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)e movement of the light rail vehicles (LRVs) is highly interrupted at level crossings during peak hour times, especially when the
intersections are not regulated by a coordinated signal system. Traffic modelling ensures better understanding and interpretation
of complex traffic interactions. )is study is aimed at modelling light rail transit (LRT) system operational characteristics at level
crossings in Addis Ababa City using VISSIM software. )e studied scenarios at Sebategna (All Way Stop Controlled, AWSC) and
CMC (Roundabout) level crossings are the baseline without LRTscenario, the actual scenario with collected LRV headways, twice
arrival frequency scenario, signalized actual LRV arrival, and signalized twice actual LRV arrival. )e relative comparisons among
the tested scenarios depicted that significant travel time savings can be achieved in some approaches if more green time is offered
to nonconflicting phases during a light rail crossing. Overall, the average additional delays at level crossings increase from the base
scenario with increasing light rail crossing frequencies, and delay at the level crossing is the second important variable that
contributes to the variability of train travel time at peak hours. If it is a must for an intersection to have a rail road to pass through
the median, different options should be verified based on the trade-off between the operational cost of the level crossing and the
cost incurred if it is grade separated.

1. Introduction

Access to employment, education, entertainment, health
care, and other services are possible because of the integrated
urban transport system. Nevertheless, traffic congestion has
become a major problem in many large cities, especially in
the inner cities, as a result of the rapid growth in private car
ownership in recent years, which triggered the expansion of
rail transit systems in urban regions. Congestion level in
these areas is also increasing due to the rise in population,
economy, urbanization, and suburbanization of population,
housing, and jobs [1–3].

Light rail transit (LRT) systems have sparked interest as a
viable mass transportation solution in cities with increasing
traffic congestion. LRT began as a redesign of streetcar
service, allowing for faster speeds by separating it from
traffic. )e versatility of LRT service is distinguished by its

ability to operate independently from other traffic below
grade, at grade, on an elevated structure, or alongside road
vehicles on the pavement. Level crossings are also unique
due to their multijurisdictional nature [4–7]. Sener et al. [8]
assert that public mass transit systems such as LRT ensure
sustainable transport operation and require interventions to
improve societal perceptions.

LRT’s attractiveness lies in its potential flexibility, design
suitability, and lower implementation costs over a heavy rail
system’s much higher cost. Heavy rail networks are typically
grade separated from adjacent vehicle traffic due to power
supply risks and organizational priorities, resulting in ex-
tremely high initial capital costs. Light rail systems can be
integrated into a variety of land use environments, ranging
from suburban to high-density central business district
(CBD) areas, and can run on a variety of right-of-way styles
[9–11]. Policymakers should justify the costs and benefits of
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a crossing safety improvement project to compile infor-
mation for communicating with the public and government
agencies [12].

Integrating LRT systems in existing road corridors has
the benefit of plummeting the demand for private vehicles,
increasing the safety of train users, reducing pollution of air,
waiting time, travel cost, and time of train users. However, it
may induce additional delays on vehicles, pedestrians, and
other public transport users due to the interval at the
crossway and at-grade crossings, and mobility preemption.
Priority given to LRV will also cause additional delays and if
delays are unacceptable, transport and traffic management
strategies are required to improve the traffic situation and
pedestrian crossings with an acceptable threshold [13–15].
Policymakers should justify the costs and benefits of a
crossing safety improvement project to compile information
for communicating with the public and government
agencies [12].

)e disparity between the minimum travel time and the
real travel time, or the difference between the planned and
actual travel time, is the basic definition of delay. Delay is
sometimes used as a capacity metric; however, delay is a
measure of service quality, not capacity, and the relationship
between the two is complex. Both scheduled and un-
scheduled incidents will cause train delays, where scheduled
delays are built into the schedule as buffer time, while
unscheduled delays are stochastic and amajor contributor to
network unreliability and volatility.)e added delay faced by
vehicular traffic as a result of LRVs crossing the highwaymay
be used to assess the potential effect of the LRV on crossing
automotive traffic. Delay can be used as a metric to compare
the effect to that of other crossings. Different train types/
heterogeneity has different operational characteristics that
influence how much time a train is delayed [11, 16].

Overall, the addition of LRTcrossing alters the flow from
uninterrupted to signalized. As traffic volume increases, the
capacity of the roadway is reached rapidly and in an un-
interrupted flow scenario, total delays increase. As demand
exceeds capacity at a signalized intersection, however, total
flow remains constant at the saturation flow rate, resulting in
a smaller increase in total delay. As traffic flow in a roadway
without LRT exceeds its capacity, the average total delay
increases, bringing the average total delay closer to that of
LRT crossings. As a result, reducing the average additional
delay, which is the difference between the two delay values, is
critical [9, 17]. )is study is aimed at evaluating the oper-
ational characteristics of level crossings using the VISSIM
microsimulation model and examining the impact of level
crossings on the travel time characteristics of the LRT
system.

