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Roundabout in urban arterials is likely to block roads or generate long queues of vehicles due to the constant
changes in urban dynamics near to the interception. Several alternatives to modify the flow pattern or
geometry and infrastructure need to study previously to propose a final design solution for a roundabout with
traffic issues. In this study, a review of three alternatives to improve the operational traffic are discussed;
signalized intersection, turbo-roundabouts, and overpass/underpass. Also, the application of these alternatives
is evaluated in a “classic” roundabout located at Tunja city that has a maximum of 3691 Veh/h counted, and it
is operated in a saturated condition. Micro simulation is used from a calibrated model with volume counted,
vehicle composition, and speeds in the VISSIM software. Results show that signalize the roundabout does
not improve the operational traffic (with a reduction of 38% of approach speed) and, the turbo-roundabouts
are a mid-term solution that meets the traffic demand on 15 years with a progressive loss of service (with a
mean approach speed of 6.4 Km/h at 15 years). The constructions of underpass and overpass show to be the
only solution that increases four times the travel speed throw the roundabout and keep the acceptable speed
at the end of cyclic live of intersection (18.7 Km/h at 20 years).

RESUMEN
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En las intersecciones tipo glorieta ubicadas en vias arteriales es altamente probable que se presenten bloqueos
o largas colas de vehiculos debido a la evolucion de la dindmica urbana. Existe una variedad de alternativas
de modificacion tanto del patron de flujo como de la geometria e infraestructura que requieren ser estudiadas
para la presentacion de la solucion vial definitiva. En este estudio se realiza una revision de literatura de
tres alternativas para la mejora de la movilidad de las glorietas; semaforizacion, turbo-roundabouts y pasos
a desnivel. Posteriormente, se evalua la factibilidad de las alternativas para una glorieta “clasica” ubicada
en la Ciudad de Tunja (Colombia), donde se aforé un maximo de 3691 Veh/h y que opera por encima de
su capacidad. La investigacion se realiza usando microsimulacion de un modelo calibrado en el software
VISSIM con datos aforados de volimenes, composicion vehicular y velocidades. Los resultados muestran
que la instalacion de semaforos afecta la condicion de operacional de la glorieta (con una reduccion en
un 38% de la velocidad de entrada) y, las turbo-roundabouts pueden ser una soluciéon que se ajustan a la
demanda (volumen de trafico) hasta por un periodo de 15 afios con una reduccion gradual en la calidad
de servicio (con velocidad de entrada promedio de 6.4 Km/h en 15 afios). La solucién permanente a la
movilidad requiere pasos a desnivel que aumentan cerca de 4 veces la velocidad de circulacion actual en la
glorieta y permite velocidades aceptables de circulacion (18.7 Km/h en 20 afos).
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Introduction

Traffic congestion in urban spaces is one of the biggest
problems facing sustainable development today [1]. One
of the areas with the highest congestion is generated at
points where roads with high vehicular traffic converge
known as intersections. On the other hand, roundabouts
have proven to be a safe intersection alternative for
both motorized vehicles and pedestrians [2], however,
they require compliance with operational requirements,
capacity, traffic organization, and development of
surrounding areas. [3]. Some of the solutions proposed
for this problem is the implementation of traffic lights in
all branches [4] or in some of them [5], the construction
of turbo-roundabouts as a common alternative for multi-
lane roundabouts [6] or the articulation with elevated and
/ or depressed steps.

Regarding advances in the subject, it has been found
that when the capacity of the roundabout is reached, the
signalized intersection presents a better performance [4].
Single-branch traffic lights allow the best performance of
the roundabout when this branch contributes more than
40% of the total traffic volume, and in such cases, delays,
stops, arrival times and problems can be reduced by up
to 60% travel times [7][5]. The introduction of turbo-
roundabouts may offer security benefits both in terms of
service level, as well as in the values of collision time
and invasion time [8]. Studies have shown significant
reductions in saturation [9], delay times, travel times [7],
and improvements in service level [10] at intersections
that implement elevated or depressed crossings.

However, the traffic lights of a roundabout is a solution to
the immediate problem and are not viable as the number
of vehicles increases [5], being a temporary alternative
[9]. In the case of turbo-roundabouts, the guidelines are
still being studied [6] and when comparing the designs
in different countries, modern and elliptical roundabouts
present a greater capacity. [11]. According to the above,
there is still no consensus on the alternative that can be
more efficient to improve the performance of existing
roundabouts. Also, with the help of micro simulations, it
is possible to obtain valuable information regarding the
changes in the flow pattern due to the changes in traffic
and / or in the infrastructure that are desired [12].

The article focuses on the study of traffic improvements
in the "Glorieta Norte" of the city of Tunja due to its

importance, taking into account the methodological steps
of the design of intercessions of the Highway Design
Manual [13] in section 6.2, knowing the current capacity
of the intersection, volumes, vehicle composition, and
routes that are made in the intersection. These data were
used to model and calibrate the current situation using
the VISSIM program. Subsequently, the alternatives
for modifying the intercession such as traffic lights,
turbo-roundabout, and overpasses are presented and
the comparison of the results of the simulation of said
scenarios, analyzing each of the cases.

