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Abstract

Pavement infrastructure worldwide is pivotal to successful economic growth. However, like all
infrastructure, it requires proper Maintenance and Rehabilitation (M&R) strategies and evidence-based
Pavement Management Systems (PMS) to ensure that the pavement condition can meet the desired level of
service under the impact of traffic loads and given climatic loading parameters. With the improvement of
new paving materials, climate change and extreme weather events impacts solely relying on traditional
M&R techniques, where monitoring periods are scheduled sporadically, may not be enough to understand
pavement's performance and their mechanistic response to varying loading and climatic conditions.
However, pavement design and management can benefit from the concept of Smart Pavements, considering
the recent advances in Artificial Intelligence (Al) and instrumentation monitoring systems. This study
presents a summary of the current progress for the “smart pavements” concept currently being implemented
within a section of a major two-lane arterial roadway in Kitchener, Ontario. The goal is to enable pseudo-
real-time monitoring of the section and understand the actual in-situ responses through advanced
instrumentation and by running Machine Learning models to improve our understanding and prediction of
long-term pavement performance. Thus far, the installation and construction of the instrumented section
have been completed, and preliminary results have been obtained. This paper presents the preliminary
pavement environmental and structural behaviours immediately after the construction of the section, as well
as five months after construction. The instrumentation installed in each layer consists of horizontal and
vertical asphalt concrete strain gauges, moisture probes, pressure cells, and temperature strings. The impact
of asphalt temperature right after construction until service condition and loading frequencies on the
structural behaviors of the pilot section were monitored through several rounds of known weight axial truck.
The results are used to establish a baseline for better interpretation of the pavement structure during its in-
service monitoring period.

1.0 Introduction

Pavement infrastructure plays a crucial role in facilitating successful economic growth worldwide,
including in countries like Canada (OECD, 2020). Like any other infrastructure, pavements require
consistent maintenance and rehabilitation (M&R) strategies and pavement management systems (PMS) to
ensure they can handle the desired traffic loads and adapt to the effects of climate change (Centre for
Pavement and Transportation Technology, 2019; Amandio et al., 2021).

Traditional M&R techniques pose challenges due to their high costs and reliance on manual and destructive
assessments, such as the falling-weight deflectometer (FWD), ground penetrating radar (GPR), borehole
analysis, etc. (Benedetto & Pensa, 2007). Consequently, monitoring periods are not adequately scheduled
for proper pavement maintenance (Amandio et al., 2021). These techniques also struggle to accurately
measure pavement responses and in situ conditions, such as stresses, strains, and moisture variations
throughout the year, at different pavement structure layers (Centre for Pavement and Transportation
Technology, 2019).

However, recent advancements in artificial intelligence (Al) and sensory systems offer the potential for
continuous pavement monitoring. This technological progress could result in cost savings, reduced material
usage, increased efficiency, and improved understanding of pavement structures over time by enabling real-
time pavement performance monitoring (Amandio et al., 2021).

Some previous and known examples of pavement instrumentation include the Virginia Smart Roads project,
whereby sections of newly built test road were instrumented with pressure cells, strain gauges, moisture
sensors and temperature sensors to be able to collect both load and environmental data related to the
pavement test section (Al-Qadi et al., 2004). In France, Duong et al. (2018) also instrumented a pavement
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test section deflection using geophones. In Canada, there have been previous examples of pavement
instrumentation, such as that in Ottawa, Ontario, as described by Maadani et al. (2015).

Although much of the previous literature has focused on the results of the instrumented pavement test
section and the impacts of load and/or climate on the evolution of pavement performance deterioration,
there is still minimal research on the use of this data in actual pavement performance deterioration model
using load and environmental data of embedded sensors. Typically, the literature has focused on the use of
Al to identify surface distresses through image prediction (Hou et al., 2020; Amandio et al., 2021). In
addition, the development of the performance prediction model, as well as the data gathered from all of the
sensors, is set to contribute to the emerging research of “smart pavements”, whereby a variety of data is
received from the pavement structure in the form of load, environmental impacts, energy generation, traffic
counts, etc. to provide a wholistic state of the infrastructure.

