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ABSTRACT

The magnitude of a measured strain in a pavement is related to the proximity of the tire load.
Tire load wander is therefore a necessary component of load testing. Full-scale truck and trailer
load testing was performed on instrumented concrete test slabs at the Minnesota Road Research
(MnROAD) project. From this testing, best-fit curves and equations were developed for
correlating dynamic strain data to tire load proximity. Polynomial curves were found to achieve
very good fit with the data. For dual tire tandem axles, the compressive dynamic strain
responses increased as the time of day, and the corresponding slab temperature gradient,
increased. The maximum dynamic strain response at a sensor location occurred when the tire
reference point was located some distance toward the roadway centerline. For sensors in
different panels, but similar locations, strong repeatability in the measurement of the dynamic
strain response was found for slab temperature gradients greater than zero. The dynamic strain
response to similarly loaded tandem axles on a slab was, in one case, more sensitive to the
magnitude of the applied load, than the proximity of a neighboring tandem axle. The dynamic
strain curves from this study, developed from field measurements, can be used in the calibration
of the finite element models used in new mechanistic-empirical concrete pavement design
methods.

BACKGROUND

The next generation of pavement design methods will soon be introduced to the engineering
community. These methods, based on mechanistic-empirical principles, will require calibration
to local conditions and construction practices. Data and information for the calibrations will
come from transportation agency records and results from various pavement test sections
recently studied.

A significant portion of the calibration effort for a new concrete pavement design method
will be matching the load response generated by its finite element model to the load response
measured from pavement test sections. Load response in a pavement test section can be
measured in several ways, however more recently has typically been done using embedded
sensors. These sensors measure the pavement response to either full-scale test loads, such as a
truck and trailer combination, or a set of movable axles mounted to a test frame placed over the
slabs.

The magnitude of the response measured by a sensor in a pavement is controlled by the
proximity of the tire load. To generate a representative range of load response measurements,
tire load wander is an important aspect to include in pavement testing. Tire load wander can
occur naturally (truck driven over test slabs), or it can be programmed into the computer
controlling a test frame(1) .

The Minnesota Road Research Project (MnROAD), constructed by the Minnesota
Department of Transportation (Mn/DOT) in the early 1990’s, has conducted seasonal load
response testing on concrete pavement test sections since 1996. Tire wander has been recorded
during those testing sessions, however most recent studies of the load response data have only
analyzed data from tire loads passing directly over a sensor. One exception was a study by
Forst(2), which used a finite element generated model to correct measured dynamic strains for
tire wander. As calibration of a new design method approaches, the need becomes clear for a
more representative model for defining the effects of tire wander on dynamic strain in concrete
pavement.
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The study described here involved full-scale truck and trailer load testing performed on
concrete test slabs at the Minnesota Road Research (MNROAD) project. From this testing, best-
fit equations and curves were developed for correlating dynamic strain data to tire load
proximity. Response to different slab temperature gradients, and repeatability of the results, was
also examined.

LOAD TESTING

Test Cell Description

The data presented in this paper came from one of two portland cement concrete pavement test
sections added to the low volume loop portion of the MnROAD project in June 2000. MnROAD
test section 52 was constructed with 7.5 inches (190 mm) of jointed plain concrete over a 5 inch
(178 mm) thick layer of gravel base. Total length of the cell 52 is 285 feet (87 m), and lane
widths are 13 feet (4.0 m) [eastbound lane] and 14 feet (4.3 m) [westbound lane]. Testing for
this study was completed in the westbound lane. The slabs are 15 feet (4.6 m) long and the
transverse joints are doweled and cut perpendicular to the centerline of the road. The dowel bars
in the test area are 1 inch (25 mm) diameter epoxy coated steel, 15 inches (380 mm) in length.
The subgrade layer is a silty-clay material and the shoulders are constructed of gravel. Material
properties for the test section can be found in a Mn/DOT report compiled by the author(3).

