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ABSTRACT

This study and others have shown that trucks already exceed the
legal speed limits. Truck drivers are travelling at speeds they
consider safe in respect of their vehicle, the traffic volume,
road environment and police activity.

The principal aim of this study was to examin the effect of the
increase in the heavy vehicle speed limit on rural roads from 80
to 90 km/h on 1 January 1987 in every State except Queensland,
and in the ACT. Mean free speds were used to gauge whether
there had been any significant effect of the speed limit
increase on driver behaviour and road safety.

The sampling methods used in this study are biased towards over
sampling of trucks and elevating truck mean speeds. Scant
attention has been given to sample design in most of the
previous studies cited.

Articulated vehicle mean free speeds have increased in four
States, as has the percentage travelling faster than 90 km/h.
This included Queensland, the control State for the study. Car
speeds remained stable during the study period.

There has been an increase in the number of platoons led by cars
over the study period. There was a decline in the number of
articulated-led platoons.

Speed differentials have been reduced from 10 km/h to 8 km/h for
the articulated/car vehicle mixes. Thus a successful decrease
in 'speed dispersion' has been accomplished.

Analysis of crashes in Victoria and Western Australia showed no
significant changes which could be attributed to the change in
heavy vehicle speed limit.



EXECUTIVE SUMMARY

This study and others have shown that trucks already

exceed legal speed limits. Truck drivers are travelling
at speeds they consider safe in respect of their vehicle,
the traffic volume, road environment and police activity.

Articulated vehicle mean free speeds increased in four
States, as did the percentage travelling faster than 90
km/h. There has been a reduction of 2 km/h in the speed
differential between cars and articulated vehicles.

Car mean free speeds remained stable with some slight
increases in Victoria and Western Australia.

The control State Queensland which did not increase its
truck speed limit also experienced an increase in
articulated vehicle mean free speeds.

The results obtained from an analysis of mean free speeds
recorded on all-roads and two-lane roads are similar.

The number of car led platoons has increased by 63% across
ALL speed categories between October 1986 and October
1987. This increase straddles the speed limit change in
January 1987,

During the same period there was a 31% decrease in
articulated led platoons across ALL speed categories.

It appears that trucks have been over sampled due to the
elevated number of sampling sessions during the night time
hours. This could also have biassed upwards the mean
truck speeds reported in this study.

The results of the present study seem to be consistent
with the trends in mean free speeds which have emerged
from the South Australian time series. Mean free speeds
of articulated vehicles have been steadily increasing
since 1965 regardless of the legal speed limits.

There does not seem to have been any significant changes
in truck related crashes in Victoria and Western Australia
(the only States examined) concident with the change in
heavy vehicle speed limits.
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ABBREVIATIONS and DEFINITIONS

ABS

Accident

ACRUPTC

ACT

ADR

Amphometer

ANOVA

ARRB
Artic
ATAC

Auto correlation

Automatic counter
or classifier

Bias

Bus
Car towing

Car

Rustralian Bureau of Statistics.

Another term used in the literature for "Crashes”. This
study prefers the term crashes to accidents because it
is more vehicular specific.

The Advisory Committee on Road User Performance and
Traffic Codes.

Australian Capital Territory, the Australian Federal
Capital Territory.

Australian Design Rule - standards for vehicle desiqgn.

A speed neasurement device used in NSW. Two rubber tubes
containing air are placed across the road. Vehicles
crossing the tubes create a pneumatic pulse which is
used to calculate the vehicle’'s speed.

The parametric statistical testing procedure called
Analysis of Variance.

Australian Road Research Board.
Articulated vehicle or Semi-trailered vehicle.
Australian Transport Advisory Council.

A correlation coefficient computed between pairs of
observations with lag t terms. Thus the first order auto
correlation coefficient is derived by correlating all
data points with their following (t=1) ternm.

A speed measurement device which can also classify
vehicles into two different length categories or bins.
The device consists of two rectangular wire loops fixed
to or buried into the road surface connected to a data
logger. The loops have an oscillating radio frequency
gignal feed to them by the data logger. A vehicle
passing over the loops disturbs the static¢ magnetic
field set up by the lcops and is thus counted and its
speed measured.

The bias B of a point estimator t of the population
parameter T is given by B = E(t} - T where E(t) is the
expected value of t. t will be an unbiased estimator of
T if E(t) = T,

A passenger omnibus.

A Car towing a trailer, caravan or other vehicle.

A passenger car or car derivative such as a Station

wagon,
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cB

Cusun

DOT

Entity set

FORS

Free speeds

HCV

Heavy vehicles

Infra-red light
beams

koh or km/h
K-S

K-

Lvan

Motorcycle

mph

NAASRA

NMDS

Normal & Gamma
distributions

-

Citizens band radio used extensively by truck drivers to
conmunicate between trucks. A typical % watt CB has an
operational range of 5 to 8 kn.

Cusum analysis is a plot of the cumnulative sum of
deviations of a time series from the mean {(or arbitrary
reference level 'k’) level of the time series.

Federal department of Transpert - now Transport and
Communications.

The name a database is given in the extended relatiopal
data model used by ZIM.

Federal Office of RKoad Safety, Commonwealth Department
of Transport and Communications.

The speed of a vehicle in the traffic stream as measured
by either a radar gun. amphometer or infra-red beam. A
free speed 1is one where the vehicle 1is at least 4
seconds behind the preceding vehicle. This restriction
eliminates vehicles which are platooned behind a lead
vehicle and thus would have their speed restricted by
the lead vehicle. Speeds are reported in kilometres per
hour as integer values. See spot speeds.

Heavy commercial vehicles; referring to rigid trucks,
articulated and buses generically.

See HCV

A speed measurement device used by Western Rustralia. It
consists of two beans of dnvisible infra-red light
placed across the road. A vehicle passing through the
beams breaks the beams. The time difference between the
breaks is used to calculate the vehicle's speed.

a measure of velocity in kilometres per hour.

Folmogorov-Smirnov one sample test of goodness of fit.

Kruskal-Wallis oneway ANOVA. K-W is the non parametric
version of one way ANOVA.

A light van i.e. Toyota Hiace.

A motorised two wheeled vehicle which carries up to two
people and sometimes includes a sidecar.

a measure of velocity in miles per hour.

National Asscciation of Rustralian State Road
Authorities.

National Mass Data System. A diverse collection of
safety and traffic databases kept by FORS.

Statistical probability distributions which have known
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NRFII
NSW
ORS

Prthv

Platoon

0 flow weights

Q-flow rate

QLD

Radar

Raw weights

ROSTA

RTA
S5A
SAA

Sample traffic
velume

mathematical attributes which are wuseful in traffic
research.

Mational Road Freight Industry Inquiry.
New Scuth Wales. the Australian State.
Office of Road Safety - former name of FORS.

Percentage of heavy vehicles. The percentage of the
total traffic volume made up of heavy vehicles.

A platoon of vehicles 1is a small queue of vehicles
immediately following a lead vehicle which is acting as
a block in the traffic stream. The definition of free
speeds precludes measuring the speeds of platoon membhers
because they are within 4 seconds of another vehicle.

¥Weights for stage 2 (1st after) which are computed by
dividing the total traffic flow rate (in vehicles per
hour) for stage 2 by the corresponding flow rates at the
same site in stage 1 (Before stage). Thus these weights
take into account not onlv the total volume of traffic,
but the 1length of the recording session which varied
between study stages.

Flow rate of vehicles in a traffic stream exXpressed as
vehicles per hour passing a survey site. Also referred
to as flow rates.

Oueensland, the Australian State.

Sometimes called a "Radar Speedgun"; a speed measurement
device used extensively by Australian Police forces for
speed enforcement. The speedgun directs a radar
frequency bear toward a vehicle {oncoming or receding)
and uses the doppler shift to calculate the vehicle's
speed. There are a nunber of frequency bhands used by
these speedgquns -~ X and K band. Many vehicle drivers
have radar detectors mounted 1in their vehicles and can
detect a radar beam some kilometre or more ahead. Slant
radar which places a very narrow radar beam at an acute
"slant" across the road reduces the utility of these
radar detectors considerably.

Within each stage, the total traffic volume divided by
the sample traffic volume.

Road Safety and Traffic Authority of Victoria. ROSTA was
the predecessor of RTA,

Victorian Road Traffic ARuthority.

South Australia. the Australian State.

Standards Association of RAustralia.

0f the total traffic wolume at a site only a certain
fraction is sampled. These vehicles become the sample
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SAS

Space speeds

Speed window

Sveed disversion

Speed
differential

Spor speeds

SPSS

Study stage

TA or TARU

TAS

Tntal traffic
valume

Trurk
Un-vweiahted
resiults
VHSOSS

VIC

VA

¥eiohted results

traffic volume.

Statistical Analysis System. The other statistics

package used for data analysis.

Speeds of vehicles observed on a long homogeneous
stretch of road at one brief time. As an example. if the
speeds of all vehicles contained on eight kilometres of
the Hume Highway were measured during a brief snapshot,
these speeds would be space speeds,

of overlap between the
for cars and articulated

The speed window is
minimum and maximum
vehicles.

the degree
speeds

Originally. this term referred to the speed difference
between trucks and cars. I prefer to rename this ternm
"Speed Differential™ so as not to confuse it with the
statistical term "speed dispersion" referring to the

variance of speed measurements.

The individual speed difference between serial
sequential pairs of vehicles travelling in a single lane
of traffic. For the purposes of this report, I have
restricted the discussion of speed differentials to 2
lane roads (single carriagewavs) only.

Speeds of vehicles measured at one location or spot over

long perieods. typically with a radar gun. All free
speeds in this report are spot speeds.
Statistical Package for the Social Sciences - the

computer program used in the analysis of the data.

Stage 1 - the before survey. October-December 1986.
Stage 2 - the lst after survey. March-April 1987. Stage
3 - the 2nd after survey in September-COctober 1987.
Traffic Authority or Traffic
New South Wales.

Accident Research Unit of

Tasmania.

The total volume of traffic which passed
gite in a specified stream direction.

a recording

A Rigid truck as distinct from an Articulated vehicle.

The statistical analysis has been performed on the raw
data without any weighting applied.

Victorian Heavy Speed and Operational Safety Study.

Victoria, the Australian State.

Western Australia. the BAustralian State.

The statistical analysis has been carried out with
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weights applied to the data.

ZIM The database package used for the study.
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I. INTRODUCTION

This study began at the June 1986 meeting of the ARustralian Transport
Advisory Council (ATAC). At that meeting it was resolved to increase truck
speed limits from 80 km/h to 90 km/h on 1 January 1987. This would occur
in all States and Territories except for the Northern Territory (no apeed
limit}. Queensland which already had a speed limit of 90 km/h and Western
Australia which increased its limit from 9¢ to 100 km/h on the Eyre
highway. The decision was an interim measure for a trial period to
determine whether any negative road safety results would occur.

By September the Federal Office of Road Safety (FORS) 'Safety Aspects of
Increased Truck Speed Limits' project had been started and the first
surveys took place in October 1986. The contract for the collation and
analysis of the speed survey data was put to tender in early December 1986
and the successful tender chosen and commissioned on 16 January 1987.

The principal aim of the project was to monitor the safety aspects of the
increase in truck speed 1limits on rural roads from 80 km/h te 99 km/h
which occurred on 1 January 1987. These aspects included truck speeds,
platooning and crashes involving trucks.

The study had three survey periods: A 'before' survey in October-December
1986. a 'first after' legislative change survey in March-April 1987 and a
final 'second after' followup in September-October 1987.

Depending nn the outcome of the three stage study, a recommendation would
go to ATAC to increase truck speeds further from 90 to 100 Xkm/h in July
1988.

Each State would use its own existing field teams and survey sites with
forms designed by FORS. FORS were to coordinate the data c¢ollection with
each of the participating States and vass the data onto the consultant.

The States would also be asked to provide a dumnp of their crash statistics
databases for all crashes involving trucks. This crash data would be used
to assess any crash and fatality outcomes of the legislative change.

The consultant was required by the brief to present a seminar on the first
study stage results. The seminar was presented at FORS Canberra on 5 March
1987. The final report was required by mid Movember for inclusion into the
ATAC briefing in December 1987.

This report has become a sizable and significant document on the subiect
of truck free speeds. It has been designed to be a reference document
which would allew future researchers to directly continue many of the
threads left by such a large project.

The database from this project is in the custody of FORS as part of the
National Mass Data System (NMDS} and full documentation for its use is
included in this report.



TT. REVIEW OF THE LITERATURE

"fruck and bus speed limits on rural roads”. Loong, Budd & Quavle (June
1985} for FORS {(Working Document WD83) has certainly shaped the current
studv. This particular paper is based on a number of previous works.
These were:

the 1978 Victorian Heavv Sneed and Qperational Safety Study (VHSOSS).
the 1984 National Road Freight Industry Inguiry (NRFII}.

the Introduction of Australian Design Rules (i.e. ARDR's) 35 and 38.
the 1983 Rural Speed Survey conducted for the Advisory Committee on
Road T'ser Performance and Traffic Codes (ACRUPTC).

* *+ » x

In this paper, Loong et al. discussed truck and speed limit compliance:

1. Loong et al. noted. based on the 1983 free speed survey, that the
speed limit coepliance was very low for trucks and buses on all
tvoes of rural roads throughout Australia.

2. Taking all types of roads together the 85th percentile for truck
and bus speeds varied from 86 km/h to 99 km/h. Only two out of
the 15 sets of results showed figures below the 90 km/h speed
limit at the time.

3. Speed limits appear to have little effect on the coperating speeds
of trucks and buses on rural roads.

In relation to crash rates. the conclusions drawn from the National Road
Freight Industry Inquiry (NFRII! based on the 1981 Fatal Accident File
available from FORS suggested the followina:

1. There are considerably higher fatal crash rates for trucks in
rural areas,

2. That articulated trucks have far higher crash rates than rigid
trucks. These crash rates are lower than those for cars and
station wagons.

3. Tn multi-vehicle crashes involving a truck, ten per cent of those
killed were the occcupants of the trucks and 90 per cent were the
occupants of other vehicles.

4. Lastlv. for all crashes, the crash rate for articulated trucks is

a 1little under half of that for cars and station wagons.
Undoubtedly higher 3gpeed will increase crash severity hut work
done by the Traffic Accident Research Unit of New South Wales
{TARU) indicates that there may be a threshold speed level beyond
which survivability is not affected.

The work of Solomon (1964) and the ROSTA (1978) study indicates that on
primary rural recads crash ocrurrence votential can be reduced if truck and
car speeds are brought closer together.

This leads to the roncept of speed dispersion, which I have termed speed
differential. The FORS submission to the National Road Freight Inquiry
(NRFIT) recommended the abolition of differential speed 1limits and the

2



implementation of 180 km/h speed limits for trucks.

The maior conclusion which the Loong et al. study came to was that taking
all the factors into consideration.

"1t is concluded that differential speed 1limits for trucks and buses
operating on_ rural roads should e eliminated. On the hasis of
ohserved speeds and industry opinion a speed 1limit of 10¢ km/h for
trucks and buses on rural roads is indicated."”

Some of the factors which Loong et al. considered in relationship to speed
differentials were:

Reducing speed differentials to minimise overtaking.

. The possibility of crash occurrence.

Crash severity.

Speed limit compliance and enforcement.

The braking standard for truck and trailer as compared to the new
ADRs.

Industry ovinion.

The road environment.

8. Cost benefit evaluation.

N b ) N e
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Dne point that they did note was that:

“It avpears that the benefits of an overall reduction of speed
dispersion may be offset by the disbenefits caused by these additional
overtaking manceuvres." !

Thus the thrust of the ULoong et al. study is that reducing speed
differentials will increase rural road safety in relationship to trucks.

The paver entitled "Heavy Vehicle Speed Limits" (1985) by the Federal
Office of Road Safety concerns the case for removing speed limit
differentials.

On page 26. Appendix 3 of this paper the authors compare and contrast the
1978 Callaghan study of free speeds and the 1983 survey of free speeds.
Both studies were coordinated by FORS on behalf of ATAC.

