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Executive Summary 
This report presents New Zealand’s first investigation of a fully developed fire in a light steel 
framed house. The outcomes of this investigation are to quantify the structural fire severity of 
the property at 9 Nuneaton Drive, Auckland and to use this information to better understand 
the performance of light steel frame houses in severe fires. 

The HERA Report R4-127 and their FaST software were used as the principle tools in the 
analysis to simulate different fire conditions. The idea was to model the fire above and below 
the linings taking into account all the range of conditions that could have existed during the 
fire and to determine, through comparing the predicted failure times of the wall and ceiling 
linings with those observed, the likely fire load, boundary conditions and hence the likely 
structural fire severity and time temperature conditions. 

It can be concluded that the house performed very well in the fire as the steel framing in the 
roof and walls did not collapse despite being exposed to the fully developed fire. A fire with a 
thermal inertia of 700 J/m2Ks0.5 and a fire load energy density of 300 MJ/m2 best represented 
the chain of events from the Fire Report and hence was the most realistic model that was 
analysed. The steel framing could have been cleaned and reused but it was more practical to 
replace it. 
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1. Introduction 
This report presents the results of a fire engineering investigation on a fire in a modern, single 
storey light steel framed house in Botany South, Auckland. The fire occurred in 2011 and the 
report uses fire engineering methods in conjunction with the Fire Service response log and 
evidence from an on-site investigation to answer questions as to the likely fire load and fire 
time-temperature conditions in the enclosure of fire origin.  

The purpose of this report is to quantify, as much as practicable, the structural fire severity 
within the building in order to better understand the performance of light steel frame houses 
in severe fires and to present key observations on this response.  

The fire that occurred at this property commenced in the kitchen/lounge/dining room area and 
reached full development in this open plan area before the fire service arrived and 
extinguished the fire. From observations of the fire damaged house, this open plan area 
(approximately half the house floor area) was fully burnt out and the rest of the house was 
damaged by smoke and to a limited extent by flames.  

The process involved modelling the fire above and below the linings as accurately as 
possible, taking into account all the range of conditions that could have existed during the fire 
and to determine, through comparing the predicted failure times of the wall and ceiling 
linings with those observed, the likely fire load, boundary conditions and hence the likely 
structural fire severity and time temperature conditions. The principal tool used in this was 
HERA Report R4-127 [1] and the associated computer software.  

2. Details of the House 
The property in Botany South was a single storey steel framed house on concrete slab with 
standard gypsum plasterboard linings to the walls and ceilings. The linings were GibBoard ® 
with 10mm thick Standard Gib® on the walls and 13mm thick Standard Gib® on the 
ceilings. The ceiling linings were fixed to steel ceiling battens and the wall linings fixed to 
the steel studs in accordance with 5113G GIB specification[2]. External cladding was brick 
veneer and the roof was interlocking pressed steel tiles on timber tile battens on steel roof 
trusses. 

The house consisted of 4 bedrooms, 1 bathroom, 1 toilet, a garage and a 
family/kitchen/dining room where the fire occurred. Complete site plans can be found in the 
Appendix. Figure 1 and Figure 2 show pictures of the house after the fire occurred: 
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3. Method 
To model the fire using FaST, information needs to be generated to input into the software in 
order to produce the time-temperature curves. These inputs include enclosure geometry, 
height, area of vertical and height of vertical openings, fire load, thermal inertia, insulation 
configuration and beam/column type. The process was split into two, where one curve was 
determined for the wall lining failing and another for ceiling failure. As there was a change in 
ventilation conditions due to the ceiling failing an overall curve combining both the wall and 
ceiling failure curves needed to be established. This was done using the methods described in 
the HERA Report R4-83. The steps in Clause 4.1.2.8 of the report were used. (Refer to 
Appendix) 

The fire service log and eyewitness accounts described flames coming through the roof prior 
to the fire service arrival, indicating that the ceiling linings had failed prior to the fire service 
arrival. The physical damage to the steelwork in the roof space above the enclosure of origin 
was consistent with this. The internal wall linings on the fire exposed face of the enclosure of 
origin were missing in many places, however the wall framing behind these linings showed 
no sign of fire induced changes in most places. Some areas of wall framework did show the 
effects of high temperature exposure. These observations indicate that the linings were 
mostly intact until the temperatures in the enclosure of origin were below flashover level, 
brought down by fire service suppression of the fire, however some parts of these linings 
were just starting to fail. 

