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TRAM ROUTE SIMULATION

3
Average 5(-
Passenger
Waiting 3
Time
(minutes)
3 -
s
1k
1 1 [ 1
o] 5 ) 15 18
Distance along route (km)
Figure 7. Variation in Average Waiting Time along Route.
Q03
Probabitity
of Standing
co2-
[o X1l o
1 1 o é
o} 5 10 15 18
Distance along route {km)
Figure 8, Variation in Probability of Standing along Route.




VANDEBONA and RICHARDSOW

bunches., If a bunch does form then the leading tram will always
have a higher passenger loading than the following tram, and
whilst there may be vacant seats in the following tram there may
also be standing passengers in the leading tram., 'The nattern of
variation in the probability of standing passengers along the
route, as depicted in Figure 8, is the result of the assumed
distributions of boarding and alighting along the route, whereby
boardings decrease with increased distance along the route whilst
alightings increase with increased distance along the route. A
peint to note from this graph is that whilst travel time and
waiting time have been shown to be worst closest to the city,
passenger comfort may improve as one approaches the city.

Given a feeling for the way in which these performance
measures vary aloeng the route, attention is now turned to a
consideration of the way in which these performance measures
change given the changes in system characteristics outlined
previously. Rather than examine the variations in performance
measures along the route for each overating option, qleobal
measures of the performance measure have been derived to express
the magnitude of the performance measure over the entire route.
Each global measure is a weighted averaqge of the nerformance
measures obtained for each of the eleven timetabled sections of
the route.

Changes in Tram Cruise Speed

The average tram cruise speed was varied from the hase cage
cruise speed of 50kph to consider an increased speed of 60kph and
a decreased speed of 40kph. The results of these changes are
shown in Table 1. As expected, the change in cruise speed has
been reflected in a change in the average unit travel time along
the route. The lower cruise speed trams have substantially
higher unit travel times while the higher cruise speed trams have
more modest reductions in unit travel time. Owver the length of
the route the increase in total travel time for the slower trams
would be slightly over four minutes whilst the fast trams would
have a reduction in travel time of approximately one minute. The
effects of trams with faster cruise speeds are substantially
nullified by the close stop spacing on this, and other, tram
routes. It would therefore appear that investment in trams with
cruise speeds greater than 50-60kph would not be worthwhile,
unless substantial changes were made to stop placement to enable
the trams to cruise at top speed for longer periods of time
during a journey.

The changes in tram cruise speed appear to have had no
significant effects on any of the other three global performance
measures, and hence this parameter appears to be rather specific
in the way in which it affects tram route performance.




TRAM ROUTE SIMULATION

TABLE 1

RFFECTS OF CHANGES IN AVERAGE TRAM CRUISE SPEED

Performance Average Cruise Speed

Measure 40 koh 50 kph 60 kph
(Base Case)

Average Unit 3,737 3.50 3.44%
Travel Time (0.04) (0.06) (0.04)
(min, /km.)

Avaraqge 1,13 1.15 1.15
Bunch Size (0.03) (0.05) (0.086)
Average 3.30 3.42 3.42
Waiting Time (0,13} (0.27) (0.12)

(Min. /pass.)

Probability 0.003 D.004 0.006
of Btanding {0.003) (0.004) (0.005)

Note: ¥Figures in brackets are the standard errors of the estimates

of the means.
* Significantly different from base casa at 5% level,

éhanges in Number of Tram Doors

In the base case simulation, it was assumed that each tram
had only one door through which both hoardings and alightings
took place. Thus alighting passengers would need to get off
hefore boarding passengers could begin to get on the tram. A
second option was therefore tested in which it was assumed that
the tram had fwo doors: one exclusively for boarding and ocne for
alighting., 1In this way, boarding and aliqhting can proceed
simultaneously and the tram stop service time will be Aetermined
by whichever process takes the longer time. This second option
corresponds closely to the situation with Z-class trams which
operate on the East Burwood line, whilst the base case is purely

hypothetical and does not correspond to any tram operating in the
Melbourne system.
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The results of the simulations with different door layouts
The only global measure in which there has

peen a significant change 1s the average passenger waiting time

are shown in Table 2.

at tram stops.

This is perhaps to be expected since the

obiective of the extra door was to allow passengers to board as
gsoon as the tram stopped and to allow the tram to leave the stop

earlier.

Whilst statistically significant, however, the

reduction in waiting time is not substantial and amounts to only

15 seconds per passenger on any Jjourney.
doors per tram appears to have had no significant effect on any

of the other performance measures.