The first point made about mean speeds and speed dispersions 1is that the
1978 study (Callaghan. 1978} indicated that the difference in statewide
mean speeds of cars and ‘trucks was between 11.6 and 19.5 knm/h, By
contragt this differential had reduced to between 9 and 18 km/h in the
1983 studv. The authors put this down to generally higher truck speeds in
19813,

A point that needs to be made here is that the definition of the speed
differential as “speed dispersion" 1is the difference between the mean
speeds of cars and trucks in contrast to the concept that I will be using
in this paver. Speed differentials are the individual speed differences
between serial sequential pairs nf vehicles.

The other important point that is made here is the guestion of compliance.
As Callachan pointed out in 1978, over 50 ver cent of the heavy vehicles
exceeded 88 kn/h and almost 50 per cent of cars exceeded 10@ km/h (the

1 Refers to the NFRII recommendation that only trucks conforming to
the new hraking ADRs be allowed to travel at faster speeds.

-
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speed limits at the time). By contrast, in 1983 there is an indication of
a higher dearee of compliance by car drivers with more than 49 per cent of
cars exceeding the speed limit (divided highways in NSW & QLD) . There was
a reasonable level of compliance to truck speed limits in Queensland with
only 20 per cent exceeding 90 km/h on undivided highways and 37 per cent
on divided highways. For other States however the proportion of trucks
exceeding 80 km/h ranged from 53 to 85 per cent.

Thus the conclusion that the authors came to is that speed limits do not
influence free speed significantly, particularly speed 1limits which are
regarded as unreasonable by the truck operators themselves., To quote:

"The 1983 speed survey clearly indicates that truck drivers by their
nassive non-compliance regard 80 km/h to be an unreasonably low limit.
If the truck speed limit was increased to the general speed limit,
which is in excess of 95 km/h. and this was accompanied bg a public
information campaign_  about speed dispersion there is good reason to
expect that the_new limit would be much better complied with, that the
high Iimit would be more effectively enforced and that very high truck
speeds would be reduced and that overall speed dispersion would be
reduced as well."

L problem with both the Callaghan paper of 1978 and also this review paper
from FORS is that no sample sizes are quoted.?

The conclusions of this paper (Callaghan. 1978) were that there was a
relative lack of compliance with speed 1imits in most States. Drivers
select the speeds they consider most appropriate to the prevailing
conditions. Also the free speed distributions for cars and their drivers

2 For the callaghan study (1978), appendix B1 on vpage 3¢ in New
South Wales 16 sites were observed and the sample sizes range from as
small as ahout 51 through to a maximum of 496. It appears that the sample
sizes were about 3,500 to 4.000 vehicles per State. The states sampled
were NSW. VIC, QLD and SA.

In the Loong & Budd study and also the BCY surveys in 1983 (ROSTA, 1983
there ig no indication in either paper of the sizes of the vehicle samples
taken. There is an indication in the Loong & Budd paper about the number
of sites surveyed - that is to be found in Appendix R page 12, This lack
of published sample sizes I consider to be a serious problem. The
comparability of the studies is a function of the sample sizes.

In this respect the only study with which I can very carefully compare the
present study is the 1978 Callaghan study which quotes sample sizes. These
sample sizes were:

New South Wales 5.516
Victoria unknown
Queensland 9.086
South Australia 6.884
Vestern Australia 2,000
A.C.T. 1,104

The grand total is approximately 29,590 vehicles. So the Callaghan study
of 1978 is quite definitely comparable to the present study ({see table
1.1). In fact the collection forms and procedures seem to have set the
ground rules for all subsequent surveys.



have higher standard deviations than those for HCVs. Callaghan noted that
the free speed distributions tended to be normal.

Callaghan findings included:

i. that 50 per cent of heavy commercial vehicles exceed the 8¢ km/h
speed limit and almost 50 per cent of cars exceed the 1¢® km/h limit in
most States.

2. that the speed differentials between cars and their derivatives and
heavy commercial vehicles is generally between 12 and 23 km/h. This is
based on the subtraction of the free speed means.

The paper by J.E.Cowley titled "The 1979/80 ACRUPTC Survey of Vehicle Free
Speeds in Capital Cities of Australia" published in September 1980 is
another landmark study of HCV speeds.

This survey measured free speeds of cars and derivatives, trucks and other
vehicles on a wide spectrum of urbam roads in capital citics of the six
States of Australia and the Australian Capital Territory. The survey was
carried out between Novembher 1979 and July 1980 and consisted of 145 sites
covering a total =ample of 4,268 vehicles.

The cities covered were Sydney, Melbourne, Brishane, Adelaide, Perth and
Hobart and the Australian Capital Territory. The guidelines for the
survey called for free speeds to be measured on level straight roads (dry
pavements) on weekdays between @800 hrs and 1700 hrs during non-holiday
periods.

A wide variety of road classes including freeways, arterial, non-
arterial, divided and un-divided roads with a wvariety of posted speed
limits were included in the sample,

One interesting conclusion that Cowley reached regarding the use of
averages weighted by vehicle sample sizes as a method of reporting results
was:

"It is unlikely that simple and weighted averages vwould differ_marked1¥
for cars because the sample sizes are large and generally consistent™.

One of the main conclusions Cowley reached, bhighlighted in Table 4
{Cowley, 1980) was that the 85th percentile speeds range from 67 to 74
km/h and that 55 per cent of cars in Bustralian capital cities exceeded
the posted urban speed limits. Also the speed means ranged from 60 to 890
km/h and the 85th percentile ranged from 70 to 9¢ km/h depending on the
particular road type. The proportion of vehicles exceeding the speed
limit ranged from 39 to 40 per cent for freeways and speed zoned arterials
and uwp to 55 to 65 per cent for roads operating under the 60 km/h general
limit. Thus the speeds of cars in Australian capital cities were very
high in comparison with existing speed limits.

Moving on to trucks Cowley noted that 37 per cent of rigid trucks exceeded
the speed 1limit. Truck speed compliance across RAustralia was more
consistent than for cars.

Once more the conclusion he reached was that the free speed of rigid

3 Thus like Callaghan in 1978, Cowley reported unweighted simple
averages.



trucks in Australian cities;

"tend to be high in comparison with the posted speed limits on arterial
and non—-arterial roads subject to general 69 km/h speed limits".

The free speed characteristicg of rigid and articulated trucks was similar
and ranged within plus or minus 5 km/h depending on the State. Apparently
Thompson (1978) noted the sare feature.

Es far as speed differentials are concerned, Cowley noted in Table 4 that
rigid trucks were in general somewhere between @ and 15 km/h slower than
Ccars.

J.E.Cowley was responsible for another paper titled "A Review of Rural
Speed Limits in Australia™ published in January 1989.

Cowley's major conclusion (1980,68) was that there appears to be no
meaningful relationship between the free speed parameters and the speed
limit values, If anything the correlations are negative. He also
recommended that the absolute speed 1limits for ARustralia should be
somewhere in the vicinity of 100 to 110 km/h and that there appears to be
no clear advantage for either level for daytime operation.

As for speed differential limits for the four vehicle classes, heavy
trucks, omnibuses, vehicles towing and motorcycles with passengers, he
recommends a 9¢ km/h limit for the first three i.e. heavy trucks,
omnibuses and vehicles towing, and no differential limit for motorcycles
with passengers. The 9¢ km/h differential limit is conditional upon the
119 km/h speed 1limit £for general traffic being implemented. He also
concludes that there is substantial evidence supporting the differential
9¢ km/h limit for heavy vehicles even when there is 10@¢ to 119 km/h
general speed limit in place.

The main thrust of Cowley's report was to examine past and present rural
speed limit provisions in relationship to the different speed limits
enforced on Australian rural roads and to relate this to the findings from
local and overseas studies of the safety benefits of rural speed limits.

Cowley raises the question of the comparison between crashes and casualty
rates and speed limits. This harks back to the Solomon study (1964) which
showed that as speed limits rose then the fatality rates rose dramatically
as well, The problem that Cowley highlights is that it is very difficult
to do these comparisons Dbecause of the different reporting criteria used
especially with casualty information. Thus the only practical method is
to conpare fatality rates.

Covley also notes that there is very little support for differential speed
limits for night time driving. Cowley suggests that one of the main
objectives of speed limits is to reduce the variance of speeds within the
traffic streaw. This has the effect of primary safety as the tisk of
crash involvement increases as speeds above the mean traffic speed
increase., A secondary safety effect is that severity of crashes increases
steadily with speed, as shown by Solomon in 1964.

In conflict with the above objectives is that by reducing traffic speeds
an increase in journey time, trip cost and energy consumption is produced.
More importantly, compliance with the speed limits drops as motorists tend
to go faster than the speed limit.

Gavin Maisey's paper "The Effect of Increasing the Speed Limit and
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Assoriated Penalties for Heavy Vehicles on the Eyre Highway" (Maisey.
1983) has substantially influenced the nresent study. It has also provided
valuable longitudinal data for calibrating this present study.

Maisev's study 1is one of the best studies of trucks in the literature to
date. It consisted of a 24 hour unobtrusive observation of traffic speeds
on the Evre Highway. recorded over three survey periods. The first period
was nine months prior to a chande in the legislation and then six months
and eight months after the change.

The legislative change increased the speed 1limit for heavy vehicles
travelling along the Eyre Highway in Western Australia from 8¢ km/h to 90
km/h on 1 Februarv 1983.

The maior finding of this studv was that the oroportion of heavy vehicles
axceeding 90 km/h decreased from 8¢ per cent in the before study to 73 per
cent in the first after dropping to the final 67 per cent in the second
after study. Also the percentage of articulated vehicles travelling
faster than 11¢ km/h fell from 21 per cent to 7 per cent and then returned
tn 13 per rent (see plot 5.2).

An interesting point made hy Maisey is that the free speeds of cars should
be used as a rontrol te calibrate the changes in truck speeds. Thus the
oven speed limit of 110 km/h for cars and motorcvycles remain unchanged
arrcess the study verind. Maisey observed very little change in the car
speeds between the hefore and the two after periods.

An important definition which Maisey adopted was that semi-trailers
{articulated vehicles} were used as an indicator of heavy vehicle speeds
in general. Very few rigid trucks were chserved in his Studv.

Maisev maintains that there were nn long ferm trends. either increasing or
decreasgsing. leading un to the change in legislation which would have
afferted the results.

The unnhtrusive method that Maisev used to measure free speeds consisted
of infra-red light beams with the detectors some 3 to 4 metres from the
road and field officers some 1¢0m from the road.

Majsev mAaintained that monitoring of CB communications suggested that very
few drivers at all were aware that the speed survevs were being conducted.
Maisey cites a paper bhv Johnston & Fraser. 1983, which found that visible’
digital detectors did not inflvence driver sopeed bhehaviour.

The results nf the Maisey study were:

1. The proporrion of vehicles exceeding 90 km/h decreased following the
chanae in legislation. This decrease went from 80 per cent of vehicles
travellina faster than 9@ km/h to 73 per rent on the first after to 67
per cent on the second after.

2. The mean speeds fell approximately 2 km/h and 4 km/h from 100 km/h
recorded in the bhefore stndy.

3. The reduction in high speeds of the semi-trailers in the first after
period was statistically significant (using the 1log odds ratio test)
but the change in the second period was not significant.

4. Day/night effects: Maisey found that the speeds of semi-trailers
were much hicher at might than during the dav-time. Most of the
decrease in semi-trailer speeds in the two after periods was observed



during the night-time hours. In the before period, 39 per cent of
semi-trailers at night were observed at speeds exceeding 1192 km/h and
this dropped to 11 per cent and 14 per cent respectively in two after
studies. He found that this reduction in high night-time speeds of
semi-trajilers exceeding 11¢ km/h in the first after period was
statistically gignificant when compared with cars and motorcycles.

5. Vehicle direction effects: Maisey found that the westward bound
semi-trailers recorded speeds consistently higher than most eastward
bound. The 85th percentile speed for the before study for westward
bound semi-trailers was 12¢ km/h and 106 km/h for eastward bound
vehicles.

Most of the reduction in semi-trailer speeds in the after studies was
in the westward direction.

Maisey concluded that there was no substantial increase in the number of
semi-trailers or other motor wvehicles involved in reported crashes in 1983
compared with previous years. Thus. there did not 3eem to he any negative
safety aspects to the speed limit increase., and he concluded that:

"the current speed limit for heavy vehicles on the Eyre Highway remain
at 98 km/h provided that the increase penalties remain for the
violations of the limit."



I1I. Methodology

The study's methodology was a "before and after" design with matchina on
study sites. The legislative change occcurred on 1 January 1987 and the
three surveys were designed to straddle the legislative change.

The legislation increased the speed limit for all HCV from 80 km/h to 90
km/h on rural roads. This occurred in each of the seven States in the
study (see Table 3.1} with the egception of QLD and WA. QLD had nc speed
limit change and the speed limit remained at 90 km/h for the duration of
the study. Thus QLD acted as a control for all other States. WA's speed
limit rose from 9¢ km/h to 108 km/h only on the Eyre highwav from 1
January 1987 for articulated vehicles only.

The before study ocrurred during October-December. 1986. Tables Al - A3
{Avpendix A) describe the sites in detail.

The first after survey occurred in March-Avril 1987 (see Tables Ad - A6.
App. A} and the second after survey took place in September-October 1987
(see Tables A7 - A9. App. A}, a year after the first survey.

The same study sites were used in each of the three surveys.

The measurement instruments used to record vehicle free speeds include
radar speedquns (all States except NSW & WA). amphometers (NSW)} and infra-
red light beams (WA). The question of recordinc bias induced by the use of
theze instruments i1s discussed in Appendix I.

Site selection was determined in consultation with each State. Only rural
roads were selected and as all States had existing speed monitoring sites
on these roads. a selection of these was used in the studv. The sites
chosen were straicht level stretches of rural main roads or freeways,

ITI.1. Data Collection procedures

The data collection was rarried out by earh State's existing field team=s
using a form devised by FORS (see Appendix D). This form was a copy of the
NSW form.

The data collected was of two tvpes. Firstly. a header sheet was completed
for each recording session and described the site. its location, time angd
date of the session, site characteristics (road type. surface etc) and
weather conditions. A separate tallyv sheet was kept for each session and
tallied the total number of vehicles passing that site by vehicle type.

The second set of data collected consisted of the free speeds for a sample
of the total traffic volume. Thus the vehicle type. its free speed. the
time of recording, direction of travel and platoon 1lenat” behind it. if
any. were recorded for each vehicle sampled.

Survey sessions consisted of 2 minimum of 4 hours in duration at times
selected by the States. A rigorous time sampling strategy was not used to
address the igsue of time of recording hias. FORS had specified the three
time periods {6am — épm. 6fpm - 1i2vpm, 12am - #6Fam) and the days Saturday.



Tuesday and one other day.!

Traffic streams were denerally sampled in one direction only. Appendix C
outlines some of the problems encountered with sample direction.

The methodological issue of inter-experimenter variability could not be
addressed by the study design. The authors were able to attend a limited
nunber of field team recording sessions in NSW and the ACT. These
suggested that more work needs to Dhe done to reduce the recording noise
entering the data at this stage. Overall, the field teams were experienced
teams used by each State on a regular basis.

The total traffic volumes were cnllected to allow past sample weighting to
adjust for flow rate differences between the three phases of the study.
Section TII.3. addresses this issue.

There i3 debate over the question of conspicuity of speed measurement and
its conseguent effect on driver bshaviour. There are two related issues in
this debate: one is the effect of the speed neasurement device on driver
behaviour and the other is the presence of the field team, its conspicuity
and the effect on driver behaviour.

Virtorian officials went to some lengths to demonstrate the experimenter
bias induced due to the presence of field teams by the roadside. However,
it would seem that anv vehicle parked on the roadside may affect driver
behaviour. The effects were equivocal.

Gavin Maisev's team in WA were situated 100m from the roadside and were
considered invisible to the drivers. CB evidence reinforces this belief.