Roundabout modeling

Different types of computational tools have been used for
the modeling of roundabouts using deterministic models
of analytical or empirical type of stochastic simulation
models. [14][15]. One of the software based on stochastic
tracking models and dynamic speeds that are used to
perform the simulations is VISSIM (Verkehr In Stadten -
SIMulation) for its acronym in German [16]. This software
presents a high-quality visual interface, allowing the
observation of traffic behavior in different scenarios
including roundabouts [4], and geometric, traffic, and
behavior characteristics that have been evaluated [13]. In
this way, it allows simulating the behavior of each vehicle
within the network [12].

Several studies of the successful application of VISSIM
have been reported. A traffic optimization study
was conducted at the intersection near the Songjiang
University Town public transport station, where it
included both vehicles and pedestrians in the model and
made adjustments to traffic light control, straight lanes,
and left turn. [17]. In another investigation, VISSIM was
used to evaluate through micro simulations the reduction
of the impact on the performance of the construction of
the depressed in "Patal Pusri" in the city of Palembang
[12]. VISSIM has also undergone validation processes
to measure its performance at vehicular intersections.
[18]. This software also allows entering and calibrating
the approach speed, reduced speed zones, circulating
speed, priority rules, traffic allocation and, considers the
driver's behavior through a rules-based psycho-physical
monitoring model for lateral movements [19][20].

Roundabout traffic lights

Roundabouts have been successfully used in the world
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together with traffic control systems [21], the traffic light
of a roundabout is useful as a treatment especially during
peak hours [5]. It favors the reduction in travel times,
congestion, and accidents [5] [22], allowing a balanced
flow, giving priority to pedestrians and public transport
[23] and, it is cheaper than other types of measures for
roundabouts [24].

In several locations in the United States, an analysis of
the traffic light intercessions of different roundabouts was
carried out, where they determined that they present better
performances in the delay time when the roundabout
capacity is reached. [4]. In the city of Baghdad, the
operation offered by roundabouts in traffic management
determined that, if one of the branches contributes
more than 40% of the traffic volume, the traffic light of
this single branch allows the best performance of the
roundabout [7]. In this sense, another author determined,
using a partial traffic light of the roundabout, the problems
of delays, stops, arrival times, and travel times can be
reduced by up to 60% [5]. However, this study and others
have shown that the signaling of this type of intercession
is only a temporary alternative. [9].

Turbo-roundabouts

Turbo-roundabouts are characterized by the turbine shape
that the central island takes due to the offset of one of its
lanes, causing the main flows of the intersection to give
way only to vehicles that circulate on one lane of the ring
of the intersection [25][26]. These have more than one
lane on the turning road and the selection of the lane for
the route must be made before entering the intersection
[25], in this way the traffic flows advance separately at
the exit of the roundabout [26]. This type of intersection
has been studied in countries such as the Netherlands,
Germany, South Africa, Italy, Spain, and Belgium [27].

Due to this, modern and elliptical roundabouts have
greater capacity, considering or not the traffic light [6]
[11]. Turbo-roundabouts can offer security benefits both
in terms of service level and collision time values such as
invasion time [8]. The presence of separate lanes within
turbo-roundabouts in Poland found that lane separation
generates a speed reduction, causing the need for safety
performance functions. [3].

Overpasses

One of the ways to solve the problem of road congestion
caused by intersections is the use of elevated and / or
depressed crossings on the main streets [9] [12] [28].
In this sense, studies have presented the advantages
of providing this type of solution as an alternative to
improve an intercession with a poor level of service in
the city of Makassar (Indonesia) [9] and in the tourist
province of Bali (Indonesia) [10]. On the other hand,
mobility studies in the city of Chicago have shown that
the definitive solution in intercessions requires both an
elevated and depressed crossing [29], however, the use of
depressed or elevated passages has been shown to reduce
travel times in roundabouts located in Baghdad [7].

Methodology

The urban expansion that the city of Tunja has presented
in recent years has generated an increase in vehicular
flow through the sector known as "La Glorieta" to the
north of the city and the deterioration of mobility in this
area. This intersection 4 national roads that connect the
departments of Boyaca, Cundinamarca, and Santander
through a circulation ring with an internal and external
diameter of 54 and 70 m respectively, built in the 60s
and, in its initial design, it was not taken into account
the inclusion of pedestrians and cyclists as a traffic actor
[30][31].

As a design procedure for the roundabout update, the
Road Design Manual [13] in section 6.2 is followed. To
examine the pre-feasibility of this type of solution in
Colombia, we start with the elements outlined in Chapter
7 of the Road Signaling Manual. [32] For the turbo-
roundabout design proposal of this study, the procedure
compiled by [25] [33] was followed. The design of the
overpass begins with the basic intercession schemes and
the basic design criteria found in sections 6.3.2.1 and
6.3.2.2 of the Highway Design Manual [13] respectively.

