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Somyos Wongsook 2010: Development of Program for Simulation and Evaluation of
Evacuation Time on Escape Stairs. Master of Engineering (Fire Protection
Engineering), Major Field: Fire Protection Engineering, Interdisciplinary Graduate

Program. Thesis Advisor: Mr. Apichart Chaengbamrung, Ph.D. 121 pages.

The objective of this study is to develop a program for simulation and evaluation of the
evacuation time on escape stairs conformed to the NFPA Ready Reference Human Behavior in
Fire Emergencies and the fire protection standards of the Engineering Institute of Thailand.
When using manual calculation for evaluating of the evacuation time, there are many equations
that will take a long time causing of calculation errors. Especially when designing high rise
building, it has to change several physical variables of the exits to estimate the proper
evacuation time. The program, written based on Netbeans IDE 6.8 and operated on Java
Application, consists of 3 steps; parameter input, evacuation time calculation and evacuation

procedure.

The result of this study, it found that the calculated evacuation time from the program is
accurate compared to that of the manual calculation. The program was then applied to study the
evacuation time affected by physical variables of the exits such as door width, riser height,
landing length and floor to floor height. It found that the door width has significant effect on
evacuation time than any other variables. After testing the program for a newly designed
Bangkok’s building with 3 stairways for the 10" to the 25" floor and 4 stairways for the 1" to 9"
floor, it found that the evacuation time is 1,997 seconds (or 33 minutes and 17 seconds), which
is less than 60 minute required by law. This means the building has proper and enough exits for

evacuation.

Student’s signature Thesis Advisor’s signature
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Bld Name = G'f;ammﬁ (Building Name)
Nooffloor =  $1audulueras (No. of floor)
NoofExit =  912udun1eni vl (No. of exit)
Occtype = 152ANN5ATOUATN (Occupancy type)
AreaComp = ﬁruﬁmmd mf"?u (Area of Compartment)
. ”
P, = dwlszannsnegludu i
fltofl. — 32 SEHNEY | 1Az i1 (Floor to floon)
corr = Joamaau (Corridor)
corrW, = anundvedlnamanu (Corridor width)
corrL, = AMNENVDY IDINIuAY (Corridor long)
corrArea, = ﬁuﬁmaﬂmwmﬁu (Area of corridor)
doorW,, = ﬂ’nm%ﬁwmﬂizg}wﬁ"l‘vmj maa%uﬁ i (Door width)
str = quleanid 1 (Stairway)
strRiser;; = mmqwmgﬂgwmﬁu%ﬁj eumf’f?uﬁ i (Riser height)
strTread;; = mmﬁﬂmmgﬂu@ummﬁu%ﬁj ﬂlf]i“f;:uﬁ i (Tread depth)
W, = anwnariulandt i j VIFUT i (Stairway width)
NoLand,; = i‘imaumuﬁﬂmmﬁu%ﬁj VOIFUT i (No of landing)
IndLong,, = mmanmawmﬁﬂmmﬂ’u%ﬁj VoI i (Landing long)
handR,; = dIBUV093 1931 (Handrail width)
dCorr, = aummivvealszannis TuTasmadusud i (Density of corridor)
we = a1wunA9gn3s (Effective width)
blw - anunhauiveuwa (Buondary layer width)
s = mmﬁa (speed)
fs = m3Imasume (Specific flow)
fsm = mi"lﬁa‘ﬁHWRQQQQ (Maximum specific flow)
fc = mi”l,wamﬂmiﬁmam (Calculated flow)
vertty,, = szozmait aumaluiu lanil lrlvessui 171197 j (Vertical travel distance)

AHq Y a A 3 .Y = . . .
tv.. = rmwfl%muvm"luummmawm uu”lﬂm (Vertical travel time)
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fireStart =  yunnamas g
delayT = WUNNIAIMTONIN (Delay time)
I v Y I
tpDoor,; = nmﬁi%’awawmuﬂnwﬁ"lﬂﬁj FUN i (Time for passage door)
Aay o A0 4
tvAcc = nmaxawm&awawﬂluuqu j ¥UN i (Vertical travel time accommulate)
’ A ~ Aay o W 5 A
tvMax;; = A1MINNY ﬂiflmijWﬂwﬁluUuqﬂﬂ j ¥UN i (Vertical travel time accommulate)
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tStep = quvaanarlumsonen
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flrEvac, = 112 1MAUDNENODNIINTUN i HuA
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tpDoor;; = p; * weDoor; / fcDoor; ; / sumweDoor;
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\ 4

