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““Risk management starts from risk Risk management starts from risk 
assessment and simulationassessment and simulation””

Ferruccio CerrutiFerruccio Cerruti

Istanbul Istanbul -- 99thth -- 1111thth June 2009June 2009
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RISK IS THE EFFECT OF RISK IS THE EFFECT OF ……....

PROBABILITY OF HAZARDS

EXPECTED DAMAGE

R = P X D

The professional assessment of P and D can lead
to a proper Risk Management matrix and 
procedure
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INTEGRATED APPROACH TO RISKINTEGRATED APPROACH TO RISK
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QUESTIONS FOR RISK MANAGERSQUESTIONS FOR RISK MANAGERS

 Do I know what are the predictable effects of a 
primary event ? (Fire - Explosion - Toxic release)

Do I know what kind of hazard I'm facing with?

 Do I know the predictable dispersion of 
toxic/nocive/flammable/explodible leakage?

Do I have the detailed (updated) map of the site?

 How can I safely coordinate the rescue/safety
teams? 
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STATISTICS OF FIRE AND EXPLOSIONSSTATISTICS OF FIRE AND EXPLOSIONS

FIRES AND EXPLOSIONS ININDUSTRY

FIRE AND EXPLOSIONS IN CIVIL BUILDINGS
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ALL THESE QUESTIONS NEED TO BE ANSWERED ALL THESE QUESTIONS NEED TO BE ANSWERED 
BEFORE SUCH EVENTS BEFORE SUCH EVENTS HAPPENHAPPEN……....
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ALL THESE QUESTIONS NEED TO BE ANSWERED ALL THESE QUESTIONS NEED TO BE ANSWERED 
BEFORE SUCH EVENTS BEFORE SUCH EVENTS HAPPENHAPPEN……....
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ALL THESE QUESTIONS NEED TO BE ANSWERED ALL THESE QUESTIONS NEED TO BE ANSWERED 
BEFORE SUCH EVENTS BEFORE SUCH EVENTS HAPPENHAPPEN……....
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FIRES AND EXPLOSIONS IN PROCESS INDUSTRYFIRES AND EXPLOSIONS IN PROCESS INDUSTRY

• SPARKS AND FLAMES CAN LEAD TO A SEVERE EXPLOSION
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Basic Norms and Directives

for the risk assessment
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Dir 96/82/ECDir 96/82/ECDir 96/82/EC

'SEVESO' DIRECTIVE'SEVESO' DIRECTIVE'SEVESO' DIRECTIVE

In the light of recent industrial accidents
(Toulouse, Baia Mare and Enschede) and studies
on carcinogens and substances dangerous for
the environment, the Seveso II Directive 96/82/EC 
was extended by the Directive 2003/105/EC of the 
European Parliament and of the Council of 16 
December 2003 amending Council Directive
96/82/EC
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'SEVESO' DIRECTIVE'SEVESO' DIRECTIVE

The most important extensions of the scope of that 
Directive are to cover risks arising from storage 
and processing activities in mining, from 
pyrotechnic and explosive substances and from 
the storage of ammonium nitrate and ammonium 
nitrate based fertilizers. This Directive is 
addressed to the Member States. They shall bring 
into force the laws, regulations and administrative 
provisions necessary to comply with this Directive 
before 1 July 2005
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AT.EX. 95

Dir 94/99/EC

Economic Directive

AT.EXAT.EX. 95. 95

Dir 94/99/ECDir 94/99/EC

EconomicEconomic DirectiveDirective

AT.EX.  EXPLOSIBLE ATMOSPHERESAT.EXAT.EX.  EXPLOSIBLE ATMOSPHERES.  EXPLOSIBLE ATMOSPHERES

AT.EXAT.EX.137.137

Dir 99/92/ECDir 99/92/EC

Social Social DirectiveDirective
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AT.EX.  EXPLOSIVE ATMOSPHERESAT.EXAT.EX.  EXPLOSIVE ATMOSPHERES.  EXPLOSIVE ATMOSPHERES



© 2008 ETEA SICUREZZA – Via Monviso 27 – 12037 Saluzzo (CN) Italy - +39 0175 41146 – www.eteasicurezza.it. All rights reserved. 14