TABLE 2

The increased number of

EFFECTS OF CHEANGES IN TRAM DOOR LAYOUT

Performance

Number of

Tram Doors

Measure 1-Door 2-Doors
(Base Case)

average Unit 3.50 3.55

Travel Time (0.06) (06.05)

{min./km. )

Average 1.15 1.10

Bunch Size (0.05) (0.05)

Average 3.42 3,167

Waiting Time {(0.27) (0.20)

{min, /pass.)

Probability 0,004 0.002

of Standing {0.004) (0.004}

Note:

+ of the means.

Significantly different from base case at 5% level.

Figures in brackets are the standard errors of estimates




TRAM ROUTE SIMULATION

Chaﬁges in Right-Turning Traffic Volumes

To test the effect of right-turning traffic at signalised
intersections on tram route performance, the average arrival rate
of right-turners at each intersection was varied from the base
case value of 120 right-turners per hour to values of zero, &0
and 240 right-turners per hour. To make the analysis feasible,
it was necessary to assume that the richt turn volume &t each
intersection was the same. Whilst this situation is highly
unrealistic, it does serve te illustrate the general effects of
right-turners on tram performance. If so desired, the right-turn
traffic flow at each intersection could be varied to reflect the
actual situation at each intersection.

For each right-turn traffic volume, the right=turners were
required to make their turns by filtering through an opposing

traffic volume of 1000 vph. fThus no exclusive phases or priority
measures ware used to facilitate right turns.

TABLE 3

EFFECTS COF CHANGES IN RIGHT-TURNING TRAFFIC VOLUMES

Performance Right~-Turning Traffic Volume (vph)
Measure 0 69 120 240
{Base -Case)

Average Unit 2,677 3.20% 3.50 4,431
Travel Time (0.03) (0.03) (0.06) (0.32)
(min, /km.)

Average 1.12 1.18 1.15 1.107
Bunch Size {0.05) {(0.04) {0.05) (0.02)
Average 3.107 3.54 3.42 3.54
Waiting Time (0.15) {0.20) {0.27) (0.16)

{min./pass.)

Probability 0,003 0.004 0,004 0.007
of Standing (0.003) (0.003) (0.004) (0.0C07)

Note: Figures in brackets are the standard errors of the
+ estimates of the mean
Significantly different from base case.
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The effects of varying the right-turn traffic volumes are
shown in Table 3. An increase in right-turn traffic has had a
significant and substantial effect on the average unit travel
time along the route. Banning right-turn traffic at 51gnalls§d
intersections would appear to yield substantial improvements in
tram travel time as indicated by the results for zero right—turn
traffic. This is not to suggest, however, that right-turns
should be banned; there may be other ways of reducing the
effects of right-turners on trams such as exclusive phases and
certain types of priority signals.

The effects of right-turning taffic on other performance
measures are not nearly so dramatic. The effect on average bunch
gsize is, in fact, somewhat suroprising. The maximum bunch size
occurs at a moderate right-turn traffic volume with smaller bunch
sizes at either higher or lower right-turn traffic volumes. The
smaller bunch size at lower right-turn traffic volumes is readily
explained since the absence of right-turners means that trams are
not unduly delayed at signalised intersections and this therefore
prevents the formation of bunches. At higher right-turn traffic
volumes the reason for lower bunch sizes is not quite so
apparent. However, what cccurs is that as well as right-turners
forming a gueue in front of a tram at signalised intersections,
the right-turners also form a queue behind the tram and thus
prevent a following tram from catching up to the leading tram.
This enforced spacing cof trams by right-turn queuces prevents the
formation of some bunches and hence reduces the average bunch
size.

. The effect of right-turning traffic on average passenger
" walting time can be gauged by combining the individual effects on
travel time and bunch size. Thus at low right-turning traffic
volumes, both unit travel time and average hunch size are reduced
and this results in a significant reduction in averade pasenger
: walting time. However at moderate to high right-turn traffic
.- volumes, the increased unit travel time is counterbalanced by the
. reduced average bunch size and this results in no significant
“:variations in average pasenger waiting time. Thus, while right-
© turn bans would reduce the average passenger waiting times, it
appears that the waiting time is not sensitive to the volume of
: right-turning traffic, given that right~-turns are permitted.

; The final performance measure, the probability of standing,
does not appear to be affected significantly by changes in the
. volume of right-turning traffic. The above analysis of the
o effects of right-turning traffic has been rather cursory and has
<:’not considered the effects of other right-turn control strategies
“in conjunction with changes in right-turn traffic volumes. A

. more detailed evaluation may be found elsewhere (Vandebona and
o Richardson, 1981b).
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Changes in Total Passenger Demand

as shown in Figqure 1, a critical input to a supply model isg
the pattern of existing passenger demand. The relationship
between passenger demand and system performance is, in fact, the
basis of many so-called supply models or "price-volume" curves.
However, whilst the relationship between traffic volume and the
price of travel is well established for rocad traffic in the form
of speed/flow relationships, such a relationship is generally not
well established for public transport systems. Indeed, Ruiter
and Dial (1979) identify the development of such supply functions
as a key requirement in eguilibrium modelling of transport
systems.