The time to this state can be determined from the fire service log and comparing this actual 
time of failure with the predicted times to failure of the internal linings on the fire exposed 
face for different fire time-temperature scenarios allows the likely fire load, boundary 
conditions and ventilation conditions to be determined and hence the fire time-temperature 
conditions to be established with a reasonable degree of confidence. This allows the 

Figure 1: East Elevation of the house Figure 2: Living room showing distortion of the steel 
roof trusses and ceiling battens 
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performance of the LSF house to be determined for a quantified level of structural fire 
severity.  

The use of FaST requires an equivalent enclosure to be developed. This equivalent enclosure 
is shown in Figure 3. 

 

 

 

 

 

 

 

 

The weighted average height of the openings, Hv, and the area of the internal surfaces of the 
enclosure, At, can be calculated using: 

Hv = (A1H1 + A2H2 + …)/Av 

Av = A1 + A2 +… = B1H1 + B2H2 + … 

At = 2(l1l2 + l1Hr + l2Hr) 

Sections 3.1 to 3.7 describe how the input parameters for the enclosure of origin were 
determined for the analyses. 

3.1 Enclosure Geometry 
In order to get the enclosure geometry an averaged critical area that enclosed the kitchen, 
dining room and lounge was used. These are the open plan areas comprising the enclosure of 
origin. The plan view of this area consists of two different sized rectangles as shown in the 
Figure 4: 

 

 

 

 

 

Figure 3: Equivalent Enclosure (A.H Buchanan, 2001) 
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The area of these two rectangles were calculated and added together. The length ‘d’ was used 
as input width l1 into the FaST software and to get the second input width, the calculated total 
area was divided by length ‘d’ to give the dimension l2. This gives an effective critical 
rectangular area on which the fire acts. 

3.2 Height 
The height was taken as the clear height between floor and ceiling and was determined from 
the plans. 

3.3 Area and Height of Vertical Openings 
The area of vertical openings was calculated by totalling the area of windows that were 
assumed to be broken using the following formula: 

Av = A1 + A2 + … = Length of Window 1*Width of Window 1 + Length of Window 2*Width 
of Window 2 + … 

The height of the vertical openings was calculated using the second moment of area principle. 
It is important to note that the area is only calculated for the windows that are assumed to be 
broken. The height of vertical openings can therefore be calculated using the following 
formula: 

Hv = (A1*H1 + A2*H2 + …) / Av  

Note: Av is the total area of vertical openings 

 

 

 

Figure 4: Plan View of the Critical Area of the Fire 
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3.4 Fire Load 
Four fire loads were used in the analysis: 250, 300, 350 and 400 MJ/m2 floor area. These 
values cover the range of fire load energy densities that would have existed in the house 
during the fire. The method described in section 5 was used to determine the most likely of 
these loads. 

 3.5 Thermal Inertia 
The thermal inertia of the boundary elements is an important parameter determining the 
structural fire severity. It has units of J/m2Ks0.5 and is a measure of how slowly the heat from 
the fire is conducted away from the fire. An enclosure with low values will conduct heat 
away slowly, thereby making the fire hotter; conversely an enclosure with high thermal 
inertia will conduct heat more rapidly away from the fire, making the fire cooler. The house 
enclosure walls and ceiling boundary elements are plasterboard, as noted section 2, and the 
recommended value from C/VM2 [3] for such an enclosure is 700 J/m2Ks0.5. For these 
analyses, this value and the next highest value of 1160 J/m2Ks0.5 were used; the outcomes 
showed the lower value to be more accurate, as reported in section 5. 

3.6 Beam/Column Type 
The steel framing is made up of C-sections that are ‘lipped’. Each section had a depth of 
90mm, width of 40mm and thickness of 0.75mm. 

