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An Important Note for the Reader

The research detailed in this report was commissioned by Transfund New
Zealand.

Transfund New Zealand is a Crown entity established under the Transit New
Zealand Amendment Act 1995, Its principal objective is to allocate resources to
achicve a safe and efficient roading system. Each year, Transfund New Zealand
invests a portion of its funds on research that contributes to this objective.

While this report is believed to be correct at the time of its preparation,
Transfund New Zealand, and its employees and agents involved in the
preparation and publication, cannot accept any liability for its contents or for any
consequences arising from its use. People using the contents of this document
should apply, and rely upon, their own skill and judgement. They should not rely
on its contents in isolation from other sources of advice and information. If
necessary they should seek appropriate legal or other expert advice in relation to
their own circumstances.

The material contained in this report is the output of research and should not be
construed in any way as policy adopted by Transfund New Zealand, but may
form the basis of future policy.
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Executive Summary

This research investigated the relative merits of a number of different simulation packages
for modelling vehicle interactions on rural highways. A review was also made of models of
rural crash risks and their application in New Zealand was considered. The main objectives
of the research, carried out in 2001/02, were:

To identify suitable software packages for rural road simulation and assess their features.

To compare the performance of different packages in assessing vehicle speed prediction,
vehicle interaction, and relative crash risks,

To consider the potential future application of such packages in New Zealand.

Survey Scoping and Site Selection
A review of local and international literature on relevant topics revealed:

Horizontal and vertical alignments have the greatest influences on driver speed selection
and therefore need to be modelled with some precision.

Estimation of undesired vehicle-following and congestion delays is another important use
of modelling, and is affected by traffic volume and composition, available passing sight
distance, and traffic speed distributions,

Predicting speed changes due to roadside development and changes in speed limits is
particularly difficult, and site-specific measurements are recommended.

Narrow road widths do not appear to have as much influence on vehicle operations as
other factors, particularly for modelling on State Highways. Other features that can affect
modelling of highway traffic, both in terms of delays and safety problems, include side
roads, one-lane bridges, and roadworks with traffic control.

Most simulation models developed to date have been designed specifically for evaluation
of efficiency issues (e.g. travel time savings and reductions in time spent following)
rather than assessment of safety benefits. Analysis of both within the same package
would be preferable for project development purposes.

At present, most detailed rural simulation in New Zealand is carried out using TRARR
(ARRB Transport Research, Australia). However a number of existing concerns and
limitations have been identified with this package, and no further upgrading is planned.

TWOPAS 98 (FHWA, US) is a similar tool and current ongoing development makes it an
attractive long-term proposition. However, its appropriateness and practicality for New
Zealand use needs to be confirmed.

Network micro-simulation packages like PARAMICS 2001 (SIAS, Scotland), commonly
used for urban and motorway modelling, may also have the potential for rural simulation,
subject to appropriate underlying driver behaviour models.

A desirable rural road model for New Zealand project evaluation should be able to take
in a range of road, environment, traffic, vehicle and driver attributes and accurately
predict vehicle speeds, running costs, crash risk, emissions, and driver comfort.

A practical model ideally requires a number of other "efficiency" features, such as an
intuitive graphical interface, easy creation/editing of input data, incorporation of field
data, customised outputs for project evaluation, and good documentation.

Incorporation of road-modelling features into existing road design packages could enable
built-in assessment of designs in terms of road user benefits and costs, resulting in more
immediate feedback on the most optimal designs,

From these findings, a survey plan (sites, methodologies) was developed to enable collection
of suitable field data for assessment of the various simulation models.



Field Data Collection and Simulation
Following field surveys at over 20 rural highway locations, subsequent analysis and
modelling showed:

L

While some project types (e.g. passing lanes) are well served by modelling tools, others
are still not well supported. There may be scope for further research to develop suitable
analysis tools for the industry.

Each of the three main models investigated appears to have particular strengths over the
others when considering different project applications, and therefore have a part to play
in New Zealand rural modelling.

TRARR still has a significant advantage in terms of familiarity to many New Zealand
practitioners, and well-established support tools to enhance its use for project evaluation.

TWOPAS generally has modelling features at least as comprehensive as TRARR.
However at the moment it is limited when bringing in road alignment data antomatically.
The forthcoming update of TWOPAS offers more promise.

PARAMICS provides considerable flexibility to model non-traditional rural simulation
situations, however it is more difficult to quickly set up. The applicability of the model's
underlying theory to rural New Zealand roads is also unclear.

There are existing usability and software problems with both TWOPAS and PARAMICS
that need to be addressed in future versions to make them more practical for rural
highway use in New Zealand,

From these findings, an initial ranking of suitability for different project types was produced.

Review of IHSDM and Related Safety Models
A review of local and international rural crash risk modelling revealed:

Most existing crash analysis procedures are "static" models, i.e. they predict crash
numbers by combining typical crash rates for a certain facility, traffic volumes, and
maybe additional site-specific modifying factors.

Micro-simulation could be used to observe traffic "conflict” events and assess likely
crash rates. The application of this approach to mid-block situations is still relatively
untapped, particularly where the measured conflicts are fairly rare.

On rural routes, road features (e.g. curvature, roadside hazards, sight distance) are more
important in determining crash likelihood and severity, whereas urban drivers are usually
more constrained by either speed limits or other road users.

Research has found increasing crash risks related to increases in horizontal curvature and
absolute gradient as well as reductions in available sight distance.

Higher mean speeds, speed variances, and speed environment differences increase crash
rates and severities. An accurate means of predicting vehicle speeds is therefore
necessary.

Interactive Highway Safety Design Model (FHWA, US) is a suite of tools for assessing
the safety impacts of design decisions on two-lane rural highways. Its use in New
Zealand, using local design standards, is a promising approach although considerable
road design data is required for input.

Other potentially relevant road safety models recently developed internationally include
SafeNET (TRL, UK), Road Safety Risk Manager (ARRB, Australia), and TARVA
(FinnRA, Finland). Many would probably require some adjustment to their parameters to
give suitable estimates in New Zealand.



Some road safety models examined could provide a reasonable estimate for New Zealand
of the relative change in crashes between two situations, but not asbsolute crash
prediction, due to roading, social and legislative environment differences.

Inclusion of actual historical crash data should greatly help adjust crash predictions for
local effects that are otherwise difficult to account for, and should allow a relatively
simple but effective model to be developed and used fairly quickly.

In New Zealand, typical rural crash rates are available for broad terrain/volume
categories, as well as predicted crash changes for specific treatments, curve speeds, and
different cross-section attributes. However there is little specific gnidance on how
combined roading changes might be dealt with, or the effect on different crash types.

New Zealand's relatively well-integrated systems for collating highway and crash data
provide valuable sources of data on the effectiveness of various road safety treatments.
These advantages should be maximised in both developing and using any crash models
here, with detailed on-site data collection where required.

Head-on/lost-control curve crashes curves comprise 49% of all reported rural two-lane
crashes in New Zealand, followed by similar crashes on straights (21%). Less commeon
are rear-end/obstruction (11%), intersection (9%) and overtaking (8%) crashes, although
they play a much greater role on three/four-lane highways.

Rural crash models that are more sophisticated than the existing evaluation procedures in
New Zealand may be required to identify the often minor effects of changing small
aspects of roading design for incremental safety improvements.

Recommendations
The following items are recommended for further investigation or action:

Undertake further examination of the potential for incorporating safety assessment into
future development of existing "travel efficiency” simulation models.

Undertake further surveys as described in the survey plan to further validate the accuracy
of the various simulation tools, particularly "before and after" surveys.

Encourage the use of different simulation packages on rural roading projects, particularly
those more suited to a certain application, to obtain the most appropriate project
evaluation and to develop experience by practitioners.

Arrange technical workshops introducing the various modelling options to practitioners,
and providing guidance on how to use them for various applications.

Continue to monitor developments in models such as TWOPAS and PARAMICS, and
trial them further in New Zealand on suitable rural highway projects.

Where possible, investigate further the suitability of other potential simulation models
identified overseas such as HUTSIM, VTI, ADMSUN, and DRACULA.

Continue to monitor the development of IHSDM and trial its use in New Zealand. Also
keep track of other applicable overseas road safety models,

Scope the required needs for road safety models in New Zealand at various levels
(national/regional strategies, project option scoping, detailed project design, highway
audit).

Focus rural crash model research in New Zealand initially on curve-related crashes, with
more sophisticated development of other crash types later,

Identify key unsafe driving actions in New Zealand from an analysis of crash report
information and observe their prevalence in the normal driving population.






Abstract

This research investigated the relative merits of various simulation packages (in
particular TRARR, TWOPAS and PARAMICS) for modelling vehicle interactions
on rural highways. It assessed their suitability for use as tools for evaluating crash
risk and travel efficiency, particularly in the prediction of vehicle speeds and
bunching in typical highway situations. All were found to have some strengths over
the others for particular project applications. A review was also made of recent or
developing models of rural crash risks (including IHSDM) and their potential
application in New Zealand considered. Although the underlying methodologies
appear promising, most would require further adaptation for the New Zealand
environment.
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ASSESSMENT OF RURAL ROAD SiMULATION MopEeLLING TOOLS

1. Introduction

This research investigates the relative merits of a number of different simulation
packages for modelling vehicle interactions on rural highways. The research was
carried out in New Zealand during 2001-02. It assessed their suitability for use as
tools for evaluations of crash risk and travel efficiency. A review was also made of
recent or developing models of rural crash risks, particularly those incorporating
simulation techniques, and their application in New Zealand was considered.

1.1 Background

New Zealand relies largely on two-lane rural highways for its inter-regional land
transport network. Many of these highways are less than optimal when considering
consistency of speed environment, safety hazards, and minimisation of delays. To
counter this, various ongoing improvements have been investigated and constructed,
including realignments, passing-lanes, black-spot removal, and four-laning.

Previous research in New Zealand (detailed later in this report) has focused on small
elements of the overall rural roading picture, such as free speeds as a function of
road alignment, efficiency and safety benefits of passing opportunities, and the
relationship between crashes and road geometry. There is a need to consider the
overall impacts of changes to road alignments and cross-sections for both safety and
efficiency in a unified manner,

To assist in prioritising funding for future upgrading work, detailed simulation
modelling is required to firstly identify sections requiring improvement and secondly
to determine the likely effect of improvement projects. There is currently little
guidance for analysts on the most suitable simulation tools available to use, and how
to use them appropriately for various projects. Although more simplified procedures
are being introduced to replace some simulation work and to make things easier for
both analysts and Transfund (e.g. passing lane procedures), there is still a need to
validate such procedures, prior to their general usage.

A number of simulation packages are candidates for investigation. Most detailed
rural simulation in New Zealand is currently carried out using TRARR (described in
detail later). However, other options are beginning to look promising, such as
alternative rural simulation packages (like TWOPAS) and more general micro-
simulation software (like PARAMICS), and these are investigated further, The
appropriateness of more simplified vehicle evaluation models, such as the 2000
HCM, are also worth investigating.

The simulation models described above are generally weak in the assessment of
safety benefits, so alternative tools need to be reviewed in this area. A recent
development in the US, the Interactive Highway Safety Design Model (IHSDM), is
worthy of an investigation in New Zealand. Similarly, other models developed
around the world may also be worth looking at.
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2. Study Scoping and Site Selection

2. Study Scoping and Site Selection

An assessment of simulation packages involves two main issues:

¢ The fechnical ability of each package to model a wide range of real-life
situations with reasonable accuracy

» The functional ability of each package to enable relatively easy set-up,
calibration, and production of results

Before proceeding further with our review of rural road models, these issues need to
be explicitly defined. This section discusses these matters and identifies a
methodology for proceeding.

Firstly the desired features for rural road simulation models were identified and
background literature on these areas was reviewed. This report presents a range of
possible simulation tools and describes their key attributes. The features of the
proposed software tools were assessed and compared with regard to their general
ability to model rural highways. Based on the desired features, a list of possible
scenarios to test was finalised. To test these scenarios against actual vehicle/driver
behaviour, suitable field surveys were identified for field data collection.

Having confirmed:
e which software packages would be used;
o which scenarios would be investigated; and

e which sites would be surveyed and modelled,

a project survey plan was then developed.

2.1 Desirable Key Features of Rural Simulation Models

Koorey & Gu (2001) developed a framework for future development of detailed rural
simulation modelling. It identified key outputs desired from such models (largely in
terms of project evaluation), and identified various input factors (such as road and
traffic conditions) that could affect these outputs. Figure 2.1 provides an overview of
the requirements that an ideal rural simulation model needs to take account of. The
various inputs on the left-hand side, categorised for clarity, interact in various ways
to produce the outputs on the right-hand side. Many of these factors will be
examined in more detail in the literature review in Section 2.1,

15



ASSESSMENT OF RURAL ROAD SLATION MoDeLLING TOOLS

Figure 2.1 Rural Road Modelling — Suggested Framework

Gradient . o
No, of Lanes

The above framework provides an over-arching basis for specification of a model
that provides all of the required information for project evaluation in New Zealand,
using as wide a set of information as possible. The diagram does not indicate the
relative importance of each input, and it may be that some inputs can be ignored
without significant effect on the final results (or at least on some outputs). In
practical terms, reduction of the input data (or certainly the accuracy of some of it)
may be necessary to minimise the costs in obtaining the data. There is little point in
an improved model if the required effort and cost of populating and calibrating it is
excessive.

Some of the road and traffic factors may have influences in both the short and long
term. For example, an isolated horizontal curve will affect driving speed at that site;
however, a series of horizontal curves will also have an effect on the overall desired
speed along a route. Similarly the presence of other traffic will affect the ability to
overtake, but continuous traffic may also start to affect the gaps that drivers will
accept for overtaking, if they become frustrated and take more risks.

While some of the relationships between various inputs and outputs are well
established, it may be that further research is required to identify other relationships.
Indeed, this is probably why some of these attributes do not currently feature in

16






ASSESSMENT OF RURAL ROAD SIMULATION MODELLING TOOLS

* Customisation of outputs to produce desired information in specified format.
» Relating outputs to Transfund project evaluation benefits.

¢ Use of field data for more automatic and efficient calibration.

¢ Text-based input/output files for external editing if desired.

¢ Facility to change distributions used for some values (including using constant
deterministic values).

e Ability to expand data requirements where desired (e.g. more vehicle types or
longer road sections).

* A modern graphical interface (e.g. MS Windows or Unix X-Windows) that uses
standard features (buttons, drop-down lists, etc).

s Ability to graphically display on plan and longitudinally the analysed routes and
overlay various data sets {(speeds, bunching, sight distances, etc).

¢ Adequate documentation (both on-line help and written),

It must be emphasised that, while a model with all of these features would greatly
ease the workload for the user and assist with minimising data errors, this is of little
consequence if the underlying model is not sufficiently robust.

2.2 Literature Review of Technical Theory

New Zealand relies largely on two-lane rural highways for its inter-regional land
transport network. Many of these highways are less than optimal when considering
consistency of speed environment and minimisation of delays. To counter this,
various ongoing improvements have been investigated and constructed, including
realignments, passing-lanes, black-spot removal, and four-laning. All of these
projects require justification via analysis of the expected benefits, generally in terms
of travel times, vehicle operating costs, crash savings, and reduced driver frustration
(determined by willingness-to-pay).

The following discussion reviews some of the main factors that can affect the
evaluation of a highway project, as previously published.

2.2.1 Road Alignment Effects

A prime concern when modelling is to understand the effect that a proposed
alignment will have on driver speed selection. Bennett (1994) provided a
comprehensive review and survey of free (unimpeded) speeds on rural two-lane
highways in New Zealand. He identified horizontal curvature and vertical gradient as
having the greatest influences on travelling speeds, and developed a speed prediction
model that took these factors into account. The surrounding road environment
(generally in terms of terrain and road type) was also important, as defined by
measures such as "bendiness" (the average amount of horizontal curvature over a
length of road) and approach speeds. Of much lesser effect were pavement
roughness, sight distance, and road width. However, being a free speed study, no
consideration was made of the effects of vehicle interaction or speed-volume effects,

18



2. Study Scoping and Site Selection

and Bennett recommended that work be done to incorporate his model into a vehicle
interaction model.

Horizontal curve free speed is primarily dictated by the actual curvature, with
superelevation and sideways friction coefficient at the site less crucial to driver
speed selection. Bennett found that approach speed also had a significant effect on
curve speeds, and this relates back to the surrounding speed environment. As a result
he favoured a linear regression model for curve speed prediction that could
incorporate this, rather than the traditional mechanistic model used for design speed
determination (Austroads 1989). Sight distances through the curve may also have a
minor effect and it is not clear whether on-site curve warning or advisory speed
signage have a significant effect (Koorey et al 2001).

Free speeds on gradients are largely controlled by the mechanical performance
parameters of each particular vehicle. Upgrade speeds are limited by the maximum
power-to-weight ratio (PWR) that a vehicle can use to counteract the gravitational
force (with aerodynamic and rolling resistance forces generally being of much lesser
magnitude). This is generally not a significant problem for modemn passenger cars
until the gradient is fairly steep (>4%). Long, steep downgrades can also affect
speeds of heavy vehicles in particular, which have to ensure that sufficient braking
power is available to them. Bennett (1994) however identified that the vertical
alignment following a downgrade can also affect driver behaviour, with drivers
perhaps less likely to brake in advance of another upgrade. Because trucks have a
very wide range of performances, their impact on traffic along grades can vary
enormously. Therefore it is important to get a very accurate representation of the
heavy commercial vehicle (HCV) population when modelling.

Bennett used a form of "probabilistic limiting velocity model” (PLVM) to develop
his free speed prediction model. This system, used as the basis of the World Bank's
Highway Development & Management (HDM) Model (Kerali 2000), involves
determining a vehicle's constrained speed from the minimum of speeds limited
individually by curvature, grades, roughness, etc. This allows a more realistic
interaction between the various factors that can influence driver speed selection. It is
important to recognise however that this approach is only relevant for "free" speeds;
traffic interaction is not accounted for.

2.2.2 Vehicle Bunching and Overtaking

Rural modelling is often used to predict changes in traffic congestion, in terms of
undesired following and delays. Koorey er al (1999) and Koorey & Gu (2001)
investigated how passing opportunities in New Zealand, such as passing lanes and
slow vehicle bays, can provide both efficiency and safety benefits. Overseas theory
on traffic bunching build-up and dispersion was used to develop simplified methods
for determining the effectiveness of a passing facility. Key factors that affect the
demand for passing include the volume and composition of the traffic, the
proportion of highway allowing passing sight distance, and the speed distributions
amongst traffic streams. Discontinuities such as major intersections and speed-
limited areas can also have a major impact on traffic bunching.
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Passing facilities can help to break up platoons' and reduce instances of following
behind slower vehicles. Generally the "effective length" of such a facility, i.e. the
length over which it improves traffic flow, extends some distance downstream of the
facility itself, sometimes over 10 km further. This length is also dictated by the
previously mentioned factors of traffic, sight distance, and speeds, as they determine
the likelihood of faster vehicles catching up with slower vehicles again.

MecLean (1989) provides a very comprehensive summary of research and methods
used for analysing traffic operations on two-lane highways. In terms of overtaking, a
key factor is the identification of typical gaps accepted in the opposing traffic stream
or clear sight distances accepted. This will vary depending on the accelerative
performance of each vehicle, the length of the vehicle to be overtaken, the
surrounding road environment (including road width), and whether the vehicle is
already travelling at a higher speed than the overtaken vehicle (a “flying"
acceleration). Even after accounting for these, a wide variation of accepted gaps
exists among drivers and a log-normal distribution is often used to represent the
probability of drivers accepting particular gaps. This driver mix may also vary for
different roads, with older drivers and tourists, for example, often being less
aggressive.

