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In 40 years we have progressed. ..
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From furnaces to full frame behaviour.
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From a few papers to a worldwide
enterprise.

- B Y
- D

From ? people to ?7? people.
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& Part I: Walls :"
1=
A. Masoory construction ¢=?
®
Construction and materials Minimum thickness excluding plaster (in mm) for period of fire resistance of-
Loadbearing Non-loadbearing
4 2 13 1 + 4 2 13 1 +
hours hours hours hour hour hours hours hours hour hour

1. Reinforced concrete, minimum concrete cover to
main reinforcement of 25 mm:

(a) unplastered 180 100 100 75 75
(b) 12.5 mm cement-sand plaster 180 100 100 75 75
(c) 12.5 mm gypsum-sand plaster 180 100 100 75 75
(d) 12.5 mm vermiculite-gypsum plaster 125 75 75 63 63

2. No-fines concrete of Class 2 aggregate;

(2) 12.5 mm cement-sand plaster 150
(b) 12.5 mm gypsum-sand plaster 150
(¢) 12.5 mm vermiculite-gypsum plaster 150

3. Bricks of clay, concrete or sand-lime:

(a) unplastered 200 100 100 100 100 170 100 100 75 75
(b) 12.5 mm cement-sand plaster 200 100 100 100 100 170 100 100 KA 75
(¢) 12.5 mm gypsum-sand plaster 200 100 100 100 100 170 100 100 KA 75
(d) 12.5 mm perlite - gypsum plaster (to clay bricks only) 100 100 100 100 100 100 100 100 75 75

(¢) 12.5 mm vermiculite-gypsum plaster 100 100 100 100 100 100 100 100 75 75

Building Regulations 1976

Uniform temperature gradient 7y

Usmani, 2001




Eftective models are based on lessons
that have been learnt from research

and practice...
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The complexity of the model must be
appropriate to the task at hand...

ARUP



ARUP



ARUP



How are models for design created?
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Shear capacity maintained
by unsplit side of plate
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. . Tensile force induced
Typical split in 7 on cooling
connection occuring
on cooling

Yield lines
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<— Simply supported
on 4 edges

Protected beams
and columns

_______ Unprotected beams

Beam-column failure occurs —-—’—-—"""’—_’l\ /

as slab returns to a one-way
system due to lack of vertical
edge support

PD 7974-3:2011




[ Initiating event

Research and
investigation

Distilled models ]
for design

r [ New knowledge

[ Lessons learnt ]
Direct
application







1000

800 -

600 1

400 - 13.5 min

Temperature (°C)

200

) Time (min)
Stern-Gottfried, 2010

e
w&h ;

e .
PLICIT Version 6.5-4 Wed Aug 24 16:31:36 GMT

Flint, 2005

ARUP







a ¥

s e

Torero, 2014



[ Initiating event

Research and
investigation

Distilled models ]
for design

r [ New knowledge

[ Lessons learnt ]
Direct
application




Where are we, how did we get here,
and where are going?
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New Knowledge

Gillie, 2001




Direct Application...




Direct Application...
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[ .essons learnt...
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Abstract. The knowledge in the ficld of structural fire engincering has been greatly
advanced through asscssment of a number of mal fires (WTC, Torre Windsor,
Broadgate, ctc) and, cspecially, by the Cardington series of full scale structural fire
tests. This knowlkdge has been used to validate and verify the use of computational

finite clement modcls that have expanded the range of structures that can be investi-
gated un ts a sclection of key lessoms

der severe fire exposure. This paper presen
fearned by the auth f structures in fire for real commer-

encountered are

iscussion of each point presen! od at describing
i ial work of the authors,

quirements for efficient ambient structural design. The paper
concludes with some suggested advice for structural engineers aimed at increasing the
general robustness of building structures. This is based on designing out as far as
possible in the ambient design of a structure nesses identified in

past project work.

potential weakn
often driven by the re:

the potential weak

1 fire engineering, Fire, Structures, Finite element modelling, Composite steel

yword i
frame, Connections, Restraint, Thermal expansion

1. Introduction

Recent decades have significantly increased
field of structural fire engineering and a nu
to withstand credible design fires based on an unders!
of the structure in fire.

Starting with the Broadgate Phase 8 fire in 1990 [1] and through the extensive
testing completed on the Cardington test frame [2] it has become apparent that
composite steel framed buildings generally perform well under severe fire loading.
However as demonstrated in the collapse of the World Trade Center (WTC)
buildings, in particular buildings 1, 2 [3] and 7 [4], the full range of building
response Lo severe fires are not yet known.

This paper presents & number of lessons that have been learned through the
assessment of a variety of steel framed structures with steel-concrete composite
floors under fire conditions over the past 10 years. All these lessons have been

the fund of knowledge available in the
mber of buildings have been designed
tanding of the performance
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The 1s to succinctly
capture the lessons learnt. ..
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If all elements are considered
individually the structure will not

deliver the specified fire resistance...
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This information can be readily
captured and disseminated...
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We can of SFE
by capturing lessons learnt and widely

disseminating them...
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