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ABSTRACT
The use of structural timber systems in large multi-storey timber buildings is restricted due to current fire regulations
and a perceived level of risk. This research investigated the fire performance and failure behaviour of timber-concrete
composite floors currently under development in New Zealand. Furnace tests were performed on two full-size floor
specimens at the Building Research Association of New Zealand, both achieving fire resistance ratings of greater than 60
minutes. The test data and visual observations recorded aided in the development of an analytical model for evaluating
the fire resistance of the floors. This was implemented in a spreadsheet that is able to predict the expected fire
resistance of these floors for different load combinations, spans, floor geometries and materials.
KEYWORDS: Composite, Concrete, Connection, Fire Resistance, Laminated Veneer Lumber, Timber.

INTRODUCTION
Timber-concrete composite floors are a combination of
timber joists and concrete topping, creating a flooring
system to best utilise the advantages each material has
to offer. Timber is used as the main tensile load bearing
material due to its high strength-to-weight ratio, while
concrete is used in floor slabs for its advantages in
stiffness and acoustic separation. The strength of the
system is dependent on the connection between timber
and concrete, thus the connection must be strong, stiff,
and economical to manufacture, to ensure that the
flooring system is economically viable. The benefits in
aesthetics, sustainability and economical savings due to
fast erection time will undoubtedly be a significant factor
to their widespread use in the future. Timber-concrete
composite structures are not a new technology, and
arose in Europe in the early twentieth century as a
means of strengthening existing timber floors by the
addition of a concrete slab. Due to the many advantages
they possess over traditional timber floors, they are now
being used in new construction [1-3]. This is currently
under investigation in many parts of the world such as
Sweden [1-3], the United States [4], Germany [5, 6],
Switzerland [7] and New Zealand [8-11].
There are many different types of composite flooring
design, the main two categories being either solid timber
slab type designs or beam type designs. Each main type
has its advantages and disadvantages with respect to
constructability, cost, strength and aesthetics.
Beam type designs consist of timber beams (either sawn
timber, glulam or LVL) being used as floor joists, upon
which a solid membrane (usually a plywood sheathing or
steel deck) is fixed and a concrete slab is cast above. The
*

forms of connections between the timber and concrete
are extremely varied, some of which are glued, nonglued, and notched connections [8]. Glued connections
consist of a form of steel reinforcement (rebars,
punched metal plates, steel lattices) which is glued into
the timber members and continues out into the concrete
slab. Non-glued connections can consist of screws
partially screwed into pre-drilled holes in the timber, a
punched steel profile screwed into the timber, inclined
steel bars driven into tight holes, or shear studs screwed
into the timber member. Notched connections consist of
a notch cut out of the timber member which the concrete
is cast into, and a stud can be incorporated in the notch
for better performance. A number of these different
types of connections have been investigated by Ceccotti
[12], Lukaszewska et al. [1, 2] and Yeoh et al. [10].
Solid timber slab type designs are generally composed
of a solid timber decking from nailed timber planks with
a concrete slab cast directly on top. Slab type floors
generally utilise a grooved connection, the concrete is
cast into grooves or trenches in the top of the timber
decking which allows a large shear area of concrete to
timber to be utilised, resulting in a very stiff and
complete composite connection. Kuhlmann and
Michelfelder [5] have conducted extensive research on
the strength and stiffness of grooved timber slabs.
The type of composite floor under study was a semiprefabricated beam type system comprising of "M"
panels that were built with laminated veneer lumber
beams sheathed in plywood as permanent formwork for
the concrete. The plywood had holes cut to
accommodate the shear connection between the beams
and the concrete slab. Both notched connections and
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toothed metal plates were used in this research. The
panels can be prefabricated off-site then transported to
site and craned into position, allowing the concrete slab
to be cast in-situ.