A concept difficult to reconcile when observing vehicles in the field is that of "happy
following", i.e. drivers who do not wish to overtake vehicles travelling only slightly
slower than their desired speed. Most models examined tend to allow for this
behaviour, but it does have to be factored in when relating bunching levels in the
field to theoretical models of passing demand.

2.2.3 Roadside Development and Speed Limits

Although this project is primarily concerned with rural highway environments, many
such routes in New Zealand also have a number of smaller urban localities
(sometimes called "semi-rural") and other roadside developments such as "lifestyle
blocks", produce stalls and tourist attractions. Often it is not practical to model
around these, so they need to be incorporated somehow into any assessment of rural
routes. This is particularly important when proposals involve further development of
a rural area and the relevant road controlling anthority wants to determine the likely
operational effects on an adjacent arterial route.

Many small towns have speed limits below 100 km/h, ranging between 50 and 80
km/h depending on the location. Although driver speeds are generally affected by
these limits, they are more likely to be dictated by the drivers’ perception of the level
of development and constriction. It is not entirely clear how much influence a posted
speed sign has on the desired speeds. Most studies have focused on changes to the
open road speed rather than site-specific local changes (Bames & Edgar 1987,
NHTSA 1989). While this is important should further changes in open road speed
policy be considered here, it is not an effect likely to be of significance for typical
project evaluations.

! Platoon: a moving group of queued vehicles led by a slower vehicle, also known as a “bunch”.
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Data collected for the most recent update of the US rural simulation package
TWOPAS showed that narrow shoulders reduce the speed of vehicles on two-lane
rural highways (Leiman et al 1998). The findings suggest adjusting desired speeds
accordingly, with up to 6.7 kmv/h reduction for negligible shoulders compared with
1.8m shoulders. However the data collected on narrow lanes did not show consistent
results, and so no conclusion was reached.

A key problem stated in the reviewed research has been in trying to compare "apples
with apples”. Surveying different width roads introduces additional effects such as
local alignment, speed environment and traffic composition. For example, a wider
road probably has a better likelihood of also being designed and maintained to a
better standard. A more ideal research approach would be to survey some locations
before and after seal widening.

Compared with the effects of other features, such as horizontal alignment and
vertical grade, road width certainly does not appear to have as much influence on
vehicle operations. On very narrow roads, however, the influence is much greater.
For example most State Highways, with 3.5m lanes, would probably not be greatly
affected, even with no shoulder present. It is important to remember however that the
effect on wider trucks will be different from that on typical passenger cars. Isolated
constraints such as narrow bridges may also inhibit overtaking or speeding.

2.2.5 Side Road Interaction

In many locations around New Zealand, side roads present an additional challenge
for rural highway uvsers. Conflicts may occur between through traffic and vehicles
trying to enter or leave the side roads. These can cause both delays and safety
problems. An adequate model needs to identify the expected effects of these on
traffic operation.

Previous work has tried to relate observed traffic flows, speed distributions,
manoeuvre times and accepted gaps in traffic with predicted traffic conflicts. This
can then be used as a proxy for estimating the likelihood and severity of crashes at
different sites. McDowell et al (1983) developed a simulation model to take the
above field data and estimate various conflict types, and found a good correlation
between these and the true crash histories at ten urban sites.

Data on gap acceptance is an important element of modelling rural side roads.
Parsonson ef al (1996) studied New Zealand drivers approaching rural intersections
and found that drivers tended to judge safe gaps according to distance rather than by
time, with fairly consistent minimum gaps of 150-200 m. As a consequence, they
allowed shorter time gaps for vehicles approaching at higher speeds, a finding with
important safety implications.

2.2.6 Safety Effects

One of the problems with most simulation models developed to date is that they have
been designed specifically for evaluation of efficiency issues, e.g. travel time savings
and reductions in time spent following. Project evaluation of rural improvements in
New Zealand invariably also requires an assessment of safety benefits, which
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currently has to be done separately from the above analysis. It would be preferable to
incorporate both safety and efficiency analyses into the same process for testing and
evaluating proposed roading improvements.

How simulation models might assess safety is unclear, Most existing crash analysis
procedures are "static” models, i.e. they simply predict crash numbers by combining
typical crash rates for a certain facility, traffic volumes, and maybe additional site-
specific modifying factors. In theory, using micro-simulation to model driver/vehicle
behaviour, situations that put road users at mose risk than others could be identified.
There are however a number of methodological issues associated with this concept,
which are discussed in more detail in Section 4 (Task 3).

Simulation models are generally best at predicting vehicle speeds, so evaluating
safety issues related to speed seems a promising approach, e.g. the consistency of
vehicle speed profiles in relation to the surrounding speed environments. A typical
problem is a low-speed curve out of character with the surrounding high-speed
alignment. This has been shown to have significant effects on the overall safety of a
rural route (Koorey & Tate 1997). Currently research in the US is developing an
Interactive Highway Safety Design Model (IHSDM) that will, among other things,
address consistency of vehicle speeds along a route (FHWA 2001). This is also
investigated further in Section 4 (Task 3).

2.2,7 Other Issues

Rural highways may also be subject to isolated constraints on capacity, for example
one-lane bridges and roadworks with traffic control. It should be feasible to model
these effects with reasonable accuracy. For example, Saunders (1988) used a
SIMSCRIPT simulation to produce delay tables for one-lane bridges of varying
lengths, traffic volumes, and cruise speeds.

Tate & Major (1993) derived similar theoretical measures to replicate observed
delays during resealing operations. They identified effects due to temporary speed
limits, the nature of the road surfacing, adjacent roadwork activity, and enforcement.
Delays due to traffic control (such as STOP-GO controllers) could be modelled in a
similar way to intersections, with queuing and capacity measures able to be derived.

There is some evidence that New Zealand drivers are more aggressive in some
aspects than overseas drivers (Hughes 1998, Dunn & Tan 1992). This will need to be
taken into account when calibrating driver performance parameters of overseas
simulation models.

Another useful output of modelling is an accurate assessment of vehicle running
costs. Fuel consumption models are available in some complexity these days (e.g.
Biggs 1988), so incorporation of this facility is becoming more commonplace.

In summary, previous research in New Zealand and overseas has tended to focus on
small elements of the overall rural roading picture. There is a need to consider the
overall impacts of changes to road alignments and cross-sections for both safety and
efficiency in a unified manner.
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2.3 Potential Modelling Packages Available

A literature search was made of potentially suitable simulation modelling packages.
One recent useful source of relevant information was the SMARTEST project in
Europe (ITS Leeds, 2000), the objective of which was to review existing micro-
simulation models and identify gaps in situations modelled. The project however
was very much focused on urban and freeway applications and interestingly did not
identify two-lane rural simulation as a significant gap.

Based on the findings of the literature review we identified the following models as
being worthy of comparison for evaluating rural highways in terms of efficiency and
safety:

* TRARR 4 software (ARRB Transport Research Ltd, Australia)
e TWOPAS 98 software (FHWA, US)
e PARAMICS 2001 software (SIAS Ltd, Scotland)

As well as a general assessment of each model, field data would also be collected for
calibrating and validating the models against real-life situations. Simplified
theoretical models (either existing or to be developed, perhaps using generic
simulation software, e.g. Simulink, SimScript) would also be considered as
alternatives where feasible.

The three specified software packages were selected due to a combination of
appropriateness and availability. Their attributes are discussed in more detail below.
A number of similar models were also identified and are discussed in Section 2.3.4.
However, difficulties in obtaining access to these models, coupled with the limited
resources of this project, precluded further investigation for now. We suggest that
some of these be revisited in more detail at a later stage.

2.3.1 TRARR

At present, most detailed rural simulation in New Zealand is carried out using
ARRB Transport Research’s TRARR software (Shepherd 1994), a microscopic
simulation package. TRARR ("TRAffic on Rural Roads") was originally developed
in the late 1970s and 1980s by the Australian Road Research Board. Originally run
on mainframe computer systems, the program was ported to a PC version (3.0) in
1986. The most recent version (4.0) was produced in 1994 and included a (DOS)
graphical interface (albeit with reduced functionality) and the ability to import road
geometry data for the creation of road sections.

The latter greatly simplified the data creation requirements, particularly as New
Zealand State Highways had been surveyed using ARRB's Road Geometry Data
Acquisition System (RGDAS) in 1992. More recent road geometry data however is
not in this format and needs to be converted first. Interestingly, the 10 m-interval
geometry data is transformed into far coarser 100 m increments within TRARR.
Figure 2.2 shows a screenshot from the latest version of TRARR.
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Figure 2.4 Data Files used in TRARR

ROAD: Contains data
about  the  highway
section being modelled,
at 100m intervals

TRAF: Contains traffic
volume, speed and
composition information,
as well as general
simulation parameters

OUT: Summarises results
of run, including mean
travel  times,  average
speeds, and interval data

TRARR

VEHS: Contains base
data on 18 specified
vehicle types, including
vehicle performance and
driver behaviour
parameters

OBS: Specifies locations
on the highway where
vehicles will be observed
by TRARR and results
reported on.

TRARR is largely based on deterministic modelling, i.e. it uses fixed parameters for
various inputs (e.g. vehicle power, overtaking behaviours, etc), Desired speeds for
each vehicle however are randomly generated using a specified distribution (usually
a normal distribution). More use of probabilistic or stochastic modelling (whereby
parameters can take on a number of random values within a distribution) may
improve the reality of the outputs, although it is not clear whether this additional
complexity would produce significant benefits.

As a modelling tool for evaluation of rural passing lanes and realignments, TRARR
has proved to be an adequate package. In particular, the ability to import RGDAS
(road geometry) data from our State Highway network has been particularly
effective. However a number of potential drawbacks have been identified through
practical experience, limiting TRARR’s use for rural simulation work in New
Zealand. Koorey & Gu (2001) identified a number of concerns with TRARR. More
detail is provided in their report but, in summary, these included:

¢ Inability to handle varying traffic flows down the highway, particularly due to
major side roads; and the effect of side road interaction on main road delays.
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¢ Inability to properly model the effects of restricted speed zones (such as small
towns), roadside development or narrow road widths, without artificially
adjusting TRARR's speed parameters.

¢ Ineffectiveness in modelling congested situations such as passing lane merges in
peak holiday flows, and delays at temporary lane closures or single-lane bridges.

» Difficulty in using field data for calibration, with little guidance available and no
automatic calibration assistance built into the program.

¢ Difficulties creating and editing road data, particularly for planned new
alignments and in using recent State Highway RAMM? road geometry data, and
in relating files to SH route positions.

e Limited ability to use the same tool to check for speed environment consistency
and safety risks associated with various alignments (i.e. models traffic
"efficiency"” only).

* Additional effort required in applying speed, bunching and travel time results to
Transfund project evaluations.

e Lack of practical documentation for running typical TRARR applications in New
Zealand, including information on suitable field data, model calibration,
appropriate parameters, and how to apply the results to derive project benefits.

e lack of a modern interface (being a DOS-based program), with features and
DOS command issues unfamiliar to many Windows-trained users.

ARRB have stated that they are not planning further development of TRARR,
therefore the desired improvements will not be seen in future upgrades. What has
perpetuated the use of TRARR to date has been the lack of feasible alternatives in
New Zealand. There is thus an incentive to identify or develop an alternative rural
simulation tool for use in New Zealand with the desired improvements.

For this project, the researcher had TRARR-4 available, as well as manuals from this
and earlier versions, and in-house documentation and software tools developed to
assist Opus users of the package (Koorey 2000). This software has been widely used
in the past for highway design projects and strategic research, so the author is very
familiar with it.

2.3.2 TWOPAS

'The US software package TWOPAS (St John & Harwood 1986) is an alternative tool
that appears very much worth investigating. Like TRARR, TWOPAS ("TWO-lane
PASsing") is a microscopic simulation model of traffic on two-lane rural highways
first developed in the mid-1970s by MidWest Research Institute and others (St John
& Kobett 1978) for the Federal Highways Administration (FHWA). The operational
analysis procedures for two-lane highways in the 1985 Highway Capacity Manual
(HCM) are based on an early version of the TWOPAS model.

? RAMM: Road Asset Maintenance and Management system: road inventory database maintained by
Transit New Zealand.
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In the past some comparisons of the capabilities and features of the TRARR and
TWOPAS models have been undertaken with mixed results (Botha et al 1993, Staba
et al 1991). It was found that their capabilities and features are comparable in many
respects, with preference often based on local needs. For example, those with
geometry data available in terms of elements found TWOPAS far more practical for
their needs. Conversely, some found TRARR's simpler outputs to be more useable
than TWOPAS's rather extensive results. It is significant however that, with suitably
calibrated models, both models were found to give sufficiently adequate results. In
the past, preference has tended to be based on local familiarity, with TWOPAS
preferred in North America and TRARR preferred in Australasia.

While TWOPAS appears to be a promising alternative to TRARR, work is needed to
confirm its validity and practicality for use here. Some issues, like its lack of direct
compatibility with RGDAS road geometry data, need to be considered and solutions
identified. Although the UCBRURAL front-end enables data entry in metric units,
the underlying program still uses Imperial units, which could also cause problems if
dealing with TWOPAS directly.

For this project, the researcher had a copy of TWOPAS-98 available for evaluation.
Unfortunately the original manuals (St John & Harwood 1986), which contain much
detail of the underlying model parameters, have proved difficult to obtain, leaving
only the basic documentation provided with this version. Some correspondence with
the US developers has also been undertaken.

Some further work is now continuing to improve TWOPAS even further, as part of
the FHWA Interactive Highway Safety Design Model (IHSDM) programme (FHWA
2001). Improvements planned include allowance for vehicles turning on or off side
roads, and a Windows interface. This ongoing development of TWOPAS makes it an
attractive proposition to consider when compared with TRARR. An updated
Windows version of TWOPAS became available for testing in late 2002 (after the
completion of this study) and Figure 2.7 shows a screenshot from an earlier beta
version obtained. At the time of review, the newer version did not appear to be
sufficiently stable to test fully, nor did it add significant functionality to earlier
versions. Therefore the earlier TWOPAS-98 has been used for evaluation in this
project.
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One of the strengths of this micro-simulation is that it can show an easily understood
graphical display of real time traffic flow on a computer screen. Although
measurement and validation of network statistics will still be required to confirm the
model's accuracy, major problems can be quickly identified using the maxim "if it
looks wrong, it probably is wrong". This approach should help to minimise "coding
errors”, as opposed to the traditional analysis by abstract accumulation of numerical
data and related plots. The visual display also enhances the perceived validity of
such models with both transport professionals and lay people alike.

Although primarily aimed at urban networks and inter-urban motorways (where
congestion effects tend to dictate vehicle speeds), it appears possible to apply
PARAMICS or a similar model to a typical New Zealand rural highway, where
geometric constraints may dictate. Some gradient and curve information can be
entered and additional lanes and speed limits can also be specified. Laird and
Nicholson (2000) developed the first urban PARAMICS model for New Zealand and
were able to show that this micro-simulation software can be used to simulate New
Zealand urban road conditions and driver behaviour accurately. Given the increasing
use of these models in New Zealand for other applications, the relative merits of also
applying them to rural highways are worth exploring.

A key difference from modelling many urban networks is that rural studies are
generally linear in nature, e.g. along a State Highway. This limits the application of
the route choice component of PARAMICS to network reliability studies and the
like. However, the ability to add side roads along the route and additional traffic at
small towns provides a useful addition to the existing rural modelling capability.

For this project, the author was based at Canterbury University, which currently
holds appropriate licences for the PARAMICS 2001 package (Release 2), as well as
all relevant documentation. The author has also maintained contact with
PARAMICS experts both locally and at SIAS.

2.3.4 Other Simulation Models

Both TRARR and TWOPAS are specifically designed for modelling rural highway
links, and there is little else in the world currently developed for this application.
HUTSIM from Finland’s VTT is one other recent example, but the author has been
unable to obtain sufficient information on this package; it also appears that the latest
focus has been on urban modelling.

Another well-established rural simulation model is the Swedish National Road and
Traffic Research Institute (VTI) program (McLean 1989). Originally developed in
the mid-1970's, VTI is actually part of a suite of programs for modelling traffic
effects of roads. As with the other models described above, VTI takes road geometry
and vehicle performance inputs to predict overtaking, vehicle speeds and so on. The
Centre for Traffic Simulation Research (CTR) has recently been granted funding to
modernize the VTI model, rewriting the old SIMULA code in Borland Delphi for
Microsoft Windows with animation (Andréasson 2001). At the same time it will be
integrated with a model for movements (trajectories and gap acceptance) in non-
signalised intersections. The existing VTI model has been used to assess safety with
respect to decisions to overtake with insufficient sight distance and to assess the
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effects of cruise control on overtaking. The updated VTI model may be worth
investigating in New Zealand, but the timing of this research precludes it for now.

A parallel development in rural highway modelling has been the World Bank's
Highway Development & Management (HDM) research (Kerali 2000). This model
has been used for over two decades in many countries to combine technical and
economic appraisals of road projects, to prepare road investment programmes and to
analyse road network strategies. Although primarily concerned with optimisation of
road maintenance investment, HDM also allows the analyst to consider the expected
benefits of new construction, e.g. realignments, bypasses or road widening.

Following an intensive research programme to improve the underlying technical
relationships, the most recent version (HDM-4) was released in 2000. Amongst its
improvements were additional capabilities for modelling traffic congestion, safety,
road works and environmental effects. An extensive range of motorised and non-
motorised vehicles can be used, with a detailed speed prediction model to determine
travel time and vehicle operating costs. Note that HDM-4 is not a micro-simulation
tool; it merely models effects over the long term by calculating road user costs year
by year.

While in theory the HDM-4 model can be used to assess the merits of a new roading
improvement, in practice it is more suited to strategic-level analysis. Typical HDM
road network data is usually very coarse in nature and only records aggregate
information on geometric attributes for each section. For safety analysis, the crash
rate models currently incorporated are very primitive, similar to the simple terrain-
based crash rates used in Transfund New Zealand’s Project Evaluation Manual
(Transfund 2001). While both of these issues can be addressed by providing project-
specific data, the end result is still likely to be rather simplistic. For example, the
effect of a passing lane on congestion would be determined by simple speed-volume
relationships and these are normally calibrated locally anyway.

Apart from PARAMICS, a number of similar network micro-simulation packages
have also been developed in recent years, such as AIMSUN (TSS, Spain), VISSIM
(PTV, Germany), and DRACULA (ITS Leeds and WS Atkins, UK). AIMSUN has
been used by Transit New Zealand for modelling the Auckland Motorway network
(Hughes 1998). These packages could possibly also be tested in the future for their
applicability to rural modelling, subject to their availability in New Zealand.

It may be that the level of detail involved in the above simulation models provides
little additional information than what could be provided from a simpler form of
model (although given the work that has gone into simulation models, that is
unlikely). Generic simulation packages, such as SimScript and GPSS/H for example,
could be used to develop a simplified vehicle interaction model that provides a
sufficiently adequate level of accuracy. Alternatively, an even simpler calculation
approach may be appropriate, such as the recent improvements to two-lane highway
evaluation in the US Highway Capacity Manual (TRB 2000).

Another long-term possibility is to incorporate road-modelling features into existing
road design packages. Programs such as MX-ROAD by Infrasoft can already
produce sophisticated designs for realignments. At the moment this information then
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has to be exported into an existing program like TRARR for evaluation of benefits. It
may therefore be more practical for assessment of these designs in terms of road user
benefits and costs to also be built in, enabling more immediate feedback on the most
optimal designs.

2.4 Assessment of Packages in Terms of Desired Features

It is pertinent first to consider the chosen models in terms of the framework given in
Section 2.1. A cursory comparison of the models shows that all three fail to provide
every one of the listed outputs, or take account of all of the listed inputs.

For example, currently TRARR can only produce outputs on vehicle speed (and
hence travel times), running costs and vehicle emissions via petrol/diesel
consumption, although arguably its overtaking rate outputs can also provide some
guidance on safety and driver comfort issues. In terms of inputs, TRARR takes no
account of driver factors (other than assuming a typical driver for each vehicle type)
or road environment features, but road, traffic and vehicle data can be specified in a
fairly detailed manner.

