Out of Scope
From: Michael Belsham
Sent: Wednesday, 6 April 2016 2:31 p.m.
To: Edwin Claridge
Subject: FW: B1 and C6 - structural stability in fire [UNCLASSIFIED]
Ed,

Clause C6 does not exempt the structural engineer from responsibility for demonstrating that there is a low
probability of the building becoming unstable during fire.

Clause B1.3.1 must be met (low probability of rupturing, becoming unstable, losing equilj r collapse...) as
as B1.3.4 (Due allowance shall be made for: {a) the consequences of failure, ... {e) ac

the methods used to predict the stability of buildings). At a minimum, | would e structural enginaer
would have to demonstrate how C6 quantitatively achieves these B1 clauses.

there are provisions in the B1/VM and/or loading standards to dem Q’@‘
(2.5% lateral load, 5 kpa wind load),

tural stabilit and\after fire

Is the C/VM2 being applied, in its totality, for complianc i gvisions of t NO just proposed to
use one of the C/VM2 approaches for the structural rifg issue?
We will be adding the following to the high rise g n

“The fire resiliency of the structure ings warrant sideration due to the time required for
occupant evacuation and firefi nS, as well as t | impact that local or global collapse could
have on neighbouring prope i /VM2 pro sment of fire ratings, it is also required to

by fire under Clause B1 the Building Code. Itis

ty-during and after fire, as required in B1, be provided, in

demonstrate that the st
therefore required ve of structu
addition to complian ithi¢/vm2.”

MichaeNBelsham %
FIRE ENGINEER

Building mance Branch | Building Resources & Markets
Ministr ss, Innovation & Employment

Lg SSout Street, PO Box 1473, Wellington 6143
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Any opinions expressed in this message are not necessarily those of the Ministry of Business, innovation and Employment. This message and any files

Lransmitted with it are confidential and solely for the use of the intended recipient. If you are not the intended recipient or the person responsible for delivery
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From: Ed Claridge [mailto:ed.claridge@aucklandcouncil.dovt.nz]
Sent: Tuesday, 5 April 2016 2:19 p.m.

To: Michael Belsham; Brian Meacham

Subject: B1 and C6 - structural stability in fire

Hi Michael, Brian,

We have received the following response regarding our request for a PS1 and PS2 covering NZBC Clause
B1 for a design which was amended following a ‘specific structural design’ which has removed the passive
fire protection to the steel work originally specified by the original fire designer. The response is basically
saying they don't need a producer statement covering B1 as B1 is met by meeting C6. At the moment | am
uncomfortable with this response but my main concern is that this is the s °/®)® and s °(@)a)

design team that may be arguing the same for the * *@®® tall building so | possibly need to
understand the situation more clearly going forward given that we are expecting to see’the structural FEB
for that design very soon.

Would you mind taking a look at the following response and confirming thi foviding any, S : S

comment on its applicability to low rise (which is this building ) and also ally for the tall b
will be seeing.

Any advice would be appreciated: @:; >
The extent and methads for Compliance with Clause B2 Durabibity are @

not altered by thss amendment to consent Therefore Clause B2 1s not
covered by the Producer Statements subnutted with this consent

amendment Clause Bl Stucture tequites that (stiuctuie in) bugldin

conditions that attect stability include fiie However the Code
not specific on how this i achieved The Veuficatiop . )
aites the Structuial Design Actions Standaids 3 ~
~tandaids (in patticular NZS3404) as complid E w(5Avhich are
Jdeemed to <atish the Bullding Code N Design
' > spectficolly h
e nvevel, this Sp

Actions Standaids not the matenalg sta
“complyiith Cla

specific) 1eqgyage



Provisions
FUNCTIONAL REQUIREMENT

€6.1 Structural systems in buldings must
be constructed to maintain structural
stability dunng fire so that there is:

(2) a low probability of injury or iliness to
occupants.

{b) @ low probability of injury or iliness to
fire service perscnnel during rescue and
firefighting operations, and

{c) a low probabihty of direct or
consaquential damage 10 adjacent
househotd unlts or other property

PERFORMANCE

€6.2 Structural systems in buildings that
are necessary for structural stability in fire
mus! be designed and constructed so thal
they remain stable dunng fire and after fire
when required lo protect other property
taking into account:

{a) the fire seventy,

{b) any automatic fire sprink/er systems
within the buildings

(c) any other active fire salely systems thal
affect the fire severity and sts impact on
structural stabllity. and

{d) the itkelihood and consequence of

are necessary lo provide firefighters with
safe access to floors for the purpose of

failure of any fire safely systems that affect

the fire seventy and its impact on structural

stability

€6.3 Structural systems in buidings that

conducting firefighting and rescue
operations must be designed and
constructed so that they remain stable

during and after fire

6.4 Collapse of butlding elements |

have lesser fire resistance must ol @

the consequential collapse of elexien
that are required to have a hig
resiglance

ent dment, wh ecihcally on
Y fire, Clauge C6 1s lydappropiiate speciic Code

Hence, for t
stiuctural

Clau ¢ eneial cony lause B1 The Pioduce:
Statemygmts Submitted wiph thi mendment appiopiiately
1eterencethe more s latse C6 (rather than providing a
qualified extent ha h Clause B1)

Comphiance 1 enty tequuements trom C/A'M2 tor
comphal C6 and comphance with Section 11 in NZS3404
for ach uate hie resistance to mantain stabifity duning fire 1s
@ reet the stability requuements to the extent iequired by

Regards

Ed Claridge | Principal Fire Engineer

Ph (09) 353 9372 |*%®@

Auckland Council, 35 Graham Street, Auckland
Visit our website: www.aucklandcouncil.govt.nz
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Out of Scope

From: Ed Claridge [mailto:ed.claridge@aucklandcouncil.govt.nz]
Sent: Tuesday, 5 April 2016 2:19 p.m.

To: Michae! Belsham; Brian Meacham

Subject: B1 and C6 - structural stability in fire

Hi Michael, Brian,

We have received the following response regarding our reque
B1 for a design which was amended following a ‘specific strue
fire protection to the steel work originally specified by
saying they don't need a producer statement covering B
uncomfortable with this response but my main ‘
design team that may be arguing the same fer th t o | possibly need to

X a i
understand the situation more clearly going rdl given that weg ace ing to see the structural FEB
for that design very soon.
g responsé anx riing this for more or providing any
difig~)and also potentially for the tall buildings we

which is { '

phance with Clau¥e RZ

Would you mind taking a look
comment on its applicability
will be seeing.

Any advice would

.
.

abrty are
B2 1= not
with thi¥consent

nt to consen eretore |

ture in) builldings

ST ) as comphiance documents which ate
g Code Neither the Stiuctuial Design
the matenals standaids desciibe specstically how

iwexplicitly covered by the petformance tequiements of
Stiuctural Stability duting Fe

Accardingly, compliance with Clause C6 prosides the fine requuements
for a solution which is deemed to comply with Clause B1 to the extent
iequited by the general (non=specific) 1equiement for the {stiucture in)
burlding to have 2 low probability of becoming unstable accounting for
the phisical conditions that affect stability include fire



Provisions
FUNCTIONAL REQUIREMENY

€6.1 Structural systems in buildings must
be constructed to maintain structural
stabdity during fire o that thate is.