In an attempt to gain some insight into the relationships
between passenger demand and route performance measures, the base
case demand pattern was altered such that, with the same temporal
pattern, the total number of boarding passengers was changed from
2400 passengers per two-hour peak period o be 1200, 3600 and
4800 passengers per two-hour peak period. The results of this
analysis are shown in Table 4. It can be seen that each increase

TABLE 4 EFFECTS OF CHANGES IN TOTAL PASSENGER DEMAND
Performance Total 2-hour Passenger Demand
Measure 1200 2400 3600 4800
(Base Case}

Average Unit 3.22% 3.50 3,817 3.967"
Travel Time (0.06) (0.06) (0.08) (0.06)
(min./km.)
Average 1.12 1,15 1 1.22f 1.18
Bunch Sigze (0.03) (0.05) {(0.07) (0.04)
Average 3.27 3.42 3.81t 5.021"
Waiting Time (0.15) {0.27) . (0.35) (0.26)
{min,/pass.)

: 111 t t t*
Probability 0,000 0,004 0.068 0,131
of Standing (0.000) (0.004) {0.014) {0.007)

Note: Figures in brackets are the standard errors of the

+ estimates of the mean.

* Significantly different from base case at 5% level
Significnatly different from next lowest pasenger demand

case at 5% level.
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of 1200 passengers per two-hour period brings with it a signifi-
cant increase in average unit travel time and the probability of
standing. Average waiting time increases significantly at higher
demand levels whilst bunch size appears to reach a peak at a
passenger demand of 3600 passengers per two-~-hour period.

The increase in the probability of standing is to be
expected as pasenger demand rises, given that the frequency and
capacity of the trams are held constant. The changes in unit
travel time and average waiting time may be seen more clearly by
referring to Figures 9 and 10, respectively.

It can be seen that unit travel time rised with increasing
pasenger demand but, unlike the supply function associated with
road traffic travel time, the curve shows a tendency to de-
creasing marginal increases, 1l.e., the unit travel time
approaches a stable maximum unit travel time as passenger demand
increases. The shape of the supply function obtained with
respect to unit travel time agrees well with previous results
obtained by Morlok {(1976) for urban bus systems.

If, on the other hand, one examines the supply function with
respect to passenger waiting time as shown in Figure 10, then it
can be seen that the response to increasing passenger demand is
one of increasing marginal increases, i.e., as passenger demand
rises the rate of increase in waiting time increases. 1In this
way, the supply function is more akin to the well-known flow/
delay curve of queueing theory and road traffic performance.
This is perhaps not surprising since the process of passenger
arrivals and departures at tram stops is very similar to the
process of vehicular flow through signalised intersections. In
fact, the algorithm used to calculate passenger waiting time in
this model was first developed for the calculation of vehicular
delay at traffic signals (Richardson, 1980),

The effect of increasing passenger demand on total journey
travel time will depend on the length of the trip being under-
taken. Thus for short tram journeys, initial waiting time may
predominate and hence give rise to an increasing marginal
response supply function with respect to total journey time,
However at longer journey lengths, in~vehicle travel time will be
the predominant factor and hence a decreasing marginal increase
in total journey time will result from an increase in passenger
demand. Obviously, the overall supply function will depend on

the relative weights to be given to the various performance
measures,
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CONCLUSION

This paper has described the development of a tram route
simulation model within the context of an integrated eguilibrium
model of a public transport system. The model has been used in a
demonstration case study and has been shown to yield useful
results in the analysis of several changes to the tram route
characteristics, the external environment and the total passenger

demand .

Further development of the modelling package will
concentrate on devising methods by which the outputs of the
supply model can be effectively interfaced with appropriate
demand models. Such demand models may be of several tvpes
including demand elasticities, pivot-point logit analysis or
functional analysis modelling. Whilst integration of the supply
model with a demand model, and later a costing model, will
provide a very comprehensive methed of analysing system changes,
it is obvicus from the results presented in this paper that even
at this stage of development the model is capable of providing &
host of useful information on tram route performance.




