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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. 
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. 

Mean free speds were used to gauge whether 
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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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ABBREVIATIOMS and DEFINITIONS 
. ~~ .~ ~ ~~ ~~ ~~ ~~~~~~ 

~~ ~ ~~ 

ABS Australian Bureau of Statistics. 

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

ACRUPTC The Advisory Committee on Road User Performance and 
Traffic Codes. 

ACT Australian Capital Territory, the Australian Federal 
Capital Territory. 

ADR Australian Design Rule - standards for vehicle design. 
Amphometer A speed measurement device used in NSU. 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. 

ANOVA The parametric statistical testing procedure called 
Analysis of Variance. 

ARRB Australian Road Research Board. 

Artic Articulated vehicle or Semi-trailered vehicle. 

ATAC Australian Transport Advisory Council. 

Auto correlation 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 Lt=l) term. 

Automatic counter 
or classifier 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 
looaer. The loops have an oscillating radio frequency 
signal feed to them by the data logger. A vehicle 
passing over the loops disturbs the static magnetic 
field set up by the loops and is thus counted and its 
speed measured. 

Bias 

BUS 

Car towing 

Car 

The bias B of a point estimator t of the population 
parameter T is given by B = ELt) - T where Elt) 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 

cusum 

DOT 

Entity set 

FORS 

Free speeds 

HCV 

Heavy vehicles 

Infra-red liuht 
beams 

kph or km/h 

K-S 

K-Y 

Lvan 

Motorcycle 

mph 

NAASRA 

NMDS 

Normal 6 Gamma 
distributions 

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

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

Federal department of Transport - now Transport and 
Communications. 

The name a database is given in the extended relational 
data model used by ZIH. 

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

The speed of a vehicle in the traffic stream as measured 
by either a radar gun. amphorneter or infra-red beam. A 
free speed is one where the vehicle is at least 4 
seconds behind the precedinu 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 Yestern Australia. It 
consists of two beams of invisible 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. 

Kolmogorov-Smirnov one sample test of goodness of fit. 

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

A light van i.e. Toyota Aiace. 

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

a measare of velocity in miles per hour. 

National Association of kttstralian 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 

NSY 

ORS 

Prthv 

Platoon 

mathematical attributes which are useful in traffic 
research. 

National Road Freight Industry Inquiry. 

New South Wales. the Australian State. 

Officp 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 is 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 members 
because they are within 4 seconds of another vehicle. 

0 flow weiahts Weiohts for stage 2 (1st after) which are computed by . 
dividing the total traffic flow rate (in vehicles per 
hour) for stape 2 by the corresponding flow rates at the 
same site in stage 1 (Before stage). Thus these weights 
take into account not only the total volume of traffic, 
but the lenpth of the recording session which varied 
between study staaes. 

Q-flow rate 

QLD 

Radar 

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

Oireensland, the Australian State. 

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

Raw weights Within each stage, the total traffic volume divided by 
the samnle traffic volume. 

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

RTA Victorian Road Traffic Authority. 

SA South Australia. the Australian State. 

SAA Standards Association of Australia. 

Sample traffic 
volume Of the total traffic volume at a site only a certain 

fraction is sampled. These vehicles become the sample 
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traffic volume. 

SAS Statistical Analysis System. The other statistics 
packaoe used for data analysis. 

Space speeds 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. 

Speed window The speed window is the degree of overlap between the 
minimum and maximum speeds for cars and articulated 
vehicles. 

Saeed disuersion Oriqinally. this term referred to the speed difference 
between trucks and cars. I prefer to rename this term 
"Speed Differential" so as not to confuse it with the 
statistical term "speed dispersion" referring to the 
variance of speed measurements. 

Saeed 
differential 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 carriageways) only. 

Spot speeds Speeds of vehicles measured at one location or spot over 
long periods. typically with a radar gun. All free 
speeds in this report are spot speeds. 

SPSS Statistiral Packaoe for the Social Sciences - the 
computer program used in the analysis of the data. 

Study staop Staae 1 - the before survey. October-December 1986. 
Staae 2 - the 1st after survey. March-April 1987. Stage 
3 - the 2nd after survey in September-October 1987. 

TP, or TARU Traffic Authority or Traffic Accident Research Unit of 
New South Wales. 

TAS Tasmania. 

Total traffic 
vnl lime The total volume of traffic which passed a recording 

site in a specified stream direction. 

Trirck A Rigid truck as distinct from an Articulated vehicle. 

Un-weiohted 
results The statistical analysis has been performed on the raw 

data without any weightina applied. 

VHSOSS Victorian Heavy Speed and Operational Safety Study 

VIC Victoria, the Australian State. 

YA Western Australia. the Australian Stat.e. 

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

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

This study began at the June 1986 meeting of the Australian Transport 
Advisory Council (ATAC). At that meeting it was resolved to increase truck 
speed limits from 80 kmlh to 90 kmlh on 1 January 1987. This would occur 
in all States and Territories except for the Northern Territory (no speed 
limit). Queensland which already had a speed limit of 90 km/h and Western 
Australia which increased its limit from 90 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 limits on rural roads from 80 km/h to 90 kmlh 
which occurred on 1 January 1987. These aspects included truck speeds, 
platooninq 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 on the outcome of the three stage study, a recommendation would 
ao to ATAC to increase truck speeds further from 90 to 100 kmlh 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 collection with 
each of the participating States and pass the data onto the consultant. 

The States would also be asked to provide a dump 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 bp the Srief 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 November for inclusion into the 
ATAC briefing in December 1987. 

This report has become a sizable and significant document on the subject 
of truck free speeds. It has been designed to be a reference document 
which would allow 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 (NHDS) and full documentation for its use is 
included in this report. 
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TT. REVIEW OF THE LITERATURE 

"Truck an d  bus speed limits on rural roads". Loong, Budd & Quayle (June 
1985) for FORS (Working Document YD83) has certainly shaped the current 
stndv. This particular paper is based on a number of previous works. 
These were: 

* the 1978 Victorian Heavv Sueed and Operational Safety Study (VASOSS). 
the 1984 National Road Freight Industry Inquiry (NRFII). 

* the Introduction of Australian Design Rules (i.e. ADR's) 35 and 38. 
* the 1983 Rural Speed Survey conducted for the Advisory Committee on 
Road %er Performance and Traffic Codes (ACRUPTCI. 

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

1. L,oonq et al. noted. based on the 1983 free speed survey, that the 
speed limit compliance was very low for trucks and buses on all 
tvues 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 fiaures below the 90 kmlh speed 
l i m i t  at the time. 

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

In relation to crash rates. the conclusions drawn from the National Road 
Freiaht Industry Inquiry (NFRIII based on the 1981 Fatal Accident File 
available from FORS siiagested the followinn: 

1. There are considerably hiaher 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 waaons. 

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

4. Lastly. for all crashes, the crash rate for articulated trucks is 
a little IJnder half of that for cars and station wagons. 
Undoubtedly higher speed will increase crash severity but work 
done bv the Traffic Accident Research Unit of New South Wales 
ITARU) indicates that there may be a threshold speed level beyond 
which survivability is not affected. 

The work of Solomon (1964) and the ROSTA 11978) study indicates that on 
primary rural roads crash occurrence uotential can be reduced if truck and 
car speeds are brought closer together. 

This leads to the concept of speed dispersion. which I have termed speed 
differential. The FORS submission to the National Road Freight Inquiry 
(NRFIII recommended the abolition of differential speed limits and the 
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jmplementation of 100 kmlh speed limits for trucks. 

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

"It is concluded that differential s eed limits for trucks and buses 
oueratina on rural roads shou!d !e eliminated. On the basis of 
ohserved speeds and industry opinion a speed,, limit of 100 kmlh for 
trucks and buses on rural roads is indicated. 

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

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 

Reducina sueed differentials to minimise overtaking. 
The possibility of crash occurrence. 
Crash severity. 
Speed limit compliance and enforcement. 
The brakinq standard for truck and trailer as compared to the new 
ADRs. 
Industry oninion. 
The road environment. 
Cost benefit evaluation. 

One point that they did note was that: 

"It aDpears that the benefits of an overall reduction of speed 
by these additional 

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

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

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

The first point made about mean speeds and speed dispersions is that the 
1978 study (Callaghan. 1978) indicated that the difference in statewide 
mean speeds of cars and trucks was between 11.5 and 19.5 km/h. By 
contrast this differential had reduced to between 9 and 18 km/h in the 
1983 study. The authors put this down to generally hiaher truck speeds in 
1983. 

A uoint that needs to be made here is that the definition of the speed 
differential as "speed dispersion" is the difference between the mean 
sueeds of cars and trucks in contrast to the concept that I will be usinq 
in this naper. Speed differentials are the individual speed differences 
between serial seouential pairs of vehicles. 

The other important point that is made here is the question of compliance. 
AS Callaohan pointed out in 1978. over 50 uer cent of the heavy vehicles 
exceeded 80 kmlh and almost 50 per cent of cars exceeded 108 kmlh (the 

diqnersion may be offs$t by the disbenefits caused 
overtqkina manoeiivres. 

... 

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 hiqher dearee of conpliance by car drivers with more than 40 per cent of 
cars exceeding the speed limit (divided highways in NSY & QLD) . There was 
a reasonable level of compliance to truck speed limits in Queensland with 
only 20 per cent exceeding 90 kmlh on undivided highways and 37 per cent 
on divided highways. For other States however the proportion of trucks 
exceeding 80 kalh ranqed from 53 to 85 per cent. 

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

"The.1983 speed survey indicates that truck drivers by their 
massive non-comDliance 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 accomanied bv a Duhlic 

A problem with both the Callaahan paper of 1978 and also this review paper 
from FORS is that no sample sizes are quoted.2 

The conclusions of this paper (Callaghan. 1978) were that there was a 
relative lack of compliance with speed limits 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 

For the Callaahan study (1978). appendix B1 on page 30 in New 
South Wales 16 sites were observed and the sample sizes range from as 
small as about 51 through to a maximum of 496. It appears that the sample 
sizes were about 3,500 to 4.080 vehicles per State. The states sampled 
were NSY. VIC, QLD and SA. 

In the Loona h Budd study and also the ACV surveys in 1983 (ROSTA, 1983) 
there is no indication in either paper of the sizes of the vehicle samples 
taken. There is an indication in the Loonq & Budd paper about the number 
of sites surveyed - that is to be found in Appendix A 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 Callaphan study which quotes sample sizes. These 
sample sizes were: 

New South Wales 5,516 
Victoria unknown 
Queensland 9.086 
South Australia 6.884 
Western Australia 2,00a 
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 seen to have set the 
qround rules for all subsequent surveys. 
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have higher standard deviations than those for HCVs. Callaghan noted that 
the free speed distributions tended to be normal. 

Callaghan findings included: 

1. that 50 per cent of heavy commercial vehicles exceed the 80 km/h 
speed limit and almost 50 per cent of cars exceed the 100 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 k d 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 landnark stud? of ECV speeds. 

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

The cities covered were Sydney, Welbourne, Brisbane, Adelaide, Perth and 
Bobart and tbe Australian Capital Territory. The guidelines for the 
survey called for free speeds to be measured on level straight roads (dry 
pavements) on weekdays between 0800 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 variety 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 avera es would differ,marke$y 
for cars because the sample sizes are large an! generally consistent . 

One of the main conclusions Cowley reached, highlighted in Table 4 
(Cowley, 1980) was that the 85th percentile speeds range from 67 to 14 
km/h and that 55 per cent of cars in Australian capital cities exceeded 
the posted urban speed limits. Also the speed means ranged from 60 to 80 
km/h and the 85th percentile ranged from 70 to 90 km/h depending on the 
particular road type. The proportion of vehicles exceeding the speed 
limit ranged from 30 to 40 per cent for freeways and speed zoned arterials 
and up 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 limit. Truck speed compliance across Australia was more 
consistent than for cars. 

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

Thus like Callaghan in 1978, Cowley reported unweighted simple 
averages. 
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trucks in Australian cities: 

"tend to be high in comparison with the osted s eed limits on arterial 
and non-arterial roads subject to genera! 60 km/g speed limits". 

The free speed characteristics 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 same feature. 

As far as speed differentials are concerned, Cowley noted in Table 4 that 
rigid trucks were in general somewhere between 0 and 15 km/h slower than 
cars. 

J.E.Cowley was responsible for another paper titled "A Review of Rural 
Speed Limits in Australia" published in January 1980. 

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 limits for Australia 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 90 km/h limit for the first three i.e. heavy trucks, 
omnibuses and vehicles towing, and no differential limit for motorcycles 
with passengers. The 90 km/h differential limit is conditional upon the 
110 km/h speed limit for general traffic being implemented. €le also 
concludes that there is substantial evidence supporting the differential 
90 km/h limit for heavy vehicles even when there is 100 to 110 km/h 
general speed limit in place. 

The main thrust of Cowley's report was to examine past and present rural 
speed linit 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 because of the different reporting criteria used 
especially with casualty information. Thus the only practical method is 
to compare fatality rates. 

Cowley 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 stream. This has the effect of primary safety as the risk 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. 

Cavin Maisey's paper "The Effect of Increasing the Speed Limit and 

6 



Associated Penalties for Heavy Vehicles on the Eyre Highway" (Maisey, 
1983) has substantially influenced the Dresent study. It has also provided 
valuable longitudinal data for calibratina this present study. 

Haisev's study is 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 Eyre Highway, recorded over three survey periods. The first period 
was nine months prior to a chanae in the legislation and then six months 
and eight months after the chanae. 

The legislative change increased the speed limit for heavy vehicles 
travellino alnna the Eyre Hiahway in Vestern Australia from 80 km/h to 90 
kmlh on 1 February 1983. 

The major finding of this study was that the uroportinn of heavy vehicles 
exceedina 90 kmlh decreased from 80 per cent in the before study to 73 per 
cent in the first after droppinq to the final 67 per cent in the second 
after study. Also the percentage of articulated vehicles travelling 
faster than 118 km/h fell from 21 per cent to 7 per cent and then returned 
to 13 per rent (see plot 5.2). 

An interestina point made hy Maisey is that the free speeds of cars should 
be used as a control to calibrate the changes in truck speeds. Thus the 
o w n  speed limit of 110 kmlh for cars and motorcycles remain unchanaed 
across the study ueriod. Haisey observed very little change in the cat 
speeds hetwren the before and the two after periods. 
An imDortant definition which Uaisey adopted was that semi-trailers 
(articulated vehicles) were used as an indicator of heavy vehicle speeds 
in general. Very few riaid trucks were observed in his Study. 

Ha1sr.v maintains that there were no Iona term t.rends. either increasing or 
decreasina. leadina UD to the chanae in legislation which uould have 
.affected the results. 

The unobtrusive mrthnd that Maisey used to measure free speeds consisted 
of infra-red liuht beans with the detectors some 3 t~ 4 metres from the 
road and fipld officers some 100m from the road. 
Majsev maintained that monitoring of CB communications suggested that very 
few drivers a t  all were aware that the speed survevs were beinq conducted. 
Haisey cites a paper bv Johnston & Fraser. 1983, which found that visible 
diaital detectors did not influence driver- soeed heha'Jiour. 

The resvlts of the Maisey study uere: 

1. The prnoortion of vehicles exceedino 90 kmlh decreased following the 
chanae in leuislation. This decrease went from 80 per cent of vehicles 
trnvelli.na faster t.han 90 kmlh to 73 per rent on the first after to 67 
oer cent on the second after. 

2. The mean speeds fell approximately 2 km/h and 4 km/h from 100 km/h 
rernrded in the before stvdy. 

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

4. Day/niaht effects: Maisey found that the speeds of semi-trailers 
were much hioher at niaht than dririna the dav-time. Most of the 
decrease i n  semi-trailer speeds in the two after periods was observed 
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during the night-tine hours. In the before period, 39 per cent of 
semi-trailers at niqht were observed at speeds exceedino 110 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-trailers exceeding llB kmlh in the first after period was 
statistically significant when compared with cars and motorcycles. 

5. Vehicle direction effects: ilaisey 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 128 kmlh and 106 k d h  for eastward bound 
vehicles. 

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

Haisey concluded that there was no substantial increase in the number of 
semi-trailers or other motor vehicles involved in reported crashes in 1983 
compared with previous years. Thus. there did not seem to be any neoative 
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." 
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111. Methodology 

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

The legislation increased the speed limit for all HCV from 80 kmlh to 90 
kmlh on rural roads. This occurred in each of the seven States in the 
study (see Table 3.1) with the exception of QLD and YA. QLD had no speed 
limit chanae and the speed limit remained a t  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 90 km/h to 100 kmlh only on the Eyre highway from 1 
Januarv 1981 for articulated vehicles only. 

The before study occurred during October-December. 1986. Tables A1 - A 3  
(Appendix A) describe the sites in detail. 

The first after survey occurred in Harch-ADril 1981 (see Tables A4 - A6. 
App. A) and the second after survey took place in September-October 1987 
(see Tables AI - 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 sDeeds include 
radar speedquns (all States except NSU & YA). amphometers fNSU) and infra- 
red light beams (YAI. The question of recordina hias induced by the use nf 
these instruments is discussed in Appendix I. 

Site selection was determined in consultation with each State. 0nl.y rural 
roads were selected and as all States had existing speed monitoring sites 
on these roads. a selection of these was used in the study. The sites 
chosen were straioht level stretches of rural main roads or freeways. 

111.1. Data Collection procedures 

The data collection was rarried out by each State's existin0 field teams 
usino a form devised by FORS fsee Appendix D). This form was a copy of the 
NSY form. 

The data collected was of two tvoes. Firstly. a header sheet was completed 
for each recording session and described the site. its location, time and 
date of the session, site characteristics (road type, surface etcl and 
weather conditions. A separate tally 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 traffir volume. Thus the vehicle type. its free speed. the 
time of recording, direction of travel and platoon 1en.rt' behind it. if 
any. were recorded for each vehicle sampled. 

Survey sessions consisted of a minimum of 4 hours in duration at times 
selected by the States. A rigorous time samplina strateqy was not used to 
address the issue of time of recording bias. FORS had specified the three 
time periods 16am - 6pm. 6pm - 12um. 12am - 6aml and the days Saturday. 
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Tuesday and one other day.' 

Traffic streams were aenerally 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 
number of field team recordinq sessions in NSU and the ACT. These 
suqgested that more work needs to be done to reduce the recording noise 
entering the data at this staae. Overall, the field teams were experienced 
teams used by each State on a reaular basis. 

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

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

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

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

The issue of bias indliced by the presence or absence of radar is discussed 
jn detail in Appendix I. The evidence sugaests that the use of a speed 
rerordina device which is also a police speed detection device does 
significantly . ffect driver behaviour. 

A related ~ S S I I P  is whpther automatic counter data is a valid and reliable 
method for collection of free speed data. Appendix I examines this 
issue and finds these devices wantina. 

TII.l.a.1. Site descriptions - site characteristics 
The site description documentation is contained in Tables A1 throuah A9 in 
ADoendix 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 nf the reason for includina these Tables is to illustrate the variety 
from State to State of times in which the free speeds were recorded. 
Probably the most consistent set was in Western Australia where all the 
sites were under 24 hour surveillance. 

4 This lack of riaour became apparent when the sample fractions by 
State and vehicle type are examined (table 1.1). If the sampling regime 
was at all systematic then the sample fractions by vehicle type should be 
equal, 
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Tables A2, A5, A8 contain information describing the road characteristics 
of each site. Tables A3, A6, A9 contain more details concerning the 
environmental aspects of each site. 

III.l.a.2. Site descriptions - Traffic volumes 

Tables B1 through 83 (Appendix B) contain a complete list of the total 
traffic volumes observed at all the study sites broken down by vehicle 
type for each of the stages. Thus looking at Table 81 for the first 
location (site 1001, New South Wales site number 1) we see that the speed 
recordings were carried out on 21.10.1986. The recording session started 
at 0280 hours and was completed at 0600 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 86 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. 1001 once more with the its sample 
volumes (Table 84) we see that from the total traffic volume of 130 
vehicles which passed this site between 0200 and 0600 on the 25.16.1986, 
81 were sampled. 

Of those 81 vehicles sampled there were (Table 84): 42 cars, 23 
articulated, 7 trucks, 1 bus, 2 cars towing, no motorcycles and 6 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 81) yet two vehicles were sampled (Table B4). Similarly, the total 
traffic volume for light vans was none, yet there were 6 light vans 
samp1ed.J The quality of the total traffic volume information reported on 
the header sheets is questionable. This is an unfortunate consequence of 
the lack of tight and consistent survey control. 

1II.l.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 occurred at three levels - 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) 

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 Harch/Hay 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 samling methodology for this study 
was not is probably biased towards over sampling 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. 

rigorous and 

1. The sample volumes were 27,199 in the before survey dropping to 
24,451 in 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 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 
sampled 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 05 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 reassuring. 

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. If anything the consistency 
which has 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 measure 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 80 
per cent down to 73 per cent and then up to 79 per cent across the 
'three study 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 5 per cent. 
5. ECV 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 111.3.). Sections IV.2.e and IV.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 

field staffs 
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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 question of how were the individual vehicle 
types sampled compared to each of the other States. Table 3.2 lists the 
sampling 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 
sampled in UA €or 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 
sugaests 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 3.21. 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 
year). 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.6 

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

If a particular vehicle type, such as a truck was more likely to be on the 
road at a particular time of day (such as between 1700 and 2200 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 Z axis was the number of sessions. 

Thus 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 sample traffic volumes were equal 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 13 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 sample is 
representative 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. 

1II.l.c. Speed recording methods 

The followina section outlines the methods that each State used to record 
free soeeds. Some States did not Drovide this detailed information. 

A. Western Australia 

Heasurino device: 
Two infra-red lioht beams were used to detect vehicle speeds. they 
were linked to a Diqitector speed recording instrument. 

Two devices with infra-red liqht 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 180 metres of cable 
so that the observers were well obscured by surrounding 
vegetation. 

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

tlonitorinq 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 fron the survey sites. 

site selection: 
The sites selected were flat straight open road, 118 km/h maximum 
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. 

neasuring Device: 
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An amphorneter which consisted of two air tubes connected to KRll 
transducer counting unit. The spacing between the tubes was 15 
metres. Some sites used different equipment with tube spacings of 
5 metres. Two people 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 waqon 
and was a hire car with Queensland plates. 

Visibility of the surveys: 
The field team parked well back from the road so 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. 

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

C. Australian Capital Territory 

Saeed Heasuring Device: 
A radar speed gun with the brand name “Speedgun“ manufactured by 
CIII 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 undertake 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 monitor 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. 
Haiura 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 200 metres. They used 
the K-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- 
standard car (not an official car) e.g. Hitsubishi Colt 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 transmissions 
indicted that drivers were aware of the survey vehicle. 

Site Selection: 
Mine 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. 

111.2. Database manipulation procedures 
~ ~ ~ ~~~~ ~~ ~. . ~.~~ ~~ . ~. - 

Appendix E, Tables E.l 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 used to manipulate the truck speed data was the 
extended relational model, sometimes called the entity relational model, 
which is used by the database package ZIM. 

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 TRKlA. 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 
TRKlB which contains all the total traffic volumes for all the 
corresponding sites in the database TRKlA. This database also contains 
all the computed means, all the computed traffic flows and all the 
computed sample volumes. 

The main free speed entity set is called BFSP and contains the information 
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 also what sort of platooning occurred 
behind it. 

A link function LIRKlB and LINKlA were used to join the entity 
to BFSP and TRKlA to BPSP. 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 
make sure that the data punched was correct. It also required a 160% 
verification of the header sheets themselves to double check all the 
directional information on the total and sample volumes. Also 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 TRKlA and 
TRKIB. The relationship used to link the two parts of the header sheets 
were match 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, 

sets TRKIB 
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by site. This entailed a link - LINKlB - between TRKlB and the free speed 
data BFSP. LINKlB 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 WA1. 

Phase three created the matched Q-flow weights based on a 
and AFSPl via the relationship QLINK12. 

Finally, phase four output the linked header sheet information via LINKlA 
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 111. 

linkage of BFSP 

111.3 Weighting Functions 

The original specification for the truck speed study included the 
collection of total traffic volumes passing the survey site during the 
sample period. 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 
whatever, then by applying a weight the observed sample volumes could be 
adjusted accordingly. 

Appendix C contains a detailed account of the weighting procedures 
examined. The nett result of this examination was that ALL,re&ts 
reported in this, report are UN-WEIGHTED. 
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Table 3.1 Total M b e r  01 Vehicle Free Speeds w v e r e d  
bi State, Study s t w e  and Vehicle tyw 

I 01 
STATE sites 

w 12 
VIC 9 
OLD 10 
UA 7 
SA 9 
TAS 2 
ACT 2 

Total m D k  51 
Total voltme 
Wliw fractiwl 

%IRE SIZES 

Cerr c s r  Rotw BUKS Lldlt 
twiw cycles vans 

2859 97 U 80 393 
19% 115 13 198 92 
h867 162 66 95 276 
1888 264 22 55 73 
28u 61 

8 
2266 68 27 3A 133 

16549 786 181 523 967 
AA623 343 482 661 2032 
37.5t 37.6% 78.8% A7.61; 

Rigid 
Trucks 

208 
776 
571 
1h7 
227 
179 
263 

ZL31 
2996 
81.1% 

Artic 
trucks 

186.3 
2595 
533 
614 
68 1 
1h2 
116 

57&2 
7161 
80.4% 

TOTAL 
-le 

is33 
5735 
6558 
3863 
3804 
329 
2085 

27199 
58081 
06.01 

Total %role 
volune traction 

10958 AA.l% 
23883 26.9% 
12826 51.1% 

5263 72.3% 
329 100.0t 

32h0 89.9% 

58081 66.8% 

3063 1w.m 

FIRST KTER -I. Wil 1987 

8 01 
STATE sites 

HSY 12 
VIC 9 
ao 10 
UA 7 
Y 9 
TIS 2 
ACT 2 

Total -10 51 
Total Mlma 

r m t i m  

Csrs 

2A16 
951 
ua2 
283# 
27M 
961 
rn 
15787 
39946 
39.5% 

M E  SIZES 

C r r  btw Buses Limt 
t w t w  cvc1es VWl9 

66 68 67 367 
88 15 140 80 
153 E6 89 268 
2s A? 35 M 
216 27 58 18 
32 A 1A 36 
A9 39 25 161 

a x  m 428 916 

~ . o t  66.n 79.n 60.2% 
158E 545 537 2276 

Rigid 
Trucks 

255 
391 
582 
158 
264 
99 
176 

1825 
2517 
72.5% 

Artic 
trucks 

1023 
lhA5 
626 
647 
670 
88 
112 

6481 
5w3 
73.8% 

TOTAL 
SmDle 

4214 
3110 
b06b 
3195 
6953 
1227 
25-98 

Zdh5l 
53332 
A5.8t 

Total Sapk 
volume traction 

12756 33.0% 
1 m 0  22.5% 
12654 h7.9x 
3193 1W.m 
5685 71.3% 
1227 1W.m 
h187 61.81 

53332 45.8% 
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.___.____-_.__...._.-~-.~~.---~-~ 

SECOND 4FTER sur’ier. October 1587 
___.______..________~~--.------.. 

SMPLE SIZES 

X of Cars Cars Motor Buses Light Rigid 4rtic TOTAL .Total SsmPle 
STATE sites twing cvcies vans Trucks trucks s a p l c  volume fraticn 

NSW 
VIC 
OLD 
UA 
?A 
TA5 
ACT 

12 2353 67 SB 61 290 266 1141 4206 12769 33.m 

9 has6 153 57 127 226 $46 682 6375 12957 69.2% 

9 2616 294 31 62 75 24% 661 3979 573% 69.6% 
2 1625 LLI 4 21 63 111 127 1995 19% 1m.8t 
2 2360 a 7  ?Q 26 118 117 112 2816 a019 70.1% 

9 910 133 15 96 126 319 1287 2886 1288s 26.m 

6 2122 325 h 1  5a 75 193 786 3598 3598 1w.m 

Notes: 
1 )  ndny sites had m w e  then c w  recordiw session. The total 
number of rec3rdings were: 

Staoe m b e r  
1 96 
2 72 
3 70 

2) There are 6 missiw cases in Stage 3. 

i6i Results reported above are un weighted. 
I51 Stage 1, cartov total traffic volume is incorrect 
a: SWPlied. No exDlaination avsilablc. 
[6] Stages I.? & 3, total volumes for UA end 145 are presumed to eaual 
sample volume. 

131 Free SDeedS - 0 vehicle to vehicle gap Of at least 6 SCCS 
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___--_--____________------- 
BEFORE swvey, October 1986 _--_______________--------- 

STATE 

NSU 
VIC 
QLD 
tu 
SA 
TA5 
ACT 

Total sample 
Total volume 

Cars 

59.2% 
36.1% 
74.0% 
61.6% 
76.5% 
.0t 

78.5% 

61.2% 
76.5% 

Car3 
towing 

2.0% 
2.0% 
2.5% 
a. 6% 
.O% 
.O? 
2.4% 

2.6% 
. 6% 

t or RW TOTAL SOUOIC 

tbtor bscs Light Rigid 
cycles vans Trucks 

1.1% 1.7% 8.1% 6.0% 
.2% 3.3% 1.6% 13.5% 
1.0% 1.5% 6.2: 8.7% 
.7a 1.8% 2.6% 6.8% 
.0% 1.6% .O% 6.0% 
.01 2.6% .O% 56.6% 
.9% 1.2% 6.6% 8.4% 

.7% 1.9% 3.6% 8.9% 

.8% 1.1% 3.5% 5.2% 

FIRST AFTER survei, ADril 1987 

STATE 

Hsu 
VIC 
OLD 
w 
SA 
TAS 
ACT 

Total sample 
Total volme 

cars 

57.3% 
30.6% 
75.9% 
63.3% 
68.8% 

79.1% 

66.6% 
76.- 

78.6% 

cars 
twiw 

1.6% 
2.8% 
2.5% 
7.6% 
6.1% 
2.6% 
1.9% 

3.6% 
3.0% 

% of R w  TOTAL SMlDle 

Motor Buses Licht Rigid 
cycles vans Trucks 

.9% 1.6% 8.2% 6.1% 

.5% 6.5% 2.6% 12.6% 

.9% 1.5% 6.0% 8.3% 
1.3% 1.1% 1.8% 6.9% 
.7% 1.6% ,6% 6.0% 
.3% 1.1% 2.8% 8.1% 
1.5% 1.0% 5.6% 6.8% 

.9t 1.8% 3.7% 7.5% 

.9% 1.8% 6.3% 4.R 

Artic 
trucks 

22.0% 
65.2% 
8.1% 
20.0% 
17.9% 
63.2% 
6.0% 

21.1% 
12.3% 

Artic 
trucks 

26.3% 
66.5% 
7.0% 
a. 3% 
16.- 
6.5% 
A.3% 

18.0% 
11.2 

TOTAL 
SsplDle 

6833 
5735 
6550 
3863 
3806 
329 
2885 

58881 
27199 

TOTAL 
sawle 

6216 
3110 
6066 
3193 
6053 
1227 
25% 

26651 
53332 
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SECOND AFTER survey. October 1987 
--------________-___----..--.---- 

STATE 

NUI 
VIC 
MD 
UA 
SA 
TAS 
ACT 

Total SwDle 
Total v o l w  

cars 

55.9% 
31.6% 
76.6% 
59.0% 
65.7% 

84.1% 

65.3% 
75. 6% 

8i.5a 

Cars 
toving 

1.6% 
6.6% 
2.L: 
9.0% 
7.4% 
2.2% 
1.7% 

6. ia 
3.3% 

% of Row TOTAL sample 

Motor 
cycles 

.7% 

.5% 

.9% 
1.1: 
.8% 
.2: 

1.0% 

.a% 

. a% 

Buses 

1.5% 
3.3% 
2.0% 
1.6% 
1.6% 
1.1% 
.9% 

1.7% 
1.0% 

Light 
vans 

6.9% 
4.3% 
3.5% 
2.1% 
1.9: 

4.2% 

3.8: 
I. 1% 

3.2% 

Notes: 
( 1 1  % or Row totals disDlaved above have been c w u t e d  using 
the Total samle (Row total1 as the denominator. 
Exaple. Cars, Hsu. Stage 1: 59.2% = 100 ' 285916835. 
(21 'Motor Vehlcle registrations in Australia', AB5 publication 
I 9304.8. For Uestren Australia. the nunber of registrations 
are listed belcu. 

% Of 
N total 

cas 746008 86.1% 
M t o r  CYC 36288 6.2% 
Buses 6088 .7% 
Rigid trucks 65988 7.6% 
Artic trucks 6700 .5% 
Other trucks 7688 .9% - ______ 

866688 
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1st 2nd 
A f t e r  A f t e r  

12 1 1  
15 13 
18 17 
ie 17 
6 6 
L 10 
7 h 

1 1  '9 
1 7 10 
li I0 
1 :, 

1 1  10 
11 1 3  
1 1  1 E. 
:I 1 -  

12 
6 10 
6 6 
19 l? 
23 26 

26 L 3 
33 2 3 
L 5 
L 5 
6 5 

7 

? 

Not.?: 
( 1  i :.?s.si?ns are nct c@ntiauous on any one day. 
The.' sr-e 513re3d ov?r s time Period Clf IuPto 1. 5. months 
.. ~j+ir:t-8,3 e3ih :.tudv stage. 
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30 + Before 

-e- 1st After 
-n- 2nd Attar 25 
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15 

10 

5- 

0 

23 



IV. ANALYSIS and RESULTS 

IV.l. Issues examined 

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

a. 

b. 

C. 

d. 

e. 

f. 

9. 

Any effects of leqislation. ** 

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

Speed differential. ** 

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

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 appropriate 
weighting systems that should be used? 

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 classifier 
argument from Victoria. 

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 ?. 

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. 

Speed vs Other Studies. ** 

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

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

h. Day of the Week. 

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. 

i. Overtaking rates. ** 

Examine and 
from the speed differential data available in the data. 

if possible extend the work done on overtaking rates 

IV.1.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 SAS GLH function. 

b. 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 homogeneous. 

c. 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. 

d. 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. 

e. 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 auto correlation in the 
free speed data. The auto correlations coefficients were 0.15 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 Hew South Wales. This is 
fairly typical of correlation 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. A l l  the speed distributions were found to contain significant levels of 
auto correlation. Thus the error terms were not independent. 

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

Thus we concluded that the ANOVA model was not appropriate for testing the 
free speed data. Ye relied instead on nonparametric procedures0 for 
testinq the hypotheses on free speed. 

1V.l.b. Assumptions matrix 

Tables 4.8 and 4.9 contain the complete summary of all the testing which 
was lone on the free soeed data for both all-roads and two-lane to verify 
the aotness of the apolication of normal distribution 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-S test of the normality 
and the second column is the siqnificance 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 
4.10, in that they contain the sub-aroups which were tested. i.e. vehicle 
tyoe hv State etr. 

One conseauence of this casualty of the switch to non parametric 
orocedures was the 85th percentile. It is not a statistically appropriate 
measure to use because it assumes normal distributions. 

An illustration of this is quite simple: If the mean remains constant, 
say frnm staqe 1 to staqe 2, but the variance decreases. the 85th 
percentile speeds should also decrease and travel towards the mean. 
Equally if the variance increases 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 181 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 oercentile 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 hid 
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. 

The analysis of the free speeds results uill be broken into two sectinns; 
ALL roads and 2 lane only roads. The All roads analysis vi11 cover all the 
survey Yites in the study while the 2 lane analysls will w l y  consider 
those which were 2 lane divided or undivided roads. Table 4.4 outlines the 
site numberr of the survey sites in all t.hret-- study stage? inrluded in 
this definition. 

IV.2.a. Aqgreaated Piean Free Speed Results - All roads 
~ ~ ~ ~~~ ~~ ~ ~~~~ ~~ ~ ~~~~ ~ . ~ ~ ~ ~ 

In all the previous Studies reviewed in the literature the principal 
emphasis of the investigation has been to discern differ?nces between th? 
meart tree speeds of sehicl?s across time m d  tn ::se this as a toean? taf 
?ssesiing the change in vehicular free speeds. 

The principal emphasis of this study is to examine the i-ffrct i t  any i f  

the legislative increase in the truck speed limit on rural rcads froin 230 
kmlh to 90 km/h on January 1, 1987 in rvery State exi'ept Queensldnd. The 
study aims to use the changes in mean free speeds t,3 gauge whether +here 
has been any significant eff.?ct nf this legislativt. c3ange upon driver 
behaviour and road safety. 

The imputation of a cause or link h?tween legislative rhanyr and a n y  
change in vehicular speeds needs very careful stdcistical scrutiny. The 
use of a contrcl State such 3s Queensland arid alsc: the >>se of cdrs .a5 a 
control group as proposed by Naisey (Maisey 1983) .are twn experimental 
design features uhicli are built into this study. 

There are however, a large number of confounding factors beyond the 
control of this study which have not been inwstiyated. A further 
cumplication is that a number ol Statss have *changed their speed limits. 
Victoria for instance, changed its rural freeway speed limit from 100 t:, 
110 km/h in June 1987, mid-way through the study. Hestern Australia which 
already had a 90 km/h speed limit on the Zyre highway for trucks at th? 
beginning of the study changed that speed limit to 100 kmih on 1 January 
1987. The cfmtrol State Queensland had a 90 km/li speed limit for 
articulated vehicles during the entire study. 

Other confounding factors included the various policing activities of the 
States police forces (blitzes etc.) whirh may have occurred at various 
times on various roads during the perjod nf t.he study. 

IV.2.a.l Conclusions - ALL roads 
. . -~ - 

Tables 4.1 through 4.3 summarise the mean free speed results by .iehicle 
type. study stage and State for ALL roads surveyed. 
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a. 

b. 

C. 

d. 

e. 

f. 

9- 

h. 

Over all study stages there has been an increase in mean free 
speeds 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 speeds9 is statistically significant (see Table 4.10, 
section 1.2 la). 

The mean free speed for all articulated vehicles increased across 
the three study stages from 90 to 92 to 94 kn/h. This increase in 
mean free speeds is statistically significant (Table 4.10, section 
2.2). 

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 4.10, section 2.31, 2.32, 2.33 
and 2.35). 

The change in the mean free speeds for articulated vehicles in the 
ACT and also in Western Australia was statistically significant 
(Table 4.10, section 2.37 and 2.34). Yestern Australia 
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. 

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 4.10, section 3.2. 

The only States which had statistically significant changes in 
mean free speeds for cars were South Australia. Tasmania and ACT 
(Table 4.10, sections 3.35, 3.36, 3.37). Plot 4.2 shows that 
South Australia experienced an increase and Tasmania and ACT 
experienced decreases in mean free speeds. 

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). 

The percentage of all vehicles travelling faster than 90 km/h 
increased from 66 per cent through to 69 per cent to 68 per cent. 
Similarly, the percentage of vehicles travelling faster than 100 
k d h  for all vehicles increased from 31 per cent through to 40 per 
cent through 39 per cent (Tables 4.1-4.3). 

Hean 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 0.5 kph. 

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

j. 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, Uestern 
Australia and South Australia. The increase was quite small as 
illustrated in plot 4.4. 

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

1. Articulated vehicle mean free speeds increased in four States as did 
the percentage travelling faster than 90 kmlh. 

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

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

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

IV.2.b. Aqgregated speeds for two-lane roads only. 

In the previous result 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 
separately from all roads. The rationale for doing this was as follovs: 

a. The all-roads 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 homogeneous and do 
reflect the speed limit reported in Table 4.5 through to 4.1. The 
net effect of this mixture 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 B10-12 
(Appendix B). 

b. Prom the safety perspective the impact of any changes in driving 
behaviour, especially of articulated vehicles, would be far more 
pronounced on two-lane undivided and divided roads than on 
freeways. On freeways there are more opportunities for overtaking 
large vehicles than on two-lane undivided roads. .,IUS 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 same 
roads. 

Table 4.4 contains a list of the site numbers that constitute the 
survey sites which were 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 carriaoeway divided or undivided. 

The two-lane 
vehicle free speeds. 

IV.2.b.l. Conclusions - 2 lane roads 

roads contain approximately one third of the total sample of 

Comparino Table 4.1 throuoh to 4.3. that is the all-roads speed analysis 
with Table 4.5 throuoh to 4.7 for the two-lane only speed analysis a 
number of points emerpe. 

a. 

b. 

c. 

d. 

e. 

f. 

d. 

h. 

