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1 Introduction

The purpose of the model is to assist highway authorities in setting maintenance policy by giving an indication of the consequences, in terms of an approximate number of accidents occurring, when a policy is followed.   The model should not be regarded as an accurate prediction of the number of accidents at any one time or location.  The model only provides an indication of the consequences of adopting a particular maintenance management scheme, and should act as a decision aid tool when formulating maintenance schemes for footways.

The model and the user interface have been constructed with the dual aim of providing users with only limited software experience the ability to assess maintenance management schemes, and for expert users to completely customise the software towards specific requirements.

This document outlines the mechanics of the model, the graphical user interface, and operational procedures required to utilise the model.  Detailed information regarding the design of the model and the assumptions and simplifications utilised can be found in TRL Published Project Report PPR171 ‘Development of a risk analysis model for footways and cycle tracks’.  

2 Footway Risk Model

The objective of the model is to apply risk management techniques to the management and maintenance of footways, thereby providing guidance on the risk of accidents occurring for a selected footway maintenance policy.  The risk model for footways was developed to calculate the number of accidents, and the related injury costs, that are likely to occur on a highway authority’s network.  For the purpose of this model the definition of risk management is given as:

‘The identification, analysis and economic control of those risks which can threaten the assets or business of an organisation.'

In the context of footway maintenance risk is measured as the number of injury accidents per km walked.  The model is based on deriving the probability that a person walking over a given defect will fall and be injured, and on the assumption that the numbers of defects on the network will be a dynamic balance between the rate at which they appear and the rate at which they are repaired.  

The model can be used to explore the effects of changes in maintenance policy on the number of accidents.  The model may also be used to provide data, for use in a whole life cost model, on the ‘cost’, in terms of accidents, of not carrying out maintenance work or extending the time period between maintenance works.  

The model has been based on several simplifying assumptions and approximations and further data is required in order to improve accuracy.  The current version of the model provides a useful guide to assist highway authorities in setting maintenance policy by giving an indication of the consequences, in terms of an approximate number of accidents occurring when this policy is followed.   The model should not be regarded as an accurate prediction of the number of accidents at any one time or location.  However as the use of computer databases for recording claims becomes more widespread it will be possible to refine and improve the model through incorporating this new data.  It will also be possible for an individual authority to adapt the model on the basis of local information and conditions.

2.1 Key assumptions utilised in the model
This model is based on risk management reviews, investigation of accidents and reviewing third party claims.  Recent records of third party claims were examined at three local authorities in the UK, in order to identify factors that influence the numbers of accidents.  The numbers of claims in relation to defect height was examined and there is a peak of claims in the range 15 - 20mm (the threshold for safety defects is generally 20mm).  From this, a formula for the probability of a person injuring themselves on a defect of given height is derived.  

Other sources of data on the numbers and outcomes of falls on walking surfaces were examined.  Based on data from the Royal Society for the Prevention of Accidents (ROSPA) the lower and upper bound estimates of the number of Accident and Emergency (A&E) admissions each year, due to falls on public walking surface defects, are around 20,000 and 190,000.  The very large variance between the upper and lower bounds for A&E admission highlights the difficulty in obtaining accurate data for the construction of the risk model.  It is therefore advisable to utilise the risk model as a decision aid tool, and not a definitive calculation of the likelihood of accidents.

Data gathered at one A&E department in London suggested that only about one sixth of footway accidents proceed to claims against the highway authority.  However, this proportion could vary elsewhere.

Medical literature on aspects of walking, tripping and obstacle clearance was reviewed.  Many factors influence whether a person fails to notice a defect; then trips or slips on that defect; then falls; and then injure themselves.  These can be summarised as:  

•
Environmental factors include weather, lighting, distractions, obstacles, slippery surfaces, spills, ridges, ramps and steps.  

•
Personal factors include type of footwear and its slip resistance, and objects being carried.  

•
Biomedical factors include changes due to ageing and disease and the use of medications, drugs or alcohol.  Diseases such as osteoporosis increase the risk of fractures following a fall.  

