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Abstract: Problem statement: The suniqueness of the Theatres in the Bangkokddelitan Area

lies in the multiplex theatres. The enactment of lequires the theatre's entrepreneur to show the
calculation lists of fire evacuation. The meangfess should have an ability to evacuate the peopl
from the theatre within an hour. However, the iiegtins to calculate the evacuation time and the
number of person occupying the building are notl webposed.Approach: The suitable occupant
load factor is investigated by areas of the mudtipT heatres. In addition, the calculation of evioua
time by the hydraulic flow calculations is also geated under assumptions for calculation
conveniencesResults: The result of the study provides the suitable pect load factor for multiplex
theatres. The standard methods of calculation aesl U0 determine the evacuation time from
multiplex theatresConclusion: The calculation of evacuation time was conductgdising the data
from 10 multiplex theatres in the Bangkok Metrofmoli Area. The results show that the evacuation
time is fallen between 8.2 and 84.9 min. Only Zathes have the evacuation time more than an hour.
If these results are compared with the calculateac@ation time from the theatres that have a
permission document, there is no data of evacuétiom from theatres more than 60 min.

Key words: Evacuation time, multiplex theater, hydraulic flavalculation, occupant load factor,
modern theatres, Bangkok Metropolitan

INTRODUCTION in which the assumptions are made for calculation
convenience. The results will be compared with the
The characteristics of modern theatres are changeslacuation time at the beginning of the permissmn
from the past in which the single theater has rditrge  do the theater business.
size. Whereas the modern theatres are gatherdtkin t The evacuation time is concerned since the
same location including the shopping mall or lodate beginning of the flames to the time that the people
near the shopping centers. These theatres are slwaljas already been leaved the building or arrivethéo
located in the topmost of the building. Generalhe  safe place. The evacuation time includes of 4
theatres are located in the hlgher floors of thldzdb1g Componentsl which are (1) the perceived time o fir
The law is restricted for new theater’s entreprerteu  sjtuation (2) the reaction time (3) the preparation
inform the calculation lists of means of egress tba tjme for fire evacuation and (4) the travel timeneT
able to evacuate people from the theater to outsidgytal of the perceived time, the reaction time &inel
building within an hour. However, there is no r&ston  preparation time is called the delay time, which is
informed the evacuation time. difficult to calculate. Then, only the travel tinis
So, the objective of this research is to proptise t calculated in this research. A lot of researchers
suitable occupant load factor for areas in the ipleX  contributed to the evacuation such as, Shields and
Theatres. This occupant load factor will be used t®Boyce (2000); Olsson and Regan (2001); Chow
calculate the number of people that can occupy th¢2007); Zhanget al. (2008); Pursals and Garzon
building by the NFPA 101, Life Safety Code. In (2009); Xu and Song (2009); Chen and Feng (2009);
addition, this research also proposes the caloulatf Wu et al. (2010); Fanget al. (2010; 2011) and
evacuation time by using the equation of hydrafliy ~ Jirasingha and Patvichaichod (2011).
Corresponding Author: Supat Patvichaichod, Department of Mechanical fegging, Kasetsart University, Si Racha Campus,
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MATERIALSAND METHODS Table 1: shows the results of evacuation time thfe@tres
Name of theater Evacuation time (min)

In this research, the data of the 10 multiplexg 5é.46
theatres in the Bangkok Metropolitan Area are used c 17.24
calculate the evacuation time to ask for the pesimis D 47.89
document to do the theater business, whereas '[[abIeE 45.20
shows the results of 8 theatres. G 26.40

From Table 1, it can be seen that all evacuatinest H 40.03
are less than an hour. However, the methods used to 11.70
determine the results in Table 1 are different arnot J -
accepted by the international standard. The cdionlaf Table 2: sh he boundary |

le flow by the hydraulic flow calculation, whic aws the boundary Jayer
Peop . y 4 . T Components The boundary Layer (m.)
presented in (NFPA, 2002), uses various factorschwh 5o 015
are the effective width (We), Density (D), Speed, (S stair
specific flow (Fs), calculated flow (Fc) and evasua  (Distance is measured from edge to §dge 0.15
Time (Tp). Stair . .

(Distance is measured from handrail to hanyrail 0.09
Corridor 0.20
Effective width: The effective width is a clear width Obstruction 0.10
subtracted by the boundary layer. The clear widitihe® . ,
corridor is measured from wall to wall, whereas thel22/e 3: shows the values of k by malf'm“m SpMezSimum Speciic
clegr width of stair is measured from_ the edgeh_m‘ t Components flow, Fsm
stair to the next edge. And the clear width ofdoer is  5asganay, door 140 132
an exact width during the door is opening. Table 2Zand ramp
shows the boundary layer of stair's components. Sair
Tread(mm) Riser(mm)

