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This paper reviews progress on the Australian Road Capacity Guide, the 
first part of which (on signalized intersections) was published during 
1968. Some of the principal findings for signalized intersections were as 
follows. The capacity of an intersection approach is closely related to 
the number of lanes, and the width of these lanes has comparatively little 
effect over a range from approximately 10 to 13 feet. Capacities are cal
culated (in through-car units per hour) by adding those for each individ
ual lane. On approaches with three or more lanes it was found that the 
utilization of the curb lane was usually poor, and formulas for estimat
ing this usage have been derived in terms of the location of parked vehi
cles, the degree of enforcement of no-stopping bans, and the proportion 
of turning vehicles. 

The paper lists the equivalents found for turning vehicles and trucks. 
For opposed right-turners (equivalent to American left-turners), the 
equivalent is a function of the amount of oncoming traffic and the signal 
settings. No correlation was found between capacity and city population. 

The lost time per change of phase was found to be ½ second less than 
the inter-green time or 2½ seconds plus the travel time through the in
tersection of the last vehicle, whichever is greater. These conclusions 
were arrived at after collecting and analyzing data from 220 intersec
tions in all Australian states. 

New approximations have been obtained for the average delay, the 
average number of vehicles left in the queue at the end of the green, and 
the probability of clearing the queue, at fixed-time signals with random 
arrivals. A formula is also given for the load factor. 

Overtaking studies have been carriedout in both New South Wales and 
Victoria. These studies showed that a small proportion of drivers will 
not overtake, even when the vehicle in front is traveling at only 20 mph. 

•THE Australian Road Research Board (ARRB) is sponsoring the Institute of Highway 
and Traffic Research (IHTR) to do the research necessary for the capacity guide. The 
original goal of the project was "to assemble or to produce traffic data for an Austra
lian traffic capacity manual, and in doing so to utilize to the fullest the results of past 
studies and research by the various Australian state road authorities and of the School 
of Traffic Engineering (University of N. S. W .). " The project is controlled and guided 
by the Traffic Engineering Committee of the ARRB. 

Work started in 1964 and is expected to continue for several more years. Expendi
ture to date has been about $120,000 (U. S.) and is expected to be about $50,000 (U. S.) 
for the current year. To speed up the project, the Institute has taken on additional 
staff, and part of the work is being undertaken by ARRB 's staff. 

The Director of IHTR, Prof. W. R. Blunden, is the project supervisor, and the 
senior staff members engaged full-time on the project at the IHTR are Dr. M. C. Dunne 
(formerly with General Motors in Detroit), Mr. R. J. Vaughan, and the author. At 
ARRB, Dr. R. L. Pretty and Mr. A. V. Forwood are working on the project. 

Paper sponsored by Committee on Highway Capocity and presented at the 48th Annual Meeting, 
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PUBLICATION PLANS 

The capacity guide is being published in sections as each part of the research is 
completed. An editorial committee, under the chairmanship of the author, has been 
appointed to prepare the guide. The first chapter, on signalized intersections, was 
published during 1968 as ARRB Bulletin No. 4 (1). When a number of the chapters have 
been produced, they will be revised as necessary and consolidated into one publication. 

It is intended that all the data and assumptions on which the various statements, 
tables, formulas, and graphs in the guide are based be published. Because it would 
overburden the guide to include this material, it will be published as technical reports 
in the various ARRB publications as appropriate. Most of the data for the signalized 
intersection chapter are contained in ARRB Bulletin No. 3 (2). We feel it is important 
that the data and assumptions be published for the following reasons: 

1. Users of the guide can see what degree of confidence they can have in it without 
having to wait to learn by experience. 

2. In special cases not explicitly treated in the guide, the user can turn to these 
other publications for greater detail or for methods that may be helpful in solving his 
problem. 

3. The data and methods are made readily available for others to further refine the 
work and show where further research is needed. 

I would very much like to see published some of the evidence behind the U.S. High
way Capacity Manual, particularly that for the tables on the effects of lane width and 
lateral clearance (Tables 9.2, 10.2, and 10.8) and for the effect of bus stops at signalized 
intersections (Figures 6.11 to 6.14). 

