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6. Laboratory Experiments  
and their Applicability 

By Thomas Steinhaus and Wolfram Jahn 

Introduction 

In conjunction with the Dalmarnock Fire Tests a series of laboratory tests have been 
conducted at the BRE Centre for Fire Safety Engineering at the University of Edinburgh 
(UoE) in support of the large scale tests. These were conducted prior to and post the 
tests in Dalmarnock. Before the tests, ignition experiments were carried out in the 
laboratory to ensure flame spread from the wastepaper basket to the sofa. The later series 
of lab tests comprised of small scale cone calorimeter tests, burning bench scale samples, 
and large scale calorimeter tests, burning full-scale furniture items, to serve as input for 
fire models, which require input in respect to intrinsic material properties and their 
characteristics of combustion. These tests were conducted after the actual experiments, 
due to the blind CFD (Computational Fluid Dynamics) prediction of Test One as part of 
a Round-Robin study. In addition, an exemplary description is presented outlining the 
possibilities of how the data obtained can be appropriately implemented for use as fire 
model input. 

Ignition experiments 

One of the main objectives of the Dalmarnock Fire Tests was to further the 
understanding of how compartment fires behave and how they affect their surroundings 
rather than the ignition properties of individual furniture (fuel) components. 
Nevertheless a sound knowledge base of the actual thermal properties of the individual 
items used in the tests forms a vital, integral part of the global understanding of these 
compartment fires. 

Readily available furniture in the UK, such as the sofas used for the Dalmarnock Tests, 
has to comply with the Furniture and Furnishings (Fire Safety) Regulations from 1988 
(amended in 1989 and 1993). This and various other regulations, describe the regulatory 
requirements for the furniture when used dependently and independently of the 
occupancy where these items are being used. BS 5852 (1982) is in that respect the most 
referred to and used standard for sofas. It defines tests for assessment of the ignitability of 
upholstered seating by smouldering and flaming ignition sources. The degree to which 
compliance is required depends on the valid regulation. Manufacturers do not have to 
prove complete compliance to every detail; however, it is clearly an advantage if the 
items show broad compliance so they can be used under several regulations. 
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With this in mind, it was necessary to determine beforehand if a sofa equivalent to the 
ones used in the Dalmarnock Fire Tests would actually burn under the foreseen ignition 
scenario of a burning wastepaper basket next to it, and thus determine if the 
manufacturer had actually taken any design measures, such as the placing of fire barriers 
in its sides/arm rests, in order to withstand flaming ignition from floor level of complete 
furniture items as stipulated in section Clause 12.3.4.1 in BS 5852:2006 (2006) (cf. BS 
5852:2006 Figure 14). This was important since large scale experiments in real buildings 
can not easily be restarted or repeated due to their management, time, cost and other 
implications. 

To ensure that during the Dalmarnock Tests the sofas caught fire, two lab ignition tests 
were carried out by consecutively igniting either side of a sofa and varying the ignition 
scenarios. The first ignition test (Figure 2, Figure 4 and Figure 6) was conducted by 
placing a metal bucket containing crumpled paper (200 g) soaked in 300 ml of heptane at 
the left side of the sofa as depicted in Figure 1. To aid flame spread from the bucket to 
the sofa, a cushion was placed on the arm rest (cf. Figure 1) which was moistened with 
heptane (200 ml). As predicted, after ignition the flame spread from the bucket, via the 
cushion, to the sofa (Figure 4) and started to engulf it fully (Figure 6). Since this was the 
sole objective of the test and no further information was required, the sofa was 
extinguished. 

The second ignition test (Figure 3, Figure 5, and Figure 7) was conducted in a similar 
manner to the first. The same metal bucket also containing paper and 300 ml of heptane 
was placed at the right side of the sofa which can be seen in Figure 3. No provision to aid 
flame spread was put in place. This ignition led to flame spread solely along the fire 
barrier (Figure 5) and eventually to self-extinction which can be seen in Figure 7. 

 

Figure 1. Sofa under hood 

fire barrier 

 cushion 

wastepaper 
basket 
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Figure 2. Bucket and cushion 

 

Figure 3. Ignition 

 

Figure 4. Flame spread over 
barrier 

 

Figure 5. Flame spread at 
barrier 

 

Figure 6. Fire engulfing sofa 

 

Figure 7. Working fire barrier 

 

The layout of Dalmarnock Fire Test One and Two were only expected to deviate slightly 
from the lab test set-up where the items were seen to burn, hence providing confidence 
in its ability to reproduce this ignition in the real scenario under similar conditions.  