TIMBER-CONCRETE COMPOSITE FLOORS IN
FIRE
With the development of any new structural system, it is
important to assess the fire safety of the system to
ensure it can be used safely for its intended purpose.
This is vital for timber systems, as a fire safety
assessment can be a deciding factor in determining its
success or failure in the international market. Many
countries have strict regulations and guidelines
regarding the use of timber materials, hence it is
important to have conducted fire safety tests on the
system to ensure it can meet a required level of fire
safety.
In the past, research has been conducted on the fire
performance of many different types of timber-concrete
composite floors, for instance Frangi and Fontana [13]
have conducted fire tests on both beam and slab type
composite floors. However the differing types of
composite systems available in terms of material
composition and structural design mean that different
aspects of these systems will govern failure in fires. It is
therefore important to identify what differences are
present between tested and untested systems to
determine what degree of scrutiny is required when
researching the fire performance of a new system. This
generally applies to beam type floors, as the fire
performance of solid timber slab floors can generally be
simplified down to the charring rate of the timber
decking due to the one dimensional surface presented to
the fire, as was found by Frangi and Fontana [13] when
they fire tested a solid timber slab floor.
Although the beam type system under study in this
research is similar to other floors previously fire tested,
the connection types utilised in the system have not been
tested extensively in fires and hence their actual fire
performance is unknown. These connections may govern
the failure of the floors in fires, and the best way to
determine the fire performance of a complex system
such as this is with full scale furnace tests.

modification on the usual number of connections also
had to be made to accommodate the 4 m span of the
furnace, having only four notches or eight plates per
beam, as opposed to the usual six notches or twelve
plates. The general design of the timber-concrete
composite floors used in the testing was based on the
semi-prefabricated system under development at the
University of Canterbury.
Each floor unit consisted of two 4.6 m long double
Laminated Veneer Lumber beams (four beams in total)
spaced 1200 mm apart and fixed together with type 17
self-drilling screws. Two different connection types were
used in each test specimen. The first connection type
tested was the result of previous short and long term
testing by Yeoh [10] and O’Neill [14], and was a 50 mm
deep by 300 mm long rectangular notch cut into each
beam. A 16 mm coach screw was installed 100 mm into
the centre of this notch, and concrete was cast about it.
A detail of this notch type is shown in Figure 1.

plywood
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Figure 1: Design Detail of the Notch Connection

The second connection type tested was toothed steel
plates pressed between the double beams, which
protruded into the concrete slab with the steel
reinforcement threaded through them. This is shown in
Figure 2.
concrete
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FLOOR TEST SPECIMEN DETAILS
The specimen construction and testing was carried out
at the Building Research Association of New Zealand
(BRANZ), located in Porirua, New Zealand. The full scale
testing involved two floor units tested under scaled
loads, the dimensions of each floor unit being identical
apart from the beam depth and design load. A 300 mm
deep LVL beam floor was designed with a span of 5 m,
and a 400 mm deep LVL beam floor was designed with a
span of 7 m. Although smaller and larger sizes of beams
are available, and the floor spans can be designed up to
11 m, the floor designs tested were limited by the
loading capabilities of the full scale furnace at BRANZ. A

concrete
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Plate
Double LVL
400x63

4

333

45

Figure 2: Design Detail of the Plate Connection

A 17 mm thick plywood sheathing was nailed to the top
of the beams providing permanent formwork for the
concrete topping, and was of a non-structural purpose.
Upon this a 65 mm thick 30 MPa concrete topping was
cast in the forms and through the steel reinforcement,
filling the notched connections and through the steel
plate connections. The addition of a concrete slab greatly

enhances the acoustic separation of the floor, and also
provides a more rigid floor diaphragm. For testing
purposes the slab was separated at 1200 mm centres
over the beams to ensure that each set of beams would
act independently once the plywood had burned through.
During different stages of the construction process
thermocouples were placed in critical areas to allow for
temperature data to be recorded at points of interest.
The set of thermocouples to measure the temperature
distribution through the beams were installed
sandwiched between the double beams. Thermocouples
were also installed in the concrete, the connections, the
various composite interfaces and on the steel mesh. In
addition to the thermocouple measurements being
taken, six potentiometers were fixed to the loading rig
and drawn down to the slab surface to measure the
vertical displacement of the floors. These were
approximately in line with the centrelines of the beams
and spaced at third points across the floors.