BUS-BUS INIERCHANGE, FOOMBUI SHOPPINGTOWN, BRISBANE

INTRODUCTION

On Monday, 3zd Novewber, 1980, the Brishane City Council's
Department of Transport commenced operation of & bus-bus interchange
at Toombul Shoppingtown, which is located approximately 2 kilometres
north-eagt of the city centre as shown in Figure I,

The introduction of this interchange represented a major

departure from the style of bus oparations previously employed by
the Council,

This paper initially describes investigations and
considerations into location of the interchange; research into
patronage and service levels; planning of the new services; layout
and operation of the interchange and publicity involved in the
introduction of the new system, :

Since the opening of the interchange its performance and
operation have been kept under constant surveillance, The Jatter
part of the paper describes the experiences, both good and bad,
encountered and measures taken to improve performance and assist
user acceptance of the interchange,

BARTY INVESTIGATIONS

e e

In 1974 a committee of officers from Brisbane City Council
and relevant State Goverament Departments was established to

investigate co-ordination of publiec transport in various areas of
Brisbane,

In September 1974 this role was taken over by the newly
constituted Metropolitan Iransit Project Board {later to become
the Metropolitan Fransit Authority)} who had the regponsibility for
formylating a suitable programme framework for Urban Public Trangport,

One of the early projects approved for funding was a Bus-Bus
Pilet Demonstration Programme,

Various sites for an interchange were considered around
Brisbane, including some where private bus operators would be
providing part of the "feader" gervice to the interchange station

and others that had the potential for rail to provide the line
haul, or "trunk", service,
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; The resultant route pattexrn adopted for the Interchange
. .gperations is shown in Figures 3 (Feeder Routes) and 4 (Irunk Routes),

With the decision made on routes to be included in the
. Interchange, detailed scheduling within certain comstraints could
" commence. These constraints included: =

(1) a serviece level for the feeder routes of at leagt
the same frequency as applied on the direct City
service but where possible service levels to be

improved;

(ii) transfer times to be kept to a minimum but not
less than five minutes;

(iii) through-running buses to be allocated to routes

which brought down the most passengers and to be
shared over the feeder routes as evenly as

possible;

(iv) that peak hour services operate as near as is
practicable to present times;

(v) the trunk services via Sandgate Road and Ascot
to retain the timetables which applied to those
routes,

These policy constraints emanated from the desire to minimise
© the trauma for passengers by providing a basic service reasonably
- approximating that which existed before the interchange,

Ll With the development of the schedule for the Interchange,
:-all feeder routes {except the Chermside Cross~Country Service}

i 'obtained services of greater frequency, In some cases there was a
. dramatic increase in the number of bus trips per day (for iastance
ii’parts of Banyo had an increase of trips per day from 14 to 24)
whilst other areas only saw an increase of 2 trips per day,

SN Whether such increased levels of service could be justified
-will only be showm by the passage of time, It was, however, thought
“important to give the interchange svery opportunity to succeed by
-erring on the generous side if there was any doubt,

- On the Interchange to C,B.D, "trunk" route sixteen (16)
©.inbound express trips were provided between 6,30 a.m, and 9,30 a,m,
s with the aim of decreasing travel time for passengers, This was
.considered necessary as it was expected that there would be some
..resistance to having to transfer between buses at the Interchange

‘as has been reported by Philbrick (1977}, MacDonald (1980) and
Bullivan (1980) amongst othexs,

S Increases of the line~haul trunk service Route 171 along
:Sandgate Road were made to cater for passengerg transferring from
eeder buses to the "all stops" 171 buses to alight between the
Interchange and the C,B,D, and also for passengers who boarded between
the Interchange and the C,B.D,
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BUS-BUS INTERCHANGE, IOOMBUL SHOPPINGIOWN, BRISBANE

Brarding passengers experienced no change in travel time
compared with operations before the Interchange but those transferring
and alighting were subjected to the five (5) minutes transfer time
additional to their earlier journey,

It was calculated that the proposed schedule would result
ir a saving of ten (10) buses in the A,M Peak and four (4) buses
in the P,M. Peak even though the number of trips provided on services
in the area has increased from 1493 trips per week to 1738 trips per
week, an increase of nearly 18%. As the P,M. Peak is the Department
of Transport's greater peak the effective saving of buses was four
(4) buses, Furthermore six (6) Monday to Friday runs would be saved
resulting in a reduction of seven (7) in the number of bus drivers
required to operate at Light Street Depot,

IHE INTERCHANGE

The actual Interchange facility is located in the Toombul
Shoppingtown complex just off the wajor arterial road, Sandgate
Road, The facility was built by the proprietors of the Shoppingtown
at no cost to the Brisbane City Council and is maintained by the
proprietors. The fact that the facility was built by the Centre
reveals the muytual benefit which can be obtained when: -

