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Abstract

The investigation of human behaviour trying to escape frawoen under panic is an important
issue in complex systems research. Several authors dafiedtention on the fact that placing an
obstacle near the exit, improves the evacuation time ofabenr][1-5]. We studied thisfiact in

the context of the “social force model” [1]. We show that jtecan obstacle does not guarantee,
by itself, better chances of survival fall pedestrians. The way they choose to avoid the obstacle
is critical for their own performance. We found that not ottg faster they try to escape, the
slower they get out (“faster is slowerftect), but also, the short cut they might take in order to
get to the exit will probably do no better (“clever is not aligebetter” éfect).
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1. Introduction

We see from history all kinds of disasters due to panic sitnat Many of them enforced real
progress in life protection. The last Qing dynasty in Chib&44-1911 AD) made a remarkable
improvement when statutorily required that large buildirgad to provide two fire exits [6].
Although the success of this solution depends strongly degteians behaviour [1] and the exits
placement [7, 8], it inspired the idea of building proteetdesigns [6]. In this context, a second
solution to escaping survival came frddnaess’ paradoX5]. By “inverting” the paradox [2], it
can be stated that a suitable barrier (in pedestrians pgghway reduce the travel time to the
exit in a panic situation. The barrier should be placed atpigt where a decrease in the crowd
density makes pedestrian flow to increase [2]. This is olshjosomewhere in theulk of the
crowd, as defined in Ref. [9].

In panic situations, where people push each other to getfaut@om, placing an obstacle
might avoid clogging near the exit by “absorbing” pressamed consequently, the clogging ef-
fects translate to an early stage [4, 10]. It has also beeriiomeadl that the obstacle actually
creates a small area near the exit where clogging does noaiptale. Although we will show
that this is not completely true, it has been argued thahtlaig be the reason why the time delays
between successive outgoing people are reduced, andhkysdestrian flow stabilizes [4].
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The obstacle’s size and distance to the exit should be pyoperedfor achieving an optimal
improvement in the evacuation time. This is valid for sefiten particles, as well as gravity-
driven particles [11, 12]. When these magnitudes are pdarlgd, the area near the exit may
become crowded or, on the contrary, clogging may rise totearievel outside this area. Well
tuned obstacles may increase pedestrian flow more than 30%vean twice the flow without the
obstacle [4, 11].

The evacuation time savings due to an obstacle may be pattiatered if all pedestrians
need to take a longer path in order to avoid it. This is knowsaseningeffect. It becomes
especially harmful for obstacles placed symmetricallyrrtba exit door. Therefore, the way
for getting an optimal evacuation time is to shift the obkgatightly from the center of the exit
(asymmetric position) [10, 13].

In this work we are concerned with the human factor. The aloestioned improvements
may be more or lesdiective according to pedestrians behaviour during the extamuprocess.
To our knowledge, all literature data assumes a fixed dediredtion for pedestrians to go, even
if they cannot see the exit because of the obstacle [10, J1Alr@ore realistic behaviour would
be to change the desired direction away from the obstacletbeatexit becomes visible. So, a
“clever individual” would try to get out of the “shadow zongfo visibility to the door) and then
turn towards the exit. Otherwise, his (her) life will be inndgr due to bulk-obstacle pressures
[1].

In Section 2 we will briefly review the “social force model’@explain what do we mean by
humanclusterization We will detail, in Section 3, the procedure we followed ftudying the
room evacuation of a crowd under panic. The results will lseused in Section 4, while the
conclusions can be found in the last Section.

2. Background

2.1. Social force model

The “social force model” approach states that human mosialeiermined by the own desire
of people to reach a certain destination and tifieots caused by the environment on them [1, 14].
The former is modelled by a force called the “desire forcehjlevthe latter is represented by
“social forces” and “granular forces”.

Let us assume that pedestrians are willing to move at a \glagiand in a given direction
&y. But pedestrians are not always walking with the speggtiey would like to. Not even in the
right direction to the destination plagg. Their actual velocity(t) depends on environmental
factors (.e. obstacles, visibility). Thus, they need to acceleratetizate) in order to reach the
target at the desired velocity. This acceleration (or deceleration) represents the felésice”
because it is motivated by his (her) own willings. Its matléinoal expression for pedestriais

o = (1)
assuming that all magnitudes are functions of timés the relaxation time needed to reach his
(her) desired velocity. Its value is determined experirakyt

The “social forces” represent pedestrians reactions to@mwental stimuli. Although there
exists stimuli that may cause an atractive reactian family members, friends), which we will
not consider, the most common feeling experienced by pedesis the tendency to keep some
space between them, preserving their “private sphere”. [T4js feeling becomes stronger as
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Table 1: Most relevant parameters used for simulating thapsg process from a crowded room.