FURNACE TESTS
OBSERVATIONS
The primary objective of the full scale testing was to
investigate the failure behaviour of timber-concrete
composite floors when exposed to fire, which
encompassed a wide range of information that was
required to be collected from different parts of the floor
system. Specifically, the failure mode of the floors was
an important part of this as it would identify the critical
component of the floor that governs the design for fire
safety, whether it was a failure in the beams, the
concrete slab or the connections between the two. Other
important areas of interest were the charring behaviour
of the timber beams, the spalling behaviour of the
concrete, the fire damage about the connections and the
performance of the plywood sheathing. The test fire was
the ISO 834 standard test fire [15]. As fire conditions
cannot easily be scaled in the conventional manner,
attempting to simulate the likely fire performance of a
large structural system can be difficult. Due to their
combustibility, timber beams cannot be scaled down in
size as their fire behaviour is dependent on the actual
cross-section present. This required that the loads on
the floor units be scaled up in such a way that similar
stresses were induced in the load bearing members of
the floor and the same bending moment at the midspan
of the floors was obtained. The design loads of the test
specimens were based primarily on a live load of 2.5 kPa
and a dead load of the self weight of the floor only with
no additional superimposed dead load.
The first floor specimen tested was the 300 mm beam
floor, which was tested to destruction. Failure occurred
at 75 minutes under the ISO 834 design fire and applied
design load, and is shown in Figure 3 directly after
furnace testing. The side with notched connections failed
first, and the testing was terminated. The second floor
was the 400 mm beam floor. This test was stopped
shortly after 60 minutes to assess the damage at that
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Figure 3: The Underside of the 300 mm Floor after Furnace
Testing

time and to provide insight into how the beams were
charring before complete destruction.
The initial and remaining section sizes are shown in
Table 1. Measurements represented in the tables were
taken from intermediate regions in the beams as the
char depth across the beams was very uniform along the
beams from inspection of the charred remains.

Table 1:
Testing

Residual Beam Sizes Before and After Furnace
Size Before
Furnace
Testing (mm)

Size After
Furnace Testing
(mm)

Width

Depth

Width

Depth

300 mm

126

300

44

130

75

400 mm

126

400

52

255

60

Test
Specimen

Burn
Time
(min)

TIMBER CHARRING EFFECTS
The calculated average charring rates for each floor are
shown in Table 2. The charring rate for the 400 mm floor
beams above was slightly higher than the 300 mm floor
from both directions, and this was attributed to a deeper
layer of char providing better insulation on the smaller
floor beams, as deeper layers of char will reduce the
charring rate of the timber. The deeper floor beams also
exhibited centreline separation at the midline to a much
greater degree than the smaller beams, allowing further
charring to penetrate the bottom surface.
Table 2: Calculated Average Charring Rates for the Floor
Beams
Test
Specimen

Side
Charring
Rate
(mm/min)

Bottom
Charring
Rate
(mm/min)

Overall
Charring
Rate (
mm/min)

300 mm

0.55

2.27

1.12

400 mm

0.62

2.42

1.22

Average

0.58

2.35

1.17
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The charring rate on the sides of the LVL beams was
found to be 0.58 mm/min on average, lower than
reported values of 0.72 mm/min based on research
conducted by Lane [16] on similar LVL at the BRANZ
facilities. This was most likely due to the double-tee
configuration of the floor beams such that convection of
flames and hot gases throughout the space was slightly
impeded, and the nearest beam was spaced far enough
away that re-radiation off this surface was not
significant.
The charring rate on the underside of the beams was
very high, being on average four times as large as the
charring rate from either side of the beams. The majority
of this charring occurred in the latter stages of burning
once the residual section had been reduced to such a
size that the central area of the timber beams had
increased above the initial ambient temperature, thus
increasing the rate of heating and burning of the
remaining section.
Another important observation was the separation of the
double beams after significant burning, that is each
beam tended to splay outwards which induced extra
charring on the insides of the beam sections and
exposed the connections to further fire damage. This
phenomenon was primarily caused by the uneven drying
of the timber beams and the loss of integrity of the fixing
around the fasteners holding the beams together, and
would have had a greater impact on the floor
performance in the latter stages of the testing when the
residual section was smaller and closer to failure. An
image of the 400 mm deep beam cross section is shown
in Figure 4, where beam separation is evident.
This means that slender beam members are obviously
much more susceptible to structural failure earlier in
fires as the core heating would be more rapid than a
larger timber member. An inherent advantage of
structural timber members is that much more
redundancy can be designed into the members without a
major increase in material costs, when compared to
other structural materials such as steel and concrete.
Larger beam member sizes (especially width-wise) in
the case of timber-concrete composite floors serve to
drastically increase the expected fire resistance. The
overall charring rate shown in Table 2 is the average
charring rate for three sided exposure for each beam.
It should be noted that the heat flow within the furnace
was not entirely uniform across the floor unit, in that the
action of pumping of the fuel into the compartment via
the sides of the furnace and extracting the hot gases
through the bottom at the centre of the compartment
tended to induce hotter burning in the central region of
the furnace. This was observed on the residual beam
sections after furnace testing, as the char damage was
more prevalent on the side of the beam facing the centre
of the furnace (the left side looking at Figure 4). It was
also reflected in the spall patterns on the underside of
the concrete, as it was much more prevalent in the
middle of the floor units compared with the edges.
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Figure 4: Residual Section of the 400 mm Floor after 60
minutes Fire Exposure

