to that sensor.  Since a reliable method of adjusting the response based on lateral distance from a 
sensor is still under development, only datasets collected for a narrow band of tire offset values 
were considered in this analysis.  By examining plots of the distribution of dynamic response 
versus the tire offset, and considering the width of the loaded tires, the range of tire wander for 
axles 2 through 5 (dual tires) was chosen to be 14 inches (35.5 cm).  This equates to loading the 
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sensor with the midpoint of the inner tire to the midpoint of the outer tire.  FIGURE 2 illustrates 
the loading zone of axles 2-5 for sensors in an outside wheel path (CE-129 and CE-130).  

Environmental effects 
The response measured by a strain sensor in a pavement depends on the shape of the slab, caused 
by environmental effects such as moisture and temperature.  A slab that is warmer (and/or 
wetter) on top than the bottom, will curl downward and cause the mid-panel bottom tensile 
strains to increase.  Those strains will either increase or decrease the measured dynamic strains, 
depending on tire load proximity.   

The effect of moisture change, while potentially significant on a seasonal basis, was not 
considered in this analysis.  Data being collected by moisture sensors in the PCC slabs at the 
Mn/ROAD project will be analyzed and incorporated into studies like this in the future.  
Temperature effects, however, were considered in this study since numerous thermocouple and 
thermistor sensors are located throughout the test slabs. 
 Many nonlinear temperature gradients were found during the initial examination of the 
temperature profile data from the thermocouples in Cell 32.  Therefore, it was deemed more 
appropriate to utilize the temperature-moment concept for this analysis.  The application of the 
temperature-moment concept to PCC pavements was recently described by Janssen and Snyder 
(5).  The sign convention for temperature-moment is opposite that used for typical linear 
temperature gradients.  Temperature profiles with the top of the slab warmer than the bottom 
(positive temperature gradients) produce negative temperature-moments. 
 The temperature and dynamic strain data were collected in the year 2001 on 8 different 
days, and divided into 4 seasonal periods for analysis.  FIGURES 3 and 4 show the typical daily 
temperature variation for the top and bottom of the slab, the midpoint of the base layer, and the 
upper portion of the subgrade layer in Cell 32 for the late spring and late fall seasons.  
Temperature-moments in the slab layer were determined for each 15 minute period under 
consideration, and assigned to the corresponding dynamic strain values. 

 The freedom of a slab to expand and contract is also related to temperature and moisture 
within a slab.  During periods of higher moisture conditions and temperatures, PCC slabs may 
expand enough to close the contraction joints.  If the slab wants to keep expanding during those 
periods, the shape and load response behavior of the slab changes due to restrictive forces. Those 
forces can increase or decrease the measured load response of a pavement.   The timing of joint 
closure can be predicted by examining the coefficient of thermal expansion (COTE) of the slab.  
Burnham and Koubaa (6) demonstrated a method to determine in-situ COTE using Mn/ROAD 
vibrating strain sensor data.  That procedure was used in this analysis to determine which 
dynamic responses were measured during joint closure conditions.  Once identified, those 
responses were set aside, to be further analyzed in a future study.  

 
Truck Speed Effects 
Early analysis of the data showed that for the truck speeds involved in this testing, namely 5 and 
30 mph (8 and 48 kph), the effect on the measured dynamic strain due to changes in speed was 
less than the effect of other variables, such as tire offset and truck dynamics.  This is shown in 
FIGURE 5.  Based on this observation, the data from both speeds was combined in the final 
analysis.  Future testing at higher speeds may reveal some significance to changes in speed. 
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SEASONAL DYNAMIC STRAIN RESPONSE 
 
Seasonal Change of Strain  
The seasonal dynamic load strain response of Cell 32 was examined at five different locations in 
the test slabs.  These locations coincide with the sensors mentioned above and include the 
outside wheelpath in the 80k and 102k lanes, both near the approach and leave sides of joints.  In 
the 80k lane the response was also examined in the inside wheelpath, near the leave side of the 
joint. These locations had the most complete environmental and load response data available, 
and allowed for comparison of response to load level. 

The data was evaluated in two ways.  First, the data was categorized by temperature-
moment and summarized into tables.  This allows one to see the seasonal change in dynamic 
strain under similar slab shape, and an idea of the effect of seasonal moisture change on strains in 
the slab.  The second way the data was examined was by plotting dynamic strain versus 
temperature-moment for each season.  This shows the behavior of the dynamic strain within each 
season.  The plots also demonstrate the effect of increased axle load on the dynamic strain.  
Please note that all strain values listed correspond to extreme fiber (surface or bottom of slab) 
transverse strains.  Compressive strains are negative and tensile strains are positive in value. 
 