)is paper’s composition is as follows: Section 2 dis-
cusses studies on the use of traffic modelling techniques,
LRT operational analysis, and a review of the literature on
the effects of level crossings on various LRT hypothetical
scenarios. )e methodology and data collection used to
create the simulation models for evaluating the impacts of
the various developed scenarios are described in Section 3.
)e outcomes of the different types are presented in Section
4 along with a discussion of the findings. Finally, the

conclusions section summarizes the brief discussion of the
implications of the results and suggests potential study di-
rections for transit networks.

2. Literature Review

Reliable evaluation of existing capacity is indispensable to
improve the utilization of existing tracks and to identify
areas of bottleneck in the railroad network. Parametric
evaluation, simulation, and optimization studies of rail
capacity and congestion indicated that statistical approaches
could be utilized in place of or in addition to simulation and
optimization methods for estimating rail congestion or
performance. Railroad productivity has increased over the
past quarter century because of technological innovation
and improved traffic operations. However, trend analysis
using single metrics of capacity such as the commonly used
speed and/or reliability metrics fails to capture the com-
plexity of rail performance [18–21].

)e most widely used traffic simulation software pack-
ages include VISSIM, PARAMICS, Synchro/SimTraffic, and
AIMSUN, which are used to accurately reproduce the field
observed traffic conditions of LRT volume and signal timing
along with systematized outputs for validation of the model
[22–24]. Simulation models enable the evaluation of the
trade-off between capacity and reliability, which help in
obtaining practical capacity measures for effective network
operation [25]. For instance, Mitrovic et al. [26] used
VISSIM to evaluate traffic operational impacts at LRT at-
grade crossings using schedule design with three distinctive
scenarios (no-build scenario, one-stop scenario, and one-
stop-at-busiest-intersection scenario). )e results indicated
that the third scenario (the best alternative) can save around
9% in user delay and reduce stops by 10–15%. Studying the
factors that affect train delay allows more effective network
capacity planning and efficient rail operations. Several re-
searchers also used VISSIM for evaluating multidirectional
impacts of autonomous driving on capacity [27], weather
effects and emissions along with traffic capacity aspects
[28, 29], junction operational evaluations [30], and so on.

Chandler & Hoel [9] found that “on a two-lane isolated
intersection, there was an average of 3.6 seconds (hereinafter
referred to as “s”) of additional delay per vehicle with ap-
proximately 250 vehicles crossing and almost 32 seconds/
vehicle (hereinafter referred to as “s/v”) of additional delay
with 1700 vehicles crossing the light rail tracks. As light rail
crossing frequencies decreased (from 5 to 10 minutes), the
average additional delay decreased by close to half, to a
maximum of 14.9 s/v. At the 15-minute crossing frequency,
there was a maximum of 9.4 s/v of average additional delay,
and it was at 7.1 s/v with crossings every 20 minutes and a
traffic volume of 1700 vehicles/hour (hereinafter referred to
as “v/h”). A four-lane isolated intersection case showed that
the average additional delays are lower than those for the
two-lane case. For lower traffic volumes, between 500 and
3000 v/h in each direction, the average additional delays
range from 2.1 s/v to 6.9 s/v at the 5-minute crossing fre-
quency.)ere is a sharp increase in the total delay to 31 s/v at
3250 v/h, and then a slight decrease to around 21 s/v as the
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roadway becomes over saturated. When the light rail fre-
quencies decrease, there is a corresponding decrease in
additional delay. For instance, at the 20-minute frequency,
the maximum additional delay is 8.3 s/v. )e average ad-
ditional delays for crossing traffic volumes below 3000 v/h in
each direction were all under 2 s”.

According to [7], the analysis of delay at intersections for
three scenarios (considering both light rail vehicle (LRV)
and pedestrian crossings, without LRV crossings and LRV
crossings in the absence of pedestrians) depicted that the
average additional delays due to LRV crossing have been
1.46 s/v and 1.51 s/v for Sebategna (cross road) and Adey
Ababa (cross road) intersections, respectively, while an
average additional delay due to pedestrian crossing is shown
to be 13.22 s/v and 5.37 s/v for Sebategna and Adey Ababa
intersections, respectively. Based on these results, the traffic
performance was more affected by pedestrian crossing than
that of LRV crossing.

Disposition of an LRT active priority system for high-
way-rail grade crossings could significantly reduce the train
expected delay with minimal impact on the general traffic.
Application of conditional priority control strategy (the
timing optimization model for LRT trains) could minimize
intersection delays for late trains by 89.5% and 25.3 s/train
[31–33]. Since delay is considered as the principal metric to
select railroad projects, understanding the foremost causes
of delay is important to plan capacity more effectively and
economically [16].

3. Materials and Methods

For developing the simulation models in VISSIM, field data
on classified intersection volume by vehicle type, traffic
composition, road geometry, categorized average vehicle
size, midblock traffic volume, spot speeds, vehicle routing
(origin-destination data), LRV arriving frequency, and ob-
servations on various parameters of traffic activity were
gathered. Moreover, these data were assembled to carry out
the required validation.