No
tVACCiJ' < tVMaXi,j
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tpDoor;; <= tStep
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10
T 0

tpDoor;; = 0
T
Yes v
tvAcc;;= tvAcc;; - tStep output;;= 0

output;; = tStep

v

v Y
MNN 21 UANUAITUADUMITIIHUARIAUNITONEN



tvAcci;= tvAcc;;- tStep
output;; = tvAcc;;- tvMax;;

floor > fireStart

VACC,; < tvMaX,;
floor > a > fireStart

Yes

Yes

outputi,j = tVACCiJ‘
tVACCi,j =0

NN 21 (99)

VAcc,; < tvMaxz;
floor > a > firefloor

tVACCiJ' = tVACCi’j
output;; = output;,

D

tvAcc;;= tvAcc;;
output; i 0

D

v

tVACCi’j = tVACCi‘j

»
g outputid- = outputjy; i

D)

tvAcc;; = tvAcc;; - tStep
output;; = tStep _>

outputi,j = tVACCi,j
tvAcc;j=0 _>

tVACCi,j = tVACCLj
output;j= 0 _>

output;;= tStep

tvAcc;;= tvAcc;; - tStep _’
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tvAcc;; < tvMax;;

floor > fireStart

tpDoor;; <= tStep

v

tpDoor; ;= tpDoor;; - tStep
tvAcc;; = tvAcc;;
output;; = tStep

tvAcc;;= tvAcci;+ tpDoor;; - tStep
output;; = tStep
tpDoor;;= 0

v
!

VAcc,; < tvMax,;
floor > a > fireStart

tvAcci; = tvAcc; 10
Outputi,j =0 _>

tpDoor;; = tpDoor;; - tStep

tvAce;;= tvAcc;; _>
output;;= tStep

tvAcc;;= tvAcc;j+ tpDoor;; - tStep
output;;= tStep
tpDoor;;= 0

v

tpDoor;; = tpDoor;; - tStep

tvAcc;; = tvAccy, + tpDoor; tvAcc;;= tvAcc;; + tStep
tpDoor;; = 0 ¢

output;;= 0
tvAcc;;= tvAcc;; - tStep ¢

tvAcc; ;= tvAcc;; - tStep output;; = tStep
outputi,j = tStep ¢
7
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Mo of exit |2 b
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0 »
& Dimension Area
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No.of Seat: 40 Seat

Go 1o Exit

mwifi 23 Wieediumsnsondoyasiuiudegoidonas Tnanuau

al [ Occupant

A i A 9 Y 19 o
NANLDUU LlJ’E]ﬁ'E]\TﬂTiL"lﬂZiWHﬁ]@ﬂﬁﬂWH'JHWW
v 4
fﬁwmué’agmﬁ'ﬂﬁlmmazmuﬁ’uum, ﬁwuaugﬁlumwﬁw, ﬂ’NiJEIQiZﬁQNGI?u uammvﬂm

MUAY aauaaalunIng 23

. Y 1 Y
42 ‘ GotoBXIt | qaditluil ensendeyaiiudegends, anugesznineiu

Q u

a a 9 9 9 9 1 1 £ g 9 '
sazvna loamuAuisenioonds  uazdesmsnsendeyaludiude i Fuiludoyadiu

rdumandd Tl

43 ofuenemsan q  lunihaediumsnsendeyasnnudederdelueins

¥ lunsdiiaglsyasamsldnuTisunsuiomseonuuy daaaslunni 24

. Add ‘ A dy A 9 A 9 a
43.1 ﬂﬂ‘ﬂﬂuu WIABINTIINNVDYATUANITATDUATON Usznnms

9 dy = 9y A 9 o o 9 1 o 1 1 o
T wagnunms s e lslumsmuamisiuiugedede luunazdiuiuuen



