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ABSTRACT

The safety implications of implementing bus lanas@ad corridors remain unclear given that
findings from previous research have been mixed.thls study, a microscopic simulation
modelling approach was adopted to understand fie¢ysaffects of implementing bus lanes on
a road corridor. Using a selected road corridoMigtropolitan Melbourne as a case study,
microscopic simulation models were developed to ganm@ traffic conflicts patterns between
three traffic configurations — (1) mixed traffi@)(kerbside lane reallocated for buses only and
(3) new kerbside lane for buses only. For eacHigoration, the safety performance of the
road corridor including bus stop and intersectiocations were measured through the use of
two safety performance indicators — (1) Time tolSmin (TTC) and (2) Deceleration Rate to
Avoid a Crash (DRAC). Overall results showed tkatbside bus lanes reduce conflict
occurrences at bus stop and intersection locatidisewever, safety benefits at the corridor-
level vary depending on whether the kerbside laawt een reallocated or newly created for
buses. Just as important is the traffic volumeslleas increases in conflict occurrence are
particularly pronounced when traffic volume is higifhese findings point to the need for
careful consideration of traffic volume levels mad agencies when deciding on the type of
bus priority measure to implement.

Keywords: Traffic conflicts, Safety performance, Time tolbn, Deceleration rate to avoid
a crash
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1 INTRODUCTION

Various types of bus priority initiatives exist eénbationally, each differing essentially by the
amount of road space or time (or combination ofhpdhat has been allocated for buses.
Regardless of its form, there has been overwhelnewvigence to show that bus priority
measures bring about higher service levels andatipaal benefits (Sakamoto et al., 2007,
Furth and Muller, 2000). Whilst this bodes well fmmmuters and bus agencies, its safety
implications to other road users remain uncleafiraings from previous research have been
limited and more importantly, mixed. This is natising as the majority of previous studies
have relied on historical crash records, whichrofteme with data and methodological issues
that could lead to erroneous results if not death \&ppropriately. The recent emergence of
surrogate safety measures in micro-simulation miogdehas now presented an opportunity to
examine the safety effects of bus priority in atoolfed experiment setting thus overcoming
the aforementioned issues. In this study, a moopie simulation modelling approach is
undertaken to understand the road safety effecimmplementing two common types of bus
lanes on a selected road corridor in Metropolitaelddurne. Key findings from this study
could act to inform bus and road management agemcitheir operational and safety-related
decisions.

This paper starts with a review of previous redeavith a focus on studies that had examined
safety performance of roads with bus priority inmpéated as well as studies that had used
surrogate safety measures in micro-simulation miogefor safety evaluation purpose. The
research aims are then outlined followed by a detsan of the bus priority case study. Details
of data and methodology are then provided afteckhi summary of the major study findings
is done. Discussion of results and conclusioralize the paper.

2 RESEARCH CONTEXT

Studies on the road safety implications of busrgyidnave yielded mixed results (Goh et al., In
Press). In one of the earliest studies, accidata dn selected roads in New Delhi for a 2-year
period before and after dedicated bus lanes wdredunced were examined. The results
however did not provide any definite evidence désaimpacts. (Sarna et al., 1985). Another
study found reductions in bus and pedestrian antsdellowing the implementation of contra-
flow bus lanes in Chicago (LaPlante and Harringti®d84). Mulley (2010) examined personal
injury accidents that occurred over a 3-year peandtretches of roads that are within 50m of
a bus priority lane in Tyne and Wear, UK, and fotinakt 5.3% of all personal accidents were
due to priority measures along the corridor. Howgewdhether priority measures had actually
resulted in more accidents overall is not knowm Bus Rapid Transit (BRT) systems,
Levinson et al. (2003) found that buses using &&athus tunnel (with exclusive rights-of-way
for buses only) experienced 40% fewer accidents thanixed traffic operations. The Bogota
TransMilenio BRT system saw a larger reduction (93% fatalities among transit users.
While the above studies pointed to bus priorityngimg about positive safety effects, there
have been other studies that have found other@eer(er and Ranft, 2006, Skowronek et al.,
2002).