Furthermore, for statistical samples of vehicles, various data
were collected from the field, including actual vehicle classified
travel time (the travel time data for the LRTwere collected for a
statistical number of repetitions), time headway, categorized
total traffic delays, and speed data were compiled to ensure that
the simulation results are correct as compared to real-world
traffic conditions. )e collected data were summarized and
used to construct the simulation models.

)e considered scenarios for experimental modelling,
analysis, and processing in each of the simulated conditions
are described as follows:

(1) Without LRT: the actual geometric and traffic
characteristics are considered without the LRV and
the LRT line.

(2) Actual LRV arrival: the actual geometric and traffic
characteristics are considered along with the LRV
and the LRT line, combining the observed arrival
frequency.

(3) Twice actual LRV arrival: the actual geometric and
traffic characteristics are considered along with the
LRV and the LRT line, incorporating a hypothetical
twice arrival frequency.

(4) Signalized actual LRV arrival: the actual geometric
and traffic characteristics are considered along with
the LRV and the LRT line, combining the observed
arrival frequency. Signal program is incorporated for
facilitating the movement of the general traffic and
LRV.

(5) Signalized twice actual LRV arrival: the actual geo-
metric and traffic characteristics are considered
along with the LRV and the LRT line, incorporating a
hypothetical twice arrival frequency. Signal program
is incorporated for facilitating the movement of the
general traffic and LRV.

For the simulation modelling of level crossings, two
representative intersections were selected from the total of
initially identified ten-level crossings along the LRT line
based on their congestion level. Sebategna cross road and
LRT line level crossing (Figure 1) was selected from the
South-North (SN) line, and CMC roundabout level crossing
(Figure 2) was selected from the East-West (EW) line for the
simulation. )ese two intersections were carefully selected
from each of the different routes and different intersection
hierarchy, since they represent the main features of all in-
tersections in the specific routes and both level crossings
have the highest traffic activity.

)e selected intersections are comprised of 4-legged
unsignalized level crossing and 4-legged roundabout level
crossing. )e intersections serve as crossroads for major
routes that connect the study area’s various land use ac-
tivities. )e studied intersections are unsignalized, but
traffic flows are regulated by traffic wardens at peak periods.
At Sebategna intersection, there are road side hawkers,
traders, and retail shops located along the intersecting
roads.

)ere is a huge number of pedestrians, minibuses, and
buses at the Sebategna intersection location, which is due to
the presence of big bus station close to the intersection; [34]
classifies such intersection as All Way Stop Controlled
(AWSC). AWSC intersections require drivers on all ap-
proaches to stop before proceeding into the intersection.)e
creation of a right-of-way consensus that alternates between
the drivers approaching the intersection occurs, a consensus
that is largely based on the intersection geometry and arrival
patterns at the stop line.

CMC intersection is located in one of the finest resi-
dential and relatively modern establishments with the least
population density in the city. Most residents of this location
are characterized with better economic status, and hence,
automobile ownership and use are significantly high. )is
high automobile ownership of the location is evinced during
the vehicle composition study of the intersection traffic
volume. )e corridor was selected as it is one of the most
congested roads in the city during peak morning and
evening travel times.
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3.1. Creating Base Models for Simulation Experiments.
During the creation of the base model, the field data were
recorded in to the work station of VISSIM.)emodels’ links
and connectors were drawn on a scaled satellite background
area map together with the actual traffic and geometric data
(Figure 1).

3.2. RoutingDecision andVehicle Attributes. Vehicle routing
(static vehicle route decision) was established in accordance
with actual field conditions, taking the flow direction into
account (Figure 2). After that, relative flows in each direction
were entered for each movement at the intersection. )e
branches of possible movements, as well as the related traffic
volumes, are shown for each routing decision.

New vehicle configurations were specified for those types
of vehicles that are not accessible by default in VISSIM to
speak to the real vehicle sorts within the city prior to
implementing the relative vehicle volumes at each inter-
section leg.

3.3. Priority Rules and Conflict Areas. “)e benefit of the
conflict area is that each vehicle determines the total gap
time it requires to proceed through the conflict area, based
on its own specific vehicle attributes such as acceleration and

deceleration capabilities. In addition, with conflict areas, the
vehicle that has the right of way is also able to see and
respond to vehicles that may have entered the conflict area
aggressively and adjust speeds to avoid collisions” [35]. For
Sebategna level crossing, the vehicles interaction is managed
by conflict areas management tool and the priority for the
LRV is given using priority rules.

In comparison to priority rules, conflict areas provide
interactive driver behaviour decision making. In this re-
search, the LRV is given full priority at its arrival on the
intersection using priority rules. Priority rules are more
advised in modelling roundabouts, and those principles are
adhered in this study.

3.4. Running Network Simulation. After all the necessary
measured inputs are fed for each condition, the networks
were saved and ready for simulation. Following to the
completion of the analysis and the required results are
generated for the given volume of traffic (Figure 3).