CAPACITY AND LEVELS OF SERVICE 

In the provisional introduction to our capacity guide we have defined the capacity of 
a facility as the maximum sustainable rate at which vehicles can pass through it under 
a stated set of conditions, and added that the actual usage of a facility and its capacity 
are the same if the facility is fully saturated with traffic. 

In measuring capacities, the shorter the period of observation the more variation 
there is in the obserYed rate of passage 0f ,_rehides . Very high flows "?.n l'.le ol'.lservf:>i:l. 
by making the observation period short. What should be quoted as the capacity for 
practical use is the average flow of vehicles when a facility is fully saturated-or the 
best estimate possible from nearly saturated situations . 

The task of estimating capacities from nearly saturated situations is one of the prin
cipal research problems in producing capacity data, and I believe it to be the main rea
son for most of the shortcomings with respect to the chapter on signalized intersections 
in the U.S. capacity manual. 

Although it is useful to know the maximum amount of traffic that can use a facility, 
it is desirable that facilities rarely, if ever, be fully saturated. When the amount of 
traffic using a facility is close to capacity, speeds are slow, and there are long queues 
and delays. 

In the first U.S. capacity manual the term "practical capacity" was introduced. This 
was a flow (not a capacity) somewhat less than the capacity of the facility and such that 
operating characteristics such as speeds and delays were subjectively considered to be 
just reasonable. This concept has been replaced with the "levels of service" concept, 
which is a qualitative way of describing operating characteristics. 

In contrast, in Research on Road Traffic (3) the concept of an economic capacity is 
introduced. This is an attempt to define objectively a tolerable limit for the flow/ capac -
ity ratio. The economic capacity of a road is defined as "the total traffic passing along 
it in a year such that the most efficient improvements are just economically justifiable 
when the benefits to the road users are compared with the cost of the improvement." 
This definition leads to higher economic capacities in urban areas rather than rural be
cause of higher land costs. 

In the Australian guide, the approach will be to provide as much detail as possi
ble on operating characteristics so that the user can decide how much excess 
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capacity over the demand to provide and so that he can perform the economic evaluation 
of various projects. 

SIGNALIZED INTERSECTIONS 

Ross Blunden outlined our approach to the capacity of signalized intersections in his 
paper at the 47th Annual Meeting of the Highway Research Board (4). A few more of 
the details are given in the following. -

Model 

Until about 1960, all Australian state road authorities used the old U.S. capacity 
manual for signalized intersections. Webster's work (5) was published in 1958, and one 
by one the states changed to Webster's methods, mainlybecause of their simplicity but 
also because the results were found to be more reliable. By the time the new U.S. 
manual appeared, all states were using Webster's methods. 

Figure 1 illustrates the Webster model. The saturation flow for an approach is de
fined as the rate at which vehicles cross the stop line after the first few, which are slow 
to start up, and until either the queue of stopped vehicles is exhausted or the phase ends, 
whichever comes first. The effective green time is usually almost the same as the ac
tual green time. 

The capacity of an approach depends on the fraction of the time that a green signal is 
showing for that approach, and is obtained by multiplying the saturation flow by g/c 
where g is the effective green time and c is the cycle time. If the arrival flow on one 
approach is q vehicles per unit time, then to provide adequate capacity on that approach 
we must have 
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(1) 

where s is the approach saturation flow. That is, the green time fraction must be such 
that 

(2) 

The capacity of any approach can be increased by allocating to it a larger fraction of 
the available green time, but this is at the expense of the other approaches. The con
dition for the capacity to be adequate to meet the demand on all approaches is that the 
inequality (Eq. 2) is satisfied for all approaches. Now since the cycle time, c, is the 
sum of the phase lengths plus the lost time L (usually about 5 seconds per change of 
phase), we can obtain the following inequality by summing both sides of Eq. 2 for each 
phase: 

1 - ~ 
C 

(3) 

where the suffix i is the number of the phase, and n is the number of phases. Where 
two or more approaches or movements share the same phase, the one with the higher 
value of q/ si should be used. The ratios of arrival flow to saturation flow have become 
known as y-values from Webster's notation, so the inequality (Eq. 3) means that the 
sum of y-values must be less tl1an 1 - L/c. If this condition is satisfied, then it is pos
sible to find phasings to provide adequate capacity on every approach. Notice that the 
quantity 1 - L/c can be increased slightly by increasing the cycle length but is reduced 
by increasing the number of phases. 

