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Abstract:

Utility cuts are an inevitable aspect of modern cities urban development; however, they significantly impact
the long-term performance and serviceability of pavement infrastructure. Repeated excavations weaken
pavement structures, accelerate deterioration, and increase the frequency and cost of maintenance and
rehabilitation. Accurately estimating the economic costs associated with these impacts is crucial for
developing effective mitigation strategies, ensuring equitable cost allocation among stakeholders, and
promoting responsible excavation practices that minimize disruption to the urban transportation system.
Furthermore, such cost estimations can inform decisions related to utility relocations and help assess their
broader impact on roadway infrastructure.

This current study presents a sequential framework for quantifying the detrimental impact of road cuts on
road pavements. By integrating spatial data of road cuts events with road functional class data, the study
identifies critical road candidates vulnerable to degradation.

Furthermore, the study quantifies the actual and potential degradation caused by road cuts by integrating
historical pavement condition assessments with road cuts data for the previously identified road candidates.
This analysis includes the quantification of serviceability loss percentage and its variation with pavement
age, along with the estimation of roads’ remaining service life for each functional class following a road cut.

Based on these findings, a data-driven degradation fee schedule is developed, considering serviceability
loss and pre-cut pavement age, to accurately reflect the varying levels of impact on different road types and
locations, ensuring that those responsible for the excavations bear a proportionate share of the associated
costs. This data-driven approach promotes responsible excavation practices, provides dedicated funding
for road maintenance, and enhances the overall sustainability and resilience of urban transportation
systems.

Keywords: Pavement degradation, road cuts, serviceability loss, pavement degradation fees, Pavement
Quality Index, pavement management, infrastructure management



1.0 INTRODUCTION

Road cuts, also known as pavement excavations, are an unavoidable consequence of urban infrastructure
management. They are a necessary process for the installation, maintenance, and repair of essential
underground utilities such as water, gas, electricity, and telecommunications networks. However, these
excavations disrupt the structural integrity of the pavement, leading to a cascade of negative effects,
including premature deterioration, increased maintenance costs, reduced pavement lifespan, and
compromised ride quality.

The financial burden imposed by road cuts is a significant concern for municipalities, as the need for
frequent repairs and premature pavement rehabilitation strains already limit budgets, diverting resources
from other critical infrastructure projects. This has prompted many cities and municipalities to evaluate the
impact of these cuts on pavement. Furthermore, poorly maintained roads resulting from road cuts can lead
to safety hazards and public dissatisfaction, negatively impacting the quality of life for residents.
Recognizing the need for accurate cost assessment of road cuts impact, many municipalities and cities,
including Calgary and Toronto (Karim 2014), (Lakkavalli 2015) and (Mouaket 2013) have carried out their
own investigations to quantify the impact of road cuts to suit their own site-specific conditions. These
investigations often employ a mix of field investigations and road condition data to develop suitable road
degradation fee schedules. The current study presents a novel framework for quantifying the detrimental
impact of road cuts on road pavements. A key distinction of this approach lies in its reliance on readily
available pavement management system condition data, eliminating the need for extensive and costly field
investigations to establish 'no-cut' pavement performance baselines. By integrating spatial data of road cut
events with road functional class data, the study identifies critical road candidates vulnerable to
degradation.

The next section details the development of a comprehensive methodology to quantify the impact of road
cuts on pavement performance and to establish a corresponding fee structure for the City of Mississauga.
The resulting pavement degradation fee (PDF) aims to recover the costs of road cuts, incentivize
responsible excavation practices, and promote equitable cost sharing among stakeholders.

20 METHODOLOGY

The City of Mississauga's pavement degradation fee structure was established through a multi-phased
process, as illustrated in Figure 1. This systematic approach ensures that all relevant factors are considered
in the development of the fee schedule (Stantec 2025). The key phases of the methodology include:

Data Gathering and Assessment: This initial phase involves a comprehensive review of the city's pavement
condition data and road cut data. This includes collecting and assessing data on pavement quality indices,
traffic loads, and the location and characteristics of previous road cuts. The quality and completeness of
the data are critical for the accuracy of subsequent analyses.

Database Development and Correlation: In this phase, the pavement condition data is geospatially
correlated with the road cut data. This involves linking the location of each road cut with the corresponding
road segment in the city's road network. This spatial correlation allows for the identification of potential
relationships between road cuts and observed pavement deterioration.



Economic Evaluation and Impact Estimate: This phase is the core of the methodology and involves a series
of steps to quantify the economic impact of road cuts.

