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Development of Equation for Calculating Fire Evacuation Time by Using

Steering Method Integrated with SFPE Method
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ABSTRACT

This research is conducted to improve the equation for calculating fire evacuation time by
applying Hydraulic Flow Calculation with Steering method. In order to calculate the fire evacuation time,
it can be calculated by using Hydraulic Flow Calculation method. While the equation of the speed (S)
and population's density (D) relationship including the equation of the relationship between flow rate
(Fs) and population's density (D) that are used to calculate, it is developed from Steering method in
order to calculate evacuation time from the buildings comparing with evacuation time of Hydraulic Flow
Calculation method by using Pathfinder program.

The result shows that if the population density in the building increases, the speed of
evacuation will decrease. The relationship between the speed of evacuation and the population density
in the building calculated by using Steering method is the same with SFPE Handbook of Fire Protection
Engineering. The equation of finding fire evacuation time equation is Polynomials term: S = aD® + bD +
c. This was applied with Hydraulic Flow Calculation and improved to calculate evacuation time from the
buildings. The results of calculating are quite similar. The evacuation time calculated by Hydraulic Flow
Calculation is 13.12 minutes while the result of Steering Method is 13.26 minutes. It is clear that the
equation fire evacuation time that difference is only 0.01. It can be analyzed that the equation fire

evacuation time was improved from Steering method can be really used.
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Calculate effective width (We) |----

Nominal width — (2 x boundary layer)

'

Calculate speed of movement down the stairs (S) [~ S =k-akD
Calculate specific flow (Fs) T Fs = SD
No
A\ 4
Fs = FSpax

Yes

Fc=FsxWe [«

Calculate evacuation time ~ ----1 Tp = P/Fc

We = Effective width (m)

S = Speed (ft/s or m/s)

k = Speed Factor

a = Constants

D = Density (persons/ﬂ2 or persons/mz)

Fs = Specific flow (persons/minutes/ft or persons/s/m)
Fc = Calculated flow (persons/minutes or persons/s)
P = People (persons)

Tp = Evacuation time (minutes or seconds)

Figure 1 Calculating fire evacuation time flowchart
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Figure 2 The graphic representation of the relationship between evacuation speed and density

for simulation: S = k — akD
Source: Rita (2003)

;;' s ad A (% 4
RUMIBDNANWININNITTIUT2ANH Loy
"I,xiﬁﬂﬁaﬁai:mﬁwiwdwqﬂﬂa AI9h%h 11
MW FITHIANNUFUNUTIZAINIANLSH
(S) AUAINNAWILLY (D) lnal lasd1itade
ITHZRITENIIYAAD LNAAINLAE A NITI T
22¥INNNITIRaINITANLNINNLUTUNINIIREINT
. . =
AWy Pathfinder I lwua Steering T3tdwny
[ = aa
WNAWIFNNITAIIaWE WAL N e eI wi T
Steering "U35 SFPE annunuazlaaunnsg
4 aa
qﬂmmuamﬁms
1. Tdsunsna1aadn13oWyN Pathfinder
11/sunsy Pathfinder UaIu31N

Thunderhead Engineer Consultant

ANMURUWHBTITRINBATINT Malane (Fs) N
AURUILUW (D) andasuannidy sonale
a”mﬂmivlmgaq@ (FSmax) WanwuUAI waze
mm%muuuﬁﬁﬂﬁlﬁ@é'mﬂmivl,%aqdq@
Wasu LLa:ﬁﬁaumi‘ﬁ'w”wmifumﬁqaﬁ%%a
nasauinawsalsldass naiie dudselomd
ﬁapjﬁau‘laﬁﬂmﬁ%a;ﬁuﬁ@“ﬁaﬂumsaammu
81013 ENANTNFIWITIA L BANTENEWBBNANN
panIfinessususisseznaaole
Incorporation Iuldsunsudraasanan ﬁﬁmi
wan lWuuuiaasmaninedouiawewle

HaNDE pF miu,amNaﬁﬁdgmmumuﬁﬁua:



A & A A o & o o
?75@"]57]7’)5/’7?[')@@75“@:L7’)ﬂZ%Zﬂil NARINYINYLNHATATTG T 777’] 6 BUUN 3 2560 31

70986 Nwmdautunsafoufivasnuanenass
(Thunderhead_Engineering, 2009)

a"auﬁ%m”rymaa‘[ﬂmﬂsuﬁ Ao N1y
LEAINATIIANMUAIINHANY 1T NI MILEA
ANUAIILUUDILANUABWIW LIA NN TONDN
(e

M3 unnNnTARenfisunInsunnle
v 2 wuy Ae

1 . The society of fire protection
engineering (SFPE) 5ﬂ1:+mzﬂ’1§m§iauﬁlﬁ]mﬂu
LFHATIARDANIY FIBAINLTIVTNINTUIAN
mnwmuﬂumaa@awﬂwmméfummﬁvlw ey
mwn’hwaaﬂszgmﬁ"lﬂazﬁmmmwL%’maa
dawswlunisidhuszgunitl

