UNIVERSITY OF LEEDS

This is a repository copy of Evaluation of Alternative Guided Bus Designs: Results for
Kingston Upon Hull..

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/2081/

Monograph:
Clark, S.D. (1999) Evaluation of Alternative Guided Bus Designs: Results for Kingston
Upon Hull. Working Paper. Institute of Transport Studies, University of Leeds , Leeds, UK.

Working Paper 534

Reuse
See Attached

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

White Rose

university consortium
A ‘ Universities of Leeds, Sheffield & York

White Rose Research Online
http://eprints.whiterose.ac.uk/

IS

Institute of Transport Studies
University of Leeds

This is an ITS Working Paper produced and published by the University of
Leeds. ITS Working Papers are intended to provide information and encourage
discussion on a topic in advance of formal publication. They represent only the
views of the authors, and do not necessarily reflect the views or approval of the
Sponsors.

White Rose Repository URL for this paper:
http://eprints.whiterose.ac.uk/2081/

Published paper

S.D. Clark (1999) Evaluation of Alternative Guided Bus Designs: Results for
Kingston Upon Hull. Institute of Transport Studies, University of Leeds, Working
Paper 534

White Rose Consortium ePrints Repository
eprints@whiterose.ac.uk


http://www.its.leeds.ac.uk/
http://eprints.whiterose.ac.uk/
http://www.its.leeds.ac.uk/

UNIVERSITY OF LEEDS
Institute for Transport Studies

ITS Working Paper 534 ISSN 0142-8942

June 1999

EVALUATION OF ALTERNATIVE GUIDED BUS
DESIGNS

RESULTS FOR KINGSTON UPON HULL

S.D. Clark

This work was undertaken on a project sponsored by the Engineering and Physical Sciences
Research Council.

ITS Working Papers are intended to provide information and encourage discussion on a topic in
advance of formal publication. They represent only the views of the authors, and do not
necessarily reflect the views or approval of the sponsors. The author asserts his parental rights
with regard to the content of this paper.



CONTENTS

1
2

3

4
5
6

7
8
9

DESCRIPTION. .. .utttittitiiiiiitittt et e e e e e e e e e s s s s st eeeeaaaaaaaaeaeaaeaeesaaanannnsnrnnnees 2
TRADITIONAL PRIORITY MEASURES.......cco ittt 3
2.1 SelecCtive VENICIE JETECHION......ciii e e e s s e e e e e e e e e e eeeeeeennes 3
2.2 COo-0rdination fOr DUSES......eeiiiiiiiiiiiiee e 4
2.3 Reduced dwell tiMe At STOP .....cceeeieiiiiieieeeeii e e e e e e e e e e e e e e e e e e e aeaaranana 4
GUIDED BUS SCHEMES. .......outttiiiiiiiiiiaie ettt e et e e e e e e e e e e e e e s s s s sssasnabeeeeeees 4
3.1 Two-way Kerh QUIdEWAY ..........oooeiiiiiiiiiiie e 5
3.2 TWO-Way MEdiaNn QUIABWAY ........uuuuiiiiieeeeeeeeeeeieeeeeieeititiias s e e e e e e e e e e e e e e e eeeeeeeebnnnn e e e s 5
3.3 Tidal Median QUIAEWAY ..........ccooiiiiiiiii ettt e e 5
3.4 EleVated QUIOBWAY .......ccoiiiiiiiiiiiie ettt e e e e e e e e e e e e s st e e e e e e e e eaeeeas 6
BASE CASE MODELLING ....utttiiiiiiiiittiiie ettt e e e e 6
GUIDED BUS MODELLING. ... .ttt e e e e e e e e e e e e e e e e a s 8
MODEL RESULTS ...ttt e e e e e st e e e e e e e e e aaeeeeeeeesaaaanns 9

6.1 NEIWOIK SPEEU... ..o e e e e e e e e e eeeeeeaaaanaas [ R
6.2 Public TransSport JOUMMEY tIMES ......coooeiiiiiiiiiiiiiii ettt e e e e e 9
6.3 Private VEhiCle JOUIMEY TIMES .......uuuiiiiiiiiiiiiiiiiee e e e e e e e e e e 11
6.4 ENVIrONMENTAl MEASUIES .....coiiiiiiiie ettt e e e e e e e e e e e e e e e s s s bbb aeeees 11
REFINEMENTS ..ottt ettt e e e e e e e e e e e e s sttt e e et e e e e aaaeeeeeas 12
CONCLUSIONS. ...ttt ettt e e e e e e e e e e e e e s e s bbbt s e et e e e e e aaaaeaeeaaaaseaaannns 13
APPENDIX .ottt r e et e e e e e e e e e e e e e a 15.......



