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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 Act 1989. Its principal objective is to allocate resources to achieve 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 liability for its contents or for any
consequences arising from its use. People using the contents of the 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.

This report is only made available on the basis that all users of it, whether direct
or indirect, must take appropriate legal or other expert advice in relation to their
own circumstances. They must rely solely on their own judgement and seek
their own legal or other expert advice in relation to the use of this report

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 is aimed at improving overtaking safety through a better understanding
of the human factors of driver behaviour in a range of overtaking situations and road
configurations. The research explored the relative merits of several types of
overtaking lane and signage treatments in the safety and controlled environment of a
driving simulator.

The Kaimai route between the Waikato and Tauranga (SH 29 between Rapurapu
Road and Omanawa Road) was recreated in the driving simulator. The simulation
was populated with a mixture of cars, light trucks, and heavy trucks to represent a
traffic volume of 14,000 passenger car units per day. Three lane marking and sign
treatments were applied to the road; the Current NZ design, the “New NZ” standard,
and the Australian standard. Thirty-one participants, 17 women and 14 men, ranging
in age from 19 to 71 years with driving experience ranging from 3 to 53 years were
tested. In the within-subjects experimental design employed, each participant drove
six simulations across three experimental sessions.

A multivariate analysis of variance revealed a significant difference in participants’
lane positions and a significant interaction between participant gender and the phase
of the overtaking lane (arising from the lower speeds and longer following distances
maintained by female participants during the pre-merge and merge phases).
Comparing the effects of the three treatment types across the various overtaking sites
showed that at sites with long approaches and high forward visibility the driving
behaviour was approximately equivalent under the three treatments.

At sites where visibility was somewhat restricted due to the topography or road
geometry, there were pronounced differences in lane position, speed, and the number
of vehicles overtaken. The diverge continuity line used in the New NZ and
Australian treatments was successful in moving more drivers to the left. The
Australian treatment achieved this effect sooner and at higher vehicle speeds than the
New NZ treatment resulting in greater rates of overtaking early in the passing lane.
Towards the end of the lane, the Australian treatment had the effect of slowing
drivers and reducing overall overtaking rates compared to the Current and New NZ
treatments. The hatched runout at the end of the New NZ treatment delayed drivers’
move to the right lane in the merge section.

The New NZ treatment resuited in an increase in safe driving at a marginal cost in
efficiency. The simulator methodology worked well in exploring these phenomena
safely and cost-effectively. Merge area designs are still not optimal and will be
addressed in future experimentation using the simulator methodology.



Abstract

The project was aimed at improving overtaking lane design through a better
understanding of driver behaviour during overtaking. Overtaking lane designs and
road geometries representative of those found on State Highways were re-created in
the driving simulator used for this research. Results showed that when the diverge
and merge areas are clearly visible, there is little difference between the three
different road marking and signage treatments investigated. However, there were
significant differences when these areas are not clearly visible. Both the ‘new NZ’
and the Australian treatments worked well in the diverge area, but not in the merge
area. Further research is proposed to investigate the effect of factors such as merge
length, merge placement, alternative marking schemes and sign placement.

10



1 Background

The aim of this research is to improve overtaking safety and efficiency through
improvements in road signage, markings, geometry and speed control associated
with the placement and layout of passing lanes.

The approach of the present research is to explore the effects of several types of
overtaking lane and signage treatments in the safety and controlled environment of a
state-of-the-art driving simulator. Use of the driving simulator as a research tool
affords an opportunity to explore the relationships between overtaking lane design
and driving behaviour in a way that is not practical or cost effective on-road. This
research applies the knowledge and technologies gained through the on-going
Foundation for Research Science and Technology (FRST) funded research on
vehicle, road and driver interaction (FRST contract CO08815, Vehicle-Road
Interaction) to a problem of considerable road safety concern.

Part of the FRST funded research focuses on both the interactions between the
driver, the vehicle, and the underlying road geometry. The FRST funded research
includes the use of a purpose-built driving simulator, the collection of field trial data
using instrumented vehicles and mathematical modelling. The project has
highlighted the importance of driver attention and workload on driver performance
and road safety. Workload and driver attention can be affected by interventions such
as road signing and marking and road geometry.

The current research focuses on overtaking because road deaths involving overtaking
have been rapidly increasing with 31, 42 and 45 deaths for the 12 months to January
1997, 1998 and 1999 respectively. This is a 45% increase over the 3 years and now
accounts for 10% of all road deaths'. Passing manoeuvres require a series of complex
information-processing and decision processes which, according to research
undertaken by Khasnabis® (1986), makes these manoeuvres one of the most
demanding and risky operations performed by a motorist, Drivers surveyed in the US
identified problems associated with failure to follow signs and markings properly,
and failure to use lanes (Mutabazi et. al.> 1998).

Well-designed passing lanes can have a significant effect in reducing the number of
overtaking related crashes by providing drivers with the opportunity to pass safely.

May (1991)* found from field trials that passing lane entrance designs can increase
the number of vehicles that enter the basic lane and the number of passes per
passing-lane length. May also found through simulation that passing lanes from 400
to 1200 metres long appeared to be the most effective depending on downstream
roadway and traffic conditions.

! Road Deaths, Land Transport Safety Authority official road fatahty statistics.

? Khasnabis S., Operational and Safety Problems of Trucks in no- -passing zones on two-lane Rural Highways.
TRB Record 1052 1986.
3 Mutabazi M.I, Russell ER. & Stokes R.W. Driver's Attitudes, Understanding, and Acceptance of Passing
Lanes in Kansas, TRB record 1628, 1993.
4 May A.D. Traffic Performance and Design of Passing Lanes, TRB Record 1303, 1991.
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The following extract from Austroads “Rural Road Design, Guide to the Geometric
Design of Rural Roads” is pertinent:

“On an existing road, overtaking opportunities can be increased either by
improved alignment or the provision of auxiliary lanes. Of the two options,
auxiliary lanes will generally prove to be the most cost-effective in reducing
the level of waffic bunching. This is because realignment to provide
overtaking opportunities is likely to be a much more expensive option, and
even then the opportunities are only available when opposing traffic permits.
This has been demonstrated by ARRB simulation studies, which showed that
the provision of auxiliary lanes at regular spacings often led to greater
improvements in overall ftraffic operations than even major alignment
improvements (Hoban 1983).

A two lane road with auxiliary lanes at regular intervals provides an
intermediate level of service between those of two lanes and four lanes. The
auxiliary lanes thus offer an economical means for deferring the need for the
provision of dual carriageways. Where a four lane road has already been
provided, and ftraffic volumes are consistently high, the need for auxiliary
lanes on grades may still arise when there is a high proportion of heavy
vehicles”.

The crash statistics show that there is an urgent need to address the safety problems
associated with overtaking, and the provision of well-designed auxiliary lanes for
overtaking. At present there are two types of overtaking lanes; passing lanes and
slow vehicle lanes. Concern about the use, design and control measures for these has
been raised at National Traffic Management Workshops held by the IPENZ
Transportation Group. At the 1998 Traffic Management Workshop held at Hamilton,
a remit was presented on the ambiguity of signs, citing signage at passing lanes, and
Transit New Zealand were called on to investigate and make changes to the signs
manual if necessary. This action was endorsed by workshop participants.

In the present research, the medium-fidelity driving simulator at Waikato University
(see Appendix A) was used to explore the effectiveness of several alternative designs
for overtaking lane treatments across a range of road situations. Human factors
measures collected in the laboratory include lane positioning, speed, maintenance of
headway distances, rates of vehicle overtaking, and the occurrence of collisions.

A steering group of traffic engineering professionals and was established to help

guide the research and to ensure the findings and recommendations are realistic and
practical.