The issue of bias induced by the presence or absence of radar is discussed
in detail in Appendix I. The evidence suggests that the use of a speed
recording device which 1is also a police speed detection device does

significantly . ffect driver behaviour.
B related issue is whether automatic counter data is a valid and reliable
method for collection of free speed data. Appendix I examines this
issue and finds these devices wanting.

TII.1.a.l. Site descriptions - site characteristics

The site description documentation is contained in Tables Al through A9 in
Appendix A.

Tables Al. A4 and A7 contain the temporal attributes of the sites that
were used to record free speeds for each study stage.

Part of the reason for including these Tables is to illustrate the variety
from State to State of times in which the free speeds were recorded.
Probably the most ronsistent gset was 1in Western Australia where all the
siteg were under 24 hour surveillance.

4 This lack of rigour became avparent when the sample fractions by
State and vehicle type are examined f{table 1.1). If the sampling regime
was at all systematic then the samvle fractions by vehicle type should be
equal.
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Tables A2, A5, AB contain information describing the road characteristics
of each site. Tables A3, A6, A9 contain more details concerning the
environmental aspects of each site.

ITI.1.a.2. Site descriptions - Traffic volumes

Tables Bl through B3 (Appendix B} contain a complete list of the total
traffic volumes observed at all the study sites hroken down by vehicle
type for each of the stages. Thus looking at Table Bl for the first
location (site 1¢@81, New South Wales site number 1} we see that the speed
recordings were carried out on 21.10.1986. The recording session started
at 0209 hours and was completed at @600 hours.

During that period of time the total volume of traffic that passed that
recording site was 130 vehicles as indicated by the far right hand column.
Those 130 vehicles were broken down into { reading from left to right) 81
cars, 36 articulated vehicles, 9 rigid trucks, 3 buses, no cars towing, 1
motorcycle and no light vans.

Tables B4 through B6é contain a complete list of the sample traffic volumes
observed at all the study sites broken down by vehicle type and stage of
the study. Thus comparing location No. 1081 once more with the its sample
volumes (Table B4) we see that from the total traffic volume of 130
vehicles which passed this site between #2000 and 0689 on the 25.1¢.1986,
81 were sanmpled.

0f those 81 vehicles sampled there were (Table B4): 42 cars, 23
articulated, 7 trucks, 1 bus, 2 cars towing, no motorcycles and & light
vans.

Interestingly enough this particular site illustrates some of the
anomalies that were discovered in the site data from a number of the
States. For instance, the total traffic volume reported no cars towing
{Table Bl) yet two vehicles were sampled (Table B4). Similarly, the total
traffic volume for light vans was none, yet there were 6 1light vans
sampled.? The quality of the total traffic volume information reported on
the header sheets is questionable. This 1is an unfortunate consequence of
the lack of tight and consistent survey control.

IIT.1.b. Sampling method

Table 3.1 summarises the sampling frame for this study. The sampling
methodology consisted of a mixture of systematic sampling and 24 hour
surveillance of the traffic streams. Western Australia and Tasmania
carried out the 24 hour surveillance due to low traffic volumes.

The sampling was to have cccurred at three 1levels - date of each study
stage, sites selected and traffic flow sampling by time of day and week.

1. The date of each study stage was dictated by the political
agenda. The before stage (October 1986) was followed one year
latter by Stage 3 (October 1987). The first after study (stage 2)

3 The Tally sheets included with the header sheets were checked
carefully against the totals reported on the Header sheet. The Sample
volumes reported on the Header sheet were ignored and replaced by the
number of records found from the free speed sheets.
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occurred in March/May 1987, four (4) months after the legislative
change on January 1, 1987.

2. Site selection was dictated by the States' existing traffic
surveys. They selected from their site suites a group of rural
sites with potentially high volumes of trucks.

3. Within a site, systematic sampling was anticipated, usually
every fifteen minutes, with five minute recording blocks. The site
sampling was far from ideal.

From the statistical standpoint the sampling methodology for this study
wag not rigorous and is probably biased towards over gampling of trucks.
The sampling methods outlined in the study brief could not be enforced by
FORS.

Referring to Table 3.1 which outlines the total number of vehicles
surveyed by State, study stage and vehicle type a number of pertinent
points emerge.

1. The sample volumes were 27,199 in the before survey dropping to
24,451 ipn the first after survey and rising back to 25,853 in the
second after survey. These numbers constitute the number of vehicle
free speeds which were measured by the respective field staffs in all
the States combined.

2. The total traffic volumes which passed the field staffs while they
were sampling, thus forming the universe of vehicles which could be
sanpled was 58,081 in the before survey, 53,332 in the first after and
52,986 in the second after survey. Thus the sample fractions were
quite healthy, ranging from 46 per cent in the before survey to 45 per
cent in the first after through to 48 per cent in the second after
survey.

3. The consistency of the sampling fractions across the study stages in
aggregate is reagsuring.

It should be noted that each State used its own field staff and its own
established sampling procedures to measure all of these free speeds,
quite independent of each other and FORS. 1If anything the consistency
wvhich bas emerged is a reflection of the well established field work
and field procedures which the States have been using for a number of
years to neasure free speeds. Thus FORS was quite fortunate in being
able to tap into this well established system.

4. For articulated vehicles the sampling fraction fluctuated from 89
per cent down to 73 per cent and then up to 79 per cent across the
‘three Btudy stages - a range of 7 per cent. Rigid trucks fluctuated
from 81 per cent through to 72 per cent then back to 72 per cent - a
range of 9 per cent. Cars fluctuated from 37 per cent to 39 per cent
to 42 per cent across the three stages - a range of § per cent.

5. HCY have been over sampled compared to cars. The sampling
instructions emphasised articulated vehicles. Given that over sampling
did occur then a process of post sample weighting was called for (see
section IXI.3.). Sections IV.2.e and 1IV.2.f. examine some of the
possible causes of this sample bias.

6. The 100 per cent sampling fractions for WA and Tasmania are a
reflection of the small traffic volumes in those States. No explanation
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for the variation in the sampling fractions for the other States is
available. New South Wales, Victoria and Queensland for the first after
and the second after surveys had approximately the same total traffic
volumes but their sampling fractions were radically different (Table
3.1). .

Point five above leads to the guestion of how were the individual vehicle
types sampled compared to each of the other States. Table 3.2 1lists the
sanpling percentages of each vehicle type within each State for each Study
Stage.

Western Australia and Tasmania were the only two States which implemented
24 hour surveillance and thus removed any sampling effects due to Time of
Day. Articulated vehicles consistently accounted for 20% of the vehicles
zampled in WA for each of the study stages. The percentage of articulated
vehicles ranged from a low of 4% in the ACT to a high of 45% in VIC.

The percentage of cars fluctuated across States from 30% in VIC to 79% in
TAS.

This examination of the sampling percentages by vehicle type strongly
suggests that either the actual distributions of vehicle types in the
States are radically different or that the samples in each State are
biased towards different vehicle types. None of the State distributions
resemble the overall Australian distribution of "Registered motor
vehicles" published by the ABS {see Table 3.2}. But the proportions of
vehicle types on register are not the same as the proportions of vehicles
likely to be observed on the road.

The observed bias in vehicle distributions then leads to an examination of
the Time of Day effects. In an ideal study. each State would have used 24
hour surveillance (thus controlling time of day as a sample factor) and
all sampled on the same days (thus controlling for day of week and time of
vear). In practice the States sampled in blocks of four hours spread
unevenly across the day all on different days spread over a month.

Examining Time of Day alone. Table 3.3 and plot 3.1 illustrate the number
of active sample sessions aggregated across all States and all sampling
days for each of the study stages.®

There seems to have bheen a heavy emphasis on samnpling between 1700 hrs and
2200 hrs. The number of sampling sessjons varies widely over the 24 hour
period. In an ideal study. this frequency distribution would be close to a
straight horizontal line.

If a particular vehicle type, such as a truck was more likelv to be on the
road at a particular time of day (such as between 1780 and 2202 hrs), then
that vehicle type would have been over sampled as a function of the number
of active sampling sessions. The distribution of plot 3.1 is quite
similiar to the sampling distribution of articulated vehicles in plot
4.18.

6 A three dimensional plot of the sampling session frequencies was
drawn for each State. Thus the X axis contained the Time of Day of the
sampling session, the Y axis the date on which the sample took place and
the 7 axis was the number of sessions.

Thug plot 1.0 is a side on view of the Z and X axis with the Y axis
collapsed.
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Conclusions

a. The total sampling fractions for each stage as noted in
Table 3.1 were consistently above 45 per cent of the
total observed traffic streams in each study stage,.

b. The =ample traffic volumes were egual to the larger
studies done elsewhere in Australia - Cowley 1980 and
Callaghan 1978.

c. The sampling fractions for articulated vehicles for each
stage were consistently greater than 73 per cent.

d. The sampling fractions for cars for each stage were
consistently greater than 40 per cent.

e. The survey design is such that statistically we cannot
say with any confidence that the gample is
representative of the Australian vehicle population.
Clearlv., trucks have been over sampled, but to what
extent is unknown. The effects of time of day and the
number of active sampling sessions have contributed
substantially to this bias.

ITI.1.c. Speed recording methods

The following section outlines the methods that each State used to record
free speeds. Some States did not orovide this detailed information.

L. Western Australia

Measuring device:

Two infra-red light beams were used to detect vehicle speeds. they
vere linked to a Digitector speed recording instrument.

Two devices with infra-red 1light beams 25 metres apart were set
back three to four metres from the roadway. These two infra-red
light beams were linked to the digitector with 100 metres of cable
so that the observers were well obscured by surrounding
vegetation,

Visibility of surveys:

Site

The visibility of the field team was further minimised by
situating the observers and vehicles well back off the roadway.

Monitoring of CB radios indicated that vehicles using the road
were not aware of the speed recording operation. Two police
officers were used to complete the surveys and unmarked police
vehicles were used for transport to and from the survey sites,

selection:

The sites selected were flat straight open road, 119 km/h maxinum
speed limit with surrounding vegetation and not in close proximity
to urban centres. The road type was two-lane undivided highway.

B. New South Wales.

Measuring Device:
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An amphometer which consisted of two air tubes connected to KR11
transducer counting unit. The spacing between the tubes was 15
netres. Some sites used different equipment with tube spacings of
5 metres. Two npeople were used to record information: One
recorded the speeds and the other counted the volumes. The type
of vehicle used to transport the field officers was a Falcon wagon
and was a hire car with Queensland plates.

Visibility of the surveys:
The field team parked well back from the road sc that it was not
readily obvious what the car was doing. CB radio was used to
monitor whether the car was inconspicuous or not and there seemed
to be no problems with conspicuity.

Site selection:
As specified by FORS letter 19.9.86 but with consideration given
to the practical problems of travel to and from the locations.

Straight level sections and the ability to get the field team
vehicle off the road was one of the major criteria.

C. Australian Capital Territory

Speed Measuring Device:
A radar speed gun with the brand name "Speedgun" manufactured by
CMI Incorporated USA.

Number of Persons Involved:
Two people were involved in each survey period: one person for
traffic unit classification. one person to record the speed
measurements.

Visibility of surveys:
The type of vehicle used to underftake the survey was a
Commonwealth registered Ford station wagon with a flashing light

attached on its roof {which was turned off). The vehicle had a CB
radio transceiver which enabled field staff to mnonitor truck
drivers' conversations. No attempts were made to camouflage the,
vehicle.

Site Selection:
The sites were selected to meet the specifications supplied where
possible. Two sites were selected after discussion with FORS.
Majura Road (a two-lane undivided road) and the Barton Highway
{(four-lane divided road) were chosen.

D. Victoria.

Speed Measurement Device:
A radar gun through the back window of the vehicle. Vehicle
speeds were measured from a distance of about 500 metres with
speeds not being recorded any closer than 280 metres. They used
the X-Band radar which is not the radar used for enforcement in
Victoria.

Visibility of surveys:
The type of vehicle used to undertake the survey was a non-
gstandard car (not an official car}) e.g. Mitsubishi Ceolt or a
Toyota Corona. The vehicles were parked in the same direction as
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the traffic flow with the bonnet up and if it was not raining. a
spare tyre or director's chair obscuring the back number plate.

The vehicle was to be parked as far off the road as possible. CB
radios were used to monitor truck drivers' comments but the staff
were instructed not to make transmissions. CB radio transrissions
indicted that drivers were aware of the survey vehicle.

Site Selection:
Nine rural sites were selected; either four-lane divided freeways
or four-lane divided highways and two-lane highways. Other than
that there are no other details on site selection.

I11.2. Database manipulation procedures

Appendix E, Tables E.1 and E.2 contains the schematics of the database
structures used to manipulate the header sheets in relation to the free
speed data for all stages of the truck speed study.

The database model wused to manipulate the truck speed data was the
extended relational model, sometimes called the entity relational model,
which is used by the database dackage ZINM.

Each stage of the study had three databases (entity sets). Using Stage
One as an example, the first entity set is part 1 of the header sheet
information called TRKI1A. This database contains all the =site
descriptions - road type, road name etc..

The second part of the header sheet is contained in the entity set called
TRK1BR which contains all the total traffic volumes for all the
corresponding sites in the database TRK1A. This database also contains
all the computed means, all the computed traffic flows and all the
coeputed sample volumes.

The main free speed entity set is called BFSP and contains the informaticn
coded for every vehicle sampled. This includes location, the date, the
time the vehicle was recorded, its free speed, the vehicle type, the
direction it was travelling in and alsc what sort of platooning occurred
behind it.

A link function LINKIB and LINKI1A were used tc join the entity sets TRK1B
to BFSP and TRK1A to BFSP. See Tables E.l and E.2 for details.

The stages which were required to verify and link this set of three
databases together for each of the stages are outlined in the schematic
Table E.2 in Appendix E.

The first phase entailed matching all the header sheets for both stages to
nake sure that the data punched was correct. It also required a 100%
verification of the header sheets themselves to double check zll the
directicnal information on the total and sample volumes. Alsc all the
start and finish times as well as the dates and location numbers had to be
checked. It was surprising how many mismatches occurred between TRKIA and
TRK1B. The relationship used to link the two parts of the header sheets
vere patch 1 which were based on the location, the date, the starting time
and the finishing time.

The second phase concerned the computation of the first weight, i.e. the
weight based on the sample volume divided by the total volume by vehicle,
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by site. This entailed a link - LINE1B - between TRK1B and the free speed
data BFSP. LINK1B was linked on location start date and the time of the
free speed. A special linking case had to be used for Western Australia
because of the 24 hour recording. The relational link used was WAl.

Phase three created the matched Q-flow weights based on a linkage of BFSP
and AFSP1 via the relationship QLINK1Z.

Finally, phase four output the linked header sheet information via LINK1A
and the special case WAlA to BFSP and output all the variable required for
the statistical analysis to an ascii file ready for input to SPSS.

The relational richness and speed of ZIM made this complex database task a

lot less painful than using other database software such as SIR, ORACLE
or dBASE III.

IIT.3 Weighting Functions

The original specification for the truck speed study included the
collection of total traffic volumes passing the survey site during the
samnple peried. The rationale for collecting the total traffic volumes at
each stage was that the subsequent stages of the study could be weighted
up by the total traffic volume observed during the before stage, i.e.
Stage 1. Thus if during Stage 2 the total traffic volumes observed were
half that of Stage 1 due to seasonal influences, time of the year or
vhatever, then by applying a weight the observed sample volumes could be
adiusted accordingly.