From these tests it was concluded that a non fire retardant blanket hanging over the 
armrest of this sofa enhances fire spread from its side to the sofa allowing it to fully 
participate in a fire scenario. 
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Tests for use as fire model input 

Fire models require an input with respect to ‘what’ and ‘how’ a fire burns. This is 
commonly done by describing the event(s) with heat release rates as a function of time 
and/or by an inherent fire spread simulation (model). Common approaches are of the 
following form or combinations of: 

• steady state heat release rate, 

• “t2 fire” fire behaviour (Heskestad 1982), 

• Heat release rates from fire experiments, 

• Fire spread by means of material ignition as a function of critical heat flux for 
ignition, and 

• Fire growth purely based on the thermophysical properties of the materials 
involved. 

The first two approaches are very simplistic in respect to their implementation but not in 
respect to the selection of an accurately representative fire curve (be it a small, medium, 
fast, or ultra fast growing fire) as it does not require any testing. The last of the listed 
approaches has not yet been successfully applied in fire models. This study concentrates 
on the acquisition of data for the remaining approaches i.e. the heat release rate and 
critical heat flux of various materials and items. More details of the approaches can be 
found in the ‘Determination of the fire model input’ section, below.  

Due to the constraints of being part of the BBC Horizon show filming such as: the items 
being burnt in the flat, the furniture being bought and installed by an external party, the 
cost implications, etc., ample materials and items were not available. Laboratory testing 
was therefore constrained to small sample tests on carpet, particleboard (table wood) and 
plastic (keyboard) and large-scale tests on a single replica items such as the bookshelf, 
fully loaded with all the respective articles as per the set-up in Dalmarnock. Post the 
Dalmarnock tests the sofa (part of the ‘single items’ test group) was not tested again, but 
instead the measurements that were habitually recorded when running tests under the 
laboratory hood such as in the “ignition experiments”, utilized. The particle board sample 
was obtained from the remains of Test Two after the burn itself as in this test the fire was 
not left to engulf the entire room. The plastic (keyboard) samples were obtained from 
comparable old and used keyboards; while the sofa and the bookshelf were newly 
purchased replicas of the items used in Dalmarnock (the fire load within the bookshelves 
had been recorded and was reproduced). 

The small samples were tested in a standard cone calorimeter (ASTM E 1354, 2004). 
This device is commonly used to burn small samples in order to gather data on 
combustion products, heat release and other parameters associated with combustion. Its 
main principle is based on Thornton’s observations (Thornton 1917), that heat release is 
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approximately proportional to oxygen consumption for complete combustion of most 
organic liquid and gaseous compounds. Huggett (1980) showed that Thornton’s rule is 
also applicable for organic solids and found the average value of the heat of combustion to 
be 13.1 MJ/kg ±5% of oxygen consumed, which is widely used. For a larger series of 
liquids, gases, and solids, Tewarson (2002) found the average value to be 12.8 MJ/kg 
±7% of oxygen consumed. This makes the cone calorimeter an adequate device for 
testing materials that fall within these bounds. The oxygen consumption principle was 
also used to test the larger items. These tests were conducted under a lab size hood fitted 
with equipment to determine heat release rates via oxygen consumption and mass loss. 

The critical heat flux for ignition is the lowest thermal insult per unit area capable of 
initiating a combustion reaction on a given material, which can be obtained (Drysdale 
2002) either by determining the heat flux capable of producing conditions for piloted 
ignition after an arbitrary, but experimentally valid, time interval (e.g. 15 minutes (ISO 
5657, 1997)) or by extrapolating to obtain the minimum value of the imposed heat flux 
at which ignition is theoretically possible (i.e. ∞=igt ). The extrapolation has two main 
variations: extrapolation of the imposed heat flux curve versus time to ignition (Simms 
1963, Quintiere 1981) and correlations based on heat transfer models (Quintiere 1984, 
Mikkola & Wichman 1989, Tewarson & Ogden 1992). 