While the leg is swinging forward, the toe is generally the lowest part of the foot.  A number of studies in the laboratory have shown that the clearance between the toe and the ground is between 15 and 20mm for younger adults, while it is less than 10 mm for the elderly, although no data on toe clearance in outdoor conditions has been located.  As a result of typical toe clearances while walking, a defect of 20mm is generally considered the threshold for safety intervention, hence the value of 20mm is used as a default value within the model.

The default cost of a fall on a footway of £5,606 (2005 prices) has been calculated following the methodology used for deriving the costs of road accidents for use in the appraisal of road schemes. The calculation has attempted to include the whole cost to society, for example human costs and lost output, which are usually overlooked with regard to trip hazards.  Human costs represent the pain, grief and suffering of the casualty, relatives and friends.  Full details for obtaining this value are presented in TRL report TRL Published Project Report PPR171.  

2.2 Risk Model Basics 

The measure of risk is the number of walking related injury accidents predicted on the network.  The model is based on the assumptions that it is possible to derive the probability that a person walking over a given defect will have an accident, and that the numbers of defects on the network will be a dynamic balance between the rate at which they appear and the rate at which they are repaired.

The number of accidents on a section of the network per year (Naccident) is taken to be:


Naccident  = Σ(from h = 5 to 200 mm) F x L x t x Ndefect(h) x Paccident(h)
(1)

Where:

F = pedestrian flow on the section of the footway network (persons per day)

L = length of section of the footway network (km)

t = time of pedestrian exposure to defect (days) 

Ndefect(h) = number of defects, of height h, developing on the network per km per year

Paccident(h) = probability that one person will fall and injure themselves whilst walking past a defect of height h. 

The sum of this product for each height (h) of defect is calculated over the range of defect heights for which information is available e.g. from 5 to 200 mm.  The total number of accidents on the network is the sum of that on different sections e.g. all categories and construction types.

The predicted cost of accidents may be obtained by multiplying the number of accidents by cost of walking accidents derived (£5,606 in 2005 prices).  

Thus: 

Cost (£) = 5,606 x Naccident

The rate at which defects appear on the network and the length of time that defects remain (i.e. the time the pedestrians are exposed to defects) are directly influenced by an authority’s maintenance policy. More preventative maintenance will reduce the numbers of defects that appear and the safety inspection frequency and response time will limit the period for which defects remain un-repaired.

The time that pedestrians are exposed to a defect will vary depending on whether the defect is considered to be a safety defect or maintenance defect:

1. Detection and repair of safety defects (those greater than the safety threshold, typically 20mm and greater)

It is assumed that an inspector will detect every defect exceeding the safety investigation threshold.  Therefore a defect will be present, on average, for half of the interval between inspections before detection.  Also it is assumed that the safety defect will be repaired at the end of the response time.

Therefore the average exposure time of a safety defect (e.g. 20mm and greater) is:

(0.5 x safety inspection interval) + response time.

2. Repair of maintenance defects (those less than the safety threshold, but greater than the maintenance threshold, typically 13mm to <20mm)

Ideally non-safety defects above the maintenance threshold (e.g. 13mm) will be repaired during a programme of planned repair (e.g. patching) following a condition or maintenance inspection.  

Therefore the average exposure time to non-safety defect (e.g. 13mm to <20mm) is:

0.5 x (maintenance inspection interval) 

However it is understood that many authorities have only sufficient resources for repairing safety defects and programmed repairs are not carried out.  Therefore non-safety defects will remain on the network until the footway is re-surfaced.  In which case the interval between re-surfacing should be substituted into the above equation.  The model may be used to explore the benefits of reducing this interval or carrying out programmed maintenance.

3. Repair of non-maintenance defects during re-surfacing

All defects will be removed during re-surfacing or reconstruction of the footway.  Some authorities have sufficient resources to carry out a programme of resurfacing but if this is not done the model may be used to explore the benefits of such a policy.  

