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Abbreviations used:

ESA/M = The ratio of exposed surface area to mass per unit length
(see Appendix E for ESA/M of steel sections).

FRL = Fire-resistance level—the grading periods in minutes determined in accordance
with BCA Specification A2.3 [1] for the following criteria -
(a) structural adequacy; and
(b) integrity; and
(c) insulation,
and expressed in that order.
Note: A dash means that there is no requirement for that criteria. For example,
-/-- means there is no requirement for an FRL.

FSF = Fire-source feature— means-
(a) the far boundary of a road adjoining the allotment; or
(b) a side or rear boundary of the allotment; or
(c) and external wall of another building on the allotment which is not a

Class 10 building.

Definition: Bare steel — steel members which have no fire-protective coating.




Introduction

Steel Construction Low-rise Office Buildings

Steel construction utilises structural steel beams and columns in combination with composite floors and steel
roof systems. Composite floors incorporate steel decking which acts as formwork for the concrete and also
acts compositely with the hardened concrete to resist the floor loading. Such construction is cost-effective

especially when fire protection is not required. Due to these advantages steel construction
has been chosen for numerous office

buildings—particularly two storey buildings.
This is because there are few fire-resistance
requirements for these buildings and structural
steel does not require fire protection—further
improving the cost-competitiveness of steel
construction. In addition, the steel structure
can be expressed as an architectural feature.

|

Office buildings often have open-deck or
sprinklered carparks below, further benefiting from
the advantages of steel construction.

A number of three and four storey office buildings of larger floor area have also been constructed. In such
cases the structural steel beams and columns have been protected to achieve the fire-resistance specified by
the BCA [1].

thm we

Steel construction offers other great advantages: It is noteworthy that the levels of fire-resistance required in a four storey building are identical to a seven
e greater usable floor space storey building and that all of the other BCA requirements are also identical. More economical office and
e increased flexibility for future modifications commercial construction would become a reality if the same levels of fire safety can be achieved with
e smaller foundation loads and foundations reduced fire-resistance levels.
e greater speed of construction

it is increasingly common for the ground floor of an office building to be used for retail purposes in addition to
Architects have long appreciated that the slenderness and long spanning capability of steel can be used to the basement and sometimes ground floor levels being used for carparks.
advantage in creating attractive commercial environments.



Introduction

This Publication

This publication considers low-rise office buildings having a maximum rise in storeys of 4 where the
basement and/or ground floor may be carpark and the ground floor may be retail.
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The BCA fire-safety objectives for a building can be achieved by:
* meeting the deemed-to-satisfy provisions, or
e an Alternative Solution which satisfies the Objectives and Performance Requirements of the BCA.

The publication presents some of the key BCA deemed-to-satisfy provisions for these buildings and a
number of Alternative Solutions for more cost-effective construction.

The purpose of this publication is to:

illustrate the current deemed-to-satisfy provisions for these buildings
perform fire-safety evaluations

present Alternative Solutions

provide the basis for the Alternative Solutions presented




BCA Deemed-to-Satisfy Provisions

BCA Terms and Concepts

Central to an understanding of the BCA deemed-to-satisfy provisions
and the justification of Alternative Solutions, is an understanding of
some key terms and concepts used in the BCA, including:

rise in storeys

effective height

Type of construction

fire compartments

types of exits

travel distance

fire-resistance levels

Aspects of the above terms and concepts are presented below prior
to a more detailed presentation of the BCA fire-resistance
requirements.

Clause C1.2(a) of the BCA defines rise in storeys as only buildings with a rise in storeys of 2, 3 and 4
the greatest number of storeys above finished are considered in this publication

ground at any part of the external walls next to that
part; or if part of the external wall is on the boundary
of the allotment, above the natural ground at the
relevant part of the boundary. A basement below
natural ground is not considered as a storey.
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Further descriptions of what constitutes a storey are
given in clauses C1.2(b) - (d) of the BCA.
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Clause A1.1 of the BCA defines the effective height
as the height to the floor of the topmost storey from
the floor of the lowest storey providing direct egress
to a road or open space.

The BCA requires buildings (except for Classes 1 and 10) to be constructed according to Types A, B or C
construction. Type A is the most fire-resistant form of construction whilst Type C is the least. The Type of
construction applicable is determined on the basis of rise in storeys and fire compartment size.

Table C1.1 of the BCA summarises the Type of construction in relation to rise in storeys. This table is
summarised here for Classes 5 (office), 6 (retail) and 7 (carpark) buildings.

Classes 5, 6 and 7 rise in storeys
Buildings 4 or more 3 2or1
Type of construction A B C

The definition of a fire compartment is given in clause A1.1 of the BCA. A fire compartment can be any part of
a building separated from the remainder by barriers such as walls and/or floors having an appropriate FRL or
resistance to the spread of fire with any openings adequately protected. Alternatively, if such barriers do not
exist, it is the total space of the building.

each storey of building
forms a fire compartment

total space of building
forms a fire compartment

total space of building
forms a fire compartment
all floors having the

> required FRL
N
&
floors not required to @0@
have an FRL >
Ss
floors not requi 5
have an FRL %@ =
22,
=

Note: It is assumed that the maximum floor area of the fire compartment for each Type of
construction is less than the allowable floor area.

The Type of construction required for a building depends not only on rise in storeys but on maximum fire
compartment size. The maximum floor area of any fire compartment in relation to the Type of construction
and the Class of building is given in the table below. Table C2.2 of the BCA also specifies the maximum
volume of a fire compartment that needs to be satisfied for the Class of building and Type of construction
considered. Since the typical floor-to-floor height for low-rise commercial buildings is around 4.0 m, it is the
maximum floor area that governs, not maximum volume.

Classification Type of construction

Type A Type B Type C
5 Office building 8,000 m? 5,500 m? 3,000 m?
6, 7 Retail and carpark 5,000 m2 3,500 m? 2,000 m?

Where there are buildings of mixed classifications, the total allowable floor area for buildings of Types B and
C construction can be determined using an algorithm given in Reference [2]. By way of example, for a
building of Type C construction with x% of the total floor area being Class 5 (office) occupancy, y% being
Class 6 (retail) occupancy, and z% being Class 7 (carpark) occupancy, the total allowable floor area for this
building is:

Total allowable floor area = —— x 3000 + ——x 2000 + ——x 2000
100 100 100

It should be noted that the floor areas of open-deck and sprinklered carparks are not required to be
considered when determining the limiting fire compartment size (see clause C2.1 of the BCA).



BCA Deemed-to-Satisfy Provisions

Exits must be provided from a building to allow occupants to evacuate safely; with the number, location and
dimensions being appropriate to:
e the travel distance; and
the number, mobility and other characteristics of occupants; and
e the function or use of the building; and
e the height of the building; and
e whether the exit is from above or below ground level.

Exits may be required exits or non-required exits. The number of exits required are given in clause D1.2 of
the BCA. Non-required exits are generally provided to facilitate easy movement in and around the building.
Stairways, either internal or external, are one form of exit which provides vertical movement of occupants
inside the buildings. It is helpful to consider three types of stairways:

(i) fire-isolated stairways (internal)

(ii) non fire-isolated stairways (internal)

(iii) external stairways

fire-isolated ‘ u
stairways
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non fire-isolated stairways fire-isolated stairways

Clause A1.1 of the BCA defines a fire-isolated stairway as a stairway that is constructed within a fire-resisting
shaft and includes the floor and roof or top enclosing structure. Further, in clause D1.3(b)(iii) of the BCA,
every required exit, (in this case the stairway) must be fire-isolated unless it does not connect or pass
through more than 2 consecutive storeys or 3 consecutive storeys if the building has a sprinkler system.

Clause D1.12(c) of the BCA stipulates that a non-required non fire-isolated stairway must not connect more
than 2 storeys (non-sprinklered) or 3 storeys (sprinklered), provided that in each case, those storeys must be
consecutive, and one of those storeys is situated at a level at which there is direct egress to a road or open
space.

An external stairway may serve as a fire-resistant floor
required exit for buildings with an (floor with required FRL)
effective height of not more than 25

m if the stairmay is of non- I l 1 [
combustible construction (see / /
clause D1.8 of the BCA). fire compaftment 1 /

If a fire-resistant floor is penetrated =l
by a non fire-isolated stairway, the

two separate fire compartments | H /ﬁ
become one fire compartment.

™ ‘

non fire-isolated stairways

In many situations travel distance requirements will determine the number and location of exits. Clause
D1.4(c) of the BCA states that no point on a floor must be more than 20 m from an exit, or a point from which
travel in different directions to 2 exits is available, in which case the maximum distance to one of those exits
must not exceed 40 m. Also, the distance between alternative exits must be not less than 9 m and not more
than 60 m.

a point from which travel in different total distance to one exit
directions to 2 exits is available

Should only one exit exist at a level of access to a road or open space (e.g. ground level) then the maximum
travel distance may be 30 m.
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travel to an exit with
access to road or open space

In the case of a non fire-isolated stairway, the distance from any point on a floor to a point of egress to a road
or open space must not exceed 80 m.

travel t;)
" l‘ an exi H

|

ma>é.20m‘
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% max. 80 m (total
» »»»»J»»iﬂ

non fire-isolated total travel to point of egress with
stairway access to road or open space
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BCA Deemed-to-Satisfy Provisions

The term fire-resistance level (FRL) refers to the performance of a building element when tested to AS1530.4
[3]. This Standard specifies the gas temperature versus time relationship to be used in the test and other
performance criteria. These are:

structural adequacy - the ability of the building element to support the imposed loads
during a fire (applicable to all loadbearing elements), graded in minutes

integrity - the ability of the building element to prevent the development of cracks and
fissures through which fire may spread (applicable to floors and walls required to
./ provide a separating function), graded in minutes

\

insulation - the ability of the unexposed face of a separating element to remain
sufficiently cool so that fire will not be initiated on the unexposed face of the element
(applicable to floors and walls required to provide a separating function), graded in
minutes

Fire-resistance

The BCA sets down the required FRL in terms of the above criteria, expressed in the above order. For
example, 120/-/- means there is a 120 minutes FRL requirement for structural adequacy, and no requirement
for integrity and insulation.

These requirements are specified according to the Type of construction required for the building elements,
and are specified by Parts C1, C2 and C3 of the BCA. Tables 3, 4 and 5 of Specification C1.1 of the BCA set
out many of the requirements for Types A, B and C construction although numerous concessions and
additional requirements are given within that Specification and in other parts of the BCA.

Building elements for which FRL's may be specified are: @%
e common walls

external walls (loadbearing and non-loadbearing)

internal walls (loadbearing and non-loadbearing)

floors (including beams)

external columns

internal columns

iift and stair shafts

service shafts

roofs

A summary of the specific requirements relating to the building elements relevant to low-rise office
construction is given in the later section "Building Elements - FRL's".