VERTICAL DISPLACEMENT
The average vertical displacement measurements of the
potentiometers on the top of the slab can be seen in
Figure 5 and Figure 6.

Figure 5: 300 mm Floor Displacement Results

From these measurements it is clear the 300 mm floor
sections sagged for the first 23 minutes of testing due to
the applied load and reduction in timber beam cross
section. However, it can be seen for both sides of the
floor that the vertical displacement begins to decrease
back towards the initial rest position. The time this
behaviour begins is concurrent with the almost complete
burning through of the plywood sheathing, and is
probably due to the heating of the underside of the
concrete slab. As a significant thermal gradient was

introduced across the depth of the concrete, the bottom
of the slab expanded due to the increase in temperature.
This behaviour was restrained by the LVL beam however
due to the connections and resulting composite action,
therefore a thermal bowing action was induced in the
concrete slab that tended to hog the entire floor. This
thermal bowing aided in resisting the gravity loads
imposed on the floors, and was essentially the same
thrust force that can be developed via axial restraint [17].
This behaviour was more apparent in the side of the floor
with plated connections, as the reduction in slip modulus
due to fire exposure was much less than for the notched
connections as the plates were well insulated from the
fire and therefore the effect of the slab elongation was
more significant. This resulted in less floor
displacement, a more marked thrust force being
developed and better fire resistance overall.

Figure 6: 400 mm Floor Displacement Results

As seen for both floors tested, the displacement up to
structural failure was less than 1/20 of the span (200
mm) and the rate of increase of displacement was also
low. Some common structural requirements specify
deflections of less than 1/20 of the span or a limiting rate
of deflection when deflection is 1/30 of the span [17], and
on comparison the test floors were within these ranges.
It should also be noted that for the 400 mm floor the
displacement measurements diverged at approximately
5 minutes. This was most likely attributed to the higher
loads this floor, and coupled with a fast initial charring of
the plywood it is very likely that the plywood fractured at
this time allowing each side of the floor specimen to
separate along the structural gap.

CONCRETE SLAB TEMPERATURES
Figure 7 shows the average temperature measured on
top of the slab for both floor units. These temperatures
were measured by thermocouples at five separate points
across the top of the separated slabs spaced in a pattern
representing an X, resulting in ten thermocouples used
for each test.
Due to the thickness of the slab being only 65 mm on
average, and the average spall depth being 15 mm to 20
mm, the top surface of the concrete slab began to rise in
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Figure 7: Average Concrete Slab Surface Temperature

temperature after 20 minutes into the testing. This
indicated a potential issue with the small relative
thickness of the slab, as in general to meet most
insulative
criteria
requirements
the
average
temperature increase on the top of the slab should be
lower than 140 °C [17]. However the concrete mix was
not consistent across both specimens tested. The 300
mm beam floor unit had a lower grade concrete slab
cast above the beam with the notched connections. It
was this side of the floor unit that failed at 75 minutes,
hence it is highly likely that the poor performance
exhibited by this floor when considering displacement
can be partially attributed to weaker concrete, and
partially to the degradation of connection slip modulus.
As seen in Figure 5, the beams with plate connections
had less displacement at the failure time of 75 minutes
but had begun degrading rapidly. This is also the reason
for the discrepancy between the two tests as the
thermocouples on the lower grade concrete slab gave
much higher temperature readings than on the higher
grade concrete slab. This is since the lower grade
concrete had much more water in its composition, and
upon application of heat to the underside of the slab the
spalling was much more frequent and penetrated deeper
into the slab. Spalling most often occurs when the water
vapour is driven off from the cement paste during
heating, with high pore pressures creating effective
tensile stresses in excess of the tensile strength of the
concrete [17]. The combination of high stresses, a small
slab thickness and in this case, a wetter lower quality
concrete mix all contributed to more prolific spalling and
hence greater thermal transference to the top of the
slab. This effect however is mitigated over time by the
drying out of the concrete slabs in a building during its
operational use, and considering the time it took for the
smaller floor to exceed an increase in temperature of
140 °C with a low quality concrete mix, the likelihood of a
properly constructed dry slab exceeding this
temperature before structural collapse is very low.