Therefore the average exposure time to non-safety defect (e.g. less than 13mm) is:

0.5 x (re-surfacing interval).
3 Footway Risk Model Parameters and Outputs

Operation of the risk model requires very little understanding of the mechanics of the model, but does require an appreciation of the input parameters, which parameters the model calculates, and the output parameters.

The input parameters of the model are:

•
The relevant footway categories within a local authority, or just those footway categories that require analysis. 

•
Pedestrian flow in each category.  In the absence of any reliable local data on pedestrian flow it is suggested that the nominal flows given in TRL Published Project Report PPR171 are used, which are based on a collation of national flow information.  These nominal values appear as default values on the software model.

•
Length of network in each category and any other sub-division for which information is available e.g. construction type.

•
Inspection intervals, response time and safety and maintenance intervention thresholds.  

The output parameters of the model are:

•
Cost of accidents below the maintenance threshold.

•
Cost of accidents between the maintenance and safety threshold.

•
Cost of accidents above the safety threshold.

•
Total cost of all accidents.

All costs are based on the cost of accidents per kilometre per year, and can be considered for each footway category or the total value for a complete network.

4 Operational Guide

4.1 Graphical User Interface

The footway risk model is based on a Microsoft Excel Spreadsheet, enhanced with Macros, Visual Basic programming and an intuitive Graphical User Interface (GUI).  Two versions of the model are available; the compact version which only permits access to the GUI, or an advanced version that permits access to the spreadsheet model.  The GUI has been designed to allow the user to efficiently compare the accident and cost effects of various maintenance management schemes with only a minimal understanding of the mechanics of the model.  For those users wishing to analyse the model in greater detail, or alternatively alter the model to better reflect their own requirements, the full spreadsheet model can be accessed and modified.   

Figure 1 highlights the GUI displayed on the front page of the spreadsheet model (all other pages can be locked/unlocked depending on user requirements).  The GUI consists of seven labelled panels, six command buttons, and a check box to switch between the advanced and compact version of the model.  The GUI has been designed to encourage the entry of data in a sequential order (as indicated by panel numbers), and in sections of related parameters.  Table 1 outlines the purpose of each panel.
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Figure 1 Graphical User Interface (GUI) for Footway Risk Model

Table 1 GUI Panels and descriptions 

	Panel
	Description

	1
	Panel 1 is utilised to input the footway assets that are subject to the maintenance management scheme.  The user can select an individual footway category to study in isolation, or select a range of footway categories simultaneously.  Upon selecting the desired footway categories, the user inputs the length in kilometres of each footway material, and the total number of pedestrians utilising each footway category.

	2
	Panel 2 is utilised to input maintenance management standards for each footway category.  Maintenance categories can be entered for individual footway categories, followed by proceeding to panel 2, or for all footway categories under investigation.

	3
	Panel 3 is utilised to input safety management standards and defect response times. 

	4
	Panel 4 is utilised to input accident and injury variables.  The cost of a footway injury in pounds, and the injury claim ratio (ratio of number of claims to number of injury accidents) must be supplied by the LA or the default value in the model can be kept.  This was based on highways data in TRL Report 171 which found that one sixth of accidents proceed to claims.  Although both variables can be altered, for any given year these variable are unlikely to vary.

	Information
	The information panel highlights relevant details for a selected input box.  The information panel serves as a reminder of the type of information that should be supplied.  Full details are available in TRL report PPR171.  

	Control
	The control panel contain four buttons and is utilised to perform a calculation, reset default values, and print reports.  A check box is utilised to switch between the advanced and compact version of the model.

	Results
	The results summary panel provides an overview of the cost and accident implications for a given maintenance management policy.


For ease of use the basic GUI contains only six command buttons, each with an intuitive label.  Each command button is created using visual basic and can be customised or combined with new buttons as required by the user.  Table 2 highlights the purpose and actions performed by each command button.
Table 2 Command buttons on the GUI.
	Command Button
	Description

	Proceed
	To proceed between input panels the users is required to press the relevant proceed button.  The proceed button encourages the user to fully complete the current panel before being presented with further input boxes.

	Are you ready to calculate?
	The model, and hence the results panel, will not be activated until the command button is pressed.  Therefore the user can make all relevant changes to a maintenance management scheme before being presented with cost and accident statistics.