_ o - 190 254 1.00 0.85
Density: The density is a measure of condensationi7s 279 1.08 0.94
along with the evacuation route. The unit of dgnt 165 305 116 1.00

i 330 1.23 1.05
a number of person per square meter. The density s
related to the evacuation speed. If the densitpWs  Taple 4: shows the conversion factors
the evacuation speed will be high. On the contraryRiser(mm) Tread(mm) Conversion factors
when the density is high, the evacuation edpe 190 254 1.000
will be low. 178 279 1.080
' 165 305 1.160
165 330 1.230
Speed: If the speed is less than 0.54 per square meter,
the people will evacuate with independent speedghwh The distance of stair is considered by multiplying

does not depend on the other persons. If the geissit the distance from floor to floor with the conversio
more than 3.8 persons per square meter, the pmp|e factors shown in Table 4 in which the distance haf t
be tied up until the density is decreased becabse t landing has also to be concerned.
people begins to move out from that place. - _ B )

In case of the density boundary is between 0.54pecific flow: The specific flow is the number of
and 3.8 persons per square meter, the relationshf}SOP!e passing through specific location per urit o
between speed and density is a linear function a me per unit of effective width as shown in Eq. 2:

shown in Eq. 1: Fs = SD @)

S = k-akD (1) The maximum specific flow will occur when the
density is 1.9 persons per square meter.

Where:

S = Speed (m sé]() Calculated flow: The calculated flow is the expected

D = Density (persons s&g number of persons passing specific location. Thieain

A= Constant = 0.266 calculated flow is number of person Seawhich is

k = Constant, which is shown in Table 3 shown in Eqg. 3:
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Fc = FsWe 3) Table 5: shows the occupant load factor of theesurv
Areas Occupant load factor
. Lo . . . . . Theater area:
Evacuation time: The evacuation time is shown in Eq. 4: 5 o3 'inside theater Number of seats
-Aisle and toilet 9.30
- Shop area:
Tp=P/Fc ) -Shop area, 1st floor 2.80
-Shop area, 2nd floor 5.60
Whereas, P = number of person. - Shop area, upper floor 3.70
- Store in the shop 27.90
Office 9.30
RESULTS -Store outside the shop 45.50
Waiting area 0.28

The results of the survey from 10 multiplex
theatres are found that the occupant load factdemun On the 2nd and the 3th floor, the number of
the NFPA 101, Life Safety Code, 2009 Edition (NFPA, occupant is calculated from the assumptions in tinat
2006), by areas of the theatres, which are theatreshops are located at the ground floor and the afea
shops, offices and waiting areas, are shown in€fabl  each floor equals to the floor of the theater. The

In addition, the staffs of the theater, for exa@spl calculated of occupant on the 1st floor is not negli
ticket staff, guiding staff, projector staff andusemaid because the occupant could directly evacuate fiwen t
are considered in this research. In case of thetexaexit door and does not pass the fire stair.
number of staffs are known, this number will beter The theater has 5 fire stairs with the assumptidns
used. If the exact number of staffs is unknown, theall stairs are in good condition. The discontinudives
suggestion of 2 persons for each theater will B&lus  stair to the ground floor or the stair in the sfiecrea
For the convenience of calculation, the assumpt#as s not concerned as the fire stair. In this redeate &
made as followings: fire stair is discontinuously linked to the groufhobor.

The assumption is made that all people in the mgld
» The waiting location is occurred at the fire s@ir  begin escaping simultaneously. In addition, theppeo
the entrance door or the exit from fire stair. Ast  in each floor use the stair in the same amountsTtine
location, Fs = Fsm. The value of Fs should notnumbers of people escaping at each stair by differe

more than Fsm. In case of Fs > Fsm the Fsm wilfloors are separated as shown in Table 7.

be used After that, the evacuation time is calculatedfisst,

* All people in the building start escaping from fire the effective width of the stair (We (stair)) idazdated
simultaneously. The numbers of people using eacly the clear width minus with the boundary layehjck

fire stair are equally is 0.152 m. from the wall of the stair. Then, theult is
« The lower floor, which is not the theater, has thecompared with the case of minus with 0.089 m. fthen
area as same as the upper area of theater. handrail (if available). The smaller value of widtil be

+ The area of theater composes of the aisles and tHgrther used.
barriers to separate the waiting customer until the  The next step, the we (stair) is determined. & th

movie is shown distance between walls is subtracted by boundamr la
« The waiting area has to be investigated from thewith 0.152 m. for each side, the we (stair) willbd76 m.
real place whether If the distance between handrails is subtracted by
» The fire stair is in good condition. boundary layer with 0.089 m. for each side, the(stair)
» The discontinuous fire stair is not concerned as thwill be 1.152 m. So, the we (stair) at 1.152 nseiected.
fire stair The we (door) is to subtract the clear width & th
e The fire stair, which is located in specific arem, door by the boundary layer for 0.152 m. at eacle.sid
not also concerned as the fire escaping stair Then the we (door) is 1.396 m. The assumption is

further made in that the waiting is occurred at fine

The example of the calculation will present theexit and fire escaping stair and Fs = Fsm. Theads
calculation of evacuation time of a case studytérea of the stair tread is 0.25 m. and the riser is Oril8 he
The selected theater is located on the 4th floomof distance of the riser and the tread can be coresides a
shopping mall. The area of the theater is 4,37@Grsqu slope of the stair to select the Fsm as in Table 3:
meters. The areas of the 2nd and the 3rd floohef t
shopping mall are the same as the calculated sestilt Fsm (stair) = 0.94 (person/sec.)/meter
building’s user as shown in Table 6. Fsm (door) = 1.32 (person/sec.)/meter
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Table 6: Shows the occupant load factor and numbeccupants of different floors

