UC=M

UNIVERSITY COLLEGE
OF ESTATE MANAGEMENT

UCEM Institutional Research Repository

Title Reconceptualising Pavement Maintenance Decision-Making Using
GIS as a Visualisation Tool: A Case Study Exemplar

Author(s) E. Alfar, Muhammad Qasim Rana and Angela Lee

ORCID https://orcid.org/; https://orcid.org/0000-0002-4484-2272;
https://orcid.org/0000-0003-0769-5215

Type Article

Publication title Journal of Architectural Engineering Technology

Publisher https://www.omicsonline.org/open-access-journals-list.php

ISSN/ ISBN 2168-9717

Publication Date 26 April 2024

Version
DOI
Repository link https://ucem.repository.guildhe.ac.uk/id/eprint/116/

Link to publication | https://www.omicsonline.org/open-access/reconceptu...

Copyright:

UCEM aims to make research outputs available to a broader audience via its digital Repository.
Where copyright permits, full text material held in the Repository is made freely available. URLs
from GuildHE Research Repositories may be freely distributed and linked to. Please refer to each
manuscript for any further copyright restrictions.

Reuse:

Copies of full items can be used for personal research or study, educational, or not-for-profit
purposes without prior permission or charge provided that the authors, title and full bibliographic
details are credited, a hyperlink and/or URL is given for the original metadata page, and the content
is not changed in any way.

© UCEM, 2023


https://orcid.org/
https://orcid.org/0000-0002-4484-2272
https://orcid.org/0000-0003-0769-5215
https://ucem.repository.guildhe.ac.uk/id/eprint/116/
https://www.omicsonline.org/open-access/reconceptualising-pavement-maintenance-decisionmaking-using-gis-as-a-visualisation-tool-a-case-study-exemplar.pdf
https://ucem.repository.guildhe.ac.uk/

Journal of Architectural
Engineering Technology

%

°
A
2
)
)
3
L

&

Alfar et al., J Archit Eng Tech 2024, 13:2

Research Article Open Access

Reconceptualising Pavement Maintenance Decision-Making Using GIS as
a Visualisation Tool: A Case Study Exemplar

Emad Alfar™, Muhammad Qasim Rana? and Angela Lee?
'School of Engineering, University of Bolton, United Kingdom

2School of Built Environment, University College of Estate Management, United Kingdom

Abstract

maintenance strategies.

This study explores how a visualised GIS model can aid decision-making in pavement maintenance management,
focusing on roads under Local Road Authorities (LRA) control in the U.K. Factors influencing decision-making in
pavement maintenance were identified and ranked through a nationwide questionnaire survey, followed by interviews
with LRA experts to validate the rated factors. The Analytical Hierarchy Process (AHP) was employed to configure
priority rankings. Subsequently, a GIS-based decision support model was developed and tested using Runnymede
roads within Surrey County Council. Fourteen influential factors affecting pavement maintenance were identified and
ranked. The GIS model was deemed a rational, simple, and usable tool for pavement management. With growing
pressures on LRAs from limited budgets, increased accountability, and ageing roads facing higher traffic loads,
efficient decision-making processes are crucial. GIS is a valuable tool for visualising results and optimising pavement

Keywords: Pavement Maintenance System (PMS); Geographical
Information Systems (GIS); Analytical Hierarchy Procedure (AHP);
Highways Management; Local Road Authorities (LRA)

Introduction

For most countries, roads represent the primary mode of
transportation. In Europe, roads constitute 83% of surface passenger
transport, compared to 17% for rail. This underscores the significant
role of roads as one of the largest and most vital national assets, often
under public ownership (World Road Association, 2014). The World
Road Association (2014) emphasises that well-maintained roads
are crucial for economic growth, facilitating the movement of goods
and passengers despite the increasing traffic volume pressures on the
pavement. They contribute to the national Gross Domestic Product
(GDP) and enhance social welfare. Therefore, pavement maintenance
is fundamental to modern highway management [1].