	Reset default values?
	This command button resets all input values in panels 1, 2, 3 and 4 to default values.  Expert users may wish to change the default values to match their current assets.

	Print Report
	The print report command prints a detailed version of the model inputs and outputs (see section 4.3 and Figure 4).

	Print Summary
	The print summary command prints the GUI with input and result values.

	Advanced Mode On
	The Advanced Mode On provides access to both the advanced footway risk model spreadsheet (see Figure 4) and the various worksheets that house the risk model.  The advanced mode is recommended for expert users who understand the potential implications of altering the mechanics of the model.


The GUI requires that the user inputs a range of parameters.  All parameters are thoroughly discussed within TRL Published Project Report PPR171 Development of a risk analysis model for footways and cycle tracks.  A summary description of the parameters is provided in Table 3.  

Table 3 Description of footway risk model input parameters/variables
	Model Variable
	Description

	Footway category
	Footway category according to Delivering Best Value in Highway Maintenance – Code of Practice for Maintenance Management (2001). The Institution of Highways and Transportation (IHT). London.


	Pedestrian traffic
	Daily pedestrian flow in number per day on each category of footway.  Nominal values, for the use in the absence of local data, are contained in TRL Report PPR171 and are: Cat 1a: 10,000, Cat 1: 10,000, Cat 2: 1000, Cat 3: 500, Cat 4, 200.


	Surface type
	Either bituminous, block paving, concrete or flags.  In the model the accident rate was shown to vary with surface type.


	Length in network
	Length of footway in km in each category and of each surface type.


	Interval between resurfacing
	The interval in years between each complete restoration of the surface, e.g. by surface dressing or reconstruction.


	Maintenance inspection interval
	The interval in years between each maintenance or condition inspection, following which all defects of height greater than the maintenance defect threshold will be repaired.


	Maintenance defect threshold
	The threshold in mm of the maintenance defect threshold e.g. 13mm.


	Safety inspection interval
	The interval in days between each safety inspection, following which, and after the safety defect response time, all defects of height greater than the safety defect threshold will be repaired.


	Safety defect threshold
	The threshold in mm of the maintenance defect threshold, e.g. 20mm.


	Safety defect response time
	The period in days after the safety inspection when all safety defects will be repaired.

	Cost of footway injury accident
	The cost of an accident (£) on a footway which forms the basis for economic evaluation of measures for preventing footway falls, see TRL Report 171.  It includes the following cost elements: lost output, human costs, medical and ambulance and was £5606 in 2005 prices.

	Injury Claim Ratio
	The ratio of the number of claims to number of injury accidents.  Only a small number of injury accidents result in claims.


4.2 Operation of the Footway Risk Model

Utilising the GUI panels in sequential order provides an intuitive method for inputting values into the model.  Figure 2 is a flowchart which expands upon the process required to input values into the GUI and how to activate the model.
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Figure 2 Flowchart of actions

Figure 3 shows a completed GUI with all input parameters completed, a calculation performed, and results displayed.  Alteration to the input parameters can be made by inserting new values into the relevant input boxes followed by pressing the calculate button.  The GUI presents only a summary of the model outputs/results.  A detailed analysis of the models outputs can be achieved by printing a report, or accessing the advanced version of the model.
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Figure 3 GUI with default values

The five panels can be cut and pasted into other documents as either an Excel object or a picture allowing for the production of reports and the dissemination of information.

4.3 Advance Version Input and Output of Detailed Results

The advanced version of the model permits a thorough investigation of the model outputs.  Figure 4 highlights a sample of the detailed output using either the print report command button or the advanced version of the footway risk model.  The detailed output contains all input values, broken down by footway category, material type, maintenance/safety policy and relevant results.  

The advanced user can access the spreadsheet table shown in Figure 4 and directly input new parameter values.  This method requires caution as inputting new values will lead to an immediate recalculation of the number of accidents and costs (this method by-passes the calculate button).  
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Figure 4 Footway Risk Model Spreadsheet

Table 4 provides a description of the results presented in the footway risk model.
Table 4 Description of model results

	Model Variable
	Description

	No. accidents (below maintenance threshold)
	The number of accidents per year occurring on defects of height between 5mm and the maintenance defect threshold.