A common characteristic in the aforementioned &8 that they have all relied on historical
crash data, with a majority using these data tatitiekey characteristics in crashes. A recent
review of crash-frequency literature highlightedttthe use of historical crash data comes with
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data and methodological issues, which could leath¢orrect statistical model specification
(Lord and Mannering, 2010) and erroneous resuléspnetation.

The emergence of a new conflict analysis based wrogate safety measures in micro-
simulation modelling has presented a promising ageior safety assessments, as treatment
effects can be examined in a controlled environmsetitng. This addresses the issue of having
to handle confounding factors often inherent iridrisal crash data that could lead to incorrect
model results (Goh et al., 2012). Much of previeusk in micro-simulation based safety
assessments were based on by the pioneering w@ktbhan and Head’s work (2003), where
five safety surrogate measures (SSM) are eventuedlgmmended for the purpose of safety
evaluation in micro-simulation modelling - (1) Tim& Collision (TTC); (2) Post-
Encroachment Time (PET); (3) Greater of two maximuaiues of two conflicting vehicles
(MaxS); (4) Maximum speed difference between twaflcting vehicles (DeltaS) and (5)
Deceleration Rate (DR). The usefulness of a ssitrogate measure — headway (H) — for
safety evaluation at junctions was also investijae Vogel (2003). Results showed that there
was a greater variation in the TTC values as coetptoy H values, and was therefore a better
indicator of actual danger. H values on the oth@nd would be useful for checking for
tailgating behaviour.

Subsequent studies have also explored other steregéety measures. Ismail et al. (2009) for
example assessed the adequacy of Gap Time (GTPaoeleration-to-safety time (DST) in
addition to TTC and PET as safety indicators fatgstrian-vehicle conflicts. Results showed
that conflicts were better identified when all fandicators were used together instead of any
on their own. Of the four, PET was most reliabledetecting important incidents, which is
defined as a conceivable chain of events that cleald to a collision between road users. In a
separate study, Pirdavani et al. (2010) used PEanasdicator in their investigation on
intersection safety. The results revealed PETeta hseful safety indicator as its values varied
with different speed limits and volume. Howevdwe fauthors argued that PET would only be
useful for investigating transverse collisions asdsuch, other indicators such as TTC should
be adopted if other types of collisions, e.g. read-and converging are of interest. Archer and
Young (2009) used post-encroachment time (PET)thadchumber of red light violations as
SSMs to evaluate the safety and traffic systentieficy of 5 alternative signal treatments at a
metropolitan highway intersection. Using micro-glation (VISSIM), the software was able
to generate results to show that amber extenstatntent yielded the greatest effect in terms of
reducing red-light violations. Saccomanno et al0@) used TTC, deceleration rate to avoid
the crash (DRAC) and a crash potential index (@Pbompare traffic conflicts at roundabouts
and signalized intersections. The latter, whiclbased on the DRAC and the maximum
available deceleration rate, was used as the audrgued that DRAC alone would fail to
consider vehicle-specific braking capability andyuag traffic conditions. Results showed all
three indicators were able to reflect the effecgedbmetry, weather and traffic volume. In a
similar study, DRAC, TTC and proportion of stoppidgstance (PSD), which is the ratio
between the remaining distance to the potentialisemh point and minimum acceptable
stopping distance were used as indicators to etealha safety effect of converting stop sign
controlled intersection to a roundabout (Astaritale 2012). The authors found that TTC and
DRAC, in particular, were better safety indicatansshowing that the number of vehicle
interaction would decrease with the introductiomebundabout.
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It is worth mentioning that all of the above safetyaluation studies have focussed on
intersections. As for road corridors, only twodsés have been found. In Meng and Weng's
(2011) work, the authors used DRAC as a SSM toldpwe model relating rear-end crash risk
and various contributing factors at a merging areaork zone area. Another SSM - Crash
potential Index as a function of DRAC — was usedCmnto et al. (2009) in evaluating the
safety performance on a segment of freeway. Téatseshowed that this safety measure was
able to reflect the crash risk well.

