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Abstract 
The growing number of fires and other

types of catastrophes occurring at large
events highlights the need to rethink safety
concepts and also to include new ways to
optimize buildings and venues where events
are held. Although there have been some
attempts to model and simulate the move-
ment of pedestrian crowds, little knowledge
has been gathered to better understand the
impact of the built environment and its geo-
metric characteristics on the crowd dynam-
ics. This paper presents computer simula-
tions about pedestrians’ crowd dynamics
that were conducted based on the Social
Force Model. The influence of different
configurations of pedestrian flows merging
during emergency evacuations was investi-
gated. In this study, 12 designs with differ-
ent merging angles were examined, simulat-
ing the evacuation of 400 people in each
scenario. The Planung Transport Verkehr
(PTV, German for Planning Transport
Traffic) Viswalk module of the PTV Vissim
software (PTV Group, Karlsruhe,
Germany) program was adopted, which
allows the employment of the Social Force
approach. The results demonstrate that both
symmetric and asymmetric scenarios are
sensitive to the angles of convergence
between pedestrian flows.

Introduction
The growing numbers of fires and other

types of catastrophes occurring at large
events highlights the need to rethink safety
concepts and also to include new ways to
optimize buildings and venues where events
are held.1 Moreover, the importance of the
design of exit areas has been growing due to
global tendency toward mass urbanization,
mega events, terrorism and natural disas-
ters.2 In this respect, studies on the pedestri-
an dynamics have been able to predict that
small architectonic characteristics of the
surroundings can have great effects on the
behavior of crowds as well as on the pedes-
trian flow.3

It is known that the higher the density,
the more difficult it is to organize crowds,4
and thus the current field of pedestrian simu-
lation has wide reaching areas of application.
One of these relates to research on the move-
ment of crowds using the Social Force
Model,5 and the Models Based on Activities6
can be used to simulate all movement base
cases and most self-organization phenome-
na.4 The Social Force Model is based on the
modelling of fluid crowds.5,7-9 It is based on
the superposition of attraction and repulsion
effects, which are responsible for determin-
ing the behavior of individuals. 

Although there have been some
attempts to model and simulate the move-
ment of pedestrian crowds, little knowl-
edge has been gathered to better under-
stand the impact of the built environment
and its geometric characteristics on the
crowd dynamics.10 On the other hand, it is
known that the exact methods combined
with the potential of computers are capable
of producing results that are relevant to
society.11 This aspect directly relates to the
objective of this study, in which computer
simulations of the crowd dynamics of
pedestrians were conducted based on the
Social Force Model and the influence of
different configurations of the merging of
pedestrian flows during emergency evacu-
ations was investigated. 

Pedestrian flows and merging angles
The planning and design of the interior

of large installations, such as shopping cen-
ters and football stadiums, are very com-
plex. Originating from this complexity is
the equally complex behavior of crowds,
where rotating movements, crossing and
merging inevitably occur. Thus, it is impor-
tant to understand the consequences of
these collective movements before planning
the spaces destined to host large numbers of
people.12

The complex interaction between varied
flows can lead to completely unexpected
results, attributed to the nonlinearity of the
pedestrian dynamics. This means that the
planning of installations for pedestrians
through conventional methods does not
always manage to avoid heavy congestion
and serious obstructions and blockages,
especially when dealing with emergency
situations.11 The Social Force Model can be
used to reproduce self-organizing phenome-
na in pedestrian crowds, which have gener-
ally been neglected.9 The aim of this model
is to develop design elements that increase
the efficiency and safety of installations
used by pedestrians.

The computer simulations, after calibra-
tion with empirical data on pedestrian
flows, produce realistic results even when

considering new geometries and situations.
Thus, the simulation software program
adopted in this study, which is based on the
Social Force Model, has predictive capabil-
ity, allowing the investigation of new sce-
narios. It should be noted that, for several
scenarios, experiments would involve high
costs and be difficult or dangerous to carry
out. The predictive capability is particularly
important with regard to the planning and
optimization of escape routes.9

In order to better understand the
importance of the design and the merging
angle in the behavior of large pedestrian
crowds, previous studies have been con-
ducted to investigate the influence of some
merging configurations on the indexes for
the response to escape routes under emer-
gency situations. The results obtained con-
firm the role of the geometric characteris-
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tics of convergence layouts; however, fur-
ther issues associated with this theme still
need to be studied. It has been observed
that both symmetric and asymmetric lay-
outs are sensitive to the angles between the
flows which are merging. However, the
relation between the escape rates and
merging angle is not monotonic, indicating
the importance of the evaluation of conver-
gence design and its influence on evacua-
tions under emergency conditions.10

Materials and Methods
In this study, 12 designs with different

merging angles were examined, simulating
the evacuation of 400 people in each sce-
nario analyzed. The PTV Viswalk module
of the PTV Vissim software program was
adopted, which allows the employment of
the Social Force approach. In this approach,
pedestrians can walk around regardless of
their destinations, without a predefined net-
work model for the direction in which they
move. The software program, which adopts
a microscopic model, allows the realistic
simulation of pedestrians and models the
human walking behavior, making it possi-

ble to analyze pedestrian flows inside and
outside buildings.13,14 Furthermore, it adopts
as a standard the shortest path between the
origin and destination of a pedestrian,
which was maintained in this study.