Parameter Symbol Value Units
Force aftj = r;; A 2000 N
Characteristic length B; 0.08 m
Pedestrian mass m 70 kg
Contact distance rij 0.6+0.1 m
Acceleration time T 0.5 S
Friction codficient K 24x10° kgmis?t

people get closer to each other. Thus, the “social forcetépalsive monotonic force depending
on the inter-pedestrian distangdelt is modelled as an exponentially decaying function

fgj) =A e(rij—dij)/Binij (2)
for i and j representing any two pedestriarth; represents the distance between the center of

mass of both pedestrians; = (n, n?) is the unit vector in thai direction andj = r; +rj is
the sum of pedestrian radiuandj. The parameterd; andB; are fixed experimental ones [1].
The Eq. (2) also applies to walls and obstacles. Pedesthiawre a tendendy to keep some
distance apart from them, in order not to get damaged. Irctssr;; andd;; should be replaced
in Eq. (2) byr; andd;, that is, the pedestrian radius and his (her) distane to #fle espectively.
The “granular forces” describe the sliding friction thajpagrs between contacting people
or between people and walls. It is assumed to be a linearitmof their relative (tangential)

velocities. Its mathematical expression reads

fg” = kg(rij — dij) Avij -t ®)
whereAv;; = v; —v; is the velocity diference between pedestriaandj. If pedestrian touches
awall, thenv; is understood to be zero in Eq. (3} = (-n?.n{’) is the unit tangential vector,
orthogonal ta;;. « is an experimental parameter. The functggr) is zero when its argument is
negative (that is;j; < dij) and equals the argument for any other case.

Very crowded environments may additionally cause someddfidody compression”fects
[1]. But, body compression forces do not play a significafe edong the evacuation process, as
shown in Ref. [9]. Thus, we shall not consider compressioog® here. Further details )
andfgy(t) can be found throughoutthe literature [1, 9, 14, 15]. Tdldemmarizes the most usual
values for the experimental paremeters appearing in Ejjs (B8).

The above forces operate on the pedestrians dynamics bygidigdris (her) actual velocity.
The equation of motion for pedestriathen reads

PRI R0

J J

avi

POV
0 =100+~ @

wherem is the mass of pedestrian The subscripf reperesents all other pedestrians.(ex-
cludingi) and the walls or obstacles.



The desired velocity magnitug in Eq. (1) represents the speed at which he (she) is willing
to move. Thus, it clearly depends on his (her) state of apxigie pointing directiogy, instead,
concerns with the aptitude of the pedestrian to reach theAXclever” or “strategic-managing”
pedestrian will change his (her) desired direction in otdeavoid obstacles in the way out. But
the “non-estrategic” one will just point directly to the £xas if the blocking obstacles were
transparent (see, for example, Ref. [11]).

2.2. Human clusters

A new morphological structure arises when crowds get intugahe granular clustef9,
15]. A granular cluste€y is a set of pedestrians such that for every member of theecl(sty,
i) there exists at least another member of the clugjdof whom the following condition is true

g(rij — dij) > 0 ()

where, as defined in Section 2r}, = r +r; is the pedestrian radii surd,; is the inter-pedestrian
distance andj is a non-vanishing function only far; > d;;. From all granular clusters, the
blocking clustersare those that are in contact with enough walls and obstaoles to stop the
passage of other pedestrians to the exit. Blocking cluptagsan important role in the “faster is
slower” gfect, as shown in Refs. [9, 15].

3. Numerical ssimulations

We implemented the social force model for 200 pedestrigrisgrto exit from a 20 mx
20 m room with a single exit door. The door width wlas= 1.2 m, enough to allow up to two
pedestrians to escape simultaneously [15]. The occupddiosity at the beginning of the process
was chosen to be around 0.5 pergorts This does not exceed healthy indoor environmental
regulations [16].

The time evolution of the individuals was the one describgdel. (4) with the repulsive
force and sliding friction (between pedestrians and walg)wn in Eq. (2) and Eq. (3). The
corresponding parameter values are exhibited in Table &.cbntact distance; in Table 1 is
the sum of pedestrians radiji+ rj. A typical pedestrian radius is the neck-shoulder distance
varying from 0.25m to 0.35m [1]. The uncertainty shown fgrin Table 1 resembles such
dispersion. We assumed a uniform distribution for the pees radius.