Overview of Provisions

The BCA provisions rely on compartmentation (assumed to
limit the spread of fire and smoke, Section C), sufficient
means of egress (Section D) and sufficient equipment to
provide adequate warning and fire suppression (Section E).
These provisions are now considered in more detail in relation
to the buildings which are the focus of this publication.

As noted previously, for buildings of Types B and C construction, the fire compartment is represented by the
whole building. This is because the floors in these buildings are not required to have an FRL. The external
walls are required to have an FRL if they are within a certain distance from a fire-source feature and this is
apparently aimed at preventing fire spread from (Types B and C construction) and to (Type B construction)
adjacent buildings. It is only in the case of buildings of Type A construction that the floors are required to
have an FRL and that each level is considered as a separate fire compartment.

Section D specifies the minimum number and type of exits to be
provided. The number of exits required is generally dictated by
limiting travel distances to the exits. For buildings with a rise in
storeys of three or more, the exits stairs must be fire-isolated. This
is achieved through the provision of shafts around the stairs having
FRL's of 120/120/120 and 180/120/120 for office and retail levels,
respectively. The doors to the stairs must be fire doors having an
FRL of -/60/30.

Section E specifies the minimum requirements for hose
reels, hydrants and fire extinguishers. Sprinklers are not
required for these buildings except as a possible smoke
management measure or if the level is a closed carpark
with more than 40 cars.

Specific smoke management is required for these buildings
when the rise in storeys is greater than 3 or greater than 2
if the ground level is retail or closed carpark. Four
possibilities for smoke management are given: stair
pressurisation, zone pressurisation (only if each level is a
compartment), smoke detection and sprinklers. In the case
of a closed carpark, a mechanical ventilation system must
be provided.

11



BCA Deemed-to-Satisfy Provisions

Building Elements - FRL's

The FRL requirements for particular building elements are now presented for various low-rise building
situations. The elements chosen are those which are relevant for the forms of construction being considered

in this publication. The following diagrams illustrate the FRL requirements for various elements in buildings which combine
carpark, retail and office levels. These combinations are considered to correspond to the most likely practical

It should be noted that the FRL requirements for members are sometimes dependent on whether they are situations.

exposed to a fire-source feature and whether they are within a limiting distance. The meaning of the term

fire-source feature and what constitutes exposure to a fire-source feature are now presented. Where elements are coloured blue, bare steel construction may be used.

Fire-source feature

Fire-source feature (FSF) — means:
(a) the far boundary of a road adjoining the allotment; or
(b) a side or rear boundary of the allotment; or
(c) and external wall of another building on the allotment which is not a Class 10 building.

Buildings with rise in storey = 2

TypelCi

i (Gon'structioln
Exposure to fire-source feature external wail
—distance to FSF < 1.5 m roof columns floor
. . ) . . ) ) 2 FRL -/-/- FRL -/-/-
The BCA considers that an element is exposed to a fire-source feature if any horizontal straight line between ﬁ%s/ioéggistance toFSF <3 m \ FRL
that part and the FSF, or vertical projection of the feature, is not obstructed by another part of the building FRL -/60/60 = 2 = = = = : = = external wall
that— . —distance to FSF 23 m
(i) bhas an FRL of not less than 30/-/-, and Office FRL -/-/-
(i) is neither transparent nor translucent.
external wall
) Lo I —di T T T T T T T T
Others details are given in clause 2.1 of Specification C1.1 of the BCA. F;ﬂs‘%rgc/z(? AP igm A X
Open-deck or
f sprinklered carpark *
External walls —
. . . - . —distance to FSF < 1.5 m beams
In BCA terminology, an external wall is one located at the outside of the building. This wall may be ESA“MSQB mz“m,fne TC1 : Top floor area < 3,000 m? —distance to FSF < 1.5 m:
loadbearing or non-loadbearing (i.e. those which support only their own weight). Only the requirements for otherwise : -7 ESA/M < 30 m/tonne
non-loadbearing walls are presented in the following pages as these are most commonly used in FRL -/-/- * floor area of open-deck or otherwise:
conjunction with the forms of construction being considered. sprinklered carpark not included FRL -/-/-
[BCA Cl. C2.1]
Non-loadbearing external walls are only required to have an FRL if they are within a limiting distance from a
fire-source feature. Otherwise no FRL is required and the wall may incorporate glazing or other non fire-
resistant cladding.
Columns e G
_ . _ , o (Gonstruction|
The BCA considers columns as internal, external or incorporated in an external wall. These three situations
are illustrated below.
external columns external columns
. incorporated in not incorporated in — == == ==
internal external wall external wall external wall
Cstance 10 FSF < 1.5m Office FRL of elements
—1.5 m <distance to FSF <3 m same as TC1,
external FRL -/60/60 I I Bl S L L Ly T except as
wall external indicated
wall
columns
FRL -/-/-

beams

TC2 : Total of both floor area < 3,000 m2 [FRIL

For the purpose of this publication all perimeter columns are considered as internal columns. This is because
in low-rise commercial buildings, these columns are normally located at or inside the exterior facade.

12 13



BCA Deemed-to-Satisfy Provisions

FRL's - Buildings with rise in storey = 2

e G Bee G
(Gon'sinuktion) (Golnstnuktion)
Offi Office
i FRL of elements FRL of elements
T T TX_ T T T T T same as TC2 same as TC2 mp— m— T — T floor
FRL -/-/-
Retail Office /
T €T T L X T T €T i
B losed and
TC3 : Total of both floor areas calculated non-sprinklered carpark
using method described in page 8 (40 or less cars)
columns b
/-]~ eams
FRL - TC5 : Total of three floor areas calculated FRL -//-
using method described in page 8
e G
wrpe ©
Comstruaion Censiruciicm
Office Office
FRL of elements FRL of elements
T T X T T T T T same as TC2 same as TC3 T T L T B S PI— floor
FRL -/-/-
Closed and non-sprinklered Retail
carpark (40 gr less cars) /
€ I T T X | T T T Th
TC4 : Total of both floor areas calculated sprin;le,,ed Ca‘rpark
using method described in page 8 |
columns
FRL -/-/- beams

TC6 : Total of both floor areas calculated FRL -/-/-
using method described in page 8
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BCA Deemed-to-Satisfy Provisions

FRL's - Buildings with rise in storey = 2

uype
Censiruciion
external wall S
—distance to FSF < 1.5 m u
FRL 1201120 oot [BCA . 4.1(g) Spec. G1.1]  floor
-/ ,J’, of-] -]
—1.5 m < distance to FSF <3 m FRL -/-/ FRL -/ )
FRL -/90/60 = =+ = ill

external wall
—distance to FSF >3 m
FRL -/-/-

E‘E{'ETSE/,/, if columns depend on beams for lateral support,
beams FRL 120/-/-, otherwise beams FRL -/-/-

Total of both floor area < 5,500 m2  [8ca CI. 2.2(a) Spec. C1.1]

y/REA
(Genstruction
external wall "
f non-combustible roof columns
;Fijﬂs}ﬂlcoifgoFSF QS [BCA Cl. 3.5(b) Spec. C1.1] [BCA CI. 3.7(b)(ii) Spec. C1.1] floor

—1.5 m <distance to FSF <3 m

FRL -/-/- FRL -/-/- FRL 120/120/120,

FRL -/90/90 = = = = T = = ! spandrel
[BCA CI. C2.6(c)]
FRL 60/60/60
columns

FRL -/-/- provided > 1.5 m
from window or not
exposed to FSF,
otherwise

FRL 120/-/-

[BCA Cl. 3.1(f) Spec. C1.1]
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external wall
—distance to FSF >3 m
FRL -/-/-

columns

beams
L et Each floor area < 8,000 m? FRL 120/-/-

FRL's - Buildings with rise in storey = 3

Tiype
Coln'stivctiomn;
external wall q columns .
—distance to FSF < 1.5 m roo u oors
FRL -/120/120 FRL -/-/- [BCA Cl. 4.1(g) Spec. C1.1] FRL -/-/-
—1.5m < distance to FSF <3 m \ FRL -/-/-
FRL -/90/60 = = = = = = ; = =
external wall
—distance to FSF >3 m
Office FRL -/-/-
columns
Office FRL 120/-/-
external wall
—distance to FSF <3 m columns
T T T T T T T
FRL -/60/60 A ! ! | ESA/M <26 m?/tonne
Open-deck or
AL *
*floor area of open-deck sprinklered carpark
or sprinklered carpark
not included
[BCA CI. C2.1] beams

if columns depend on beams for lateral support,

—distance to FSF < 1.5 m 5 beams FRL 120/-/-, otherwise beams FRL -/-/-
Esan <30 mrome 181 1 Total of both floor —— Zare, o e e

otherwise areas < 5,500 m2
FRL -/-/-

e
(Goln'struklicn)

FRL of elements
same as TB1,
except as
indicated

external wall
—distance to FSF < 1.5 m

FRL -/120/120

—1.5 m <distance to FSF <3 m
FRL -/90/60

columns

Closed and n@n-sprinklered || /o =0

carpark (40 pr less cars)

if columns depend on beams for lateral support,
beams FRL 120/-/-, otherwise beams FRL -/-/-
[BCA Cl. 2.2(a) Spec. C1.1]

TB2 : Total of three floor areas calculated
using method described in page 8

17



BCA Deemed-to-Satisfy Provisions

FRL's - Buildings with rise in storey = 3

e e
(Gon'strwction) Censiryciicn
Offi
fice FRL of elements = = = = = = = =
= = i) = = = = = same as TB1,
except as Office
Office indicated
FRL of el its —s L L P—e P—s
T 4T T \ T ¥ T T T T same as TB3, -
columns except as ! Office
Office L et indicated
T T T T T /T T T floor
FRL -/-/-
) Office
if columns depend on beams for lateral support,
beams FRL 120/~ otherwise beame FRL /- TB3 : Total of three floor area < 5,500 m? /
[BCA Cl. 2.2(a) Spec. C1.1] T T T > T 1] T T T
n tlblosed and
non-sprinklgred carpark
Type (40 or less cars) columns
[Gon'struktion) FRL 120/-/-
= = = = = = = = if columns depend on beams for
ateral suppor‘?, beams FRL 120/--, 1B5 : Total of four floor areas calculated
. otherwise beams FRL -/-/- ing meth ri in
Office FRL of elements [BCA Cl. 2.2(a) Spec. C1.1] usingimethod described page 8
same as TB1,
T T ™ T T T T T
except as
o indicated
external wall ice m e}
—distance to FSF < 1.5 m WY
FRL -/180/180 T 3 S R = columns [Gen'strustion)
—1.5 m <distance to FSF <3 m FRL 180/-/-
FRL -/120/90 \ Retail

if columns depend on beams for lateral support,
beams FRL 180/--, otherwise beams FRL -//- 1 B4 : Total of three floor areas calculated Office
[BCA Cl. 2.2(a) Spec. C1.1] using method described in page 8
FRL of elements T T T T T Tfr- T T
same as TB4
ternal wall g )
& distance 10 FSF < 1.5m non-combustible roof columns e A except as Office
FRL -/1120/120 [BCA CI. 3.5(b) Spec. C1.1]  [BCA Cl. 3.7(0)(ii) Spec. G1.1]  floors ComsTrueEiiem indicated
—1.5m <distance to FSF<3m " 1L/ \ FRL -/-/- FRI120/120/120 T T T T | T T T oo
FRL -/90/90 = = = = = = = = FRL -/~
spandrel /-1
) [BCA CI. C2.6(c)] Retail
Office FRL 60/60/60
I 41 T T T X | T [ T T T
T T T F T T T T T = ‘
columns . "
FRL -/-/- provided > 1.5 m ) sprinklered Carpark
from window or not Office external wall columns §
exposed to FSF, —distance to FSF >3 m ESA/M <26 m3tonne
otherwise T Tg L | T T T T T FRL -/-/- beams
FRL 120/-/- FRL -/-/-
[BCA CI. 3.1(f) Spec. C1.1] G TB6 : Total of three floor areas calculated
using method described in page 8

beams columns
FRL 120/-/- Each floor area < 8,000 m? FRL 120/-/-
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BCA Deemed-to-Satisfy Provisions