It is important to note that the Social
Force simulation model was selected based
on the analysis of several studies15-18 as
well as on the wide acceptance of this
model in the academic arena.19 This model
can be used for several collective behav-
iors, such as waves of stop-and-go, the
faster is slower effect and arching and
blocking.7,20

The scenarios simulated in this study
were repeated for two different desired
speeds (ds). The input speeds for each propo-
sition were 1.32 m/s, which corresponds to a
normal walking speed within a crowd,9 and
2.5 m/s, which corresponds to the walking
speed of people in a hurry (faster than 1.5
m/s), introducing the parameter known as
nervousness to the simulations.13

Considering these two speeds, the con-
figurations totaled 24 scenarios, which were
simulated 10 times each. Due to the sto-
chastic nature of the simulation model
adopted in this study, random fluctuations
are expected, which can influence the

results of the simulations carried out. The
stochastic simulation models therefore have
a random component which is not con-
trolled by the researcher.21 Thus, for com-
parison purposes, the average of the maxi-
mum evacuation times for each scenario
was calculated. 

For the merging of pedestrian flows,
five asymmetric configurations (45º, 60º,
90º, 120º and 135º) and seven symmetric
configurations (45º, 60º, 90º, 120º and 135º,
180º and 270º) were analyzed, as shown in
Figures 1 and 2, respectively.

It can be observed in Figures 1 and 2
that each configuration presents two
branches that merge at the angles indicated.
The points of origin of the pedestrians in the
simulations are represented by green areas
and the exit point is indicated in red. In the
asymmetric configurations one branch is
straight and the other is angular in relation
to the direction of the exit. In the symmetric
configurations, the two branches meet the
direction of the exit at the same angle. Each
point of origin releases, concomitantly, the
same number of pedestrians into the net-
work.
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Figure 1. Asymmetric scenarios.
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Results and Discussion
In the asymmetric scenarios, the speed

for the straight branch is faster in all situa-
tions analyzed, which results in a longer
evacuation time for the angled branches
(Figure 3). The difference between the
evacuation times for the two branches
becomes greater with an increase in the
merging angle, for both speeds analyzed, as

can be observed in Figures 4 and 5. In the
symmetric scenarios, the pedestrian flows
in the two branches which merge are rela-
tively similar (Figure 6).

Considering the total evacuation time for
each scenario, the correlations between the
time and the merging angle were found to dif-
fer for the symmetric and asymmetric scenar-
ios (Figures 7 and 8). In the asymmetric sce-
narios, the evacuation time tends to increase

with an increase in the angle while in the
symmetric scenarios the evacuation time
oscillates with a slight tendency to decrease
with an increase in the merging angle.

It can also be observed in Figures 7 and
8 that the asymmetric scenarios show a
slightly better performance regarding the
total evacuation time, considering a normal
walking speed (1.32 m/s). However, when
the speed corresponding to nervousness (2.5

                             Article

Figure 2. Symmetric scenarios.
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m/s) is analyzed, the obtuse merging angles
(120° and 135°) in the symmetric scenarios
show better performance than the same
angles in the asymmetric scenarios. In addi-
tion, a brief analysis of the results obtained
for the acute angles and straight routes
demonstrates that the difference between
the evacuation times for the symmetric and
asymmetric scenarios tends to decrease
with an increase in the escape speed. 

As can be seen in Table 1, for the normal
walking speed (1.32 m/s), the total evacua-
tion times were slightly longer for the sym-
metric scenarios compared with the asym-
metric scenarios. However, similar average
evacuation times were observed when both
types of scenarios were simulated at the
speed of 2.50 m/s.

Conclusions
The results obtained demonstrate that

both symmetric and asymmetric scenarios
are sensitive to the angles of convergence
between pedestrian flows. In the asymmet-
ric scenarios, there is an increase in the
evacuation time with an increase in the
merging angle between a straight line and
an angular branch. In this regard, the sym-
metric scenarios show oscillating results,
however, with a slight tendency toward a
reduction in the evacuation time with an
increase in the merging angle. In general,
the asymmetric scenarios present a slightly
better performance regarding the total
evacuation time, considering normal walk-
ing speed (1.32 m/s). However, there are
indications that with an increase in the
evacuation speed, the symmetric merging
is more effective. In conclusion, the analy-
sis carried out verifies that the planning of
the geometric characteristics of escape
areas can play an important role in opti-
mizing the flow during the evacuation of
pedestrians. 
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Figure 3. Screen grabs of an asymmetric scenario at 35 s (top) and 84 s (bottom) from the
start of the simulation.

Figure 4. Evacuation time of the asymmetric scenarios for the
speed S1.

Figure 5. Evacuation time of the asymmetric scenarios for the
speed S2.

Table 1. Average of the maximum evacuation times for each simulated scenario.

      Normal walking (ds=1.32 m/s) Hurried walking(ds=2.50 m/s)
Merging angle          Asymmetric       Symmetric                    Asymmetric       Symmetric

45°                                              246.33                       251.96                                         94.76                        95.78
60°                                              245.43                       253.27                                         94.72                        95.65
90°                                              246.06                       252.04                                         95.04                        95.22
120°                                            248.66                       254.68                                         97.56                        96.24
135°                                            250.49                       251.60                                         98.43                        95.45
180°                                                 -                            246.87                                             -                            94.86
270°                                                 -                            260.35                                             -                           101.78
Averages                                    246.33                       252.97                                         96.10                        96.43
ds, desired speeds.
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