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Abercus

Abercus is an independent, privately-owned consultancy specialising
in advanced engineering simulation within the energy sector —
computational fluid dynamics (CFD), finite element analysis (FEA),
the development of bespoke software tools and teaching/training.
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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 S ——
probabilistic approach for
modelling explosion risk

NORSOK STANDARD Z- 013

Edition 3, October 201

(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 o

target of interest Lo

For a specified allowable R |
frequency, the design load o

is read from the curve and . NEN | N 2De’sign exsplosion load of 2 barg
can be used as the basis of s crsue 4

the structural design.
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Introduction

Normal operations Wind speed

Wind direction

Discharge e  Pressure and temperature of the contained material
e Magnitude of the inventory of the contained material
¢ Composition of the contained material
* Release hole size

Dispersion e Location of release
* Direction of release

Explosion ¢  Time of ignition following the release
e lgnition location
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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.
__._dllll=l

Abercus Riverside House Riverside Drive Aberdeen ABI| 7LH www.abercus.com
© 2016 Abercus. All Rights Reserved.



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

P-TTI61101-001-C FABIG UK technical meeting: new insights into risk assessment — democratisation for determining structural design loads for blast

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.

e
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Introduction

|
CFD team | Design team
Undertake the Undertake the
probabilistic Information I structural
explosion I design
assessment I
I
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Introduction

CFD team | Design team

The interface between the parties generally
a comprises the transfer of a single DAL for each
\ﬁ target of interest, typically the 10-*/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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Introduction

CFD team

Design team

-
m
&
5}

-
m
o
@

g
L
£

Exceedence curves Design explosion

Information I

Abercus Riverside House Riverside Drive Aberdeen ABI| 7LH www.abercus.com
© 2016 Abercus. All Rights Reserved.



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

Introduction

CFD team

Design team

Vast amount of
predictive data

generated

Design explosion

Information I
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Introduction

CFD team

Design team

Vast amount of
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predictive data
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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)

o 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

Generic CFD/FEA analysis

SDM tOOI Residuals/ Data/

monitors images
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I( | |
I CAD Mesher : Physics : Simulation | Parameters |
1 parameters | parameters : relating to :
: I : : image/data |
J l J| | retrieval
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Interactive session
driving software
Parameter driven, with software

running as a background process
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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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B | | |
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Simulation data management

Background ventilation

SDM tOOI Global ventilation

Characteristic velocity

CAD
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Data/image
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Simulation data management

Dispersion

SDM tOOI Q9 history/ Envelope plots

FLAM history of released gas

Geometries !
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CAD : OrthoMesh/ : Wind speed/dir : CFL : Data/image
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J
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Simulation data management

Explosion

SDM tOOI Overpressure  Contour plots of

histories explosion loads

Geometries

i
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Simulation data management

Probabilistic explosion assessment

SDM tool

Characteristic Q9/FLAM Overpressure
velocity history histories

!

!
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Common Ventilation Dispersion Explosion )
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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.

_
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Simulation data management

Probabilistic explosion assessment

Wind frequency data Release frequency data
(from QRA)

f
SDM tool

Characteristic Q9/FLAM
velocity history

Ignition frequency model
(UKOOA)

Common Ventilation Dispersion

f
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overpressure
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Simulation data management

Probabilistic explosion assessment

/ Wind frequency data Release frequency data Ignition frequency model \
quency quency g quency
| | (from QRA) (UKOOA) |
| This part of the analysis can be packaged and |
| shared with the rest of the design team :
I
| histories l
i
~ R —— '___'f'__ 4______ A__ '?____ A A__ ——r7
, | T ~h T-T— N o
| a‘ This is the simulation intensive part of the analysis —
P Y
: can take a long time to simulate and can produce huge
| simulation files which require specific software to read
l
« Cc
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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

F |
ol EXCGEN L= | B [

Eile  Ventilation Leak Explosion  Graph

Ready Y
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Simulation data management