MAIN STANDARDSMAIN STANDARDS

EN european norms

NFPA national fire protection association

FM factory mutual

+
NATIONAL STANDARDS
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EXPLOSIONS IN PROCESS INDUSTRY (1)EXPLOSIONS IN PROCESS INDUSTRY (1)
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EXPLOSIONSEXPLOSIONS IN PROCESS INDUSTRY(2)IN PROCESS INDUSTRY(2)
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FIRES AND EXPLOSIONS IN INDUSTRYFIRES AND EXPLOSIONS IN INDUSTRY

THEY ARE OFTEN 
INTERCONNECTED
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FIRES AND EXPLOSIONS IN INDUSTRYFIRES AND EXPLOSIONS IN INDUSTRY

• EFFECT OF EXPLOSION AFTER FIRE
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FIRES AND EXPLOSIONS IN INDUSTRYFIRES AND EXPLOSIONS IN INDUSTRY

MODERN APPROCH

TO

FIRE AND EXPLOSION HAZARD

IN THE

PROCESS INDUSTRY



© 2008 ETEA SICUREZZA – Via Monviso 27 – 12037 Saluzzo (CN) Italy - +39 0175 41146 – www.eteasicurezza.it. All rights reserved. 20

FIRES AND EXPLOSIONS IN INDUSTRYFIRES AND EXPLOSIONS IN INDUSTRY

BASIC NEEDS

Professional competence in:

•FIRE

•EXPLOSION

•FLAMMABLE/TOXIC RELEASE
Risk assessment, best technologies,

effects on human beings and assets, their mitigation

BUT ALSO…
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FIRES AND EXPLOSIONS IN INDUSTRYFIRES AND EXPLOSIONS IN INDUSTRY

…Professional competence in:

PROCESS ENGINEERING
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THE RISK ASSESSMENT PROCESSTHE RISK ASSESSMENT PROCESS

HAZARD EVALUATION



PREDICTABLE EFFECTS



RISK ASSESSMENT



PREVENTIVE MEASURES



PROTECTIVE MEASURES



PREDICTABLE EFFECTS AFTER PREV/PROT


RISK MANAGEMENT
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THE RISK ASSESSMENT PROCESSTHE RISK ASSESSMENT PROCESS
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HAZARDHAZARD EVALUATIONEVALUATION

FIRE - EXPLOSION

Are two exhotermic phenomena

Related to

• material properties

• effective ignition sources
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HAZARDHAZARD EVALUATIONEVALUATION

• DUSTS AND LIQUIDS  MAY EXPLODE AND SPREAD FIRE
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HAZARDHAZARD EVALUATIONEVALUATION

PHYSICAL AND CHEMICAL PROPERTIES TO BE KNOWN

ASt121337,65380/25030< 63Maltodextrin

MSt12837,3>1EXP5490/43030< 63Cacoa 20–22%

MSt14,6988,3>10530/43015> 10Cacoa 10-12%

MbSt113-15708,4> 30400/3206030Wheat flour

ASt12495,910<MIE30350/28020591,7Sugar

resistivity

(m)(1)

Expl

class

moisture

%

Kst

(barm/s)

Pmax

(bar)

MIE (mJ) 

(with/without
inductance)

MIT/LIT

(°C)

LEL

(g/m3)

Particle

Size (avg9
µm

Product
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HAZARDHAZARD EVALUATIONEVALUATION

PHYSICAL AND CHEMICAL PROPERTIES TO BE KNOWN

17,85-

13,734
482< 0

13,20-

17,50

3,93-

6,60
0,5-0,65< 0Natural gas

16,04415537-161,417,004,400,554< 0Methane

44,0945073651 269 928800 370-429,002,00> 1,50< 0LPG

Vapour
tension
40°C

Vapour
tension
20°C

Boiling
point °C

UEL
% vol.

LEL
% vol

Molar

mass
kg/kmol

Volumic

mass 
kg/m3

Ignition
temp

°C

Range

Density
Flash point

° C
Product
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HAZARDHAZARD EVALUATIONEVALUATION

PHYSICAL AND CHEMICAL PROPERTIES TO BE KNOWN

IIAT1407.1550,21Natural gas

IIAT1407.1550,213454Methane

IIBT22225LPG

Group

T class

Flame
speed

(cm/s)

P max
(bar)

Kg
(bar m/s)

MIE
(mJ)

Specific
Heat at 
Ambient

T
J(kg K)

Product
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HAZARDHAZARD EVALUATIONEVALUATION

OTHER PROPERTIES TO BE KNOWN

MSDS

A Material Safety Data Sheet (MSDS) is a 
document that contains information on the 
potential health effects of exposure to 
chemicals, or other potentially dangerous 
substances, and on safe working 
procedures users should adhere to when 
handling chemical products. 



