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Safety is a primary consideration in any building, especially where large number of people come together such asin
subway stations. There are many risk factors which can cause casualties such as earthquake, fire, etc. One of the important
considerations in an emergency situation is evacuation of people. To evaluate the evacuation of a place, an effective way is
simulation. In this paper as a study case, we simulate the evacuation behavior of Station 5 of Tabriz Urban Railroad
Organization (TURO) by using Distinct Element Method (DEM).

In DEM, analysis can compute the position of each element (person) step by step by solving the equation of motion.
DEM can calculate the interaction force between the element and the environment and between the elements themselves.
The governing equations of maotions are;

mx (t) = f.*(t) (1)
my;(t) = £ (t) (2

in which m is mass of i-th element, and f * and f ¥ are various forces including driving force acting on the element in x and
y directions, respectively (Kiyono et a., 1998).

There are different ways to present elements such as circular (Kiyono et a., 2000), eliptic (Kiyono et a., 2004), and
three overlapping circles elements (Langston et a., 2006).

The program used for this research has been first used by Kiyono which was further improved by his students later on.
It isatime step tracking simulation model, which follows the route and rotation of each element, in order to determine the
direction and position of each entity, in each time step. The program simulates movement and decision making by means of
adding the psychological forcesto the physical forces. Algorithm that can consider avoidance, overtaking, and pass between
elements naturally, is used. The position of each element can be calculated sequentialy by solving above equations step by
step.

Evacuation simulations are done for 5 different cases regarding number of people at platform and concourse levels
which isdepicted in table 1.

Table 1. Number of people of considered cases

Case 1 2 3 4 5
Platform 100 200 300 400 400
Concourse 100 100 100 100 200

Evacutiontimefor platform level iscalculated to be 75, 140, 324, 438 and 438 sec and for concourse level 110, 190, 370,
477 and 477 sec for cases 1 to 5, respectively.
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Asresults show by increasing the number of people from 100 (Casel) to 400 (Cases 4 and 5), evacuation time becomes
5.8 times for platform level. In concourse level not only the number of people in the leve itself but aso the number of
people of platform level evacuated through the concourse level is effective in evacuation time. For example comparing
Casel to Caseb, evacuation time becomes 4.3 times.

To control density of people near exits and gates, 6 and 5 control zones are considered in platform and concourse levels,
respectively. Maximum cal culated densities (by person/m?) for different considered cases are shown at Table 2.

Table 2. Maximum densities of considered control zones (person/n?)

Case 1 2 3 4 5
Platform level 1.64 1.94 418 432 432
Concourse level 141 2.83 4.05 4.39 45

As results show by increasing the number of people from 100 (Casel) to 400 (Cases 4 and 5), maximum density
becomes 2.6 times for platform level and for concourse level comparing Casel to Case5, maximum density increases by
nearly 216 percent.

Considering results of simulations discussed above, we can conclude that number of people has great influence in
evacuation time and maximum density of people so it isessential that before construction of public buildings such as subway
stations, evacuation simulations considering maximum expected number of people in order to meet safety requirements
should be done.
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