(a) a low probabihty of injury or illness o
occupants,

(b) 8 low probabliity of injury or liiness 10
fire service personnel during rescue and
firsfighting operations, and

() a low probability of direct or
consequential damage to adjacent
household units ot other property
PERFORMANCE

€6.2 Structural systems in buridings that
are necessary for struclural stabihty in firg
must be designed and constructed so that
they remain stable dunng fire and after fire
when required to protect other property
taking into account:

{(a) the fire severity,

(b) any sutomatic fire sprinklar systems

within the buildings.

(c) any other active fire salely systems that

affect tha fire saverily and its impact on

structural stability, and

{d) the ilkelihood and consequence of

fatlure of any fire safely systems that affect

the fire seventy and its impact on structural

stability. .

C6.3 Structural systems in buildings that

are necessary (o provide firefighters with
safe access to floors for the purpose of

conducting firefighting and rescue

operations must be designed and

constructed so thal they remain stable

during and afler fire

C6.4 Collapse of buliding elements

have lesser fire resistance must.aot

the consequential collapse of

that are required to have h

resistance

endment, whic
ng fire, Cla C61s

e lause B1 The Producel
i t amendment appiopiiately
lause C6 (1ather than pioviding a
vith Clause B1)
venty requirements trom C/VM2 tor
Wyt Cladge C6 and comphance with Section 11 1n NZS3404
adejuate fire tesistance to maintain stabihity duiing fire 1s
eet the stability iequiiements to the extent iequued by

sSpecitically on
ppropitate specific Code

qualified exte
Comphan

Regards

Ed Claridge | Pringjpal Fire Fnoinaaer
Ph (09) 353 9372 |
Auckland Council, 35 Graham Street, Aucktand

Visit our website: www.aucklandcouncil.govt.nz
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To: Michael Belsham
Subject: RE: Fire Engineering Brief Guidance, Fire Engineering Brief FAQ [UNCLASSIFIED]

Yes let's do that.

Attached is todays version - but it is much cleaner

Regards

Ed Claridge | Principal Fire Engineer

Ph (09) 353 9372 | Is¢@)@) | s9(2Ka) Auckland Council, 35 Graham Street, Auckland

Visit our website: www.aucklandcouncil.govt.nz

-----QOriginal Message-----

From: Michael Belsham [mailto:Michael.Belsham@mbie.govt.nz] @

Sent: Monday, 4 April 2016 5:14 p.m.

To: Ed Claridge

Subject: Re: Fire Engineering Brief Guidance, Fire Engineering Brief FAQ [U SSI ] %
he late ag: ) §

Regards, : 3 t

Michael Belsham

Fire Engineer @ ;
>On 4/04/2016, at 16:03, Ed C% e ridge@a@ il\govt.nz> wrote:

> Hi Michael,
: ents attached. | also hope to be in a position to send you
efully close to fi sioh of the Council FEB policy tomorrow.

> Regards @
>

arldge\| Princigal Fire Engineer
: “f 9892 [F92)a)

dCouncil, 35 Graham Street, Auckland Visit our website:
aucklandcouncil.govt.nz

Thanks Ed

I'm in your offices Monday so could make sometime to co§ ES

> eeee- Original Message-----

> From: Michael Belsham [mailto:Michael.Belsham@mbie.govt.nz]

> Sent: Thursday, 31 March 2016 12:11 p.m.

> To: Ed Claridge

> Cc: Chris Rutledge

> Subject: Fire Engineering Brief Guidance, Fire Engineering Brief FAQ
> [UNCLASSIFIED]

>

> Ed,

>

> Attached is revised guidance for FAQ for your comments. It's now split

2



> to shorten it between FAQ and guidance note
>

> Main areas | want to clarify is that BCA needs to be involved and approve and also role of peer review.

>

> Michael

>www.govt.nz - your guide to finding and using New Zealand government

> services

>

> Any opinions expressed in this message are not necessarily those of the Ministry of Business, Innovation and
Employment. This message and any files transmitted with it are confidential and solely for the use of the intended
recipient. If you are not the intended recipient or the person responsible for delivery to the intended recipient, be
advised that you have received this message in error and that any use is strictly prohibited. Please contact the
sender and delete the message and any attachment from your computer.

> [Have your say on the draft Civil Defence, Emergency Management Group

> Plan.]<http://www.shapeauckiand.co.nz/consultations/auckland-civil-def @
> ence-and-emergency-management-draft-group-plan/?utm_source=Email%20foo

> ter&utm_medium=Email&utm_campaign=CivilDefence>
>
> CAUTION: This email message and any attachments contain informati

> <Fire Engineering Brief FAQ EC comments 201
> Engineering Brief Guidance EC comments 201
www.govt.nz - your guide to finding an

Any opinions expressed in this
Employment. This message.an
recipient. If you are not tl
advised that you ha

sender and de% essage and any



Out of Scope
From: Ed Claridge <ed.claridge@aucklandcouncil.govt.nz>
Sent: Wednesday, 30 March 2016 5:08 p.m.
To: Michael Belsham
Subject: What is intent of Block Exit Design Scenario
Attachments: What is intent of Block Exit Design Scenario.docx
Hi Michael,

Some comments in the attached

Regards @ &
Ed Claridge | Principal Fire Engineer @

Ph (09) 353 9372 s%@)Ka)

Auckland Council, 35 Graham Street, Auckland

Visit our website: www. aucklandcouncil.govt.nz @

Bl

al\ahd may be LEGALLY PRIVILEGED. If you are
y prohibited. If you have received this email

atta ents. We do not accept responsibility for any
eCipient computer system or network. Any views expressed in

= views of Council.

not the intended recipient, any use, disclosu
message in error please notify us immedi
viruses or similar carried with our emai

this email may be those of the Indrdu @

&%



2.7 What is intent of Block Exit (BE) Design Scenario?
The construct of this design scenarioc has three requirements:

1. Any escape route (that is not a vertical safe path) that serves more than 50 people requires a
second exit. This includes horizontal exitways.

2. This scenario limits vertical safe path to a maximum capacity of 150 people in a non-
sprinklered building or 250 people where the building is sprinkler protected. if there a<e-is
more than one stair or exit available providing an alternative means of egress than this
restriction does not apply. For buildings where one stair #&-provides a single means of e
from some floors but not others then stair shall be designed such that the maximu

when considering a total building evacuation.

3. The travel distance shall be limited along the escape route to reach { st
horizontal exitways. There is no requirement within C/VM2 to Ilm
safe paths.