Capacity calculations for signalized intersections thus reduce to two stages: (a) es
timate saturation flows, and (b) calculate the sum of y-values. If the sum of y-values 
is less than some predetermined value (we recommend 0.7), then there is adequate ca
pacity and a reasonable amount to spare. If not, then ways to increase the capacity 
need to be found. The value 0.7 is derived from studying operating characteristics, and 
more will be said about this subject later. 

Notice that the calculations do not involve either the phase length or cycle length. 
This is particularly valuable in Australia, where almost all signals are either fully ve
hicle-actuated or part of linked systems (sometimes vehicle-actuated). Only one state 
still has fixed-time signals at isolated intersections; most states have never installed 
such a signal. 

One of the basic assumptions of the Webster model (also implicit in the U.S. capac
ity manual) is that the saturation flow is independent of phase lengths. This is not the 
case in two situations: (a) for lanes that do not continue on the exit side of the intersec
tion or that are blocked by parked vehicles on either side of the intersection, and (b) 
for lanes containing opposed turning vehicles without a separate phase-right-turners 
in Australia, left-turners in the United States. Models have been developed for each of 
these cases. These models both depend on the phase lengths and involve iterative pro
cesses, but often sensibly guessed values of g and c give adequate accuracy. 

Saturation Flows and Lost Times 

In his paper for the Highway Research Board's 47th Annual Meeting (4), Blunden 
pointed out that we are making one fundamental departure from both British and Ameri
can methods by relating saturation flows to the number and type of lanes rather than to 
approach width. This stems from some excellent work by H.J. W. Leong of the N. S. W. 
Department of Main Roads (6). He measured saturation flows at a number of intersec
tions in Sydney and found that for practical purposes lane width has a negligible effect 
on saturation flows in the range from 8 to 11 ½ feet. 



The British decision to relate 
saturation flows to approach width 
rather than to the number of lanes 
was made after experiments dis
closed an almost linear relation
ship between saturation flow and 
approach width with no evidence of 
"steps". However, these experi
ments were conducted without lane 
lines striped on the approaches. 

Wide streets and control of 
parked vehicles encourage good 
lane discipline. In Britain many 
streets are very narrow, with the 
most common approach width 
probably about 15 to 16 feet. With 
a moderate proportion of bicy
clists and motorcyclists in the 
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Figure 2. Saturation flow vs lane width after adjustment 
for location, gradient, and lane type. 

traffic stream as well, it seems reasonable to relate saturation flows to approach width 
for most intersections in Britain. 

In Australia, streets are generally much wider. A common street width is one chain 
(66 feet) from curb to curb. I could find only six sets of signals, including two at pedes
trian crossings, with single-lane approaches in the whole of Australia. There are more 
intersections with six lanes on one approach. 

Figure 2 shows the relationship found between saturation flow and lane width in the 
data collection for the Australian capacity guide. This is based on just over 600 lanes 
at about 220 intersections, but after a number of adjustments for location, gradient, etc. 
First I will discuss the data collection and the model, then return to this figure. 

A team of three from IHTR visited each state and, with the help of between 6 and 12 
locally recruited staff, collected data at a stratified random sample of intersections in 
the state. Two methods of measurement were used. At a small number of intersec
tions, tapeswitch detectors and Esterline-Angus pen-recorders were used to obtain 

TABLE 1 

PRINCIPAL FACTORS AFFECTING SATURATION FLOW 
AND METHODS OF ESTIMATION 

Possible Methods of Estimation 

Factor 

Geometrics 
Width of approach 
Number of lanes 
Width of lanes 
Gradient 
Radius of turns 

Operating Conditions 
One-way or two-way 
Parking on approach 
Parking on exit 
Weather 
Bus stops 

Environment 
Metropolitan population 
Intersection environment 

Traffic Characteristics 
Turning movements 
Trucks 
Trams 
Bicycles and motorcycles 

Within 
Sites 

X 
X 

X 
X 
X 
X 

Between 
Sites 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 

X 
X 

Experimentally 

X 
X 
X 

X 

X 
X 

X 

Theoretically 

X 

X 

X 

X 
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First order interactions investigated by adding cross-product 
terms and testing for a significant reduction in the residual 
sum of squares . Only one interaction , location x lane 
type , was statistically significant (and very highly) . 
An extra !actor was added tor left turn lanes in the C B.D. 

