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Introduction

Since the conception of the 

NORSOK Z013 standard in 

the late 1990’s, the industry has 

steadily moved towards a 

probabilistic approach for 

modelling explosion risk

(the recommended procedure outlined 

in Annex F).
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Introduction

Simulating a large 

dataset of scenarios, 

with an understanding 

the frequencies of 

occurrence at each 

stage, allows 

exceedance curves

for the explosion load 

to be constructed.
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Introduction

Exceedance curves show 

the predicted frequency 

for explosion loading at a 

target of interest

Design explosion load of 2 barg

For a specified allowable 

frequency, the design load 

is read from the curve and 

can be used as the basis of 

the structural design.
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Introduction

• Typically a probabilistic explosion assessment may 

comprise the following CFD simulations:

- Twelve for ventilation behaviour

- A few hundred/couple of thousand for transient dispersion 

- A couple of hundred for explosion dynamics

• The associated duration for the assessment may be:

- Around one month for the dispersion scope

- A few days for the explosion scope

- Typically a couple of months in total.
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Introduction

• A probabilistic explosion assessment is a substantial 

undertaking and is often performed by a CFD team

that is entirely separate to the structural design 

team that will use the modelling outputs.

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 14P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

Introduction

CFD team

Undertake the 

probabilistic 

explosion 

assessment

Design team

Undertake the 

structural 

design

Information
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Introduction

CFD team

Undertake the 

probabilistic 

explosion 

assessment

Design team

Undertake the 

structural 

design

Information

Exceedence curves Design explosion

The interface between the parties generally 

comprises the transfer of a single DAL for each 

target of interest, typically the 10-4/yr DAL derived 

from exceedence curves, comprising the 10-4/yr

peak overpressure and an associated measure of 

the duration of the 10-4/yr blast
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Vast amount of 

predictive data 

generated
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Introduction

• With such a large number of individual simulations, the 

success of an assessment can be ensured through the 

use of simulation data management (SDM)

• Effective SDM tools can also allow:

- The sharing of predictive data with the design team, thus 

democratising the analysis data and the general approach

- The automatic compilation of predictive data to provide new 

insight and new opportunities for analysis 

(3D risk assessment and one-to-one CFD-NLFEA coupling).
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Introduction

• The more you investigate something, very often it yields 

further questions that had not been previously apparent

• As new methods are enabled though SDM tools, there 

may be a need for updated guidance to minimise 

inconsistency across our industry – perhaps some 

FABIG technical guidance?
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Simulation data management

• Every simulation undertaken at Abercus is scripted 

so that a precise record of the simulation is stored, in 

line with our QMS/ISO 9001 requirements

• Abercus uses SDM tools to manage it’s work –

effectively the SDM tool is a database of all of the 

relevant information which describes each simulation.
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Simulation data management
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Simulation data management

• The application of SDM to a probabilistic explosion 

workflow essentially integrates the three stages of 

analysis (ventilation/dispersion/explosion)
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Simulation data management

Background ventilation

FLACS/ARG

(EXSIM/pdrFOAM)

FLACS/ARG

EXSIM/pdrFOAM

FlowvisBackground processes

Output
Runs

Cases
Meshes

Geometries

CAD OrthoMesh/

CASD

Wind speed

Wind direction

CFL 

Simulation time

Data/image  

parameters 

Global ventilation 

Characteristic velocity
SDM tool

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 26P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

Simulation data management
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Simulation data management
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Simulation data management

• The application of SDM to a probabilistic explosion 

workflow essentially integrates the three stages of 

analysis (ventilation/dispersion/explosion) 

• And with a little additional functionality it allows the 

output from each study to be automatically processed 

to construct the required exceedence data.

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 30P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

SDM tool

G
M

C
R

O

Simulation data management

Probabilistic explosion assessment

C
R

O

C
R

O

Common Ventilation Dispersion Explosion

Characteristic 

velocity

Q9/FLAM 

history

Triangulated 

overpressure 

histories

Wind frequency data Release frequency data

(from QRA)

Ignition frequency model

(UKOOA)

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 31P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

SDM tool
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This is the simulation intensive part of the analysis –

can take a long time to simulate and can produce huge 

simulation files which require specific software to read

This part of the analysis can be packaged and 

shared with the rest of the design team
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Simulation data management