Eight slabs in test section 52 have electronic instrumentation within or below them.
Instrumentation includes strain gages (to measure dynamic and environmental loads),
thermocouples, moisture sensors, and under-slab pressure plates. The data analyzed in this study
came from dynamic 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. The CE sensors 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. See FIGURE 1 for a plan view of the sensors used in this study. More
detailed information on the sensors examined in this study can be found in TABLE 1.

Temperature data for this study came from type-T thermocouples mounted such that
temperature profiles could be measured through the depth of the slab.

Data Collection

Load response testing at the MNnROAD project involves recording the dynamic strain generated
by a 5-axle tractor-trailer truck. 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 testing for this study was done on the morning of May 23, 2003, in the westbound
lane of test section 52. Dynamic strain measurements were taken as the truck, traveling slowly
forward and backward, systematically moved laterally across the instrumented slabs containing
the embedded dynamic strain sensors. Three testing sessions were completed in order to capture
the effects of changing slab temperature gradients on load response.

The MnROAD test truck weighed a total of 80,000 Ibs (355 kN). TABLE 2 lists the axle
loads applied during the testing. The truck traveled at a creep speed of approximately 5 (8 kph).
This slow speed should allow valid application of the data in future studies comparing measured
load response to static load finite element models.
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To monitor the location of the tires with respect to the test slabs, a special video camera
was mounted over the leading drive axle of the truck (passenger side). Measuring strips were
painted on the instrumented slabs such that the camera captured the lateral location of the tire in
the lane as it passed. A SVHS type video recorder was used for data collection and review.

Data from the thermocouples was collected by an automated system every 15 minutes
during the testing.

DATA ANALYSIS

Dynamic strain

The dynamic strain data for this study consists of the peak strain values (compression or tension)
measured by dynamic strain sensors in response to the load from a single tire or a set of dual
tires. While both longitudinal (in the direction of traffic) and transverse sensors are installed in
the test slabs, initial analysis showed only the transverse sensor responses to be useful for this
study.

Peaks responses were selected from a dynamic strain versus time history plot for each
forward pass of the truck. The focus of this study was the responses from the single steering axle
(axle 1) and driving tandem axles (axles 2 and 3). The responses from the trailer axles (axles 4
and 5) were used only to verify measurement repeatability.

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). Although as-built survey
measurements were taken following the construction of test section 52, 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 strain 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.

Slab temperature gradients

Slab temperature differentials cause the shape of a slab to change daily, therefore it was deemed
important to study what effect this had on the tire proximity correlation curves being developed.
The slab temperature differentials changed rapidly during the testing, however three more
distinct periods could be identified. Those periods were: 05:20-06:20, 07:30-09:00, and 10:00-
11:00. FIGURE 2 shows sample temperature profile data from each test period.

To characterize the range in slab temperature gradients for each of the test periods, top
and bottom thermocouple data from an adjacent test panel was utilized. Linear slab temperature
gradient ranges (in °C/cm) for time periods 05:20-06:20, 07:30-09:00, and 10:00-11:00 were:
-0.21 t0 -0.16; -0.01 to 0.19; and 0.40 to 0.48, respectively.

Joint condition

Since many of the embedded sensors are near transverse joints, it was important to understand
the state and condition of transverse joints during testing. Since the test section was relative new
at the time of testing (3 years old), and the slab temperatures were not too high (less than 20 °C),
it was assumed the joints had good load transfer efficiency and were not locked up during
testing. Data is available to support this assumption, however for brevity was not included in
this paper.
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Axle and Tire Positions

A plan view showing axle and tire dimensions of the MnROAD truck is shown in FIGURE 3.
For tire locations near the shoulder, lateral offset was measured relative to the center of the
passenger side front tire for axle 1, or the center of the passenger side tire nearest the shoulder
for axles with dual tires. Similarly, lateral offset for tire locations near the centerline was
measured relative to the center of the driver’s side front tire for axle 1, or the center of the
driver’s side tire nearest the centerline for axles with dual tires. These tire locations are indicated
by the letter “x” in FIGURE 3. For this study, offset values increase from the roadway centerline
towards the shoulder.