2 Effect ol lane width examined Ellect found to be non-
linear. Two-gradient model substituted with bend at 10' 

3. Effect of weather studied 3 classes - rain, overcast 
and fine . No significant differences between classes 

Figure 3. Saturation flow model. 

headway measurements accurate to about 
0.1 second. A light-sensitive resis
tance was used so that signal changes 
could also be accurately recorded on 
the charts. This method was used for 
determining through-car equivalents 
and lost times. At the majority of in
tersections, observers using tape re
corders called out vehicle types and 
turning movements as vehicles crossed 
the stop-line. A stopwatch was used to 
time phases and to find the time taken 
for the queue to clear. This method is 
adequate for most practical purposes. 
Full details of the two methods are 
given elswhere (2). 

Many factors influence saturation 
flows. Some of these are shown in 

Table 1, together with the ways in which the effects of these factors may be inferred. 
As a first stage in our analysis we looked at those effects that can be estimated from 
data for a single intersection. These effects are those checked under "Within Sites" in 
Table 1. From the accurate headway measurements we found the following: 

1. Two consecutive trucks have less effect than two separate ones. The difference 
was highly significant statistically but unimportant practically. 

2. Allowing for the effect of a truck on the next lane as well as its own, on the aver
age a truck is equivalent to 1.85 through cars. 

3. Two consecutive left-turning (U.S. right-turning) cars have the same effect as 
two separate ones, and each is equivalent to 1.25 through cars. 

4. A left-turning truck is equivalent to 2.4 through cars. 
5. A formula was derived giving a vehicle equivalent for opposed right-turning cars 

and trucks in terms of the signal phases and the opposing flow. The average equivalents 
found were 2.9 for cars and 3.9 for trucks. 

From this stage, all saturation flows were converted to through-car units (TCU's). 
In our method, capacities are expressed in TCU's and are then independent of the per
centages of turning vehicles and trucks. To allow for these percentages we scale up 
the demand to TCU's per hour, rather than the U.S. method of scaling down the capacity. 
The two methods are exactly equivalent, although it is difficult to calculate capacities in 
vehicles per hour when summing lane saturation flows. The difficulty is that it is nec
essary to know the distribution of turning vehicles and trucks between lanes. 

Figure 3 shows the model we used to study the variation in lane saturation flows be
tween different intersections. The figure explains the testing of this model. The lane 
types referred to were 

L-lanes containing left-turners (not necessarily 100 percent), plus right-turn 
lanes from one-way streets, 

T-lanes containing only through vehicles, and 
R-lanes containing right-turners (not necessarily lOOpercent), excluding right-

turn lanes from one-way streets. 

It was necessary to transfer the right-turners from one-way streets from type R to 
type L because these turns are strongly affected by pedestrians and because the radius 
of curvature is usually very short. 

The effects of all factors in Figure 3 were found to be statistically significant at the 
5 percent level. No evidence of any relationship between saturation flow and city popu
lation was found, although there were significant differences among cities. The range 
of city populations was from 56,000 to 2,500,000. 



In Figure 2 we saw that the effect of 
lane width is very small over the range 
we were able to consider-from 6½ to 
about 16 feet. Probably a greater ef
fect would be noticeable if the average 
widths of lanes on each approach had 
been used, rather than the widths of 
particular lanes in plott ing this figure ; 
the 6½-foot lane was on an approach 
with two other lanes of 9½ and 10 feet. 
No special study of trucks in narrow 
lanes was made, although an analysis 
of average headways alongside trucks 
showed no correlation with lane width. 

Another important factor that has 
to be considered when using the lane
by-lane approach is that the curb-lane 
capacity is often not fully utilized. Fig
ure 4 shows our findings in this regard. 