The latter is commonly obtained by using the test results of the cone calorimeter 
(Babrauskas 1992, 2002), Fire Propagation Apparatus (FPA) (ASTM E2058, 2003) or the 
LIFT (ASTM E1321, 1997). By regression fitting a straight-line to values for the inverse 
of the square root of time to ignition ( ) versus values for the corresponding incident 
heat flux ( ), the slope can be obtained. By extrapolation of this line, the heat flux 
reading where the line crosses the abscissa resembles the critical heat flux for ignition. 
The result depends significantly on the data points collected which in turn depends on its 
definition (Tewarson & Ogden 1992, Tewarson & Khan 1988, Tewarson 1994, ANSI FM 
4880, 2001). Nevertheless it has been shown by e.g. Long et al. (2000) that this method 
can provide incorrect results. Therefore it was opted to obtain the critical heat flux 
capable of producing the conditions for piloted ignition by exposing each sample to a 
different heat flux in the cone calorimeter starting with a low heat flux and increasing it 
until piloted ignition occurred, the time to which was recorded. The problems that are 
associated with this test method are duration, production of pyrolysis gases that do not 
reach flammable concentrations and material transformation. Even though these are 
issues that cannot be neglected this method provides good results. The results of the tests 
are presented below. 

igt

iq

Particleboard (wood) 

The particleboard samples (10 cm x 10 cm) were taken from the computer desk used in 
Test Two, identical to that used in Test One (cf. Chapter 2, Figures 2a, 3 and 4), and is 
assumed to be characteristic of the other wooden items made of particleboard used in the 
Dalmarnock Fire Tests. Eleven samples were tested in the cone calorimeter and three 
ignited successfully. 
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Table 1 below shows the results from the test, together with Figure 8. 

Sample Heat Flux Time to ignition 
[#] [kW/m2] [s] 
5 10 - 
4 12 - 
2 16 - 
6 17 - 
7 18 - 
8 18.5 - 
9 19 - 

11 19.5 - 
10 20 325 

3 22 250 

1 28 180 
 

Table 1. Critical heat flux and time to ignition for particleboard 

 
 

 

Figure 8. HRR curve for the particleboard wood samples from a 
standard cone calorimeter test. 

Figure 8 shows clearly how dependent the heat release rate is upon the incident heat flux. 
The higher the incident heat flux, the more vigorous the burning obtained (the higher the 
peak heat release rate becomes). 
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Heat release rate comparison (Particleboard) 

In trying to verify if above heat release rates are reasonable, the heat release rates 
obtained from the oxygen consumption measurements can be compared with those 
obtained using the measured mass loss rate in combination with the heat of combustion of 
particleboard which is 19.9 MJ/kg, as per SFPE Handbook 3rd Edition (Di Nenno, 2002). 
This can be expressed as, 

cHmQ Δ⋅⋅= χ&&  ( 1 ) 

where 

Q&  = heat release rate  
m&  = mass loss rate  
χ  = efficiency factor (which takes into account incomplete combustion) 

cHΔ  = heat of combustion  
 

Assuming complete combustion, the heat release rate can be calculated according to 
Equation 1. The two heat release curves of sample 3 are presented in Figure 9. The good 
correlation provides confidence in the results of the oxygen consumption measurement 
and also therefore the calculated heat release rates presented above. 

 

Figure 9. HRR for a particleboard sample, obtained using two 
different methods 

 
 

 117 The Dalmarnock Fire Tests: Experiments and Modelling. Edited by G. Rein, C. Abecassis Empis and R. Carvel. 
Copyright (c) School of Engineering and Electronics, University of Edinburgh, 2007. ISBN 978-0-9557497-0-4



The Dalmarnock Fire Tests: Experiments and Modelling 

 
Plastic Samples (Keyboard) 

As a representation of the plastics that had burnt in the Dalmarnock Tests, keyboard 
samples were burnt in the cone calorimeter. It can be assumed that the main plastic 
component that was used to manufacture these keyboards was polystyrene since one of 
the keyboards was labelled with the resin identification code “PS” for polystyrene, and the 
housings of the other keyboards appear to have been made out of a similar material. 
Three keyboards were cut into 10 cm by 10 cm samples providing a total of 8 samples 
which were all tested. The results are presented in Table 2 and Figure 10. 