In summary, previous research on the safety imgpbioa of bus priority have been few and far
between. From the limited studies that had beeredogsults have generally been mixed.
Readers have to also content with potential datlnagthodological issues, which are inherent
in historical crash data that had been used iretesglies. As such, our understanding on why
certain bus priority schemes had led to positivietgabenefits while others have yielded
opposite effects remain unclear. With the emergesfcsurrogate safety measures in micro-
simulation modelling, there is now an opportuniyetxamine the safety effects of bus priority
in a controlled experiment setting.

3 RESEARCH AIM

This research aims to explore the road safety pednce of a selected 3-lane road corridor in
Melbourne across three road configurations - Base:cmixed traffic; Option 1: kerbside lane
relocated for bus use only; and Option 2: new kdebkne created for bus use orfiygure 1).

Base Option - Mixed traffic configuration

JC L

Option 1 - Kerbside lane reallocated for buses

T

Option 2 - New kerbside lane for buses

T

Figure 1: Exploring Safety Impacts of Different BusPriority Schemes
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4 CASE STUDY CONTEXT

4.1 Bus Priority in Melbourne

The majority of bus priority in Melbourne was impiented along with the introduction of

SmartBuses in 2006, which was promoted as a prerbusrservice that offers more frequent
and reliable service for passengers. The typeiofity measures falls under one of two general
categories: Traffic Signal Priority (TSP); and nb&P. TSP treatments for SmartBus involve
the use of existing signal control system (Lowfi®92), vehicle detection technology and its
infrastructure, while non-TSP treatments includspolvays and full-time or part-time bus lanes.
The latter is implemented by either adding a neweldo the existing carriageway or

reallocating existing road space for buses exctusise. In this study, a key objective is to
examine how road safety performance differs betvilrese two configurations.

4.2 Road Corridor Characteristics

The road corridor selected for this case study 1s6&m stretch of three-lane divided arterial
road in Metropolitan Melbourne - Blackburn RoadnfrdVellington Road to Ferntree Gully
Road Figure 2). There are four intersections along this rouwthich has a speed limit of
70kph. Two bus services ply along this north-saotlte (with an additional from Normanby
to Ferntree Gully Road) and they operate in a mitatfic condition where no priority is
provided for buses. There are five bus stops akach bound, and of these, only one is
provided with a bus bay.

Ferng
e Gully R
J Road =
Nonmnby Roag
. A
Wellinglon Road ’ |
ac =
=i\ | |
@ - Bus Sto| \5’/P - —
I

Figure 2: Snapshot of Road Corridor for the Case Stdy
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5 METHODOLOGY

5.1 Data Collection

Traffic data collected for this study was obtairiemm the signal control (or SCATS) system
maintained by the Traffic Operations Unit of VicRisa Australia. These included turning
volume at the intersections, which act to inforne thicro-simulation model on the turning
percentage at each intersection. In addition,o/i@geordings on a representative section of the
road corridor were done for 2 weeks in December22(Figure 3). Video data of the
afternoon peak period (17:00-19:00hrs) was theraetad for model development. Empirical
data were also collected through a northbound kréwe survey on 3 weekdays during the
afternoon peak period. From the video and traweé tinformation, it was possible to check
against the SCATS data to ensure traffic volume w@sparable and help facilitate model
calibration and validation, which is a crucial stethe micro-simulation modelling process.

As highlighted earlier, a number of surrogate gafeteasures could be used for safety
evaluation. From the literature, TTC, PET and DR&€ found to be most commonly used as
they are considered to have stronger relevancafetys For this study, TTC and DRAC were
chosen as the surrogate safety measures for tleestady, and a conflict is registered when
either TTC or DRAC exceeded the threshold value$.5§ and 3.35nfgespectively. These
values were selected as previous studies have shialuas exceeding these levels appear to
reflect unsafe conditions (Archer, 2005, van derdfd991). Video analysis was subsequently
done using the motion analysis software MotionVigwvanced edition), which allows video
data to be processed on frame-by-frame basis. ughrthis, TTC and DRAC conflicts over the
2-week period were recorded for model calibratind @alidation purposes.