Node evaluation, data collection points, and travel time
are the three most important evaluation tools used for
presentation of the analysis results and validation process.
Within a model’s calibration area, data collection points
must be positioned at all entrance and exit points. For
calibration and alternative assessment, archival speed and
volume data were used. )e data collection points must then
be positioned in the model in the same position as they were
in the field. Positioning these points should be done with the
consideration that adding more points would possibly im-
pact the ability to auto group and any spreadsheets used to
handle the outputs.

3.5. Calibration. )e calibration step involves determining
appropriate parameter values to ensure that the model
replicates local traffic conditions as accurately as possible, in
order to achieve sufficient model reliability or validity. )en,
the model can be used to determine future improvements in
the transportation network with trust. Geometry, traffic
demand, driver behaviour, signal timing, and other factors
could all alter. As calibration method necessitates a detailed
examination of real-world data, it is usually limited to
current conditions scenarios [9].

3.5.1. Minimum Requirements. As stated in [35], there must
be at least two calibration targets based on two separate
indicators of effectiveness for the calibration process to be
successful. At the very least, all traffic models should use the
measure of effectiveness as calibration goals; the most
common measures of effectiveness are traffic volumes and
speed/travel times.

3.5.2. 4roughput Volumes. Primary indicator of calibration
is the consistency of throughput volumes from the field
matches the simulation output volumes. Simplistic variation
in percentage is insufficient to compare the model’s wide
range of mainline segment or turning movement
throughput volumes. )e GEH formula is the finest general

Figure 2: Snapshot of the VISSIMmodel with the vehicle routes for
CMC roundabout intersection.

Figure 1: Snapshot of the VISSIM model with the links, splined
connectors, and reduced speed areas for Sebategna intersection.
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measure for comparing field data and simulation outputs as
described in (1). To overcome the broad range of volume
data mentioned in the previously, this continuous volume
tolerance formula was established. For all principal segments
and ramps found in the scope of work, GEH statistics must
be determined.

Based on [35], the GEH formula for hourly throughput
volumes is

GEH �

��������

2(m − c)
2

(m + c)



, (1)

where m� output traffic throughput volume from the
simulation model (veh/h) and c� traffic throughput volume
based on field data (veh/h).

Calibration of the model uses the GEH formula, which is
calculated to an amount of 3 or lesser for high strength and a
value above 5 is unacceptable. )e above GEH formula was
designed to calculate total hourly volumes (vph), using
hourly lane volumes, regardless of the facility type, makes it
easier to target areas of congestion, and VISSIM also admits
input traffic parameters in hourly basis. According to [35],
guidance has been formulated on explaining the estimated
GEH statistic for the calibration of the throughput traffic
volume.

As calibration methodology necessitates the collection of
real-world data, it is usually done alone for the current
situation scenario. )e GEH statistics illustrates that the
results for both CMC and Sebategna level crossings are less
than three, which are well below the acceptable fit range
(Table 1).

3.5.3. Speed. Following the calibration of the throughput
volume yields in themodel, replication of driver behaviour is
required. Matching spot speeds is one process, and mostly
this applies to freeway segments, since estimating precise
speed data on arterials is hard because of signalized
crossings.

When attempting to reproduce speeds in the model, the
system used to obtain field measured speed data should be
considered (Figure 4). For instance, if spot speeds are
gathered by means of a radar speed gun in the field at a
specific position, a data collection point should be used to

acquire identical model speed data at the matching site. )e
speed information can likewise be estimated and thought
about at different time spans, and this will probably be
directed by the accessible field information. HCM [34] states
that when contrasted with the noticed genuine spot speed
information as an adjustment edge, spot speeds in the model
for local roadways with disrupted flow can be permitted to
fluctuate by 10% of the base free flow speed.

)e actual average travel time over the study segment is
done for three vehicle classes at both intersections. For CMC
level crossing 93% of the vehicle and for Sebategna level
crossing 87% are composed of these vehicles; as a result, the
speed represents most part of the vehicle classes. )e
compared average speed variation of field data and VISSIM
output based on the speed validation criteria are under 10%
(Figure 5), which shows the model is acceptable represen-
tation of the real traffic behaviour (the calculated percentage
changes were all under 8%).

3.6. Validation of the Simulation Model. Validation is the
method of assessing whether or not the simulation model
correctly reflects the system under investigation. Hence, it
ensures that the model behaviour correctly and consistently
reflects the simulated real-world environment. )e devel-
oped VISSIM model is validated based on Washington State
Department of Transportation VISSIM protocol validation
criteria. )e simulation models’ traffic parameters were
carefully examined to ensure that the selected measures of
effectiveness matched the simulated outputs [35].