TWOPAS is very similar, with PARAMICS even less detailed when it comes to
relevant inputs.

In terms of improvements needed for the models in general, road environment
features are key inputs that appear to be missing in our current analyses. The driver
input category is not likely to be a direct input into a practical model for users.
Rather, a representative series of behaviours is likely to be inferred based on
observed actions on the road.

In terms of outputs, the lack of safety performance measures is a key omission,
although work in this area is now beginning to appear (as will be discussed in
Section 4). Driver comfort measures are an evolving area of project evaluation that
may not have sufficient research and understanding to be able to implement at this
stage.

In assessing technical models, it is useful to be able to see how the underlying
routines work in some detail. This helps the user have some faith in the robustness
and logic of the model, rather than treating it as a "black box" for entering data and
obtaining results. Where this background information is not available, then the user
must resort to testing known real-life situations and seeing how well the model
reproduces them. A combination of these approaches was used to assess the models
available for this project.

Both TRARR and TWOPAS have relatively good detail available on the underlying
program logic and algorithms used (Hoban et al 1991, St John & Harwood 1986).
Updates to the models have also been well recorded in technical literature (e.g.
Leiman ef al 1998, McLean 1991). This is largely a function of their public domain
origins, having been used extensively by the Australian and US governments for
national highway research.
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Bennett (1994) noted a similar problem in that all of his survey sites were in the
North Island. At the time, South Island mean free speeds were about 3-5 km/h lower
than the North Island, possibly explained by differences in traffic stream
compositions. In annual rural speed surveys over the past five years, mean speeds in
Canterbury have consistently been 2-4 km/h above the national average, with 85™
percentile speeds 1-3 km/h above the average (LTSA 2001a). However on State
Highways, the Canterbury region has generally mirrored the national average since
1993 (LTSA 2001b).

As far as possible sites were selected so that one particular attribute could be
examined in isolation of others. For example, a curve site should not have additional
influences of gradients, speed limits, narrow lanes, side roads or passing lanes. By
attempting to control for these other factors, the effects of each can be identified
both in the field and in the corresponding models.

Ideally, where a road upgrade is about to be constructed, site data could be collected
before and after construction, to first calibrate and then validate the models.
However the time frame for this research, and the available road projects, precluded
that. An alternative considered, but not taken further, was to use previously collected
data from a past project to enable comparison with the newly constructed alignment.

Field data is often used to calibrate a particular model. However, it is desirable to see
how well the chosen models perform without too much site-specific calibration. In
breaking down the surveys to focus on specific issues (e.g. curve speeds, gradients,
passing, etc) the aim was to see how robust the models appear in each case with only
limited calibration of factors such as desired free speeds and vehicle
types/parameters/proportions. If a model is not performing correctly after doing that
then other traffic parameters can be adjusted to make it fit (e.g. initial bunching
proportions), but this limits its general applicability. A more critical factor, however,
may be how well the road conditions can be replicated in each model, especially
given the relative coarseness of road section lengths that may have to be applied.

Having calibrated a model, separate field data is often used to validate its correctness
for other locations or traffic conditions. For some surveys, validation data was
available by recording separate survey periods with different traffic flows. In other
cases, additional survey sites had to be obtained. Alternatively, having calibrated
individual model features using various individual surveys, it might be worthwhile
to validate them all on one separate site to see if they interact together as predicted,
but this was not carried out.

To improve the fairness of comparisons, the vehicle composition and performance
data was replicated as much as possible. Fortunately all three of the simulation
models allowed for specification of a wide range of vehicle types and key parameters
such as acceleration and weights.

The sites chosen for data collection were surveyed as required to collect adequate
field data. Some examples of data collected include:

¢ Traffic count profiles and composition mixes (proportions of trucks, towing
vehicles, etc), either by automated means or manual observation surveys.
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¢ Typical driving speed profiles and other data along the site length, using Opus
Central Laboratories’ portable vehicle-mounted speed profiler.

s Spot speeds, particularly on grades and at curves, using hand-held radars or
interval measurement equipment (e.g. digitectors, optical sensors developed by
Central Laboratories).

¢ Vehicle bunching levels (i.e. proportion of vehicles following closely), either by
automated means or manual observation surveys.

* Video or manual observation of driver behaviour in complex situations such as
intersections or merges.

Automated data collection can still suffer from accuracy problems, especially when
classifying vehicles. Where possible manual survey methods were therefore used,
with automated data only used where long survey durations were required or where a
large sample size was required to minimise sampling errors.

Minimum required sample sizes were identified to reduce sampling error. For
practical scheduling purposes, time-based minimums (based on expected traffic
flow) were generally used, subject to a reasonable sample size having been collected.
Although sample sizes of 300-400 are technically required for 95% confidence
intervals of 1 km/h, negligible increases in the accuracy of estimated mean speeds
have been found from more than 80 vehicles recorded (Keall 2001). In practice, a
minimum of two hours surveying has been shown to be statistically acceptable for
monitoring purposes on most rural roads.

Following data collection, accurate representations of the sites were set up using
each of the simulation models. As well as the field data collected, other available
road inventory information was also incorporated, particularly RAMM road
geometry and cross-section data.

For some surveys, it may be preferable to model the exact stream of vehicles that
was observed in the field. TRARR has a facility that allows input of specific vehicles
and origination times, while PARAMICS allows the specification of fixed route
scheduled vehicles (commonly used for bus services). The practicality of using these
facilities for model validation was investigated, but not considered further in this
study.

Each model was assessed for ease of setting up the required scenario and for how
well it represented the true situation as shown by the field data. From this analysis,
conclusions were then drawn as to the applicability of each model for New Zealand
conditions.

2.6 Development of Survey Plan

The following data collection tasks, summarised in Table 2.2, were proposed in
Task 2 to enable validation of the models.
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Because speeds at the above sites could have been slightly affected by the presence
of the advisory speed signs, further surveys would be carried out around Canterbury
at selected curve sites. These would make use of either the optical speed sensors
(developed by Opus Central Laboratories for the curve advisory speed research) or
standard tribo-electric wires connected to a digitector to record spot speeds through
the tightest part of the curve. Ideally, at least one site would be an isolated curve
following a long straight, while another site would be within a series of tighter
curves. Surveys would be at least two hours in duration and, to simplify analysis,
sites with significant gradients were to be avoided. The Canterbury Plains provided
many examples of the former, with sites in the latter category available nearer the
surrounding hills.

2.6.2 Vehicle Performance and Gradient Speed Prediction

McLean (1989) outlines an experimental method to determine power/weight ratios
on grades of a known length and elevation. This was used by Bennett (1994) to
collect vehicle performance data for his research. The subsequent vehicle parameters
can then be incorporated into simulation models for comparison of predicted speeds
with observed speeds on gradients.

It was proposed to carry out similar surveys on two significant gradients in the
Canterbury region. Speed and classification data would be collected for vehicles at
two known points on a gradient. From the relative speed change, vehicle power/mass
performance could be estimated. Sites with high-speed approaches and relatively
straight gradients would be used, e.g. north of Porters Pass. Data would be collected
either using radar gun or digitector, for at least two hours.

2.6.3 Two-Lane Bunching/Overtaking

Three types of survey were considered. Firstly, automated surveys of changes in
vehicle bunching would be collected along routes of differing terrain (flat, rolling,
mountainous). At least three locations along each route, covering approximately 5-
10 km, would be surveyed simultaneously using classifier-counters and the resulting
data sorted by traffic volume. The chosen routes would then be modelled by
simulation to compare the predicted and observed bunching changes.

The same sections would also be surveyed using number-plate surveys at each end.
From these, the number of passes could be inferred over the study length. The
corresponding overtaking rates can then be compared with those predicted by the
simulation models.

Additional surveys may attempt to determine accepted gaps in sight distance and
oncoming vehicles that drivers would accept for overtaking. Troutbeck (1984) used
a similar method and variations of the techniques are summarised by Mclean
(1989). The surveys would involve a slow-moving observation vehicle whose
occupants record details of vehicles that catch up and overtake. This information is
related to the timing of oncoming vehicles or approaching sight distance restrictions
to estimate accepted overtaking gaps used by drivers. The speed profiler device,
developed by Opus Central Laboratories, could be used for this work, using the
function keys to record the various events noted along the way. For opposing vehicle
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gaps a long straight section would be desirable for collecting data, while for sight
distance restrictions, a series of curves and short straights is preferable.

2.6.4 Passing Lane and Four-Laning Operations

Number-plate surveys would be carried out at each end of a long busy passing lane
just south of Christchurch for at least two hours. From these, the number of passes
could be inferred over the passing lane length. The corresponding overtaking rates
could then be compared with those predicted by the simulation models.

On the same site, separate observation surveys would also be carried out to identify
where the overtaking is occurring within the passing lane. This data would also be
compared with the simulation model predictions.

When four-laning is planned, congestion effects are often a major component of the
justification for it. It is important therefore to know how the proposed four-laning
will address these effects. Automated survey data previously collected from the
Christchurch Northern Motorway between Kaiapoi and Belfast would be obtained to
develop speed-volume relationships. These could be compared with similar
relationships produced by the simulation models.

2.6.5 Speed Limits and Roadside Development

Ideally at least six approaches to small towns in the Canterbury region with speed
limits would be surveyed for how the mean free speeds change on approaching the
township. Sites would be selected where high approach speeds were likely (i.e. long
straight) and there were no curvature constraints soon after the speed limit interface.
At least eight potential sites at town entrances, with speed limits between 50-80
km/h, were identified in central Canterbury. The relative level of delineation at the
speed limit interface (e.g. presence of additional "traffic calming” devices) could
also be considered, as could the level of roadside development near the interface.
Speeds would be collected approximately 400m before the speed limit interface, at
the interface, and 400m after the interface, using a series of detectors monitored for
at least two hours per site.

Number plate surveys at each end of small towns could also be used to determine the
mean travel times through them. This could be compared with the times predicted by
the simulation models. Similarly, bunching surveys could assess the effect of small
towns on vehicle queuing.

Consideration was given to further possible surveys comparing mean speeds with
other factors such as access density. However this introduces additional complexities
and it was felt that for now any such sites should be specifically surveyed for mean
speeds and models adjusted accordingly.

2.6.6 Road Width Effects

Surveys of mean free speeds would be carried out at four locations of varying lane
width. The locations would be on fairly long unconstrained straights to obtain good
estimations of maximum desired speeds. Because most simulation modelling is
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likely to take place on major routes with a good standard of road width, sites selected
would not be exceptionally narrow, e.g. <3m.

Standard digitector speed surveys would be used to collect the speed data, for at least
three hours per site. Sites would be located where possible along the same routes or
at least along similar routes in the same area. For example, SH77 between Rakaia
and Darfield has lanes ranging in width from 3.1 — 3.5m, and thus could provide a
suitable selection of sites.

2.6.7 Assessment of Delays and Conflicts from Side Road Traffic

Two rural T-junctions would be surveyed manuaily by observation to determine gaps
accepted (and rejected) when turning and typical acceleration and deceleration
delays. The sites would be on Canterbury highways and have good alignment,
sufficient turning flows and turning lanes present. Handheld PSION Organisers
would be used to record vehicles passing various points at and near the intersection,
for at least three hours. The resulting intersection performances could be compared
with a PARAMICS simulation of each site.

The same sites may also be surveyed for another three hours to assess traffic
"conflicts", such as braking and evasive manoeuvres. Again PSIONs will be used to
record observed events and the rate of these could be compared with similar events
modelled by PARAMICS. Note that this recording of conflicts does not follow
formal traffic conflicts survey techniques such as those developed by Perkins (1969).

2.6.8 Delays at Constraints (roadworks, one-lane bridges)
Data collected recently for a study of the SH1 Hurunui one-lane bridge in north
Canterbury would be used to demonstrate how PARAMICS can be employed for
such a scenario (the two other models have no equivalent ability). If necessary,
additional data could be collected at the site using PSION Organisers.

Similarly, delay data could be collected from a roadworks operation that involves
significant closure of traffic lanes, e.g. resealing. The results could be cornpared with
a PARAMICS model set up to replicate the scenario. This exercise would depend on
the timing and availability of suitable local sites.

2.6.9 Estimation of Fuel Consumption

Instrumented vehicles would be used to drive over a route with varying terrain to
assess the rate of fuel consumption for given situations. The Nissan Pulsar, operated
by Opus Central Laboratories, and a rental car and truck with onboard computer
would be used for this exercise. Two runs would be made in each vehicle from
Lower Hutt via the Rimutaka Saddle to Masterton and back. The fuel consumed
would be noted at a number of intermediate points, allowing for trip break-up by
terrain. Travel times and time spent following would also be noted by the occupants
at these points to allow for accurate calibration of the models later. Vehicle power
parameters could also be assessed by testing the uphill speed performance in a
similar manner to the gradient surveys in Section 2.6.2. This information could then

44






ASSESSMENT OF RURAL HOAD SIMULATION MODELLING TOOLS

3. Field Data Collection and Simulation

Task 1, described in the previous section, identified an ideal project survey plan for
assessment of the various simulation packages. Potential sites were identified
through a combination of means and surveyed as required to collect adequate field
data. Site selection was largely based on a desktop analysis of road geometry data for
State Highways in the North Canterbury region, coupled with assessment gleaned
from "Highway Information Sheets", drive-over inspections, and personal
experience. Appendix A.1 lists the sites identified for field surveys, although not all
had surveys carried out on them.

In the end, 31 different surveys were carried out at 23 locations. However the sheer
quantity of data collected, coupled with the subsequent difficulties encountered
setting up some models, limited the amount of analysis that was possible. As a
result, many of the following discussions do not include full quantitative results, and
are based on what could be ascertained from the model testing (i.e. results are
subject to confirmation after further analysis).

Each model was assessed for ease of setting up the required scenarios and (where
possible) how well it represents the true situation as shown by the field data. From
this analysis, conclusions were drawn as to the applicability of each model for New
Zealand conditions,

Because there is a lot of commonality in developing models with any particular
package, a general discussion is presented first on each package, outlining recurring
issues raised when developing the various models. The field surveys and model
development for specific aspects are then described in more detail, followed by an
overall evaluation and discussion.

3.1 Simulation Model Development

This section documents some of the main features of each package that required
attention when developing models for this research. In particular, the relatively
"new" models to New Zealand rural modelling, TWOPAS and PARAMICS, required
some adaptation for local use and this is discussed at length.

3.1.1 TRARR

Currently, of the packages studied, TRARR is the best suited to quick set-up of a
road model, largely due to its use of geometry data similar to that collected by
Transit New Zealand. The existing experience within New Zealand, including the
author’s, of developing previous TRARR models makes for a familiarity that users
of the other packages still have to cultivate.

Because of its previous use in New Zealand for rural modelling, little was needed to
modify TRARR's input files for use in this study; the reader is referred to other
reports such as Hoban et al (1991) and Koorey & Gu (2001) for more detailed
information. In particular, the vehicle parameters and traffic stream proportions used
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for this study are those derived from the findings of Tate (1995) for New Zealand
conditions.

Section 2.3.1 mentioned some of the existing problems experienced with TRARR. It
should be noted that many of the issues regarding its links to external inputs and
outputs (e.g. production of project evaluation benefits) are common to all of the
packages tested. For those that are specific to the modelling itself, either it was not
possible to test TRARR against some attributes or a workaround had to be used.

One issue mentioned was the use of available geometry data. Since the original
RGDAS geometry data was collected in New Zealand (in 1992), Transit New
Zealand now collects road geometry data as part of its other high-speed data
collection contracts. As a result, the information is now stored in a different format,
albeit a more useful one for relating to State Highway route positions. An automated
database routine has been developed to convert this data into an RGDAS format
suitable for importing into TRARR.

The TRARR 4 front-end (T4.EXE) was only used for the road importing and
creation process. The raw data files were then run directly with the TRARR "engine"
(TRARR.EXE) using a series of batch programs. This enabled multiple road and
traffic combinations to be modelled very quickly. Another custom-developed
software tool was then used to extract the required information from the output files
and combine them in a spreadsheet for analysis.

3.1.2 TWOPAS

The TWOPAS front-end, UCBRURAL, requires similar input data to that required
by TRARR, making it easy to comprehend for many New Zealand analysts. In fact,
this similarity stems from the legacy of UCBRURAL as a tool originally designed
for running either TRARR or TWOPAS for research purposes, hence the need for
presenting similar input data. Future versions of TWOPAS interfaces will not have
this restriction, enabling more TWOPAS-specific features to be available for
configuring.

Like TRARR, TWOPAS defines its road data in terms of equal-length road sections,
though it allows flexibility in the length of these sections to suit the analyst.
Although (like TRARR) the default section length is 100 m, lengths can range
between 16-1600 m (0.01-1.00 mile). However a maximum of 1200 sections can be
modelled, which may affect the length chosen for projects covering a long distance.
This flexibility means that more detailed geometry data could be incorporated into
the models than allowed for by TRARR (e.g. 20 m sections), or it could be used with
greater lengths for strategic planning purposes (e.g. 500 m). It should be noted that
while the actual TWOPAS engine will accept variable-length geometric elements,
fixed-length editing is presented by the front-end for simplicity.

Currently TWOPAS does not provide an easy way to automatically import road
geometry data into its front-end editor UCBRURAL (TRARRIN.EXE), because of
the use of binary (machine-coded) data files. The TWOPAS engine itself
(TWOPAS98.EXE) does use a text-format file (TWOPAS.INP), so a procedure
could be developed that automatically produces files of this format. However this is
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3.2 Analysis of Model Attributes

A series of field surveys was carried out to collect typical data for each attribute
assessed. In addition, some existing data from previous studies were also re-used.

3.2.1 Curve Speed Prediction

Data collected from two curves in a previous study of curve advisory speeds (Koorey
et al 2002) were re-examined in this study. The two sites, with posted advisory
speeds of 45 and 75 km/h respectively, had speeds recorded approaching and
travelling through the curve in each direction, for approximately 24 hours. Other
sites had only speeds within the curve collected, but were also examined for simple
validation.

Further speed data were collected using a speed digitector, provided by the LTSA.
Two thin tribo-electric wires were placed across the road 25m apart and connected to
a control box that displayed speeds between the wires in a selected direction. A
significant advantage of the digitector system is that the observer can be located
some distance away from the actual road, which (coupled with the inconspicuous
wires used) minimises potential bias by drivers aware that they are being observed.
The observed speeds, vehicle types and travel directions were recorded using a hand-
held Psion Organiser, and the data was downloaded later for analysis.

To create the models, horizontal alignment data for the sites was required. RAMM
geometry data were the primary source used for this, although for PARAMICS
mapping data were also used.

TRARR determines curve speeds by specifying different road speed indices for each
road section, indicating the expected reduction from the desired mean speed for each
vehicle. The road speed index values are based on Australian rural speed research
and are determined based on observed speed changes at different radii. It appears
however that the relative coarseness of TRARR road sections (100m intervals)
masks extremes in road curvature, which suggests that it may over-estimate section
speeds in some circumstances.

TWOPAS calculates minimum and maximum curve speed values, based on lateral
acceleration (although no details are given). A normal speed distribution is then
fitted within this range (with the extremes representing +3 standard deviations away
from the mean speed). The accuracy for each road section will be dependent on the
coarseness of the section interval used and the radius specified.

In PARAMICS, if a link is designated as curved, editing of the link radius will
automatically change the link speed from the default value for that link type (the link
speed can also be changed manually). Calculated curve speeds, V, for a given curve
radius, R, are based on drivers keeping their lateral acceleration (V %R) no higher
than 1/3g, which is relatively high in terms of design standards but quite feasible for
modern cars.