Figure 3: Video equipment used (inset) and coverag# road corridor
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5.2 Micro-simulation Modelling Approach

In this study, the AIMSUN (Advanced Interactive Miscopic Simulation for Urban and Non-
urban Networks) micro-simulation tool (Version 7v@s used to model the road corridor and
explore the safety implication of implementing diint bus priority measures. AIMSUN
allows for both microscopic and mesoscopic modegllf various networks including public
transport operations (TSS-Transport Simulation &yst 2012). It is a useful tool for the
analysis and assessment of different transportnplgnschemes and traffic management
measures. The AIMSUN base model was developed) asiraerial photograph and map based
GIS data of the site. Traffic data collected whicitluded vehicle counts and traffic
composition as described in the preceding sectiene then used as inputs to the base model.

Given the danger that inappropriately calibratediet® could lead to misleading findings (Park
and Qi, 2005), much effort was focussed on modéredion and validation to ensure the base
model reflected actual driving behaviour well. |1Baling the work by Huang et al. (2013), a
two-stage approach is similarly adopted for the ehazhlibration and validation. In stage 1,
vehicle and behaviour parameters were fine-tunethabthe model accurately represents the
observed traffic and driving behaviour (Fang, 2006nto and Saccomanno, 2008). This step
centred on ensuring that (1) travel time alongrtbghbound carriageway of the road corridor
and (2) queue discharge headway distribution oélacted intersection closely matched the
observed data. The GEH-statistic was used to caemg@apirical and modelled travel time,
while the Kolmogorov-Smirnov (K-S) and Mann Whitngytest statistic were used to compare
observed and modelled headway distributions. Mpdeameters were adjusted until a GEH-
value of less than 5 was achieved in more than 85%te cases, and K-S and Mann Whitney U
test results indicate that the observed and matlbbadway are comparable. In stage 2, efforts
were focussed on fine-tuning of model parametersreplicate observed safety-related
behaviour and conflicts. To extract modelled cotd] a separate software module titled
“Surrogate Safety Assessment Model (SSAM)” (Fedefighway Adminstration, 2008) was
used to extract conflict information from vehictajectory files generated by AIMSUN. Two
commonly used error measures - mean absolute pageeerror (MAPE) and mean absolute
error (MAE) — were used to find the optimal TTC dDRAC threshold values:

1

Observed Conflicts = C, = — m. Ch @

Modelled Conflicts = Cy = % nCh 2

MAPE = |2252| €)
Co

MAE = |Cy — Co| 4)

In Huang et al.’s (2013) work, the optimal TTC ttimeld level was found to minimize the
difference between simulated and observed conflicthe above steps represents a minor
deviation to as it aims to find the optimal TTC a@DRAC threshold values in the model that
best replicate pre-defined observed conflicts (TTGs and DRAC<3.35n1)s

Following model calibration, validation is done bgllecting an additional 4 hours of video
data on two separate weekdays. Similar to théoreion process, the GEH, K-S and Mann
Whitney U test were used to assess the model'&yatnl replicate observed travel time and
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headway. Another criterion for successful moddidation is that the observed number of

conflicts should be within the 90% confidence iagds obtained from 10 simulation runs. With

the completion of model calibration and validatismulation models were developed for each
of the three scenarios. To ensure stable resvytiang et al., 1989), each model was run 10
times with different random seed numbers. For eanhthe number of modelled conflicts was
extracted at the following locations:

(a) Intersection approaches (on two leftmost lanes)pnly
(b) Bus stops (two leftmost lanes up to 50m upstreasll &ifus stops); and
(c) Entire corridor (all lanes of the carriageway)

Each model was also subjected to 5 levels of trafémand to test the effect of volume on
conflicts. The number of conflicts recorded overrlins was averaged and its value used as a
basis for comparing the safety effects of differgaffic and bus priority schemedrigure 4
summarizes the approach adopted in this study tairolihe conflicts from the micro-
simulation models.

