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Introduction 
 

The goal of the study presented in this report is to assess the effect of wide-base 
tires on low-volume pavement structures. The first series of tests took place during 
spring, at the Laval University Road Experimental Site (SERUL) in “Forest-Montmorency”, 
75 km north of Quebec City. 

  
The study involves the comparison of the effect of regular twin tires and wide-base tires 
based on strains measurements under a moving wood-harvesting truck.  

 

1. Project presentation 
 

1.1 Experimental site 
 
 The spring tests were conducted at the SERUL, a test road specially designed to test the 
effects of heavy vehicles on pavement structures. The site is located 75 km north of 
Quebec City. 
 
This site was constructed to study: 

- The behavior of pavement structures and materials subjected to loading in 
severe climatic conditions. 

- The effect of heavy vehicles on pavement structures. 
 
The test section dedicated to studies on the effects of heavy loads (AVL section) is 
divided in four sub-sections with varying thicknesses of the surfacing layer. Three 
sections have asphalt concrete surfaces with thicknesses of: 100 mm, 200 mm, and 50 
mm. The fourth section has been surfaced using a surface treatment and an ultrathin 
slurry coating having a total thickness of 25 mm. Since the focus of the study is on low-
volume pavement structures, the tests were conducted on the 100mm, the 50mm and 
surface treated sections. 
 

1.2 Experimental program 
 
The sections are instrumented to measure horizontal strains in the asphalt concrete and 
vertical strains in the granular base layer. These mechanical responses are considered to 
be relevant for the assessment of tire type effects on pavements. Fiber optic sensors 
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were used for strain measurements. In addition, moisture sensors were installed in the 
granular base layer of all sections and temperature sensors were installed in the asphalt 
concrete layer of the three relevant sections. 
 
Figure 1 illustrates the sensors used in each section and the installation layout. The 
horizontal strain sensors were installed in 50 mm core holes while the vertical strain 
sensors, the moisture sensors and the temperature sensors were installed through 150 
mm core holes. 
 
 

 
Figure 1: Sensors ready for installation in the pavement 

 
The surface treated pavement section was instrumented using a vertical strain sensor 
only. In each other section (100mm and 50mm), two 50 mm holes cored 500 mm apart 
were used to install two instrumented cores, each one including two perpendicular 
strain sensors. Figure 2 illustrates the instrumentation layout in each AC section. 
 

Deflectometer 

Strain sensors 

Temperature 
sensor 

Moisture 
sensor 
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Figure 2: instrumentation 

 
 

1.2.1 Horizontal strain sensors 
 
Strain sensors are used to measure horizontal strains at the bottom and at shallow 
depth (25 mm) in the asphalt bound layer. The sensors were assembled at Laval 
University. Each sensing element, including two perpendicular optic fiber strain gauges, 
is assembled using epoxy glue at the base of a machine-carved AC core. The diameter 
of the instrumented cores is minimal, reducing the risk of perturbations in asphalt 
mechanical behavior. Figure 3 illustrates the cores and the sensing element installed at 
the bottom of a core. 
 
 

 

Driving direction 

Deflectometer 

Strain sensors 

Moisture and 
temperature sensors 
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Figure 3 : Installation of a sensing element at the base of an asphalt core 

The instrumented cores for the 100mm AC section include two sensing elements in 
order to allow for the measurement of horizontal strains at the bottom and at shallow 
depth in the layer. The 50mm AC section has a sensing element at the bottom of the 
layer only due to the insufficient thickness of the layer. 
 
Once assembled, sensors are calibrated as illustrated in figure 4. 

 
 
 
 

 
Figure 4: Calibration bench for AC instrumented cores 

 
Samples are placed in a calibration bench. They are on a steel ring used to induce 
horizontal strains in the sensors. Strains measured by the sensor are compared to 
strains inferred from diameter variations measured using a high precision displacement 
transducer. A calibration coefficient can be obtained from the correlation curve as 
indicated in figure 5. 
 

Wheel inducing strains in the 
instrumented core 

displacement 
sensor 
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Figure 5: calibration coefficient obtained from sensor calibration 

The example shown in figure 5 indicates a calibration coefficient 0.9143 for sensor S-
109. 
 