There is no tenability analysis required for this design scena 3
Comment:

| wonder if we need to specifically place a rgsTchen on g a single meaqs -ﬁ_%
the egress at the top of a building. Thergaxe'y nulfer of buildings in Auk _ f
have designed the top 25m of the byfigfng ad e means fo es ,_J d dpRstdeled thns

acceptable because the lower paTHOrMOT 4 e Qoitding has ‘multial "above does not
capture a height limitation? b Q
There used to be exd te ng the historgc ‘( issue and given that it s

difficult to demo M fire enineer:n wh ' cegtable number of people to be placed
in a dead end'gituaNoR & here only a si -; e - -4 e from a multi storey building

vith a single measn of escape present challenges for Fire Service intervention as
pUmit the access to the internal portions of the building by limiting choice and
ompromising egress routes once the Fire Service make access to the building. For tall
buildings additional challenges are realised as the ability for external access by the Fire
Service becomes severely restricted This places additional emphasts on the need to utilise a
singie means of escape for both egress and fire fighting operations.

1Formateed Bulleted + Level: 1 +
\Allgned at: 0.63 cm + Indent at: 1.27
cm




Out of Scope 2 o

From: Michael Belsham

Sent: Wednesday, 23 March 2016 5:13 p.m.

To: ‘Ed Claridge'

Ce: Chris Rutledge

Subject: RE: Guidance - Fire Safety Measures for High Rise Buildings [UNCLASSIFIED]
Attachments: 160123 Fire Breaching of Floors in Apartments Final Report for MBIE pdf
Ed,

Thanks for sending this through this gives us valuable insight into the process.

Again | believe the issue here is peer review. s %2)@) is a steel advocate and will b g lowerin
rating to steel such that the building is viable. | attach paper he gave us to trying imber frame i

unsafe and light steel frame should be used instead.

Having®®@@peer review is a good call. @ @

The critical comment in the determination was @@ @

In the second expert’s opinion, due to a lack of a @s and methodolo e'proposed alternative
solution does not reasonably show coripli ith the Building ;

The peer review sounds confused if @ on FLED!

Kind Regards. % @ g

Michael Belsham %

FIRE ENGINEERS : x

Build{ rformance Br%u ing Resources & Markets

Minis ess, Innova yment

Level 5, Stout Str@ B

3, Wellington 6143

Any opinions expressed in this message are not necessarily those of the Ministry of Business, Innovation and Employment This message and any files

U tted with it are confidential and solely for the use of the intended recipient. if you are not the intended recipient or the person responsible for delivery
to the intended recipient, be advised that you have received this message in errer and that any use is strictly prohibited Please contact the sender and delete

the message and any attachment from your computer

From: Ed Claridge [mailto:ed.claridge@aucklandcouncil.govt.nz]
Sent: Wednesday, 23 March 2016 1:25 p.m.
To: Michael Belsham; Brian Meacham



Cc: Chris Rutledge
Subject: RE: Guidance - Fire Safety Measures for High Rise Buildings [UNCLASSIFIED]

Michael, Brian,

FYI ~ | have just reviewed two ‘alternative’ structural fire designs, which fortunately are for low rise
buildings but | have found issues with the design. Coincidently the designs (by s °(2X®) reviewed by
s9@)(a) ) are the current proposed design team for the * 110 and the issues with
these designs made me go back and revisit this determination:

loads/resolving-problem

This determination also involved the same designer and reviewer and it is interesting to read through the
determination some years later and find that we are not only in the same position but it would appear to me

that nothing has changed — except that we are now in C/VMZ2 territory.
The determination has many interesting statements throughout including: @@ «
t .

“The determination has exposed an anomaly in C/AS1 when it is applied to b his particul

“... it is an extremely serious matter to propose that an 18 storey buile @ upported o
structure that only has a 15 minute fire rating ... this is not the intent.o he compliance do mMER
of any building code internationally that would allow such a lo ' gina baseme 3

building."
rs, on the gual ement that these elements °...
2" Thisis inc the upper levels where calculations

is] unaware
rinklered tall

“All basement beams are unprotected based so
will maintain stability without applied firc T

based on the HERA Report R4-l3
“Where fire protection to r-- anner in which the protection is applied is not
specified. Instead alterna s are offeréd soim hich are described as ‘partial protection’ which

appear not be sup etailed anal

nce of any; ility’ require proper engineering calculations to be carried out.”

On a positive note % appears to be available to provide the Council with independent expert
advice in this lea eep this confidential at the moment but | would suggest if we can agree the
(24(a

engageme i at he would be a useful additional person to pull into the mix when discussing a

way fo@% se issues.
defards

Ed Claridge | Principal Fire Engineer

Ph (09) 353 9372 | s9@)a)

Auckland Council, 35 Graham Street, Auckland
Visit our website: www.aucklandcouncil.govt.nz

d in 7.2.1 K1t is not slear that C 4.3.3 has been satisfied. The unprotected columns, beams
a@b

From: Michael Belsham [mailto:Michael.Belsham@mbie.govt.nz]

Sent: Friday, 4 March 2016 9:25 a.m.

To: Ed Claridge

Cc: Chris Rutledge

Subject: Guidance - Fire Safety Measures for High Rise Buildings [UNCLASSIFIED]



Ed,

We had a managers meeting to discuss this guidance. It was decided not to release the guidance at this time until
we had further discussions with overseas experts on a way forward.

However if you receive a submission for a tall building that you are uncomfortable with please contact us and we
can look to publish the guidance to assist with encouraging designers to adopt better standards.

How is progress with updating the policy and FEB Guidance? As discussed a joint publication would be
advantageous.

Kind Regards,

Michael Belsham
FIRE ENGINEER

Building System Performance Branch | Building Resources & Markets é ;>
Ministry of Business, Innovation & Employment

michael.belsham@mbie.govt.nz| Telephone: +64 (4)+ 896 5613 | s9(2)@)

Level 5, 15 Stout Street, PO Box 1473, Wellington 6143 @ @

BUILDING <: \ ) (:)

PERFORMANCE \

wv_vm@% Ir guide to g and using New Zealand government services

in ssage are not necessarily those of the Ministry of Business, Innovation

Any opinions expre;

and Employment. ge and any files transmitted with it are confidential and solely for the use of
the intended ou are not the intended recipient or the person responsible for delivery to the
intend i e advised that you have received this message in error and that any use is strictly
prohib e contact the sender and delete the message and any attachment from your computer.

©

——

CAUTION: This email message and any attachments contain information that may be confidential and may be LEGALLY PRIVILEGED. If you are
not the intended recipient, any use, disclosure or copying of this message or attachments is strictly prohibited. If you have received this email
message in error please notify us immediately and erase all copies of the message and attachments. We do not accept responsibility for any
viruses or similar carried with our email. or any effects our email may have on the recipient computer system or network. Any views expressed in
this email may be those of the individual sender and may not necessarily reflect the views of Council.



The University of Auckland 222 THE UNIVE RSITY
Department of Civil and Environmental @ OF AUCKLAND

Engineering FAGULTY OF ENGINEERING

iﬂ::};,aaﬁﬁo . Department of Civil and
New Zealand Environmental Engineering
Potential for Fire Breaching of Floors in Light Framed
Apartments

Written by:s 9@2)a)
University of Auckland

January 2016

Status: Document for MBIE, dated: 23 Jan 2016
Abstract. &
With the need for increased medium density housing in New Zealand’s main cities, espec ere are current

two research projects underway developing solutions for light framed apartment buildi% reys high. On

a

light timber framed construction is being undertaken by BRANZ; one study on light-steel fr construction is bei
undertaken by NASH/HERA with input from the University of Auckland.
With multi-storey apartments, each floor comprises a firecell, with the ap
that floor.

