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2014
 • May 15, 2014: Between 16 and 24 recruits were killed and more than 119 were injured at 
several stadiums and other venues across Nigeria when 520,000 applicants were invited to take the 
aptitude test and physical exercises in order to get one of 4,556 available positions with the Nigerian 
Immigration Service. As many as one million might have shown up for the event at one of its 37 sites. 
In many cases, security forces fired their rifles into the air for crowd control, which triggered deadly 
panics. In at least one location the release of teargas had the same effect. In several locations there 
was no effective queuing, and all candidates had to enter the stadium through a single door. 
 • October 3, 2014: At least 32 people were killed and 26 injured in a stampede shortly after 
the Dasehra celebrations at the Gandhi Maidan, Patna, India. 
 • October 10, 2014: At least seven people died and 40 were injured as a result of a 
stampede at Qasim Bagh Stadium Multan Pakistan after the Speech of cricketer-turned-politician 
Imran Khan. The Opposition leader alleged that only two gates of the venue were opened at the end 
of the rally and the lights were also switched off, but this was later denied by the DCO and local 
authorities. 
 • November 21, 2014: 11 people died and 40 people were injured after a stampede in a 
stadium in Kwekwe, Zimbabwe. 
 • December 31, 2014: 36 people died and 42 people were injured after a stampede during 
New Year's celebrations at The Bund, in Shanghai, China.

https://en.wikipedia.org/wiki/2014_Nigeria_Immigration_Recruitment_Tragedy
https://en.wikipedia.org/wiki/2014_Patna_stampede
https://en.wikipedia.org/wiki/2014_Multan_stampede
https://en.wikipedia.org/wiki/Ibn-e-Qasim_Bagh_Stadium
https://en.wikipedia.org/wiki/Multan_District
https://en.wikipedia.org/wiki/Pakistan
https://en.wikipedia.org/wiki/Imran_Khan
https://en.wikipedia.org/wiki/Kwekwe_stadium_stampede
https://en.wikipedia.org/wiki/Kwekwe
https://en.wikipedia.org/wiki/Zimbabwe
https://en.wikipedia.org/wiki/2014_Shanghai_stampede
https://en.wikipedia.org/wiki/The_Bund_(Shanghai)
https://en.wikipedia.org/wiki/Shanghai
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2015
 • February 8, 2015: 28 people died after a stampede that occurred at a football game in Cairo, 
Egypt. 
 • February 17, 2015: More than 16 people died after a stampede occurred during the Shrove 
Tuesday festival in Port-au-Prince, Haiti after a man was shocked by high-voltage wires. 
 • July 9, 2015: At least 23 people were killed and 50 injured following a stampede at a free clothing 
drive in the northern Bangladeshi city of Mymensingh. 
 • July 14, 2015: At least 27 pilgrims died in a stampede on the banks of the Godavari River in the 
southern Indian state of Andhra Pradesh. The Hindu pilgrims had gathered to take a dip in the river at the start 
of the Maha Pushkaralu festival. 
 • September 24, 2015: At least 2,262 pilgrims were killed in Mina, Saudi Arabia in an overcrowding 
incident during the Hajj pilgrimage. A further 934 were injured. The overall number of pilgrims is around 2 
million according to the Saudi authorities, which is far less than the number of pilgrims in previous years (Haj / 
Pilgrim quotas of all countries were reduced due to ongoing construction work at the main Masjid Al-Haraam). 
 • October 25, 2015: Twelve girls aged ten to fifteen were killed and another 42 were injured in a 
crush on a stairway while trying to escape their school building in Taloqan, Afghanistan during a major 
earthquake. 
 • November 15, 2015: 74 people were injured, 2 critically, when a glass stairwell railing collapsed 
during a stampede out of the +1 Club in Paceville, Malta.

https://en.wikipedia.org/wiki/List_of_human_crushes

https://en.wikipedia.org/wiki/30_June_Stadium_Stampede
https://en.wikipedia.org/wiki/2015_Haiti_Carnival_stampede
https://en.wikipedia.org/wiki/Port-au-Prince
https://en.wikipedia.org/wiki/Haiti
https://en.wikipedia.org/wiki/Bangladesh
https://en.wikipedia.org/wiki/Mymensingh
https://en.wikipedia.org/wiki/Godavari_River
https://en.wikipedia.org/wiki/Andhra_Pradesh
https://en.wikipedia.org/wiki/2015_Mina_stampede
https://en.wikipedia.org/wiki/Taloqan
https://en.wikipedia.org/wiki/Afghanistan
https://en.wikipedia.org/wiki/2015_Hindu_Kush_earthquake
https://en.wikipedia.org/wiki/Paceville
https://en.wikipedia.org/wiki/Malta
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Duisburg 2010
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eventi socio-politici 

eventi occasionali 

eventi religiosi 
spettacoli 
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identificazione dei pericoli

valutazione dei rischi

definizione delle misure
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The	Integrated	Crisis	Management	Architecture
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hazardous	area	detected
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•  Density correlation 
•  User’s choice 
•     Inter-person distance 
•  Potential  
•  Emptiness of next grid cell  
•  Conditional 
•  Functional analogy  
•  Other model link  
•  Acquiring knowledge 
•     Unimpeded flow  
•  Cellular automata da: NIST Technical Note 1471  

A Review of Building Evacuation 
Models  - E. D. Kuligowski R. D. 