3.7 Change in Ventilation (hole in roof) 
To take into account the change in ventilation due to the hole in the roof the following 
formula was used: 

(Av√Hv)crit = Av√Hv + 2.3Ah√h 

The formula was then rearranged to make Avcrit the subject. Avcrit gives the combined 
ventilation taking into account the horizontal ventilation of the ceiling and the vertical 
ventilation of the walls.  

The area of horizontal openings, Ah, was calculated by estimating the shape of the roof from 
the pictures.  Figure 5 below illustrates the assumed shaped of the hole in the roof. 

 

 

 Figure 5: Approximated shape of the hole in the roof 
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Ah consists of a rectangle and trapezium so areas of these individual shapes were totalled to 
get the overall Ah. Figure 6 shows the actual picture of the hole in the roof. 

 

 

 

 

 

 

 

An important point to mention is that the some of the roof appears to have been pulled back 
by the firemen; this meant that the shape if the actual hole during would have to be smaller 
than what was seen in this picture. So, using the Floor Plan, an approximated shape as seen in 
Figure 5 was drawn and dimensions were measured to scale. This allowed the area to be 
calculated and used as Ah. Furthermore, the Ah was assumed to act at the ceiling height in the 
enclosure area shown in Figure 3. 

4. Results 
This section presents the analysis showing different time-temperature curves that were 
produced at different fire loads and ventilation conditions. The predicted times to failure of 
the ceiling and wall linings are then compared to the actual failure conditions and timeline 
from the fire service report in order to determine the likely fire load and ventilation 
conditions in the enclosure of origin. From this the performance of the house in this fire can 
be quantified. 

 

 

 

 

 

 

 

Figure 6: Hole in the roof from the East Elevation of the house 
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4.1 Fire Modelling Results 

 

Figure 7 shows the time-temperature curves for the 10mm wall lining and failure times of 
both the 10mm and 20mm wall lining for different fire loads, when all the windows are 
assumed  broken. It can be seen that as the fire load increases, the maximum temperature of 
the fire increases as well. The curves also have a similar shape. Full development of the fire 
is reached when temperatures exceed 500°C [3]. Failure times of the 10mm linings decrease 
as the fire load is increases, with a range difference of 6mins. The pictures of the house show 
that the wall lining that was facing the fire in the kitchen/lounge/dining room had failed i.e. 
was no longer in place, but the second wall lining behind the steel framing (10 + 10 = 20mm 
lining) was still intact. It is important to note that the 20mm failure times were not reached as 
the firemen had extinguished the fire well before these times could be reached. However it is 
not clear from this observation alone as to whether the fire exposed lining failed during the 
fire or as a result of fire service removal after the fire had been suppressed. To determine this, 
the condition of the visible steel framing has to be included in the considerations – similar 
appearance to the ceiling framing means the linings failed during flashover while a clean and 
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Figure 7: Time temperature curves and failure times for the Wall Lining when all windows are assumed broken 
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shiny appearance means the linings remained intact during the fully developed period and 
were removed by the fire service once the fire had been suppressed.  
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Figure 8 above shows the time-temperature curves for the 10mm wall lining and failure times 
for both the 10mm and 20mm wall linings at different fire loads when only the windows on 
the West Elevation of the house are assumed broken. Fire loads ranging from 250-350 MJ/m2 
have similar shape, however when analysing the fire load of 400 MJ/m2, the change in 
ventilation due to the ceiling failing made the fire ventilation controlled as opposed to fuel-
bed controlled which was seen in the other fire loads. This meant that in order to get the 
overall time-temperature curve, super positioning and shifting of the ceiling failure curve 
onto the wall failure curve was done hence the different shape. The time to failure for both 
the 10mm and 20mm wall linings decrease as the temperature increases. Peak temperatures 
ranged from 810oC - 910oC. 
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Figure 9 above illustrates the time-temperature curves and failure times for a 13mm ceiling 
lining at different fire loads respectively. The window on the west elevation was assumed to 
be broken. Observations from the graph indicate that an increase in fire load increases the 
peak temperature in the ceiling. Also, the ceiling failure times decreased as fire loads 
increased. All curves have similar shape with peak temperatures ranging from 860oC - 950oC. 
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Figure 10 shows the time-temperature curves for the 10mm walling and failure times for both 
the 10mm and 20mm wall lining when the windows of the living room at the east and north 
elevations are assumed to be broken. Peak temperatures at full development range between 
approximately 7800C – 8800C. The graphs for the fire loads of 250 – 350 MJ/m2 have a 
similar shape as they are all fuel bed controlled. That is, the changes in ventilation conditions 
do not affect the curves. For the curve at 400 MJ/m2, the shape is different. This is due to the 
fact that for this fire load, the change in ventilation conditions causes the fire to become 
ventilation controlled. Hence the curve shifting technique given in (Clifton, 1996) needed to 
be used to superimpose the ceiling failure curve and the wall failure curve. 
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Figure 11 shows the time-temperature curves of the 10mm wall lining and failure times of 
both the 10mm and 20mm wall lining assuming that all windows in the enclosure area are 
broken. This analysis was carried out with a thermal inertia of 700 J/m2Ks0.5 as opposed to 
1160 J/m2Ks0.5 that was used on all other results.  As before, the peaks of the time-
temperature curves increase as the fire load increases and the failure times of the linings 
decrease as the fire load energy density increases. All graphs have the same shape indicating 
that that they are all fuel bed controlled and thus no shifting was required.  
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Figure 12: Time temperature curves for both the linings in the wall and ceiling at a fire load of 300 MJ/m2  
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Figure 12 shows the time-temperature curves for the linings in the wall and ceiling at a fire 
load of 300 MJ/m2 for different ventilation conditions. The curves with the highest 
temperature have the most ventilation. This is seen in the condition where all the windows are 
broken. Another point that can be deduced is that the curves for the ceiling lining are at 
higher temperatures than the curves for the wall linings indicating that the ceiling would have 
failed first. The peak temperatures at full development range from 820oC - 940oC. 