Floors are rated for fire from the underside.

This report is a numerical study which investigates the potentia
the underside or from burning down through the bearing la;

storey apartment buildings of the type proposed.
Section 1: Background and Scope @
1.1 Background

The Auckland Council Capacity Gri
storey residential buildings. Thi

NOBG

(Council 2 ng greater urban density through the multi-
i develop cost effective design solutions for light
ight Steel Framed (LSF) construction and is led by
NASH. The other is foc G striCtion and is led by BRANZ.

¢ storey mixed use residential building shown in Figure 1 as the basis for developing design

solutions. Q

This ail ground flgor, foll%y 6 levels of apartments, with typically 4 a?artmcnts per floor. Two are two
ea

The

nts, each of 74mr “Wo are one bedroom apartments, each of 50m” floor area.

fowiénce requirements of the New Zealand Building Code (MBIE_NZBC 2013), with the

two areas of perfo
Clauses Cl to £6: i Om Fire

typically implemented via the Approved Documents, through either a prescriptive route or a design
the fire safety provisions relating to apartment buildings, the prescriptive route is through Acceptable
(MBIE C’/AS2 2012) and the design based route is through Verification Method C/VM2 (MBIE_C/VM2

C/AS2 specifies a FRR = 60 mins for unsprinklered buildings and FRR = 30 mins for sprinklered buildings. C/VM2 requires
the buildings to resist burnout when the escape height from the uppermost floor > 10m, which will be the case for these
buildings. The most common method of determining burnout is through the time equivalent approach and Figure 2 shows the
calculations for this based on use of an insulated steel member exposed to the Eurocode Parametric Fire (EN1991-1-2 2002)
determined using the HERA Program FaST (HERA 2006). This gives teq = 60 mins for the design FLED of 400 MJ/m? floor
area for Occupancy Class SM as specified in C/VM2; that can be reduced to teq ~ 30 mins when the building is sprinkered, as
the design FLED is multiplied by a factor of 0.5. However, the current provisions in C/VM2 relating to fire load reduction
with sprinklers are under discussion and for a building of 6 storeys the reduction factor might increase to 0.75, meaning a teq
~ 45 mins. This would require an R60 fire rated system.

Page 1 of 18



Winstone Wallboards Ltd present a comprehensive series of fire rated solutions for floors and walls; an example for LTF
floors to deliver R60 performance is shown in Figure 3. An alternative to the two layers of 1 3mm thick GIB Fyreline is to use
1 layer of 16mm thick GIB Fyreline. The same detail in terms of ceiling linings applies to a LSF floor.

For airborne and impact sound insulation, the Building Code current Clause G6 and the associated Approved Documents are
out of date and are known not to deliver an appropriate level of performance. Solutions that are more closely aligned to
proposed changes to these documents have been developed for Gib Board lining systems by Winstone Wallboards Ltd and
are given in GIB Noise Control Systems (WWB 2006). A suitable LTF floor solution is shown in Figure 4

0
ia aceili

Both systems are shown for light timber floors which have joists at 600mm centres. The same solutions in terms of flooring
of the LSF systems will be up to 1dB higher than for the timber floors, given the greater elastic flexibilitgf the steel joist
flanges.
These floor systems comprise:
1. Flooring of 20mm thick particle board, typically, or 17mm thick structural plywo ic Empact [nsulatie
purposes, this is required to be covered by either cushion backed vinyl or carpet on a ru waffle underlay.
2. Floor joists at 600mm centres, sized as required for structural performance
7Smm thick
4. Two layers of 1 3mm thick GIB Fyreline fixed as specified into the jo g batten syst @irca fix
clip. @
In heavy steel/composite construction, the floor systam, typ mprises a i c@ coricrete floor on steel deck,
acoustic insulation requirements directly, , as specified in HERA Report R4-121
(Burrows and Clifton 2004) and sho the combination of 3 and 4 above in

and ceiling linings apply to light steel framed floors which have joists at 600mm centres. In practice the acoustic performance
A

3. Sound control infill material for acoustic insulation, typically glasswo
The acoustic requirements dictate the details in 3 and 4 abov, 1 a floor whic ed acoustic
insulation levels will develop R60 in fire.

|
supported on a system of primary and secondz For apartment ickness of concrete cannot meet
conjunction with the composite

atisfy the acoustic requirements of the Building
4/the question was raised as to whether this could be used as
an insulation lay 0

i d for the compp
e building
e steel beams@ho mtertfperature rise in fire, on the basis that there is negligible
combustible mater iling void and@ te slab provides a barrier to air flow through the ceiling void from

a fire belo : fl ve, even wh limited openings in the ceiling linings for services.
isquestion wa Fire Engineering project in 20052006, which undertook experimental testing of natural

mining the effectiveness of GIB board linings as radiation barriers. Figure 6 shows
ree tests were undertaken:

Given that a robust lining
Code, it becomes a mand

nswered in a
built enclosm

arid-uriexposed surface failure temperatures for fire resisting gypsum board.

[3mm thick Fyreline GIB Board linings and FLED = 405 MJ/m? floor area, in order to test the concept
he Bning remains in place throughout the fire, the steel members above the lining will remain at a temperature
elow the failure temperature.

s of this project are given in (Brown 2007), with summary details and design unexposed surface failure temperatures
given in (Clifton and Brown 2006). The procedure has been incorporated into the computer program FaST, with details of the
validation work undertaken for this given in HERA Report R4-127 (HERA 2006).

Brown’s research covered floors and walls; his experimental testing showed that floors protected with fire resisting linings
are more vulnerable to burn through than walls, given the effect of gravity acting out of plane on the degrading ceiling
linings. For GIB Fyreline, the design unexposed surface failure temperatures recommended from this testing for determining
the failure of the linings are 250 Deg C for ceiling linings and 400 Deg C for wall linings (Clifton and Brown 2006, HERA
2006). These are lower than the actual failure temperatures as noted in section 3.1. This shows that in terms of breaching
from fire, the ceilings are the priority elements to check. The program FaST that has been developed from this work is used
in this report to answer some of the questions raised in section 1.2

Page 2 of 18



Research into the radiation barrier method showed that while the method provides a workable design solution, performance
of the linings is strongly dependent on the fire severity, which is a function of the FLED. Given that FLEDs can vary
significantly from space to space within an apartment, when the radiation barrier method is applied to heavy steel
construction, it is used in conjunction with composite floor systems detailed in accordance with the requirements of the Slab
Panel Method (Clifton 2006; Clifton and Abu 2014) in order to accommodate local inelastic deformations that would occur in
the event of partial barrier failure in regions of FLED significantly above the design value of 400 MJ/m’ floor area.

The final issue to cover in the background is the expected fire loads in apartment buildings. For FED to C/VM2
(MBIE C/VM2 2012/2013), the design FLED = 400 MJ/m? floor area for all spaces where occupantssleep from Table 2.2.
This reportedly represents the 80% loading for these spaces.