Figure 5 shows the overall result 
for saturation flow against approach 
width for a suburban shopping location 
with level approaches. For compari
son, the almost straight line is that 
given by the British Road Research 
Laboratory (7). It has been assumed 
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that there are no parked vehicles. It is difficult to make such a comparison with the 
U.S. manual. The result depends on whether one-way or two-way streets are chosen 
and what city population is used. A rough comparison shows that the Australian and 
U.S. figures are roughly the same for 3- and 4-lane approaches provided the lanes are 
at least 12 feet wide and the population is over 1,000,000. For other numbers of lanes, 
the Australian capacities are higher, except in the CBD where they are slightly lower. 
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using Austrolion ond British formulas. 

The lost time per change of phase is ap
proximately ½ second less than the inter
green time provided that this is sufficiently 
long for the last vehicles going through on one 
phase not to delay the start of traffic in the 
next phase. 

In a saturated phase, the average time at 
which the last vehicle crossed the stop line 
was about 3 seconds after the end of the green. 
In a small number of cases it was 5 or more 
seconds after the end of the green. It usually 
takes between 1 and 3 seconds for the vehicle 
to travel through the intersection area so that 
the inter-green time should ideally be between 
5 and 7 seconds after a saturated phase. 

We recommend that the lost time per change 
of phase be t aken as either (a) the inter-gr een 
time minus ½ second, or (b) 2½ seconds plus 
the travel time through the intersection of the 
last vehicle, whichever is longer. 

Operating Characteristics of 
Signalized Inter sections 

There appear to be no published formulas 
for the operating characteristics of vehicle-
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actuated signals except for the case in which there are no maximum or minimum phase 
lengths. In heavy traffic or when the vehicle extension has been set too lon~, vehicle
actuated signals operate almost as fixed-time signals. 

For fixed-time signals there is an abundance of formulas for operating characteris
tics (2, 5, 8, 9, 10, 11, 12, 13). Most of these formulas are for random arrivals and a 
constanC numberof vehicle sable to pass through the intersection each phase, although 
at least two of them allow for non-random arrivals and variations in the possible num
bers of departures. We believe that most of these formulas are sufficiently accurate 
for practical use. In the case of the well-known Webster formula (5), there have been 
many verification studies in different parts of the world. For simplicity and reasonable 
accuracy, we chose to recommend the following formulas and provided nomograms to 
simplify calculating values: 

ct 2c(l- _gy) [¾ E(z)+ (c - g)] (4) 

E(z) exp (- 1.30 ¢) (5) 
2(1 - x) 

1-xJsg 
¢ = -x- sg (6) 

Po = 1 - exp (-1.58 ¢) (7) 

where dis the average delay per vehicle on one approach, E(z) is the average number 
of vehicles left in the queue when the signal changes back to red, and p0 is the propor
tion of phases in which the queue is cleared. The other symbols are as in the usual 
Webster notation: 

g = effective green time; 
q = arrival flow; 
s = saturation flow; 
c = cycle time; and 

x = degree of saturation = ye. 
sg 

These formulas do not hold if x"" 1, i.e., if the capacity is exceeded. In using the for
mulas, the units must be consistent. For instance, if times are in seconds, flows must 
be in vehicles per second. 

The load factor (LF) used in the U.S. capacity manual is approximately 1 - p0 ; the 
difference is the small probability that a phase is loaded, but the signal changes just as 
the last vehicle is crossing the stop line so that no vehicles are left behind. Using the 
simulation results of May and Pratt (14), a good approximate formula for the load factor 
is 

LF = exp (-1.3 ¢) (8) 

By considering these operating characteristics for 2-, 3-, and 4-phase intersections 
and with high and low saturation flows, a recommendation that the sum of y-values 
should not exceed 0.7 was derived. It was suggested that 0.75 be used as the absolute 
limit. 

Peak-hour factors are not used. We recommend that for design purposes the peak 
half-hour be used except in small cities, where the peak 15-minute count should be 
used. We suggest the use of 5-minute counts in these small cities to locate the peak 15 
minutes. 

RURAL ROADS 

Work on the rural roads part of the project has only just begun although some mea
surements of speeds and some overtaking studies have been carried out. As in the case 



of signalized intersections, we hope 
to be able to produce reliable for
mulas for calculating both capaci
ties andoperating characteristics. 
One of the applications for which 
quantitative, rather than qualita
tive, estimates of operating char
acteristics are required is in cost
benefit studies. 