Stage 1 Calibration
| Base Model 1 I
Observed Travel Time / Headway | |M0delled Travel Time / Headway | | Adjust model parameters”
Travel Time: GEH Statistic < 5 for at least 85% of cases No
Headway: KS test to ensure distributions are comparable
Stage 2 Calibration / Yes
Validation I Base Model 2 I
I
v v
Observed TTC/DRAC | | Modelled TTC/DRAC | | Adjust model parameters”
¢ I No
| Lowest MAPEMAE |
Yes J(
| Fully Calibrated Model |
| Model Validation I
Stage 3 Model | S 05 Devel |
Development/ Data cenarios Development
extraction and analysis \l/
| Extraction of vehicle trajectories / TTC / DRAC values |
Note: " Key driver and vehicle parameters

Figure 4: Staged Approach to Extraction of Conflics from Micro-simulation Models
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RESULTS

6.1 Model Development

Results from Stage 1 of the calibration processpaesented irAppendix A. In stage 2, a
sensitivity analysis revealed that the parametsa had the greatest impact on the number of
modelled conflicts were the threshold values of Tai@ DRAC in SSAM. Based on the
MAPE and MAE results, it was found that best go@dref-fit was achieved when the TTC
and DRAC threshold values were set at 1.7s and88@espectively Figure 5). These values
were subsequently adopted for the conflict analys8SAM. The final calibrated model (with
adopted parameter values providedppendix B) was validated using data extracted from the
video recordings on 2 separate weekdays.
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TTC(s) DRAC(m/s)

0%

Figure 5: MAPE and MAE values for observed and modked conflicts across different
TTC and DRAC threshold values

6.2 Conflict Analysis

Conflicts from the micro-simulation runs are recmidbased on the traffic scheme, traffic
volume (for northbound carriageway) and locationsere conflicts took place.Table 1
summarizes the number of conflicts (averaged owersiinulation runs) from the micro-
simulation model in terms of DRAC and TTC. Basedtbe model results, the following
observations are made:

1. Traffic volume has a direct effect on number of fiots in all three traffic schemes at the
corridor-level, as results of the Kruskal-Wallistést showed that the number of conflicts
were statistically significant different across the levels of traffic volume in each scheme
tested in the micro-simulation model. A plot ofnflacts and traffic volume suggest that
there exist a curvilinear relationship betweentthe variables, i.e. the rate of increase in the
number of conflicts increases with higher traffadume Eigure 6).
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Table 1: Number of Conflicts from Simulated Traffic Scenarios

Traffic Volume (Vehicle per hour)

Number of Conflicts

Traffic Scheme Location 600 900 1200 1500 1800
DRAC TTC DRAC TTC DRAC TTC DRAC TTC DRAC TTC
Mixed Intersections 50 14.3 6.1 17.7 8.0 1838 9.28.3 20.7 46.6
(Base) Bus Stops 09 24 3.1 7.1 3.6 7.2 6.1 129.1 714.0
Corridor 25.0 571 56.4 134.2 98.1 233.7 161.5 984309.5 723
Reallocation Intersections 0.7 24 1.0 2.1 11 291.0 4.2 11 4.1
(Option 1) Bus Stops 08 1.2 2.2 4.1 2.8 4.3 21 1 3. 1.7 2.4
Corridor 25,6 69.2 605 143.2 121.3 284.4 233.1 .b80455.3 1226.7
New lang Intersections 15 49 2.1 5.9 1.3 3.7 1.2 4.4 0.84.7
(Option 2) Bus Stops 01 0.8 0.1 0.6 0.3 1.3 09 7 1. 05 1.1
Corridor 26.0 58.8 58.7 127.1 857 1974 149.80.3 229.5 523.7
1400 500
(A) TTC (B) DRAC

450 *
1200 P

400

Scheme 1 - Mixed Traffic
---@:-- Scheme 2 - Reallocation

1000 350

Base Option - Mixed Traffic
----@--- Option 1 - Reallocation

Scheme 3 - New Lane

w
=]
S

Option 2 - New Lane

800

250

600

Number of Conflicts
N
[=]
o

400 150

100

200
50

400 600 800 1000 1200 1400 1600 1800 2000 400 600 800 1000 1200 1400 1600 1800 2000
Volume (Vehicles / hour) Volume (Vehicles / hour)