As illustrated in figure 6, instrumented cores are then placed in the core hole and fixed 
using epoxy glue. 

 
 

Figure 6: sample fixed in the pavement 

 
 

Figure 7 shows a schematic representation of the instrumentation core to better 
illustrate the position of the sensors in the asphalt bound layer. 
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Figure 7: Schematic illustration of the 100mm instrumentation core in operating conditions. 

Sensors along the X axis measure longitudinal strains while those along the Y axis 
measure transverse strains. In this case, the strains are measured at two different levels 
(at shallow depth and at the bottom of the bound layer). 
 
 

1.2.2 Vertical strain sensors 
 
The vertical strain sensors are designed to measure strains in the unbound granular 
bases. It is positioned such as the top of the sensor is just below the bottom of the 
asphalt bound layer.  
 

 
Figure 8: installation of the vertical strain sensors. 
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1.2.3 Moisture and temperature sensors 
 
These components were added to the study to improve our ability to analyze the data by 
measuring moisture content in the base layer and temperature in the asphalt concrete 
layer. As illustrated in figures 1 and 2, these sensors were located slightly outside the 
wheel path. Moisture is measured using DeltaT ML2X probes (figure 9) which measure 
volumetric water content using TDR technology. Temperature in the AC layer is 
measured using fiber optic temperature sensors. 
 
The information given by these sensors can help refine theoretical modeling of the 
pavement system to improve data analysis. 
 

 
Figure 9: Moisture and temperature sensors 

 

1.3 Additional equipment 
 

- Thermal control blanket: An insulated blanket has been designed to help 
controlling the surface temperature at a constant level during a series of tests. 
The thermal blanket is a 2,5 m X 2,5 m insulated blanket covering 2 circuits of 
flexible pipes in which a refrigerated (heated) fluid is circulated. Each circuit in 
linked to a cooling (heating) unit each one having a 1000 W cooling (heating) 
capacity. The blanket is placed in the instrumented portion of the pavement 
every morning before the beginning of the tests and is removed only for the 
duration of a truck pass (approximately 15 s). The surface temperature was set 
to be at 10°C ± 2°C for spring tests. Temperature is controlled using the thermal 
sensor in each section. 
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Figure 10: Temperature control blanket 

- Steering guide: In order to guide the truck on the sensor with a reasonable 
accuracy, a guiding system has been developed and is installed on the truck to 
provide a reference for the driver. The steering guide is composed of 2 
articulated aluminum rods adjusted so that the guiding reference is just above 
the lane separation line.  

 

 
Figure 11: the steering guide 

 

Position marker and camera: To accurately record the position of the tire relative 

to the sensors during the course of a test, a position marking plate is placed just 

before the sensors. The position of the tire on the marker is recorded using a 

digital video camera. It is thus easy to measure the exact position of the tire on 

the gauges for each truck pass. Figure 12 shows the position of the tire on the 
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marker for two truck passes. The three orange lines on the marker represent the 

tolerance zone. The left picture shows a valid pass as the tire edge is on the 

center orange line, while the picture on the right shows an invalid pass as the tire 

edge is beyond the orange tolerance line.  

 
 

 
Figure 12: Tire position on the gauges as recorded by the video camera.  

 
 

1.4 The truck 
A Kenworth/trailex wood harvesting truck has been used for the tests. It has been 
loaded with logs to reproduce real conditions. Detailed information on wheel loads are 
given in annex 1. 
 

 
Figure 13: Test vehicle  
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2. Testing procedure 
 
For each test condition, three valid truck passes were required. A truck pass was 
considered valid when the tire was within 50 mm of the target. The data set 
corresponding to the tire position which was the closest to the target was used for the 
analysis. As specified in the terms of reference of the project, the tests were conducted 
for three AC thicknesses (100mm, 50mm and surface treatment) and three tire 
pressures (840, 700 and 560 kPa). Considering the truck characteristics and the short 
time frame for spring testing, it has not been impossible to test at different load levels. 
After the full sequence of test with the dual tires, the wide-base tires have been 
installed on the truck for an additional sequence of tests. Analysis will focus on the tire 
effect for equal pressure on each test section. 
 
For each test, the truck speed was maintained at 30 km/h. Temperature and moisture 
were frequently measured and the thermal control system was adjusted when required. 
   