The data was analyzed for several positions of the axles in relation to a group of sensors
laterally in line with each other. FIGURE 1 shows the axle positions considered in this analysis.
Positions labeled “A” correspond to an axle load placed on sensors near the leave side of a
transverse joint. Likewise, positions “B” and “C” correspond to axle loads near the midslab and
approach side of a transverse joint, respectively.

During analysis, position codes were devised to indicate axle number, slab position, and
test panel number. For example, 1-A-P1 indicates axle 1 of the truck was in position A on test
panel number 1.

Development of correlation curves
For each axle position and testing period under consideration, plots of measured dynamic strain
versus tire load offset were developed for each adjacent sensor. Best-fit curves (bivariate least
squares lines) and equations were then determined using the JMP™ statistical software
program(4). An analysis of variance was performed on each equation, and a Students t-test was
performed to determine whether each coefficient was significant to a 0.05 level. Optimization of
the coefficients and elimination of variables was not performed at this time. As more MNnROAD
project load test data becomes analyzed in the future, the correlation equations will be further
refined and developed for each combination of axle position and temperature gradient condition.
FIGURE 4 and FIGURE 5 show examples of a best-fit correlation curve applied to the
measured dynamic strain data.

LOAD PROXIMITY CORRELATION

Best—fit correlation curves and equations in this study were categorized by axle position and
compiled into tables and figures. See TABLE 3 and FIGURE 6 for examples. Polynomial least
squares lines in the form of: y = ax* + bx® + cx* + dx + e, were found to achieve very good fit
with the data in all cases. Second and third order polynomial equations were dominant.
Analysis of variance revealed very high R? values, and RMSE (root mean square error) values in
the range of 1 to 3 microstrain.

In the correlation equation tables, the “Offset Range” column refers to the range of tire
offset values that the correlation equation was developed for. For sensors in the wheelpaths
(inside or outside), these ranges correspond to a lateral offset distance of approximately +1.5 feet
(46 cm). For sensors near the fogline (near shoulder), the tire offset to sensor range is
approximately +2 feet (61 cm). Outside of these ranges, the listed correlation equations are not
valid.

For selected sensors, correlation curves were plotted to demonstrate the trend of dynamic
strain versus tire proximity (position relative) to a sensor. To use the curves, one would enter the
x-axis with a tire position relative to the roadway centerline. The corresponding y-value on a
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curve would then indicate the dynamic strain measured at the location of the nearby sensor.
Conversely, for a given set of slab temperature gradient conditions, the curves could be used to
determine the tire offset for each pass of the MnROAD truck, based on the measured dynamic
strain response at a particular sensor. These curves will ultimately be used to calibrate finite-
element models of dynamic strain response versus tire offset.

Correlations at each position
Position A
Position A is located approximately 6 inches (15 cm) from the leave side of the transverse joint
in panel numbers 1 and 3. With the MNROAD truck in this position, the response from sensors
CE43 and CE45 in panel 1, and CE12 in panel 3 were examined. Best-fit correlation equations
for these sensors can be found in TABLE 3.

A plot of the correlation equations for axle 2, in position A on panel number 1 (sensors
CE43 and CE45), is shown in FIGURE 6. Since sensors CE43 and 45 are both mounted near the
top of the slab, the dynamic strain response is predominantly compressive (negative values in
this study). Note that the response for both sensors becomes more compressive as the time of
day, and the corresponding slab temperature gradient, increases. For sensor CE 45 in the outside
wheelpath, the maximum compressive response does not occur when the reference point (center
of outside tire) is at the location of the sensor. Rather, the maximum compressive response at the
sensor location (offset = 116.8 inches) occurs when the tire reference point is located
approximately 6 inches toward the roadway centerline (offset = 110 inches).