ABSTRACT

This paper describes the background and methodology employed in research funded by the
EPSRC to assess the traffic management implications of guided bus schemes. One central
aim of the project is to demonstrate how simulation tools can be adapted to account for the
special features of guided bus schemes and demonstrate their applicability on an actual
planned scheme. Traditional bus priority measures are first assessed for their benefits and
these are contrasted with those from the planned guided bus scheme. Variations to the
planned scheme are also considered.

A sophisticated microsimulation model is used to assess the impact of incorporating guided
bus infrastructure into three planned schemes. Two of these are from Leeds and Kingston-
upon-Hull and are largely within the existing Road infrastructure, whilst the third is from
Chester and islargely segregated from the existing road infrastructure.

This paper deals exclusively with the Kingston-upon-Hull scheme. The network under
consideration is due north of Hull city center and contains two main arterials, the Beverley
Road and Stoneferry Road, together with a network of connecting roads. The traditional bus
priority measures are concentrated on the Beverley Road, which is currently the main bus
arterial of the two roads. When the guideways are constructed the intention is that the
Soneferry Road would become a more important bus arterial than it currently is. The
planned guided bus scheme exists in four variants: two-way at the kerb; two-way in the
median; tidal in the median and an elevated section located in the median. This paper
describes the evaluation of the base network; the individual traditional priority measures; the
combined traditional priority measures and the four planned guided bus schemes.

1 DESCRIPTION

A schematic of the network considered imstpaper is preserdein figure 1. The 2.5km
section of Beverley Road from the EnnerdalekLRoad in the north (poit 1) through to the
junction with Inglemire lane (ndr of point 3) is a two lan€ual carriageway containing a
median which is broken occasionally to allow for turning traffic. South of this point the road
reverts to single carriggvay, two lanes in each direction for 2kms. The land use surrounding
Beverly Road is predominantlsesidential, withthe denser housing w@rds the southern
section of the road, nearest the city centre.rble frontage is a mix aesidential and retalil

or commercial properties. There are extenseetions of peak pernl operation reserved bus
lanes in both directions along the southsgcttion of Beverley Road. Due to the large
residential population surrounding this roadgréhis a high frequency of buses along the
road, with all services, when combined, pog a peak hour frequency of 1 bus every 3
minutes.

On the eastern side of the network the mairriatteonsists of Holwell Road in the north and
Stoneferry Road in the south. North of SutRoad, a 2.2km section éfolwell Road is the

main through road for a largesidential estate, and comtsithree roundabouts that feed
traffic onto the main road from the minor estate roads. The short %km section of Holwell
Road south of Sutton Road and most of then 2ngth of Stoneferry Road is two lanes, dual
carriageway and surrounded by lightlustrial units and largendustrial estates. There are

no explicit facilities for publigransport along this tarial, and the combined bus frequency is
approximately 1 every 6 minutes along fueithern sections of the arterial.
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The river Hull between Beverley Road and Holwell & Stoneferry Roads limits the
opportunities for vehicles to cross from one to the other. Sutton Road is a primary route
joining the two arterials andoaosists of dual two lane carragay. Further south is Clough
Road and Ferry Lane which contains a swingd#itb allow ships to navigate along the river
Hull.

o4

()
®
<
s O Roundabout
o
g O Signalised
junction
Not to scale --- River Hull

Figurel: Schematic of Kingston-upon-Hull network

2 TRADITIONAL PRIORITY MEASURES

There already exists a large degree of pubdindport priority on the Beverley Road, in the
form of extensive stretches of conventiomath flow bus lanes in both directions. The
additional measures considered in this paperalirdirectly or indiretly applicable to this
arterial.

