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Abstract: Problem statement: The aim of this research is to investigate the évacuation problem
from the student dormitory by using the Numericatihod. The Fire Dynamics Simulator Software
was used in the research with the evacuation fon¢#DS + Evac.). The problem under investigation
concerns the building that has the open-air cefitie.characteristics of the building are includethw
floors, 2 open-air fire escape stairs located sitl2s of the building. In addition, there is a &nexit to

the outside of the building and the sprinkler syste not installed inside the buildingpproach: The
simulation was designed to study the problem thatd source of fire occurring at the room closed to
the open-air stair. The stairs will be severelyeetiéd by the smoke. The experimentation's are
composed of 4 cases, which are (1) the first casemaes the true size of the door is 1 m (2) therskc
case assumes the true size of the door is 1 mhendnhoke barrier is installed at the beam located
before the stair entrance (3) the third case assuh®etrue size of the door is 2 m and (4) thetfour
case assumes the true size of the door is 2 mharshtoke barrier is installeBesults: The results are
shown that the escape time from the building win 1 m door is 465 sec and the 2 m door is 265 sec.
The time differentiation between the 1 m door am&l 2 m door is 200 sec. The reason is the waiting
occurred at the entrance if the smoke barrier isimstalled. In this case, the smoke in the stairs
without a smoke barrier installation has more ttt@nsmoke in case if the smoke barrier is installed
However, this research collected the data of tleevgdume and found that the gas volume is not yet
harmful to human life but the gas can be an obstckvacuation in the building that has an open-ai
centre.Conclusion: For safety reasons, the building’s user should-awp the door size and install the
smoke barrier at 2 sides of the stairs for all ffol increase the evacuation ability.
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INTRODUCTION Where:
T, = The perception time to fire situation

The fire evacuation is a necessary activity whent T, = The action time to fire situation
severe situations are occurred, for examples, th&.s = The travel time to a safe place
earthquake, the gas leaks, the hostage and thesel
The escape time depends on various criteria, waieh The evacuation simulation software has an ability
the characteristics of the building’s user, theto calculate an escape time. The start time and the
characteristics of the building itself and the latydesign  action time of evacuation to provide the user’s
in the building. Even though the building is well perception of evacuation time is also included he t
designed, the activities such as the efficiency tmal software. In addition, other factors that relatiiogthe
ability of fire evacuation have to be tested andisneed.  travel time are included in the software, which #re

Explained the equation of escape times{F) as  population size, the evacuation speed, the demdity
shown in Eq. 1 in which the 3 components arepeople, the door width, the evacuation route, the

included: distance to the safe place, the building shape, the
behavior and the familiar to the place and the ctoxi
Tescape= Tp+ Tat Trs (1) volume that are increased in the combustion process

Corresponding Author: Supat Patvichaichod, Department of Mechanical Eegging, Faculty of Engineering at Si Racha,
Kasetsart University, Si Racha Campus, Thailand
429



Am. J. Applied Sci., 9 (3): 429-435, 2012

from decoration materials in the building. However,the fire in a short time of evacuation are refereed
the software is limited to calculate the action @&im printed in “the NFPA 130 Standard for Fixed Guidgwa
and the perception time. Using evacuation simufatio Transit and Passenger Rail Systems”. The factas ar
software is recommended to be a choice tocomposed of the air temperature and,@Blume. The
investigate either potentials or flaws of the values by the standard are shown in Table 2 and 3.
evacuation area. Time and cost can be saved in case
of the evacuation plan is implemented. A lot of
researchers contributed to the evacuation and
numerical simulation such as, Ma and Quintiere
(2003); Xinet al. (2005). Zhanget al. (2007); Lin

and Chuah (2008); Rolet al. (2009); Qinet al.
(2009); Mouilleau and Champassith (2009); Megty

al. (2009); Zahimet al. (2009); Momani (2010);
Majee and Roy (2010); Yangt al. (2011); Zhi-
Xianget al. (2011) and Jahet al. (2011).