The escaping process started with pedestrians placed imadeneously distributed ar-
rangement throughout the room and each one having a degi@dty pointing to the door, plus
a random velocity of fixed magnitud 1.5 Integration of Eq. (4) was done using a velocity
Verlet algorithm with a time step of 1s. At each step the desired direction was not only up-
graded but a small noise was added to the pointing directientfie pointing angle o&; was
randomly varied an amount of the orders0.0015 rad).

The evacuation process ran for 1000 s or until 90% of the caisdeft the room, whatever
occured first. All positions and velocities were sampledmagtintervals of QL 7. No re-entering
mechanism was allowed.

The anxiety interval explored in this work covered the rabgeveen a relaxed motiony =
0.5mys) and a panicking rushv{ = 6nys). We, indeed, explored up tq = 8nys, but this
limit may be hardly applicable to non-athletic pedestriaiRsr any impatience situation (fixed
Vq value), 20 evacuation processes were recorded. In ordezdp the analysis as simple as
possible, we assumed that all the individuals had the saxietsutevel in each process.
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Table 2: Literature review on obstacle’s size and placenRata is presented in times the exit widthThe distance to
the exit is taken from the obstacle’s closest point.

Relevant dimension Size Distance to the exit Reference
Parallel side (panel-like) 0.55 - [4]

Parallel side (panel-like) ~5 ~2 [11]

Diameter (column-like) 0.40 1.3 [13]

Parallel side (column-like) 3 1 [10]

Two qualitatively diferent obstructing situations were examined, as representeg. 1(a)
and 1(b). The former shows a pillar of diametemhile the latter corresponds to a thin flat
panel of 4L x 0.1L size. But, regardless of the shape, both obstacles wererchode placed
symmetrically with respect to the door midpoint. Accordioghe literature in the subject this
kind of placement is not optimal [7] but we used it in order &mifitate the analysis of the
different pedestrian strategies.

(@)
O=<L 0
D

Q
Sa®

Figure 1: Snapshot of the evacuation process for tiemtint obstacles. The shortest distance obstacle-doot is 1
(L = 1.2m is the door width) for both obstacles. Pedestrians amresepted as circles followingsirategicbehaviour
(see text). The red arrows represent the desired direétidor some of them. We can see how the desired pointing
direction changes when pedestrians cross the dashed $hadéw zone”). The desired velocity is fixedvat= 4 nys.
Human clusters have been tagged in green. (a) The obstazlgillar (cylindrical obstacle) of exterior diameter (b)
The obstacle is a flat panel (4x 0.1L). The upper cluster is a granular non-blocking one, whitldwer one is an
obstacle-to-wall blocking cluster.

A literature review on obstacle’s size and placement is showTable 2. Data suggests
that the obstacle-exit distance should lie above one dodthwbut should not exceed twice this
value. The obstacle size is somehow more disperse, rangingLf/2 to 5L. Our objective was
not to find an optimal tuning on size or position for achievargenhanced pedestrian flow. So,
we focused only on threefiiérent obstacle-exit distances’8L/2, 11L and 2L).
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The way pedestrians choose to avoid the obstacle was hanitledwo different strate-
gies. The commonly assumed behaviour of mal&ngoint directly to the exit was calledon-
strategic The pedestrians desire was to go to the near most point afdbe as if the obstacle
was transparent. Converselstaategichehaviour make&; to point away from the obstacle until
the “shadow zone” (no exit visibility) is over. In Fig. 1(a)@1(b), the dotted lines delimitate the
“shadow zone” assumed for each obstructing situation. l@rdunded pillargy is tangential to
the obstacle when the pedestrian is inside the shadow zamefoBthe flat extended pand
points to its edge only when the pedestrian is behind it. @tise, it points to the wall in front,
until leaving the shadow zone (see Fig. 1(b)). Outside tlaelsWv zone, pedestrians behave as
non-strategic

We would like to point out that, although the “non-stratédiehaviour seems unreal (i.e.
pedestrians trying to go to a non-visible exit), it has besaduthroughout the literature [11].
Moreover, it is likely to happen in a panic situation, as m@d on june 23 (1968) in River Plate
Stadium (Buenos Aires, Argentina). In that tragedy, petiee to reach “Gate 12” even though
they could not find an opening because the gate was blockedrfimown reasons). A similar
situation happened recently, on july 24 (2010), in Duishaffigove Parade Festival” (Germany)
at the entrance of a tunnel. Thus, it seems tiwat-strategi@ndstrategicbehaviours are suitable
models for evacuation under panic. Our objective is to camffze commonly used pedestrian
behaviour in literature with the more realistitrategicbehaviour.