Candidate Sections Selection: Based on the data correlation analysis, specific sections of pavement are
identified as suitable candidates for further in-depth analysis. These sections are selected based on factors
such as the presence of road cuts, pavement age, traffic volume, and other relevant criteria.

Establish Performance Baseline: For the selected candidate sections, representative deterioration curves
are established to predict pavement performance in the absence of significant disturbances like road cuts.
These baseline curves serve as a control against which the performance of sections with road cuts can be
compared.

Serviceability Loss Calculation: The amount of serviceability loss attributable to road cuts is calculated for
each candidate section. This calculation involves comparing the predicted performance without a cut to the
actual performance observed after a cut.

Fee Determination: Finally, the calculated serviceability loss is used to determine appropriate fees to
compensate for the degradation caused by road cuts. This involves translating the serviceability loss into a
monetary value based on factors such as the cost of pavement reconstruction and the expected service life
of the pavement.
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3.0 DATABASE DEVELOPEMENT

3.1 ROAD CUT DATA

The road cut dataset provided by the City of Mississauga is a crucial foundation for this study. This dataset
comprises a historical record of all authorized road excavations within the city. Each entry typically includes
a unique identifier, a description of the work purpose (e.g., gas, cable, water, sewer), and the work permit
year, providing valuable insights into the frequency, nature, and temporal distribution of road cut activities
across Mississauga's road network.

The work permit year is a critical temporal anchor, allowing analysis of how excavation timing correlates
with changes in pavement condition. By linking road cut events to their respective years, it's possible to
investigate relationships between excavations and subsequent pavement deterioration. This temporal
dimension is essential for understanding the long-term impact of road cuts on pavement performance. The
dataset includes parameters such as permit year, cut width, and cut depth, and a pavement cut indicator,
with work permit years ranging from 2019 to 2024.

3.2 CITY ROAD NETWORK DATA

The road segments dataset provides a comprehensive inventory of the City of Mississauga's road network.
This dataset includes essential attributes for each road segment, such as street name, limits, and length,
which define the segment's boundaries and are crucial for spatially referencing road cut events.
Furthermore, the dataset incorporates geometric data in geospatial shapefile formats, enabling the
visualization and analysis of the road network's spatial configuration.

The dataset also includes the functional class attribute, categorizing roads based on their functional
significance (e.g., arterial, collector, local). This classification is valuable for understanding the context and
importance of different road segments; for instance, arterial roads typically experience higher traffic
volumes and may be more susceptible to road cut impacts than local streets. The "last rehabilitation"
attribute provides maintenance history, indicating pavement condition and vulnerability to future cuts. The
last rehabilitation year was used as the year when the segment was in the best condition (Higher PQl).

To enable a comprehensive analysis of pavement condition changes following road cut events, the road
network data was integrated with road condition data. This process populated road segment condition
records, allowing for the tracking of pavement quality indices (PQIl) and other metrics. The resulting
condition data, in conjunction with road cut events and years since the last rehabilitation, was then used to
analyze how road cuts affect pavement deterioration.

33 LINKED ROAD CUT DATABASE

The next step was to geospatial link the road cut and road segments datasets. This process involves
spatially matching each recorded road cut event with the specific road segment upon which it occurred. By
overlaying the road cut locations onto the road network, it becomes possible to determine which segments
have been impacted by excavations and to what extent. This spatial linkage provides a crucial foundation
for understanding the distribution and impact of road cut activities across the city's road network.



The linkage enables the enhancement of the road cut dataset with valuable information from the road
segments dataset. By associating each cut event with the corresponding road segment, it becomes
possible to incorporate attributes such as road class, last rehabilitation date, and other relevant
characteristics into the analysis. This enriched dataset provides a more comprehensive understanding of
the context and potential impact of each road cut event, facilitating more accurate assessments of
pavement degradation and the development of more effective mitigation strategies. Figure 4-2 depicts the
city map after matching the road cut events illustrated here as single central point event with the city road
network segments illustrated in blue lines.
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Figure 2: Matched Road Cuts with City of Mississauga Network Segments (google ®)

4.0 ECONOMIC EVALUATION: ESTIMATING THE VALUE OF THE IMPACTS

This section details the methodology used to evaluate the economic impact of road cuts on pavement,
using the Pavement Quality Index (PQI) as a key performance indicator.