Floor Types of area Area Occupant load factor dBrog occupant
4th Theater area 3947 945 Seats 945
Shop area 69 3.7 Scfper person 19
Office 94 9.3 Sq.Mper person 11
Store 60 46.5 Sqfper person 2
Waiting area 200 0.28 Scfper person 715
Staff - Number of people 12
Total number of people on the 4th floor 1704
3th Shop area 4370 3.7 Sdper person 1182
2nd Shop area 4370 5.6 Sq.per person 781
Table 7: Shows the numbers of people escaping et seir by  path. The vertical distance then is multiplied witte
| different floors _ _ _ factor as shown in Table 3, which is varied by tilser
Zoor f;%" L 4552" 2 OSta" 3 42?”4 42?" 5 and the tread of the stair.
3 206 206 0 206 206 The dlsta_nce of the stair platform between the 4th
2 196 196 0 196 196 and 3rd floor is 9.36 m.
Total 918 918 0 918 918 The height between the 4th and 3rd of the 1st stai
is 5.26 m. The factor is 1.66. The evacuation dista
Table 8: Shows the evacuation time of all stairs ' that is derived from the distance of stair path is
Stair Evacuation time (min) 5.26x1.66 = 8.73 m. So, the evacuation distance among
: SaL floors is 9.36+8.73 = 18.09 m.
3 Discontinuous stair The travel time per floor can be calculated as
4 225 following:
5 27.0
Travel Time = Travel Distance/Speed
From Equation Fc = Fs x we: =18.09/0.495 = 37 sec
Fc (stair) = 0.94x1.152 = 1.083 person/sec T‘(’j felvacu?]te all people from ?e_b”gd'”gu to the
Fc (stair) = 1.32x1.396 = 1.843 person/sec ground floor, the assumption is made in that ade

from every floor evacuate simultaneously. Then,=c
After comparing the calculated flow between theé’%ﬁ% ;F))eerrssc;rr]]/;ec. Number of people in tfietair path
ex:t a;ng éhe fire eiz.caplnlg stair, thde tsrr:jal:fr Yq?qhéjef The evacuation time for all people through the
selected because this value 1S used 1o detine aths is Tp = 918/1.083 or 848 sec. The total tirhe

rate of the fire escaping stair. So, Fc = 1'0832vacuation for the 1 stair path is 37+ 848 sec. or

person/sec: 14.7 min.
) From the above example, the -calculation of
From Equation S = k -akD evacuation time is presented for only tiéstair path.
However, the evacuation time for different staipayg
Where: has to be further investigated. The time durathmat ts
used as an evacuation time for each building wéll b
a=0.266and k = 1.0 from Table 2 selected from the fire stair that has the largest

_ _ evacuation time.
The maximum speed is occurred when D = 1.9  From Table 8, it can be seen that tHefige stair

person/square meter: has the largest evacuation time. It can be condldiolzt
the total evacuation time is 27 min.
S = 1.0- (0.266x1.0x1.9) = 0.495 m Sec The results of evacuation time for 10 buildings

by standard method are calculated the evacuation
So, the people evacuate from fire escaping staifime from areas with every stairs. As earlier

with speed of 0.495 m séc mentioned assumptions, details and methodologies
The distance used to calculate the evacuatioreroutused in this research, the results are further evetp
is the horizontal distance, which is the stair fola. with the evacuation time in which the entrepreneur

All distances in the horizontal direction has ® b asks for the permission to do the business. The
accumulated with the adjusted distance by the stairesults are shown in Table 9.
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Table 9: Compares the evacuation time betweentt#melard method the evacuation time more than 60 min. If the resait
and the permission method compared with the permission calculation list of

Theater Séir:g?g?] Trﬁt:)c’d’ F?;ﬁgos?o(nmr';zm o4 €vacuation time, there has not got any theateigubie

A 769 - evacuation time more than 60 min. If the evacuation
B 52.5 55.46  time is compared with other methods that are used b
C 8.2 17.24 the entrepreneur, the differentiation is from 523%.

E ggg ié-gg The main reason is the differences in the assumgtio

= 70.6 . calculation methods and factors. The differentiaio

G 20.7 2640  are occurred because the law does not indicate the
H 55.0 40.03 calculation criteria or any condition. So, the Niny’s

'J g‘;-% 1L70 announcement in that “the fire exit must have aiitpb

to evacuate the people from the theater to theidmuts
building within an hour” by no more additional

From Table 9, the results show that the evacuatiopegulations is not sufficient

time of each building is significantly different lach
other. The differentiation is varied from 5.6-123%.
There are 3 theatres using standard method thahbas
evacuation time more than 60 min. This is not aldw
by the law, whereas there has not got any theh#r t
asks for the permission to do the business has the
evacuation time more than 60 min.
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