Figure 6: Number of Conflicts at Various Traffic Volume Levels

2. Whilst traffic volume has an effect on conflicts tine mixed traffic configuration (base
case), its effect is less obvious at intersectigor@aches and bus stop locations when space
reallocation (option 1) or space creation for busgsgion 2) were applied. Kruskal-Wallis
H test results showed that the differences in tmaber of conflicts at intersection locations
in options 1 and 2 when traffic volume varied fré®0 to 1800 vehicles per hour were not
statistically significant. A similar finding, alieonly in option 1, was obtained at bus stops
locations. These findings appear to be reasortaxdause we would expect traffic in two
leftmost lanes to be much lower in the schemeslvwmwg space reallocation and new lane
creation for busesT@ble 2).

10
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Table 2: Results of Kruskal-Wallis H Test for Volune Effect

Traffic Scheme

Safety Measure Location Volume (Veh'/hr)

Base Option 1 Option 2
TTC Intersections 600 to 1800 0.00 0.09 0.27
Bus Stops 600 to 1800 0.00 0.01 0.14
Corridor-level 600 to 1800 0.00 0.00 0.00
DRAC Intersections 600 to 1800 0.00 0.97 0.08
Bus Stops 600 to 1800 0.00 0.06 0.10
Corridor-level 600 to 1800 0.00 0.00 0.00

Note: Indicates absence of statistical evidence to rejeethypothesis that the number of conflicts varies
across different traffic volumes
Table 3 captures the changes in the number of conflictsnamptions 1 and 2 are compared
with the base option. The Mann-Whitney U test vathtistical significance established at the
5% level is employed to detect statistical differes in the number of conflicts across traffic
schemes. Results showed that:

3. At the corridor level, the difference in the numbérconflicts in option 1 and 2 as compared
to the base case are not statistically signifieamén traffic volume are below 900 vehicles
per hour. This observation is independent of tipe tyf safety performance measure adopted
(TTC or DRAC). When traffic volume exceeds 900 ietds per hour, the number of
conflicts in option 1 was found to be consistetilgher than in the base case (p<0.05). An
opposite finding was obtained for option 2. Théya@xception was when DRAC was used,
for which statistical difference in the number dRRC conflicts was only significant when
traffic volume exceeded 1500 vehicles per hour.

4. At intersection approaches, the number of conflie¢ese found to be consistently lower in
options 1 and 2 (p<0.05) than the base case. Wwassindependent of the type of safety
performance measure adopted.

5. Similar observations were recorded at bus stoptitmts, in which the number of conflicts
was found to be consistently (p<0.05) lower in opsi 1 and 2 than in the base case. The
only exception was when the DRAC measure was usddraffic volume fell below 900
vehicles per hour in option 1.

Table 3: Change in Number of Conflicts Compared tdase Option — Mixed Traffic

Safety : . Traffic Volume (vehicles / hour)
Option Location
Measure 600 900 1200 1500 1800
TTC 1 _ -11.9 -15.6 -15.9 -24.1 425
Intersections o o o o
2 9.4 -11.8 -15.1 -23.9 -41.9
1 BUS Stops 1.2 -3.0 2.9 9.8 -12.9
2 P 1.6 65 5.9 117 129
1 . 12.1 9.0 50.7 195.2 503.7
Corridor
2 1.7 7.1 -36.3 -54.7 -199.3
DRAC 1 . -4.3 5.1 -6.9 -8.6 -19.6
Intersections o o o
2 -3.5 -4.0 6.7 8.4 -19.9
1 -0.1 -0.9 -0.8 -4.0 5.4
Bus Stops « . « « .
2 -0.8 -3.0 -3.3 -5.2 -6.6
1 . 0.6 4.1 23.7 71.6 145.8
Corridor
2 1.0 2.3 -12.4 -11.7 -80.0

Note: " Statistically different (p<0.05) compared to numbéconflicts in base option — mixed traffic

11
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6.3 Implications of Findings