As such, many factors influence the need for pavement
maintenance, including the prioritisation and utilisation of funds
[2]. Deteriorating pavement conditions inevitably jeopardise human
safety [3]. Over time, pavements degrade in strength and quality due
to the pressure exerted by heavy loads and Exposure to environmental
elements. Additionally, utility equipment installation and upkeep
further contribute to pavement wear and tear [4]. Consequently,
pavement maintenance management systems (PMMSs) were initially
introduced in the 1960s [5] to address the need for more cost-effective
funding mechanisms and long-term planning of road projects. These
systems aimed to provide lasting solutions to the numerous unforeseen
pavement failures experienced by the Canadian and American road
networks at the time. An ideal maintenance scheme ensures that all
pavement sections maintain a sufficiently high level of functional and
structural condition [6]. However, due to the escalating traffic volume
on roads, timely repairs, which are often crucial, are constrained by
factors such as time, budget, and resource availability, including
workforce and equipment. This underscores the importance of
prioritising and scheduling pavement sections for maintenance, a
critical aspect of PMMSs [7]. PMMSs are commonly employed by
local road authorities (LRA) to improve decision-making processes,
providing insights into decision implications and helping to mitigate
adverse impacts and maintenance costs.

This research presents a systematic method for identifying the key
factors influencing pavement maintenance prioritisation for local road
authorities (LRAs) by integrating PMMS with Geographic Information
System (GIS) capabilities. GIS is increasingly gaining traction in
transportation engineering due to its unique features, such as spatial
analysis and visualisation, which can significantly improve pavement
management practices. To illustrate the effectiveness of visualisation
in pavement management, a case study will be conducted using roads
from a specific area in the U.K. (Runnymede, Surrey).

GIS in pavement maintenance and management

PMMSs were first introduced in the 1960s [5] to address the need
to provide more cost-effective mechanisms for funding and future
planning of road projects. They also provided lasting solutions to
the countless unanticipated pavement failures in the Canadian and
American road networks at the time. Nowadays, some PMMS tools
incorporate visual technology to enhance decision-making, with
varying degrees of success [8,9,10] advocate that GIS is a suitable
choice to base a PMMS due to the spatial nature of road data, where
GIS has the capability of storing, integrating, mapping, displaying,
querying, and spatially analysing road data. [11] developed a GIS-
based road maintenance management tool, demonstrating the
efficiency in decision-making regarding maintenance prioritisation of
road networks. Moreover, [12] conducted a study on GIS as a support
tool for pavement maintenance strategy selection. They concluded
that using GIS in pavement management has proved successful due
to its data analysis, query, and visual representation capability. This
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research ensues and provides a case study exemplar to demonstrate and
reconceptualise the practical approach of using GIS to support PMMS.

Research methodology

Thisstudy employsamixed methodsapproachtodevelopavisualised
GIS model to support decision-making in pavement maintenance
management. A mixed-methods approach enhances the validity of the
research, surpassing the limitations of single-method studies [13]. The
data collection methods employed in this study was comprehensive
and involved the following steps. Firstly, a thorough literature review
identified 14 factors influencing pavement maintenance. Secondly,
professionals from various local road authorities (LRAs) participated
in two approaches to rank these 14 factors:

Questionnaire survey: A questionnaire survey was distributed
via email to 195 road managers representing a majority of local road
authorities in the U.K. The aim was to establish a consensus among
LRAs on the most significant factors affecting pavement maintenance
and to determine the relative weight (ranking priority) assigned to each
factor by different experts. The survey received 67 responses, resulting
in a response rate of 34%.

Interviews: Five interviews were conducted with experts from
different LRAs in the UK. to validate the factors identified in the
questionnaire. Interviewees were asked to rate the factors and explain
the rationale behind their ratings. The interview statements were then
compared with the survey responses using a triangulation approach to
ensure data validity.

Data obtained from the questionnaires yielded a roster of pavement
maintenance management factors, which were ranked by respondents
based on their perceived significance. This data was quantitative, as
it involved numerical rankings-similarly, data from the interviews
provided both quantitative and qualitative insights. Quantitatively,
factors were ranked or weighted numerically, while qualitatively,
experts offered additional justifications and descriptions of the factors.
To ensure the reliability of the collected data, SPSS (Statistical Package
for the Social Sciences) was employed in the third stage of the research
to compute Cronbach's alpha, assessing internal consistency among
responses. The study maintains construct validity, as findings from both
the questionnaire and interviews align. Subsequently, the Analytical
Hierarchy Process (AHP) was utilised in the fourth stage as the multi-
criteria decision method for developing the GIS-based model in stage
five. This model aims to facilitate multi-criteria decision-making in
pavement maintenance management, with Runnymede (within Surrey
County Council) serving as a case study exemplar.