Peacock  

•  No behavior  
•  Implicit behavior 
•  Conditional (or rule) 
•  Artificial Intelligence 
•  Probabilistic

modelli di movimento modelli di comportamento
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A-24 

 
Occupant movement:  From the Simulex website41:  “The algorithms in Simulex which model 
fluctuations in walking speed, side-stepping, body-twisting, overtaking etc. are based on a 
combination of the results of many video-based analyses of individual movement and the 
additional results of a number of academic researchers.” 
 
As mentioned earlier, the distance maps are used to direct occupants to the closest available exit, 
where each person moves toward an exit by taking the direction that is at right angles to the 
constant-distance contours from the exit.  The user can create up to 10 different distance maps in 
the simulation. 
 
The occupants walking speed is a function of inter-person distance.  An example of the data used 
for this movement is shown in Figure A.12.   
 

 
Figure A.12: Example of the velocity versus inter-person distance used for the movement 
algorithm in Simulex 11, p. 3 

 
The walking speed of an occupant is dependent upon the proximity (or distance away) from the 
people ahead.  The inter-person distance is defined as the distance between the centers of the 
bodies of two individuals.  The best-fit equation (A.3) for the graph above is shown here: 
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⎩
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⎭  when b d td≤ ≤   (A.3)  

v Vu=    when   d td>  
 
where v is the impeded walking velocity (m/s), Vu is the unimpeded (normal) walking velocity 
(m/s), d is the inter-person distance (m), td is the threshold distance (1.6 m), and b is the body 
depth (torso radius).   
 
The walking velocity on stairs is restricted to 0.6 times the normal unimpeded velocity assigned 
to each occupant characteristic/type.   
In order to calculate the velocity of the occupants (or groups of occupants) on certain building 
components, the occupant type must be selected by the user from the following list.  The 
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A.8  Simulex 
Developer:  P.Thompson, Integrated Environmental Systems, United Kingdom 
 
Purpose of the model:  Simulex is an evacuation model with the capability of simulating a large 
amount of people from geometrically complex buildings33-40.   
 
Availability to the public for use:  The program is available under license from IES, Integrated 
Environmental Solutions, Ltd in the UK.  Academic licenses are also available.   
 
Modeling method:  This is a partial behavior model.  It relies on inter-person distances to 
specify walking speed of the occupants.  Also, the model allows for overtaking, body rotation, 
sideways stepping, and small degrees of back-stepping.   
 
Structure of model:    This is a continuous space system.  The floor plan and staircase are 
divided up into a grid of 0.2 by 0.2 m blocks or grid cells.  The model contains an algorithm that 
will calculate the distance from each block to the nearest exit, and labels this information on a 
distance map.  An example distance map is shown in Figure A.11. 

 

 
Figure A.11: Example of visualization of the distance map in Simulex 

  
Perspective of model:  The model views the occupants individually.  The output of the model 
tracks the individuals’ positions throughout the evacuation, as shown during the visualization.  
Also, the occupants have an individual view of the building because the route choice can consist 
of either the shortest route calculated by the default distance map or a user-defined route 
obtained by assigning an alternate distance map to an individual or group of occupants.  The 
alternate distance map can block certain exits in order to force or guide an occupant to take a 
certain route throughout the building.   
 
Occupant behavior:  Implicit behavior is modeled. 

A-30 

A.9  GridFlow 
Developer:  D. Purser & M. Bensilum, BRE, UK 
 
Purpose of the model:  The purpose of this model is to calculate egress times by representing 
individual occupants in building spaces on a grid network46, 47.  Pre-movement time and pre-
movement-travel interactions are considered central to the evacuation using GridFlow. Purser 
considers this model to be as informative as other sophisticated models, but uses “simple, 
transparent, and easily verifiable behavioral inputs, derived from empirical data or specified and 
justified by the user”46. 
 
Availability to the public for use:  This model was developed by David Purser at BRE in the 
UK because of the need for an in-house model that can handle pre-movement and movement 
times and the interaction between them.  It is currently sold as part of a modeling package 
through BRE. 
 
Modeling method:  GridFlow is a partial behavior model because it relies on the density of the 
population to control the movement of the population and uses pre-movement time distributions 
observed by Purser.  Occupants are also labeled with FED susceptibility and their travel speeds 
are affected according to the FIC due to irritant smoke, as defined by the user.   
 