Appendix € contains a detailed account of the weighting procedures

examined. The nett result of this examination was that ALL results
reported in this report are UN-WEIGHTED.
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Table 3.1 Total number of Vehicle Free Speeds surveved
by State, Study stage and Vehicle type

7 e e D s e

SAMPLE S1IZES

§of Cars Cars Motor Buses Light Rigid Artic TOTAL Total Sample
STATE sites towing cycles vans Trucks ftrucks sample volume fraction
NSH 12 2859 97 53 8o 393 288 1863 0333 10954 44.1%
VIC 9 1954 115 13 199 92 776 2595 5735 23003 24.9%
LD i@ 4847 162 66 95 276 571 533 6550 12826 51.1%
WA 7 1888 264 22 55 73 1a7 6lé 3863 3863 100.0%
SA 9 2835 61 227 681 3884 5263 72.3%
TAS 2 2 179 142 329 329  100.8%
ACT 2 2266 68 27 hTY 133 243 114 2885 3240 89.0%
Totel sample 51 16649 7086 181 523 967 2631 5742 27199 58081 46.8%
Total volume 46423 343 482 (214 2032 2996 7141 58@81
Sempling fraction 37.5% 37.6% 78.8% &7.6% R1.1X B@.4% 46.B%

e e e e e e s e e i e e e e e

FIRST AFTER survey, April 1987

SAMPLE SIZES

3 of Cars Cars HMotor Buses Light Rigid Artic TOTAL Total Sample
STATE sites towing cycles vans  Trucks trucks saaple  volume fraction
NSW 12 2416 66 1) 67 387 255 1823 4214 12754 3.0
VIC 9 951 a8 15 148 B0 391 1445 Il1@ 13808 22.5%
LD 1@ L6082 153 54 89 240 592 424 6066 12658 47.9%
WA 7 nN 238 &2 35 56 158 647 3193 3193 1.
A e 2788 2448 27 58 18 244 67@ 4853 5645 71.3%
TAS 2 964 32 é 14 L7 99 20 1227 1227 180.2%
ACT 2 2846 49 39 25 141 176 112 2588 4187 61.8%
Total sample 51 15787 an 23 428 916 1825 4401 2445) 53332 45, 8%
Total volume J99is 1588 585 537 2276 2517 5963 53332
Sempling fraction J9.5% B54.8% 4d.2% 79.7% 40.2%  72.5% 73.B% 45.8%
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SAMPLE SIZES

¥ of Lars Cars Motor Buses Light

STATE sites towing cycies vans
NSW 12 2353 67 12 61 290
VIC 9 210 133 15 9% 124
QLD 39 4884 153 57 127 226
WA ) 2122 25 4l 58 75
SA 9 2616 294 31 2 75
TAS 2 1625 A7 4 21 63
ACT 2 2269 a7 29 24 118
Tetal samolse +%  p879 1063 2er A 971
Total voluma 39459 17=8 Wad 2 29
Sampling *raction 42.3% 29.1%  dp.m% Be 3% 44, 0%

Notes:
1} Many sites had more than one recording session. The total
fumber of recordings were:

Stage number

1 94
Z 72
3 7%

2] There are & missing cases in Stage 2.

(3) Free speeds - & vehicle to vehicis gmp of at least & secs
{6 Results reported above are un weighted.

{5) Stage 1, cartow totai traffic volume is incorrect

as supplied. No explainetion available.

[6] Stages 1.2 & 3, total volumes for WA and TAS are presumed to eausl

sample volume,

19

Rigid
Trucks

264
319
446
193
248
1
117

1650
2342

2%

Artic
trucks

1141
1287
682
784
661
127
112

4594
5
TE.6%

TQTAL
sample

4206
2884
6175
3598
3979
1995
2816

25852
52986
L3.8%

.Total
volume

12749
12085
12957
3598
5738
1995
4019

52986

Sample
fraction

33.%
24,0%
49.2%
lee. 9%
69.4%
199.0%
70.1%

48.8%



Table 3.2.: Percentage of Vehicle Free Speeds surveyed

STATE

NSW
VIC
QLD
WA

SA

TAS
ACT

Total sample
Total volume

Cars

59.
34.
7.
61.
74.

0%
78.

61.
76.

2%
1%
ox
6%
5%

5%

2%
5%

Cars
towing

2.0%
2.8%
2.5%
8.6%

.o

0%
2.4%

2.6%
6%

STATE

NSW
VIC
OLD
WA

SA

TAS
ACT

Total sample
Total volume

Cars

57.
30,
75.
63.
68.
78.
79.

64.
74.

3%
6%
9%
3%
8%
6%
1%

6%
9%

Cars
towing

6%
. 8%
5%
A%
13
6%
.9%

—_ k) R R

.6%

2

Motor
cycles

1.1%
2%
1.0%
7%
.0
0%
.9%

7%
. 8%

Y of Row TOTAL sampie

Motor
cycles

9%
. 5%
.93
1.3%
7%
. 3%
1.5%

. 9%
9%

% of Row TOTAL sample

by State, Study stage and Vehicle type

Buses

L S .

. 3%
5%
. 8%
.63
4%
.2%

.9%
1%

Buses

29

—_ e s e s B

. 6%
.53
. 5%

1%

.4X
1%
0%

. 8%
. 2%

Light
vans

N P~ D

1%
.6%
2%
L4%
0%
.0%
.6%

6%
. 5%

Light
vans

- N o

]

.2%
.6%
.Bx
. 8%
4%
. 8%
. 4%

7%
. 3%

Rigid
Trucks

N
. 5%
7%
. 8%
0%
4%
A ;

.9
5.

2%

Rigid
Trucks

—

oo 00 o0 D0 O

~d

1%
.6%
.3%
9%
. 0%
1%
.3x

5%
7%

Artic
trucks

22.0%
45.2%

8.1%
2@.0%
17.9%
43.2%

4.0%

21.1%
12.3%

Artic
trucks

24.3%
46.5%
7.0%
20.3%
16.5%
6.5%
4.3%

18.2%
11.2%

TOTAL
ssHple

4833
5735
6550
3863
3884

329
2885

27199
s8e8l

TOTAL
sanple

4214
3110
6866
3193
4053
1227
2588

24451
53332



¥ of Row TOTAL sample

Cars Cars Motor Buses Light Rigid Arti:
STATE towing crycles vans Trucks  truck:s
NSH 55, 9% 1.6% 7% 1.5% 6.9% 6.3% 7Ot
vIC J1.6% 4.6% 5% 3.3x 6. 3% 11.1% aa b%
QLD 75, 6% 2.4% . 9% 2.0% 3.5% 7.03% 7oy
WA 59.0% 9.0% 1.1% 1.6% 2.1% 5.4% 21.3%
GA 65.7% 7.4% . 8% 1.6% 1.9% 6.9% e, 7%
TAS 81.5% 2.2% .2 1.1% 3.2% 5.6% £.3%
ACT 84.1% 1.7% 1.0% 9% 4.2% 4.7% i.0%
Total sample 65.3% 6.1% .8% 1.7% 3.8% 6. 5% T
Total volume 75.4% 3. 3% . 8% 1.0% 4.1% 4.4% 1. %

Notes:

{1) % or Row totals displayed ambove have been computed
the Totml sample (Row total] ms the denominator.
Example. Cars, NSW, Stage 1: 59.2% = 18@ * 2859/4333.
(2] 'Motor Vehicle registrations in Australia', ABS publication
K 9394.9, For Westren Australia, the number of registrations
are listed below.

% of

N total

Cars 746000 36.1%
Rotor cye 26200 4.2%
Buses 6000 .7X
Rigid trucks 65900 7.6%
Artic trucks 4700 . 5%
Other trucks 7608 .9t

866400
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Table 3.3: MNumber of active sample sessions by
time o7 day

Tima gefore lst 2nd
o daw After After
20 =1 12 11
A120 23 15 13
Qree 27 18 17
2700 27 i8 17
Raa & 6 6
252 A a 18
Qe il z £
AT 14 11 9
Qo0 15 17 10
ST 15 11 12
PO Jae 12 E
PRADY 0 11 1@
gty 1z 11 13
1702 I 11 1&
[P " 1l 17
G L& ] 12
1502 o =3 10
L7@D a3 =] &
1202 26 19 19
le@@ @ 23 24
2002 IO 23 24
210@ 2@ 23 23
2200 A 4 5
Z2Ioe G 4 =
2600 4 4 =

1ns are ot contiguous on any ane day.
spread over a3 time period of upte 1.5 months
<
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IV. ANALYSIS and RESULTS

IV.l. Issues examined

There are eight major groups of questions which can be examined in
relation to agdregated mean free speeds and speed differentials?. These
are:

a. Any effects of legislation. **

What effect, if any, has the legislative change had upon free
speeds of trucks? Legislative change can be g¢eneralised to
include changes in speed limits and police enforcement practices.

b. Speed differential. **

Its effects on platooning. gqueue lengths, wvehicle mixes and
traffic volumes. Are there any trends before and after,
specifically with Western Australia.

c. Speed vs Traffic Volumes. **

Examine speed vs traffic densities in terms of Q-flow rates.
This then leads into weighting and whether weighting should be by
total volumes or Q-flow based weights. Are there more avppropriate
weighting systems that should be used?

d. Speed measurement effects. **

Are there any effects on free speeds by using radar vs amphometers
and infra-red light beams such as those used in Western Australia.
This can also lead to an examination of the automatic classifiar
argurent from Victoria.

e. Sampling Effects.
The effects of the sampling methods used on the free speeds. Look
within States by location by sampling methods and examine the
sorts of variability exposed. Are trucks under-represented in the
sample vs ABS registered vehicles data ?.

f. Road Environment.
The overall effects of any of the road environment factors such as
speed limits, visibility. weather, road type etc. which have been
included on all the header sheets.

g. Speed vs Other Studies. **

Speed vs other time series collected by other observers. The
South & Western Australian time series and the two previous

? Those marked with a '**' have been examined in this report.
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studies by Loong et al. and Maisey.

Day of the VWeek.

The day of the week, time of the day and date effects. How have
the mean free speed distributions been affected by the sample
design. This also leads into weights.

Overtaking rates. **

Exanine and if possible extend the work done on overtaking rates
from the speed differential data available in the data.

IV.l.a. Statistical assumptions

Early on in the analysis of the free speed data it became apparent that
there were problems with the aptness of the analysis of variance model for
the free speed data. Various symptoms emerged from this early exploratory
analysis.

a.

Simple ANOVA (analysis of variance) assumes a balanced design i.e.
the cell sizes are all equal. Tables 4.1 through 4.7 show that
the cell sizes for comparisons between means are never equal.
Thus the analysis of variance design which should be used in this
instance is an unbalanced design.

The ANOVA statistical procedures available in most statistical
packages such as SPSS assume balanced designs. Few statistical
packages have ANOVA procedures for handling unbalanced design. One
such is the S5AS GLM function.

In carrying out our initial ANOVA tests we noted continually that
the test for the homogeneity of the variance i.e. the constancy of
the error variance across factor levels {using the Bartlett test),
failed. Thus the error variance was found to be non homogenecus.

When carrying out two-way ANOVA of free speed by State and stage,
quite often there would be significant interaction effects without
significant main effects.

A visual inspection of the shapes of the error distributions often
indicated that the distributions were non normal. Subsequent
testing using the K-S test confirmed these observations.

The independence of the observations and error terms was called
into question because the free speeds are recorded serially. Tests
for the presence of serial or auto correlation confirmed that the
free speeds were auto correlated because the speed of the
following vehicle was related to that of the lead vehicle. This
was despite the definition of a 'Free speed' whirh called for at
least a 4 second gap between vehicles.

Tables 4.8 and 4.9 show the extent of this aute correlation in the
free speed data. The auto correlations coefficients were @.15 and
higher and statistically significant.

The conclusion drawn from this assumptions analysis was that the
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error terms were not independent. As a demonstration of this see
plot C2 in Appendix C which contains the auto correlation
coefficients for articulated vehicles in New South Wales. This is
fairly typical of correlaticn plots obtained.

Summary:

1. The vast bulk of the free speed distributions were found to be non-
normal. Thus the error distributions were found to be non-normal.

2. All the speed distributions were found to contain significant levels of
auto correlation. Thus the error terms were not independent.

3. In the bulk of cases the error variance across factor levels was found
to be non homogeneous.

Thus we concluded that the ANOVA model was not appropriate for testing the

free speed data. We relied instead on nonparametric procedures® for
testing the hypotheses on free speed.

IV.1.b. Assumptions matrix

Tables 4.8 and 4.9 contain the complete summary of all the testing which
wags done on the free spveed data for both all-roads and two-lane to verify
the aptness of the application of normal distributien based parametric
statistic. There are two columns in Table 4.8 and 4.9. The first column
corresponds to the significance tests for the K~5 test of the normality
and the second column is the significance tests for the presence of auto
correlation in the data,

The rows of the Table 4.8 and 4.9 correspond to the results matrix Table
4.1¢, in that they contain the sub-groups which were tested. 1i.e. vehicle
type bv State etc.

8 One consequence of this casualty of the switch to non parametric
procedures was the 85th percentile. It is not a statistically appropriate
measure to nge because it agsumes normal distributions.

An 1llustration of this 1is quite simple: If the mean remains constant,
say from stage 1 to stage 2, but the variance decreases., the 85th
percentile speeds should also decrease and travel towards the mean.
Fqually if the variance 1increases then the 85th percentile should move
away from the mean.

The mean for cars in Stage 1 was 100 kph. standard deviation was 12.9; in
Stage 2 the mean was 101 kph and the standard deviation was 13.4. Thus the
variance had increased, the mean had only shifted by 1 kph. So you would
expect the 85th percentile to increase as well. But the 85th percentile
remained constant at 114 kph. In Stage 3 the mean dropped by 2 kph to 99
kph, the variance remained the same as stage 2 but the 85th percentile
only dropped by 1 kph.

The 85th vercentile measure is therefore not an appropriate measure of
change in speeds where the underlying distributions are not normal.
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Table 4.8 demonstrates that the bulk of the groups tested had
distributions which were non normal and there were significant levels of
auto correlation present. The exceptions were articulated vehicles in the
States of Queensland, Tasmania and the ACT.

IV.2. Results: Aggregated free speeds

The analysis of the free speeds results will be broken into two sectinns;
ALL roads and 2 lane only roads. The Al]l roads analysis will cover all the
survey sites in the gtudy while the 2 lane apalysis will only consider
those which were 2 lane divided or undivided roads. Table 4.4 outlines the
site numbers of the survey sites in all three study stages inrluded in
this definition.

IV.2.a. Aggregated Mean Free Speed Results - All roads

In all the previous studies reviewed 1in the literature the prinripal
emphasis of the investigation has been to discern differences between the
mean tree speeds of vehicles across time and te duse this ags a means of
assessing the change in vehicular free speeds.

The principal emphasis of this study is to exawine the @ffect if  any of
the legislative increase in the truck speed limit on rural rcads frow 80
km/h ro 90 km/h on January 1}, 1987 in wvery State except Queensland., The
study aims to use the changes in mean free speeds to gauge whether there
has been any significant effact of this legislative change wpon driver
behaviour and road safety.

The imputation of a cause or 1ink hetween legislative change and any
change in vehicular speeds needs very careful staristical scrutiny. The
use of a contrel State such as Queensland and alsc the use of cars as a
control group as proposed by Maisey {Maisey 1%83}) are two experimental
design features which are built into this study.

There are however, a large number nf rconfounding factors beyond the
control of this study which have not beepn 1nvestigated. A further
complication is that a number of States have changed their speed limits.
Victoria for instance, changed its rural freeway speed limit from 100 to
110 km/h in June 1987, mid-way through the study. Western Australia which
already had a 90 km/h speed limit on the Eyre highway fer trucks at the
beginning of the study changed that spesed limit to 100 km/h on 1 January
1987. The control State Queensland had a 9¢ km/h  speed 1imit for
articulated vehicles during the entire study,

Other confounding factors included the varicus policing activities of the
States police forces {blitzes ete.) which may have occurred at various
times on various roads during the period of the study.

