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Abstract

City of Tamworth commissioned ARRB Transport Research to provide Council with an independent assessment of the City’s road conditions and maintenance strategies to measure if the current level of maintenance funding was adequate to sustain the network to a satisfactory level of service.

The study involved a survey of community levels of service expectations on various road conditions and to establish appropriate ride quality intervention levels.  Included in the study were surveys of existing road roughness conditions across the road network and the analysis of this data using a pavement life cycle costing model for local roads using both road user and maintenance costs to arrive at optimal conditions.

The study results provided Council with various annual levels of funding required for different sets of ride qualities.  This information proved most valuable for the engineering staff to explain and support future maintenance strategies to Council and the level of annual maintenance budget required.
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Introduction

This report outlines work recently undertaken by ARRB Transport Research for Tamworth City Council (Roper and Martin, 2000) to assist Council determine an appropriate annual maintenance funding level based on an independent and scientifically based methodology.

The work involved various tasks including a staff training program on best maintenance practices, conduct of quantitative road roughness condition surveys, the establishment of community levels of service expectations and the analysis of the information collected to determine the level of annual maintenance funding needed by the City of Tamworth.

This paper deals with the latter two tasks.  It reports on the results obtained to determine the maintenance funding required or funding gap to achieve road maintenance standards that meet the community levels of expectations.  Also included are the outcomes on Council’s deliberations on the study report and its findings.

Survey of Community Levels of Service Expectations

This activity was aimed at gaining a better understanding of the expectations that the community has for the levels of service provided on local roads.  The results of this survey provided Council with valuable information on the factors that concern the community regarding the condition of local roads.  These community expectations were also translated into objective measures of road condition that were used in the subsequent pavement life cycle costing (PLCC) analysis and used to estimated funding levels across the road network.

The following Sections describe the methodology developed by ARRB TR to meet the requirements of this task.  The procedures used in the study to assess community expectations of levels of service fall into three main areas.

· Selection of a number of representative local road segments from within the Tamworth local road network that meets given criteria.

· A representative panel of local community members surveyed to determine what factors influence their assessment of road conditions.

· The results from the ride quality assessment are analysed to determine a community acceptable level of roughness that can be utilised in subsequent PLCC analysis.

Details of the Survey

Road Sampling

Eight road samples for the survey were selected after results from a recent roughness survey.  The final route covered roughness levels from 51 NAASRA Roughness Measures (NRM) to 197 NRM.  The smoothest section was an asphalt surface while all other sections were chip seal surfaces.  Traffic levels varied from 150 to 1927 average annual daily traffic, (AADT).  

All the road sections selected could be described as urban roads in a rural region.  

Community Panel Selection

The survey used a panel of sixteen volunteers from the general Tamworth Community.  The panel consisted of ten males and six females with at least one male and one female from each of the specified age groups, with the exception of the over 60 group where no female respondents were available.

General Assessment Survey

Before the panel members were taken over the survey route, they were asked to consider a number of factors that could influence their perceptions of general road conditions.  These questions were not directed to any specific road in the sample, as they were aimed at gaining a general understanding of the factors that influence the community’s assessment of road conditions.  The panel was asked to rate these factors in terms of high, medium or low influence on their perceptions of general road conditions.  The factors considered to influence perceptions were the following:

· quality of ride/roughness;

· type of road surface;

· road width;

· potholes;

· edge wear;

· rutting;

· road geometry (sharp curves, steep roads);

· safety;

· road side vegetation;

· drainage of the surface;

· road signs; and,

· other

Ride Quality and Road Condition Assessment

Each member of the panel had the choice to drive or be driven over the sample roads.  After each section was travelled, the panel member was asked to make two separate assessments of the section of road just travelled.  The first assessment was based purely on ride quality or roughness in terms of a number, or community index of roughness from 0 (bad) to 10 (excellent) of each sample road (see Table 1).