Over all study stapes there has been a slight increase in mean 
free speeds of all vehicles. The means changed from 96 kmlh 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. f See Table 4.10 
result 1.2 for two-lane roads I !  1 

The mean free speeds for articulated vehicles over all study 
staoes increased from 90 to 93 to 95 km/h. This increase is 
statistically significant. (See result 2.2 in Table 4.16) 

Mean free speeds for articulated vehicles inrreased in all States 
except Tasmania and the ACT. Plot 1.5 depicts this result and 
t.hesr increases are statistically significant. (See result 2.31 
through to 2.35 in Table 4.10) 

Mean f r w  speeds for cars over all study staaes derreased from 162 
to 100 to 99 kmlh. This decrease was statistically significant. 
(See result 3.2 in Table 4.161 

Mean free speeds for cars increased in Hestern Australia. Plot 
4.6 depicts this result and this increase is statistically 
siqnificant. [See result 3.34 Table 4.1Q) 

The mean free speed for cars decreased in Tasmania and ACT and 
this result was statistically significant. (See result 3.36 and 
3.77) 

The percentaqe of articulated vehicles travelling faster than 90 
kmlh increased in all States except Tasmania. (See plot 4.7) 

The greatest increase in the percentage of articulated vehicles 
travelling faster 
where it rose from 

than 90 km/h was experienced in South Australia 
23 per cent throuqh to 31 per cent through to 

1 1  In table 3.4, the 
for 2 lane roads. Column 1 
roads. 

second column gives the statistical test result 
provides the corresponding results for all 
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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 areater than 90 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 Australia (See plot 4.9). These increases were 
statistically significant. There were marginal increases in all 
other States except Tasmania which decreased. 

k. There was no consistent change ir, the percentage of cars 
travelling areater than 100 km/h (See plot 4.10). Victoria 
Increased its percentage in a single step and Queensland an2 South 
Australia and the ACT decreased in a single step. 

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

1. Articulated vehicle mean free speeds increased in all States except 
Tasmania as did the percentage travellinq greater than 90 km/h and 100 
km/h. 

2. Car inean free speeds renained fairly stable arras= the three staqes 
with .3 sliaht increase in Western Australia and slight decreases in 
Tasmania and ACT. 

3. The control State Qveensland. which did nrNt jnrreasr its truck spred 
limit. experienced an increase in articulated v2hiclc 1w3n free speeds 
as (lid Other States. 

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

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

A. that the mean free speeds results by vehicle ! y ~ e .  State snd staae 
are virtually identical. 

El. the overall differences between the ?lI.-rcads and the two-lanes i n  
terms of the mean free speeds overall are nnt 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 roads for each of the three stages. 

The standard deviations for the all-roads tended to be slightly 
lower than the standard deviations for the two-lanes. This to be 
expected given the smaller sample sizes in the two-lane roads. 
However, the standard deviations did not vary markedly. They were 
generally only 1 km/h higher than the all roads. Please check 
Table 4.1 through to 4.3 and Table 4.5 through to 4.7 €or 
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 k d 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 90 km/h and the 
percentage greater than 100 k d h  is also warranted. Again looking 
at Table 4.1 through to 4.7 the percentages of vehicles greater 
than 90 kmlh 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 100 km/h tends to be about 2 per cent 
higher on the two-lanes than the all-roads 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.d. Platooning - 2 lane roads 
A platoon is a 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 members because they are 
within 4 seconds of another vehicle. This analysis has been restricted to 
two lane roads only (see Table 4.41. 

IV.2.d.l. Platoon length by Speed category of platoon leader 

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

AEtlc,ulatep_vehicles..~October1986~~ to ~october~ 1983. 
a. for articulated vehicle lead platoons where the platoon length was 
one vehicle, platooning was reduced by 61% in the <= 80 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 nunber of articulated 
vehicles travelling at this slow speed. 

b. platooning in all other platoon lengths for articulated vehicle lead 
platoons halved for the <= 80 km/h and 81-90 kmlh speed categories. 

c. there was no substantial change platooning for any other speed 
category above 90 k d h .  

Cars_: Ost qb 92.19 8 6 t 0- October- 1587~. 
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 kn/h speed category, 2052 in the 81-90 km/h speed category and 772 
in the 91-100 km/h category. 
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f. the picture of increases outlined above was reproduced for most of 
the other platoon lengths. 

* 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 d 
platoons across ALL speed categories. 

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

The sampling specifications put out by FORS at the beginning of the 
present 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 simply be sampling abberations. 

Time -of day: 

a. the night time mean free speeds (2100-0500 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 (Haisey 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 time periods. 

c. the night time mean free speeds (2100-0500 hrs) (105 km/h) for cars 
was 5 km/h higher than the daytime mean free speed (Table 4.13. plot 
4.11). 

d. there was very little change in mean free speeds fer 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 0 km/h in stage 1 to 14 km/h in stage 3.12 

l 2  The speed window is the degree of overlap between the minimum and 
maximum speeds for cars and articulated vehicles. The following table 
illustrates this. 

Minimum, Maximum speeds (kph) 
Vehicle type Stage 1 Stage 3 

Cars 98 - 107 95 - 108 
Artic 86 - 97 90 - 109 
Window (kph) 0 14 
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Sample sizes: 

f. the volume of articulated vehicles measured in this study peaks 
between 1800 and 2100 hrs. The lowest volumes are around 1000 hrs (plot 
4.18). 

a. the volume of cars peaks between 0800 and 1500 hrs. The lowest 
volumes are between 2200 and 0600 hrs (plot 4.17). 

Summary: 

* 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 0 km/h. This speed window has now widened considerably to 14 kmlh 
and may go part way in explaining why there has been such an increase 
in rill led platnoning. 

IV.2.f. Sampling Bias 

Samplina bias resulted from the less than rigorous samplicg design of this 
study and the lack of contr,,l that FORS had over the State field teams.” 
The SfJUrCeS of bias were: 

* seasonal effects 
* econorcic activity and its dt5monstrated effects oil road transport 
* day and week of the year 
* day of week effects i n  the replications of the three stiidy stages 
* time of day effects in the replications of the tnree 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 i.e. weather 

The first %ten in any sample design exercise is to find any information 
which will assist in the design. The availability of populatioii 

The window values = Max fartic) - Hin (cars). If the value is neaative, 
set to 0. 

See table 3.53 & 3.54 for the maximum and minimum values. 

l 3  It should be noted that in all the previous studies of truck 
speeds cited in the literature 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 could be used to decide on the 
samplinq strategy and in estimatinq 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 1II.l.b. discussed this issue 
and pointed out that: 

"The survey design is surh that statistically we cannot say with.anv 
confidence that the sample is re resentative of the Australian vehicle 
population. Clearly, trucks have leen over sampled, but to what extent 
is unknown. The effects of time of day and the,number Ef active 
samplino sessions have contributed substantially to this bias. 

The semplina characteristics of Yestern Australia are of importance as it 
was one of the only States which had 24 hour samplinq. The effect.s of time 
of day have been eliminated in the UA sampling. Plots 4.19 and 4.20 are 
the sample sizes hy time of day for cars and articulated vehicles in YA. 

One could asstume that because UA used 24 hour sampling. then its sampling 
distribution should be "typical" of the population distributions for cars 
and artirulated vehicles. However. the YA sampling distributions (plots 
4.19 and 4.201 bear little resemblance to the over all sampling 
distributions as described by plots 4.17 and 4.18. 

Thus i t  would appear that either the UA sampling distributions are not 
"tvuical" 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 
niqht time than the daytime hours. Thus it appears that not only have 
trucks been over sampled due to the elevated number of samplina sessions 
dorina the niaht (plot 3.1). but that this could also have biased the mean 
truck speeds reported in this study upwards. 

IV.2.0. Overtaking rates. 

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

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

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

"the model develo ed gives a simple method of estimating the rate with 
which faster vehicles catch up to slower vehicles. It ,relates catch-up 
rates and overtakinq rates on a homogeneous road section with vehicles 
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travelling at. constant speeds and with tke uniform flows along with 
section traffic flows and speed parameters. 

The caveat is that the model is only applicable to roads with low traffic 
volumes less than 150 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 150 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 tine the driver spends following other vehicles before overtaking 
is short in comparison with the ~ourney time and that catch-up rates 
can be The model can be used as a tool 
for a selection of appropriate routes for road train Operations and can 
be extended calculation of passenger car equivalents using the 
Walker 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 
work quoted above on speed differentials, i.e. vehicle duets and the mean 
speed differences between them. The work done on speed differentials 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: 

equated with overtaking rates. 

t$ the 

* it 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) 

0R.b = Ka .Kb .sa. (gamEa)sb (11) 

This gives the overtaking rate (overtakings/hour/krn of road) of vehicle 
type A ,overtaking vehicle type B as a function of the flow rates of 
vehicle types A and B (Ke,Kb), the standard deviation of vehicle type A 
(Sa) and a coefficient (gama)ab. 

The coefficient (gamma)ab can be set equal to a fixed function F(z) 
(equation 14, (Troutbeck 1981, 8)) if all type B vehicles travel at the 
same speed Ub and thus the value of (gammaIab can be derived directly from 
Table I (Troutbeck 1981, 5). The value of z (equation 15, (Troutbeck 
1981, 8)) is equal to 

2 = (Ub - vs)/ss (15) 

were Vs is the space mean speed of vehicle type A. 

A slightly more complex overtaking rate can be computed using equation 11 

36 



where the value of (gamma)sb 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 4.19 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 300 and 303 have experienced substantial 
increases in the overtaking rates. At site 300 for instance, overtaking 
rates have doubled from 0.1 overtakings per hour to 0.2. Site 301, the 
Eyre Highway which has been looked at in more detail in previous sections, 
only experienced a very moderate increase in overtaking rates. 

What significance does a change in the nvertaking rates have in 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 so 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 301 (the Eyre Highway) and referring 
back to the Eyre Highway analysis (section IV.4) with reference to plot 
4.30 the following points emerge: 

1. that the parallel increases in both car 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 overtakin rates calculated using the mode1,in this report 
lndicates tha! the ercentage of overtakings, involving,,trucks 
increased rapidly as tte percentage of trucks is increased. 

4. Table 4.19 for site 300 shows that the speed differential between 

31 



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 in stage 1 to 11.2 veh/hr in stage 3 
which is nearly a 100 per cent increase. Cars by comparison have only 
risen by 2 veh/hr. 

Thus it would seem that the doublinq in the overtaking rates 
experienced at site 300 is a result of a doubling in the number of 
articulated vehicles on the road at site 306. 

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

What is now needed to further explore the utility of overtaking rates as a 
oredictive 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 rould be shown then changes in overtakina 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 nromisina indicator of aeneral 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'' of each other 
travellinq alnna a single lane of carriageway. The first vehicle of a 
vehicle duet is called the lead vehicle and the next sequentially 
followinu vehicle is the followinq 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 contains the vehicle mix matrix used in this 
study. There are seven (7) vehicle types leading to forty nine (49) 

'4 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 less 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. Wulti 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: 

A positive speed differential means that the lead vehicle is travelling 
faster than its following partner. A negative speed differential infers 
that the lead vehicle is 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 
fall States combined) for the before analysis is 102 km/h - 90 km/h = 
12 km/h. 

Usina Table 4.15 and looking at both Car - Artic and Artic - Car speed 
differentials. the differentials are 9.7 km/h and -10.4 km/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 mixes for the 
same vehicles. 

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

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

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

Speed differentials contain far more 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 sorted 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 mixes reflect both the relative volumes of traffic 
surveyed and the comparative blocking strengths that cars and 
articulated vehicles have in a single lane 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) .IB. 

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

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 nix. Plots 4.23 through 4.27 illustrate Table 4.17 
for the States of NSY, VIC, QLD, YA and SA. 

f. testing mixes 7 and 34 separately within each State, the only State 
which shored any statistically significant change across study stage 
was NSY with mix 7 (Artic - Car). 
g. focusing in on the Eyre highway for mixes 7 and 34, a planned 
contrast with a oneway ANOVA showed that a statistically significant 
difference existed between the Eyre highway and every other YA site on 
mean speed differential (all stages combined). 

Summary: 

1. The four most frequent vehicle mixes are (in order) Car - Car, Artic- 
Artic, Car - Artic and Artic - Car. 
2. There has been a significant decline in Car - Artic mean speed 
differentials over the study stages by 1.6 kn/h from 9.7 to 8.1 h / h .  

3. There has also been a significant decline in Artic - Car mean speed 
differentials by 1.6 km/h from -18.4 km/h to -8.9 kdh. 

I n  One and two way M O V A  was used in all testing of speed 
they were found to be normally distributed and well differentials because 

behaved, statistically. 

40 



4. Cars are still travellinc faster than articulated vehicles but only 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 mentioned in section IV.2.e. on mean free speeds and time of day, the 
speed window between cars and articulated vehicles has widened from 0 km/h 
in October of 1986 to 14 km/h one year later.16 

Absolute speed differentials (ignoring the minus sign) between cars and 
articulated vehicles have decreased from 10 kn/h to 8 k d h  over the same 
period. 'Speed dispersion' between cars and articulated vehicles have 
decreased from 12 k d h  to 4 km/h over the same period (Table 4.18).17 

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 speed differentials presumes that ALL other known 
factors were held constant. They were not. 

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

All tbat can be safely said is that there are no 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 kmlh over the legal speed limit. It is now only 5 k d b .  

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

This section coapares 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 beavy vehicle speed limits were done in 
1978 and 1983 and are summarised in the paper "Eeavy 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 

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

I' 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 seems 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. 

Ye 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 them. 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. 

Table 4.20 summarises the comparative data which is available from one of 
the major s u m a r y  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 ECV. 

Plot 4.29 sumarises the apparent speed differences based on the 
aggregated means across these three national studies. The results look 
impressive. For instance, in New South Wales the difference of the speed 
means has reduced from 15 km/h to 5 b / h  since 1978. Equally impressive 
is Queensland which has dropped from around about 12 km/h down to about 4 
km/h. This drop coincided with a reduction in the ACV speed limit from 100 
kph to 90kph in 1982. Every State has had a decrease in the speed 
differences since 1918. 

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

IV.4.b. The Eyre Highway comparisons. 

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

Table 4.21 summarises the free speed comparisons for the Eyre Eighway. 
The original study monitored an increase in truck speed limits from 80 to 
90 km/h in Hay 1982 through to October 1983. The present FORS study 
monitored an increase in truck speeds from 9# to 100 The original 
study was done by Gavin Haisey of the Police Department of Western 
Australia in 1983 (Haisey 1983). 

A number of points regarding Table 4.21 follow: 
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1. the Eyre Aighway 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. Haisey maintained that cars and motorcycles together acted as a 
control group for articulated vehicles. 

An inspection of plot 4.30 which plots the mean free speeds for .the six 
sample points in Table 4.21 reveals the following: 

1. Maisey noted in his study from Hay 1982 through October 1983 that 
the speeds of articulated vehicles dropped from around 100 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 103 k d h  to 
107 km/h. The decreasing trend observed in the Maisey study has been 
reversed in the FORS study. 
3. the mean free speeds of cars and motor cycles which were supposed to 
be the control group in Haisey's study paralleled the movement in the 
mean free speeds of articulated vehicles. 
4. in the FORS study the mean free speeds of cars again 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 is 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' 8 

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 103 to 104 to 107 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 90 
k d h  decreased in study 1 and increased in study 2. 

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

E. 

Study 1 refers to Haisey'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 significant in study 2. 

SRm-ary 

The present study indicates a stasis in the speeds of cars and articulated 
vehicles which contrasts with the results obtained by ltaisey 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 little correlation 
between the number of crashes and the mean free speeds of articulated 
vehicles. If anything the number of crashes is slowly decreasing over a 
period of time and heading towards a static value of somewhere around 
about 50 crashes per year. 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 impressive tine span from 1967 through 1985. "he 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 
series, 1967-1985. Interestingly enough the sample sizes look 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 90 kmlh to about 105 knlh. Similarly the picture for articulated and 
rigid trucks is also an upward trend but with more perturbations en 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 against the fatalities for the sane period of 
time and examine the hypothesis of the link 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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FREE SPEEDS: km fm speeds by vehicle type by State 

SDeed 
limit 

CARS 

mu lea 
VIC 188 
OLD lea 
UA 110 
Y, 110 
TAS 110 
ACT 188 

Total 

ca-s towing 

Hsu 88 
VIC lea 
XD 188 
U lea 
Y, 110 
TAS 80 
ACT 188 
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YA 110 
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MT 188 
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87 

98 
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1Y 
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83 

92 
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11.5 
11.7 
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12.9 

12.2 
18.9 
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13.0 

10.8 

12.6 
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16.0 
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12.3 
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12.0 
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92 
89 
86 
93 
89 

83 

87 
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76 

75 

77 
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71 

ea 
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111 
97 
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39.3 
81.9 

6.3. @ 

59.7 

51.2 
7.9 
17.8 
s.6 
27.9 
12.5 
8.9 

23.6 

28.6 
17.1 
9.7 
36.2 
23.6 

9.9 

19.2 

9.3 
7.0 
1.2 
6.6 

1.5 

5.2 

45.3 
58.8 
18.2 
SB. 0 

29.6 

32.6 
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.e 
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limit 
Lioht vm 

Hsu im 
VIC 100 
aD 100 
yc. 110 
SA 110 
TAS 110 
ACT 188 
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Rigid Trucks 
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VIC 88 
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SA 88 
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Total 
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99 
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w 
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mtes: 
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78.2 
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56.1 
U. 0 
8.2 
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.a 

2.0 

a.O 

12.0 
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Table 4.2: h a n  Free Speeds 
by vehicle tYDC, Study S t W e  m d  State .................................................. 

1st After survey, April 1987 

FREE SPEEDS: Man free seeds by vehicle tYw bY State 
____________________-------- 
................................................................................................... 

CARS 

NSU 
VIC 
OLD 
UA 
SA 
TAS 
ACT 

Total 

c w s  tovino 

N5u 
VIC 
QCD 
'M 
SA 
TAS 
MT 

Total 
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Total 
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w 
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QD 
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SA 
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188 
100 
100 
110 
110 
110 
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188 
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98 
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im 
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lW 
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98 
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88 
90 
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size 
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15787 
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39 
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11 
25 
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97 
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% 
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94 
94 
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94 
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81 
89 

91 
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91 
94 
102 
97 
80 
87 

94 

SdtV 

13.0 
11.0 
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16.0 
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10.5 
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10.0 

11.0 
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92 
90 
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83 
76 
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98 
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83 
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77 

83 
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98 
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98 
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123 
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97 
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% )  
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97.3 
97.9 
92.2 
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91.8 

93.8 

93.9 
89.8 
69.9 
u.7 
80.6 
53.1 
89.8 

81.3 

97.5 
100.0 
96.4 
97.6 
92.6 
lw.e 
v4.9 

W. 6 

95.5 
91.4 
69.9 
94.3 
96.6 
50. B 
64.0 

89.7 

88.9 
87.1 
69.7 
89.6 
84.2 
57.3 
69.1 

77.9 

57.5 
65.9 
35.9 

58.0 
12.5 
40.8 

51.3 

63.8 

90.6 
93.3 
78.5 
92.8 
92. 6 
100.0 
??.e 
86.1 

M. 5 
32.1 
71.9 
88.6 
81.1 
7.1 
40.0 

66.3 

65.5 
56.5 
36.1 
73.6 
68.6 
26.8 
31.3 

49.6 

27.2 
25.0 
10.6 
29.6 
22.2 
3.1 
8.1 

21.2 

67.5 
w.6 
48.1 
73.8 
77.8 
180.0 
16.2 

63.2 

59.6 
8.5 
33.7 
62.9 
39.7 

.e 
8.0 

58.1 

s.9 
18.3 
10.2 
38.6 
28.0 
12.4 
8.b 

21.0 

9.1 
3.1 
.7 
8.1 
4.8 
3.1 
.o 

6,8 

15.9 
26.7 
14.3 
52.1 
U). 1 
25.0 
28.2 

34.5 

18.1 
.? 

3.1 
25.7 
3.4 
.e 
.e 

5.1 
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sptcd 
limit 

Light v m l  

Nsu 1w 
VIC 100 
QD 1M 
UA 118 
SA 118 
TA9 118 
ACT 1w 
Total 

Rigid Trucks 

Hsu w 
VIC 90 
(LD 98 
UA lee 
SA 98 
TAS 98 
ACT W 

Toto1 

Articulated trucks 

ysu 
VIC 
aD 
UA 
M 
TAS 
ACT 

Total 

U whic1er 

Nsy 
VIC 
QD 
UA 
SA 
TA9 
ACT 

Total 

98 
98 
98 
1w 
98 
98 
98 

*le 
size 

U 7  
ea 
2 u  
56 
18 
U 
141 

916 

255 
391 
542 
158 
244 
99 
176 

1825 

1623 
1445 
424 
617 
678 
89 
112 

1401 

4214 
311# 
ab6 
3193 
4m 
1227 
2588 

26451 

han 
lkphl 

97 
95 
94 
96 
93 

91 

95 

a9 

98 
88 

96 
a6 

a7 

a1 
a5 

88 

99 
88 
91 
95 
W 
85 
a5 

92 

182 
93 
95 
1.3 
99 
92 
PI 

97 

sdev 

12.1 
11.2 
18.9 
9.7 
12.5 
15.3 
11.4 

11.9 

11.2 

9.9 
18.7 
18.5 
11.4 
11.1 

18.9 

9.8 

10. a 
7.9 
9.2 
15.4 
18.4 
18.4 
11.7 

11.5 

13.1 
11.2 
11.7 
15.1 
11.3 
11.7 
12.1 

13.6 

15 th 
Fcth 

84 
1u 

a6 
88 
73 
79 

a2 

a2 

78 

77 
a5 
75 
64 
73 

76 

7a 

BB 
ea 
81 
79 
79 
74 
73 

88 

88 
81 
83 
87 
1u 
77 
82 

33 

85 th 
cctle 

118 
187 
105 
1% 
106 
185 
182 

187 

182 
99 
97 
187 
97 
93 
96 

99 

118 
97 
181 
111 
181 
96 
97 

104 

116 
105 
107 
119 
114 
107 
107 

112 

I )  
88 kph 

91.9 
87.5 
87.9 
96.4 
&I. 9 
70.6 
77.3 

87.7 

ea. 4 
81.3 
74.3 
91.8 
72.5 
14.4 
67.6 

75.7 

w. 3 
87.8 
88.6 
93.8 
85.7 
61.2 
66.7 

89.8 

9). 5 
w.0 
89.7 
ps. 1 
w.9 
78.1 
M. 1 

PI. 9 

78.9 
71.2 
59.6 
64.3 
58.8 
44.1 
46.1 

62.4 

43.5 
41.9 
35.9 
70.3 
36.8 
15.1 
27.8 

39.4 

78.9 

n. 5 
36.6 

67.3 
42.1 
26.2 
27.6 

53.1 

al. 7 
55.4 
64.7 
81.8 
72.1 
58.0 
62.6 

66. 9 

U. 1 
s.2 
27.9 
37.5 
22.2 
26.5 
20.6 

32.6 

16.8 
9.7 
9.6 
58.4 
6.9 
5.8 
6.8 

11.5 

42.7 
7.7 
13.5 
33.1 
16.6 
8.7 
5.3 

21.4 

54.2 
23.9 
31.4 
59.3 
47.4 
23.3 
27.5 

39.8 

12.4 
7.5 
7.5 
10.7 
5.6 
8.8 
3.5 

9. 8 

4.3 
1.3 
1.0 
9.5 

3.0 
1.1 

2.4 

.a 

14.2 
.6 
1.4 
13.0 
3.7 
.8 

2.7 

6.2 

24.9 
6.5 
8.4 
29.3 
a. 6 
18.4 
7.6 

15.8 
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Table 4.3: Mm Free speeds 
ay vehicle tYFe. Study stow wd state 

md After SwVeY. October 1987 ______________________________ 
FREE SPEEDS: k m  tree seeds by vehicle tyDe by State 

s e e d  -le fkm Mev 15 th 85 th 
lirit size (kphl pctle wtle 

CARS 

w 188 2353 1W 12.1 91 117 
VIC 188 910 106 11.4 92 116 
BLD iw 4886 96 11.6 a3 lea 
UA 110 2122 188 11.9 96 120 
U 110 2616 104 13.1 91 118 
TAS 110 1625 98 12.3 77 103 
ACT 100 2369 93 11.5 ai 105 

Tots1 16879 99 13.4 a5 113 

c s s  twiw 

Nsu ea 67 W 13.3 a2 110 

QD lea 153 a5 11.7 72 97 
'U 100 325 9i 12.0 a2 107 
SA 118 i% 93 12.2 88 185 
TAS 90 66 82 11.0 71 % 
ACT 188 67 a5 10.3 74 w 
Total 1863 92 12.7 79 105 

Hotor CYClCJ 

lysu 188 M 112 14.7 97 127 
VIC lee 15 10.3 18.4 93 114 
aD 188 57 182 15.8 a6 119 
w 110 il 116 15.9 99 132 
SA 110 31 110 12.1 97 122 
TAS 110 i 91 12.4 7a 103 
U3 lW 29 181 15.8 b5 116 

Total 287 107 15.7 91 123 

VIC 188 133 W 11.5 a6 iea 

CUWS 

lpIu 
VIC ' 
ou) 
w 
SA 

ACT 

Total 

rAs 

im 61 
98 w 
im 127 
80 58 
90 62 
90 21 
lea 26 

619 

1m 12.4 87 
91 6.9 81 
w 9.9 81 
188 9.4 Yd 
96 a. 6 87 
78 9.7 60 
a2 9.8 71 

91 11.0 83 

113 
98 
105 
110 
105 
88 
92 

185 

97.6 88.7 61.6 27.2 
98.7 98.8 62.1 22.6 
98.5 66.8 33.8 8.9 
98.2 92.6 77.4 39.1 
96.0 86.3 65.5 29.3 
79.3 46.0 10.2 5.3 
88.0 57.9 26.2 6.6 

92.3 73.9 46.6 18.4 

86.6 61.2 61.8 13.6 
88.7 68.6 61.3 7.5 
W.8 28.1 a. 5 .7 
88.0 60.3 32.9 8.3 
1u.3 S.6 29.5 5. a 
54.5 18.1 2.2 2.3 
G.8 23.i 8.5 .e 

88.3 52.8 27.7 6.1 

lW.B 96.7 76.7 58.0 
93.3 93.3 M.6 26.7 
96.5 a.? 45.6 19.3 

188.9 93.5 77.i 45.2 
75.0 58.8 25.0 .e 
96.6 69.8 U.9 24.1 

97.6 86.5 63.3 36.2 

iw.0 vs.1 82.9 9 . 5  

93.4 
91.7 
92.9 
96.6 

38.1 
45.8 

88.9 

98.4 

8s. 2 
sA.2 
65.8 
89.7 
7.9 
9.5 
16.6 

65.1 

49.1 13.1 
ie.4 .8 
27.6 5.5 
44.9 10.3 
S. 6 6.5 

.e .e 
8.3 .e 
27.2 5.6 
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Scecd 
li m i t  

Light Vms 

NSU 100 
VIC 100 
QLD 188 
UA 110 
5A 110 
TAS 110 
ACT le0 

Total 

Rigid Trucks 

NSU 90 
VIC 98 
OLD 90 
UA 100 
SA 90 
TAS q0 
AC 1 98 

Total 

Articulated trucks 

Ysu 90 
VIC 90 
OLD 90 
UA le0 
5A 98 
TA5 98 
ACT 98 

Total 

ALL vehicles 

NSU 
VIC 
OLD 
UA 
SA 
TAS 
ACT 

Total 

S m l e  
size I 

290 
l?A 
226 
75 
75 
63 
118 

971 

26L 
319 
64b 
193 
260 
1 1 1  
117 

1690 

1111 
1287 
682 
781 
661 
127 
112 

h594 

6211 
2806 
6375 
3598 
3979 
1995 
2817 

25859 

Hem Sdev 15 th 85 th % )  :) a )  a )  
!kMl Dctle octle 80 M 98 kph 100 kM 110 kph 

97 11.2 ab iw 92.6 73.1 s.9 12.1 
9a 11.3 86 109 92.7 76.6 37.9 11.3 
92 12.1 79 i~ 85.0 51.8 21.7 , 5.8 
93 12.1 a1 1% 86.7 68.0 25.3 5.3 
96 11.8 81 188 %.? 66.7 m.7 18.7 
86 11.2 71 101 63.5 36.9 7.9 6.3 
91 10.7 80 102 85.6 68.3 19.5 3.6 

96 12.1 81 107 87.6 61.6 28.7 8.5 

98 11.8 ?8 102 81.8 67.0 17.5 2.7 
00 9.8 79 100 81.5 66.6 16.7 .9 
aa 10.9 77 99 76.2 39.6 11.6 1.1 
96 1:. 1 36 189 11.7 h7.3 3L.l 13.0 
a7 11.6 75 99 71.2 60.4 12.1 2.1 
80 10. b 69 91 63.2 16.2 6.5 .0 
83 10.9 72 96 56.6 24.8 8.6 .0 

89 11.6 77 101 75.6 42.7 15.0 2.7 

100 9.6 98 110 98.2 83.6 17.2 la.& 
91 7.7 a3 w 42.5 18.5 10.7 .5 
91 10.1 80 101 B1.0 52.9 16.2 2.1 
99 11.2 87 110 97.1 77.3 39.9 16.2 
91 10.5 83 105 93.3 56.9 22.1 8.0 
85 9.7 75 95 69.3 27.6 6.0 .0 
BB 13.3 66 96 51.8 22.3 5.3 .e 

96 10.9 83 186 92.3 62.3 26.7 7.5 

101 
95 
96 
106 
188 
89 
92 

97 

12.2 
1l.h 
11.8 
13.0 
13.8 
12.4 
12.1 

13.2 

89 

82 
90 
ab 
76 
79 

83 

a3 
116 
107 
107 
117 
115 
102 
105 

111 

96.1 83.1 
93.0 M.1 
88.2 62.1 
96.4 a1.i 
93.1 75.6 
75.1 40.2 
86.5 53.9 

98.5 68.6 

52.6 
3.2 
29.8 
61.3 
51.5 
15.6 
22.6 

39.6 

20.9 
8.5 
7. 6 
28.5 
21.8 
6. 6 
5.8 

16.5 
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4-1: Articulated - Free speeds - all roads 
Mean free speeds (kph) of Articulated vehicles by study stage 

Before 
l l 0 1  

lO.1 

NSW VIC am WA 

p l o t  4-2: CARS - Free 
Mean free speeds (kph) 

let 

2nd 

SA TAS ACT 

speeds - all roads 
of CARS by study stage 

After 

After 

W o r e  

1st After 

2nd After 

WC au, WA SA TAS ACT NSW 
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plot 4-3: Articulated - % > 100 kph - all roads 
% of articulated vehicles with mean free speeds > 100 kph by stage 

Befors "1 1 80 

l s t t e r  

2nd After 

A 
be 

20 

0 
NSW VIC am WA SA TAS ACT 

plot 4-4: Cars - % > 100 kph - all roads 
% of 

8ol 
60 

E 
Y 
0 

a 

040 

A 
be 

.- 

20 

0 

cars with mean free speeds > 100 kph by stage 69 Before 
1 let After 

2nd After 

NSW VlC QLD WA SA 
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Table 4.4: 2 lane only road location site I's 

stgl 

1001 
1004 
1805 
1006 
1007 
1012 
1150 
1160 
1170 
1180 
1220 
1225 
1245 
1250 
1300 
1301 
1302 
1303 
1304 
1305 
1306 
1400 
1405 
1407 
1501 
15@3 
1601 

Notes: 

stg2 

2001 
2004 
2005 
2006 
2007 
2012 
2158 
2160 
2170 
2180 
2220 
2225 
2245 
2250 
2300 
2301 
2302 
2303 
2304 
2305 
2306 
2400 
2405 
2407 
2501 
2503 
2601 

stg3 

3001 
3004 
3005 
3006 
3007 
3012 
3150 
3160 
3170 
3180 
3220 
3225 
3245 
3250 
?3@0 
3301 
3302 
3303 
3304 
3305 

3400 
3405 
3407 
3501 
3503 
3681 

(1) Stgl = Before, Stg2 = After 1, Stg3 = After 2 
(2) These sites were chosen not only by being 2 lane toads only but 
because they were used in all three study stages (except site 306). 
(3) Refer to Tables A1 through A9 for detailed site descriptions. 
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Table $.5: He817 F m  - 2 I= rosdr only 
by vehicle tYw, Study stage ad State ________________________________________---------- 

BEFORE w e ~ .  October 1% 

FREE SPEEDS: MCar free m d r  by vehicle type by State 
_______________----________ 
______------__-----------------------------------------------. 

w Saplc Mal Std 15 th 85 th 
limit size Lkph) bev pctle cctle 

CARS 

Ny 100 975 102 12.5 a9 116 
VIC lea 553 181 12.0 a8 116 
CtD im 581 92 13.1 79 106 
YI 110 1888 107 13.h 93 121 
SA 110 ua 100 13.8 a6 113 
TAS 110 
ACT 188 392 99 12.9 a6 113 

Total 5037 102 13.8 88 116 

Cars twine 

HSU ea 2h 91 15.1 75 186 
VIC im 62 93 11.9 a1 105 
aD 108 25 86 9.2 76 95 
UA 188 264 09 13.0 76 10.3 
51 110 
TAS €a 
KT 188 11 8B 10.5 77 99 

Total 586 W 12.7 77 10.3 

Ibta cvc1es 

Hsu 1w 16 1Y 12.3 91 117 
VIC 1w 2 104 31.8 7s 137 
OLD 188 11 96 21.9 73 119 
U 1 le 22 119 12.9 97 124 
SA 118 
TAS 110 
ACT 108 2 113 16.1 90 128 

Total 53 105 16.1 09 122 

Buses 

Nsu PI 37 99 11.6 87 111 
VIC rn 67 07 18.7 76 9a 
QD 1w 15 86 8.5 n 95 
UA 8s 55 102 12.3 98 115 
SA W 18 95 9.9 85 106 
TCS . 9a 8 8% 14.7 66 95 
ACT 108 13 as 15.8 67 100 

Total 193 94 13.8 89 1W 

95.5 82.5 9.5 22.6 

%.a 89.5 78.9 s.2 

96.2 as.8 52.8 19.5 
82.1 53.11 26.6 7.7 

92.9 79.3 69.6 16.8 

92.9 77.3 67.5 16.3 

93.7 E0.9 55.8 24.6 

66.7 45.9 29.2 12.5 
W.3 66.1 22.6 6.5 
68.0 32.8 4.0 .e 
75.8 65.5 18.2 6. 4 

72.7 45.4 9.0 .e 

76.9 67.9 10.6 6.2 

93.7 93.7 68.7 31.3 
1m.e ca.@ W.0 W.8 
01.8 54.5 27.2 18.2 
95.5 95.5 81.9 9.m 

188.0 180.0 lW.8 w.O 

92.5 a5.e 66.1 37.7 

91.9 78.4 54.1 13.5 
78.7 27.6 10.6 2.1 
66.7 s.4 .l .e 
V6.4 87.3 54.6 23.6 
94.4 66.6 33.3 5.6 
58.8 25.8 12.5 .0 
69.2 66.1 7.6 .B 

85.0 59.6 32.7 10.4 
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limit 
Light Vans 

NSU 188 
VIC 188 
OLD 188 
YA 110 
SA 110 
TAS 110 
ACT 188 

Total 

Rigid Trucks 

Hsw ea 
VIC ea 
OCD 98 
UA 90 
SA ea 
TAS 80 
ACT 80 

Total 

Articulated trucks 

Nsu 88 
VIC ea 
ao 98 
UA 98 
Y, ea 
TA5 88 
ACT a0 

Total 

*LL vehicle, 

N?# 
VIC 
a.D 
WCI 
SA 
TAS 
ACT 

Total 

size 

iai 
38 
22 
73 

16 

328 

128 
189 
13h 
147 
37 
179 
79 

893 

678 
1091 
115 
61 A 
13h 
142 
77 

2651 

1843 
1982 
963 
3et4 

329 
592 

9551 

as 

km 
(ka) 

92 
98 
92 
95 

93 

93 

86 
07 
a3 
94 
88 
83 
90 

87 

96 
86 
86 
97 
85 
a7 
a7 

98 

98 
91 
98 
102 
97 
84 
95 

96 

Std 
dcv 

11.3 
13.1 
9.4 
13.0 

11.4 

12.1 

12.0 
10.2 
11.9 
11.6 
11.9 
10.8 
7.0 

11.4 

10.2 
9.3 
9.9 
11.8 
10.2 
10.6 
a. 1 
11.6 

12.6 
12.6 
13.0 
14.3 

11.0 
13.8 

13.8 

16.4 

15 th 
wtle 

80 
8d 

82 
a2 

7a 

81 

74 
77 
71 
82 
76 
71 
82 

75 

86 
76 
75 
85 
76 
76 
79 

7a 

85 

76 

82 
73 
81 

7a 

a7 

a1 

85 th 
Dct le 

ls( 
111 
102 
189 

188 

186 

99 
98 
w 
186 
101 
w 
97 

99 

107 
96 
96 
110 
95 
98 
96 

102 

111 
104 
103 
117 
111 
96 
118 

111 

IlOtes: 
(1) Free weeds - a vehicle to vehicle em of at least 4 secs 
(2) Results rewrted above 
(3) %.we 3. t h e  a e  tuo (1) vehicles im~uded in the wand N 

(4) Speed limits m treewys fa n s ~  fi VIC s e  118 kph 

u1 weighted. 

aich we not in my or the vehicle code wws 

% )  
88 kth 

1u.0 
86.8 
86. a 
98.4 

78.6 

85.7 

68.0 
7h.6 
65.6 
88.4 
73.8 
59.2 
89.9 

72.5 

95. a 
68. 8 
69.6 
93.2 
63.4 
7e.4 
79.2 

79.1 

92.1 
77.3 
77.2 
,93.6 

63. a 
88.9 

86. 5 

87.4 

M.9 
78.9 
59.1 
t4. h 

57.2 

61.3 

h1.6 
39.2 
26.6 
68.7 
48.6 
22.9 
50.7 

40.0 

72. 4 
26.8 
28.7 
71.9 
23.1 
38.0 
S.0 

46.1 

7A.0 
45.9 
45.8 
88.5 
68.3 
29.5 
66.1 

b5.0 

18.2 
52.6 
18.2 
32.9 

28.6 

25.9 

10. 1 
8.0 
5.9 
26.5 
13.6 
6.7 
5.1 

10.4 

29.5 
7.6 
8.7 
36.9 
8.2 
9.8 
6.4 

1a.L 

39.0 
21.6 

56.1 
48.9 
8.2 
u.3 

18.8 

37.8 

5.5 
10.5 
4. 5 
13.7 

7.1 

7.9 

2.3 
1.6 
1.5 

2.7 
.e 
.e 

2.5 

8.8 

8.6 
1.3 
.9 

14.7 
2.2 
2.1 
.8 

5.7 

15.6 
6.8 
5.6 
27.3 
13. b 
.9 

11.1 

15.6 
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Table 4.6: tkm Free Spe& - 2 lac rosd, only 
by vehicle tyro, S t W  stage wd State ________________________________________--------- 

1st After Y M I ,  Wil 1987 

FFfE SPEEKS: km free weed$ by vehicle tYPe by State 
............................ 

CARS 

llsu 
VIC 
QLD 
U 
SA 
TAS 
ACT 

Total 

c s r  taring 

lcsu 
VIC 
aD 
UA 
SA 
TAS 
ACT 

Total 

spcbd 
h i t  

188 
188 
lea 
110 
110 
110 
1w 

ea 
lee 
1w 
1w 
118 
99 
1w 

M t w  cycles 

IRU lW 
VIC 1W 
aD lW 
UA 118 
U 118 
TAS 118 
hCT 188 

Total 

hsea 

lis( 1W 
VIC W 
QD 1M 
w 8e 
U W 
TAS W 
ACT 1w 
Total 

*le 
aize 

878 
311 
e34 
28zB 
645 
964 
327 

5979 

32 
42 
55 
235 
84 
32 
17 

47? 