• The packaged tool/data can be easily shared with the 

design team, thus democratising the approach

• This can improve the interaction between the 

structural engineer and explosion analyst, which should 

lead to better, safer design

• Abercus has developed EXCGEN for this purpose
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Simulation data management
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Simulation data management
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Simulation data management

• The packaged tool/data can be easily shared with the 

design team, thus democratising the approach

• This can improve the interaction between the 

structural engineer and explosion analyst, which should 

lead to better, safer design

• Abercus has developed EXCGEN for this purpose

• Gexcon is developing RISK and it is likely that other 

parties will also develop similar tools – it is hoped that 

these too will allow the easy sharing of data.
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Simulation data management

Some major benefits of an automated SDM approach:

1. Can provide a robust, consistent method for the 

implementation of the NORSOK Standard Z-013, provided 

the underlying implementation is openly documented

2. Sharing and democratisation of analysis data, allowing 

the sensitivity of the exceedence data to many of the 

probabilistic assumptions to be investigated on-the-fly, in 

the company of the wider design team
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Simulation data management

Some major benefits of an automated SDM approach:

3. Automatic compilation of 3D risk assessment information 

where, for example, the spatial variation of an explosion 

load can be presented across a structural target of interest, 

rather than just a single worst-case load that is read from a 

traditional exceedence curve

4. Automatic mapping of CFD explosion loads on to an FEA 

model so that the associated structural response can be 

simulated using one-to-one coupling between explosion 

CFD and NLFEA.
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Sensitivity to assumptions

• Sensitivities to (some of) the probabilistic assumptions 

can be investigated on-the-fly, with the design team

- Ignition methodology

- Underlying wind conditions

- Flammable volume methodology (Q9 vs FLAM)

- Release frequencies from the QRA

• Typically these sensitivities might not be explored 

(at least, so interactively, with the rest of the team).
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Sensitivity to assumptions

Ignition 

methodology

Probability of 

ignition

Probability of explosion 

given ignition

Time 

dependence

A UKOOA 25 Fixed at 20% UKOOA

B UKOOA 25 Cox, Lees and Ang UKOOA

C UKOOA 25 Ignored UKOOA

D UKOOA 25 Fixed at 20% Ignored

E UKOOA 25 Cox, Lees and Ang Ignored

F UKOOA 25 Ignored Ignored

Ignition methodology
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Sensitivity to assumptions

Exceedance curves for peak overpressure

Ignition methodology
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Sensitivity to assumptions

Exceedance curves for peak overpressure

Wind direction

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 43P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

(Equivalent stoichiometric volume)

(Total flammable volume)

Sensitivity to assumptions

Exceedance curves for peak overpressure

Flammable volume methodology
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Sensitivity to assumptions

• The more you investigate something, very often it yields 

further questions that had not been previously apparent

• Exploring sensitivities on the fly provides an 

opportunity to discuss some of the uncertainties 

associated within the probabilistic approach with the 

design team.
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3D risk assessment

The explosion loads, particularly for large targets such 

as blast walls, may vary spatially so providing a single 

value for the design load may be overly conservative.
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3D risk assessment

Design explosion load of 2 barg

For this exceedence 

curve, the 10-4/yr

peak overpressure 

for the blast wall is 

2 barg
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3D risk assessment

10-4/yr peak overpressure [barg]

0.0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.01.0 >2.0

Contours of 10-4/yr peak overpressureFor this exceedence 

curve, the 10-4/yr

peak overpressure 

for the blast wall is 

2 barg

Typically this would 

be applied uniformly 

across a large object, 

such as a blast wall.

Large objects are typically represented by a discretised 

array of monitor panels within the CFD model 
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3D risk assessment

10-4/yr peak overpressure [barg]

0.0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.01.0 >2.0

Contours of 10-4/yr peak overpressureFor this exceedence 

curve, the 10-4/yr

peak overpressure 

for the blast wall is 

2 barg

Typically this would 

be applied uniformly 

across a large object, 

such as a blast wall.

Large objects are typically represented by a discretised 

array of monitor panels within the CFD model 1. Compile separate exceedance 

curves for each monitor panel

2. Read off the 10-4/yr overpressure 

(or any other frequency or load 

of interest) for each panel

3. Plot this spatially for each panel
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If exceedence curves 

are constructed 

separately for each 

panel, the spatial 

variation of the 

10-4/yr peak 

overpressure can be 

considered

3D risk assessment

Contours of 10-4/yr peak overpressure

10-4/yr peak overpressure [barg]

0.0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.01.0 >2.0
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3D risk assessment

Contours of 10-4/yr peak overpressureThe 10-4/yr peak 

overpressure for the 

majority of the blast 

wall is significantly 

less than 2 barg in 

this example

This can have a 

significant impact upon 

the structural response 

of the blast wall under 

DAL loading.