Table 1

Road Condition Assessment Scale

Bad
Poor
Ade-quate
Good
Very Good
Ex-cellent

0
1
2
3
4
5
6
7
8
9
10

The second assessment was based on overall road conditions where the subject can take into consideration all the factors they consider relevant and is scored in the same manner as ride quality.  

Determination of a Community Acceptable Level of Roughness

The purpose of the ride quality assessment was to determine a community acceptable level of roughness that can be utilised in the subsequent PLCC analysis.  Ideally, this value is the maximum roughness that should not be exceeded during the life cycle of any given local road.

Linear regression was used to determine the coefficient and constant values for the equation using the roughness ratings given by all panel members.

Results of Community Survey

Factors Influencing Community Perceptions

A simple ranking analysis was performed on the survey results of factors that influence community perceptions of road conditions.  The rating of each of the factors were weighted as follows: the high rate of influence was weighted by three; the medium rate was weighted by two; and, the low rate was weighted by one.  Consequently, each of the factors was scored and ranked by summing up the weighted ratings.

Figure 1 shows the overall results of all panel members for the general assessment survey.  The factors are presented with the most important at the top of the chart and the least important at the bottom.  The horizontal axis is based on the summed total of the factor weights while the figure in parentheses at the right of each bar is the ranking of each factor.

It can be seen that ride quality or roughness is the most important factor for Tamworth motorists, closely followed by potholes (2) and safety issues (3).  The least important factors are the geometry (11) and the roadside vegetation (10).

Community Assessment of Roughness and Road Conditions

The community assessment of each road sample comprised two separate assessments.  The first required an assessment based exclusively on ride quality or roughness as perceived by the panel member as they travelled the section of road.  The second assessment made by each panel member is a judgement on the overall road condition taking into account any factors that may influence their perception of the condition of the road.  This rating is not intended to include the actual use of the road sample in question, such as its function as a residential, industrial or collector road.  

Assessment of Ride Quality/Roughness

Linear regression analysis was performed on all ride quality assessments using the community index ratings as the independent variable and the measured roughness as the dependent variable.  The moderate r2 (goodness of fit) result of 0.51 suggests over 50% of the variation in community perception is explained by the variation in road roughness.

Figure 2 is a scatter plot of the observed community ratings versus the measured road roughness.
Assessment of Overall Road Conditions

The second part of the community assessment of the road samples required panel members to rate the overall condition of the road using a similar scale to the ride quality assessment.  Subjects were advised to consider all factors that they felt were relevant including ride quality and all the factors covered in the general assessment survey.  The panel members were also requested to try and disregard the actual usage of the road samples in question as they were not selected based on their current use.  Comments made by panel members during the survey indicate that this last directive proved difficult to achieve for some respondents. 

Summary of Survey Results of Community Levels of Service 

· Ride quality or roughness was the most important factor influencing the community’s assessment of road conditions.  The second most important factor was potholes and the third most important factor was safety issues.

· The limit of community acceptable level of roughness was estimated to be 155 NRM based on the 95% confidence interval for the sampled roads.  This limit was based on the relationship between measured roughness and the community index or rating of roughness for the eight sample roads representing the Tamworth network.

The community assessment of overall road condition produced a wider range of ratings than found for the assessment of acceptable levels of roughness.  This wider range of ratings was probably due to factors other than road condition being used in this assessment by the community.  However, the mean of these ratings for overall road condition tended to follow the relative roughness levels of the samples.  This outcome tends to confirm that roughness is the main factor influencing the assessment of road condition.

Pavement Life Cycle Cost Analysis

Methodology

A PLCC analysis was applied to the City of Tamworth road network defined in terms of five road categories.  These road categories encompassed defined lane lengths of the following:

· Rural Collector/Local;

· Urban Sub-A;

· Urban Collector;

· Urban Local;

· Industrial Road.  

Each of the above road categories was defined by the following variables: an average state of road roughness; an average level of AADT; percentage heavy vehicles; and, an environmental condition.  