Table 3.1 compares the predictions of the various packages to the observed field
data. In setting up the models the mean desired speeds were based on New Zealand
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speed survey findings and no calibration of these was carried out. For PARAMICS,
the curve link speeds were set to the posted advisory speeds. Note that originally the
PARAMICS curves were created using an underlying map layout and automatically
generated link speeds 10 km/h higher than that posted, with mean modelled curve
speeds approximately 12 km/h higher (figures shown in parentheses).

Table 3.1 Comparison of Curve Mean Speed Predictions

. Mean of Minimum Curve Speed (km/h)

Site Direction Vehicle PARAMIC

Type | Field Data | TRARR | TWOPAS S
SH2 Masterton | g0 usbbound Light Veh 91.7 91.4 82.5 871.7
75km/h Advisory Heavy Veh 88.2 84.8 85.9 (99.0)
Speed, Light Veh 88.3 86.7 74.3 83.9

- Northbound
Level Terrain O Heavy Veh | 80.4 792 85.0 (98.7)
SH2 Kaitoke Light Veh 49.8 79.1 66.0 51.9
Southbound =

45km/h Advisory |00 Heavy Veh | 45.2 756 67.9 (63.3)
Speed, Northbound |iht Veh 53.4 82.0 64.0 54.0
Winding Terrain Heavy Veh 52.3 77.9 55.2 (65.2)

Note: no disaggregation by vehicle type produced in PARAMICS

While TRARR proved to be very accurate with the higher-speed site, it was poor
with the lower-speed one. Conversely TWOPAS was better at the lower-speed site
than the higher one; it is also interesting to note that the heavy vehicle speeds were
generally higher. The fact that neither was particularly accurate with the lower speed
site may reflect the problems in using a 100 m-section interval in terrain where the
curvature and gradient is changing significantly very often. It suggests that site-
specific speed surveys may be needed to confirm the validity of models with
significant curves. The PARAMICS curves performed much better, although the
ability to specify link speeds assists here. When based on mapping data instead, they
may suffer a similar problem to the other models; the radius of the arcs used by
PARAMICS tends to be somewhat greater than the minimum measured radius.

As well as the two curves of interest, the approaches to them included a number of
curves of varying radii. The specified curved link speeds in PARAMICS were
compared with mean observed curve speeds collected as part of a separate research
study (Koorey et al 2002). Figure 3.6 plots the comparison. Note that the
PARAMICS speeds are rounded to the nearest 5 km/h; as a result the speeds for the
inside and outside curve directions may differ slightly. As expected the best-fit
relationship through these points is exactly proportional to the square root of the
radius, with the coefficient equivalent to a centrifugal force of 0.3g. A similar plot
for the curve speed survey data gives a speed relationship about 14% higher.
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over the given length and grade mean speeds for even passenger cars should have
fallen by ~20 km/h on the up-grade. This suggests again that vehicle performance
factors in this model are over-estimated.

3.2.3 Two-Lane Bunching/Overtaking

Automated surveys of changes in vehicle bunching were collected along three routes
of differing terrain (flat, rolling, mountainous). Each route of approximately 11-13
km in length included a number of passing lanes or slow vehicle bays. Four locations
along each route were surveyed simultaneously using Metrocount classifiers that
collected vehicle counts, speeds, classifications and volumes. The resulting data
were summarised by traffic volume and the chosen routes modelled by simulation to
compare the predicted and observed bunching changes.

While the automated surveys were being carried out, the same sections were also
surveyed using number-plate surveys at each end (for mean travel times), and then
repeatedly driven back and forth using the speed profiler (for within-trip speed
variation). As well as establishing speeds and travel times from these, the number of
passes could also be inferred over the study length. The corresponding overtaking
rates can then be compared with those predicted by the simulation models. The
observed rates however would be conservative, due to incomplete sampling and
matching rates while recording vehicle plates.

One logistical problem with the automated surveys was that the traffic contractor
placed a number of the recorders at incorrect locations. While in some cases this was
not of great significance, in others the recorder was moved to the other side of a
notable town or side road. The limited survey programme timeframe and the need to
undertake the other manual surveys at the same time precluded repeating these
surveys, so the resulting data had to be used, albeit with some caution.

Additional surveys were attempted to determine accepted gaps in clear sight distance
ahead and oncoming vehicles that drivers will accept for overtaking. The observation
vehicle was fitted with the speed profiler device and attempted to travel at a slower-
than-normal speed to attract overtaking by following traffic. Various "events”
relating to surrounding vehicle manoeuvres (e.g. oncoming traffic, vehicles passing)
and the road environment (e.g. sight distance restrictions, reference points) were
recorded along the way.

For gaps in opposing vehicles a long straight section, driven back and forth, was
used to collect data. Meanwhile, for sight distance restrictions, an adjacent series of
curves and short straights was driven along. Unfortunately the sites proved to be
relatively limited in terms of traffic volumes and passing demand was low, even
when the test vehicle's speed was more than 20 km/h below normal mean speeds. An
alternative high volume site was surveyed as well for gaps in oncoming traffic,
however a surprisingly high level of "patience” was observed by following traffic
even when generous gaps and relatively low speeds were combined. These Surveys
also suffered from response problems in the computer recording software (e.g.
pressed buttons would not record an event), making it very difficult to identify all of
the critical events. As a result these data have not been investigated further.
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TRARR uses a series of vehicle "states" to determine whether a vehicle is free,
following, overtaking, and so forth. Depending on the relative desired speeds and
"aggressiveness” of bunched vehicles, a following vehicle may be "happy" to stay
following or it may be waiting to overtake when sufficient passing distance is
available. A comprehensive range of behavioural parameters is specified in the
VEHS file for each vehicle type to enable overtaking behaviour to be modified,
although the practicalities of doing this appropriately are probably beyond most
users.

TWOPAS also contains a number of overtaking parameters in its TWPSUSER.TDF
file. However the purpose of all of them is not immediately evident, and so
adjustment at this stage is not recommended. A cursory examination of St John &
Kobett (1978) suggests that many of them remain unchanged since the original
development of this model in the 1970s.

The PARAMICS overtaking model is based on drivers looking up to two links away
for oncoming traffic to determine whether adequate passing distance is available.
While the two-link restriction is understandable from a computational point of view,
in some cases this limits the forward sight distance available to a driver (e.g. where
short links are required to match the underlying alignment). The other factors that
affect driver overtaking (and also lane changing, car following, and gap acceptance)
are the "aggression" and "awareness" parameters. It is not clear however from the
documentation exactly how these influence the behaviours of interest.

3.2.4 Passing Lane and Four-Laning Operations

Number-plate surveys were carried out at each end of a long busy passing lane just
south of Christchurch. An attempt was made to collect every number-plate where
possible, although the sheer volume at times meant that "anonymous" plates were
recorded at times (in hindsight, a video survey would have been more suitable for
these volumes). From these data, a conservative estimate of the number of passes
could be inferred over the passing lane length, and corresponding overtaking rates
determined.

On the same site, separate observation surveys were also carried out to identify
where the overtaking occurs within the passing lane. The passing lane length was
subdivided in various sections and records kept of the number of vehicles changing
lanes to left or right. One problem noted with this methodology is that it failed to
identify the precise number of overtakings occurring, as vehicles often overtook
multiple vehicles while in the right-hand lane. Again the data were compared with
the simulation model predictions. Another difficulty identified when setting up
TWOPAS models is that the ability to precisely specify observation points matching
those in the field is constrained by the spacing of the road sections.

Table 3.3 compares the proportion of vehicles observed to be moving to the right
hand lane (i.e. overtaking) at the start (taper) of the passing lanes. An interesting
finding from the models is that TWOPAS and TRARR both significantly
overestimated the number of vehicles that overtake at the beginning of a passing
lane. This may be a consequence of the current New Zealand road marking scheme
(where traffic is now directed to the left lane at the start of the passing lane), which
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has been shown to increase the proportion that move left initially (Charlton et al
2001). TWOPAS allows driver lane preference to be specified, albeit only in simple
"left/right/neither” terms. At the downstream end, an equal merge between lanes is
not provided for in TWOPAS and towards the end of the passing lane all vehicles
ultimately move into the preferred end lane.

PARAMICS too is strongly influenced by the form of the end merge taper, with
vehicles preferring to move to the "end priority” lane from the start of the passing
lane (unless sufficient intermediate links are created in between). No apparent "keep
left unless overtaking" principle seems to be in action. Experimentation with
different combinations of normal tapers and "wide start/end" tapers in PARAMICS
found that all vehicles stayed in one lane at the beginning of the passing lane before
considering overtaking. This is reflected in the table below, where different options
were tried in each direction.

Table 3.3 Proportion of Vehicles Overtaking at Start of Passing Lane
SH1s RP365/6.9-7.4 Field TRARR TWOPAS | PARAMICS
Southbound 22.2% 34.9% 36.4% 100%
Northbound 21.3% 35.2% 39.5% 0%

Although the different methods of reporting where overtaking occurred made it
difficult to compare the models and field data directly, all three models seemed to
correctly identify a diminishing amount of overtaking occurring along the length of
the passing lane. While both TRARR and TWOPAS somewhat overestimated the
amount of overtaking occurring, PARAMICS showed a relatively low level of
overtaking, as indicated by the observed behaviour above.

Attempts were also made to obtain automated data from the Christchurch Northern
Motorway between Kaiapoi and Belfast to develop speed-volume relationships.
However this dataset was not forthcoming, so a simple speed-flow comparison of the
three models was carried out instead. Figure 3.7 shows some data collected on SH1
near Burnham, a very straight and level two-lane section with reasonably high
volumes. The data shows a relatively moderate reduction in mean speed observed as
one-way volumes increased to over 600 vehicles/hr (veh/h).
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TWOPAS and PARAMICS also produced relatively consistent (and plausible)
speed-flow relationships for four-lane situations, but clearly there is some aspect of
TRARR's methodology that is not modelling these situations well.

3.2.5 Speed Limits and Roadside Development

Approaches to two small Canterbury towns with speed limits, Culverden and Kirwee
(50 and 70 km/h respectively), were surveyed for how the mean free speeds change
on approaching the township. Three automated VDAS tube counters were used to
collect data some distance before the speed limit interface, at the interface, and after
the interface. Vehicles with headways less than 7 seconds were ignored as not being
sufficiently "free". Unfortunately, technical problems with one of the counters
limited the surveys to just two speed points. Table 3.4 summarises the results from
these two locations.

Table 3.4 Mean free speeds near small urban centres
Survey Locations Direction | Vehicle | Mean Speed | Mean Speed Speed
Type | at Location (a) | at Location (b){ Change

Culverden Towards Car 95,3 64.8 30.5
50 km/h South side Speed Limit | Truck 86.1 61.2 24,9
(a) 600m outside signs Away from Car 92.0 66.4 25.6
{(b) at 100/50 knv'h signs | Speed Limit | Truck 79.5 62.7 16.8
Kirwee Towards Car 82.5 72.1 104
70 km/k East side Speed Limit | Truck 73.6 71.5 2.1

(a) at 100/70 knv/'h signs | Away from Car 88.2 74.7 13.5
{(b) 200m inside signs Speed Limit | Truck 83.0 76.0 7.0

These surveys demonstrate the difficulty in finding consistent patterns of vehicle
speed behaviour around speed limit areas. Probably the most consistent finding is
the fact that (higher speed) car speeds reduce more than truck speeds, leading to
more uniform combined speed distributions in the speed-limited area.

Each of the models surveyed uses a different approach to modelling speed reduction
areas. TRARR has no formal means of introducing limited speed zones, and so
manual adjustments of "road speed indices” are necessary. These are used by
TRARR to determine how fast different vehicles will travel, as a proportion of their
desired free speed, and are normally used to identify curves and gradients. The
process is not ideal, particularly as most speed indices affect different vehicle
streams by disproportionate amounts. Shepherd (1994) provides details of the
indices available.

TWOPAS allows the specification of "speed reduction zones". The mean speed for
each zone is input, with the standard deviation scaled down from the default values
by a similar proportion. In other (unrestricted) areas, traffic free speeds are dictated
by the default vehicle desired speeds.

PARAMICS allows the specification of a "link speed” for each road link, with the
prevailing posted speed limit usually the most suitable value. Mean vehicle speeds
are then determined using the procedure outlined in Section 3.1.3. Unlike the other
models, there is no distinction between limited and unlimited speed zones, i.e. there
is no default link speed.
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No discernible evidence of narrow width effects was found, with mean free speeds
for cars ranging between 96-104 km/h. For the lower-speed sites, there is also a
suspicion that speeds may have been affected by the less-than-ideal location of the
survey vehicle. However the sites were not significantly below the optimum width.
For example, while the narrowest traffic lanes surveyed were only 3.1m, they were in
conjunction with 0.6 m shoulders.

A similar survey was carried out for free speeds on a long, straight and narrow
(6.7 m wide) bridge, taking particular note of whether opposing traffic was present.
For comparison, a section of long straight good-width highway nearby was also
surveyed. Table 3.6 summarises the findings. Although the free speeds at the
"optimal” site were not as high as expected (possibly due to survey-detection bias),
they are still typically 5-7 km/h higher than those at the narrow bridge, a statistically
significant difference. It is likely that the "constraining" effects of the solid bridge
parapets have a significant effect on vehicle speeds in this case, compared with the
relatively open shoulders at other sites.

Table 3.6 Mean free speeds near a narrow bridge
Vehicle Mean | Standard Sample
Survey Locations Direction Tvpe Speed | Deviation Size
P (km/h) | (km/h)
SHI RP303/3.0 Southbound =% 25.7 71 100
Truck 87.0 7.5 33
North of Saltwater Creek
Good alignment 10m wide | Northbound Car 232 L 95
Truck 83.5 6.6 20
SH1 RP303/6.7 Southbound |——C2 88.1 2.0 150
. . Truck 82.1 9.5 39
Ashley River Bridge
6.7m wide 360m long Northbound |2 87.6 2.9 176
Truck 814 8.1 49

The researchers hypothesised that speeds on narrow roads and bridges might be
somewhat dependent on whether there is opposing traffic at the time, particularly for
wider trucks. Drivers may tend to drive slower if they perceive that an oncoming
vehicle is closer to them, requiring more attention to vehicle control on their part.
During the surveys, vehicles were categorised as "opposed” or "unopposed”,
depending on whether oncoming traffic was present around the time of the speed
observation. However, analysis of the results showed no significant difference
between the two groups; in fact in most cases the "opposed” groups had the higher
mean speeds. This may reflect the fact that none of the sites was exceptionally
narrow, with traffic lanes of at least 3m.

Only TWOPAS currently makes practical use of road widths in its model evaluation,
as discussed in Section 2.2.4, and currently only for shoulder widths. This does not
allow for the effect on speeds of any adjacent structure or clear zone either.
PARAMICS allows link width specification but this only appears to be relevant for
graphical representation. TRARR has no facility to specify road widths. For most
rural modelling applications however (particularly on State Highways), this
limitation in modelling is not likely to be a problem.
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3.2.7 Assessment of Delays and Conflicts from Side Road Traffic

A rural T-junction and a rural crossroads were surveyed manually by observation to
determine gaps accepted (and rejected) when turning or crossing. Both sites were
level and on a good alignment (to avoid additional influences), with sufficient
turning flows and turning lanes present. Electronic "TTM2000" data collection
boards were used to record the various vehicle manoeuvres and their time of
occurrence (to the nearest second only). The data were then processed to identify
time gaps between relevant manoeuvres (e.g. right-turning vehicle waiting versus
through-traffic passing).

The most recent version of PARAMICS now allows the specification of gap
acceptance parameters for individual links. These cover the various crossing and
merging manoeuvres both at junctions and in multi-lane situations. The default
values use minimum headways of 3-4 seconds, yet the work by Parsonson et af
(1996) suggests that at rural speeds, headways of 5-7 seconds are more appropriate.
The collected field data also seems to indicate similar larger headways, and suggests
that at high speeds drivers are more conscious of the danger of accepting an
inappropriate gap. Therefore PARAMICS models should be adjusted accordingly
when used for rural intersection work.

Handheld PSION Organisers were also used to record number plates for travel times
over a 1.60 km section of highway surrounding one of the intersections. The results
were then compared with an equivalent TRARR simulation of the same section
(which couldn't specify the presence of an intersection). Table 3.7 compares the two
measures.

Table 3.7 Mean travel times through an Intersection
Direction | Vehicle Surveyed TRARR Difference
Type | Travel Times | Fravel Times {secs)
Car 60.5 57.0 -4.5
Southbound =1 - 673 61.8 55
Car 58.2 57.1 -1.1
Northbound |—p " o 62.0 618 202

The results indicate that an additional intersection delay of up to 5 seconds is not
being accounted for in a traditional linear road model like TRARR. For a
comparative study of options however, where intersections are not likely to affect or
be affected by the proposals, this difference may be cancelled out between options.

3.2.8 Delays at Constraints (road works, one-lane bridges)

Data collected recently for a study of the SHI Hurunui one-lane bridge in North
Canterbury was used to demonstrate how PARAMICS can be used for such a
scenario (the two other models studied have no equivalent ability).
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3.3.1 Accuracy of Prediction

Table 3.8 summarises the assessed correctness identified in each of the selected
model features, after evaluation of each package in conjunction with field data and
subjective experience. Note that although these assessments imply a reasonable level
of model validity, calibration of a specific project with suitable field data is
recommended.

Table 3.8 Assessment of Correctness of Selected Simulation Model Features
Rural Modelling Feature TRARR 4 TWOPAS 98 | PARAMICS '01
Curve Speed Prediction 22 22 22
Gradient Speed Prediction 1 22 22
Two-Lane Bunching/Overtaking 22 333 22
Passing Lane Overtaking 333 22 1
Speed-Flow Relationships 22 333 333
Speed Limits / Developments 1 22 22
Road Width Effects - 22 1
Side Road Traffic - - 22
Delays at Constraints (roadworks,

. - - 22
one-lane bridges)
Estimation of Fuel Consumption 7 ? ?
Assessment of Safety / Conflicts - - -

Key:

e 333 :excellent
e 22 fair

s ]:poor

* 7:unknown

* - :notavailable

The above table suggests that for most traditional rural modelling applications,
TWOPAS is more robust that the alternatives, having benefited from the most recent
rural highway research and development. PARAMICS shows acceptable
performance in areas of more complex vehicle interaction, such as intersections and
one-lane bridges, but does appear to need some adjustment of the defaults to
represent the behaviour of typical New Zealand rural drivers in many situations.
TRARR still provides an adequate performance in the basic road alignment and
passing lane assessments that have been its main use in New Zealand over the past
decade, but is limited beyond that.

3.3.2 Ease of Use
Table 3.9 summarises many of the specifications and features of each model. These
were identified either through practical testing, or from related documentation.
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3. Field Data Collection and Simulation

Table 3.9 Comparison of Selected Simulation Models for Ease of Use

Feature/Attribute TRARR 4 TWOPAS 98 PARAMICS '01
Mazx. highway Front-end limited to <1200 equal-len, sections, No limit {subject to
lengths 50 km, longer lengths can | incl. £150 curves, £100 | memory/processor), up to
be modelled directly speed limit zones, up to | 65536 nodes for normal
48.3km (30 miles) version
Max. traffic Dependent on length up to 2000 veh/h, up to | Standard licence allows up
volumes meodelled, up to ~1000 | ~4000 vehs in sim. at one | to 1000 vehs in sim. at
vehs in sim. at one time | time, sim. times limited to | one time; can be extended
12() mins
Road data import Can use RGTRA pre- No facility currently No built-in facility, but
processor to import available can edit data files directly.
RGDAS geometry data
Vehicle types 18 types, fully specifiable 13 types, specifiable up to 512 types, fully

within car/truck/RVY
groups

specifiable, limited
graphical representation

Roadway editing

Text column editing with
simple graphical
indication of roadway

Text column editing with
simple graphical
indication of roadway.