Fig. 1: Depicts the left hand side view of the stuid
MATERIALSAND METHODS dormitory

Building characteristicss The student dormitory
characteristics in this research are a buildingh viit
floors, 2 stairs leading to the ground floor ancmair
center. There are 120 rooms in which 4 students can
live in a single room. Total number of studentsthe
dormitory is 480 persons. There is only a singli¢ &x
the outside of the building, where is located ia téft
hand side with 1 m width. The problem is designed i
that the source of fire is located at the firsioflan a
room closed to the fire stair. The objective of stedy

is to evaluate the risks of student’'s evacuatioringu
moving in the stair passage. The stair charadtviate
opened area in which smoke can leak to the staggoge. -_———————
The building characteristics are shown in Fig. 1-3, I]F T Tl!?lt I{ F“
whereas the Fig. 1 shows the left hand side view of BB cerocnic P Righe s |l 0
student dormitory, Fig. 2 shows the inner area of 5 -mm iy
student dormitory and Fig. 3 shows the inner afdhe L =
student dormitory of 2nd-5th floor.

Fig. 2: Depicts the inner area of the student dmmi

Location of source of fire: The risk evaluation is a
process that is required to select the locatioi@fmost
severe source of fire, especially the location #ftects
to the evacuation and to the life of evacuatingpbeo
Because the open-air stair increases the risk aksm
moving to the stair passage, so the location of the
source of fire is set closed to the left hade sifi¢he
stair passage of the first floor as shown on Fig. 4

The size of fire used in the simulation model is
selected by the type of polyurethane, which areoatm
used as a material in the building. To determimehtbat
release rate referred from Table 1, if the heatgnes
7,000 kW with the fire area of 1 m, heat release per
area is 7,000 kw m.

The factors using to consider the fire situation i Fig. 4: Depicts the first floor of the building witthe
this research that the evacuating people can endthe source of fire
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Fig. 3: Depicts the inner area of the student dummyi
of 2nd-5th floor
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The product from the combustion is the toxic RESULTS
guantity that can be a cause of death to the etiagua ) ) ) ) )
person. In this research, only gases that make the _1Nere are 4 experimentations in this research in
evacuating person unconscious are investigated’yh'Ch the fire snyanon_ in _the student dormitoryasv
Whereas the density ratio of NFPA (2002) or theSimulated. The investigations have been made by

Fraction Effective Dose (FED) is shown in Eq. 2: comparing (1) the case of exit door expansion fioéh
m and (2) the case of the smoke barrier with the of

30 centimeters is additional installed. The purpes®e

FED = FEDeo, * HVeo, + FED, @) make the comparison for building modification and
improvement as shown in Fig. 5 and 6.
In addition, the ratio of CO that is harmful omca In Table 4, the evacuation data for 4 cases are
decrease the ability is shown in Eq. 3: presented by the size of the exit and by the differ
types of fire barrier.
FED,, = 4.607 10 (C, ¥**x - 3) In Fig. 7-10, the C®volume comparisons among

4 types of stair passage are shown.

where, Go is the percentage of density by volume of CO.
The ratio of Q that is harmful and is a cause of
hypoxemia is shown in Eq. 4:
t
FED, = , (4)
* 60exp[8.13- 0.54(209 & |

Fig. 5: Shows the exit door expansion from 1-2 m

where, C,, is the percentage of density by volume ¢f O

The factor of C@that is a cause of suffocation is
further shown in Eq. 5:

exp(0.1930¢C, + 2.004
HVeo, = 7102

®)

where, Goy is the percentage of density by volume of

CO,.