FRL's - Buildings with rise in storey = 4

Ty,ReyA

o e A
(Een'strulctioln] (GolnsTiuction)

external wall
—distance to FSF < 1.5 m roof beams columns floors

FRL -/120/120 FRL 120/60/30 FRL 120/-/- FRL 120/-/-  FRL 120/120/120
—1.5 m <distance to FSF <3 m
FRL -/90/90

spandrel
[BCA CI. C2.6(c)]
FRL 60/60/60

FRL of elements
same as TA1,
except as

external wall indicated

/ —distance to FSF >3 m
FRL -/-/-

external wall external wall

—distance to FSF <3 m || L L L L L L Elr—s 'c:z;{IErgg/s/ —distance to FSF < 1.5 m

FRL -/60/60 Open-deck or - FRL -/180/180

—1.5 m <distance to FSF <3 m
spirinklered carpark * FRL -/180/120 <

columns
FRL 180/-/-

* floor area of open-deck
or sprinklered carpark

not included floor beams b
BCA Cl. C2.1 - Y
[ ! L 060%0 oy TAT : Each office floor area <8,000 m?  ESANI <30 miome FAL

FRL 180/180/180 TA3 : Each office floor area < 8,000 m2  FRL 180/-/-
** retail floor area < 5,000 m?

Uppe L) e A
[Gon'stnuctiomn) (Gon'struction)

Office

|

FRL of elements
same as TA1,

except as FRL of elements Office
indicated same as TA2,
except as
indicated
external wall .
—distance to FSF < 1.5 m Office
FRL -/120/120 —
—1.5 m <distance to FSF <3 m floor
IFRIL AL columns FRL 120/120/120

FRL 120/-/-

floor beams

/ Basement glosed and
FRL 12071207120 TA2 : Each office floor area < 8,000 mz  FRL 120/

non-sprinklergd carpark ***
(40 or less cars)

columns
FRL 120/-/-

beams
FRL 120/-/- TAA4 : Each office floor area < 8,000 m2
*** basement carpark floor area < 5,000 m?
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BCA Deemed-to-Satisfy Provisions

FRL's - Buildings with rise in storey = 4

e A
[Gon'stuustion)
e —— e ——— e ———  o————
Office
T T T T T T T T
Office FRL of elements
same as TA2,
T T T T T T T T except as
indicated
Office
floor
FRL 60/60/60 I L L T T T T T
Office
N
4T T T T T T T T
sprinklered|Carpark Sl iR
FRL 60/-/-
beams
ESAM=30m7tonne  TAS : Each office floor area < 8,000 m?
y/peyA
Gon'stivktiomn)
e ———— e —— e S———— =
Office
T T T T T T | T T
Office FRL of elements
same as TA3,
T T T T T T [ T T except as
indicated
Office
floor
FRL 60/60/60 T T I T T T I I T
\ Retail **
4T T T T T T T T
sprinklered|Carpark Sl iR
FRL 60/-/-

beams
ESAM =30 m7tonne  TAS : Each office floor area < 8,000 m?

** retail floor area < 5,000 m2
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Fire-Safety Evaluation

PART 1: What can we learn from
the fire record?

An understanding of the factors having an influence on the fire safety of building occupants can be obtained
from existing statistical data. These data are vital because they give the best available picture of the
situations in which occupant deaths have occurred and factors that have contributed to larger fires. This
understanding can be used to provide a basis for evaluating the effectiveness of and need for various fire-
safety systems.

The statistical data used in this publication were collected by US fire brigades for fires occurring between
1983 to 1991 [4]. These data have been chosen in preference to the much smaller available Australian
database. Nevertheless, comparison of the two data sets indicates that similar trends are generally
observable and thus the US data appears to be generally representative of the Australian situation.

1600 1,519,848

1400

1200
g 1000 INUmber
% 800
. off [Fires
2 600
'S
400
200
0
1& 2 Family Apartments Offices
Dwellings
14 4
13,036
In the USA between 1983 and 1991, there & 12
were 1,519,848 fires and 13,036 civilian < 4 |
fatalities in 1 & 2 family dwellings, and 375,551 ﬁf
fires and 2,844 civilian fatalities in apartment & 8
buildings. In contrast, there were just 27,679 g @Wﬁﬂﬁ@[@ E@ﬁ@jﬂﬁﬁﬁ@g
fires and 31 civilian fatalities in office buildings. & 61
c
S 4
Not only are there fewer deaths in office 3 2,844
buildings but the fatality rate is an order of © 21
magnitude lower than for residential buildings 5
(i.e. 8.5 per 1000 fires for 1 & 2 family 0 ‘ ‘ ‘
dwellings compared with 1 per 1000 fires for 1&2Family  Apartments Offices
offices). Dwellings

Fires in office buildings are infrequent compared with residential
buildings. Fatalities in office building fires are even more infrequent.
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An understanding of how fires start can be obtained from the three parameters:
e ignition factor
e form of heat of ignition
e equipment involved in ignition

The Pareto charts given below plot both the percentage of total fires and the number of civilian fatalities for
each of these parameters. Pareto charts plot the most significant factors to the left and the least significant to
the right.
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Equipment Involved in Ignition Equipment Involved in Ignition

Thus:
e most office building fires result from wiring and equipment,
e fatalities result from incendiary fires (and often involve liquid
fuels)

25



Fire-Safety Evaluation
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However, the majority of fires that occur during working hours do not spread far. This is illustrated by the arm Hour

uElEE I s That the absence of people is the dominant factor in why fires spread is further illustrated by the pie chart
showing the proportion of fires confined to the object or area of origin during non-working hours versus the
proportion during normal working hours.

1000 4 1000 4
| FI. re nfin ji f Origin | Flame Spread Confined to Area of Origin ., i
288 | ame Spread Confined to Object of Orig 288 ] 2 g Flame Spread Confined to Object
w 7001 w 7001 or Area of Fire Origin
2 600 2 600
; 500 ; 500 4
5 400 4 5 400 4
=300 - = 300
200 - 200 48% confined to
100 100 *mmllﬂﬂﬂﬂﬂmuﬂﬂﬂﬂhh 70% confined to area of fire origin
s Ok Normal woking hours area of fire origin Non-working hours
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Alarm Hour Alarm Hour The fire statistics also note whether sprinklers and/or detectors operated during fires attended by the fire
brigade. The graphs below show that the percentages of sprinklers and detectors operated are lower during
normal working hours (i.e 8.00am to 7.00pm), with at least three times more, in the case of sprinklers,
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The number of fires increases greatly during occupied hours.
But the proportion (and number) of severe fires reduces dramatically.
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Fire-Safety Evaluation

Following ignition, the material ignited can be related to two other parameters, i.e. type of material ignited and
form of material ignited. Again Pareto charts are presented showing percentage of total fires and the number
of civilian fatalities in relation to these parameters.
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From 27,679 fires, there were 25 single fatalities, one double fatality and one quadruple fatality. Only one
third of all fatalities occurring during normal working hours (8.00am to 7.00pm weekdays) although two thirds
of all fires occurred during this time.

The information available on the victims is sparse, but of the 31 fatalities, at least 50% of the victims appear
to have been intimately involved with the fire starts. In 42% of fires in which there were fatalities, liquid fuels
appear to have been involved. Most of these are said to be incendiary or appear likely to be incendiary.

The above data can be use to estimate the risk level during normal working hours (during which the building
is occupied, R,) and the remaining hours (during which most office buildings are largely unoccupied, R,). The
number of occupants during unoccupied hours is assumed to be 1% of the total number of occupants (N)
present during occupied hours. The risk level can be expressed as:

R = No. of fatalities / No. of fires / No. of occupants
Risk level during occupied hours: Risk level during unoccupied hours:
_ 1/3x31 R - 2/3%31
07 2/3x27679x N B u 7 1/3%27679x0.01N

Therefore, the comparative risk levels is;: — =——
R, 400

If the risk level during occupied hours was hypothetically assumed to be the same as that during unoccupied
hours, we would expect to see 4,000 fatalities during occupied hours instead of the 10 fatalities that were
recorded. Since the fire-safety systems in the building are the same during occupied and non-occupied hours,
it appears that it must largely be the occupants themselves that have this dramatic influence on risk level.

Occupants have two contradictory effects their presence produces a
greater number of fire starts (per unit time) but it also results in fire starts
being less damaging than if they are not there. The second effect greatly
outweights the first.

PART 2: What matters for
fire-safety?

Part 1 has demonstrated that:

e therisk level for an occupant is very low during working hours compared with other times
e the presence of people who are awake and aware would appear to be the key factor in reducing risk

It follows that office buildings are safe for the occupants primarily due to the presence of a greater number of
awake and aware people within the building.

How can the level of life safety be further improved and which strategies will be most effective? Before
considering the various ways that life safety might be achieved it is helpful to consider the following data for
office buildings:

Fire size Number of Number of Relative rate of
fires deaths deaths per fire
small 9977 1 1
medium 4510 9 20
large 4218 20 47

The strong correlation between fire size and fatalities should be noted. It follows that two strategies are
theoretically possible in attempting to improve the level of life safety:

e reduce the occurance of large fires
e design to better resist the effects of large fires

It is not clear that the second strategy is feasible or that it would be effective. The more severe the fire the
greater the difficulty in designing against the effects. This is because the fire tends to control the situation
and little is known about the effectiveness of fire-safety systems when subject to such fires. The uncertainty
is very much greater.