Different alternatives were modeled such as intersection
traffic lights, Turbo-roundabouts, and elevated and
depressed crossing, preserving the existing level crossing.
These simulations are carried out in the VISSIM software
due to the benefits previously indicated. To evaluate
future scenarios, a 5, 10, 15, and 20-year projection was
made with an annual growth rate of 1.53% in the volume
of traffic, thus complying with the provisions of section
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6.2.3 of the INVIAS Manual [13].

La Glorieta Norte is located at the height of Calle 35 and Cra 6, where Av. Oriental, Avenida Norte, La Dg 38, or
Exit to Bucaramanga, Cl1 35, or Av. Villa Olimpica, and Av. Maldonado, according to [31 ], is considered the urban
epicenter of the city, dividing the urban perimeter into East, West, North, and South, and has 2 lanes at each entrance
and exit (see Figure 1).
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Figure 1. Location of the study area.
Source: images a) and b) taken from Wikipedia and images c) and d) from GoogleMaps

Study and characterization of the traffic

A manual gauging by direct counting was used, for which, the equipment was used; Robotic [P video camera and
application developed with the CyberTracker program [34], see Figure 2, for vehicle counting from the videos taken
and computers with a video format player .h256.

[ g <93
@ Camara ;—— A.;:‘
I Fllmacion

a) b) )
Figure 2. a) IP Surveillance Camera, b) Camera Monitoring through Smartphone, ¢) Location of the Capacity Points.
Source: Images a) and b) own source and image c) adapted from Google Maps

The information was taken with the camera located in the “El Recreo” condominium from the gauging points indicated
in Figure 2-c, in total 4 entrances and 5 exits of the intersection were gauged. Initially, the gauges were carried out
at the intersection entrances to determine the hour of maximum demand (HMD) during Tuesday, from 5:30 am to
10:00 pm (67 videos of 15 minutes) corresponding to one-day typical circulation. Subsequently, the capacity of the
departures was made only for this time.

Figure 3 shows the hourly distribution of the volumes registered during the day, the hour of greatest demand is
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between 5:30 pm and 6:30 pm, with a total of 3691 Vehicles / h. It is observed that the highest percentage of vehicles
that circulate through it are for the private use of a light type, followed by individual public transport such as taxi,
and in third place, urban collective public transport; These three categories represent three-quarters of the traffic in
the sector.
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Figure 3. 2016 Vehicle Volumes (peak demand time indicated in the box).

Figure 4 shows the percentage of vehicles that enter the intersection, being the Access of Av. Norte (entrance 1), the
one that contributes the most traffic to it, followed by Av. Oriental (entrance 4) and Av. Maldonado (entrance 3) and
finally Dg. 38 o Av. Bucaramanga (entrance 2). In the same Figure 4, it can be seen that Av. Norte (exit 1) and Av.
Maldonado (exit 3) are the exits with the highest demand, followed by Av. Oriental (exit 4) and Av. Villa Olimpica
(exit 5), and lastly Av. Route to Bucaramanga (exit 2).

45% —
40% |- ®Entradas  ®Salidas |
35% F

30% =
25%
20% |-
5% |
10% [—
5% =
0%

% de Vehiculos mixtos
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Figure 4. Distribution of traffic by accesses to the roundabout.

The capacity of a roundabout per hour is calculated using the expression proposed by Wardrop, equation (1) [35]:

oo ()
P 14

Where, 0, is the capacity of the roundabout, ¥, e and L are the width, average width of the entrances and the length
in the crisscross section in meters respectively. For the roundabout W = 6.2 m, e = 6.2 m and L = 33.25, 38.56, 32.55
and 47.21 m for inputs 1 to 4 correspondingly.

Table I presents the measured demand on the roundabout at peak time, along with Wardrop's capacity and the overflow
Respuestas, 25 (2), pp. 28-41, 2020, ISSN 0122-820X - E ISSN: 2422-5053 32
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in each of the roundabout branches. This table allows us to observe that the roundabout has an average overflow in
its capacity of 22.18%. This situation has a direct impact on the increase in the length of the lines of vehicles at the
entrances and a significant decrease in the speed of movement and an increase in travel times.

Table I. Demand, capacity and overflow of the gloriet.