Stage 1 and 2 findings: Factors affecting pavement
maintenance prioritisation decisions

Table 1 presents 14 factors identified through an extensive
literature review as the most influential elements affecting pavement
maintenance [6,9,11,14-20]. These factors were subsequently utilised
to inform prioritisation decisions in pavement maintenance schemes.

Table 2 shows the responses to both the questionnaire and survey
conducted in LRAs. Respondents were asked to list each factor in rank/
priority order from 1 to 5 (5 being critical); the responses are shown
along with the total and mean values (rating values) for each factor.
Factors are ranked according to their mean values to establish a pattern
in the attitude of local road authorities to pavement maintenance
management.

From the survey responses provided by 67 representatives of

Table 1: Pavement Maintenance Prioritisation Factors Included in the study.

Factor Number Factor
F1 Remaining Service Life
F2 Road Condition Indicator (RCI)
F3 Type of Deterioration
F4 Observed Deterioration Rate
F5 Traffic Diversion
F6 Importance of Road/Classification
F7 Annual Average Daily Traffic (AADT)
F8 Possible Conflict or Overlap with Other Road Works
F9 Risk of failure
10 Safety Concern
F11 Accident Rate (related to surface condition)
F12 Scheme Cost
F13 Available Budget/Funding
F14 Whole Life-Cycle Cost

local road authorities, it is apparent that the factor with the highest
rating is Available Budget/Funding (F13). In contrast, the lowest
rating is attributed to Annual Average Daily Traffic (AADT) (F7).
The findings from the 5 interviews further confirmed the significance
of Available Funding (F13) in pavement maintenance management.
At the same time, Annual Average Daily Traffic (F7) was identified
as the least influential factor in pavement maintenance prioritisation.
As mentioned, ranking factors aimed to validate the questionnaire
survey outcomes by aligning them with the interview results. A
slight discrepancy between the interview and questionnaire results
was observed, underscoring the necessity to verify the reliability and
validity of the data.

Stage 3: Reliability and validity of prioritisation factors

To ensure the prioritisation process's reliability and validity, the
data quality was assessed, and dependable findings were established
in accordance with earlier stages [21,22]. The internal consistency of
responses across all participants was evaluated using Cronbach's alpha,
a reliability coefficient calculated through SPSS (Statistical Package for
the Social Sciences) [23].

Cronbach's alpha values vary between 0 and 1, where values of 0.7
and above indicate that the questions combined in the scale measure the
same thing [23]. However, when the value of Cronbach's alpha is less
than 0.7, the reliability can be increased by removing an item or more
from the questionnaire. The analysis was performed for all questions,
and the values of Cronbach's alpha were more significant than 0.7. This
indicates that the responses for all questions have internal consistency;
therefore, the results from the analysis have internal consistency and
are thus reliable, as seen in Table 3.

Stage 4: Prioritisation of the factors for pavement maintenance
using the AHP method