10-4/yr peak overpressure [barg]

0.0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.01.0 >2.0
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3D risk assessment

Normalised deflection

Contour plot of normalised deflection

Contours of overpressure for 10-4/yr pseudo-event

2 bar overpressure uniformly applied

The 10-4/yr peak 

overpressure for the 

majority of the blast 

wall is significantly 

less than 2 barg in 

this example

This can have a 

significant impact upon 

the structural response 

of the blast wall under 

DAL loading.
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3D risk assessment

• The more you investigate something, very often it yields 

further questions that had not been previously apparent

• Open questions:

- What is the correct way/order to average explosion loads 

over the surface of a large object?

- Is it possible to find representative 10-4/yr explosion events 

from those simulated for the purpose of structural design?
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3D risk assessment (representative 10-4/yr events)

Contours of 10-4/yr peak overpressure

10-4/yr peak overpressure [barg]

0.0 0.1 0.2 0.3 0.4 0.6 0.7 0.8 0.9 1.00.5 >1.0
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3D risk assessment (representative 10-4/yr events)

10-4/yr peak overpressure [barg]

0.0 0.1 0.2 0.3 0.4 0.6 0.7 0.8 0.9 1.00.5 >1.0

Contours of 10-4/yr peak overpressure

Panel 1816

Panel 1837 – 10-4/yr

overpressure is around 0.6 barg
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3D risk assessment (representative 10-4/yr events)

• At panel 1837, the 10-4/yr peak overpressure is 0.6 barg
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171 172 32 36 114 169 168 113 34 113 121 121 121 121 148 122 166 154 145 79 153 105 70 114 158 177 174 144 33 33 144 144 61 164 61

122 32 114 104 169 168 121 168 113 168 168 169 171 169 112 122 155 159 145 104 59 105 59 59 172 151 60 70 33 33 61 144 144 159 35

122 122 32 169 114 168 164 121 113 113 33 169 171 31 164 80 170 170 112 154 59 152 158 81 158 168 159 70 35 61 144 144 144 61 61

168 114 114 168 168 104 81 81 168 164 36 169 32 169 112 122 61 161 160 112 166 71 172 158 151 159 159 144 144 144 168 168 61 61 36

168 114 34 34 121 121 121 113 114 32 35 114 114 33 32 169 170 123 123 104 105 144 153 35 144 35 144 71 150 150 144 168 168 168 61

164 171 171 34 113 81 113 164 168 34 114 33 30 169 36 34 111 111 111 167 154 154 154 34 158 164 159 36 71 150 150 168 168 168 168 168 168 150 165 81 129

104 164 122 171 36 36 36 36 36 36 114 114 35 120 169 110 110 176 162 104 144 172 61 157 61 164 71 36 35 164 34 144 81 81 168 168 70 150 165 69 150

104 169 164 113 36 36 36 36 36 36 169 114 33 119 113 170 176 110 123 34 157 81 71 31 145 147 31 161 36 160 160 144 144 60 70 70 81 60 165 69 150

81 61 122 121 36 36 36 36 36 36 169 36 174 119 171 170 31 164 161 104 166 173 61 155 145 162 33 161 145 34 35 150 168 160 81 70 60 60 60 80 151

29 130 61 19 36 36 141 9 36 114 169 120 120 120 171 169 36 177 34 177 61 61 34 31 145 31 36 166 35 162 71 150 144 70 60 81 60 165 124 81 131

3D risk assessment (representative 10-4/yr events)

Event indices for the 10-4/yr event at each panel

154 34 158 164 159

61 157 61 164 71

71 31 145 147 31

61 155 145 162 33

34 31 145 31 36

At panel 1837, the explosion event corresponding 

to the 10-4/yr peak overpressure is event 162 

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 58P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

3D risk assessment (representative 10-4/yr events)

• At panel 1837, the 10-4/yr peak overpressure is 0.6 barg

• The explosion event corresponding to this 10-4/yr peak 

overpressure is event 162 
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154 34 158 164 159

61 157 61 164 71

71 31 145 147 31

61 155 145 162 33

34 31 145 31 36

3D risk assessment (representative 10-4/yr events)