Graphical on-screen
manipulation, with
attribute editing in dialog

"Zone editing” option windows
Multiple periods/ Can run multiple ROAD | Can run multiple Traffic Specify multiple time
traffic flows and TRAF files files in front-end periods
Error/range Only run-time checks Provided throughout Some warnings and errors
checking of data front-end flagged
Customisation of Coarse specification of Either detailed or Flexible specification of a

outputs

additional outputs

summarised output

wide range of output

formats only measures
Use of outputs for | Well formatted for quick Hard copies only in Fairly flexible to produce
PEM work use Imperial units required data
Field data use Can enter initial bunching | Can enter initial bunching | Can use traffic counts for
matrix estimation
Text-based Yes, with extensive Not for front-end, Yes, but with limited
input/output files annotation simulation engine uses a annotation
text input file
Visual interface DOS-based menu front- | DOS-based menu front- | Windows/Unix program
end end with graphical editing
Graphical display Plots of mean speeds, Plots of mean speeds, 2D/3D animation of
of data travel times, percent percent following, number | simulation, Statistical
following of passes plots of outputs
Online Help Context-sensitive help Context-sensitive help Limited help with some
within front-end within front-end dialog boxes
Manuals, Basic manual with front- Nothing supplied with | Extensive paper/electronic
Documentation end, earlier more detailed software, separate reference guide and

manuals also available

manuals difficult to obtain

installation guide

In addition, it is pertinent to note that run times for TRARR/TWOPAS simulations
are very fast; only a few seconds for a typical model on modern fast PCs. By
contrast, PARAMICS is still relatively slow, even when run in (non-graphical) batch
mode, generally taking some minutes to simulate a few hours of traffic (this is also
dependent on the number of time-slices specified per second). PARAMICS run
times were also made worse by the "stalled vehicle” problems that left extra vehicles
queued in the system, but in practice they are still of a fairly reasonable duration for
working purposes.
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3. Field Data Collection and Simulfation

There are some caveats on the recommendations in Table 3.10:

¢ As with any modelling, sufficient field data is required to set up and accurately
calibrate the base model.

e New Zealand-based traffic and vehicle data should be used with overseas-based
models, as opposed to the defaults supplied with the program. The TRARR
defaults developed for New Zealand by Tate (1995) are a good base for working
with other models.

* Any results derived from a computer model should be subjectively reviewed by
independent means for reasonableness (e.g. expected order of magnitude).

Hopefully, with further future development of TWOPAS and PARAMICS, these
models will become even more useful for the various rural projects investigated in
New Zealand. Feedback from New Zealand practitioners to the model developers
will no doubt help the cause too.
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ASSESSMENT OF RURAL ROAD SIMULATION MODELLING TOOLS

4. Review of IHSDM and Related Safety Models

The rural road modelling framework suggested in Task 1 identified "Crash Risk" as
a key output. When evaluating existing models however, the lack of safety
performance measures is a key omission. A review of other safety performance tools
available is therefore pertinent.

The review considered what aspects of these tools could be relevant here and what
may need to be changed in order to use them here (e.g. differing standards).
Consideration of how the underlying research could be incorporated into any future
development of the simulation models examined above is also discussed.

The main tool identified is ITHSDM, described in detail in Section 4.2.1. A similar
review will also be made of other sufficiently developed rural safety models
identified worldwide that could be applied here.

4.1 Literature Review of Safety Model Research

Generally New Zealand’s existing crash analysis procedures are static “crash rate”
models that relate typical crash rates and environmental modifying factors to actual
traffic volumes. For project evaluation, existing analysis is usually as prescribed in
Transfund New Zealand's Project Evaluation Manual (Transfund 2001). Cenek et al
(1997) investigated the relationship between crashes and road geometry further than
most, using Poisson crash risk models to estimate the effects of changes in geometry.
More recently, Tumer (2001) produced detailed models for predicting various
intersection and mid-block crash rates based on traffic volumes.

Another potential approach is to use micro-simulation to analyse driver/vehicle
behaviour and identify the frequency of situations that put road users at more risk
than others. Because of the relatively rare nature of crashes, it is not expected that
these models would necessarily simulate a vehicle crashing. Rather, proxies for
unsafe behaviour can be used to assess likely crash rates, e.g. the number of aborted
overtaking manoeuvres (as determined by changes in simulated vehicle intentions or
"states"), or the number of vehicles exceeding the "safe" curve speed (the definition
of which can vary greatly). This "traffic conflicts" approach has been applied for
over two decades now to intersection-related crashes; however its application to mid-
block situations is still relatively untapped (with some reason).

Fildes & Lee (1992) noted that, when considering safety, there is a distinction
between features or treatments that affect the likelihood of being involved in a crash
(crash involvement) and those that affect the likelihood of sustaining an injury given
a crash (crash consequence). This is important when assessing the relative effects of
highway features both on-road (e.g. curvature, crossfall) and off-road (e.g. drains,
safety barriers). A safety model, for example, may need to separately consider the
likelihood of running off the road (which in itself may be harmless) and the
likelihood of subsequently hitting an object or rolling over.
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4, Review of IHSDM and Related Safety Models

Perkins & Harris (1967) pioneered this technique and defined a traffic conflict as
occurring when "a driver takes evasive action, brakes or weaves, to avoid a
collision” (Perkins 1969). Subsequent studies have refined this definition, and
various countries have adopted slightly different procedures, but the essence has
remained the same. Attempts to relate traffic conflict numbers with crash numbers
have met with varying success, although this may be a consequence of often
inaccurate crash data collection. Older & Shippey (1977) also pointed out that the
technique assumes that crashes are preceded by evasive action; yet filmed evidence
shows that this is not always the case (e.g. hazard not noticed, driver fatigue).

To date, traffic conflicts research has largely concentrated on intersections, for
which it is easier to identify and collect sufficient numbers of conflicts in a practical
amount of time. It is a more difficult proposition to try to use similar techniques for
relatively low-volume rural highway sections, particularly given the greater
incidence of single-vehicle crashes. Indeed, Giittinger (1977) questioned whether
conflict observation is possible in the case of "one-sided" (sic) crashes, such as
collisions with objects. As a result, little research has explored this area in detail.

One exception was the work in Finland reported by Kulmala (1982), which
considered rural features. Three "crawler" lanes were replaced by overtaking lanes
and conflicts observed (it is not clear exactly what type of conflicts were looked for).
Although conflicts increased after the first two weeks, observations three months
after the change showed a notable (~50%) reduction. Locally, similar conflict
observation techniques have been applied to the merge areas of slow vehicle bays on
SH29 (Nicholson & Brough 2000) to determine the priority rankings for treatment.

The above techniques are based on observations at fixed locations. Some researchers
have investigated conflicts along a route. Risser & Schiitzenhéfer (1984) reported on
a study conducted in Austria recording traffic conflicts in moving vehicles. The aim
was to find out typical drivers' errors resulting from unadjusted behaviour and often
leading to traffic conflicts. 200 subjects drove a standardised route, with two
observers in the cars collecting data. They included near-misses in the absence of
other road-users and deviations from the normal road area.

Similarly, Charlesworth & Cairney (1988) investigated "unsafe driving actions”
(UDAs). These included following too close, travelling too fast for conditions,
turning too wide or sharply, crossing lane lines, and improper braking or evasive
action. An analysis of crash data identified key UDAs; some techniques to observe
these behaviours in the normal driving population were then piloted. This included
moving car-following techniques on rural routes while recording dangerous
overtaking, lane encroachment and speeding. LTSA's crash database could be used
to identify key UDAs reported in crashes here, for subsequent observation.
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Another way of examining traffic conflicts is to consider the number of "conflict
opportunities” rather than the number of actual conflicts. For example, two vehicles
approaching each other have the opportunity for a head-on conflict, but in most
cases will pass safely. Kaub (1992) used this approach to estimate passing-related
crashes. He used a "Statistically Probable Conflict Opportunity" (SPCO) crash
model that related the probability of conflict opportunities with the probability of a
crash occurring. A linear relationship between the two was usually sufficient. For
passing, the probability of a conflict was defined as:

P(Conflict) = P(Passing) x P(Opposed)
where

P(Passing) = the likelihood of same-direction vehicles interacting, based on
volume, speeds, etc

P(Opposed) = the likelihood of opposing traffic, based on opposing volume,
overtaking time, etc

This approach has appeal in that all of the required data (volumes, speeds, crash
numbers, etc) are readily available. Similar conflict opportunity models could be
developed for other crash situations, such as lost-control and head-on crashes. The
key difficulty is in identifying the features that must be included in the model. Some
sites may have specific deficiencies that are causing a greater than normal crash rate
and these would need to be incorporated. The above equation also implies
independence between the two contributing probabilities when it is very likely that
this is not the case (e.g. opposing traffic volumes).

Steyer et al (2000) described another interesting approach to the problem of
predicting safety on rural two-lane curves. A "driving conflict technique” was
developed that takes into account the appearance of the curve to the driver, the
consistency of the alignment, and the predicted driving behaviour (speed, lateral
placement, etc). Comparison of these parameters with the crash record at each curve
allows for relationships to be inferred. Further work is required to validate the
method in the field, but it appears to be a promising means of assessing non-
intersection conflicts.

4.1.4 Relating Crash History with Crash Predictions

One problem in trying to predict crashes at a particular location is how to take into
account every single aspect of the site's geometry and other features. A site may, for
example, have a certain combination of features that produce a less safe
environment, but this may not be easily captured by recording of standard
parameters such as road width and curvature. Conversely, a site may be safer than
expected, perhaps because its appearance makes drivers take more care. While a
more detailed crash prediction model could try to identify each of the features that
contribute to the relative safety of the site, it becomes more difficult to so with any
precision once the major features have been identified.

A method to try to resolve this is to combine the existing crash history at the site
with the predicted crashes for a typical site of this nature. This allows the expected
crash rate to be scaled up or down to allow for localised effects. The most common
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approach is known as the Empirical Bayes method, alluding to the use of Bayesian
probability theory.

Hauer (1997) outlines the basic methodology, assuming that crashes at a site are
Poisson distributed (i.e. mean equals variance). Consider a site with a recorded
history of K crashes over a known period. A crash prediction model for similar sites
produces estimates of the mean and variance at this site as Efx} and VAR{x/ over the
same period. The expected crash estimates (given the crash history K) can be
calculated as:

E{x|K} =ax Efx} + (I-a) x K
VAR{k|K} = (1-a) x E{x|K}
where

a=1/[1+ VAR{x}/ Efx}]

It can be seen that more variable crash prediction (e.g. VAR{x}>>E{x}) results in a
lower weighting on the crash prediction model and more emphasis on the crash
history. More complex calculations can also be derived for situations where a variety
of crash history periods are used.

4.2 Available Road Safety Models

The simulation models examined in the previous chapters were designed specifically
for evaluation of efficiency issues, e.g. travel time savings and reductions in time
spent following. However, various other efforts have been made to produce models
of rural road safety, using a range of techniques. Some of the more promising ones
are presented below.

4.2.1 Interactive Highway Safety Design Model (IHSDM)

A major project of relevant interest here is the Interactive Highway Safety Design
Model (IHSDM), being carried out by the US Federal Highways Agency (FHWA
2001). THSDM will be a suite of evaluation tools for assessing the safety impacts of
geometric design decisions. IHSDM's evaluation capabilities will help planners and
designers maximize the safety benefits of highway projects within the constraints of
cost, environmental and other considerations. The initial development efforts are
restricted to two-lane rural highways, with work on multi-lane highways to follow.

The full IHSDM package was not available in time for this review — final release was
planned for the end of 2002. At the time of review, beta-testing of the various
modules was underway and the author was able to obtain some of these modules for
review; Figure 4.1 shows the appearance of the main program, with tabs for selecting
the various program modules. Evaluation has also included background papers and
research discussing the proposed modules, as well as correspondence with the US
researchers.
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Perception (identify sight distance limitations, distances/positions/speeds,
allowance for errors)

Speed Decision (use comfort and posted speeds to determine
acceleration/deceleration)

Path Decision (assume either curve cutting or follow lane for different drivers)
Speed Control (time delay between pedals, pedal depression rate)

Path Control (assume feedback loop to correct errors after action/perception
delay)

Attention (currently assumed to have full attention to driving)

Some key assumptions used in the DPM to date are:

The driver is experienced at the driving task in general (controls, steering, etc),
but not necessarily familiar with the highway geometry presented.

Drivers make appropriate decisions/actions, given good perceptual information.
The driving environment is relatively relaxed (i.e. not emergency situations)

Only vehicle path and speed tasks are considered. Other tasks such as monitoring
traffic signs and other traffic are generally not included.

Although the above assumptions help to simplify the behavioural model required, it
has to be accepted that exceptions to all of these assumptions (e.g. inexperienced
drivers, distractions) are often significant factors in many crashes.

The results from IHSDM can be reported in a number of different formats. Various
text-based reports can be produced and customised to suit. Graphical data can also
be presented, as shown in the example in Figure 4.5. As well as charting road
geometry data, this plot also shows a speed profile along the highway that is used by
the DCM to identify inconsistencies in speed environment. The plotting layout is
very similar to that commonly produced in New Zealand these days for state
highway strategy studies.
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The most significant factor was the difference between the 50 m interval mean speed
and the overall mean speed of a road section, similar to the measures of local speed
versus speed environment mentioned previously. The model could be applied to
evaluate variations in crash frequency that would be associated with changes in
layout, geometric design, or traffic flow on rural single carriageway roads.

In Europe, the SAFESTAR (Safety standards for road design and redesign) project is
a research study focusing on traffic safety for what is known as the “Trans-European
Roadway Network” (TERN) that links the major European centres. The aim is to
develop safety standards for highway design and redesign on all classes of road
involved (Wegman & Slop, 1995). Nine European research institutes are
collaborating on SAFESTAR, with the (Dutch) SWOV Institute for Road Safety
Research coordinating these activities. Of the eight priority areas being investigated,
two of particular relevance are “cross-sections of rural roads” and “design of curves
in rural roads”, and working papers have been produced documenting the findings to
date (Cardoso et al 1997, VTIT 1999). Although the project does not inciude the
specific development of road safety models, the literature review has identified a
large number of models developed in the past from which to produce best practice
guidelines. Some of these could be revisited for development of local models.

The Swedish Centre for Traffic Simulation Research (CTR) is working to develop
indicators for safety in urban intersections using micro-simulation (SINDI project,
Archer 2000). Crashes and conflicts occur as a consequence of individual and
temporal variations in driver behaviour, errors in perceptions, errors and delays in
decisions and errors in performance. In order to assess safety one must introduce
such variances in behaviour, so such a behavioural model has been used by CTR,
based on a further development of the Finnish HUTSIM traffic simulation model.
CTR plan to extend the SINDI project into safety assessment for rural roads,
however this will not be available in time for this review (Andréasson 2001).

The Finnish National Road Administration (FinnRA) evaluates yearly traffic safety
improvement targets using a program called TARVA (named for the Finnish words
which mean "Evaluation of Safety Effects Using Effect Coefficients™). Introduced in
1995, TARVA uses crash models together with crash history to estimate the
expected number of crashes on the road if no measures were to be implemented. The
effects of measures can then be evaluated using a standard set of incidence and
severity reduction factors for different treatments. Relatively simple models, largely
based on vehicle exposure, are primarily used to estimate average risk for
homogenous road sections, with more complex models available if necessary that
include sight distances, road widths, etc. FinnRA found that, when combined with
historical crash data, more complicated models did not significantly improve the
prediction effects (Peltola 2000). It may be possible to adopt or incorporate a system
like this into a rural road safety model here.
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4.3 Applications for New Zealand

4.3.1 Existing Crash Reduction Evaluation in New Zealand

Project evaluation of safety benefits is currently prescribed by procedures in
Transfund New Zealand’s Project Evaluation Manual (PEM) (Transfund 2001).
Crash benefits are either determined by applying estimated reductions to existing
crash rates ("accident-by-accident analysis") or by assigning typical crash rates to
new or changed facilities ("accident rate analysis"). For rural highways, typical crash
rates are provided for broad terrain and volume categories, as well as predicted crash
savings from treatments such as passing lanes and resurfacing. Differences in crash
rates on isolated curves are also provided, based on the approach and minimum
curve speeds, and similar crash differences are provided for different cross-section
attributes (e.g. wider shoulders, flatter slopes). The information however provides
little specific guidance on how combined changes in alignment and cross-section
might be dealt with, such as with a realignment project. Generally there is limited
advice on the proportion of different crash types involved and the relative changes to
each type. In some cases, the provided data is also based either on overseas data not
calibrated here or on outdated local crash research.

Turner (2001) re-analysed local crash data and produced a range of new prediction
models for various intersection and mid-block situations. Although much of the
work was focused on urban areas, mid-block and T-junction crash rates were also
derived for rural (80-100 kmv/h) highways. These provided a breakdown of predicted
crash numbers by different types (e.g. rear-end, overtaking, etc), although this relies
on having known turning volumes to split intersection crash numbers like this. The
mid-block rates are only provided for generic "level” and "rolling" terrains, with two-
way daily traffic volume being the only input parameter (somewhat counter-
intuitively, the crash rates for rolling terrain were lower overall than those for level
terrain). There is therefore scope for incorporating other geometric or environmental
features into a model for more detailed estimation.

Currently the PEM only allows the option of using either historical crash data or,
where this is inappropriate or unavailable, typical crash rates. However there are
plans to allow the option of combining these sources of information (Turner 2002),
using a form of Empirical Bayes technique. This should provide for a more accurate
assessment of safety benefits, although it needs to be repeated that the crash models
for rural highway mid-block sections are still fairly undeveloped with regard to road

geometry.

One means of obtaining additional crash reduction information is via LTSA's Crash
Reduction Monitoring (CRM) Programme (LTSA 2001c). Set up in 1985, this
programme identifies sites where there are similar crash patterns and recommends
low cost engineering treatments aimed at reducing those crashes. Sites where road
safety works have been carried out (perhaps following a crash investigation study)
are monitored for changes in crash numbers and overall findings reported on a fairly
regular basis. Typical rural treatments that have been reported on to date include
installing chevron arrows at bends and shoulder improvements.
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There are two key problems with the CRM results at present. Firstly, where sites are
selected for treatment on the basis of high crash counts, there is likely to be some
reduction in crashes in subsequent years even if no works were camried out,
otherwise known as "regression to the mean". LTSA acknowledge this problem, but
no adjustment to the published results has been determined yet. However the effect
could be relatively minimal if long before/after analysis periods have been used,
such as five years. Secondly, in many cases, a number of other treatments are carried
out at the sites at the same time (e.g. upgrading signs and improving lighting),
making it difficult to distinguish the specific benefits of each treatment. This could
lead to an overstatement of the benefits attributable to a particular treatment.
Conversely it could also lead to an understatement of benefits if the treatments are
not supportive of each other. Nonetheless, the programme represents a dataset that is
hard to match around the world.

4.3.2 Crash Type Incidence on New Zealand Rural Highways

It is pertinent to consider the relative proportion of crashes actually occurring on
New Zealand highways, so that attention can be focused in the right areas. It would
be overzealous, for example, to concentrate on an accurate prediction model for
certain types of crashes if they actually made up less than 1% of the total reported
numbers.

Table 4.1 summarises the numbers of reported injury crashes on rural (100 km/h)
State Highways between 1996-2000. Only State Highway data have been used, on
the basis that this type of road represents those typically warranting modelling and
realignment or other such treatments. However, other rural roads are likely to have
similar crash characteristics. Data for two-, three- and four-lane highways are
presented, although it is difficult to separate four-lane motorways and expressways
from undivided highways. Crash numbers for two-lane highways clearly dominate,
reflecting their prevalence in New Zealand.