Number of Equl\:alent Between- Total Between-
" 3 Vehicles Entrance
Entrance Movement No. Vehicles (vehicles/ | (veh./hour) cr cr Qp (veh./hour) Overflow
(veh./hour) (veh./hour) (veh./hour)
hour)

22 34 39
32 101 119

33 58 69 )

1- Av. Norte o) 100 156 1409 510 1919 1672 15%
43 176 220
44 41 67
11 83 126
13 553 966
14 434 588

2 - Diag. 38 15 147 172 576 1492 2068 1709 21%
33 58 69
43 176 220
44 41 67
11 83 126
14 434 588
15 147 172

3-Av. 21 165 257 N )

Maldonado > v ) 940 1155 2095 1667 26%
24 170 237
25 81 103
44 41 67
11 83 126
15 147 172
21 165 257
22 34 39

‘;'r'i:z:;l 25 81 103 777 1416 2103 1725 27%
31 561 937
32 101 119
33 58 69
35 186 250

Source: Authors
Simulation of the current state of the roundabout
2 2
CEL = [P P g

As a first step, it begins with the simulation of the
current situation of the intersection, including all the
data acquired in the field. The operation and input of
parameters to the software can be consulted in the
program's user manual [36]. Once the simulation is built,
the model is calibrated with the purpose that it adjusts to
the particularities of operation of the case study and in
this way, the information extracted from it is valid. The
methodology used for the calibration of the model can
be consulted in [16]. To determine if the model reaches
an acceptable calibration, the results obtained in the field
are compared with those obtained by the VISSIM model.
The calibration was carried out taking into account the
vehicular volumes per entry and exit and speed. Vehicle
volumes are compared using the GEH statistic (Geoffrey
E. Havers, equation (2)) that is commonly used in traffic
analysis [25] and the model is considered calibrated when
85% of the GEH values are less than 5.

M+C

Table II shows the comparison GEH of the vehicle
volumes taken in the field and thrown by the model
for each type of vehicle (shaded values) in each of the
roundabout branches, these data show that the GEH
values calculated are lower than 5, both individually
and globally, therefore, the model is calibrated with a
correlation greater than 88% in all cases. Note that the
C2S1 and C2S2 tractor-truck, and the C4 4-axle trucks
were excluded from the analysis because the volumes
measured were not representative.
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Table I1. Vehicular volumes measured in field (c) and model (m) and, the geh value between both

> vg HTHE 8|S S| |=|= |~ |F &

C 454 | 280 40| 176 226 67 73 43 7 0 0 0 0 2 41 | 1409

'E 1- Av. Norte M 443 | 242 411 170 | 217 64| 69 41 7 0 0 0 0 2 41| 1337
2 GEH 0.521235|016)046|0.60 (037|047 (031(0.00]0.00]|0.00|0.00]0.00]000|000| 1.94
; & 257 | 105 33 541 30 22 11 25 4 3 0 3 0 3 26| 576
& 2 - Diag. 38 M 243 70 34 55 27 22 1 25 3 3 0 3 0 2 27| 525
E GEH 0893741 0.17]0.14 | 0.56 | 0.00 | 0.00 | 0.00 ] 0.53 | 0.00 [ 0.00 | 0.00 [ 0.00 [ 0.63 | 0.19| 2.17
5 C 350 | 194 30| 91| 223 8 16 21 5 0 0 0 0 0 2] 940
i 3 - Av. Maldonado M 3471 151 31 83| 195 8 14 20 4 0 0 0 0 0 2| 855
?_ GEH 0.16 327|018 0.86| 1.94 [ 0.00] 052 022[0.47]0.00]| 0.00 | 0.00] 0.00] 0.00| 000 2.84
a G 324 | 138 48 | 109 23 47 36 17 3 1 0 2 0 3 15| 766
] 4 - Av. Oriental M 302 128 421 100 19 45 34 17 3 1 0 2 0 3 15] 711
GEH 124|087 | 089 | 0.88 [ 0.87 [ 0.29 | 0.34 [ 0.00 [ 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 2.02

_ C 456 | 211 38| 107 | 209 35 37 37 5 3 0 2 0 3 26| 1169
B 1- Av. Norte M 427 | 162 38 95| 181 34| 32 32 6 4 0 1 0 3 26| 1041
2 GEH 1.38(3.59)000] 1.19[2.01 [0.17]0.85[0.85[043]0.53]0.00]0.82]0.00]0.00]| 0.00]| 3.85
% C 159 71 11 53 32 18 21 17 5 0 0 0 0 2 32| 427
z 2 - Diag. 38 M 124 82 9 49 26 21 26 18 5 0 0 0 0 1 32| 393
& GEH 2941056 063)0.56| 1.11 [0.68] 1.03[0.24(0.00]0.00]0.00|0.00]0.00]0.82]| 000 1.68
E & 299 | 199 30| 96| 214 17 27 18 4 1 0 0 0 3 4] 912
E 3 - Av. Maldonado M 3171 170 36| 99| 209 12 20 21 3 0 0 0 0 3 6| 896
B GEH 1.03[2.14)1.04]1030[ 034|131 1.44[068[0.53]1.41]0.00]0.00]0.00]000]| 089 053
E" C 225 | 147 49 98 5 65 40 22 2 0 0 3 0 0 22| 678
<) 4 - Av. Oriental M 223 | 120 47 87 6 58 35 19 1 0 0 4 0 0 21 621
GEH 0.13|1234(029|1.14(043|0.89| 0.82 | 0.66| 0.82| 0.00| 0.00| 0.53( 0.00| 0.00|0.22] 2.24

Source: Authors

Figure 5 compares the speeds taken in the field and those estimated by the model, the model is considered calibrated by
speeds when the correlation between these values is greater than 70%. This figure shows that the model is calibrated
as correlations greater than 90% are found both in the circulation ring and in the entrances.