Iv.2.a.1 Conclusions - ALL roads

Tables 4.1 through 4.3 summarise the uwean free speed results by vehicle
type, study stage and State for ALL rovads surveyed.
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a. Over all study stages there has been an increase in mean free
gspeeds of all vehicles. The means change from 96 to 97 to 97 km/h
in stages 1, 2 and 3 (Table 4.1, 4.2, 4.3). This increase in
mean free speeds? is statistically significant (see Table 4.10,
section 1.2 1%),

b. The mean free speed for all articulated vehicles increased across
the three study stages from 98¢ to 92 to 94 km/h. This increase in
mean free speeds is statistically significant (Table 4.10, section

2.2).

c. The mean free speeds for articulated vehicles increased in the
States of New South Wales, Victoria, Queensland and South
Australia as outlined in plot 4.1. These increases were
statistically significant (Table 4.1¢, section 2.31, 2.32, 2.33
and 2.35).

d. The change in the mean free speeds for articulated vehicles in the
ACT and@ alsc in Western Australia was statistically significant
{Table 4.1¢, section 2.37 and 2.34). Western BAustralia
experienced a net increase and the ACT experienced a net decrease.
The apparent decrease in the mean free speeds in Tasmania for
articulated vehicles {see plot 4.1) was not statistically
significant (Table 4.10, section 2.36). Thus the results for
Western Australia and ACT were equivocal.

e. The mean free speeds for cars over all study stages remained
stable. This is illustrated in plot 4.2. There were no
statistically significant effects of stage for cars as outlined in
Table 4.19, section 3.2.

f. The only States which had statistically significant changes in
rean free speeds for cars were South Australia, Tasmania and ACT
(Table 4.1, sections 3.35, 3.36, 3.37). Plot 4.2 shows that
South Australia experienced an 1increase and Tasmania and ACT
experienced decreases in mean free speeds.

g.- Mean free speeds of cars for all other States remained stable
across the study stages. There was no statistically significant
change in the mean free speeds across the stages for these States
(see Table 4.10, sections 3.31 through to 3.34).

h. The percentage of all vehicles travelling faster than 99 km/h
increased from 66 per cent through to 69 per cent to 68 per cent.
Similarly, the percentage of vehicles travelling faster than 109
ka/h for all vehicles increased from 37 per cent through to 4@ per
cent through 39 per cent (Tables 4.1-4.3).

9 Mean free speeds are reported to rounded integers in kilometres
per hour because the data reported to FORS from the field was to that
accuracy. Thus the error bars should be plus or minus 9.5 kph.

18 Table 3.4 contains a matrix of statistical test results. The
section numbers refer to the decimal numbers beside the main effect
variables. Thus section 1.2 refers to the overall effects section 1, main
effect of study stage (1.2).
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Iv.

i. The percentage of articulated vehicles travelling faster than 100
km/h increased in New South Wales, Victoria. Queensland and South
Australia. Plot 4.3 illustrates this.

. The percentage of articulated vehicles travelling faster than 100
km/h was equivocal in all other States. See plot 4.3. The
percentage of cars travelling faster than 100 km/h increased
marginally in New South Wales, Victoria., Queensland, Western
Australia and South Australia. The 1increase was quite small as
illustrated in plot 4.4.

overall summary which springs from the analysis is as follows:

Articulated vehicle mean free speeds increased in four States as did
the percentage travelling faster than 90 km/h.

Car mean free speeds remained stable with some slight increases in VIC
and WA.

The control State QLD which did not increase its truck speed limits
also experienced an increase in articulated vehicle mean free speeds.

The control State Queensland reflected the long term creep in heavy
vehicle speeds.

2.b. Aggregated speeds for two-lane roads only.

In

the previous resnlt section we examined the aggregated speeds for all-

roads. It became apparent that it was very important to create a separate
differentiated category of two-lane divided or undivided roads and analyze
geparately from all roads. The rationale for doing this was as follows:

a. The all-rcads analysis contains a mixture of speed limits despite
the reporting of a single speed limit in Table 4.1 through to 4.3.
A case in point is New South Wales and Victoria where the freeway
speed limits are higher than those on two-lane roads. The speed
limits on the two-lane roads are far more homogeneocus and do
reflect the speed limit reported in Table 4.5 through to 4.7. The
net effect of this nixture of speed limits in the all-roads
analysis was that the net speeds could be inflated by the presence
of higher speed limit roads such as freeways. This homogeneity
also extends to the Q-flow rates as illustrated in Tables B1@-12
{Appendix B).

b. From the safety perspective the inpact of any changes in driving
behaviour, especially of articulated vehicles, would be far nore
pronounced on two-lane wundivided and divided roads than on
freeways. On freeways there are more opportunities for overtaking
large vehicles than on two-lane undivided roads. .uus any adverse
affects of the legislative change should be more pronounced.

c. In the next analysis section we look at the concept of speed
differentials. These are only applicable in this study to two-
lane roads. The rationale is that to compute speed differential
requires a single queue of vehicles which for simplicity will only
occur on a two-lane road. Thus for completeness the analysis of
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aggregated speeds on two-lane roads is included so that it can be
compared with the analysis of speed differentials on the sane
roads.

Table 4.4 contains a list of the site numbers that constitute the
survey sites which vere defined as being two-lane for the purposes
of this analysis. Tables Al, A4 and A7 show precisely which roads
and their site characteristic have been included. The definition
used was two-lane carriageway divided or undivided.

The two-lane roads contain approximately one third of the total sample of
vehicle free speeds.

Iv.2.b.1. Conclusions - 2 lane roads

Comparinag Table 4.1 through to 4.3. that is the all-roads speed analysis
with Table 4.5 through fto 4.7 for the two-lane only speed analysis. a
number of points emerce.

A, Over all study stages there has been a slight increase in mean
free speeds of all vehicles. The means changed from 96 km/h to 97
km/h and then to 97 km/h in Stages 1. 2 and 3. This increase in
mean free speeds is statistically significant. ( S2e Table 4.10
result 1.2 for two-lane roads 't )

b. The mean free speeds for articulated vehicles over all study
stages increased from 9¢ to 93 to 95 km/h. This increase is
statistically significant. (See result 2.2 in Table 4.13)

ol Mean free speeds for articulated vehicles increased in all States
except Tasmania and the ACT. Plot 4.% depicts this result and
these increases are statistically significant. {See result 2.31

through to 2.35 in Table 4.1¢)

d. Mean free speeds for cars over all study stages derreased from 102
to 180 to 99 km/h. This decrease was statistically significant.
{See result 3.2 in Tahle 4.1®)

e. Mean free speeds for cars increased in Western Australia. Plot
4.6 depicts this result and this 1increase 1ig sgtatistically
significant. (See result 3.34 Table 4.10)

f. The mean free speed for cars decreased in Tasmania and ACT and
this result was statistically significant. {See result 3.36 and
3.1

a. The percentage of articulated vehicles travelling faster than 9@

km/h increased in all States except Tasmania. (See plot 4.7

h. The greatest increase in the percentage of articulated vehicles
travelling faster than 90 km/h was experienced in South Australia
where it rose from 23 per cent through to 31 per cent through to

11 In table 3.4, the second column gives the statistical test result
for 2 lane roads. Column 1 provides the corresponding results for all
roads.
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50 per cent by stage 3 {See plot 4.7). This increase was
statistically significant.

i. The percentage of cars travelling greater than 9¢ km/h increased
in the States of New South Wales. Victoria and Western Australia
and decreased in all other States. (See plot 4.8

1. The percentage of articulated vehicles travelling greater than 100
km/h increased in the States of New South Wales, Western Australia
and South RAustralia (See plet 4.9). These increases wetre

statistically significant. There were marginal increases in all
other States except Tasmania which decreased.

k. There was no consistent change in the percentage of cars
travelling greater than 160 km/h (See plot 4.10). Victoria
increased its percentage in a single step and Queensland and South
Australia and the ACT decreased in a single step.

An overall summary which springs from the analysis 1s as follows:

1.

Articulated vehicle mean free speeds increased in all States exjcept
Tasmania as did the percentage travelling greater than 99 km/h and 1806
km/h.

. Car mean free speeds remained fairly stable across the three stages

with a slight increase in Western Australia and slight decreases in
Tasmanta and ACT.

. The control State Queensland., which did not increase its truck speed

limit., experienced an increase in articulated vehicle mean free speeds
as di1d other States.

Iv.2.c. All roads vs 2 lane roads conclusions

Comparing the ALL roads analysis (IV.2.a.) with the two-lane roads
analvsis (IV.2.b.} we find:

a. that the mean free speeds results by vehicle type., State and stage
are virtually identical.

B. the overall differences between the all-rcade and the two-lanes in
terms of the mean free speeds overall are not dramatic. As an
indication the overall means for all-roads for stage 1, 2 and 3
were 96, 97 and 97 km/h which was identical to the overall means
for the two-lane rcads for each of the three stages.

The standard deviations for the all-rcads tended to be slightly
lower than the standard deviations for the two-lanes. This to be
expected given the smaller sample sizeg in the two-lane roads.
However, the standard deviations did not vary markedly. They were
generally only 1 km/h higher than the all rocads. Please check
Table 4.1 through tco 4.3 and Table 4.5 through to 4.7 for
comparisons.

C. Articulated vehicle mean free speeds are very close. For
instance, for all-roads the means in stage 1. 2 and 3 were 90, 92
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and 94 kmn/h, whereas for the two-lane roads articulated vehicles
they were 92, 93 and 95 km/h. The standard deviations were

virtually identical. Thus for articulated vehicles there were
very small differences between the all-roads and the two-lane
roads.

D. A further comparison for articulated vehicles between all-roads

and two-lanes based on the percentage greater than 98 km/h and the
percentage greater than 18¢ km/h is alsc warranted. Again looking
at Table 4.1 through to 4.7 the percentages of vehicles greater
than 99 ka/h tends to be around about 3 per cent higher overall on
the two-lane roads than it does on the all-roads and the
percentage greater than 18® km/h tends tc be about 2 per cent
higher on the two-lanes than the all-tcads for articulated
vehicles. These differences are not statistically significant.

Thus in summary the comparison between the all-roads and the two-lanes at
the gross mean and percentage levels are not starkly different.

IV.2.d4. Platooning -~ 2 lane roads

A platoon is a queue of vehicles immediately following a 1lead vehicle
which is acting as a block in the traffic stream. The definition of free
speeds precludes measuring the speeds of platoon members because they are
within 4 seconds of another vehicle. This analysis has been restricted to
two lane roads only {see Table 4.4).

IV.2.d4.1. Platcon length by Speed category of platcon leader

An analysis of platoon lengths by the speed category of the platoon leader
produced the following results:

Articulated vehicles - October 1986 to October 1987.

a. for articulated vehicle lead platoons where the platoon length was
one vehicle, platooning was reduced by 67% in the <= 8@ km/h speed
category and 42% for the 81-90 km/h speed category (plots 4.14, 4.16
and Table 4.12). This may be due to the reduced number of articulated
vehicles travelling at this slow speed.

b. platooning in all other platoon lengths for articulated vehicle lead
platoons halved for the (= 8® km/h and 81-90 km/h speed categories.

¢. there was no substantial change platooning for any other speed
category above 9¢ km/h.

Cars - October 1986 to October 1987.
d. for car lead platoons the platoon reductions experienced by
articulated vehicle were dramatically reversed. Plots 4.13 and 4.15

along with Table 4.11 illustrate the size of this reversal.

e. for platoons of one vehicle, platooning increased by 333% for the <=
80 km/h speed category, 2@5% in the 81-99 km/h speed category and 77%
in the 91-1¢9 km/h category.
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f. the picture of increases outlined above was reproduced for most of
the other platoon lengths.

Summary:
* Platooning of car led platoons has increased by 63% across all speed
categories between October 1986 and October 1987. This increase
straddles the legislative change in January 1987.

* The constituents of these car led platoons are unknown. The long term
safety consequences of this increase is unknown.

* During the same period there was a 31% decrease in articulated le 4
platoons across ALL speed categories,

IV.2.e. Mean free speeds and Sample sizes by Time of day

The gampling specifications put out by FORS at the beginning of the
pregsent study included references to time of day and day of week. However,
from a statistical perspective the sample design was not rigorous and the
sampling of time of day and day of week were left to the States.

Thus the results presented below may gimply be sampling abberations.
Time of day:

a. the night time mean free speeds (2100-0580 hrs) (95 km/h) for
articulated vehicles was 5 km/h higher than the daytime mean free speed
{Table 4.14, plot 4.12). Maisey {Maisey 1983) also noted this effect.

b. the mean free speeds of articulated vehicles were greater in stage 3
than in all other stages over most tine periods.

c. the night time mean free speeds {(2100-050¢ hrs) {105 km/h} for cars
was 5 km/h higher +than the daytime nean free speed (Table 4.13. plot
4.11).

d. there was very little change in mean free speeds for cars between
the three study stages across the time periods. Thus cars acted as a
credible control group.

e. The free speed window between cars and articulated vehicles has
increased from ¢ km/h in stage 1 to 14 km/h in stage 3.12

12  The speed window 1s the degree of overlap between the minimum and
raximun speeds for cars and articulated vehicles. The following table
illustrates this.

Minimum, Maximum speeds {(kph)

Vehicle type Stage 1 Stage 3
Cars 98 - 1e7 95 - 108
Artic 86 - 97 %0 - 109
Window (kph) 0 14
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Sample sizes:

f. the wvolume of articulated vehicles measured in this study peaks
between 1806 and 2100 hrs. The lowest volumes are around 1008 hrs (plot
4.18). .

g. the volume of cars peaks between @808 and 1528 hrs. The lowest
volumes are between 2280 and 06900 hrs {plot 4.17).

SummAary:

* Articulated vehicles have the roads to themselves at night and this
period also corresponds to the highest mean free speeds for articulated
vehicles. Thus the low volume of traffic and possible reduced police
enforcement levels at night may give rise to these elevated truck
speeds.

* Prior to the legislative change the mean free speeds of articulated
vehicles did not overlap the mean free speeds of cars. The speed window
was ® km/h. This speed window has now widened considerably to 14 km/h
and may go part way in explaining why there has been such an increase
in rcar led platooning.

Iv.2.f. Sampling Bias

Sampling bias resulted from the less than rigorous sampling design of this
=tudy and the lack of controt that FORS had over the State field teams.!?
The sources of bias were:

seasonal effects

economic activity and its demonstrated effects on road transport
day and week of the year

day of week effects in the replications of the three stuwdy stages
time of day effects in the replications of the three study stages
the interaction of time of day and day of week

road environment factors i.e. road type and surface

police activity

environmental effects 1.e. weather

¥ % ¥ @& % X % ¥ ®

The first stev in any sample design exercise is to find any information
which will agsist in the design. The availability of populatiou

The window values = Max (artic) - Min ({cars}. If the value 1is negative,
set to 0.

See table 3.53 & 3.54 for the maximum and minimwm values.
13 Tt should be noted that in all the vpreviocus studies of truck
speeds cited 1in the 1literature review, scant attention is paid to sample

design. It is important that any future studies address this critical
issue in detail.
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descriptions of vehicle types by traffic volume by road type would be an
example of such information. This then <c¢ould be used to decide on the
sampling strategy and in estimating the sampling parameters.

Unfortunately. no such data was available at the time of writing this
report. Thus we decided instead to document the character of the sampling
which took place in this study.

To begin with. the sample distribution of vehicle types differed markedly
between the States and from the overall expected distribution of
registered vehicles (see Table 3.2}. Section III.1.bh. discussed this issue
and peointed out that:

"The survey design is surh that statistically we cannot say with apv
confidence that the sample is regresentat1ve of the Australian vehicle
population. Clearly, trucks have been over sampled, but to what extent
is unknown. The effects of time of day _and the number of active
sampling sessions have contributed substantially to this bias."

The sampling characteristics of Western ARustralia are of importance as it
was one of the only States which had 24 hour sampling. The effects of time
of day have been eliminated in the WA sampling. Plots 4.19 and 4.20 are
the sample sizes by time of day for cars and articulated vehicles in WA.

One could assume that because WA used 24 hour sampling. then its sampling
distribution should be "typical" of the population distributions for cars
and articulated vehicles. However. the WA sampling distributions (plots
4.1%9 and 4.20) bear 1ittle resemblance to the over all sampling
distributions as described by plots 4.17 and 4.18.

Thuz it would appear that either the WA sampbling distributions are not
“"tvpical" of the expected distribution of vehicle types by time of day or
that time of day has seriously confounded the sampling used in this study.
Further. as Maisey has noted. truck speeds tend to be higher during the
night time than the davtime hours. Thus it appears that not only have
trucks been over sampled due to the elevated number of sampling sessions
during the night {(plot 3.1}, but that this could also have biased the nean
truck speeds reported in this study upwards.

IVv.2.a. Overtaking rates.