The first strategy is therefore more appropriate. It can be achieved by reducing the number of fire starts and
limiting the size of the fires.

Limiting fire starts
improved electrical equipment and practices

The statistical data demonstrated that the ignition of a substantial
proportion of fires involved electrical equipment or wiring. It follows
that improved and safer electrical wiring and equipment, and the
use of residual current devices will reduce the number of fire starts.

It is recommended that residual current devices be incorporated in
buildings.
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Fire-Safety Evaluation

improved maintenance practices

Hot working (cutting and welding) is also something that
contributes to fire ignition and associated fire starts can be
reduced through the adoption of proper hot working
procedures.

Two other tests have been conducted in a 1200mm
x 600mm x 3000mm enclosure with a 450mm x
1200mm opening at one end and glazing along one
side. Wood cribs were used as the fuel in both
situations. In one case the ceiling of the enclosure
was clad with plywood. The fire was started at the

rear of the enclosure in both situations. The fire
moved forward towards the opening along the top of
the cribs until burning was established at the
opening with little fuel being consumed. The
presence of the plywood roof appeared to have little
impact on the rate of movement towards the
opening.

It is recommended that maintenance activities be
undertaken in accordance with established procedures
aimed at preventing the occurrence of a fire and be closely
controlled and monitored.

housekeeping

The location of combustibles adjacent to potential heat sources
should be discouraged. This can be achieved by the adoption of
good housekeeping and facilitated through well developed
procedures and monitoring.

Combustibles

Heater

Limiting the size of fire (helping the occupants)

The more that a fire can be slowed down or limited, the more likely that it will be dealt with effectively and that
occupants can respond in a reasonable manner.

The above tests illustrate that certain materials, although combustible, may have little impact on the rate of
fire spread in certain situations. More research is required to identify the circumstances under which the rate
of spread will not be increased. In the interim period, combustible linings are not permitted for the Alternative
Solutions presented in this publication.

limiting lining materials )
The ability of combustible surfaces to spread flames depends housekeeplng
on:

the characteristics of the surface materials

the surface area presented to the fire

the heat output and duration of burning

the orientation of the surface in relation to the fire

Good housekeeping will limit the quantities of
combustibles that are distributed in a scattered manner
throughout an enclosure and this will reduce the likelihood
of fire spread within an enclosure.

Inclined or vertical surface orientation with the fire located
below or adjacent to the surface at the lowest point will give
rise to the fastest rate of spread. Simple tests conducted on a
channel constructed of luan ply are shown here. For both tests
the fire was associated with a small wood crib. In the first test,
the fire spread up the entire height of the channel whereas in
the second test, where the flames were constrained to remain
on the interior surface only, flame spread was much more The provision of fire fighting equipment and associated training
limited. will increase the likelihood of control of a developing fire. The
current BCA provisions for extinguishers and/or hose reels are
considered reasonable.

early fire fighting - facilities and training
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sprinklers

Many sprinklered fire tests have been conducted in order to study the efficacy of sprinklers in both individual
and open-plan office situations. A description of these tests is given in Appendix A.

Office area set-up prior to test

Fire just prior to the operation
of the sprinkler

Extent of damage after test

These tests demonstrated that a light hazard sprinkler system will be effective in rapidly reducing air
temperatures and in preventing spread, even in situations where there is substantial shielding of the fire from
the sprinkler.

The effectiveness of sprinklers in achieving a high level of life safety, in relation to other measures such as
compartmentation, can be assessed from the statistical data mentioned in Part 1 for apartment and
residential buildings. These are used as there are too few deaths in office or other commercial buildings to
make meaningful statistical comparisons. The comparison is shown below where the relative impact on
death rate is tabulated against the particular measure—protected construction (i.e. FRL), detectors, and
sprinklers.

Sprinklers Detectors in room Protected Relative impact
of fire origin construction on death rate
X X X 1.0
X X v 0.78
X v X 0.78
v X X 0.34

It can be seen that although fire-protected construction results in a reduction of the rate of deaths from 1.0 to
0.78 (a decrease of 22%), sprinklers by themselves result in a reduction of 1.0 to 0.34 (a decrease of 66%).
Thus sprinklers are at least three times as effective in achieving the BCA life safety objectives compared with
protected construction. Smoke detection within the room of fire origin has a similar effect to protected
construction. Similar numbers are obtained if property loss is considered. The presence of sprinklers is seen
as having a very positive impact on fire safety in comparison with either detection or compartmentation.

Limiting the spread of smoke

The spread of smoke into the stairs and upper levels will pose a threat to occupants in the stairs and other
parts of the building. The question is: what requirements are really necessary? The answer depends on the
time for evacuation via the stairs and the time to untenable conditions within the stairs.

How long will it take to evacuate?

The time for evacuation of occupants is essentially made up of two times—the time that it takes for the
effected occupants to decide to evacuate (the pre-movement time) and the time for movement. The
movement times have been calculated for various building situations using a more realistic estimate of
population (16 m?/person [5] compared with 10 m?person) and assuming that 90% of the floors are occupied
as office space. It has also been assumed that only one of the two required stairs is tenable. The calculated
times are given below:

(J
(J
Storeys Movement time (secs)
1,250 m? in plan 1,500 m? in plan 1,850 m” in plan
2 121 142 171
3 223 263 321
4 324 385 472

It can be observed that the movement times are not large even for a
building with a rise in storeys of 4.

How long will it take for the occupants to commence evacuation—remembering that we are considering low-
rise office buildings?

The answer depends on the location of the occupants in relation to the fire. On the fire floor, it can be
assumed that occupant evacuation will have commenced prior to the stage that a fire could be controlled by
a fire extinguisher.

As far as occupants above the fire floor are concerned, warning of the presence of a fire will come from
olfactory cues associated with the transport of the products of combustion via the air-handling system. The
sense of "something burning" will most likely be noticed before the air-handling system shuts down due to the
detection of smoke (should such a system be provided). The decision to evacuate these levels will result
from:

e investigation of the source of the burning smell

e direct communication from the fire or other levels

e detection and alarm (in the case of buildings where detection is provided)

In the absence of sprinklers, smoke detection is seen as increasing the awareness of the presence of a fire,
especially in situations where the building is taller or where substantially different activities take place.
Detection provides reinforcement to other cues and is recommended in office buildings with a rise in storeys
of 4 or the rise in storeys is 3 where the ground level is retail.

It is expected that evacuation of the other levels will commence within a few minutes of occupants evacuating
the fire floor.
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How long are the stairs likely to remain tenable?

This is critical since the occupants must evacuate before the stairs become untenable. In order to investigate
such a question a model building was constructed at Victoria University of Technology. The building is a 1/7
scale of one quarter of a four storey building and incorporates service shafts, lift shafts and stairs.

Smoke model building View of service shafts, lift shafts and stairs

Tests have been conducted to look at the flow of smoke into the stair shaft and through other parts of the
building. The combination of small openings associated with the stairway door at the level of the fire and
open stair doors above the fire will result in substantial smoke being pulled into the stairs. This can occur
before the fire is large enough to break the external glazing and before there is even a rapid growth in fire
severity.

Smoke in stair shaft

Fire started at front end corner

It is concluded that there is a window of opportunity for evacuation during the early stages of fire
development.

The time for evacuation can be taken as 15 minutes from the time that a fire reaches the stage that it cannot
be controlled by an extinguisher.

For buildings with a rise in storeys of more than 2 it is recommended that the construction around the stairs
be designed to provide smoke separation for at least this period of time. The presence of a fire-resistant shaft
will resist the spread of smoke into the stairs. However, gaps around the doors or particularly the doors on
the level of fire origin being open, will limit the effectiveness of the shaft.

Limiting the spread of flame (outside the

enclosure)

The best ways to limit the spread of flame outside the enclosure
of origin are to reduce the number of fire starts and limit the size
of the fire.

However, the presence of composite or concrete floors when
supported by bare steel construction will offer substantial fire
separation to the levels above the fire level and levels of
performance beyond that required for evacuation of the
occupants. The reader is referred to Appendix B for a
discussion of this matter.

The best ways to improve brigade fire safety are to reduce the number of fire starts and limit the size of the
fire.

It is noted that since these buildings are low-rise construction, major fire fighting can be conducted from
outside. Access via the stairs is possible but these may become untenable due to smoke during the early
stages of a major fire. Nevertheless, for many of the Alternative Solutions proposed in this publication, the
stairs are required to be surrounded by a fire-resistant shaft and the building to be designed such that
outwards collapse is not possible.

The maximum floor areas of the proposed Alternative Solutions are also limited, as the duration of a fire,
other factors being equal, is directly dependent on the floor area of the building.

The best ways to reduce fire spread between buildings are to reduce the number of fire starts and limit the
size of the fire.

The prevention of spread to an adjacent building can be also achieved by limiting the distance to a fire-
source feature, having limited openings, or having external walls which can sufficiently contain the fire and
limit radiation. This does not require external walls to remain vertical but that the walls continue to remain
attached to the supporting frame and substantially intact. This is further discussed in Appendix C as well as
the FRL required for external walls to provide a sufficient barrier to radiation.
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In theory, fire could also spread from the roof to an adjacent building. However, if the roof is constructed such
that significant flaming from or through the roof to outside does not occur, then the radiation from the roof can
be shown to be very limited compared with that associated with an opening.
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There are principally two reasons for this:
e the temperature of an intact roof membrane is much lower than that of flames from an opening

e the configuration factor associated with radiation from the roof to an adjacent building is much lower
than that associated with flames from an opening

This matter is further considered in Appendix D.

The best ways to reduce the likelihood of damage to adjacent buildings are to reduce the number of fire
starts and limit the size of the fire.

In addition, the Alternative Solutions proposed in this document are required to be designed such that:
e outwards collapse of the building is not possible

e connections between external wall panels and the supporting frame be designed such that outwards
collapse of the panels is not possible
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Alternative Solutions

Alternative Solutions must satisfy the BCA fire-safety objectives and the relevant performance requirements.
The fire-safety objectives can be summarised as follows:

e The building shall be designed to allow safe evacuation of the occupants.

e The building shall be designed so as not to put the fire brigade at risk in the exercise of their duty.
e The building shall be designed to avoid the spread of fire to other buildings.

e The building shall be designed to avoid damage to other buildings.

The performance requirements that are applicable are CP1 - CP2, CP4 - CP9, DP1 - DP8, EP1.1 - EP1.6,
EP2.2, EP3.1, EP3.3 and EP3.4.

The proposed Alternative Solutions have been derived on the basis of the arguments presented in Part 2.
The Alternative Solutions are considered so as to satisfy these objectives and performance requirements.