45 T T T
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Figure 5. Velocity correlation graph a) in the ring and) in the intersection accesses.

Traffic light solution for the current roundabout

As has actually been established, when the roundabout
capacity is reached, a signalized intersection has better
performance [4]. This solution allows the route to be
made with greater safety by not coming into conflict
with the vehicles of the other branches and is technically
feasible because the intersection has two lanes at each
entrance. The scheduling of traffic control times for the
intersection signaling was carried out according to the
Webster method, which considers scheduling a 4-phase

cycle and allows each of the accesses the exclusive use of
the intersection ring. The optimal cycle time was set at
120 seconds (recommended value) with total losses per
phase of 7 seconds of all red and yellow times due to
saturation flows (Veh / hour. Green) being too low for
vehicle volumes present in the accesses and generate an
optimum cycle time that is too long.

Modification solution to turbo-roundabout

The Turbo-roundabout is drawn taking as main branches
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the Av. Norte and Av. Maldonado accesses, making a lag that is reduced to one lane at the entrance of these two
lanes to the ring, and only one yields to a lane (see Figure 6). This is because at both entrances and exits the highest
percentages of vehicles are registered in the roundabout (see Figure 3).
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04337 oLy

AV ORIENTAL | = (i S w7
(RN 55) £ :
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Figure 6. Turbo-roundabout proposed.
Elevated and Depressed Step Solution

Considering the results of Staley's studies [29] and that the analysis of the origin-destination movements of the
intersection shows that the movements with the highest demands are between Av Norte and Av Maldonado, an overpass
was proposed between them, and for space, requirements move the central ring of the roundabout approximately 10
meters to the north (element 1 in Figure 7).

Figure 7. Major changes at the intersection with the implementation of overpass and depressed.

The expansion to the dual carriageway of the Dg road is considered. 38 that is being studied by the municipal and
departmental administration (element 2). For the routes between Av Norte and Av Oriental the depressed one was
drawn (element 3 in Figure 7) and the removal of the existing service station is considered (element 4 in Figure 7).
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Additionally, as element 5, pedestrian bridges are drawn parallel to the overpass for employer mobility in the sector,
taking into account the parameters established by the Mayor's Office of Tunja [37], the modification and expansion
of the pedestrian areas on the sides of the Av Norte and Av Maldonado (element 6 in Figure 7) and finally, the direct
connection between Av Oriental and Av Villa Olimpica in both directions, through a dual carriageway widening the
existing road, for the diversion of part of the coming traffic of the Av Oriental (element 7).

Simulations and comparison of the proposed solutions

Figure 8 shows a moment of the simulation of the roundabout in its current form and each of the proposed alternatives.
In these, you can see schematically the flow pattern in each considered scenario and the proposed infrastructure. On
the other hand, Figure 9 allows us to appreciate the evolution of the volumes for branch number 3 or Av. Maldonado,
which presents one of the largest overflows (see Table 1) and that the simulations showed to be the most critical case
(is that is, the high difference between the estimated volume and the capacity over time), in this way a numerical
estimate of the solutions presented against the current geometry of the roundabout is shown.

Figure 8. Simulation using the VISSIM model of a) current situation, b) intersection traffic lights, ¢) turbo-roundabout, and d) Elevated and depressed passage.

Figure 9 shows that the only definitive solution for the roundabout seen from the volume of traffic is the construction
of an Elevated and Depressed Passage (Figure 8-d), which allows the volume of traffic projected to be within the
capacity of the intersection.
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Av Norte Diagonal 38 Av Maldonado Av Oriental

Figure 9. Simulation results in terms of volume for the roundabout.
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The traffic lights leads to an immediate decrease in volumes with respect to current values, and they remain constant
over time, which prevents the projected volumes of the roundabout from being achieved and therefore an increase
in the lines of the roundabouts is expected. The turbo-roundabout is a temporary solution that in an intermediate-
term can help alleviate with an investment much lower than the definitive solution and that could be adopted by the
municipal administration while they have the resources to build the definitive solution. In this scenario, after the 15-
year projection, volumes begin to decrease at the main entrances.

As expected, Figure 10 shows a progressive decrease in entry speeds to a substantial value of 45% in 20 years if the
current condition of the roundabout is maintained (see Figure 10-a).
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Figure 10. Simulation results in terms of the speed of the entrance to the roundabout for the a) current situation, b) traffic lights ¢) turbo-roundabout, and d) elevated and depressed

passage

In the case of traffic lights (see Figure 10-b), the average
speed will be affected by approximately 62% (decrease
from 9.16 km/ h to 3.5 km / h), which increases delays and
stop times trip by intersection and, this situation remains
constant in the different periods. On the other hand, in
terms of speed, although the turbo-roundabout increases
the speed on Av Norte by 47%, it decreases drastically
over time to those in current service. The most viable
solution from the average speed is the construction of
an elevated and depressed crossing (Figure 10-d), which
allows an increase of the inside of the roundabout of 386%
due to the resignation of traffic that passes over it, and
although it is reduced in time, it remains with acceptable
speeds in it (average of 18.7 km / h in 20 years).

