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Why are we concerned?

• Flammable materials

• Exothermic reactions

• High temperature / high pressure

• Relatively small volumes

• Batch process

• Most often inside buildings

• Flammable materials

• High temperature / high pressure

• Large volumes / flows

• Continuous process

• Most often outside building
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Used for:

• HAZOP and Risk classification

• Occupational health, exposure

• Occupied building assessments

• Design of control rooms

• Layout of production buildings with occupied rooms
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Examples of occupied buildings

• Control rooms Analyzer Buildings

• Compressor Buildings Workshops

• Warehouses Laboratories

• Offices Classrooms

• Canteens Shelter-in-place

• Emergency Command Centers Dressing rooms

• Conference rooms Portable buildings

• Building in a building Smoke areas

• Weather shelters Scaffolding houses

• Cabins at charging stations Sanitary blocks
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Software tools for consequence analysis

Mostly designed for outdoor scenarios.

Theory based on outdoor scenarios for 

large petrochemical sites

• Source strength

• Fire and explosion

• Toxic dispersion and consequences

• DNV PHAST

• TNO Effects

• ALOHA

• Baker Risk tools for building assessments

• CFD

• Etcetera

But not many tools available for scenarios 

taking place inside buildings
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Scenarios & limits
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Overpressure 

(inside) 

Overpressure 

(outside) 

LEL Heat 

radiation 

Toxic 

effects 

Effect on 

people 

≥C1 30 mbar  100 mbar  

6.3 kW/m2 

(fast 

escape 

possible) 

1% 

lethality 

≥C2 100 mbar  300 mbar 100% LEL 
12.5 

kW/m2 

5% 

lethality 

Effect on 

building 

 

100 -300 

mbar* 

100 - 300 

mbar* 

≥100% 

LEL 

25-35 

kW/m2 

n.a. 
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Background of calculations

• TNO:  Yellow Book PGS 2

• R.J. Harris:  gas explosions in buildings and heating plant

• Lees’ Loss prevention in

• ProcessNet: Statuspapier Quelltermberechnung

• Umweltbundesambt: Ermittlung und Berechnung von 

Störfallablaufszenarien nach Maßgabe der 3. 

Störfallverwaltungsvorschrift

• Others

– Abdelkarim Habib, Bernd Schalau: Pool evaporation at 

higher vapor pressures

• Limited information or calculations suitable for scenarios 

taking place inside buildings
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NFPA 68 2013 edition

• Standard on Explosion Protection by Deflagration Venting

+ Use for gas and vapor and dust explosion

+ Use for equipment and rooms / buildings

+ Excel sheet is available on internet / NFPA

+ NFPA 68 2012 revised 20130122

− Physical properties needed

− Rather complex to use
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Disclaimer - This spreadsheet is the personal work of Samuel Rodgers, given freely without any implied warranty or guarantee.

This is not authorized by any employer, by NFPA, or by any other organization.

Use of this spreadsheet is solely the responsibility of the user and the user should verify that the methods and equations are consistent with the controlling NFPA standard.

NFPA 68-2007 Gases in Buildings - Low Strength Method

Low Strength Method limited to Su of 60 and KG of 130

Room Dimensions

Length 7.5 meters Example Data Su KG

Width 3 meters Acetone 54

Height 4 meters Isopropanol 41 83

Volume 90 cubic meters Methanol 56 75

Ethanol 78

Internal Surface Area for Flat Walls and Ceiling

Floor 22.5 meters

Roof 22.5 meters

Walls 84 meters

As 129 square meters

Material Alcohol/Methanol (Methanol worse than acetone) Su is the Fundamental Burning Velocity, KG is the Deflagration Index.