4.2 Determination of Lining Failure Times from the Fire Service 
Timeline 
Figure 13 overleaf describes the chain of events that occurred when the fire was reported and 
extinguished as per the Fire Report. The full Fire Report is in the Appendix. Important points 
to note from the timeline is that the fire fighters in the OTAR331 unit arrived at the site at 
19:00:13, an ambulance was requested as it was found that there was someone in the house at  
the time of the fire and three fire fighting units helped put out the fire; OTAR331, PAPA347 
and PAPA344. Furthermore, the fire was under control at 19:08:25. This was the time when 
the situation had been changed to ‘06C01 ABNML BRTH’.  

The incident started at 18:52:48 and was under control by 19:08:25. This means that it took 
the fire fighters a total of approximately 16 minutes to arrive at the house and put the fire 
below flashover levels. Having assumed that the fire reached full development at 18:52:48, 
the actual fire would have started 2-3 minutes before and would have gone through the 
ignition and smouldering phases before reaching flashover. As it is considered that the linings 
on the walls were failing just as the firemen were extinguishing the fire, that is, after a 16 
minute period and a further 2-3 minutes to take into account the earlier phases of the fire, a 
fire load energy density and thermal inertia that matches the total 19 minute failure time 
scheme needed to be determined. From section 4 Figure 11, the case when there is a 
300MJ/m2 fire load energy density with a thermal inertia of 700 J/m2Ks0.5 best matches this 
description as it has a failure time of 19 minutes as well. This is deduced as described in 
section 5. 
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19:12:49 