© 2008 ETEA SICUREZZA – Via Monviso 27 – 12037 Saluzzo (CN) Italy - +39 0175 41146 – www.eteasicurezza.it. All rights reserved. 30

IGNITION SOURCESIGNITION SOURCES

Possible Ignition Sources

 Hot surfaces

 Flames and hot gases (hot particles)

 Mechanical sparks

 Electrical equipment

 Stray electric currents (e.g. from Cathodic protection systems)

 Static electricity

 Lightning

 High frequency radiation

 Optical radiation

 Ionising radiation

 Ultrasonics

 Adiabatic compression and shock waves

 Chemical reaction

HAZARDHAZARD EVALUATIONEVALUATION
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TERMOGRAPHIC SURVEY

HAZARDHAZARD EVALUATIONEVALUATION

HOT SURFACES



© 2008 ETEA SICUREZZA – Via Monviso 27 – 12037 Saluzzo (CN) Italy - +39 0175 41146 – www.eteasicurezza.it. All rights reserved. 32

 STATIC DISCHARGE

HAZARDHAZARD EVALUATIONEVALUATION
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 STATIC DISCHARGE

HAZARDHAZARD EVALUATIONEVALUATION
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IN THE PROCESS INDUSTRY,
FIRE AND EXPLOSION 

HAZARDS MUST BE ASSESSED 
TOGETHER

COMBINED
PREVENTION

AND
PROTECTION

HAZARDHAZARD EVALUATIONEVALUATION
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ZONINGZONING

HAZARDHAZARD EVALUATIONEVALUATION
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ZONINGZONING

HAZARDHAZARD EVALUATIONEVALUATION
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DIGITAL ZONING

HAZARDHAZARD EVALUATIONEVALUATION
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ZONINGZONING

HAZARDHAZARD EVALUATIONEVALUATION
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ZONING WITH SIMULATIONZONING WITH SIMULATION

HAZARDHAZARD EVALUATIONEVALUATION

Modeling of gas/dust release

Leak source location, size, and 
direction 

Forced and natural ventilation
conditions

Concentration profiles at different
heights

Jet release/diffusive release

Realistic scenario design: Ignition at 
any time or location during dispersion



© 2008 ETEA SICUREZZA – Via Monviso 27 – 12037 Saluzzo (CN) Italy - +39 0175 41146 – www.eteasicurezza.it. All rights reserved. 41

ZONING WITH SIMULATIONZONING WITH SIMULATION

HAZARDHAZARD EVALUATIONEVALUATION

DISPERSION 
MODEL
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Ventilation Simulations

Modeling of external wind field

Modeling of forced/HVAC ventilation

Louvre drag factors

Air change rates at varying external wind conditions

Effect of netting and other blockages

Flow velocities in the module and through the louvre

HAZARDHAZARD EVALUATIONEVALUATION
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HAZARDHAZARD EVALUATIONEVALUATION

DISPERSION MODEL is the simulator in the area of 
dispersion and ventilation. 

Due to the ability to represent detailed geometries with the 
distributed porosity concept, the dispersion capabilities
have proven particularly powerful for calculating release
scenarios in process areas, in which the density of objects
and pipes is high. The Model has been extensively validated
against large-scale realistic release and explosion tests and 
full-scale experiments carried out at Advantica test site 
Spadeadam in a 2600m3 semi-confined model of an
offshore module.
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HAZARD EVALUATIONHAZARD EVALUATION

The dispersion models are very suitable for calculations of 
explosion cloud sizes and the use in explosion risk 
assessments. Recent work has been addressing the ability to 
simulate toxic release scenarios onshore, in which 
representation of terrain and turbulent wind profiles are 
important. Models for release and dispersion of aerosols are 
also under development.
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Capabilities of the simulator:

Geometry import from CAD 

Various gases (More than 10 + user defined) and mixtures of these

Wind boundary conditions with wind profiles

Effect of water deluge on dispersion

Efficient pre-processing, reasonable simulation times

Export of gas cloud to explosion calculations (FLACS) 