Position B
In position B, an axle of the MNROAD truck is located midway between the transverse joints. In
this position, the response from sensors CE38 and CE39 in panel 1, and CEO03 and CEQ7 in panel
3 were examined. Best-fit correlation equations for these sensors can be found in TABLE 4. A
plot of the correlation equations for axle 3, in position B on panel number 1 (sensors CE38 and
CE39), is shown in FIGURE 7. The behavior of the dynamic strain response again shows an
increase in either tension or compression with an increase in slab temperature gradient.

Similar to position A, the maximum compressive (and tensile) response at the sensor
location occurs when the tire reference point is located approximately 6 to 12 inches (15-30 cm)
toward the roadway centerline.

Position C

The final position examined was C, located approximately 6 inches (15 cm) from the approach
side of the transverse joint in panel numbers 1 and 3. In this position, the response from sensors
CE33 in panel 1, and CEO01 and CEOQ2 in panel 3 were examined. Best-fit correlation equations
for these sensors can be found in TABLE 5. A plot of the correlation equations for axle 1, in
position C on panel number 3 (sensors CEO1 and CE02), is shown in FIGURE 8.

The maximum dynamic strain responses for position C under the single axle number 1
were different than for the dual tire axles 2 and 3. For tire offset locations between the roadway
centerline and the sensors there was little difference in dynamic strain response for different slab
temperature gradient conditions. For tire offsets between the sensor location and the edge of the
slab (towards shoulder), the responses are very dependent on the slab temperature gradient.
While the tire offset location for zero strain coincides for both sensors, the maximum dynamic
strain response from the correlation equations for the top sensor (CE01) is 25% less than the
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response from the bottom sensor (CE02). Some of this difference may be due to the estimation
of the sensor depths at the time of analysis.

Measurement Repeatability

The correlation curves and equations developed in this study can only be useful if the data they
represent is repeatable. The layout of the sensors in the test slabs allows for verification of the
repeatability of dynamic strain response.

Between sensors at similar locations

The repeatability of data from sensors at the same location in two different panels can be
measured by comparing sensor CE39 in panel 1 and CE 07 in panel 3. FIGURE 9 shows the
comparison plot for axle 3.

Examination of FIGURE 9 shows that correlation curves demonstrate strong repeatability
in measurement of the dynamic strain response for slab temperature gradients greater than zero
(test periods 7:30-9:00 and 10:00-11:00). The curves for the first test period (5:20-6:20) show
more variability of the measurement when the tire loads are near the location of the sensor.

Between Axles

For the correlation curves to be useful, they must also represent data that is repeatable for
similarly loaded axles. FIGURE 10 shows a comparison of the response at CE03 for axles 2
through 5 during the test time period of 7:30-9:00.

Based on the spatial configuration of the tandem axles, it seems most appropriate to
compare the response between axles 2 and 4, followed by axles 3 and 5. Examining FIGURE
10, however, shows the curves to lie approximately in the same order as the corresponding axle
weights as listed in TABLE 2. Therefore, the response at this location of the slab (near CE03) is
more sensitive to the magnitude of the loading, than the proximity of a neighboring tandem axle.

CONCLUSIONS

Full-scale truck and trailer load testing was performed on concrete test slabs at the Minnesota
Road Research (MNROAD) project. From this testing, best-fit equations and curves were
developed for correlating dynamic strain data to tire load proximity. Polynomial trend lines were
found to achieve very good fit with the data in all cases.

For axles 2 and 3 in positions A and B, the compressive dynamic strain responses
increased as the time of day, and the corresponding slab temperature gradient, increased. In
contrast, for axle 1 in position C, tire offset locations between the roadway centerline and the
sensors caused little difference in dynamic strain response for different slab temperature gradient
conditions.

In general, the maximum dynamic strain response did not occur when the reference point
(center of outside tire) was at the location of the sensor. Rather, the maximum response at the
sensor location occurred when the tire reference point was located approximately 6 to 12 inches
(15-30 cm) toward the roadway centerline. This information could be used to better locate
sensors in future test slabs, so that they are closer to the location of maximum dynamic strain
response.