STEEL PLATE TEMPERATURES
The plate connections can fail in a variety of ways, such
as pull out of the teeth from the timber, shearing
through the concrete, tearing across the plate, crushing
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of the timber or crushing of the concrete. The application
of a fire to the system has the effect of heating the
timber beams and making failure modes in the timber or
steel much more likely as their temperatures increase.
An inherent benefit of this design of floor system is that
the two beams surrounding the plates act as excellent
insulation from the fire and prevent the temperature of
the plates from rising rapidly. This was exhibited in the
testing where a connection failure did not occur, and
data recorded during the testing and observations of the
charred remains showed that the timber surrounding
the plates performed well in protecting them from the
fire. There was neither pull out of the plate teeth, nor
crushing of the timber and the overall temperature of
both did not exceed 100 °C at 60 minutes. This can be
seen in Figure 8 below, where the temperature curves of
the plates from thermocouple readings are plotted
together for both furnace tests.

the material are all vital when the material is subjected
to fire conditions. It is important that the fire behaviour
of any new material is understood before fire testing of
systems utilising the material take place, as this
information may be vital in dictating the failure mode of
the system in a fire.
Recent research conducted by Lane [16] has looked into
the ignition, charring and structural performance of LVL.
In terms of the glue lines in LVL affecting the charring
rates, Lane found in a number of un-instrumented char
tests that there was relatively no difference between
charring for different grain orientations. These results
suggest that the presence of the glue lines do not
influence the burning behaviour of the material. Lane
also conducted cone calorimeter tests on LVL samples,
and furnace tests on LVL members. This furnace testing
consisted of subjecting LVL members to the standard
ISO 834 fire [15] in a pilot furnace, and also in a full scale
furnace under loaded conditions. From this research he
was able to recommend a charring rate for New Zealand
manufactured Radiata Pine LVL of 0.72 mm/min. From
the testing conducted there were no obvious defects
found in the design of the LVL material that reduced the
performance of the material in fire conditions.

SMALL SCALE TESTING

Figure 8: Average Steel Plate Temperature

It should be noted however that the opening
phenomenon exhibited by the double beams did expose
the steel plates to hot gases and fire in the latter stages
of the testing, and that further research into this is
warranted to evaluate the extent to which it may
contribute to a connection failure in future floor designs.
This is not reflected in the results above however as the
degree to which the beams separate near the plates
must also be enough to allow an adequate current of
heat to flow through it, and a few millimetres is
generally not enough. Until the separation of the beams
begins, the shallow depth that the plates are inserted
into the beams ensures that their heating is purely a
function of the heating of the sides of the beams, and
this is reflected in the relatively consistent values seen
above.

MATERIAL TESTS
The advent of high performance engineered wood
materials such as LVL raises the question of how these
new materials perform in fires. The fire behaviour of
sawn timber has been well documented in the past,
however questions pertaining to the physical
composition of LVL (layers of wood glued together), the
charring behaviour and the load bearing properties of
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A number of small scale tests were undertaken at the
University of Canterbury to determine the failure
strength and behaviour of the LVL at different
temperatures. This was to determine whether the
heating of the timber from the fire conditions would have
a noticeable effect on the notched connections in the
timber beams and cause a premature failure of the floor
system.
Two types of specimens were constructed to test each
failure mode. The standard specification for the
evaluation of structural composite lumber products [18]
refers to using the test methods in ASTM D 143-94 [19]
for assessing material properties of LVL (and other
structural composite lumber products). The first
specimen was based on the guidelines in [19] for testing
specimens of clear wood in compression parallel to the
grain. This test was chosen as it approximately models
the crushing action of the concrete on the timber
interface in the beam notch. Due to the width of the LVL
being 63 mm in this case (as this is a generic beam width
commonly produced), the test specimen size was scaled
up by 25 % in each direction. This resulted in the
50×50×200 mm standard specimen size being converted
to 63×63×250 mm for the LVL testing. Although using
this size specimen was deviating from the standard test
method, it was deemed to be more desirable than
cutting a smaller specimen from the LVL as either a glue
line or wood veneer would be sawn through, and the
veneers are of varying grade from the outside to the
inside of the beam. This would undoubtedly provide an
inaccurate representation of the beam cross section and
produce questionable results.