71

Occupancy
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Exit

FRpor Mo, 10

Exit1of{2)
[hoio Landing
widtn: W Use |35_u inen Amount of Landing: |; -
_ Unuse Long: 80 It
Stainway Handrail
Riser: |75 ~| inch
Width 2.5 Inch
Tread: |10 ~| inch
Wide: |[J.6E65 it
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o Bueing [ Oemmpant Bt

Calculation

Fresmr [ [v) vemyme px  [v] mwe
Calculated ﬂw[Eraom‘miu.i Verfical trave! fimes{min.}

Step | Floor Mo. | Amount of Occupant | Amount of Exit | Exit1 | Exite | Exitd | Exitd | BExit! | Exit2 | Exiid | Exit4 | Floar's travel time [min.} Stairways's fravel time (min.)
1 o 200 2 48 48 - E 0.35 (035 |- - 313 248 -
2 E] 300 2 46 |48 |- - 035 (035 |- - 6.26 6.51 =
3 8 300 2 48 a8 |- - 035 035 |- - 93 974 i
4 7 300 2 45 43 - F 0.35 [035 |- - 1252 12.87
5 [} 00 2 48 48 - - 0.35 (038 | - 15.65 16.00
& Ll 200 2 48 a8 - E 0.35 (038 |- - 1898 19.13
I 4 300 2 45 |48 |- - 035 (035 |- - 2181 22.20
] 3 200 2 |48 48 - - 0.35 [035 |- - 12504 2639
a 2 200 2 43 48 - E 0.35 (038 |- - 2817 2852
-
Calculation Simulation | ‘ Print Report Total travel time 78,52 min.
Delay time 2.50 min.
Total evacuation ime 31.02 min.
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Evacuation Time Report
Building Name : SM Tower |
Address : 123 Wongsook Road, Bangna Purpose : Occupied
Banghkok, THAILAND Standard :
User : Somyos Wongsook Fire Start : 6
Date : Mon Feb 01 00:00:00 ICT 2010 Delay time : 15 S6c.
Amount Amount Calculated flow Vertical travel time: Floor's Stairways's
F:qo:r of of ersonslsec. sec. travel time travel time
° | Occupant Exiit Exil1 | B2 | Exitd | Exit4 | Ewit1 | Esit2 | Esta | Esit4 5EC. sac.
L] 165 ] nax 1088 na an T2 LE} oa 853 W2
B A a4 1ma na an itz | oa aa 1257 W2 e
T By F 3 D4 1.084 04 a0 Wan | 123 04 aa 166.1 16833
] & 2 nam | toa | na an [ sesn [z oo | ae 1084 2138
1 158 3 naM 1088 L1 an s | wen aa Bi7 307
4 178 3 ome | toe8 | osme [ oo areia | we | oa 1038 2474
3 2588 4 nan 1. LE-1) 10 wsa | i | wean | rana mie 840
) 4 nan | tmee | osae | vess | esan | onaa | wea [aram 5 1T
Total travel time : 311.700 50C.
Delay time : 15 SBE.
Total evacuation time : 326.700 58C.
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10 300 8 300 36 2 8 7 11 3.67 12 2.5
9 300 8 300 36 2 8 7 11 3.67 12 2.5
8 300 8 300 36 2 8 7 11 3.67 12 2.5
7 300 8 300 36 2 8 7 11 3.67 12 2.5
6 300 8 300 36 2 8 7 11 3.67 12 2.5
5 300 8 300 36 2 8 7 11 3.67 12 2.5
4 300 8 300 36 2 8 7 11 3.67 12 2.5
3 300 8 300 36 2 8 7 11 3.67 12 2.5
2 300 8 300 36 2 8 7 11 3.67 12 2.5
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31.02 W