Currently, this concept of an instrumented test section is being implemented in a segment of a major arterial
roadway in Kitchener, Ontario, as part of a broader road reconstruction project. The objective is to enable
pseudo-real-time monitoring of this section and gain insights into its in-situ responses by utilizing advanced
instrumentation and running an Al model. The goal is to enhance the understanding and prediction of the
section's long-term pavement performance.

To do this, some of the objectives include analyzing data obtained from a pavement test section at different
traffic load levels, speeds, and temperatures and also providing an indication of the nature of pavement
response to inform the development of Al predictive models.

2.0 Objectives and Scope

It is crucial to collect and comprehend relevant and precise data to develop an accurate Al model for
predicting pavement performance deterioration over time and identifying critical impacts within the
pavement structure layers. This data encompasses performance or load data (strain, pressure, and
deflection) as well as environmental data (temperature and moisture). Consequently, a currently open road
section was instrumented with a diverse range of sensors to capture this vital information. This paper
provides a description of the sensor types and variety deployed in the instrumented pavement section.

Subsequently, the paper presents the results of two truck tests conducted: one during construction and
another after five months of open traffic conditions. The analysis covers the effects of traffic loads on
pressure and strain, the impact of temperature on pressure and strain, and finally, the influence of speed on
pressure and strain. A comparative assessment was conducted between the conditions during construction,
and those observed several months later under open traffic conditions.

3.0 Project Location and Instrumentation

The instrumented test section is located on Courtland Avenue East in Kitchener, Ontario. This road is
classified as a Major Arterial roadway. It passes underneath Highway 8 while also being connected to
several highway onramps and offramps. From Figure 1, the instrumented test section is situated between
the intersections of Overland Drive and Courtland Avenue East, Walton Avenue and Courtland Avenue
East, and is about 10 meters long. Figure 1 also showcases the test section location from a street-view
perspective.
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Figure 1 Location of Trial Section in relation to nearby roads and street view at approximate test section location (Google,
2023)

A range of sensors was deployed in the instrumented section to continuously gather information on the
load-induced and environmental impacts on the pavement structure. These sensors encompass horizontal
and vertical asphalt strain gauges, temperature sensors, moisture probes, multi-depth deflectometers
(MDD), total earth pressure cells (TEPC), and temperature probes that measure temperature at three
different positions along the probe. Table 1 summarizes the installed sensors, including the quantity of each
type of sensor and their corresponding model types.

Table 1 Sensor Summary

Sensor Type Sensor Label Number Installed Measurements made

Horizontal asphalt strain gauges AS-XX-Y-# 8 Strain (ue)

Vertical asphalt strain gauges VAS-Y-# 4 Strain (ue)
Temperature sensors TM-XX-# 7 °C

. Volumetric Water Content
Moisture probes MOI-XX-# 5 (VWC - m3/m3)
Multi-depth deflectometers (MDD) N/A* 2 Depth (in.)
Total earth pressure cells (TEPC) PC-XX-Y-# 8 Pascals (MPa)

Temperature probes TEMPS-01/02-# 2 °C

*Not currently installed within the pavement structure at the time of writing.

The sensors were installed within a 10 m test section on Courtland Avenue, with each sensor positioned at
a 1-meter interval from one another. Additionally, the sensors were placed 0.7 m away from the pavement
edge. The installation design comprised two rows of sensors: a right row closest to the pavement edge,
aligning closely with the right wheel path of passing vehicles. Additionally, a left row of sensors was
positioned 0.7 m from the right row to capture the tire wander from the right wheel path. They will be
referred to as the “right sensor array” and the “left sensor array”, respectively. This configuration is depicted
in Figure 2, which also illustrates the types of sensors installed along both rows. Figure 3 showcases the
relative depths of the sensors underground and within each pavement layer.
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Figure 3 Side view of the sensor instrumentation scheme.

Adjacent to the two rows of sensors positioned between the vehicle wheel paths, an installation called the
"moisture tree" is situated. This moisture tree incorporates PVC pipes at various depths, housing both
moisture and temperature sensors. The concept of the moisture tree design draws inspiration from previous
projects, including the work of Oyeyi (2022), to optimize the installation process for the moisture and
temperature sensors. The construction phase becomes more streamlined and efficient by pre-positioning
the sensors at the required depths. Moreover, all sensor wires are routed through the moisture tree, ensuring
no sensors are inadvertently missed or left unconnected. Table 2 provides detailed information about the
depths and specific sensors installed within each hole of the moisture tree.
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oisture tree through which all sensors were threaded, (b) Image showcasing how all the sensors were
threaded through the moisture tree, (c) installation of the moisture tree on site.