2.1 Sdlective vehicle detection

There are four signalised jumans along the length of Beverldoad. Under this measure,
each of these junctions will haugrastructure installed in éhinbound direction to allow the
presence of a bus to be detected and the signals altered so as to eliminate or reduce the delay
for buses. As a bus crosses the detector, a piedmwf its arrival time at the stop-line will be
made, based on the position of the detector amdpleed of the bus. If this predicted arrival
time is during a green stage then no modificatm the signals are gaired. If the predicted
time is just after the end of aegn stage, then an extensioriled green time is considered to
see if this would allow the bus to exit the linkilfs is feasible thethe extension is made,
otherwise a recall is considergdrecall involves an earlier tharmsual recall ok green stage
for the bus, thereby reducing the time the busidpeueuing. A check is made to ensure that
no inter-greens are violated during thewedifications. A “payback” mechanism exists
whereby any shortening or lengthening of staagescompensated for in the subsequent cycle.
An extension has the ability to eliminatke entire delay that a bus would normally
experience, whilst a recall will only reduce tihelay. Due to limitations in the mechanisms
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available for implementing selective vehicle @¢iten and signal modification, it is necessary
to simplify the signal plans for two of eéhjunctions along the Beverley Road. The
simplification is to remove the stages allocated for dedicated right turns at the junction.

2.2 Co-ordination for buses

Traditionally, duration of stagest signalised intersectionscthe offsets between them are
derived for a homogenous stream of traffic. This stream of traffic is measured as either as
vehicles or passenger car units (PCU's).réality, however, this arrangement fails to
adequately account for the trawveHaracteristics of buses ance tfact that they carry much
greater numbers of persons pehicle (or per PCU) than cars. Since buses usually need to
stop along a link for passengersalght or board, they expence a greater journey time
than the general stream of traffic. Thus aetgr-wave” engineered for the general traffic will
not necessarily work for buses. Similarly, gp@ach that contains a high bus flow may be
inadequately represented in the “competition”doeen time at the junction, relative to other
approaches. The TRANSYT program providesechanism to attach different weights and
travel characteristics to buses within the trastieam and thus deriwgnal settings that are
optimised to reduce overall pershours of travel rather thawverall vehicle hours. Only
along the Beverley Roadethere sufficient numbers of sigrsa#d intersection® enable this
measure to be implemented.

2.3 Reduced dwell time at stop

A significant proportion of anyus journey is the time speat bus stops whilst passengers
board or alight from the bus. If this time cdle reduced then some journey time savings
may result. Measures to achieve this inclalde introduction of bus conductors, separate
boarding and alighting doors on das, an exact fare policy tine greater use of prepaid
tickets. In practice the ti@r of these proposals is the moselikto be considered as practical
or acceptable. This measure is not restricted particular location ldihas benefits spread
throughout the network. A conservative estimafethe effect of this measure is a 20%
reduction in the time to “service” the average passenger.

3 GUIDED BUSSCHEMES

The plans for guided bus within Kingston-ugBull primarily apply to the Holwell and
Stoneferry Road arterial routéor the purposes of this studywss envisaged that when the
guideway is complete, this arterial will act as thain bus route into the city centre from the
residential areas in the north and north-eastentions of the city and from a proposed Park
and Ride site. The Beverley Road currently ssrlarge sections of this residential area and
to reflect this change in emphasis, the pmn of bus servicealong Beverley Road are
reallocated to the Holwell/Stoneferry Roadute and the existing bus lanes along the
Beverley Road removed. At a subsequenttmgewith Kingston-upon-Hull staff, this was
not thought appropriate and a et set of results areported (see section 8), where Beverly
Road maintains its role aspublic transport corridor.

The frequency of buses along the guideway rolbgéesbeen increased to approximately 1 bus

every 4 minutes. Passenger arrivals at the bus stops on the guideways has also been increased
by approximately 70%, which is inline with gedtevidence from the Leeds Scott Hall Road
guided bus scheme. The patronage of bus stiopg the Beverley Road has been reduced by

10% in order to represent a slight loss ar@aage due to the redumti in service frequency

and removal of reserved bus lanes.
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The appendix contains diagrams of eachth&f proposed guided bus options. A detailed
discussion of each option is given below.