Data to estimate transient ignition probabilities and cloud sizes

Local gas concentrations and accumulated cloud estimates

2D and 3D field plots of various variables

Automatic generation of mpg-videos from postprocessor 

Extensive validation (Phase 3B, Dispersion JIP, GSP, Licorefla, SMEDIS) 

HAZARDHAZARD EVALUATIONEVALUATION
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HAZARD EVALUATIONHAZARD EVALUATION

P&Id
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PREDICTABLE EFFECTSPREDICTABLE EFFECTS

FSE (Fire Safety 
Engineering)

GAS EXPLOSIONS

DUST EXPLOSIONS
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FSE (FIRE Safety Engineering)
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FSEFSE

SAFETY

GOAL

MANDATORY AND 
VOLUNTARY MEASURES

CONSTRAINTS:  
ARCHITECTONICAL, 

STRUCTURAL, 
OPERATIVE NEEDS, 

ETC.

MEASURES OF

COMPENSATION

Methodology
FIRE

SAFETY

ENGINEERING
LAWS AND NORMS
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NB TITLE
DATE

PUBBL.

ISO/TR 13387-1
Fire Safety Engineering - Parte 1: applicazione dei concetti
prestazionali antincendio agli obiettivi di progetto

01/10/1999

ISO/TR 13387-2
Fire Safety Engineering - Parte 2: progetto degli scenari di
incendio e progetto degli incendi reali

01/10/1999

ISO/TR 13387-3
Fire Safety Engineering - Parte 3: analisi e verifica dei modelli
matematici d'incendio

01/10/1999

ISO/TR 13387-4
Fire Safety Engineering - Parte 4: base e sviluppo dell'incendio e
generazione degli effluenti dell'incendio

01/10/1999

ISO/TR 13387-5
Fire Safety Engineering - Parte 5: movimento degli effluenti
dell'incendio

01/10/1999

ISO/TR 13387-6
Fire Safety Engineering - Parte 6: risposta strutturale e
propagazione del fuoco al di là dell'ambiente di sviluppo

01/10/1999

ISO/TR 13387-7
Fire Safety Engineering - Parte 7: rilevazione, attivazione dei
sistemi di spegnimento e spegnimento dell'incendio

01/10/1999

ISO/TR 13387-8
Fire Safety Engineering - Parte 8: salvaguardia della vita umana -
comportamento, localizzazione e condizioni di sicurezza degli
occupanti l'edificio

01/10/1999

FSE FSE –– State of the artState of the art
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FSE FSE -- FIELD MODELFIELD MODEL
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FSEFSE
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FSE FSE -- RESULTSRESULTS

NATURAL FIRE CURVE

(TEMPERATURE TIME RELATED)

HEAT RELEASE RATE CURVE (HRR)

…but also…

SMOKE HEIGHT (TIME RELATED)

SAFE EGRESS TIME

FIRE RATING OF BUILDING PARTS
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FSEFSE

Fase pre flashover Fase post flashover

1. PRE FLASHOVER (ignition and propagation)

2. FLASHOVER
3. POST FLASHOVER (open fire and extinction)
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FSE FSE -- THE MODELTHE MODEL
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FSE FSE -- THE MODELTHE MODEL
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FSE FSE -- RESULTSRESULTS

NATURAL FIRE CURVE
(TEMPERATURE TIME RELATED)
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FSE FSE -- RESULTSRESULTS

HEAT RELEASE RATE CURVE (HRR)

Depending on the material under combustion, the fire spreads with a different speed. 
Based on the time needed for a thermal heat release of 1055 kW (1000 Btu/sec), fires are 
classified as follows:

SLOW GROWTH

MEDIUM GROWTH
FAST GROWTH

VERY FAST GROWTH

Classes:
"slow growth" if a HRR of 1055 (1000) kW is reached in 600 seconds
"medium growth" if a HRR of 1055 (1000) kW is reached in 300 seconds
"fast growth” if a HRR of 1055 (1000) kW is reached in 150 seconds
"very fast growth” if a HRR of 1055 (1000) kW is reached in   75 seconds
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FSE FSE -- RESULTSRESULTS

HEAT RELEASE RATE CURVE (HRR)

First phase
(growth)

10 ÷÷÷÷ 30%

Second phase
(constant)

40 ÷÷÷÷ 60%

Final phase
(extinguishing)

20 ÷÷÷÷ 30%
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FSE FSE -- RESULTSRESULTS