Maximum instantaneous overpressure (averaging area 4m × 4m)

Overpressure [barg]

0.0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.01.0 >2.0

Panel 1837 – Case-162 is the 10-4/yr explosion 

event for this 4m × 4m monitor panel only

Panel 1816

Maximum peak overpressure for explosion event 162
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3D risk assessment (representative 10-4/yr events)

• At panel 1837, the 10-4/yr peak overpressure is 0.6 barg

• The explosion event corresponding to this 10-4/yr peak 

overpressure is event 162 

• The peak overpressure for event 162 is over 2 barg, 

which is significantly higher than the 10-4/yr overpressure 

but it occurs in a different location – at panel 1816 

• At panel 1816, the 10-4/yr overpressure corresponds to 

a different event – event 071.
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3D risk assessment (representative 10-4/yr events)

Exceedance curves for panels 1837 and 1816

Case-162

Case-162

Case-071
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3D risk assessment (representative 10-4/yr events)

• From the exceedance curves, event 162 represents a 

lower frequency of occurrence at panel 1816 and, 

therefore, this higher overpressure does not contribute 

to the 10-4/yr overpressure reported on the contour 

plot – event 071 corresponds to the 10-4/yr frequency

• The 10-4/yr overpressure across a large surface will 

typically comprise contributions from many individual 

explosion events.
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3D risk assessment (representative 10-4/yr events)

• Imagine that we have simulated a series of identical 

blast events, such that the blast for each event is similar, 

but with the clouds displaced at 10m intervals

• Imagine that the variation of the peak overpressure 

with distance along a deck for the first event which has 

a peak overpressure of 1 barg

• If we then plot the peak overpressure for all of the blast 

events on the same plot, we have the same shaped 

curve but it is repeated at intervals of 10m.
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3D risk assessment (representative 10-4/yr events)
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3D risk assessment (representative 10-4/yr events)

• Imagine that each blast event individually has a 

probability of occurrence of 10-5/yr

• This means that to find the 10-4/yr overpressure at any 

point along the deck there needs to be 10 of the curves 

which, at that point, has a higher local peak 

overpressure

• To illustrate this, 10 of the curves are identified in bold 

in the upper part of the figure. 
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3D risk assessment (representative 10-4/yr events)
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3D risk assessment (representative 10-4/yr events)

• If we then consider the 150m location, for example, 

the 10-4/yr peak overpressure is 0.7 barg – at this 

point, 10 of the curves have a peak overpressure in 

excess of 0.7 barg

• In this idealised example, the events represented by the 

dark green and dark grey curves in the figure below are 

the representative 10-4/yr events, each of which has a 

peak overpressure of 1 barg.
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3D risk assessment (representative 10-4/yr events)
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3D risk assessment (representative 10-4/yr events)

• When selecting representative events it is important 

not to simply select an event which has a peak 

overpressure comparable to the local 10-4/yr

overpressure – doing so would be equivalent to 

selecting the red curve, which is a lesser event than 

either of the 10-4/yr events we identified previously, 

represented by the grey bold curves.
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3D risk assessment (representative 10-4/yr events)
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3D risk assessment (representative 10-4/yr events)

• Whether it is possible to identify representative 

10-4/yr explosion events from those simulated remains 

an open question

• The 10-4/yr overpressure is constructed from  

contributions received from many explosion events

• How can we proceed?

- One-to-one coupling between explosion CFD and NLFEA 

- Is it possible to construct a 10-4/yr pseudo-event?
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Probabilistic structural response

• Rather than try to identify representative 10-4/yr events 

from those simulated, or construct a 10-4/yr pseudo-

event by combining simulated events, why not simulate 

the structural response of a large object for each 

simulated explosion using NLFEA?

One-to-one coupling between 

explosion CFD and NLFEA

This does not introduce any new assumptions
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Probabilistic structural response
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Probabilistic structural response

Acknowledge previous work:

Frazer, Sari and Nordstrom, FABIG TM 75, 2013.

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 76P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

Probabilistic structural response

Acknowledge previous work:

Salaun, Hanssen and Nilsen, 2016.
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Probabilistic structural response

Acknowledge current work (about to be published):

Kang et. al., 2016.
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Probabilistic structural response

• Rather than try to identify representative 10-4/yr events 

from those simulated, or construct a 10-4/yr pseudo-

event by combining simulated events, why not simulate 

the structural response of a large object for each 

simulated explosion using NLFEA?