The following recommendations are given in order to further improve the level of fire-safety in office buildings:

Improved maintenance practices

Maintenance within the building should be undertaken by suitably qualified persons to established procedures
particularly with regard to hot working (grinding, welding and cutting). Such procedures should require
maintenance staff to notify occupants before commencing work and to be equipped with insulation blankets
and portable extinguishers. Hot working should not be undertaken in the vicinity of combustibles unless these
combustibles have been adequately protected. Isolation of smoke detectors should be temporary and these
should be re-instated after completion of work.

Housekeeping audits

Regular audits should be undertaken to check that:
e use of portable heaters and electrical devices is safe with respect to type of device and location
e combustibles are not stored near potential heat sources
e combustibles are not stored in exit paths, near or in stairs
e doors to emergency stairs are not chocked open
e levels of combustibles are reasonable and storage is ordered with use made of cabinets or shelving

e any other housekeeping matter that is related to fire safety

Relevant BCA clauses

In this specification it is convenient to refer to the BCA deemed-to-satisfy provisions that are applicable.
These are listed below. In certain cases the clauses are applicable with modification and the appropriate
modifications are given. In the BCA clauses noted below, the expressions:

"is required to have an FRL", or

"required to be fire-resisting", or

"required FRL", or

"FRL required by",

or any similar expression, should be taken as referring to the level of fire resistance, if any, required by this
Specification.

The term fire compartment should be understood as referring to any part of a building separated from the
remainder by barriers to fire such as walls and/or floors having the fire resistance required by this
Specification and with any openings protected in accordance with this Specification.

Subject to the above definitions, Sections A, B, F and | of the BCA apply as do the following clauses of the
deemed-to-satisfy provisions of Section C:

e Part Ci:clauses C1.2,C1.8,C1.10, C1.11, C1.12

e  Part C2: clauses C2.5(d), C2.11, C2.13, and
C2.6 with "which is required to be of Type A construction” replaced by "has a rise in storeys of 4".
C2.7(a)(ii), (b) prescribed by this Specification; and "Deemed-to-Satisfy Provisions of Part C3" with
"provisions of"; and "Deemed-to-Satisfy Provisions of Sections C, D and E" replaced by "requirement
of this Specification”.
C2.10 modified to read "must be separated from the remainder of the building by enclosure in a shaft
which is required to have the FRL prescribed by this Specification; and openings for lift landing doors

and services are protected in accordance with the requirements of this Specification."; delete (a)-(c).

C2.12 with "required by Specification C1.1" replaced by "required by this Specification"; replace "120"
by "60".

C2-13 with "120" replaced by "60"
e PartC3: clauses C3.1, C3.2, C3.4, C3.8, C3.9, C3.10, C3.16 and

C3.12 replace "In a building of Type A construction" with "In a building with a rise in storeys of 4"; and
"Specification C1.1" with "this Specification".

C3.13 with replace "In a building of Type A construction” with "In a building with a rise in storeys of 4"
C3.15 replace "required by Specification C1.1" replaced by "required by this Specification"

Specification C1.1:
e (Clause 2.1 except for reference to Clause 2.2.

e (Clause 2.7
Section D: All clauses apply except for clause D1.9(b)

Section E: All clauses apply except for clause E1.8; paragraph 11 in Spec E1.5; and Spec E1.8
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Other requirements
Applicable to all Alternative Solutions

1
()

@)

(4)

(6)

(6)

@)

Buildings shall incorporate residual current devices.

Occupant fire awareness and fire-fighting training shall be undertaken in accordance with
documented procedures. This is required in any case as part of the OH&S legal requirements
relating to duty of care in providing a safe place of work.

Fire-safety systems including detection systems, sprinkler systems, portable extinguishers, doors to
stairs shall be maintained in accordance with AS1851 [6]. This is also required by Section | of the
BCA and the OH&S legal requirements relating to duty of care in providing a safe place of work.

Where stairs are required to be within a fire-resisting shaft, the only openings into the stair shaft shall
be associated with doors.

The following elements are required to be constructed of non-combustible materials in accordance
with clause C1.12 of the BCA:

ceilings

roof

floors

external wall

common walls

flooring and framing of lift pits

internal walls required to be fire-resisting

loadbearing fire wall

lining of internal walls

lift and service shafts - if the shaft connects more than two storeys.

Open-deck or sprinklered carpark levels shall be designed in accordance with the solutions given in
Reference [7].

Fire-resistance levels for the various building elements are given in Tables 1-4. These are illustrated
for particular elements of construction in the next part of this section.

Applicable to all non-sprinklered Alternative Solutions

()

9)

(10

(1)

(12)

(13)

40

The plan area of each floor shall be limited to 1,850 m2.

Partially-open carpark level (< 40 cars)—cars shall not be more than 30 m from a wall which has an
opening across its entire width. The height of the opening should be at least 75% of the floor-to-floor
height.

The building frame shall be designed so as not to collapse outwards when subject to a fire within the
building.

Connections between the building frame and any external wall panels shall be designed so as to
prevent outwards collapse of the panels in the event of deformation of the supporting frame.

Where common walls and fire walls are required these shall be supported on both sides of the wall to
maintain lateral support in the event of a fire on either side of the wall.

The roof shall be reinforced concrete or steel. In the case of a steel roof the minimum base metal
thickness shall be 0.42 mm. The sheeting shall be screw-fixed to the steel purlins at the spacing
required for resistance to wind loading in that particular situation.

Tables of fire-resistance requirements

Table 1: Rise in storeys = 2
(Non-sprinklered buildings)

Building Elements Basement Closed carpark | Partially open Retail level Office level
Carpark (Level 1) carpark (Level 1
(Level 1) if exists)
Fire-resistance requirements (FRL or ESA/M)
Wall
(a) external wall
(i) less than 3m from fire-source
feature to which it is exposed
loadbearing 90/90/90 90/90/90 90/90/90 90/90/90
non-loadbearing -/90/90 -/90/90 -/90/90 -/90/90
(i) 3m or more from a fire-source - - - -
feature to which it is exposed
(b) internal wall - loadbearing 60/60/60 60/60/60 60/60/60 60/60/60 60/60/60
Common Walls and Fire Walls 90/90/90 90/90/90 90/90/90 90/90/90 90/90/90

Lift and Stair shaft

Service Shaft

Beams

basement

<30 m%tonne

level 1

<30 m%tonne

<30 m%tonne

<30 m%tonne

<30 m?tonne

Columns

basement

30/-/-

level 1

< 26 m?tonne

< 26 m?tonne

< 26 m?tonne

< 26 m?/tonne

level 2

Floor Slab

basement

60/60/60

other levels

Roof (including beams)

Table 2: Rise in storeys = 3
(Non-sprinklered buildings)

Building Elements Basement Closed carpark | Partially open Retail level Office level
Carpark (Level 1) carpark (Level 1
(Level 1) if exists)
Fire-resistance requir (FRL or ESA/M)
Wall
(a) external wall
(i) less than 3m from fire-source
feature to which it is exposed
loadbearing 90/90/90 90/90/90 90/90/90 90/90/90
non-loadbearing -/90/90 -/90/90 -/90/90 -/90/90
(i) 3m or more from a fire-source - - - -
feature to which it is exposed

(b) internal wall - loadbearing 60/60/60 60/60/60 60/60/60 60/60/60
Common Walls and Fire Walls 90/90/90 90/90/90 90/90/90 90/90/90 90/90/90
Lift and Stair shaft 60/60/60 60/60/60 60/60/60 60/60/60 60/60/60
Service Shaft - - - - -
Beams

basement 30/-/-

level 1 <30 m*tonne | <30 m’tonne | <30 m*tonne | <30 m%tonne
Columns

basement 30/-/-

level 1 30/-/- <10 m%tonne 30/-/- or # 30/-/- or #

levels 2 - 3 -
Floor Slab

basement 60/60/60

other levels 60/60/60 * * *
Roof (including beams) -

*

concrete floor slab.

Use of composite or concrete floor construction where beams are in continuous contact with a

# Protection of column with 16 mm fire-resistant plasterboard (or equivalent) up to bottom flange

of beam.
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Alternative Solutions

Table 3: Rise in storeys = 4
(Non-sprinklered buildings)

Building Elements Basement Closed carpark | Partially open Retail level Office level
Carpark (Level 1) carpark (Level 1
(Level 1) if exists)
Fire-resistance requir (FRL or ESA/M)
Wall
(a) external wall
(i) less than 3m from fire-source
feature to which it is exposed
loadbearing 90/90/90 90/90/90 90/90/90 90/90/90
non-loadbearing -/90/90 -/90/90 -/90/90 -/90/90
(i) 3m or more from a fire-source - - - -
feature to which it is exposed
(b) internal wall - loadbearing 60/60/60 60/60/60 60/60/60 60/60/60 60/60/60
Common Walls and Fire Walls 90/90/90 90/90/90 90/90/90 90/90/90 90/90/90
Lift and Stair shaft 60/60/60 60/60/60 60/60/60 60/60/60 60/60/60
Service Shaft 60/60/60 60/60/60 60/60/60 60/60/60 60/60/60
Beams
basement 30/-/-
level 1 30/-/- <30 m*tonne | <30 m’tonne | <30 m?tonne
Columns
basement 60/-/-
level 1 30/-/- <10 m%tonne 30/-/- or # 30/-/- or #
level 2 30/-/- or #
levels 3 - 4 -
Floor Slab
basement 60/60/60
other levels 60/60/60 60/60/60 60/60/60 60/60/60
Roof (including beams) -
Table 4: Rise in storeys < 4
(Sprinklered buildings)
Building Elements Basement Closed carpark | Partially open Retail level Office level
Carpark (Level 1) carpark (Level 1
(Level 1) if exists)
Fire-resistance requirements (FRL or ESA/M)
Wall
(a) external wall
(i) less than 3m from fire-source
feature to which it is exposed
loadbearing 90/90/90 90/90/90 90/90/90 90/90/90
non-loadbearing -/90/90 -/90/90 -/90/90 -/90/90
(i) 3m or more from a fire-source - - - -
feature to which it is exposed
(b) internal wall - loadbearing 60/60/60 60/60/60 60/60/60 60/60/60
Common Walls and Fire Walls 90/90/90 90/90/90 90/90/90 90/90/90 90/90/90
Lift and Stair shaft 60/60/60 60/60/60 60/60/60 60/60/60 60/60/60
Service Shaft - - - - -
Beams
basement <30 m?%tonne
level 1 <30 m*tonne | <30 m’tonne
Columns
basement < 26 m?tonne
level 1 <26 m’tonne | <26 m’tonne | <26 m*tonne | <26 m%tonne
levels 2 - 4 -
Floor Slab
basement 60/60/60
other levels 60/60/60 * * *

Roof (including beams)

*

concrete floor slab.

Use of composite or concrete floor construction where beams are in continuous contact with a

# Protection of column with 16 mm fire-resistant plasterboard (or equivalent) up to bottom flange

of beam.