4.1 PAVEMENT PERFORMANCE INDICATORS

The Pavement Quality Index (PQI) is used to assess overall pavement condition, integrating multiple
aspects of pavement performance into a single score, making it suitable for evaluating road cut impacts;
PQI comprises the Surface Distress Index (SDI), which quantifies the severity and extent of surface
distresses like cracks and rutting, and the Ride Comfort Index (RCI), which measures pavement
smoothness, often using the International Roughness Index (IRI). PQI effectively captures road cut impacts
by considering both surface damage (SDI) and ride quality (RCI) and tracking PQI over time allows for
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monitoring deterioration rates and evaluating repair effectiveness; the analysis used PQIl data from 2017
and 2021.

4.2 PAVEMENT SERVICEABILITY

Pavement serviceability is a measure of how well a pavement performs its intended function, which is to
provide a smooth and safe surface for vehicles. It's a subjective assessment that considers factors like
riding quality, safety, and overall user satisfaction. To quantify pavement serviceability over time, it is often
more practical to utilize PQI performance curves. These curves plot the PQI values against time, typically
in years. By analyzing the trajectory of the PQI over time, valuable insights can be gained into the rate of
pavement deterioration and the effectiveness of maintenance strategies.

4.3 SERVICEABILITY QUANTIFICATION

Overall pavement serviceability is quantified by calculating the area under the PQI performance curve. A
larger area indicates higher overall serviceability. The area is calculated using methods like the Trapezoidal
Rule and numerical integration.

Serviceability =[] PQI (t) dt (Equation 1)

Where T is the total time period and PQI(t) is the PQI at time t. By analyzing the area under the PQI
performance curve, informed decisions can be made about maintenance and rehabilitation strategies to
extend the pavement's service life and optimize its performance.

4.4 SERVICEABILITY LOSS CALCULATION

To calculate the serviceability loss due to a road cut, a hypothetical scenario is established. This involves
comparing the actual PQI performance of a road segment after a cut to a hypothetical scenario where the
cut never occurred. The methodology involves:

e Predicting "No-Cut" Performance (PQI,,,_.y:): A predictive model is used to forecast the expected
PQI trajectory of the road segment in the absence of the cut. This model typically considers factors
such as historical PQI trends, traffic loading, and environmental conditions. The performance
models used by the city’s pavement management system were used to represent the pavement
performance when No-Cut is not being applied to the segment.

e Predicting "With-Cut" Performance(PQlyh—cut): The measured PQI scores collected from
different surveys on or after the road cut events are considered the road segments performance
after the road cut. These measured records can be used to predict the performance curve after the
road cut occurred.

e Quantifying Serviceability Loss: The serviceability loss due to the road cut is quantified by
subtracting the area under the actual PQI curve from the area under the "no-cut" PQI curve. This
difference represents the reduction in cumulative pavement serviceability attributable to the road
cut as shown in the equation below.



Serviceability Loss = fOT PQl,, cue () dt — fOT PQlyith cue () dt (Equation 2)

o Percentage of Serviceability Loss: The percentage of serviceability loss due to the road cut is
quantified as a percentage of the original area under the curve for the pavement without utility cuts
as shown in the equation below.

Serviceability Loss

Serviceability Loss (%) = (Equation 3)
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Figure 3: Serviceability Loss Calculation Depiction

Figure 3 illustrates a typical scenario where a road cut occurs between two surveys. A linear interpolation
is used to estimate PQI at the time of the cut. Post-2021 performance assumes the same trend as the "no-
cut" scenario. Only cuts between the 2017 and 2021 surveys were considered. The dataset was validated
and verified to ensure accuracy and remove the impact of outliers, resulting in 184 flexible pavement
segments for further analysis and fee calculation.



5.0 DEVELOPMENT OF THE PAVEMENT DEGRADATION FEE STRUCTURE

5.1 QUANTIFYING ROAD CUT IMPACT

The calculated serviceability loss was plotted against pavement age for the selected candidates. As
illustrated in Figure 4, the serviceability loss percentage generally decreases as pavement age increases.
The observed slope, while relatively steep, suggests that serviceability loss remains consistent for a few
years before declining. This trend may be attributed to regular preventive maintenance, which helps
maintain the pavement in good condition for older pavement ages.
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Figure 4: Serviceability Loss with Pavement Age

Figure 5 illustrates the calculated remaining service life after cut events for different functional classes. The
figure shows that local roads exhibited the lowest remaining service life compared to other road functional
classes. This observation is likely attributed to the combined effect of rapid deterioration, lower levels of
maintenance, and potentially less stringent construction standards typically associated with local roads."
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Figure 5: Remaining Service Life After Road Cuts