• Traditionally this may have been prohibitive in terms of 

computational effort, but with SDM tools like EXCGEN 

this can become feasible.
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Common Ventilation Dispersion Explosion

SDM tool

G
M

C
R

O

Probabilistic structural response

Probabilistic explosion assessment + structural response

C
R

O

C
R

O

Characteristic 

velocity

Q9/FLAM 

history

Overpressure 

histories

Wind 

frequency data

Release 

frequency data

Ignition 

frequency model

Structural FEA

M
C

R
O

G

Map overpressure histories for explosion 

events onto corresponding NLFEA model
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Probabilistic structural response

Structure of the blast wall

Case study – one-to-one CFD/NLFEA coupling 

Map predicted blast histories from CFD 

at each panel for each explosion event

Structural columns provide localised stiffness
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Probabilistic structural response

Structure of the blast wall

Case study – one-to-one CFD/NLFEA coupling 

Map predicted blast histories from CFD 

at each panel for each explosion event

Structural columns provide localised stiffness
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Probabilistic structural response

Structure of the blast wall

Case study – one-to-one CFD/NLFEA coupling 

Map predicted blast histories from CFD 

at each panel for each explosion event

Structural columns provide localised stiffness

1. Compile separate exceedance curves for deflection 

from the NLFEA for each section of the blast wall

2. Read off the 10-4/yr deflection (or any other frequency 

or measure of damage from the NLFEA) for each panel

3. Plot this spatially for each panel
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Probabilistic structural response

Contours of 10-4/yr deflection

10-4/yr deflection [m]

Case study – one-to-one CFD/NLFEA coupling 
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Probabilistic structural response

Contours of 10-4/yr deflection

10-4/yr deflection [m]

Using a probabilistic structural response approach

Traditional approach – uniformly applying the 10-4/yr

overpressure (2 barg) from the exceedance curve
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Probabilistic structural response

Abercus learnings:

- The computational effort required for the NLFEA of selected 

structures can be comfortably undertaken alongside the rest 

of the probabilistic assessment – it is often the dispersion 

phase of the assessment which is the bottleneck

- Not all explosion events need to be simulated using NLFEA –

start with the large events and work towards smaller events 

and you’ll reach a point where your 10-4/yr measure of 

damage/deflection stops changing.
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Probabilistic structural response

Start with the largest explosion 

events, and work towards the 

smaller events – may not need 

to simulate the structural 

response for all explosion 

events.
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Probabilistic structural response

Abercus learnings:

- The computational effort required for the NLFEA of selected 

structures can be comfortably undertaken alongside the rest 

of the probabilistic assessment – it is often the dispersion 

phase of the assessment which is the bottleneck

- Not all explosion events need to be simulated using NLFEA –

start with the large events and work towards smaller events 

and you’ll reach a point where your 10-4/yr measure of 

damage/deflection stops changing

- Is it possible to construct a 10-4/yr pseudo-event?
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Probabilistic structural response (10-4/yr pseudo-event)

Peak overpressure [barg]

0.0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.01.0 >2.0

Contour plot of 10-4/yr peak overpressureThe 10-4/yr

overpressure is just 

part of the DAL 

definition – need to 

consider the dynamic 

behaviour with 

respect to the 

duration of the blast 

and how the blast 

might travel across 

the blast wall.
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Probabilistic structural response (10-4/yr pseudo-event)

Scatter plot showing time duration of the 

positive blast phase with peak overpressure 

Trends from the underlying 

explosion data set can define the 

associated time duration of the 

positive blast phase

Similarly for the negative blast 

phase, so that the shape of a 

(triangulated) 10-4/yr pseudo-

blast can be fully described.
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Probabilistic structural response (10-4/yr pseudo-event)

• Blast events do not impinge everywhere instantaneously

• If it can be assumed that the initial impingement is at 

the location of the peak, the time delay across the blast 

wall can be included into the pseudo-event blast 

behaviour, based upon the local speed of sound

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 91P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

Peak overpressure [barg]

0.0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2.01.0 >2.0

Probabilistic structural response (10-4/yr pseudo-event)

Contour plot of 10-4/yr peak overpressure
If it can be assumed 

that the initial 

impingement is at the 

location of the peak, 

the time delay across 

the blast wall can be 

included into the 

pseudo-event blast 

behaviour.
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Probabilistic structural response (10-4/yr pseudo-event)

Peak overpressure [barg]

0.0 0.1 0.2 0.3 0.4 0.6 0.7 0.8 0.9 1.00.5 >1.0

Contour plot of 10-4/yr peak overpressure

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/


FABIG UK technical meeting: new insights into risk assessment – democratisation for determining structural design loads for blast 93P-TT161101-001-C

Abercus  Riverside House  Riverside Drive  Aberdeen  AB11 7LH  www.abercus.com

© 2016 Abercus.  All Rights Reserved.