4. Results

In the following subsections we are going to examine clofieyclogging phenomenon. We
shall mainly separate the analysis into threfedéent situations, according to the obstacle-door
gap. Additionally, for any fixed obstacle-door gap, two dfadéively different obstacles (pillar
or panel) will be examined, as explained in Section 3. Thus,ilmvestigation will go across
two directions: obstacle shape and obstacle-door separdthe attention will be placed on the
evacuation performance when pedestrians change theivioeh@on-strategido strategiq in
any of these situations.

4.1. Mean evacuation time

The mean evacuation timg) as a function of the desired velocity is the main quantity
for picturing the evacuationficiency. As a first step we measuré&yd when placing a pillar
and a panel close to the exit. In Fig. 2 we shgiwas a function of/y (see figure caption for
details) for the pillar and the panel placedviL/2 from the door, arranged in the same way as
in Fig. 1(a) and 1(b), respectively. The lines with circlepresent the pillar situation and clearly
show an improvement in the evacuation time compared to th&@ole-free situation (continuous
line). The same occurs for the panel situation, represdntextjuared lines. These results are
in agreement with previous observations donenfan-strategigpedestrians [1-5]. Fig. 2 further
shows thastrategicpedestrians (hollow symbols) do noftiéirenciate from the corresponding
non-strategimnes when the obstacle-door distanca/BL/2.

In Fig. 3 and Fig. 4 we show thefect of placing the obstacle at a distance dfl1and
2L, respectively. For the pillar situation (not represented)found no diference between a
non-strategicand astrategicpedestrian behaviour, regardless of the distance to the ddm
panel, instead, exhibits dissimilar evacuation times,aash®e seen in Fig. 3. It is interesting to
notice that thestrategicbehaviour worsens the evacuatigh@ency. This is an unexpecteffect
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Figure 2: Mean evacuation tin{® (in seconds) as a function of the desired velouitynys) for the first 160 pedestrians
and a door width. = 1.2 m. The blue (rounded) data points represent a pillar-lkgtarle placed symmetrically in front
of the door, similar to that shown in Fig. 1(a)). The diamettthe pillar wasL and its closest point to the door was
V3L/2. The red (squared) data points represent a panel-likedbsdL x 0.1L) placed symmetrically in front of the
door (parallel to the exit and separataL/2, similar to that shown in Fig. 1(b)). The filled data poingpresent a
strategicbehaviour {.e. obstacle avoidance). The hollow data points represeohnastrategicevacuation process where
pedestrians only try to reach the doae( no obstacle avoidance). The obstacle-free mean evacuatienhas been
included for comparison purposes (black line).

because, as a first thought, it seems reasonable that aytigirobstacle should save travelling
time to the exit. Indeedyon-strategigpedestrians are more likely to get trapped just behind the
panel-like obstacle thastrategicones.

From the comparison between Fig. 2 and 3, it is clear that is¢acle placed a/3L/2 is
not the most ficient configuration. We can see in Fig. 2 tkiatbarely lies bellow 125 s for the
narrow obstacle-door gap situation. But for the intermiedial L situation shown in Fig. 3, the
evacuation fficiency speeds up bellow the 125 s level for a wide range ofeselocities.

We moved the obstacle further away from the exit, at a digtafi@_. The evacuation time
(t) converged to the obstacle-free situation for both kindsustacles. The results for the panel-
like obstacle are shown in Fig. 4. Complementary animatedilsitions show that the crowd
packs near the exit, in a similar way as it does for the obsthele situation. Consequently,
obstacles of the kind used in this study reduce thé&at as they are moved too far away from
the exit.

Comparing the three situations corresponding to Fig. 2,d34aiit is clear that the best con-
figuration fornon-strategiqedestrians is the one exhibited en Fig. 3 (the intermediatance
1.1L), while for thestrategicpedestrians the best case is the one in FigyV3L(/2 panel-door
gap). Thus, we have shown that what seems to be an optimatisituj.e. properlytuned
obstacle), strongly depends on the pedestrians behaviour.