Table 4.1 Crash Type Numbers on NZ Rural State Highways 1996-2000

Number of Lanes

Crash Types 2 3 4 ALL
Curved Rd - Head On / Lost Ctrl 3773 256 28 4057
Straight Rd - Head On / Lost Ctrl 1611 157 51 1819
Rear-end / Obstruction 854 244 77 1175
Intersection 700 137 58 895
Overtaking 592 138 28 758
Pedestrian/Misc 234 24 4 262

TOTAL| 7764 956 246 8966

For two-lane highways, head-on/lost-control crashes on curves comprise almost half
(49%) of all reported crashes, with similar crashes on straights contributing the next
highest proportion (21%). Rear-end/obstruction crashes play a greater role on three
and four-lane highways (31% of the latter), probably reflecting the increasing levels
of congestion and traffic interaction. Intersection and overtaking-related crashes
make up still smaller proportions, although intersection crashes are relatively
common on four-lane highways (24%). Pedestrian and other miscellaneous crash
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types occur less than 3% of the time, largely due to the absence of their contributing
features on rural highways (e.g. pedestrians crossing, parking).

Given that the top five categories contribute at least 8% each to crashes on rural
highways, they should ultimately all be considered for safety modelling. The relative
priorities will need to consider the actual proportion of, and hence exposure to,
different road environments (e.g. straight versus curved roads), as well as the
existing availability of research on each crash type. Clearly however, on sheer
numbers alone, development of crash prediction measures for head-on/lost-control
crashes on curves is the first priority. While some crash prediction information is
available in the PEM for isolated curves, this needs to be considered further in the
context of combinations of curves, as well as investigating the effect of other
relevant parameters. As more four-laning becomes common, development of
accurate measures for the other crash types will become equally important.

Another relevant statistic is that 54% of the crashes on two-lane highways involved
only one vehicle — and given the lower reporting rate for single-vehicle crashes, the
true proportion is probably higher. The finding is reflected in the prevalence of lost-
control crashes in the data. This has implications on how road safety models might
be developed; a "traditional" traffic conflicts model for example will clearly have
only limited use. For three and four-lane highways the proportions of single-vehicle
crashes are lower (33% and 21% respectively), reflecting the increased traffic
interaction likely to be present.

An analysis of cause codes may help to identify key unsafe driving actions in New
Zealand, as described above by Charlesworth & Cairney (1988). The top factors
identified in the above crashes (excluding alcohol) are listed in Table 4.2, with those
identified more than 5% of the time for a particular crash type shown in bold.

Table 4.2 Top Cause Codes in Crashes on NZ Rural State Highways 1996-2000
ot f G Aol T el e
te: aleohol-related s not - - )
(note aS;s c g‘i c:z’l; Z. S;gg;w& "o erslizes Head-On /|Head-On /| Obstruct' [Intersect’'n| O'taking
Lost Ctrl | Lost Ctrl n
Too fast entering corper 102% {1 21.5% 0.5% 1.3% 0.2% 1.3%
Fatigue (drowsy, tired, fell asleep)| 4.2% 3.9% 11.6% 0.7% - 0.4%
Lost control while returning to
seal from unsealed shoulder 4.1% 55% 6.2% 03% 0.1% 4.2%
Didn't check behind when 1 5 5, i 01% | 117% | 60% | 103%
changing lanes position or dirn
Following too closely 3.0% 0.1% 0.5% 20.1% 0.4% 1.8%
Inattentive: failed to notice 2.6% 1.5% 2.1% 7.7% 2.5% 1.5%
Eaﬂeci to give way at give way 2 5% 0.1% 0.1% i 24.4% }
sign
Lost control when turning 2.4% 5.2% 0.1% - - -
Failed to give way when turning | ) 3¢, . 01% | 02% | 226% | 03%
to non-turning traffic
Swung wide on bend 2.0% 4.4% - - 0.1% -
OTHER CAUSES 63.7% | 57.8% 78.7% 58.0% 43.7% 80.2%
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More detailed analysis can be made within each crash type to identify the main
causes, e.g. the top factor identified in overtaking crashes was "overtaking
deliberately in the face of oncoming traffic" (10.8%), although it was reported in
only 1.0% of all crashes. The above figures also have to be viewed with some
reservations, given the vagaries in reporting by the attending traffic officer at
different crash types, and the often-limited evidence apparent from both the site and
the vehicle occupants. It is also pertinent to note the high proportion of crashes that
have causes other than these top ones attributed to them (or none at all). However it
will suffice for identifying a list of UDAs for further investigation.

4.4 Assessment of Road Safety Models

The road safety models featured above display a wide variety of techniques and
make use of differing sets of data, indicating the complexity of the task of accurately
estimating safety effects. Some general observations can be inferred:

* Overseas models would probably require some adjustment to their parameters to
give suitable estimates in New Zealand. Few appear to allow for this calibration
by users, with THSDM being a notable exception. However the developers of the
Road Safety Risk Manager are endeavouring to specify suitable alternative
values for use in both Australia and New Zealand.

¢ Driving speed, and its relationship to the surrounding speed environment in
particular, is a significant factor in assessing the relative safety of locations.
Speed factors also show up as a major cause of crashes in New Zealand. An
accurate means of predicting vehicle speeds is therefore necessary.

e Traffic or driving conflict models may have some limited applications for
predicting certain types of rural crashes, but they are still relatively difficult to
develop and validate, particularly where the measured conflicts are fairly rare
(e.g. non-intersection measures).

e Inclusion of actual historical crash data should greatly help to adjust crash
predictions for local effects that are otherwise difficult to account for. This
allows a relatively simple but effective model to be developed and used fairly
quickly, ahead of further research into other factors.

e New Zealand is luckier than many countries in having a fairly integrated system
for collating relevant highway data (e.g. traffic volumes, crashes, road geometry,
skid resistance), particularly on State Highways. This advantage should be
maximised in both developing and using any crash models here.

* The scope of the model will dictate the data used. For example, a nationwide
strategic highway crash model here in New Zealand could make use of the
relevant data already available in highway databases. For more site-specific
models however, some detailed on-site data collection may be required, e.g. to
assess roadside hazards and to determine sight distance constraints.
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¢ A road safety model based on measurable engineering attributes would probably
still benefit from setting these measures in a driver behaviour context,
particularly given that it is often a combination of atypical road features and
atypical driver behaviour that cause crashes.

None of the overseas models examined could be immediately used here for absolute
crash prediction (e.g. typical crash rates), given the relative differences in the
roading, social and legislative environments. However in many cases, the models
could perhaps provide a reasonable estimate of the relative change in crash risks
between two situations, enabling practitioners to apply this relativity to the existing
crash numbers. Even this assumption however has to be tested in the New Zealand
context before applying the models unchanged.

Of all the models, IHSDM provides the greatest scope for local customisation, such
as making use of New Zealand design policies and incorporating available road
geometry data. The complexity and detail of this model however means that such
customisation will require considerable effort. This level of effort will also be
required when specifying roading alignment details for project evaluations, as
IHSDM typically doesn't allow just a simple set of alignment information to be
entered.

4.4.1 Potential Key Indicators of Relative Safety

The literature and model review identified a number of parameters that could
influence the relative safety of a location. Further work may be justified in trying to
relate these to actual crash numbers here. In many cases, they may only affect a
certain subset of crashes, therefore requiring a range of measures to cover the whole
spectrum of crashes. Some potential indicators identified include:

¢ Mean or 85th percentile travel speed (severity of resulting crashes)

¢ Available sight distance vs safe stopping/manoeuvring sight distance
¢ Required curve speed reduction from previous travelling speed

¢ Relative vehicle position in lanes (cutting corners, swinging wide, etc)

¢ Number of aborted or "close" overtaking manoeuvres (conflicts/avoidance by
nearby vehicles)

¢ Number of "close" intersection manoeuvres (based on "time to collision")
e Number of vehicle "interactions" (e.g. oncoming vehicles, catch-ups)

It is worth carrying out some statistical analysis of the relative correlation between
these factors and crash numbers. However, care must be taken not to automatically
infer a cause-and-effect from an apparent correlation; a related measure may provide
a better reason for the indicated relationship.

4.4.2 Development of Local Road Safety Models

The question remains whether there is merit in developing local road safety models
further, The existing rural crash evaluation procedures in this country show distinct
limitations in both the underlying theory and their practical application on more
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complex projects. As road safety becomes more advanced in New Zealand, and
many of the "easy fixes" (e.g. black spots) have been implemented, more
sophisticated models may be required to identify the often minor effects of changing
small aspects of roading design. This will allow incremental improvements to the
relative safety of rural roads to be better identified and incorporated into future
works.

A primary focus on curve-related crashes would cover by far the most important area
of rural road safety in New Zealand. Other crash types could initially be predicted
using simpler methods, such as those developed by Turner (2001), with more
specific development of these later. Combining existing crash data in an Empirical
Bayes methodology would also speed up practical application, although software
tools may be required to encourage roading practitioners to make use of it..

The ability to integrate or link a rural road safety model to existing road design
packages would be of immense practical value, enabling faster specification of road
layouts for assessment and subsequent reporting and rework. Certainly, this is the
ultimate aim of the IHSDM programme. Many of these packages already have the
ability to estimate construction costs from a specified design; the calculation also of
traditional road user benefits like crash reductions, travel-time savings and vehicle
operating costs would provide a total package for determining cost-effective options.
In this way designers could produce an optimal alignment that balances construction
cost against reasonable safety and operating costs. This could be both at the strategic
level (e.g. a route construction cost optimisation package like Australia's Quantm)
and at the detailed design level (e.g. CAD design packages like InfraSoft's MX-
ROADS, Bentley's GEOPAK & InRoads, or CAiCE's Visual Design).

That issue is, however, probably for future consideration. The first priority would be
to scope the required needs for local road safety models at various levels, i.e:

¢ At the national/regional strategic level, to identify sections of hazardous or sub-
standard highway

¢ At the project scoping level, to assess the relative merits of different options

e At the project design level, to determine the precise benefits of the proposed
design

* At the highway audit level to identify and prioritise existing deficiencies

Each of these applications will require a different level of data collection (largely
dictated by the cost-effectiveness of obtaining additional data) and a different level
of output precision (determined somewhat by the need for absolute or relative safety
measures). Therefore it may be likely that separate models will be required for each
application, or that a particular subset of a model may be needed for some less
specific applications.
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This research has identified a number of potential rural road simulation packages
and other relevant models for use in New Zealand to evaluate traffic efficiency and
safety of different roading options. Further investigation is required to trial them and
confirm their appropriateness.

5.1 Study Scoping and Site Selection

A review of local and international literature on relevant topics revealed:

Horizontal and vertical alignments have the greatest influences on driver speed
selection and therefore need to be modelled with some precision. Horizontal
curvature and uphill grades are the key determinants, although the surrounding
speed environment and sight distances may have an effect.

Estimation of undesired vehicle-following and congestion delays is another
important use of modelling. Key factors that affect the supply and demand for
passing include traffic volume and composition, available passing sight distance,
and traffic speed distributions.

Predicting speed changes due to roadside development and lower speed limits is
particularly difficult, and site-specific measurements are recommended. Such
locations may affect high-percentile speeds more than the mean speed.

Narrow road widths do not appear to have as much influence on vehicle
operations as other factors, particularly for modelling on State Highways, which
generally have adequate lane widths. Isolated clearance constraints such as
narrow bridges may inhibit overtaking or speeding however,

Other features that can affect modelling of highway traffic, both in terms of
delays and safety problems, include side roads, one-lane bridges, and roadworks
with traffic control.

Most simulation models developed to date have been designed specifically for
evaluation of efficiency issues {(e.g. travel time savings and reductions in time
spent following) rather than assessment of safety benefits. Analysis of both
within the same package would be preferable for project development purposes.

At present, most detailed rural simulation in New Zealand is carried out using
TRARR (ARRB Transport Research, Australia). However, a number of existing
concerns and limitations have been identified through practical experience, and
no further upgrading is planned by the developers.

TWOPAS 98 (FHWA, US) is a similar alternative tool that appears worth
investigating. Current ongoing development makes it an attractive long-term
proposition, although its appropriateness and practicality for New Zealand use
needs to be confirmed.
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Network micro-simulation packages like PARAMICS 2001 (SIAS, Scotland),
commonly used for urban and motorway modelling, may have the potential for
rural simulation also. The appropriateness of the underlying driver behaviour
models on typical New Zealand rural highways needs to be confirmed however.

A desirable rural road model for New Zealand project evaluation should be able
to take in a wide range of road, environment, traffic, vehicle and driver attributes
and accurately predict measures of vehicle speed, running costs, crash risk,
vehicle emissions, and driver comfort.

As well as having the underlying theory sufficiently correct, a practical model
should ideally allow for a number of other features to make it efficient to use.
These include an intuitive graphical interface, easy creation and editing of input
data, the ability to incorporate field data, customisation of outputs for uses such
as project evaluation, and adequate documentation.

Incorporation of road-modelling features into existing road design packages,
such as MX-ROAD (Infrasoft, UK) could enable built-in assessment of designs
in terms of road user benefits and costs, resulting in more immediate feedback on
the most optimal designs.

From these findings, a survey plan (sites, methodologies) was developed to collect
suitable field data for assessment of the various simulation models.

5.2 Field Data Collection and Simulation

Following field surveys at various rural highway locations, subsequent analysis and
modelling showed:

While some project types are well served by modelling tools (e.g. passing lanes),
others are still not well supported (or at least for New Zealand situations). There
may be scope for further research to develop suitable analysis tools for the
industry.

Each of the three main models investigated appears to have particular strengths
over the others when considering different project applications. This suggests
that, in the short-term at least, all three have a part to play in New Zealand rural
modelling.

TRARR still has a significant advantage in terms of familiarity to many New
Zealand practitioners, and well-established support tools to enhance its use for
project evaluation.

TWOPAS generally has features at least as comprehensive as TRARR in terms
of modelling various rural features. However it suffers at the moment from a
limited means of bringing in road alignment data automatically. The next version
of TWOPAS (currently in beta version) offers more promise.
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PARAMICS provides considerable flexibility to model situations not
traditionally provided for by rural simulation models. This flexibility also means
however that it is more difficult to quickly set up and run a model and obtain the
required outputs. There is also still some question about the theory underlying
the model's operation as it applies to rural New Zealand roads, even with
appropriate calibration and validation.

There are existing usability problems with both TWOPAS and PARAMICS that
need to be addressed in future versions to make them more practical for rural
highway use in New Zealand. In particular, a sporadic "stalled vehicle” error in
'PARAMICS needs to be urgently dealt with.

From this assessment, an initial ranking of suitability for different project types was
produced.

5.3 Review of IHSDM and Related Safety Models

A review of local and international rural crash risk modelling revealed the following:

Most existing crash analysis procedures are "static" models, i.e. they predict
crash numbers by combining typical crash rates for a certain facility, traffic
volumes, and sometimes additional site-specific modifying factors.

Micro-simulation could be used to analyse driver/vehicle behaviour and identify
what situations put road users at more risk than others. Rather than actually
simulating vehicles crashing, observations of certain traffic "conflict" events
could be used to assess likely crash rates. The application of this approach to
mid-block situations is still relatively untapped, particularly where the measured
conflicts are fairly rare (e.g. non-intersection measures).

On rural routes, road features (e.g. curvature, roadside hazards, sight distance)
are more important in determining both the likelihood and severity of crashes,
whereas in an urban environment drivers are usually more constrained by either
speed limits or other road users.

Research on geometric features and crashes has found increasing crash risks
significantly related to increases in horizontal curvature and absolute gradient as
well as reductions in available sight distance.

Higher mean speeds and speed variances increase crash rates and severities.
Crash rates also increase as vehicle speeds fall significantly below the
surrounding speed environment. An accurate means of predicting vehicle speeds
is therefore necessary.

IHSDM, or Interactive Highway Safety Design Model (FHWA, US), is a suite of
evaluation tools for assessing the safety impacts of geometric design decisions on
two-lane rural highways. The use of IHSDM in New Zealand, making use of
local design standards, is a promising approach although considerable road
design data is required for input.
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¢ Many other potentially relevant road safety models have recently been developed
internationally. These include SafeNET (TRL, UK), Road Safety Risk Manager
(ARRB Transport Research, Australia) and TARVA (FinnRA, Finland). Many
would probably require some adjustment to their parameters to give suitable
estimates in New Zealand, although few appear to allow for this calibration by
users.

* None of the overseas road safety models examined could be immediately used
here for absolute crash prediction, given the relative differences in the roading,
social and legislative environments. However in many cases the models could
provide a reasonable estimate of the relative change in crashes between two
situations.

e Inclusion of actual historical crash data should greatly help adjust crash
predictions for local effects that are otherwise difficult to account for. This
would allow a relatively simple but effective model to be developed and used
fairly quickly, ahead of further research into other factors.

» For safety evaluation of rural highways in New Zealand, typical crash rates are
available for broad terrain/volume categories, as well as predicted crash rate
changes for specific treatments (e.g. passing lanes, resurfacing), curve speeds,
and different cross-section attributes. However there is little specific guidance on
how combined changes in alighment and cross-section might be dealt with (e.g.
for realignments) and there is little knowledge of the effect on different crash

types.

» New Zealand has a relatively well integrated system for collating relevant
highway data (e.g. traffic volumes, crashes, road geometry, skid resistance),
particularly on State Highways. The LTSA's Crash Reduction Monitoring
Programme also provides a valuable source of data on the effectiveness of
various road safety treatments. These advantages should be maximised in both
developing and using any crash models here. For more effective site-specific
models however, some detailed on-site data collection may also be required.

¢ For two-lane rural highways in New Zealand, head-on/lost-control crashes on
curves comprise almost half (49%) of all reported crashes, with similar crashes
on straights contributing the next highest proportion (21%). Less common are
rear-end/obstruction (11%), intersection (9%) and overtaking-related (8%)
crashes, although they play a much greater role on three and four-lane highways.

¢ A road safety model based on measurable engineering attributes would probably
still benefit from setting these measures in a driver behaviour context,
particularly given that it is often a combination of atypical road features and
atypical driver behaviour that causes crashes.

e The existing rural crash evaluation procedures in New Zealand show distinct
limitations in both the underlying theory and their practical application on more
complex projects. As more of the "easy fixes" are implemented, more
sophisticated models may be required to identify the often minor effects of
changing small aspects of roading design for incremental safety improvements.
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The following items are recommended for further investigation or action:

Undertake further examination of the potential for incorporating safety
assessment into future development of existing "travel efficiency" simulation
models.

Undertake further surveys of the type described in the survey plan to further
validate the accuracy of the various simulation tools. In particular, undertake
"before and after” surveys of sites where a roading project is constructed.

In the short-term at least, encourage the use of different simulation packages on
rural roading projects, particularly those more suited to specific applications, to
obtain the most appropriate project evaluation and to develop experience by
practitioners.

Arrange technical workshops introducing the various modelling options to the
roading industry in New Zealand, and providing guidance on how to use them
for various project applications.

Continue to monitor developments in models such as TWOPAS and
PARAMICS, and trial them further in New Zealand on suitable rural highway
projects. Liaise with the developers where possible to incorporate suitable
features for New Zealand use.

Where possible (i.e. subject to availability), investigate further the suitability for
New Zealand rural roads of other potential simulation models identified overseas
such as HUTSIM, VTI, AIMSUN, and DRACULA.

Continue to monitor the development of IHSDM and trial its use in New
Zealand, as well as keeping track of other road safety models overseas that may
be applicable to New Zealand, either in part or fully.

Scope the requirements for road safety models in New Zealand at various levels
(national/regional strategies, project option scoping, detailed project design,
highway audit). Assess the different levels of data collection and output precision
required, and whether the same models can be used for different levels.

Focus rural crash model research in New Zealand initially on curve-related
crashes. Other crash types could be predicted using more simple methods at first,
with more sophisticated development of these later.

Identify key unsafe driving actions in New Zealand from an analysis of cause
codes and other crash report information. Then observe their prevalence in the
normal driving population for comparison with relevant crash statistics.