<

Figure 4 (a)

Table 2 Type and Depth of Sensors in the Pavement Structure

Hole 1 530 All asphalt strain gauges
Hole 2 480 MOI-BA-1; TM-BA-01; TM-BA-02; PC-
BA-R-1; PC-BA-L-2; PC-BA-R-5; PC-BA-
L-6
Hole 3 340 MOI-SB-2 ; TM-SB-03 ; TEMPS-01-1/2/3;
TEMPS-02-1/2/3; PC-SB-R-3; PC-SB-L-4
Hole 4 200 MOI-SB-3; TM-SB-04
Hole 5 70 MOI-SB-4; TM-SB-05
Hole 6 -70 Sensor wire outlet
Hole 7 -180 MOI-SG-5; TM-SG-06; PC-SG-L-8; PC-SG-
R-7
Hole 8 -340 TM-SG-07

Sensor signals are then all sent to the Data Acquisition System (DAS), which contains the necessary
technology to store the data produced by the sensors from which the data can be analyzed. It should be
noted that after the installation of the sensors, all sensors were tested, and it was discovered that the vertical
strain gauges' data was significantly out of range and unresponsive to any loads, indicating possible damage
or malfunction. Consequently, these vertical strain gauges were assumed to be broken and excluded from
the data collection and analysis. In addition, at the time of writing, the installation of the multi-depth
deflectometers (MDD) had not yet been completed. The MDD installation is planned for a future date,
allowing for additional data collection and enhanced analysis capabilities.

3.1. Truck Testing Description

To date, two truck tests have been performed to assess the impact of a known load on the response of the
sensors. The first truck test, performed in October of 2022, was done to capture the conditions and responses
of the pavement right after the asphalt was poured. The second truck test took place five months later, in
March 2023. This truck test was done to capture the effects of a known load at lower ambient temperatures.
Figure 5 below shows a summary of the two tests.



Truck Testing #1: Immediately Post-

. Truck Testing #2: After 5 Months
Construction

Date: October 12th, 2022 Date: March 229, 2023

Only several sensors tested All Sensors tested

AC Temp: 72, 51, and 43°C AC Temp: 6°C

[ | [ |
[ | [ |
[ Speeds:10, 30, and 45km/h | | Speeds: 5, 10, 20, 30, 40, 50, 60, and 70km/h |
[ | [ |
[ | [ |

Truck Test Load (unloaded - gross): 140 kN Truck Test Load (loaded - gross): 348 kN

Figure 5 Summary of the details of each truck test, including the date, number of sensors tested, speeds and temperatures
tested and the gross weight of the trucks at the time of testing.

The trucks used for the truck testing were typical construction hauling trucks with a steering axle, a middle
single axle with dual tires, and a tandem axle with dual tires at the end. Figure 6 showcases an image of this
truck.
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Figure 6 An image of a truck used for truck testing, with a steering axle, single axle with dual tires and tandem axle with
dual tires.

4.0 Results

Based on the two truck tests, results were gathered for all of the load and environmental sensors. In terms
of analysis, three major aspects were looked at specifically (Maadani et al., 2015):

1. The effect of speed on layer strain and pressure.
2. The effect of axle load/traffic on layer strain and pressure.
3. The effect of temperature/moisture on layer strain and pressure.

These will be completed through several comparisons of the truck tests.
4.1. Traffic Impact Results — Construction

Only a few sensors could be tested during the post-construction truck testing, as shown in Figure 5, due to
the unavailability of the DAS and limited testing equipment. These sensors included a couple of strain
gauges and pressure cells. Special attention was given to selecting longitudinal and transverse strain gauges
and pressure cells from various depths. Furthermore, temperature and moisture data were also collected.

For the construction phase, the truck test was conducted at three different temperatures: 72°C, 51°C, and
43°C. The truck used for testing was also unloaded and had a gross weight of 140 kN. During testing, the
ambient temperature was about 16°C and sunny.