Fig. 3 and Fig. 4 include the evacuation time for the abovetioeed situations but, as-
suming no granular forces exist at all (see Figure captiondétails), we can observe how the
difference betweemon-strategi@andstrategicbehaviours, as well as the desired velocity thresh-
old close to 2 1fs, vanishes. This confirms what we already knew from Refs1%9, that is,
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Figure 3: Mean evacuation tin{® (in seconds) as a function of the desired velouitynys) for the first 160 pedestrians
and a door width. = 1.2 m. The red (squared) data points represent a panel-likaabg4L x 0.1L) placed symmetri-
cally in front of the door (parallel to the exit and separatedL, similar to that shown in Fig. 1(b)). The blue (triangles)
data points represent the same situation as the squaresithuto friction between people and walls. The filled data
points represent strategichehaviour i e. obstacle avoidance). The hollow data points represeohastrategicevacua-

tion process where pedestrians only try to reach the d@mng obstacle avoidance). The obstacle-free mean evacuation
time has been included for comparison purposes (black line)

granular forces have a crucial role in the time delays oatdrging the evacuation process. As
these were found to be highly correlated to the presenddocking clusterg9], our next step
was to focus on the association between the clogging delayshe blocking structures of the
crowd.

From now on we will examine the panel situation only, proddee pillar situation does not
exhibit any diference betweemnon-strategi@ndstrategicbehaviours.

4.2. Mean discharge curves (for the panel-like obstacle)

The mean discharge curve is a representation of the tim&estpeople to get out of the
room, at a fixed anxiety level.é. desired velocity). Thus, it is a measure of the cumulative
delays from the beginning of the process to the time wheraitertumber of pedestrians have
left the room. We examined these curves for the panel olestadrder to have an insight into
the diferences between tm®n-strategi@andstrategicbehaviours. The desired velocity was set
to 4 nys, where the evacuation timeflidirences are large. Fig. 5 shows the results for panel-door
distances ofv3L/2, 11L and 2L, respectively.

The three discharge curves match perfectly well their apoading(t) plots. But it is im-
mediately noticeable from Fig. 5 (b) how thategicpedestrians experience larger delays (with
respect to th@on-strategigpedestrians) only after the first 70 people have left the rtbat is,
after the first 50 s in Fig. 5 (b)). This phenomenon is absekign5 (a) and is certainly weaker
as he obstacle is displaced away from the exit (see Fig 5 (€. latter is consistent with our
previous reasoning (see Section 4.1) that both behavioigistroonverge to the obstacle-free
situations.
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Figure 4: Mean evacuation tin{® (in seconds) as a function of the desired velouitynys) for the first 160 pedestrians
and a door width. = 1.2 m. The red (squared) data points represent a panel-likaabg4L x 0.1L) placed symmetri-
cally in front of the door (parallel to the exit and separa®dd similar to that shown in Fig. 1(b)). The blue (triangles)
data points represent the same situation as the squaresithuto friction between people and walls. The filled data
points represent atrategicplan of action i(e. obstacle avoidance). The hollow data points represerinastrategic

evacuation process where pedestrians only try to reachdbe(de. no obstacle avoidance). The obstacle-free mean
evacuation time has been included for comparison purptdask(line).

In order to gain knowledge about the characteristics of thster structure we studied these
structures following a similar procedure as in Ref. [15].

4.3. Blocking clusters (for the panel-like obstacle)

It is convenient to open up the conceptadcking clusterinto two complementary types of
clusters. Those that are in contact with the wall (walls)triexhe doorand the obstacle, will
be called arobstacle-walblocking cluster. Those in contact with the walls on eacle sifithe
door, butwith noobstacle contact, will be calledveall-wall blocking cluster. Additionally, we
shall simply call arobstacle-wall blockingr awall-wall blockingto the smallest corresponding
subset (of the blocking cluster) that blocks the way out aswlics as close as possible to the exit
(see Fig. 6).

The occurence of obstacle-wall or wall-wall blockings avaturally, events that trigger time
delays during the evacuation process. It is interestinguyshe position of the blocking clusters
as a function of time. Fig. 7 illustrates the positions ofttlexkings for a panel-door gap offlL.

We explored the same three situations as in Fig. 5. When thelqg®or gap is narrow
enough (say;V3L/2) theobstacle-wall blockingare the only relevant ones. In this case, most
of the clogging takes place away from the daae.(near the edge of the panel).