[ exceen B | (= © jm
File ilation | Leak i Graph
CFD CaseImpert -
CFD Case Display 3 1
CFD Results Import
CFD Results Display r & EXCGEN : =lE I I
Wind Import
Wind Display » File ilati Leak plosit Graph
Apply Wind Frequencies to Case Data QRA Import -
Module Frequencies QRA Display »
Create Wind Groups CFD Leak Case Import
i CFD Leak Case Display >
Wind Group Display » A . & EXCGEN ! == <)
Apply QRA Frequencies to Case Data File ilati Leak ion | Graph
Apply Wind Frequencies to Case Data CFD Case Import -
“ CFD Results Import (Q9) » CFD Case Display » 1
CFD Results Display » Gauge Point Import
Display Cloud Size Exceedance Frequencies  » Gauge Point Display »
Gauge Group Display »
CFD Results Import »
CFD Results Display »
1 Apply Cloud Explosion Frequencies to Case Data
. Display Overp Exceedance F i » Blast Wall (Safe Side) »
Accommodation 1 >
Accommodation 2 »
' Accommodation 3 »
i = —_— Accommodation 4 »
i Accommodation 5 »
Accommodation 6 >
Accommodation 7 >
Accommodation 8 »
Ready Helideck »
= Blast Wall (Process Side)  » Peak O
Acccommodation 9 3 Average Peak Overpressure
Accommodation 10 » Maximum Underpressure
Accommodation 11 » Average Underpressure
J Accommodation 12 » Maximum Positive Impulse
Ready Maximum Negative Impulse
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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. . pEEE
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Simulation data management

Some major benefits of an automated SDM approach:

|. Can provide a robust, consistent method for the
implementation of the NORSOK Standard Z-01 3, 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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|
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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 T

simulated using one-to-one coupling between explosion .IJ=E
CFD and NLFEA. T

.
|

i
| | |
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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

Ignition Probability of Probability of explosion Time

methodology ignition given ignition dependence
A UKOOA 25 Fixed at 20% UKOOA
B UKOOA 25 Cox, Lees and Ang UKOOA
C UKOOA 25 lgnored UKOOA
D UKOOA 25 Fixed at 20% lgnored
E UKOOA 25 Cox, Lees and Ang lgnored
F UKOOA 25 lgnored

| | |
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Sensitivity to assumptions

Ignition methodology
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Sensitivity to assumptions

Wind direction
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Sensitivity to assumptions

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.

e
|

0 0ejciclole
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3D risk assessment

For this exceedence
curve, the [0-4/yr
peak overpressure L Eo01
for the blast wall is
2 barg

1.E+00

1.E-02

1.E-03

Frequency [per year]

1.E-04

Design explosion load of 2 barg

1.E-05

0 1 2 3 4
Peak overpressure [bar]
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3D risk assessment

For this exceedence Contours of 10-4/yr peak overpressure

curve, the | 0'4/)’I" Large objects are typically represented by a discretised
array of monitor panels within the CFD model

peak overpressure
for the blast wall is
2 barg

Typically this would
be applied uniformly
across a large object,

SUCh dsS a bIaSt Wa—” 104/yr peak overpressure [barg]

I | I
00 02 04 06 08 10 12 14 l6 1.8 20 >20
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3D risk assessment

For this exceedence Contours of 104/yr peak overpressure
curve, the | 0'4/)’I" Large objects are typically represented by a discretised

peak overpressure |. Compile separate exceedance
for the blast wall is curves for each monitor panel
2 barg 2. Read off the 10-%/yr overpressure
(or any other frequency or load
of interest) for each panel

Plot this spatially for each panel

Typically this would
be applied uniformly
across a large object,
such as a blast wall.

10-*/yr peak overpressure [barg]

I I I
00 02 04 06 08 10 12 14 l6 1.8 20 >20

Abercus Riverside House Riverside Drive Aberdeen ABI| 7LH www.abercus.com
© 2016 Abercus. All Rights Reserved.



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

3D risk assessment

If exceedence curves  Contours of 10-4/yr peak overpressure
are constructed
separately for each
panel, the spatial
variation of the
10-*/yr peak
overpressure can be
considered

10-*/yr peak overpressure [barg]

L I
00 02 04 06 08 10 12 14 l6 1.8 20 >20
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3D risk assessment

The 10%/yr peak Contours of 10-4/yr peak overpressure
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 structu ra'l response 10-*/yr peak overpressure [barg]
B e

- I
Of the bIaSt Wa’” under 00 02 04 06 08 10 12 14 l6 1.8 20 >20
DAL loading.
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3D risk assessment

The 10-4/yr peak Contour plot of normalised deflection

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.