Response Under Similar Temperature-Moments 
For the given slab locations and dates under consideration, each dataset was divided by axle type 
and matched to the corresponding temperature-moment.  Dynamic strain values for the tandem 
axles consist of the combined average dynamic strain response of axles 2 through 5 (4 peak 
values).  Each peak value is the response of the slab to the loading of one set of dual tires from 
each axle.  TABLES 3 through 6 list the average dynamic strain response values for four 
different ranges of temperature-moment.  Large standard deviations in strain are a result of the 
dynamic nature of the loading (bouncing truck), the range of tire load offset, and the estimation 
of the peak values from the measured data.   

For large negative temperature-moment conditions (-90 to –70oC-cm2, TABLE 3), which 
correspond to slab temperatures significantly warmer on top than bottom, the following 
behaviors were observed.  For the approach side of the joint in the 80k lane outside wheelpath, 
average dynamic strains (for the top of the slab) increased by 60 percent from the early spring 
(3/27/2001) to the late spring (4/18/2001).  For the same time period, the strain response on the 
leave side of the joint, both in the inside and outside wheelpaths of the 80k lane, jumped 
approximately 3.5 times.  Under these temperature-moment conditions, clearly the late spring is 
the more critical time in terms of dynamic loading response.  

The change in dynamic strain between the late spring, summer, and late fall were not as 
pronounced for temperature-moment conditions near zero (temperatures consistent throughout 
the slab) (TABLE 5).  Early spring dynamic strains, however, were again lower.  This shows the 
effect the frozen base and subgrade layers have on dynamic strains in the slab.  Similar behavior 
was found for periods with large positive temperature-moments (TABLE 6). 
 
Strain Response For Each Season 
To show the dynamic strain response behavior for each season, plots of dynamic strain versus 
temperature-moment were created.  FIGURES 6 through 9 show dynamic strain response versus 
temperature-moment from select seasons for the slab locations examined in this study. 
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For the late spring period of 4/16-4/18/2001, FIGURE 6 shows that for the approach side 
of the joint in the outer wheelpath, there is only a slight increase in dynamic strain response with 
decreasing (larger negative) temperature-moments.  Average values range from 60-80 and 50-60 
microstrain for top and bottom of slab responses, respectively.  Note that for a 32% increase in 
tandem axle weight, the average dynamic strain response is nearly the same during this period.   

On the leave side of the joint in the outside wheelpath for the same late spring period, the 
response is notably different.  As shown in FIGURE 7, for large negative temperature-moments, 
the 102k response is nearly 60 percent larger.  The increase in dynamic strain response with 
decreasing magnitude in temperature-moment, is also more pronounced.  Strain response 
magnitude for the positive temperature-moment region remains similar to that for the approach 
side of the joint.  The difference in behavior between the two sides of the joint is to be expected, 
since the joints are not doweled and the large number of repetitions of the large 102k load are 
decreasing load transfer efficiency of the joints very rapidly.  Recent joint load transfer 
efficiency testing has demonstrated this trend. 

Environmental conditions in the late fall period of 12/06-12/07/01 result in much less 
variation in temperature-moments.  FIGURE 8 shows that the dynamic strain responses for the 
80k loading (leave side of joint, outside wheelpath) are similar in magnitude and behavior to the 
late spring period.  The significantly larger response from the 102k loading, however, shows up 
at much lower temperature-moment values.  

FIGURE 9 shows the dynamic strain responses for the leave side of the joint in the inside 
wheelpath, 80k lane, for three of the seasons in 2001.  The responses show less variation and 
slightly lower values than for the outside wheelpath.  Reinforcing tie steel and additional 
aggregate interlock from the centerline joint may have an effect on the dynamic strains measured 
in this location.  The noticeable drop in overall dynamic response for the early spring period is 
clearly shown in FIGURE 9, a result of the frozen conditions in the subgrade and base layers 
during that time.  

CONCLUSIONS 
Test cell 32 at the Mn/ROAD project was constructed to study the behavior of a thin, low-cost 
PCC pavement, subject to heavy traffic loads and Minnesota’s extreme weather conditions.  This 
study described the physical aspects of test cell 32, and results from seasonal load response 
testing conducted throughout 2001.  Environmental and load related factors to be considered in 
this type of study were described to benefit future research in this area. 