The most comprehensive recent survey of occupant fire loads for apartment buildings that the author could find is by
(Bwalya, Lougheed et al. 2008) and is based on Canadian apartments. Given that the author has been on sabbatical in
Montreal from November 2015 to January 2016 while writing this report, staying in a Montreal apart nd visiting people
in other apartments, he has first hand experience to compare the type of combustible material that thi is based on with
that in New Zealand apartments. Visually these contents look very similar and it is expected that th i lues will b
relevant to New Zealand apartments.

The occupant apartment fire loads from (Bwalya, Lougheed et al. 2008) give FLED’s substantially Hfigher than the
design value; see details in Table 1. This is especially the case in the bedrooms hens.

Those values include the fire load from the overlay floor linings but do n
and typically fire engineering design of light framed buildings does ribution fro
framing that is enclosed within the wall and floor linings. Howe le content S
significant. For the 20mm thick particle board flooring mos L

particle board is fully consumed.
For a timber flooring system, the structural timber c@ ditional so;

website http: /'www.timbertecs.co.uk/blog/2011<] 1 how- -will-the-timbet

Using a typical FED calorific vlGe g i€ gives a potential FLED of 1581 MJ/m”2 compared
with a design occupant DR i MIJ/m”2 . The floors constitute 1/3 of the weight of

timber framing, so th MIJ/m"2 floor area.

all the material needed to complete this study

assembled a@ar\

ndicative answers to the following questions:
ildings built using the floor system described in section 1.1 and subjected to fire from below,
ili re breaching the ceiling linings, based on the expected FLED of spaces within an apartment?
ling linings, what is the likely influence on the floor system protected by these linings
oor systems comprising particle board or ply on steel or timber joists, what is the likelihood of fire on
aching the flooring and impacting on the joists and linings from above?
breaches the flooring, what is the likely influence on the floor system supporting the fire floor?

Outline
s document comprises the following parts:

Section 1: Background and scope

Section 2: Methodology.
Section 3: Validation of the method for determining breaching of the ceiling linings

Section 4: Results
Section 5: Conclusions, recommendations and further research required
References

The figures and tables for each section are at the end of that section.
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[SPECIFICATION I LOADREARING || | FIREIRESISTANGE || |LINING REQUIREMENTS

NUMBER CAPACITY RATING

GBSC 60a LB | 60160740 Timber joists with suspension
‘ | systern & 2 layers 13mm GIB
| l | Fyrebne®

STEM WEIGH]
APPROX

53 43 {60ig/m‘

|
i

FLOOR FRAMING

Timber floor joists complying with NZ5 3604 spaced at
600mm centres maximum.

Alternatively, a proprietary I-joist system may be used subject

to specific structural design and approval by the normal
building consent process.

FLOORING

Minimum flooring shall be nominal 20mm thick particie board
or minimum 17mm thick structural plywood fixed to the joists
in accordance with the manufacturers’ specifications.

Note: if tongue and groove sheet flooring is used. verification of
performance must be obtained from the supplier of the floonng system.

SUSPENSION SYSTEM

Rondo® Key-Lock™ steel frame suspension system
comprising 2.5mm wire hangers at 1200mm centres
supporting top cross rails (part 128) spaced at 1200mm
centres and furring channels (part 129) spaced at 600mm
centres maximum.

comprising 2.5mm wire hangers at 1200z
supporting DJ38 strongback channelsgp

centres and FC37 furring chann ced a
maximum.

Direct or chp fixed GIB® ® Calll

full perimeter cha sy

CEILING L

e board or o
‘ 5 \ ¥ lﬂuu!pl,ﬂ«lngi .
% /e S

AOS s Nk s

The joints of the second layer are to be offset from those of

the first layer.

All sheet end butt joints must occur on the furring cha 5

Fasteners

Tapping Screws.
OUTER LAYER: 41mm x
Fastener Centres

Sheets shall be touch fitted
FASTENING THE UINING @
INNER LAYER: 25mm x 6g GIB® Grabb¥r® all

led and taped in
tled ~GI8* Site Guide”

All fastener heads stopped and all sheet
gfeinforced and stopped in accordance with the

DY NS AR €% 20 enively di

syram and may renously zomproruse pericemance Foliow system speafications

. eaxcily 3 pruscnbed. Subsutu

arsts af 00rrwn

Cunlivs Mmanmum

P «— Rondo’ Key lock™ or

USG Donn® Sciewd n ™
£APONSI00 tystam

Figure 3 GIB Solution for R60 for Light Timber Framed Floor Construction
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lus! m%
5 %GIB OEIEX Cup*

9

GIB™ NOISE CONTROL SYSTEMS ~ INTERTENANCY

GIB
SPEC No., | LOADREARING CAPACATY | STC | AW /| [1C || RRE RESISTANCE RATING © . UNNG REQUIREMENTS .
GBOFA 60c LB 56 | 56 |72 60/60/60 2 x 13mm GIiB Naiseline’
FLOOR FRAMING FASTEN'NG THE LINING
Floor joists shall comply with NZS 3604, be spaced a) 600mm Fasleners
centres maximum and have a depth of 200mm mirmum INNER LAYER 25mm x 60 GIB” Grabber* Self Tapping Oryveall
Alternative Floor Framing: Use eilher Hyspan® or Hybeam® HJ Serews
senes (oisls designed tor sirenglh and serviceability, no ess QUTER LAYER 41mm % 6Q screws as above
than 200mm deep ancd spaced al no more than E00mm Fastener Centres
Consull the joisl manulaciurer regarding conshiuction of the 200myn cenlies along each batien and al 100mvn along
solid biocking contained in the ftoorjiceting to wall junchions end bull joints Place fasteners no closer than,
sheel edges
FLOORING 2\

Minmum fiooring shall be nominal 20mm parlicle board ACOUSTIC SEALANT \ \, ™
or minimum 17mm thick sleuctural plywood lixed 1o the A bead of GIB Soundseal’ acpss jantis ,ecm; around

marviacturers instructions Nogs are required behind sheel ints the ceiling penimeter of Ihg~Rr 1 &he outer kning (s then
It 1ongue and groove Tloonng is used verllication of performance a
mus! be obtaned from the suppliet of the flooring syslem

GiB QUIET CLIP® AND BATTENS
The GIB Ouiel Chip® shal! be [astened 1o lhe [oisls al maximum
1200mm cenvres (and no less than S00mm cenlres) 1o suppari 0 ¢ agrSiopped) htied an R
the GIB® Ronde" melal celling baltens The battens shait be abicalon entiled "GIR Site GG
spaced al 600mm cenlres maxmum

INSTALLING THE GIB QUIET CLIP®

Use 3 x 32mm » 83 GIB® Grabber® Water Heag &t e b d ofodd and all sheet joints
he trsl screw into the middle rubber ™

correct heighl. inser! the emain

Do not pver tighten the screws i LATION CLASS (IIC)
crushed The screws shouid
fexibity 10 reman in
and the joists

2
‘ﬁ'ﬂﬁﬁﬁﬁ!ﬂﬁﬂn\

Y‘\‘EI!KEKM G

Ners el 13mm GIB
be battens Ofsel the

mance of HC 72 is achieved with a 480z hard twist
woo! hesstan backed carpet over a rubber waffle underlay