In the paper titled "Overtaking rates on low volume roads" by Troutbeck
(Troutbeck 1981) a most interesting traffic model is developed. It can be
used to estimate the number of overtakings by a vehicle of type A around
vehicles of type B on low volume road,

Thus the exvected overtaking rates of cars going past trucks or
articulated vehicles can be calculated. The mathematical model developed
is well documented by Troutheck, is not complex and may be sufficient to
gauge the likely interactions between vehicle types on two-lane roads.

It could be wused to determine suitable routes for large volumes of
articulated vehicles. Quoting from the abstract:

"the model develoged gives a simple method of estimating the rate with
vhich faster vehicles catch up to slower vehicles. It relates catch-up
rates and overtaking rates on a homogeneous road section with vehicles
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travelling at constant speeds and with the uniform flows along with
section traffic flows and speed parameters.”

The caveat 1is that the model is only applicable to rcads with low traffic
volumes less than 15¢ vehicles per hour.

In this preliminary analysis the survey sites in Western Australia will be
used as they all have traffic volumes of less than 158 vehicles per hour,
are two-lane roads and have very good quality speed recordings using
infra-red light beams.

One of the assumptions made by Troutbeck (from the abstract) is that

“"the time the driver spends following other vehicles before overtaking
ig short in comparison with the journey time and that catch-up rates
can be equated with overtaking rates. The model can be used as a tool
for a selection of appropriate routes for road train operations and can

Eelﬁxtendgg dto the calculation of passenger car equivalents using the
alker method.”

The beauty of this model is that it is based on well established
probability distributions such as the cumulative probability distribution
of the normal and gamma distributions. It dovetails beautifully with the
vork quoted above on speed differentials, i.e. vehicle duets and the mean
speed differences between them. The work done on speed differentiazls above
could, if extensively analyzed in relationship to overtaking rates, be
used as an excellent calibration device for Troutbeck's work.

Some other assumptions that the model makes are:

* jt is based on traffic travelling at uniform speeds
* constant flow rates
* long sections of a homogeneous road

Consequently the model may give unacceptable answers when applied to short
sections of road which are different in character to adjacent sections.
(Troutbeck 1981, 15)

The equations used to develop the overtaking rate displayed in Table 4.19
and also in plot 4.28 are drawn from Troutbeck's paper (1981) based on
equation 11 (Troutbeck 1981, 7}

OReb = Ka .Kb.Sa.{gammalap {11}

This gives the overtaking rate (overtakings/hour/km of road} of vehicle
type A  overtaking vehicle type B as a function of the flow rates of
vehicle types A and B (Ka,Kv), the standard deviation of vehicle type &
(Sa) and a coefficient (gamma}ap.

The coefficient (gamma)ar can be set egual to a fixed function F(z)
(equation 14, {(Troutbeck 1981, 8)}) if all type B vehicles travel at the
sawe speed Un and thus the value of {(gamma)ar can be derived directly from

Table I (Troutbeck 1981, 5). The value of z {(equation 1%, {Troutbeck
1981, 8)) is equal to

Z = (U - Va)/Sa {15)
were Va is the space mean speed of vehicle type A.
A slightly more complex overtaking rate can be computed using equation 11
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where the value of (gammaler is not set equal to F(z) because the
assumption of the constancy of speed of vehicle type B is not made.
Although preferable, this value has not been computed for this report.

Thus the overtaking rates displayed in Table 4.1% are those of cars
overtaking articulated vehicles. It assumes that the articulated vehicles
are all travelling at a uniform speed where the uniform speed has been set
equal to the articulated vehicles mean free speed.

Table 4.19 contains the overtaking rate {overtakings/hour/km) for cars
overtaking articulates and the site location number, the mean free speed,
standard deviation, sample size and the flow rate (veh/hr} for each
vehicle type.

Plot 4.28 shows that sites 30¢ and 303 have experienced substantial
increases in the overtaking rates. At site 300 for instance, overtaking
rates have doubled from &.1 overtakings per hour to ¢.2. Site 301, the
Eyre Righway which has been looked at in more detail in previocus sections,
only experienced a very moderate increase in overtaking rates.

What significance does a change in the overtaking rates have 1in relation
to the safety outcome of reducing road fatalities and increasing road
safety?

The overall rationale for the speed limit change was to decrease the speed
differentials between cars and articulates and thus reduce the perceived
need by car drivers to overtake trucks.

A series of hypotheses emerge which could be tested:

1. the relationship between speed differentials and overtaking rates
would possibly be a linear function with a positive slope. As speed
differentials decrease sc should overtaking rates.

2. the relationship between overtaking rates and the number of fatal
crashes on a given road should be linear with a positive slope. As
overtaking rates decrease so should the number of fatal crashes.

Referring to plot 4.28 and for site 3¢1 (the Eyre Highway) and referring
back to the Eyre Highway analysis {section IV.4) with reference to plot
4.3¢ the following points emerge:

1. that the parallel increases in both c¢ar and articulated vehicle
speeds that were noted on the Eyre Highway are not linked with a
dramatic rise in the overtaking rates {plot 4.28).

2. this parallelism between the increase in articulated vehicle speeds
and car speeds for site 301 is reflected in the fact that the speed
differential between the two vehicle types has remained. Overtaking
rates for this site have remained fairly stable as a result.

3. site 300 has experienced a doubling in its overtaking rates. As
Troutbeck himself says {Troutbeck 1981, 18)

"The overtaking rates calculated using the model in this report
indicates that the Eercantage of overtakings involving trucks
increased rapidly as the percentage of trucks is increased."

4. Table 4.19 for site 309 shows that the speed differential between
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cars and articulates has remained fairly constant at around about 9
km/h but that the flow rates for articulated vehicles have changed.
They have gone from 6.7 veh/hr ip stage 1 to 11.2 veh/hr in stage 3
which is nearly a 190 per cent increase. Cars by comparison have only
rigen by 2 veh/hr.

Thus it would seem that the doubling in the overtaking rates
experienced at site 3@ is a result of a doubling in the number of
articulated vehicles on the road at site 300.

5. As a result of (4} above, a further relationship between overtaking
rates and the percentage of heavy vehicles present on the rocads can be
entertained. It suggests that there will be a positive relationship
between the percentage of heavy vehicles and the overtaking rates.
Troutheck plots just such a relationship (which is curvilinear) in
figure 5 of his paper (Troutbeck 1981, 19).

What is now needed to further explore the utility of overtaking rates as a
vredictive indicator of the relative crash risk of a road is to relate the
change in the overtaking rates for the period of the present study |
October 1986 to October 1987) with site specific numbers of crashes or
fatalities. This could be used to test Troutbeck's proposition in figure 5
of his paper.

If such a relationship could be shown then changes in overtaking rates may
be a more refined indicator of overall road safety than the concept of
speed dispersion.

Overtaking rates not only take into account speed differentials but also
use the variance in vehicle speeds and most importantly the flow rates of
the vehicle types on the roads. Thus more information is incorporated
into the predictive index than just the difference between the mean speeds
of two vehicles as is the case with speed dispersion.

Further work really needs to be done and overtaking rates promise to be a
very nromisinag indicator of general road safety.

IV.3. Speed differential results - 2 lane roads

Speed differentials are defined as the free speed difference between
sequential pairs of vehicles which are within two minutes!4 of each other
travelling along a single lane of carriageway. The first vehicle of a
vehicle duet is called the 1lead vehicle and the next sequentially
following vehicle is the following vehicle.

These sequential duets formed ’'mixes' of vehicles. Thus a car leading
followed immediately by another car is called a 'Car - Car' duet or
vehicle mix. Table 4.15 containg the vehicle mix matrix used in this
study. There are seven (7} vehicle types 1leading to forty nine {49)

14  The vehicles included here are 'Free Speed' vehicles ( greater
than 4 second gap) and thus exclude platoons.

Also note that because the sampling design was leas than perfect. there
may be substantial bias in these results.
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possible mixes of vehicle types. Each mix is assigned a mix code number
from 1 to 49.

This data is restricted to two lane road sites. This was done to ensure
that the sequential data was queued. Multi lane roads were excluded
because queuing could not be ascertained from the data. Table 4.18
provides a list of the site numbers included under this definition:

34 positive speed differential means that the lead vehicle is travelling
faster than its following partner. A negative speed differential infers
that the 1lead vehicle 1is travelling slower than its following partner.
Thus, the following vehicle is catching up to the lead vehicle.

The concept of speed differentials was developed for this study because
the authors were unhappy with using the concept of 'speed dispersion’
which is so often cited in the literature for a number of reasons:

a. Statistically speaking, 'dispersion' refers to the variance of the
free speeds. Thus ambiguity enters the discussion early.

b. Speed dispersions have been computed by subtracting the aggregated
mean free speeds of the vehicles of interest. For instance {referring
to Table 4.5) the speed dispersion of cars and articulated vehicles
{all States combined) for the before analysis is 102 km/h - 98 kn/h =
12 km/h.

Using Table 4.15 and locking at both Car - Artic and Artic - Car speed
differentials. the differentials are 9.7 km/h and -10.4 kwn/h
respectively for the same study stage across all States.

This comparison highlights two further points.

i. The aggregated speed dispersion figure of 12 km/h is larger in
absolute terms than either of the speed differential nixes for the
sane vehicles.

ii. The speed differential presents two further pieces of
information not available from 'speed dispersion'.

(1) The mix can be differentiated into the two logical mix
types - cars followed by articulated vehicles and articulated
vehicles followed by cars and

(2) the sign of the speed differential indicates whether the
lead vehicle is pulling away from the following vehicle or
not.

Speed differentials contain far nrore information about the individual
dynamics of 'speed dispersion’.

IV.3.a. Descriptive analysis

Table 4.15 contains the mean speed differentials for the top twelve
vehicle mixes gsorted by frequency of occurrence for each of the study
stages. The conclusions drawn are as follows:

a. the Car - Car mix dominates speed differentials across all stages.

b. the four most common mixes are:
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i. Car - Car (mix 1)

ii. Artic - Artic (mix 28)
iii. Car - Artic (mix 34)
iv. Artic - Car (mix 7)

c. these four wixes reflect both the relative volumes of traffic
surveyed and the comparative Dblocking strengths that cars and
articulated vehicles have in a single 1lane of traffic. A car can be
easier to overtake than an articulated vehicle {(for the same vehicle
speed) because the truck is a larger obstacle. A car however can vary
its speed more than a truck and so combined with the road environment
may form a difficult obstruction to overtake.

d. there was no statistically significant change in Car - Car mean
speed differentials across the either study stages or States (Table
4.15, plot 4.21).19,

e. there were statistically significant changes in both Artic - Car and
Car - Artic pean speed differentials across both stage and speed
differential State (Table 4.15, plot 4.21). There were no significant
interaction terms.

Plot 4.22 and Table 4.16 contain the mean speed differentials for each
State across the three study stages. There are no apparent changes within
State across stage but this is due to the swamping of these results by the
Car -Car vehicle mix. Thus at this aggregated level, not a lot of insight
is available.

To remedy this situation, Table 4.17 presents a further breakdown of Table
4.16 by vehicle mix. It contains speed differentials broken down by State
by Stage and vehicle mix. Plots 4.23 through 4.27 illustrate Table 4.17
for the States of NSW, VIC, QLD, WA and SA.

f. testing mixes 7 and 34 separately within each State, the only State
which showed any statistically significant change across study stage
was NSW with mix 7 (Artic - Car).

g. focusing in on the Eyre highway for nixes 7 and 34, a planned
contrast with a oneway ANOVA showed that a statistically significant
difference existed hetween the Eyre highway and every other WA site on
mean speed differential (all stages combined).

Sumeary:

1. The four most frequent vehicle mixes are (in order) Car - Car, Artic-
Artic, Car - Artic and Artic - Car.

2. There has been a significapnt decline in Car -~ Artic mean speed
differentials over the study stages by 1.6 km/h from 9.7 to 8.1 ka/h.

3. There has also been a significant decline in Artic - Car nean speed
differentials by 1.6 km/h from -1@.4 ka/h to -8.9 km/h.

% Opne and two way ANOYA was vused in all testing of speed
differentials bhecause they were found to be normally distributed and well
behaved, statistically.
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4. Cars are still travelling faster than articulated wvehicles but conly by
8 km/h by stage 3 of the study. This value has dropped by 2 km/h since the
before study in October 1986.

IV.3.b. Comparison to aggregated free speeds

As menticned in section IV.2.e. on mean free speeds and time of day, the
speed window between cars and articulated vehicles has widened from 9 kn/h
in October of 1986 to 14 km/h one year later.!®

Absolute speed differentials {ignoring the minus sign} between cars and
articulated vehicles have decreased from 10 km/h to 8 km/h over the same
period. 'Speed dispersion' between cars and articulated vehicles have
decreased from 12 kn/h to 4 xm/h over the same period (Table 4.18).1!7

By either measure of speed differential 'speed dispersion' has been
reduced over the study period. The question still remains as to whether
the legislative change had any bearing on this result.

To suggest that the legislative change had any effect on the observed
driver behaviour via gpeed differentials presumes that ALL other known
factors were held constant. They were not.

Then there are all the unknown facteors (improved road conditions, fleet
age weather, police activity etc.) which additively may have resulted in
the effects cbserved.

All that can be safely said is that there are noc obvious safety
disbenefits from the legislative change. There are some practical benefits
instead for the drivers. Before the legislative change their mean free
speeds were 10 km/h over the legal speed limit. It is now only 5 km/h.

IV.4 The results of the present study vs previous studies.

This section compares some results of this study with those of other
comparable studies done elsewhere in Australia.

IV.4.a. Other National Studies - the FORS paper.

Two previous national studies of heavy vehicle gpeed 1limits were done in
1978 and 1983 and are summarised in the paper "Heavy Vehicle Speed Limits”
published by the Federal Office of Road Safety {FORS 1985).

The present FORS study which was conducted in 1986 and 1987 in three
stages, is only the third national study of heavy vehicle speed limits

1¢ These results are based on ALL roads, not just 2 iane roads. Thus
the speed window value may be inflated.

17 Both the 'speed dispersion’ figures and absolute speed
differentials are based on 2 lane roads only. Thus they are comparable.
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documented in Australia. Of these three national studies, the present
study seens to be the most extensive in that it includes all States and
Territories of Australia except the Northern Territory, whereas the
previous two studies only covered the five mainland States: New South
Wales, Victoria, Queensland, Western Australia and South Australia.

In comparing the present study with these previous two semi-national
studies it is important to introduce a few cautionary words. :

We cannot guarantee complete consistency in the data collection
methodologies across the three studies. If anything the data collection
methodology of the present study is an evolution of the two previous
national studies and is arguably better than thenm. Thus in the strict
statistical sense we do not have a homogeneous data collection strategy.
The comparisons of the three national studies contain random fluctuations
and variability induced by the data collection methodologies employed.

Tahle 4.20 summarises the comparative data which is available from one of
the major summary Tables listed on page 31 (FORS 1985, 31). To this
original Table have been added three extra cells these being for each of
the three stages of the present study.

The most important issue that emerges from the FORS paper and which was
one of the driving forces behind the present study is to reduce speed
dispersion {based on the difference between the mean speeds). This was to
be achieved by increasing the speed limit for HCY.

Plot 4.29 summarises the apparent speed differences based on the

aggregated means across these three national studies. The results loock
impressive. For instance, in New South Wales the difference of the speed
means has reduced from 15 km/h to 5 km/h since 1978, Equally impressive

is Queensland which has dropped from around about 12 ka/h down to about 4
km/h. This drop coincided with a reduction ipn the HCV speed limit from 109
kph to 90kph in 1982. Every State has had a decrease in the speed
differences since 1978,

As has been pointed out earlier (section IV.i, 1IV.3) the imputation of
speed differences based on aggregated means has statistical drawbacks due
to the non-normality of the speed distributions. Thus the mneans may not
the appropriate mneasure of central tendency to be subtracted to form the
apeed difference between cars and trucks. Equally, the wuse of the 85th
percentile may be misleading.

IV.4.b. The Eyre Righway comparisons.