12



2 Technical Approach

The technical approach for this project was divided into a sequence of four tasks,
these being:

o Task1l-~ Selection of road sites and possible treatments

e Task2— Roadside recreation and testing

e Task 3A ~ Human factors analysis

e Task 3B — Relationship to engineering road design

o Task4-— Conclusion and recommendations

The first task was the selection of existing road sites containing overtaking lanes
representing a range of road geometries, clear-sight distances, and road signage. This
task also included identification of alternative lane marking and signage treatments
for each site.

The second task was the recreation of these overtaking lanes (including the
alternative treatments) in the laboratory using the driving simulator at Waikato
University and testing them with a minimum of thirty volunteer participants.

The third task involved the identification of the human factors variables affecting
driver behaviour at the road sites. The various features for each design alternative at
each road site were evaluated in terms of their effect on drivers’ speeds, lane
positions, and number of vehicles overtaken. The relationship between the analysis
and engineering road design has been included in this task. The fourth and final task
was the development of an Advisory Document providing recommendations for the
safe design and management of overtaking lanes. The tasks align with the following
sections,

13



3 Selection of Road Sites and Possible Treatments

During this task, existing road sites containing overtaking lanes were selected for the
analysis. The selection of candidate sites was based on engineering and crash history
data, and the selection of possible treatments based on existing methods used in New
Zealand and overseas.

3.1 Site Selection

To identify suitable candidate sites for analysis, an investigation into crash data from
the Land Transport Safety Authority (LTSA) crash database was undertaken, and
crashes that could be attributed to overtaking were identified. It was decided to limit
candidate sites to the North Island for practical reasons of accessibility. The Regional
Managers and Highways Engineers (or their Consultants) for the ten Transit Regions
in the North Island were contacted. After outlining the aim of the research project,
they were asked to put forward overtaking sites that were considered to work well,
sites that were considered to have safety problems, sites where satisfactory
improvements had been made, and slow vehicle bay sites.

The Land Transport Safety Authority crash database was searched for the locations
where four or more injury crashes had been attributed to overtaking manoeuvres, and
the location of these crashes were passed on to each Transit region. The regional
engineers then identified sixteen candidate sites, and details of these together with
relevant Highway Information Sheets and aerial maps were sent to the research team.
The candidate sites’ characteristics varied from “no problem” sites with generous
merge area and good visibility to sites with sharp horizontal curves or steep
gradient/sharp curves combination or short passing lanes in mountainous areas with
few passing lane opportunities.

Common comments from the regional engineers or their representatives regarding
possible causes for problems at the overtaking sites put forward included: horizontal
and vertical curve combination, sudden slowing of travel speed, multiple conflict
areas, location of merge area on curve, and restricted visibility.

These sixteen candidate overtaking sites were presented to the Steering Committee
for their consideration. In order to allow a structured analysis of overtaking lane
configuration, the Steering Committee decided to focus on several key features of
road geometry with particular attention to the physical characteristics at the merge
areas, including: passing lanes on straights, left turns, right turns, and vertical turns.
After discussing the geometry, crash history, and particulars of each of the sixteen
candidate sites the committee noted that the Kaimai route between the Waikato and
Tauranga (SH 29) contained examples of all of the above conditions. Rather than
selecting multiple sites for each condition, the committee decided that a recreation of
appropriate sections of SH 29 would contain all the necessary overtaking lane
configurations.

Although we originally proposed to look at four overtaking sites for total of 12
passing lane configurations (four existing and eight alternative treatments), the final
site selection recommendation from the Steering Committee contained six overtaking
sites and three treatment conditions. All of the sites except for one representing a
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slow vehicle bay would be presented under all three treatments conditions for a total
of 16 passing lane configurations. The six sites selected from SH29 were comprised
of. one overtaking lane terminating on a straight, one overtaking lane on a right turn,
one overtaking lane on a left turn, one overtaking lane with a vertical curve
terminating post-crest, one overtaking lane on a blind comer, and a slow vehicle bay.

3.2 Treatments

To establish the type of treatments to be tested for each overtaking lane site, existing
methods used overseas were investigated. Transport Canada, Federal Highway
Administration, Highways Agency UK, VicRoads and Road and Transport Authority
(RTA) Australia were contacted, and details of diverge and merge overtaking lane
treatments were obtained. Since the commencement of this project, Transit New
Zealand have reviewed the signage and marking for overtaking lanes, and at July
2000 produced a revision to the manual. This revised standard is referred to as the
“New NZ” treatment in this report.

Looking at the treatments currently used in New Zealand and overseas, there were
two types of diverge treatments: a widening to two lanes with a central lane line; and
painting of a dashed continuity line directing traffic to the kerbside left lane. Three
main types of merge treatments were currently used, and they included: ending of the
lane line before the merge taper; continuing the lane line across the merge taper
giving priority to the “overtaking” right lane; and continuing the lane line across the
taper giving priority to the kerbside “slow” left lane. Variations to these main types
included hatched areas at, or after, the merge taper.

The different types of overtaking lane treatments were put to the Steering Committee
for consideration, and three treatments for the simulator recreations were selected as
follows:

Treatment 1. Current NZ. Overtaking lane diverge and merge markings & signage
existing along SH29 prior to July 2000 (white on black warning and
entry signage and lane lines starting afier the diverge taper and
finishing at the start of the merge taper).

Treatment 2. New NZ. Overtaking lane diverge and merge markings and signage to
be implemented along SH29 after July 2000 (corresponding to the
new Transit Guidelines for Signs and Markings for Passing Lanes,
dated March 2000, including new black on white warning and entry
signage, continuity lines at start of overtaking lane directing traffic to
left, and lane line stopping at the start of the merge taper with hatched
run out painted on the road shoulder at the end of the merge area,
tapering back to the standard shoulder width at 1 in 50).

Treatment 3. Australian. Australian overtaking lane markings and signage
(including diverge continuity line moving traffic to left, merge
continuity line giving priority to the right overtaking lane, and black
on white signage and signage placement. Sign content to be modified
to NZ symbolic standard).
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It was decided not to trial the UK treatment which gave priority to the kerbside
“slow” left lane at the merge taper, as it was considered that forcing the “overtaking”
vehicle to give way was a potentially dangerous treatment that would not be
acceptable in the current New Zealand driving climate.

The treatment configurations are shown schematically in Figure 1. As regards other
aspects of the simulation conditions, the Steering Committee also recommended that
the driving simulation scenarios should show each of the overtaking sites in both
directions. Further, an option for examining the effect of different traffic volumes
typical of 6,000, 10,000, and 14,000 passenger car units per day was discussed.
Finally it was recommended that the vehicle dynamics of the simulated vehicle
should represent a passenger car with a 2 to 2.5 litre engine and an automatic
transmission.

The recommendations from the Steering Committee were then sent to the peer
reviewers for comment. Peer reviewer comments were generally supportive with
reviewers raising for discussion many interesting questions including: the traffic
densities to be represented (matching volume levels to the four classes in the
National Highway Strategy document); whether to include other special-case sites of
interest (e.g., sites with right turn bays at the start of passing lanes), including sites
with straighter lanes, tighter curves, and steeper hills; examining the effect of various
lane widths (particularly as regards the ability to overtake trucks); the effect of
different types of roadside environment; examination of alternative merge taper
lengths; representation of “actual” top end of speed range, including degraded
visibility conditions such as fog and night time driving, and the necessity of
including a slow vehicle bay in the scenarios.
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4 Road Site Recreation and Testing.