13 
5 
12 
42 
5 
6 
6 

87 

35 
29 
8 
3s 
19 
16 
4 

144 

Mm 
[kphl 

101 
103 
91 
107 
99 
94 
99 

lea 

91 
96 
82 
9d 
e4 
81 
ea 

90 

10.3 
111 
183 
112 

100 
99 

100 

im 

1M 
91 
87 
102 
% 
M 
94 

95 

Std 
dcv 

12.2 
11.2 
11.8 
16.0 
13.7 
14.6 
13.5 

14.6 

10.5 
18.9 
9.4 
12.3 
13.3 
12.6 
11.3 

12.9 

14.7 
9.9 
27.7 
16.6 
17.2 
19.8 
28.3 

18.2 

12.2 
8.6 
9.1 
14.2 
13.3 
9.3 
5.9 

13.4 

15 th 
pctle 

a.3 
91 
79 
93 
85 
79 
85 

85 

68 
83 
72 
81 
72 
68 
76 

77 

ea 
le? 
75 
95 
82 
97 
78 

a9 

M 
M 
77 
87 
81 
71 
87 

81 

56 

85 th 
Dctle 

114 
115 
le3 
122 
113 
189 
114 

116 

102 
1W 
92 
107 
lea 
94 
99 

184 

118 
121 
132 
1.38 
118 
119 
la 

127 

113 
188 
96 
117 
la 
PB 
1W 

109 

t )  
eakdl 

95.6 
97.4 
82.6 
97.1 
W. 5 
84.3 
93.3 

91.9 

93.7 
98.5 
a. 9 
84.7 
67.9 
53.1 
88.2 

79.9 

1M. 8 
1W.8 
83.3 
97.6 
3D. 8 
lW.8 
83.3 

94.3 

91.6 
82.8 
87.5 
94.3 
89.5 
se.@ 
lW.8 

W. 1 

1;) 
90 kph 

81.8 

58.6 
89.6 
75.3 
57.3 
79.2 

75.5 

87.8 

46.8 
64.3 
28.9 
63. 9 
32.2 
12.5 
47.8 

49.4 

84.6 
108.0 
66.6 
92.8 
88.0 
lW.9 
66.6 

M.3 

a. 8 
51.8 
23.8 
83.6 
79.8 
7.1 
54.8 

65.3 

58.7 
68.1 
19.2 
73.6 
46.6 
26.8 
42.2 

49.8 

15.5 
23.8 
.e 

29.4 
13.2 
3.1 
5.8 

a. 3 

53. 8 
180.8 
41.6 
73.8 
a. 8 
100.0 
35.3 

65.6 

62.9 
13.9 
12.5 
62.9 
36.9 
.I 
.I 

38.9 

28.9 
23.2 
5.9 
38.6 
19.2 
12.4 
15.6 

i2.9 

6.3 
4.8 
.8 
8.1 
3.6 
3.1 
.e 
5.7 

3B.8 
68.0 
25.8 
52.6 
48.8 
25.8 
16.7 

41.4 

11.4 
.8 
.8 

25.7 
5.3 
.e 
.8 

9.7 



Lipnt VMS 

Hsu 
VIC 
MD 
UA 
SA 
TAS 
ACT 

Total 

Rigid Trucks 

%U 
VIC 
(XD 
UA 
SA 
Tcs 
ACT 

rota1 

Speed 
limit 

100 
188 
100 
110 
110 
110 
188 

98 
90 
98 
190 
90 
W 
98 

Articulated trucks 

Hsu 
VIC 
OLD 
UA 
Y, 
TAS 
ACT 

Total 

KL vehicles 

llyl 
VIC 
ou) 
uc. 
SA 
TU 
ACT 

Total 

98 
98 
W 
188 
98 
98 
98 

S m l e  
size 

153 
28 
16 
56 
8 
36 
23 

316 

111 
93 
126 
158 
41 
99 
52 

688 

582 
666 
95 
647 
158 
&a 
58 

2176 

1724 
1152 
1124 
3193 
968 
1227 
479 

w 9  

ICa 
(kph) 

93 
96 
98 
96 
91 
89 
96 

93 

a7 
89 
86 
96 
82 

91 

88 

a1 

98 
89 
89 
95 
87 
85 
91 

93 

98 
93 
98 
103 
95 
92 
97 

97 

5ta 
d e V  

11.0 
11.7 
12.6 
9.7 
12.1 
15.3 
16.7 

12.0 

9.4 
9.5 
8.6 
10.7 
10.5 
11.6 
9.6 

11.1 

9.3 
8.1 
9.7 
15.6 
18.5 
10.6 
10.3 

12.1 

11.8 
11.2 
11.7 
15.1 
14.3 
14.? 
13.5 

14.4 

15 th 
cctle 

82 
82 
77 
86 
79 
73 
79 

81 

77 
79 
77 
85 
71 
69 
81 

77 

88 
a0 
79 
79 
76 
74 
&a 

&a 

86 
81 
78 
87 
&a 
77 
83 

82 

85 th 
wtle 

1Bs 
106 
103 
106 
1U 
105 
116 

186 

97 
99 
95 
107 
93 
93 
101 

188 

108 
97 
99 

111 
98 
96 
101 

105 

111 
105 
10.3 
119 
110 
107 
111 

112 

:) 
88 kDh 

87.6 
82.1 
78.6 
96.6 
75.0 
70.6 
78.3 

85. A 

75.7 
82.8 
74.6 
91.8 
56.1 
h4.6 
98.6 

75.6 

96.6 

86.3 
93.0 
75.3 
61.2 
86.0 

89.5 

88.2 

93.7 
98.1 
81.3 
95.1 
a4.4 
78.1 
91.2 

89.3 

58.8 
71.L 
58.8 
a. 3 
58.0 
64.1 
68.9 

58.8 

32.5 
43.0 
32.5 
78.3 
19.5 
15.1 
50.0 

40.7 

79.5 
38.5 
48.6 
67.3 
31.6 
26.2 
62.0 

56.1 

74.8 

67.4 
81.8 
61.9 
50.0 
69.7 

66.9 

54.5 

26.8 
?5.7 
14.3 
37.5 
12.5 
26.5 
43.5 

29.7 

9.1 
16.0 
3.1 
sB.6 
6.9 
5.0 
15.6 

13.2 

60.3 

10.5 
U. 1 
12.6 
8.7 
10.0 

23.6 

8.5 

42.4 
26.6 
16.2 
59.3 
56.m 
23.3 
51.2 

39.3 

6.6 
3. 6 
7.1 
10.7 
.e 
8.8 
13.0 

6.6 

.9 

.e 

.e 
9.5 

3.0 
1.9 

2.9 

.e 

9.8 
.9 

13.0 
3.2 
.e 

6.0 

6.8 

.e 

14.1 
7.3 
4.7 
29.3 
14.1 
10.6 
12.3 

16.6 
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Table 4.7: Nem Free *edr - 2 lane r o w s  only 
by vehlcle tm, Study stow ad State .................................................. 

2nd After YWY, October 1987 

FREE SPEEDS: km free w e d s  by vehicle tyDe by State 

soeed 
limit 

CAR3 

Hsu 1W 
VIC 100 
(rD 100 
w 118 
Y 118 
TA5 118 
ACT im 

Total 

c a r  touinO 

my M 

QD lW 
UA 188 
SA 118 
TAS W 
ACT 188 

Total 

hotor cycles 

VIC im 

w im 
vxc 189 
QD 1m 
U1 118 
sh 119 
TAS 110 
ACT 100 

Total 

Buses 

wsu 100 
VIC 98 
QD 1w 
w 88 
SA W 
Tt5 9s 
ICT 1m 

Tots1 

Samle Nem Std 15 th 
size (kphl dev Dctle 

865 103 12.9 a9 
369 103 18.6 92 
959 90 11.8 79 
2122 108 11.9 % 
628 100 13.9 85 
1625 98 12.3 77 
677 97 12.5 84 

7665 99 16.3 e4 

2B 99 12.1 87 
61 97 12.8 84 
U 79 11.6 67 
325 94 12.8 82 

h4 82 11.0 71 
9 7a 9.0 69 

553 92 13.2 78 

n 92 12.9 78 

16 109 13.7 95 
3 1w 6.6 93 
8 w 7.3 88 
41 116 15.9 99 
11 189 8.6 1m 
4 91 12.6 78 
3 1Y 11.0 93 

Eh 118 15.3 94 

25 102 16.0 a6 
16 92 6. a 85 
12 87 8.3 7a 
58 1m 9.4 90 
21 96 10.9 85 
21 78 9.7 68 
h 92 12.0 ea 

157 95 13.2 81 

85 th 
wtle 

116 
114 
182 
128 
114 
10.3 
119 

116 

112 
109 
91 
107 
105 
96 
aa 

106 

123 
1s6 
10.3 
132 
118 
103 
115 

125 

119 
99 
96 
110 
188 
Ea 
105 

109 

a )  t )  a )  
88 kph 90 kph 1W kph 

96.5 86.6 55.1 
98.1 88.9 58.8 
62.9 47.7 16.0 
98.2 ‘92.6 77.4 
98.6 74.4 52.1 

92.5 71.5 39.2 
79.3 44.0 ia.2 

90.5 71.3 46.8 

95.0 75.0 55.0 
92.7 68.3 41.5 
38.6 11.3 6.8 
68.0 t9.3 32.P 
78.6 59.9 27.1 
s.5 18.1 2.2 
U. 3 .9 .o 

79.9 51.9 28.6 

100.9 1w.m 61.3 

1w.m 7s.m 25.0 
1m.o 95.1 82.9 
1m.m lW.9 w.9 
75.0 59.9 25.m 
1m.m 1w.e 66.7 

in.@ 1m.o s3.3 

%.E 92.a m.2 

ll8.m. e4.m u.0 
93.7 19.9 18.6 
75.0 33.3 .a 
96.6 69.7 U.9 
95.2 76.2 38.1 
M. I 9.5 .9 
75.9 75.0 25.m 

84.7 67.5 36.4 

a )  
118 kph 

23.2 
28.3 
4.8 
39.1 
a. 2 
5.3 
12.8 

28.1 

19.9 
12.2 
.9 
8.3 
5.7 
2.3 
.9 

7.1 

62.9 
.e 
.9 

u.5 
34.4 
.o 

s3.3 

11.7 

16.) 
.o 
.o 

18.3 
16.3 

.a 

.e 

a.3 
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Light Van, 

w 
VIC 
OLD 
UA 
SA 
TAS 
ACT 

Total 

Rigid Trucks 

NSU 
VIC 
OCD 
UA 
SA 
TAS 
ACT 

Total 

9 e e d  
limit 

100 
188 
100 
110 
110 
110 
188 

90 
90 
'30 
le0 
I0 
Og 
90 

Articulated trucks 

NSU 
VIC 
OLD 
UA 
SA 
TAS 
ACT 

Total 

ALL vehiClC9 

NSU 
VIC 
aD 
UA 
U 
TAS 
ACT 

Total 

98 
98 
98 
100 
98 
90 
w 

Samle 
size 

104 
32 
12 
75 
15 
63 
27 

328 

112 
78 
120 
1 U3 
35 

1 1 1  
52 

781 

559 
531 
123 

112 
127 
69 

786 

2285 

1781 
1078 
1278 
3598 
892 
1995 
622 

11156 

nem 
(kohl 

95 
97 
81 
93 
91 
86 
98 

93 

98 
00 
86 
96 
85 
80 
88 

89 

99 
89 

99 
92 
85 
88 

95 

a7 

100 
95 
89 
104 
97 
89 
95 

97 

St d 
deV 

18.5 
18.2 
18.5 
12.1 
13.0 
16.2 
11.9 

12.9 

12.7 
9.5 
10.1 
12.1 
10.2 
10.6 
10.5 

12.4 

8.9 
7.5 
9.6 
11.2 
9. h 
9.7 
10.0 

10.9 

12.1 
10.9 
11.1 
13.0 
13.7 
12.4 
13.1 

13.9 

15 th 
pctle 

86 
87 
61 
81 

71 
86 

79 

7a 

77 
30 
76 
86 
76 
69 
77 

76 

$4 
82 
77 
87 
82 
75 
78 

83 

88 
83 
78 
98 
83 
76 
82 

e3 

85 th 
DCtlC 

105 
188 
188 
105 
105 
101 
110 

105 

183 
100 
97 
109 
95 
91 
99 

162 

109 
97 
97 
110 
102 
95 
98 

105 

113 
186 
181 
117 
112 
102 
189 

111 

t )  
80 kPh 

91.3 
%.9 
50.0 
86.7 
88.0 
63.5 
w . 3  

83.8 

82.1 
87.2 
68.3 
91.7 
b8.6 
43.2 
76.9 

75.7 

98.6 
90. h 
78.8 
97.1 
89.3 
69.3 
83.7 

92.6 

95.8 
93.2 
79.3 
w. 6 
88.7 
75.1 
89.5 

89.2 

t )  a )  % )  
90 kDh 188 kVh 110 kDh 

68.2 
68.8 
25.0 
68.0 
54.3 
36.9 
76.1 

58.2 

67.3 
66.2 
35.8 
67.3 
28.6 
16.2 
46.1 

U. 7 

82.9 
63.1 
37.3 
77.3 
50.0 
27.6 
40.8 

63.6 

81.6 
61.1 
66.2 
84.1 
67.6 
48.2 
66.0 

66.7 

31.7 
31.3 
16.7 
25.3 
26.6 
7.9 

68.2 

26.2 

16.9 
12.9 
5.0 
36.1 
8.6 
4.5 
17.3 

16.7 

65.3 

10.5 
39.9 
16.1 
6.0 
10.2 

28.6 

a. 3 

48.0 
27.9 
16.1 
61.3 
43.6 
15.6 
%.a 

39.5 

6.7 
12.5 
8.3 
5.3 
13.3 
6.3 
7.6 

7.3 

4.5 
1.3 
.e, 

13.0 
.e 
.0 
.e 

4.4 

12.0 
.2 
.e 

lh.2 
4.5 
.e 
.e 

a. 1 

17.2 
8.0 
3.1 
28.5 
16.3 
1.6 
18.3 

15.6 
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Table 4.8: Statistical assumptions matrix for Free Speeds - ALL roads 
Main effects Normality Auto 

correlation 

1. ALL vehicles 

1.1 ALL vehicles S 

2. ARTICULATED vehicles 

Within State 

2.31 NSU S 
2.32 VIC S 
2.33 QLD - 
2.34 UA S 
2.35 SA S 
2.36 TAS 
2.37 ACT - - 

3. c m  
Within State 

3.31 RSU S 
3.32 VIC S 
3.33 QLD S 
3.34 UA S 
3.35 SA S 
3.36 TAS s 
3.37 ACT s 

S 
s 
S 
S 
S 
12-45 
S 

S 
B 
S 
1-345 

12-45 
S 

S 

b 

Notes: 
(1) notation for significance levels: 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 = 0.05. 

- 
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Table 4.9: Statistical assumptions matrix for Free Speeds 
2 lane roads only 

Hain effects Normality Auto 
correlation 

1. ALL vehicles 

1.1 ALL vehicles S S 

2. ARTICULATED vehicles 

Hithin State 

2.31 NSH S 
2.32 VIC - 
2.33 QLD S 
2.34 HA S 
2.35 SA S 
2.36 TAS S 
2.31 ACT - 

3. CARS 
Within State 

3.31 NSW - 
3.32 VIC S 
3.33 QLD - 
3.34 YA S 
3.35 SA s 
3.36 TAS - 
3.37 ACT - 

s 
1-3-- 
1-34- 
I---- 

12-45 
--3-- 

- 

S 
S - 
S 
S 
12-45 

Notes: 
(1) notation for significance levels: s = significant, reject null 
hypothesis. All 5 lags had significant coefficients. - = non significant, 
accept the null hypothesis. All 5 lags had non significant coefficients. 
Hhere 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 = 0.05. 
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1. Overall effects 

Hain effects 
Variables 

Table 4.10: Statistical tests matrix for Free Speeds 

~ 

1.1 State 
1.2 Stage 
1.3 Vehicle type 
1.4 Speed meter 

2. ARTICULATED vehicles 
Hain 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 
2.31 ACT 

3. CARS 
Hain effects 
Variables 

3.1 State 
3.2 Stage 

Within State effects 

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

Notes: 

ALL roads 2 lane 
roads 

S 
S 
s 
S 

S 
S 

S 
S 
S 
S 
S - 
S 

S - 

- 
- 
- 
- 
S 
S 
S 

S 
S 
S 
S 

S 
S 

S 
S 
S 
3 
s - - 

s 
S 

- 
- 
- 
S - 
S 
S 

(1) notation for significance levels: s = significant, reject null 
hypothesis, - = non significant, accept the null hypothesis. 
Alpha significance level adopted = a.05. 
(2) Within State effects denotes a oneway anova 
test) of Speed by Stage within the designated State. 

(using the Kruskal-Wallis 
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Plot 

110- 

105 - 

n 

Y 

D 
Q) 

v) 

5100- 
v 

Q) 95- 
n 

; 90- 
Lc 

c 
85- I 

80- 

75 - 

n 
L 
Y 
a 
W 

4-5: Articulated - 
Mean free speeds (kph) 

'1° 1 
1051 

Free speeds - 2 lane only 
of Articulated vehicles by study stage 

Before 

1st After 

2nd After 

C 
0 a z 

NSW VlC QLD W A  SA TAS ACT 

Plot e - 6 :  CARS 
Mean free 

- Free speeds 
speeds (kph) of CARS 

- 2 lane 
by study stage 

only 

Before 

1st After 

2nd After 

NSW VlC OLO W A  SA TAS ACT 
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.ot 4-7: Articulated - % > 90 kph - 2 lane only 
% of articulated vehicles with mean free speeds > 90 kph by stage 

m o r e  

1st After 

2nd After 

NSW VIC QLD WA SA TAS ACT 

plot 4-8: Cars - % > 90 kph - 2 lane only 
% of cars with mean free speeds > 90 kph by stage 

Before 

80- 

JZ 
Y 
a 

g 60.- 
A 
be 

40- 

20 - 

1st a 2nd 
After 

After 

VIC 9 0  WA SA TAS ACT Nsw 
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PlOt4-9: Articulated - % > 100 kph - 2 lane only 
% of articulated vehicles with mean free speeds > 100 kph by stage 

Befors 75 

1st After 

60 2nd After 

L 
Y a45 
0 
0 

A 30 
K 

7 

15 

0 
NSW VIC QLD W A  SA TAS ACT 

Plot 5-10 

% of 
75 - 

60 - 

L 
Y a45 
0 
0 
7 

K 

15 

0 

#: Cars - % > 90 kph 
cars with mean free speeds > 

- 2 lane only 
100 kph by stage 

1st After 

2nd After 

NSW VIC W A  SA TAS ACT 
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seed 
category 

(= 80 kph 
81-90 kph 
91-188 k h  
101-110 kPh 
)= 110 km 

Total 

(= 80 kph 
81-98 kDh 
91-188 k h  
101-110 kph 
)= 110 kph 

Total 

(= 88 kph 
81-98 kh 
91-188 kph 
101-110 kph 
)= 118 kDh 

Total 

0 

229 
689 
1102 
1393 
1163 

6356 

336 
708 
1251 
1657 
1305 

5855 

461 
976 
1628 
1703 
1350 

58% 

Before survey - October 1986 
PlatOM length 

1 2 3 6 )= 5 Total 

27 21 16 10 12 315 
69 29 22 16 19 664 
113 69 22 11 9 1386 
110 20 11 6 3 1561 
69 13 6 1 0 1230 

388 132 75 62 63 5836 

1st After SUTver - April 1987 
64 63 18 7 28 '486 
160 66 33 18 16 979 
195 55 24 3 9 1537 
114 23 7 2 0 1603 
55 10 1 0 0 1371 

568 197 83 5a 63 5976 

2nd Arter survev - Dctober 1987 
117 68 17 28 29 672 
211 83 4b 17 27 1353 
288 53 25 5 8 1719 
119 28 9 0 2 1861 
5a 8 6 I 1 1602 

685 220 101 63 62 7007 

Hote: 
(11 heed category refers to the weed (kph) of the platwn 
lead vehicle. 
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SDeed 
categwY 

(= 80 kph 
81-98 kph 
91-1BB kD 
101-110 k 
)= 110 kP 

Total 

<: 80 kDh 
81-98 kDh 
91-100 kD 
101-110 k 
> =  110 kP 

Total 

(= 80 kDh 
81-90 kDh 
91-100 kD 
101-110 k 
)= 110 kD 

Total 

0 

419 
689 
618 
299 
136 

2161 

163 
561 
585 
311 
138 

1753 

115 
566 
692 
620 
167 

1960 

Before s w v e y  - October 1986 
Platoon length 

1 2 3 h 

64 23 22 a 
106 39 18 7 
76 16 1 1  8 
28 5 2 0 
13 3 0 0 

285 86 53 23 

1st Atter survey - ADril 1987 
28 16 7 6 
97 39 12 8 
80 27 Q 3 
45 7 2 2 
13 3 0 1 

263 90 30 20 

2nd After survey - October 1987 
21 16 h 3 

73 20 7 2 
28 10 A 1 
14 3 0 0 

61 24 12 a 

)I 5 

17 
15 

3 
0 

43 

a 

10 
7 
3 
0 
0 

20 

9 
8 
0 
0 
0 

197 81 27 lh 17 

rota1 

553 
8 76 
735 
337 
152 

2651 

228 
727 
707 
367 
167 

2176 

168 
659 
802 
163 
184 

2276 

Note: 
I11 speed categwy refers to the m e d  (krhh) of the platoon 
led vehicle. 
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plot 4-11: CAR speeds by Time of Day 
Mean free speeds by time of day by study stage 

+ Before 
1101 

'c 
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-U- 2nd Aft 
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plot 4-12: ARTIC speeds by Time of day 
Mean free speeds by time of day by study stage 
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plot 4-13: Platoons led by a CAR 
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plot 4-14: Platoons led by an ARTIC 
Platoon length in the Before Study - 2 lane roads only 
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plot 4-15: Platoons led by a CAR 
Platoon length in the 2nd After Study - 2 lane roads only 
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plot 4-16: Platoons led by an ARTlC 
Platoon length in the 2nd After Study - 2 lane roads only 
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lable4.13 tu, - )lean free speeds br time or dar 
____________________---------------------.------------ 

Before swvw - October 1986 

lime 

111 
2H 
300 
481 
580 
6 M  
711 

908 
1 0 0  
1111 
1283 

I104 
1 5 w  
1 6 0  
1710 
1804 
1 9 W  
2111 
2111 
2 2 H  
2 3 W  
2 1 u  

des 

i3oe 

rotmi 

H e m  
(kph) 

183 
111 
101 
iei 
iei 
101 
101 
99 
9.9 
98 
95 
102 
100 

99 
1H 
111 
101 
101 
Ill 
111 
113 
107 

I e8 

1ll 

Sdev 

15.1 
11.3 
11.1 
15.7 
14.2 
11.2 
11.8 
11.9 
12.1 
12.1 
13.1 
12.6 
12.1 
12.3 
12.9 
13.8 
13.7 
12.3 
12.1 
12.5 
13.9 
15.1 
15.1 

nem 
N [khl 

2 M  1E3 
183 112 
182 112 
178 106 

172 10.3 
528 99 
1011 99 
1038 98 
1031 99 
1167 100 
1960 100 
1080 100 

1388 181 
617 112 
551 112 
975 1w 
1188 181 
a81 112 
793 111 
280 1U 
I08 185 

111 187 

1783 iei 

13 16119 111 

)lean 
Sdev 

15.9 
i5.e 
11.8 
11.5 
16.1 
12.9 
11.6 
11.3 
12.7 
13.7 
14.6 
12.5 
13.S 
13.2 
12.1 
13.7 
13.1 
13.5 
13.2 
14.2 
13.9 
15.8 
16.6 

13.1 

N 

119 
116 
135 
115 
125 
187 
511 
961 
1102 
1038 
1163 
987 
1228 
I620 
1269 
532 
526 
1172 
959 
872 
717 
231 
66 

15611 

Hem 
IkDh) Sdev M 

115 11.8 161 
112 11.3 161 
I82 15.5 155 
111 13.5 111 

105 13.9 114 
99 12.1 539 
98 11.8 1111 
98 12.2 970 
97 12.1 955 
95 13.6 1111 

99 13.1 1121 

111 12.2 1512 
118 13.8 761 
101 13.9 185 
96 11.1 1697 
112 13.2 957 
111 13.8 762 
111 13.6 572 
115 13.7 225 
iia 13.5 87 
117 15.1 1 

99 13.1 16675. 

106 13.6 98 

iao 12.3 1357 

98 13.1 1556 
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lime 

111 
210 

410 
5e0 

3ee 

6n 
7ee 

988 
lees 

izee 

BE0 

llse 

1388 
1bBI 
I91 
lbbl 
1711 

1910 
2110 
2 I W  
2 2 w  

2 1 M  

law 

2380 

Total 

Mean 
lkDhl 

91 
92 
91 
93 
91 
89 
86 
aa 
a7 
9e 

98 
a7 

98 
92 

91 
91 
91 

88 

88 
91 
97 

a9 

a8 

91 

Sdev 

12.3 
12.3 
13.7 
13.1 
12.9 
10.2 
9.1 
9.2 

11.1 

10.7 

11.6 
10.1 

11. I 
9.b 

11.2 
11.1 
11.2 
12.3 

18.7 

18.2 

18.1 

1e.2 

9.8 

11.1 

Man 
Y IkDh) 

276 93 
217 96 
361 96 
181 98 
121 91 
157 93 
ze1 91 
283 90 
2e3 91 

I51 8b 
212 98 

2&2 se 
187 92 
81 93 
93 91 
199 91 
158 91 
176 92 
171 91 
161 91 
57 le4 

1 1 1  a5 

213 a9 

5411 92 

Sdev 

1’2.3 
12.1 
13.1 
13.1 
12.9 
9.6 
9.3 
9.1 
9.5 
17.2 

9.1 

1a.9 
11.1 
9.6 
11.2 
11.3 

11.2 
18.1 
11.2 
11.9 

18.9 

8.2 

9.8 

11.5 

N 

169 
239 
251 
172 
131 
131 
151 
137 
I13 
75 
118 
la5 
178 
21s 
191 
95 
96 
311 
337 
399 
318 
86 
11 

1212 

kkn 
Ikdd 

98 
98 
99 
99 
95 
95 
91 
91 
9l 
90 
92 
93 
91 
93 
91 
91 
95 
91 
96 
91 
93 
97 
99 
1W 

91 

*U 

10,7 
11.6 
12.3 

11.5 
18.6 
10.3 
11. I 
9.3 
12.5 
11.1 
11.1 

9.8 
9.1 
9.7 
8.6 
9.9 

11.3 
11.2 
9.5 
9.7 
8.9 

11.9 

1i.a 

8.8 

9.8 

N 

236 
232 
341 
I75 

97 
115 
111 
139 
77 
125 
199 

237 
IM 
119 
113 
355 
361 
371 
361 
135 
76 
7 

1391 

aa 

iai 
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plot 4-17: CAR sample volumes by Time of Day 
Number of vehicles (sample volumes) on the road by study sta e 

+ 2fore '"1 -a- 1stAft 
* 2nd Aft 

Time of day 

plot 4-18: ARTIC sample volumes by Time of day 

* 1st Aft 
-n- 2nd Aft 

0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  0 0 0  0 0  
0 0  - ~ ~ 5 ~ w , m , 8 - ~ n 5 ~ w ~ m , 8 C , , S  0 0 0 0 0  8 0 0  0 0 8 0 0  8 8 0  

Time of day 

.-.-.-.-.-.--.---w"" 
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plot 4-19: CAR sample vol by Time of Day - WA 
Number of vehicles (sample vols) on 2 lane roads by study sta e 200 - + 2'0m 
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4-24): ARTIC sample vol by Time of day - WA 
Number of vehicles (sample vols) on 2 lane roads by study sta e 
50 - + &ore 
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Table 4.15Speed Differential (Kohl bv vehicle m i r  
br Stage - 2 lane roads 

ni I 
Descrioticn 

Car - Car 
Art - Art 
Car - Art 
Art - Car 
Car - lrk 
Trk - Car 
Art - Trk 
lrk - Art 
Lvan - Car 
Car - ?.ian 
Trx - 1rr 
Ctw - Car 

Stage 1 - Before 
M i x  Mean Std 

1 .1 16.5 
28 .5 10.1 
36 9.7 1.3.1 
7 -10.6 13.5 
3:. 9.L 12.9 

27 1,6 12.2 
ia -.7 12.3 
5 -5.6 13.6 _ _  7 2  5.7 13.b 
3 . P  :2.b 

h -8.2 15.7 

.,l , - ~ . e  

Stage 2 - 1st After 
N M i x  Rean jtd 

2136 1 . E  16.9 
798 28 .e 10.6 
626 36 7.6 13.8 

253 33 9.2 13.0 
267 b -a. 2 12.6 
170 2 -7.Q 16.7 
165 29 9.0 16.1 

13L 5 -5.? 15.1 
1:0 -1.‘ 1?.5 

5aa 7 -6.8 i3.a 

167 32 6.0 i6.a 

iao ~7 11.8 7 r  

Stage 3 - 2nd after 
N M i x  nem Std 

2908 1 .2 14.6 
659 28 -.7 10.0 
556 36 8.1 13.1 

303 6 -8.5 13.7 
285 33 8.6 13.7 
191 2 4.0 16.0 
182 29 9.6 14.0 
16’ 27 2.5 12.0 
163 32 7.1 14.4 
‘35 5 -0,b 16,6 
46 PQ -2.3 11.6 

529 7 -8.9 12.9 

Notes: 

111 Legend to Vehicle M i x  Matrix 
Lead (1st) venicle --) 

2nd vehicle .30 31 32 33 3d 35 36 

CW 30 1 2 3 b 5 6 7 
Car t w i n s  31 29 a 9 10 11 12 13 
notor CYC 32 SB 35 1h 15 16 17 18 
Bus 33 31 36 60 19 20 21 22 
Light van 36 32 37 &I 66 23 24 25 
Rigid Truck 35 33 38 A2 15 67 26 27 
Articulated 36 54 39 63 66 ha 69 28 

N 

2858 
692 
669 
666 
251 
266 
239 
226 
122 

110 
100 

iia 

(2) The vehicle m i x  codes link tk vehicle codes. values 30 to 36, 
Thus mix m m b e r  29 simities vehicle codes 30 I C s I  follcued br vehicle code 31 
a Car towing. 
131 Vehicle pairs were restricted to a mximv. tin? gap between lead Md f o l l w i w  of 2 minutes. 
(61 The vehicle mix order c h m e s  across the stUdY stages. 
The mix descriptions are far stage 1. 
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State Mean 

Before 

NSW 
VIC 
QLD 
WA 
SA 
TAS 
ACT 

Total 

1st After stage 

NSW 
VIC 
OLD 
WA 
SA 
TAS 
ACT 

Total 

2nd After stage 

NSW 
VIC 
QLD 
WA 
SA 
TAS 
ACT 

Total 

Grand total 

.1 

.4 
-.l 
.1 
.5 

1.1 
.1 

.2 

.2 

.4 

.3 

.1 

.1 

.3 

.3 

.a 

.1 
-.2 
-.3 
.3 

-.l 

-.4 

.0 

.1 

s td 

14.3 
13.8 
14.0 
15.5 
14.7 
14.2 
14.0 

14.5 

13.9 
12.7 
13.5 
15.3 
16.2 
15.5 
15.6 

14.7 

13.6 
13.1 
13.0 
15.6 
16.0 

14.8 

14.6 

14.6 

N 

1551 
1201 
789 
1345 
697 
154 
420 

6157 

1450 
711 
995 
1392 
800 

1096 
321 

6765 

1293 
671 

1159 
2631 
735 

452 

6941 

19863 

Notes: 
(1) All vehicle mixes have been aggregated. 
Thus the Car - Car mix swamps the results. 
(2) TAS was excluded as it failed to record satisfactory 
times for the free mpeed records. 
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I 
31 
7 
28 
6 
1 
33 
31 
27 
49 

TA$ 
Total 

26 
19 
27 
28 
15 
n 
21 
46 

.6 11.2 458 
11.8 16.1 58 
-12.9 11.1 51 

.8 9.1 42 
-1.2 12.7 18 
-5.2 12.9 17 
14.9 14.9 16 
2.2 11.1 1 1  
1.6 17.2 9 
2.1 11.6 8 

1.1 14.2 1% 

-.I 13.9 49 
-.7 16.3 39 
3.5 11.3 31 
2.1 lS.8 27 
4.8 21.1 1 
3.1 11.3 2 
19.1 .I I 
-5.1 .I I 

ACT 
rota1 .2 14.1 419 

66t 
8% 
81 
ba 
31 
21 
n 
A 
I% 
1% 

321 
251 

I81 
JI 
I1 
I1 
I1 

nr 

I .4 15.9 391 498 
34 9.1 15.1 63 81 
2 -7.1 17.9 55 n 
7 -8.4 15.2 53 n 

28 -1.8 11.9 53 n 
29 6.7 14.8 51 61 
6 -13.2 11.3 25 31 
33 13.1 11.6 ?I 31 
4 -1.1 12.2 I1 I1 
8 -1.8 18.6 I1 I1 

.3 15.5 11% 

1 -.I 
6 -8.3 
33 9.4 
7 -6.5 

J1 7.4 
5 -1.7 
32 3.3 
2 -5.6 
29 11.2 
4 -9.9 

15.3 M 2  
13.6 65 
11.4 65 
14.2 59 
12.7 57 
18.7 25 
20.4 24 
12.6 21 
16.1 21 
14.5 I1 

I .6 16.1 395 541 
7 -8.8 13.7 48 71 
2 -6.3 14.3 47 61 
34 7.1 14.3 42 61 
?p 2.8 14.8 41 61 
28 2.1 11.8 29 41 
1 1.7 13.1 15 21 

31 6.1 15.8 I4 21 
33 n.4 12.1 I4 n 

6 -11.1 12.8 I4 n 

No t h e  data recorded by 
1AS In ¶two 3 

621 
64 
61 
5a 
51 
n 
21 
n 
n 
11 

.3 15,6 321 '.4 14.6 152 

1 -.2 13.7 199 471 I -.7 15.9 161 m 1  -.3 14.6 233 631 
6 -9.1 12.3 34 81 33 11.8 12.1 26 8% 33 9.9 13.1 29 61 
7 -11.4 11.1 32 81 6 -9.7 11.7 n 11 6 -7.8 16.1 24 53 
34 11.9 12.7 32 81 7 -6.1 9.9 21 61 7 -12.4 13.6 19 11 

19 . U 33 8.1 11.9 34 71 31 11.8 16.8 I2 11 34 5.8 12.9 
26 2.8 6.1 13 31 32 2.1 14.5 9 31 5 .2 13.9 16 41 
27 4 . 3  9.3 I1 31 5 -11.8 21.1 8 21 32 .2 13.1 14 5\ 
28 -2.1 11.1 11 38 19 11.4 11.1 7 21 28 1.1 11.5 7 ,21 
32 4.9 15.2 7 21 2 -15.5 9.8 6 Zl 26 -5.7 18.6 6 11 
2 -7.1 11.7 6 I1 29 13.8 12.6 6 n 2 -16.2 15.8 5 I1 

Iotw: 
(11 nlrer wy In thelr sorted frequency ordtr e m s s  s t w r  ulthln I stite. 
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4-21: Mean Speed Diff by vehicle mix 
Lead veh speed > follow veh = +ve speed differential 

5 0--- 
Q) 
I 

Before 

After 1 

After 2 

plot 4-22: Mean Speed Diff by State - 
Lead veh speed > follow veh = +ve speed differential 

Before 

After 1 

After 2 
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plot 4-23: Speed differentials - NSW 
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Lead veh speed > follow veh = +ve speed differential 69 Before 

plot 4-24: Speed differentials - VIC 
Lead veh speed > follow veh = +ve weed differential 

15 -I 
n 

y 10 W 

-4sr--cr 

-15 I I I 1 I 1 I I 

Before 

After 1 

After 2 

79 



Ct
ow
 - 
M
 

Ca
r 
- Ar

t 

Ca
r 
- Tr

k 

Ca
r 
- C

to
w 

A
r
t
-
M
 

cu m
 

Ar
t 
- C

ar
 

Tr
k 
- C

ar
 

Ct
ow
 - 

Ca
r 

Ca
r 
- Ca

r 

I m A 
Me

an
 S

pe
ed

 D
if
fe
re
nt
ia
l 
(K
ph
) 

A
 

A
 

a
 

0
 

I
I

 
m 

o
r

n
o

w
%

 

I- (D
 

0
 
n
 

<
 

(D
 
3
 

I I 
rn U
 

(D
 m n
 

V 
I 

-
h
 

I 
0
 - 0 ¶i <
 

(D
 
7
 

II + < (D 

I 

VJ P 0 
Ca
r 
- Ar

t 
rt b 

Ca
r 
- Tr

k 

N 01
 

Ca
r 
- Ct

ow
 

I ..
 

Ar
t-

Ar
t 

v,
 

U
 

CD
 

(D
 
Q
 

Ar
t 
- Tr

k 

Tr
k 
- Tr

k 
Q
 

-.
 

l
l
 

--
h 

Ar
t 
- C

ar
 

m 7
 

(D
 

3
 

r
t
 

-.
 

Tr
k 
- C

ar
 

a v
)
 

Lv
an
 - 

Ca
r 

-
 

I 
Ct
ow
 - C

ar
 

Ca
r 
- C

ar
 

s > 

Me
an

 S
pe

ed
 D
if
fe
re
nt
ia
l 

(K
ph
) 
A
 

In 
I 

I 0
 

m 
0
 

A
 



Table 4.18 Speed differentials vs 'Speed dispersion' by Stage 
2 lane roads only. 

50- 
L - 20- a 
Y 
- 
0 

t 

Q) 

L3 

Q) 
Q) 

m 
c 
0 
0 

.- e 
f! 10- 
w- w- .- 

v 0-- 

n 
-10 - 

I 
-20 

Vehicle Hean Free speeds (km/h) 
type Before 1st after 2nd after 

Car 102 100 99 

Articulated 90 93 95 

Before 

m e r  1 

After 2 

-f-m---- 
I 1 1 I I I I I I 

Speed dispersion 12 
(kmlh) 

7 4 

- - -__~ 

Mix Speed differentials (km/h) 

Car - Artic 9.7 7.6 8.1 

Artic - Car -10.4 -6.8 -8.9 

Notes: 
(1) mean free speeds are taken from tables 3.21 - 3.23. 
(2) speed differentials are taken from table 4.1. 

plot 4-27: Speed differentials - SA 
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p l o t  U -  28 Car -> Artic overtaking rates in WA 
Car overtaking an Artic rates (overtakings/hour/km of road) 

Stage 1 

Stage 2 

Stage 3 

300 501 302 303 304 305 306 
Site number 
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.ea 
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.a 

.e2 
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.14 

.a 
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l@ 
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1B 
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1@9 
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1W 

&v 
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16.4 
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11.3 
l2.1 
11.1 
14.8 

U.6 
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13.6 
12.8 
12.3 
18.6 
15.9 

l2.3 
14.3 
11.8 
11.1 
ll.8 
l2.9 

n 

344 
w 
162 
5BB 
529 
118 
U 

334 
144 
116 
506 
5% 
2BB 
64 

416 
165 
113 
6% 
548 
184 

Q- 

14.3 
5.6 
6.8 
29.9 
22.0 
1.7 
7.4 

14.8 
6.8 
1.3 
21.2 
24.8 
8.4 
2.6 

16.9 
6.9 
1.1 
2l.5 
28.8 
1.1 

m 

99 
1Ki 
92 
98 
% 
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99 

1BB 
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91 
95 
93 

98 

1 0  
1.7 
97 
95 
w 
94 

n 

ARIKILXW 
& 

14.6 
u.3 
12.1 
7.0 
1.1 
11.0 
1.2 
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10.6 
10.1 
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8.3 
32.8 
lO.9 
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ll.3 
1.9 
0.4 
9.9 
8.3 

n 
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l35 
U 
44 
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n 
14 
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128 
191 
26 
141 
03 
19 

m 
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51 
97 
17-9 
49 

Bflar 

6.1 
5.6 
1.4 
1.8 
8.6 
.6 
.9 

7.8 
5.3 

1.1 
5.8 
1.8 
.8 

11.2 
6.3 
2.1 

7.0 
1.1 

4.a 
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Table 4.20Colwriscm of 1978 ad 1983 Free Speed 
SUTV~YS, 2 lme mods o n l y  - FORS WPK. kq 1985 ________________________________________-------------------- 

CARS 
1978 

NSU 
VIC 
OCD 
WA 
SA 

CPRS 
1983 

NSU 
VIC 
OLD 
UA 
SA 

CARS 
Oct 1986 

*U 
VIC 
OLD 
UA 
s4 

CARS 
kf 1987 

Ny 
VlC 
OLD 
w 
Y 

CARS 
Oct 1987 

I(uI 
VIC 
aD 
IU 
SA 

nern 
Speed 

98 
98 
9h 
93 
% 

Rem 
S e e d  

96 
96 
91 
102 
97 

Rean 
Speed 

182 
101 
92 
107 
lea 

Bern 
seed 

101 
103 
91 
187 
99 

BeM 
S w d  

103 
183 
98 
108 
188 

SdCV 

16.2 
12.0 
11.4 
13.1 
12.3 

SdeV 

12. A 
10.0 
10.6 
12.5 
11.2 

Sdev 

12.5 
12.8 
13.1 
13. A 
13.0 

SdeV 

12.2 
11.2 
11.8 
11.8 
13.7 

sdev 

12.9 
10.6 
11.0 
11.9 
13.9 

85 th 
rrt1e 

112 
189 
185 
102 
188 

85 th 
P C t k  

188 
105 
i0i 
114 
188 

85 th 
Cct1e 

114 
11h 
186 
121 
113 

85 th 
mct le 

114 
115 
103 
122 
113 

85 th 
cct le 

116 
116 
182 
128 
111 

TRVCKS 
1978 

w 
VIC 
QD 
nA 
U 

T m S  
1985 

Hsu 
VIC 
CiD 
UA 
SA 

TRUCKS 
Oct 1986 

w 
VIC 
OLD 
w 
SA 

T W S  
ki- 1987 

Ny 
VIC 
CLD 
w 
SA 

T M K S  
Oct 1987 

Hsu 
VIC 
(LD 
LM 
Y, 

Nem 
bed 

a3 
78 
83 
8 
81 

&a 
Speed 

a4 
87 
82 
86 
81 

nem 
seed 

94 
ab 
8A 
97 
85 

ha 
saed 

96 
89 
a 
95 
86 

km 
S w d  

98 
98 
07 
98 
98 

Notes: 
( 1 )  This table is based on the Federal Office of 
~ w d  % m y ’ s  w s t  1985 ww title ‘ k a v y  vehicle w iimits’ 
PbJe 31. 
(2) Trucks s e  not defined in the WELP md are -wed to be 
both rigid trucks end aticulated vehicles. 