3.6.1. Statistical Number of Simulation Runs. In addition to
the validation criteria based on percentage change in errors
discussed above, confidence level, as demonstrated in the
subsequent section, is envisioned to reveal that the micro-
simulation runs that have been directed have a normal run,
which is representative of the model’s actual mean. An initial
sampling of the model outputs is needed to assess the degree
of confidence in the recorded results. )e first sample will be
made up of the outcomes of multiple simulation rounds.)e
quantity of runs must be sufficient to diminish the affect that
a normal run will have on the test normal. Individual runs
need to use a different set of random number seeds, be-
ginning with one and progressing in order. )e stochastic
aspects in VISSIM are given a different value of sequence
when the random seed is changed, and the traffic flow
changes.

)e formula in (2) for a 95% confidence level must be
used to ensure that the recorded results are illustrative of the
unknown model average [35]:

N � t0.025,N− 1
S

R
 

2

, (2)

where R� confidence interval for the true mean, t0.025,
N − 1 � Student’s “t” statistic for two-sided error of 2.5 per-
cent (totals 5 percent) withN− 1 degrees of freedom (related
to a 95% confidence level), S� standard deviation about the

Figure 3: Snapshot of the CMC level crossing during simulation
run.

Advances in Civil Engineering 5



mean for the selected measure of effectiveness (MOE), and
N� number of required simulation runs.

)e Student t statistic’s value can be found in any sta-
tistics book, but t� 2.228 based on the data set of 11 runs.
Unless otherwise stated, a 95% confidence level must be
used.

)e aim of this approach is to see if the quantity of runs is
adequate to bring an average result that falls within a certain
interval of values (confidence interval), where the confidence
level is the threshold at which the model’s unknown true

mean is found. )is statistical process requires the gener-
ation of an initial data set, which in this case will be the
aforementioned 11 runs. In most cases, these 11 runs at
CMC roundabout will generate a large enough sample size to
meet our desired confidence criteria (Table 2).

)e microscopic experiment runs that have been di-
rected at both junctions have an average volume that is
demonstrative of the factual average of the simulation model
(Table 2). Provided the inherent differences in results be-
tween microsimulation runs (due to the random seed

Table 1: Sebategna and CMC level crossing volume calibration results.

Equation variables m c m− c (m− c)2 2∗ (m− c)2 m+ c 2 (m− c)2/m+ c GEH
Actual LRT arrival (Sebategna) 2456 2450 6 36 72 4906 0.01 0.12
Actual LRT arrival (CMC) 5256 5475 −219 47961 95922 10731 8.94 2.99

Figure 4: Snapshot display of the Sebategna level crossing during the simulation run for speed data extraction.
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number), each model is obligatory to be evaluated for its
reported results tomake sure they are indicative of themodel
and are not biased toward a statistical outlier. Since the true
average of the model results is unknown, this is important to
ensure that results reported and used in the calibration that
follows are representative of the unknown model average.

4. Results and Discussion

4.1. Operational Characteristics Based on Delay Results.
To obtain a baseline average total delay, each of the inter-
sections in this paper was checked without LRT crossings.
)e average cumulative delays for each case, which included
a number of LRT headways, were then determined. Signal
improvements were incorporated to verify if delay im-
provements can be attained. )e difference between the
average total delays with two LRT headways, baseline av-
erage total delay, and signalized level crossing total delays
were compared. )e level-of-service (LOS) criteria defined
in VISSIM 2020 manual [36] and Highway Capacity Manual
[34] are reasonably comparable.

4.2. Sebategna and CMC Level Crossing Results.
According to O’Flaherty and Bell [37], the delay that an
individual vehicle encounters at a roundabout can be di-
vided into two categories: “moving delay,” caused by the
vehicle having to slow down, drive a longer distance around
a roundabout, and then accelerate back to the road’s usual
pace and the “obvious delay,” caused by the cars having to
queue to reach the roundabout, as well as being obstructed
by other vehicles when in the roundabout.

4.2.1. Pattern of Traffic Flow and Delay at Sebategna Level
Crossing. )e average traffic delay in seconds at Sebategna
level crossing during the peak period depicted that in the
without scenario, the average delay of traffic is 22.31 s/v and
of which 2%, 50%, 3%, and 45% of this delay are experienced
by East, West, South, and North approaches, respectively
(Table 3). )is scenario was used as the base condition for
comparison.

In the actual LRV arrival scenario, the average delay was
increased by 5.47% as compared to the base without LRT
scenario. )e delay absorbed by the East approach had

increased, because of the left turn (56.61%) and the through
(16.61%), which comprise 73.22% in total are affected by the
transit line. )e delay absorbed by the West approach in-
creased because 73% of the vehicles (29% left turn 44%
through) are affected by the transit line. However, in general,
this approach absorbed most of the delay experienced at this
intersection and this is mainly because of three basic reasons;
this approach has only one lane per each direction, and there
is on-street parking of minibus taxis just at the entrance of
the approach throughout the peak analysis period and the
introduction of the transit line. )e delay absorbed by the
South approach increased, but not significantly because only
13.55% (9.14% U-turn and 4.41% left turn) vehicles are
affected by the introduction of the transit line. )e North
approach absorbed delay does not increase much because
76% of the vehicles on this approach are through vehicles
and their movement is parallel to the transit movement.