For sensors in similar locations, but different panels, strong repeatability in the
measurement of the dynamic strain response was found for slab temperature gradients greater
than zero (test periods 7:30-9:00 and 10:00-11:00). By comparing the response to similarly
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loaded axles 2 through 5, it was found that a particular location in a slab is more sensitive to the
magnitude of the loading, than the proximity of a neighboring tandem axle.

The findings of this study will be very useful in the calibration of new concrete pavement
design methods. The dynamic strain curves from this study, developed from field measurements,
can be compared with those generated by the finite element models in those methods.
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TABLE 1 Sensor locations and orientation for test section 52

Offset from

Topofsab. | Station | Centerline, | OTentationto

Sensor 1D inches (cm) (ft) inches (cm) Traffic Loading
52-CE-01 | 0.72 (1.83) | 20995.9 116 (295) Transverse
52-CE-02 6.18 (15.7) 20995.5 116 (295) Transverse
52-CE-03 0.78 (1.98) 21002.4 117 (297) Transverse
52-CE-07 0.42 (1.07) 21002.4 143 (363) Transverse
52-CE-12 | 6.30 (16.0) | 21008.9 116 (295) Transverse
52-CE-33 | 1.08 (2.74) | 21026.1 46 (116) Transverse
52-CE-38 | 6.78 (17.2) | 210325 118 (300) Transverse
52-CE-39 | 0.84 (2.13) | 210325 143 (363) Transverse
52-CE-43 1.32 (3.35) 21039.0 46 (116) Transverse
52-CE-45 1.08 (2.74) 21039.0 117 (297) Transverse

TABLE 2 MnROAD truck axle loads

Axle Total Axle Weight,
Number Axle Description Ibs (kN)
1 Steering axle, single tires 11500 (51.1)
2 Front axle of tractor tandem, dual tires 16900 (75.1)
3 Rear Axle of tractor tandem, dual tires 16600 (73.8)
4 Front axle of trailer tandem, dual tires 16500 (73.3)
5 Rear Axle of trailer tandem, dual tires 17600 (78.2)

Note: Tire pressure = 100 psi (690 kPa).
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TABLE 3 Tire offset correlation equations for slab position A