Conclusions

The micro simulation carried out in the VISSIM software
proved to be an adequate tool to reproduce the current
situation of the roundabout, obtaining a calibrated model
with GEH values lower than 5 for vehicle volumes and

correlations higher than 90% both in the average speed in
the trafficking ring circulation as the average speed at the
entrances, providing evidence for the use of stochastic
tracking models, dynamic speeds, and psycho-physical
tracking in the case of roundabouts in urban areas.

Starting from detailed characterization of the traffic in
the study area and the dynamics around the roundabout of
the city of Tunja, it is verified that, for traffic conditions,
user behavior (driver), and other particular factors, the
roundabout is located operating above capacity.

To improve the mobility of the roundabout, several
improvement alternatives that involve changes in the
geometry, installation of other branches and / or branches
for turbo-roundabouts, and traffic light control were
proposed. The results indicate that the installation of
traffic lights does not constitute the defined solution to
the problem studied, as has been reported in other recent
studies in Colombia (eg [5]) because this improvement
does not contribute significantly to the increase in
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the capacity of the intersection [9]. On the other hand,
although the installation of a turbo-roundabout increases
the speed in one of the branches (Av Norte) by 47%, it
does not constitute a solution to the mobility problem in
general.

Finally, the definitive solution to increase the speed of
circulation and reduce the travel times of roundabouts
that have reached their capacity, as is the case studied,
require a substantial change in the urban design of the
area, where it is necessary to create overpasses between
points. high traffic (depressed, elevated, or both),
pedestrian areas, expand and / or adapt existing ones
and, connect these areas with neighboring parks to create
a wide area for pedestrian circulation by the parameters
established for adequate urban planning of the cities.

For future research, it is recommended to include a
multi-objective analysis that allows evaluating the
studied alternatives considering in an integrated way,
traffic, polluting emissions, and road conflicts between
walkers, bicycles, and motorized vehicles in this type of
intersection [38].

Acknowledgments

The authors wish to express their gratitude to the
Universidad Militar Nueva Granada. This article is a
product derived from the INV-DIS-2066 project funded
by the UMNG Vice-Rector's Office for Research -
Validity 2016.

References

[1]S. Ye. "Research on urban road traffic congestion
charging based on sustainable development".

Physics Procedia. Vol.24, pp. 1567-1572.
2012. ISSN: 1875-3892. DOI: 10.1016/j.
phpro.2012.02.231.

[2] B. W. Robinson, L. Rodegerdts, W. Scarborough,
W. Kittelson, R. Troutbeck, W.Brilon & 1J.
Mason. “Roundabouts: An informational guide
(No. FHWA-RD-00-067; Project 2425)”, pp.
2-229. Jun-2000, Consultado el Ago-2019. URL.:
https://rosap.ntl.bts.gov/view/dot/15382.

[3] M. Kie¢, J. Ambros, R. Bak, & O. Gogolin.
“Evaluation of safety effect of turbo-roundabout
lane dividers using floating car data and video
observation”. Accident Analysis & Prevention.
Vol.125, pp. 302-310. 2019. ISSN: 0001-4575.
DOI: 10.1016/j.aap.2018.05.009.

[4] J. Bared & P. K. Edara. "Simulated capacity
of roundabouts and impact of roundabout
within a progressed signalized road". National

Roundabout Conference: 2005 Proceedings.
Vail, USA, pp. 1-23. 2005.

[5] D. A. Avila-Lopez. "Implementacion De
Una Gloricta Semaforizada-Caso De Estudio
Interseccion Bulevar Santander Carrera 21, En
La Ciudad De Bucaramanga", pp. 10-81. Mar-
2019, Consultado el Dic-2019. URL: http://
noesis.uis.edu.co/handle/123456789/13086.

[6] T. Dzambas, S. Ahac & V. Dragc¢evi¢. "Geometric
design of turbo roundabouts". Tehnicki vjesnik.
Vol.24 N° 1, pp. 309-318. 2017. ISSN: 1330-
3651. DOI: 10.17559/TV-20151012162141.

[7] A. A. Hashoosh, S. A. Abdalhussain & R. Y.
Hassan. "Evaluating the performance of Antar
bin Shaddad signalized Roundabout in Baghdad
city". Civil and environmental research. Vol.10
N° 3, pp. 54-69. 2018. ISSN: 2225-0514.

[8] T. Campisi, G. Tesoriere & A. Canale. "The
variability of Level of Service and Surrogate
Safety Assessment of urban turbo-roundabout
with BRT system". Journal of Multidisciplinary
Engineering Science and Technology. Vol.5 N°
10, pp. 8861-8869. 2018. ISSN: 2458-9403.