(i) an Interchange is located at a node where
significant numbers of passengers may wish to
terminate or commence their journey;

(ii) private enterprise is aware of the potential
increase in retail sales if residents in the
catchment area of the retail centre have access
to that centre on bus services which are both
reliable and frequent;

(iii) the public transport operator is freed of maleing
capital investment on Interchange facilities,
there is greater opportunity to improve feeder
services to the node which further enhances the
attractiveness to the Centre proprietor providing
the Interchange facility,

The layout of the Tnterchange, which has space for ten (10)
buses as shown in Figure 5, was designed to minimise walking for
the greatest number of passengers; i.e., zones were allocated to
the feeder routes according to the anticipated daily loadings, the
route with the highest expected loading being located ad jacent to
the main line-haul zone, The feeder route with the lowest number
of expected passengers was located furthest from the main line-haul
zone, A further area capable of holding three (3) buses is also
allocated for storing buses which are not in service,
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BUS-BUS INIERCHANGE, TCOMBUL SHOPPINGIOWN, BRISBANE

At the head of sach zone a system of lights have been
provided to enable the Despatcher on duty to control departures
of buses, The lights are controlled from the Despatcher's office
and are used to assist him in ensuring successful co-ordination
of buses., The system is simply a red and green light acétivated
as required, In addition each zone has a P, A, loudspeaker
installed through which the Despatcher can direct instructions
to the bus driver and commnicate to passengers on-board buses and
at stops,

Minor operational problems have been experienced because
of the location and design of the despatcher's office, the
principal ones being: -

(i) because of the distance between the office and
Zone A the despatcher is unable to read the
destination blind and run number information;

{ii) because of the geometry of the main platform the
despatcher can have problems observing the arrival
of buses at the Zone A stop;

(iii) the despatcher's office was constructed with a
solid "rear" wall which prevented him from seeing
buges arriviag from 'behind' him, Thus, he was
unable to see bus run numbers or destimation of
those buses,

Ihis problem is being rectified by insertion of a window in
the rear wall,

These problems have highlighted operational requirements not
previously fully appreciated and are to be kept well in mind in
future interchange designs,

N With the concentration of the Department's bus services at
the Ioombul Interchange, it was obvious that economies could be
gained if a meal room was provided at the Interchange, Again, this
facility was included in the infragtructure which the proprietors
of Toombul Shoppingtown had constructed, Consequently, the Brisbane
City Council was able to achieve these further economies by
eliminating the need for bus drivers to return all the way to their
base depot at Light Street Depot near the C.B.D, to have a meal, It
was calculated that a minimum of eight hours per day has been saved
owing to this facility because paid travelling time does not have to
be rostered into daily work shifts,
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PUBLICITY

The introduction of a Bus-Bus Interchange at Toombul
Shoppingtown represented a major change to both commters and running
staff, The Council's bus system was radially oriented toward the
C.B.D. and had evolved from the days when the C.B,D, was the major
focus for Brisbane's population which was reflected in the route
structure of the tram routes which since have been replaced by buses,
Consequently, riders who were using the system were accustomed to
route structures, ticketing arrangements and schedules which had
been established for many years, Io make the transition easier for
these users and to inform potential riders of the new system a md jor
publicity programme wag undertaken,

Radio advertisements were pPlaced on a number of Brisbane
radic stations particularly those which had strong listening audiences
in the north-east suburbs, The emphasis of these advertisements was
on inecreased service frequencies and access. Also listeners were
advised to obtain publicity material explaining the new Toombul bus
connection. An inducement to read thig material was a lucky number
on each brochure which offered prizes donated by Toombul Shoppingtown
if the winning number was held, Publicity material for the propoged
Interchange was distributed to residents and bus riders in the area,
Forty-eight thousand brochures were distributed to householders in
the region by Toombul Shoppingtown and all bus riders on buses
operating in the region were given brochutes on the proposed system,
The material was also made readily available at Council libraries
and Alderman's ward offices, the Department's Mobile Iuformation
Centre was stationed in the ares during the period of transition and
the new system was given publicity in Brisbana's ma jor daily newspaper

- and the local suburban newspaper, The Council's weekly television
. Programme 'City Report' also featured the Interchange system,

The second, and equally important "training' aspect was that
- the runuing staff operating and supervising the system had to be
educated as to how it worked and to be motivated toward ensuring the
" successful implementation of the bus-bus Interchange,

To simplify the operation, initially some transfer was
“permitted on selected buses which used the Interchange terminal
‘when it had been completed but before the official "full scale"
. System was commenced, TIhis had the advantage of allowing bus drivers
-and supervisory staff to become familiar with the layout and style
-of operation, prior to the second and final stage when all routes
involved would be operating at the Interchange, and also get regular
‘passengers used to using the transfer capabilities of the interchange,
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The final stage of training involved issuing each staff
member with a hand-book containing all details of the system, such
as routes, destination signs, transfer arrangements etc,

Lhe Union were also kept fully involved, from formulation
of ruaning times to actual Interchange operation, and this assisted
considerably in the smooth running that occurred,

LICKETING

It is considered that a basic requirement of an Interchange
is that transfer should not involve the user paying any more for the
journey than "pre~interchange'.

