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Case Study regarding an Iconic Building built in the
1920’s

Outline of some of key Fire Safety problems solved
In-depth look at the test based approach used

Reflect on the significance such an approach for the
builder.

Reflect on the significance of the approach for
heritage buildings and Fire Safety Engineers
generally.

Overview
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The Project

In November 2008, an
iIndependent report revealed
serious safety issues with the
building.

The problems had built up
gradually over the years since it was built in the 1920’s.

It was chosen to upgrade the building to meet modern
safety regulations and address existing waterproofing, fire
and electrical shortcomings.

The building is an Iconic Brisbane building and
the restoration project value was $150million Exova

Warringtonfire
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The Building Upgrade Approach

The Brisbane City Hall is predominantly masonry
walled with a column-beam-slab concrete framed
floor system and some timber framing.

The building is Type A construction

Many exposed heritage features of the ceilings were
required to be retained.
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Particular Challenges — 1920s Concrete

The concrete hand mixed and compacted.

The mix was a high water and low strength
miXx to make it workable.

Its density was 2060kg/m?

Concrete strength varied and was below
20Mpa (typical in 1920s).

Additional topping slabs were pour over
the years, some of which were removed.

Reinforcement cover at the bottom was as
low 20mm in some places
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Particular Challenges — Exposed Celling
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Condition of Finishes Varied
throughout

Condition of
Finishes Varied
throughout,
posing a
practical problem
for applied
coating
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Particular Challenges — 1920s Concrete

The concrete did not meet the minimum requirement
outlined in the scope of AS3600-2009 as below

AS3600 rules and solutions not available for
demonstrating compliance



The Initial Fire Safety Investigation

The Fire Safety Engineers (AURECON)
considered inclusion of sprinklers and reduced
FRL requirements for the concrete floor beams
and floor slabs

Beams required strengthening

Slabs found to be most thermally sensitive Iin
case of sprinkler failure.



Defining the Problem

The Builder Abigroup engaged Remedial Building
Services and Exova Warringtonfire to collaborate to
develop and guantify suitable upgrade for the slabs
to achieve the FRL goals.

First step was to review off-the-shelf solutions such
as;

Intumescent paints

Fire Resistant Boards



Evaluation of Available Solutions

Preliminary Pros Cons
Solution Proposed

* Intumescent » Material exposure * Substrate painted
paints tested or direction correct render not concrete.
assessed sprayed ¢ Thermal response Fall-off behaviour
directly to similar not representative
underside normal » Concrete of lower
concrete and strength.
cornice * No Protection when

cornice falls away

 Fire Rated Boards <« Can be installed as for * Not compatible with
fixed to framing tested prototype, fall off cornice
behaviour predictable
and reliable



Off the shelf Building Solutions

The preliminary solutions either

Excluded the heritage features and protected the
unknowns associated with the concrete

Delivered an aesthetic solution though technically did not
address the unknowns associated with the concrete



Fact Based System Development

The next step was to consider what could be done to
address the specific concrete on site

Slabs would need to be cut from the building and
used to evaluate solutions.

The client was encouraged to extract slabs from the
building where they could instead demolish.

Use these to develop the best solutions for various
situations in the building.



The Crucial Point

At this stage a detailed plan for the development
(design/test/evaluate) of the solutions was undertaken.

A contingency analysis was also undertaken

Issues were
What is the test cost and time
The cost of extraction and testing of the slabs
The cost and simplicity of the design solution
In particular requirements would it place on the preparation of
the substrate
The key to addressing the above was to agree to extract
additional slabs to allow for optimisation in the lab, onsite
labour was more expensive than testing



Overall Concept

Practically the form of the solution that met the
aesthetic requirements was an intumescent paint
applied to the slab and the cornice.

The Abigroup and the Remedial Building Services
worked together to prepare the painted, rendered
surface to level that was achievable on site.

Surface preparation is very expensive, including site
surface imperfections in the test, gave confidence in

the result.



Solving the Problem

ldentifying the critical elements of the structural form of
the solution

Confirm design criteria
Develop candidate construction methods
Investigate potential modes of failure

Develop engineering methodology to quantify system
performance



Critical Elements of Structure

—————————————————————————————————————————

Figure 1 — General Arrangement of Beams and Slabs



Design Criteria

Fire Safety Engineering analysis yielded a required FRL of
the slab for the sprinkler failure scenario to be 45/45/45.

It was considered the beams would provide adequate
support for the slabs for that period.