Su 56 cm/sec from NFPA-68 annex If KG not available, estimate from Su as below and enter at left:

KG 75 bar-m/sec from NFPA-68 annex

Basis is KG = 100, Su=46 for propane

Calculate C factor, in bar^(0.5) KG 121.7391 bar-m/sec estimated from NFPA-68

C = 1.57 x 10
-5
(Su)

2
 + 1.57 x 10

-4
(Su) + 0.0109

C factor 0.068927

Calculate Low Inertia Vent Area

Pred is the maximum pressure developed during the explosion and must be less than the room wall strength.

Pred

Assumed 100 psf = 0.04788 bar US 100 psf

Pred 0.04788 bar Metric = 0.04788 bar

Av 40.63528 square meters

Pstat (max)

Pstat is the static release pressure of the vent and must be at least 0.024 bar (0.35 psi) bar less than Pred

Pstat 0.02388 bar This is the largest allowable Pstat, it can be less than this.

The specific value of Pstat is not used in this correlation.

Check for L/D less than 3 (Quiescent)

H 7.5 meters

Aeff 12 sq meters

p 14 meters

Dhe 3.428571 meters

L/D 2.1875 If L/D exceeds 3, vents must be placed along longest dimension

Inertia Correction for Materials with KG < 130 bar-m/sec and Panel Mass < 40 kg/m^2

n 1 number of panels

Mformula 429.903 kg/m^2

MT 40 kg/m^2 MT is minimum of 40 kg/m^2 or the formula above.  If greater than 40 kg/m^2, consult an expert

M 40 kg/m^2 US 8 lb/sq ft If panel density is in US units, enter here and enter metric units at left

Metric = 39.1 kg/m^2

ΔA 0 sq meters If M < MT, then there is no area correction for inertia

Av 40.6 sq meters

Buildings do not generally have vent ducts, so this is not included here.

Vent area is increased if panel density exceeds the threshold or 40 kg/m^2, whichever is smaller.

Correction for inertia is limited to KG < 130 bar-m/sec and panel mass < 40 kg/m^2.  If actual panel mass is less than MT, then no correction is needed.  

If Av is larger than the exterior wall of the room, one can either include roof area for venting or increase the containing walls and floor Pred values, that is 

make them stronger.

The effective area, Aeff, shall be determined by dividing Veff by H (based on the longest 

central axis flame length).  This assumes all venting at one end.

The effective hydraulic diameter, Dhe, for the enclosure shall be determined based upon the 

general shape of the enclosure taken normal to the central axis.

Dhe = 4 * Aeff / p, Where p is the perimeter of the general shape
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Fire and Explosion

• Vessel burst:

– Pressure wave

– Heat radiation / flash fire

• Leakage

– Gas or vapor release

– Spray of liquid content

– Pool evaporation

– Ignition inside the building

– Temperature and ventilation
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Decision tree for assessing the effects of vapor/gas 

explosion outside vessel indoor
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Examples
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Room 5m high

Room 25m high



Page

Toxic indoor
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• CSTR approach: Excel Tool

• Release of gas

• The whole volume has the same concentration (ideally mixed)

• Constant source and one time source

• If Room conc > Hazardous concentration

• Constance source:

• Determination of time to reach Hazardous concentration

• Determination of volume filled to Hazardous 

concentration after 10 and 30 minutes
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Toxic releases inside buildings

• Also suitable for (nitrogen) asphyxiation scenarios inside 

buildings

• Standard ideal (CSTR) mixing inside building calculations

• Local dispersion calculations

• Probit functions for lethality
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Data for calculations

• Building or room volume

• Design strength of main construction and separation walls

• Opening pressure of explosion panels, window panes, 

doors, light construction walls for explosion venting

• Physical properties of the hazardous materials

• Source strength

• Corrections for partly filled volumes
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Conclusions

• Calculation methods are available in literature, but not 

always ready to use

– Older literature information sometimes lead to 

conservative over – or underestimation of the effects.

• Tools, excel sheets, graphs help speeding-up and make risk 

classifications more reliable and uniform

• NFPA 68 suitable for explosion scenarios inside rooms / 

buildings and explosion venting of buildings

• Design of apps would help supporting risk classifications
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