Nofe: See page 67 lor penmeler delads

G'B° Rondo® meta’ celkng batten
on G1B Quiet Chp®

R1 & (75mm) Pink* Baus®

baltens and

2 layers of 13mm
GiB Nosehine®

Note: Supenor low lrequency peifoimance, see page 11

In order for GIB® sysiems 10 pedormn a2 tested all components must be installed exally 3¢ prescodad Subsinyling components
produces an emtiely difterent system and may senously compiomice performance. Folloa sysiem speciiicalions

FOR FURTHER INFORMATION ViSIT Wivwi GIB €O 112 ANO SEARCH SPECIEICATION COOE GBOFALD:

Figure 4 GIB Solution for Acoustic Insulation of Light Timber Framed Floor Construction
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STEEL BEAM ISOLATION DETAILS
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Application of the equivalent fire severity to the natural fire test shown in the figures below gives the
following:

W, 1= 2.4 m

Wz =3.6m

H ~24m

h =20m

A, - 1.2x20-24m2
FLED - 405 MJ/m2

ky = 0.09 (from Table S, using the value for plasterboard ceiling and walls as this enclosure was lined
with plasterboard which remained in place throughout the fire)

A/As=0.28

OF - Av,/heq/At = 0.074

ko = 13.7x0.074 = 1.01 (if unprotected steel elements are to be used); otherwise = 1.0
Wr 0.84

te = 405 x 0.09 x 0.84x .01 = 31 mins

11111

405MJm 16 plastic @

Figure 6 Radiation

-“Ww and %Mm No 3 in Progress

Table 1 Densities for \% oonts (from (Bwalya, Lougheed et al. 2008))

ZTN s O\ o
QLN Mandard
@ eviation Minimum Maximum 95"
[~

Sample
m?) (MJ/m¥)  (MJ/m?) (MJ/m?) Percentile Size
(A
Kitc %\\ﬂ 807 123 420 1244 940 515
0 594 146 107 1000 846 129
ry
s 534 125 249 920 753 347
LivingRoom 412 127 106 897 610 397
Dining Room 393 132 119 901 576 292
Basement 288 96 103 633 450 130

Living Room
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Section 2: Methodology
The methodology used in this study involves the following:

1. Consider an enclosure space within one of the apartments comprising either a bedroom or a kitchen. These spaces are
shown in Figure | (b). Use the mean room areas from the Canadian study; these are Af = 10m? for the kitchen and Af =
14m? for the bedrooms (average of primary and secondary bedrooms used) Take the rooms as square for determining the
FaST imput dimensions WI = W2, giving W1 =~ W2 = 3.2m for the kitchen and 3.7m for the bedroom. Consider the
enclosure height of 2.6m which is typical for an apartment.

2. Consider the enclosure space ventilated by either 1 or 2 window sets. From (WANZ 2015) the standard window size is
2.41m wide x 1.21m high, giving a clear dimension of 2.4x1.2m. This gives the ventilation conditions as:

a. For the one window condition, Av=2.88m?and hv = 1.2m
b. For the two window condition, Av=5.76m’ and hv = 1.2m

3. For the fire load, use the mean and the 95" percentile values from the Canadian study (Bwalya, Lougheed et al. 2008)
without including the fire load from the floor linings. Then, where the floor linings are expected breached using the
criterion from section 3.2, consider the case with the floor linings fire load added.

4. For the light timber floors, the fire load of the timber joists is exposed to combustion afterthe ceili are
breached. From (Yudong and Drysdale 1985?), the combustion temperature of timberi f anignition
source is 350 Deg C, so determine and record the time from ceiling lining failure u ¢ ture decreases

Deg C. Note that this is not including the fire load from these joists into the ime te ture conditions so 1§
unconservative, but appropriate for this indicative study.

S. Use the program FaST to determine the fire time temperature conditi rmance of the¢eiling hnings<Run
both the Eurocode and the modified Eurocode fire curves and use e of the two f e fire

conditions and lining failure.

The results are presented in Section 4. The validation of F@ is presented.i
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Section 3: Validation of Method for Determining Breaching of the Ceiling and the
Floor Linings

3.1 Validation of method for determining breaching of ceiling linings from the underside

The radiation barrier method is used for this study. As described in (Brown 2007) there were three natural fire tests
undertaken, in the enclosure shown in Figure 6. A description of the FLED and linings used for each test (taken from (Clifton
and Brown 2006)) is as follows:

Test No 1: The test FLED = 405 MJ/m? floor area (note this is incorrectly written as 450 MJ/m? floor area in that reference).
The linings were 13mm thick GIB Standard board. The purpose of the test was to determine the performance of GIB Standard
ceiling and wall linings under FHCI design fire conditions, the temperatures on the unexposed face at ceiling and wall failure
and the conditions within the ceiling and wall cavities up to and after failure.

Test No 2: The test FLED = 830 MJ/'m? floor area, being slightly above the office design fire load fi . The linings
were 13mm thick GIB Fyreline board. The purpose of this test was to determine the performance ine ceiling and

.

wall linings under FHC2 design fire conditions, the temperatures on the unexposed face at ¢ ure and the
conditions within the ceiling and wall cavities up to and after failure. From the perform@e inihgs in this fire, 3
loj

prediction was then made that the 13mm GIB Fyreline would remain intact throughout ped period o %
FHCI fire in this enclosure and would keep the temperatures of the steel beams above the ceilinig well beneath the limuting

temperature, thus demonstrating its acceptability as a radiation barrier.
Test No 3: The test FLED = 405 MJ/m’ floor area, being the same as A
thick GIB Fyreline board.

Key points from the results are as follows: %

In test no 1 the ceiling failed when the fire temperal r 900°C. The st rat in the ceiling space reached
100°C just prior to ceiling failure then rose to 95% o fipe temperatures in e and web. The wall lining did
not fail. Temperatures prior to ceiling fail Q h si the ceiling.e

he ceiling and ini 13mm

openings) were within 10°C of each otber.

In test no 2 the ceiling failed ju 0 hase. The steel tempse es in the ceiling space were around 200°C prior to
failure but rose locally to much i
failed. The ceiling openings.me

hdord ent localised fai comer well into the cool-down phase. The steel temps did not

d not’show an inc ised failure of the ceiling linings occurred. The average fire
0°C. The ceiling o made less than 20°C difference to the steel beam temperatures.
experimen mined fiilure temperatures on the unexposed side of the GIB board linings were:

for the ceiling
Deg C for the walls

275 Deg C for the ceiling
400 Deg C for the walls (assessed from the wall partial failure)

owiever in this application the aim is simply to determine the appropriate radiation barrier width to use to determine whether
the linings fail and, if they do, the time of failure and the temperature of the fire at that time.

The width of radiation barrier used in FaST to determine the linings performance which gives the closest agreement to the
failure times and fire temperatures observed in the three tests is 0.5m. Using that width and the failure temperatures on the
unexposed side of the GIB board linings given above generates the following lining performance:

For test no 1, FaST predicts ceiling lining failure at between 900 Deg C and 1000 Deg C, just before the beginning of the

decay phase and wall lining failure well into the cooling down phase. The Modified Eurocode Curve gives the best
approximation to the recorded fire time temperature conditions.
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For test no 2, FaST predicts ceiling lining failure just into the beginning of the decay phase and wall lining failure well into
the cooling down phase. The Modified Eurocode Curve gives the best approximation to the recorded fire time temperature
conditions.