 

Sample Keyboard Heat Flux Time to ignition 
[#] [#] [kW/m2] [s] 
4 B 13 - 
1 A 13.7 - 
2 A 14.1 - 
7 C 14.35 481 
5 B 16 28 
8 C 16.7 274 
6 B 18.6 330 
3 B 19.08 35 

 

Table 2. Critical heat flux and time to ignition for the plastic 
samples 

 

 

Figure 10. HRR for the plastic (keyboard) samples 
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Testing samples such as these keyboard samples in the cone calorimeter is difficult, 
because they can not easily be cut and mounted in the standard sample holder; the surface 
is unusually coarse due to the presence of the keys, and because of the nature of its 
overall structure (i.e. its mechanics). 

Five of the eight tests ignited, however reasonable ignition times could only be obtained 
from three. Sample 3 and 5, marked in grey in Table 2, show very early ignition 
compared to the other values. These are incident driven, e.g. Sample 5 ignited early 
because a key on the keyboard curled and touched the spark igniter. 

From Table 2 a critical heat flux ( ) of around 14 kW/m2 can be obtained. The heat 
release curves seen in Figure 10 resemble keyboard heat release rates as obtained from 
the conducted tests and can provide the modeller with valuable information. 

critq

Heat release rate comparison (Plastic) 

In trying to verify whether or not the above heat release rates are reasonable, the heat 
release rates obtained from the oxygen consumption measurements can again be 
compared to those using the mass loss rate measured in the cone calorimeter, in 
combination with the heat of combustion of polystyrene which is 42.21 MJ/kg as per 
SFPE Handbook 3rd Edition (Di Nenno, 2002). 

 

Figure 11. HRR for a plastic (keyboard) sample obtained using two 
different methods 

Assuming complete combustion, the heat release rate can be calculated according to 
Equation 1. The two heat release curves of sample 8 are presented in Figure 11. The 
good correlation provides confidence for the results of the oxygen consumption 
measurement and therefore the obtained heat release rates. 
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Sofa Test 

The heat release rate (HHR) for the sofa (Figure 12) was found by utilizing the habitually 
recorded data as described earlier in ‘Ignition experiments’. Even though this data does 
not entirely describe a full sofa burn, from ignition to burn-out, the data can be used for 
fire modelling. 

 

Figure 12. HRR of the ‘Ignition Experiments’ sofa test 

 
To better make use of this information, it is important to extrapolate the available HRR 
curve of Figure 12, to describe the rest of the burning. The extrapolation options are 
indefinite, but some physical constraints define their limits. These are: 

• The sofa mainly consists of polyurethane foam, with some small structural 
elements, thus it can be assumed that the sofa material is fairly homogeneous. 

• The tests have been conducted under well ventilated conditions. 

• The heat release rate ( cQ& ) is a function of the combustion of the fuel vapour.  

• Mass measurements before and after the test show that about 34% of the sofa was 
consumed during the test. 

• The total heat released, as per the area under the HRR curve shown in Figure 12, 
sums up to a total of 127.5 MJ. 

• The test was stopped during the fire growth phase. 

 120 The Dalmarnock Fire Tests: Experiments and Modelling. Edited by G. Rein, C. Abecassis Empis and R. Carvel. 
Copyright (c) School of Engineering and Electronics, University of Edinburgh, 2007. ISBN 978-0-9557497-0-4



Chapter 6: Laboratory Experiments and their Applicability by Thomas Steinhaus and Wolfram Jahn 
 

• Neglecting the initial peak of Figure 12, which corresponds to the wastepaper 
basket that acted as an ignition source, the HRR curve follows a parabolic growth 
curve also referred to as the “t2 fire” between 200 s and 800 s represented by the 
following equation, 

( )2
0ttQ f −⋅= α&  ( 2 ) 

where 
Q&  = heat release rate  

fα  = fire growth coefficient,  
 = incubation period, and  

 = the time. 
0t
t

Categorizing the growth according to Evans (1995) the HRR of the tested sofa is smaller 
than the given definition of a small burning fire with an fα  of 5.92E-07 kW/s2. The 
likely reason for this is that highly expanded polyurethane foam in furniture in the UK 
generally contains flame retardant. 

Taking the above constraints into account, it can be assumed that the efficiency factor 
( χ ) and the heat of combustion ( cHΔ ) of Equation 1 are constant and therefore the total 
energy stored in the sofa be calculated to have a value of about 379 MJ. 