10

Position Offset Correlation equation coefficients(b)
@ Sensor . Ra_nge s
Code ID | Test Period (in) a b c d e R RMSE
1-A-P1 CE43 5:20-6:20 24-68 -1.735E-03 0.251532| -11.0725 139.849| 0.9783 1.29
7:30-9:00 24-63 -1.783E-03 0.256954| -11.3493 143.171)) 0.9332 2.00
10:00-11:00 26-66 -1.596E-03 0.238130| -10.8200 139.015| 0.9665 1.65
1-A-P1 CE45 5:20-6:20] 98-137 -2.073E-03 0.747836| -88.3510 3417.079| 0.9893 1.32
7:30-9:00] 94-134 -1.401E-03 0.513906| -61.6212 2408.813|| 0.9884 1.19
10:00-11:00| 102-137 0.8756 -111.223|| 0.9733 1.71
1-A-P3 CE12 5:20-6:20] 98-137 2.475E-03] -0.903642| 108.1096 -4235.093" 0.9823 1.88
7:30-9:00] 94-134 1.457E-03| -0.542139 65.8054 -2599.710" 0.9618 2.52
10:00-11:00] 102-137 -0.9853 123.659| 0.9173 3.50
2-A-P1 | CE43 5:20-6:20] 26-67 -1.128E-03] 0.154787 -5.9955 56.187[ 0.9926 1.07
7:30-9:00 26-67 -6.340E-04 0.092499 -3.5437 22.305| 0.9822 1.60
10:00-11:00 26-67 -5.730E-04 0.079726 -2.7937 8.508|| 0.9811 1.57
2-A-P1 CE45 5:20-6:20] 94-133 0.057680| -12.5364 661.703|| 0.9895 1.09
7:30-9:00] 97-138 0.045319| -10.0667 535.371|| 0.9621 2.28
10:00-11:00f 94-138 -1.095E-03| 0.427262| -54.1725| 2219.474| 0.9429 2.63
2-A-P3 CE12 5:20-6:20] 94-133 8.80E-05 -3.856E-02 6.265224| -446.6249| 11799.023|| 0.9664 1.30
7:30-9:00] 97-138 2.227E-03| -0.816159 98.5905 -3905.305" 0.9675 1.54
10:00-11:00] 94-138 1.552E-03] -0.571975 69.3982 -2751.533" 0.9487 1.69
3-A-P1 CE43 5:20-6:20 26-67 -1.238E-03 0.164655 -6.0201 46.675|| 0.9952 1.02
7:30-9:00 26-67 -8.000E-04 0.115158 -4.4322 29.690" 0.9894 1.38
10:00-11:00 26-67 -1.102E-03 0.151961 -5.8041 44.170] 0.9933 1.10
3-A-P1 CE45 5:20-6:20] 94-133 0.053089| -11.4758 602.414| 0.9819 1.40
7:30-9:00] 97-138 0.041143 -9.0615 475.465[ 0.9707 1.96
10:00-11:00] 94-138 -8.720E-04 0.345006| -44.1611 1817.352| 0.9361 2.61
3-A-P3 | CE12 5:20-6:20] 94-133 -0.066142|  14.4217 -764.557|| 0.9738 1.93
7:30-9:00] 97-138 -0.056040 12.5632 -679.724| 0.9457 3.12
10:00-11:00| 94-138 -4.240E-04 0.103052 -7.0723 117.388|| 0.9835 1.45

(a) Position code key: “axle number — slab position — panel number”
(b) Correlation coefficients fit into equation of form: y = ax* + bx® + cx* + dx + e.
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TABLE 4 Tire offset correlation equations for slab position B