3.1 Two-way kerb guideway

This scheme is probably the most practichlthe four in terms of its operation and
construction costs. To the north of thel\well and Stoneferry Road roundabout a short
section of guideway, approximately 300m in lénigt proposed to allow priority access to the
roundabout approach. The conflicting demaha@sween private anduided vehicles are
controlled by a set of signals to give absolpt®rity to the guided buses. After travelling
through the roundabout the buses join asdcsection of inbound guideway 550m in length
which terminates with a giveway to the @ie traffic on the general highway. Travelling
outbound, the guideway starts halfway along thevemnt link and continues for 150m until a
signalised junction with Ferry Lane. Thendlicts between traffic on Ferry Lane are
controlled by signals that givabsolute priorityto guided buses. After passing through the
junction, the buses join another section ofdgway that runs for 250m, to a signalised
junction just short of the Holwell and Stdegy Road roundabout. Once again absolute
priority is given to guided buses at thismigtion. Thereafter the buseavel along the normal
highway.

The bus stops in this new scheme have begreglnear to the existing kerb side bus stops.
This means that they are predomithawithin the sections of guideway

3.2 Two-way median guideway

This scheme is perhaps the most complicateth@ffour and shares some common features
with the tidal median scheme described belownfthe north a section of median bus lane is
proposed to allow buses easy ascéo the median facilitiedA bus lane is proposed in
preference to a section of guideway to allow buseédlrift” into the reserved lane anywhere
along its length after leavingr passing a bus stop. This manoeuver would not be possible
with a guideway which has a fixed entry poidliso land take and enforcement are not
thought to be an issue here.

As the bus travels along the reserved lame @pproaches the Holwell and Stoneferry Road
roundabout, the signals are chamhge stop the circulation traffic on the roundabout (on and
off traffic at the roundabout can still make thairn) and allow the dgded bus to travel
through the roundabout. Further south, a similar signaling arrangement operates at the
Stoneferry and Clough Road roubdat to allow buses to travéirough theroundabout at
the junction with Ferry Lane. Beyond thisundabout, the guideway continues for another
150m before it merges with the general taét a give-way jurton. Travelling northbound,
there is a similar arrangement, with guided bugesn priority over aiculating traffic on the
roundabouts. An 120m section of median resetwesl lane is providetb the north of the
Holwell and Stoneferry Road roundabout to aligwded buses to better merge with the high
speed traffic on the general carriageway.

Provision of bus stop facilitieis more problematic with ndgan guideways. Physical access
to the center of the carriageway can onlyalsbieved safely by the provision of signalised
crossing facilities. These do not currerféhature in the plans for the scheme.

3.3 Tidal median guideway

Much of the physical infrastructure for thimplementation resembles that for the two-way
guideway. Clearly on-street there will need toalpeadaptation of the entry and exit points of
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the guideway so that they are suitable Bmth directions. North of the Holwell and
Stoneferry roundabout there will only need to be one section of bus lane, which would
operate in an inbound direction during therniog peak and an outbound direction during
the evening peak.

3.4 Elevated guideway

In terms of physical infrastructure this schems&e most ambitious @he four. The elevated
section begins to the nortif the Holwell and StoneferriRoad roundabout and continues
over that and the Clough Road junction (whishnow a signalisedupction rather than a
roundabout) before returning to ground led@0m beyond the junction. There is a median
reserved bus lane similar to that usedhim median guideway schemes along Holwell Road,
but signaling is not required since there is no interaction between the roundabout and the
guideway.

For obvious reasons there is no provisionkfes stops along the elevated sections.

4 BASE CASE MODELLING

A DRACULA microsimulation model of thesub-network was cordoned from the full
network supplied by Kingston-upon-Hull City Coundihe extent of theetwork is shown in
figure 2.

The initial sub-network contained a numbelSEXTURN buffer nodes that do not possess the
sufficient level of information required ihe DRACULA microsimulation program. These

tended to be concentrated along the BeveRewd. Using information and junction plans

provided by Kingston-upon-Hull City Enginegrthese buffer nodes were converted into
“simulation” nodes (priority, signalisedoundabouts or buffer nodes). The TRANSYT

program was then used to produce a setgafagitimings. Supplementary information on bus
stop location and likely bus stop usageswallected by means of site visits.