For a 11L obstacle-door gap, the unexpected fact thatstintegicbehaviour worsens the
evacuation fiiciency can now be explained by means of Fig. 7. We can see thatrdhe
obstacle-wall blockings for thetrategicpedestrians move closer to the exit after the first 50 s
(i.e. agap filling process). Almost 3650 blockings can be counted in Fig. T #ftethe begin-
ning of thisgap filling process (including obstacle-wall and wall-wall blockingshis amount
doubles the nearly 1600 blokings occurred for tlom-strategiccase. Furthermore, atrategic
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(a) Mean discharge curve for 0.866L (sec) (b) Mean discharge curve for 1.1L (sec)

150 150
. strategic- | strategic -
100 100
1
50 : : 50 : :
non-strategic non-strategic
p 0 p

0 70 140 210 0 70 140 210

0 (c) Mean discharge curve for 2L (sec)

strategic -
140 S
T
non-strategic
70
0 p
0 70 140 210

Figure 5: Mean evacuation time (in seconds) vs. number ajadug people. The desired velocity was = 4 nys.
The panel size and placement were the same as (a) Fig. 2,gbBFRind (c) Fig. 4. The blue line corresponds to the
non-strategidoehaviour, while the red one corresponds todtrategicbehaviour.

pedestrians push to get out in a more packed environmenttfreedoor), we would expect more
long lasting delays. This can be confirmed when comparindigiuees in Table 3 betweemon-
strategicandstrategicpedestrians (see Table 3 caption for details). Thusgé#pefillingprocess
increases the mean evacuation time after 70 pedestridrnisdabom.

Fig. 7 shows that, for the.1L situation strategicpedestrians avoid the obstacle but get stuck
near the exit. So, the panel does not “absorb” pressure fnesetpedestrians, and thus, can not
be seen as a “pressure absorber”.

For the widest obstacle-door gap situation considered(drk all blockings lie close to the
door (and are of the wall-wall type), which closely reserslilee case with no obstacle. These
blockings are more presistent at the end of the process émttategicpedestrians. Watching
an animation for both pedestrian behaviours makes imneddiatear that, while thetrategic
ones are still pushing to get out, a small fraction oftlo@-strategiones are trapped behind the
panel, not knowing where to go.
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Figure 6: Schematic representation of two obstacle-waltkihgs (on the left) and one wall-wall blocking (on the tigh
Each thick black curve crosses over the blocking individuabnnecting the obstacle to the wall or the walls on thesside
of the door, respectively.

4.4. Correlation between blocking clusters and evacuagiiciency (for the panel-like obstacle)

An important issue is the time delay of the blocking clustassshown in Table 3. The mean
time delays are quite fierent if associated to an obstacle-wall blocking or a wallhlocking.
Obstacle-wall delays are long lasting when placing the pane/3L/2, in agreement with the
fact that clogging has moved “backward from the door” (S®td.3). Conversely, if the panel is
placed at 11 L or 2L, the figures turn around and the wall-wall delays becomedlevant ones.

The above arguments moved us to define the following obskrfabany fixed obstacle

p
o(p) = % Z ni(0)<d>(o) " ni(W)<d)(W) ©)
i=0

Eq. (6) expresses the cumulativiéeet (normalized by the number of ruhs = 20) of the
amount of blocking events, with mean duratioqd), since the beginning of the process to the
time whenp pedestrians already left the room. Each term corresponttietobstacle-wall and
wall-wall blockings, respectively. The delayd) are those presented in Table 3. The computed
values are those for the panel at the same three positionslablie 3 and shown in Fig. 8.

O(p) correlates very well with the evacuation times in Fig. 5cdtroborates, once more,
that blocking clusters are the main source offlicgencies during the evacuation process. Fig.
5 (b) is particularly helpful for explaining the unexpecfadt thatstrategicpedestrians are less
efficient thamon-strategiones. It neatly demonstrates that the process slows dowrafial 70
(strategig pedestrians have left the room. In a similar way, Fig. 8 shthat at the very end of
the 2L-panel process, whilaon-strategigpedestrians stop blocking the way oué(the curve
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Table 3: Mean delay of the obstacle-wall and wall-wall biags (in seconds). The obstacle was a panél ¥40.1L)
placed symmetrically in front of the door, similar to the asteown in Fig. 1(b). The delay time for each associated
blocking was computed as the time interval between the beginof the blocking until any one of the individuals
belonging to the blocking structure leaves the room. Medmegawere computed over 20 process simulations.

Distance obstacle-door (m) non-strategic strategic
obstacle-wall wall-wall obstacle-wall wall-wall
V3L/2 2.10 1.29 1.88 1.52
11L 1.31 1.75 1.42 1.95
2L 0.72 1.63 1.10 1.77

stabilizes),strategicpedestrians still get delayed near the exit, no allowingcteesponding
curve in Fig. 8 to stabilize. This is thdfect of avoiding the panel instead of getting trapped
behind, as explained in Section 4.3.