Incident Ended 
 

19:08:25 
Problem Changed to 06C01 ABNML BRTH 

19:07:38 
Ambulance requested 

19:01:46 
PAPA344 proceeding to incident 

19:00:32  
PAPA344 recommended for PUMP 

19:00:13 
OTAR331 in attendance at incident 

18:56:39 
Call from 13 Nuneaton Drive 

18:56:32 
Call from 021030000 

18:56:00 
Call from Prymian Power Calbes Adresses: 30 Binstead Rd New Lynn 

18:55:34 
PAPA347 Proceeding to Incident 

18:55:08 
OTAR331 Proceeding to Incident 

18:52:48  
Incident Started 

Figure 13: Timeline - Chain of events on 23/08/11 
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5. Determination of the Expected Fire Load and Ventilation Conditions  
As the house was a standard built house, it was assumed that standard GIB was used in the 
ceiling and walls. The GIB in the ceiling and walls failed at temperatures of 120oC and 200oC 
respectively. From Figure 12 it can be seen that the ceiling would have failed before the wall. 
This is because the time-temperature curves for the ceiling were at higher temperatures that 
the ones for the wall lining.  

The change in ventilation occurred when the ceiling had failed. That is, when the hole in the 
roof was formed. It is important to note that the hole in the ceiling occurred above Bedroom 4 
as per the Floor Plan (refer to Appendix). It did not occur above the critical area consisting of 
the kitchen/dining/lounge. This was due to the fact that once the lining in the ceiling had 
failed, the fire moved to the roof cavities and generated high temperatures within the cavity 
above the opening. However, as the only combustible material in the ceiling cavity was the 
timber roof battens, the fire could not spread through the roof cavity and back down into 
adjacent rooms. Calculations were made to take into account this change in ventilation and 
the respective time-temperature curves were produced.  

The analysis included different ventilation conditions to see how this would have affected the 
overall shape and temperature of the time-temperature curves. The curves in Figure 7 show 
higher temperatures than the time-temperature curves in both Figure 8 and Figure 10. This is 
due to the fact that there is more air available to fuel the fire and make it more intense. This 
model was considered as the critical one.  

The alarm was raised when neighbours noted flames issuing from the windows and slightly 
later from the roof. This shows the fire had reached the ventilation controlled stage of full 
development [4, 5]. From the timeline in Figure 13, the fire was assumed to be under control 
at 19:08:25, when the situation had been changed to a ‘06C01 ABNML BRTH’.  The firemen 
were on site approximately 8 minutes after the fire was reported and it took a further 8 
minutes to put the fire under control. The time-temperature curves at a thermal inertia of 1160 
J/m2Ks0.5 did not accurately match this time scheme because it over estimated the 
performance of the house in the fire. That meant that the time to failure of the wall linings 
were longer than what had been observed in the timeline. To match the events that actually 
had happened, a lower thermal inertia of 700 J/m2Ks0.5 was considered. This allowed the time 
to failure to decrease and accurately correspond to the chain of events on the timeline. The 
time-temperature graphs in Figure 11 that were produced with the lower thermal inertia had 
higher temperatures thus reinforcing the fact that the lining would have failed earlier.  

The design fire load energy density for a house is taken to be 400 MJ/m2 floor area [3]. This 
is the 80% value, meaning that the actual fire load will be lower than this in 80% of cases 
considered. In this house, the comparison of actual and predicted lining failure timelines 
gives an expected fire load energy density of 300 MJ/m2 floor area for the enclosure of 
origin. As a thermal inertia of 700 J/m2Ks0.5 matched the timeline and a fire load of 300 
MJ/m2 was the most realistic, it can be said that the most accurate representation of the fire 
that occurred at this house was of a thermal inertia of 700 J/m2Ks0.5 and fire load of 300 
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MJ/m2. Figure 12 shows comparisons of a 300MJ/m2 fire for different ventilation conditions 
with the most critical case being when all the windows are broken. 