Figure2: SATURN sub-network
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Kingston-upon-Hull City Council provided aextensive set of 15, two-way, link hourly
traffic flow counts for many points within thells-network. These were used as the primary
calibration reference. Initially the mean aloge error between observed flows and assigned
flows was 37% in error. By use of the SA$A8 and SATME?2 procedures in SATURN it is
possible to adapt a prior OD matrix to bettegresent a set of observed link flows. Rather
than specifying a requirement for exact egualhich is normally diicult to achieve, an
upper or lower bound was specified for thewflalong a link. To decide which bound was
appropriate, the initial agnment was consulted:

e if the assigned flow was more than 11@¥%ihe observed flow, an upper bound of 110%
of the observed flow was specified,;

e if the assigned flow wasds than 90% of the observedl, a lower bound of 90% of the
observed flow was specified;

e otherwise no bounds were set.

This procedure produced flows that are, oerage, within 16% of the observed. It was
hoped that by specifying the bounds as abou®% margin would have been achieved. This
was not so since, whilst in some cases gravement was achieved, it was not sufficient to
bring the flow to within+10% of the observed flow. Also, sometimes an upper bound of
110% produced a flow which was less than 988d since it is not possible to set both an
upper and lower bound (or visa-vershere was no way to resoltieis. The scatter plot of
observed and modelled flows is given in figus. The low to medium flow results are
reasonable, with a slight tendency to undexdmt. The very high observed flow of 2,000
vehicles proved difficult to reproduce.
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o o
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@
o
o
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400 .

200 - ¢
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Figure 3: Correspondence between observed and modelled flows

The simulation model contains a random elentbat determines such features as driver
behaviour and bus service opera. This random feature can be used to simulate the
variance of behavior within the network bgrying the random nunelo seed. The results
presented in this section are the aggtion of four such similar runs.
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Examining the journey times for private and llvehicles in the network provides further
checks on to the validity of the model. Untorately no observed journey time measurements

are available, but figures reped by the model can be assessed for plausibility. The total
network speed is reported as 24.3 km/hour (b%ph), which is on the low side for an urban

area during the morning peak. Two routes in hditections have been selected for more
detailed assessment, one along the BeverleglRad the other along Holwell and Stoneferry
Roads. These are reported in table 1 and the starting and ending points for each section are as
given in figure 1.

Route | Public vehicles Private vehicles
Journey | Speed | Journey | Speed
time (s) | (km/h) | Time (s) | (km/h)

lto2 540 11 495 12

2103 363 23 298 27

4105 449 18 314 25

2to1 176 34 130 46

3t02 292 28 197 41

5to4 356 22 298 27

Table1: Base network routejourney timesand speeds

As would be expected, the journey timeshe inbound direction in the morning peak are
generally greater than in tleaitbound direction. Also the jouey times for public vehicles
are greater than those for @te vehicles. The speed for bsigacreases on section 2 to 3
compared to section 1 to 2, since section 2 has extensive sectionkreserved bus lane.

5 GUIDED BUSMODELLING

The microsimulation model contains a great adaletail relating tdhe guided bus scheme.
The ability to model the journeys of individualhieles and to re-act in a real-time manner to
the presence of vehicles makes this appraacich more accurate that more aggregate,
average flow models such as TRANSYT and SARNJ This ability is llustrated in figures 4
and 5 which shows how the peege of a bus in the guidewagn be used to alter signal
settings in order to allow buses to £s@ stream of traffic with minimal delay.

7 | 7

1 H - - i H |

SIGHALS CHANGE TO
ALLOW THE BUS TO
CONTINUE ON ITS
JOURNEY

BUS PASSES OVER I 5
THE DETECTOR

Figure 4 : Guided bus passes over detector Figure5: Signals changefor guided bus
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In the median scheme it is necessary for bisdsvel through aoundabout of circulating
traffic. Figure 6 illustrates how this is accomplished.

I 7

- & 50UTHEOUMD BUS H&5 BEEN

DETECTED &MD THIS HAS STOPPED

1 THE CIRCULATING TRAFFIC ON THE
ROUNDAEOUT, ALLOW ING THE BUS TO

., TR&VEL THROUGH THE ROUMDABOUT

Figure 6 : Guided bustravel through a roundabout

6 MODEL RESULTS

The results of modelling the triéidnal bus priority measures and the four guided bus options

are presented in thigstion. They may be compared agathst base case given in table 1. It
should be noted that most situations testedipeed a different traffic assignment from that

in the base case. This is a result of necessary modifications, such as the change to some signal
plans as was the case for selective vehicle detection or additional junctions for the various
guided bus schemes. All the results presentédisrsection are based on four simulation runs

per scenario.