)e twice arrival frequency scenario is when the head-
way of the LRT is reduced by half and the volume of the
LRVs on the rail route is twice the actual condition. )e
average vehicular delay of the intersection is 33.11s/veh. )e
increase in delay is 40.7% from the actual conditions. From
this average vehicular delay, 30% absorbed by vehicles on
East approach, 64% byWest approach, 3% by South, and 3%
by North approach vehicles. )e pattern of traffic flow and
delay is almost the same as the actual conditions scenario but
there is a slight increase on the East approach and decrease
on the rest approaches. )is is mainly because 73.22% of
vehicles on the East approach are affected on this scenario,
which is relatively higher as compared to the rest of the
scenarios.

4.2.2. Impact of Signalizing the Junction at Sebategna Level
Crossing. )e signal times were regulated for signal syn-
chronization by optimizing the VISSIM simulation results
over several attempts (trial and error). )e cycle period was
80 s based on the progressive signal system, and green time
for the East was 15 s, while West was given 12 s green time
and 3 s amber. North and South approaches were given 22 s
green time each and 3 s amber time. Signal time was given
for pedestrians’ movement too, with overlapping (non-
conflicting) movement of the vehicle with curiosity of
checking the effect “what will happen if pedestrians are

Table 2: CMC roundabout level crossing average volume of simulation runs.

No. of simulations Without LRT Actual LRT arrival Twice arrival Signalized actual arrival Signalized twice arrival
1 5610 5220 5182 5616 5605
2 5621 5228 5207 5627 5597
3 5631 5237 5215 5632 5664
4 5638 5248 5229 5610 5601
5 5622 5265 5246 5665 5642
6 5617 5281 5253 5676 5741
7 5602 5290 5251 5683 5733
8 5611 5311 5262 5695 5712
9 5622 5292 5258 5693 5703
10 5722 5215 5199 5716 5726
11 5731 5229 5217 5724 5734
Average 5639 5256 5229 5667 5678
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included in the intersection.” For the movement of pedes-
trians on the crossing, the west approach in SN/NS direc-
tions (represented by 1) and the movement of pedestrians
crossing the East approach in SN/NS directions (represented
by 3) were given 50 s each. )e movement of pedestrians
crossing the South approach in EW/WE directions (repre-
sented by 2) and the movement of pedestrians crossing the
North approach in EW/WE directions (represented by 4)
were given 30 s each.

)e signal program was applied to the two LRV
headway scenarios (actual and twice actual) to evaluate its
effect on the average vehicular delay of the level crossings.
In the signalized actual arrival frequency scenario, the
average delay of traffic was 67.32 s/v. )e installation of
traffic signals at the intersection did not improve the delay
at the intersection, because the signal increased the
stopped time delay of the intersection. Signal with priority
to North and South approach redistributed the delay from
the East and West approaches to the North and South
approaches in the form of stop time delay. Since the
vehicle volumes on the South (40%) and North (35%)
approaches were very high at peak hours, the stop time
delay increased the delay of the signalized intersection
drastically. Moreover, the high on-street parking, complex
geometry, high pedestrian volume, high bus volume, and
high volume of U-turn and left turn vehicles of the in-
tersection have created a very complex relationship to
create such a delay value.

In the signalized twice arrival frequency scenario, the
average delay of traffic was 98.47 s/v and the signalized level
crossing proposed had increased the average vehicular delay
by 197.4% from the twice arrival unsignalized scenario. )e
twice arrival of frequency (reduced headway) has increased
the delay of the level crossing.

4.2.3. Pattern of Traffic Flow and Delay at CMC Roundabout
Level Crossing. )e analysis reveals that CMC roundabout
level crossing recorded higher volume of traffic and delay
than Sebategna level crossing (Table 4). In the without
scenario, the average delay of traffic was 134.62 s/v of which
47% was experienced by East approach, 5% by West ap-
proach, 32% by South approach, and 16% by North ap-
proach. )is scenario was used as the base condition for
comparison.

In the actual scenario, the average delay of traffic was
135.2 s/v and the average delay was increased by 0.43% as
compared to the base without LRT scenario. )e increase

in the average total delay is minimal because on the
morning peak traffic volume distribution among the four
approaches, i.e., the West approach contributes 18% of
traffic, East approach contributes 39%, South approach
contributes 27%, and the North approach 16%. Because
the east approach is parallel to the rail line (not in con-
flicting direction), the increase in average delay was not
that much significant. In this scenario, 53% of the average
delay was absorbed by the vehicles on the East approach,
2% is absorbed by the vehicles on the West approach, 29%
was absorbed by the vehicles on the South approach, and
16% was absorbed by the vehicles on the North approach.
)e South approach is second in the average vehicular
delay share, which is due to 76% of the vehicles arriving in
this approach turn left after crossing the rail line;
therefore, the movement direction is in direct conflict
with the transit line.)e North approach is the third in the
share of the average vehicular delay. )is is because
63.05% of the vehicles on this approach turn right without
entering the roundabout and crossing the rail line. Only
18.10% percent of the through and 18.85% of the left
turning vehicles of North approach are affected by the
transit line. )eWest approach is the last in absorbing this
average vehicular delay, and this is because 54.95% of the
vehicles are through movement, which is parallel to the
rail line, and 18.67% turn right without entering the
roundabout with a total of 73.57% not substantially af-
fected by the transit line.