Explanatory notes on Tables

Tables 1 - 3 (non-sprinklered buildings)

It will be noted that different fire resistances have been specified for the various levels with those for the
lower levels increasing with the rise in storeys. This is because:

(a) the consequences of failure of the upper levels are less significant than the lower levels.
Consequently lower fire resistances are required for the upper levels.

(b) the evacuation time increases with rise in storeys.

It will also be noted that different levels of performance are specified for different building elements. There
are several reasons for this:

(i) Higher levels of performance are generally specified for fire-resisting stair shafts (required for rise in
storeys of greater than 2). This is because stair shafts are the only paths for evacuation. Note also
the requirements of clause D2.2 of the BCA.

(i) Floor slabs when required to have a fire resistance are specified as requiring an FRL of 60/60/60

only because this is the minimum practical level able to be achieved by a composite or concrete
floor. It is not because this level of fire resistance is necessary.

(i

Columns have more stringent requirements than beams. This is because the failure of a column will
have greater consequence than sagging of a beam.

(iv) The FRL's specified for external walls within a limiting distance from a fire-source feature are chosen
so as to provide a radiation barrier between buildings.

(v) The values of exposed surface area-to-mass ratio (ESA/M) specified for beams is given so as to
reflect the size of members used in tests and in real fire situations where bare steel beams have
continued to support the floors well beyond the time required for evacuation. The limited fire severity
has also been taken into account for office and retail levels.

(vi) Similarly, the exposed surface area-to-mass ratios specified for columns are given so as to maintain

stability until beyond the time for evacuation. In some situations bare steel columns may not give
sufficient fire resistance and a protection system or a corresponding FRL is specified.

Table 4 (sprinklered buildings)

In this case, the presence of sprinklers is considered to remove the need for any fire resistance requirements
other than for stairs and walls.
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Alternative Solutions

The following diagrams illustrate the fire-resistance requirements for various elements in buildings which
combine carpark, retail and office levels. These combinations are considered to correspond to the most likely
practical situations.

Where elements are coloured blue, bare steel construction may be used.
Buildings with rise in storey = 2

Nem=sprinkiered Buildings

roof columns floor
FRL -/-/- FRL -/-/- FRL -/-/-
external wall \, external wall
—di FSF<3m = = = = = = = = ’
Fsts}%rbcﬂggo SF <3 /—dustance to FSF>3m
\ FRL -/-/-
Office
I7 T I T L I B— columns
. ESA/M <26 m?tonne
Office /

b
eernt <30 miome  AS2-1 : Each level floor area < 1,850 m?

FRL of elements
T T T T T T T T same as AS2-1

Retail

FRL of elements
same as AS2-1

I I T €T €T €T N L

Partia|ly open and ngn-sprinklered
arpark (40 or less cars)

AS2-3 : Each level floor area < 1,850 m?

FRL of elements
same as AS2-1

T I €T T L T T €T

Closed and ngn-sprinklered
carpark (40 or less cars)

AS2-4 : Each level floor area < 1,850 m?

Office
FRL of elements
same as AS2-1,
except as T T T T T T T T
indicated
Office /
T T T T T T T o
Basement closed and
non-sprinkfered carpark
(40 or less cars)
columns
FRL 30/-/-

AS2-5 : Each level floor area < 1,850 m?

Office
FRL of elements
same as AS2-2,
except as T T T T T T T T
indicated
Retail /
T T T T T T T T
Basement closed and
non-sprinklered carpark
(40 or less cars)
columns
FRL 30/-/-

AS2-5 : Each level floor area < 1,850 m?

floor
FRL 60/60/60

beams
ESA/M <30 m?tonne

floor
FRL 60/60/60

beams
ESA/M <30 m?/tonne
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Alternative Solutions

Buildings with rise in storeys = 3
WNem=sprinidered Bulldings

roof beams columns floors *
FRL -/-/- FRL -/-/- FRL -/-/- FRL -/-/-
external wall
—distance to FSF <3 m

external wall

FRL -/90/90 X
—distance to FSF >3 m
N \ |/~ distan

* use of composite or
concrete floor construction Office
where beams are in
continuous contact with

columns
FRL 30/-/- or #

a concrete floor slab L L Z z L L L L # protection of column with
16 mm fire-resistant
Office plasterboard (or equivalent)

up to bottom flange of beam

beams
ESAM <30m¥ione  Ag3.4 : Each level floor area < 1,850 m2

Office
T T T T T T T T
Office
T T T T T T T T
Retail

FRL of elements
same as AS3-1,
except as
indicated

AS3-2 : Each level floor area < 1,850 m?

— =  — = =
Office
T T T T T T T T
Office
T T T T T T T T
Partially open and non-sprinklered
carpark (40 or less cars)

FRL of elements
same as AS3-1,
except as
indicated

columns
-~ ESA/M <10 m?/tonne

AS3-3 : Each level floor area < 1,850 m?

46

Office

FRL of el 1ts T T T T T T T T
same as AS3-1,

except as Office

indicated

T T T T T T T T
Closed and prinklered f
carpark (40|or less cars)

floor
FRL 60/60/60

columns
FRL 30/-/-

AS3-4 : Each level floor area < 1,850 m?

Office
FRL of el Vs T T T T T T T T
same as AS3-1, Office
except as
indicated
T T T T T T T T
Office /
L T T T T T T T
Basement closed and
non-sprinklgred carpark \
(40 or Igss cars)
beams
FRL 30/-/- AS3-5 : Each level floor area < 1,850 m?

Office
FRL of el \ts T T T T T T T T
same as AS3-2, Office
except as
indicated
T T T T T T T T
Retail /
L T T T T T T T
B losed and
non-sprinklered carpark \
(40 or|[ess cars)
beams
FRL 30/-/- AS3-6 : Each level floor area < 1,850 m?

floor
FRL 60/60/60

columns
FRL 30/-/-

floor
FRL 60/60/60

columns
FRL 30/-/-
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Alternative Solutions

Buildings with rise in storeys = 4 office
T T T T T T T T
Wen=gpriniered Buildings
t | wall rFOF({{ beams Eg{ltmns 2%0[560/60 60 FRL of elements Office
external wa [~/ FRL -/-/- o[-/ /60/
—distance to FSF <3 m =—== \I\‘ = == = = same as AS4-1,
FRL -/90/90 exte_rnal wall except as T T T T T T T T
\ /;F{dﬂsj?‘rjce to FSF>3 m indicated
Office Office
T T T \T*% T L C L 7 T T T T T T T T
. \ spandrel Closed and nan-sprinklered
Office FRL 60/60/60 beams carpark (40 gr less cars)
FRL 30/-/-
I T L X P—s P— columns I LLL————————
/-/-
office FAL S0 or AS4-4 : Each level floor area < 1,850 m2
4T T T T T T T T # protection of column with = = = = = = = =
/ 16 mm fire-resistant
5 plasterboard (or equivalent) Office
Office up to bottom flange of beam
T T T T T T T T
beams
ESAM <30 m¥tonne  AS4-1 : Each level floor area < 1,850 m2 FRL of elements Office
same as AS4-1,
=== ==~ B S— except as I T I T I T I T ]
indicated
Office Office
— — — = T T T T T T T T floor
FRL 60/60/60
] FRL of elements Offi
ce
Rlice same as AS4-1, /
= = = = = T T = t.exc.eptas 7T T T T T T T T
indicated Basement closed and
Office non-sprinklefed carpark
(40 or less cars) columns
beams FRL 60/-/-
T T T T T T T T FRL 30/-/-
AS4-5 : Each level floor area < 1,850 m?
Retail
— — — —
|
AS4-2 : Each level floor area < 1,850 m? Office
T =— == Ee— =——— T T T T T T 1 T T
Office FRL of elements Office
same as AS4-2,
T T T T T T T T except as I T I T I T [ T T
indi
offi FRL of elements dicated Office
ce same as AS4-1,
T T T T T T T T ?:;iec';;:; T T T T T T T T ' foor
FRL 60/60/60
Office Retail /
T T T T T T T T 41T T T T T T T T
e . columns B t d and
parp i (40 or less cars) columns
beams FRL 60/-/-
FRL 30/-/-
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Alternative Solutions

Buildings with rise in storeys < 4

Sprinkered [Bulldings
Non-combustible construction

columns il * . . . . . . . .
rernal wall rFOF?{,;,\ E;aLms FRE,“,‘: F%Ofs,,s, Comparing the deemed-to-satisfy provisions with the Alternative Solutions, the latter require the following
external wa /- ! - i ~ L
_distance to FSF < 3 m e S —\= —A— oxternal wall additional g!ements to be non-combustible:
FRL -/90/90 \ /7distance to FSF >3 m e ceilings
FRL -/-/- . roofs
Office e floors
S =t i) T e linings of internal walls
Office \
Allowable floor areas
: = L= L L LI 1 floors All other things being equal, the duration of a fire is a function of the total fire load and therefore the total floor
’ ‘ézenc"rfe?g?ggrsgsn"sr" stion of \ FRL 60/60/60 area. The floor areas permitted for the Alternative Solutions are well below those permitted for Type A
ucti ice ! ! i .
where beams are in / construction. Some comparisons are given below:
continuous contact with
T T T T T T T T .
a conerete floor slab columns Situation BCA Provisions Alternative Solution Alternative Solution
Closed and ESA/M <26 m?/tonne ) ) .
inklereld K (non-sprinklered) (non-sprinklered) (sprinklered)
sprinkleregl carpari i : > . -
3 storey office Type B: 1,833 m” per floor 1,850 m*” per floor 3,000 m” per floor
beams 4 storey office | Type A: 8,000 m? per floor 1,850 m? per floor 3,000 m? per floor
ESA/M <30 m?/tonne Each level floor area < 3,000 m?
Fire-resistance and other requirements
roof beams columns floors * . I . ..
R FRL /- e Non-sprinklered buildings - BCA deemed-to-satisfy provisions
external wall
—distance to FSF <3 m == = =i == T =7 = external wall ] )
FRL -/90/90 —distance to FSF >3 m The fire-resistance levels and other floors: FRL 120/120/120 floors: FRL 120/120/120
\ /FRL""* requirements of the deemed-to-satisfy beams: FRL 120/-/- beams: FRL 120/-/-
Office provisions are illustrated below for an coltfm;rksi :Fz%/éfz)?a/o/ CO|lfJfT|1:I'::{SIZ_ :Fz%/éfz)?a/o/
. T . . PR roor: root:
= = =Ty = = I office building v2\/|th an individual floor fire-isolated stairways sprinklers
area of 1,500 m?. smoke control measure fire-isolated stairways
Offi - zone smoke control
ice stair pressurisation
floors: FRL -/-/-
¥ beams: FRL -/-/-
— — — S m— columns: FRL 120/-/-
- roof: FRL -/-/-
* use of composite or Office 200751 FERLL‘ - fire-isolated stairways
eams: i
concrete floor construction columns: FRL 120/ smoke control not required
whe(e beams are in ) T T T TV ] T €T T T | floor roof: FRL -/-/-
continuous contact with FRL 60/60/60 non fire-isolated stairways
a concrete floor slab . smoke control not required
Office /
< T T T T T T T
Sz
Closéd and @a
S’JII-"I'U.EI d carpark QQ 5@
beams
ESA/M <30 m#tonne Each level floor area < 3,000 m2
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Alternative Solutions

It will be noted that in the BCA:

(@)

()

Rise in storeys <4

There are no FRL requirements for floors in buildings with a rise in storeys of 3 or less (subject to the
total floor area); yet for buildings with a rise in storeys of 4, a high fire-resistance level is specified.
This is difficult to justify since the additional time required to evacuate the taller building is a few
minutes. Furthermore, a building with a rise in storeys of 4 is required to have a form of smoke
control which will normally be provided in the form of smoke detection.