6.1 Network Speed
Table 2 gives the total netnk speed for the nine samos under consideration:

Scenario| Base SVD RTS B ALL 2-Kerb 2-Med 1-Med Elev
Speed 243 229 241 219 222 219 19.7 18.% 19.5

Table2: Total network speed for each scenario

1%
D

Key Base: Base network CB: Signal co-ordination for 2-Med: Two-way median
buses guided bus

SVD: Inbound Selective | ALL: All 3 traditional bus 1-Med: One-way median
vehicle detection priority measures guided bus

RTS: Reduced dwell time at 2-Kerb: Two-way kerb guided bus Elev: Elevated guideway

stop

The highest average network speed was reportetiddbase case. The next highest is for the
reduced time spent at a bus stop by buses.

6.2 Public Transport Journey times

The journey time for individual buses runningtire network are extracted and presented in
table 3. For the base and traditional meastinese are a total of 15 buses per run, times by 4
simulation runs, making a total of 60 buses fmt®ns 1 to 2, 2to 3, 3to 2 and 2 to 1 on the
Beverley Road. There is a lower frequency difuges per run (28 in total) for the sections 4
to 5 and 5 to 4 on Holwell/Stoneferry Road. For the guideway measures there is a reduced
number, 10 buses per simulation run for the Beverley Road and an increased number for
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Holwell/Stoneferry Road of 15 buses per simulation run. Since the traditional measures are
concentrated on the Beverley Road we woulgeek reduced journey ties along section 1 to

2 to 3 and 3 to 2 to 4 (although selective vehadeection is only enabled the 1 to 2 to 3,
inbound, direction). Conversely, for the guided bus schemes, the removal of bus lanes on
Beverley Road should increasige journey times along Beney Road and the guideway
infrastructure decrease them along Holwelligferry Road. The relevant cells have been
lightly shaded in table 3.

Base | SVD | RTS CB| ALL| 2-Kerb| 2-Med 1-Med Ele
l1to2 | 540 | 520 504 | 500 | 431 575 636 716 540
2to3 | 363 | 340 336 | 346 | 324 376 389 379 376
4t05 | 449 | 443 441 443 476 | 365 344 329 323

2tol | 176 165 162 | 161 | 163 201 203 202 205
3to2 | 292 | 276 270 | 273 | 259 305 304 316 304
5to4 |35 | 304 421 283 293 | 301 260 256 189

Table 3 : Public transport jour ney times(s) along six sections

The selective vehicle detection measure piasluced mixed results. The section 1 to 2,
which contains two junctions equipped foles¢ive vehicle detection, has show a small
reduction (-4%) in mean journey time and #extion 2 to 3, with a further two equipped
junctions, has shown a slightlyeater reduction (-6%) in journey time. The reduced time at
stop should produce a uniform redoctiin all bus journey times, ithit has failed to do for

the section 5 to 4, with a large increase (+18%). A more detailed inspection of this section
shows that the largest increase (56 seconds) ontthie southern sub-section of the section,
which contains two bus stops with laybys. The presence of laybys can introduce a
disproportionate largely variance in the joey times reported by buses. Co-ordination for
buses gives a reduction in bus journey times oretlsestions where one is expected (1 to 2,
-7%, 2 to 3, -5%, 2 to 1, -8% and 3 to 2, -7%de section 5 to 4 has seen an unexpectedly
large decrease (-21%) in journtiyes and once again this is ddttable to the southern sub-
section of this seain, although the outcome is the opposit¢hat seen for the reduced time

at bus stop measure. The combined use of altrdditional bus priority measures has given
decreases in bus journey times on all sectextept for 4 to 5, whicks the most congested
route and is affected by only one prioniteasure, reduced time spent at bus stops.