One final remark should be pointed out from Fig. 8. The abasisgere chosen to be the
amount of leaving people. We verified, during the processudfiimg up O(p), that real time
(clock time) is not the right choise for the evolution deptiin. The aboveféects may become
obscured by (real) time delay dispersions, and moreovarpanisons between theftirent sce-
narios may become unfair. Care should be taken on this issue.

Fig. 9 and 10 sinthesize the correlation betwé¥p) and the mean evacuation time (Fig.
5). There is a good matching for both magnitudes represgntin-strategigedestrians, on one
side, andstrategicpedestrians on the other. Analogous plots can be showntier galues o
with the same results.

5. Conclusions

Our main interest in this investigation is the impact of hanteehaviour on an escaping
situation (from a single exit room). We focused on two kinflindividuals, according to their
capacity to avoid obstacles. As explained in Section 2.kgalled themmon-strategior strategic
managing pedestrians. Both had to face up an escapingaitpabstructed by a pillar or a panel
close to the door (see Fig. 1).

The pillar-like obstacle showed an evacuation time impnoset (Fig. 2), as already achieved
in Refs. [4, 10, 11]. But no significant fierences were observed between the two pedestrian
behaviours. A careful inspection of the process animatitrsved that avoiding the pillar was
useless for a pedestrian trapped upon the crowd.

Regarding the improvement in the evacuation, when a pétebbstacle is placed in front
of the exit, we have found that it usually improves the evéionaut with the following chacter-
istics:

(a) When the obstacle is very close to the eki.(at V3L/2), the evacuation time clearly
improves for bothnon-strategicaandstrategicpedestrians, with respect to the obstacle-free
situation (see Fig. 2).

(b) When the obstacle is far away from the eki¢(at 2L), the evacuation time foron-strategic
andstrategicpedestrians is similar to the obstacle-free situationhasva in Fig. 4.
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(c) When the obstacle is at an intermediate distaneeat 11 L), the evacuation time improves
for both kinds of pedestrians (with respect to the obst&elesituation) bustrategicpedes-
trians do not improve as much aen-strategiones (see Fig. 3).

We traced the dierences betweearon-strategi@ndstrategicpedestrians for the intermediate
distance of 11 L by inspecting the blocking structure of thelk. Fig. 7 (b) shows how blockings
“moved” from the outside of the panel-door gap to the dooraumding after 70 pedestrians
have left the room (the panel placed at I1). This was found to be the underlyingfect that
caused an increase in the delays experiencestriayegicpedestrians (Fig. 5 (b)). Thus, when
pedestrians choose to avoid the panel (and the panel-dpdragtthe right width”) ayap filling
process appears (see Section 4.3). gag filling is, indeed, the morphological counterpart of
the slowing dowrobserved from the outside of the room.

Thegap fillingprocess is possible only for an intermediate panel-door iféps too narrow,
our results show that the main clogginfiexts remain out of the panel-door gap, ensuring the
panel to remain as arffective “pressure absorber”. This situation resembles iike pituation
provided that avoiding the obstacle becomes idle.

Far away obstacles (sayl.2 become limited “pressure absorbers”. The clogging dysami
occur near the door, and thus, the time delays converge e tteported for the obstacle-free
situation. Nevertheless, we noticed that, at the very erideévacuation process, an amount of
non-strategigpedestrians remained behind the panel, not knowing whege.taT his situation
worried us from a humanitarian point of view. The solutionfwend was to add a small ripple
to the back face of the panel in order to “induce” pedestriamsove towards the door.

We would like to emphasize that our investigation calls ttiersion on some wrong pre-
sumptions. The first one is that being a “clever” person byes&ind of decision making does
not necessarily improve the evacuation process, neithénéaest of the pedestrians, nor for his
(her) own. There exists, additionally, a risk of worseninmgs. It is of extreme importance to
consider the possible strategies that pedestrians mikdnitieorder to achieve a real evacuation
improvement.

A second misunderstanding is that building desigues(oom shape, columns and so on) will
not guarantee an enhanced evacuation performance by itsTdverhuman factor, the obstacles
shape and size and, further, any signaling device mustibatgicooperativelyto optimize the
life saving.

Acknowledgments

C.0O. Dorso is member of the “Carrera del Investigador” CORITCArgentina. G.A. Frank
is a Post-doctoral fellow of the CONICET.

References

[1] D. Helbing, I. Farkas, T. Vicsek, Simulating dynamicabfures of escape panic, Nature 407 (2000) 487-490.

[2] R. Hughes, The flow of human crowds, Annu. Rev. Fluid M&#(2003) 169-182.