The second specimen type for the shear testing was
made solely for the purpose of checking for shear
failures in the timber in this specific beam design with a
notched connection, although no standard test method
was applicable for this. Therefore the test specimen was
designed to best simulate the actual shearing action of
the beams within the limitations of the available testing
loads and space, but was based on the guidelines
presented in the shear parallel to grain section of ASTM
D 143-94 [19]. This was a 400 mm wide and 150 mm
deep T shaped block, with two 50×50 mm sections cut
from the bottom corners to allow the composite action
within the notch to be simulated on both sides of the
sample. This test specimen is shown in Figure 9.

pre-dried specimens. Due to the absence of moisture
these recorded strength values were found to be much
higher than the other wood specimens, as increasing
moisture content serves to decrease the strength of
clear wood specimens parallel to the grain [20]. Since
LVL is similar to clear wood (devoid of defects), it was
intuitively expected that this behaviour would be the
same.

Figure 10: Compression Test Results

SHEAR TESTS

Figure 9: Shear Test Specimen

Before testing, all test specimens were kept in a
standard climate chamber for over a month to allow the
timber to reach a moisture content of approximately 12
%. The specimens were tested at temperatures of 20, 50,
100, 150 and 200 °C. This was due to the fact that at a
temperature of about 200 °C wood begins to undergo
rapid thermal decomposition [13], and previous attempts
at temperatures higher than this had resulted in
eventual combustion in the ovens. Each heated
specimen was left in a pre-heated oven for a minimum of
4 hours to ensure a uniform temperature throughout the
timber section.

It can be seen from Figure 11 that a relatively steady
decay trend is followed, with the shear strength of the
specimens at 200 °C being roughly 75 % of the value of
the specimens tested at 20 °C. Due to the large margin
of error seen in some of these results, further research
into improving the test method and conducting additional
experiments is warranted before any conclusive
arguments to the exact behaviour can be made. For the
purposes of this research however the level of detail
provided by these results was adequate, as it allowed an
approximate idea of the effects of heat on this particular
type of shear failure to be gained.

COMPRESSION TESTS
The general trend seen in the compression testing was
that of a "V" shaped strength curve as shown in Figure
10. As the wood specimens were heated towards 100 °C,
their ductility increased with the presence of moisture
and softening from elevated temperatures, thereby
lowering the strength of the specimens. Once the
specimens were heated beyond 100 °C however their
strength began to increase as the moisture was
completely driven off and the wood hardened under
higher temperatures. As previously discussed, as the
temperature increased above 200 °C the wood would
begin to thermally degrade and pyrolyse, hence testing
was not undertaken beyond this point. The two sets of
higher valued data at 20 and 50 °C are the results for the
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Figure 11: Shear Test Results

SUMMARY
Due to the burning characteristics of the timber and the
insulative properties of the char layer, the effects of
reduced timber material properties due to elevated
temperature in both shear and compression parallel to
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connectors spaced very closely together will
undoubtedly reduce the shear capacity of the timber
between the connections in the beam, and increase the
effect reduced section properties have on the collapse
behaviour of the floor, most likely making the reductions
in mechanical properties of the timber shown above
much more significant.

the grain had a very small impact on the overall
performance of the floor units. This was shown by the
very small residual section left behind in the full scale
testing and the mode of failure, in that if reduced section
properties were significant the floors would have failed
at an earlier stage by shear or crushing at the
connections in the timber beams.
It is important to note that in these small scale tests the
entire section was heated through while simulating
beam behaviour, and in the case of a real fire the
temperature gradient across the section would be vastly
different and most definitely not uniform. This
emphasises the fact that reduced section properties are
important to consider for smaller, more slender
members than large heavy timber members. The
behaviour of wood in fires is such that only a small
heated layer of approximately 35 mm is affected by a fire
below the char layer [17], and beyond this the
temperature of the wood is at ambient conditions. This
effectively nullifies the importance of reduced section
properties of heat affected timber for these composite
floors until the member section is so small that collapse
is imminent due to the reduced cross sectional area of
the timber members alone. This was found to be the
case in the full scale testing, however it must be noted
that the notch connection spacings were designed
beforehand with these types of failure in mind. A
composite beam design with a small number of