11

Offset Correlation equation coefficientszEs

Position Range
Code® |Sensor ID| Test Period (in) a b c d e R? RMSE
1-B-P1 CE38 5:20-6:20] 98-140 1.958E-03] -0.708111 84.0923 -3276.368|| 0.9526 2.19
7:30-9:00] 100-139 1.490E-03 -0.540457 64.3479 -2510.158f 0.9568 1.90
10:00-11:00] 92-137 8.150E-04] -0.294303 34.5895 -1316.138]| 0.9675 1.54
1-B-P1 CE39 5:20-6:20] 118-149 0.059187 -15.1481 962.371)] 0.9619 2.11
7:30-9:00] 121-149 0.068229 -17.6561 1133.425| 0.9147 3.55
10:00-11:00] 120-147 || -4.340E-04 2.313E-01] -46.034279| 4057.3438[ -133660.236| 0.9792 1.63
1-B-P3 CEO03 5:20-6:20] 99-135 -2.236E-03 0.809383 -96.2653 3758.741 0.9564 2.08
7:30-9:00] 101-135 -1.550E-03 0.561974 -66.8079 2597.299|| 0.9673 1.86
10:00-11:00] 93-135 -1.659E-03 0.599931 -71.1221 2755.905/ 0.9882 1.29
1-B-P3 CEO07 5:20-6:20] 118-149 0.052440 -13.3095 838.719| 0.9602 2.17
7:30-9:00] 115-149 0.043209 -11.0762 701.512] 0.8801 2.93
10:00-11:00] 120-147 || -3.110E-04 1.658E-01| -33.013469| 2911.4288 -95952.329| 0.9860 1.09
2-B-P1 CE38 5:20-6:20] 102-133 -0.049931 11.0695 -596.389|| 0.9575 1.58
7:30-9:00] 97-138 -0.040970 9.2558 -503.969| 0.9566 1.88
10:00-11:00] 96-139 8.830E-04; -0.351127 45.2591 -1882.553f 0.9700 1.83
2-B-P1 CE39 5:20-6:20] 118-152 2.422E-03 -0.910272 113.4459 -4693.387|( 0.9921 1.25
7:30-9:00] 119-152 1.032E-03 -0.363136 41.6776 -1561.271f 0.9888 1.10
10:00-11:00| 118-152 1.198E-03 -0.432159 51.2106 -2001.665| 0.9808 1.20
2-B-P3 CEO3 5:20-6:20] 94-133 0.048278 -10.6522 569.543| 0.9493 1.76
7:30-9:00] 97-138 -7.300E-04 0.300526 -39.7052 1681.345| 0.9809 1.46
10:00-11:00] 94-139 -6.490E-04 0.265998 -34.9741 1469.922| 0.9457 2.42
2-B-P3 CEO07 5:20-6:20] 118-152 2.504E-03] -0.974146] 121.1891 -5000.384| 0.9872 1.61
7:30-9:00] 116-152 2.240E-03 -0.848094 106.4234 -4436.188| 0.9705 2.09
10:00-11:00] 115-152 1.028E-03 -0.374597 44.9226 -1780.437| 0.9447 1.42
3-B-P1 CE38 5:20-6:20] 102-133 -0.042498 9.3711 -502.098|| 0.9686 1.23
7:30-9:00] 97-138 -0.028938 6.4271 -340.629|| 0.9544 1.60
10:00-11:00] 96-139 -0.033304 7.4281 -395.129| 0.9800 1.29
3-B-P1 CE39 5:20-6:20] 118-152 1.171E-03 -0.420707 49.9780 -1965.940f 0.9768 1.97
7:30-9:00] 119-152 2.399E-03| -0.911532 115.0057 -4825.879| 0.9932 1.19
10:00-11:00| 118-152 9.110E-04 -0.321978 37.2549 -1416.795| 0.9860 0.96
3-B-P3 CEO03 5:20-6:20] 94-133 0.042991 -9.4366 502.179| 0.9520 1.61
7:30-9:00] 97-138 0.036349 -8.0806 430.033|| 0.9753 1.46
10:00-11:00] 94-139 0.032823 -7.3229 388.212) 0.9511 1.96
3-B-P3 CEO7 5:20-6:20] 118-152 1.802E-03 -0.669818 82.4901 -3370.748| 0.9839 1.58
7:30-9:00] 116-152 1.285E-03|  -0.470387 56.9301 -2286.332|| 0.9681 1.99
10:00-11:00| 115-152 0.028918 -7.5305 477.996) 0.9373 1.18

(a) Position code key: “axle number — slab position — panel number”

(b) Correlation coefficients fit into equation of form: y = ax* + bx® + cx* + dx + e.
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TABLE 5 Tire offset correlation equations for slab position C