Contours of overpressure for 10#/yr pseudo-event

Normalised deflection
[ | I
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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?

— |s it possible to find representative 10-*/yr explosion events
from those simulated for the purpose of structural design?
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3D risk assessment (representative |0-4/yr events)

Contours of 10-4/yr peak overpressure

10"4/yr peak overpressure [barg]
I I T
060 O0l1I 02 03 04 05 06 07 08 09 10 >0
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3D risk assessment (representative |0-4/yr events)

Contours of 10-4/yr peak overpressure

Panel 1837 — 10-4/yr
overpressure is around 0.6 barg
10"4/yr peak overpressure [barg]
I I I
60 oI 02 03 04 05 06 07 08 09 10 =>10
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3D risk assessment (representative 10-*/yr events)

« At panel 1837, the 10-%/yr peak overpressure is 0.6 barg
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3D risk assessment (representative |10-4/yr events)

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

[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]121121|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 IJJz_RJ_mJ.Bue&AAJJA_&zn_LﬁL%_ T50 1541154 34 158 164 159i 36 | 71 |150|150|168 168|168 | 168 168|168|150|165| 81 129
104|164/122 171I 154 34 158 164 159 Elo 110/176/162 104|144/ 1721 61 B . 71136 |35 |164) 34 |144) 81 | 81 |168168| 70 150|165 69 |150
104|169/ 164|113 70/176/110(123| 34 [157| 811 71 | 31 145 311161/ 36 |160|160|144(144| 60 | 70 | 70 | 81 | 60 |165] 69 | 150
81 | 61 122|121l 70| 31 |164|161]104| 1661731 61 155 145162 33 |161|145| 34 | 35 |150| 168|160 81 | 70 | 60 | 60 | 60 | 80 | 151
29 |130| 61 | 19 | 61 61 71 koo 36 [177] 34 [177] 61 | 61 31 145 31 36;166 35 [162] 71 [150(144| 70 | 60 | 81 | 60 | 165|124 81 [131

B U S S

1 71 31 145 31

[

| 61 155 145]162] 33

31 145 31| 36

At panel 1837, the explosion event corresponding
to the 10-4/yr peak overpressure is event 162
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3D risk assessment (representative 10-*/yr events)

« At panel 1837, the 10-%/yr peak overpressure is 0.6 barg

* The explosion event corresponding to this 10-*/yr peak
overpressure is event |62
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3D risk assessment (representative |10-4/yr events)

Maximum peak overpressure for explosion event 162

Panel 1816

154 34 158 164 159

Panel 1837 — Case-162 is the 10*/yr explosion
event for this 4m X 4m monitor panel only

Overpressure [barg]
I I T

00 02 04 06 08 10 12 14 l6 1.8 20 >20

Maximum instantaneous overpressure (averaging area 4m X 4m)
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3D risk assessment (representative 10-*/yr events)

« At panel 1837, the 10-%/yr peak overpressure is 0.6 barg

* The explosion event corresponding to this 10-*/yr peak
overpressure is event |62

* The peak overpressure for event 162 is over 2 barg,
which is significantly higher than the 10-*/yr overpressure
but it occurs in a different location — at panel 1816

i
* At panel 1816, the 10%/yr overpressure corresponds to
a different event — event 071.

| | |
I | | |
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3D risk assessment (representative 10-*/yr events)

1.E+00
—Panel 1837
1.E-01 anel 183
—Panel 1816
1.E-02
)
[+}]
>
5 1.E-03
2
- Case-162
o
[ =
S
2 1.E-04
[+}]
s
Case-071
1.E-05
\ \ / Case-162
1.E-06
0.0 0.5 1.0 1.5 2.0 2.5

Peak overpressure [barg]