SdeV 

9.7 
9.5 
9.8 
.e 
9.8 

sdev 

9.9 
8.5 
8.8 
12.8 
10.3 

M e V  

11.1 
9.5 

11.1 
11.8 
18.7 

sdev 

10.2 
8.3 
9.2 
16.b 
10.7 

sdev 

18.2 
7.8 
9.8 
11.1 
10.1 

85 th 
cct1e 

92 
88 
93 
8 
91 

85 th 
K t l C  

94 
96 
92 
96 
98 

85 th 
rrtle 

106 
96 
96 
189 
w 

85 th 
wt1e 

187 
97 
97 
111 
97 

85 th 
r r t k  

108 
98 
97 
110 
181 

cs - truck 
wed diff 

1s 
28 
12 
8 
15 

C a  - t m k  
speed ditf 

12 
9 
9 
18 
16 

C.n- - truck 
s e e d  dill 

7 
15 
8 
10 
11 

CeP - t n r k  
wed difl 

5 
14 
6 
12 
13 

Ca - t w k  
weed dill 

5 
13 
1 
10 
9 
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~eb1e4.21 Eyre Highway Free $ w e d  cmarisons. 
Uestern Auttrslis. based on G Maisev, 1983 - sites 1301/2&l1/3331 

ARTICLLATED trucks - 26hr swveillmce 
Scecd Sawle 

Survey Year h n t h  limit size 

Before 1982 flay 88 81 
After 1 1983 AUP 98 85 
After 2 1983 Oct 90 92 

Before 19% Gct 90 135 
After 1 1787 ADr 100 128 
A P t w  2 198: Oct 100 152 

CARS k MOTORCYCLES - ?ahr surveillance *' 
SDeed S m l e  

Survey Year month limit size 

&fore 1982 May 110 141 
After 1 1983 hw 110 71 
After 2 1983 Oct 110 176 

Before 1986 Oct 110 161 
After 1 1987 Aw 110 150 
After 2 1987 Oct 110 171 

tkm Sdev 85 s a )  % )  
(kW1 &le. 96 koh 188 kph 

188 15.6 116 a0 66 
98 10.6 109 73 46 
96 14.4 111 67 28 

103 11.3 115 88 66 
1 04 10.6 115 87 65 
107 11.6 119 91 75 

Mean Sdev 85 % a )  t )  
(kW11 Dctle. 98 kph 100 kph 

108 13.5 122 98 72 
109 12.5 122 92 77 
106 12.5 117 81 59 

105 16.3 122 83 65 
106 15.6 122 85 66 
109 14.6 125 a9 n 

Notes: 

"11 Table &awn from 'Effect of increasing the Sceed limit 
and associated Penalties for Heavv vehicles on the Eyre Highvav', 
Miscv. G E, Police DeDt, Perth UA. Res Rewrt 8311 
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plot 4-29; CAR & TRUCK speed differences 
FORS national surveys, difference of mean speeds of cars & trucks 
20 

n 15 c 
Y 

Q) 
0 
C 
Q) 

'c 
U 
U 
9) 
0) 
CL 

a 
v 

10 
Lc 

0 5  

0 

PlO 
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A p r  1987 
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4-30: WA - Eyre Highway Free Speeds 
omparison based on G Maisey - Site No.l301,2301,3301 

+ Articulated 
* Cars & Mcyc 

I I -- I 

May 82 Aug 83 Oct 83 Oct 86 Apr 87 Oct 87 
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CARS 

Year Sample 
at at ions 

1967 64 
1968 66 
1969 66 
1910 66 
1971 64 
1972 66 
1913 66 
1974 66 
1975 66 
1976 66 
1971 66 
1978 66 
1979 66 
1980 66 
1981 66 
1982 66 
1983 66 
1984 66 
1985 66 

**1986 
**1987 
**1987 

nean 
(kph) 
91.0 
91.4 
91.7 
93.1 
95.5 
97.6 

96.9 
97.1 

99.1 
100.2 
98.9 
97.9 
100.4 
101.1 
100.2 
101.9 
102.2 
102 
103 
104 

98.0 

98.7 

ARTICULTED 
trucks 
I noan 

(kph) 

213 72.0 
327 71.9 
303 73.2 
298 78.0 
362 19.7 

320 83.7 
325 82.3 
421 80.6 
396 85.3 
379 85.1 
552 89.4 
534 89.4 

539 89.4 

670 90 
661 94 

309 82.1 

420 88.3 

681 a7 

RIGID 
trucks 
I Mean 

(kph) 

490 70.7 
380 71.8 
335 72.6 

426 75.1 
401 75.5 
385 75.7 
369 79.5 
337 80.3 
760 8Q.3 
149 78.7 
611 78.8 
641 84.0 
6b5 86.8 
140 85.7 
139 86.5 
178 85.6 
227 87 
244 86 
240 87 

350 69.8 

notes: 
1) ** - lolls truck ap..d rtudy rrrultr for South Aurtralia 

See tabler 3.11 - 3.13 
2) SA definition "othrrs" interprrted a8 Rigid truch 
3) SA definition "Semis" interprrted as Articulated trucks 
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Mean Free speeds 

N 
1985 

Cars 3518 
Semis 539 
Others 118 

Oct 1986** 

Cars 2835 
Semis 681 
Others 227 

April 1981** 

Cars 2788 
Semis 610 
Others 244 

Oct 1987.. 

Cars 2616 
Semis 661 
Others 246 

Uean 
(hph) 

102 
89 
86 

102 
81 
81 

103 
90 
86 

1@4 
94 
81 

Sdev 

12.5 
10.3 
18.8 

13.3 
11.1 
11.4 

13.5 
10.4 
16.5 

13.1 
10.5 
11.4 

85 tb 
pctle 

115 
99 
96 

116 
98 
98 

111 
181 
91 

118 
105 
99 

Notes: 
1) ** - FORS Truck speed study results for South Australia 

See tables 3.11 - 3.13 
2) SA definition "others" interpreted as Rigid trucks 
3) SA definition "Semis" interpreted as Articulated trucks 



plot 4-3iWA - Eyre hwy Free Speeds vs # Crashes 
Comparison based on G Maisey - Site No.l301,2301,3301 

-I- Craahea 
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Plot 4-32: SOUTH AUSTRALIA: Free speed surveys 
Free Speed surveys in SA, 1969-1987 
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V. CRASBES 

V.l. Crash statistics - Western Australia & Victoria. 

The study by Solomon (Solomon 1964) was a landmark in research on the 
relationship between crashes and speed differential between cars and 
trucks especially on two lane roads. Solomon showed that as the speed 
differential increases, so the number of overtakings and with this the 
crash rates and severity climb. 

The ROSTA study of HCV (ROSTA 1978) concluded that on primary rural roads 
crash occurrence potential could be reduced if truck and car speeds are 
brought together. Loong et al. support this argument (Loong et al. 1985, 
K I  ! _. . 

If truck speeds are increased to reduce s eed differentials, the 
benefits derived from the reduction of cras! occurrence rates would 
outweigh the disbenefits caused by increased severity”. 

Croft (Croft 1985) concludes that the literature points to an association 
between speed and speed differential and crash occurrence and severity. 

The Eyre Highway study by Maisey examined the relationship between 
increasing the truck speed limit (thus reducing the car/ truck speed 
differential) and crashes. Haisey concluded (Haisey 1983, 7): 

”The limited data showed no,substantial increase in the number of semi- 
trailers,or other motor vehicles lnvolved,,in reported accidents in the 
1983 period compared with previous years. 

Plot 4.31 contains an extension to Maisey’s original results with the 
addition of the present study Eyre highway results. This plot provides six 
points in time for the free speed surveys along rrith the corresponding 
truck involved crash statistics. 

The correspondence between the longitudinal speed data for the Eyre 
highway (plot 4.31) and the tine series of crashes in rural Western 
Australia (plot 5.1 & 5.21 suggests the following: 

1. There is no obvious or dramatic correlation between the Eyre highway 
data and either crashes or fatalities. This conclusion is based on a 
careful visual examination of plots 5.1 & 5.2. 

2. Neither chanae in speed limits ( Feb 83 or Jan 87 ) has induced any 
perceptible change in the crash or fatalities time series. 

The work by Fieldwick on the relationship between rural speed limit and 
crash rates (Fieldwick 1981) indicated: 

“that the change in crash rate is an almost linear function of speed 
limit“. 19 

He cites the results of many international studies where speed limits were 

1 9  Fieldwick 1981. pg 16. 
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reduced during the mid 1970's during the oil embargoes. His work raises 
the negative aspect of increasing truck speed limits. 

Similarly, the paper by Frith & Derby (Frith & Derby 1986) which dealt 
with the deregulation of the freight industry** in New Zealand in 1983 
suggested that: 

"on State highways truck fatal crashes have ex erienced an increase 
with res ect to other fata1,crashes since dereguyation with a ooe year 
crashes."z1 
lag fol P owed by a stabilization whlch has not occurred for all 

The literature suggests: 

A. reducing speed differentials will reduce overtaking naneuvers and 
this would reduce the number of crashes 

B. as truck speeds increase, so would the occurrence and severity of 
crashes increase for collisions involving trucks. 

The results of the present study favour point (A) above. Certainly the 
Eyre highway evidence strongly suggests that the increased truck speed 
limits have had no perceptible deleterious effects on crashes or 
fatalities. Bowever, the Eyre highway is not representative of rural 
highways in Australia. 

V.1.a. Descriptive time series analysis 

Each of the participating States in this study was asked to provide crash 
and fatality data. This data was to overlap with the free speed surveys to 
ascertain whether there was any adverse effect of increasing the truck 
speed limits. 

Appendix F outlines the data requested from each of the States. The only 
States that could provide the information requested in time for inclusion 
in the report were HA and VIC. The data requested consisted of a dump of 
each States crash statistics database for all crashes since July 1981 for 
crashes which involved at least one truck. A minimum set of variables were 
requested and the format of the data transfer specified. 

V.1.h. Western Australia 

Plots 5.1 & 5.2 present the raw crash and fatality statistics for ALL 
crashes in Western Australia involving a truck (see Appendix F for 
definitions) aggregated by month for the tine period July 1981 through 
June 1987. As such, the HA crash data overlapped two of the three free 
survey points in the present study. The crashes are split into Urban vs 
Rural. 

** The deregulation affected the number of trucks, not the speed 
limits. 

* I  Frith & Derby 1986, pg 114, para 29. 
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Rural crashes (plot 5.1) have remained stationaryzz hovering around a 
monthly mean of 58.5 crashes (Table 5.1). A Cusun analysis p 3  (plot 5.5) 
indicates significant changes away from the mean during the periods: 

Large increases 
Karch - Hay 1982 

* Sept - Dec 1982 
July - August 1983 

* Sept - Dec 1983 
* Dec 1984 
* March - June 1987 
Large decreases 
* Jan - Kar 1983 
* Jan - Kar 1984 

Dec 1985 - Peb 1986 
* Nov 1986 - Mar 1987 
* Aug - Oct 1985 

The legislative changes took place in February 1983 and January 1987. Both 

22 The term 'Stationary' has a specific statistical meaning when 
used in time series analysis. A time series is said to be strictly 
stationary if: 

* all the yt have the same marginal distribution. this being normal. 
* all the yt have the same mean. 
* constant variance 
* covariance ( yt , yt+ j ) = covariance f yt +i, yt + j t i  ) 

The term here is not being used in the strict statistical sense, only to 
indicate the constancy of the mean. 

p 3  C u s m  analysis is a plot of the cumulative sum of deviations of a 
time series from the mean (or arbitrary reference level 'k') level of the 
time series. Frith & Derby (Frith h Derby 1986, 109, para 18,19) used this 
analysis in their paper on freight deregulation in New Zealand. 

A Cusum is calculated as follows: 

S(x,n) = Sum*.. (xt - k) 
where: 

S(x.n) the cumulative sum of a time series 'x' (crashes) for terms 

Xt the time series values from t: 1.2 ... n . 
n the time series runs from t:1,2 .... N where n: 1 (= n (= N. 
k an arbitrary reference level which the time series moves 

about. If the mean is used, then the last Cusum value- 
S(x,N) will be zero by definition. 

t: 1, 2 ... n. 

The values of Sfx,n) are plotted on the Y axis and the values of n are 
plotted on the X axis. 

The Cusum curve will be horizontal when the mean remains equal to k. It 
will slope up when the mean ) k and down when the mean ( k. 

Approximate 95% significance levels can be applied to any change of S(x,n) 
of greater than 2 standard deviations. 
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months coincide with negative slopes in the Cusum which indicates that the 
monthly number of crashes was declining below the mean monthly level. 

The picture for rural fatalities is similar to crashes. Rural fatalities 
are stationary about the mean level of 1.0 per month (Table 5.1). The 
Cusum analysis on rural fatalities (plot 5.6) indicates large and 
significant movements above this mean level in Sept - Dec 1983, Jan 1983 
and July 1986. Downward movements were slower and spread out over six to 
twelve months. 

In summary, for Western Australia: 

1. nonthly crash and fatality numbers have remained stationary about 
the mean level over the entire tine series. 

2. There is no evidence to indicate (from the Cusum plots) any massive 
leaps in crash or fatality numbers as a result of legislative changes 
in either February 1983 or January 1987. 

V.1.c. Victoria 

Plots 5.3 h 5.4 present the crash and fatality trends for fatal crashes in 
Victoria involving a truck (see Appendix F for definitions) aggregated by 
month for the time period July 1981 through December 1986. The crashes are 
split into Urban vs Rural and overlap only one free speed survey point. 

The trend series for rural crashes (plot 5.3) indicates that the number of 
crashes began to decline from June 1984. Prior to this the number of 
crashes was stationary about a mean level of 14 per month (Table 5.1). The 
picture €or fatalities is similar (plot 5.4). 

The Cusum analysis of rural fatal crashes (plot 5.7) indicates substantial 
movements above the mean level in the periods Aug - Dec 1981, Sept - Dec 
1983 and Harch - Sept 1984. Downward movements below the mean were less 
dramatic . 

Large and significant movements above the mean level of rural fatalities 
are indicated by plot 5.8 in Feb - Oct 1982, Har - Oct 1984 and Feb - Sept 
1985. Significant decreases occurred between Oct 1982 - Harch 1983 and Oct 
1984 - Feb 1985. There seems to be a cyclic process present in the 
increases and decreases in rural fatalities. 

In summary, for Victoria: 

1. nonthly crash and fatality numbers have remained stationary about 
the mean level until June 1984 from whence they have declined. 

2. Further time series analysis may reinforce the initial observation 
of a cyclic trend in rural fatalities. 

In conclusion, there does not seem to be any significant change in truck 
related crashes or fatalities coincident with legislative changes to truck 
speed limits in Western Australia. For Victoria, the downward trend of 
crashes and fatalities is of interest. 
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Table 5.1. Mean number of crashes and fatalities 
which involved trucks in the States of 
Western Australia and Victoria. 
July 1981 - June 1987. ................................................... 

Western Australia: July 1981 - June 1987 
Mean Sdev 
(per mth) 

Fatalities 
Rural 1.8 1.1 
Urban 1.7 2.1 

Crashes 
Rural 50.5 9.7 
Urban 155.7 33.2 

Victoria: July 1981 - Dec 1986 
Mean Sdev 
(per mth) 

Fatalities 
Rural 3.7 2.4 
Urban 4.1 2.5 

Crashes 
Rural 14.1 4.1 
Urban 38.7 8.3 

Notes: 
(1) Crashes in Victoria are only fatal crashes which 
involved a truck. In Western Australia, all crashes 
are reported involving trucks. 
(2) The means are based on monthly values. 
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Plot 5-3: Urban - Rural Crashes (Trend) 
Victoria, Truck involved crashes, June 1981 - Dec 1986 

+ Melb 40 7 

Plot 5-4: Urban - Rural Fatalities (Trend) 
Victoria, Truck involved fatalities, June 1981 - Dec 1986 
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Plot 5 - 5 :  Cusum - Rural crashes 
West. Aust., Truck involved crashes, Ref level = 5l/mth 

5.6: Cusum - Urb & Rural fatal's in WA 
Truck involved fatal's, Ref level Metr (1.7) Rural (1 .O) 
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Plot 5 - 7 :  Cusum - Melb & Rural crashes 
VIC, Truck crashes, Ref level Melb (31) Rur (14) 

+ Melb 
Rurol 

plot 5.8: Cusum - Melb & Rural fatalities 
VIC, Truck fatal's, Ref level Melb (4.1) Rur (3.7) 

+ Melb 
Rurol 

2o 1 



VI. SIRMARY of RESllLTS and DISCUSSION 
~~ ~~ 

The major conclusions drawn 
collated below. 

1. Statistical assumptions (IV.l.a.)*': 

from the analysis of the free speed data are 

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

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

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

1.4. Thus we concluded that the ANOVA model was not appropriate for 
testing the free speed data. Ye relied instead on non parametric 
procedures for testing the hypotheses on free speed. 

2. Aggregated free speeds - all roads (IV.2.a.): 

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

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

2.3. The control State QLD which did not increase its truck speed 
articu1,ted vehicle mean limits experienced the same increases in 

free speeds as other States. 

2.4. The control State Queensland seems to be confounded. By contrast, 
the vehicle group 'cars' does appear to have acted as a control. 

3. Aggregated speeds for two-lane roads (IV.2.b.l: 

3.1. Articulated vehicle mean free speeds increased in all States 
except Tasmania as did the percentage travelling greater than 90 
km/h and 100 W h .  

3.2. Car mean free speeds remained fairly stable across the three 
stages with a slight increase in Western Australia and slight 
decreases in Tasmania and ACT. 

3.3. The control State Queensland, which did not increase its truck 
speed limits experienced the sane increase in articulated vehicle 
mean free speeds as other States. Thus the control seems to be 
confounded by some other variable. 

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

(1II.l.a) refers to the section of the report from which this 
summary has been dram. 
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different. 

4. Platooning on 2 lane roads (IV.2.c.): 

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

The constituents of these platoons are unknown. 

4.2. During the same period there was a 31$ decrease in articulated 
le d platoons across ALL speed categories. 

5. Time of day (IV.2.e.): 

5.1. Articulated vehicles have the roads to themselves at night and 
this period also corresponds to the highest mean fret? 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. 

5.2. Prior to the leaislative change the mean free speeds of 
articulated vehiclrs did not overlap the mean free speeds of cars. 
The speed window was 0 km/h. 

This speed window has now widened considerably to 14 km/h and may 
go part way in explaininp why there has been such an increase in 
car led platoonina. 

5.3. An examination of the sampling percentages by vehicle type 
strongly suggests that either the actual distributions of vehicle 
types in the States arr radically different or that the samples in 
each State are biased towards different vehicle types. None of the 
State distributions resemble the all over Australian distribution 
of "Registered motor vehicles" published by the ABS (see Table 
3.21. (Section III.1.b.) 

5.4. The survey design is such that statistically we cannot say with 
any confidence that the sample is representative of the Australian 
vehicle populatioil. C;early, 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. (Section III.1.b.) 

5.5. It would appear that either the UA samplina distributions are not 
"typical" 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 Xaisey has noted, truck speeds tend to 
be higher during the niaht time than the daytime hours. 

Thus it appears that not only have trucks been over sampled due to 
the elevated number of sampling sessions durii,, 'he night (plot 
3.11, but that this could also have biased the mean truck speeds 
reported in this study upwards, (Section IV.2.f.) 

6. Speed differentials (IV.3): 

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

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

6.3. Cars are still travelling faster than articulated vehicles but 
8 km/b by stage 3 of the study. This value has dropped by only by 

2 km/h since the before study in October 1986. 

7. Comparison to previous studies IIV.4.): 

7.1. The present study indicates a stasis in the speeds of cars and 
articulated vehicles at one location on the Eyre highway which 
contrasts with the results obtained by Haisey where he found that 
speeds decreased. 

7.2. The most important issue that emerges from the FORS paper and 
which was one of the driving forces behind tbe 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 
HCV. 

7.3. 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 . 

8. Crash statistics (V.1.): 

8.1. In conclusion, there does not seem to be any significant cbange in 
truck related crashes or fatalities coincident with legislative 
changes to truck speed limits in Western Australia. For Victoria, 
the downward trend of crashes and fatalities bodes well for the 
legislative changes which lie beyond the VIC time series. 

9. Overtaking Rates fIV.2.g): 

9.1. Further exploration of the utility of overtaking rates as a 
predictive indicator of the relative crash risk of a road 
would require a longitudinal examination of the change in the 
overtaking rates for the period of the present study (October 
1986 to October I9871 with site specific numbers of crashes 
or fatalities. 

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. 

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

Discussion: 

The literature places emphasis on reducing 'speed dispersion' by 
increasing truck speed limits. In other studies which have examined this 
issue no safety disbenefits have been discovered. 

This study and others in the literature 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 

191 



environment and police activity. 

This study has shown that the free speeds could not be analyzed using 
standard normal distribution based parametric statistics. Nonparametric 
statistics were used instead. 

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. All future studies 
of vehicle speeds must incorporate a rigorous and enforceable sampling 
strategy. Also, basic population data on vehicle counts by site by time of 
day and date needs to be gathered as the basis of better sampling design. 

Articulated vehicle mean free speeds have increased in four States as has 
the percentage travelling faster than 90 km/h. The control State for the 
study, Queensland failed in its purpose as it experienced the same changes 
in mean free speeds as did other States. Thus there are further, unknown 
factors confounding articulated vehicle speeds. 

Car speeds did act as a stabilising control for articulated vehicle 
speeds. Car speeds remained stable during the study period. 

There has been a large increase in the number of platoons led by cars over 
the study period. This result is matched by a modest decline in the number 
of articulated led platoons. 

Articulated vehicle speeds are closer to car speeds than ever before and 
so articulated vehicles may be joining the queues of other vehicles on our 
roads. The evidence for this is the widening of the speed window for cars 
and articulated vehicles from 0 to 14 km/h. 

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

The results of the present study are consistent with the three benchmark 
studies considered in this report. Thus no abberations were discovered 
which may cast doubt on the study's results. 

There are no obvious or significant changes to road crashes and fatalities 
in the two States examined which could be attributed to the change in 
truck speed limits. 

The question regarding whether radar biases free speeds downward could not 
be resolved by this study as the results are equivocal. Better research 
design is indicated to hammer this problem out. 

Automatic classifiers are on the whole too immature for use as reliable 
speed survey instruments. Time and technology will improve the situation 
no doubt. 

Overtaking rates are potentially a much better indicator of road and 
traffic safety than either aggregated speeds or speed differentials. 
Further research on this indicator should be funded and encouraged. 
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l0N MUtCSlLE EX 
1883 K U U S T L E  EXPRESSUAY 
leol "E H I W Y  
1WS tU€ H I W Y  
1886 MEELL H I W Y  
1887 HEELL HIGHUY 
leeB F5-MUTH ESTER# FREEUAY 
1889 F5-5ouM YSTERN FREEYAY 
1010 W E  H I W A Y  
1011 W E  H I G M Y  
1012 NEU E M L W  H I W Y  
1110 tME H I W Y  
1110 W E  H I W Y  
1110 W E  H I W Y  
1110 rmE H I W Y  
1110 tU€ H I G W Y  
1120 UESTERN H I W Y  
1128 ESEm HIGWAY 
1120 UESTW H I W Y  
1128 E S T E M  H I W Y  
1128 ESTERN H I W Y  
11s PRIWES H I W Y  EAST 

5 1 PRIMES H I W Y  EAST 
1139 PRICES H I W Y  EAST 
11m PRIMES H I W Y  EAST 
11s PRIWES H I W Y  EAST 
11U PRIlcES H I W Y  EST 
1140 PRImES H I W Y  EST 
1141 PRIlCES H I W Y  EST 
1140 PRICES H I W Y  E S T  
1 1 9  ESTmN H I W Y  
1158 E S T E M  HICHLLY 
1 1 9  UESTERW H I M Y  
1158 UISTEM H I W A Y  
1 1 9  =STERN H I W Y  
11s " W I W Y  
1169 MM H I W Y  
llbe MM HIQUIY 
lib( HIBUAY 
1164 tU€ H I B W Y  
11td M H I W Y  
1169 WE HIQUIY 

lln IEW H I W Y  
lln mdA HIGIWY 

1178 IELM H I M U Y  

iim m m  HIWAY 

iin IEW MWY 
-l Ew.LA-Tocawu ROAD 

11- ~ - T o c w u K  ROAD 
11W BWUA-TOQIUK ROAD 

c czMlLA-TOCUU# ROIO 

U T W Y  
naoIY 
lxwMY 
S A T W Y  
S A T W Y  
naoIY 
TUESDAY 
FRIDAY 
SATURMY 
TUESDAY 
E M W A Y  
SATUIDAY 
TUESDAY 
TUEYJAY 
TUESDAY 
? W A Y  
TUESDAY 
THLRSDAY 
Y T U R M Y  
TUESDAY 
T m m Y  
SATUIDAY 
TUESDAY 
TMRISDAY 
TUESDAY 
TWRSDAY 
Y T U R M Y  
TUESDIY 
THRSDIY 
TUESDAY 
YTUIDIY 
SATIRIMY 
M m Y  
TlESMY 
THRsDlY 
FRIDAY 
SATUIDIY 
M m Y  
THRsDlY 
S I T W Y  
SATulDlY 
EDIESDAY 
M Y  
SATUIDCY 
T E S Y  
S A T W A Y  
W S M Y  
THRSDAY 
.TUEsDIY 
T W Y  
SATUDlY 
W S A Y  
SlTUIDIV 
TuLfDIY 

25-10-86 02W M 
27-10-86 1sBB lsw 
27-10-86 1858 1230 
01-11-86 lW5 1245 

83-11-86 1880 nee 
84-11-86 1415 1815 
07-11-86 1830 2238 
08-11-86 0100 Ea 
11-11-86 1938 BBBB 
12-11-86 WW (H38 
15-11-86 1938 2488 

18-11-86 1838 1438 
16-18-86 1800 2381 
16-10-86 2488 8488 
18-11-86 1888 2 M  

22-11-86 8688 lW 

16-10-86 8688 1W 
15-11-86 8688 1000 

28-11-86 8688 1000 
14-10-86 8688 lBBB 
16-10-86 1800 ne0 

18-11-86 ea laea 
2e-11-86 law rn 
21-11-86 laeo zzos 
25-10-86 24W 8400 

25-11-86 1- 2im 
21-10-86 law 1208 
Z4-10-862486 U08 
14-11-86 2488 MW 
1511-86 M 1- 
25-11-86 lsse nae 
27-11-86 2 a  WW 
ea-31-86 201 054a 
M-11-86 O W  1 M O  
12-11-66 2 w  w( 
15-11-86 laeo m 
a2-12-86 2lea UQ 
25-10-86 -1 W 
11-11-86 wu 1- 
13-11-86 lam m, 
25-11-86 wu 1- 
27-11-86 18N 120 
-11-M 201 w 
11-11-86 1- rn 
B-11-65 2- w 

ei-11-86 1330 im 

25-11-86 26m ui5 

iw-11-86 2400 wea 
ih-ie-86 z4m wm 

18-11-86 2400 Mm 

15-11-86 2am DAW 

01-11-86.2- turn 

a-11-86 nw im 

w-12-86 im rn 
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BEFORE TRVCK S Y E D  STUDY - TEIWRK ATTRIBUTES 

A A SWTH 6IppsuIo H I G W Y  
1198 S W T H  SIWSLUO H I W Y  
11% SOUTH 6IpPsLM H I M Y  
1285 PACIFIC H I W Y  
1210 PACIFIC H I W Y  
1215 PACIFIC H I W Y  
lm PACIFIC H I W Y  
1225 Ill L1H)SAY H I W Y  
12M BRUCE H I W Y  
12X W E  HIGMUY 
1240 BRJCE H I W Y  
1245 BRUCE H I G W Y  
1258 W E  H I W Y  
1588 6REAT EASTERh H I G W Y  
1581 EYRE H I W Y  
1582 VASSLL H I W Y  
133 KBANY H I W Y  
1386 H I W Y  
1305 €REAT HORTHER H I W Y  
1306 NORTH E S T  COASTAL 

1401 PORTH UAKEFIELD ROU) 
1402 PORTH W E F I E L D  ROAD 
1403 SOUTH EAST H I W Y  
1AM SOUTH EAST H I W Y  

5 STMT H I M Y  
1186 S M H  EAST H I W Y  
1407 STUIT HIGWAY 
1408 PORT W E F I E L D  

lsBl MIDLAHR H I W Y  
1583 BASS H I W Y  
1563 BASS H I W Y  
1563 BISS H I B W Y  
16)l twm RD 
16sl luRJRA ROAD 
1681 W U U  ROAD 
1612 W W 4  H I B W Y  
1602 BIRTOW H I W Y  
1W2 BIRTol H I W Y  

"ERffaCORDSirly 

im STMT HIWAY 

iwi fiImIH)s HIWY 

SATlmMY 
TUESDAY 
THulsDcY 
SLTURMY 
TlEsDIY 
UEwEsD(LY 
UTUIDCY 
K W A Y  
TvEs[uY 
FRIMY 
SATWDAY 
TUESDAY 
YEDNESDIY 
tKWAYlTuESDAY 
KDHSDAY/T"KDAY 
?WDAY/FRIDAY 
5ATLRDAY/WYDAY 
TESQAYluEMSDAY 
S U Q I Y I ~ m A Y  
FRIDAYISATURDAY 
TMRSDAY 
TMWSDAY 
YTu1[uY 
S A T r n Y  
TUESDAY 
MSDIY 
TKR?mY 
SANRDIY 
TlESDAY 
TUESDAY 
Y T W Y  
l ? W S A Y  
TUESDIY 
T H R S A Y  
TUErnY 
TUEs[uY 

THRSDAY 
SATUIMY 

22-11-86 1m 2230 
25-11-66 8688 lW 
27-11-86 2188 OAW 
86-12-86 e745 1115 
09-12-86 elm a5m 
03-12-86 1288 1688 

68-12-86 1938 2338 
28-10-86 leee 2200 
31-10-86 W 5  0445 
81-11-86 18m ZW 
04-11-86 1115 1515 
85-11-86 1100 lsBB 
13-18-86 lm 13W 
15-10-86 l0W 1888 
16-19-86 1688 l6W 
18-10-86 1230 1258 
21-10-86 0955 0955 
26-10-86 1600 1600 
26-18-84 1100 llW 
16-18-86 B288 8688 
16-18-86 l&W 2288 
18-10-86 02m bbee 
18-10-86 1PBB 2588 

28-10-86 1888 nee 
58-10-0612m 1688 
81-11-86 w 1208 
Y-11-86 1400 lBse 
28-10-86 14m 1888 
91-11-86 lade 2218 
23-10-86 1225 1625 
28-18-86 lea nee 
86-11-86 lW l6Ob 
28-18-86 1788 11m 
11-11-86 l e a  m 
13-12-86 1- 1m 
389e86lllee lmm 
11-11-86 #W 1m 

$6-12-86 zma MW 

28-19-06 m eta 

2 8 - 1 ~  1818 aim 
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Table A2: BEFORE T R T K  SPEED STUDY - SITE DEStRIPTI(H 

lSe1 25-10-86 T*I*XRTH W 
1882 27-10-86 BERRIW W 
1002 27-10-86 LIERRIlU W 
1883 81-11-86 Rl W I T €  llsu 
1003 01-11-86 tlT WITE WU 
1 W 4  03-11-86 I;uIoAGAI Hsu 
1005 06-11-86 6 M M G A I  llsu 
1886 07-11-86 FORBE5 W 
1887 08-11-86 F W S  Hy 
lm 11-11-86 lENLHGLE NSY 
1009 12-11-86 E W E  llsu 
1010 15-11-86 E R R I M  Hsu 
1011 25-11-86 COUBUW llyl 
1012 18-11-86 SIHGCETON NSU 
1110 14-18-86 K I L M  VIC 
1110 16-18-84 K I L M  VIC 
1110 18-11-86 K I L M  VIC 
1110 28-11-86 K I L M  VIC 
1110 22-11-86 K I L W  YIC 
1120 16-10-86 B A L M  VIC 
1128 16-18-86 WLM VIC 
1120 15-11-86 BKUN VIC 
1120 18-11-86 B K L N  VIC 
1120 29-11-86 B K L M  VIC 
1138 16-10-86 # W S  @AY VIC 

8 16-18-86 M W S  OM VIC 
1138 15-11-86 E M S  OM VIC 
1138 18-11-86 l€Mw OM VIC 
11% 28-11-86 Ems w; VIC 
1140 21-11-86 LARA VIC 
1160 25-10-86 L U U  VIC 

1140 25-11-86 M A  VIC 
11% 21-18-86 B E W O R T  VIC 
1154 38-10-86 W O R T  VIC 
11% 14-11-86 B W O R T  VIC 
11% 15-11-86 EMFORT VIC 
11% 25-1146 W ( R T  VIC 
11% 27-11-36 W O R T  VIC 
1160 88-11-86 BKluTTw VIC 
1168 a-11-86 BKluTTul VIC 
116s 12-11-86 E&LMTllR VIC 
1168 13-11-86 BALIUTTU! VIC 
1160 29-11-86 BcLluTTUI VIC 
1168 W-12-86 E U M T T U !  VIC 

1 1 m  11-11-86 aDcwm VIC 

U78 25-11-06 VIC 
1178 27-11-86 6 L W  VIC 
--4 ea-11-86 MXATW 

i i a  01-11-86 LARA VIC 

i i m  2s-ie-86 GLEW VIC 

i i n  i s i i - ~  UEWJUW VIC 

La 11-11-86 WCuTW 
1lM 29-11-86 lllxITyl VIC 
1180 82-12-86 rnTM VIC 

NW E)(GLUC) H I W Y  
HWT H I W Y  
M H I W Y  
NEKASlLE EX 
HEWSTLE E X P B S W Y  
I-LE H I W Y  
HlRT H I W Y  
NEUELL HIGHAY 
W L L  H I W Y  
FS-WJTH LESTERN FREEUAY 
FS-MUTH UESTERN FREEUAY 
HJE H I W P Y  
M H I W Y  
HEU E W A H )  H I W Y  
M H I W Y  
H R  HIGHUY 
M H I W Y  
HIX H I W Y  
HulE H I W V  
UESTERN H I W Y  
ESTERN H I W Y  
UESTERN H I W Y  
KSTERN H I W Y  
KSTERW H 1 W Y  
PRIHCES H I W Y  EAST 
PRINCES H I G W Y  EAST 
PRINCES H I W Y  EAST 
PRIHCES H I W Y  EAST 
PRINCES H I W Y  EAST 
PRINCES HIBYAY E S T  
PRINCES H I W Y  E S T  
PRIKES H I W Y  LEST 
PRIKES H I W Y  LEST 
LESTERN H I W Y  
LESTEW H I W Y  
ESTER4 H I W Y  

ESERN H I W Y  
ESTEllll H I W Y  
M)IE HIBIUY 
H)IE H I W Y  

H I W Y  
HIF H I W Y  
WXE H I m A Y  
M H I W Y  

ELBA H I B Y Y  
rnc4 H I W Y  
E L M  H X W Y  
N3.m H I W Y  
mu-TDaJIwL rn 
BEW-TOCVWL ROAO 
BDuLU-TOc11*IK Ro*D 
BEHUU-TOMU RMD 

UESTEPN n I w y  

m M  HIWY 

H I W Y  
HIGHUY 
H I W Y  
FEEUAY 
FRONAY 
H I W Y  
HIGHUY 
F I W Y  
H I W Y  
FREEUAY 
F R E M Y  
H I W Y  
H I W Y  
HIQUAY 
FREEUAY 
FREEUAY 
FREEUAY 
FREEYIY 
FREEUAY 
FRENAY 
FREEUAY 
FREEUAY 
FRENAY 
FREEUAY 
FREEUAY 
FRENAY 
FREEUAY 
FREEUAY 
F R M A Y  
F E M Y  
F R M A Y  
F R M A Y  
FREEUAY 
2 UNE UrDIVIDED 
2 UN UDIVIDED 
2 UK UOIVIDED 
2 UK UOIVIDED 
2 LmE UOIVIDEO 
2 UIE UDIVIDED 
2 un O I V I D E D  
2 UIE UOIVIDED 
2 LM€ W I V I D E D  
2 w lmIYII*D 
2 L M  UOIVIDED 
2 LM UDIVIDED 
2 UIE UOIVIDED 
2 UIE UOIVIDED 
2 un ~ I V I D E D  
2 L M !  UDIVmD 
2 L M  UDNIWD 
2 w UDIVIDLD 
2 UK U D I V I E D  
2 UWE UDIVIDED 
2 LM U O I V I ~  
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BEFORE TRUCX SPEED STUDY - SITE OESCRIPTIOH 

I,* 22-11-86 LANC L*Ns VIC 
1198 25-11-86 L A W  LANC VIC 
llQ 27-11-86 UNG LAW VIC 
1285 86-12-86 CUES CrnlRY 
1210 09-12-86 YUILER PARK 
1215 03-12-86 PIWbR4 RIVER 
1228 86-12-86 YXITH ff TALLEWDXRRKK 
1225 88-12-86 HORTH OF LIXAN RIMR 
1238 28-18-86 OUEEIYSUH, 
1235 31-18-84 OUFENSLAH) 
1240 01-11-86 UJEENSLMC 
1215 06-11-86 OUEEHSLAW 
1258 05-11-86 OLFEHSLAH, 
1388 13-18-86 YESTERN AUSTRALIA 
1381 15-18-86 RULACCNIA U.A. 
1302 16-19-84 RAMHSTIllRPE U.A. 
130.3 18-10-86 BEWw)T U,&. 
1- 21-10-86 SOUTH DOmHA U.A. 
1385 26-18-86 EEKATMNA U.A. 
1386 26-10-86 PORT HXDLAN, U.A. 
ldW 16-18-66 SOUTH AUSTRALIA 
1601 16-10-86 TUO YELLS W T H  AUSTRALIA 
1182 18-10-86 TU0 YELLS SOUTH AUSTRALIA 
1ABS 18-10-86 CLLINGTON SOUTH AUSTRALIA 
’‘U 28-18-86 CALLIffiTON SOUTH AUSTRALIA 

5 28-18-66 NUIIWTPA, W T H  AUSTRALIA 
1A86 3-18-86 CALLIIIGTW, SOUTH AUSTRALIA 
1A07 81-11-86 NRIOOTPA. SUJTH AUSTRALIA 
1608 84-11-46 TYO YELLS. SWTH AUSTRALIA 
1581 28-18-b5 MAHGKORE TAS. 
1581 01-11-86 1(cJ(wLwIE TAS. 
1583 23-10-86 TAS 
1563 28-10-86 TAS 
1563 86-11-66 TAS 

1Ml 11-11-66 ACT 
1601 13-12-36 ACT 
1681 3WEJ-M KT 
lm Bl-11-36 ACT 
1M 28-10-86 ACT 

WeER Q AEm is 94 

ibei 28-18-86 ACr 

9” SIPPSLAH) H I W Y  
XUTH GIWSLAH) H I W A Y  
SOUTH 61- H I W Y  
PACIFIC HIGHUY 
PACIFIC H I W Y  
PACIFIC HIGWAY 
PACIFIC HIUIUY 

W E  H I W Y  
W E  HIWAY 
BRUCE H I W Y  
BRUCE HIGHWY 
W E  H I W Y  
GREAT EASTERN HIGHUAY 
EYRE H I W A Y  
WSSELL HIGMY 
K W  H I W A Y  