Gauges readings were done using an 8-channel “Prosens” fiber optic signal conditioner. 
Measurements were made with an acquisition frequency of 500 Hz (a 3 seconds test = 
1500 data points per sensor). 
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3. Data analysis 
 
 
The graphics presented generally include several signals for comparison purposes. Each 
signal represents the reading of a sensor during a truck pass. Readings are reported in 
µstrains as a function of time (s). 
 

 
Figure 14: example of an original graph 

Each data point is recorded in a file allowing for data cleansing prior to analysis. A 
computer program has been developed by our research group to facilitate this 
operation. The following treatment is done of the raw data set: 
 

• The signal is adjusted to set the initial strain reading at 0, right before the test 
axle group (the trailer tridem axle group in this study). This operation allows 
removing any residual strains caused by the steering and driving axle groups. 

 
• The signal is also corrected in order to superpose the first peak if the test axle 

group in order to facilitate signal comparison. 
 
Figure 15 shows a processed signal. 
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Figure 15: signal obtained after data processing for one sensor 

 
 
 
The computer program also separates signals recorded by each individual sensor 
making it easier to select the signals to be compared. 
 
Sensors have been numbered from 1 to 12 as shown in Figure 16: Sensors numbered. 
Sensors labeled “D” are vertical strain sensors while others are horizontal strain sensors.  
 

 
 
 
  Note that the 200mm section is not used in this study. 
  
 Table 1 summarizes the labeling convention used to distinguish the various types of 

sensor used in one instrumented core. 
 
 

D12 11 10 9 3 D4 56 7 D8 D12

Section 100 mm Section 200 mm Section 50 mm Enduit 

Figure 16: Sensors numbered 
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Table 1: sensor labeling convention 

Letter  definition 
L  Longitudinal (driving direction) 

T  Transverse (perpendicular) 
H  Top of the pavement 

B  Bottom of the pavement 

D 
Deflectometer (vertical strain 

sensors) 
1 à 12  Hole number 

 
For example, sensor LB11 measures longitudinal strains at the bottom of the bound 
layer, in hole number 11 (i.e. on the 100mm section). 
  
Each test has a specific test number. The number is structure as follows: Number-letter-
number (e.g. 27C1). The first number is the series number (one for each test condition), 
the letter C designates the test vehicle (“Camion”). The last number corresponds to the 
pass number for a specific test condition. 
 

3.1 Reliability of the test results 
 

3.1.1 Comparison between valid pass signals 
 
Figures 17 and 18 show a comparison between the three signals obtained for the valid 
passes in one test series for two different sensors. 
 

 
Figure 17: Valid measures with wide tires and pressure 100/100/120Psi on the 100mm section 



 17 

 
Figure 18: Valid measures with wide tires and pressure 100/100/120Psi on 100mm section 

 
It can be concluded from these figures that there is no significative difference 

between strain readings for a given sensor if the tire is within the 50 mm offset 
tolerance. It can be seen however that measured strain can differ between sensors. The 
difference is likely to be corrected by the application of the calibration factor to the 
strain reading (calibration factors are applied to peak height and not to the signal). 

 

3.1.2 Transverse sensors characteristics. 
 
As illustrated in figure 19, transverse strain sensors are more sensitive to offset within 
the tolerance zone. 
 

 
Figure 19: example of three valid transverse strain measurements 

Table two provides the offset for each-one of the passes illustrated in figure 19. 
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Table 2 : Offset for the three axles for the valid passes of series 27 

   Tridem offset 

Serie  wheel 1  wheel 2  wheel 3 

27C4  0  10 50

27C5  ‐10  10 40

27C6  ‐20  10 40

 
It is clear from the comparison that all three tests were conducted with the truck passing 
on the gauges with a slight angle. The pass where the position of the axles is the closest 
from the target correspond to the highest transverse tensile (negative values) strains 
measured during that series. The transverse strains will thus be used to help selecting 
the best truck pass for data analysis.  
 
This approach had been applied for every test series. The signals listed in table 3 were 
used for the preliminary analysis described in section 4 of this report in this report. 
 