Based on the comments received from the Peer Reviewers, and subsequent
discussion of the reviews by the Steering Committee members, a final selection of
six overtaking sites along SH29 was made. The selected sites were then inspected,
measured, photographed and the entire route videotaped from a moving vehicle.
Road geometry data were obtained from the RGDAS database and ftraffic volume
and speed data were obtained from both on-site observations and Transit New
Zealand. The resulting information was used to create two simulations of SH29, one
eastbound and one westbound, between Rapurapu Road and Omanawa Road (past
the Power Station). Each simulation contained three overtaking sites in the direction
of travel with the other three shown in the opposing lanes. The six overtaking lanes
selected for the analysis were as follows:

Site East 1. Post-crest. A 4 kilometre overtaking lane with a 120 metre diverge
taper, incorporating several turns, terminating on a gentle left turn
just past the crest of a hill with an 88 metre merge taper.

Site Bast 2. Left. A 1 kilometre overtaking lane with a 60 metre diverge taper
terminating on a left turn with a 60 metre merge taper.

Site West 3. Straight. A 3 kilometre overtaking lane with a 60 metre diverge
taper, incorporating several turns, terminating on a straight with an
88 metre merge taper.

Site West 4. Right. A 1.5 kilometre overtaking lane with an 80 metre diverge
taper terminating on a right turn with a 60 metre merge taper.

Site West 5. Blind. A 1.5 kilometre overtaking lane with an 80 metre diverge
taper terminating on a blind left turn with a 120 metre merge taper.

Site SVB. Slow_vehicle bay. A 200 metre slow vehicle bay with a 32 metre
diverge taper and a 64 metre merge taper.

The road geometry depicted in the simulations was an accurate representation of
SH29 with the exception that some overtaking lanes and stretches of road that were
not of interest were removed to enable participants to drive the complete east/west
circuit within an hour. The three lane marking and sign treatments described earlier
were then applied to the road resulting in a total of six simulated tracks: eastbound
and westbound current, eastbound and westbound new, and eastbound and
westbound Australian.

Members of the Steering Committee and one of the peer reviewers then individually
drove the simulated roads to ensure that the treatments were accurate and in
accordance with good road engineering practice. Other traffic was then placed in the
simulations to represent a traffic volume of 14,000 passenger car units per day. The
traffic was a representative mixture of cars, light trucks, and heavy trucks. Figures 2
to 4 show “bird’s eye views” of the diverge and merge portions of each of the three
lane treatment types. Figure 5 shows the diverge and merge portions of the slow
vehicle bay. Figures 6 through 9 show the signage used in each of the overtaking
lane treatments.

At this point, the testing protocols were developed and an ethical approval
application was lodged with the University of Waikato’s Psychology Research and
Ethics Review Committee. Approval to proceed was granted by the Committee and
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participant testing began on 26 September 2000 with four volunteer participants used
to fine-tune the vehicle dynamics, data capture points, and experimental procedures.
The simulations and data collection procedures were then finalised and the full
experimental trials began on 6 October.

In the within-subjects experimental design employed, each participant drove six
simulations across three experimental sessions. During the first session each
participant was given a practice track to drive until they felt comfortable operating
the simulator. Participants then drove the eastbound and westbound routes for one of
the three treatments (Current, New, or Australian). The order of presentation of
treatment condition and east/westbound legs was counterbalanced across all
participants. During the second session, the participant drove the east/west pair for
another treatment condition, and the final east/west pair during the third experimental
session. Subsequent sessions for each participant were scheduled between one and
three days apart. Each participant received $20 in gift in recognition of their
participation in the experiment.

A total of 35 participants were tested (exclusive of the four used to pilot the
experimental procedure); 19 women and 16 men ranging in age from 19 to 80 years.
Four participants withdrew from the experiment either because of discomfort during
the first experimental session (difficulties seeing the computer screen or motion
sickness) or they declined to continue past the first session due to the time
commitment required. The remaining 31 participants, 17 women and 14 men, ranged
in age from 19 to 71 years (average age 38.19) and ranged in driving experience
from 3 to 53 years (average 20.58 years). The distribution of participants’ ages and
years of driving experience are shown in the table below. Participants were instructed
to “drive normally, just as you would in your own car” and informal notes recorded
by the experimenters during the testing indicated that the participants did indeed treat
the scenarios very seriously. A total of approximately 70 hours of driving data were
collected in the simulator and retained for analysis. Details of the driving simulator
are available in Appendix A,

Distribution of participant ages and driving experience (in years).
Participant age 19-23 24-33 34-43 44-53 54-64 65+
Men # 4 2 4 0 3 1
%o 13% 7% 13% 0% 10% 3%
Women # 3 3 4 6 1 0
%o 10% 10% 13% 19% 3% 0%
Driving experience | 3-5 6-15 16-25 26-35 36-45 45+
Men # 3 4 3 0 3 1
% 10% 13% 10% 0% 10% 3%
Women # 1 5 3 6 1 0
% 3% 16% 10% 19% 3% 0%
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5 Human Factors Analysis

Averages for lane position, vehicle speed, steering wheel angle, and following
distance were calculated for each treatment condition across the 31 participants. The
averages were calculated at eight metre intervals through the diverge and merge
sections of each overtaking lane and at 120 metre intervals for the 500 metres leading
up to and following each diverge and merge section. A multivariate analysis of
variance (MANOVA) calculated on these averages indicated highly significant
differences between the six overtaking lanes across all four driving performance
measures (Fo, sso) = 22.70, p < .001), indicating that the six lanes selected by the
Steering Committee represented six reliably different overtaking situations.

Analysis of the effects of the three lane treatment conditions revealed a significant
difference for participants’ lane positions (Fz,ssy = 5.61, p < .01). The analysis also
indicated a significant interaction between participant gender and the phase of the
overtaking lane (diverge, merge, etc.) (0,580 = 2.03, p <.01) arising from the lower
speeds (F(s145y = 4.30, p < .001) and longer following distances (Fs,145 = 2.41,
p <.05) maintained by female participants during the pre-merge and merge phases.

Figure 10 shows the average lane positions and speeds for the three treatment
conditions at overtaking lane East 1, the long (4 km) overtaking lane terminating on a
gentle left turn just past the crest of a hill. Lane position is measured from the centre
line of the vehicle to the centre line of the road. A lane position of Om is when the
vehicle is straddling the centre line. It can be seen that the average lane position
during the diverge is further left for the Australian lane treatment throughout the
diverge taper. Post hoc statistical comparison of the average position across the entire
diverge indicated a significant difference between the Current NZ and Australian
treatments t = 2.576, df = 30, p < .01. Looking at the merge section of the lane, the
Australian treatment was associated with significantly lower speeds at the end of the
merge {t = 2.340, df = 30, p < .05) as compared to the New NZ treatment.

Figure 11 shows individual participants’ paths through the diverge and merge
sections of overtaking lane East 1. Here it can be seen that the diverge continuity
lines used in the New NZ and Australian treatment do appear to move more of the
participants to the left. This effect appears somewhat earlier for the Australian
treatment, and was presumably due to the Australian approach signage as that was
the only difference between this portion of the New NZ and Australian treatments.
Figure 12 shows the average positions and speeds for lane East 2, the relatively short
overtaking lane terminating on a left turn with a 60 metre merge taper. Once again,
the Australian treatment moved more participants to the left sooner (t = 3.682,
df = 30, p< .001 comparing New NZ and Australian averages throughout the
diverge). Looking at the pre-diverge speeds it can also be seen that for this situation
the Australian signage had the effect of increasing participants’ speeds in preparation
for overtaking (t = 2.201, df = 30, p <.05 comparing New NZ and Australian speeds
in the 500 metres prior to the diverge). Looking at the merge section, the Australian
treatment appears to move merging vehicles to the right sooner than the New NZ
treatment (t = 2.411, df = 30, p <.05).