GREAT HORTIfR HIUUAY 
MRTH EST CMSTAL 
STURT HIGWY 
WRTH UAKEFIELD ROAD 
WRIH UAKEFIELD ROAD 
SOUTH EAST HIWAY 
SOUTH EAST H X W Y  
STWT HIG,’&UY 
SanH EAST HIGMUY 
S T W  H I W Y  
PORT W E F I E L D  
NIDc*#Ds H I W Y  
HIDUhDs H I W Y  
BASS H I W Y  
BASS H I W Y  
BASS H I W Y  
RuLwARo 
~~ 

lllllRARLW0 
BARTW H I W Y  
&uIToW H I M Y  
BARTOH HIMWY 

MT L I w r  H r m w  

m m  HIWAY 

A LAUI DIVIDED 
6 LM DIVIDED 
1 UllE DIVIDED 
F R m u Y  
A LAKI DIVIDED 
6 M DIVIDED 
2 LUE DIVIDGD 
2 L A K  DIVIDED 
FEEWY 
FREEUAY 
4 LM 
2 LM 
2 LM 
H I W Y  
H I S M Y  
H I W Y  
HIGHUY 
H I W Y  
H I W Y  
H I W A Y  
2 LAW UNDIVIDED 
A LAIE DIVIDED 
A UK DIVIDED 
FREOUY 
FREBUY 
2 LM WIWIDED 
FREEUAY 
2 UK UOIVIDED 
A L M  DIVIDGD 
HIQUCY 
H I W Y  
HIGWAY 
H I W Y  
HIQUAY 
MIN RDIO 
MIIN RMO 
WIN Rw, 
DIVIDED 
DIVIDED 
DIVIDED 
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Table, A3 : BEFORE nnnX SPEED S T W Y  - SITE CHUICCTERISTICS 

1-1 m 1 1  NFtmElER lY( SP. 1 m  
1882 KRll AlPnmTER lea 
1 m 2  KRll NFtmETER 1% 9. 1 m  
lm.3 KR11 AmMETER 1511 9. 110 
1883 KRll ARnaETER 118 
l W 4  KRll C+RCIETER 1 w  
1 W S  kRl1 AW-CElER 1 m  
le& KRll NFtmETER 1% 9. 1 m  

l W 8  KRll U P n m T E R  118 
1889 KRll M W E T E R  1511 9. 110 

1011 KRll NFtmETCR 1 W  9. 100 
1012 KRll A R M T E R  1 H  9. 100 

i m 7  m i i  MWETER 1% SP. i m  

1010 m i i  ~ T E R  i5n SP. i m  

1118 SPEED 6u1 SIX [ R W )  
1110 SPEED 6w SIX [ R A M I  
1110 SPEED 6uI SIX [RADAR) 
1110 
1110 F K C O N  
llzB SPEED GUN 8 
1128 SPEED 6W 8 
llzB SPEEDGUl 6 
1 1 B  SPEEDGVI 6 
l l a  SPEEDcul 6 
1 1 3  9EECSW 6 

OSPEEDcu16 
1134 KUSM 
1138 S P n m  8 
1134 SPEEWW 8 
1 l U  SPEEDGUN 6 
1 l U  SpEE-6 (W) 
1160 S P E W  8 
1140 SPEEDGVI 8 
1159 
11- sprrr)6u18 
1 1 s  SPtEDGuI 8 
1 1 s  sRED6u18 
1158 FKCOl 
1 1 9  F K C O l  

1161 6 
11t4 9oED6uI 8 
Ut4 SPEEoSurlFM~ 
11t4 RADM 
1 1 M  F K W N  
11- 
117) SUXWlA 6 
117e !F€EMA 6 

11- 8 
''a mzLD6uI 

1 1 M  pLED6uI 6 
1 1 m  s?Em3w 8 

lit4 s p a ~ ~ u l  a 

i i n  - 8 
c., SPELDGUI 

188 
100 
1 m  
100 
lea 
lea 
lea 
lea 
100 
lea 
lea 

lea 
lea 

lea 

i m  

i m  

im 
lea 
1 w  

F I K  Dm 
FINE, OVERCAST CLEAR 
FINE. O H R W T  CLEM 
F I K ,  Sum mu( 
F I K  CLEAR 
FINE/DUSK/2888 DPRK n E A R  
F I E / s W n  UEAR 
FIN! CLEM 
F I E  U E M  
OVERUS1 CLEM 
OVERCAST U E M  
GVERCAST U E A R  
F I N ,  OVERCAST CLEAR 
F I E ,  UINDY CLEM 
IIITERHITTENT S W E R  UT)[, 
FINE 6ooo 
OVERCAST Go00 
LIGHT RAIN, OVERCAS 
FIIEIFSSY m/m 
FAIN UINDY VERY POOR 
FINE FOOD 
OMRtAST GOOD 
RAIN/MIL/?LEE~ CpPRox. 588 
OVERCAST, HISTY RA1 GOOD 
OVERWT. RAINIIIG 
FINE OVERWT 
6ooo 
RAINIOKRtAST 
FINE 
F I E  h OVERCAST 
FINE 
OMRCAST 
FINE (WTI 
OYERUST 
RAIN 
FINE 
6ooo 
FINE 
F1KlCU.D 
FINE 
FIKlMILDlSJW 
6ooo 
FIE 
F I K  
F I E  

FAIR 
GOOD 
em 
Gcm 
Gcm 
m 
Gcm 
6ooo 
6ooo 
em 
6ooo 
6wD 
em 
em 
em 
6ooo 
EXELlDlT 
em 
em 
em 
em 

LI& RAIN~LITTLE F FAIR 
OYERUST, LIGHT RA1 6ooo 
FINE 8 MILD 6ooo 
FIE POOR W I L  
FIN! POOR W T I L  
F I N  Pae W I L  

6ao vEI(yBoD0 
6ooo 

119 



BEFORE TRUCK SPEED S T W Y  - SITE UWIACTERISTICS 

11% S T E W  6 
11% SPEEDGUl 6 
1199 sprr[rGuI 6 
12-35 RAD*R SPEED 6uI 
1210 R A D M  SPEED Gu1 
1215 luDAR SPEED WW 
lne RADAR SPEED 6M 
1225 RADPR SPEED UH 
1230 RAaAR SPZED 6uI 
1235 RUM SPEED GUN 
1268 R A M  SPEED 6LH 
1265 RADAR SPEED WH 
1258 RUM SPEED Gui 
1388 KRll - DIGITECTOR 
1301 KRll - DI6ITECTCR 
1582 KR-11 - DIGITECTW 
1303 DIGIlECTOR 
1381 DIGITECTOR 
1385 DIGITECTOR 
1586 DIGITECTOR 
1488 SPEED6UN 
1601 SPEEDGUN 
1602 W E E W  
1L85 S P E E D M  
‘‘U SPEEffiIN 

,5 SPEEffiUl 
1406 S P E W  
1187 ST€CtW 
1408 SREDGUI 
1581 F K C O H  SPEED 6uN 
1561 FKCON SPEED G W  
1503 STMLITE RADul 6uN 
1583 RADAR GIB 
1585RADpAcuN 
1681 RAOIR SPEED 6M 
lbel RADAR SPEED GUI 
1681 RAaul SPEED 
1 W 2 R I D L R S t E D 6 U I  
1691RAD*RsPzED6uI 
1m RmM SPEED 6u1 

Nm-9 a REm is 94 

100 
100 
100 
100 

188 
100 
188 
100 
108 
188 
108 
188 
110 
110 
118 
118 
118 
118 
118 
118 
118 
110 
118 
118 
110 
110 
110 
118 
118 
118 

100 

im 
100 
le8 
lee 
189 
1s) 

F M  
FMtI 
F M  
FOREST 
RESIDENTIAL 
mhL 
RESIDENlIK 
RUlK 
M U  
PINE FOREST 
SnKL FAETIS 
RURAL 
FOREST 
SCRUB 
SCR8 
RWIK 
RURKIGRAZING 
VIRGIN SCROB 
STATIOH GRAZING 
GRAZING 
FAJ?hING 
FPiiiiING 
FARIINS 
tRNIHG 
GRAZIffi 
FARMING 

FARIINS 
FCRnIlG 
W I N 6  
(;RAZING 
FAWING 
FcdnING 
F W I f f i  
GRUINS 
GR*zIHt 
W I l G  
RUIUIE) FfS(N) W 
RRK 
RURKlUIBPlN 

w r m  

F I N  6ooo 
FCG/FIN FE WT I L  0 
F I N  CLEAR 
F I N  coa, 
F I N  6oa, 
F I M  6ooo 

FINE FAIR 
F I N  m 
F I N  tar, 
F I E  a m  
FINE m 
F I N  too0 
F I N  CLEAR 
FINE CLEAR 
KAW RAIN5 DAY & H SOM) 
RAIN THEN OMRCAST tooD 
F I N  Go00 
6ooo U E A R  
FINE CLEAR 
CLEAR CLEAR 
CLEAR CLEAR 
CLEAR U E A R  
SHOUERS CLEAR 
CLEAR mx, 
CLEAR 6MD 
FINE 6Mo 
F I E  6MD 
F I N  6Dco 
FIEICLEAR 6oa, 
F I N  GOOD 
FINE. 1515 LT S W  u)(x, 
F I N  CLEAR 
F I N ,  SCATTERED CLO CLEAR 
FIN/UOUDY CLEAR 

amy Y I T ~  WRS POOR 
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Table A4: 
FIRST A F T E R  T R U C K  SPEED STUDY - T E M P O R A L  A T T R I B U T E S  

2001 New England Hwr 

2803 Newcastle ErPressway 
2084 H u m e  H u r  
2005 Huae 
2886 Newell H W Y  
2007 Neuell Hwr 
2008 F5-South Uestern Freewar 
2809 F5-South Yestern Freeway 
2010 Hu m e  H i g h w a y  
2811 Hube Hwr 
2012 N e w  England H u r  
2110 Hube H i o h w a y  
2110 H u m  Highwar 
2110 Huie Hiohwar 
2128 Ueotcrn Highwar 
2128 Ucttern Highwar 
2120 Uestern Highway 
2130 Princes Hlghway East 
2130 Princes Hiohwar East 
2130 Princes Highway East 
2140 Princes Highway Nest 
2150 Ueotern HiQhwaY 
It Uestern Highwar 
215u Uestern Hi g h w a r  
2160 Hume Highway 
2168 Hume Hiohwar 
2160 Hume Highway 
2168 H u m  Hiohwar 
2178 Helba H i g h w a y  
2170 Me l b a  Highway 

2002 Hube H W Y  

2180 aenaiia - iocuiwai R d  
2180 Benaiia - Tocuiwal R d  
2198 Sth Gioosland Highwar 
2190 Sth 6 1 ~ ~ s l a n d  Highwar 
2190 Sth Gioosland Hiohway 
2285 Pacific H W Y  
2210 Pacific nur 
221s Pacific H W Y  
2228 Pacific Highway 
2225 Mt  Lindesay Hur 
2238 Bruce Highway 
2235 Bruce Highway 
2248 Bruce Hi g h w a y  
2245 Bruce Highway 
2258 Bruce Highway 
2388 Great Eastern Highway 
2301 Errs Highuay ir Albanv Highway 

* HO8lell HiQhWOy 

2384 Brand Highuay 
2385 North Hest Coastal Highway 

Saturdar 

Saturdar 
M o n d a y  
Tuesdar 
Friday 
Saturdar 
Monday 
Tuesday 
Saturday 
Tuesday 
Tuesday 
Saturdar 
Tuesday 
Thursdar 
Thursdar 
Saturdar 
Tuesday 
Tuesdar 
Thursday 
Saturdar 
Tuesday 
Saturday 
T u e s d a r  
Thursday 
Saturday 
Saturdar 
Tuesday 
Thursdsr 
Tuesdar 
T h u r s d a y  
Saturday 
Tuesday 
Tuesday 
Saturday 
Thursday 
Saturday 
ruesdar 
Uednesdar 
Saturday 
nondsr 
Tuerdar 
Fridar 
Saturdar 
Tuesday 
Wednesday 
nOndDY 
YsdnesdaY 
ThursdsV 
Saturdai 
Monday 
Thursday 

Uondar 
0545 
1518 
1638 
2208 
1745 
2238 

2400 

2A88 
8415 
1630 
1888 
2238 
0600 
1800 
2280 
0600 
1888 
2208 
0408 
2200 
1088 
2200 
8480 
8500 
1000 
0680 
2280 

2280 
0400 
2289 
1088. 
2288 
9480 
1145 
0599 
lbe8 
8488 
2338 
2208 
8415 

1415 
1599 
1280 
8788 
1488 
1008 
1838 

8508 

w e  

imee 

2298 

same 
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2386 
2608 
2481 
2682 
2603 
2606 
2605 
2406 
2607 
2488 
2581 
2501 
2583 
2503 
2601 
2601 
2601 
2602 
2602 
2602 

Great Northern Highway 
Sturt Highway 
Port Uaketield Road 
Port Uaketield Road 
SouthEast Highwar 
SouthEast HlghuaY 
Sturt Highway 
SouthEast Highway 
Sturt Highway 
Port Uakefield Road 
Bidlands Highway 
Bidlands Highway 
Bass Hiohway 
609s Highway 
nsjura Road 
najura Road 
BeJura Road 
Barton H U Y  
Barton H U Y  
Bsrton H W Y  

Saturday 
Thursday 
Thursday 
Saturday 
Saturday 
Tuesday 
Tuesday 
Thursday 
Sat urday 
Tuesday 
Tuesday 
Saturday 
T hur 5 da Y 
Tuesday 
Tuesday 
Thursday 
Sat urday 
Tuesday 
Thursday 
Tuesday 

11/04/87 8900 
26/83/87 0280 
26/83/87 1800 
28/83/87 0209 
2 a 1 8 3 1 ~ 7  1900 
si/e3/a7 8288 

ei/er/s? eaee 

31/83/87 1800 
02/94/87 1200 

07/06/87 1600 
31/03/87 1680 
11/86/87 1800 
02/BAl87 1031 
31/03/87 1800 
2ale3/a7 1400 
02/06/87 1800 
28/83/87 0700 
31/83/87 1800 
26/03/87 1608 
24/03/07 0700 

0980 
8600 
2200 
0600 
2300 
0600 
2200 
1608 
1280 

1880 
2200 
1431 
2200 
1800 
2280 
1100 
2200 
1808 
1180 

1800 

NUn8ER OF RECORDS is 72 

122 



FIRST m m  TRVCK SEED STWY - SITE DEXRIPTION Table A5: 

H i W r  
H i d w r  
Ex~ruuuar 
nn 
H1-Y 
H i m 7  
Freeusr 
Freewar 

Hidwar 

Himuer 
Freewar 
fretua 
Fresusr 
Freevar 
Freewr 
F-7 
Freewar 
F-7 
FWmY 
2 L a e  w i v i  
2 L m e  u w i v i  
2 Lme W i v i  
2 Lax uldivi 
2 Lme w i v i  
2 Lac w i v i  
2 L a e  W i V i  
2 L m a  uldivi 
2 lar wivi 
2 Laa uldivi 
2 L a e  W i v i  
2 Lae Divide 
2 L a m  Divide 
2 L m e  Divide 
F r a e w  
Hi* 

n i d m r  
Hi- 
F r w W Y  
F M  
4 lan 
2- 
2 L a s  
2 La vdivi 
2 Lau uldivi 
2 Lnr LMivi 
2 Lme vdivi 
2 Lme vdivl 
2 Lan vdivl 
2 L.ne W v i  
H i W Y  

my 

niahar 

n i m r  

ni-r 

123 



FIRST KTER TRVCK SPEED STLOY - SITE DESCRIPTIOH 
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FIRST UTER TRVCK SPEED STWY - SITE CWRMTERISTICS Table A6: 

.dl KRll w t c r  188 
2882 KR11 m t e r  15. SoC 188 

W t e r ( h r 1 t i p h a k )  118 
2004 h l t i p h a  (5. w i n g )  100 
2005 hrltiphor (51 specin01 188 
2886 KR11 CIphaeter 188 
2887 KRll A.Dhonetr(lk %€ 100 
2W8 KRll CnphoutWClk bc 110 
2009 KR11 Whmeter/lS. SOC 110 
2010 I*rltiPhor k swcing 100 
2011 KRll mlphorter 15. bc 188 
2812 KR11 m t e r  1% %c 188 
2110 Kustca FalCOtl.Soeedgn6 100 
2118 S P W  100 
2110 100 

2128 wedam6 100 
2120 specdauns 1W 
2130 speedWM 188 
2138 SDeC&un6 lea 
2134 SDcedRnB 188 
2110 sceedgun8 108 
2158 speedRn8 188 
2158 sceedsn6 1W 
? I 5 4  Wwedovd 100 

aspeedovl6 100 
2160 100 
2160 sceedmm6 108 
2168 SPedQma 100 
2178 wedan6 lea 
2170 sDtCdRn6 100 
2188 SDeedGUd 100 
2180 sOeeffiu-6 1m 
2198 Soeed6vl6 100 
2198 188 
2198 sceed6un6 188 

2219 Rsda Had 6ul 188 
2215 Rads thd 6ul 100 
ms 188 
m5RsdathdGul 1W 
22M Rada SDeed an 100 
2235RsdaSDesdGm 1M 
2219 Rads Swed 6ur 1w 
2245 Rsda an 1M 

2388 Dloitmtr - Limt Lba 110 
2M1 Dioitmtm - Li*t BM 11) 
2302 Digitwtw - Li*t b 110 
' -6 DiOltwta - Li*t W 110 

2124 speebgvl6 im 

2205RsdrHard6ul im 

2259 bdm- SDnd an iea 

22&3 Digitactor - Li*t Barn 119 

(,,A Dioitscta - Li*t Bem 119 
2586 Digitscta - Li*t &ea 110 
21m spsbd 6vl 110 

ua2ing 
6rozim 
Bwh 
6ra2ino 
Grsling 
F a l m d  
F a l m d  
m a l  
Rral 
6rarina 
Erozing 
Crazing 
m a l  
Au-iarltlral 
F a  
A w i w l t u a l  
Fm 
F a  
Rural 
Run1 

RWSl 
Run1 
Rural 
F W r  
Rual 
Rral 
Rual/Faing 
RrallFaing 
Rual 

F a  
F W U  
F a  
F W r  
F a  
h a 1  

Fine Clem 
FinelClardrlV C l e a  
FInelSvnr Clcm 
Fins Good 
Fine Good 
Fine Good 
Fine Good 
NI*t/Misty Ristr/Fw 
NihtlFoo F W  
Fim/Da* Cl* 
Fins,cold c1ea 
Fine,ovcrcmt Clew 
Fine 
Fine 
Fine 
RainIFoo 
Fin 
Fine 
Fine 
O v e m s t  
Fin 
Fine 
ust 
O v m s t  
FW Patches 
Fine 
Overart 
Fine 
Fin 
Fine 
Fin 
Fine 
Fine 
Ov-t 
Ov-t 
F o w l  
Fine 

Residential No e x e r  Fine 
Rral C l a W  
Residential Fine 
-1 %owl-, 
RU.01 Fine 
Pin Forest Fine 
S a l 1  Faru Fine 
W 1  Fin 
Forest fine 

Dak -) Fine and C 
Fine md Clew 
Good (NiQht) 
Fairlmw 
Good 
Good LNI*t) 
Good 
Good 
6md 
Good 
Good 
Dsk 
vaiab1e 
Good 
Good 
Good 
ClsS 
Good 
Light mist 
Good 
Good 
Good 
Good DarlNioht 
PaK 
Good 
C l e a  
C l e s  
Good (for niat ti 
PaK 
Good 
Good 
bod 
Good 
Good 
Cloo- 
Cl* 

Fine 
'bt' - Fine 
Rain Periodr,O Good 
kinlr Fine - Good 
Fine t Very tb Good 
Good Cler 
Cl* 

fine - Mild Good 
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FIRST NTER TRLtl: SPEED STUDY - SITE CMRACTERISTICS 

2601 M 6un 
2402 brrd Gul 
2403 Speed kn 
24U w e d  Fun 
2485 Soeed 6u, 
2686 Sceed Gun 
2407 w e d  Fun 
2688 Eoeedem 
2501 Falcon Speed Gun 
2501 Falcon S w e d  Gun 
2583 Redw tvl 
2583 Rsda G m  
2681 Radw Gun 
2601 Redsr Gun 
2681 R s d a  Gun 
2682 Rsda tw 
ZM2 Rsdar Gtm 
2682 Radar Gur 

N W R  OF RECMIDS is 72 

110 
110 
118 
110 
110 
110 
110 
118 
110 
110 
110 
110 
188 
188 

188 
188 
188 

me 

F-iw c l e w  
CcntinuuI Rai Paw F a i n p  

Fsnim %IOW91 m 
Farmin0 Liaht Showrr God 
Funin0 Clear Gcd 
Funino Fine God 
Fsnim Fine 6096 
F m i n a  Fine Veri P m d  
Graziw hercart/Clard tmd 
Grazira Fine Gwd 
Farmina Fine C l e w  
Fermino Fine C l e a  
Crazinp Fine CIOod 
Grazing Fine C l e w  
Crazing Fine Good 
Rural (E) Restdent is1 
Ru-a1 (E1 Residentis 
b a l  (El Residentia &x4 
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Table AI: 
SECOND AFTER T R U C K  SPEED STUDY - TEMPORAL ATTRIBUTES 

3001 
3082 
380s 
3004 
3005 
3006 
3007 

3009 
3019 
3011 
3012 
3110 
3110 
3118 
3128 
3120 
3128 
3130 
3130 
3140 
3150 
3158 
31 
3168 
3168 
3168 
3170 
3179 
3189 
3180 
3190 
3198 
3198 

m a  

Mew England nur 
nume Highway 
Neucartle Freeway 
nume Highwar 
nuae Highwar 
Newell Highwar 
Newell Hiohwar 
Hule Highuay 
nuae nighwar 
Huie Highuar 
nume nighway 
New England Highway 
nume nighuar 
nume Highua), 
Hume HfghwaY 
Ueotern Highwar 
Uestern Highway 
Uestern Highway 
Princes HiOhwaY East 
Princes Highuay East 
Princes Highway 
Uestern Highuar 
Uestern Highuar 
Uestern Highwa)r 

nuae Highwar 

Relba Highway 
Melba Highwar 
Benalla - T o c u m w a ~  Road 
BCnOlla - TOCUIUaI Road 
South 6 i ~ ~ s l a n d  Highuay 
South Gippsland Highway 
South GiPPrlsnd Hiohwar 

Hume Highway 

nul4 Highway 

3205 Pacific Highwar 
3210 Pacific Highwar 
3215 Pacific Highwar 
3221 Paciric H W Y  
3225 Lindrar Highwar 
3238 Bruce Highwar 
3235 Urucr Highwar 
3240 Erucc Hiohwar 
5245 8ruce Hlshuai 
3250 Urucr Highwar 
3388 Great Cartern Highwar 
3381 Crre Highuai 
3382 South Coast Highway 
3383 Albanr Highwar 

Brand HighWOi "S. North vert Coastal 
3488 Sturt Highwar 
3481 rort Uakrrield Road 

Saturday 
nondar 
Saturday 
Monday 
Tuesday 
F r i d a y  
Saturday 
Tuesday 
Uednerdar 
Saturdar 
Tuesdar 
Tuesday 
Tuesday 

Saturday 
Tuesdar 

Saturday 
Thursday 
Saturday 
Tuesdav 
Thursday 
Tuesdar 
Saturdai 
Saturdar 
Tuesdar 
Thursdai 
Tuesday 
Thursder 
Tuesday 
Saturdar 
Saturday 
Thursday 
Tuesday 
Sat urdai 
Tuesday 
Uednerdar 
Saturdar 
llondar 
Tuesdar 
Friday 
Saturdar 
Tuesdar 
Uednerdar 
Mondar/Tuerdrr 
UcdncsdarlThurrdar 
Thursdai/Fridai 
SaturdarlSundar 
Tuesdrr/UednrsdaY 
FridarlSaturdsr 
Thurrdar 
Thurrdar 

Thursdar 

ThUPSdOi 

i71181a7 0290 

i71ie1a7 1130 
i21ie1a7 1800 

251ie1a7 1830 

271ioia7 1829 
28110187 2600 

i3iieia7 2400 

29.9.87 1800 
8.10.87 2600 

22.10.87 0600 
24.18.87 1800 
e.ie.a7 i s m  
3.im.a7 2400 
29.9.87 1880 
1.10.87 2400 
29.9.87 iaeo 
3.18.87 86ee 

17.9.87 1800 

22.9.87 i a m  

ie.1o.a7 leeo 

i7.io.a7 8 x 5  

24.io.a7 8909 

12118187 1145 

15110187 1400 

24110187 0100 

31110187 1938 

27110187 1838 

18.10.87 0600 
22.9.87 2b00 

19.9.87 0608 
22.9.87 2408 

22.9.87 0600 
22.10.87 0688 

3.10.87 2400 

1.19.87 2400 
29.9.87 0600 

20.10.87 0188 
16.18.87 1200 

11.10.87 1938 
13.10.87 1800 
16.10.87 8015 

13.18.87 1115 
14.18.87 1180 
12.10.87 1308 
14.18.87 1090 
15.18.87 1688 
17.18.87 1230 
28.18.87 1000 
23.18.87 1180 
15.18.87 0208 
15.18.87 1808 

17.18.87 i a ~  

0608 
1615 
1715 
2200 
1800 
2230 
0500 
2A08 
0430 
2600 
0615 
1450 
2330 
0100 
1008 
0480 
1000 

2200 
0400 
2288 
0400 
2280 
1880 
1000 
$409 
2280 
1000 
1000 
2208 
0400 
2200 
0400 
1800 

220e 

114 
854 
168 
840 
233 
228 
04 I 
228 
151 
158 
138 
108 
168 
123 
108 
111 
868 
228 
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SECOND AFTER TRUCK SPEED STUDY - TEMPORAL ATTRIBUTES 

3402 Port Uaketield Road 
3403 Southeast Hiohwar 
3684 South €oat HighuaY 
5405 Sturt HiOhwaY 
3606 South East HighwaY 
3687 Sturt Highway 
3688 Port Uaketield Road 
3501 Hidlands HighuaY 
3501 Midlands Highuar 
3501 Ridlands HighuOY 
3503 Bass Highway 
3583 Boar Highway 
3503 Bass Highway 
3601 Majura Road 
3681 MeJura Road 
3601 HaJura Road 
3602 Barton Highway 
3602 Barton Highway 
3602 Earton Highway 

NUBBER OF RECORDS is 71 

SaturdaY 
Saturday 
Tuesday 
Tuesday 
ThurrdaY 
Sat urdar 
Tuesdar 
Ssturdar 
ThursdaY 
Tuesday 
SatUrdaY 
ThUrsdaY 
Tuesdar 
Tuesday 
Thurodav 
Saturday 
Tuesday 
Thursday 
SaturdaY 

17.10.87 E200 
17.10.87 1900 
20.10.87 0208 

22. 10.87 1200 
2A. 10.87 8800 
13.10.87 1480 
17.10.87 1880 
15.10.87 1600 
13. 10.87 1A80 
17.10.87 1188 
22.10.87 1180 
20.18.87 1880 
13.10.87 1800 

26.10.87 1480 
13.10.87 0650 
15.10.87 1750 
17.10.87 1350 

28.ie.87 1888 

i5.ie.a7 8780 

0600 
2300 
0600 
2200 
1600 
1280 
1800 
2200 
1800 
1800 
1500 
1500 
2200 
2288 
1100 
1730 
1050 
2150 
1730 

128 



Table A8: 
SECOND AFTER TRUCK SPEED STUDY - SITE DESCRIPTION 

3881 17/18/87 Tamworth 
3882 12/18/87 Ecrriia 
3883 17/10/87 flt Yhite 
3886 12/18/87 Gundagai 
3885 13/18/87 Gundagai 
3986 23/18/87 Forbes 
3887 24/18/87 Forbes 
3888 27/18/87 Henangle 
3889 28118l87 Menangle 
3818 31/18/87 Berriaa 
3811 13/19/87 6oulburn 
3812 27/10/87 Singleton 
3110 29.9.87 K11BOre Victoria 
5110 8.18.87 Kilmore Victoria 
3119 18.18.87 Kilaorc Victoria 
3128 22.9.87 Ballan Victoria 
3128 22.18.87 Ba l l a n  Victoria 
3128 24.18.87 B a l l a n  Victoria 
3138 8.10.87 Hesrnes Osk Victoria 
3138 3.10.87 Hearnes Oak Victoria 
3lA8 29.9.87 Lara Victoria 
3158 1.18.87 Beaufort Victoria 
3158 29.9.87 Beaufort Victoria 
31. 3.10.87 Beaufort victoria 
316. 19.9.87 Balmatturn Victoria 
3168 22.9.87 Balmattun Victoria 
3168 17.9.87 Balmatturn Victoria 
3178 22.9.87 Glenburn Victoria 
3178 22.18.87 Glenburn Victoria 
3188 22.9.87 Muckatah Victoria 
3188 3.18.87 Muckatah Victoria 
3198 10.18.87 Csno Lane Victoria 
3198 1.18.87 L a n o  Long Victoria 
3190 29.9.87 Long Long Victoria 
3205 17.10.87 Codes County Oueensland 
3210 28.18.87 Shailer Park Oueenrland 
3215 14.10.87 P ~ B P ~ w J  River Queensland 
3220 24.18.87 OLD 
3225 12. 10. 87 Queenrland 
3239 13.18.87 Caboolture Oueensland 
3235 16.18.87 IBeerburrum dev) Oueensland 
3240 17.10.87 Uoombre Queenrland 
3245 13.18.87 Oueensland 
3250 14.10.87 Queensland 
3300 12.10.87 Uestern Australia 
3301 14.1B.87 Eslladonia Yestern Australia 
3302 15.10.87 Uertern Aurtralia 
3303 17.10.87 Beaufort Uertcrn Aurtralia 
33p’ 20.10.87 Donorra Yestern Aurtrmlia 

New England Hur 
Hume Highwar 
Newcastle Freeway 
Hume Highway 
Hume Hi9huar 
Newel1 Hiohway 
Newel1 Hiohwar 
Hume Highway 
H u m  Hiohwar 
H u m  Highway 
nu m e  Hiohwsr 
Ne w  England HfOhwaY 
Hume Highway 
Hume Highway 
Hurne Highway 
Ucstern Hiohwar 
Uestern Hiohwar 
Yestern Highway 
Princes Hiohvav East 
Princes Hiohwar East 
Princes Highway 
Yestern Highway 
Yestern Highvar 
Uertern HighwsY 
Hume Hiohwar 
H u m e  Highwar 
Hume Highuer 
flelba Hiohway 
flelba Hiohway 
Benalla - Tocumwal Road 
Eenalla - Tocumwal Road 
South GiPpsland Hiohwar 
South GlpDSl~Ind HiOhwrr 
South Gippsland HiOhwar 
Paciflc Highwar 
Pacific Hiohurr 
Pscitic Hiohwai 

Lindsar HiohwaY 
Eruce Highwar 
Erucr Hiohwar 
Eruce Hiohvrr 
Bruce Hiohuai 
Eruce Hiohwar 
Gremt Eastern Highway 
Err, Hiohway 
South Corrt tlighuar 
Albanr Hiohurr 
Brand Hiohwar 

Pacific H W Y  

3 3 L  23.10.87 Port Hedland Ueitarn Aurtrslir North west Coartrl 
3400 15.10.87 NUrioOtDI South Aurtralir sturt Hiohwar 
3481 15.18.87 Two Yell South Aurtrrlia Port Uakefield Road 

129 

Hiohwar 
4 Lane Divided 
4 lane Freeway 
nur 
H W Y  

Highway 
4 Lane Divided 
4 Lane Divided 
4 Lane D i v i d e d  

2 Lane 
Freewar 
Freewar 
Freeway 
Freewar 
Freewar 
Freewar 
Freewar 
Freeway 
Freewar 
2 lane undivided 
2 lane undivided 
2 lane undivided 
2 lane undivided 
2 lane undivided 
2 lane undivided 
2 lane divided 
2 lane undivided 
2 lane divided 
2 lane divided 

nighwar 

6 lane divided ~ 

2 lane divided 
2 lane divid’ed 
2 lane divided 
Freeurr 
Hiohwar 
Hiohwry 
nighwar 

2 imne 
2 lane undivided 
2 lane undivided 
2 lane undivided 
2 lane undivided 
HiOhuOY 
Highury 
Highwar 
Hi0hW.Y 



SECOND AFTER TRUCK SPEED STUDY - SITE DESCRIPTION 

3402 17.10.87 Two U C l l  South Australia 
3603 17.10.87 Callington South Australia 
3601 20.18.87 Callington South Australia 
3105 20.10.87 NUriOOtpa South Australia 
3606 22.10.87 Callington South Australia 
3607 26.10.87 NuriOOtpa South Australia 
3108 13.10.87 Two Yells south Australia 
3501 17.10.87 Nangalore Tasmania 
3581 15.10.87 Mangalore Tasmania 
3501 13.10.87 Hangalore Tasmania 
3503 17.10.87 Tasmania 
3503 22.10.87 Tasmania 
3503 20.10.87 Tasmania 
3601 13.10.87 A.C.T. 
3601 15.10.87 A.C.T. 
3601 26.10.87 A.C.T. 
3602 13.10.87 A . C . T .  
3602 15.10.87 A.C.T. 
3602 17.10.87 A.C.T. 

N U M B E R  OF RECORDS i s  71 

Port Uaketield Road 
Southeast Highway 
South East Highway 
Sturt Highway 
South East Highwar 
Sturt HighuaY 
Port Uakelield Road 
Midlands Highway 
Midland$ Highway 
Midlands Hiohwar 
Bass Highway 
Bass Hi9hua)r 
Bass Highway 
Malura Road 
najura Road 
Majura Road 
Barton Highway 
Barton Highuar 
Barton Highwav 

Highway 
Highuay 
Highway 
Highway 
Highwa). 
Highvar 
Hiohuav 
Highway 
Hiohuar 
Hi ghway 
Highway 
Highway 
Highway 
2 lane undivided 
2 lane undivided 
2 lane undivided 
6 lane divided 
L lane divided 
6 lane divided 
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' Table A9: 
SECOND AFTER TRUCK SPEED STUDY - SITE CHARACTERISTICS 

3001 K R l l  AaDhometCr 151 SDa 100kDh 
3002 K R 1 1  AlDhOleter 15a SDO 100kDh 
3003 Slant Radar ll0kmh 
300A HUltIDhOn (5n SPaCIn9) lO0kDh 
3005 Hultiphon (51 s ~ a c i n g l  100kph 
3006 KR 1 1  AlDhOlcler 15m SDO 100 kDh 
3007 K R l l  AaDhoieter 100 koh 
3808 K R l l  AiDhometOr 151 S p a  110 kDh 
3009 K R l 1  AlDhOleter l5m SDO 118 k D h  
3010 K R 1 1  AlDhOletcr 151 Spa 100 kD h  
3011 K R l l  ARDhODetCP 151 SDO 100 kDh 
3012 HUltiDhOl (51 SDOCinO) 188 kDh 
3110 Soeed 6 u n  8 110 
3118 S ~ e e d 6 u n  6 100 

3120 $Deed Gun 6 110 
3120 SDeedOun6 100 
3120 SDeed9un6 110 
3130 SPeedoun 180 
3138 $Deedgun 6 110 
3110 SDeedgun 6 118 
3150 Speed 6un 100 
3150 SDcedoun 100 
3L Speedgun 8 1 00 
3lbo speed 6Un 100 
5160 Speed 6un 100 
3160 Speed 6un 100 
3170 Speedgun 188 
3170 SPeedoun 6 180 
3180 SDeedgun 8 108 
3180 SDeedOun 100 
3190 Speedgun 108 
3190 SDOOdQUn 6 100 
3190 SPeed9un 6 1 00 
3205 Rmdar Hand 6un 100 
3210 Radar Speed 6un 100 
3215 Radar Hand Sun 1 00 
3220 100 
3225 Radar Hand6Un(SDOedgun) 100 
3230 SDOOd Gun 100 
3235 Speed 6 u n  1 00 
3240 Radar Speed 6un 100 
5265 Speed 6un 100 
3250 Speed 6 u n  1 00 
5300 Dloitector-sick l.beamr 110 
3301 Digitsetor-sick Ilbeams iio 

3303 Digitector U. light bms 110 
33P'.Dioitector-sick I/beaas 110 
3d. Digitector-rick I/bemms 110 
3400 Speedgun 110 
3401 tpaedgun 110 

3110 Speedgun 6 ieo 

3302 Digitector-rick llbemmr 110 

Grazlno 
Grazino 
Bushland 
Grazing 
6razing 
Farming 
Farming 
6razing 
6razing 
6razing 
6razino 
Grazing 
Rural 

Agricultural 

Agricultural 
Farm 
Rural 
Rural/Agriculture 
Farm 

Rural 
Rural 
Rural 
Rural 
Rural 
Rural 
Farm 
Farm 
Rural Farming 
Rural 
Rural 
Rural 

Dark night Fine nlght 
Fine,Overcart,Uin clear 
0vCrcast.Yindy Clear 
Fine 6006 
Fine Good 
Fine Clear 
Fine 
Fine Clear 
Fine Clear 
Fine Clear 
Fine,V Cold Clear 
Fine,Sunni Clear 
FinelRain Sood 
Fine 
Fine 

Fine Fine 
O'caat Fair 
Sood Fine Good 
Light Fog Fair 
wet tair 

Light Rain 6006 
Fine 6ood 

Fine 600d 

Good 600d 

Fine 6006 
Fine 6004 
Fine 6006 
0'cast 6006 
Fine 6004 

6004 Fine 6004 
Fine 6006 
Fine 6006 

F Ine Excellent 

O'cart an6 tine 600d 

Residentiml [no acce Fine COO6 
Rural Showers C I ~ W  
Residential Fine Oood 
Rural Fine some cloud - Good 
Rural Rain Coo6 
Pine Forrest Rain Cood 
Small Farmr Fine Cood 
Rural Fine COOd 
Forrest Rain OOOd 
Native Scrub Heavy rain- clear COO4 
Natural Scrub Overcast Cood 
Firm Land . Fine, mild 6006 
Rur8l - 6rating 6004 
Virgin Scrub Fine OOOd 
Grazing Fine and hot oooe 
Farming Clear Fmir 
Farming Heavy rain and wl Poor 
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S E C O N D  AFTER TRUCK S P E E D  S T U D Y  - S I T E  C H A R A C T E R I S T I C S  

_ -  _ _  =_liIi====5===1==1:1_...i:ll..il.l.zI-.-=====~=====~~======~====:====================~ 

LC SPEED N E T E R  S P E E D  L I M I T  L A N D  U S E  U E A T H E R  V I S I B I L I T Y  

3402 S p e e d g u n  110 F a r n i n g  C o l d  vet u i n d v  P o o r  
3403 S D e e d g u n  1 1 0  F a r m i n g  C I OudY G o o d  
3 6 0 6  S D e e d Q u n  110 F a r n i n g  C l e a r  ( F o g  0500 - 6 0 0 d  
3405 S o e e d a u n  110 F a r m i n g  C l o u d y  6 0 0 d  
3 h 0 6  S D e e d g u n  110 F a r m i n g  Cloudy G o o d  

_----_ _--___,:=l-==.ill=:=--Il---il---.-T.-i..===~====~=====:===*==:=========:==~==~============ 

3h07 S D e e d P u n  1 1 0  F a r m i n g  F i n e  V e r r  6004 
3608 S p e e d a u n  1 1 0  F a r m i n g  C l o u d Y  f i n e  very g o o d  
3501 F a l c o n  S p e e d  G u n  1 1 0  G r a z i n g  F i n e  G o o d  
3 5 0 1  F a l c o n  S o e e d  G u n  110 G r a z i n g  F i n e  G o o d  
3 5 0 1  F a l c o n  S D e e d  Gun 110 G r a z i n g  F i n e  G o o d  
3 5 0 3  R a d a r  G u n  110 F a r m i n g  R a i n  u n t i l  1 3 0 0  F a i r  
3 5 0 3  R a d a r  Gun 110 F a r m i n g  F i n e  C l e a r  
3 5 0 3  R a d a r  G u n  110 F a r m i n g  F i n e  G o o d  
3 6 0 1  R a d a r  G u n  1 e0 8;razino F o c d i t i n e i d r v  F i n e l c l e a r  
3601 R a d a r  G u n  100 I; r az i n g  F i n e  G o o d  
3 6 0 1  R a d a r  Gun 100 G r a z i n g  I n t e r m i t t a n t  r a i n  G o o d  
3 6 0 2  earjar G u n  I00 R u r a l  iE! R e s i d e n t i a  F i n e  I Drv G o o d  
3 n 0 2  R a d a r  G u n  I00 A u r a l  ( E 1  R c s i d e n t i a  Li.ght r e i n l i n t e r a  G o o d  
368: R a d a r  G u n  100 Rural !El R e s i d e n t i a  Gen. f i n e  - s l i g h  G o o d  