4.1.1.Comparison of Longitudinal and Transverse Strain at 72°C

The initial analysis compared strain variations at different testing speeds (45 km/h, 30 km/h, and 10 km/h).
This assessment was conducted across all testing temperatures (72°C, 51°C, and 43°C). Figure 7 presents
the results specifically for 72°C. The figure also illustrates the signal response from different axles, a
recurring pattern observed in much of the collected data. However, due to considerable variability in the
data at this speed and occasional data gaps during collection, the most insightful data pertained to the
longitudinal and transverse strain at 45 km/h. Both sensors were positioned in the right sensor array.

One notable finding from this dataset is that the magnitude of longitudinal strain is 63% greater than that
of transverse strain for the front tandem axle at 45 km/h. Additionally, the tandem axle exerts the most
significant influence on the longitudinal strain. This difference in both strain types is expected. It is likely
a result of the anisotropic nature of asphalt, whereby its modulus and strength properties vary in the vertical,
longitudinal, and horizontal directions. This property is also the case for the granular unbound layers. It is
important to consider in pavement design as traffic loading in the longitudinal directions causes significant
anisotropy (Chen et al., 2011).

Comparison of Right Wheel Path, Longitudinal and Transverse Asphalt Strain Gauges at 72 °C and 45
km/h
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Figure 7 Comparison of the longitudinal and transverse strain responses at 72°C for a truck running at 45 km/h.
4.1.2. Impact of Speed on AC Layer Strain at 51°C and 43°C

Furthermore, the influence of speed on strain was examined at 51°C and 43°C using transverse strain
gauges, as illustrated in Figure 8. One trend observed was that at 51°C, a 28% difference in strain magnitude
was observed for the front tandem axle when comparing the results at 45 km/h and 30 km/h. The transverse
strain for the tandem axle decreased as the speed decreased, with a higher strain at 45 km/h compared to 30
km/h. Conversely, for the steering axle and single axle with dual tires, the strain response at 30 km/h was
greater than at 45 km/h.



Typically, in such cases, one would expect that at lower speeds, the wavelengths between axles would be
longer (peaks further apart). This trend would apply to all axles since it takes more time for them to pass
over any given sensor. However, the opposite trend was observed for the tandem axles. This suggests that
material properties may be influencing the results at high temperatures. Another possibility is that the truck
consistently passed over the right sensor array more frequently at 45 km/h than at 30 km/h, thereby reducing
the wander effect.
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Figure 8 Comparison of the strain response in the transverse direction at 51°C and 43°C, along with close-up comparisons
of the front tandem axle at each temperature.

When comparing the results between the temperatures of 51°C and 43°C, it is evident that the results at
51°C exhibit greater severity. Specifically, the strain magnitudes are larger at 51°C than at 43°C. For
example, at 51°C, the maximum strain impact reaches nearly 600 pe, whereas, at 43°C, the maximum strain
impact ranges between 400 and 500 ue because the AC layer becomes stiffer at cooler temperatures, which
means that the pavement will better resist loads, resulting in lower strain values (Sulejmani et al., 2020).

4.1.3. Impact of Speed on Layer Pressure at 51°C and 43°C

Along with determining the impact of speed on layer strain at various temperatures, the impact of speed on
layer pressure was performed at various temperatures. For similar reasons, the data at 51 °C and 43 °C will
be used in the analysis only. At both temperatures, the study examined the pressure variation in different
layers, including the base, subbase, and subgrade, and extracted relevant trends. The results of this analysis
are presented in Figure 9.

The primary trend observed is that the magnitude of the pressure impact generated by the passing truck is
lower at slower speeds, and this is most clearly the case for the base and subbase layers and all axles. In the



subgrade layer, the impact at both speeds is very similar, suggesting that at high temperatures, the damage
imparted on the subgrade layer at various speeds will be similar.
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Figure 9 Comparison of the pressure response in the base, subbase and subgrade layers at 51°C and 43°C at various
speeds.

In addition, as one goes down the pavement layers, there is a noticeable variation in the magnitude range
of the pressures. For instance, in the base, the maximum pressure impact is around 20 kPa. In the subbase,
the impact is about 30 kPa; in the subgrade, the impact is around 1kPa. This shows a reduction in subgrade
pressure compared with beneath the AC layer (An et al., 2018).

