Research & Development

R238
SENSITIVITY STUDY ON

STRUCTURAL ASPECTS OF FIRE
AND BLAST (PHASE 1)

Introduction

This aricle describes the work currently being performed by
SLP for the HSE i investigate the sensitivity of response of
siructural members, panels and modules to thermal and biast
loadings.

A recent ERA paper ) has identified 2 number of
weaknesses in the single degree of freedom blast response
method originally proposed by Biggs . These are mainly
associated with assumed fixity conditions and interaction
with support strucnres. This project has gone some way to
overcoming these problems by explicitly incorporating
various fixity conditions and applied loads mto the method
of analysis for typical members and paneis. The typical
members, panels and modules examined, were the same as
those chosen by the safety working group which fimctioned
as part of the recent joint industry project on fire and
blast®®4-).

Response calculation has been previously neglected as a
vahid area of investigation as most of the available research
fimds have been swallowed up by experiments and research
into blast loading levels and their prediction.

Objectives

The main objectives of the project are given below:-

1. To determine the Dnportant parameters for
calculating the capacity, response and probability of
failure (or ‘Reliability’) of structural members ©
thermal and/or blast loads and to calculate the
‘Sensitivity Factors’” associated with the resistance
and load variables.

To quantify the effect of end fixity, in-plane and out-
of-plane loads on member responses and capacities.
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Determination of Failure Probabilities

A fiow diagram showing the main activities of phase 1 of
the project dealing with component response is given in
Figure 238.1. Response surfaces have been developed for
a number of member types. For blast these consist of tables
of maximum displacements derived from time history
simulations. Peak overpressures were varied from zero o
3 bar for the complete range of values of a resistance
variabie. A typical resistance function of mterest would be
vield stress, a respouse surface has been built up for
assumed yield stress values from zero to 600 N/mm?.
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Figure 238.1 Project Overview - Phase 1

Other resistance variables of interest which have been
mvestgated are:-

- the level of smtic in plare loads for columns and

its effect on response,

. the level of out of plane, equipment loads and
masses on floor and ceiling main beams,

. the rowtonal stiffoess of supports at the member
ends,

. variations of Young’s modulus and yield stress,

for blast ecxposed members at elevated
temperatures &

. variafion of secondary moments due to permanent
deflection from blast loading on members exposed
to fire,

. vanatons of lateral resistance from membrane
effects and suppont suffnesses, and

- model uncentainty distribudons.

An example response surface for yield swess against
pressure is shown in Figure 238.2.

Response charts similar o the design charts given in Biggs®
have also been generated.

An acceprance criterion for the soucmre such as a limiting
deflection (or limiting strain) may be applied o the response
surface giving a surface divided nw regions with deflections
bigger than the limitng deflection as the “fail’ region and the
remaining area representing the “safe’ region. This limiting
deflection may be determined by non-strucmral
consideratons such as the proxmnity of safety crimcal
systeros or the requirement to support these systems without
them becoming damaged.

FABIG Newsletter - Issue No. 16 - May 1996

Page 3



Research & Development

RESRONMSE

DENSITY

Figure 238.2 Exampie Response Surface

A pumber of probability distributions have been published
for particular modules giving the probability of occurrence
of a particular level of peak overpressure'”). These
probability distributions are based on a appreciation of
release rates, ventilation conditions, pressure versus gas
concentration curves and igmition probability. These
probability distributions of various resistance variables are
know, for example the distibution of yield smess is
available to the HSE from a previous project performed by
SLP.

A knowledge of the prebability dismibutions of the load
(pressure) and resistance variables enables probabilities to be
associated with each cell of the response surface table. The
probability of failure of the component may ithen be
calculated for the particular load and resistance probability
distribution. This enables the ‘Reliability’ and ‘Reliability
Index’ o be calculated for the component under the given
load probability distribution, for the acceptance criterion
chosen.