Plans for this part of the proj -
ect have been outlined elsewhere 
(15), and are as follows: 

Stage 1-from empirical stud
ies, to develop relationships be
tween free speeds and geometric 
features, roadside development, 
weather, etc.; 

Stage 2-to develop appropriate 
queuing models so that actual 
speeds, delays, and queue sizes 
can be related to free speeds and 
the flow of traffic in each direction; 
and 
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Figure 6. Mean speeds of cars and trucks vs gradient (after 
adjusting to 2000-ft sight distances) on rural two-lane 

roads in N.S.W. 

Stage 3-to relate the parameters of these queuing models (e.g., following headways, 
gap-acceptance in overtaking) to geometrics, opposing flow, weather, etc. 

Stage 1-Free Speeds Related to Geometrics 

Two independent analyses of free speeds (1 5, 16) have shown that the average coef
ficient of variation (i. e., the ratio of the standarddeviation to the mean speed) on Aus
tralian rural roads is about 17 percent. This is close to results found in Britain (17). 

Leong 's paper (16) at the recent ARRB conference contained some useful results on 
the effect of geometric features on free speeds. Figure 6 is based on Leong's data and 
shows mean speeds of cars and trucks against gradient after applying linear sight dis
tance corrections. 

Stage 2-Development of Queuing Model s 

A number of queuing models will be necessary to cover 2-lane roads, 4-lane roads, 
2-lane roads with an added climbing lane, 4-lane roads plus climbing lane, etc. The 
most important of these for Australian conditions are the 2-lane roads. 

The basic components of any queuing model for rural roads are the rates and patterns 
of catching up and overtaking. If queue lengths, speeds, and delays can fir st be related 
to these, then the two rates can later be empirically related to geometrics, gap-accep
tance in overtaking, etc. 

The major difference between queuing in rural traffic and standard queuing theory is 
that the number of queues is not constant. Each vehicle other than the slowest can catch 
up to slower vehicles, and each vehicle other than the fastest can be caught by faster ve
hicles. This means that we cannot clearly segregate vehicles into the customers and 
servers of standard queuing theory. 

The rate at which vehicles catch up to one another was probably first derived by 
0. K. Normann (18), although it is one of those results that seemstobe capable of ever
lasting rediscovery. Later Wardrop (19) showed how Normann' s tedious calculations 
could be largely eliminated. When vehicles can overtake freely, he showed that the 
rate at which overtakings occur is, per unit distance, per unit time, approximately 

0.56 cr k2 (9) 

where a is the standard deviation of vehicle speeds and k is the concentration of vehicles 
per unit distance. If the coefficient of variation of speeds is 18 percent, the rate of 
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overtaking in terms of the flow (volume) q is, per unit distance, per unit time, 

q2 
0.1 

V 

where Vis the space-mean speed. 

(10) 

Simple models have been proposed (20, 21) for the cases where there is an equilib
rium between catching up and overtaking, and for the case in which overtaking is im
possible. In these models it was found that average queue lengths were almost linearly 
related to the following dimensionless quantities (z and y). For the equilibrium case, 

z .. q 
- >..(1 - x) (11) 

and when overtaking is impossible 

y = qX 
v(l - x) 

(12) 

where >.. is the average rate in overtakings per unit time at which vehicles are able to 
pass a slow vehicle while there is a queue behind it, x is the ratio of flow to capacity, 
X is the distance for which overtaking is impossible, and vis the space-mean speed of 
all vehicles. 

The models referred to are both very elementary, but they do give an understanding 
of the interaction of many variables that will greatly help in the analysis of empirical 
data, or in fitting a sensible function to simulation results. 

Some preliminary work has been done on a model that will incorporate sight dis
tances. The first simulation runs were designed to test whether or not the distribution 
of straight, level sections suitable for overtaking makes any appreciable difference to 
delays. A 6-mile length of road was simulated with overtaking possible on 3 miles. 
The 3 miles were divided into one, two, and four equal lengths in different runs. It was 
found that it is much better to have several short sections on which overtaking is pos
sible than one long section. 