4.1.4.Impact of Temperature on Layer Strain at 45 km/h, 30 km/h and 10 km/h

The subsequent analysis focused on examining the influence of temperature on layer strain and pressure at
different speeds. First, the impact of temperature on layer strain was assessed at speeds of 45 km/h, 30
km/h, and 10 km/h to identify trends. Figure 10 displays the strain impacts for a transverse sensor at 45
km/h and 30 km/h.
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One noticeable observation is that at higher temperatures, the magnitude of the horizontal strain tends to be
larger compared to lower temperatures. For instance, at 45 km/h, the magnitude decrease from 72°C to
51°C is approximately 61%, while the decrease from 72°C to 43°C is around 37%. The greatest horizontal
strain occurs at 72°C asphalt concrete temperature. This is expected because the AC layer is softer
(Sulejmani, et.al, 2021).
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Figure 10 Comparison of the strain response at 45 km/h (top images) and 30 km/h (bottom image).
4.1.5. Impact of Temperature on Layer Pressure at 45 km/h, 30 km/h and 10 km/h

The impact of temperature on layer pressure was also examined for speeds of 45 km/h, 30 km/h, and 10
km/h. Figures 11 and 12 display the results of this analysis. The primary trend observed is that at higher
temperatures, the pressure impact is larger compared to lower temperatures. This trend is consistent across
all tested speeds (Maadani & Abd EI Halim, 2017). Like what was described in Section 4.1.3, when
analyzing the pressure response at different temperatures, the magnitude of the pressure impact varies
within each layer. For instance, the maximum pressure impact in the base layer is approximately 20 kPa.
In the subbase layer, the maximum impact ranges from 30 kPa at 45 km/h to 17 kPa at 30 km/h and around
7 kPa at 10 km/h (An et al., 2018).
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Comparison of Changes in Pressure Response in the Subgrade
Layer at 45 km/h

Comparison of Changes in Pressure Response in the Subbase
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Figure 11 Comparison of the pressure response at 45 km/h in the base, subbase, and subgrade, with further analysis for
the front tandem axle in the subbase layer.
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Figure 12 Comparison of the pressure response at 30 km/h and 10 km/h in the base, subbase and subgrade.

4.1.6.Comparison of Pressure in the Pavement Structure during Construction

Figure 13 presents a pressure profile, illustrating the pressure response at various depths within the
pavement structure. The pressure profile was generated for temperatures of 51 °C and 43 °C, comparing
the same sensor at both temperatures to ensure consistency. Figure 13 shows that the pressure has a lesser
impact on the pavement structure at lower temperatures. For example, at 51 °C, the pressure in the base

layer is 50% higher than at 43 °C.

While temperature significantly influences the magnitude of pressure impact in the base and subbase layers,
there is negligible change in the subgrade layer. The pressure impact in the subgrade layer remains low and
relatively constant regardless of the temperature of the asphalt concrete layer. This indicates that during

12



construction, the subgrade experiences minimal impact, and its behaviour is not significantly affected by
the temperature of the asphalt concrete layer.
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Figure 13 Pressure depth profile indicating changes in pressure during the construction phase at 51°C and 43°C.
4.2. Traffic Impact Results — 5 months Later

The second track testing occurred on March 22nd, 2023, approximately five months after the initial
construction truck testing. During this truck testing session, all sensors were successfully tested as the DS
(Data System) was operational at that time. Various speeds were examined, including 5, 10, 20, 30, 40, 50,
60, and 70 km/h at an asphalt temperature of 6 °C, while the ambient temperature was about 3 °C. In this
truck testing, the truck was loaded and had a gross loading weight of 348 kilonewtons.

4.2.1. Impact of Speed on Longitudinal & Transverse Strain

The primary focus of the analysis for the truck testing conducted five months after construction was to
examine the effect of speed on pressure and strain. This section will describe the impact of speed on the
longitudinal and transverse strain. Figure 14 illustrates the results of the truck testing at various speeds for
both longitudinal and transverse strain.

A significant trend emerges when analyzing the longitudinal strain: the strain decreases with increasing
speed. As the speed of the truck rises, the amplitudes between the axle peak responses shorten, and the
magnitudes of the strain diminish. This trend is expected because when a truck travels at higher speeds over
a pavement structure, the impact that each tire has on each sensor decreases. Additionally, all axles pass
over a specific sensor more quickly. This result is corroborated by Liu et al. (2022).