)e twice arrival frequency scenario is when the
headway of the LRT is reduced by half and the volume of
the LRVs on the rail route is twice the actual condition.
)e average vehicular delay of the intersection was
136.22 s/veh. )e increase in delay was 0.76% from the
actual conditions. From this average vehicular delay, 47%,
5%, 31%, and 18% were absorbed by vehicles on East,
West, South, and North approaches, respectively. )e
pattern of traffic flow and traffic delay is the same as the
actual condition scenario. )e increase in average ve-
hicular delay is not significant because of the traffic
volume routing that most flows on this intersection with
high volume are not in conflict with the transit line. )e
West, North, and South approaches average vehicular
delay has increased, and the delay of East approach has
decreased from the actual conditions. )is is primarily
due to the decrease in headway has affected 26.43%,
36.95%, and 81.3% of vehicles movements in conflict with
the transit line and 77.02% through movement not af-
fected on the approaches, respectively.

Table 3: Sebategna level crossing simulation results.

Parameters Without LRT Actual LRV arrival Twice actual LRV
arrival

Signalized actual
LRV arrival

Signalized twice
actual LRV arrival

No of vehicles (all) 2441 2456 2453 2297 2211
LOS (overall) LOS_C LOS_C LOS_D LOS_E LOS_F

Vehicle delay (all) in Sec. 22.3

(1) E-2%

23.5

(1) E-21%

33.1

(1) E-30%

67.3

(1) E-5%

98.5

(1) E-36%
(2) W-50% (2) W-70% (2) W-64% (2) W-44% (2) W-39%
(3) S-3% (3) S-4% (3) S-3% (3) S-25% (3) S-11%
(4) N-45% (4) N-5% (4) N-3% (4) N-27% (4) N-13%
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4.2.4. Impact of Signalizing the Junction at CMC Roundabout
Level Crossing. “Although yield control of entries is the
default operation at roundabouts, when necessary, traffic
circles and roundabouts can be signalized by metering one
or more entries, or signalizing the circulatory roadway at
each entry. Roundabouts should never be planned for
metering or signalization; however, unexpected demand
may dictate the need after installation. Entrance metering
can be implemented at the entrance or some distance up-
stream. Roundabouts operate effectively only when there are
sufficient, longer, and acceptable gaps between vehicles in
the circulatory lanes. If there is a heavy movement of cir-
culating drivers, then entering drivers at the next down-
stream entry may not be able to enter. )is situation occurs
most commonly during the peak periods, and the perfor-
mance of the roundabout can be greatly improved with
entrance metering. A focus on maximizing intersection
capacity rather than widening streets may therefore be
appropriated” [38].

Many advantages can be achieved with signal control of
roundabout, such as through the support of the signals, delay
can be well-adjusted in the roundabout and to reduce the delay
in coordinated networks via balancing flows and provide the
opportunity for transit priority. )e queues can be controlled
using signals for metering and alleviate the blockage of nearby
intersections [39]. )e signals are unlit (off) at the roundabout
entrance when not active, and this prevents the misperception
drivers might came across if they are given a green signal only
some distance upstream of the yield control [40].

)e signal times were regulated for signal synchroni-
zation by optimizing the VISSIM simulation results over
several attempts (trial and error). )e cycle period was 79 s
based on progressive signal system, and green time for the
East approach with the highest traffic volume is given as 40 s
and 13 s each for the rest of the other approaches. From the
40 s given for the East approach, 37 s is green time and 3 s is
amber time. For the rest of the approaches, 10 s each is given
for the green and 3 s each for the amber.

)e signal program is applied to the two LRV headway
scenarios (actual and twice actual) to evaluate its effect on
the average vehicular delay of the level crossings. In the
signalized actual arrival frequency scenario, the delay of the
average delay of traffic is 124.01 s/veh. )e signalized level
crossing proposed has reduced the average vehicular delay
by 8.29% from the actual unsignalized scenario. )is is done
by redistributing the existing delays for the less important
approaches (less traffic volume). East approach vehicles

absorb 29%, West approach vehicles absorb 2%, South
approach vehicles absorb 24%, and North approach vehicles
absorb 45% of the delay. With this arrangement, the North
approach which is the least contributor to the peak hour
traffic volume is given most of the delay taken from the East
approach which has the highest traffic volume contribution
for the peak hour. In this scenario, 29% of average vehicular
delay is experienced by East approach, 2% average vehicular
delay by the West approach, 24% average vehicular delay by
the South approach, and 45% average vehicular delay by the
North approach.