 

Figure 13. HRR “t2 fire” behaviour of the sofa 

Despite not knowing exactly how the sofa would have kept burning, it can be concluded 
that it is likely the HRR growth rate of Figure 13 would have maintained its parabolic 
behaviour, at least until the fire started to burn out. This behaviour is however limited. 
Physically the area under the heat release rate curve, i.e. the total heat released by the 

 121 The Dalmarnock Fire Tests: Experiments and Modelling. Edited by G. Rein, C. Abecassis Empis and R. Carvel. 
Copyright (c) School of Engineering and Electronics, University of Edinburgh, 2007. ISBN 978-0-9557497-0-4



The Dalmarnock Fire Tests: Experiments and Modelling 

 
sofa would have to equal the calculated value of 379 MJ. This leaves only a limited range 
of possibilities as shown in Figure 14. 

 

Figure 14. Extrapolation of the HRR for the sofa 

 
Heat release rate comparison (Sofa) 

To gain more confidence in the above extrapolation and assumptions the extrapolated 
Dalmarnock HRR for the sofa is compared to other sofas and “love-seats”. 

A commonly referred to example of this nature is one available on the NIST (National 
Institute of Standards and Technology) website, henceforth referred to as the “NIST sofa” 
(NIST 2007a). Even though the authors are aware of the fact, that it is not a good practice 
to reference to a web page, there is a need to do so, since it seams to be common practice 
amongst fire modellers to use that (electronically available) data. The “NIST sofa” 
referred to above and “love-seat” (NIST 2007b), as well as other sofas and love-seats 
(Babrauskas et al. 1982, Lawson et al. 1983) are used hereafter for comparison to the UoE 
laboratory tested sofa (cf. Figure 15 and Table 3). 
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Figure 15. NIST vs. Dalmarnock (UoE) sofa HRR 

 

Name Reference 
Name in 

reference 
Sofa (UoE) (current chapter) UoE Sofa 
Sofa (web) http://www.fire.nist.gov/fire/fires/sofa/sofa.html Loveseat 
Love-Seat 

(web) 
http://www.fire.nist.gov/fire/fires/loveseat/loveseat.html Sofa 

Sofa (B) Babrauskas et al. 1982 F32 
Love-Seat (B) Babrauskas et al. 1982 F31 

Sofa (L) Lawson et al. 1983 Test 38 
Love-Seat (L1) Lawson et al. 1983 Test 54 
Love-Seat (L2) Lawson et al. 1983 Test 57 

 

Table 3. Nomenclature used for respective sofa HRR curves 

While some heat release rates fall within the same HRR range, others seem at first to 
have no resemblance when compared to the UoE sofa, as shown in Figure 15. Some even 
have a peak HRR one order of magnitude higher than the UoE data. They also reach their 
peak around 400 s, when the wastepaper basket ignition source in the UoE laboratory 
test has just burnt out and the sofa fire is still in its early growth stage. 

Although the items used in the comparison are not alike and a number have substantial 
geometrical differences (e.g. the “NIST sofa” or Sofa (web) are much bigger than UoE 
sofa), it can be stated that the key material contribution in respect to the HRR was 
polyurethane foam. Table 4 indicates the individual sofas’ masses compared to the UoE 
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sofa, the total released heats and the comparison of the total released heats to the UoE 
sofa are presented. 

Name 
Mass 

comparison to 
UoE sofa 

Total released 
heat (TRH) 

TRH 
Comparison to 

UoE sofa 
 [%] [MJ] [%] 

Sofa (UoE) 100 379 100 
Sofa (web) 2751 980 258 

Love-Seat (web) 2172 885 226 
Sofa (B) 151 671.1 177 

Love-Seat (B) 118 574.3 151 
Sofa (L) 151 797.3 210 

Love-Seat (L1) 80 110.25 29 
Love-Seat (L2) 161 616 162 

 

Table 4. Mass and Total Released Heat comparison 

 
Comparing the second and fourth column of Table 4 it can be seen that, excluding the 
metal framed love-seat (Move-Seat (L1)), the percentages of mass and total heat released 
of the items are fairly similar, as would be expected, from similar items that were burnt 
under similar conditions, when looking at Equation 1. This enables us to conduct some 
modifications. In order to compare the HRR curve of the UoE sofa to the tests available 
in the literature, these must be rescaled, since, as Table 4 shows, the masses of the 
different objects used are significantly different. The scaling criterion used in this 
approach assumes that a smaller object would burn following basically the same curve, 
i.e. growing at the same rate as the original and following the same growth curve, but the 
peak value of the HRR would be proportionally lower such that the total released energy 
is the same as that of the UoE sofa tested, as shown in Figure 16. 