Unless expensive electronic machinery is to be required it
is necessary for the system to suit a simple manual operation,

In Tuly 1980 the Council introduced & zonal fare system which
assisted in the handling of the intricate requitrements of a transfer
system with a reasonable degree of efficiency.

There are, however, still considerable iimitations in the
ticketing system which limit "transfer without penalty" opportunity
and introduction of a new system hag been the subject of negotiations
between the Brisbane City Council, Metropolitan Transit Authority and
Queensland Railways for some comsiderable time, It is to be hoped
that a system satisfactory to all parties can soon be agreed on and
introduced to engble maximum potential of such interchanges to be
realiged,

PERFORMANCE

Bunning Times And Reliability

N Prior to the introduction of the Interchange surveys were
carried out to determine estimated trip times for each zoute and
were used to formulate proposed schedules which, to a large extent,
would determine the efficiency with which the operation performed.

In practice this method proved gemerally satisfactory and
for the Express routes, Wavell Heights Route 42 and Nudgee/Virginia
Route 26 Services there has been no need to make subsequent
adjustments to the allowed running time, Table 1 below shows the
level of reliability achieved in the first two weeks of operation.
For the purpose of this exercise a bus was classed as late if it
arrived more than three (3) minutes late,
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TABLE 1

Reliability of Arrival Times Compared with Scheduled Times

Route Relizbility
Express Services 95%
Wavell Heights 98,5%
Nudgee/Virginia 93%

Other routes generally operated satisfactorily but were
found to be less reliable zt various times of the day, In all
put one instance, which is detailed later, these services have
peen able o be modified and very few buses now run late, One
particularly interesting problem occurred on the Sandgate and
zillmere feeder routes which basically recorded on-time arrivals
at the Interchange but had a particular period when late running
occurred, On these routes the late-running was confined to the
4, M. peak and in particular to those buses 'through-running" to
the City as Express buses, This seemed to show on the part of the
passengers a resistance to physically change vehicles as passengers
wsere showing an obvious preference to travel on buses which are
through-running, (This is discussed in more detail later),
Jonsequently these particular buses were attracting patronage higher
than the average for these routes during the morring pezk and were
therefore taking longer to reach the Interchange than was anticipated
iue to increased loading times,

The affected services were generally adjusted to leave the
xuter terminus about five (5) minutes eaxlier which preserved the
iesired connections at the Interchange whilst not upsetting passengets
ay occasioning too great a variation from the original bus times, It
was felt that passengers would not be adversely disturbed if timetable
7ariations were restricted to five (5) minutes or less, Dubhs and
3ibbings (1973) claim travel patterns are not affected where trip
time alterations are not greater than five (5) mioutes,

Subsequent checks of these buses have not shown any loss
>f patronage and in fact have revealed on these trips an increase in
»atronage. Whilst it is possible there are a number of factors which
yave caused this result it is contested that the improved reliability
»f the amended services could be contributing to this increase, An
ittitudinal survey conducted amongst bus users in October 1981,
‘evealed that only 10% of regpondents thought buses were rarely or
lever on time, A remarkable response when reliability is so crucial
0 a successful Interchange system and any missed connecticn for
thatever reason detracts from a reputation for reliability,
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The one problem to which a solution has not yet been found
involves the mzin trunk-havl all-stops service, Toombul Route 171,
which has consistently run late outbound, particulariy between
11,00 a.m, and 2,30 p,m, Close scrutiny of this problem did not
disclose any inadequacy in the running time but what became apparent
was that buses were arriving late at Saligbury, the southern terminus
of the Tocmbul 171 route, Layover time was generally only about
four (4) minutes and therefore buses were leaving Salisbury late to
return to Toombul Interchange, This situation is compounded if a
bus has to be held at Toombul Intexrchange should a feeder bus be
running late because late departure from Toombul will mean a late
arrival at Salisbury. Consequently, without adequate recovery time
to cushion these effects late-zunning will reverberate through the
system,