For bus and road management agencies, key findliogsthis study could act to inform policy
makers in their operational and safety-relatedsieas. Firstly, overall results suggest that as
compared to a mixed traffic configuration (basei@pt the provision of bus lanes, regardless
whether it was created though space reallocatiptigio 1) or space creation (option 2), act to
lower the number of conflicts at intersection agattes and bus stop locations. This bodes
well for bus drivers as this is likely to reducsks of rear-end and lane-change (or side-swipe)
conflicts significantly. Previous studies have shothat rear-end and side-swipe accidents
ranks amongst the top three most common accidentsutes (Zegeer et al., 1993, Yang et al.,
2009). Secondly, findings point to the importagpang due consideration to traffic volume
levels when deliberating on the type of bus pryonteasure to implement. Model results
showed that safety benefits of the three trafficesees differ at the corridor-level, especially
when traffic volume exceeds 900 vehicles per houa @-lane arterial road. In this case study,
an average traffic volume of 1450 vehicles per h@ur the northbound carriageway) was
recorded. At this traffic volume level, resultsrir the micro-simulation model point to option
2 as the best traffic configuration in terms oksajperformance, as it outperforms option 1 and
the base option significantly. Option 1 on theesthand would have provided lower road
safety benefits as compared to the base optionirdliyhfindings suggest that the choice
between option 1 or 2 is less critical when traffidume falls below 900 vehicles per hour, as
both schemes bring about significant benefits tdrgection and bus stop locations, without
having any significant bearing on road safety atdarridor level.

7 CONCLUSIONS

This paper explores the safety implications of nmpénting different bus priority schemes on a
selected 3-lane road corridor in Metropolitan Melbw. A microscopic simulation modelling
approach was adopted, in which conflicts in terrh§ BC and DRAC were analysed across
three traffic configurations: Base case - vehiatesiixed traffic condition; Option 1 - kerbside
lane relocated for bus use only; and Option 2- kerbside lane implemented for bus use only.

Findings from this study suggest that the provisidrbus lanes, regardless whether it was
created though space reallocation (option 1) ocepaeation (option 2), act to lower the
number of conflicts at intersection and bus sta@afions. However, because safety benefits at
the corridor-level of these schemes vary at diffeteaffic volume levels, there is a need for an
appreciation of traffic volume levels when decidiog the type of bus priority scheme to
implement for each road corridor. Results fromnevsimulation modelling revealed that an
increase in traffic volume results in lower safpgrformances for all schemes at the corridor-
level. Its effect was however generally found #oifisignificant at intersection approaches and
bus stop locations. When a comparison of schenassmade at the corridor-level, option 2
was found to have the best safety performance vielb by the base case and option 1,
especially when traffic volume exceeded 900 vekipler hour.

In concluding, findings from this study suggestiaportant area for further research in bus
safety given the financial and social impact to bampanies, road users, commuters and the
community whenever an accident occurs. Whilst shusly has provided new insights into the
varying safety effects of different traffic schemésis acknowledged that certain limitations
exist. Firstly, the focus of this study has beenaospecific road corridor in Metropolitan
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Melbourne. Although the chosen site is consideodoet representative of main arterial roads in
the suburb areas (with major intersections typjcslaced 1.6km apart), it is likely that results
will differ for road corridors with different geortrecal and operational characteristics. Further
research is certainly needed to further investigadse effects. Secondly, the use of the DRAC
measure is plagued with the issue that it mightaocurately reflect traffic conflicts as it does

not consider varying braking capabilities of vebgl To overcome this limitation, recent

studies have adopted a form of crash potentialxintiat takes into account into vehicle-

specific braking capabilities (Cunto and Saccoma@98, Saccomanno et al., 2008). Future
research efforts will therefore centre on the adopof a similar approach to address the
abovementioned limitation. Thirdly, this study haet assessed the ability of the safety
performance measure to reflect actual crashessull, establishing a statistical link between
simulated conflicts and observed crashes is nomgbebnsidered as an extension to this
research.
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APPENDIX A — Stage 1 Calibration Results

Tables Aland A2 capture the observed and modelled travel timasgaBlackburn Road from
Wellington Road to Ferntree Gully Road in each stame of the calibration process. Travel
time calibration is considered completed when tlieHGtatistic is less than 5 for more than
85% of the cases.