For test no 3, FaST predicts no ceiling lining failure when a failure temperature of 275 Deg C is used; if a failure temperature
of 250 Deg C is used (which is the design lining failure temperature recommended by (HERA 2006) then ceiling lining
failure is predicted late in the decay phase, as shown in Figure 7. Wall linings don’t fail. The Modified Eurocode Curve gives
the best approximation to the recorded fire time temperature conditions. Figure 7 shows the experimental and predicted fire
and steel temperatures from test no 3, with the predicted temperatures based on a lining unexposed side failure temperature of
250 Deg C. A very similar experimental fire curve was generated by Test No 1.

The radiation barrier tests were all on single layer linings, in order to avoid the complication of heat transfer through multiple
layers and determining the failure conditions for multiple layers. However, the ceiling linings used in apartments will

comprise two layers, as described in Section 1.1 Background and shown in Figure 3.
When applying this method of determining the point of failure in the fire to linings with two layers, kness has to
be input into FaST. The following must be considered in determining the input thickness t ipleTayers: < S

1. The joinbetweenthe two layers will have thermal impedance, slowing down the temperature rise on the layer ng
directly exposed to the fire (called the upper layer from now on).
2.  When the lower layer fails, the fire exposure to the upper layer will be n at the start ¢loped

fire, thus the temperature rise through the upper layer once the lower a8 fajled will be qui

rise through the lower layer.

3. When the lower layer fails, it may mechanically damage th
to taking into account these

7) and the second on three

yd
r mperature

cing its fir

Two Standard Fire tests are available which are used to
three factors; the first on two layers of 12.5mm fire rgsi
layers of 12.5mm thick fire resistant gypsum plast:

For the two layers BRANZ test, using th ntally determined

fire resistant gypsum plasterboard, t 1 ier width of O

predicts failure of the linings at i red with the r i
: i nexpos

ilure temperature of 275 Deg C for
ining width = sum of the two linings, FaST
¢ time of 63 minutes.

*@ - ed side failure temperature of 275 Deg C for fire
of 0.5m and the lining width = sum of the three linings, FaST
i ecorded failure time of 92 minutes.

{ % um of these | odification should be used.
alwti of method rigning breaching of floor lining from the top down

- dete
ird wcring the g %how long the bearing surface of a LSF or LTF floor system will sustain the impact

Unlike the case for'tlie cel ihings reported above, there is no robust test data to answer this question.

The beari % cally 20mm thick particle board. If the charring rate of this material is assumed to be the same as
0 which is a questionable assumption) then the time to burn through under fully developed fire conditions
i 5 = 30 mins and at least 15 minutes. (The most is the NZ method, which uses a charring rate of 0.65mm/min

btraction of a minimum thickness. The least is the Australian method, which subtracts 10mm from the actual
d then applies the charring rate to the remaining thickness).

¢ author's understanding is that in one set of natural fire tests undertaken at BRANZ on LTF floor systems with just the
particle board floor lining, the fire breached the floor system from the top down at around 20 to 25 minutes after full
development. However he doesn’t have the report on this test and is recalling that from memory. The tests described in
Jonathan Nyman's thesis (Nyman 2002) used two layers of gypsum fireboard on top of the particle board, as shown in Figure
8. This floor resisted burn-through for fire tests with FLED = 1200 MJ/m" floor area.

In practice, however, the use of a non combustible lining on top of the floor bearing surface is not mandatory, nor typical.
The floor covering over the floor lining will be that required for acoustic impact insulation performance, either carpet on
rubber waffle underlay or vinyl. These coverings will add little time to the resistance of the floor linings to burn through from

above.
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Also unlike the ceiling linings, the floor linings are supporting the permanent and imposed loadings on the floor system. As
the floor lining degrades, it will be vulnerable to localised failure from concentrated loads applied eg from bed legs or from
some kitchen appliances.

Considering all these factors, for the purposes of this study breaching of the floor linings is considered likely after exposure to
20 minutes of fire temperatures above 600 Deg C. This is the criterion used in the results section of this report.

Fire and Steel Temperatures from Test No 3

~— Bot flange Bm A
N e—————e—— —
1000 R | \
v == ange Bm B [
e B A No2

Temp (Deg C)

= BF Temps FaST Mod
Eur

FaST Mod Euro Curve

S — -- N
= ; AN 5
00 50 10 .0 200 350
@ Time (Mins) \}> ——
Figure 7 Fire and Steel Tcmpa% 03, Wi i d Side Failure Temperature of 250 Deg C

used in the FaST predicti
@ A

\"4 o TR R W
0l ers of
eboard
0 Y 45mm tmbes nogs
600 centsm wath wolid
blocking for convecting
m gs screw fixed to to eashing
Taogy
/ 20mm Puucde board fooung
> " v‘ 2 1. :

D il /

2N

’/ b |
240oim munimun conposite ol /
Jonsts at 600 centres Thermocoupie '

locanon

Figure 8 Compartment Floor Cross Section in Natural Fire Tests (from (Nyman 2002))
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Section 4: Results
The results are presented in two tables. Table 2 gives the results for the enclosure fire scenarios with one window opening,
while Table 3 gives the results for the enclosure fire scenarios with two window openings.

Note that the structural fire severity and influence on the linings is much greater for the lower ventilation case. The Canadian
study identifies the kitchen and bedrooms as being the locations of potentially greatest structural fire severity, with fires in the
living room and dining room being considerably less severe. This is due to their lower fire load (see Table 1) and greater
ventilation. The bathroom is an area of minimal fire load, typically and the loads observed were not considered sufficient to
warrant inclusion in the study ((Bwalya, Lougheed et al. 2008).

The key points from these results are that:

1. The structural fire severity in an apartment is very variable, ranging from lower than that predicted using C/VM2 or the
FRR from C/AS2 to much higher.

2. Forceiling systems designed to deliver R60 performance and to meet acoustic insulation go
floor systems from underneath through the ceiling linings is likely in regions within the
lower ventilation, such as the bedrooms and kitchens.