The steel framing in the ceiling was visibly distorted but in the walls, the steel was shiny and 
had very little distortion over most of the visible framing, with localised regions of surface 
dulling and very small distortion. This implies that the firemen suppressed the fire just when 
the wall lining was about to fail. The 10mm wall lining was not there in the pictures and so it 
was assumed that either the firemen had pulled the damaged wall lining out once the fire had 
been extinguished or the hosing down of the fire had taken the lining off. The roof was 
supported by wooden battens and this was one of the only places in the house where timber 
was used as construction. From Figure 14 below, it can be seen that the battens were charred 
due to the high temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

Also, the steel framing can be seen to be distorted heavily but still intact. It is, however, 
important to note that there was only distortion of the steel framing in the roof. The framing 
in the walls were well intact and had little to no signs of exposure to high temperatures and 
distortion. This observation can be seen in the picture below: 

 

 

 

 

Figure 14: Image showing the charred battens 
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In Figure 15 it can be seen that the steel framing in the walls are ‘fresh’ and shiny. There are 
little patches of dark spots on the wall framing indicating that the wall lining had failed at 
these points but since the patches are relatively small there is little to no distortion.  

6. Other Observations Indicating Temperatures Reached During the 
Fire 
Through matching the predicted and actual timelines for lining failure, the most realistic fire 
load energy density and boundary elements thermal inertia has been determined, and from 
this the likely fire time-temperature conditions determined.  

Other physical observations relating to the temperatures reached are now given and correlated 
back to the expected fire time-temperature conditions. These are: 

1. The aluminium window frames tops and upper sides were melted, meaning temperatures 
had to have exceeded the melting point of aluminium, 660°C, by a considerable margin. 
This is consistent with the predicted temperatures in the enclosure of origin being over 
900°C 

2. Where the fire broke through the ceilings into the roof cavity above the enclosure of 
origin and then broke through the roof, the galvanizing is missing from some tiles 
indicating peak temperatures at the underside of the roof tiles of more than 420°C, the 
melting point of zinc. The severe charring of the timber roof tile battens supports this. 
Given the peak temperature below the ceiling in the enclosure of origin was over 900°C, 
temperatures of around 550 to 600°C in the roof space above the failed ceiling would 
have been expected with higher local temperatures of as much as 800°C. 

Figure 15: Undistorted steel framing in the walls 
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7. Conclusions 
This was the first example of a significant fully developed fire in a light steel framed house to 
be investigated in New Zealand. The conclusions from this investigation are: 

• The time-temperature curve with a fire load of 300 MJ/m2 and a thermal inertia of 700 
J/m2Ks0.5 best represent the fire in terms of how the curve matched the chain of events 
in the timeline.  

• The temperatures in the enclosure of origin exceeded 900°C, with over 600°C in the 
roof space.  

• The highest temperatures on the time-temperature curves were achieved when all the 
windows in the critical region were assumed to be broken 

• The lining in the ceiling had failed before the wall lining, causing a hole in the roof  
• The hole in the roof did not occur directly above the point of ceiling failure due to the 

orientation of the roof above the enclosure of origin; rather it occurred at intersecting 
roof lines where restraint of thermal expansion caused openings to develop. 

• The house performed very well in the fire. The steel framing in the roof space and 
walls were exposed to the fully developed fire distorted but did not collapse. This not 
only prevented the house from collapsing but meant that most of it remained weather 
tight and restricted the fully developed fire to the enclosure of origin. There was 
considerable smoke damage throughout the house but contents in the rooms away 
from the enclosure of origin were able to be salvaged. 

• The external wall brickwork did not collapse and could be reused. In theory, much of 
the steel framing could have been cleaned and reused, however it was more 
economical to replace this framing 
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9. Appendix 
This section presents the House Plans, the steps from the HERA Report used to calculate the           
time-temperature curves and the Fire Service Report. 
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Figure 16: Floor Plan of 9 Nuneaton Drive 
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Figure 17: Elevation Plan of the house 
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Figure 18: Steps 1-2 to obtain the time-temperature curves for changes in ventilation conditions 
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Figure 19: Steps 2-5 to obtain the time-temperature curves for changes in ventilation conditions 
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Figure 20: Continuation of Step 5 
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Figure 21: Step 6  
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Figure 22: Fire Service Log showing the Responses of the Fire Fighting Units 
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Figure 2315: Fire Service Log showing Notifications and Message Log 
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Figure 24: Continuation of Message Log showing calls from neighbours and request for ambulance assistance 
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Figure 2516: Message Log showing fire is under control 
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Figure 2617: Final chain of events as per the Message Log 
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