Figure 13 shows the participants’ vehicle paths and we can see these differences in
lane position in greater detail; a greater proportion of vehicles moving left sooner in
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the New NZ and Australian treatments and somewhat later merge to the right in the
New NZ treatment (which employed the hatched runout at the end of the merge
section),

At this point one can reasonably ask how these differences in speed and lane position
effect the participants’ rate of overtaking, particularly for relatively short overtaking
lanes such as the one represented in the East 2 scenario. In the East 2 scenario, five
vehicles were located at various positions ahead of the participant’s vehicle (the
precise distance ahead depended on the participants’ speeds prior to reaching the
diverge). Interestingly, the Current NZ treatment produced the highest rates of
overtaking, averaging 2.97 vehicles (mode and median also equal to 3). In
comparison, participants overtook an average of only 2.68 vehicles while driving the
New NZ treatment and 2.42 vehicles on the Australian treatment.

Figure 14 shows another effect of the merge treatments, the participants’ positions
relative to a vehicle merging ahead of them. The “target” vehicle depicted in the
figure is the last of the five vehicles ahead of the participant and represents the
moment at which it completes its merge from the left to the right lane. The figure
illustrates the higher incidence of overtaking associated with the Current NZ and
New NZ treatments (which were identical except for the hatched runout in the New
NZ treatment) and some very short headway distances to the target vehicle by the
end of the merge area particularly for the Australian treatment.

Figures 15 and 16 show the average positions and speeds for lanes West 3, a straight
overtaking lane with an 88 metre merge taper, and West 4 which terminated on a
gentle right turn with a 60 metre merge taper. Once again, the Australian treatment
moved somewhat more participants to the left sooner and produced the highest
speeds in the diverge section. The New NZ treatment also moved drivers to the left at
the West 3 and West 4 sites, although there was no particular advantage over the
Current NZ treatment at the West 4 site where many of the drivers moved left
anyway’. Looking at the merge sections, all three treatments are approximately
equivalent in moving drivers back to the right lane, although the Australian treatment
was once again associated with the lowest merge speeds (particularly for the right
turning West 4; t = 3.633, df = 30, p < .001 and t = 5.711, df = 30, p < .001
comparing Current NZ with Australian and New NZ with Australian respectively).

Figure 17 shows the average positions and speeds for lane West 5, the overtaking
situation terminating on a blind left turn with a 120 metre merge taper. As with the
other sites, the Australian treatment moved drivers left slightly earlier during the
diverge. In the merge we see lane positions similar to those observed for the East 2
site, more drivers moving right sooner in the Australian treatment (the merge
continuity line giving priority to the right lane) and a greater number of drivers
staying left longer in the New NZ treatment (with the hatched runout for the left
lane)(t = 4.363, df =30, p < .001 and t = 3.845, df = 30, p <.001 comparing New NZ
with Australian and Current NZ with New NZ respectively).

* Due to a programming error the “keep left unless passing” sign at Site West 3 was positioned 12 metres after
the start of the diverge taper for the New NZ treatment instead of 15 metres prior to the diverge taper. The results
at this site, however, are consistent with the other sites in that the Australian treatment moved drivers to the left
earlier than both the New NZ and the Current NZ treatments.
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As before, drivers in the Australian treatment were driving at somewhat slower
speeds in the pre-merge and merge sections. Figure 18 illustrates these lane position
effects further with the individual vehicle paths for the diverge and merge sections of
West 5. As with the East 2 scenario, there were five vehicles dispersed ahead of the
participants as they approached the overtaking site. In this scenario, however, the
vehicle immediately ahead of the participants” vehicle passed the next vehicle ahead
before moving left and allowing the participants to pass (vehicle 1 passed vehicle 2
at 85 km/h approximately 100 metres after the diverge section then began moving
left at 276 metres post diverge, completing the manoeuvre at 372 metres). As before
the Current NZ treatment was associated with the highest rates of overtaking (3.61
vehicles), followed by the New NZ and Australian treatments (3.36 and 3.07 vehicles
overtaken respectively).

Figure 19 shows, however, that these rates of overtaking were not uniform across the
length of the overtaking lane. Plotted in the figure are the average and 75™ percentile
values for the number of vehicles passed in the first, second, and third portions of the
overtaking lane. The faster speeds noted for the Australian treatment at the pre-
diverge and diverge sections were accompanied by the highest rates of overtaking
during the first 440 metres of the overtaking lane. The Australian treatment’s slower
speeds prior to and during the merge were associated with the lowest rates of
overtaking. Many of the drivers overtook both the first and second cars in the first
440 metres of the overtaking lane whereas drivers in the Current NZ and New NZ
treatment did not pass the second vehicle until somewhat later. Eighty-four percent
of the participants in the Current NZ treatment were able to overtake four of the five
leading vehicles by the end of the passing lane, with 2 drivers passing all five
vehicles.

In the New NZ treatment 71% of the drivers passed four of the leading vehicles with
four participants overtaking all five. Finally, in the Australian treatment 58% of the
participants passed four vehicles with six drivers passing all five. The Australian
treatment apparently provided an early advantage which a few of the drivers
capitalised upon to overtake all of the vehicles. The majority of drivers, however,
significantly reduced their speeds near the end of the overtaking lane, passed fewer
vehicles in this section, and fewer vehicles overall.

Finally, Figure 20 shows the lane positions and speeds for the slow vehicle bay. Here
there were no differential treatments at the site (the Current NZ, New NZ, and
Australian labels merely reflect the treatments in effect at the other sites in that
scenario), and indeed there are no appreciable (or statistically significant) differences
in the averages plotted in the figure. It can be seen that most drivers stayed right and
increased their speeds until the merge section when they again reduced their speeds
and moved slightly to the left as if completing a passing manoeuvre, as the truck(s)
merged right from the slow vehicle bay.
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6 Relationship with Engineering Road Design

To ascertain what recommendations could be developed for the Advisory Document,
we examined the results in more detail to see what relationship there was to safety
and efficiency of the overtaking lanes tested.

Site characteristics, taper lengths, speed differential, signage and sign position, and
road markings at the merge and diverge areas were examined. Land Transport Safety
Authority crash records have also been examined at the actual overtaking lane sites
on State Highway 29 to see if existing safety problems exist at the merge/diverge
areas of each site.

6.1 Site characteristics — lane position and speed

The following is a list of characteristics and details of results for each site. A route
map showing the site locations on the recreated route, and plans and gradients at the
recreated diverge and merge areas for each site are shown in Appendix C. Some
elements of driver behaviour, as established with the human factors analysis, have
been repeated in this section to provide a comprehensive picture of the site
characteristics. The speeds shown are generally the range of average speeds across
the different sections of the diverge / merge areas.

Site East 1 - Post-crest (4km)

General Description. At the diverge area, the road is straight with a slight uphill
gradient, then curves to the right with the gradient steepening at the post merge area,
that 15, after the taper. The overtaking lane is long with a number of uphiil horizontal
curves. The road at the merge area curves gently to the left continuing on an uphill
gradient, with the merge taper located just after a crest curve.

Diverge

Taper length 60m

Pre diverge speed — Current NZ 77-83, New NZ 80-83, Aust 81-83

Diverge speed —  Current NZ 83-94, New NZ 83-90, Aust 83-90

Post diverge — Current NZ 94-105, New NZ 90-105, Aust 90-106
Pre diverge lane position— same for all treatments

Diverge lane position — Aust moved left soonest, then New NZ
Post merge position — Mid post merge same all treatments
Merge

Taper length 88m

Pre merge speed — Current NZ 70-81, New NZ 70-81, Aust 71-81
Merge speed — Current NZ 81-86, New NZ 81-83, Aust 81-80

Post merge speed — Current NZ 86-96, New NZ 83-94, Aust 80-94
Pre merge lane position — All treatments similar on average.
Merge lane position — Aust moved right sooner, New NZ later
Post merge position — All treatments similar on average.
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Site East 2 — Left (1km)
General Description Site 2 is located on a winding section of road, and at the diverge
area the gradient is fairly level, with an uphill gradient following the diverge taper.