 
Table 3 : Synthesis of the selected trials 

Forest 
truck 

14C6  15C2  16C14  17C3  18C4 

19C10  20C4  21C2  22C4  24C4 

25C5  26C6  27C5  28C6  29C2 

 

4. Data analysis 
 
Due to the variability of many experimental factors, changes in pavement response 
associated with a change in an experimental variable are variable as well. In order to 
represent this variability in the experimental relationship, the preliminary results of this 
study are presented in terms of variation distribution. Effect of tire pressure is presented 
in figure 21 and 22. For the purpose of this preliminary report, the effect of pressure is 
assessed by comparing all passes at the reference pressure (100 psi or 700 kPa in this 
study). Results are represented in terms of frequency occurrence of a given relative 
difference magnitude. For example, in figure 21, it can be seen that in three tests, the 
120 psi inflation caused 20% more strain than the test with similar condition with the 
100 psi tire inflation. In two other cases, the strains were 10% less.  
 

4.1 Effect of pressure variation 
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The effect of tire pressure has thus been assessed by comparing the peak strains 
measured under the last axle of the tridem for all tests done with the wide-base tires. 
Figure 21 shows the comparison between the tests conducted at 120 psi and tests 
conducted in similar conditions with tires at 100 psi. Negative values mean that tires 
with 120 inflation pressure are inducing more strains than the tires with a 100 psi 
inflation pressure.  
 
 

 
Figure 20: Pressure effect for wide tires (over-inflated/normally-inflated) 

 
In can be observed on figure 21 that even if more tests have shown more damage with 
tire inflation of 120 psi, there is no significative difference between the 120 psi and the 
100 psi inflation pressure. It should be noted however that this statement is not 
supported by a detailed statistical analysis at this point. The comparison between the 
100 psi and the 80 psi however show a clear difference between two inflation pressures. 
Figure 22 shows that tires with 80 psi inflation pressure tend to cause between 10 and 
20% less strains than the 100 psi inflation pressures. 
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Figure 21: Pressure effect for wide tires (normally-inflated/under-inflated) 

 
The following table summarizes the results of the analysis of tire pressure effects. 

 
 

Tableau 1: Differences in strains associated with the pressure variation 

Inflation layout  Effects on deformations 
Twin tires 
100/55 

20% 

Wide tires 
100/120 

0% 

Wide tires 
100/80 

15% 

 

4.2 Differences between twin tires and wide-
base tires 

 
In this section, strains caused by twin tires are compared with those caused by wide-
base tires. In the following analysis, The 100 psi pressure is used for the comparison. 
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Figure 22: Comparison between twin and wide-base tires 

The preliminary analysis of the relative effect of wide-base tire shows a significant 
difference between the two types of tires. Based on all horizontal strains measured at 
the base of the test sections, the wide-base tire appear to cause between 10 and 20% 
more strains that the dual tires with equivalent loading conditions. 
 

5. Summer testing program 
 
The summer test program will be conducted according to the terms of reference. In 
additions to the spring test conditions, the summer program will include the effect of 
different load levels. As part of summer testing, tire print measurements and moisture 
measurements in all pavement layers will also be conducted. 
 

6. Conclusion  
 
In general, the spring testing program has been successful. Most of the conditions 
specified in the terms of reference have been tested. For logistic reasons, it has not 
been possible to test with variable load conditions and because of unusual climatic 
conditions, tests have been conducted with a greater thaw depth than expected.  The 
fall testing program has allowed adjusting the testing protocol and all changes made 
greatly improved the quality of the experimental program. 
 
Based on a summary analysis of the spring test results, it appear that wide-base tire 
induce more strains at the bottom of the asphalt pavements than dual tires. Induced 
strains are reduced when wide-base tires are inflated at pressures lower than 100 psi. 
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ANNEX 1. Truck characteristics 

 
Forest truck characteristics 

 
 
 
 
 
 
 
 

 

 
 
 

 

 
 
 
 
 
 
 
 
 
 

Truck 

Owner Daniel Tardif 
Make Kenworth 

Model T800 
Color Orange 

Trailer 
Make Trailex 

Load by wheel shaft 
Date : 7 may 2008 

Driver 
side 

Passenger 
side 

double wheel shaft
#1 (tires 3-6) 

 
4.55 t 

 
4.61 t 

double wheel shaft
#2 (tires 7-10) 