Once the LRA's rating of factors affecting pavement maintenance
prioritisation was undertaken, the multi-criteria decision method
Analytical Hierarchy Process (AHP) was used to develop the visual GIS
model to illustrate the prioritisation of the given factors. According to
AHP [24], factor weights are yielded through pairwise comparisons
of rated factors to establish an Importance Matrix (I.M.). The latter,
in turn, yields a more precise ranking of factors organised according
to their significance. The normalisation of the paired matrix provides
the importance attached to each factor. The design of the Importance
Matrix can be seen below [9].
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Table 2: Data Collection Responses from Survey and Interviews on Pavement Maintenance Prioritisation Factors.
Factor 64 questionnaire responses 5 interview responses
Rating Score Total Me?n Rank Rating Score Total Megn Rank
1 2 3 4 5 Score ) X 1 2 3 4 5 Score ) X
F1 2 1 15 16 33 278 4.15 4 0 0 1 2 1 16 4 5
F2 1 4 14 32 16 259 3.87 8 0 0 2 2 0 14 3.5 9
F3 1 3 14 32 17 262 3.91 6 0 0 0 4 0 16 4 5
F4 2 5 16 23 21 257 3.84 9 0 0 1 3 0 15 3.75 7
F5 7 10 19 19 12 220 3.28 12 0 0 3 1 0 12 3.25 13
F6 0 0 12 29 26 282 4.21 3 0 0 0 3 1 17 4.25 2
F7 3 14 21 24 5 215 3.21 14 0 2 0 2 0 12 3 13
F8 2 4 22 22 17 249 3.72 1 0 1 1 2 0 13 3.25 10
F9 4 4 1 25 23 260 3.88 0 0 1 3 0 15 3.75 7
F10 2 1 7 21 36 289 4.31 0 0 1 1 2 17 4.25 2
F11 4 4 9 24 26 265 3.96 1 0 1 1 1 13 3.25 10
F12 4 1 23 21 8 219 3.27 13 0 0 3 1 0 13 3.25 10
F13 2 0 7 13 45 300 4.48 1 0 0 0 1 3 19 4.75 1
F14 2 7 16 22 20 252 3.76 10 0 0 0 3 1 17 4.25 2
Table 3: The Results of Reliability Analysis.
Factor No. Factor Original Cronbach’s Alpha Items for Cronbach’s Alpha Value if Item
Value Deletion Deleted
F1 Remaining Service Life 0.74 _ 0.74
F2 Road Condition Indicator (RCI) _ 0.74
F3 Type of Deterioration _ 0.706
F4 Observed Deterioration Rate _ 0.729
F5 Traffic Diversion _ 0.726
F6 Importance/Classification of Road _ 0.725
F7 Annual Average Daily Traffic (ADDT) _ 0.718
F8 Possible Conflict or Overlap with Other Road Works _ 0.729
F9 Risk of Failure _ 0.722
10 Safety Concern _ 0.725
F11 Accident Rate (related to surface condition) _ 0.713
F12 Scheme Cost _ 0.725
F13 Available Funding _ 0.723
F14 Whole Life-cycle Cost _ 0.726
r w, w, n Table 4: Rating Values for Factors.
1 Wiz o win Factors Rating Values for Factors (w)
i . ] F1 w1 4.15
A= " F2 w2 3.87
Lo F3 w3 3.91
W'” M}n o F4 w4 3.84
v w, 1 F5 w5 3.28
- - F6 w6 4.21
Where, F7 w7 3.21
F8 w8 3.72
w, = rating value for factor 1 (F)), F9 WO 3.88
w, = rating value for factor n (F)). F10 w10 4.31
F11 w11 3.96
Table 4 shows the rating values for each of the 14 factors. F12 wi2 3.27
Subsequently, the weights of each factor formed the element of F13 w13 4.48
the rating methodology employed for evaluating alternatives (roads). F14 wi4 3.76
Upon pairwise comparison of the factor rating values of the rating
values as per Table 4, Figure 1 is produced via Excel. ( A=A [) <W =0
The eigenvalue method is used to calculate the relative weights of Where,
factors in the pairwise comparison matrix. The relative weights (W) of
matrix an are obtained from the following equation [9]: A = the most significant eigenvalue of matrix A
J Archit Eng Tech, an open access journal Volume 13 « Issue 2 + 1000378
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Figure 1: Calculated Importance Matrix (Paired Matrix).
Table 5: Average Random Consistency (R.I.).
N 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
‘ RI 0 0 0.6 0.9 1.12 1.24 1.32 1.4 1.45 1.49 1.51 1.48 1.56 1.57 1.6 ‘
0 07 T06E4T most crucial factor (0.083186 out of 1) and F7 as the most negligible
o | factor (0.059610 out of 1). According to [25], the consistency ratio
0071854 | (C.R.) demonstrates the degree of compatibility of data analysed
OOTE0E | through the AHP .mthod. ”Ihl?s,‘ F)y (.ieﬁnit%on,_ the con‘sistency ratio
| reveals any potential incompatibility in subjective matrix scores. The
=g =qT
0071317 consistency ratio should be less than or equal to 0.1 for the latter to be
O M0 o0 deemed acceptable. The consistency ratio formula is:
DO73191 | CR.=CI/RI
0050610 | Where CI stands for the consistency index, and R.I. - for the
random index:
O s Sh3 oy | E:
| 2 - n
max
D.0T2042 = ———
| n—1
O S04 7 . .
The formulas above demonstrate calculating consistency about
0073546 | the largest eigenvalue. The largest eigenvalue Amax (allowing for
0060738 | deviations owing to the large numbers) was obtained via MATLAB
’ ) | R2015a computation software as "14", and when it is applied within the
DOE318E | equation given above, where n is the size of the matrix, CI is calculated
0060814 | as "0". In random matrices, the R.I. is the mean value of CI. R.I. values