Unfortunately, when the Interchange schedules were developed
the consequences of not taking full cognizance of such aspects
affecting reliability, as detailed by Sullivan (1980), were not
fully appreciated and the continuing problem does not help with the
users confidence in the system, This is egpecially so because the
time of day when the problem occurs is when riders are casual rather
than regular users of the system and the risk of missed connections
adds to the anxiety experienced by such users,

Patronage

Although efficient schedules and reliability of service are
important facets of a public transport operation as far ag the
eperator is concerned the most erucial indicator must be public
acceptance and use of the service, Much literature on bug ~bus
transfer systems emphasises how patronage has been attracted to
such systems because of increased availability of access and increased
frequencies, With the Toombul experience patronage levels have not,
at this stage, increased but an apparent slowing of the patronage

decline compared to the whole system bas been recorded as indicated
in Table 2,

TABLE 2

Variations in Population and Average Daily Weekday Patronage
October 1980 to Aupgust 1981

Population Patronase
Brisbane City Area ~0,014%
B,C.C, Transport Total System =5,713%
Toombul Interchange Catchment -3%
Toombul Interchange Bus Routes =5.14%
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The comparative "increase" in Ioombul patronage compared
with total patronage figures could, to some extent, be because of
the increagsed accessibility benefits which, from an attitudinal
survey conducted in October 1981 amongst users of the Toowbul Bus-
Bus Interchange system, are well appreciated by patrons,

Respondents were asked to comment on various aspects
associated with the Interchange and the great majority of responses

indicated an awareness and positive reaction to the benefits
available from the system,

Apart from specific questions respondents were also asked

to list those features of the interchange that they most liked and
disliked,

Improved access, convenience and increased bus frequency
were listed by 66% of respondents ag the features they liked best,

Transfer and Passenger Reaction

However politically popular or trendy Interchanges may be
it mist be realised that they are not all "good", For the passengers
the basic requirement of an Interchange, namely the necessity to
transfer from one bus to another, and the hassle and worry of
cowordination is a major cause of worry and dislike, particularly if
they did not have to do so before the Interchange operated,

This 'resistance to transfer', mentioned earlier in the papetr
. as having been a significant factor in Interchange operations according
- to some authors, has showm itself clearly at I'oombul. '

Not only did 48% of survey respondents (who listed a dislike)
““hominate 'the need to transfer' as their most disliked feature of the
‘Interchange but passengers with the choice of 'through-running' or
“i'terminating feeder' buses have shown a marked preference for those
. .'through-running', as illustrated in Table 3 which shows, for

-'comparable morning peak trips "before and after" Toombul, the

v percentage of the total inbound morning patronage carried on each bus,

TABLE 3

Passenger Resistance to Transfer
Wavell Heights Route 42

_ - BEFORE TOOMBUL OPENED AFTER TOOMBUL OPENED

Trip Passenger | % of A M, Passenger i % of A, M, Variation

- Timp Load Total Load Totzl
@7110? 22 16,2 42 33.1 + 16,97
7:23 21 15,4 8 6.3 - 9,1%
7.38% 27 19,9 34 26,8 + 6,97
446, 23 16.9 12 9.4 - 7.5%
43 31,6 31 28,4 - 7.2%

136 100.0 127 100.0

Indicates Buses which through-run "post ~Ioombul™
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From this there would appear to be considerable resistance
to changing buses especially when it is realised that similar
travel time savings are achieved by all five new trips compared
with the "pre-Interchange" C.B.D oriented trips, (In fact the
best time saving is 13 minutes on the 7,46 a.m, trip which is
gerviced by a "terminating feeder'),

If it is assumed that passengers previously travelled on
the bus which delivered them to their destination of the most
suitable time, then, to aveid the need to transfer passengers
must travel on an earlier bus because the time savings achieved
do not guarantee on time arrival if a later bus is caught.

Therefore, effectively the passenger has increased his
journey time by travelling on an earlier bus than is actually
necessary.

In the case of a move from the 7.46 a,m. to the 7,38 a.m,
bus an increase in journey time of eight (8) mimetes has oceurred
and a shift from the 7.23 a.m, to the 7.10 a,m. bus results in a
thirteen (13} minutes increase,

It seems passengers are revealing a preference to incur
a travel penalty of eight (8) and thirteen (13) minutes rather
than the inconvenience of changing buses in a five (5) minutes
transfer period. The assumption is that passengers are valuing
transfer time at something greater than 1,6 times the equivalent
journey time for the eight (8) minutes trip shift and 2,6 times
for the thirteen (13) minutes trip shift,

Iravel Time Savings

The above observation adds weight to the claims in the
literature on the different values placed by users on the different
components of Etravel time, A brief description of the conclusion

. of some writers is outlined below together with a Table showing the
total savings in travel time accruing to bus passengers in the
morning peak,