The most consistently studied stretch of road for the purpose of any
longitudinal study of truck speeds is the Eyre Highway in Western
Australia, site Nos. 1301, 2301, 3301 in the present study.

Table 4.21 summarises the free speed comparisons for the Eyre Highway.
The original study monitored an increase in truck speed limits from 80 to
99 ko/h in May 1982 through to October 1983. The present FORS study
monitored an increase in truck speeds from 90 to 100 km/h. The original
study was done by Gavin Maisey of the Police Department of Western
Australia in 1983 (Maisey 1983).

A number of points regarding Table 4.21 follow:
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1. the Eyre Highway observations were based on 24 hour surveillance.

2. exactly the same procedures were carried out in the FORS study as in
previous Western Australian studies.

3. Maisey paintained that cars and motorcycles together acted as a
control group for articulated vehicles.

An inspection of plot 4.38 which plots the mean free speeds for -the six
sanple points in Table 4.21 reveals the following:

1. Maisey noted in his study from May 1982 through October 1983 that
the speeds of articulated vehicles dropped from around 190 km/h to 96
km/h.

2. by comparison, in the FORS surveys of October 1986 through October
1987 the mean free speeds of articulated vehicles rose from 183 km/h to
107 km/h. The decreasing trend observed in the Maisey study has been
reversed in the FORS study.

3. the nean free speeds of cars and motor cycles which were supposed to
be the control group in Maisey's study paralleled the movement in the
nean free gpeeds of articulated vehicles.

4. in the FORS atudy the mean free speeds of cars agaim mirrored very
closely the mean free speeds of articulated vehicles.

The FORS study is a complete reversal of the observations which Maisey
made in 1983,

Are the observed changes in the mean free speeds statistically significant
across the three stages for either cars or articulated vehicles?

An examination of the statistical distributions of car and articulated
free speeds showed that the distributions were normal and there 1is a
significant level of auto correlation for the articulated vehicles. Thus
the use of inferential parametric statistics in this instance is
justified.

To return to the previous question, none of the observed changes in mean
free speeds for either cars or articulated vehicles in the present study
are statistically significant.

Conclusions!®

A. The mean free speeds for articulated vehicles decreased in study 1
from 100 to 98 to 96 km/h.

B. The mean free speeds for articulated vehicles increased in study 2
from 193 to 104 to 167 km/h.

C. The mean free speeds for cars mirrored articulated vehicles, more
so in study 2 than in study 1.

D. The percentage of articulated vehicles travelling faster than 99
km/h decreased in study 1 and increased in study 2.

E. The 85th percentile for articulated vehicles decreased in study 1
and increased in study 2.

18  Study 1 refers to Maisey's 1983 study and study 2 refers to the
present FORS study.
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F. The observed increase in the mean free speeds for articulated and
cars was not statistically sigpnificant in study 2.

Summary

The present study indicates a stasis in the speeds of cars and articulated
vehicles which contrasts with the results obtained by Maisey where he
found that the vehicular speeds decreased.

Plot 4.31 contains both the mean free speeds for articulated vehicles as
well as the number of crashes reported in Western Australia over the same
period of time. Visually there seems to be very 1little correlation
between the number of crashes and the mean free speeds of articulated
vehiclea. If anything the number of crashes is slowly decreasing over a
period of time and heading towards a static value of somewhere around
about 5@ crashes per vyear. By comparison the mean free speeds of
articulated vehicles are climbing.

IV.4.c. The NAASRA studies in South Australia.

The South Australian free speed surveys implemented for NAASRA extend over
an impregsive time span from 1967 through 1985. The assistance of the
South Australian officials in making the information available for
comparison purposes is acknowledged.

Table 4.22 contains this time series along with the addition of the three
extra points for the State of South Australia resulting from the present
study.

Once more a cautionary word. Only a few of the sites used in this present
study corresponded exactly with the sites used in the previous time
serieg, 1967-1985. Interestingly enough the sample sizes 1look rather
similar except in the case of the rigid trucks. Thus the results reported
here are indicative and not perfectly consistent with the existing time
series.

Plot 4.32 depicts this time series of mean free speeds. The time series
for mean free speeds of cars is a steadily increasing trend and has risen
from 99 km/h to about 105 kma/h. Similarly the picture for articulated and
rigid trucks is also an upward trend but with more perturbations emn route.

Plot 4.32 could indicate improving road conditions and the characteristics
of vehicles with their ability to travel faster. It would be illuminating
to plot this time series up agalnst the fatalities for the same period of
time and examine the hypothesis of the 1link between speed and road
fatalities.

The important point which emerges from plot 4.32 is that the results of
the present study seem to be consistent with the apparent trends which
have emerged from the South Australian time series.

Table 4.23 is a more specific Table which examines the NAASRA free speed
survey of rural roads performed in 1985. The comparisons between the 1985
South Australian data and the three corresponding points for South
Australia in the present study indicate a high degree of consistency in
the results.
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Teble 4.1: Mean Free Speeds
by vehicle type, Study stage and 3rate

Speed Sample Mean Sdev 15 th 85 th

limit size (kph) pctle pctle
CARS
NSW 109 2859 184 12,2 92 117
YIC 100 1954 181 11.5 89 113
oD 108 11.7%) 9% 11.7 84 108
WA 118 1888 107 13.4 93 121
SA 118 2835 182 13.3 89 116
TAS 119
ACT 109 266 96 12.@ 83 188
Total 16649 10@ 12.9 87 114
Cars towing
NSH 8 97 9k 12.2 a1 187
YIC 100 115 94 18.9 83 10¢
iD 100 162 86 12.2 73 98
WA 100 264 a9 13.9 76 183
SA 118
TAS 8@
ACT 1@ &8 87 18.8 75 98
Total 786 %9 12,6 77 183
Motor cycles
NSW 109 53 189 12.9 95 122
vIC 102 13 18 19.2 3 129
oD 108 46 97 16.0 28 113
WA 119 22 110 12.9 97 124
SA 119
TAS 119
ACT 1M 27 185 16.2 a8 121
Total 181 184 16.0 87 121
Buses
NSW 90 -] 108 10.3 9% 111
vVIic a0 199 a7 9.2 78 97
b 108 95 93 8.4 M 182
WA 7] 55 192 12.3 9 115
54 9% 61 9% 19.9 82 185
TAS % 8 a0 14.7 6k 95
ACT 109 M B3 12.9 n %
Total 523 92 11.7 80 184
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Speed  Sample Mean Sdev 15 th &5 th

limit size {xpn) pctle pctle
Light Vans
NSH 100 133 95 12.9 83 188
vIC 120 92 9% 10.2 86 197
oLD 109 76 91 18.3 81 182
HA 118 73 95 1.8 az2 189
SA 110
TAS 119
ACT 109 133 89 12.2 76 182
Total 967 93 11.8 81 186
Rigid Trucks
NSH 8@ 288 89 11.9 77 182
VIC 88 776 28 9.7 78 98
D 99 5 a7 10.8 76 98
WA 99 147 9% 11.6 az 186
SA 80 227 87 11.4 75 98
TAS 89 179 B3 10.8 71 94
ACT 80 243 Bé 18.3 73 95
Total 2431 87 18.9 76 9%

Articulated trucks

S 83 1863 97 18.9 86 109
VIC 89 2595 86 9.8 77 %
QLD 99 533 89 9.5 . P9
WA 9 614 97 11.8 as 118
SA 88 681 87 11.1 75 98
TAS 82 142 a7 18.6 76 98
ACT a8 114 85 1.2 74 9%
Total 5742 9% 11.2 73 101
ALL vehicles

NSW 4337 101 12.8 as 114
VIC 5735 9”2 12.3 s 185
oLD 6554 9 11.9 82 187
WA Jo6d 102 14.3 a7 117
SA 3885 98 1é.4 a 114
TAS 329 a4 11.9 73 9%
ACTY 2889 93 12.7 se 197
Total 27213 9% 13.5 B2 119
Notes:

(1) Free speeds - a vehicle to vehicle gap of at least & secs
+2)} Results reported above are un veighted.

(3) Stage 3, there are two (2) vehicles included in the Grand N

which are not in any of the vehicle code groups
(4) Speed limits on freeways for NSW & VIC ars 118 kph
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Table 4.2: Mean Free Speeds
by vehicle type, Study stage snd State

Speed  Semple Mean Sdev 15th 85 th %) x) %) %)

limit size  (kph) pctle pctle 88 kph 98 kph 180 kph 118 kph
CARS
NSH 100 2416 186 13.9 92 119 97.3 8.9 65.5 33.9
vIC 100 951 1082 11.9 98 113 97.9 87.1 56.5 18.3
oLD 108 4602 97 11.5 85 188 92.2 69.7 2.1 10.2
WA 110 2020 107 16.9 93 122 97.1 89.6 73.6 38.6
SA 110 2788 103 13.5 89 117 9%.6 84.2 60.6 28.9
TAS 110 %4 94 14.6 79 189 84.3 57.3 26.8 12,4
ACT 100 2846 % 11.5 84 188 91,8 69.1 31.3 8.5
Total 15787 101 13.4 87 11é 93.8 77.9 £9.6 21.0
Cars towing
NSH 40 6 9% 11.8 8t 106 93.9 57.5 27.2 9.1
vIC 100 88 9% 10.3 83 105 89.8 65.9 25.8 3.4
oLD 100 153 87 10.5 7% 98 69.9 35,9 10.4 .7
WA 100 235 9% 12.3 8t 187 84.7 63.9 29.4 8.1
SA 118 248 91 12.8 77 184 8.6 5.9 22.2 4.8
TAS %9 32 81 12.4 68 94 53.1 12.5 31 3.1
ACT 100 49 a9 8.9 79 98 89.8 0.8 8.1 .9
Total 871 91 12.2 78 184 81.3 51.3 21.2 4.8
Motor cycles
NSH 100 40 1088 1.7 93 123 97.5 9.8 67.5 5.9
vIC 100 18 106 8.5 97 115  109.0 93.3 86.6 26.7
oLD 100 % 161 15.8 a5 118 9.4 78.5 8.1 . 14.3
WA 110 &2 112 16.6 95 130 97.6 92.8 73.8 52.4
SA 118 27 119 18,2 92 129 92.6 92.6 77.8 i8.1
TAS 110 é 1e8 12.8 97 119 100.0 100.0 103.9 25.9
ACT 100 19 183 15.9 119 9.9 77.8 i6.2 28.2
Total 223 186 16.9 9 123 9.4 86.1 63.2 3.5
Buses
NSH 100 7 191 10.3 » 112 955  86.5  59.6  10.4
vIC 9% 149 91 7.4 83 ) 91.4 52.1 8.5 .7
oD 100 89 % 1.9 83 106 89.9 71.9 33.7 3.4
WA 89 3s 182 14.2 87 17 $4.3 88.6 62.9 25,7
SA %9 58 97 9.8 86 107 9.6 B81.1 39.7 3.4
TAS % 14 a8 9.3 N %9 5.9 7.1 .9 .9
ACT 108 25 87 12.9 77 97 64.0 0.0 8.0 .0
Total 428 94 11.90 83 186 89.7 66.3 8.1 5.1
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Speed  Sample

limit size
Light Vans
NSH 1% N7
VIC 109 a9
oL 100 240
WA 11@ 56
SA i@ 18
TAS 110 M
ACT 108 141
Total 916
Rigig Trucks
NSH 90 255
YIC 9 391
oD % 582
WA 199 158
SA ) 244
TAS 0 93
ACT 99 176
Total 182%

Articulated trucks

NSH 99 1923
vic %N 1645
oLD 99 &2¢
WA 100 647
SA b, 670
TAS %0 89
ACT 9% 112
Total 4401
ALL vehicles

NN 4214
VIC I1e
oLD 60866
WA 3193
SA 4053
TAS 1227
AT 2588
Total 24451

Mean
(kph)

FZRRUIBE

&

9
95

85
85

192

238882

97

Sdev

12.1
11.2
1.9

9.7
2.5
15.3
11.4

11.9

= o % 0 o=
Lol W S T I N ]

10.8
7.9
9.2

15.4

10.4

10.4

11.7

13.1
11.2
11.7
1%.1
14.3
14.7
12.1

13.6

48

15 th
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3 3

IHIIZEE

& BYRgEER
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1e7
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Teble 4.3: Mean Free Speeds

by vehicle type, Study stage and State

2nd After survey, October 1987

FREE SPEEDS: Memn free speeds by vehicle type by State

Speed
limit
CARS
NS 100
vIC 100
aLD 1084
WA 11@
SA i1@
TAS 110
ACT 109
Total
Coars towing
NSHW aa
vIC 109
oD 109
WA 108
SA 118
TAS %0
ACT 100
Total
Motor crcles
NSU 100
YIC 198
oLD 108
WA 118
SA iie
TAS 118
ACT 100
Total
. Buses
NSM 189
vVIC - 9
QLD 108
WA Al
Sh 9%
fAS %9
ACT iee
Total

Sample

size

2353

91@
4884
2122
2616
1625
2369

16879

67
133
153
325

44
47

1863

15
57
[}
31

207

61
127
62
21
24

449

Mean
{kph)

184
184

108
184

93

85
9%
93
82
as

112
183
102
116
119

91
101

187

108
91

10

78
82

Sdev

11.4
11.6
11.9
13.1
12,3
11.8%

13.4

13.
11.
11,
12,
12.
1.
1e.

d @ M@~ N
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15.9
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1% th
pctle
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96
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77
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Bé
2
a2

!
74
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s8%a
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NEIERRI
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43

85 th
pctle
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116
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Spead

limit
Light vans
NSW 189
vIC 100
QLD 100
WA 11@
SA 114
TAS 118
ACT 100
Total
Rigid Trucks
NSW 99
VIC 5@
QLD 90
WA 100
3A 9@
TAS el
ACT 99
Total

Articulated trucks

NSH
vIC
LD
WA

5S4

TAS
ACT

S88Bg8S

Total

ALL vehicles

NSW
vIC
GLD
WA

S4

TAS
ACT

Total

Semple
size

299
124
226
75
75
63
118

971

264
219
44b
193
240
111
117

1690

1141
1287
482
784
461
127
112

4594

4211
2884
6375
3598
3979
1995
2817

25859

Mean
{kph)

97
98
92
93
96

91

94

99
88
96
a7
80
83

89

100
91
91
99
9%
a5

94

101
95
94

184

100
89
92

97

Sdey

11.
1.
12.
12,
11.
14,
10.

12.

11.

10,

-~

e

1.
10.
19.

1.

1.
11.
le.

13.

18,

12.
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11.
13.
13.
12.
12,

13.
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8
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78
79
77
84
75
69
72
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LY
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ai
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az
92
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79

a3

85 th
pctle

129
189
184
186
198
11
102

107

182
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9%
189
99
%1
94

181

119
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110
185
95
94

106
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11?7
115
192
185
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piot 4-1: Articulated — Free speeds — all roads
Mean free speeds (kph) of Articulated vehicles by study stage
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rlot a.2: CARS — Free speeds — all roads

10 Mean free speeds (kph) of CARS by study stage
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piot 4.3: Articulated — % > 100 kph — all roads

% of articulated vehicles with mean free speeds > 100 kph by stage
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Plot 4a.4: Cars — % > 100 kph — all roads
% of cars with mean free speeds > 100 kph by stage
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Table 4.4: 2 lane only road location site #'s

stgl stgl stg3
1001 2001 3001
1¢04 2004 3004
18485 2005 30405
1696 2006 3006
1997 2007 3007
1012 2012 3012

1158 215¢ 3158
1160 2160 3160

1170 217¢ 3170
1180 2189 3189
1229 2229 ja22¢@
12285 2225 3225
1245 2245 3245
1250 2259 3250
13jee 2300 3300
1301 2301 jiel
1302 2302 3302
1303 2303 3303
1394 2304 34
1305 2305 33e5
13086 2306

1400 2400 3400
1405 2405 3405
1407 2407 3407
1501 2501 3501
1563 2503 3503
1601 2601 3601

Notes:

{1) Stgl = Before, Stg2 = After 1, Stg3 = After 2

(2) These sites were chosen not only by being 2 lane roads only but
because they were used in all three study stages f(except site 3@6).