The removal of reserved bus lanes does notappehave significangl affected the journey
times for buses along sections 2 to 3 and 3 fior the guided bus schemes. The introduction

of guideway infrastructure has produced reauns in mean journey times along the most
congested 4 to 5 section of 84 seconds for a two waydiadeway (-19%), 105 seconds for

a two way median guideway (-23%), 120 tbe median guideway (-26%) and 126 seconds
for an elevated guideway (-28%). Wheomparing the performance on the guideway
options, it needs to be borne in mind that the journey time for the two way kerb guideway
includes an element of time spent at two bapstn either direction whilst the other three
guided schemes do not have any bus stops along the guideway sections. A more detailed
study of the performance around the guidewaysadiions shows that large proportion of

the reduction is due to this sub-section, wite mean journey time nearly halving from 170
seconds to typically 90 to 100 seconds. The njeamey time savings on the section 5 to 4
are more modest, a reflection of the fact thé i the counter-peak direction and thus less
congested in the base case.
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In addition to the mean journey time savimgport in table 3, redtions of between 10 and
34 seconds have been recorded in the standard deviation of bus journey times along the
routes.

6.3 Private Vehicle Journey times

Information on private vehicle journey times was collected to ensure that the implementation
of the traditional measures or the guided baksemes did not have too great an (adverse)
impact on their journey times. The sample sifoesprivate vehicle journeys along the same
routes as for public vehicles are larger andermnsistent across all scenarios. The private
vehicle journey times and indidad sample sizes for a single run (n) are given in the final
column of table 4.

Base| SVD| RTS CB ALY 2-Kerbh 2-Med 1-Med Elgv n
lto2 | 495 476 466 451 379 508 516 634 454 800
2to3 | 298 186 279 216 207 221 225 212 21% 500
4t05 | 314 | 305 336 322 343 414 270 215 33330

2tol | 130 111 130 148 147 129 130 137 13( 300
3to2 | 197 218 198 190 190 193 195 268 193 200
5to4 | 298 259 348 241 250 247 249 240 26% 200

Table4 : Privatetransport journey times(s) along six routes

None of the routes have experienced an excessive change in their journey times. The most
notable result is the reduced journey time fwivate vehicles under selective vehicle
detection and the combined measures for se2tion3. This is the section which required the
simplification of the signal plans at two juimns. This simplification has the effect of
reducing the amount of lost-tina the junctions and thereliycreases the capacity of the
junctions. This is illustrated by running fobase case scenarios with the signal timings used

in the selective vehicle detiion measure, and the prieavehicle journey time along the
section 2 to 3 i484 seconds in theternative base case. This sedatialso has lower journey

times for the guided bus schemes, and thisngequence of the removal of the reserved bus
lanes along this section of Beverley Road.

The private vehicle journey time for vehicleavelling on section 4 to 5 is markedly lower
for a one-way guideway than that in the otbiémations. The assigndldw along the critical
link that feeds into the junction with Fertyane has decreased bY@ vehicles for this
guideway option over the base ca8his re-assignment of vehed to other routes may be a
result of the more complicated road adtructure required for this guideway option.

6.4 Environmental measures

Given the microscopic nature of the simwas it is possible to ack the behaviour of
individual vehicles as thetravel through the network. Vetiés may be cruising, idling,
accelerating or decelerating. Given pollutantssion and fuel consumption rates for each of
these states it is possible to arrive at tofatsthe simulation. The pollutants measured in
these simulations are CO (in kg), N@®g) and HC (kg) and, in addition, fuel consumed (kl).
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Base| SVD RTS CB ALL | 2-Kerb| 2-Med 1-Meg Ele
CO 1,256 | 1,477, 1,270 1548 1459 1461 1,702 1,759 1,696
NO 307 363 311 382 36( 359 423 433 420

HC 810 939 818 974 921 93L 1,067 1116 1,062
Fuel 5417 | 5758| 5,444 5,846 5686 5,737 6,0/2 6,300 6,015

Table5 : Environmental indicators

To a large extent these indicators duplicaterdsallts on network spegulesented in table 2.

Those cases that show a high mean netwagkdghow low emissions and fuel consumption

and those with a low mean network speed shigh emissions and fuel consumption. This is

to be expected since any congestion in thevok is bound to adversehffect the reported

mean speed and the amount of pollutants emitted. These statistics are vehicle emissions and a
better measure would be pollutants or fumhsumption per person or person-kilometre. To
obtain these figures a more precksiowledge of vehicle occupaniates is required. If these

figures were available, then the increased occupancy rates for buses may favour the guideway
schemes.