The merge area, including the merge taper, is located on a left hand curve at the top
of the hill.

Diverge
Taper length 60m
Pre diverge speed — Current NZ 79-78, New NZ 79-80, Aust 85-84
Diverge speed — Current NZ 78-81, New NZ 80-83, Aust 84-84
Pre diverge lane position — Aust moved left sooner,

New & Current NZ Same.
Diverge lane position — Aust moved left sooner, then New NZ,

Current NZ later
Merge
Taper length 60m
Average Pre merge speed — Current NZ 89, New NZ 89, Aust 87
Merge speed — Current NZ 77-73, New NZ 76-74, Aust 70-70
Post merge speed — Current NZ 73-89, New NZ 74-88, Aust 70-87
Pre merge lane position —  Aust moved right sooner
Merge lane position — Aust moved right sooner, New & Current

NZ similar, although New NZ moved right
marginally later (hatched area)
Post merge lane position —  Similar all treatments

Following distances

Very short headway distances occurred by the end of the merge area, particularly for
the Australian treatment. The highest incidence of overtaking was associated with the
Current NZ and New NZ treatments.

Site West 3 - Straight (3km)

General Description Site 3 is a fairly long overtaking lane, with the diverge area
located on a flat, left hand curve, with an uphill gradient after the diverge taper. The
overtaking lane terminates on a straight, fairly level section of road.

Diverge

Diverge taper length 60m

Pre diverge speed ~ Current NZ 84-83, New NZ 86-82, Aust 80-85

Diverge speed —  Current NZ 85-92, New NZ 84-88, Aust 87-92

Post diverge speed —Current NZ 92-104, New NZ 88-101, Aust 92-98

Pre diverge lane position — All treatments similar

Diverge lane position—  Aust moved left sooner, New NZ later

Post diverge lane position —Current NZ further right, Aust & New NZ
to the left

continued
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Site West 3 - Straight (3km) continued

Merge
Merge taper length 88m
Pre merge speed ~ Current NZ 106-97, New NZ 106-96, Aust 104-95
Merge speed — Current NZ 97-98, New NZ 96-96, Aust 95-95
Post merge speed — Current NZ 98-100, New NZ 96-102, Aust 95-100
Pre merge lane position — Aust moved right sooner, then New NZ,

Current NZ later

Merge lane position—  Similar all treatments

Post merge lane position ~Similar all treatments

Site West 4 - Right (1.5km)

General Description Site 4 is a shorter overtaking lane on an uphill, winding section
of road. The diverge taper is located on a left hand curve which changes to an uphill
gradient at the diverge area. The merge area is on a winding, uphill section of road,
with the merge taper located on a right hand curve.

Diverge
Diverge taper length 80m
Pre diverge speed — Current NZ 83-85, New NZ 83-82, Aust 85-87
Diverge speed - Current NZ 85-90, New NZ 82-88, Aust 87-91
Post diverge speed — Current NZ 90-105, New NZ 88-105, Aust 91-106
Pre diverge lane position — All treatments similar
Diverge lane position — All treatments similar, although Aust
0.4m further left
Post diverge lane position — All treatments similar
Merge
Merge taper length 60m
Pre merge speed — Current NZ 108-100, New NZ 110-102,
Aust 100-93
Merge speed — Current NZ 100-100, New NZ 102-101
Aust 93-94
Post merge speed — Current NZ 100-102, New NZ 101-102,
Aust 94-98

Pre merge lane position —  Aust moved right much sooner,
New &Current NZ same

Merge lane position — All treatments similar

Post merge lane position — All treatments similar, Current NZ moved left
marginally sooner
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Site West S - Blind (1.5km)

General Description Site 5 is a shorter overtaking lane, with the diverge area located
on an uphill gradient on a left hand curve. The overtaking lane terminates on a
“blind” sharp left hand curve, on a fairly level section of road.

Diverge

Diverge taper length 80m
Pre diverge speed —
Diverge speed —

Post diverge speed —

Current NZ 80-85, New NZ 77-86, Aust 80-85
Current NZ 85-87, New NZ 86-89, Aust 85-88
Current NZ 87-94, New NZ 89-92, Aust 88-94

Pre diverge lane position — Similar all treatments, Aust moved left

Diverge lane position —

marginally sooner
Similar all treatments

Post diverge lane position — All treatments similar

Merge

Merge taper length 120m
Pre merge speed —
Merge speed —

Post merge speed —

Pre merge lane position —

Merge lane position —

Current NZ 103-95, New NZ 103-94, Aust 98-93
Current NZ 95-89, New NZ 94-90, Aust 91-89
Current NZ 89-87, New NZ 90-86, Aust 89-90
Aust moved right sooner, then NZ,

Current NZ later

Aust moved right sooner, New NZ later

Post merge lane position — All treatments similar

Number of vehicles overtaken

More vehicles overtaken at beginning of merge in Current & New NZ treatments
compared with Australian treatment, although more drivers overtook in Australian

treatment at the diverge area.

Slow Vehicle Bay (200m)

General Description The slow vehicle bay is located on a down hill gradient on a
short section of straight road with horizontal curves before and after the bay.

Diverge
Diverge taper length 32m

Pre diverge speed —  Current NZ 63-66, New NZ 61-66, Aust 63-68
Diverge speed — Current NZ 67-72, New NZ 70-75, Aust 71-75
Post diverge speed — Current NZ 72-75, New NZ 75-80, Aust 75-79

Lane positions similar through all stages for all

treatments
Merge
Merge taper length 64m
Merge speed — Current NZ 74-63, New NZ 66-64, Aust 70-65

Post merge speed —  Current NZ 63-83, New NZ 64-83, Aust 65-81
Lane positions stmilar through all stages for all
treatments
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6.2 Taper lengths

In considering factors that may have affected the lane position and following
distances for each treatment at the merge areas, it was decided to check the taper
lengths to see if they complied with design guidelines. In most cases the merge tapers
were significantly shorter than the guidelines. Actual tapers being between 40%-50%
of recommended minimum lengths at some sites. In checking the diverge taper
lengths, it was found that they generally were close to the guideline range, being
typically around 86% of the recommended length. The tables shown in Appendix D
list simulated and actual diverge and merge taper lengths for all sites, together with
Transit NZ recommended lengths (March 2000 policy) and Australian standards and
guidelines.

6.3 Speed differential

To see what effect the short taper lengths had on the merge manoeuvres, and mindful
of the close following distances and lane position at the merge area at the more
“challenging” sites, a consistency check of speeds over the merge area was
undertaken. This consistency check of average speed and average 85%tile speed
throughout the merge manoeuvre (including pre-merge, merge, and post-merge)
showed that there were significant speed variations for the sites with restricted
visibility and “challenging” topography at the merge areas.
The following excerpts from AustRoads® “Rural Road Design, Guide to the
Geometric Design of Rural Roads” illustrate the importance on safety of good road
design, and consistency in design speed that drivers should be able to expect:
“On roads designed for speeds of 100 km/hr or more, drivers will adopt a
relatively uniform speed of travel which will generally be less than the speed
assumed for the design of individual elements. A driver will expect to be able
o maintain a high travel speed, and the design must be able to accommodate
this along the entire length of the section. Increases in design standards are
not likely to produce commensurate increases in travel speed, but will
provide a higher level of safety and convenience to all road users.”

“The variance in travel speed must be considered in the design of individual
elements. Provided the standards are in keeping with driver expectancies, a
safe and adequate alignment will result.”

“Normally, design speeds should not differ by more than about 10km/h on
successive geometric elements.”