2. Steering é’nwm:msmﬁau‘ﬁ'auqa

~ kg o A a ° Iy
wzdnsiasluunalasnanaunan vinlvnns

Corridor
Exit door

Landing

Room

ndaufifanududon uszpzseninenuiua
P9 URZAUNLA
2. NMIFETWUVVINADIBIAT
FUUUSIR0I0IANTVIG 2 T% G928
Tusunsa Pathfinder 18318899 1ANNFUWHE
srnd19aautSalunisanwew (S) nuAlw
wwutuadg 1581013 (D) Iﬂﬂmm@l‘ﬁlﬁaﬂif
210N7VA 2 T Liesanmsanenluduaa it
dauiunianuanuduiuiszade il
N1IaNEN (S) NUAMURMILUUTAIITIANT
(D) Wit M3lFa1015919 2 Tuil SaRpane
gnsulumsdnsnansasmsanannaluswla
Wazn9Len lasainlassdinsvesutuiiaes
91015 VWA 2 T4 uAazERIANUNT 8 LIAs
AUBNT 14 WAT TIBWNYID 4 LUAT A9

Figure 3

Door

Floor 2™

Floor 1%

Figure 3 The component of structure building for simulation of the movement on corridor and stairway
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Figure 4 Processing program Pathfinder for fire evacuation on corridor
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Figure 5 Processing program Pathfinder for fire evacuation on stairway
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Table 1 Density and Speed

Density (person/m?) Speed (m/s)
Corridor Various stairs (Riser x Tread: cm.)
15 x 30 17 x 28 18 x 27 20 x 25
0.1 1.09 1.02 0.94 0.92 0.84
0.2 1.08 1.00 0.90 0.90 0.83
0.3 1.07 0.99 0.89 0.89 0.82
0.4 1.06 0.98 0.88 0.88 0.81
0.5 1.05 0.94 0.87 0.87 0.80
0.6 1.02 0.90 0.85 0.84 0.75
0.7 1.00 0.87 0.82 0.80 0.74
0.8 0.96 0.85 0.79 0.76 0.73
0.9 0.91 0.78 0.75 0.74 0.67
1.0 0.88 0.74 0.67 0.66 0.61
1.1 0.82 0.72 0.65 0.64 0.60
1.2 0.81 0.63 0.63 0.61 0.57
1.3 0.78 0.65 0.59 0.58 0.55
14 0.73 0.58 0.55 0.54 0.52
15 0.71 0.57 0.54 0.52 0.49
1.6 0.67 0.52 0.51 0.49 0.48
1.7 0.63 0.5 0.47 0.47 0.45
1.8 0.61 0.48 0.46 0.45 0.42
1.9 0.60 0.47 0.44 0.43 0.41
2.0 0.58 0.46 0.41 0.41 0.40
21 0.55 0.43 0.40 0.40 0.39
2.2 0.52 042 0.39 0.39 0.38
23 0.50 0.40 0.38 0.38 0.37
24 0.47 0.39 0.37 0.37 0.36
25 0.46 0.38 0.36 0.36 0.35
2.6 0.44 0.36 0.35 0.35 0.33
2.7 0.43 0.35 0.34 0.33 0.32
2.8 0.42 0.45 0.38 0.38 0.36




Evacuation speed (m/s)
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Figure 7 The graphic representation of the relationship between evacuation speed and density
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WJuandn waasliluas Table 2

Table 2 Constants for equation for calculating fire evacuation time

Exit route element a b c R
Corridor, Ramp, Aisle, Doorway 0.0327 - 0.3603 1.1770 0.9874
Stair | Riser (cm.) | Tread (cm.)
15 30 0.0908 - 0.5108 1.1288 0.9687
17 28 0.0697 - 0.4303 1.0251 0.9757
18 27 0.0710 - 0.4306 1.0135 0.9758
20 25 0.0596 - 0.3715 0.9230 0.9764
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Specific flow (persons/s/m)
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Figure 8 The graphic representation of the relationship between specific flow and density

Table 3 The maximum specific flow (FS.«)

Exit route element Maximum specific flow (persons/s/m)
Corridor, Ramp, Aisle, Doorway 1.20
Stair
Riser (cm.) Tread (cm.)
15 30 1.15
17 28 1.04
18 27 1.01
20 25 0.98
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Table 4 Calculating fire evacuation time by Hydraulic flow calculation
List Calculating Output
Calculate effective width of door (We go0r) 1.3 - (2 x 0.15) 1.0 m
Calculate effective width of stair (Wega;) 19 - (2 x 0.15) 1.6 m
Calculate calculated flow of door (Fcgoor) 120 x 1.0 1.20 persons/s
Calculate calculated flow of stair (Fcg,) 1.01 x 1.6 1.62 persons/s
Calculate speed of movement down the stairs (S) [(0.0710 + 2.8%) - (0.4306 « 2.8) + 1.0135] 0.36 m/s
Calculate travel distance - The landing distance of floor 3™ between floor 2™ 18.6 m
=8m
- The height of floor 3rd between floor 2" = 10.6 m
Calculate people of building 1,762/ 2 881 persons
Calculate travel time in each floor 18.6 / 0.36 52 (561.67)s
Calculate travel time in each stair 881/ 1.20 735 (734.17) s
Calculate evacuation time 52 + 735 787 s or
13.12 minutes
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Figure 10 Results of exit times by program Pathfinder
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