HEAT RELEASE RATE CURVE (HRR)
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FSE FSE -- RESULTSRESULTS

HEAT RELEASE RATE CURVE (HRR)
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FSE FSE -- RESULTSRESULTS

SMOKE HEIGHT (TIME RELATED)
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RSET (Required Safe Egress Time)

RSET

1.The time needed for the fire detection

2. The time needed to activate the fire alarm

3.The delay time to start the egress

4. The movement time for all the expected occupants to reach the safe area

FSE FSE -- RESULTSRESULTS
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ASET (Available Safe Egress Time)

It is based on the smoke height (time related) and on the temperature 

behaviour (heat propagation). Must be crosschecked with the value RSET

FSE FSE -- RESULTSRESULTS
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FSE FSE -- EXAMPLE OF ASET VS RSETEXAMPLE OF ASET VS RSET
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FSE FSE -- EXAMPLE OF SIMULATIONEXAMPLE OF SIMULATION
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GAS EXPLOSION SIMULATION
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS

Flame Acceleration Simulator

It is an advanced tool for the modelling of ventilation, gas 
dispersion, vapour cloud explosions and blast in complex
process areas. It is used for the quantification and management 
of explosion risks in the offshore petroleum industry, onshore
chemical industries, other high risk industries and urban
agglomerates.
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS

Explosion Simulations

Any ignition point location 

Variable gas cloud size

Hydrocarbon gases (e.g. Methane, Ethane, Propane, Butane, and mixtures of these) 

Variation in gas concentration

Vent panels: weight, opening mode, opening pressure

Yielding walls: failure mode 

Effect of waterspray: nozzle type, flow rate, location 

Any type of louvered walls, angle of blades, effective openings

Predication of blast wave strength outside the area were the explosion occurs

Effect of inert gases; CO2, N2, and varying O2 concentration
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS

Knowledge based

Dispersion, location of gas detection, simulations

Explosion effects, prediction, QRAs

Limitation of effects, design, lay-out, mitigation (water/gas)

Risk Management



© 2008 ETEA SICUREZZA – Via Monviso 27 – 12037 Saluzzo (CN) Italy - +39 0175 41146 – www.eteasicurezza.it. All rights reserved. 73

GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS

Explosions require very good representation of geometry

Recent dispersion tests in geometries of “real” congestion
confirmed importance of geometry representation for dispersion 
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS

Any flame model (3D) will be grid dependent!

Flame models:

Beta model, force fuel equation to give specified burning velocity (Slam, Sturb)

=> reaction zone has a certain thickness (3-5 control volumes)

Must be adjusted when high curvature / laminar phase (wrinkling low with thick flame)

SIF model, simple interface flame (zero thickness => inside one control volume)

=> fine grid allows more wrinkling than coarse grids

Flame area depends on grid resolution => compensation still needed
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS

Blast wave propagation
effect on buildings
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS

Explosion in tunnel systems (hydroelectric plant)

Explosives in storage facility
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GASGAS EXPLOSION SIMULATIONSEXPLOSION SIMULATIONS

More recent features:
3D-walk through options in preprocessor 

Automatic generation of video-files (mpg)
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GAS EXPLOSION SIMULATIONSGAS EXPLOSION SIMULATIONS

Measures for load reduction:

1 Reduce confinement

Effect on cloud formation, exposure time

Reduces explosion pressure level and duration

Efficiency of water deluge increases

2 Geometry changes / relocation of objects

Effect on flame acceleration

Location of frequent leak/ignition sources

3 Pressure relief panels (with inertia)

4 Water deluge

Effect increasing with scale, water amount, vent area, 
congestion

5 Inert gas mitigation (CO2 / N2 / Inergen)
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DUST EXPLOSION 

SIMULATION
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ScenarioScenario

New New maizemaize processing processing plantplant

ShipShip and truck and truck 

unloadingunloading stationstation

BucketBucket elevatorselevators

and silosand silos

ScreensScreens, , 

hammermillshammermills, , etcetc
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ScenarioScenario

BucketBucket elevatorselevators and silosand silos

Penthouse Penthouse withwith nn°°2 2 chainchain conveyorsconveyors

ReinforcedReinforced concrete silos (AS IS)concrete silos (AS IS)

HeightHeight: 34 m: 34 m

DiameterDiameter: 9 m (: 9 m (largelarge), 5 m (), 5 m (smallsmall))

StructuralStructural resistanceresistance::