Building Name : Test Building

Address -

User : Somyos Wongsook
Date :Fri Feb 05 00:00:00 ICT 2010

Evacuation Time Report

Purpose :Occupied

Standard :
Fire Start :1

Delay time :2.50 min.
Amount Calculated flow Vertical travel time Floor's travel Stairways's
Floor |- Amountof | ¢ p e persons/min. min. time travel time
No. Occupant - - - - - - ) )
Exit 1 Exit 2 Exit 3 Exit 4 Exit1 | Exit2 | Exit3 | Exit4 min. min.
10 300 2 48 48 0.35 | 0.35 313 348
9 300 2 48 48 035 | 0.35 6.26 6.61
8 300 2 48 48 0.35 | 035 9.39 9.74
7 300 2 48 48 0.35 | 0.35 12.52 12.87
6 300 2 48 48 0.35 | 0.35 15.65 16.0
5 300 2 48 48 0.35 | 0.35 18.78 19.13
4 300 2 48 48 035 | 0.35 2191 2226
3 300 2 48 48 0.35 | 035 25.04 2539
2 300 2 48 48 0.35 | 0.35 2817 2852
Total travel time : 2852 min.
Delay time : 250 min.
Total evacuation time : 31.02 min.
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Evacuation Time Report
Building Name : Building Example 1.1 {Door)

Address @ Purpose :Occupied
Standard :
User : Somyos Wongsook Fire Start -1
Date :Fri Feb 05 00:00:00 ICT 2010 Delay time :2.50  min.
Amount Calculated flow Vertical travel time Floor's travel Stairways's
Floor |- Amount of | ¢ it persons/min. min. time travel time
MNo. Occupant - - - - - - - - ) i

Exit 1 Exit2 Exit 3 Exit 4 Exit1 | Exit2 | Exit3 | Exit4 min. min.
10 300 2 60 60 - - 0.35 | 0.35 - - 25 2.85
9 300 2 60 60 - - 0.35 | 0.35 - - 5.0 535
8 300 2 60 60 - - 0.35 | 035 - - 75 7.85
7 300 2 60 60 - - 0.35 | 0.35 - - 10.0 10.35
6 300 2 60 60 - - 0.35 | 0.35 - - 12.5 12.85
5 300 2 60 60 - - 0.35 | 0.35 - - 15.0 15.35
4 300 2 60 60 - - 0.35 | 0.35 - - 175 17.85
3 300 2 60 60 - - 0.35 | 0.35 - - 200 20.35
2 300 2 60 60 - - 0.35 | 0.35 - - 225 2285

Total travel time : 22.85 min.

Delay time : 250 min.

Total evacuation time : 2535 min.
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Evacuation Time Report
Building Name : Building Example 1.2 (Riser)

Address - Purpose :Occupied
Standard :
User : Somyos Wongsook Fire Start -1
Date :Fri Feb 05 00:00:00 ICT 2010 Delay time :2.50 min.
Amount Calculated flow Vertical travel time Floor's travel Stairways's
Floor |~ Amount of of Exit persons/min. min. time travel time

No. Occupant - - - - - - - - ) i
Exit 1 Exit 2 Exit 3 Exit 4 Exit1 | Exit2 | Exit3 | Exit4 min. min.
10 300 2 48 48 - - 027 | 027 - - 313 34
9 300 2 48 48 - - 035 | 035 - - 6.26 6.61
8 300 2 48 48 - - 035 | 038 - - 9.39 9.74
T 300 2 48 48 - - 035 | 0.35 - - 12.52 12.87
6 300 2 48 48 - - 035 | 0.35 - - 15.65 16.0
5 300 2 48 48 - - 035 | 035 - - 18.78 19.13
4 300 2 48 48 - - 035 | 0.35 - - 21.91 2226
3 300 2 48 48 - - 035 | 035 - - 2504 2539
2 300 2 48 48 - - 035 | 035 - - 2817 2852

Total travel time : 2852 min.

Delay time : 250 min.