N U M B E R  OF R E C O R D S  is 71 
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APPENDIX B - Total & Sample Traffic Volumes 
Mean free speeds by site 
Q-flow rates by site 
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Table 11: T O W  llU1IC VOLUIBS obrcrred a t  rtadr ritcr h rchitlc t m e ,  S1lCK I (Beforcl 

1oc 

1111 
1111 
Ill1 
1111 
1111 
Ill1 
Ill1 
Ill6 
1 0 1  
1116 
1119 
Ill1 
1111 
1112 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1151 
1151 
1111 
1111 
1111 
110 
1161 
1161 
1161 
1161 
1161 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1161 
1161 
1191 

Irte 

151166 
111116 
111116 
11186 
11186 
11186 
11186 
11186 
61116 

111116 

151116 
111166 
191186 
111186 
161166 
191186 
111186 
111166 
111166 
161186 
111186 
181166 
111186 
111166 
161186 
111186 
161186 
111186 
111166 
251166 
11166 

111186 
111166 
111166 
1111t6 
151116 
111186 
111186 
11186 
81186 

111166 
111116 
191166 
11166 

111186 
111166 
111186 
111186 

81186 
111166 
191366 
11116 

111166 

111196 

111196 

StlIt 

111 
1111 
1111 
1111 
1111 
Ill1 
1111 
1611 
Ill 

1911 
# 

1911 
I 

1111 
1811 

I 
1611 

1 
611 
I 

611 
1811 

I 
611 
611 

I811 
I 

611 
1811 
1811 

I 
I 

1111 
1611 

1 
I 

611 
1811 

I 
I 

Ill 
I 

1611 
Ill 
1 
I 

611 

611 
1111 

I 
1111 

I 
1611 
Ill1 

iaii 

finish 

611 
1111 
1111 
1115 
1111 
1111 
1815 
1111 
Ill 

lk1l 
111 

1111 
111 

1111 
1111 
111 
1111 
111 
1111 
111 
1111 
1111 
114 

1111 
1111 
1111 
111 

I111 
1111 
110 
Ill 
111 
1111 
1211 
I11 
411 

llss 
1111 
111 
Ill 

1111 
111 
1111 
111s 
1st 
111 

1111 
1111 
1111 
1111 
111 

1111 
111 

1111 
1111 

C I I  

I1 
HI 
169 

1111 
1111 
191 
111 
I11 
11 

116 
61 

146 
I1 

911 
411 
I8 
111 
11 

1211 
11 

111 
195 
69 
611 

1519 
1111 
119 

I916 
1166 
1151 
111 
116 
1111 
111 
I 1  
11 
171 
116 
14 
61 
111 
11 
111 
111 
II 
11 

196 
118 
91 

121 
11 

111 
9 

61 
711 

I11 

irtic 

I6 
17 
61 
I6 
11 

111 
199 
51 
61 

21s 
I51 
11 

111 
111 
61 
I11 
19 
11 
11 
19 
15 
11 
61 
1 5  
11 
15 
98 
I1 
91 
I 1  
11 
91 

111 
11 
I1 
11 

I21 
SI 
91 
116 
111 
61 

116 
1 

11 
16 
11 
16 
9 

61 
8 

11 
5 

116 

119 

truck 

9 
11 
16 
11 
11 
11 
61 
11 
1 

11 
11 
11 
I1 

111 
11 
16 
11 
11 
11 
11 
19 
6 
It 
11 
96 
11 
8 

118 
18 
11 
I1 
11 
11 
16 
1 1  
1 
I1 
11 
1 

1 1  
11 
11 
11 
19 
11 
1 

16 
18 
11 
II 
2 

11 
I 
6 

I1 

bus 

1 
6 
II 
6 

I 1  
1 

16 
1 
8 
11 
1 
9 
8 

II 
11 
I 

1 1  
I 
16 
I 
11 
11 
1 
I 

11 
1 
1 

11 
1 
7 
I 
1 
5 
s 
1 
1 
I 
1 
1 
1 

11 
1 
8 

16 
1 
I 
1 
1 
1 
I 
1 
I 
I 
1 
1 

CIItOI 

1 
I 
I 
1 
1 
I 
I 
I 
I 
t 
1 
I 
1 
I 
I 

81 
1 
1 
6 
I 
1 
1 
I 
I 
I 
I 
5 
1 

11 
I 
1 
1 
1 
s 
I 
I 
I 

11 
1 

69 
I 
I 
I 

11 
1 
I 
1 
I 
1 
5 
I 
I 
1 
I 
6 

rcgc 

1 
11 
1 

16 
11 
1 

11 
12 
I 
1 
I 
1 
1 

15 
1 
I 
I 
I 
8 
1 
1 
1 
I 
I 

11 
11 
1 

11 
11 
I1 
1 
I 
11 
1 
I 
I 
1 
I 
I 
I 
1 
I 
1 
1 
I 
1 
1 

1 
I 
I 
I 
I 
1 
6 

a 

1111 

I 
71 
19 
11 
111 
18 

116 
I 
I 
I 
I 
1 
1 

111 
I 
I 
1 
I 

11 
I 

11 
16 
I 
16 
61 
19 
11 
11 
I 
11 
1 
I 
11 
11 
1 
I 
1 

11 
1 
1 

11 
1 
16 
11 
6 
1 
s 

11 
1 
1 
I 
1 
I 
1 

11 

tot 

111 
561 
141 

1193 
1816 
611 
1111 
191 
116 
619 
189 
196 
111 

1511 

111 
611 
111 

1111 
91 
689 
611 
115 
716 
1811 
1118 
111 

1161 
1191 
1616 
181 
111 

I861 
119 
18 
11 
111 
111 
11 

111 
1Ik 
118 
111 
111 
196 
11 

119 
196 
119 
111 
11 

111 
19 
92 

191 

991 



1191 
1191 
1115 
1111 
1115 
1111 
1111 
1111 
1115 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1115 
1116 
IUI 
1111 
1111 
1111 
1111 
1115 
1116 
1111 
1111 
1511 
1511 
1511 
1511 
1511 
1611 
1611 
1611 
1611 
1611 
1611 

151116 
111116 
61116 
91116 
11116 
61116 
Ill16 
181116 
111116 
11116 
11116 
51186 

1111l6 
111166 
161186 
111116 
111166 
161116 
111116 
161116 
l6lll6 
16IW6 
111116 
161186 
161116 
111186 
11116 
11186 

181186 
11116 

111116 
1lI116 
61116 
lIl1l6 
111111 
Ill116 
111116 
11116 

161116 

611 
1 

111 
111 

1 1 H  
1 

1911 
1111 
15 

1111 
Ill5 
1111 
IIH 
1111 
1611 
1111 
955 

1111 
1111 
111 

1111 
11) 

1911 
111 
1111 
1111 
111 
1111 
1111 
1811 
1115 
1611 
1 H I  
111 
IIH 
1411 
1111 
111 

1111 

1111 
111 

1145 
I11 

1 6 H  
U1 

1111 
1211 
115 

1111 
1515 
1111 
1111 
1111 
I611 
1111 
911 
1111 
1111 
611 

1111 
6)) 
1111 
611 
1111 
1611 
1111 
1611 
1111 
1111 
1611 
1111 
1111 
1111 
1111 
1111 
1811 
1155 
1111 

611 U 11 1 8 6 11 191 
1 5  11 I1 1 1 1 1 18 

1115 91 IT1 I1 1 11 111 1191 
166 11 I1 1 1 1 15 151 

1411 111 111 11 1 19 111 158B 
151 11 11 1 1 I 11 191 
111 16 11 1 1 I 11 191 
614 11 11 9 1 9 1 757 
51 11 16 1 1 1 1 111 

611 11 11 9 1 6 1 911 
1151 96 111 6 1 9 1 1168 
I91 119 If5 11 1 1 1 1111 
111 161 41 I1 1 9 19 515 
111 I11 11 I1 1 1 9 111 
161 11 11 7 1 1 I1 111 
511 11 9 1 1 1 1 116 
118 116 61 I1 1 1 11 611 
11 11 6 1 1 1 1 61 

178 11 1 9 1 1 11 111 
16 16 11 1 1 1 1 61 
111 111 19 9 1 1 1 818 
I8 39 11 1 1 1 1 116 
111 18 1 9 1 1 1 111 
I19 I16 11 5 1 1 1 116 
116 56 19 1 1 I 1 169 
919 115 116 9 1 11 1 1191 
611 41 11 19 1 I 1 111 
I69 111 11 9 1 11 1 1111 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 I 1 1 1 1 
1 1 1 1 1 1 1 1 

111 16 61 5 1 k 9 164 
51 16 I 1 1 1 6 9s 

155 11 11 8 6 1 5 118 
111 11 61 15 11 I 51 116 
961 11 71 5 11 11 56 1111 
161 6 16 1 1 1 11 111 



liblc 11: 10111 W I l C  VOLWBS abierrel at itdr ritel w b i c i e  [we, SlACI 1 ilrt ifter) 

lac 

1111 
1111 
1111 
1111 
1115 
1116 
1111 
1116 
1119 
1111 
1111 
1111 
1111 
1111 
1111 
2111 
1111 
1111 
1111 
1111 
1111 
1111 
1151 
1151 
1151 
1161 
110 
1111 
1161 
1111 
1111 
1181 
1111 
1191 
1191 
1191 
1115 
1111 
1115 
1111 
1115 
1111 
1115 
1 1 0  
1115 
1151 
1111 
1111 
1111 
1111 
1111 
1115 
1116 
1111 
1 0 1  
1111 

datc 

181111 
111161 
181181 
lll16l 
ll1181 
11161 
11181 
61111 
11161 
11111 

111161 
11161 

111187 
111161 
191161 
191181 
11111 
111181 
11l117 
391161 
41111 
111161 
11l111 
111161 
11111 
111161 
11l117 
111181 
11111 
161111 
111111 
111111 
10181 
111111 
111161 

111161 
111187 
11161 
11101 

llllll 
111181 
11111 
81441 

111181 
11161 

11161 
11181 
11111 
61161 
91111 

111181 
IIU11 
261111 
11l111 

i611ai 

111181 

start 

115 
1111 
1115 
1811 
1115 
111 

1111 
1911 

I 
1911 

I 
1111 
611 
1811 

I 
411 

1611 
I 

611 
1111 

I 
1611 
611 
1811 

I 
I 

Ill 
# 

1611 
1111 
611 
I 

Ill1 
611 
1111 

I 
115 
Ill 

1111 
I 

19J1 
1111 
15 

1111 
1115 
1111 
11H 
111 

1111 
1111 
1111 
611 
911 
I11 

1611 
111 

finiil 

515 
1511 
1111 
1111 
1115 
511 

1111 
1111 
111 
1111 
115 
1111 
1111 
1111 
Ill 
1111 
1111 
111 

1111 
1111 
411 

1111 
1111 
1111 
111 
511 

1111 
U1 

1111 
1111 
1111 
111 

1111 
1111 
1111 
Ill 

1145 
$11 

IIII 
Ill 

1111 
1111 
115 
1111 
1115 
1511 
1111 
711 

1111 
1111 
1111 
811 
911 
611 

1111 
611 

CII 

54 
1191 
1169 
161 
11 I 
11 

la1 
111 
91 

115 
15 

1151 
961 
181 
52 

I81 
659 
i1 

2191 
1151 
189 
1514 
116 
111 
14 
65 

119 
11 

116 
119 
199 
19 

111 
636 
619 
21 

1139 
Ill 

I657 
164 
171 
646 
11 
968 

1111 
871 
116 
111 
176 
519 
595 
111 
61 

761 
111 

ia 

116 

irtic 

11 
111 
61 
186 
118 
61 
15 

111 
111 
51 

217 
181 
59 

111 
95 
5 1  
1 

15 
111 
I8 
1 

111 
1 

115 
16 

IS1 
118 
133 
84 
15 
11 
16 
64 
11 
1 
11 
LI 
11 

Ill 
5 

16 
66 
11 
11 
11 

It6 
118 
111 
11 

111 
11 
19 
5s 

111 
19 

(a 

trict 

9 
117 
96 
17 
51 
1 
6 
49 
11 
11 
1 1  
121 
15 
15 
16 
18 
5 
5 

111 
19 
9 
15 
5 
9 
6 

11 
11 
31 
1 

11 
11 
1 

11 
15 
1 

I 5  
lit 
11 

111 
8 
6 

46 
11 
12 

115 
61 
15 
4 

11 
12 
59 
1 
1 
I 

11 
1 

bu g  

1 
11 
12 
1 

II 
11 
I 
8 
I 

11 
9 
11 
11 
11 
I 
8 
6 
1 

15 
1 
1 
9 
1 
1 
1 
4 

16 
1 
5 
I 
4 
1 
I 
6 

11 
1 

I6 
I 

11 
I 
I 
1 
I 
11 
1 
1 

11 
1 
1 
1 
1 
9 
1 
I 

11 
1 

cirta: 

1 
66 

115 
6 

11 
1 

11 
11 
I 
19 
I 

11 
15 
5 
1 
19 
21 
1 

18 
11 
6 

11 
11 
11 
1 
1 

16 
1 

11 
9 

11 
1 
9 

11 
15 
1 

85 
I 

11 
I 
1 

l i  
1 

11 
15 
11 
11 
15 
11 
11 
I1 
19 
11 
1 

16 
11 

I c y  

1 
11 
51 
1 
1 
I 
1 
5 
1 
1 
I 
11 
9 
6 
1 
5 
3 
I 

1s 
11 
I 

11 
I 
1 
I 
I 
1 
I 
1 
1 
1 
I 
I 
1 
I 
I 

46 
4 

I1 
1 
1 

I5 
I 
16 
9 

11 
11 
6 
5 
i 

11 
1 
I 
I 

11 
I 

1111 

1 
111 
511 
11 
96 
1 
1 
9 
I 
59 
t 

116 
16 
1 
I 

16 
11 
I 

111 
11 
5 

61 
9 
1 
I 
1 

11 
1 

11 
1 
8 
1 
5 

1 5  
11 
1 

111 
I1 

I95 
9 
I 
1 
I 
I 
I 
I 
11 
11 
5 
1 
6 
1 
1 
1 
1 
I 

tot 

111 
1191 
5161 
Ill 
111 
111 
157 
6 1 6  
111 
611 
HI 

1114 

891 
168 
1 I1 
115 
5 1  

1541 
1191 
111 

1815 
191 
116 
68 
191 
6 1 5  
191 
35 1  
I66 
151 
I? 

1 I? 
111 
141 
59 

1111 
179 

1121 
191 
111 
611 
111 
1111 
1161 
1194 
655 
111 
111 
618 
691 
161 
111 
d l  

961 
118 

ilia 



lU1 
1111 
1115 
1116 
1111 
1118 
1111 
1111 
1111 
1111 
1611 
1611 
1611 
1611 
1611 
1611 

111111 
111111 
111111 
11411 
11111 
11111 

111111 
111111 
11181 

111111 
111181 
11181 

181187 
111181 
161181 
111181 

1911 
Ill 

I111 
1111 
111 
1111 
1111 
1811 
1111 
1111 
1111 
181) 
111 

1811 
1111 
111 

1111 
611 
1111 
1611 
I111 
It11 
1811 
1211 
1111 
1111 
1811 
1111 
1111 
1111 
1811 
1111 

111 11 1 9 11 1 1 19s 
(1 111 I1 1 1 I I 111 
191 61 16 1 11 1 1 191 
919 111 111 1 16 6 I 1111 
111 11 11 16 I1 1 1 611 

1111 117 11 11 16 II 6 1116 
1 I I I 1 1 1 1 
I 1 1 I 1 1 1 1 

111 16 66 1 16 1 11 116 
161 19 11 1 1 I 6 111 
I13 11 I1 I 6 7 1 111 
61 11 8 I 1 1 1 91 

111 9 11 1 I 1 9 191 
I31 11 I1 1 1 8 I1 118 
111 11 S I  1s 11 15 68 919 
1118 15 95 11 I? 11 69 1126 

111 



Table 11: TOTkl TIIVIC lOt!l~S obrerrcd at rtid! rite: br relicle tne, ST168 1 l11d Ifttrl 

lac hte rtirt fiairh tar artit tritt bir cartor icgc lrai tot 

1111 
1112 
1111 
1111 
1111 
Ill6 
Ill1 
Ill6 
1119 
It!) 
1111 
It12 
11 1 1  
1111 
1111 
1111 
1121 
1111 
1 l N  
1111 
1111 
111) 
1151 
1111 
1161 
1161 
I161 
1111 
1111 
1181 
1111 
1191 
1191 
1191 
1215 
1111 
1111 
1111 
1115 
1211 
1115 
1141 
1211 
1111 
1111 
1111 
1111 
1111 
1111 
1115 
1111 
I411 
1411 
1111 
1414 
1115 

111167 
lllf81 
111181 
111181 
111181 
211181 
241181 
211181 
181181 
111161 
111181 
111181 
291981 
81181 
111181 
211181 
221181 
111981 
81181 
11181 
291981 
11161 
291981 
Ill61 

191981 
111981 
111981 
121t81 
121981 
111961 

1lIl81 
11161 

191981 
111161 
111167 
I4ll6l 
111181 
111181 
111181 
161181 
111181 
111181 
141187 
llll8l 
111167 
111187 
111l81 
111l61 
111l61 
111161 
111181 
111161 
111161 
111167 
1Ill67 

iiiai 

111 
1115 
1111 
1811 
1111 
1811 
111 

1819 
I 

1911 
I 

113 
1811 

I 
611 

1811 
611 
I 

1811 
I 

I811 
I 

1811 
611 
611 
I 

1811 
1 6 0  
611 
1611 

I 
1611 

I 
611 
145 
Ill 
12t1 

I 
1911 
1811 

15 
1811 
1115 
1111 
1111 
I111 
1611 
1211 
Ill1 
1111 
10 
1111 
10 

1911 
2tl 

1!1l 

Ill 
1615 
1711 
1111 
1611 
1111 
ill 

1411 
411 

2111 
111 

1411 
2111 
111 

1111 
2211 
1111 
111 

2211 
111 

1111 
111 

2211 
Ill1 
I111 
Ill 

2211 
1111 
1111 
1111 
111 

1111 
111 

1111 
2111 
Ill 

1611 
481 
1111 
1111 
415 

1111 
1515 
1111 
1111 
1111 
1611 
1211 
1111 
1111 
611 

111t 
6 0  

1111 
6 0  

1111 

61 11 I1 1 I 1 I Ill 
199 111 61 I8 I2 11 151 1111 
1118 41 111 11 118 18 519 6161 
116 111 11 1 1 7 19 119 
414 194 44 11 11 5 91 Ill 
211 41 1 4 6 1 I 2 5 1  
19 11 1 11 1 I I 141 

1 1 1 I 1 II 
2 I I 111 

191 148 18 
11 I86 54 

219 11 11 1; 11 1 21 141 
19 251 I 5  I I I f 294 

996 21) 111 1 14 I5 164 1616 
181 411 16 1 1  14 4 41 Ill! 
I6 82 1 2  I 1 6 I 161 

1111 I1 II 16 111 21 16 1615 
616 11 11 11 14 4 II 121 
184 82 49 8. 1 1  1 11 162 
16 18 11 I 1 I 1 BI 

1116 51 II 8 It 1 9 1199 
191 15 6 I 1 I 11 126 

1411 16 41 5 11 9 11 1698 
16 61 1 I 4 I 1 111 

118 119 1 1 6 1 1 216 
211 21 6 1 29 1 11 119 
121 71 1 1  1 26 1 19 661 
27 112 18 I I I 1 121 

112 16 11 6 19 I 11 111 
111 21 11 1 1 2 1 111 
262 1 1  11 1 19 I 11 111 
111 12 1 I 8 I 1 161 
18 11 I 1 I I I 19 

611 1 1 8 18 1 18 118 
12 1 1 I I I 1 18 

616 18 11 2 19 8 1 2 1  891 
1661 11 119 72 89 11 I91 1168 

1191 131 112 11 65 11 1 1115 
I19 18 7 1 1 2 1 I19 
141 11 1 I I 1 1 I11 
141 111 15 8 11 4 I 711 
61 11 1 1 1 I I 111 

861 11 l P  ia 16 11 I 911 
1185 .91 125 11 1s 1 I 1181 
1118 81 89 9 12 1 I 1113 
111 269 61 11 57 19 11 851 
161 112 16 7 18 6 1 191 
111 11 11 1 16 I 11 111 
659 91 25 6 14 1 6 648 
196 167 61 II a4 1 21 646 
I84 11 II 1) 11 1 6 191 
11 19 8 I 1 I 1 9) 

I71 84 19 11 It 6 1 1  161 
66 11 11 1 11 I 1 141 

I4 128 411 11 9 9 19 I 
11 114 11 3 I I I 171 

111 11 9 1 4 1 1 154 

111 ,, 9 1 t 11 41 11 211 

I16 



1116 
1117 
1111 
1511 
1511 
1511 
1511 
1511 
1511 
1611 
1611 
1611 
1611 
1611 
1611 

111181 
111111 
111181 
111111 
151181 
111111 
111181 
111111 
111181 
111111 
1511U 
111111 
111181 
111111 
151181 

1 l H  
811 
1111 
1111 
1411 
1111 
1111 
1111 
1811 
1411 
111 

1811 
1151 
651 

1151 

1611 
1 l H  
1811 
1111 
1111 
1811 
1111 
1511 
1111 
1711 
1111 
1111 
1711 
1151 
1151 

861 151 88 15 51 5 11 1191 
665 11 11 11 11 1 I1 111 

1191 119 91 8 111 11 I5 1115 
111 1 I 1 1 1 1 111 
141 11 11 1 1 1 1 186 
111 16 15 8 1 1 1 117 
111 11 16 I 11 1 11 151 
111 51 U 1 16 1 11 I11 
111 16 19 1 5 1 11 165 
196 1 6 1 5 1 1 111 

I I 19 111 161 19 I1 1 
59 15 11 1 1 1 1 89 

911 I 1 9 16 6 51 1111 
1519 51 71 16 1 19 111 1811 
161 17 11 1 5 1 1 199 

119 



lac 

1111 
1111 
1111 
Ill1 
1111 
1111 
1111 
1116 
1111 
1116 
1119 
1111 
I111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1151 
1111 
1151 
1111 
1151 
1151 
1161 
1161 
1161 
1161 
1161 
1161 
1111 
1111 
1111 
1111 
1111 
Ill1 
1111 
1111 
1161 
1191 
1191 

date 

111186 
111116 
111186 
11166 
11186 
11166 
11186 
I1186 
I1116 
111186 
111166 
151186 
111166 
181186 

111166 
161116 
161166 

1186 
1116 
1186 
1166 
1186 
1166 
1186 
1166 
1186 
1166 
Ill6 
1116 
1166 
1166 
116 

1181 
1116 
1186 
1186 
1186 

111186 
111166 
11166 
81116 
111166 
111166 
191116 
11186 

151166 
111186 
111166 
151186 
111186 
81186 

111186 
131166 
11186 

111186 
151186 

stut 

111 
1111 
1111 
1111 
1311 
1811 
1441 
1111 
111 

I911 
1 

1111 
I 

1111 
1811 

t 
1611 

t 
611 
I 

611 
1611 

I 
611 
611 
1811 

I 
611 
l6H 
Ill1 

I 
I 

1611 
1811 

1 
I 

611 
HI1 

I 
I 

511 
I 

1611 
511 

I 
I 

611 
1811 
611 
1811 

I 
1711 

I 
1611 
1611 
611 

tiaiil 

611 
1111 
1111 
1111 
1511 
1111 
1615 
1111 
Ill 

1111 
111 
1111 
111 
1111 

2111 
111 

1111 
111 

1111 
111 
1111 
2111 
Ill 

1111 
1111 
1111 
111 

1111 
1111 
1111 
111 
111 

1111 
1111 
I11 
111 

Ill1 
1111 
Ill 
511 

1111 
Ill 

1111 
1111 
111 
111 

1111 
1111 
1111 
1111 
Ill 
1111 
111 
1111 
1111 
1111 

C I 1  

41 
161 
181 
181 
157 
199 
I!# 
119 
19 
I91 
18 
196 
16 
416 

It5 
I1 
51 
11 
61 
I1 

117 
71 
I5 
61 
I1 

189 
11 
64 
15 

I51 
16 
>I 
26 
11 
1 

I 1  
I1 
16 
15 
I1 
11 
9 

18 
11 
11 
11 
55 
15 
11 
16 
7 

11 
9 
11 
11 
61 

1 11 

irtic 

11 
11 
16 
It 
9 

Ill 
91 
11 
16 

111 
111 
11 

119 
61 

116 
85 

111 
I1 
16 
19 
11 
I1 
11 
56 
61 
16 
I1 
16 
45 
91 
19 
11 
88 
116 
I1 
11 
29 
91 
19 
61 

111 
116 
51 
11 

111 
1 

15 
11 
11 
16 
6 

51 
6 
11 
1 
11 

track 

1 
19 
16 
11 
I5 
16 
11 
9 
1 
11 
11 
11 
t 
61 

16 
11 
16 
9 

16 
I 

11 
6 

11 
61 
11 
16 
6 

11 
11 
11 
11 
11 
11 
11 
11 
6 

!1 
I1 
1 
8 

I1 
1 

11 
11 
11 
1 

II 
1 2  
6 
7 
1 
1 
I 
I 

11 
16 

1 
8 
7 
1 
1 
I 

17 
1 
8 
6 
1 
8 
8 
1 

8 
1 

11 
I 

16 
I 

I1 
I1 
1 
1 

11 
1 
3 

1) 
1 
1 
1 
1 
I 
I 
I 
I 
I 
I 
1 
1 

11 
I 
8 

11 
1 
I 
1 
1 
1 
t 
I 
I 
8 
I 
I 
1 

1 
11 
1 
11 
11 
1 
I 
7 
1 
1 
1 
8 
1 
I 4  
6 
1 
5 
1 
6 
I 
8 
1 
I 
I 
I 
I 
5 
1 
I 
I 
1 
I 
I 
I 
I 
I 
1 

11 
1 
1 
1 
I 
1 

It 
1 
1 
1 
1 
1 
I 
1 
1 
1 
I 
6 
1 

Icy 

I 
I 
1 

12 
1 
I 
1 
I 
I 
I 
I 
1 
1 
6 

I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
1 
1 

lr1r 

6 
11 
11 
51 
61 
1 5  
11 
11 
I 

11 
I 
1 
I 
98 
I 
I 
I 
I 

11 
I 

15 
I 
I 
6 
1 
1 
3 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
1 
1 
1 

11 
5 
I 
I 
1 
1 
1 
I 
1 
I 
I 
5 

I1 

tot 

II 
191 
111 
615 
I15 
111 
166 
111 
91 
165 
118 
151 
115 
511 

161 
111 
111 
111 
161 
44 

119 
111 
I1 
191 
145 
111 
I1 
118 
99 

119 
91 
51 

156 
166 
I1 
61 
'1 

I54 
11 
91 

181 
111 
118 
161 
111 
18 
91 
I1 
89 
51 
11 
Ilk 
19 
11 

111 
111 



1191 
1115 
1111 
1115 
1111 
1111 
1111 
1115 
1211 
Ilk5 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1116 
1111 
1411 
1111 
101 
1111 
1111 
1116 
1111 
1116 
1511 
1111 
1111 
1513 
1511 
1611 
1611 
1611 
1611 
1611 
1611 

111166 
61186 
91186 
11186 
61116 
61186 

161186 
111166 
11186 
11186 
11186 

111186 
111186 
161186 
111116 
111186 
161116 
111186 
161166 
161166 
111186 
I8llS6 
162161 
lBllI6 
111166 
11166 
11116 
181166 
11166 
111166 
111116 
61166 

161166 
Ill166 
111166 
1lIl16 
11116 
111116 

I 
115 
111 

1111 
I 

1911 
1811 

15 
1811 
1111 
1111 
1111 
1111 
1611 
1111 
955 
1111 
1111 
111 
1811 
111 
I911 
1M 
1611 
1111 
111 
1111 
It11 
1611 
1111 
1611 
Ill1 
111 
1611 
I111 
1111 
111 

1611 

Ill 
1111 
Ill 
101 
I11 

2111 
1111 
111 
1111 
1111 
1511 
1111 
1111 
1611 
1111 
955 

1111 
1111 
611 
1111 
611 
1111 
611 
1111 
1611 
1111 
1611 
1811 
1111 
I611 
1111 
1111 
I111 
1111 
1111 
1611 
1111 
1111 

11 II I1 I I I 1 11 
1411 11 116 11 64 9 111 1881 
161 11 11 1 5 I 9 155 

1911 I61 111 11 41 I# 111 1511 
115 I1 11 I 1 1 11 161 
111 I1 1 1 I I 11 169 
311 66 11 6 6 9 1 416 
11 11 I1 I 1 I I 111 

I19 16 11 8 11 6 1 111 
111 II 11 1 16 1 I 116 
111 I1 61 1 5 1 I 151 
111 161 11 11 51 11 I1 616 
111 111 11 I1 I1 1 6 I11 
161 11 13 7 51 1 I1 181 
111 11 9 1 11 1 I 568 
516 111 61 11 61 1 11 891 
118 11 1 9 11 1 11 146 
I1 I1 6 I I I 1 65 
11 11 11 1 I 1 I 16 

111 91 11 6 I I I 199 
I6 11 11 5 I 1 I 118 

15 5  18 6 9 I I I 191 
71 111 11 1 I I I 119 

161 55 16 1 I I I 111 
571 111 I1 9 I I 1 816 
I66 16 11 I5 1 1 I 511 
618 111 66 9 I I 1 111 

I 11 I1 1 1 I I 56 
I 11 11 I 1 I 1 11 
I 55 51 1 I I 1 111 
I I1 11 1 I I I 11 
I 51 11 I 1 I I 111 

198 11 11 3 I I 6 191 
51 1 5  9 1 1 I 1 91 

111 11 11 1 6 1 5 111 
617 I1 I1 11 I6 1 51 111 
611 19 61 6 31 15 16 111) 
115 6 I6 1 I 1 11 117 

I I1 



loc 

1111 
1111 
110 
1111 
1115 
1116 
2111 
Ill8 
1119 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1151 
1161 
1161 
2161 
1161 
1111 
1111 
1181 
1181 
1191 
1191 
1191 
2215 
1111 
1115 
1111 
1125 
1111 
111s 
1111 
2115 
1151 
1111 
1111 
1111 
1311 
1111 
1115 
1116 
1111 
1111 
1111 

date 

281187 
111161 
181181 
Ill161 
Ill181 
11167 
11181 
61111 
71181 
11111 
111161 

111161 
111181 
191161 
191181 
11161 

111161 
111161 
191181 
111a1 

111161 
181181 
111161 
11181 

161181 
111181 
11161 

161181 
111181 
111181 
111181 
111181 
111161 
161181 
111181 
141181 
11181 
11181 
111181 
111161 
1IU1 
61181 
111111 
11111 
111181 
11181 
11181 
11181 
61181 
91181 
111181 
161181 
161181 
181181 

1 ~ 1  

iiim 

rtirt 

I15 
1111 
1115 
1111 
1115 
I11 
1811 
1911 

I 
1931 

I 
lot 
611 
1811 

I 
611 
1611 

1 
611 

I 
1111 
K1I 
1611 

I 
1 

511 
1 

1811 

611 
I 

1611 
611 

111s 
I 

115 
111 

1111 
1 

1911 
1811 

I5 
I611 
1111 
1111 
1111 
111 

1111 
1111 
I111 
811 
911 
111 

1811 
111 

iaii 

1811 

finish 

515 
1511 
1111 
1111 
1111 
511 

1111 
1111 
111 

2111 
115 

111I 
1111 
1211 
111 

Ill1 
2111 
111 
1111 
1111 
111 

1111 
Ill1 
2111 
111 
I11 
1111 
111 
2111 
11s) 
1111 
111 
1111 
1111 
2111 
411 

1115 
Ill 

1611 
111 

1111 
2211 
115 

1111 
1115 
1511 
1111 
111 

1111 
1111 
1111 
811 
911 
611 
2111 
611 

c1r 

11 
185 
661 
111 
116 
18 

161 
111 
?9 

181 
11 
111 
111 
I6 
15 
69 
I1 
11 
111 
1 

21 
11 
I 5  
15 
II 
I1 
10 
1 1  
11 
I! 
91 
11 
I 1  
11 
I8 
11 

1161 
111 

1511 
111 
151 
166 
11 

119 
118 
111 
111 
111 
176 
I16 
591 
111 
61 
11 
111 
96 

1 11 

artit 

18 
111 
11 

111 
111 
51 
18 

118 
91 

111 
11 
I1 

111 
18 
II 
1 

21 
116 

1 
6 

SI 
1 

96 
15 
91 
96 

151 
I7 
15 
11 
I1  
11 
12 
1 

14 
11 
:I 

II5 
4 

I5 
I9 
11 
I I  
15 
I1 

I89 
116 
111 
16 

111 
11 
19 
56 
98 
19 

18 

tract 

9 
16 
11 
9 

15 
1 
1 

I1 
I5 
8 

II 
I8 
11 
19 
11 
I1 
I 
I 

18 
1 
9 

I 2  
I 
1 
1 

I1 
I1 
11 
6 

IS 
I1 
I 
8 

I1 
1 

I1 
I16 
11 

I91 
6 
6 

I1 
11 
9 

I5 
59 
16 
I 

11 
11 
I9 
1 
1 
I 

11 
1 

his 

1 
11 
1 
1 
9 

11 
1 
I 
1 
1 
6 
6 

18 
II 
I 
8 
6 
1 

11 
I 
1 
8 
I 
I 
1 
1 
11 
1 
1 
I 
1 
I 
1 
6 

I8 
1 

I5 
1 

19 
1 
1 
1 
I 
9 
1 
1 
11 
1 
1 
I 
1 
9 
I 
I 

II 
1 

cartor 

1 
11 
1 
I 
1 
1 

I1 
I 
1 
1 
I 
1 
6 
1 
I 
6 
1 
I 
9 
1 
I 
1 
1 
I 
1 
1 

I 1  
I 
1 
1 

11 
1 
1 
1 
6 
I 
56 
6 
11 
1 
1 

11 
1 

11 
8 

11 
11 
15 
a1 
11 
11 
19 
11 
1 
19 
I2 

ICIC 

1 
I 

11 
I 
1 
1 
1 
I 
I 
1 
1 
9 
I 
1 
I 
1 
1 
I 
5 
1 
1 
1 
I 
1 
I 
I 
1 
I 
I 
I 
1 
1 
I 
I 
I 
I 
9 
1 
11 
1 
1 

11 
I 

11 
1 
6 

11 
6 
I 
6 

11 
I 
I 
I 

II 
1 

1111 

I 
11 
71 
1 
16 
1 
1 

11 
I 

11 
I 
91 
1 
4 
1 
6 
9 
I 
1 
I 
1 
I 
1 
1 
1 
I 
8 
I 
I 
I 
1 
1 
1 
1 
I 
1 

111 
1 1  

119 
9 
I 
t 
1 
1 
1 
1 

14 
11 
1 
1 
8 
I 
I 
1 
1 
I 

tot 

111 
635 
191 
111 
111 
111 
111 
I91 
111 
211 
114 
551 
118 
191 
116 
171 
8 1  
16 

I58 
I 

I1 
116 
15 

151 
51 

141 
111 
181 
88 
I1 

111 
11 
91 

112 
81 
11 

1111 
111 
2116 
111 
181 
19t 
99 

111 
116 
655 
I11 
111 
616 
681 

111 
61 

165 
I11 

181 

iai 



1111 
1111 
1111 
1116 
2111 
11l1 
1141 
1511 
1511 
1511 
1611 
1611 
1611 
1612 
1611 
1611 

111111 
111187 
111111 
NU7 
11411 
1lU7 

111181 
llllll 
11111 

111111 
111111 
11u1 

ll1ll1 
ll1lIl 
161111 
lull1 

1911 
111 
1111 
1111 
I11 
1441 
I111 
1111 
1111 
1111 
I111 
1111 
111 
1611 
1111 
111 

1311 
611 
1111 
1611 
1111 
1111 
1111 
1111 
1111 
1111 
1811 
1111 
1111 
1111 
1111 
I111 

111 11 9 9 11 1 1 111 
11 111 I1 1 1 1 1 169 

1 116 161 61 16 1 I1 1 
198 111 91 1 15 1 1 166 
166 11 11 I1 ?I 1 1 611 
115 115 It 9 I6 1 I 111 
I61 19 18 1 I1 1 1 151 
119 I 11 1 I I 1 112 
111 31 16 1 11 1 11 I11 
111 It 11 I 4 1 I 111 
119 11 I1 4 1 1 11 111 
61 I1 8 1 1 1 1 91 

116 9 11 1 I1 I 1 111 
114 I1 11 1 1 8 I1 181 
615 11 II I5 19 I1 I1 116 
11) 11 I1 6 I1 14 I1 916 
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1111 
1111 
1111 
1115 
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1111 
1111 
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1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
1151 
1151 
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1161 
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1111 
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1115 
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1111 
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1111 
1111 
1111 
1111 
1111 
1111 
I115 
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1111 
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1111 
1611 
1111 
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1111 
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1111 
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1 
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1111 
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1 
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1111 
1111 
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1111 
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1111 
1M 
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111 
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1111 
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611 
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1111 
1111 
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1111 
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6M 
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I6 
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6 
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8 
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11 
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I 
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9 
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11 
1 
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1 
1 
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1 
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1 
1 
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1 
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7 
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I 
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1 
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I 
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1 
I 
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1 
7 
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I 

I1 
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1 
5 
I 
1 
5 
I 
1 
I 
1 
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61 

111 
1 
11 
1 
1 
1 
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11 
1 

I1 
1 
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1 
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1 
1 
1 

I1 
I 
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1 
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1 
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I 
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165 
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111 
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116 
151 
161 
111 
I61 
191 
111 
1 5 5  
111 
11I 
61 

111 
86 
169 
81 
151 
91 
I11 
181 
Ill 
11 
91 
91 
16 
91 
11 
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1111 
111 
1911 
161 
155 
I11 
111 
111 
161 
481 
151 
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Ill 
818 
816 
194 
85 

511 
115 
111 
116 
111 



1116 
1117 
1118 
1111 
1111 
I111 
1111 
I111 
1511 
1611 
1611 
1611 
1111 
1611 
1611 

111111 
111161 
111181 
lllll? 
1111l1 
111l17 
111l11 
121111 
1l1111 
111181 
111187 
111181 
111181 
111161 
111181 

1111 
111 
1111 
1111 
1111 
1111 
1111 
Ill1 
1811 
1111 
111 

1611 
I1il 
611 

1111 

1611 
1111 
1111 
1111 
1111 
1811 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
lS51 
1111 

171 I18 61 I1 11 1 11 118 
111 11 11 11 11 6 8 161 
611 111 17 6 116 9 11 998 
111 I 1 1 1 I 1 111 
111 11 II k 1 I k 116 
111 16 15 I 1 I 1 111 
111 I1 16 k 17 1 I 1  411 
111 51 18 I 16 1 11 111 
111 16 19 1 1 I 11 161 
196 1 6 1 5 1 1 118 
119 11 16 I 1 1 11 111 
11 11 11 I 1 1 1 19 

111 9 3 9 16 1 11 811 
111 11 1k 9 II 11 61 911 

1 181 1 16 11 8 1 1 1 
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1111 111186 
1111 171166 
1111 11116 
1111 11116 
1111 11166 
1111 11166 
Ill6 11186 

Ill6 111166 
1119 111186 

1111 111166 
1111 181186 
1111 111166 
1111 161186 
1111 181166 
1111 111186 
1111 111166 
1111 111186 
1111 161186 
1111 151116 
1111 181186 
1121 111186 
1111 141186 
1111 161186 
1111 111166 
1111 181186 
1111 111116 
1111 111186 
1111 151186 
1111 11166 
1111 151166 
1111 111166 
1111 111166 
1151 111116 
1111 111166 
1151 111186 
1151 111166 
1161 11166 
1161 81116 
1161 111166 
1161 111186 
1161 191166 
1161 Ill66 
1171 111166 
1171 111186 
1111 111116 
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1181 81186 
1111 111186 
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1191 111186 
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1 
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1 
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1511 
1111 
1115 
1111 
1111 
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511 
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111 

1411 
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1111 
111 
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111 
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111 

1111 
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1111 
111 
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2111 
1111 
111 
411 
1111 
1111 
111 
111 

