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Performance Based Design of Passive Fire Protection Using Consequence
Analysis
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Abstract : Performance based design is a recent evolutionary step in the process of designing fire protection systems. In
essence, it is a logical design process resulting in a solution that achieves a specified performance. Sometimes the
prescriptive solutions presented in various codes and standards are too expensive or inflexible. Often the solutions do not
fit a particular situation very well. In such cases, performance based design offers a wider variety of possible solutions
and enables optimization of a solution for cost and function.

In this study, performance based design was carried out to determine the extent of passive fire protection for oil terminal
facilities. The results of performance based design were compared with those of prescriptive code based design.
Performance based design is not always more economic than prescriptive code based design but provides more reliable
and effective design that is fit for the purpose.

Key Words : performance based design(PBD), prescriptive code based design(PCBD), passive fire protection (PFP),
consequence analysis, maximum allowable temperature, fire potential equipment, FRED, jet fire, pool fire, potential source
of leakage, hazard level, radiation
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2.3. Maximum Allowable Temperature
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- Fire potential equipment
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- Potential source of leakage
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- Smali bore connections to piping and equipment
- Vents, drains and instrument tapping
- Flange connections in piping and at equipment
- Seals and swivels of rotary equipment
- Valves
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- Expansion bellows
- WP A7 (Table 1 %)

Pool firee] 7§ Wshai Foie 331219l 91%
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- PFD(Process flow diagram) 2 P&ID(Piping &
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Table 1. The extent of fireproofing zone

Initiation point Distance(m)
Horizontal Potential source of leak 9
Vertical «  Hazard level* 8

* Hazard level : Any surface, typically at grade or a deck where a
pool fire could occur.

Table 2. Aliowable maximum temperature and fire exposure

times
Allowable
Substrate maximum Ma[);nz(x]ﬁ:;ure
temperature('C)
Carbon steel structures, vertical
vessel legs or vessel skirts, 538 Min. 0.5
equipment and pipe supports
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Table 3. Hole sizes of leak source

Source of leakage Hole size(mm)
Small leaks from process equipment and piping| 6
sampling systems, sight glasses
Pump seal failure 9
Table 4. Radiation criteria of fireproofing
Radiation Consequence of exposure Application

level

Fireproofing shall be provided
I_anantect«?d stc.el for the process equipment
37'52 equipment will quickly supports and steel structures
kWim' | (10-15min) exceed the | "o i of 37 skcwim?

maximum allowable temp. from potential leak of sources.

12.5 It does not exceed the

kW/n’ |maximum allowable temp. Fireproofing is not required.

- 3t MA 79 F7(Table 4)°
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Aol A Aget AR GAE F3 7HAE Fire
scenariool] WHE AL F&] HAE Zelgon o
£ ¢J3] Shell Global SolutionsA}2] FRED(Fire, Radia-
tion, Explosion and Dispersion) Ver.3.27} Al&%¢ich
FREDe| ARSH @& ShellAbe] =px) 2dlla) o8
wdz P4} glor 1 F QR ol 21,

- Pool Fire: Shell Pool and tank fire model

- Jet Fire: Shell Generalized jet fire model

- Dispersion: HEGADAS, AEROPlume, PGPlume

- Explosion: Shell CAM2 (Congestion assessment
method)

V-1102A-L

1ISDV-g5IA

PELLY-004A

P-1106A-E

[IMOV-0L5:0166
P-1107A-L
Fig. 1. Example of isolatable section(Isolatble section 1)
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Fig. 2. Example of radiation study(Top view of L11-1-1)

Fig. 3. Example of radiation study(Side view of L11-1-1)
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Fig. 4. Fire proofing zone based on performance based design (Unit is mm and the fireproofing is to be required for the interior

surrounded by dotted line.)
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Table 5. Comparison of fireproofing between PCBD and PBD

ISOL.] Leak |.. PCBD | pBD*
SECT. 0 Fire Type (m)* Comparison (m)
I | LIl | Pool fire | 9 > 6.5
2 | Gli2-1 Li“?‘d kg < 13.0
ire
2 | LU-2IA | Pool fire | 9 > 55
6 | Gli61 Liq?d e > 65
e
6 | Lll61 | Pool fire | O > 65

* PCBD : Prescriptive code based design
** PBD : Performance based design

Table 6. Comparison of fireproofing between PCBD and PBD

oL Leak | g Type | PEBD | Gomparison | PBD™
.| scenario (m)* (m)
7 | L1311 | Poolfie | 9 > 6.0
9 | GI3-31 | Gasjetfire| 0 < 40
9 | GI332 | Gasjet fire | 0 < 25
9 | L1331 | Poolfie | 9 > 60
10 | Li341 | Pool e | 9 > 65
10-1 | GI3-5-1 | Gas jet fire | 0 < 65
10-1 | GI3-53 | Gas jet fire | 0 < 45
10-1 | GI3-54 | Gas jet fire | 0 < 45
10-1 | L13-5-1 | Pool fire | 9 > 70
> | GI361 |Liquid jet fi] 9 < 15.5

* PCBD : Prescriptive code based design
** PBD : Performance based design
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- FAFAY WA
- W3 d A7 9m(Horizontal)/8m(Vertical)
- Allowable max. temp.: 538°C
- Duration time: 0.5hrs
- AT WA
- WA 37.5kWim' -G
- Allowable max. temp.: 538
- Duration time: 0.5hrs
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