Total evacuation time : 31.02 min.
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Evacuation Time Report
Building Name : Building Example 1.5 (Floor to Floor)

Address @ Purpose :Occupied
: Standard :
User : Somyos Wongsook Fire Start -1
Date :Fri Feb 05 00:00:00 ICT 2010 Delay time :2.50 min.
Amount Calculated flow Vertical travel time Floor's travel Stairways's
Floor | - Amountof | ¢ it persons/min. min. time travel time

No. Occupant - - - - - - p )
Exit 1 Exit2 Exit 3 Exit 4 Exit1 | Exit2 | Exit3 | Ewit4 min. min.
10 300 2 48 48 - - 032 | 032 - - 313 345
9 300 2 48 48 - - 032 | 032 - - 6.26 6.58
8 300 2 48 48 - - 032 | 0.32 - - 9.39 9.71
7 300 2 48 48 - - 032 | 032 - - 1252 1284
6 300 2 48 48 - - 0.32 | 0.32 - - 15.65 15.97
5 300 2 48 48 - - 032 | 0.32 - - 18.78 19.1
4 300 2 48 48 - - 032 | 0.32 - - 21.91 2223
3 300 2 48 48 - - 032 | 0.32 - - 25.04 25.36
2 300 2 48 48 - - 032 | 032 - - 2817 2849

Total travel time : 2849 min.

Delay time : 250 min.

Total evacuation time : 30.99 min.
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Evacuation Time Report
Building Name : Building Example 1.6 (Landing)

Address :. Purpose -Occupied
: Standard :
User : Somyos Wongsook Fire Start -1
Date :Fri Feb 05 00:00:00 ICT 2010 Delay time :2.50 min.
Amount Calculated flow Vertical travel time Floor's travel Stairways's
Floor | Amoulicl of Exit persons/min. min. time travel time

No. Occupant - - - - - - - ) )
Exit 1 Exit 2 Exit 3 Exit 4 Exit1 | Exit2 | Exit3 | Exit4 min. min.
10 300 2 48 48 - - 033 | 033 - - 313 346
9 300 2 48 48 - - 033 | 033 - - 6.26 6.59
8 300 2 48 48 - - 033 | 033 - - 9.39 9.72
7 300 2 48 48 - - 033 | 0.33 - - 12.52 12.85
6 300 2 48 48 - - 033 | 033 - - 15.65 15.98
5 300 2 48 48 - - 033 | 033 - - 18.78 19.11
4 300 2 48 48 - - 033 | 033 - - 219 22.24
3 300 2 48 48 - - 033 | 033 - - 25.04 2537
2 300 2 48 48 - - 033 | 0.33 - - 2817 285

Total travel time : 2850 min.

Delay time : 250 min.

Total evacuation time : 31.00 min.
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Evacuation Time Report

Building Name : Building 25 Floor (Design)

Address : Ramkhumhang, Hua-mak
Bangkok

Purpose :Design

Standard :...(E.l.T.)
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User : Somyos Wongsook Fire Start -1
Date :Mon Feb 08 00:00:00 ICT 2010 Delay time :0 sec.
Amount Calculated flow Vertical travel time Floor's travel Stairways's
Floor | Amountof | o pyit persons/sec. sec. time travel time
No. Occupant - - ) - - - - E

Exit 1 Exit 2 Exit 3 Exit 4 Exit1 | Exit2 | Exit3 | Exit4 sec. Sec.
25 301 2 092 | 092 34 34 164 198
24 241 2 069 | 069 24 24 339 363
23 ar 2 064 | 064 24 24 407 431
22 a7 2 064 | 064 24 24 475 499
21 ar 2 064 | 064 24 24 543 567
20 a7 2 064 064 24 24 611 635
19 ar 2 064 | 064 24 24 679 703
18 ar 2 064 | 064 24 24 747 77
7 ar 2 064 | 064 24 24 815 839
16 a7 2 0.64 0.64 24 24 883 907
15 ar 2 064 | 064 24 24 951 975
14 ar 2 064 | 064 24 24 1019 1043
13 ar 2 064 | 064 24 24 1087 111
12 ar 2 064 | 064 24 24 1155 179
" ar 2 063 | 063 24 24 1225 1249
10 ar 2 024 | 024 24 24 1407 1431
9 403 2 0.24 0.24 24 24 2247 2271
8 439 2 092 | 092 24 24 2486 2510
7 470 2 092 | 092 24 24 2742 2766
6 463 2 092 | 092 24 24 2954 3018
5 447 2 092 | 092 - 47 47 - 3237 3284
4 501 3 0.92 092 0.79 47 a7 38 481 3331
3 291 3 092 | 092 | 0.79 24 24 19 718 3355
2 118 3 04 041 041 46 45 46 937 3401

Total travel time : 340 sec.