4 < Rise in storeys < 8

The requirements for buildings having a rise in storeys of 4 are the same as those required for
buildings with rise in storeys above 4. At a rise in storeys of 8 (i.e. effective height of > 25 m)
sprinklers, zone smoke control and stair pressurisation are required. Once again, the taller buildings
take longer to evacuate and there are more occupants at risk. It is difficult to justify the requirements
being the same for all buildings with a rise in storeys of 4 or greater.

The Alternative Solutions, on the other hand, are designed on the basis of the required performances. The
requirements are also tailored to the rise in storeys and allow for the fact that taller buildings will take longer
to evacuate. Basements are seen as being the most critical level and more stringent requirements are given.

Sprinklered buildings

Building Solutions satisfying all of the BCA deemed-to-satisfy provisions get few "concessions" for the
addition of sprinklers. Edge spandrels are not required and the roof is not required to have an FRL.

On the other hand, the Alternative Solutions recognise the demonstrated value of sprinklers compared with
compartmentation in achieving the fire-safety objectives and performance requirements of the BCA. The fire-
resistance requirements are therefore further reduced.
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Appendix A:
Sprinklered Office Fire Tests

The ability of sprinklers to limit fire spread and growth is well understood. In the context of office buildings,
tests have been conducted to study the efficacy of sprinklers in individual offices and open-plan areas. These
tests are now described.

Four tests [8] were conducted in two nominally identical offices to look at the resulting fire size and its effect
on an adjacent glass fagade. The offices were directly adjacent to the fagade, furnished as typical offices and
having a plan dimensions of 3 m x 3 m. Two tests were conducted in each office. In three of the tests, fast
response sprinkler heads were used, whereas in the fourth test, a normal response head was used. The fire
in each test was started close to the glass fagade in a waste paper basket located so as to spread fire to an
adjacent desk chair. The ceiling height in the office was 2.7 m and the sprinkler pendants were mounted in
the ceiling. The ceiling was a tiled mineral fibre system supported by a lightweight steel framing system. In all
tests, the sprinklers activated within 30 - 180 seconds and the fire was rapidly extinguished. The temperature
above the ceiling remained close to ambient.

Fire just prior to the operation
of the sprinkler

General test layout

Ignition Extent of damage after Test

Tests 1 and 2 of the "140 William Street" fire tests [9] were conducted, respectively, in a small office and an
open plan area. In these tests, normal response heads were provided at ceiling level. The ceiling consisted of
plaster tiles supported by lightweight steel framing system. The sprinkler heads were spaced at an extra-light
hazard spacing and the fires started in waste paper baskets directly adjacent to work stations. The
arrangement of combustibles was designed to enhance the spread and growth of the fire. In Test 1, the fire
developed until a sprinkler activated at 7 minutes at which time, the fire was rapidly extinguished. The smoke
detector in the return air plenum, located some distance from the office, activated 40 seconds later.

Test 1 office set-up Extent of damage after Test 1

Fire just prior to the operation
of the sprinkler

In Test 2, four sprinkler heads activated after about 6 minutes and 18 seconds which was 40 seconds later
than the time for activation of the smoke detector in the return air plenum. There was no measurable rise in
temperature for the steel beams above the ceiling. The air temperature above the work stations reduced
rapidly once the sprinklers activated, dropping to less than 50°C after about 60 seconds.

Test 2 open-plan area set-up

Fire just prior to the operation
of the sprinkler

Six fire tests were conducted in an open-plan office set-up
[10] to evaluate the response and suppression capability of
sprinklers. Various sprinkler heads and ceiling mounted
smoke detectors were tested as was the effect of water
pressure and flow at the sprinkler head. The spacing of
sprinkler heads corresponded to an extra-light hazard
system such that in most tests there was 3.25 m from the
ignition site to an active sprinkler head location. The smoke
detectors were located at the same position as the
sprinklers. The various set-ups were organised so as to
maximise the effect of shielding and the pressure at the
heads was controlled to correspond to the minimum
pressure at a sprinkler head envisaged by AS2118 [11].
Despite the reduction of pressure to simulate conservative
design assumptions regarding pressure, the sprinklers had
no difficulty in containing the fire.

View of open-plan office set-up

In all cases the fire was rapidly extinguished above the desk resulting in a rapid drop of air temperature. Fast
response sprinklers were found to operate significantly faster that normal response with a difference in
activation time of about 3 mins for the situations tested. The air temperatures experienced in these tests
would have resulted in a rise in temperature of the structural steel members above the ceiling of only several
degrees.

Fire just prior to the operation

Open-plan office area prior to test
of the sprinkler

Extent of damage after test

The above fire tests demonstrate that sprinklers are a very effective way of containing and reducing the
severity of a growing fire. Rapid reduction of air temperatures occurs upon sprinkler activation even in
situations where there is substantial shielding. Negligible rise in steel temperatures can be assumed for
sprinklered fires.
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Appendix B:
Non-sprinklered Office Fires

The behaviour in fire of composite or concrete floors in combination with bare steel construction, has been
studied experimentally using full-scale fire tests. Aspects of these tests are now described.

/ An office test was conducted in 1989 [12]. The office
was 4 m x 4 m in plan and constructed above a carpark.

] The contents were estimated as giving a fire load

| ; ile density of 45 kg/m?.

Office test structure

View inside office prior to test

The ceiling consisted of lightweight mineral fibre tiles
supported by a steel framing system. The opening at the
front of the enclosure was covered by clear plastic
sheeting to simulate the presence of a window. The fire
was started in a wastepaper basket and eventually
spread to the adjacent stair and desk.

The fire built in intensity until after 25 minutes the plastic sheeting melted and the enclosure erupted in
flames. The air temperatures reached 1100°C whilst the maximum steel beam (ESA/M = 29.3 m%tonne)
temperature reached was 390°C.

Ignition of fire in office

Flames emerging from office Interior of office after test

Tests 3 and 4 of the "140 William Street" fire test program [9] saw much larger scale tests conducted in a
test structure simulating part of a floor of the building.
This building was the subject of a refurbishment
program and tests were undertaken to look at fire
severity in non-sprinklered situations. The tested area
was 12 m x 12 m and was occupied by representative
office furniture with a fire load density of greater than 50
kg/m2. A smoke detector was located in the return air
duct and the air-handling system continued to operate
until this smoke detector activated. A plaster tile ceiling
was incorporated at a height of 2760 mm from the floor.

.-

"140 William St" test structure

In the tests the air temperature varied substantially across the tested area. A temperature of 1200°C was
momentarily obtained at one location but this dropped rapidly. The temperatures varied markedly throughout
the enclosure at different stages of the test. In this regard it is interesting to note from video footage of the
tests, that at one time during Test 4, flames gushed from one set of openings (where the windows had
broken); but on the other side where the windows were still intact, there appeared to be no burning in the rear
of the enclosure. The average cross-sectional temperature of the steel beam reached a maximum of 530°C
well below the limiting temperature for a simply supported steel beam of about 600°C.

Fire through much of the building

Extent of material consumed after fire Structure not damaged after test

The "140 William Street" tests were followed by another office test [13], this time conducted in an 8.35 m x
3.37 m enclosure which was glazed on two sides. Once again the ceiling consisted of suspended plaster
tiles and steel beams (360UB45) were suspended above
the ceiling (ESA/M = 26.6 m?tonne). The ceiling height
was 2.7 m.

"380 Collins St" test structure

View inside office prior to test

The test was started by initiating a fire in a waste paper
basket with the door closed. The door had to be re-opened
to keep the fire alight. At 12 minutes a window broke and
at 13 minutes the door was shut for the last time. From 13
minutes the fire built steadily and more glass fell. At 30
minutes, a window on the other side of the enclosure
broke and a rapid escalation of burning occurred.

At 36 minutes the fire severity dropped noticeably. The air
temperatures  varied considerably throughout the
enclosure with gradients of more than 400°C. The
maximum air temperature reached 1163°C whilst the steel
beams reached just over 400°C and a column reached a
temperature of just over 700°C. The ceiling offered some
shielding for the steel beams.

Intense fire during test

Ceiling after test
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A later test was conducted in the same test enclosure to look at the effect of ceilings [14]. In this case, two
types of tiled ceilings were used: plaster tile and mineral fibre with each system occupying one half of the
enclosure. For this test, short sections of 360UB45 and 530UB82 (ESA/M = 19.9 m?tonne) were positioned
below the concrete slab. The combustibles were wood cribs and sufficient cribs were incorporated to give a
fire load density of 46 kg/m2. The front of the enclosure was open to the air and all of the cribs were ignited at
once. Fire growth and development were therefore rapid (reaching 800°C inside 5 minutes). The air
temperature peaked at 1000°C after 8 minutes but then began to decline to reach 400°C after a further 22
minutes. The maximum cross-section temperature reached 530°C after 17 minutes for the 530UB82 section
whilst for the 360UB45 section, reached similar temperatures. The tiles fell out after about 11 minutes from
the time of ignition.

plaster tiles

mineral fibres tiles

Ceiling system

Timber cribs in place ready for test

An office fire test was conducted in the 8 storey building at Cardington in the United Kingdom [15]. The
beams associated with this building were representative of those likely to be found in a typical office building
(ESA/M = 24.2 - 37.3 m?/tonne). The beams were composite with the floor slab. The columns in the fire
storey were protected. The test enclosure measured 18 m width and 10 m depth and was fitted out with office
furniture and wood cribs to give an average fire load density of 46 kg/m2. No ceilings were present. The
height of openings along the front of the enclosure was 2 m. The floors in the building were loaded to
simulate the floor loading likely to be present in the event of a fire. The onset of extensive burning was
achieved after about 10 minutes (there being no glass in the windows and fires being started simultaneously)
and the fire burnt for more than 60 minutes with air temperatures reaching a maximum of 1150°C at one
location. It is estimated that the maximum HRR reached 58 MW. Extensive floor deformation was noted but
collapse did not occur.