7 REFINEMENTS

The above results were presented to membérthe Technical Services Department at
Kingston-upon-Hull City Council. The onlyubstantive reservatio was the assumed
reduction in public transport provision along Beverley Road. The intent of the guideway
construction on Stoneferry/Holwell Road is éohance the provision for public transport
along that arterial, without adversely affectinglsyrovision elsewhere in the City. In light
of these comments, a further set of simulatiams were conducted witihe reserved lanes,
bus frequency and passenger patronagedgyrgstored to the Beverley Road.

Scenario| Base 2-Kerh 2-Med 1-Med Elev
Speed 24.3 22.0 192 199 191

Table6: Total network speed for each scenario

The differences between the correspagdipeeds in tables 2 and 6 are minor.

Base | 2-Kerb | 2-Med| 1-Med| Elev
1to2 540 611 620 739 674
2to 3 363 366 360 361 355%
D
3

4t05 449 358 341 319 312
201 176 181 174 183 184
3to2 292 288 288 299 291
5to4 356 287 258 253 174

Table 7 : Public transport journey times(s) along six sections

The expected outcome is that the journeyesmeported by buses along the sections where
the reserved bus lanes have been “re-introducatijons 2 to 3 and 3 to 2, should be lower
in table 7 than in table 3. This is the €a3he reported comments on the performance for
guideway sections 4 to 5 and 5 to 4 reportatiezaare equally valid here. In summary, the
two-way kerb guideway has the longest jourtieye, but this includes bus stop dwell time,
whilst the elevated guideway has the shortest journey time.
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Base | 2-Kerb| 2-Med| 1-Med Elev n
1to?2 495 527 530 688 628 800
2103 298 252 280 243 252 500
4t05 314 396 276 217 33930

2to 1 130 135 128 139 135 300
3to?2 197 197 198 269 199 200
5to4 298 247 245 238 261 200

Table 8 : Privatetransport journey times(s) along six routes

As would be expected, the journey times foivate vehicles reported in table 8 have
increased on sections 2 to 3 and 3 to 2, the greatest increase is 55 seconds whilst the smallest
is only 1 second.

Base 2-Kerb 2-Med 1-Med Elev
CO 1,256 | 1,441 1,755 1,809 1,675

NO 307 354 436 444 412
HC 810 918 1,095 1,144 1,065
Fuel 5417 | 5689 6,120 6,446 6,131

Table 9 : Environmental indicators

The environmental indicators have not substéintdnanged as a result of the changes to the
network.

8 CONCLUSIONS

The traditional measures are able to deliver some savings in journey times but these are
marginal. None of the proposed measuresahligh, visible impact on the highway and this

may disadvantage them in the travelling pudliperception, relativedo the guided bus
schemes.

Although the guideways are short in nature, they have been planned along where the
congestion along the route is most severe. Engbles the guideway to deliver the most
benefit where it is needed the most. The guade schemes are able teliver significant
journey time savings over this short section of road way, of the order of 1 to 2 minutes per
vehicle. This may sound small but the scheraes also able to deliver a more reliable
journey time, with the variability in journey tes been reduced to a half in some cases.
Evidence from the Scott-Hall Road schemé.@eds suggests that even modest journey time
savings (of between 3 to 5 minutes) and éases in reliability can produce significant
patronage growth (in excess of 70% over 2% years).

The scheme that gives the better perforrears the elevated guideway with a 2 minute
reduction in journey time. This is to bepected given the high degree of segregation
envisaged by this option. On the converse sgdé¢he inability to provide for passenger
boarding or alighting along thguideway. If the guideway imgisaged as an express option
only linking the residentialistrict in the north with the citgenter then this is not a concern.

Of the two median guideway options therditite to chose between them in operation. On
this study of the morning peak it would appé¢hat only an inbound gileway is required in
order to deliver journey time savings. If a g8anresult was found in the evening peak, that
only outbound buses required priority, then a tmjation would appear to be the more cost
effective of the two median provision options.
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The kerb guideway appears tafoem the worst of the four vants. This is a slightly unfair
judgement since the kerb guideway schemeuealy includes the provision of two bus stops
that add a significant and vable element to the journéiyne of buses along its route.
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9 APPENDIX
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Figure Al: Two-way kerb guideway
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Figure A2 : Two-way median guideway
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Figure A3 : One-way (Tidal) guideway
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Figure A4 : Elevated guideway
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