[9] L. B. Said, A. K. Salim & A. Alifuddin. "A
mixture of traffic circle and underpass to increase
capacity of intersection". Journal of Engineering
and Applied Sciences. Vol.12 N° 8, pp. 8436-
8440.2017. ISSN: 1816-949X.

[10] P. A. Suthanaya & M. G. Janasuputra. "Kajian

Respuestas, 25 (2), pp. 28-41, 2020, ISSN 0122-820X - E ISSN: 2422-5053 38



Nelson Rincén-Numpaque; Luis Angel Moreno-Anselmi; Kelly Andrea Rodriguez-Polo; Carlos Andres Gaviria-Mendoza

penerapan underpass pada simpang JL. Bypass
Ngurah Rai-jl. Kampus UNUD Jimbaran".
Konferensi Nasional Teknik Sipil 12. Batam,
Indonesia, pp. 29-37. 2018.

[11] H. Hatami & 1. Aghayan. "Traffic efficiency
evaluation of elliptical roundabout compared with
modern and turbo roundabouts considering traffic

signal control". Promet-Traffic&Transportation.
Vol.29 N° 1, pp. 1-11. 2017. ISSN: 0353-5320.

[12] J. Arliansyah & R. T. Bawono . "Study
on performance of intersection around the
underpass using micro simulation program". IOP
Conference Series: Earth and Environmental
Science. London, United Kingdom, pp. 1-7.
2018. DOI: 10.1088/1755-1315/124/1/012014.

[13] INVIAS. "Manual de Disefio Geométrico de
Carreteras". Ministerio de Transporte. Primera
Edicion. pp. 1-1 y 12-35. Bogot4, Colombia.
2008.

[14] V. Gallelli & R.Vaiana. "Roundabout

intersections: evaluation of geometric and

behavioural features with VISSIM". TRB

National Roundabout Conference. Kansas City,

USA, pp. 1-19. 2008.

[15] A. D’Ambrogio, G. lazeolla, L. Pasini & A.
Pieroni. "Simulation model building of traffic
intersections". Simulation Modelling Practice and
Theory. Vol.17 N° 4, pp. 625-640. 2009. ISSN:
1569-190X. DOI: 10.1016/j.simpat.2008.11.001.

[16] A. Céceres, J. Galarraga. "Calibracion del
modelo de seguimiento de Vissim en carreteras
Multicarriles de Uruguay". XXIX Congresso
Nacional de Pesquisa em Transporte da Anpet.
Ouro Preto, Brasil, pp. 1631-1642. 2015.

[17] Y. Yang & G. Yang. "Study of Intersection
Optimization Near Transportation Hub Based
on VISSIM". International Journal of Signal
Processing, Image Processing and Pattern

Recognition. Vol.9N° 6, pp.323-332.2016.ISSN:
2005-4254. DOI: 10.14257/ijs1p.2016.9.6.28.

[18] F. Huang, P. Liu, H. Yu, & W. Wang. "Identifying
if VISSIM simulation model and SSAM provide
reasonable estimates for field measured traffic
conflicts at signalized intersections". Accident
Analysis & Prevention. Vol.50, pp. 1014-
1024. 2013. ISSN: 0001-4575. DOI: 10.1016/j.
aap.2012.08.018.

[19] P. Vortisch, Peter. History of VISSIM’s
Development. Traffic and Transportation
Simulation, p.p. 55, 2014.

[20] R. Wiedemann. Simulation des
Stralenverkehrsflusses",  Schriftenreihe des
Instituts fiir Verkehrswesen der Universitd

Karlsruhe, Heft 8. 1974.

[21] Transportation Research Board (TRB).
"Highway Capacity Manual (HCM)". National
Academy of Sciences. pp. 1-1 to 12-35.
Washington, USA. ISBN: 0-309-06681-6. 2000.

[22] A. M. Azhar & B. Svante. "Signal control of
roundabouts". Procedia-Social and Behavioral
Sciences. Vol.16, pp. 729-738. 2011. ISSN:
1877-0428. DOI: 10.1016/j.sbspro.2011.04.492.

[23] Q. Xia & L. Shi. "An optimized design scheme
for roundabout traffic management". Applied
Mechanics and Materials. Vol.253, pp. 1884-
1889. 2013. ISSN: 1662-7482. DOI: 10.4028/
www.scientific.net/ AMM.253-255.1884.

[24] S. Bu, T. Zhang & L. Du. "Approximations
and simulation of the optimal change interval
for roundabout". 2nd International Workshop
on Database Technology and Applications.
Wuhan, China, pp. 1-3. 2010. DOI: 10.1109/
DBTA.2010.5659054.

[25] L. A. Bulla-Cruz. "Metodologia para la
evaluacion técnica y operativa de turbo-

39 Respuestas, 25 (2), pp. 28-41 , 2020

, ISSN 0122-820X - E ISSN: 2422-5053



Alternatives to improve operational traffic in roundabouts using microsimulation

roundabouts como alternativa de interseccion
vial en el &mbito urbano", pp. 12-134. Jun-2010,
Consultado el Oct-2019. URL: http://bdigital.
unal.edu.co/3966/1/02300078.2010.pdf.