[3] A.Johansson, D. Helbing, Pedestrian flow optimizatiathw genetic algorithm based on Boolean grids, Springer-
Verlag Heidelberg, 2005.

[4] D. Helbing, L. Buzna, A. Johansson, T. Werner, Self-oigad pedestrian crowd dynamics: experiments, simula-
tions, and design solutions, Transportation Science 39520-24.

[5] B. Piccoli, A. Tosin, Pedestrian flows in bounded domaiiith obstacles, Continuum Mech. Thermodyn. 21 (2009)
85-107.

13



(6]
(7]
(8]
Bl
(10]
(11]
(12]
(13]
[14]

[15]
(16]

W. G. Cheng, S. Lo, Z. Fang, C. Cheng, A view on the meang®fiievention of ancient chinese buildings - from
religious belief to practice, Structural Survey 22 (200@)-2209.

Z. Daoliang, Y. Lizhong, L. Jian, Exit dynamics of occupavacuation in an emergency, Physica A 363 (2006)
501-511.

L. Shaobo, Y. Lizhong, F. Tingyong, L. Jian, Evacuatioorfi a classroom considering the occupant density around
exits, Physica A 388 (2009) 1921-1928.

D. Parisi, C. Dorso, Morphological and dynamical aspeiftthe room evacuation process, Physica A 385 (2007)
343-355.

A. Kirchner, K. Nishinari, A. Schadschneider, Frigtigffects and clogging in a cellular automaton model for
pedestrian dynamics, Physical Review E 67 (2003) 056122.

R. Escobar, A. D. L. Rosa, Architectural design for thevésal optimization of panicking fleeing victims, Springe
Verlag Berlin Heidelberg, 2003.

F. Alonso-Marroquin, S. Azeezullah, S. Galindo-Taire. Olsen-Kettle, Bottlenecks in granular flow: when does
an obstacle increase the flow rate in an hourglass?, subrtotfehysical Review Letters (2009).

D. Yanagisawa, A. Kimura, A. Tomoeda, R. Nishi, Y. Surfa,Ohtsuka, K. Nishinari, Introduction of frictional
and turning function for pedestrian outflow with an obstaBleysical Review E 80 (2009) 036110.

D. Helbing, P. Molnar, Social force model for pedestridynamics, Physical Review E 51 (1995) 4282—-4286.

D. Parisi, C. Dorso, Microscopic dynamics of pedestr&acuation, Physica A 354 (2005) 606-618.

M. Mysen, S. Berntsen, P. Nafstad, P. Schild, Occupatesity and benefits of demand-controlled ventilation in
norwegian primary schools, Energy and Buildings 37 (20@34%+1240.

14



(a) non-strategic

200

150

100

50

(c) non-strategic

d (m)

Time occurence of the obstacle-wall blockings (sec)

(b) strategic
0

150
100

50

d (m)

Time occurence of the wall-wall blockings (sec)

(d) strategic
0 -

150

100

50

d (m)

Figure 7: Time occurrence of blockings (in seconds) vs. tetadced of their center of mass to the exit (obstacle-door
gap equal to 1L L). Each point represents an individual blocking event (thaho mean values have been computed)
from the 20 procesess simulated. For the sake of clarity, tialseblockingsthat were not completely screened by any
other are represented here. The panel size was the sameigs3n Fhe desired velocity wag = 4 nys.
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Figure 8: Cumulative amount of blockings the mean delay of the blocking (obstacle-wall blockingsvall-wall
blockings) vs. the outgoing people. The accumulation has lsemputed over the 20 processes simulated. The results
are shown in seconds. The panel size was«0.1L. Triangles, squares and circles represent a panel-doczqgag to
V3L/2,11Land 2L, respectively. The desired velocity was= 4 nys.
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Figure 9: Comparison between the mean evacuation time &ig@andO(p) for p = 100 pedestrians. The abscissa
represents the panel-door gap (in unitddf Red lines (squares) are for teategicpedestrians, while the blue ones
(circles) represemnion-strategigpedestrians. Continuous lines (hollow symbols) corredporthe mean evacuation time.

Broken lines (filled symbols) correspond@gp).
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Figure 10: Comparison between the mean evacuation time @igndO(p) for p = 150 pedestrians. The abscissa
represents the panel-door gap (in unitddf Red lines (squares) are for teategicpedestrians, while the blue ones
(circles) represemnion-strategigpedestrians. Continuous lines (hollow symbols) corredgorthe mean evacuation time.

Broken lines (filled symbols) correspond@gp).
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