Analysis of the data demonstrated that for the truck speeds involved in this testing, there 
were minimal effects on the measured dynamic strain.  Nonlinear temperature profiles in the 
slabs prompted the use of the temperature-moment concept in the analysis.  Periods of conditions 
that cause joint closure, which may affect the measured dynamic strain, were determined and 
removed from the analysis. 
 For the approach side of the joint in the slabs, during periods with unfrozen base and 
subgrade layers, there is only a small increase in the dynamic strain response with decreasing 
temperature-moment.  Average dynamic strain responses range from 50-80 microstrain, with 
little difference in magnitude between the 80,000 lb and 102,000 lb loadings.  For the leave side 
of the joints in the slabs, there is a larger increase in dynamic strain response with decreasing 
temperature-moment.  In addition, the 102k load response is nearly 60 percent larger than the 
80k load response for large negative temperature-moments.  Recent joint load transfer efficiency 
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testing has shown significant differences in response when loading the two sides of the joints, 
thus providing support to the dynamic strain response behavior found in this study.   
 The results from this study will be useful in developing or improving fatigue distress 
models used in mechanistic-empirical design methods for low-volume PCC pavements.  
Continued seasonal testing of test cell 32 at the Mn/ROAD project will provide valuable 
information for future studies of thin PCC pavement behavior.  

 
Recommendations 
Based on analysis of the data in this study, the following changes could be made to improve 
dynamic load testing: 

1) Data should be collected from as many truck runs as possible throughout each day, for 
several days each season.  Testing over more continuous time periods captures the effects 
of wider ranges in temperature-moment. 

2) Channel the test truck over specific areas of interest in the slabs to gain more meaningful 
information.  Until a correction factor for tire offset is formulated, less variation in tire 
offset results in larger quantities of data for analysis. 

3) Conduct additional tire offset testing to help formulate correction factors for strain 
values. 
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TABLE 1 Mn/ROAD truck axle loading configurations 
Axle  Total Axle Weight, lbs (kN) 

Number Axle Description 80k loading 102k loading 
1 Steering axle, single tires 11500  (51.1) 12400  (55.1) 
2 Front axle of tractor tandem, dual tires 16900  (75.1) 21400  (95.1)  
3 Rear Axle of tractor tandem, dual tires 16600  (73.8) 23400  (104) 
4 Front axle of trailer tandem, dual tires 16500  (73.3) 22100  (98.2) 
5 Rear Axle of trailer tandem, dual tires 17600  (78.2) 23100  (102.7) 

 

TABLE 2 Mn/ROAD CE sensors used in the study 

 

Sensor ID 

Depth below 
top of slab, 

in (cm) 

 

Lane 

 

Location in slab 
Orientation to 
Traffic Loading 

32-CE-103 1.9  (4.7) 102k Outside wheelpath,               
leave side of joint 

Transverse 

32-CE-104 4.7  (11.9) 102k Outside wheelpath,               
leave side of joint  

Transverse 

32-CE-111 1.7  (4.4) 102k  Outside wheelpath,               
approach side of joint 

Transverse 

32-CE-112 4.7  (12.0) 102k Outside wheelpath,               
approach side of joint 

Transverse 

32-CE-121 2.2  (5.6) 80k Outside wheelpath,               
approach side of joint 

Transverse 

32-CE-122 4.9  (12.3) 80k Outside wheelpath,               
approach side of joint 

Transverse 

32-CE-129 1.8  (4.6) 80k Outside wheelpath,               
leave side of joint 

Transverse 

32-CE-130 4.8  (12.2) 80k Outside wheelpath,               
leave side of joint 

Transverse 

32-CE-127 2.0  (5.0) 80k Inside wheelpath,                 
leave side of joint 

Transverse 

32-CE-128 5.5  (14.0) 80k Inside wheelpath,                 
leave side of joint 

Transverse 

 
 
 
 
 



       
       
    

 

Date Depth Top Bottom Top Bottom Top Bottom Top Bottom Top Bottom
average -9.4 4.4 -17.9 -46.5 36.3
std dev 2.9 2.9 6.3 17.7 23.1

average -95.9 79 -70.7 63.2
std dev 14.3 8.8 22.8 11.3

average -34.5 31.7 -62.5 51.5 -76.5 59.4
std dev 9.5 5.7 6.9 6.4 12.2 6.4

Leave Side of Joint,   
Outside Wheelpath,  

102k Loading

Approach Side of Joint,  
Outside Wheelpath,     

102k Loading

4/18/2001

3/27/2001

4/17/2001

Approach Side of Joint, 
Outside Wheelpath,      

80k Loading

Leave Side of Joint,   
Inside Wheelpath,    

80k Loading

Leave Side of Joint, 
Outside Wheelpath,   

80k Loading

TABLE 3 Seasonal dynamic strain response (10-6) for temperature-moments ranging from -90 TO -70 (oC-cm2)*

*Response is the average strain from axles 2-5. 
 