In contrast, a different trend is observed in the transverse direction. As the speed increases, the amplitude
between the axle peaks still diminishes due to the truck running at a faster speed, causing all axles to pass
over a specific sensor more quickly. However, the magnitude of the strain response increases as the speed
rises. This finding also aligns with what was observed in the construction data (see Section 4.1.2).
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Figure 14 Comparison of the impact of longitudinal (left) and transverse (right) strain at 5km/h and 20, 40 and 70 km/h.
4.2.2. Impact of Speed on Pressure in the Base, Subbase and Subgrade

Figure 15 illustrates the impact of speed on the pressure experienced in the base layer, subbase layer, and
subgrade layer of the pavement structure. Overall, a consistent trend is observed across all three layers: as
the speed increases, the magnitude of the pressure decreases. However, there are variations within each
layer that warrant further analysis.

In the base layer, there are instances where the pressure magnitude at certain speeds (e.g., 20 km/h) is higher
than at the lowest tested speed of 5 km/h. For example, the magnitude of the front axle pressure at 5 km/h
is approximately 17.6 kPa, whereas, at 20 km/h, it is around 30.1 kPa. This suggests that the impact of the
load on the base layer is influenced by speed, with higher speeds resulting in larger pressure magnitudes in
some cases. Like the base layer, the subbase layer exhibits a similar trend. Additionally, the magnitudes of
the pressure responses in the subbase layer are slightly larger than those in the base layer. This indicates
that loads have a greater impact on the subbase layer than the base layer. Finally, the subgrade layer follows
a similar trend as demonstrated in the previous two layers, with pressure magnitudes decreasing as speed
increases. However, the overall magnitudes of the pressure responses in the subgrade layer are lower. This
is expected since the sensors in the subgrade layer are located furthest away from the applied load.
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Figure 15 Comparison of the impact of the pressure in the base, subbase and subgrade at 5km/h and 20, 40 and 70 km/h.
4.3. Strain and Pressure Comparison: Construction and 5 Months After

To facilitate a more comprehensive comparison between the impact of loads on the pavement structure
during construction and five months after construction, Figure 16 presents graphs depicting the maximum
longitudinal and transverse strains and the maximum pressures for each tested temperature, with sufficient
and clear data.

Starting with the pressure comparison in Figure 16, the pressure experienced substantial fluctuations during
construction, ranging from approximately one to two kilopascals in the subgrade layer to over 30 kPa in the
subbase layer. This stark difference highlights the varying levels of pressure experienced by each layer,
emphasizing that during construction, the subgrade layer is subjected to less pressure than the base and
subbase layers. In contrast, five months after construction, the maximum pressure distribution shows a more
evenly distributed load across the pavement structure. While the subgrade layer still experiences the lowest
pressure, averaging around 16 kPa, the disparity between the load impact on the subgrade layer and the
impact on the subbase and base layers is significantly smaller. This suggests that as the pavement cools and
hardens after construction, the load is more effectively transmitted to the subgrade layer.

Another noticeable trend in the transverse strain results, particularly in the bottom-left diagram in Figure
16 depicting maximum transverse strain during the construction phase, is that the strain response at 72°C
is lower than that at 51°C and 43°C. One would expect that if the measurement at 51°C yields 714 pe, then
at 72°C, it should read higher, perhaps around 1000 or 1100 pe. This suggests the possibility that the path
of the truck's wheels passing over the sensors deviated slightly from directly aligning with the sensors due
to wander. It is essential to investigate the relationship between the tire's position and the sensor's response
further.
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Examining the strain comparison in Figure 16, the most notable observation is that the pavement structure
experiences substantial strain impacts during construction. For instance, the maximum longitudinal strain,
particularly in the right sensor array, exceeds 160,000 pe. In contrast, the measurements obtained five
months after construction indicate an average maximum strain of approximately 96 pe. This indicates a
significant difference between the response conditions during construction and post-construction.
Furthermore, it highlights the inconsistency in the data obtained during construction, particularly in
comparing the right and left sensor arrays. This indicates variability in the state of the asphalt concrete
during construction, resulting in high magnitudes of strain. These higher strains imply that elevated strains
may be induced immediately after construction, which is detrimental to the fatigue performance of the
pavement (Huang, 2003, MTO, 2013).