Other sources of uncertainty exist, such as staastical and
modeiling vncertainties.  Stanstical uncertainty usually
manifests fself as an error in the assumed mean value. The
statistical measures of spread used are chosen w take this
to account. Modelling vncernainties may be taken o
account by applying an artificial probability distribution 1o
the response itself assuming that the resistance or load
variable is fixed or known. Modeling uncermindes would
only normalty be considered in combinaton with other
random variables.

Conventionz! reliability theory'® deals with the identification
of the ‘design point’ which corresponds (roughly) to the
most probable point on the boundary between the fail and
safe cases. This boundary is referred to as the failure
funcdon. The ‘Reliability Index’ is a measure of the
distance between this design point and the pomt
corresponding to the mean values of the load and resistance
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variables. In Figure 238.3 the axes have been normalised
so that the origin corresponds 10 the mean values of the
resistance and load variables and a unit distance corresponds
to the standard deviation.,
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Figure 238.3 The Reliability Index f and
Sensitivity Factors O

Comparisons of predicted probabilities of failure and
reliability indices with conventional reliability theory give
almost identical resulis for the variables and a unit distance
corresponds to the standard deviation.

Comparisons of predicted probabilities of failure and
reliability indices with conventional reliability theory give
almost identical resuits for the variables considered so far,
which have had almost linear failure boundaries near the
design point.

The slope of the response surface in the X (resistance) or Y
(load) directions gives a measure of the relative sensitivity
of the response at a particular combination of load and
resistance values. What is required, however, is an absolute
measure of the sensitivity of the response associated with a
particular resistance variable. This is discussed in the
following section.

Meaningful Sensitivity Parameters

Conventional reliability theory shows that the sensitivity to
failure by varation of a particular variable may be
characterised by the slope of the failere functon at the
design point. This is indicared in Figare 238.3 by the
relative magnitudes of the components ¢, and « , which are
the (normalised) components of the line joining the orign to
the design point. These conventional measures of sensinvity
have been derived nurgerically and have been found to agree
with the theoretical values derived using reliability theory.

The choice of the design point is sensible bur arbimary and
does not characterise the behaviour of the failure fimction
away from the design pomt. The totally numerical approach
to the problem adopted by the project emables other
(averaged) measures of sensitvity to be derived from
consideration of the slope of the failure function and indeed
the whole response surface w be calculated so long as the
probabilities associated with each ceil of the surface are
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taken Into account.

The sensitivity of the response 10 other resistance variables
may thus be compared in a meaningful way, allowing
pricritsation of the resistance (and load) varables
examined.

Convennonal rehiability theory is able o deal with the
simulaneous vanaton of a number of variables which may
be comrelated. This aspect is currendy under investigation
using the totally numerical approach presented here.  This
approach differs from the Monie-Carlo technique in that the
whole response surface is mapped out in a regular fashion
on g region where load and resistance probabilities are not
negligible.

The project will continue into phase 2 with an investigation
nto module response and containment capacity o bound the
range of loads and to evaluate load transfer effects between
module walls and ceilings. The first two phases of the
project will be complete by July 1996.

The project would welcome forther invoivement and
finding from indusiry sponsors with the scope extended to
suit further participants, leading possibly to an investigaton
into escalation and the impact of fires and explosions on
total offshore mstallations (levei 3 struchures).
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Further Information

For funther infonmaton please contact:

Steve Walker

SLP Engineering Lid
SLP House

111 Chertsey Road
Wolking

Surrey GU21 5BW

Tel: +44 (0) 1483 766 991
Fax: +44 (0) 1483 770 112

Mike Howarth

SLP Engineermg Ltd
SLP House

111 Chertsey Road
Woking

Surrey GU21 5BW

Tel: +44 (0) 1483 766 991
Fax: +44 () 1483 770 112

Roiand Martland

Health & Safety Executive

Research Manager Technical Unit 2.4
Offshore Safety Division

Stanley Precinct

Boode

Merseyside L.20 3DL

Tel: +44 {0} 151 951 3082
Fax: +44 {0) 151 951 3098
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