Table 1: Shows the conditions to select the sizBiref(heat release  Fig. 6: Shows the location to install the fire barrin

rate) in the fire situation simulation by typesboilding front of stair passage of the first floor
Types of buildings Heat release rate (kW)
Airport and railway station More thah000 Carbon monoxide at floar_1
Department store and public buildings 5,000 Ufg;j
Building hall or inner opened-space More tfTab00 . 0.0025
Barrier part of railway station 1,000 E 0.002 — Case 1
g 0.0015 — Case 2
0.001
Table 2: Shows the air temperature by the duratibrevacuating 0.0005 _322:3
people’s endurance ’ 0 100 200 300 400 500 600 700
Air temperature Duration of evacuating people’sieadce Time (sec)
60°C (140 °F) 2-3 min
49°C (120 °F) Less thahmin

Fig. 7: Shows the CO volume for the first floor

Table 3: Shows the GOvolume that the evacuating people can Table 4: Shows the total time of evacuation frondsht dormitory

endure Size of the Evacuation Number of
CO, Duration of evacuating people’s endurance exit (m) Fire barrier time (sec) dead (person)
> 2,000 PPM 2-3 min 1 Uninstalled 462 -
1,500 PPM Less thahmin 1 Installed 463 -
800 PPM Less thahs min 2 Uninstalled 278 -
50 PPM Residues from combustion 2 Installed 280 -
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Fig. 8: Shows the CO volume for the second floor Fig. 12: Shows the graph of temperature of the rettco
floor
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Fig. 9: Shows the CO volume for the third floor Fig. 13: Shows the graph of temperature of thedthir
floor
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Fig. 10: Shows the CO volume for the fourth floor Fig. 14: Shows the graph of temperature of thetfour
floor
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Fig. 11: Shows the graph of temperature of thet firs Fig. 15: Shows the visibility performance of thetfifloor

floor As shown in Fig. 11-14, the measured temperature

in the stair passage of the first and the thirdecias
From Fig. 7-10, the CO volume is measured by 4ncreased with uncertain direction. The reasonhis t
types of stair passage. Because of the smoke b#stie jnlet smoke through the stair passage is no doecti
not installed in the first case and the third calse,CO The differentiation is found in the second case #ad
volume that can be detected is higher than thenseco fourth case in which the smoke barrier is installed
case and the fourth case. The CO volume of the firdeading to less smoke and lower temperature.

floor is significantly differed from other floordn this The other experimentations of visibility
research, the temperature comparison is furthee don performance are further investigated in this resear
which the results are shown in Fig. 11-14. The results are shown in Fig. 15-18 for 4 case.
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Visibility at floor_2
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Fig. 16: Shows the visibility performance of thesed
floor

Visibility at floor_3
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Fig. 171ﬂ5h0WS the visibility performance of therdh  Fig. 22: Shows the evacuation status at 230 sec
oor

Visibility at floor_4
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Fig. 18: Shows the visibility performance of theufih
floor

Fig. 19: Shows the evacuation status at 15 sec

From Fig. 15-18, the results can be seen that the )
visibility performance for all cases is rather ailin the ~ Fig- 25: Shows the evacuation status at 465 sec

same level. The differentiation is found in thesffifloor

and the second floor in that the visibility perf@mnce From Fig. 19-25, the results of evacuation status
of the second case and the fourth case is betiarttte  after the people perceived the fire alarm signa ar
first case and the third case. shown. From Fig. 19 at 15 sec, the people start

From Fig. 19-25, the evacuation of the user fer th evacuating from the room by running to the nearest
first case is shown by the last time duration ofexit, which has 2 exits. Because of large amount of
evacuating people for each floor of the buildingieT people at each floor, the accumulating and waitihg
first case is the building that is always used wiiththe  the stair passage is occurred. From Fig. 23, aplee
exit improvement and without the smoke barriercan leave from the room around 250 sec and cam leav
installation before entering to the stair passdgeis from the building around 460 as shown in Fig. 2be T
the first case uses more time of evacuation andahaswaiting time at the in front of the building exis i
risk of high smoke in the stair passage. approximately 210 sec.
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DISCUSSION that located before entering the stair passageezhrce
the smoke quantity entering through the stair ppsga
The evacuation from the student dormitory of thecase the fire source close to the stair passags. Th
first case and the second case uses the similamprovement can reduce the smoke quantity, reduee t
evacuation time, however, the time is longer thas t heat and reduce the CO in a large amount.
third case and the fourth case. The reason isniadler
size of the exit in which the evacuation time isder. ACKNOWLEDGMENT
The data collection is found that most of
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