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Extended Abstract 
In Korea, the level of national welfare has been continuously improved, and the perception of the nation has been 

steadily improving. As a result, the demand for physical education related welfare facilities is continuously increasing, and 

construction of indoor complex gymnasium is also increasing. In addition, the number of users of sports facilities is rapidly 

increasing, and the structure of gymnasiums is designed to be huge and complicated. However, these tendencies can be 

seriously threatened by the occurrence and spread of smoke when a fire occurs. This study is a numerical analysis of the 

behavior of smoke at the indoor complex gymnasium under construction. The results of this analysis will be used to predict 

the fire risks to users of indoor complex gymnasiums and to plan safe evacuation of users. In order to carry out this study, a 

previous study on the design of smoke control systems for large spaces[1] and evacuation stairs[2] was referenced. 

Numerical studies on smoke diffusion[3] and smoke filling[4~6] in large spaces were also referenced. 

In order to numerically analyze the smoke behavior inside the complex gymnasium, a 4-story indoor complex 

gymnasium under construction was selected. The gym has an area of 4,981 ㎡ and a total floor area of 10,284 ㎡. The 

sports facilities include a martial art training center, a physical training center, a seminar room, and a shower room on the 

first basement level, and a multipurpose gymnasium (basketball, volleyball, handball), a player waiting room and a judging 

waiting room are installed on the first floor. There are grandstand and jogging track from the second floor to the third floor. 

In this study, 67.6m × 78.2m × 20.7m analytical boundaries were set for the modeling of the smoke behavior of the 

gymnasium, and 169 × 180 × 67 grids were used. The standard atmospheric conditions at 20 ℃ were used for the 

numerical analysis and the ignition source was set to burn 10 MW of heptane in the underground seminar room. In order to 

analyze the evacuation activities of the users, 500 people were randomly assigned to each floor and a total of 2000 people 

were set to reside in the complex gymnasium. FDS (Fire Dynamics Simulator)+Evac 6.3.2 was used to predict the 

generation and spread of smoke after the fire, and the LES model was used for the turbulence analysis. The numerical 

analysis was conducted to analyze the smoke spread for a total of 30 minutes. 

Through this analysis, the smoke height of each floor was predicted and the risk of exposure to toxic gas was 

analyzed. As a result, the height of toxic gas (0.7m and 1.3m) in the evacuation corridor on the 1st floor was lower than the 

height of toxic gas (2.4m) in the basement where the fire occurred. This means that the user on the first floor escape route 

is exposed to more toxic gas than the user in the basement where the fire occurred. As a result of analyzing the evacuation 

routes of users, it was analyzed that the number of bottlenecks accumulated by 830 persons instantaneously increased with 

the increase of 2.8 persons per minute in the path of the stairs where the users of the second and third floors moved to the 

first floor. This means that the path from the 2nd and 3rd floor to the 1st floor is needed more than the current design. 
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