 
4.35 t 

 
4.45 t 

Triple wheel shaft #1 
(tires 19-22) 

 
4.21 t 

 
4.6 t 

Triple wheel shaft  #2 
(pneus 23-26) 

 
3.95t 

 
4.55 t 

Triple wheel shaft #3 
(tires 27-30) 

 
4.0 t 

 
4.45 t 

Load by wheel shaft group 
Date : 6 may 2008 (14h00) 

Simple 
wheel 
shaft 

Double wheel 
shaft 

Triple wheel shaft

 
5 460 kg 

 
17 900 kg 

(axial load= 8 
950 kg) 

 
25 650 kg 

(axial load = 8 550 
kg) 
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Tire and pressure characteristics 
 
 

 
 

 Tire Position Tire Size Tire Maker Tire 
Model 

Pressure 
normal/reduced

(psi) 

Steer 
1 L Steer 11R24.5 Michelin XZE LRH 100/100 

2 R Steer 11R24.5 Michelin XZE LRH 100/100 

Drives 

3 Drive 1 L-O 11R24.5 Michelin XDHT LRG 100/60 

4 Drive 1 L-I 11R24.5 Michelin XDHT LRG 100/60 

5 Drive 1 R-I 11R24.5 Michelin XZE LRG 100/60 

6 Drive 1 R-O 11R24.5 Michelin XZY-2 LRG 100/60 

7 Drive 2 L-O 11R24.5 Michelin XDHT LRG 100/60 

8 Drive 2 L-I 11R24.5 Michelin XDY-2 LRG 100/60 

9 Drive 2 R-I 11R24.5 Michelin XDN2 LRG 100/60 

10 Drive 2 R-O 11R24.5 Michelin XZA-1 LRG 100/60 

Trailer 

19 Tridem 2 L-O 11R24.5 Michelin XDA-HT 
LRG 100/55 

20 Tridem 2 L-I 11R24.5 Michelin XDA-HT 
LRG 100/55 

21 Tridem 2 R-I 11R24.5 Michelin XZY3 LRH 100/55 

22 Tridem 2 R-O 11R24.5 Michelin XZY3 LRH 100/55 

23 Tridem 3 L-O 11R24.5 Michelin XZE LRG 100/55 

24 Tridem 3 L-I 11R24.5 Michelin XDA-HT 
LRH 100/55 

25 Tridem 3 R-I 11R24.5 Michelin XDA-HT 
LRH 100/55 

26 Tridem 3 R-O 11R24.5 Michelin XDA-HT 
LRG 100/55 

27 Tridem 4 L-O 11R24.5 Michelin XDS LRH 100/55 

28 Tridem 4 L-I 11R24.5 Firestone FD663 100/55 

29 Tridem 4 R-I 11R24.5 Yokohama RY637 
LRG 100/55 

30 Tridem 4 R-O 11R24.5 Sumitomo ST928 LRH 100/55 

  Wide tire 455/55R22.5 LRL Michelin X one 80/100/120 psi 
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ANNEX 2. Trials matrix  
 

Trial 
number 

Asphalt 
thickness 

Pressure in 
steer tires 

Pressure in 
drives tires

Pressure in 
trailer tires

Type of tire  Name 

15  100  100  60  55  Double  15C 
16  Enduit  100  60  55  Double  16C 
17  Enduit  100  100  100  Double  17C 
18  50  100  100  100  Double  18C 
19  50  100  60  55  Double  19C 
20  50  100  100  120  Large  20C 
21  50  100  100  100  Large  21C 
22  50  100  75  80  Large  22C 
23  Enduit  100  120  100  Large  23C 
24  Enduit  100  100  100  Large  24C 
25  Enduit  100  100  80  Large  25C 
26  Enduit  100  100  120  Large  26C 
27  100  100  100  120  Large  27C 
28  100  100  100  100  Large  28C 
29  100  100  100  80  Large  29C 
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ANNEX 3. Test results 
 
The following figures show the results of all selected test pass. On the 100 mm section 
(27C, 28C, 29C) and the 50 mm section (20C, 21C, 22C), results for each pressure 
layout are presented in a same graph. Only deflection is given for the surface treated 
section. 

 
Thickness of 100 mm 
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Thickness of 50 mm 
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Surface treatment 

 

 
 

 
 