Thus, in general, where speed environments of 100 kph and over are appropriate,
high uniform travel speeds are expected, and as a rule design speeds should not differ
by more than 10 kph on successive geometric elements. The significant difference in
average 85%tile speeds over the different phases of merging indicate the greater
potential for safety problems. While it is recognised that the volume of traffic on
overtaking lanes influences average speeds, for the sites tested the traffic volumes
used in the simulation was consistent for each scenario. Speed differentials were
within the acceptable range for design consistency for all treatments at sites where

% Rural Road Design, Guide to the Geometric Design of Rural Roads. AustRoads, Sydney 1993
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there was good forward visibility, while the more “challenging” sites showed speed
differentials greater than that recommended for safe road design, as detailed above.

Tables listing the average speed and average 85%tile speed over the pre-merge,
merge, and post-merge areas for the different treatments at each site are shown in
Appendix E. The average speed table shows that the speed differential at “benign”
merge situations, (Site West 3 — Straight and Site West 4 — Right) to be less than 10
kph change in average speeds, however for the more “challenging” merge situations
such as Site East 1 — Post crest, Site East 2 — Left, Site West 5 — Blind, and the Slow
Vehicle Bay, a greater than 10 kph variation in average speeds occurred. A
consistency check for the average 85%tile speed (design speed), as shown on the
table, shows the speed differential to be somewhat modified, with greater than 10kph
speed variation for Site East 1 - post crest, Site West 5 - blind and differences with
type of treatment at Site West 4 - right and the Slow Vehicle Bay. Speeds shown in
the tables were averaged over the pre-merge, merge, and post merge sections of the
merge areas.

6.4 Position of the merge area

It is apparent that the location of the merge area impacts on driver behaviour with
regards to lane position, speed differential, and headway distances. Safety may be
affected by these issues. Consideration needs to be given to ending an overtaking
lane where forward visibility is not compromised either by a left, right, or crest
curve.

6.5 Signage and sign position

Diverge area
At the diverge area, drivers consistently moved to the left faster with the Australian
treatment, although road markings were the same for both the Australian and New
NZ treatments. Both had a continuity line directing vehicles to the left side of the
road. The differences between the two designs that may contribute to the differing
test results include:
Message wording — Australian design uses the word “overtaking lane”
whereas the New NZ design uses “passing lane” in the signs.
Location of signs — The Australian design locates advance warning signs
“overtaking lane .... ahead” at 2km and 300m, plus a “keep left unless
overtaking” sign at the end of the diverge taper, whereas the New NZ design
has advance warning signs “passing lane ....ahead” at 2km and 200m plus a
“keep left unless passing” sign 15m prior to the start of the diverge taper.

Merge area

The intention of the advisory merge sign 200m prior to the merge taper (Current &
New NZ) and at 500m and 250m prior to the taper (Aust) is to warn drivers of an
impending merge, allowing them to alter their speeds and prepare for a merging
situation. From the lane position results, it appears that the pre-merge area is used for
overtaking right up to the start of the taper. Thus the merge operation is taking place
in the merge taper area only and therefore the length of the merge is restricted to that
taper length.
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6.6 Lane markings

Diverge area

The Australian and New NZ diverge markings with the continuity line directing
traffic to the left, were much more efficient in moving traffic over sooner as
compared to the Current NZ design. The earlier move to the left enabled following
vehicles waiting to overtake to do so more quickly, and this was highlighted with the
Australian design where vehicles moved left the soonest, the greater number of
vehicles passed, and higher speeds were maintained.

Merge area

The Current NZ and New NZ design where the lane line discontinues and no priority
is given appears to be more efficient and safer than the Australian design that gave
priority to the overtaking lane. Headway distances were much reduced with the
Australian design, and speeds were lower throughout the manoeuvre. This may have
been caused by driver unfamiliarity with the lane continuity line, greater advance
warning of the merge area, or the fact that the drivers were merging earlier. The close
following distances with all treatments is cause for concern with regards to safety,
although these may have been affected by the short merge taper lengths.

6.7 Crashes on existing sites

Investigation of Land Transport Safety Authority records in the vicinity of the sites
show that the majority of crashes that occurred at the diverge / merge areas were
“loss of control” or “loss of control — head on” types, with merge and overtaking
type crashes also evident. Many crashes at the diverge / merge areas involved
vehicles travelling in the opposite direction to the direction of the overtaking lane.

Appendix F shows a grouping of recorded crashes along the SH 29 route
encompassing Sites 1-6, together with the listings for those crashes. A collision
diagram of Site West 4 —right, in the vicinity of the merge area is also shown in
Appendix F. From the collision diagram for Site West 4 — right, it can be seen that
two westbound crashes occurred in merge taper area west of Valley View Road
including an overtaking manoeuvre crash and loss of control type crash; and four
crashes, including loss of control, loss of control-head on (2), and overtaking merge
manoeuvre occurred in the pre merge area. Thus, while some crashes have been
directly attributed to overtaking, it can be seen that other types of crashes also occur,
and they too may well be the result of overtaking manoeuvres.

6.8 Steering committee review

The Steering Committee met to review the results of the human factors analysis, and
to recommend the next steps. The Committee were of the opinion that the research
results were consistent with what happens on the road from their experience, giving a
high degree of confidence in use of the simulator to test road driving scenarios.

In looking at the results of the human factor analysis and the relationship to
engineering road design, the Steering Committee felt that the research highlighted
the need for good design at the merge area, and that the location of the merge area
was an issue. In response to the more challenging sites, the Committee were of the
opinion that good visibility is essential for safety reasons, and suggested that a
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minimum of 200 metres clear visibility for the full length of the overtaking lane
merge taper area should be available.

In general, it was felt that the New NZ treatment, that is the post-July 2000 New
Zealand treatment, offered the better results of the three options tested with regards
to safety and efficiency, however the short merge tapers, late merge manoeuvres, and
the confusion with regards to lane priority were of concern. The committee felt that if
drivers were to “merge like a zip” at the merge area, then there should not be any
priority, however in the current New Zealand design, the driver in the “slower” kerb
side lane often assumed priority to be with the overtaking vehicle.

The Steering Committee members were in agreement that more work was warranted
on the human factors of design at the merge area of the overtaking lane, and that the
next step should focus on location of the merge area, taper lengths and treatments at
the pre merge, merge, and post merge areas. It was strongly recommended that
funding be sought to further the research that is required.

The group felt that the lane markings for the post-July 2000 New Zealand and the
Australian treatment at the diverge area were successful in moving vehicles to the
left, however it was considered that further research into the sign message and sign
position at the overtaking lane diverge area was warranted to establish the reasons for
different driver behaviour for the Australian and New NZ treatments. This could be
investigated as a separate issue, independent of this project.
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7 Conclusion and Recommendations

7.1 Conclusion

The driving simulator has provided results that, in the opinion of the Steering
Committee, are consistent with what happens on the road.

In comparing the effects of the three treatment types across the various overtaking
sites we see that at sites with long approaches and high forward visibility the driving
behaviour was approximately equivalent under the three treatments (e.g., sites West
3 and West 4). At sites with shorter approaches, or where visibility was somewhat
more restricted due to the topography or road- geometry, there were pronounced
differences in lane position, speed, and the number of vehicles overtaken.

The diverge continuity line used in the New NZ and Australian treatments did move
more drivers to the left. The Australian treatment, however, achieved this effect
sooner and at higher vehicle speeds that the New NZ treatment. This advantage is
presumably atiributable to the different approach signage as that was the only
difference between these two treatments. Irrespective of the greater movement of
drivers to the left lane, the higher speeds associated with the Australian treatment
apparently resulted in greater rates of overtaking early in the passing lane. Towards
the end of the lane, the presence of the early warning and merge continuity line in the
Australian treatment had the effect of slowing drivers, reducing the overall
overtaking rates, and actually producing shorter headway distances with concomitant
concerns for safety as a result. The hatched runout at the end of the New NZ
treatment was used by the participants, as reflected in their delayed move to the right
lane in the merge section.