•• Upper Upper halfhalf: 0,75 : 0,75 bargbarg

•• LowerLower halfhalf: 1 : 1 bargbarg

•• Concrete Concrete roofroof: 0,11 : 0,11 bargbarg
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DustDust Explosion Simulator Code Explosion Simulator Code hashas beenbeen usedused toto solve solve thesethese problemsproblems

ProblemProblem::

1. Design the 1. Design the protectionprotection system system forfor the the entireentire plantplant, in , in orderorder toto minimizeminimize the the effectseffects of of 
dustdust explosionexplosion::

•• Design the Design the protectionprotection system system forfor silossilos

•• VentingVenting panelspanels or or otherother equipmentequipment??

•• In case In case ventingventing panelspanels are are notnot applicableapplicable, , whatwhat else the else the customercustomer can do?can do?

•• Design the Design the protectionprotection system system forfor bucketbucket elevatorselevators

2. 2. CalculateCalculate the the predictablepredictable effectseffects of a of a dustdust explosionexplosion on on nearbynearby buildingsbuildings and and 
modifymodify the the RiskRisk Management (Management (EmergencyEmergency ActionAction Plan) Plan) accordinglyaccordingly

ScenarioScenario
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From scenario From scenario toto DESCDESC

RealReal geometrygeometry hashas beenbeen drawndrawn intointo CASDCASD
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From scenario From scenario toto DESCDESC

BucketBucket elevatorelevator
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RequiredRequired ventingventing surfacesurface = 121 m^2= 121 m^2

RoofRoof surfacesurface = 63,5 m^2= 63,5 m^2

AvailableAvailable roofroof surfacesurface = 40 m^2= 40 m^2

RequiredRequired ventingventing surfacesurface asas beenbeen calculatedcalculated according according toto the the EuropeanEuropean Standard Standard 
(EN 14491), (EN 14491), usingusing the the followingfollowing data:data:

•• ProductProduct data (data (fromfrom customercustomer):):

•• Kst=112 Kst=112 bar*mbar*m/s/s

•• Pmax=8,3 barPmax=8,3 bar

•• ResistanceResistance ((overpressureoverpressure))

•• Pred=0,11 Pred=0,11 bargbarg (concrete (concrete roofroof structuralstructural resistanceresistance))

•• RuptureRupture disksdisks

•• Pstat=0,1 Pstat=0,1 bargbarg

ProtectionProtection system system forfor silossilos
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Standard Standard ventingventing panelspanels are are notnot applicableapplicable, , becausebecause the the availableavailable surfacesurface isis notnot
enoughenough toto

guaranteeguarantee correctcorrect ventingventing of the of the dustdust explosionexplosion..

In case silos are In case silos are notnot correctlycorrectly protectedprotected, , whatwhat happenshappens toto themthem? ? DoesDoes onlyonly the the 
roofroof collapsecollapse or or eveneven the the cylindricalcylindrical body body isis seriouslyseriously damageddamaged??

ProtectionProtection system system forfor silossilos

DESC DESC hashas beenbeen usedused toto calculatecalculate the the effectseffects of a of a dustdust explosionexplosion inside silos and on inside silos and on nearbynearby

buildingbuilding

WorstWorst case scenario case scenario hashas beenbeen consideredconsidered::

•• Silo Silo fulfilledfulfilled withwith airborneairborne dustdust

•• IgnitionIgnition alwaysalways on on bottombottom of the siloof the silo
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SecondSecond simulationsimulation refersrefers toto the the highlightedhighlighted silo silo belowbelow. . InsteadInstead of 40x1 m^2 of 40x1 m^2 ventingventing panelspanels, , 

therethere are 10 more are 10 more panelspanels on side on side wallwall of the silo. of the silo. 

AltoughAltough ventingventing surfacesurface hashas beenbeen increasedincreased, , itit isis stillstill under the under the surfacesurface requiredrequired byby the EU the EU 

Standard (121 m^2).Standard (121 m^2).