Undertake statistical analysis of the relative correlation between crash numbers
and potential key indicators of safety. Indicators identified include
mean/percentile travel speeds, sight distance requirements, curve/approach speed
differences, relative vehicle lane positions, and numbers of aborted or "close"
overtaking/intersection manoceuvres and other vehicle "interactions".
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Investigate integrating or linking rural road safety models to existing road design
packages, enabling faster specification of road layouts for project assessment. As
well as crash reductions, design packages could also evaluate other traditional
road user benefits like travel-time savings and vehicle operating costs.

108



References

References

Andréasson, L., 2001. Pers. comm.

Archer, J., 2000. Developing the Potential of Micro-Simulation Modelling for
Traffic Safety Assessment. Proceedings 13th ICTCT (International Cooperation on
Theories and Concepts in Traffic Safety) Workshop, Corfu, Greece, Oct 2000.

Austroads 1989. Rural Road Design: Guide to the Geometric Design of Rural
Roads. Sydney, Australia. 59pp.

Austroads 2000. Relationship Between Crash Risk and Geometric Characteristics of
Rural Highways. Austroads Publication AP-R162/00, 7T3pp.

Barnes, J., Edgar, J., 1987. The Effect of the 1985 Rise in Open Road Speed Limits
on Vehicle Speeds. Proceedings 1987 Roading Symposium, Transit NZ, Wellington.

Beca Carter Hollings & Ferner Ltd (BCHF), 2001. Simplified Procedures for
Passing Lanes: Stage I Report. Prepared for Transit New Zealand, February 2001

Bennett, C.R. 1994. A Speed Prediction Model for Rural Two Lane Highways.
University of Auckland, School of Engineering Report 541.

Biggs, D.C. 1988. ARFCOM - models for estimating light to heavy vehicle fuel
consumption. ARRB Research Report ARR 152, Australian Road Research Board.

Botha, J.L., Zeng, X., Sullivan, E.C., 1993. Comparison of Performance of
TWOPAS And TRARR Models When Simulating Traffic on Two-Lane Highways
with Low Design Speeds. (US) Transportation Research Board, Transportation
Research Record 1398, pp. 7-16.

Brodie, C., Koorey, G., 2000. Road Safety Audit Ranking: Review of Austroads
Procedures. Transfund New Zealand Report No. RA99/864S.

Cardoso, J., Flouda, A., Dimitropoulos, L, Kanellaidas, G., 1997. Design
Consistency of Horizontal Alignment in Rural Roads. SAFESTAR Task 5.1 Report.

Cenek, P.D., et al 1997. Road Environment and Traffic Crashes. Transfund New
Zealand Research Report No. 79.

Charlesworth, K.D., Cairney, P.T., 1988. Development of Techniques for Studying
Unsafe Driving Actions. ARRB Special Report SR39. 123pp.

Charlton, S.G., Alley, B.D., Wigmore, B.J., Baas, P.H., 2001. Human Factors of
Overtaking Lane Design: Simulator Data and Research Findings. Transfund New
Zealand Research Report No. 203.

Dunn, R.C M., Tan, H.H. 1992, Calibration of NETSIM to New Zealand Conditions.
Transit New Zealand Research Report No.9, 27 pp.

109



ASSESSMENT OF RURAL ROAD SIMULATION MODELLING TOOLS

FHWA 2001. Interactive Highway Safety Design Model (IHSDM), website home
page & overview (http://www.tthrc.gov/safety/ihsdm/ihsdm.htm), US Federal
Highways Agency.

Fildes, B.N., Lee, S.J. 1993. The Speed Review: Road Environment, Behaviour,
Speed Limits, Enforcement and Crashes. Report prepared for Road Safety Bureau
(NSW RTA) and the Federal Office of Road Safety, Australia.

Fitzpatrick, K., Collins, J.M., 2000. Speed Profile Model for Two-Lane Rural
Highways. (US) Transportation Research Board, Transportation Research Record
1737, pp.42-49.

Giittinger, V.A. 1977. Conflict Observation Technique in Traffic Situations.
Proceedings of the Ist Workshop on Traffic Conflicts Techniques, Oslo, Norway,
Sep. 1977. pp.1-15.

Harwood, D.W., Council, FM., Hauer, E., Hughes, W.E., Vogt, A., 2000. Prediction
of the Expected Safety Performance of Rural Two-Lane Highways. Report No.
FHWA-RD-99-207, Office of Safety Research and Development, (US) Federal
Highway Administration.

Hauer, E., 1997. Observational before-after studies in road safety: estimating the

effect of highway and traffic engineering measures on road safety. Pergamon, New
York. 289 pp.

Hoban, C.J., Shepherd, R.J., Fawcett, G.J., Robinson, G.K. 1991. A model for
simulating traffic on two-lane rural roads: User guide and manual for TRARR
version 3.2. ARRB Technical Manual ATM 10B.

Hughes J.T. 1998. Traffic Data Collection For AIMSUN2 Simulation of an
Auckland Motorway. Proceedings 19th ARRB Conference, Sydney, Dec 1998.

Hunt, J., Mahdi, T. 1995. A model to predict accident frequency on rural single
carriageway roads. Proceedings of the conference Road Safety in Europe and
Strategic Highway Research Program SHRP, Prague, the Czech Republic,
September 20-22, 1995, VTI Konferens No. 4A, Part 1, p. 55-72, 7 ref.

Institute for Transport Studies, Leeds University (ITS Leeds), 2000. SMARTEST:
Final Project Report. Jan 2000.

Kaub, A.R. 1992. A microcomputer Model to Estimate the Benefits of Volume
Generated Auxilliary Passing Lanes on Two-lane Two-way Highways. Proceedings

4th International Conference on Microcomputers in Transportation, ASCE, July
1992, pp.356-367.

Keall, M.D. 2001. Pers. comm.

Kerali, H.G.R., 2000. Overview of HDM-4. Highway Development and
Management Series Volume I, World Road Association (PIARC).

110



References

Koorey, G.F., 2000. TRARR Users Manual. Opus Technical Support Document
CEP-505, Opus International Consultants Ltd.

Koorey, G.F., Gu, J. 2001. Assessing Passing Opportunities — Stage 3. Transfund
New Zealand Research Report No. 220.

Koorey, G.F., Mitchell, T.J., Nicholson C.S., 1999. Assessing Passing Opportunities
— Stage 2. Transfund New Zealand Research Report No.146.

Koorey, G.F., Page, S.J., Stewart, P.F., Ellis, A.E., Henderson, R.J., Gu, J,, Cenek,
P.D. 2002. Curve Advisory Speeds in New Zealand. Transfund New Zealand
Research Report No. 226. 112pp.

Koorey, G.F., Tate, F.N., 1997. Review of Accident Analysis Procedures for Project
Evaluation Manual. Transfund New Zealand Research Report No.85.

Kulmala, R. 1982. Traffic Conflict Studies in Finland. Proceedings of the 3rd
International Workshop on Traffic Conflicts Techniques, International Committee
on Traffic Conflicts Techniques (ICTCT), Leidschendam, Netherlands, April 1982.
Institute for Road Safety Research (SWOV) Report R-82-27. pp. 50-59.

Laird, J.J., Nicholson, A.J. 2000. Application of Microsimulation Traffic Modelling
to a New Zealand Road Network. Dept of Civil Engineering Research Report 2000-
10, University of Canterbury.

Leiman, L., Archilla, A. R., May A. D., 1998. TWOPAS Model Improvements. Task
6 Working Paper, NCHRP Project 3-55(3), University of California, Berkeley,
California, July 1998.

Levison, W.H., Simsek, O., Bittner, A.C.Jr, Hunn, S.J., 2001. Computational
Technigues Used in the Driver Performance Model of the Interactive Highway
Safety Design Model. (US) Transportation Research Board, Transportation
Research Record 1779, pp.17-25.

LTSA, 2001a. Speed Statistics. LTSA website: http://www ltsa.govt.nz/research/
speed.html.

LTSA, 2001b. Canterbury Region Road Safety Issues. August 2001.

LTSA 2001c. Overall Results of Crash Reduction Study Monitoring. February 2001.
Website: http://www ltsa.govt.nz/publications/crash/crsm_results.html.

McDowell, M.R.C., Wennell, J., Storr, P.A., Darzentas, J., 1983. Gap acceptance
and traffic conflict simulation as a measure of risk. TRRL Supplementary Report
776, Transport and Road Research Laboratory.

Mclnerney, R. 2001. The Road Safety Risk Manager: A software tool to prioritise
road safety treatments. Draft report RC1576 for Austroads.

McLean, I.R. 198%. Two-Lane Highway Traffic Operations: Theory and Practice.
Gordon & Breach Science Publishers, Melbourne. 408 pp.

111



ABSESSMENT OF RURAL ROAD SIMULATION MODELLING TOOLS

McLean, J.R. 1991. Adapting the HDM-III Vehicle Speed Prediction Models for
Australian Rural Highways. ARRB Internal Working Document No. WD TE 91/014.

National Highway Traffic Safety Administration (NHTSA), 1989. The Effects of the
65 mph Speed Limit During 1987: A Report to Congress. January 1989.

National Roads Board (NRB) 1980. Traffic Conflicts Technique Workshop — An
introduction to the GMR Traffic Conflicts procedures manual, Wellington,

Nicholson, A.J., Gibbons, J.N., 2000. Superelevation, sight distance and speed.
Proceedings, Engineering for Road Safety Symposium, Rotorua, Sep 2000.11pp.

Nicholson, C.S., Brough, K.D. 2000. SH29 Kaimai Slow Vehicle Bays — Safety
Review. Opus International Consultants Report 29A012.00 for Transit New Zealand.

Older S.J., Shippey, I., 1977. Traffic Conflict Studies in the United Kingdom.
Proceedings of the Ist Workshop on Traffic Conflicts Techniques, Oslo, Norway,
Sep. 1977. pp.1-15.

Osmers, W.F., Facey, A. 2000. Speed Limit Changes In Christchurch — The Effect
On Speeds And Crashes. Proceedings Engineering for Road Safety Symposium
2000, Rotorua, Qct 2000

Parsonson, B.S., Isler, R.B., Hansson, G.J., 1996. Drver behaviour at rural T-
intersections. Transit New Zealand Research Report No. 56.73 pp.

Peltola, H., 2000. Background and Principles of the Finnish Safety Evaluation Tool,
TARVA. Proceedings 13th ICTCT (International Cooperation on Theories and
Concepts in Traffic Safety) Workshop, Corfu, Greece, Oct 2000.

Perkins, S.R, 1969. Traffic Conflicts Technique Procedures Manual. General
Motors Research Laboratory Report 895.

Perkins, S.R., Harris, J.L., 1967. Traffic Conflict Characteristics: Accident Potential
at Intersections. General Motors Research Laboratory Report 718.

Risser, R., Schiitzenhofer, A., 1984. Application of Traffic-Conflict Technique in
Austria. International Calibration Study of Traffic Conflict Technigues, E.
Asmussen ed., pp.141-151. Springer-Verlag.

Saunders L.R. 1988. Delays and conflicts at one lane bridges : cost estimation for
bottlenecks. National Roads Board (N.Z.), Road Research Unit occasional paper,
Nov 1988.

Shepherd, R. 1994. TRARR 4 User Manual. Australian Road Research Board
(ARRB), Victoria.

SIAS, 2000. Individual vehicle lane and speed. PARAMICS Technote ID:70, 14 Dec
2000, SIAS Ltd, Edinburgh, UK.

SIAS, 2001. PARAMICS 2001 Release 2 User Manual. SIAS Ltd, Edinburgh, UK.

12



References

St. John A.D., Harwood, D.W. 1986. A User’s Guide to TWOPAS — A Microscopic
Simulation Model of Traffic on Two-Lane Two-Way Highways. Federal Highways
Administration

St John, A.D., Kobett, D.R., 1978. Grade Effects on Traffic Flow Stability and
Capacity. (US) Transportation Research Board, National Cooperative Highway
Research Program Report 185.

Staba, G.R., May, A.D., Phung, H.O., 1991. Development of Comprehensive
Passing Lane Guidelines. Research Report. Volume It Final Report. Institute of
Transportation Studies Report No: UCB-ITS-RR-91-1, California University,
Berkeley.

Steyer, R., Sossoumihen, A., Weise, G., 2000. Traffic Safety on Two-Lane Rural
Roads — New Concepts and Findings. Proceedings of the 2nd International
Symposium on Highway Geometric Design, June 2000, Mainz, Germany, pp.299-
312.

Tate, F.N. 1995. Assessing Passing Opportunities — Stage 1. Transit New Zealand
Research Project PR3-0097 draft report.

Tate, F.N, Major, N.G., 1993. Traffic Delays at Resealing Works. Proceedings 1993
IPENZ Conference, Hamilton, Feb 1993, pp.420-431.

Transfund New Zealand 2001. Project Evaluation Manual. Manual no. PFM2, 1st
revision (1997), amendment no.5 (Aug 2001). Wellington.

Transit New Zealand, 2000. Draft State Highway Geometric Design Manual.
Wellington.

Transportation Research Board (TRB) 2000. Highway Capacity Manual (HCM
2000). National Academy of Sciences.

TRL 2002. SafeNET — An Interactive Design Tool for Traffic Engineers. Transport
Research Laboratory, Crowthorne, UK. Website: http://www.trlsoftware.co.uk/
productSafenet.htm.

Troutbeck, R.J. 1984. Overtaking Behaviour on Narrow two-lane two-way rural
roads. Proceedings 12th ARRB Conference, Vol.5 pp.105-116.

Turner, S.A., 2001. Accident Prediction Models. Transfund New Zealand Research
Report No.192. 80 pp.

VTIT 1999. Cross Section of Rural Roads. SAFESTAR Final Report WP4. VTT
(Communities & Infrastructure), Finland.

113



ASSESSMENT OF RURAL ROAD SIMULATION MODELLING TOOLS

Watanatada, T., Dhareshwar, A.M., Rezende-Lima, P.R.S., 1987. Vehicle Speeds
and Operating Costs — Models for Road Planning and Management. John Hopkins
University Press, Baltimore, US.

Wegman, F.C.M., Slop, M. 1995. Safety Effects of Road Design Standards in
Europe. Conference Proceedings, International Symposium on Highway Geometric
Design Practices, Ang 30-Sep 1, 1995 Boston, Massachusetts. Ch. 39.

114



GLL

0008 yoeo.dde Wbeng 8PIS YIN Uauy 05/04 puspooplol’'s | LLE |26F | LIE | SI i peedg 25'P0/L LE0-S10
0089 Wwogl+0e+St 91d 006 14dvY ‘SHY PY suossarn FX LHE St LPECYH 2pIS Lg'g0fL1E0-S10
0089 | ¢O/1/LL aan2 JuBIs W0 L +0g+SY g1 009t 1OVY 'SH PH UdESH THMIEM 9’ LE St pecy epIg 9 10/11E0-510
0089 uis 1snf 8BpLIq ‘apis Jaylie sdwny ‘saug|-Lun oN 002 LAYV 'SHY PY sIInL| LLE LLE S1 ipecy apis P 10/11€0-S10
0089 | 20/L/LL puS [N U0 2N WEIS W am oBppg 1Ay ABIUSY|9ED LLE |£9°9 m £0E S1 P PROH £9°90/20E0-510
000/ | €0/L/LLE 1uBreas Buo| paoy ¥8840 I|emlfes JO JLON 00E | £0% St paads aa:d 00°€0/20E0-510
0064 yoeoldde pooy ‘05 ‘0L apIS UIN /W 05/0L Asliequiv|02'6 | ¥BE [0E'6 | ¥82 | St uurpssdg | 08'60/¥820-S10
ooz | eo/erel Buix jo wis 1yBeas Loys subis Bury ‘usiuf ‘umeiy Buissos Aemiey 266 | 292 | sI peads 8814 26'S0/2920-S1.0
0042 wawubye paano ‘usiprib pydn ug auet Buissed 10ufl00'S | ivg 106'E | LbE | SL iaue Buissed | 06°E0/2#20-SLD
00le a0/e/8 O v1/L¥2 “0°6/LPC ‘O°F/LYE '0°L/LYE 1B SISIUN0Y 180T STdXZ ‘wye L ‘ueie) Buiod|00FL | b2 J00°L ive Sl Buiyaung 00°10/2¥20-SL0
0oL wetuBiie paans quaipelb ||iudn uo aue Buissed 1ou){e5'0 | J¥E JOL0 | v | St ¢oue Buissed | 91°00/4¥20-510
001z | «LosrL BJBP 83N - IN0 pallies Ajuasal skaans Aefaq ‘Buo) wog) W2 eM aBpug eAlY InunmHivLo | 2v2 o2t | sez | st | ebpugeued-suQ | 047 11/SECO-SED
0002 8bpug mouieu uim sledios - seyseoidde poon w9'g obplg Jead nelepiago | 412 |GG1E | G861 | St LUIRIM prOY GG LE/SE6L0-S10
0005 | .10/9/9 SUORIBAIP Y10q subis ¥sy Bop £9 H Augpdgo 8AIND{B06 | 186 [66'8 | 166 | Z peadg eany | 66'90/1£60-200
0092 | .L0/9/S suoioaNp Yiog subis 35/ Bap 62 HY AugpdsiH aamolot'e | 858 |s08 | 898 z peadgeamn) | 50°80/8580-200
00t | 20/9/11 uie.8) snouiunop ‘Bullioy ‘1214 jo i unH Jaddn-uoisisulesd-uolaisew|oee | 96 [08'S | £88 < uondwinsues BNy | 08°60/£880-200
1avy | {s)seqg SJUBLILLG?) uonduasag| d4 | 84 | 44 | sH | AmH adA) Aoming al| Aeaing
000Z1A | Asaing pu3g ues aels pagebie]

“(sonowl ux)  (YIPIMAUDTIYIPIAM PSS, PAIBIOUUR U9 SARY SYIPIM PBOJ PRINSEIW *, SJUDWWO)),, IOPUN :9JON

-100foxd sny1 woiy Ajojeredas pakoains orom

TE'm

€ )M PAIBIIPUL $918p £9AING 9ION

"0891]) 10 U2AIS ore sa1ep AaAaIns 900f01d ST} 70J paASAIns A[fen1oe US9(q SABY WOS ATUQ) "(SIPATY BIBYRY-ABMUC)D)) UOCIZAT AINQIgue)) YUON )
ur 218 SaNs 1SOIN “109foxd s1yl ur suoneoo] A2AIns se AJIQRIINS J19Y3 J0] PRI 9U) Ul PIMIATAI UY) Juawissasse dopjsop AQ poayijuopl 21dM SIS sy L