Figure 2: Weights of Factors (Eigenvector).

I = unit matrix
The eigenvalue 4 and the eigenvector (Weights of Factors)

were calculated using MATLAB R2015a computation software, and the
results are shown in Figure 2.

ﬂ’max = 1 4

Figure 3 shows the normalised factors' weight of importance; the
sum of all factors equals 1.

The outcome in Figure 3 shows that the ranking sequence does not
differ from Table 4. Normalised factor weights singled out F13 as the

for the matrices comprising N elements (for different matrix orders)
are shown in Table 5 [9].

This study employed an order of magnitude of the pairwise
comparison matrix equal to 14, which yields an R.I. value of 1.57. The
consistency ratio of the comparison process is then calculated using the
CI and R.L values obtained above:

CR=CI/RI=0/157=0

The C.R. value being lower than 0.1 means that consistency is
corroborated in the comparison process.

Developing a conceptual model for pavement maintenance

In summary, a 5-step approach is proposed for the development of
the proposed GIS-based Pavement Maintenance Management model
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Figure 3: Factors’ Weight of Importance.
Table 6: Names of the Roads in Runnymede Used as Case Study.
A30 A308 A317 A318 A319 A320 A328 A329
B3121 B3376 B3407 B375 B385 B386 B387 B388 B389
c10 C125 C126 Cc127 Cc128 C129 C130 C229

to manage pavement maintenance effectively:

Step 1: Identifying Factors Affecting Pavement Maintenance
Management. Before examining other components of the proposed
model, it is essential to identify the factors that influence the
prioritisation process of pavement maintenance. These factors can
influence the model's performance and efficiency. In this study, 14
critical factors were identified through a literature review that should
be considered for the proposed model of pavement maintenance
management.

Step 2: Processing Mechanism and Appropriate Procedure. AHP
was adopted in this study to estimate the relative weights of different
factors considered in the spatial analysis process, prioritise pavement
maintenance, and determine the relative ranking of alternatives.
Calculation of weights of factors was the first stage of the stated AHP
algorithm. To determine the relative ranking of alternatives [roads], a
priority matrix should be determined by assigning scores for factors
according to their classification, which will be achieved in the next
phase.

Step 3: Classification and Assigning Scale of the Model’s
Parameters. In this phase, a scale of 1 to 3 was used for the assigned
data in the priority matrix, where 1 represents the least attention the
pavement needs to be maintained, 2 represents intermediate attention,
and 3 represents immediate attention. However, some factors will also
be classified and scored based on rational judgment.

Step 4: Calculation of Pavement Maintenance Priority Score
(PMPS). The next step will calculate the PMPS, which indicates the
ranking of alternatives. This is done by multiplication of the priority
matrix and the vector of factors' weights. The output of this calculation
is the vector that indicates the ranking of alternatives. The AHP
algorithm used to calculate the Priority Score is presented as follows:

PMPS =-Fi Wi
i=1to 14

Where,
F = Score of Factor (1 to 3)
W = Weight of Factor

Step 5: Application of the Model for Pavement Maintenance
Priority. The outcome of the calculated PMPS in phase 4 will be
integrated into GIS to form the final model. The final model is applied
by using a case study of Runnymede within the Surrey County Council
to test the proposed model. This will help to check that it can be
used and applied within similar local road authorities. Second, the
conceptual distinctions of the model are outlined with an emphasis on
the data fed into and out of it. The calculated AHP algorithm is then
integrated into the GIS platform via Excel software.