	No. accidents (maintenance to safety threshold)
	The number of accidents per year occurring on defects of height between the maintenance defect threshold and the safety defect threshold.


	No. accidents (above safety defect threshold)
	The number of accidents per year occurring on defects of height greater than the safety defect threshold.

	Number of accidents per year
	The total number of accidents per year occurring on defects of height greater than 5mm.



4.4 Advanced Version Worksheets
In addition to the footway risk model spreadsheet highlighted in Figure 4, the advanced version of the model provides the user with access to all the worksheets contained within the model.  The worksheets contain the mechanics of the model and the statistical data utilised to produce the results highlighted in Table 4.  A brief description of the worksheets is provided in Table 5.  For further information refer to TRL Published Project Report PPR171.  


Table 5 Description of the model worksheets

	Worksheet Name
	Description

	Defect & Probability Data
	Defect incidence and probability of injury on defects as derived in TRL Report PPR171

	No. defects per year
	A graph showing the number of defects developing per km per year.

	Probability accident
	A graph showing the probability of an accident occurring (per billion persons passing) for a range of defect heights.

	Calc sheet 1
	Subsidiary calculation sheet used to calculate the summation of product of defect distribution and probability of accident functions.

	Annual costs per sq m
	This sheet shows the cost of accidents in each year, per square meter, for each footway category and surface type following the maintenance policy parameters entered in the Main Sheet.

	Resurface year
	The number of years since the last resurfacing is calculated here.

	Maintenance year
	The number of years since the last maintenance inspection is calculated in this worksheet.


4.5 Advanced Model and Customisation

All aspects of the model are constructed using the standard Microsoft Excel package and the Visual Basic programming language that is typically available through Excel.  The utilisation of such standard software packages permits the complete customisation of the software by advanced users.  The GUI can be altered to include custom default values or new buttons.  The model can also be enhanced to take advantage of newly available accident and claim statistics. 

Any alterations to the model can lead to significant alterations to achieved results.  It is therefore advisable to make back-up copies of the model before attempting any modifications.   

5 Limitations of model

It is apparent from the study of the physiology of walking that many factors influence whether a person notices a defect, falls on this defect and then injures themselves.  However in order to develop the model it was necessary to make some simplifying assumptions to take into account factors for which data are available and to make judgements as to which are the most significant factors.  

It is apparent that information on these factors is limited and comes from a variety of sources where data is not recorded in a consistent way.  In particular, on present information it was not possible to distinguish between the hazardous nature of different types of defect (e.g. a step or pothole; vertical or bevelled edge, longitude or transverse).  It is assumed that accidents are caused by trips because it is probably true that the ‘trip’ component of most defects such as potholes, kerbs, reinstatements, ruts, ironwork, etc. is the cause of most accidents.  

It was not possible to distinguish between the severity of injuries resulting from a fall.  However it is considered that injuries sustained will more relate to the person falling (e.g., health and age) than the nature of the defect, and are thus largely outside of the control of the highway authority.  Also, insufficient data were found for developing a similar model for cycle tracks. 

In determining probability of an accident Paccident(h) it has been assumed that the risk of an accident is the same for all users. This is not strictly true as elderly people and young children have a higher risk of injury than other groups. It is however apparent that fit and able pedestrians are capable of avoiding most defects.  Also, it has been assumed that footways are essentially narrow features, i.e. the width of the footway or location of defect across the width of the footway is not taken into account.

6 Future work
It is hoped that future work will enable the further development of the risk management model.  Further information is required to be collected on:

(
trips and slips relating to surface type
(
cost and types of claims.

This will enable all common surface types to be included and data on costs and types of claims from more authorities will make the model more robust.  In addition a costing exercise could be carried out on different scenarios to examine whether increased surveys and maintenance would result in an overall saving if the number of claims were reduced.
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