[26] F. Corriere & M. Guerrieri. "Performance
analysis of basic turbo-roundabouts in urban
context". Procedia-Social and Behavioral
Sciences. Vol.53, pp. 622-632. 2012. ISSN:
1877-0428. DOI: 10.1016/j.sbspro.2012.09.912.

[27] Corporacion Andina de Fomento (CAF),
Instituto de desarrollo urbano (IDU), Universidad
Nacional de Colombia (UNAL). "Diseno de
Intersecciones.: En: Guia para el disefio de vias
urbanas para Bogotd, Cap. 4". Primera Edicion.
pp. 225-388. 2015.

[28] R. B. Kiunsi. "A review of traffic congestion
in Dar es Salaam city from the physical
planning perspective". Journal of Sustainable
Development. Vol.6 N° 2, pp. 94. 2013. ISSN:
1913-9063. DOI: 10.5539/jsd.v6n2p94.

[29] S. Staley. "Practical Strategies for Reducing
Congestion and Increasing Mobility for
Chicago", pp. 3-72. Jul-2012, Consultado el
Nov-2019. URL: https://nacto.org/docs/usdg/
practical strategies for reducing congestion
and increasing mobility chicago_staley.pdf.

[30] Alcaldia Mayor de Tunja, UPTC. "Capitulo
5. El transito en la ciudad. En: Herramienta
de transporte terrestre urbano de pasajeros
y carga. Simulacién del Efecto de proyectos
de infraestructura y politicas de transporte.
Caracterizacion de la movilidad", pp. 77-88.
Oct-2012, Consultado el Jul-2019. URL: https://
alcaldiatunja.micolombiadigital.gov.co/sites/
alcaldiatunja/content/files/000188/9382 ¢
movilidad.pdf.

[31] Concejo Municipal de Tunja. "Capitulo
5°, Sistemas Estructurales urbanos. Articulo
83. Clasificacion del sistema vial. En:

Acuerdo municipal No 0014 de 2001",
pp. 61-83. Jun-2001, Consultado el Feb-
2019. URL: http://inmobiliariafenix.net/

wp-content/uploads/2017/06/PLAN-DE-
ORDENAMIENTOL1.pdf.

[32] Ministerio de Transporte. "Cap. 7 Semaforos.:
En: Manual de sefializacion vial. Dispositivos
uniformes para la regulacion del transito en
calles, carreteras y ciclo rutas de Colombia".

[33] L. Bulla-Cruz, L. Lyons & E. Darghan. "Safety
assessment of a turbo-roundabout and a two-
lane roundabout using a multivariate exact
logistic regression of surrogate measures,
microsimulation  and  Surrogate  Safety
Assessment Model". 14th World Conference on
Transport Research. Shanghai, China, pp. 10-15.
2016.

[34] V. Rincon, A. Molina, J. Torres. "CyberTracker.
En: Elaboracion de Formularios moviles digitales
para el registro de datos en plantaciones de palma
de aceite (principios basicos)". Cenipalma.
Primera Edicion. pp. 12-16. Bogotd, Colombia.
2015.

[35] INVIAS. "Esquemas de intersecciones
frecuentes en carreteras y criterios bdsicos de
disefio, intersecciones a nivel, Glorictas. En:
Manual de disenio geométrico de carreteras".
Ministerio de Transporte. Primera Edicion. pp.
183-185. Bogota, Colombia. 2008.

[36] PTV AG. "PTV Vissim quick star: Cap 4, 5, 6.
En: PTV Vissim 8. User Manual". 8th edition.
pp- 23-552. Karlsruhe, Germany. 2015.

[37] Alcaldia Mayor de Tunja. "Estructura
Funcional y de servicios.: En: Decreto No 0268
de 2014 Por el cual se reglamenta el tratamiento
de desarrollo en el Municipio de Tunja",
pp. 6-9. Oct-2014, Consultado el Jul-2019.
URL:  https://alcaldiatunja.micolombiadigital.
gov.co/sites/alcaldiatunja/content/

Respuestas, 25 (2), pp. 28-41, 2020, ISSN 0122-820X - E ISSN: 2422-5053 40



Nelson Rincén-Numpaque; Luis Angel Moreno-Anselmi; Kelly Andrea Rodriguez-Polo; Carlos Andres Gaviria-Mendoza

1es/000296/14756 2014decretono0268del20oct.
pdf.

[38] B. Bahmankhah, P. Fernandes & M. C. Coelho.
"Cycling at intersections: a multi-objective
assessment for traffic". Transport. Vol.34 N°
2, pp- 225-236. 2019. ISSN: 1648-4142. DOI:
10.3846/transport.2019.8946.

41 Respuestas, 25 (2), pp. 28-41 , 2020, ISSN 0122-820X - E ISSN: 2422-5053