In the signalized twice arrival frequency scenario, the
average delay of traffic is 120.13 s/v. )e proposed signalized
level crossing has reduced the average vehicular delay by
11.81% from the twice arrival unsignalized scenario. )e
pattern of average vehicular delay distribution among the
four approaches is not that much different from the pre-
ceding scenario, but there is slight increase to the South
approach (26%) and decease of the East (28%) and North
(44%) approaches. In all the scenarios, when a specific di-
rection is affected, it does not mean that the other direction
movements are not affected, because vehicles will be queuing
behind the affected direction traffic and the effect is trans-
ferred; what it meant to show is the movements in direct
conflict with transit line.

4.3. Comparison with Other Studies. Chandler & Hoel [9]
experimented various crossing frequencies on four junction
geometries: isolated perpendicular crossings of two- and
four-lane roads, an intersection with the light rail line in the
median of the main street, and a larger network that includes
four at-grade crossings. In spite of the variety of the hy-
pothetical scenarios considered in this paper, comparable
results were obtained confirming that light rail vehicle ar-
riving frequency (headway), number of vehicles at the
crossing, and the geometry of the intersection have a direct
impact on the average rise in wait times experienced by the
vehicles. However, unlike the insights provided in Mengesha
et al. [7] on AA LRToperation of the existing condition, the
developed scenarios in this study provide useful under-
standings regarding the application and impacts of various
viable interventions as potential deployment scenarios.
Mitrovic et al. [26] somehow underestimated the impact of
the “no-build” scenario, which could be a viable option
especially depending on the type of the junction as it is
presented for the Sebategna intersection in this study.

Table 4: CMC level crossing simulation results.

Parameters Without LRT Actual LRV arrival Twice actual LRV
arrival

Signalized actual
LRV arrival

Signalized twice
actual LRV arrival

No. of vehicles (all) 5669 5256 5229 5667 5678
LOS (overall) LOS_F LOS_F LOS_F LOS_F LOS_F

Vehicle delay (all) in Sec. 134.6

(1) E-47%

135.2

(1) E-53%

136.2

(1) E-47%

124

(1) E-29%

120.1

(1) E-28%
(2) W-5% (2) W-2% (2) W-5% (2) W-2% (2) W-2%
(3) S-32% (3) S-29% (3) S-31% (3) S-24% (3) S-26%
(4) N-16% (4) N-16% (4) N-18% (4) N-45% (4) N-44%
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Moreover, future developments as predicted in Wiseman
[41] dictate that in the Era of Autonomous Vehicles, rail
systems could be obsolete, which again is a controversial
topic demanding further investigation.

5. Conclusions

)is study examined the impacts of level crossings on the
variations in the average cumulative delay faced by ve-
hicles. It presented an approach to estimate and compare
the additional average delays generated by level crossings
with different scenarios (pre- and postdeployment con-
ditions) using VISSIM microsimulation software. Despite
the variety of the hypothetical scenarios evaluated in this
study, some comparable results were obtained with other
studies confirming that light rail vehicle arriving fre-
quency (headway), number of vehicles at the crossing, and
the geometry of the intersection have a direct impact on
the average rise in waiting times experienced by the ve-
hicles. )is study depicted that converting the roundabout
level crossing at CMC into signalized junction reduced the
average delay by more than 10%. However, signalizing the
cross road junction at Sebategna did not improve the delay
at the intersection, because the signal program increased
the stopped time delay of the intersection, while the twice
arrival scenario could give more user satisfaction with
minimal impact on the LOS.

Variations in the delay may also rely on the degree of
signal synchronization and preemption possibilities when
dealing with an intricate highway and crossing function,
such as when the light rail is located in the median. )e
relative comparisons among the tested scenarios depicted
that significant travel time savings can be achieved if more
green time is specified to nonconflicting phases during the
LRT crossing on some of the approaches. Roadways
should be operated strategically among the different
modes of transport, namely, trains, vehicles, and walking;
this synchronization will help in reducing travel time,
congestion, and accidents. Policies need to be drafted in
such a way that preferred mode of the transport system is
prioritized. )erefore, such measures enhance the ob-
served poor operational condition/LOS by considering
the balance between user satisfaction, travel time/delay
reduction, and the crossing traffic operational
performance.

As introducing transit service of any form (rail/bus)
into the existing traffic infrastructure is going to be the
future of public transportation, the analysis methods need
to provide accurate impact on basic measures of effec-
tiveness. If it is must for an intersection to have a rail road
to pass through the median, different options and sce-
narios should be checked based on the trade-off between
the operational cost of the level crossing and the cost
incurred if it is grade separated. Coordination of highway
traffic signal operations with level crossing active warning
devices (“railroad preemption”) when signalized inter-
sections are located near level crossings is an important
measure that will greatly increase the efficiency of a level
crossing.
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