Exceedance curves for panels 1837 and 1816

e
|
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3D risk assessment (representative 10-*/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-%/yr overpressure reported on the contour
plot — event 07| corresponds to the 10-*/yr frequency

e The 10-*/yr overpressure across a large surface will
typically comprise contributions from many individual

explosion events.

|
il
|
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3D risk assessment (representative 10-*/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 | barg

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

i
events on the same plot, we have the same shaped P
curve but it is repeated at intervals of |10m. .

e | |

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

1.2
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3D risk assessment (representative 10-*/yr events)

* Imagine that each blast event individually has a
probability of occurrence of 10-/yr

 This means that to find the 10-*/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

* Toillustrate this, 10 of the curves are identified in bold
in the upper part of the figure.

| | |
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3D risk assessment (representative |0-4/yr events)

l 0’0‘\’.0 *
i $ i
'z,s* “

Distance [m]

_
| | |
B | | | |
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3D risk assessment (representative 10-*/yr events)

* |If we then consider the 150m location, for example,
the 10-Y/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-%/yr events, each of which has a T

peak overpressure of | barg. T
|

A

BT

i
| | |
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3D risk assessment (representative 10-*/yr events)

1.2

0.8

0.6

Peak overpressure [barg]

0.2

50 100 150
Distance [m]
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3D risk assessment (representative 10-*/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-*/yr events we identified previously,
represented by the grey bold curves.
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3D risk assessment (representative 10-*/yr events)
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3D risk assessment (representative 10-*/yr events)

* Whether it is possible to identify representative
10-*/yr explosion events from those simulated remains
an open question

* The 10-%/yr overpressure is constructed from
contributions received from many explosion events

* How can we proceed!?
— One-to-one coupling between explosion CFD and NLFEA

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

 Rather than try to identify representative 10-/yr events
from those simulated, or construct a 10-*/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 ﬂi
F
This does not introduce any new assumptions “==i

| | |
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Probabilistic structural response

NORSOK Standard Z-013 Edition 3, October 2010

Risk acceptance criteria are in general related to the implications for the explosion. An explosion response
analysis is required to establish a relation between explosion loads and their consequences on structures and
equipment.

F.7.2  Limit state
Structural response shall be classified according to ALS, as defined in F.6.1

The following scenarios shall be amongst those considered related to sirength and functionality requirements:

.

global structural collapse;

rupture or unacceptable deflection of an explosion barrier including unacceptable damage of the passive
fire protection of the barrier;

damage 1o equipment and piping resulnng in ur\ac.ceplabh escalation of events (applies also for pipe and
cable penetrations through barriers). This includ due to deflect ge of supporting
structurs;

* unacceptable damage to safety critical equipment which need to function after the explosion.

F.7.3  Structural response interface
Calculation of structural response o explosion load is described in NORSOK N-004, A8,

.

.

The response of structural components can conveniently be classilied into three categories according to the
duration of the explosion pressure pulse, td, relative to the fundamental pericd of vibration of the component,
T

« impulsive domain (where t, is small compared to T};
= dynamic domain (where td and T are of similar duration);
* quasi-static domain {where t is long compared to T).

There are twa different uses of a probabilistic explosion analysis with respect to the structural response (A
and B) as follows:

A. To provide a dimensioning explosion load as input to a structural design process based on an acceptance
ariteria sither for the load or for the corresponding response. In the general case load will have to be
described as an exceedance curve both for pressure and impulse Drdummn In cooperation with the
structural dicipline this can be simplified to pressure dance curves
Slone for those cases where the Sirucrural eaponse i within the quas etatc domain or the impulEive
domain.

E fiho ok e shat the el b

NORSOK Standard Z-013

A. To provide a dimensioning explosion load as input to a structural design process based on an acceptance
criteria either for the load or for the corresponding response. In the general case load will have to be
described as an exceedance curve both for pressure and impulse or duration. In cooperation with the
structural dicipline this can be simplified to pressure exceedance curves or impulse/time exceedance curves
alone for those cases where the structural response is within the quasi-static domain or the impulsive
domain.