Table Al: Observed Travel Time

Observed Travel Time (Afternoon Peak Period)

Date Trip 1 Trip 2 Trip 3
11" Dec 2012 185.5 122.0 96.0
12" Dec 2012 215.5 158.0 103.5
13" Dec 2012 201.0 135.0 123.0

Table A2: Modelled Travel Time in Stage 1 Calibraton

Travel Time from Micro-Simulation Model

Run Default 1% Calibration 2" Calibration
1 156.36 136.80 143.08
2 260.98 141.01 143.55
3 161.97 138.88 147.60
4 153.88 145.12 147.36
5 169.03 139.51 149.44
6 155.00 144.33 141.60
7 161.06 141.40 148.96
8 173.23 136.99 146.42
9 154.17 140.19 145.80
10 153.83 143.33 145.81

Average 169.95 140.76 145.96

Proportion of cases where

GEH-Statistic < 5 0.778 0.889 (OK) 0.911 (OK)

Further calibration is done to ensure there isaealsle goodness-of-fit between observed and
modelled queue discharge headway distribution f80-aninute period (17:30-18:00hrs). To
do so, non-parametric tests - Kolmogorov-Smirnowd aviann Whitney U tests - were
employed to compare the observed and modelledlistbns. These tests were chosen as
they are suitable alternatives to the more restdact-test, in which the data is assumed to
follow the normal distribution. Visual inspectiaf the headway distribution showed that this
assumption cannot be fulfilled, hence the use & End Mann Whitney U testsTable A3
presents results of these tests through the madiblation process.

Table A3: Non-Parametric Tests (at p<0.05) for Comaring Headway Distribution

Mann Whitney U Test Kolmogorov-Smirnov Test
Model . Retain null . Retain null
Statistic hypothesis? Statistic hypothesis?
Default 0.007 x 0.024 x
Stage 1 — % Calibration 0.032 x 0.190 4
Stage 1 — " Calibration 0.098 v 0.140 v

Note: * The null hypothesis is that the observed arodelled headway distributions are the same
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APPENDIX B — Parameter Values Adopted in Various Siges of Calibration

Model
Parameters
Default ~ Stage 1A Stage 1B  Stage 2
Global
Look-Ahead  Zone 1 Distance B2 (m) 15 200 200 200
Model Zone 2 Distance B(m) 5 150 150 150
Reaction Time 0.75 0.75 1.0 1.0
Reaction Time at Stop 1.0 1.0 1.35 1.35
Vehicle
Car — length / width (m) 4/2 4/2 46/2 46/2
Bus — length / width (m) 12/2.4 12/24 12/2.4 12/2.4
Rigid — length / width (m) 8/2.25 8/225 75/23 75/23
Semi-trailer — length / width (m) - - 19/2.4 19/2.4
Car - maximum acceleration (rfy's 3 3 2.4 2.4
Bus - maximum acceleration (rfy's 1 1 1.18 1.18
Rigid - maximum acceleration (m)s 1 1 1.18 1.18
Semi-trailer - maximum acceleration (R)/s - - 0.86 0.86
Car - normal / max. deceleration (R)/s 4/6 4/6 4/6 4/6
Bus - normal / max. deceleration (R)/s 2/5 2/5 25/5 25/5
Rigid - normal / max. deceleration (ff)/s 35/5 35/5 25/5 25/5
Semi-trailer - normal / max. deceleration (fj/s - - 22145 22/45
Traffic
Minimum headway (s) 0 0 0.4 0.4
Behaviour
Car — Speed limit factor 1.0 1.0 1.04 1.04
Bus — Speed limit factor 1.0 1.0 1.00 1.00
Rigid — Speed limit factor 1.0 1.0 1.04 1.04
Semi-trailer — Speed limit factor 1.0 1.0 1.04 1.04
Surrogate Safety Measure
TTC threshold value (s) 15 15 15 1.7
DRAC threshold value (nfls 3.35 3.35 3.35 3.30

Note: Figures in bold represents changes in eatissquent calibration, while those underlined aabigs
adopted from AustRoads Project NS1229 — Micro-sitian Standard¢ARRB Group, 2007)
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