1111 
1111 
111 
511 
1111 
111 
1111 
1111 
111 
Ill 
1111 
1111 
1111 
1111 
411 

1111 
111 

1111 
1111 

111 111 112 91 86 I 88 111 
114 66 16 111 111 111 96 I11 
111 91 69 99 61 119 98 111 
111 Ill 96 99 99 119 I11 111 
111 96 91 91 91 111 91 111 
111 97 92 8 1  99 I 91 111 
111 96 89 98 1 111 91 111 
111 96 8 1  111 111 119 91 111 
116 111 111 111 91 I I I11 
111 91 91 111 91 111 98 I12 

111 68 91 Ill 66 91 91 99 
Ill I11 96 116 I l l  111 I 111 
95 69 61 91 61 111 89 91 
111 65 61 81 99 I I 89 
Ill 91 111 66 61 I I 96 
Ill 88 86 91 111 111 111 91 
116 91 111 I 1 1 1  I I 96 

111 62 91 I I I I 91 
111 81 86 81 91 1 95 91 

111 91 91 I5 1 I 1 99 
111 81 86 61 1 I 95 91 
91 19 86 61 1 1 91 66 
96 81 91 91 I I S 91 
99 81 61 62 92 I 96 91 
95 67 66 66 95 1 I 69 
96 81 85 11 I I I 91 
111 69 91 91 1 I I 97 

111 6 1  91 69 I 1 I 95 
I11 61 69 81 I I I 91 
Ill 61 61 1 I 61 Ill 66 
99 91 111 I I 1 I 98 

115 95 I1 111 I I I 96 
111 91 81 I 98 I 81 91 

116 81 81 111 111 I I 89 
111 69 69 82 91 I I 91 
111 87 91 89 91 I 116 91 
111 I1 66 86 I I 81 81 
98 81 81 8 1  11 I 88 89 

116 11 69 86 96 116 111 91 
111 86 91 18 111 1 97 66 
17 99 111 I 91 I 71 89 

116 86 91 81 91 I I 99 

91 88 18 11 91 1 68 81 
Ill 86 91 I 88 I 81 91 
111 111 95 1 1 I 1 111 
111 81 18 I 114 I 111 91 
95 91 I I 96 I I 91 

111 91 19 I 1 I I 91 
Ill 91 66 66 99 111 96 111 

118 91 91 91 a1 1 1 99 

111 81 aa a8 91 I 91 91 

iia 91 96 91 99 118 I 111 

99 8 1  91 11 81 I I 91 

111 11 11 92 91 I 97 a9 

III a 1  85 88 91 I 111 91 
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I191 111116 
1111 61186 
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1111 11116 
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1111 111116 
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1111 
1611 
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96 19 91 91 1 111 91 91 

111 91 91 91 98 119 1 96 
111 91 91 1 111 96 I 111 
91 I6 91 91 79 I1 1 91 
91 I1 81 16 11 91 1 81 
91 61 81 I1 I6 I1 1 18 

I18 99 94 111 91 I11 96 111 
116 111 111 I18 91 115 95 111 
115 91 61 97 66 111 91 91 
116 91 11 1 91 1 86 111 
111 95 96 98 91 111 91 111 
111 91 81 111 91 I11 91 1 H  
111 99 8 1  1 99 1 1 111 
111 11 95 1 1 1 1 I1 
111 11 I6 91 1 t t 111 
111 91 19 111 1 1 1 111 
111 91 81 91 1 1 1 111 
111 I8 91 91 1 1 1 91 
111 I1 61 111 1 1 1 96 
111 86 81 61 1 1 1 98 
99 65 81 91 1 1 1 96 

111 81 81 91 1 1 1 98 
1 81 19 I1 1 1 1 19 
1 96 11 I8 1 1 1 11 
1 1 6 1 6  1 I 1 1 8 6  
1 1 6 6 1  1 1 1 1 1 1  
1 1 6 6 1  1 I 1 1 1 1  

111 66 91 16 91 111 89 96 
111 91 66 91 16 I 91 61 
91 I6 91 11 61 1 94 91 
91 61 19 61 66 91 I1 91 
91 81 61 61 81 119 91 96 
95 11 81 19 11 115 86 91 



Tillr 16: UU I111 SPIIIS bard 01 rarslrd rckiclcr, obrcrrrd It r t d g  rites b! rebiclc t m e, 
STiG1 1 ( 1st lfterl 

lac date 

1111 161111 
1111 111161 
1111 111161 
1111 1WK1 
1111 111161 
1116 11181 
1111 41111 
1111 61181 
1119 11161 
1111 11181 
1111 111161 
1111 11181 
1111 111161 
1111 111187 
1111 191111 
1111 191181 
2111 11111 
1111 111161 
1111 111181 
2111 191161 
1111 11181 
1111 111181 
1151 181111 
1111 311361 
1151 11111 
1161 111181 
1161 111181 
1161 111181 
1161 11161 
111l 161181 
1111 111161 
1111 111181 
1161 111161 
1191 111181 
1191 111161 
1191 161181 
1111 111181 
1111 111111 
1215 11187 
1111 1lUl 
1115 111161 
1111 111161 
1115 11111 
1111 11111 
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1111 11161 
1111 11187 
1111 11181 
1111 61117 
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1111 
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1111 
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611 
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611 

1811 
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1611 
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I 
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1611 
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1611 
611 
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111 
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1111 

I 
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1611 

I1 
1111 
1111 
1111 
1211 
111 
1111 
1111 
1111 
611 
911 
111 

111 99 111 91 111 81 91 I 99 
1511 111 91 88 91 91 111 91 111 
1111 111 Ill 96 Ill 118 111 111 111 
1111 111 99 91 99 88 I 91 111 
1115 111 Ill 91 111 98 116 91 111 
Ill 111 111 8 1  116 91 I 61 112 

1111 111 96 89 111 91 111 8K 111 
1111 119 Ill 91 111 91 111 91 111 
111 111 91 89 I I 111 98 99 

1111 111 91 91 111 I 111 Ill 111 
111 111 111 115 119 91 I 91 111 
1111 95 91 81 81 81 111 91 91 
1111 111 88 81 89 111 I 91 94 
1111 111 66 87 96 91 96 97 66 
Ill 111 87 88 I 1 I I 89 

1111 I16 91 91 86 91 111 96 96 
1111 115 111 91 91 98 I 91 111 
111 111 66 88 I I I I 91 
1111 98 91 89 91 88 111 98 91 
1111 I I I I I I I I 
411 111 89 88 92 88 I 91 91 
1111 116 91 91 91 111 111 91 91 
lllt 111 81 87 91 91 111 91 96 
1111 111 92 91 96 97 111 81 91 
111 98 91 82 88 I I I 91 
511 111 67 91 81 I I 1 91 
1111 111 89 91 91 91 117 96 91 
111 111 61 89 81 I I I 66 
1111 118 19 87 91 99 I 111 91 
1111 111 91 92 1 99 1 I 91 
1 1 0  111 91 91 81 91 111 111 111 
111 111 61 I I 117 I 149 91 
1111 111 8 1  81 1 88 I 12 91 
1111 111 91 86 91 92 I 9K 91 
1111 111 88 88 91 91 I 91 96 
Ill 91 96 91 96 96 I 111 91 
1111 96 91 86 91 8 1  116 91 91 
$11 Ill 91 86 91 41 111 99 98 
lill 99 91 11 91 91 It1 91 91 
111 91 69 87 66 11 111 91 91 
1111 91 I4 85 I 18 11 91 91 
1111 99 91 91 96 61 111 I 91 
111 Ill 94 91 I 91 I I 111 
11H 91 91 96 96 81 91 I 91 
1111 91 91 61 11 I6 111 I 19 
1111 91 91 86 91 61 96 I 89 
1111 Ill 111 96 111 91 111 99 I15 
111 116 111 95 111 95 116 91 111 
1111 116 91 91 81 91 111 91 111 
1111 111 91 96 65 96 111 91 111 
1111 111 91 91 111 91 111 91 111 
611 111 11 111 116 91 91 111 98 
911 119 91 111 119 111 I I 111 
611 111 89 61 111 61 I 91 91 
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1811 
1111 
111 

1111 
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1811 
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1111 
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1111 

115 91 89 111 91 111 I5 111 
111 91 61 81 95 1 1 98 
115 89 19 96 91 119 1 111 
111 96 91 91 86 1 1 91 
111 61 86 111 85 I16 1 91 
115 89 I6 93 91 I19 111 99 
99 86 18 91 16 96 91 91 

111 89 I5 98 91 115 86 111 
91 19 16 11 81 1 81 81 
91 19 81 16 89 111 111 96 
91 86 81 81 19 111 81 91 
91 91 81 11 1 5  111 98 96 
99 I1 91 9t 19 111 111 96 
99 91 95 1 8 1  111 96 91 

111 91 91 1 89 91 91 98 
96 I1 I1 1 81 111 88 91 
95 I1 61 61 91 10 69 91 
91 11 I1 I4 I9 99 91 91 

119 
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1111 171161 
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I111 111181 
1121 111181 
1111 111181 
1111 111981 
1111 81181 
1111 11181 
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1111 11161 
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JIII 11167 
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1161 111961 
1161 111981 
1111 111181 
1111 121981 
1181 111961 
1181 J1181 
1191 111181 
1191 .11181 
1191 191917 
1111 111181 
1111 111181 
1215 111181 
1221 111117 
1111 111187 
1111 111181 
I111 161161 
1211 111181 
1111 llll81 
1111 11Il61 
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1111 111181 
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1111 l1ll81 
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1 111 
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1 111 

1111 1111 
1611 2111 

I 111 
611 1111 

1811 1111 
611 1111 
I 111 

1811 1111 
I 111 

1811 1111 
I 111 

1811 2211 
611 1111 
611 1111 
1 111 

1611 2211 
1811 2211 
611 1111 
18l1 Ill1 

I 111 
1811 1111 

I 111 
611 1111 
111 1111 
10 111 
1111 1611 

1 111 
1911 1111 
1811 1111 

11 111 
1811 1111 
1115 1111 
1111 I111 
1111 1111 
1111 1111 
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1111 1111 
1111 1111 
1111 1111 
111 611 
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111 611 

1911 1111 
111 611 
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111 111 111 111 I I I 111 
I11 96 91 111 111 119 98 IIJ 
111 92 8L 112 92 119 99 112 
111 111 91 111 19 117 91 111 
111 91 69 91 111 111 99 111 
116 98 81 111 91 116 99 111 
119 111 111 I11 119 1 1 116 
119 111 91 91 111 118 111 111 
111 98 91 111 61 I16 69 99 
111 91 91 91 89 111 91 111 
111 111 99 111 1 I 81 116 
91 91 111 I18 99 99 91 96 
111 91 91 91 91 96 111 91 
111 91 91 96 I 1 I 91 
111 92 87 91 91 !I1 91 96 
111 88 61 91 111 I 96 111 
111 91 91 66 91 l 117 96 
111 91 111 I 11: I 111 111 
91 88 91 1 81 111 8 1  91 

111 91 98 I 111 I 91 111 
111 88 86 91 66 I 111 91 
111 91 91 1 81 1 I !6 
111 88 82 I 96 111 81 91 
119 91 88 91 91 96 91 99 
111 89 89 91 91 1 1 91 
I11 66 89 I I 1 91 91 
I11 89 91 91 91 I 91 91 
111 89 81 91 I 1 111 96 
I17 91 96 111 I16 I 96 111 
111 69 91 l 91 l Ilk 96 
98 91 1 81 1 1 1 98 

111 91 81 91 69 95 91 99 
114 91 92 1 11 I 82 91 
111 91 81 91 98 I 96 96 
91 91 81 91 88 111 91 91 

111 96 91 I 89 121 96 98 
99 91 89 9 1  81 111 91 91 
91 61 91 98 81 92 92 91 
91 91 61 I 111 96 61 91 

111 91 91 96 91 111 1 99 
116 91 66 99 81 1 l 111 
91 81 81 98 19 111 I 91 
81 8 1  61 61 11 91 11 86 
91 91 88 89 81 117 1 91 
119 111 96 111 111 111 96 111 
119 Ill 111 I16 92 I16 81 116 
118 91 98 Ill 91 119 91 111 
111 91 91 19 91 111 99 111 
It8 91 96 99 91 111 91 112 
118 91 111 111 91 119 91 114 
111 92 91 I lSJ 1 91 96 
111 91 81 91 91 119 91 111 
111 91 91 99 96 I 111 111 
116 91 91 99 96 116 96 115 
118 111 91 91 96 1 111 111 
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IUS 111111 
11H 111111 
1111 111111 
1118 111111 
1111 111111 
1111 111111 
1111 lllltl 
1111 111117 
1111 111161 
1111 111111 
1611 111111 
1611 111111 
1611 111111 
1611 111181 
1611 111181 
1611 111111 

1111 
1111 
I11 

lk11 
1111 
1111 
1111 
1111 
1111 
1111 
1111 
111 

1111 
1111 
611 

1111 

1111 
1611 
1111 
1111 
1211 
1811 
1111 
1111 
1111 
11t1 
1111 
1111 
1111 
1111 
1111 
1111 

111 9k 8k 91 99 111 99 99 
111 91 91 96 91 I11 I11 112 
99 ia 11 91 91 111 16 97 

111 89 81 91 91 111 96 99 
91 1 11 1 91 1 1 91 
86 71 11 11 11 1 11 I6 
81 18 71 11 16 I1 11 11 
89 86 18 19 81 91 61 11 
91 I9 I1 11 62 111 I6 19 
96 I9 11 16 81 1 91 91 
91 11 81 96 II 91 91 91 
99 It 19 16 11 111 91 96 

111 19 91 1 I1 I 111 97 
91 I1 11 62 11 121 91 91 
91 14 19 71 I1 96 81 91 
89 66 11 11 92 91 I1 I1 

111 
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1111 
Ill1 
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1111 
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1111 
1111 
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1111 
1111 
1111 
1111 
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1111 
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1111 
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1111 
1111 
1111 
1111 
1111 
1111 
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1111 
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1161 
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1161 
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1111 
1111 
1111 
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1111 
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1181 
1161 
1181 
1191 
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111186 
111166 
111116 
11186 
11166 
11166 
11116 
11116 
61186 
111166 
111186 
151186 
111166 
181116 
111186 
161166 
161166 
111186 
111186 
111186 
161116 
151186 
181116 
111186 
111146 
161116 
111166 
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111166 
111116 
151186 
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151186 
111186 
111166 

111116 
111166 
171186 
61116 
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111166 
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61186 
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11116 
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1111 
1111 
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1111 
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1911 
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1111 
1 1 0  

I 
1111 
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1111 
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611 
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I 
I 
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I 
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I 
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1111 
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1111 
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1111 
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611 11.15 
1511 199.11 
1111 161.51 
1111 1111.51 
1511 111.51 
1111 11.15 
1811 116.15 
1111 11.75 
Ill 6.11 

1111 15.11 
111 19.11 
1111 11.11 
111 1.11 
1111 111.11 
1111 61.11 
111 11.11 

1111 66.61 
111 19.15 

1111 111.11 
111 11.11 

Ill1 111.11 
1111 116.11 
Ill 11.15 

1111 151.51 
1111 181.15 
1111 151.15 
111 69.75 

1111 181.51 
1111 166.11 
1111 161.11 
111 61.11 
Ill 111.11 

1111 116.11 
1111 11.11 
111 1.15 
Ill 1.11 

1111 11.11 
. 1111 19.11 

111 1.11 
Ill 11.81 

1111 61.11 
111 5.11 

1111 11.11 
1111 66.11 
111 1.11 
Ill 5.51 

1111 19.51 
1111 17.11 
1111 11.51 
1111 11.11 
111 1.11 

1111 26.96 
111 1.11 

1111 11.11 
1111 161.11 
1111 161.15 
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irtic 

9.11 
11.11 
11.11 
19.11 
11.11 
61.15 
17.91 
11.11 
11.11 
11.11 
15.41 
1.17 

61.11 
11.11 
88.11 
11.11 
61.11 
19.11 
11.11 
6.11 

11.15 
1.11 
1.71 
16.11 
18.15 
11.11 
1.11 

11.11 
11.21 
24.21 
8.11 
1.11 

11.11 
11.11 
1.51 

11.15 
1.11 

11.11 
12.11 
18.0 
11.11 
12.11 
11.11 
21.61 
19.11 

.I5 
1.11 
6.51 

11.11 
4.51 
1.11 
11.11 
1.11 
5.11 
1.11 

11.11 
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1.15 
11.11 
11.11 
11.51 
15.11 
11.11 
11.71 
1.71 
.!I 

1.61 
11.66 
1.16 
1.11 

11.11 
6.99 
1.11 
8.61 
1.15 
1.11 
1.11 

11.11 
1.11 
1.15 

11.11 
11.11 
6.11 
1.11 

19.11 
1.11 

11.25 
1.11 
1.15 

11.51 
1.51 
1.15 
1.11 
1.11 
1.11 
1.75 
1.11 
1.11 
1.11 
1.11 
1.81 
1.11 
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1.11 
1.51 
1.71 
1.11 
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1.11 

1.11 
1.15 
11.11 
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1.11 
1.11 
1.11 
1.51 
.I5 

6.17 
1.75 
1.11 
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.11 

1.91 
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1.11 
1.21 

1.11 

11.11 

1.15 
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.I1 

1.11 
5.51 
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.71 
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1.11 
1.11 
1.11 
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.15 
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1.6s 
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1.11 
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.71 
1.11 
.I1 
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1.11 
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1.11 
.I5 

1.11 
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SI 

1.11 
.I1 

11.11 

.I5 
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1.11 
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11.61 

1.11 
SI 

1.11 

.71 
1.11 

SI 
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1 .I1 

rcrc 

.11 
1.11 
1.11 

11.11 
11.11 

.I1 
1.69 
1.11 

1.19 

.I1 
1.71 
.21 
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1.11 
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.11 

1.11 
1.25 
.1l 

1.51 
1.11 
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1.51 
SI 

.5I 
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.21 
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1.51 
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11.51 
16.11 111.11 
11.11 211.11 
11.11 1199.51 
111.11 913.11 
11.11 161.11 
16.11 176.19 
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16.51 
115.14 
61.11 
61.96 
11.12 

61.11 181.51 
.I1 116.11 

58.51 
1.11 161.11 

12.11 
11.15 111.11 

21.11 
8.11 111.15 
1.11 161.15 

16.11 
9.11 191.51 

15.11 111.11 
4.11 111.11 
1.11 61.75 
16.11 166.11 

196.11 
11.11 111.11 

.IS 96.15 
111.15 

1.11 166.11 
1.11 41.11 

14.51 
16.11 

1.11 16.11 
1.71 111.11 
.I1 19.11 
.O 11.11 

.11 61.11 
1.11 16.11 
1.61 111.11 
1.51 11.11 
.15 6.11 

19.15 
1.11 11.11 
1.11 19.11 
SI 16.11 

1.15 
-61 13.71 

1.15 
11.11 

9.11 191.15 

1.81 96.ai 

9.11 198.15 
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1111 
1111 
1211 
1111 
1111 
1111 
I111 
1111 
1211 
1111 
1111 
1111 
1111 
I111 
1111 
1111 
1116 
1111 
1111 
1111 
1111 
1111 
1111 
I116 
1117 
1116 
1111 
1111 
1111 
1111 
1511 
1611 
1411 
1611 
1411 
1611 
1611 

111186 
61116 
91166 
11116 
61116 
11166 

161116 
111166 
11116 
11116 
11164 

111186 
151166 
161186 
161116 
111186 
161186 
111186 
161186 
161186 
111186 
181186 
181116 

111166 

11186 
161166 
11166 
111116 
181186 

111186 
111166 
I1ll66 
111186 
11116 

111186 

iaiia6 

iiia6 

ilia6 
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111 
111 
1111 

I 
1911 
I611 

11 
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1111 
1111 
1111 
Iffl 
1611 
1111 
911 

1111 
1111 
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1611 
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1911 
111 

1111 

1111 
1111 
1611 
I111 
I611 
1111 
111 

1111 
1111 
111 
1111 

iaii 

ail 

iaii 

111 6.15 
1111 916.15 
111 11.11 
I611 111.11 
111 16.15 

1111 16.11 
1111 156.11 
111 11.11 

1111 111.11 
1111 161.11 
1511 111.11 
1111 11.11 
Ifff 5.5s 
1611 6.19 

911 11.11 
1111 1.11 
1111 1.11 
611 6.11 
1111 116.11 
6H 11.11 

1111 111.11 
611 17.11 
2111 16.51 
1611 119.71 
1111 161.11 
1611 111.11 
1611 
1111 
1611 
2211 
1111 
1111 11.11 
1111 11.11 
1611 11.71 
1111 111.11 
1155 171.11 
1111 91.11 

1131 1i.ai 

1.11 
11.11 
11.11 
11.11 
1.11 
1.11 

17.11 
1.11 
1.11 
11.11 
17.11 
6.11 
S.18 
1.16 
1.19 
8.11 
.56 
.I8 

11.11 
11.11 
1.11 
1.11 

11.11 
11.11 
51.11 
11.11 

1.11 
1.51 
11.11 
1.11 

11.11 
11.11 
6.11 
5.51 
1.11 
1.91 

18.11 

1.11 
11.11 
7.11 
68.11 
1.11 
1.11 

11.15 
1.11 
1.11 

15.11 
11.11 
1.61 
,I1 
.I1 
.I8 

1.51 
.I1 
.I1 

1.11 
7.11 
1.11 
1.11 
6.11 
1.11 

11.11 
1 SI 

19.11 
11.11 
1.11 

11.11 
1.11 

11.11 
16.15 
1.11 
5.51 

16.11 
11.11 

1.11 1.11 

11.15 

11.11 

.I1 
1.11 

1.11 
1.11 
1.11 
.I1 
.SI 
.19 

.I1 

.16 

.I5 
1.15 
1.11 
1.11 
1.11 
.11 

1.11 
1.11 
1.11 
1.11 
.11 

1.11 
-11 

1-11 
1.11 
1.11 
.I1 

1.11 
1.11 
1.11 
.11 

1.15 
1.15 
.11 

1.51 
1.11 
1.11 
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.IS 
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1.11 
1.11 
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1.11 
1.11 
.71 

2.11 

1.11 
.15 

1.11 
1.15 1.15 

11.11 
11.11 1191.11 
1.11 61.11 

11.15 197.11 
1.11 11.11 
1.51 11.11 

189.11 
11.11 

111.71 
311.11 
186.11 

.I9 11.18 

.18 11.96 

.I8 9.41 

.I1 11.11 
-88 11.61 

1.11 
.I1 9.19 

11.11 
111.11 
11.11 

111.11 
19.11 
61.15 

111.15 
118.11 

.I1 111.11 
11.11 
1.51 
11.11 
1.11 
16.11 

1.11 116.11 
1.11 21.11 
1.15 11.11 

11.11 111.11 
11.11 1.61 15.11 111.11 
1.11 .I1 1.11 111.71 
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1111 
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1111 
1111 
1111 
1111 
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181161 
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41181 
61111 
11181 
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111181 
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111161 
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191111 
191161 
11161 
11t161 
111161 
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41161 
111161 
181181 

21181 
181181 
191187 
111181 
11161 
11081 
261167 
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111161 
111167 
111181 
161181 
111181 
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11181 
11161 
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111167 
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11411 
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111481 
161161 
261181 
181181 
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111467 
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111 
1111 
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Ill1 
1315 
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1611 
1911 

I 
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1111 
611 
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611 
1811 
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611 
1611 
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1611 
611 
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I 

Ill 
I 

1611 
611 

1611 
I 

1811 
611 
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I11 
111 
1111 
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1911 
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1811 
1111 
1111 
1111 
10 
1111 
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911 
111 
1611 
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1811 

fiiirl car artic 

111 11.11 11.11 
1141 111.11 11.91 
11)) lM1.58 11.91 
1111 66.11 96.11 
1111 111.11 11.11 
$11 1.11 11.11 

1111 16.11 11.15 
2111 66.11 10.19 
111 11.91 11.11 
1111 91.11 11.61 
111 6.11 11.11 
1111 188.11 15.15 
1111 211.11 11.71 
1111 89.11 111.61 
111 11.11 21.75 
I111 111.21 11.11 
1211 161.11 1.11 
111 6.71 6.21 

Ill1 111.71 11.11 
1211 161.11 11.11 
Ill 41.15 1.15 
2111 181.11 21.11 
1111 19.11 1.11 
1211 19.11 11.19 
111 1.51 11.11 
Ill 11.11 11.41 

1111 81.81 21.61 
411 1.21 18.11 

2211 16.11 11.11 
1111 49.15 1.15 
1111 27.11 8.11 
10 1.21 1.11 

2111 19.11 16.51 
1111 llr).11 9.11 
1111 169.11 .I1 
111 6.11 1.11 

1111 914.11 11,1l 
Ill 11.11 6.11 
1611 664.11 51.15 
Ill 11.11 1.21 

1111 11.11 1.11 
2111 161.11 16.11 
411 11.11 11.25 
11t1 111.11 1.11 
1111 219.21 19.11 
1511 119.11 11.11 
1211 11.11 1.81 
111 1.96 5.11 

1411 7.11 1.11 
Ill1 11.21 1.11 
141s 14.11 5.81 

911 1.61 .19 
611 1.51 11.11 

1111 191.11 21.21 
611 21.11 1.21 

61s 8.18 1.75 
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trick 

1.11 
16.19 
11.61 
1.11 

11.11 
1.11 
1.0 
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1.11 
1.11 

11.15 
8.11 

11.11 
1.11 
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1.15 
1.21 
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1.71 
1.11 
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1.11 
1.11 
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1.11 
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.29 
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1.11 
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1.11 
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1.11 
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1.11 

1.11 
1.11 
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.I1 
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SI 
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.11 
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1.M 
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1.11 
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2.11 
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.SI 
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11.51 
1.11 
1.11 
.I1 

1.11 
1.11 

1.11 
.I1 

1.51 
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1.16 
1.11 
1.71 
1.11 

11.11 
1.21 
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8.51 
1.11 
1.11 
.I1 
.6l 

1.11 
1.11 
1.11 
1.51 
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1.50 
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11.21 
1.21 
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.I1 
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.I5 
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11.11 
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.IS 
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11.19 
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1.16 
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1.15 
1.11 
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1.11 
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1.11 
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.19 
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.I1 
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1.11 
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11.11 191.18 
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1.11 111.l1 

11.11 111.11 
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1.11 61.11 
1.91 111.19 

57.61 
11.11 116.11 

68.61 
54.11 411.M 
11.11 111.11 

.lI 116.98 
11.11 

9.11 186.11 
1.11 178.11 
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21.11 636.1) 
1.11 199.21 
1.15 15.11 
11.11 111.?1 

1.11 61.11 
11.11 

1.21 111.11 
.I1 11.11 

1.11 81.11 
1.11 61.11 
.15 11.51 
.1I 11.11 

1.15 51.11 
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1.11 161.11 
.I1 11.11 

11.11 118~.11 
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48.15 815.11 
2.11 11.11 
1.11 11.51 

111.11 
11.1l 
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.46 11.19 
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.I1 31.18 
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1411 
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1111 
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1111 
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111111 
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1611 
1111 
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1111 
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1611 
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1611 
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1111 
1111 
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1111 
1111 
1111 
It11 
1111 

116.11 5.75 1.11 1.15 8.11 .I5 114.51 
11.11 18.11 1.11 .75 1.71 51.51 
11.11 16.11 1.11 1.11 1.11 -51 11.11 

111.11 15.11 11.15 1.75 11.11 1.11 1.11 111.75 
115.51 11.15 5.15 4.11 11.11 1.11 1.15 219.25 
161.11 11.15 18.15 1.11 19.11 1.71 1.11 144.11 
11.71 4.11 7.51 1.11 1.11 1.11 0.11 
11.15 1.11 1.15 1.11 1.11 .I1 .SI 15.51 
91.11 9.11 11.11 .I1 1.71 .I1 5.75 111.11 
11.11 4.51 1.51 .I5 1.11 .I5 1.15 61.15 
11.15 9.11 8.11 1.11 1.11 1.11 61.11 
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11.11 1.15 1.51 1 .I1 .I1 1.15 11.11 
61.11 1.11 5.11 -71 1.11 1.11 91.11 
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1111 
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I111 
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1111 
1111 
1111 
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1111 
1111 
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111987 
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1811 

1 
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1111 
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APPENDIX C - Weighting procedures 
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1. Hatching for production of weights. 

Tables A1 to A9 (Appendix A) contains a complete description of each of 
the sites surveyed in the all stages of the study. 

There were 94 sites surveyed in the before study, 72 in the first after 
study and 71 in the 2nd after study. The before study ran from 30.9.1986 
through to 9.12.1986. By comparison, the first after study ran from 
17.3.1987 through to 27.4.1987. Thus the first after study was carried 
out over a shorter elapsed time than the first before study. The 2nd after 
study was shorter still, from 29.9.87 to 31.10.87. 

No new sites were introduced in the first after study. A number of the 
sites which were surveyed in the before study were not subsequently 
surveyed in the first and second after studies. This led to a matching 
problem for the creation of across study stage weights. 

2. Matching the first After Sites to the Before Study Sites: 

Because only 72 sites were studied in the first after study compared to 94 
in the before study, 72 sites in the first after study had to be matched 
with 72 in the before study. This proved interesting. 

A first attempt at matching the first after to the before study sites was 
based on the site location number and the start and finish times as 
specified in the specifications for the study. This yielded matches for 
all the first after sites except for 21 sites. For these remaining 21 a 
matching table was constructed which included matches to the nearest start 
and finish tiae and where necessary day of week aatch. 

The uain reason for these mis-matches was that a number of the sites in 
the before study had been surveyed more than once. At the end of this 
matching exercise the entire 72 sites were matched with their 
corresponding sites in the before study. 

This matching was only carried out on stages 1 and 2 because the q-flow 
weighting was shown to have no significant effect on the statistical 
analysis. 

3. Q-flow and total volune weiahts 

A number of factors need to be considered in relationship to this 
weighting. 

a. The literature, especially the paper by Farthing (Parthing,l977), 
notes that there is a correlation between the flow rates and the 
speed of vehicles. Thus the flow rate (veh/hr) versus the total 
traffic volumes need to be examined as potential weights. The 
question arises: What should we use as the weight? Just the 
total traffic volumes or some indication of the flow rate? 

b. Irrespective of the weighting procedure used it is inportant to 
note that there is a potential correlation between these weights 
and the dependent variable, i.e. the speed of the vehicles. ?he 
weighting factor could potentially be confounding the results of 
the analysis. Thus it is important that an analysis be done of 
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these weights vs speed to determine wbether any confounding 
exists. 

4. Definitions used in this discussion of weigbts: 

1. the term "Q-flow rate" (or flow rate) refers to the rate of 
traffic flow (in vehicles per hour) passing a survey site. The 
flow rate is computed for the direction of travel used to obtain 
the sample traffic volumes. The Q-flow rate is defined as the 
total traffic volume observed divided by the time period of that 
obaervation period for vehicles travelling in the sampling volume 
direction . 
The "percentage of heavy vehicles (Pcthv)" is defined as the total 
volume of articulated vehicles divided by the total volume of all 
vehicles. The percentage of heavy vehicles also equals the flow 
rate of the articulated vehicles divided by the total flow rate. 

2. 

The aim of the flow analysis was to see what effect flow rates had on the 
average vehicle speeds. Also of interest was the effect of the mix of 
vehicles, especially the percentage of heavy vehicles on the flow rate and 
mean free speeds. 

5. Weighting functions considered. 

Two types of weights were computed and tested for this study. 

Raw weights: Total Traffic Volumes 

The raw weight was computed by the division of the observed total traffic 
volume by the observed sample traffic volume at each site within vehicle 
type and stage. Thus, for any one site there were seven different weights 
produced, one for each vehicle type. then linked back 
across to the free speed data and matched against every free speed 
observation by vehicle type and site. 

These weights were superseded by the Q-flow weights below. 

Q-flow weights: Q-flow rates 

The Q-flow weights were calculated by dividing the Q-flow rate of the 
before study for each site by that site's corresponding Q-flow rate during 
the first after study for each site within vehicle type. The site matching 
across stages was achieved using the relationship QLIHR12 for stage 1 to 2 
(table E.1). Thus seven different weights were produced for each site pair 
t six vehicle types and one all vehicle weight) and these were assigned as 
the weights for stage 2. Stage 1 weights were set to 1.0. 

An example: for site 2602 and 1602 in the first after and before study, 
the Q-flow weight for cars would have been 177.75 divided by 179.50 which 
creates a weight for the first after study of 0.99. By default the weight 
for the before study is 1. 

The Q-flow weights were better than the raw weights because they took into 
account the speed recoding session length and the total traffic volume. 
They were only computed for the stage 1 to 2 match. 

The basic data used to compute both weights are included in Appendix B, 

These weights were 
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tables B1 to 812. 

6. Summary of the Traffic Flow Analysis 

1. The relationahip between the total flow rate and the mean free 
speeds of vehicles seem to be very low indeed. Looking at table 
C2 row 1, the correlations between the total flow rates and each 
of the mean free speeds for each vehicle type are all below 0.2 
and none are significant. 

2. The correlation between total flow rate and percentage of heavy 
vehicles is -0.32 (table C2). It is significant and accounts for 
less that 16% of the variance. The corresponding plots (plot C1) 
show that the relationship is effectively hyperbolic. This result 
conflicts with the findings of Farthing (Farthing,l977). 

3. The relationship between the mean free speed of articulated 
vehicles and the mean free speed of other vehicles is high as 
indicated by correlation coefficients in excess of .38 (table C2). 

4. Similarly, there is a high correlation between the mean free speed 
of cars and all other vehicles as indicated by the size of the 
correlation and the significance of these correlation coefficients 
in table C2. 

5. An analysis of variance of the percentage of heavy vehicles and 
stage of the study indicated no significant relationship. Ye can 
conclude from this that the percentage of heavy vehicles on the 
roads remained unchanged between the two stages (see table Cl). 
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Plot C1: Q-flow plot matrix 
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The overall conclusion to be drawn from the Q-flow analysis is that the 
weights computed from flow rates would not confound the analysis of free 
speed. This conclusion is provisional and would require deeper analysis to 
verify this conclusion. 

6. Neither weight type statistically altered the results of any of 
the major analyses i.e. free speeds by State and stage. Thus ALL 
results reported henceforth in this report are U?-HEIGETED. 

I. Database cleaning 
- - .~ 

Appendix D contains a copy of the free speed data collection form used in 
all stages of the study. 

Appendix G contains a comprehensive list of the major problems encountered 
in the editing of the study stages. 

8. Problems encountered - all stages 

The major problem encountered with the data was with the congruence 
between the total traffic volume counts and sample volume counts. From the 
perspective of weighting, it is important to ensure that the direction of 
the traffic stream sampled corresponds to the total traffic volume tally 
for that direction. 

Some States had tallied the total volume in both directions, but only 
sampled in one direction. Others had sampled and tallied in one direction 
only. Tables G.l through G.3 in Appendix G illustrate thi : differences. 

m a t  made all this the nore difficult was the sometimes unavailability of 
the tally sheets for verification. 

Site numbers, dates of recording and start and finish times often differed 
between the free speed records (Which were numerous) and the single 
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covering header sheet. The relational facilities of the ZIH database 
proved invaluable in overcoming these problems. 

The layout of the header sheet was not ideal and if used in future studies 
should be simplified and redesigned. 

The sample volume information requested on the header sheet was 
unnecessary as it was computed directly from the free speed data. Ruled 
lines on the free speed data sheets would facilitate speedier data 
punching. 

Lastly, no attempt has been made by the consultant to check on the quality 
of all the data collected by the field teams. FORS staff accompanied a 
small number of NSW field teams during data logging and the consulatant 
attended a recording session with an ACT team. A blind retest would be 
needed to establish the level of experimenter variability induced by the 
data coding procedures. 
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p l o t  c =  : Correlogram of error terms 
Auto correlation of the error terms - Articulated, NSW 
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APPENDIX D - Form used in the surveys 
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I 
I [Traffic cmts by: I 

5 7 y ~ ~ ~ s w a  
P. TL 
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VEHICLE CODE 

Cars 3 
Cars towing 3 
Motorcycles 3 
Bus (=4whlsl 3 

Truck t4 whls) ! 
Semi&Artic. 3 

Light van 3 

OTHER CODE 
U&!!& 
Box trailer 

1 Caravan 
Fdding caravan 
Car trailer 
Bike trailer 
Boat trailer . 

Horse trailer 
Other trailer 

Loaded 
Unloaded 

Rider only Blan 
Pillion 



I - 
TRAFFmOLUME SURVEY 1 

L 
'.I 
a2 



APPERDIX E - Database schematics 
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Table E.1: DATABASE schematics for the Truck Speed Study, Stage 1.2 h 3 

Database software; ZIH ver 2.53 

Entity names 

bf sp 
afspl 
af sp2 

trklb 
trkla 

trk2a 
trk2b 

trk3a 
trk3b 

Before survey free speed data 
1st After survey free speed data 
2nd After survey free speed data 
Before survey header sheet part 1 - site descriptors 
Before survey header sheet part 2 - Total and Sample traffic 
volumes 
1st After survey header sheet part 1 - site descriptors 
1st After survey header sheet part 2 - Total and Sample traffic 
volumes 
2nd After survey header sheet part 1 - site descriptors 
2nd After survey header sheet part 2 - Total and Sample traffic 
volumes 

Relationships 

RelName RelCondition 

linkla trkla.loc=bfsp.loc and trkla.sdate=bfsp.sdate and bfsp.time )= 
trkla.SStaKt and bfsp.time (= trkla.sfinish 

linklb trklb.loc=bfsp.loc and trklb.sdate=bfsp.sdate and bfsp.time 
)=trklb.sstart and bfsp.time (= trklb-sfinish 

link2a trk2a.loc=afspl.loc and trk2a.sdate=afspl.sdate and afspl.time 
>=trkZa.sstart and afspl.tirne (= trk2a.sfinish 

link2b trk2b.loc=afspl.loc and trkab.sdate=afspl.sdate and afspl.time 
>=trkZb.sstart and afsp1.tine <= trk2b.sfinish 

link3a trk3a.loc=afsp2.loc and trk3a.sdate=afsp2.sdate and afsp2.time 
>=trk3a.sstart and afsp2.time (= trk3a.sfinish 

link2b trk3b.loc=afsp2.loc and trk3b.sdate-afsp2.sdate and afsp2.time 
>=trk3b.sstart and afsp2.time (= trk3b.sfinish 

match1 trkla.loc=trklb.loc and trkla.sdate=trklb.sdate and 
trkla.sstart=trklb.sstart and trkla.sfinish=trklb.sfinish 

match2 trk2a.loc=trk2b.loc and trk2a.sdate=trkZb.sdate and 
trk2a.sstart=trk2b.sstart and trkaa.sfinish=trk2b.sfinish 

match3 trk3a.loc=trk3b.loc and trk3a.sdate=trk3b.sdate and 
trk3a.sstart=trk3b.sstart and trk3a.sfinish=trk3b.sfinish 

qlinkl2 trklb.stgll=qlinkl2.stgl and trkZb.stg2l=qlinkl2.stg2 
xal trklb.loc-bfsp.10~ and bfsp.10~ )=1300 and bfsp.loc (=1399 
uala trkla.loc=bfsp.loc and bfsp.loc )=1300 and bfsp.loc (=1399 
wa2 trk2b.loc=afspl.loc and afspl.loc >=2300 and afspl.loc(=2399 
ua2a trkZa.loc=afspl.loc and afspl.loc )=2300 and afspl.loc(=2399 
wa3 trk3b.loc=afsp2.loc and afsp3.10~ >=3300 and afsp2.10~(=3399 
wa3a trk3a.loc-afsp2.loc and afsp2.10~ )=3300 and afsp2.loc(=3399 
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APPENDIX F - Data transfer specifications 
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APPENDIX F - Data transfer specifications for Free speed database 

Dept of Transport Truck Speed Study - Jan 1987 to Dec 1987. 
Contract #: 86/506/074/4 

14 December, 1987 

Data file transfer to NHDS 

Consultants: 

R U Fitzgerald h Associates, 
PO Box 125, Queanbeyan, 
NSU 262@ AUSTRALIA 

Telephone: (062) 972 697 
Electronic mail: HCI mail 3367164 

Dialmail 16342 
Telex 650-3367164 

Raw data files on enclosed floppies: 

Speedl23.dta - raw free sp 
Eead123.dta - Site descr 

sheets for 

is for stages 1.2 & 3 
ption information from header 
tages 1.2 & 3 

Number of records expected: Speedl23.dta - 77,551. Headl23.dta - 237. 
Format of floppies: IBH PC/XT, dsdd, 360 kb 
File format: fixed field ASCII 

References: 
(1) See major report on this project and appendices for further details of 
data and database structures. 
(2) See enclosed ZIH program Sampva8 which contains a complete field 
layout guide to datasets. 
(3) Coding for the header sheet file EEAD123.dta is as follows: 

Roadtype - l=Freeway or any 4 lane road, 2=2 lane and other roads 
Speedmeter - l=Radar, 2=anphometer or infra red beams 
Direction - l=North, 2=East, 3=Soutb, 4=West 
Weather - l=Fine, 2=Showers/overcast 
Visibility - l=good/clear, 2=Poor/fair 

Coding for other header sheet fields and the free speed data is to be 
found on the data collection form. 
(4) Hissing data has been set to blank. 
% DOT/ FORS Truck Speed study raw data dump. 