B. Assessment of the response of a known structure to ensure that the response is within the given
acceptance criteria. In such cases there are two different approaches:

B1. Assessment of the structural response based on the load - frequency relation. As the structure response
characteristics are known, the iso-damage curves in terms if pressure and impulse/time for the dimensioning
response can be calculated. Then the frequency of exceeding that response, i.e. for pressures and
impulses/times above the iso-damage curves, can be calculated and checked against the acceptance
criteria.

B2. Direct response calculation on the pressure-time history from each explosion simulation. The response is
then evaluated as acceptable or unacceptable according to the damage criterion in the acceptance criteria.
The frequency of unacceptable response is then checked against the acceptance criteria.

thewa\lovdwl( Therefore, the explosion analysis should describe the size and shape of the areas for which
the given loads are applicable. These areas correspond to monitering panels in the simulator, and it is highly
recommended that these are defined in close cooperation with structural engineers. The relation between the
size of the exposed area and the explosion load should be described.

F.8 Uncertainty

Uncertainty in the explosion modelling shall be addressed.

« B2. Direct response calculation on the pressure-time history from each explosion simulation. The response is
“  then evaluated as acceptable or unacceptable according to the damage criterion in the acceptance criteria.
% The frequency of unacceptable response is then checked against the acceptance criteria.

NORSOCK standard Page 100 of 107

Page 100 of 107
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Probabilistic structural response

S

ATKINS
=T IS
Advances in Pressure pulse (PA,T)acrd L
. - spatial and temporal cons
Structural Design B = 20 DLB cases - (pressure, area and time)
against (S e 2 |
Fires & Explosions EE(E I

Ramsay Frasi

Monday, 04 November 2013

FABIG Session - Piper 25 Conference

Acknowledge previous work:

(0.13bar,75ms) (0.25bar 75ms) 7

Maximum displacement
was 320mm (12.5in)

Displacement contours (m)
View from Southwest

FABIG Session - Piper 25 Conference

Frazer, Sari and Nordstrom, FABIG TM 75, 201 3.
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Probabilistic structural response

{ CHEMICAL ENGINEERING TRANSACTIONS m

VOL. 48, 2016 P A cation of
e v Sasiiod
Guest Editors: Eddy de Rademasher, Peter Schrnelzer
e ! CHEMICAL ENGINEERING TRANSACTIONS
Risk-based Structural Response against Explosion Blast VoL, 48 2076 The [talan Assodation
Loads: Systematic One-to-one CFD (FLACS) / NLFEA ) of Chemica Enginessing
(Impetus Afea solver) Coupling to Derive Quantified Crilne 3t www. dic iticst
Response Exceedance Guest Editors: Eddy de Rademasker, Peter Schmelzer
Nicolas Salaiin®, Arve Gransund Hanssen®, Per Erik Nilsen® Cogyright & 2016, AIDIC Servid S,
* GexCon A3, Bergen. Noway ISEN STE-E0-95A00-30-6; ISSN J203-5016
BT e i
 Satod ASA. Bargen o
‘nicolas@gexcon com
This paper poposes an aanced and inovative methodologyfor risk-based structra esporse assessrert
Focus is shified integrity. A full spatial mapping
of blast everpressure transients obtained with Computational Fiuid Dynamics (CFD) modelling is used in
combination with a NonLinear Fints LFEA) so-called

e e e e
e i e Risk-based Structural Response against Explosion Blast
eriteria and performance requirements. The 3D cedes involved are FLACS (CFD) and IMPETUS Afea solver

NLFEA) Tre resoonse ofan finors fre parion wal s spacifcaty sudes aganst nanmic expesion 03
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e S Loads: Systematic One-to-one CFD (FLACS) / NLFEA
barrier performance is quantified using adequate wall response parameters reported for every explosions. The -

innovative outcome is a probabilistic picture of the response parameters exceedance. The barier ability to
oyt g e . . :
S e e Impetus Afea solver) Coupling to Derive Quantified
studies. the paper shows m the advanced melhnd pmpmms limitations of sonventional approaches. Fﬂr the
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1.1 Background and objectives
In the hazardous industries, safety studies are mandatory to document 3 safe design. These are sither

performed during design phase andlor during an assessment phase for existing instalations. In the offchore " GexCon AS, Bergen, Nonaay