Stage 5: Prototyping for testing and validation

This section outlines the development of the GIS model prototype,
aimed at testing and validating its efficacy as a decision support tool
for prioritising pavement maintenance. The objective is to optimise
the allocation of limited resources by LRAs to pavement management.
Initially, the model was tested using 25 roads in Runnymede, Surrey,
selected for their representative nature. Runnymede, situated in the
prosperous London commuter belt, was chosen collaboratively with
Surrey County Council. Displays the geographical layout of Runnymede
roads, while Table 6 lists the names of the 25 roads included in the base
map.

The next step was to assign the data layer of Runnymede roads to
the digital map and then import the database for the calculated ranking
of alternatives (roads) into ArcGIS software. A scale of 1 to 3 was used
for the factors according to their classification. Then the scores of the
14 factors of 1, 2, or 3 were assigned to each road to form the priority
matrix, where 1 represents the least attention for the pavement to be
maintained, 2 represents intermediate attention for the pavement to be
maintained, and 3 represents immediate attention for the pavement to
be maintained.
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Road condition indicator (RCI)

The road network condition is reported nationally using a U.K.
standard RCI, which LRAs adopt, as it is concluded in the code of
practice for highway maintenance management. The RCI takes account
of four parameters: rutting, texture, longitudinal profile, and cracking.
To present the results graphically in the proposed model, a colour
coding convention has been adopted using the traffic light system as
follows as per Table 7.

Green: The road surface is generally in good condition.

Amber: The road surface has some deterioration; hence, further
investigation is needed to determine the best time for planned
maintenance.

Red: The road surface is in poor overall condition and likely to
require planned maintenance soon. [21]

Solving pavement maintenance priority score (pmps)
equation

The aforementioned PMPS equation is calculated to achieve the
overall PMPS. Based on Road Name, an Excel spreadsheet is integrated
into ArcGIS software with the GIS base map layer of Runnymede
roads, as shown in Figure 4, Figure 5, Table 8 and Table 9, illustrate the
calculation of overall PMPS and the distribution of alternative roads,
respectively.

The features of ArcGIS 10 software have been used to combine the
data in Table 9 with data in the attribute table of the base map of the
Runnymede roads layer. Priority values were classified into 3 classes

Table 7: Classification and Scale for Road Condition Indicator RCI Factor. Source:
and Author scaling.

RCI Colour Coding Scale
<40 Green 1
41 to 100 Amber 2
> 100 Red 3

using the Symbology feature, and natural breaks were selected with
three colours to represent each class. The prioritised roads are shown
in Figure 6.

. Red-coloured roads indicate immediate maintenance action
is required, and roads A320, A329, B375, B387, C10, and C129 achieved
the highest PMPS of 2.589282, 2.581762, 3.0, 2.642902, 2.572524, and
2.716987, respectively.

. Amber-coloured Amber-coloured roads indicate a moderate
maintenance action required, where roads A30, A317, A318, B389,
B3376, C126, C130, and C229 achieved the medium PMPS of 2.0,
1.740186, 1.519011, 1.776407, 1.716986, 2.190913, 1.632672, and
1.401482, respectively.

. Green-coloured roads indicate the least maintenance action
required, where roads A308, A319, A328, B3121, B3407, B385, B386,
B388, C125, C127 and C128 achieved the lowest PMPS of 1.0, 1.355996,
1.198862, 1.239568, 1.280432,1.217120, 1.2596, 1.060739, 1.0, 1.224156
and 1.215992, respectively.

In order to visualise each road by its priority score, priority values
were classified into 23 classes as, on two occasions, two different roads
achieved the same priority score value (R2 and R19). Figure 7 shows
the 25 roads with a colour scheme where the darkest colour represents
the highest PMPS and the lightest colour represents the lowest PMPS.