% SAHPVAS : outputs ALL trk1/2/3 and bfsp/afspl/2 for ASCII transfer to 
DOT 
% ver 1.8, 14-Dec-87 
% by R V Fitzgerald h Associates, (862) 972697 
% database software: 2IH ver 2.53 
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8 First - Raw speed data from tally sheets 
I FORHAT of ASCII raw speed data: 
0 field columns 
Z location 1-4 
0 time 5-a 
Z speed 9-11 
I vehicle code 12-13 
8 direction 14 
Z date 15-26 
8 vehicle follow 21-22 

% For coding, see speed recording tally sheets in report appendix 
% For file linkage, also see report appendix. 

0 Stage 1 output 

set columnspacing 0 
set headings off 
set pause off 
set output temp3 

list all bfsp format Stocharacter(loc.4) \ 
Stocharacter(time.4) Stocharacter(speed.3) Stocharacter(vehcod,Z) \ 
Stocharacter(bfsp.direct.1) Stocharacter(sdate,6) \ 
Stocharacter (vehfoll, 2) 

0 Stage 2 output 
set output temp3 append 

list all afspl format Stocharacter(loc.4) \ 
Stocharacter(time,4) Stocharacter(speed.31 $tocharacter(vehcod,Z) \ 
Stocbaracter (afspl.direct.1) Stocharacter (sdate.6) \ 
Stocharacter(vehfol1,Z) 

0 Stage 3 output 
set output temp3 append 

list all afsp2 format Stocharacter(loc,Q) \ 
Stocharacter(time,Q) Stocharacter(speed,3) Stocharacter(vehcod,Z) \ 
Stocharacter (af sp2. direct, 1) $ tocharacter (sdate, 6) \ 
Stocharacter(vehfoll,2) 

set columnspacing 0 
set headings off 
set pause off 
set output temp4 

8 Second, output part 1 of header sheets 
Z which contains all the site descriptions 

b FORMAT of header sheet data: 
I field column 
% location 1-4 
8 roadtype 5 
% date 6-11 
8 start time 12-15 
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% finish time 16-19 
% speedlimit 20-22 
% weather 23 
Z visibility 24 
0 speedmeter 25 

% Stage 1 output 
set output temp4 

list all trkla format Stocharacter(loc.4) \ 
Stocharacter (roadtype.1) Stocharacter (sdate,6) Stocharac er (sstart,4) \ 
$tocharacter(sfinish,4) $tocharacter(speedlimit,3) \ 
Stocharacter(weather,l) Stocharacter(visibility,l) 
Stocharacter(speedmeter.1) 

% Stage 2 output 
set output temp4 append 

list all trk2a format Stocharacter(loc,l) \ 
Stocharacter(roadtype,l) Stocharacter(sdate.6) Stocharacter(sstart,4) \ 
Stocharacter(sfinish.4) Stocbaracter(speedlimit,3) \ 
Stocharacter(weather,l) Stocharacter(visibility.1) 
Stocharacter(speedmeter.1) 

% Stage 3 output 
set output temp4 append 

list all trk3a format Stocharacter(loc.4) \ 
Stocharacter(roadtype,l) Stocharacter(sdate,6) Stocharacter(sstart,4) \ 
Stocharacter (sfinish.4) Stocharacter(speed1imit ,3) \ 
Stocharacter(weather,l) Stocharacter(visibility,l) 
Stocharacter(speedmeter,l) 

set output terminal 
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Department of Transport Truck Speed Study - Analysis of Crash Data 
13 August, 1987 

Crash Data Specification. 

An examination of each of the States' coding manuals for their crash 
statistics has led me to the following conclusions in relationship to the 
specification for the data I require for the crash data in this study. 

Each of the States has collected their own idiosyncratic set of data. 
There is no common data specification for the States. Therefore the most 
practical way for us to collect the crash data from the States is not by 
specifying which variables I want extracted but by asking them for a 
complete in situ dump of their existing databases for the vehicle types 
and time periods which specified below. 

This approach i.e. a complete dump of their data sets, has been confirmed 
in conversation with Wr David Wigley of I.P. Sharp Computers in 
relationship to their experience of State traffic data vis-a-vis the fatal 
file. In their experience the most practical and most expedient method is 
a straight dump of the data. It will then be up to myself and David to 
extract from these dumps the common sets of crash variables. This will be 
done on the I.P. Sharp system. 

Specifications which should be issued to the States include. 

I. Time Frame 

The time period for which I would like the crash data provided would be 
from June 1981 through to their most current online data. In 
relationship to New South Wales I currently hold June 1981 through to 
June 1985 and thus I am requesting data from 1 July 1985 through to 
their most current online data. 

In my experience the State's crash data is at least one year behind the 
current date. It is imperative that the crash data that they provide 
be inclusive of the dates that they decide upon. I realise that in most 
States there will not be any crash data overlap with the Free speed 
dates of this study. 

11. For all States except New South Wales and Westarn Australia, I am 
only interested in FATAL CRASHES. For NSW and WA I would like all 
crashes - Fatal and Casualty ( admitted to hospital only ). 

111. Vehicle Types to be included in the Specification 

I would like from each State a complete dump of all crashes ( as 
specified in I. and 11. above) which involve at least one truck. 
The definition of truck that I have used in the past and will continue 
to use is based currently on the New South Wales Traffic Accident 
Authority's specification. 

The vehicle codes which were included in the original time series 
analysis of New South Wales were code numbers 7, 9 through to 18 
inclusive. These codes denominate the following vehicle types: 

Code No. Description 
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7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

Light trucksllorrylpanel vanlutility not based on car 
design 
Rigid or unspecified tanker 
Articulated tanker 
Large rigid lorry 
Semi-trailers 
Low loaders/goose neck float 
Public Transport Authority bus 
Large distance tourist buses 
School buses 
Other buses 
Unspecified buses 

Please note that with the crash data I am interested in all vehicles 
involved in every crash in which at least one truck was involved. Thus 
if a crash involved one truck and five cars then I want that one truck 
and the five cars. Similarly, if it only involved one truck and one 
car then I want the one truck and the one car. 

IV. Database Linking Method. 

It is important that each of the States provide a full description of 
the method by which the various sections of their database are linked 
together. For instance, in New South Wales they have a three file 
system: a crash file, a traffic unit file, and a person file. 

For a crash which is recorded in the crash file there is a unique crash 
ID number. That crash ID number links all the traffic units in the 
traffic unit file which were involved in that crash and also links all 
the persons in the person file who were involved in that crash. 

Thus the method of linking is very inportant. I would like a full 
description of how that linking works because I will have to implement 
that linking procedure. 

In New South Wales there were some peculiarities in the way in which 
the linking occurred. That is, you required not only the crash ID 
number but also a traffic unit ID number and a date. The combination 
of those three pieces of information facilitated the unique linking of 
the three data sets together. Thus if there are any idiosyncracies 
like that I would like them explained in detail. 

If such details are provided it will save me calling the respective 
individuals in each of the States and hassling them. 

Contact Person. 

It is terribly important that each State designate a person in their 
organization who will be their computing contact person who I can call for 
details and questions on each of the data sets. That person must have an 
intimate knowledge of the databases, the computing systems and the linking 
procedures. 

The Tape Format for transfer of the Data. 

The magnet tape format which I would like the data written in by each 
State for transfer is: 

1680 BPI density 
9 track 
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EBCDIC or ASCII 
Unlabelled 
Blocking factor (number of records per block) 
to be specified by each organization 
Number of characters per record 

It is terribly inportant that the organizations providing this information 
on magnetic specify the writing characteristics of each tape. 
This information should be on a letter accompanying the tape. 

I would also like a full description of what is on the tape in terms of 
files and also the record structure. 

tape fully 

Specifically: 

1. a file map of the tape. 

2. a listing of the first one hundred records of the first file and 
the last one hundred records of the last file so that I can verify 
that I have got the information the way it ought to be. 

3. a record map, i.e. which variables are written in which columns on 
each record in each file type. 

I do appreciated that in some years the format of the data in the records 
and also within the files will have changed. If there are different 
formats for different years I would like to know. 

One other important point is that I need to have a complete table which 
has the following columns in it: 

the year, the number of crashes, the number of vehicles, the number of 
persons. 

In other words the expected N's for each of the file groups, so that if 
your State has a three file structure then €or each year I would like to 
know how many crashes, how many vehicles and how many persons were 
involved so that when I read these files I can confirm the N's. 

I realise that in many instances the volume of data require a large number 
of magnetic tapes. I am quite happy to read these tapes and return them 
to the individuals concerned as quickly as possible. 

The end of the year and the ATAC meeting is accelerating at us very 
rapidly. Thus your speedy attention to this data transfer would be nost 
appreciated. 

Trucking along, 

R W Fitzgerald 

R U Fitzgerald & Associates, 
PO Box 125, Queanbeyan, 
NSW 2620 AUSTRALIA 
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APPENDIX 1: Vehicle Variables and Codes defining "TRUCKS" for each State 

NEW South Wales: As specified above 

VICTORIA: 

QUEENSLAND: 

VTYPE - page 2-73 of Code book. Vehicle codes 
6-9 

TYPE of traffic unit involved - page 29 of 
code book. Codes 3.4 and Buses 

SOUTH AUSTRALIA: UNIT TYPE - page 21 of code book. Codes 7-9 

WESTERN AUSTRALIA: UNIT TYPE - page 9 of code book. Codes 5-1, 
81-84 ? 

TASUANIA: UNIT TYPE - Card type 2 # 45. Codes 6,9,10 

ACT: TYPE - page 37 of code book. Codes 5-7,15,25- 
27 
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APPENDIX G - Free Speed data sheet problems 
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APPENDIX C - Free Speed data sheet problems. 
~~ ~~ 

1. STAGE 1 - Data Problems 

a. The documentation (tally sheets) were quite often unavailable within 
the States. These tally sheets were used where available to check the 
total traffic volumes vs the sample traffic volumes and also the 
direction of the sampling and how that matched the total traffic 
volumes. Thus the two parameters we were interested in were: 

i. the relationship between the total volumes and the sample 
voluaes. 

ii. we wanted to make sure that the direction in which the samples 
were taken matched those of the total traffic volumes. Table G.l 
outlines the discrepancies noted. 

Table G.l: Total traffic volume vs Sampled volume direction match 

Tally Sample Total 
State Sheet Tvue Volume Type Status 

NSY 
VIC 
QLD 
YA 
SA 
TAS 
ACT 

A A * bias 
B A.B 
B ? ? 
A A 24 hr 

* A A * 
B B * 

? 

Sample Type: 

Tally sheet: * - available 
Status: * - acceptable 

A - both directions recorded 
B - only one direction recorded 
1 - questionable 

2. Detailed notes by State 

NSY - The survey strategy used by New South Wales was different 
from all other States. A mix of two hours sampling in 
one direction and then two hours saapling in the opposite 
direction and sampling both directions at the same time 
were found. Sites 1002 and 1003 had doubled up on their 
total volumes. Thus the tally sheets were invaluable in 
checking the accuracy of the total traffic volumes 
recorded on the header sheet. 

TAS - Tasmania claimed that they did a 100 per cent sample of 
articulated trucks and buses only in Stage 1. The Stage 
2 data suggests that this was not the case. 

NSY, VIC, ACT & SA - 
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The dates or times on the header sheets had errors 
requiring a 100 per cent verification check of the 
headers. The dates and times on the header sheets had to 
be accurate because they were used for matching to the 
free speed data. 

3. Linking Validation 
-- 
Once the header sheets and the free speed data had been cleaned and 
verified internally, a checked was then carried out on the ability of the 
header sheet link completely to all the free speed data that was 
available. The points that emerged were: 

data to 

3.1 That we found 528 free speeds which could not be linked 
to their corresponding header sheet. 

3.2 The final check revealed that 46 had weights which were 
zero. This indicated that they had no vehicle type 
recorded against the free speed. 

Conclusion - The above successful linking indicated that our thorough 
editing had paid great dividends. 

4. STAGE 2 - Data Problem ____ 
4.1. Total Volume Directions versus Sample Directions 

Table G.2: Total traffic volume vs Sampled volume direction match 

Tally Sample Total 
State Sheet Type Volume Type Status 

NSY 
VIC 
QLD 
YA 
SA 
TAS 
ACT 

* A A 
* A,B A.B 
* B B 

A R 
* A A 

B B 
* B B 

Sample Type: A - both directions recorded 
Tally sheet: * - available 
Status: * - acceptable 

B - only one direction recorded 
? - questionable 

4.2. Data Problems by State 

NSY - The free speed data provided were raw amphometer readings 
and needed numerical conversion to km/h. 

VIC - All the total traffic volumes were transcribed from the 
tally sheets so that it matched the sample volumes thus 
forcing consistency. A major consistency problem 
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QLD 

ACT 

YA 

TAS 

experienced was in the direction of the sample volume 
versus the total volume. 

- Queensland had no light vans. The digitector may not 
have recorded thee, they just were purposely ignorzd or 
there was some definitional mix up. 

- The free speed sheets need ruled lines. Punching and 
matching the speed data to the vehicle type was tedious. 
Because there were no ruled lines the corresponding 
columns tended to wander. 

- Western Australia had no tally sheets. 

- Dr Mark Leggett claims that Tasmania did a 180 per cent 
sample of all vehicles at their sites in Stage 2. Site 
2503 for which total traffic volumes were listed on the 
header sheet show that the sample volumes were not 100 
per cent, i.e. that the computed weights came to one. 
Most of the weights were around about 1.2 and 1.5 thus 
indicating that in Stage 2 the sample traffic volumes 
were not 100 per cent. 

NSY, VIC and SA - 
New South Wales, Victoria and South Australia had a 
number of date/time errors on the header sheets which 
were edited and checked. 

4.3. Linking validation 
_ _ _  __ 

Ye found 4,180 unlinkable speed records. Ye were able to fix all these 
bar one. The final check revealed two with weights of zero. 

Conclusion - all up, the Stage 2 data is a cleaner file than Stage 1. 

5. STAGE 3 - Data Problems 
- 

5.1. Total Volume Directions versus Sample Directions 

Table G.3: Total traffic volume vs Sampled volume directionmatch 

Tally Sample Total 
State Sheet Type Volume Type Status 

NSW 
VIC 
QLD 
YA 
SA 
TAS 
ACT 

* B B 
A A 

* B B 
* B B 
* A A 

B B 
B B 

Sample Type: 

Tally sheet: - available 
Status: - acceptable 

A - both directions recorded 
B - only one direction recorded 
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? - questionable 
5.2. Data Problems by State 

TAS Once again, 100 % sampling was implemented. 

ACT 

NSU 

No ruled lines on the free speed sheets made punching 
interesting. No times were recorded against the speed 
data. 

NSU had changed to direct data acquisition using NEC 
laptop PC's. The speed data and header sheets were 
recorded directly to disc by the field staff. The data 
supplied was on a Macintosh I1 disc and need to be 
translated to I B H  standard. The data transfer was clean 
and expedient. Full marks to NSU. 

5.3. Linking validation 
~~~~ 

Ye found 5 unlinkable speed records. 

Conclusion - the Stage 3 data was the cleanest data of all stages. 
6. Conclusions 

_ _ ~  ~~ ~- ~ 
~ - __ .- -- 

6.1. 

6.2. 

6.3. 

6.4. 

The tally sheets are needed to verify the direction match 
of sample and total traffic volumes. The tally sheet are 
needed for two reasons: 

1. We want to know how the total traffic volumes 
were recorded i.e. one direction or both. 

2. Ne want to ensure that the direction of the 
sample volume and total traffic volume are 
identical. 

Ye do not need the sample volume data on the header, 
sheets. This is computed from the free speed data 
itself. 

The header sbeet needs redesign and simplification. 

Better quality control of the speed recording by the 
field team. The field team should get some direct 
feedback via a brief report on how their sites compared 
to others. Having spent time sitting in a field vehicle 
with the field staff from the ACT I can appreciate how in 
the dark they are. 
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APPENDIX E - Statistical distribution and Assumption testing 
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APPENDIX E - Statistical distribution and Assumption testing 

1. Aptness of the parametric ANOVA model 

Small departures from normality of the error terms do not create serious 
problems for ANOVA, however major departures can be of considerable 
concern and would therefore require the abandonment of the ANOVA model. 
The normality of the error terms can he studied by a number of methods and 
these are: 

a. Construction of a histogram of residuals to see if gross 
departures from normality are indicated. 

b. determine what percentage of the standardised residuals fall with 
the range plus or minus one standard deviation. The percentage 
ought to be 68%. 

c. A further possibility is to plot the residuals on normal 
probability paper to see whether a straight line is produced. 

d. Use statistical tests such as Kolmogorov-Smirnov (K-S) to test the 
residuals against the standard normal distributions. (Neter & 
Yasserman 1974, 107) 

The six major points which need to be considered when deciding on the 
aptness of the ANOVA model are the following: 

a. In this instance is the regression function linear? 

b. Do the error terms have constant variance? 

c. Are the error terms independent? 

d. Does the model fit all points and how many out-liars are there? 

e. Are the error terms normally distributed? 

f.How well does the model fit overall and should other variables be 
added? 

ANOVA makes a series of six assumptions regarding the underlying 
statistical distribution of the variable in question. These are: 
(Neter & Yasserman 1974, 427) 

1. the ANOVA model is Y I J  = meanij t error t e r m j .  
2. the expected value of the error terms is zero and therefore the 

expected value of all the Yij is equal to the meant. 

3. Since all the factor levels have a constant meant therefore the 
variance at each factor level should also be exactly the same. 

4. Since the error terms are normally distributed so are the 
observations Yij. This follows because the observations YlJ are a 
linear function of the error terms. Thus the error terms are 
normally distributed with mean zero, variance Sa. 
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5. The error terms are assumed to be independent. Thus since the 
error terms are independent so are the observations YIJ. 

A consequence of the features mentioned above is that the Y I J S  are 
independently and normally distributed with a mean of meani, variance Sz. 

Thus the major departures which have to be examined are 

* the non-independence of the error terms. 
* constancy of the error terms variance across the factor levels. 
* the independence of the error terms. 

Because of the demonstrable departures of the free speed data from the 
ANOVA assumptions above we abandoned the parametric ANOVA model and 
instead opted for the nonparametric equivalents - the K-Y and K-S test. 

The major nonparametric test which have been used are the K-S test of 
goodness of fit and the Kruskal-Yallis (K-W) one-way analysis of variance. 

The assumptions made by the K-S goodness of fit test (Daniel 1978, 268) 
are that the data consist of independent observations constituting a 
random sample of size N from some unknown distribution function designated 
by F(X). The important feature of the K-S is that it does not make any 
assumption about the noreality of the distribution. 

By comparison the K-U ANOVA by ranks makes the following  assumption^:^^ 

i. That the data for the analysis consist of K random samples. 
ii. The observations are independent both within and among 

iii. The variable of interest is continuous. 
iv. The measurement scale is at least ordinal and the populations 

are identical except for a possible difference in location 
for at least one population. Thus the assumptions are 
nowhere near as stringent as the parametric ANOVA 
specifically in relationship to the normality of tbe 
distribution or the constancy of variance. 

samples. 

2. Testing the normality of the speed distributions with the K-S test. 

Tables 4.8 and 4.9, contain the tests of the two major assumptions, that 
is the normality of and independence of the error terms. They contain a 
complete test assumption matrix for all the levels of significance testing 
that referred to in the results analysis. The following points need 
clarification: 

a. there are a large number of tests. The question of simultaneous 
testing probabilities is covered in parametric statistics by using 
and adjusted and conservative alpha level. There is unfortunately 
no similar adjustaent procedure for lots of non-parametric tests. 

b. a large number of the speed distributions when tested by K-S show 
significant results i.e. they are not normal. Looking at a plot of 
the corresponding distribution would not readily lead one to that 
conclusion. Thus doubt is cast on the conclusions of the K-S test. 

25 (Daniel 1978, 200) 
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Plot E.2 contains a frequency distribution for the residuals of 
articulated vehicles in New South Wales. The corresponding K-S 
tests gives an alpha level of 0.042 and with a decision alpha 
level of 0.05 you conclude that the distribution is not normal. 

It is important to note here that the residuals are a real 
continuous variable as distinct from the speed values which are 
continuous but discrete, i.e. they can only assume integer values. 

By comparison if we examine the residuals for articulated vehicles 
in the ACT (plot 8.3) the departure from normality seems more 
extreme. The K-S tests produces an alpha value of 0.412 and thus 
you conclude the distribution is normal. 

We decided to reassure ourselves of veracity of the K-S 
the normality of distributions. 

3. Kolmogorov-Smirnov accuracy testing 

tests in deducing 

The question which began to emerge was that a lot of the K-S tests seem to 
produce results which gave probability levels of 0.05 and less, thus 
suggesting that the distributions were non-normal when in actual fact a 
visual inspection seems to suggest that the departures were not gross. 
What was the ability of the K-S test to differentiate between a normal and 
non-normal distribution?. To this end we generated four samples of random 
normal deviates to test the K-S ability to differentiate between normal 
and non-normal distributions. 

Sample 1 consisted of 2,000 integer normal random deviates. Sample 2 
consisted of 2,000 normal random deviates as real numbers and sample 3 
consisted of 4,000 normal random deviates as integers. Finally sample 4 
consisted of 2,000 poisson distributed random deviates (integers). 

Table A.l summarises the corresponding K-S values for these four different 
sets of random samples. 

The ability of K-S to test the poisson distributions departure from 
normality was excellent. The alpha value of 0.967 for the poisson test, 
was very comforting indeed. The point to note here is that the error 
distribution is discrete and this matches exactly with the theoretical 
distribution (poisson) which is also discrete (integer). Thus where there 
is an exact correspondence between the numerical characteristics of the 
sample and theoretical distributions the K-S performs very well. 

The K-S for the real values of the normal random deviates (sample 2) gave 
a value of 0.507 which successfully concludes that sample 2 in nornal. 
Note the correspondence between the numerical characteristics of the 
sample and theoretical distributions. 

For sample 1 (integer valued normal random deviates) the K-S performed 
poorly. It gave a value of 0.053 which could be interpreted as marginally 
rejecting the null hypothesis and conclude that this distribution was non- 
normal (plot A.1). 

It was precisely this situation with integer speed values being tested 
against a real continuous distribution using K-S that was producing a lot 
of K-S significance values with alpha values of 0.1 or less. 
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Interestingly enough, if you then increase the sample size to 4,000 
(sample 3) the K-S value rose marginally to 0.072. 

Conclusion: 

If the numerical characteristics of the sample and theoretical 
distributions are not matched then use a very low decision alpha value 
before for rejecting the null hypothesis. Thus all of the assumption 
results recorded in tables 4.8 and 4.9 are based on alpha levels of 0.01 
or less. 
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Table H.l: Testing of Kolmogorov-Smirnov one sample test 
against a Pseudo Normal random number generator. 

Dataset Type N K-S sig 
level 

Normal int 2000 0.053 
Normal real 2000 0.507 
Normal int 4000 0.072 
Poisson iot 2006 0.967 

Notes: 
(1) The K-S test used was that contained within the NPAR TESTS procedure 
in SPSS/PC, ver 1.0. 
(2) The pseudo random number generator used was derived from the journal 
"Applied Statistics", Fortran subroutines AS111, AS183, 1982. Also, see 
"The Computer generation of Beta, Gamma and Normal random variables", JRSS 
A, pg 431-447. 
(3) K-S sig level is the reported significance level for the K-S test. 
Thus if our alpha level was set at 0.05, then we would accept the null 
hypothesis (A,: that the observed distribution function is normally 
distributed). 
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PA.1: Pseudo Random Normal deviates - integer values 
Count 

6 
6 
10 
22 
20 
17 
44 
19 
46 
60 
78 
78 
104 
103 
128 
134 
107 
102 
105 
128 
113 
103 
90 
76 
57 
66 
36 
42 
25 
24 
13 
10 
10 

Hidpoint 
67 
69 
71 
73 
75 
77 
79 
81 
83 
85 
87 
89 
91 
93 
95 
97 
99 
181 
103 
105 
107 
109 
111 
113 
115 
117 
119 
121 
123 
125 
127 
129 
131 

:X 
X: 
xx: 
xXX:XX 
xxxx: 
xxxx . 
xxxxxxx : xxx 
xxxxx 
xxxxxxxxxxxx. 
xxxxxxxxxxxxxxx . 
xxxxxxxxxxxxxxxxxx:x 
xxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxx:xx 
xxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxx:xxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx:xxxx 
xxxxxxxxxxxxxxxxxxxxxxxxx . 
xxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxx . 
xxxxxxxxxxxxxxxxxxxxxxxxxxx : xxxx 
xxxxxxxxxxxxxxxxxxxxxxxxx:xx 
xxxxxxxxxxxxxxxxxxxxxxx:xx 
xxxxxxxxxxxxxxxxxxxx:xx 
xxxxxxxxxxxxxxxxxx: 
xxxxxxxxxxxxxx . 
xxxxxxxxxxxx:xxxx 
xxxxxxxxx . 
xxxxxxx : xxx 
xxxxx : 
xxxx : x 
xxx. 
xx: 
x:x 

I....t....I....t....I....t...I.....t....I....t....I 
0 40 80 120 160 200 

Ristogram Frequency 
Random Normal 
Mean 99.984 Std Err .291 Median 100.000 
node 94.000 Std Dev 13.014 Variance 169.369 
Kurtosis .042 S E Kurt 1.999 Skewness .037 
S E Skew .055 Range 98.000 Minimum 56.060 
Maximum 154.000 Sum 199967.000 
Number of cases 2000 

Notes: (1) the "." on the plot are the expected normal frequencies overlayed on 
the observed frequencies. 
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PE.2: Plot of residual values for Articulated vehicles in NSW 

Count 
4 
5 
5 

10 
17 
21 
21 
40 
55 
70 
42 
91 
54 

119 
100 
120 
77 

110 
81 
98 
55 
73 
37 
55 
38 
35 
29 
17 
10 
13 
5 

Kidpoint 
-23.5 
-22.0 
-20.5 
-19.0 
-17.5 
-16.0 
-14.5 
-13.0 
-11.5 
-10.0 
-8.5 
-7.0 
-5.5 
-4.0 
-2.5 
-1.0 

X. 
X. 
xx : 
xxx: 
xxxxx . 
xxxxx . 
XXMXXXX : x 
xxxxxxxxxxx:xx 
xxxxxxxxxxxxx:xxxx 
x xx x x xx x x xx 
xxxxxxxxxxxxxxxxxx:xxxx 
x xxx xxx xx xx x x x 
xxxxxxxxxxxxxxxxxxxxxx:xxXXxxx 
xxxxxxxxxxxxxxxxxxxxxxx:x 
xxxxxxxxxxxxxxxxxxxxxxxx : xxxxx 

.5 xxxxxxxxxxxxxxxxxxx 
2.0 xxxxxxxxxxxxxxxxxxxxxxx:xxxx 
3.5 xxxxxxxxxxxxxxxxxxxxxx. 
5.0 XXXXXXXXXXXXXXXXXXXX:XXXX 
6.5 XXXXXXXXXXXXXX 
8.0 XXXXXXXXXXXXXXXX : X 
9.5 xxxxxxxxx 
11.0 xxxxxxxxxxx : xx 
12.5 XXXXXXXXX: 
14.0 XXXXxXX:X 
15.5 XXXXX:X 
17.0 XXXX. 
18.5 XX: 
20.0 x:x 
21.5 X. 

I. ... t....I....t....I....t....I....t....I....t....I 
0 40 80 120 160 200 

Histogram Frequency - 
Articulated .vehicles - NSW 
Mean .001 Std Err .237 nedian -. 260 
node -. 260 Std Dev 9.296 Variance 86.423 
Kur tosis .306 S E Kurt 1.999 Skewness .052 
S E Skes .062 Range 66.900 Hinimum -33.160 
Maximum 33.740 Sum 1.600 
Valid Cases 1538 Hissing Cases 1 

Notes: (1) the ‘*.‘I on the plot are the expected normal frequencies overlayed on 
the observed frequencies. 
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PE.3: Plot of residual values for Articulated vehicles in ACT 
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APPENDIX I - Radar, Amphoneters and Automatic counters 

196 



1. Bias induced by Radar vs Amphometer speed measurement. 

There is considerable controversy over the bias that using a speed 
deterrent device has on free speeds. The argument suggests that speeds 
measured with radar will be reduced because radar can be detected by radar 
detectors in vehicles. 

Truck drivers have radar speed detectors of considerable sensitivity and 
complexity. They often travel in a convoy with the "detector" up front. CB 
radio is also used extensively by truck drivers for social contact, making 
other drivers aware of driving hazards ahead and to warn of the presence 
of either police enforcement or other suspicious roadside activity, i.e. 
speed surveys. 

Police forces have responded to these detectors by 
* having them banned 
* switching to other undetectable (for the moment) radar bands 
* using "slant" radar which because it slants acutely across the road 
is virtually undetectable until it is too late. 

Thus it is reasonable to assume that if radar (which is used by Police as 
an enforcement tool) is used for measuring speeds as part of a speed 
survey that truck drivers driving behaviour will be affected. Field team 
experience suggests that as soon as a radar beam is detected, a truckie 
will measurably put on the "anchors" (brake and slow down). Eowever, this 
is not always the case. 

Equally, the proponents of automatic classifiers suggest that automated 
speed recording is unobtrusive and indicates higher mean free speeds than 
recorded by radar (Wells 1987). Automatic classifiers however are not as 
accurate and reliable as their proponents suggest. 

In Norrish's (Norrish 1985) paper on automatic classifiers and their 
accuracy he found that the amphometer speeds were all hirrher than the 
automatic classifier speeds. 

Armour found (Armour 1984) in a paper wbich examined the effect of police 
presence on urban driving speeds that the number of vehicles exceeding the 
speed limit can be reduced by two thirds by visible police activity. 
However, drivers returned to their normal driving behaviour very soon 
after passing the police. She also noted a "memory effect" of the police 
presence for a period of less than two days. 

There is little evidence to suggest that these enforcement effects can be 
generalised to rural drivers with the exception of the immediate speed 
reduction in the obvious presence of police. 

The work by Johnston & Praser (Johnston & Fraser 1983) suggested that 
visible vehicle detectors did not influence driver behaviour. Thus there 
is contradictory evidence regarding the drivers' response to the presence 
of a speed detector. 

Very few studies have met this controversy head on. One such is by Croft 
(Croft 1985) when reviewing speed limit differentials for ACVs. In table 3 
(Croft 1985, 9) he presents the results of "a series of replicated 
measurements" taken on a rural freeway in mid 1985 using both radar and 
amphometers. The recordings occurred in two blocks, one at night and the 
other during the day. 
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Croft concluded that: 
1. there was no difference in car speeds as measured by either 
instrument during either time period. 
2. night time truck speeds as measured by amphoseters were bigher than 
the radar speeds. There was no difference during the day. (Croft 1985, 
9). 

In interpreting these results, Croft has not outlined the method by which 
these “replications“ were carried out. Were the radar and amphometer 
readings concurrent at the same location or were they separated? Was the 
amphometer placed two or three kilometres up road from the radar or vice 
versa? Without any description of the experimental design adopted, the 
results cannot be relied upon. 

All the studies reviewed on this question lack a good discussion of 
experimental design. Could a repeated measures design be implemented? 
Would some sort of blocking help differentiate the treatment effect ? And 
which are the factors and which the treatment effects? The research 
question to be asked may not be whether radar biases speed but how good 
are radar detectors at detecting radar and how many drivers use them? 

This present study was not designed to address the radar bias question. 
However, some overall results may add further fuel to the debate. 

Table I1 summarises the results of this study’s observations regarding the 
radar induced bias of free speeds. The following conclusions and cautions 
can be drawn: 

1. Over all study stages radar recorded speeds ( 94.9 km/h ) were LOWER 
than non radar recorded speedsP6 ( 102.2 km/h 1 .  This difference was 
statistically significant. 

An AAOVA to test and remove the State by Radar and State by speed limit 
interactions is required to test whether the observed effect is 
confounded by these interactions. 

2. The table has aggregated all study stages together thus smoothing 
the speed limit increases for trucks from 80 to 90 krn/h. It has also 
aggregated cars and trucks together. Croft suggested (Croft 1985, 9) 
there were differences between vehicle types. These effects may be 
confounding the results. 

26 No automatic recording data was used in this study. Thus “non 
radar“ recorded speeds refer to amphometer and infra-red beams. 
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Table I1 : Speed measurement devises and their 
effect on mean free speeds. 
All study stages combined. ____________________-_-----_------------------ 

Mean Std 
(kph) dev 

RADAR measurement 

NSW 
VIC 
QLD 
SA 
TAS 
ACT 

101.7 12.8 
93.1 11.8 
94.6 11.7 
99.4 14.2 
89.4 13.3 
93.0 12.3 

Total 94.9 12.8 

Amphorneters or Digitectors beams 

NSW 
WA 

101.4 12.7 
103.1 14.2 

Total 102.2 13.4 

Grand total 97.0 13.4 

Sample 
size 

a67 
11181 
18656 
11833 
3551 
7701 

53789 

12237 
9855 

22092 

75881 

Notes: 
(1) The difference between the total mean for Radar (94.9) 

and that for other devises (182.2) is statistically 
significant (one way ANOVA, alpha < 0.05) 

differences in speed limits. Thus WA had speed limits of 
l00kph which increased to ll0kph for articulates. 

(2) The above difference may be confounded by the inter state 
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3. A contra indication for the bias argument is present in NSU where 
they used both devices. There was NO difference in the mean free speeds 
recorded. The sample sizes are small. 

Summary: 

1. The argument that radar induces bias in speeds cannot be confirmed 
or denied by the results from table 11. The results contain too many 
confounding factors. 

2. Better experimental designs are required to fully assess the 
question of radar induced bias. 

2. Automatic traffic counters - Victoria and New South Wales 

The use of automatic traffic counters is a long and thorny debate. It also 
arises in regard to the induced bias of using radar speedguns to record 
vehicle speeds. 

Automatic traffic loggers such as the "Saratosa traffic classifier" 
consist of two 2.510 rectangular loops which are either taped or embedded 
in the road surface. The loops are connected to the classifier which 
controls the resonate frequency in the loops and logs both the vehicle 
length and its speed into counting "bins". Thus for vehicle length there 
are two bins into which all vehicles passing over the loops are placed. 
These bins are usually set to less than or equal to 6m and greater than 
6m. 

The classifier can be "interrogated" by another portable computer such as 
a NEC 8201A laptop which is used to both program the classifier and 
download the contents of the bins for latter analysis. 

3. Victoria 

An analysis of truck speed data obtained from automatic classification 
counters was sent to FORS after the October 1986 stage 1 surveys. It is a 
draft paper produced in February 1987 by Lynette Wells of the Victorian 
RTA . 
The methodology adopted by the RTA consisted of overlapping automatic 
counting operations with the FORS speed surveys in October 1986 at a small 
number of the sites. 

The thrust of Lynette Wells' paper is that when the radar was present 
during these automatic data counting periods the speeds recorded were 
significantly reduced. The point that has been completely missed is just 
how accurate is the automatic data whether the radar is r.-sent or not. 

Victoria propose the automatic counters should be used as the only source 
of measuring both vehicle type and speeds. Yet it does not present any 
evidence as to the accuracy of these automatic devices in measuring either 
vehicle type or speed. 



Interestingly enough the engineer's comments on this study make no note of 
these points at all but says (note 5.4) 

"A previous study conducted usjng this technique, i.e. using radar and 
monitorin driver reaction using CB radios, was conducted by a firm of 
consultanfs in 1978". This refers to the Callaghan study (Calla ban 
1978) "and no problems in the use of radar are reRorted In !hat 
survey." 

Two quite separate hypotheses arise regarding the automatic counting data 
presented by Victoria. These are: 

1. What calibration results are available for the automatic data 
provided. Two sets of calibration variables at least are required: 

a. how accurate is the automatic counter in classifying 
articulated vehicles/trucks 0 6m in length) from other vehicles 
such as cars. The sum of the two length bins also addresses the 
question of straight vehicle counts. The evidence from other 
States such as NSW (both TA and recently the Department of Hain 
Roads) suggests that their accuracy is not as high as the 
manufacturers maintain and can be in error by as much as 15 per 
cent. 

b. how accurate is the automatic counter data at classifying the 
speeds of the vehicles passing over the loops. 

The calibration data could either come from laboratory research under 
tightly controlled circumstances or from matched experimental designs 
in which another fully calibrated speed and vehicle counting instrument 
(such as the infra-red light beams with human counters) was used. 

2. Assuming that the automatic counters are accurate and fully 
calibrated (which they are not), what bias is induced by the presence 
or absence of radar speed recording. 

It has been shown elsewhere by Croft (Croft 1985) and above that radar 
does induce bias. 

The paper by Lynette Wells addresses this bias hypothesis, not the 
calibration problem. The paper assumes that the base measuring instrument 
( the automatic counter) is fully calibrated and is a totally accurate 
measuring instrument upon which to compare the radar results. There is no 
evidence presented in this paper that substantiates the calibration or 
accuracy of the automatic counter. 

Thus the results quoted in this paper are seriously confounded. Does the 
bias cone from the radar or from the automatic counter? The question 
becomes: Which is in error, the radar or the automatic counter? Hells 
implies that because the automatic counter is accurate the error is 
induced by the presence of radar. 

In summary what is needed to resolve the issue regarding automatic 
counters is: 

1. A calibration study of the automatic counters. 
2. A matched experimental design of radar and automatic counters with 
controls. 
3. An evaluation of field team induced error i.e. recording errors. 
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Because the data provided by Victoria did not address the calibration 
hypothesis no further analysis was justified. 

4. New South Wales 

A brief paper titled "Comparison of vehicle speed measuring equipment" by 
Norrish (Norrish 1985) of the Traffic Authority of NSW produced equivocal 
results. The study was designed to address the calibration hypothesis 
cited above. 

Some interesting points emerged. 

1. The "Saratosa VC1900" traffic classifier costs some $6000 and is 
used in conjunction with a NEC 8201A laptop computer for interrogation 
of the classifier. 

2. The classifier collects the length and speed data into bins which 
are dumped to the data logger every 15 minutes. Thus individual vehicle 
free speeds with time stamping is unavailable for any calibration 
research. 

3. The test equipment was set up by the Australian supplier 
"Australasian Traffic Surveys". Tuning the loops is considered a 
delicate "black art" by the supplier. 

4. This loop frequency tuning required the use of a radar speedgun to 
calibrate the classifier. 

5. No calibration data for the classifier is available from the 
supplier. 

Table I2 outlines the comparison between the automatic classifier's total 
traffic count compared to simultaneous manual counts. There were seven 
separate samples taken and in every case except one (sample 3) the two 
counts differ. A goodness of fit test using the manual count totals as the 
expected frequency indicated that the classifier count totals were not 
significantly different from the manual expected frequencies. 

The results of Norrish's comparison were "disappointing". The study did 
not recommend the adoption of the classifier. 
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Sample Automatic counter nanuai counts 

Cars. Buses. Trucks 
1 van. mcrc Artic Total 

6 9  71 168 
5 0  94 158 
6 1  92 153 
36 7 9 115 
s 20 28 

35 d.2 77 
1 2  38 5 0  

Notes: 
( 1 1  A chi-sauered test o f  goodness o f  f i t  betueen the totals for the 
automatic lobserved) end manual deta ieKEectedl gives: 

indicates that the observed freauencies are not significantlr 
different from the exoected freauencies. 
/?I  The automatic counter used uas 8 .Saratosa' traffic classifier 
installed b y  'Austcelaslan Jraffic Survcvs. for the NSU T A .  
/JI nanual counts uere carried uut b y  an experienced field teas from 
the NSU TA. 
( $ 1  The semoles were Conducted on 28-29 nay, 1985, 23 k a  south o f  
Berrims on the Hume h i J h u 8 ~ .  
151 Data surrlied by the NSU T A ,  oaoer F733. 
Contact Rr. John Norrish ( 0 2  663 8274. 

Chi-squared i 5.05, d f  = 6 uith 8 n  RlDha level O f  8.54. Thus the test 
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