ProtectionProtection system system forfor silos silos –– AS ISAS IS
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ProtectionProtection system system forfor silos silos –– AS ISAS IS

SimulationSimulation resultsresults
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ProtectionProtection system system forfor silos silos –– AS ISAS IS

SimulationSimulation resultsresults
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ProtectionProtection system system forfor silos silos –– AS ISAS IS

SimulationSimulation resultsresults –– overpressuresoverpressures

Monitor Monitor pointspoints are are placedplaced::

1.1. AlongAlong the side the side wallswalls
of the silo and under of the silo and under 
the the roofroof

2.2. Inside the Inside the penthousepenthouse

3.3. Over the building in Over the building in 
front of the silofront of the silo

EffectsEffects::

The The enlargedenlarged ventingventing
surfacesurface producesproduces lowerlower
overpressuresoverpressures inside the inside the 
silo, silo, butbut the the roofroof and the and the 
upper upper halfhalf of the silo are of the silo are 
destroyeddestroyed

ThereThere are severe are severe damagesdamages
toto the the penthousepenthouse..

LOWER HALF = 1 barg

UPPER HALF = 0,75 barg

ROOF = 0,11 barg
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ProtectionProtection system system forfor silos silos –– AS ISAS IS

SimulationSimulation resultsresults –– overpressuresoverpressures

EffectsEffects on the building in front of the silo on the building in front of the silo 
((millmill):):

According According toto literatureliterature, the , the overpressureoverpressure on on 
the the millmill’’s s wallswalls causescauses::

••StructuralStructural damagesdamages

••LargeLarge windows breakwindows break
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New New safetysafety conceptconcept

SimulationSimulation resultsresults

••Inadeguate Inadeguate ventingventing surfacesurface causescauses severe severe damagesdamages toto the silos and the silos and toto the the nearbynearby buildingsbuildings

••Silos canSilos can’’t t bebe protectedprotected usingusing standard standard ventingventing panelspanels (Pstat=0,1 (Pstat=0,1 bargbarg))

New New safetysafety conceptconcept

1.1. Reduce the Reduce the probabilityprobability thatthat anan ignitionignition source source entersenters inside silos (inside silos (sparkssparks, , flamesflames, , foreignforeign
bodiesbodies comingcoming fromfrom the the unloadingunloading station, station, etcetc))

2.2. ImplementImplement allall applicableapplicable preventive preventive measuresmeasures

3.3. Explosion Explosion protectionprotection on on bucketbucket elevatorselevators

4.4. New design of the siloNew design of the silo’’s s roofroof
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Explosion Explosion protectionprotection on on bucketbucket elevatorelevator

Control Panel 

PXD sensors detect 
deflagration 

and send signal to electronic

control equipment.

1/3 h

1/3 h

PXD Analog 
Sensor

Chemical 
Suppressor

Control panel 
activate 

the suppressors to 

chemically cool the 

fire and suppress 
the 

advancing flame 
front 

mitigating pressure 

build up.
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Explosion Explosion protectionprotection on on bucketbucket elevatorelevator

DynamicDynamic pressurepressure detector detector simulatedsimulated in in 
DESC DESC usingusing a monitor a monitor pointpoint

SuppressorsSuppressors simulatedsimulated asas ““leaksleaks”” of of 
dessicarbdessicarb, , activatedactivated byby the monitor the monitor pointpoint
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Explosion Explosion protectionprotection on on bucketbucket elevatorelevator

SimulationSimulation resultsresults

SuppressorSuppressor
activationactivation

IsolatingIsolating
chemicalchemical barriersbarriers
activationactivation
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Explosion Explosion protectionprotection on on bucketbucket elevatorelevator

SimulationSimulation resultsresults –– overpressuresoverpressures

EffectsEffects::

The The overpressureoverpressure inside inside 
bucketbucket elevatorelevator doesndoesn’’t t 
damagedamage itit

No No flameflame propagationpropagation toto the the 
lowerlower part of the part of the elevatorelevator
and and toto the the chainchain conveyorconveyor

No No secondarysecondary explosionexplosion
inside silosinside silos
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AllAll the preventive and the preventive and protectiveprotective measuresmeasures listedlisted beforebefore are are enoughenough toto reduce the reduce the explosionexplosion riskrisk

toto anan acceptableacceptable levellevel..

AccordingAccording toto the the riskrisk analysisanalysis, the , the safetysafety conceptconcept suggestedsuggested doesndoesn’’t t requirerequire protectionprotection systemssystems

forfor the silos.the silos.

New design of the siloNew design of the silo’’s s roofroof

AltoughAltough the the explosionexplosion riskrisk isis acceptableacceptable, , wewe suggestedsuggested toto the the customercustomer toto design the design the roofroof of of 

eacheach silo so silo so thatthat itit behavesbehaves likelike a a ventingventing panel.panel.