Figure 17 compares the pressure depth profile between a sensor during construction at 43 degrees Celsius
and the same sensor five months after at six degrees Celsius. The notable observation is that there is an
increase in pressure between the construction and in-service periods. This increase can be attributed to the
higher traffic load during the testing phase five months after construction (140 kN unloaded vs. 348 kN
loaded).

The largest disparity in pressure occurs in the subgrade layer, where there is an approximately 80%
difference between the pressure results during construction and the subsequent testing period. This
significant increase in pressure indicates the impact of the heavier traffic load during the post-construction
phase. It further underscores the importance of considering the actual traffic load and its variation when
evaluating the performance of the pavement structure.

4.4. Environmental Results

In addition to analyzing the structural data, environmental data, including moisture and temperature
profiles, were collected and examined. The following sections will present the findings related to these
environmental factors. The environmental temperature and precipitation data collected was gathered from
Environment Canada and was used as it was determined to be statistically significant, as described in Oyeyi
(2022).

4.4.1.Hourly Pressure and Strain Profiles

Figures 19 and 20 depict the pressure and strain fluctuations relative to the ambient temperature. The data
was collected from March to April 2023. Both figures reveal a daily peak in strain and pressure. The highest
pressure impact is observed between 8 and 9 PM, while the lowest occurs around 5 to 6 AM. This suggests
a pattern where heavy vehicles tend to pass through the site later in the day to minimize disruption to daily
activities and peak traffic hours.

Regarding pressure, the subbase layer, located 405 millimetres below the asphalt surface, experiences the
greatest peaking, while the subgrade layer exhibits the least significant cyclical pressure. The pressure
profile indicates that as the ambient temperature decreases, the maximum pressure exerted on the pavement
section during a 24-hour period increases.

As for strain, a similar daily cyclical trend is observed for strain, with the highest peaking occurring between
9 and 11 AM and the lowest occurring between 5 and 7 PM. Like pressure, as the ambient temperature
decreases, the maximum strain variation increases during the daily cycle.

17



Courtland Avenue Pressure Profile
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Figure 18 Pressure profile over several days shows the cyclical pressure peaking in all pavement layers and compared
to ambient temperature.
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Figure 19 Strain profile over several days shows the cyclical peaking of longitudinal and transverse strain compared to
ambient temperature.

4.4.2. Hourly Moisture Profile

The hourly moisture profile was plotted alongside the daily precipitation levels from March to April 2023.
The profiles were created for the base layer, three subbase sensors (at different depths — 405 mm, 545 mm
and 675 mm), and one subgrade sensor. Despite some missing data due to issues with the data system, there
are still discernible trends in the results depicted in Figure 20.

Firstly, as one moves deeper into the pavement structure, the variation in moisture decreases, regardless of
the amount of rainfall. This indicates that the moisture content within the layers corresponds to rainfall
events. However, further investigation over a longer duration is necessary to obtain a more comprehensive
understanding of the moisture trends within the layers.
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Courtland Ave Daily Moisture Profile for March and April 2023
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5.0 Conclusions and Recommendations

This study used data from a monitored road section in Canada to gather accurate performance and
environmental information. The goal was to incorporate this data into the development of an Al model for
predicting pavement performance deterioration.

Variations in traffic load level, traffic speed, and layer temperature emerge as significant factors influencing
pavements' stress and strain response. Key trends include that strain and pressure results during construction
are quite variable and elicit significant strain to the various layers, while after the pavement cools over time,
the results are much lower and stable. Moreover, fluctuations in environmental variables like ambient
temperature and moisture contribute to variations in the magnitude of stress and strain. Clear trends emerge
regarding the impact of temperature increases or decreases on the strain and pressure response. However,
the impact of moisture on critical responses requires further evaluation to understand its influence fully.
Finally, truck testing has proven to be a valuable method for evaluating pavement response. However,
conducting additional assessments over an extended period encompassing different seasons is essential to
capture a comprehensive understanding of response trends. This longitudinal evaluation will enable the
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identification of patterns and variations in stress and strain over time, improving the accuracy and reliability
of pavement performance predictions.

The collected trends and insights are vital for developing an Al model that accurately predicts pavement
performance. By considering variations in traffic load, speed, layer temperature, ambient temperature, and
moisture, the Al model improves prediction accuracy. This predictive model optimizes pavement design,
maintenance strategies, and decision-making, enhancing road infrastructure resilience.
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