 
 

Date Depth Top Bottom Top Bottom Top Bottom Top Bottom Top Bottom
average -35.1 34.3 -72.4 60.3 -78.1 62.6
std dev 7.8 4.9 9.2 5.9 8.2 3.3

Leave Side of Joint,   
Outside Wheelpath,  

102k Loading

Approach Side of Joint,  
Outside Wheelpath,     

102k Loading

4/18/2001

Approach Side of Joint, 
Outside Wheelpath,      

80k Loading

Leave Side of Joint,   
Inside Wheelpath,    

80k Loading

Leave Side of Joint, 
Outside Wheelpath,   

80k Loading

TABLE 4 Seasonal dynamic strain response (10-6) for temperature-moments ranging from -65 TO -45 (oC-cm2)*

* Response is the average strain from axles 2-5. 
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Date Depth Top Bottom Top Bottom Top Bottom Top Bottom Top Bottom
average -12.2 17.4 -46.8 -4.2 -64.3 57.1
std dev 5.0 4.2 9.1 1.5 8.0 3.8

average -38.8 35.9 -50.4 47.5 45.7
std dev 1.6 1.5 1.4 6.2 4.6
average
std dev

average -34.0 32.0 -64.8 54.7 -73.2 53.7
std dev 9.5 4.9 7.5 1.6 8.2 3.5

average -8.4
std dev 2.1

average -73.9 67.5 -78.6 68.8
std dev 3.9 3.7 2.9 3.9

average -118.4 99.0 -53.8 58.2

std dev 10.5 8.3 15.7 10.7
average -35.0 34.9 -55.0 50.5 -57.2 50.7
std dev 6.0 3.9 10.5 7.4 4.5 5.4

Leave Side of Joint,   
Outside Wheelpath,  

102k Loading

Approach Side of Joint,  
Outside Wheelpath,     

102k Loading

4/18/2001

7/17/2001

7/18/2001

12/6/2001

12/7/2001

3/27/2001

4/16/2001

4/17/2001

Approach Side of Joint, 
Outside Wheelpath,      

80k Loading

Leave Side of Joint,   
Inside Wheelpath,    

80k Loading

Leave Side of Joint, 
Outside Wheelpath,   

80k Loading

TABLE 5 Seasonal dynamic strain response (10-6) for temperature-moments ranging from -15 TO -15 (oC-cm2)*

* Response is the average strain from axles 2-5. 
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Date Depth Top Bottom Top Bottom Top Bottom Top Bottom Top Bottom
average -8.2 1.9 -10.1 -22.3 19.7
std dev 2.7 1.0 0.5 3.6 2.9

average -37.5 35.2 -44.8 42.8 -56.4 46.9
std dev 5.2 3.5 5.7 4.5 6.4 6.7

average -46.0 61.4 -64.0 60.7
std dev 8.8 5.7 6.5 6.3

average -34.3 32.4 -61.1 55.8 -63.2 54.6
std dev 6.9 5.1 6.6 4.2 4.4 5.1

average -11.1
std dev 1.4

average -63.3 61.1 -70.3 63.4
std dev 20.6 10.5 16.2 13.1

average -30.3 30.2 -59.5 54.3 -60.0 53.1
std dev 3.4 4.5 4.2 5.8 8.9 6.1

Leave Side of Joint,   
Outside Wheelpath,  

102k Loading

Approach Side of Joint,  
Outside Wheelpath,     

102k Loading

4/18/2001

7/17/2001

7/18/2001

12/7/2001

3/27/2001

4/16/2001

4/17/2001

Approach Side of Joint, 
Outside Wheelpath,      

80k Loading

Leave Side of Joint,   
Inside Wheelpath,    

80k Loading

Leave Side of Joint, 
Outside Wheelpath,   

80k Loading

TABLE 6 Seasonal dynamic strain response (10-6) for temperature-moments ranging from 20 TO 40 (oC-cm2)*

* Response is the average strain from axles 2-5. 
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FIGURE 1  Cell 32 sensor location map (plan view).  
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FIGURE 2 Loading zones for tandem axles. 
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FIGURE 3 Temperature profiles for late spring 2001 testing. 
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FIGURE 4 Temperature profiles for late fall 2001 testing. 
 
 
 
 
 



BURNHAM  
   

18

Near Leave Side of Joint, Outside Wheelpath, 4/18/2001
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FIGURE 5 Effect of truck speed on dynamic strain response. 
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FIGURE 6 Average dynamic strain near approach side of joint, in outside wheelpath, for 
late spring 2001. 
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FIGURE 7 Average dynamic strain near leave side of joint, in outside wheelpath, for late 
spring 2001. 
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FIGURE 8 Average dynamic strain near leave side of joint, in outside wheelpath, for late 
fall 2001. 
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FIGURE 9 Seasonal average dynamic strain near leave side of joint, inside wheelpath, 80k 
lane, top of slab. 
 
 
 
 
 