Structure of model:  This is a continuous 
space system.  The model overlays a grid of 
0.5 by 0.5 m over the floor plan to respresent 
the distance mapping as shown in Figure 
A.14.  A distance map is also overlaid onto 
the floor plan to map the distance from every 
cell on the floor to all exits.  This distance 
map is generated using a series of recursive 
algorithms to determine the direct distance to 
the exit from any point on the floor plan, 
while also working around obstacles present 
on the floor. 
 
Perspective of model and occupant:  The 
model views the occupants as individuals by 
giving each occupant certain characteristics, 
such as an xy position in the scenario as the evacuation progresses, a starting position in the 
simulation, a destination or exit goal, pre-movement time, unimpeded walking speed, and FED 
susceptibility.  The occupants also have an individual view of the building during the evacuation 
because the occupants can either move to their nearest exit, be randomly distributed to an exit, or 
follow a user-defined route.    
 
Occupant behavior:  Implicit behavior. 
 
Occupant movement:  The occupants move toward the exits under the constraints of the Nelson 
and Mowrer chapter of the SFPE handbook8, which incorporates speed reductions based on the 

Figure A.14: GridFlow visualization of the distance 
mapping 46 

A-63 

order of the conditions matters).  If there is a target to rescue (injured/disabled 
occupant), they will rescue them.  The model will take the fire fighter to the 
disabled person and have them escape together.  If the target has been assisted 
during the rescue, the fire fighter will continue investigation to the fire floor.  (As 
you can see, these actions can go back and forth.)  If the fire fighter has seen fire 
or has completed investigation to the fire floor (reaching the fire floor and 
remaining there for the delay time), then the fire fighter will escape”80.  

 
Occupant movement:  The movement of the occupants throughout the building is based on 
local crowd density.  Only one occupant can occupy a grid cell at the same time, which is 
comprised of a 0.25 m2 area (or a cell sized 0.5 m by 0.5 m).   When the occupant approaches a 
crowded area, he/she makes the decision on which grid cell to move to based on the simple 
algorithm “collision avoidance” or local density.  The process is shown in Figure A.21. 
 

Collision Avoidance

 
Figure A.21: Graphic of collision avoidance in CRISP 80 

 
This is a slide taken from a BRE presentation made by Fraser-Mitchell80.  The solid blue line 
shows the preferred direction of the green occupant, but that cell already contains the maximum 
allowable number of people (3 people in a 0.75 m2 space or 3 (0.5 m x 0.5 m spaces).  Two other 
options are those at 45 degree angles to the green occupant’s position and are scored according 
to the speed of the occupant, which is a result of the density of his cell and the next potential cell. 
 A score is calculated for each of the three possible cells.  The preferred solid blue line has a 
score equal to the calculated speed of the occupant, and the dotted lines have a score equal to 0.7 
* speed of the occupant.  An example calculation is performed for the scenario above giving an 
example maximum unimpeded speed of the green occupant as 1.0 m/s.  For the cell following the 
solid blue line, the green occupant will have a speed 20 % (1-(4/5)) of the maximum speed 
because there are a total of 4 other occupants (5 including the green occupant) occupying the 
current and potential cells.  If the green occupant had 2 other occupants in his cell, his speed 
toward the solid blue line would equal 0, because both current and potential cells would be at 
maximum density.  As a result, the score for a move along the blue solid line would be 
calculated by:  1.0 m/s x 0.2 = 0.2.  In order to move to the upper diagonal, the score would be 
0.7 x (1.0 m/s x 0.6) = 0.42.  In the upper diagonal case, there were 2 others in both the current 
and potential cell, other than the green man, causing the speed be 60 % (1 – (2/5)) of the 

da: NIST Technical Note 1471  
A Review of Building 

Evacuation Models  - E. D. 
Kuligowski R. D. Peacock  
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da: Integrating Supply and Demand Aspects of Transportation for Mass 
Evacuation under Disasters  Srinivas Peeta et Al - 2009 USDOT



SC
IE

N
TI

A SECURITATEM GIG
N

ITALTA FORMAZIONE DELLA SICUREZZA: VENTI ANNI DI COLLABORAZIONE DELL’ISTITUTO SUPERIORE 
ANTINCENDI CON L’UNIVERSITÀ, LA RICERCA E GLI ORDINI PROFESSIONALI 

Dott. Ing. Stefano Marsella - ingegnerizzazione - esodo di massa

SC
IE

N
TI

A SECURITATEM GIG
N

IT

14

Emergency Planning College

Understanding Crowd
Behaviours:
Guidance and Lessons Identified

Recommendations for Further Research  A Typology of Crowds 
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Figure 16.  Potential typology of crowds 
  