Ranking of alternative roads

The PMPS equation represents the priority of roads regarding
pavement maintenance. Higher scores indicate a greater need for
pavement maintenance. The highest priority of Runnymede roadsis R12
(B375), and the lowest priority is R2 (A308) and R19 (C125). In order
to visualise and demonstrate the ranking of the 25 roads concluded
in the case study, a GIS analysis has been performed. Therefore, the
ranking of roads is visualised in the GIS map according to their colour,
and ranking is also illustrated in the GIS table of contents on the left of
the map, as shown in Figure 8. Also, extracted results from the GIS map
are illustrated in Table 10.
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Figure 4: Base Map for Runnymede Roads.
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Figure 5: PMPS Distribution of Roads in Runnymede.
Table 8: Calculation of overall PMPS for Runnymede.
Road Road F1 F2 | F3 F4 F5 F6  F7 F8 F9 | F10 F11 F12 | F13 | F14 Weights PMPS
No. Name
R1 A30 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0.077064 2
0.071854
0.072606
0.071317
X =
0.060899
0.078191
0.05961
0.069089
R2 A308 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R3 A317 3 3 3 2 1 1 1 2 1 1 2 1 2 1 1.74019
R4 A318 3 3 1 1 1 1 1 2 2 2 1 1 1 1 1.51901
R5 A319 2 1 1 1 1 2 2 2 2 1 1 1 1 1 0.072042 1.356
R6 A320 3 1 1 3 1 3 3 3 3 3 3 3 3 3 2.58928
R7 A328 2 1 1 1 3 1 1 1 1 1 1 1 1 1 1.19886
R8 A329 2 3 2 3 3 3 3 3 3 3 1 1 3 3 2.58176
R9 B3121 1 1 1 1 1 3 1 1 1 1 1 1 2 1 0.080044 1.23957
R10 B3376 3 2 2 2 3 2 1 1 1 1 3 1 1 1 1.71699
R11 B3407 2 1 1 3 1 1 1 1 1 1 1 2 1 1 1.28044
R12 B375 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
R13 B385 1 1 1 1 1 3 1 1 1 1 1 2 1 1 0.073546 1.21712
R14 B386 2 1 1 1 3 1 1 1 1 1 1 2 1 1 1.2596
R15 B387 3 3 3 3 3 3 3 3 3 3 2 2 2 1 2.6429
R16 B388 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1.06074
R17 B389 2 3 3 3 2 2 2 2 1 1 1 1 1 1 0.060738 1.77641
R18 C10 3 3 3 3 3 3 3 3 3 3 3 1 1 1 2.57252
R19 C125 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R20 C126 1 1 2 2 3 3 3 3 3 2 2 2 2 2 2.19091
R21 c127 2 1 1 1 1 1 1 1 1 1 3 1 1 1 0.083186 1.22416
R22 C128 1 1 1 1 1 3 2 1 1 1 1 1 1 1 1.21599
R23 C129 3 3 2 2 2 2 3 3 3 3 3 3 3 3 2.71699
R24 C130 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1.63267
R25 C229 1 1 1 1 1 1 3 3 3 1 1 1 1 1 0.069814 1.40148

Discussion and Conclusion

This paper has illustrated how a visualised GIS model can aid
decision-making in pavement maintenance management. GIS enables
the collection, storage, and analysis of pavement data, offering a distinct
advantage in its ability to manage spatial data and visualise it through

maps. GIS is well-suited for addressing spatial data analysis and
prediction challenges, which are essential for pavement maintenance
prioritisation and decision-making.

A 5-step approach was devised in the prototype development. A
total of 14 factors were initially identified from the literature review
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Table 9: PMPS Distribution of Roads in Runnymede.
Road No.  F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12 F13 F14 PMPS