Cardington fire test

Floor system after test

The temperatures achieved for individual steel beams indicated that failure would have occurred if these
members had been tested as isolated members. The fact that this did not happen illustrates that the
behaviour of a building structure in fire will often be significantly better than the behaviour of the most
effected isolated member.

The above findings are reflected by observations made during major fires in bare steel-framed buildings. For
example, in the case of the fire in the five storey L'Innovation retail complex in Belgium in 1967 [16], the fire
was initiated on the second level which was constructed from bare steel construction as were other parts of
the building. The spread of fire was rapid due to openings through the floors and the presence of combustible
ceilings and the entire building complex was noted as being apparently "engulfed in flame" by the time that
the fire brigade arrived. The building collapsed about two hours after arrival of the brigade.

In 1993 a very serious fire destroyed a toy factory in Thailand [17]. This building was a four storey steel-
framed construction with voids and open stairs connecting all levels. None of the steel members were fire
protected. Being a toy factory the fire load level was very high (compared with office buildings) as was the
potential for rapid fire spread. The plan area of each level of the building was 2275 m2.

The fire in the building was extremely fierce. The fire started at 4:00pm on the first floor (i.e. the lowest floor)
and was well and truly noted. Security guards were unsuccessful in extinguishing the fire. The brigade was
called at 4:21pm with two more calls at 4:30pm. The first fire apparatus arrived at 4:40pm. It was at this point
that the building (Building 1) was stated as showing sign of distress but collapse of the building did not occur
until 5:14pm. The building hung together for more than 40 minutes from the time of ignition despite the
presence of a fast spreading and intense fire.

The structural behaviour of buildings in fire is much better than that which might be expected for isolated
members. Furthermore, a fire does not affect all parts of the level of a building at the one time. It is concluded
that concrete or composite floors where supported by bare steel construction similar to that described above
will offer levels of performance beyond that required for evacuation of the occupants. However, the protection
of columns in the lower levels of the building is recommended in certain situations.
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Appendix C:
Barriers to Fire Spread - Walls

Fire spread between building is mostly associated with radiation heat transfer. It follows that fire spread may
be limited through provision of sufficient separation between buildings and/or external wall construction
designed to resist heat radiation. Four limiting situations are now considered:

non fire-resistant non fire-resistant

unlimited external wall external wall
opening
unlimited
ISituaticnill e opening
building
interio

limiting distance ggp  limiting distance
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external wall
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pgp  limiting distance
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non fire-resistant
external wall
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unlimited
opening
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fire-resistant fire-resistant
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opening) opening)
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Shweriien 43
terior | eri
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Situation 1 relies on having a sufficient spacing between buildings. What spacing is acceptable? The BCA
deemed-to-satisfy provisions suggest that 6 m is an acceptable distance at which unrestricted openings in
adjacent external walls are acceptable. This separation distance appears to be justified by the fact that lateral
fire spread between buildings, in the event of a fire within one of the buildings, is a rare occurrence. This
distance is therefore accepted as appropriate. It also corresponds to aspects of CV1 of the BCA which
specifies a radiation of 20 kW/m? at a spacing of 6m between buildings, the latter value of radiation being
commonly accepted as the value at which non-piloted ignition occurs.

Situation 2 relies on "containing" the fire sufficiently to prevent higher levels of radiation reaching the
openings of the adjacent building. The external wall of the building of fire origin should be designed to resist
the fire severity relevant to that building. It is not necessary for the wall barrier to remain vertical but only for it
to block the majority of radiation.

Situation 3 relies on the combination of distance and the presence of a wall barrier at the receiving building.
The wall is exposed to radiation from outside and will be supported by a structure that is not affected by the
fire.

Situation 4 has one wall that "contains” the fire and another which "resists" any radiation. The internal fire
situation will govern in the case of both walls as there will be little, if any, radiation from a fire in the adjacent
building.

What level of FRL is appropriate?

facade It follows that an external wall, if within
of adjacent it imiting distance = 6 m, @ limiting distance (taken as 3 m) from
radiant panel building maximum radiation a fire-source feature must be designed
temperature = 1000°C received = 20 kW/m?2 to resist both an internal and an
e = o m external fire. The resistance to an
internal fire is achieved by specifying
an FRL appropriate to the potential fire
severity. This is commonly taken as
120/120/120. What level of fire-
resistance is necessary to resist the

radiation effects from an external fire?

fadiant " |
heat flow

maximum radiation
received = 40 kW/m?

Radiation heat transfer to adjacent building

100 mm ‘

The required level has been determined by f;ggie‘”vcg”\ f’;e;;erizfa”clf
X wa

considering a concrete wall with an FRL of

9019080 (100 mmin thickness) when 4| FAL-/90/90 or 90190/90
exposed as in Situation 3 to the specified

level of radiation (40 kW/m?) for a period of

180 minutes—this period being considered

as a conservative upper limit for exposure L.

time. Heat transfer analysis shows that the radiation »
unexposed temperature of the wall will be

building
interior

less than 200°C after this time. It is = L o neratora o
concluded that an FRL of 90/90/90 is more unexposed face < 200°C
than adequate with respect to exposure to

external radiation. *

Temperature across thickness of wall

It follows that an FRL of 90/90/90 or -/90/90 for loadbearing and
non-loadbearing external walls is appropriate to cover
all possible adjacent building situations.
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Appendix D:
Barriers to Fire Spread - Roof

Not only can fire spread due to the radiation from the vertical openings in an external wall of a building but
also due to radiation from the roof. However, in this document, steel or concrete roofs only are considered,
with the steel roofs designed so that they will essentially contain the flames. It will be demonstrated that such
roof construction will not result in fire spread to adjacent buildings.

This situations have been analysed as shown below. 16.0 KW/m? ’
The first situation is where the building of fire origin is radiation received 8
located at the fire-source feature and must therefore have at adjacent building
an external wall with the appropriate FRL. No openings are 6
permitted in this wall. The adjacent building is located 3 m  1_,4,e¢ A":g;rg"sfo nx 60m §
from the fire-source feature and is therefore exposed roof sheeting assumed to L)
essentially to radiation from the roof. The maximum remain nominally intact ‘ =
radiation is 16 kW/m? which occurs 8 m above the roof T2
assuming that there is no overhang and that the external 0 kWim2|o
wall does not extend beyond the top of the roof. If the wall
extends above the roof this will further reduce the radiation.
Note that the radiation level is less than 20 kW/m?2. - - | T ”
‘ 3m
A
13.2 kW/m? 0
additional The second situation is where the building of fire
radiation 8 origin and the adjacent building are both 3 m
from hot roof from the fire-source feature. Accordingly the
Hot roof 6 external walls of both buildings are not required
T=784°C, Area = 30 m x 60 m % to be fire resisting and as a result radiation is
r‘:‘e’;sa';ﬁen‘g:ﬁ"?:ﬁ“m:x ‘ radiation from 45|  emitted from both the external wall and the roof.
y window < The resultant radiation remains below the limiting

1.95m x 20 m)

e

6m

2 value of 20 kW/m?2 which occurs directly adjacent
to the wall opening.

20.0 kW/m?

The above levels of radiation are based on the
assumption that the roof remains relatively intact.

This can be assumed to be the case provided the
roof is of steel or concrete construction. In the
case of a steel roof the sheeting must be screw
fixed to supporting members.

steel roof after fire

It follows therefore, that subject to roof being of steel or concrete
construction as required in this document, there is no justification
for the roof to have a fire-resistance level.

Appendix E:
ESA/M of Steel Sections
(m2/tonne)

hot-rolled sections

section ESA/M section ESA/M
610UB125  14.9 310UCT58  9.66
113 163 137 110
101 181 118 127
welded-plate sections P00 das | | zsucess 130
e 460UB 821 17.7 729 168
746 194 200UC 595 168
671 214 522 189
410UB59.7 219 462 212
537 241 150UC 37.2 203
i 360UB 56.7  21.1 300 246
507 234
section ESA/M section ESA/M 447 263
1200WB455 8.51 500WC440 5.41 310UB46.2 23.2
423 9.10 414 5.78 40.4 26.2 .
392 979 383 6.21 250UB37.3 247 hollow sections
342 104 340 730 314 290
317 114 290 851 200UB29.8 263
278 121 267 9.22 180UB 22.2  27.1
249 12.6 228 10.7 150UB 18.0 28.3
1000WwB322  10.0 400WC361 548
296 108 328 611
252 };-i g‘;g s-gi section  ESAIM section ESA/M
PR o oy o 457.0x12.7CHS _ 10.3 250x250%9.0SHS  14.6
: - 95CHS 137 6.0SHS 21.7
ﬁf; ]‘3’;3 ;Z }g'z 64CHS 202 200x200x9.0SHS ~ 14.7
! 4064x12.7CHS ~ 10.4 6.0SHS 218
SR S50WC2601 608 9.5CHS 137 50SHS 26.0
800WB:§§ H:; ggg s:gg 64CHS 202 150x150x9.0SHS ~ 14.9
e e 355.6x12.7CHS 104 6.0SHS 220
e e : 95CHS 138 50SHS 262
Ty 64CHS 203 125%125x9.0SHS ~ 15.1
B 3239x12.7CHS 104 6.0SHS 221
o ey 9.5CHS 138 50SHS 26.3
s 64CHS 203 100%100%9.0SHS ~ 15.4
: 2731x9.3CHS 142 6.0SHS 224
64CHS 204 50SHS 266
48CHS 270 89%9x6.0SHS ~ 22.5
219.1x8.2CHS  16.1 50SHS 26.7
. 64CHS 205 75x75%6.0SHS ~ 22.8
welded-plate sections 48CHS 271 50SHS 27.0
168.3x7.1CHS ~ 18.7
64CHS 207
48CHS 273
114.3x6CHS 224
48CHS  27.7
— 88.9x5.5CHS 247
section  ESAIM section  ESAIM SECLS e
1200WB455  9.61 500WC440 655
423 103 414 699 .
392 114 383 752 hot-rolled sections
342 115 340 877
317 124 290 102
278 133 267 111
249 137 228 129
1000WB322 112 400WC361 659
2 a1 % 788 section _ESAM TN
: - 610UB125  16.7 3700C158 116
215 148 270 822 o T
900wB282 121 212 111 - -
257 133 181 130 L0 -
218 146 144 161 530UB 924  20.0 96.8 184
175 170 350WC280  7.33 TR s 250UC 89,5 ;g'g
800wB192 147 258 7.89 5 : 2 ;
168 161 230 882 G0 2ooucgg.‘25 gg'g
67.1 242 ) y
;Zg ;g:g 1er 103 410UB59.7 248 462 256
RS IR 53.7 274 150UC 37.2 244
150  16.0 360UB 56.7 241 300 297
130 183 S0.7_ 268
115 206 310UB 462 268
250UB37.3 286
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