Probabilistic structural response (10-4/yr pseudo-event)

• Blast events do not impinge everywhere instantaneously

• If it can be assumed that the initial impingement is at 

the location of the peak, the time delay across the blast 

wall can be included into the pseudo-event blast 

behaviour, based upon the local speed of sound

• What happens if there are two local peaks in the 

10-4/yr peak overpressure?

• There remain open questions about this approach!
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Probabilistic structural response (10-4/yr pseudo-event)

Contours of 10-4/yr deflection

Using a probabilistic structural response approach Using the 10-4/yr pseudo-event without time delay

Using the 10-4/yr pseudo-event with time delayTraditional approach – uniformly applying the 10-4/yr

overpressure (2 barg) from the exceedance curve
10-4/yr deflection [m]
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Probabilistic structural response (10-4/yr pseudo-event)

• For the case study presented here, it turns out that 

there is reasonable agreement between the pseudo-

event and probabilistic structural response approaches

• However, we need to consider a much wider 

range of examples to determine whether this is 

generally the case, so this remains an open question

• One-to-one coupling does not require the definition 

of a 10-4/yr pseudo-event and is, therefore, free from 

further assumptions that may need to be justified.
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Probabilistic structural response (10-4/yr pseudo-event)

• What is clear is that the traditional approach with a 

uniformly applied 10-4/yr load is overly conservative 

when compared to the probabilistic structural response 

and pseudo-event approaches.
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Consistency across the industry

• One major benefit of an automated SDM approach is 

that it can provide a robust, consistent method for the 

implementation of the probabilistic methodology

• Abercus uses EXCGEN 

• Many other consultants have developed in-house tools 

that we expect have similar functionality

• Gexcon is developing RISK

• Other parties will likely develop similar tools.
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Consistency across the industry

• Whilst there might be high-level agreement within 

the industry regarding the general approach, 

the devil is in the detail

• Even if all of the underlying simulations are undertaken 

identically by different parties, the exceedence data 

constructed from them is likely to be different

• User variation and inconsistencies in approach/ 

detailed assumptions are bad for our industry.

http://www.abercus.com/
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Consistency across the industry

• Maybe there is a need to think about better guidance 

for the industry, documenting the probabilistic 

methodology in detail, with practical worked examples 

so that there are actual numbers to compare against?

• Maybe a blind benchmarking exercise could be 

undertaken to investigate whether there is a degree of 

variation across the industry?

• What are the open questions?

• Is there a need for some FABIG technical guidance?

http://www.abercus.com/
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Consistency across the industry

• User variation and inconsistencies is a potential issue 

wherever engineering simulation methods are used

• Abercus is a member of NAFEMS, the international 

association for the engineering simulation community

• NAFEMS has established an oil and gas focus group

http://www.abercus.com/
http://www.abercus.com/
http://www.abercus.com/
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Consistency across the industry
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Consistency across the industry

• NAFEMS has established an oil and gas focus group

• The groups activities include:

- Reviewing existing industry guidance

- Preparing practical guidance and information relating 

specifically to the use of CFD for application areas where 

current guidance is incomplete or there is an opportunity to 

provide improved practical guidance

• Open questions are being openly discussed within the 

group and hopefully new practical guidance will begin to 

emerge later in 2017.
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Summary

• Effective use of SDM tools can allow data to be shared 

with the design team, thus democratising the approach

- This can enable the sensitivity of the exceedence data to 

many of the probabilistic assumptions to be explored 

on-the-fly, in the company of the wider design team

- 3D risk assessment information where the spatial variation of 

an explosion load can be presented across large structures

- One-to-one coupling between explosion CFD and NLFEA, 

extending the probabilistic methodology to cover structural 

response.
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Summary

• As new methods are enabled though software tools, 

there may be a need for updated guidance to minimise 

inconsistency across our industry – perhaps some 

FABIG technical guidance?
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