Moskowitz and Newman (22) have developed a model for queuing on hills when there 
are two lanes for the uphill direction. Their results are approximate, although the ap
proximation is good for light to moderate traffic. It is hoped that their results can be 
improved to hold for all traffic flows and to use the "no-overtaking" work (21) for hills 
with only one lane for the uphill traffic. -

Stage 3-Measurement of Queuing Model Parameters 

Preliminary studies of gap acceptance in overtaking have been made in both New 
South Wales and Victoria. So far the studies have concentrated on the acceptance or 
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rejection of gaps in the opposing stream 
by vehicles that have slowed down to the 
speed of the vehicle to be overtaken. Only 
a small amount of data on the effect of 
sight distance has been collected. 

An important factor is the speed of the 
vehicle to be overtaken. On a straight two
lane road it is much easier to overtake a 
30-mph vehicle than one traveling at 40 
mph. To estimate the effect of speed, ve
hicles were driven at constant speed with 
observers inside them noting when other 
vehicles caught up and overtook and when 
opposing vehicles passed. 

Figure 7 shows the proportions of gaps 
of various sizes that were accepted by the 
drivers of queuing vehicles in the N. S. W. 
studies. The quantity plotted is quite dif
ferent from the proportion of drivers who 
will accept a given size of gap. The latter 
proportion is al ways higher. Notice that 
we have chosen to measure gaps in time, 
not distance. The size of gap was the in
terval between opposing vehicles passing 
the slow car. 
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Figure 8. Number of vehicles that overta ke a 
slow vehicle vs the gap in the opposing traffic. 

At both 20 and 30 mph, the sample size was just under 200 gaps of 7 or more seconds . 
The fitted curves were obtained from a log-probit analysis. The observations were all 
made on weekends on the same test section. The sizes of gaps that were accepted in 50 
and 90 percent of the cases were 8 % and 11 seconds respectively at 20 mph and 11 and 
17 seconds at 30 mph. 

Figure 8 shows the number of vehicles that overtook vs the size of gap when there 
was a long enough queue behind the observation car for the gap to be fully utilized. This 
type of analysis is more useful than the gap acceptance analysis in studying the capacity 
for overtaking. 

In the studies in Victoria, higher speeds were used (30, 35, and 40 mph), and it was 
possible to have 8 to 10 observation cars for some of the studies. At these speeds much 
shorter queues formed behind the observers' cars, and a few slower vehicles were 
caught up. It was not possible to obtain a figure similar to Figure 8 because queues 
were not long enough. · 

For each driver who caught up to an observation car and slowed down, the largest gap 
he rejected and the gap accepted, if any, were recorded. Assuming a log-normal dis
tribution of critical gaps between drivers, the parameters of the gap-acceptance distri
bution were estimated using the method of maximum likelihood. During the studies it 
became apparent that a small percentage of drivers will not overtake in any circum
stances while the slow vehicle is still moving, and we had to incorporate into the model 
a proportion p of such drivers. Table 2 gives the critical gaps that 50 percent of drivers 
would accept and the estimated proportions of non-overtakers. · 

TABLE 2 

GAPS ACCEPTED BY 50 PERCENT OF DRIVERS 

Speed of Accepted Gap Length Proportion p 
Slow Vehicle Time P e riod (sec) of Non-Ove rtakers 

(mph) (percent) 

30 Weekend 10.3 

35 Weekend 11.4 4 

35 Weekday 11.5 11/, 

40 Weekend 12. 3 7 
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Notice that the time gap increases with the speed of the vehicle to be overtaken. This 
is in contrast with the 1•A1;1nltA of the only similar study of which we are aware (23 ). No
tice also that the time gap is only weakly dependent on t he speed of the vehicle tobe 
overtaken. Crawford found the 50 per cent critical gap to be about 11 seconds (23). 

Full details of these overtaking s tudies are given by Asht on et al (24.) and Miller and 
Pretty (25). -

UNSIGNALIZED INTERSECTIONS 

Work has only just begun on the unsignalized intersections stage of the project. The 
results will be unique to Australia since, as far as I know, it is the only country in the 
world with the "give-way-to-the-right" priority rule and with driving on the left-hand 
side of the road. Except for a few streets in Tasmania and Canberra, there are no 
"major" and "minor" streets. A stop sign in Australia means just what it says; it does 
not also mean give-way as in many countries. 

The methods and results of this part of the project will have little or no value outside 
of Australia, so no further details will be given here. 
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