3. Ifthe floor bearing surface is 20mm thick particle board without a non-combustibl
system from the top down through the floor linings is likely in a wider range pf<ircums

4. For LTF, the additional fire load from the floor system (527 MJ/m? floor aré A2l i
complete combustion of the floor system leading to combustion of th b
are breached. (This is indicated from Table 2, where for all but the ¢a

D1, 2D1 and 1BI, t

Further supporting evidence for that comes from a fire i
laboratory under construction and for which the occupan
http:'www.theguardian.com/uk-news/2014/sep/13/natt

in HERA News https:,/www.hera.org.nz/S@on
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Table 2 Fire Linings Breaching Study: Results for Enclosure with One Window Opening

Case no FLED Governing | Duration of | Ceiling Fire temp Time of fire
and type | MJ/m? fire curve | fire temp lining when ceiling temp above 350
floor area above 600 | failure lining fails Deg C after lining
DegC (Yes/No) (Deg C) failure
B (mins) (mins)
Note 1 Note 2 Note 3 Note 4 Note 3
1D1 400 E 30 No - =
201 560 E 50 Yes 520 5
1B1 564 E 50 Yes 520 S
2B1 800 E 65 Yes 950 35
381 724 E 60 Yes 830 N2
481 960 E 80 Yes 1070 PRANYTINES
1K1 807 E 45 Yes 6200 DO\
2K1 940 E 55 Yes 830 “Y\ \)1is
3K1 967 E 60 Yes 890N [\ zo oy
4K1 1100 3 65 Yes 1045 S
Notes to Table 2: Bl

1. D= design FLED case, B = bedroom, K = kitchen. The right h

enclosure

2. E = Eurocode curve; ME = Modified Eurocode curve. S

2006)

3. This is determined by eye from the graphical output

results are presented to the nearest 5 mmutes

4. This is determined by eye from the gra

utp

a
ause of the

ST. Because o

of both

.—

s to the

G

accuracy of that method, the

%umbcr of
g& on 2.2 of (HERA

ow accuracy of that method, the

Table 3 Fire Linings Breachi wi W i
g ng nclosu;__\\ '@ Openings
Case no FLED \% %:Ii 0 | Fire temp Time of fire
and type | MJ/m? Q@r e w when ceiling | temp above 350
fl failure lining fails Deg C after lining
p (Yes/No) (Deg C) failure

ﬁ (mins)
Note 1,5 { A~ Not€'2 Note 4 Note 3
20~ 400 [OMVEN A No - -

(203) 560 O\ | \\WME™ No - .

1B2 564~ \ L\ (ME No - -

(8B2) |\ 800 ANV E No s :

382 /A _\IW4—| ME No : -

(482) \[ %60 E No - -
L~ [\ 807 ME No - -
(k2> | 940 ME No : -

L \_3K2 967 ME No : :
(4K2) 1100 E No - -
Notes to Table 3:
For notes 1 to 4, refer to the Notes to Table 2:
5. The case numbers in brackets are included for completeness but full combustion of the floor linings is unlikely due

to the duration of the fire above 600 Deg C not equal to or exceeding 35 mins. This means the fire load in these cases is likely
to be less than that stated but greater than that for the unbracketed case above
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Section 5: Conclusions, Recommendations and Further Research Required

5.1 Conclusions
This study on the potential for fires in apartments breaching the floor systems shows that breaching is likely to occur in the

regions of higher fire load and lower ventilation. That raises the question as to what happens in multistorey light framed
construction when the linings are breached.

We don’t have good knowledge of this for either LSF or LTF systems.

In the case of LTF buildings, limited fire case histories indicate complete destruction of the building without fire service

intervention. See:
e 7 storey timber framed apartment building fire in Los Angeles. http: www.cbsnews.com/pictures apartment-fire-in-1-a-

shuts-down-freeway’
e  http:/www timberframefires.co.uk/background.asp, which presents evidence from several UK fi histories and the
experience in the multi storey timber framed test building at Cardington. &
The Cardington 6 storey timber framed apartment building is a good example which occu chntrolled conditions.
i

1999 a natural fire test was undertaken in an apartment in a 6 storey timber framed buil
Building Test Facility, UK. The fire load of principally wooden cribs contained
and the walls and floors were fire rated to the specified FRR which (from m
decay phase there was no visible breach of the linings and the Fire Servi

safe. Into the evening, several hours later, the fire re-ignited within a cavi
spent the next five hours fighting the blaze which had spread thro
building did remain standing.

for an apartment b

What happens if the fire breaches the linings in LSF buildi
be found of this happening.

fire in the room of origin (the kitchen
the roof cavity nor breach the walls g
weathertight after the fire, exp
unexposed part of the house.

enditions.

benefits of on-co% ity of the structural framing system is recognised by insurers through lower
W author doesn’t have access to the data from which those lower premiums

ww.steel framing.org insurance.html

52 Recomn

Fire case hi i t, in the event of fully developed fire in an apartment of a multi-storey apartment building will,
in the ice intervention, breach the floor system between apartments and spread throughout the building.
Thi ki lead'to complete destruction of the building. The above study is consistent with these case histories.

@ he likelihood of this scenario occurring is very low, especially in a sprinkler protected building which these will

In the Building Code Clauses on fire, many of the clauses C2 to C6 specify performance requirements that are required to
occur with a low probability of failure. It can be argued on the basis of sprinkler protected buildings, both under normal
operating conditions and in the experience of the 2010/2011 Christchurch earthquake series in fire following severe
earthquake, the performance requirements are met through the reliability of the detection and suppression systems in
preventing fully developed fire occurrence. However, other Building Code Clauses, particularly in C5 and C6, require the
building to remain stable during and after fire, which these buildings are unlikely to meet.

The behaviour of these buildings in fully developed fire needs to be realistically addressed and appropriate decisions made on
how to deal with new, multi-storey light framed apartment buildings, before a significant number of these are built. In the
author’s opinion, the reliability of the current detection and suppression systems to suppress fully developed fires in these
buildings make their operation acceptable on the basis that:
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1. The linings that are required for acoustic insulation deliver R60 performance for the structural elements exposed to the

fire.

2. Structural elements behind the linings are shielded from the effects of fire such that their contribution to the fire severity
or to instability of the structure can be ignored.

3. Maybe a non combustible layer on top of the flooring linings should be required to prevent burn through from the top
down.

If this is to be accepted, it will require changes to the NZBC to the satisfaction of all parties. Particularly in regard to the fire
service, it may mean restricting this approach to buildings that can be reached externally for search, rescue and fire fighting
operations.

53 Further research required.
Designs for multi-storey light framed apartment buildings are currently being developed for both L TF buildings to
meet significant future demand. Research projects are currently underway by NASH and B Z to develop

these designs and detailing requirements.

These buildings are of a height that requires the building to remain stable during and after
clauses of the NZBC (NZBC Clauses C1-C6 2012). However, there are signifi
buildings in fire, with case history and first principles studies showing that i

apartment, complete destruction of the building is at best possible and mo

ME thesis for the radiation barrier method (see Figure 1
having two storeys with the fire load on the bottom sto
storeys and the fire started in the bottom storey.

, one light steel framed with fire
i b the two storeys) and the other light
réted walls and Cefling. ‘m vould be an R60 system as described above.
The bottom storey containing d'also have to bg atethflpor so the fire is on the top of this floor, ie on the
particle board or ply bearipg

glass in the openings whi v nto'e ¢ full fire development.

The estimated cost h test at around 40| ould.be done at BRANZ, which is where the Nick Brown project was
undertake ot t the Univ land"Ardmore site). This would yield valuable real fire data on the
perfo e | framed and ligh framed structures in fires of the structural fire severity associated with

3| the results of Which wo! e very useful to quantifying the potential fire risk involved in building

1 f these.

Whil [E would ncipal funder of this, it is expected that there would be industry support in terms of
supply of materialg'and building components to help with the cost. That is factored into the $40k estimate above.
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