(3) Refer to Tables Al through A9 for detailed site descriptions.
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Table 4.5: Mean Free Speeds - 2 lane roads only
by vehicle type, Study stage and State

e e S M . e e el e i e e e e e e N e o e - LT —

Speed Somple Mean Std 15 th 85 th %) I )
limit size {(xph) dev  pctle pctle 83 kph 99 kph 182 kph
CARS
NSH 100 975 182 12.5 89 114 95.5 82.5 50.5
vVIC 10d 553 101 12.8 38 114 9%.2 ai.e 52.8
oD 182 581 92 13.1 79 186 82.1 53.0 24.6
WA 118 1888 187 13.4 93 121 9.8 89.5 70.9
Sh 110 648 108 1.8 86 113 92.9 79.3 49.4
TAS 110
ACT i 392 1% 12.9 86 113 92.9 72.3 47.5
Total 5037 102 11.8 88 116 93.7 80.9 55.0
Cars toving
NSW a 24 9 15.1 7% 18 6.7 5,9 29.2
vVIC 102 62 93 11.9 81 106 50.3 6.1 22.6
oLD 108 25 86 9.2 76 95 68.8 32.8 i.0
WA lo@ 264 89 13.9 76 183 75.8 45.5 18.2
SA 1198
TAS 39
ACT 190 11 as 18.5 77 99 72.7 5.4 9.8
Total 186 9 12.7 77 183 76.9 47.9 18.4
Motor cycles
NSW ‘108 15 104 12.3 91 117 93.7 93.7 68.7
YIC 108 2 104 31.8 N 137 183.9 “w.e .9
oD 1R 11 9% 21.9 73 119 81.8 54.5 27.2
WA 11¢ 22 118 12.9 97 124 95.5 95.5 8t.9
SA 119
TAS 119
ACT 108 2 113 14,1 %8 128 i100.9 109.9 100.0
Total 53 105 16.1 89 122 92.5 43.9 66.1
Buses
NSH ] 3? % 11.6 a7 111 9.9 78.4 Sd.1
vIC . ] 47 87 18.7 76 93 78.7 27.6 0.6
LD 109 15 8 8.5 77 95 66,7 3.4 .d
WA 8 L1 182 12.3 99 115 9.4 47.3 5.6
34 e 18 95 9.9 85 186 9.4 66.6 33.3
TAS . 9% (] 28 14.7 b 95 %0.8 25.9 12.%
ACT i08 13 83 15.8 67 129 69,2 46.1 7.6
Total 193 o 13.8 ! ) 188 85.9 59.6 32.7
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Speeqd  Semple Mean Stg i5 th 85 th
limit size (kph) dev pctle pctle
Light Vans
NSW 10@ 181 92 11.3 80 184
vIC 100 a8 98 13.1 84 111
LD 10@ 22 92 9.4 82 102
WA 118 73 95 13.9 az2 189
SA 110
TAS 118
ACT 10@ 14 93 14.¢4 78 188
Total 328 93 12.1 81 106

Rigid Trucks

NSU 20 128 2 12.9 74 99
vIC a8 189 87 10.2 77 98
LD xR 134 g3 11.9 71 96
WA 9% 147 94 11.6 82 186
SA 88 37 48 11.9 76 ié1
TAS 89 179 83 18.8 71 94
ACT 20 79 0 7.8 82 97
Total 893 87 11.6 75 99
Articulated trucks

NSUW 20 478 96 18,2 86 197
YIC 29 1891 86 9.1 76 9%
ap 98 i15 a6 9.9 75 %
WA %@ 61é 97 11.8 a5 110
SA a9 134 85 18.2 74 %
TAS 80 142 a7 10.6 76 98
ACT 82 77 87 8.1 79 9%
Total 2651 9Q 11,8 78 182
ALL vehicles

NSl 1841 98 12.4 8% 111
vIC 1982 91 12.¢6 78 104
ap 903 R 13.0 76 183
WA Jd64 102 14.3 a7 117
SA 838 97 11.8 a2 111
TAS 329 34 11.9 73 9%
ACT 592 95 13.8 81 110
Total 9551 9% 14.4 a1 111
Notes:

(1) Free speeds - a vehicle to vehicle gap of at least & secs

(2) Results reported above are un weighted,

(3) Stage 3, there are two (2) vehbicles included {n the Grand N
which are not in any of the vehicle code groups

(4) Speed limits on freesways for NSW & VIC sre 118 kph
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Table 4.6: Mean Free Speeds - 2 lane roads only
by vehicle type, Study stage and State

e el e e o i S i i S B B B B S e et e et

= - — -

Speed Sample Mean Std 15 th

limit size (kph) dev pctle
CARS
N3W 182 878 101 12,2 a8
VIC 100 311 103 11.2 91
aLD 100 A3 91 11.8 79
WA 119 2020 107 14.9 93
S 119 645 99 13.7 &5
TAS 110 964 Y 14.6 79
ACT 100 327 99 13.5 85
Total 5979 10 1.6 85
Cars toving
NSW 82 32 91 10.5 80
VIC 190 42 % 18.9 83
oLD 108 35 82 3.4 72
WA 100 235 9% 12.3 81
SA 118 84 85 13.3 72
TAS o9 32 81 12.4 68
ACT 100 17 88 11.3 76
Total 477 0 12.9 77
Motor cycles
NSY 108 13 183 14.7 a8
vIC 100 L] 111 9.9 192
oD 100 12 103 27.7 75
WA 11¢ 42 112 16.6 95
SA 110 5 100 17.2 82
TAS 110 [ 108 19.8 97
ACT 100 & 9 2.3 78
Total 87 108 18.2 a9
Buses
N 10 35 108 12.2 1.3
VIC - 9 91 8.6 v
D 108 3 37 9.1 77
WA 84 35 192 14.2 a7
SA ] 19 o 13.3 3
TAS % 14 ] 9.3 st
ACT 109 & 9% 59 a7
Total 144 95 13.4 a1
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Speed

limit
Light Vans
NSMW 12
VIC 104
oD 100
WA 11@
SA 119
TAS 112
ACT 100
Total
Rigid Trucks
NSW %9
YIC 9
oD 99
WA 10¢
SA 9@
TAS ¢
ACT R
Total

Articulated trucks

NSHW
VIC
D
WA

S

TAS
ACT

£888888

Total

ALL vehicles

Total

Semple
size

183
28
14

23

316

1
93
126
158
&1

52

502
644

95
647
158

2176

1724
1152
1124
3193

1227
479

Menn
(kph)

93
94

91
89

93

87
89

96
82
81
91

98
89
89
95
a7
85
1

93

a3

183
95

97

97

Std
dev

11.
1.
12,

12,
15.
16,

~0
N Oy

12.9

—
(-]
v .
L IR I

15.
19.
1e.
19,

P NP g = e

12.1

11.
11.
11.
15.
14,
14.

R IR N I S - ]

14.4

15 th
pctle

a2
az
77
79
13

a1

81
78
87

77

8z

57

a5 th
pctle

1%
186
183
106
184
185
114

186

97

95
17
93
93
101

109

188
97

111

1

185

11
195
183
119
110
197
111

112

%)
89 kpoh

87.
82.
78.
96,
75.

(AIO"Q&O'-I-‘U'
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N
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Table 4.7: Mean Free Speeds - 2 lane roads only
br vehicle type, Study stage and State

Speed Sample Mean Std 15 th a5 th

limit size (kph) dev  pctle  petle
CARS
NSH 108 845 183 12.9 as 1146
vIC 100 369 103 10.6 92 114
D 109 959 9@ 11.8 79 182
WA 119 ralri 188 11.9 9% 129
SA 11@ 628 199 13.9 85 114
TAS 119 1625 %0 12.3 77 183
ACT 1M 477 97 12.5 B4 119
Total 7845 9 14.3 84 114
Cars towing
NSH 30 28 99 12.1 87 112
vIC 109 4l 97 1z2.8 84 189
QLD 100 &k 79 11.4 67 91
WA 108 325 h 12,0 a2 107
SA 119 70 92 12.9 78 185
TAS 98 4é a2 11.0 71 9
ACT 1800 9 78 2.0 &9 88
Total 553 92 13.2 78 106
Motor cycles
NSH 109 14 109 13.7 95 123
vic 109 3 190 6. 93 106
QLD 108 ] 9% 7.3 B8 183
HA 110 &1 116 15.9 99 132
SA 119 i1 199 8.6 100 118
TAS 118 & 91 12.4 78 183
ACT 189 3 184 11.0 93 115
Total 84 110 15.3 9% 125
Buses
NSH 192 25 102 16.0 a6 119
vIC 90 16 92 5.8 L] 99
QLD 100 iz 87 8.3 78 96
WA 88 58 100 9.4 ) 110
SA 9 21 9% 10.9 as 188
TAS 99 21 78 9.7 68 a8
ACT 168 4 92 12.8 . 185
Totel 157 95 13.2 81 189
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Speed

limit
Light vans
NSW 198
VIC 190
QLD 109
WA 110
SA 119
TAS 110
ACT 192
Total
Rigid Trucks
NSW 99
VIC 90
aLD 30
WA 199
SA 30
TAS S0
ACT 90

Totai

Articulated trucks

NSW W
vIC 99
oLD %@
WA 190
SA 9
TAS 90
ACT %9
Total

ALL vehicles

NSW
vIC
QLD
WA

SA

TAS
ACT

Total

Sample
size

184
32
12
7%
15
63
27

328

112
78
120
193
35
111
52

781

559
531
123
784
112
127

49

2285

1781
1078
1278
3598

892
1995

622

11156

Mean
(kph)

95
37
81
93
91
86
98

93

93
9@
86
96
a5
8@
a8

89

&9
87

92
85

95

108
95
89

194
97
a9
9%

97

Std
dev

18.5
18.2
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Table 4.8: Statistical assumptions matrix for Free Speeds - ALL roads

Main effects Normality Auto
correlation

1. ALL wehicles
1.1 ALL vehicles 8 s

2. ARTICULATED vehicles

Within State

L7V

0

c

=
1w ¢
Wi wnn

-t
-
[y ]
wa
1

3. CARS

3.31 Nsw ] 8

3.32 VvIC s 8

3.33 QLD 8 s

3.34 Wb 8 1-345

3.35 sA 8 g

3.36 TAS s 12-45

3.37 ACT 3 8
Notes:
{1} notation for sigpnificance levels: s = gignificant, reject null
hypothesis. A1l 5 lags had significant coefficients. - = non significant,

accept the null hypothesis. All 5 lags had non significant coefficients.
¥here some lags were non significant, this is denoted by the notation nn-
pn i.e. 12-45 means that all lags except lag 3 were significant.

Alpha significance level adopted = ©.05.
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Table 4.9: Statistical assumptions matrix for Free Speeds
2 lane roads only

Main effects Normality Auto
correlation

1. ALL vehicles
1.1 ALL vehicles s s

2. ARTICULATED vehicles

Within State

2.31 HsSW 5 s
2.32 VIC - 1-3--
2.33 QLD [ 1-34-
2.34 WA s 1-——-
2.35 SA ] -
2.36 TAS ] 12-45
2.37 ACT - --3--
3. CARS
¥ithin State
3.31 NSW - s
3.32 VIC s s
3.33 QLD - -
3.34 WA s s
3.35 sA S s
3.36 TAS - 12-45
3.37 ACT - -
Notes:
{1) notation for significance 1levels: s = significant, reject null
hypothesis. All 5 lags had significant coefficients. - = non significant,

accept the null hypothesis. All 5 lags had non significant coefficients.
Where some lags were non significant, this is denoted by the notation nn-
nn i.e. 12-45 means that all lags except lag 3 were significant.

Alpha significance level adopted = @.95.
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Table 4.1¢: Statistical tests matrix for Free Speeds

1.

Overall effects

Main effects
Variables

ALL roads

2
r

lane
oads

1.1
1.2 Stage

1.3 Vehicle type
1.4 Speed meter

. ARTICULATED vehicles

Main effects
Variables

2.1 State
2.2 Stage

Within State effects

2.31 NSW
2.32 VIC
2.33 QLD
2.34 WA

2.35 sA

2.36 TAS
2.37 ACT

. CARS

Main effects
Variables

3.1 State
3.2 sStage

Within State effects

3.31 NSW
3.32 VIC
3.33 QLD
3.34 WA
3.35 SA
3.36 TAS
3.37 ACT

Notes:

(1}

potation for significance levels:

B wvunt

P oow &m

L B

Il T v ia v W

w |

significant, reject null

hypothesis, - = non significant, accept the null hypothesis.

Alpha significance level adopted = ©.95.

{2) Within State effects denotes a oneway anova
test) of Speed by Stage within the designated State.
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riot 4.5. Articulated — Free speeds — 2 lane only

110Mecm free speeds (kph) of Articulated vehicles by study stage
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pioe a.6: CARS — Free speeds — 2 lane only

110 Mean free speeds (kph) of CARS by study stage
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Piota.9. Articulated — %Z > 100 kph = 2 lane only

% of articulated vehicles with mean free speeds > 100 kph by stage
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Table 4.11 CAR platoons by Speed category and platoon length - 2 lane roads

Before survey - October 1986

Speed Platoon length

category ) 1 2 3 'y = 5 Total
{= 8@ kph 229 27 21 16 1@ 12 315
B1-98 kph 489 69 29 22 16 19 644
91-182 kph 1182 113 49 22 11 9 1326
101-112 kph 1393 110 20 11 4 3 1541
’= 118 kph 1143 &9 13 Iy 1 e 1218
Total 4356 388 132 75 42 43 5036

1st After survey - April 1987

{= 8@ kph 13 bd 43 18 7 20 486
81-99 kph 798 140 &6 33 18 14 979
91-10@ kph 1251 195 55 24 3 9 1537
101-110 kph 1457 114 23 7 2 ? 1603
)= 118 kph 1385 55 1@ 1 ? 2 1371
Total 5Q55 568 197 83 3@ 43 5976
2nd After survey - October 1987
{= 89 kph 441 117 48 17 20 29 672
81-99 kph 974 211 83 &6 17 22 1353
91-18@ koh 1428 209 53 25 5 8 1719
101-110 kph 1783 119 28 9 2 2 1861
)= 118 kph 1358 8 8 [ i 1 14@2
Total 58%6 685 220 191 43 62 7007
Note:

(1) Speed category reters to the speed (kph] of the platoon
lead vehicle,
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Tabie 4. 12 ARTICULATED platoons by Speed category and platoon length - 2 lane roag:

Betore survey ~ October 1586

Speed Platoon length
category ? 1 2 3 4 =5 Total
{= 80 kph 419 b 23 22 8 17 552
81-99 kph 689 186 39 18 7 15 874
91-100 kp 618 74 16 11 8 8 735
191-118 & 299 28 5 2 @ 3 337
y= 110 kp 126 13 3 @ 5} @ 152
Total 2161 285 86 53 23 43 2651
1st After survey - April 1987
(= 80 kph 163 28 14 7 ) 1@ 228
81-98 kph 564 97 a9 12 8 7 727
91-10@ kp 585 30 27 g 3 3 787
181-110@ k 311 45 7 2 2 "] 367
= 119 kp 138 i3 K] 2 1 2] 147
Total 1753 263 90 38 20 20 2176
2nd After survey - October 1987
{= 8@ kph 115 21 16 4 3 9 168
81-98 kph 546 61 24 12 8 8 659
91-10@ kp 692 73 28 7 2 2 8@z
101-118 k 420 28 19 4 1 ] 463
)= 110 kp 167 14 3 @ "} ] 184
Total 1950 197 81 27 14 17 2276
Note:

{1) Speed category refers to the speed (kph} of the platoon
lead vehicle.
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—+— Bafore

CAR speeds by Time of Day

Mean free speeds by time of day by study stage
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Number of platoons

piot 4.13: Platoons led by a CAR
Platoon length in the Before Study — 2 lane roads only
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Platoon length in the Before Study — 2 lane roads only
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riot a.15. Platoons led by a CAR
Platoon length in the 2nd After Study — 2 lane roads only
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