» Offset Correlation equation coefficients(b)
Position | gengor Range
code® | 1D | TestPeriod (in) a b c d e R? RMSE
1-C-P1 | CE33 5.20-6:20] 2460 | - -1.724E-03] 0.250282] -10.9607]  135.797|[ 0.9806 1.36
7:30-9:00] 2460 | - -1.869E-03] 0.267991] -11.6687]  143.123|[ 0.9532 2.01
10:00-11:00[ 26-60 || = -------- -1.873E-03| 0.275927| -12.3419]  156.290| 0.9449 2.57
1-C-P3 [ CEO1 5:20-6:20] 99-137 -2.128E-03] 0.776973] -92.8631] 3631.639| 0.9765 2.02
7:30-9:00[ 95-134 || -------- -1.671E-03| 0.611718| -73.2296] 2861.996| 0.9691 2.21
10:00-11:00] 105-137 0.013364] -2.3765 84.638| 0.9799 1.61
1-C-P3 | CEO02 5:20-6:20] 98-137 2.945E-03| -1.074993| 128.5327| -5029.385| 0.9755 2.77
7:30-9:00] 94-134 2.226E-03] -0.812437] 97.0480] -3787.217| 0.9625 3.10
10:00-11:00] 105-137 -0.005568 0.2427 60.473| 0.9737 2.39
2-C-P1 | CE33 5:20-6:20]  26-67 || -------- -1.094E-03| 0.150039]  -5.6356 45.452|| 0.9938 1.16
7:30-9:00]  26-67 -1.001E-03] 0.140091] -5.3231 39.884| 0.9877 1.59
10:00-11:00]  26-67 -1.017E-03] 0.143030]  -5.5385 43.291|] 0.9739 2.21
2-C-P3 | CEO1 5:20-6:20[ 94-133 0.060739] -13.2135]  696.726| 0.9647 2.12
7:30-9:00] 97-138 0.055878] -12.4798]  671.238|| 0.9707 2.33
10:00-11:00] 94-138 || -------- 0.044756]  -9.8717]  519.200[ 0.9786 1.66
2-C-P3 [ CEO02 5:20-6:20] 94133 || -0.088293]  19.3304] -1027.988| 0.9803 2.14
7:30-9:00] 97-138 -0.070934]  15.7599| -843.440| 0.9713 3.08
10:00-11:00] 94-138 || - -0.055741] 12.3764] -656.286] 0.9725 2.24
3-C-P1 | CE33 5:20-6:20]  26-67 -8.720E-04] 0.119589]  -4.3232 27.943|| 0.9972 0.77
7:30-9:00  26-67 -0.190E-04| 0.127445]  -4.7351 32.504| 0.9880 1.52
10:00-11:00]  26-67 -1.115E-03] 0.150415]  -5.5643 40.437|| 0.9697 2.41
3-C-P3 | CEO1 5:20-6:20[ 94-133 0.053621| -11.7325]  623.508[ 0.9781 1.38
7:30-9:00] 97-138 || -------- 0.045975] -10.3020]  556.731|| 0.9678 1.95
10:00-11:00] 94-138 || - 0.036077] -7.9626]  418.768|| 0.9633 1.76
3-C-P3 | CEO2 5:20-6:20[ 94-133 -0.061233|  13.2929]  -697.382 0.9576 2.40
7:30-9:00] 97-138 || - -0.058715]  13.0948] -703.257| 0.9599 2.93
10:00-11:00] 94-138 || - -0.045947]  10.2060[ -540.980| 0.9619 2.18

(a) Position code key: “axle number — slab position — panel number”
(b) Correlation coefficients fit into equation of form: y = ax* + bx® + cx® + dx + e.
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@ Dynamic strain gages (CE) Note: Symbols do not indicate orientation
o Thermocouples of sensor. Refer to Table 1.
O
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FIGURE 1 Cell 52 sensor locations and axle loading positions (plan view).
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FIGURE 2 Slab temperature profiles for May 23, 2003 test sessions.
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FIGURE 3 MnROAD truck axle and tire configuration (plan view).
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FIGURE 4 Dynamic strain versus tire offset for axle 1, as measured by sensor 52CEO01.

1inch =2.54 cm.
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FIGURE 5 Dynamic strain versus tire offset for axle 2, as measured by sensor 52CE43.

1inch=2.54 cm.
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FIGURE 6 Plot of correlation equations for axle 2 in position A on panel number 1.

1inch =2.54 cm.
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FIGURE 7 Plot of correlation equations for axle 3 in position B on panel number 1.

1inch =2.54 cm.
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FIGURE 8 Plot of correlation equations for axle 1 in position C on panel number 3.
1inch =2.54 cm.
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FIGURE 9 Comparison of correlation curves for axle 3 in position B, panels 1 and 3.

1inch =2.54 cm.
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FIGURE 10 Comparison of correlation curves for axles 2 through 5 for sensor 52CEQ3

(position B, panel 3).
linch =2.54 cm.