For example Lee and Dalvi (1969) do not impose any
weighting for walking or waiting time compared with in-vehicle
time whereas Pak Poy (1979) imposed a weighting of “times two"
(x 2) for transfer time,

Furthermore, Duhs and Gibbings (1973) assert that a change
of up to five (5) minutes in trip time does not affect a passengers
decigion to use public transport whereas changes greater than that
do, This then raises the parallel question of "what is a worthwhile
time saving?" (Geoxge and Shorey 1978).
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It is contended that, if variations in trip times of less
than five (5) minutes are not considered significant then,

gimilarly, travel savings of less than five (5) minutes could also
be considered mot significant,

As an exercise therefore calculations have been carried
out using all three methods, namely: -

Column 1 - Lee and Dalvi method - all travel components carry the
same weighting,

Column 2 - Pak Poy method ~ transfer time component counts "double"
in-vehicle time,

‘Column 3 - Adjusted Time method - travel differences of less thap
five (5) minutes are not congidered and using Pak Poy
weighting for transfer time,

the zesults of these caleulations are shown in Iable 4.,

TABLE 4

Travel Time Savines (passenger minutes)

(1) (2) (3)
Adjusted

Lee & Dalvi | Pak Poy Time

Route Method Method Savings
Northgate East 565 285 285
Nudgee/Virginia 354 84 174
Sandgate 1193 713 703
Wavell Heights 248 83 158
Zillmere 1222 872 808
Total 3582 2039 2128

R From this it can be geen that, even when-weighting of
Iansfer time is imposed, there have been considerable overall
ime savings by introduction of the Interchange,

ONCLUSIONS

i As is unfortunately often the case in t
:gearch field, there are few

dtual 'in fielq®
leoretical ideas,
indings,

he Planning and
Practical papers available describing
results following introduction of well documented
particularly papers dealing with operational

This ha

o 8 made comparisons with other such projects wvery
ffiCult.
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It is apparent, however, that the results of the introduction
of the Toombul Bus-Bus Interchange, particularly as far as resource
savings and patreonage have not been as dramatic as has been claimed
in other centres such as New Delhi (Sharma) and Edmonton {(Sullivan
1980) respectively,

This is put down to the fact that, because Toombul was the
first such major immovation in a system that had been operating for
many years, a policy decision was made to adhere as closely as
possible to existing times and routes and hence minimise passenger
disruption,

Ag a regult a less than optimal system was no doubt
introduced but one which had minimum adverse affect on the travelling
public and the results have been encouraging enough to encourage
detailed investigatiom of further bus-bus interchanges.

Since the opening of the loombul Bus-Bus Interchange, in
November 1980, we have seen the commencement of operation in April
1981 of a major joint venture, between Brisbane City Council,
Queensland Railways and the Metropolitan Tramsit Authority, namely
the bus~bus, bus-train Interchange at Enoggera,

Planning is 2lso well advanced towards a bus-bus interchange
at The Gap, about 10 km west of the C, B,D. and investigations are
proceeding on further interchanges at Indooroopilly and Garden City

The experience gained with the introduction of the Icombul
Interchange proved invaluable in successful implementation of the
Enoggera Interchange and it is to be hoped that lessons learnmed from
these two operations will be put to good use in those to come,

Whilst the patropage level at Toombul has not increased, the
rate of logs is legs than that of the total B.C.C. operatioms and it
is anticipated that, with time, the higher frequency of services and
greater availability of destinations, through interchanging, will
eventually result in increased ridersghip. This will particularly be
so if an improved ticketing and fares system can be introduced.

This potential is particularly apparent from the Sandgate
service which has shown an increase in ridership of 217 with a service
increase of 20% during the period of comparisom. It might be that for
the other routes which have been established for about thirty years
the old maxim "you can't teach an old dog mew tricks" might explain
the reluctance to adapt to a new system in spite of the obvious
benefits,

Sullivan (1980) “advises" that an introduction rate of one
interchange point a year can be considered a 'typical rate of
progress', This has been borne out by our experiences in the last
twelve months, where:-
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introduction of both Iocmbul and Enoggera
Interchanges within & months has imposed an
almost unworkable burden on staff resources;
it is only after nearly twelve months that the
"fine tuning' of the Toombul system that the
desited service reliability is being achieved
and standard five minutes transfer times are
fairly consistently being provided.

If I had to select one major finding from our experience
of Toombul Bus-Bus Intervchange (since reinforced by our Enoggera
" Interchange experience) it must be that:-

With a given level of resources a far
superior service, in terms of frequency
and accessibility, can be provided with
the Interchange concept than that
provided with the traditional C,B,D,
oriented radial service,
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