industry, (Bakke & Hansen, 2003) introduced the consequence assessment workfiow quite 3 long time ago. It

g e e S et pison g 1. okt Domaion At Lo & IMPETUS Afea AS. Flekkefiord, Mormay

spacifications (DAL spec.) for identified safety citical slements. Such an approach is formalizad in several

standards for offshore design 2.g. (NORSOK Z-013, 2010) and is ofien taken on as a company standard in the = Statod ASA, Bergen, Monsay

m\ uas industry. Onshere, examples are illustrated in (Hoorelbeke, =t al, 2008) and (Paris, et al, 2010). In

y. similar are used to protective effect of confinement (Daudey nmmmmm
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Probabilistic structural response
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Abstract

‘Topside areas on an affshor oil and gas plston. e highly sussptible 10 explosicn. A blast wall on these sreas plays an imporiant rok in

preventing explosion damage and must wititand the expscted explosicn bads, The

miforraly distribined bading condition, redictsd

Explosion Risk Anslyses (ERAS), has hoen applied in most of the previous amlysis methods. However, analyskc megiods relatad (o load
condions are inaccurai because e blas overpressure sround the wall tends (o be of lorw-level i the open ares and higlt-level n the enclosad

e The main objectives of his paper are © stuly the effectsof

d compare the

blas wall To dor s, various kinds. of blast pressures were measured by Computational Fluil Dynanics (CFD) simulaions on the target area.
Nanlineas finie element analyses of the blast wall urtes two types of identified dymmi: loadings were als conducted
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1. Infroduction

The protability of a gas explasion on Floating, Produc-
tion, Storage, and Offioading (FPSO) topside platforms is
higher than other offshore structures because they are
exposed to many explosion risk elements, including
combustible substances and fammable matcrials, during
opertions. In addition, topsides arc. packed area with
cquipment, w0 dramatic damage can occur if an explosion
oceuns there (Dan ct al. 2014). Consequently, many core

¥ This mcanh gready coniriues 1o fie il and gas feld epesally e
e s whese profariBeSc spmches e requied o deine
desisn E
for =2 an xploive v

* Comecponiing 2o
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b 0M. o)
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facilitics are designed for explosion resistance in preliminary
conceptual design. A blast wall is ane of the siructures that
must he required to apply the explosion rsistance design. Its
purpose s o protect the topside appumtus and related
installation from the explosion wave by sepurating each
topside module (Schleser and Langdon, 2005). Henee, many
studics on walltype stmctures were carried out in order to
understand the cfects of explosion waves an them and to

10 understand the blast response for steel materials. To do
this, they comsidered mixed-hardening, srain-mte effects,
and damage initiation. In addition, Nguyen and Tran (2011)
performed the analysis for structural dynamic response of
wall type stroctures. In terms of analysis methods, a varicty
of analysis methods were: caricd out including the various
boundary conditions, TNT volumes, and standoff distance
from ignition position
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Probabilistic structural response
—— e - R R R R R R R

 Rather than try to identify representative 10-%/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.

|
IR | | | [
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Probabilistic structural response

Probabilistic explosion assessment + structural response

Wind Release Ignition
frequency data frequency data frequency model

! J

SDM tOOI Map overpressure histories for explosion

Characteristic ~ Q9/FLAM Overpressure €vents onto corresponding NLFEA model
velocity history histories

i

Common Ventilation Dispersion Explosion Structural FEA
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Probabilistic structural response

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

Structural columns provide localised stiffness

—— \ \

Map predicted blast histories from CFD
at each panel for each explosion event

Structure of the blast wall

Abercus Riverside House Riverside Drive Aberdeen ABI| 7LH www.abercus.com
© 2016 Abercus. All Rights Reserved.