Figure 6 illustrates the initial percentage decline in Pavement Quality Index (PQI) scores within the first
year following the road cut event. This reduction in PQI score is the percentage drop in the cut year as
illustrated previously in Figure 3 . The data reveals a more pronounced immediate impact on the pavement
condition of arterial and collector roads compared to local roads. It should be noted that PQI reduction here
is only showing the immediate impact of the pavement road cut events compared to the previously
calculated RSL which is taking into account the cut impact over the pavement service life.
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Figure 6: Reduction in PQI Scores due to Road Cuts
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5.2 CALCULATING PAVEMENT DEGRADATION FEES

The pavement degradation fees include two distinct components (loss of serviceability and associated
increase in maintenance). The formula for deriving the PDF is provided below:

PDF ($/m2) = Serviceability Loss Cost + Maintenance Cost

5.2.1  Serviceability loss cost

The economic loss due to a road cut is directly linked to the loss in pavement serviceability. This is because
the value of a road lies in its ability to provide safe and efficient transportation. When a road cut disrupts
this function, it diminishes the road's value. To quantify this economic loss, it can be assumed that the cost
of building a square meter of pavement with a specific level of expected serviceability (represented by the
area under the performance curve) is known. The economic loss to the city can then be calculated by
multiplying the percentage loss of serviceability by the unit cost to reconstruct a square meter of pavement
with the desired level of serviceability as shown in the equation below. This calculation translates the loss
in serviceability into a direct economic cost to the city.

Serviceability Loss Cost ($/m?) = Serviceability Loss (%) X Reconstruction Unit Cost

This approach provides a straightforward and practical method for estimating the economic impact of road
cuts, allowing for a more equitable allocation of costs between the city and the entities responsible for the
excavations. The reconstruction unit cost was derived from the city's 2024 unit cost estimates, assuming
the work includes the removal, disposal, supply, placement, and compaction of asphalt at a depth between
201 mm and 250 mm.

5.2.2 Maintenance cost

The maintenance cost associated with utility cuts can be estimated by determining the percentage of the
city's annual road maintenance and reconstruction budget that is typically spent on repairs and
maintenance resulting from such disruptions. Generally, municipalities in Ontario use 30% as an estimate
for these additional costs. While this figure may not perfectly reflect actual yearly spending by City of
Mississauga, it can serve as a reasonable starting point for calculations in the absence of more precise
data.

Maintinance Cost = (30%) X Serviceability Loss Cost

Utilizing these equations, the serviceability loss cost was determined for each candidate segment. Figure
7 depicts the calculated cost correlation with pre-cut pavement age for each candidate. Notably, no
candidates exhibited a pavement age below five years. Consequently, extrapolation will be necessary to
establish relationships for degradation fees associated with pavements younger than five years.
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Figure 8 lllustrates the pavement degradation fees applicable to each road functional class. As can be
seen from the figure, the proposed pavement degradation fees for arterial and collector roads are relatively
higher than local roads.
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Figure 7: Pavement Degradation Fees with Pavement Age
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Figure 8: Pavement Degradation Fees for Different Functional Classes
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6.0 CONCLUSION

The current study successfully developed a comprehensive framework for quantifying and mitigating the
impact of road cuts on the City of Mississauga’s Flexible Road network. Initially, spatial data on road cuts
was linked with detailed city network information, including road classifications, road locations, and last
applied rehabilitation. This analysis identified critical road segments that were susceptible to degradation
due to road cut events. Subsequently, historical pavement condition assessments were integrated with the
linked dataset to quantify the actual and potential degradation caused by road cuts on these identified
segments.

The implementation of this degradation fee schedule offers several significant benefits. Firstly, it promotes
more responsible excavation practices by internalizing the true costs of road cuts for utility companies and
other stakeholders. A key distinction of this approach is its reliance on readily available pavement
management system condition data, eliminating the need for extensive and costly field investigations.
Secondly, it provides a dedicated funding source for proactive road maintenance and rehabilitation,
ensuring that the city's infrastructure remains resilient and efficient. Finally, this data-driven approach
fosters transparency and fairness in the allocation of costs associated with road cuts, enhancing the overall
sustainability and equitability of urban transportation systems. While the fee schedule represents the best
judgment from the current available data, users should recognize that the cost estimates are inherently
subjective and influenced by factors such as material costs, inflation, deterioration models reliability, high
variability in serviceability loss and data granularity, which may introduce some uncertainty in the
degradation predictions.
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