FRL is not particularly high for normal concrete

45 / 45 / 45
Structural Integrity  Insulation
Adequacy

The structural adequacy was our primary focus



Candidate Construction Methods

Option 1 — Prepare the surface, apply intumescent paint to
slabs and cornice. Site Cost $$

Option 2 — Remove all cornice, apply board protection,
reinstall replica cornice over board. Site Cost $$$



Failure Mode Analysis — Option 1

Primary Mode of Impact on FRL Severity
Failure

Paint to render fall-off ~ Temperature rise of reinforcement 2
Increase which will encourage
- Deflection
- Render detachment
- Spalling
- Structural Adequacy failure
Render to slab fall-off Similar 2
Concrete Spalling Impending Structural Adequacy
failure

Paint to Cornice fall-off Increased chance of cornice falloff

Cornice to slab fall-off ~ Possible local exposure of slab at 2
support could lead to insulation or
integrity



Failure Mode Analysis — Option 2

Primary Mode of Impact on FRL Severity
Failure

Board Fall-off Temperature rise of reinforcement 1
increase which will encourage
- Deflection
- Render detachment
- Spalling
- Structural Adequacy failure

Render to slab fall-off Not critical -
Concrete Spalling Not critical -
Cornice to board fall-off Not critical -



Engineering Methodology

The overall philosophy was to test as many of the site
specific features and keep the interpretation and analysis
of the results simplistic.

This enabled a means to rate the likelihood of each failure

mode coming into play and verify if any interaction was
likely or to be expected.



Test Specimen Design Option 1

Slab near full scale Reasonable area of render exposed
Simply supported Higher midspan deflection due to thermal
affects
Higher likelihood of render and coating
detachment

Thermal Deflection governed by cross
section and restraint (if any) initially

Unloaded Not considered significant effect on
detachment of coating and render when
reinforcement temperatures were low.

Areas without cornice Simulates effect of cornice fall off
exposing slab.

Replica Cornice Replica plaster cornice of thinnest profile
was used



Features of Test Specimen



Features of Test Specimen



Features of Test Specimen



Specimen prior to test - top

Photo — Courtesy of Remedial Building Services



Specimen prior to test - underside

Photo — Courtesy of Remedial Building Services



After 60 minutes exposure to AS1530.4

o Render Fall-off
(O © 7 at51 minutes

Photo — Courtesy of Remedial Building Services



Thermal Results of test

Temperatures in the Central Part of the slab
_ _ Temp 20mm from | Temp 30mm from | Temp 40mm from
Time (minutes) underside ( °C) underside ( °C) underside ( °C)

EENCEE. 121 125

Temperatures at Supports without cornice and withou t coating

_ _ Temp 20mm from | Temp 30mm from | Temp 40mm from

Time (minutes) underside ( °C) underside ( °C) underside ( °C)
237 174 129
60 376 249 178

Temperatures at Supports with cornice
_ _ Temp 20mm from | Temp 30mm from | Temp 40mm from
underside ( °C) underside ( °C) underside ( °C)
74 64 70
0 03 80 83




Observations

Render fell off at 51 minutes
No cornice fell away before 60 minutes

Prior to render fall off at 45 minutes, temperatures at
a depth of 20mm into protected slab were 119° and
rising fast from the 100°C plateau.

At 45 minutes, temperatures at a depth of 20mm into
unprotected slab were 237°C and rising fast

At 60 minutes temperatures at a depth of 20mm into
unprotected slab were 376°C and rising fast



Interpretation

With reference to Eurocode 2 — Concrete Strength



Significance

Prior to render and protection fall off the internal
temperatures were lower than temperatures
associated with degradation of reinforcement
strength and spalling.

After to render fall off, slab temperature rose steeply,
with little dwell that is normally expected from
“Normal AS3600 Concrete”.

Based on the above observations, the results of this
test valid up to 51 minutes, after which loaded
testing would be required to validate performance.



Interpretation
With reference to Eurocode 2 — Reinforcement Strength



Significance

At the later stages of a fire resistance test, the
reinforcement temperatures rise above 200°C and
the stiffness of the reinforcement decreases from
around 90% to 60% at 500°C.

Based on the above observations, the results of this
unloaded test where considered valid up to 51
minutes

To validate the performance after that time loaded
testing would be required.



Significance of Result for Client

Client satisfied with option 1 outcome and did not
commence with option 2

The solution was able to incorporate practical and
highly representative details of the installation of the
protection systems on to the original rendered
concrete

This added to the clients confidence in the efficacy of
the solution

The testing of the preparation and application
technigues enabled savings in the cost of the
Installed protection system



Significance of Result for FSE

This approach presents an example of cost savings that
can be delivered to those restoring heritage buildings by
considering

Real onsite materials tested in the pilot scale if
possible

Using preferred construction and installation methods
Consider all possible failure scenarios and allowing
for them

Using simplified and conservative testing methods
that allow safe assessment of the Fire Resistance.



Significance of Result for Heritage Buildings

Improvements in the understanding of fire safety
engineering/materials etc have resulted in an
Increase in the construction requirements for fire
safety buildings

These albeit valid requirements can condemn
heritage buildings or require such extensive
rectification and management their use can be so
limited they are not worth saving

| hope this presentation encourages Fire Safety
engineers consider benefits of fire testing in
conjunction with FSE on their projects.



Significance of Result for Heritage Buildings

| hope it helps them develop their own ideas and use their
Imagination to solve fire safety problems in Heritage
buildings

Don’t underestimate importance of communicating your
Ideas to your clients, they may see savings you may not
see.

Understand your materials, how they behave in isolation
and when put together.

Develop an ability to incorporate our clients risks and
maximise their opportunities by the way we solve their
problems.
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