ARRB TR PLCC Model

The ARRB TR PLCC model estimated the minimum possible (or optimum) total life cycle cost (LCC) for the unconstrained annual agency budgets based on achieving the minimum present value (PV) sum of road agency and road user costs, over the 60 year analysis period using a real discount rate of 8%.

The model incorporates agency and road user costs based on the roughness predictions for all road categories made during each road category’s life cycle.  The ARRB TR network pavement deterioration model predicted rates of pavement deterioration ranging from 1.0 to 1.5 NRM/year for the Tamworth road network.  This range of pavement deterioration rate is also reasonably consistent with historical pavement condition data supplied by Tamworth Council.  Council data from a 1997 roughness survey of the Tamworth network shows an overall network average roughness of 115.3 NRM while the recent 2000 roughness survey results indicates this has increased to 120.9 NRM.

Road Agency Costs

During minimisation of the total LCC for each PLCC analysis, the average annual pavement related maintenance expenditure, ME, during the pavement deterioration cycle was varied from $150 to $30,000/lane-km.  The average annual pavement related maintenance expenditure, ME, is the pavement-related expenditure on routine and periodic maintenance activities.  An ME of $150/lane-km represents minimal pavement related routine maintenance such as, pothole patching and kerb and channel cleaning.  On the other hand, an ME of $30,000/lane-km represents major pavement related routine and periodic maintenance activities such as, extensive major patching, surface correction and resealing.  The magnitude of ME influences the rate of pavement deterioration in the ARRB TR pavement model.

Road User Costs

Road user cost formulae used in the PLCC model are based on HDM-III road user cost algorithms calibrated to Australian conditions and vehicle types (Thoresen and Roper 1996).  Consequently an analysis produces estimates of unit vehicle operating costs over a wide range of road surface and alignment conditions for a range of typical traffic compositions.  The result of this analysis was then used to produce simplified equations for use in the PLCC model.  

Specific Tamworth Network Pavement Model Parameters

The lane lengths of the road categories that comprise the Tamworth road network used the following pavement model parameters:

· estimates of average pavement age (years since last rehabilitation or construction). 

· representative estimates of the average pavement/subgrade strength, defined in terms of modified structural number, SNC (Paterson 1987). 

· a representative estimate of the average Thornthwaite Index, I, an aggregate measure of environmental effects. 

Discussion

Total Life-Cycle Costs (LCCs)

Figure 3 depicts the results of the total LCCs and annual agency cost (maintenance and rehabilitation costs) variation with maximum network roughness over the 60 year analysis period for the PLCC analyses.  Figure 3 shows that the minimum total LCC occurs at a maximum network roughness of 169 NRM on Rural Collector/Local roads with an annual pavement related maintenance and rehabilitation budget of $1.714 million.  Decreases in the annual budget from $1.714 million cause total LCCs and the maximum network roughness to increase, as expected.  

With the City of Tamworth’s 2000/01 annual pavement related maintenance and rehabilitation budget of $1.158 million, it is not possible to maintain the road network at the maximum community acceptable roughness limit of 155 NRM over the 60 year life-cycle used in the PLCC analysis.  This budget is maintaining the network in an adequate condition at present, on average, although some of the sampled roads actually have much higher roughness levels than the maximum community acceptable roughness.  This result suggests that the current annual maintenance and rehabilitation budget is not adequate to meet community expectations for the longer term.

Figure 4 plots the total LCC and annual budgets against the average network roughness.  The average network roughness shown is the maximum average roughness occurring on any road category in the network.  The average roughness for each road category is estimated by weighting the average of the roughness on each road category by its road length relative to the total network road length.

Agency Costs 

As noted above, the minimum total LCC occurs when the annual budget for pavement related maintenance and rehabilitation is $1.714 million (optimal expenditure), and the best sub-optimal solution for the annual pavement related maintenance and rehabilitation budget is $1.4 million.  This sub-optimal budget is $0.556 million higher than the $1.158 million for the 2000/01 budget by Tamworth City Council.  However, it should also be noted that the estimated annual agency costs in a PLCC analysis are highly sensitive to the predicted rates of pavement deterioration (Martin and Roper 1997).  