SPREADSHEET DESIGN TOOL
The spreadsheet design tool has been developed as a
tool to aid in the understanding of how certain timberconcrete composite systems can perform in fires, and to
provide a fast method of estimating the expected fire
resistance time of a floor under user defined load
conditions and floor geometries. The design equations
used for evaluating the strength of the composite floor in
the spreadsheet was based on the method presented in
Chapter 25 of the Timber Design Guide [8]. Due to the
modular nature of the semi-prefabricated system, the
most likely method of construction is to be craned in
place and simply supported for their lifetime; hence the
spreadsheet currently only takes into account a simplysupported floor. However, as the spreadsheet has been
written to be relatively user friendly, modifications to
allow the evaluation of different forms of support
conditions can be easily made without a breakdown of
the spreadsheet coding.

Table 3: FRR Span Table from Spreadsheet Design Tool
Fire Resistance Time (min)
SDL = 0.5 kPa, Q = 2.0 kPa
Beam Dimensions (mm)

Span (m)
4

5

6

7

8

9

10

11

12

200x45x2

39

37

-

-

-

-

-

-

-

240x45x2

43

41

-

-

-

-

-

-

-

300x45x2

48

46

39

-

-

-

-

-

-

360x45x2

-

50

44

40

-

-

-

-

-

400x45x2

-

-

47

43

39

-

-

-

-

450x45x2

-

-

-

46

42

39

-

-

600x45x2

-

-

-

-

52

48

45

42

39

200x63x2

70

68

62

-

-

-

-

-

-

240x63x2

74

72

66

-

-

-

-

-

-

300x63x2

80

77

71

66

-

-

-

-

-

360x63x2

-

81

76

71

67

-

-

-

-

400x63x2

-

-

79

74

70

67

-

-

-

450x63x2

-

-

-

78

74

70

67

-

-

600x63x2

-

-

-

-

84

80

77

74

71

200x90x2

116

115

109

-

-

-

-

-

-

240x90x2

120

119

112

-

-

-

-

-

-

300x90x2

120

120

118

113

-

-

-

-

-

360x90x2

-

120

120

118

114

-

-

-

-

400x90x2

-

-

120

120

117

114

-

-

-

450x90x2

-

-

-

120

120

117

114

-

-

600x90x2

-

-

-

-

120

120

120

120

118
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To incorporate the effects of fire conditions into the
spreadsheet the major portion of the calculations are set
to run in a quasi steady state analysis. That is, the
mechanical properties of the floor are evaluated
iteratively over a number of equal time intervals (in this
case each minute) during which time the effects of the
fire reduce the residual beam size based on an initial
charring rate and subsequent charring relationship. This
relationship was derived from that recorded during the
full scale testing to incorporate the effects of increased
beam bottom surface charring during the latter stages of
burning.
The spreadsheet requires the input of floor geometry,
material
properties,
loading
conditions
and
corresponding safety factors, and outputs an expected
fire resistance time for the floor to reach structural
failure. The spreadsheet was used to derive a number of
resistance span tables for varying spans of these timberconcrete composite floor systems with regard to the
varying section sizes available, and different
combinations of live and superimposed dead loads. An
example of this is shown in Table 3.
Note that in Table 3 a fire resistance time of 120 minutes
denotes this value or greater, as the spreadsheet design
tool is currently set to calculate up to this value,
although this can be changed depending on the required
use. The sizes of beams in the left column denote a
double beam, and the results presented were calculated
using a notch type connection. Using a better form of
connecting the double beams together would serve to
reduce the splaying effect previously mentioned and
increase the expected fire resistance. Some examples of
this are gluing the beams together or using fully
threaded screws.

number of different timber flooring systems, such as
stressed skin floors and slab type systems, which
present unique challenges in predicting the fire
behaviour, all of which require rigorous analysis. Some
issues such as beam separation during the fire and
increased charring rates warrant further investigation.
In conclusion this research has shown that the fire
performance of this type of unprotected timber-concrete
composite floor is excellent. A large degree of safety is
possible without risking structural collapse, and this
research should serve as a guideline to the expected
performance. Further means of fire protection to these
floors such as passive protection (fire rated suspended
ceilings, gypsum plasterboard encasement) or active
protection (sprinkler systems) will only serve to further
increase the fire resistance of these floors.
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