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

Probabilistic structural response

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

Structural columns provide localised stiffness

Map predicted blast histories from CFD
at each panel for each explosion event

Structure of the blast wall
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Probabilistic structural response

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

: Structural columns provide localised stiffness

|. Compile separate exceedance curves for deflection
from the NLFEA for each section of the blast wall

2. Read off the 10-*/yr deflection (or any other frequency
or measure of damage from the NLFEA) for each panel

3. Plot this spatially for each panel

Map predict
at each panel for each explosion event

Structure of the blast wall
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Probabilistic structural response

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

Contours of 10-4/yr deflection

104/yr deflection [m]
[ - I
||

e
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Probabilistic structural response

Contours of 10-4/yr deflection

Using a probabilistic structural response approach

Traditional approach — uniformly applying the 10-4/yr
overpressure (2 barg) from the exceedance curve
104/yr deflection [m]
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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-*/yr measure of
damage/deflection stops changing.
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Probabilistic structural response

Start with the largest explosion 1400

events, and work towards the

smaller events — may not need ) o

to simulate the structural i 1£02

response for all explosion 7

events. £
104
105

Peak overpressure [bar]

e
|
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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-*/yr measure of
damage/deflection stops changing

— |s it possible to construct a 10-4/yr pseudo-event?

T

i
4
a

|
|
e
|
il
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Probabilistic structural response (10-4yr pseudo-event)

The 104 /)’I" Contour plot of 10-4/yr peak overpressure

overpressure is just
part of the DAL
definition — need to
consider the dynamic
behaviour with
respect to the

duration of the blast Peak overpressure [barg]
I e e
and how the blast 00 02 04 06 08 10 12 14 16 18 20 >20

might travel across
the blast wall.
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Probabilistic structural response (10-yr pseudo-event)

1.E+00

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.

Positive time duration [s]

1.E-02
0.01 0.1 1 1C
Peak overpressure [barg]

Scatter plot showing time duration of the
positive blast phase with peak overpressure
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Probabilistic structural response (10-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

| | |
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Probabilistic structural response (10-yr pseudo-event)

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

that the initial

impingement is at the B
location of the peak,
the time delay across 4

the blast wall can be
included into the

pseudo-event blast Peak overpressure [barg]
- L I e

. 0.0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 20 >20
behaviour.
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Probabilistic structural response (10-yr pseudo-event)

Contour plot of 10-4/yr peak overpressure

Peak overpressure [barg]
- I
1.0 >1.0

O
02 03 04 05 06 07 08 09
N

00 0.l
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Probabilistic structural response (10-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-*/yr peak overpressure?

There remain open questions about this approach!

|
IR | | | [

Abercus Riverside House Riverside Drive Aberdeen ABI| 7LH www.abercus.com
© 2016 Abercus. All Rights Reserved.



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

Probabilistic structural response (10-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

Traditional approach — uniformly applying the 10#/yr Using the 10#/yr pseudo-event with time delay

overpressure (2 barg) from the exceedance curve
104/yr deflection [m]
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Probabilistic structural response (10-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-*/yr pseudo-event and is, therefore, free from

further assumptions that may need to be justified. =
4

|
| | |
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Probabilistic structural response (10-yr pseudo-event)

* What is clear is that the traditional approach with a
uniformly applied 10-/yr load is overly conservative
when compared to the probabilistic structural response
and pseudo-event approaches.

_dn
4
,_...--‘-.
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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. Jéii

.
|

i
| | |
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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. .

|
|
e | |

| | |
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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! -

T
o i i )
Is there a need for some FABIG technical guidance? ==

| | |
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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

| | |
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Consistency across the industry
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il and gas

Oil and Gas Focus Group

The oil and gas focus group was founded in 2016 and currently operates within the
remit of the CFD working group.

The group's activities comprise:

reviewing current industry guidance to identify where this is incomplete
preparing practical guidance and information relating to the use of CFD for
application areas where current guidance is incomplete or there is an
opportunity to provide improved guidance.

The group is currently developing guidance for CFD in the following areas:

atmospheric dispersion
helideck environment

natural ventilation assessment
fire modelling.

Application areas relating to flow assurance, process engineering, and
subsea/hydrodynamics are also currently under review

You can get in touch with the Oil and Gas Focus Group by
emailing oilandgas@nafems_org.
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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 ji
AN

group and hopefully new practical guidance will begin to s

emerge later in 2017. ‘.=====

[
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Summary

o 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 j'ﬂ
response. "‘==E

|

i
| | |
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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!?

| |
B | | |
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