R1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

R2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

R3 3 3 3 2 1 1 1 2 1 1 2 1 2 1 1.740186
R4 3 3 1 1 1 1 1 2 2 2 1 1 1 1 1.519011
R5 2 1 1 1 1 2 2 2 2 1 1 1 1 1 1.355996
R6 3 1 1 3 1 3 3 3 3 3 3 3 3 3 2.589282
R7 2 1 1 1 3 1 1 1 1 1 1 1 1 1 1.198862
R8 2 3 2 3 3 3 3 3 3 3 1 1 3 3 2.581762
R9 1 1 1 1 1 3 1 1 1 1 1 1 2 1 1.239568
R10 3 2 2 2 3 2 1 1 1 1 3 1 1 1 1.716986
R11 2 1 1 3 1 1 1 1 1 1 1 2 1 1 1.280436
R12 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
R13 1 1 1 1 1 3 1 1 1 1 1 2 1 1 1.21712
R14 2 1 1 1 3 1 1 1 1 1 1 2 1 1 1.2596
R15 3 3 3 3 3 3 3 3 3 3 2 2 2 1 2.642902
R16 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1.060738
R17 2 3 3 3 2 2 2 2 1 1 1 1 1 1 1.776407
R18 3 3 3 3 3 3 3 3 3 3 3 1 1 1 2.572524
R19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R20 1 1 2 2 3 3 3 3 3 2 2 2 2 2 2.190913
R21 2 1 1 1 1 1 1 1 1 1 3 1 1 1 1.224156
R22 1 1 1 1 1 3 2 1 1 1 1 1 1 1 1.215992
R23 3 3 2 2 2 2 3 3 3 3 3 3 3 3 2.716987
R24 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1.632672
R25 1 1 1 1 1 1 3 3 3 1 1 1 1 1 1.401482
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Figure 6: Classified Maintenance Priority for Roads in GIS.

as essential factors affecting the prioritisation decisions in pavement
maintenance. A questionnaire survey involving 64 respondents
and 5 interviews from various LCA across the UK. rated the 14
factors in priority order. Thus, a prototype model was developed as
a demonstration case study with Runnymede within Surrey County

Council, in which a data layer of geographical locations of Runnymede
roads has been assigned to the digital map (base map). A formula
for obtaining the Pavement Maintenance Priority Score (PMPS)
was developed using AHP, the base for ranking the alternatives
and integrated into ArcGIS software with the GIS base map layer of
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Figure 7: PMPS for Roads in GIS.
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Figure 8: Ranking of Roads in GIS.

Runnymede roads. The results have been visualised in the GIS map,
including ranking the 25 defective roads.

Testing and validation of the model with Runnymede LRA
confirmed the following:

. It is rational and straightforward to use; it can effan ectively
srt maintenance mthe anagement of A, B and C roads.

. GIS is an appropriate tool for network analysis.

. It can incorporate opinions of the engineering community
and practitioners on the importance of weighing factors.

Suggestions for future research involve enhancing the model to
ensure that scores are consistently interpreted by each Local Road
Authority (LRA), thus enabling the model to serve as a valuable
national comparison or benchmarking tool in the U.K. Similarly, the
methodology could be adapted for application in other countries.

As a final note, whilst a GIS-based PMMS could be a practical
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Table 10: Ranking of Roads.

Road No. Road Name Range of PMPS Ranking of Roads
R12 B375 2.716988 - 3.000000 1
R23 C129 2.642903 - 2.716987 2
R15 B387 2.589283 - 2.642902 3
R18 C10 2.581763 - 2.589282 4
R8 A329 2.572525 - 2.581762 5
R6 A320 2.190914 - 2.572524 6
R20 C126 2.000001 - 2.190913 7
R1 A30 1.776408 - 2.000000 8
R17 B389 1.740187 - 1.776407 9
R3 A317 1.716987 - 1.740186 10
R10 B3376 1.632673 - 1.716986 11
R24 C130 1.519012 - 1.632672 12

R4, R25 A318, C229 1.355997 - 1.519011 13
R5 A319 1.280437 - 1.355996 14
R11 B3407 1.259601 - 1.280436 15
R14 B386 1.239569 - 1.259600 16
R7 A328 1.224157 - 1.239568 17
R22 C128 1.217121 - 1.224156 18
R21 c127 1.215993 - 1.217120 19
R13 B385 1.198863 - 1.215992 20
R9 B3121 1.060739 - 1.198862 21
R16 B388 1.000001 - 1.060738 22

R2, R19 A308, C125 1 23

solution to overcoming the shortcomings in the existing systems,
Governments also need to look for ways to increase budget allocations
for roads and pavement maintenance. The quality of pavement
significantly affects the quality of transportation and the nature of
traffic along all road networks.
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