Results from this research indicate that while the diverge areas operate reasonably
well, there are safety concerns with overtaking lane merge areas in challenging
situations with limited forward visibility and short merge tapers. it was generally
found that the merge taper lengths were significantly shorter than lengths
recommended in New Zealand and Australian guidelines and standards.

In examining the more “challenging” sites, that is sites with poorer visibility or more
taxing road geometry, it was found that the difference in the average speed travelled
through the pre-merge / merge / and post-merge stages was greater than 10 km/h,
which illustrated an inconsistency of design. The inconsistent speed environment was
thought to be largely due to the shorter merge taper lengths, and the restricted
visibility. This research has highlighted the potential for safety problems at these
areas, and suggests the need to look at alternative locations or treatments for the
merge area when the above restrictions impact on overtaking lane design. It has also
shown that the placement of lane markings and signs does affect driver behaviour
with regards to position in the lane, travel speed, and assumed lane priority in
challenging situations.

Some caution needs to be taken in generalising these results to driver behaviour on
the open road. The driving scenarios used in the research contained benign driving
conditions in terms of weather, daytime visibility, and road surfaces. It maybe the
case that under adverse weather, visibility, and road surface conditions that the
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differences between the treatment types may become even more pronounced (as was
the case for the sites with poor forward visibility or challenging road geometry).
Further, while our previous research comparing driving behaviour in the simulator to
on-road measurements has shown the simulator to be very robust in affording
“natural” driving behaviour’, some caution should always be taken in generalising
the results of laboratory-based work to driver behaviour on the open road (see also
Appendix A).

While we and the steering committee members felt that the data are generally an
accurate depiction of driver behaviour at overtaking sites, it would nonetheless be
prudent to follow this research with on-site field measurements to verify the range
and distribution of driving behaviour obtained with the simulator. Finally, it may be
of interest in future work to focus on the overtaking behaviour of specific groups of
at-risk drivers such as young males and those over the age of 65. While the present
experiment contained drivers of all ages, the sample size was not large enough to
afford specific comparisons of this type.

In summary, under the most benign conditions there were no differential effects of
the three treatments. With poorer visibility or more taxing road geometry, the drivers
relied more heavily on the road markings and signage and the effects of the
treatments become more pronounced, and the sensitivity to the more “challenging”
situations was borne out by the greater speed differential between merge area
sections at these sites.

7.2 Recommendations

It is recommended that:

1. Where possible the full length of the diverge and merge tapers of overtaking
lanes be clearly visible over their entire length from at least 200m from their
start. There was little difference in driver behaviour for the three treatments at
sites with good visibility. On the other hand when visibility was restricted or the
geometry was more taxing, there were pronounced differences in lane position,
speed, and the number of vehicles overtaken. At the more difficult sites, speed
differences of more than 10km/h were recorded. This exceeds the AustRoads
recommended design limit.

2. The road marking and signage introduced at the diverge areas after July 2000 be
fully implemented. The new treatment has been effective in moving more
vehicles over to the left-hand lane.

3. Further research on the design at the merge area of overtaking lanes be
undertaken to investigate the effects of merge length, merge placement (within
the existing road geometry), alternative marking schemes and sign placement,
and the behaviour of oncoming traffic approaching the merge zones. It is
considered to be premature to put forward recommendations for merge area

7 Charlton, 8.G., Mueller, T., and Baas, P.HL (1999, January). Field Trial of Drivers® Perception-Decision-Action
Times. (Technical Report). Report contracted by Industrial Research Ltd. Hamilton, NZ: Transport Engineering
Research NZ Ltd.

¥ Charlton, $.G. (2000, July). Driver Vehicle Interactions: Maintenance of Speed _and Following Distances.
{Technical Report). Report contracted by Foundation for Research Science and Technology. Hamilton, NZ:
Transport Engineering Research NZ Ltd.
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treatments, given the number of questions regarding taper lengths and location
the research has raised. The steering committee and the research team consider
that further investigation would be beneficial.

The peer reviewers recommended further research using a larger sample size in
order to investigate the effect differences in driving populations, terrain and
alignment sites have on overtaking lane design. The larger sample size will
enable, for example, the behaviour of younger male drivers to be compared to the
behaviour of a representative sample of a cross-section of the driving population
as it is possible that younger mail drivers drive faster and closer and take more
risks when overtaking. If this is the case, the design of overtaking lanes needs to
take this take this into account. The current investigation was limited in the
terrains and alignments considered. A larger sample would enable driver
behaviour for a range of very different terrains and alignments to be investigated.
Significant variations in overtaking behaviour may well exist in light of the
finding that the visibility of diverge and merge areas plays an important role. The
effect of having curves on overtaking lanes has also not been adequately
addressed.

Any further research should include the “calibration” of the research findings
against actual field conditions. Calibration should include the video recording of
one of the overtaking lane merge areas showing lane position, lane changes,
conflicts (brake lights and/or erratic movements), and use of the hatched run out
area. In addition a speed gun could be used to obtain travel speed at a specific
point.

The peer reviewers and steering committee also recommended that further
research be undertaken into optimal signage and sign placement leading up to
and at the diverge area in respect to diverge manoeuvre safety and efficiency for
overtaking movements. It was found that the Australian treatment moved
vehicles to the left lane earlier and vehicle speeds were higher during the diverge
compared to the New NZ treatment even though the differences in signage were
relatively minor. A controlled trial where the only one variable was changed at a
time, for example by having the signs in the same location but with the New NZ
and Australian wording, would provide an insight into the importance of signage
and its placement.
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Appendix A
Description of the Driving Simulator

The research used the driving simulator located at the University of Waikato as
shown in Figure A-1 below. The simulator has been extensively upgraded for the
FRST research on Vehicle/Road Interaction. The medium-fidelity driving simulator,
as configured for the present study, was comprised of a 21 in CRT displaying
coloured road scenes and steering wheel and foot pedal controls. A typical driving
scene from the simulator is shown in Figure A-2 below. Measured 3-dimensional
road geometry data, such as from RGDAS, was used to specify the roadway. The
roadway geometry is represented by means of a series of 2 metre by 2 metre vertices
in which can be embedded even smaller undulations and bumps in the road surface.
Signs, roadside furniture, and other objects such as buildings and trees are entered as
digital images from a digital camera. In this way specific road sections can be
recreated on the simulator.

Vehicle dynamics were provided by interactive non-linear multi-body simulations
based on AUTOSIM vehicle models. Factors such as non-linear tyre behaviour,
steering geometry, and suspension dynamics can be varied for light vehicles through
to large articulated vehicles. Other vehicles can be entered in the driving scenario
and controlled enabling, for example, an overtaking situation to be created.

Human factors measures that are typically collected include lane positioning,

braking, speed maintenance, headway distances, stopping times, and occurrence of
collisions.

Figure A-1. Figure A-2.
Driving simulator configuration. Typical simulated road scene.