Distribution of Annual Agency Costs

A summary of the annual agency cost distributions from the PLCC analyses is shown in Table 2 where the annual budget is distributed into the various road categories (in percentage terms of the network budget).  The percentage of the budget distributed to each road category into maintenance and rehabilitation expenditures is also shown in Table 2.  The following variations of agency costs on the road categories were noted with reductions in the annual agency budget from $1.714 million to $1.158 million:

Annual Maintenance Costs

A summary of annual maintenance cost outcomes from the PLCC analyses is also shown in Table 2 where the annual maintenance expenditure for each road category is expressed as a percentage of the annual budget for the road category. 

Annual Rehabilitation Costs

A summary of the annual rehabilitation expenditure outcomes from the PLCC analyses is also shown in Table 2 where the annual rehabilitation expenditure for each road class is expressed as a percentage of the annual budget for the road class.  The following variations in rehabilitation expenditure on the road categories were observed with reductions in the annual budget from $1.714 million to $1.158 million:

Summary 

ARRB TR's PLCC model estimated, under the condition of no traffic growth, the following for the roads that comprise the City of Tamworth’s road network:

· The annual budget needed for pavement related maintenance and rehabilitation is $1.714 million to achieve the minimum possible network total LCC.  This annual budget results in a maximum network roughness of 155 NRM on the Urban Collectors.  

· The best sub-optimal solution is an annual pavement related maintenance and rehabilitation budget of $1.4 million.  This budget results in a maximum network roughness of 174 NRM on the Rural Collectors.  

· The 2000/01 annual pavement related maintenance and rehabilitation budget of $1.158 million results in a predicted maximum network roughness of 263 NRM on the Urban Locals category.  

· The above result suggests that the current annual maintenance and rehabilitation budget is not adequate to meet community expectations for the longer term, although this annual budget is currently maintaining the network in a condition that generally meets the community’s expectations.  

City of Tamworth Deliberations

The results of these investigations were presented to Council at a Councillor Forum where vigorous interaction between staff, consultants and Councillors was encouraged and occurred.  Council considered the study recommendations when debating its annual budget allocations. For the first time Council was presented with a methodology to enable a balancing of several considerations – community aspirations, technical advice and budget restraints.  Whilst Council has not opted for the optimum solution it has redirected expenditure into a non popular area – road maintenance – The adopted methodology has allowed Council to make a measured response to all is obligations.  Further movement towards optimal expenditure levels are expected in subsequent budgets.  As Council builds up a history of road performance viz a viz funding levels the benefits of this approach will become better demonstrated.
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Appendix A

Table 2 
Summary of Agency Cost Distributions

Road Category
Budget = $1.714 million/year
Budget = $1.40 million/year
Budget = $1.158 million/year


%
Maint.
%
Rehab.
%
Total
%
Maint.
%
Rehab.
%
Total.
%
Maint.
%
Rehab.
%
Total

Industrial Road
33.7
66.3
5.4
32.2
67.8
6.4
27.9
72.1
6.8

Rural Collector/

Local
36.1
63.9
19.3
40.1
59.9
15.5
49.2
50.8
15.3

Urban Collector
36.5
63.5
20.0
40.1
59.9
22.1
40.8
59.2
25.3

Urban Local
32.2
67.8
49.1
39.1
60.9
48.7
19.3
80.7
44.4

Urban Sub-A
42.9
59.1
6.2
44.1
55.9
7.3
40
60
8.2
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Figure 1: Perception of Road Conditions, Relative Importance and Ranking of Factors, All subjects
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Figure 2: Measured Roughness vs Community Index of Roughness Observations

Figure 3: Total LCC and Annual Agency Cost vs Maximum Network Roughness
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Figure 4: Total LCC and Annual Agency Cost vs Average Network Roughness
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