UoIII3[j0D BIB( PISI4 10} PRABAING SOlIS

L'y

saoipuaddy

seoipusddy




9Lt

0005 | 20/2/S1 H19°E ‘HH §'F Te saamd b1 wxg 'Wbleng buotjoos | 8 josZ | O G/ | depBupenes0 | 0§ £0/0000-5L0
0ogt Buot wigge wiem ebpug Jea uuexewremloze | 9et |Z8'61 | 121 | €4 | iebpugeuet-euq | 28°G1/1E10-6/0
0ogt Bop e Hu augpdgoteandloety | Lzl loiy | 121 | € ¢paadg aamng | OLP0/LZL0-EL0
ooeL | 2o7ent fudn %9-g WEB.S POOMUOAUI JOISemi0e'8 | 201 JO6°4 | Z01 | €2 | wewpeigubiens | 06°20/2010-€£0
00EL Bop oy HT AUZPASOT 2ANDI0SY | 0L [0k | 201 | B2 ¢psadg aainy | 0L'v0/2010-E20
ooel Bop 05 HY AuFPdSIH @AND|09'LL | 06 [02'HL| 06 | €2 ¢poadg sang | 02'1L/0600-E20
00EL Bop Oy H1 auapdsoeandloeg | 9L [0kE | 92 | &L ipaads aang | 01'20/9L00-E20
001 Jou) yoroidde Loyg ‘1920 %5L Bap OF H AUIPASIH 8AIND|06'L | 25 (0481 26 | &L ipeadg anng | 0L724/2500-€L0
0051 yoeosdde WBies ‘0L OIS ISBM YL OL PIRIYOYS|SEZ | 26 |460 | B8 | €2 iy pasds | 26°00/8500-€£0
0002 olfed] S1RISPOW SX0 ‘W LL ‘Ul 1RI4)060 | 2§ [0S0 | W | €2 & Buigoung 05°00/1 700620
0052 Dljjes) djeIspop unig ubiens Buotloss | ¥e (050 | ¥E | €4 | fdemBupeuesg | 05700/4E00-E20
00vZ | o/l umol-piw eang ‘yoeoudde ybless ‘eweu+o, apIs 1€ Y/ 02 @omiy|00'61 | SL jezet | SL | e il paadg 2e'81/5L00-€20
0ove B|pPIW Ul Lolaes IS Bep 6 HY AUZPdSIH @uND|0EEL | S1 |00EL| SL | ef ipoadgamngd | Q0'EHSLO0-EL0
008E UMOl-pru BAING ‘yoeoadde Jybiens ‘eweu+0g apIS JSOM U/WY 0B UCHIIN ISBMIZE'S | GL [E9Y | SI gL gl pasds | €9'¥0/5100-6L0
000 0L | 20/e/21 speod epls “oyjen uby ‘souelsip Jubis poon wxg ‘Wbrens Buotjoos | o [oso | o LL deg) BupiepeAQ | 05°00/0000-LL0
0oLl aana HT 1uBRs ‘yorosdde poog) ‘umeq 1au| weaug ob100 Jo1s9M|02'0L | 8L (086 | 82 ! | aweipein wbeng | o8°'60/8/00-200
0oLL opis LN uo apesfdn Bep gy {1 AUZPdSoT ywNG, 8AIND (G0 | @9 |EL0 | 89 i ¢poadg amng | ££°00/8900-200
00¥e 05 @25 ueo ‘yoeoidde wbens poor ‘eWeEN+0S ‘0L 8pIs UIN U/WY 0G/0/ UsproanD (L€l | 82 |SPEL | 82 i wpeeds | S'E1/8200-200
oove | eosgfes yoeouddde jbieis poon ‘eweN+og apIs LIS WU 06 UspIaMNDGrEL | 82 1652H| 82 l I paadg SS'ZH/BE00-200
0022 sdwing Jouly ulene] yblens lel4iooe | 8¢ |ose | 82 i ¢peeds 8814 | 09°€0/8800-£00
0008 yoeoidde 1breIS ‘07 BPIS UIN U/wy O/ 1epuesunalsly | 1eg |ve'e | 188 | SI g peads | $E°E0/EBEC-SHO
0006 | 20/1/52 {H) WOl L+08+5 (HY) WOZL+0g+5r SE1H| 005/0002 LAVY ‘PH-X Weyumng/lingssiiy 85¢ | 9 | SI peoY apIg 85'B0/S9E0-S O
0006 | 20/L/22 seyoeosdde poogy soue Buissedise’. | S9¢ [00'g | g9 | S aue buissed | 00'B0/G9E0-510
0006 | 20/t 0'S1L/S9E 'S L 1/G9E ‘0°8/G9E ‘0 F/S9E 18 SISIUN0D 818207 STdx%e ‘unL | 'uele] 1BI4100°GE | S9E [00'F | G9E | S Buiyoung 00 F0/G9E0-SLO
0006 yoroudde 1ybens ‘08 SpIS YIS Ujw 08 UOISS||od(SO'E | 9B |00 | 99€ | SI (lurpeads | 00'2Z0/S9E0-S10
000z puS LIN 18 pEO! 8DIS soue Buissed|eg't | 598 (L10 | g9 | SI ¢aueT Buissed | Z1°00/59€0-S10
0001 yoeaidde biens ‘02 apIs YIS uwy o/ uoleldwial |8€°L | 0S8 |£2'2 | 4B | SI Juuwiipeeds | LL'20/IPEO-SIO
0000€ ZNNISUBL] WioY Blep SLIN0A-PaBds DBWOINE UIBIGO wz'gxzM abpug tead 1eewiepm g0 | Z28 (266§ Z1le | S1 |cuonsabuoed sueT-v| 26°60/.180-510
lavy | {s)=1eq SJUaWIWOY vonduosag| dd | SH | dH | sS4 | AmH adA] Aeaang aj Asaang
00021A | Adnung pug uels agers pejefue ]

S700 ONITIZAOW NOILYINWIS GYOM TVENE 30O INFNSSISSY




L1t

00B | 20/E/2t | olljen pol “(E'9)L-L (5ake'e (el L “(bo)L L (66)5'g (0ol s S[[BLUOH - Uleys om) Py wei) IPIM PEOH uleys om(-es|
00/ uosHEdWOD 10} Pl BpIm - el PO {F2)08 (T 2)es (o les oA isng - | (22HS Pio) pH B10IBUBH-PIOXO ZHIPIW pEOY ng - A-xo

00 | 2o/EfeL oygest poy (g 2)s L ‘(6992 {g9)e s szufod - speuueg| {Z/HS PIO) pH BIOIBUEY-PIHXO YIpIM PEOY - sjjeuueg-XQ
o0z oWl POW ‘T8 ‘FLGLVL0LELOL x| - suosduwiou ) PH 1SBOD 1S8M PIO ZIPM PEOY | suosdwoyl-piO
0051 oyfel) paos grole's 6ok L (galv s uIS 93 - 1BAlY uAmisg Py LUOIS3ET-UIO2UIT ZUIPIA PEOY M UAMRS-UIT
0051 | eoen oyjer pooy) (59l L (59)z°2 (02} ucisajfoq - (02) liami) PL UOISa3T-UoOLT YIPIM PECY 04} Homu-ur

000t oysen "pow '(galv s gakr s {99)e s s[iByiag/weyLIng - dwemsg oo S JUipim peoy | ng - dwemg-|i3
009 oyfen moT(S9)5 L uoRouUNp aJBLISal(d - EHS pY Weyuing LUIPIM peoY ali3 - LHS-INg
006 uoyag saddn - sievsen PH Aslisquiy-uiedeq SUIPIM pecH - Sl[eyse-leg

00 oljen M07 ‘9'G LG uleys om| - £ZHS pY AngseAy ahpm pecy | oML - BZHS-AY
006 (oL onss o (09, LLHSPlOJoIsea(0BG | BL [0es | 6L | L4 SUIPIM PROH | OE'L0/6/00-2L0
00} | 2o/Lioe (Lo leuunjua|sy o 1se3|02 | 6L |O¥L | 62 | 42 Uipt peoY OF 10/6/00-210
00z1 yoeosdde ybiens ‘0L BPIS 1SB U/LUY O/ jouumusD |0y’ | 6 |¢P0 | 62 | L dnupesdg | pp00/600-220
004 seAnd “HeA Jouiy (0°8)z'e ‘(09)e'g (19)e'e (1'9)e'9 WZ'OM "JaUI0) SlISIUMPUIM, JOISBI(09'6 | €5 |099 | €8 L SUIpIw peoY 09'80/£500-2£0
002} | 20/E/F1 lydn %eL-oL ¥92u] BNBWeNE] JO1seajoasL | 19 Joo'st| 19 | G4 | wapeinwbens | 00°'51/1900-6.0
0oL | 20/2Ne §'G/L9 '0'E/19 ' L/E6 '8'EfES 1] SIBIUNCO 818007 SOASXE ‘UbiZ] ‘UlelIa] snoulelUNoWiCD'e | 19 [06Z | 26 | 6Z Buiyoung 0S'20/2500-620
0061 | 20/Emmi oul H1 AugpdSIH yunigg sama|oLL | se [oee | SE | SZ peedg eanD | 06°90/S£00-GL0
008t pueya.iojed sana |47 buo Bep g& HY Augpdso yusgg aamo|see | & |8L8 | S8 | GL ¢paadg aang | ££°20/5800-620
0002 SPIS 10U} B10§8Q DAIND Y5 Bap og HY AugpdgiH eanoleeg | ve j1ig | ¥ | G2 ipesdgamnd | LLB0/FE00-GL0
0002 | 20/2/5t wxg ‘seang B subrens pexin|oos | g8 j00H | v1 | G2 as BupfenieaQ | 007H0/71L00-G20

lavy | (s)ed SJUAIIODD uonduasagl d4 | SH | dH | SH | AMH adA§ Asmng al Asaung
000224 | Asning pu3 uejg aelg patabie),

sooipuaddy




ABSESSMENT OF RURAL ROAD SIMULATION MODELLING TOOLS

A.2 PARAMICS Road Link Categories

The following data is taken from the categories file used in this project for
specifying suitable road link types. Explanatory comments are provided as well (##).
Note that the number of lanes refers to one direction only; different link types can be
specified for each direction.

categories: 1 to 40

## Basic 1 & 2 lane rural highway sections with/without opposing overtaking allowed
category 1 lanes: 1 speed: 100 kph width: 4.2 m type: highway overtaking on
colour: OxfEEEEF

category 2 lanes: 2 spead: 100 kph width: 7.7 m type: highway colour: Oxffffff
category 3 lanes: 1 speed: 100 kph width: 4.2 m type: highway colour: 0x0Cffel

## Short urban lengths azlong a rural highway

category 15 lanes: 1 speed: 50 kph width: 6.0 m type: urban colour: 0xQOf£G0
category 16 lanes: 1 speed: 60 kph width: 5.0 m type: urban colour: O0xb2££00
category 17 lanes: 1 speed: 70 kph width: 4.5 m type: urban colour: 0xffS800
category 18 lanes: 1 speed: 80 kph width: 4.2 m type: highway overtaking on
colour: Ox£f0019

## Other minor rural roads e.g. side roads
category 20 lanes: 1 speed: 100 kph width: 3.5 m type: highway minor overtaking
on colour: Oxffffff

## Other minor urban roads

category 25 lanes: 1 speed: 50 kph  width: 5.0 m type: urban minor colour:
O0x00ff00
category 26 lznes: 1 speed: 60 kph width: 4.5 m type: urban minor colour:
0xbRffo0
category 27 lanes: 1 speed: 70 kph width: 4.0 m type: urban minor colour:
0xfL9800C
category 28 lanes: 1 speed: 80 kph width: 3.5 m type: urban minor colour:
0x££001¢8

## Curved links with appropriate advisory speeds

category 32 lanes: 1 speed: 25 kph width: 3.7 m type: highway celour: OxC0COff
category 33 lanes: 1 speed: 35 kph width: 3.7 m type: highway cclour: (x0022ff
category 34 lanes: 1 speed: 45 kph width: 3.7 m type: highway colour: 0x0044ff
category 35 lanes: 1 spead: 55 kph width: 3.7 m type: highway coclour: Cx0066ff
category 36 lanes: 1 speed: 65 kph width: 3.7 m type: highway cclour: Cx00BBEf
category 37 lanes: 1 speed: 75 kph width: 3.7 m type: highway cclour: Ox00azaff
category 38 lanes: 1 speed: 85 kph width: 3.7 m type: highway colour: Cx00ccff

## One-lane bridge section (needs to be separately controlled by signals}
category 40 lanes: 1 speed: 30 kph width: 3.7 m type: highway cclour: Oxffeldb
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ASSESSMENT OF RURAL ROAD SIMULATION MODELLING TOOLS

A4 PARAMICS Vehicle Types for NZ use

The following data is taken from the vehicles file used in this project for
specifying suitable vehicle types. The 18 types are based directly on those used in
TRARR for New Zealand situations, as derived by Tate (1995). Note that the "top
speed" parameter actually relates to the mean free speed.

vehicle types

## Trailer details
trailers 1

type 1 QGV2
desc '"8-Axle Towing"
Business
weight 38.43 tonne
top speed 90.0C kph
ace 1.36 mpss
inertia 0.790
drag 0.75%0
dec -3.00 mpss
## First section
length 4.50 m
front axle 0.80 m
rear axles 2
axle 1 3.00 m
axle 2 4.00m
kingpin 3.2 m
## Trailer details
trailers 2
trailer 1
length §.50 m
rear axles 2
axle 1 6.25 m
axle 2 7.50m
kingpin 9.25 m
trailer 2
shape HGV Trailer
length 8.50 m
width 2.50m
height 4.00 m
front coupling 0.50m
rear axles 2
axle 1 6.25 m
axle 2 7.50 m
wheel radius 0.50 m
kingpin 7.75 m
matrix 1
propertion 0.272
perturbation 0.0
familiaricy 85.00
type 2 OGV1
desc "6/7-Axle Towing®
Business
top speed 92.00 kph
## First section
length 9.25 m
rear axles 2
axle 1 7.00 m
axle 2 8.00 m
kingpin 10.00 m

trailer 1
shape HGV Trailer
length $.00 m
width 2.40 m
height 3.60m
front coupling 0.50m
rear axles 3
axle 1 1.00 m
axle 2 7.00 m
axle 3 B.00 m
wheel radius 0.40 m
kingpin 8.10 m
matrix i
propertion 0.727
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perturbaticn 0.0
familiarity 85.00

type 3 OGV1

desc "5/6 Axle Combination"
Business
weight 36.07 tonne
top speed 92.00 kph
ace 1.24 mpss
dec -3.00 mpss
## First section
length 7.90 &
rear axles 2
axle 1 6£.00 m
axle 2 7.00 m
kingpin B8.50 m
## Trailer details
trailers 1
trailer I
shape HGV Trailer
length £.90 m
width 2.40 m
height 3.60m
front coupling 0.40 m
rear axles 2
axle 1 5.00 m
axle 2 6.00 m
wheel radius 0.40 m
kingpin 8.10 m
matrix 1
proporticn 1.100
perturbation 0.0
familiarity 85.00
type 4 OGV2
desc "5 Axle Artic"
Business
weilght 33.14 tonne
top speed 94 .00 kph
ace 1.31 mpss
dec -3.00 mpss
## First section
length 5.00 m
front axle 1.00 m
rear axles 2
axle 1 3.50m
axle 2 4.50 m
kingpin 4.00 m
#4 Trailer details
trailers 1
trailer 1
length 12.00 m
front coupling 1.00 m
rear axles 2
axle 1 9.00m
axle 2 10.00 m
matrix 1
proportion 0.545
perturbation 0.0
familiarity 85.00
type 5 OGV2
desc "4 Axle Artic"
Business
weight 14.96 tonne
top speed 95.00 kph
acc 2.35 mpss
dec -3.00 mpss
## First section
length 4.50 m
front axle 1.00 m
rear axles 1
axle 1 3.75 m
## Trailer details
trailers 1
trailer 1
length 11.50 m
height 3.00 m
front coupling 0.75 m
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rear axles 2

axle 1 9.00 m
axle 2 10.00 m
matrix 1
proportion 1.362
perturbation 0.0
familiarity 85.00
type 6 OGV1
desc "3-Axle Rigid*
Business
weight 11.25 tonne
top speed 95.00 kph
acc 2.97 mpss
dec -3.00 mpss
length 13.50 m
height 4.25 m
front axle . 2,00 m
rear axles 2
axle 1 11.00 m
axle 2 12.00 m
front wheel radius 0.50 m
rear wheel radius 0.50 m
kingpin 6.00m
matrix 1
proportion 1.728
parturbation 0.0
familiarity 85,00
type 7 OGV1
desc "2 Axle Truck Long"
Business
weight 7.792 tonne
top speed 96.00 kph
ace 2.60 mpss
dec ~3.00 mpss
length 12.00 m
height 4.00 m
front axle 1.50 m
rear axies 1
axle 1 10.C0 m
front wheel radius 0.50 m
rear wheel radius 0.50 m
matrix 1
proportion 1.544
perturbaticn 0.0
familiarity 85.00
type 8 OGV1
desc "2 Axle Truck"
Business
weight 1.9% tonne
top speed 96.00 kph
acc 4,75 mpss
inertia 0.110
drag 0.440
dec -3.00 mpss
length .50 m
height 3.50 m
front axle 1.10 m
rear axles 1
axle 1 5.80m
matrix 1
proportion 1.907
perturbation 0.0
familiarity 85.00
type 9 LGV
desc "Utility or Light van”
Business
weight 1.35 tonne
top speed 98.00 kph
acc 5.46 mpss
dec -3.00 mpss
length 7.00 m
front axle 0.9C m
rear axles 1
axle 1 5.25 m
matrix 1
proportion 4.541
perturbation 0.0
familiarity 85.00
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type 10 LGV
desc "Utility or Light van"

weight 1.35 tonne
top speed 100.00 kph
ace 5.46 mpss
dec -6.00 mpss
shape Minibus
length 7.00 m
width 2,00 m
front axle 0.80 m
reay axles 1

axle 1 5.25 m
matrix 1
proportion 4,541
perturbation 0.0
familiarity 85.00

type 11 car
desc "Car & Caravan"

Leisure
weight 1.49 tonne
top speed 95.00 kph
ace 4.02 mpss
inertia 0.560
drag Q.510
dec -4.00 mpss
## First section
length 5.00 m
front axle 0.30 m
rear axles 1
axle 1 3.20 m
kingpin 5.20 m
#4# Trailer details
trailers 1
trailer 1
shape HGV Trailer
length 6.90 m
width 2.00 m
height 3.00m
front coupling 0.10 m
rear axles 2
axle 1 4.00m
axle 2 4.70 m
wheel radius 0.30 m
kingpin 4.10 m
matrix 1
proportion 2.725
perturbaticn 0.0
familiarity 85.00
type 12 car
desc "Unagressive Car"
top speed 100.00 kph
acc 8.40 mpss
dec -6.00 mpss
length 5.00 m
height 1.70 m
front axle 0.85 m
rear axles 1
axle 1 3.85 m
matrix 1
proportion 8.174
perturbaticn 0.0
familiarity 85.00
type 13 car
desc "Low-powered Car"
weight 1.10 tonne
top speed 102.00 kph
ace 9.80 mpss
dec -6.00 mpss
length 5.00 m
front axle 0.85 m
rear axles 1
axle 1 3.85 m
matrix 1
proportion g9.082
perturbation 0.0
familiarity 85.00
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type 14 car

desc "Small Average Car"
weight 0.95 tonne
top speed 102.0C kph
acc 7.00 mpss
dec -6.00 mpss
length 5.00 m
front axle 0.85 m
rear axles 1

axle 1 3.85m
matrix 1
proportion 18.163
perturbation 0.9
familiarity 85.00

type 15 car
desc "Large Car"
weight
top speed
ace
dec
length
height
front axle
rear axles 1

axle 1

matrix
proportion
perturbation
familiarity

type 16 car
desc V"Average Car"
weight
top speed
ace
dec
length
front axle
rear axles 1

axle 1

matrix
preoportion
perturbation
familiarity

type 17 car
desc "Average Car"
weight
top speed
ace
dec
length
front axle
rear axles 1

axle 1

matrix
proportion
perturbation
familiarity

type 18 car
desc "Sportg Car"
welght
top speed
acc
dec
length
height
front axle
rear axles 1

axle 1

matrix
proportion
perturbation
familiarity

1.65 tonne
102.00 kph
7.00 mpss
-7.00 mpss
5.00m
1.60 m
0.85 m

3.85m
1
5.449
0.0

85.00

1.40 tonme
102,00 kph
§.00 mpss
-6.00 mpss
5.00 m
0.85 m

3.85 m
1
18.163
0.0
85.00

1.20 tonne
104.00 kph
8.00 mpss
-6.00 mpss
5.00 m
0.85 m

3.85 m
1
18.163
0.0
85.00

1.1¢ tomne
106.00 kph
9.00 mpss
~8.00 mpss
5.00 m
1.40 m
0.85 m
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