Our experience has shown that the driving simulation methodology affords a
reasonably accurate depiction of driver behaviour on the open road. In one recent
experiment’, the driver speeds obtained in the simulator were compared to speeds on
the actual highway depicted in simulation (the Gordonton Road on the Northeastern
edge of Hamilton) using a Metrocount tube counter from the Hamilton City Council

s Charlton, 8.G. (2000, July). Driver Vehicle Interactions: Maintenance of Speed and Following Distances.
(Technical Report). Report confracted by Foundation for Research Science and Technology. Hamilton, NZ:
Transport Engineering Research NZ Lid.
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Roads and Traffic Unit and a hand-held Marksman LTI 20.20 laser speed gun
manufactured by Laser Technology Ltd. For the speed gun analysis, data from 150
cars, vans and light trucks were collected. For the tube counter analysis, data were
separated into 10 km/hr speed bins and 12 vehicle classes using the AustRoads%4
classification scheme. Data from 3,849 Class 1 vehicles (passenger cars) from the
classification scheme were used in the analysis. As can be seen in Figure A-3,
driver’s speeds in the simulator were faster than the actual road. Drivers in the 100
km/hr traffic condition averaged 103.44 km/hr, or 1.22 km/hr faster than the speed
gun average (102.22) and 2.96 km/hr faster than the average speed obtained from the
tube counter (100.48). Drivers in the “no fraffic” simulator condition had an average
speed of 106.14 km/hr, the lack of any traffic in that condition may have resulted in
somewhat elevated average speeds. Of note however is the striking correspondence
of the 90" percentile speeds for all four categories, 116,20, 115.79, 115.00 and
110.47 for the two simulator conditions, the tube counter data, and the speed gun
data respectively. The lower 90™ percentile speeds obtained with the speed-gun
measurement may be attributable to drivers sighting the telltale indications of their
speed being monitored and thus reducing their speeds to avoid the possibility of
receiving a speeding citation.
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Figure A-3.
Speed in simulator compared to road measurements.
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Appendix B
Steering Committee and Peer Review Information

Steering Committee

A steering group of traffic engineering professionals and was established to minimise
risks involved with identifying the overtaking lanes to be investigated, the
appropriate interventions, the simulation and testing parameters. The steering
committee convened to discuss the approach taken for each technical task, review the
progress of previous tasks, and physically inspect the simulated driving scenarios.
The steering group’s involvement will also be used to ensure the guidelines
contained in the Advisory Document are in an appropriate and useable form.

The steering committee members included:
Mr Bob Gibson, Senior Traffic Engineer, LTSA Head Office
Mr Ian Cox, Regional Highways Engineer, Transit New Zealand
Mr Murray Noone, PROJENZ, Land Transport Consultant

Peer Reviews
Two peer reviews were proposed:
e Upon completion of task 1 to ensure the selection of road sites and
alternative treatments are appropriate. This review was completed on 3 May
2000,
e Upon completion of the draft Advisory Document and associated research
report.

The peer reviewers were:
Dr Denis Davis, Traffic and Design Manager, Transit NZ Head Office
Mr J.P. Edgar, Manager Safer Roads, LTSA Head Office
Mr Jos Vroegop, Traffic Planning Consultants Ltd
Dr Barry Parsonson, Road Safety Consultant
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Maps and Gradients

Recreated Route
of Diverge/Merge Areas

Appendix C
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Site East 1 Merge Plan View
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Site West 3 Diverge Plan View
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Site West 3 Merge Plan View
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Site 6 SVB Plan View
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Appendix D
Taper Lengths Table

Diverge Tapers

Site OfLane Diverge length (m)

length Simulated Actual TNZ Policy Australian
East 1
Post crest | 4km 120 1234 70-100 70
East2
Left Tkm 60 60 70-100 a0
West 3
Straight <3km 80 734 70-100 80
West 4 80
Right 1.5km 80 70-100 90
West 5
Blind 1.8km 80 90 70-100 70
Slow Veh,
Bay 200m 32 30

This table shows that the length of diverge tapers used are generally within the range set in the

NZ Policy.

Merge Tapers

Site O/Lane Merge length (m)
length Simulated Actual TNZ Policy Australian AustRoads
(March 2000) (T=VW72)
East 1 115 - 160 (+150 | 150 (+60 170
Post aKkm 88 90 shoulder taper) | shoulder taper)
crest
East 2 115 - 160 (+150 | 150 (+60 179
Left 1K 60 67 shoulder taper) | shoulder taper)
West 3 115 - 160 (+150 | 150 (+100 207
Straight 3km 88 102.5 shoulder taper) | shoulder taper)
West 4 115 -160 (+150 | 150 (+100 205
Right 1.5km 60 69 shoulder taper) | shoulder taper)
West 5 115 - 160 (+150 | 150 (+100 201
Blind 1 5km 120 128.2 shoulder taper} | shoulder taper)
Slow
ven. 200m |64 60
Bay

The above table comparing merge length with Transit NZ Policy show that actual merge lengths
fall well short of the AustRoads formula for merge tapers and the Australian standards, and apart
from Site West 5 are shorter than Transit NZ Policy guidelines.
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Appendix E

Speed Differential Tables

Average speed differential at merge area

East 1 — post crest

Current NZ
New NZ
Australian

East 2 — left
Current NZ

New NZ
Australian

West 3 — straight

Current NZ
New NZ
Australian

West 4 — right

Current NZ
New NZ
Australian

West 5 — blind

Current NZ
New NZ
Australian

Slow Vehicle Bay

Current NZ
New NZ
Australian

Pre merge
76
76
76

89
89

103
101
99

104
105
95

102
101
97

74
78
77

74
75
70

97
96
95

a9
102
93

92
93
89

67
65
66

Post merge
92
90
88

81
79
78

100
100
100

100
101
95

88
89
a1

74
76
76

Diff.

16
14

15
14
17

(e e e

14
12

7
13
"

= <10
no
no
no

no
no
no

yes
yes
yes

yes
yes
yes

no
no
yes

yes
no
no

Note: The speed figures are averaged over the pre-merge, merge and post-merge sections of

the merge areas.
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Average 85%tile speed differential averaged over pre-merge, merge, and
post-merge areas

East 1 — post crest

Current NZ
New NZ
Australian

East 2 — left

Current NZ
New NZ
Australian

West 3 — straight
Current NZ

New NZ

Australian

West 4 — right

Current NZ
New NZ
Australian

West 5 — blind

Current NZ
New NZ
Australian

Slow Vehicle Bay

Current NZ
New NZ
Australian

Pre merge
94.67
97.19
99.14

100.99
106.41
100.42

118.96
118.37
118.14

111.81
124.54
115.80

109.11
115.40
120.59

85.00
88.70
89.78

Merge
104.55
107.33
107.24

104.53
108.56
96.41

111.65
109.52
108.97

108.27
116.08
116.84

102.44
107.95
108.16

91.92
97.64
83.90

Post merge
105.13
106.94
106.89

104.43
106.56
00.88

109.20
109.94
109.04

107.51
113.20
116.70

93.63
93.77
1086.32

85.97
85.58
86.35

Diff
10.46
10.14
8.10

3.54
3.15
4.01

9.76
5.85
8.17

3.569
11.34
1.04

15,48
21.63
14,27

6.92
12.06
7.55

=<10
no
no
yes

yes
yes
yes

yes
yes
yes

yes
no
yes

no
no
no

yes
no
yes

Note: The speed figures are averaged over the pre-merge, merge and post-merge sections of

the merge areas.
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Crash Diagrams and Listings

Appendix F
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Figure 1. The three overtaking lane treatments selected
(not including the slow vehicle bay treatment).
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Figure 6. Signage for the Current NZ treatment.
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PASSING PASSING KEEP LEFT
LANE LANE UNLESS

2 km 400 m PASSING
AHEAD AHEAD

Figure 7. Signage for the New NZ treatment.
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OVERTAKING | KEEP LEFT
LANE LANE UNLESS
2km AHEAD 300m AHEAD

Figure 8. Signage for the Australian treatment
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Figure 9. Signage for the Slow Vehicle Bay
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Figure 10. Participants’ lane position (in meters) and vehicle

Merge (88m)

Site: East 1— Post-crest

speeds (km/h) through each stage of the overtaking lane.

Post-merge (368m}
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Figure 17. Participants’ lane position (in meters) and vehicle
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Figure 19. Average number of cars overtaken by participants during each
phase of passing lane. Five vehicles were ahead of the participants at the
beginning of the overtaking lane. The “whiskers” depict the 75" percentiles for
each treatment type,
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Figure 20. Participants’ lane position (in meters) and vehicle
speeds (km/h) through each stage of the overtaking lane.
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