Delay time : 0 sec.

Total evacuation time : 340 sec.
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(m) (m’) (m)
2 118 3 2.5 724.5 6.5 4
3 291 3 1.5 263.1 3 2
4 501 3 2 726.8 7 4
5 447 2 2 345.9 7 4
6 463 2 2 345.9 3.5 2
7 470 2 2 345.9 3.5 2
8 439 2 2 345.9 3.5 2
9 403 2 2 3,208.9 3.5 2
10 87 2 1.9 666.1 3.5 2
11 87 2 1.9 249.6 3.5 2
12 87 2 1.9 2455 3.5 2
13 87 2 1.9 2455 35 2
14 87 2 1.9 245.5 3.5 2
15 87 2 1.9 245.5 3.5 2
16 87 2 1.9 245.5 3.5 2
17 87 2 1.9 2455 3.5 2
18 87 2 1.9 245.5 3.5 2
19 87 2 1.9 2455 3.5 2
20 87 2 1.9 245.5 3.5 2
21 87 2 1.9 2455 3.5 2
22 87 2 1.9 245.5 3.5 2
23 87 2 1.9 245.5 3.5 2
24 241 2 2.5 880.4 3.5 2
25 301 2 2 284.0 7 4
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Evacuation Time Report

Building Name : Building 25 Floor (As built)

Address : Ramkhumhang, Hua-mak
Bangkok

Purpose :Occupied

88

Standard :
User : Somyos Wongsook Fire Start -1
Date :Sun Feb 07 00:00:00 ICT 2010 Dela},.I time 0 sec.
Amount Calculated flow Vertical travel time Floor's travel Stairways's
Floor | - Amountof | ¢ p it persons/sec. sec. time travel time
No. Occupant - - - - - - - -
Exit 1 Exit 2 Exit 3 Exit 4 Exit1 | Exit2 | Exit3 | Exit4 sec. Sec.
25 301 3 092 | 092 | 0.79 25 25 38 115 153
24 241 3 069 | 069 | 089 24 24 19 231 255
23 ar 3 064 | 064 | 064 24 24 19 277 301
22 ar 3 064 | 064 | 064 24 24 19 323 347
21 a7 3 064 | 064 | 064 24 24 19 369 393
20 ar 3 064 | 064 | 064 24 24 19 415 439
19 ar 3 064 | 064 | 064 24 24 19 461 485
18 ar 3 064 | 064 | 064 24 24 19 507 531
17 ar 3 064 | 064 | 064 24 24 19 553 577
16 ar 3 064 | 064 | 064 24 24 19 599 623
15 ar 3 064 | 064 | 064 24 24 19 645 669
14 ar 3 064 | 064 | 064 24 24 19 691 715
13 ar 3 064 | 064 | 064 24 24 19 737 761
12 ar 3 064 | 064 | 064 24 24 19 783 807
" ar 3 063 | 063 | 0863 24 24 19 829 853
10 ar 3 0.24 0.24 0.24 - 24 24 19 950 974
9 403 4 024 | 024 | 024 | 0.24 24 24 19 " 1112 1136
8 439 4 092 | 092 | 0.79 | 0.79 24 24 19 19 1241 1265
T 470 4 0.92 0.92 0.79 0.79 24 24 19 19 1379 1403
6 463 4 092 | 092 | 0.79 | 0.79 24 24 19 19 1515 1539
5 447 4 092 | 092 | 079 | 0.79 47 47 38 38 1646 1693
4 501 4 0.92 0.92 0.79 0.79 47 47 38 38 1793 1840
3 291 4 092 | 092 | 079 | 0.79 24 24 19 19 1879 1903
2 118 4 041 0.41 0.41 0.41 46 46 36 36 1951 1997
Total travel time : 1997 sec.
Delay time : 0 sec.
Total evacuation time : 1997 sec.
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