In In otherother wordswords, , eacheach roofroof shouldshould avoidavoid pressurepressure builtbuilt up inside the silos over the up inside the silos over the structuralstructural limits limits 

of the of the wallswalls (0,75 (0,75 bargbarg forfor the upper the upper halfhalf of the silos)of the silos)

HowHow thisthis couldcould bebe donedone??

UsingUsing DESC DESC wewe havehave designeddesigned severalseveral kindkind of of roofsroofs, , untiluntil wewe foundfound a a pressurepressure--timetime curve curve thatthat

doesndoesn’’t t exceedexceed structuralstructural limits of the concrete limits of the concrete wallswalls

The The roofroof willwill bebe mademade up of light 1 m^2 up of light 1 m^2 metallicmetallic panelspanels, , thatthat break break whenwhen the the overpressureoverpressure

exceedsexceeds 0,03 0,03 bargbarg
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New design of the siloNew design of the silo’’s s roofroof

Light Light metallicmetallic roofroof mademade up of up of platesplates RoofRoof simulatedsimulated asas ventingventing panelspanels
(Pstat=0,03)(Pstat=0,03)
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New design of the siloNew design of the silo’’s s roofroof

SimulationSimulation resultsresults
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New design of the siloNew design of the silo’’s s roofroof

SimulationSimulation resultsresults
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New design of the siloNew design of the silo’’s s roofroof

SimulationSimulation resultsresults –– overpressuresoverpressures

EffectsEffects::

The new light The new light roofroof arrestsarrests
pressurepressure builtbuilt--upup beforebefore
therethere are severe are severe 
damagesdamages toto the the silosilo’’s s 
structurestructure

The The panelspanels of the of the roofroof are are 
projectedprojected awayaway and and 
fragmentsfragments can hit can hit 
personnelpersonnel, , altoughaltough the the 
explosionexplosion shouldshould notnot
occuroccur becausebecause of of allall the the 
preventive and preventive and protectiveprotective
measuresmeasures discusseddiscussed
beforebefore

UPPER HALF = 0,75 barg

NEW ROOF = 0,03 barg
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WHAT ARE THE ANTICIPATED EFFECTS OF AN EXPLOSION?

Overpressure Sd = dPred  0,02 barg

Thermal radiation Sd = dI  1,9 kW/m2

Flame lenght (primary expl)

IMPACT ON THE SAFETY PLANIMPACT ON THE SAFETY PLAN
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1. 1. WorkersWorkers are are notnot allowedallowed toto work or work or walkwalk on the silo on the silo roofroof duringduring anyany loadingloading operationoperation

New New safetysafety planplan

2. In case of 2. In case of firefire inside the silos or inside the silos or nearbynearby, the , the FireFire BrigadesBrigades and the Rescue and the Rescue TeamsTeams shouldshould
notnot walkwalk on the silo on the silo roofroof becausebecause of a of a riskrisk of of explosionexplosion

3. In case of 3. In case of anyany FireFire AlarmAlarm in the in the plantplant, , workersworkers locatedlocated on the silo on the silo roofroof shouldshould leaveleave the the 
area area immediatelyimmediately, , reportingreporting toto the the locallocal SafetySafety CoordinatorCoordinator

4. In case of 4. In case of externalexternal interventionintervention byby Rescue Rescue TeamsTeams, the , the hazardoushazardous areasareas of the of the plantplant wherewhere
dustdust ((ifif toxictoxic), ), flamesflames, , pressurepressure and and heatheat radiationradiation couldcould bebe fatalfatal forfor humanhuman beingsbeings, , 
are are clearlyclearly representedrepresented; the ; the rescue rescue strategystrategy can can bebe quicklyquickly defineddefined basedbased on the on the actualactual
scenarioscenario
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FIRE PROPAGATION

Estimated flame boundary spreading through the dining room and into the living room at approximately 8:34 AM.
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RECOMMENDED SAFETY PROCEDURES RECOMMENDED SAFETY PROCEDURES 
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disaster recovery plan

Organization chart showing names and positions 

Existing plan

Staff emergency contact information 

List of suppliers and contact numbers 

List of emergency services and contact numbers 

Premises addresses and maps 

Existing evacuation procedures and fire regulations 

Health and Safety procedures 

List of professional advisers and emergency contact information 

Communication system specification 
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