                                                       
1  The dimensions and therefore the mass of the Sofa (web) were roughly estimated 

since, only limited information was available. 
2  The dimensions and therefore the mass of the Love-Seat (web) were roughly estimated 

since, only limited information was available. 
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Figure 16. HRR of NIST sofa vs. scaled HRR of NIST sofa 

 
Conducting the same modification for all the items in Table 4 and HRR’s of Figure 15 
except “Love-Seat (L1),” the modified curves as depicted in Figure 17 are obtained. 

 

Figure 17. Several scaled sofa HRRs vs. Dalmarnock sofa HRR 
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Figure 17 clearly shows how comparatively different the HRR’s of different sofas can be, 
even when an attempt is made to adjust them to be fairly similar. 

The task set out was to compare the heat release rates of other sofas and love seats to the 
UoE sofa. At first glance it appears that there is still no comparison to other sofas or love 
seats. However, knowing that the polyurethane foam of the UoE sofa was fire retardant, 
the slow growth rate of the UoE sofa makes sense and thus is comparable to the other 
sofas and love seats, because their foam was, as far as could be determined from the 
literature, not retardant. 

Bookshelf Test 

A fully loaded shelf unit, identical to those present in Dalmarnock (shelf next to the sofa) 
was burned under the calorimeter hood. The ignition and configuration was similar to the 
tests in Dalmarnock thus using a wastepaper basket (cf. Figure 18) stuffed with crumpled 
newspaper which was moistened with heptane. Unfortunately the extraction system of 
the lab’s exhaust hood was not able to remove all the smoke produced by the shelf fire, 
therefore the test had to be stopped, by extinguishing the fire, before the shelf had burnt 
out to obtain the entire heat release curve of the shelf. 
 

 

Figure 18. Bookshelf setup 

 

Figure 19. Burning bookshelf 

TC1 

TC2 

TC3 

TC4 

TC5 
TC6 

 

Six thermocouples were attached to the shelf at various heights such that they were 
sticking out slightly from the shelf (Figure 18). They were used to monitor the 
temperature development, presented in Figure 20. Again, the peak at the beginning of 
Figure 20 is related to the ignition source (wastepaper basket). 
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Figure 20. Temperatures along the height of the bookshelf 

The shelf’s heat release rate (HHR) is presented in Figure 21. The second big peak is 
thought to relate to the control of the smoke extraction in the hood. By increasing the 
extraction volume more air is entrained which could have contributed to fire growth. 
When the shelf unit was extinguished, the HRR curve had passed its peak and was 
decreasing significantly. As stated above it was unfortunately not possible to record a full 
heat release curve until burnout. Nevertheless the data can be used for fire modelling, 
however to use it, it is important to extrapolate the HRR curve, to describe the rest of 
the burning. 

 

Figure 21. Extrapolation of the HRR for the bookshelf 
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The ratio between the initial mass of the bookshelf (52.12 kg) and the remaining mass 
after extinction (24.125 kg) reveals that 54% of the bookshelf was burnt during the test. 
Following the same reasoning explained for the sofa test, the total released energy during 
the test (corresponding to the integral of the HRR) is 54% of the total amount of energy 
stored in the bookshelf. As can be seen in Figure 21, the decay measured in the hood 
shows good agreement with an adjusted t2 curve, both in height and in slope. 
Furthermore, when extrapolating this curve until it reaches the abscissa, and calculating 
the area beneath it, it corresponds to the remaining 46% of the total estimated energy 
available. It can therefore be stated with reasonable certainty that the HRR curve of the 
entire bookshelf, had it been left to burn, would have had a very similar shape to the 
proposed extrapolation (Figure 21). 

 

Figure 22. t2 fire curve of the bookshelf 

 
Looking at Figure 22 the HRR curve follows a t2 growth curve. Categorizing the growth 
according to Evans (1995) it appears to be representative of a medium fast fire with an 

fα  of 2.4E-02 [kW/s2]. 

Heat release rate comparison (Bookshelf) 

Comparison of the HRR of bookshelves is challenging. Aside from the size issues, it is 
difficult or impossible to distinguish a common key material contributor, since the 
additional loading on the shelves is subjected to personal preferences. Therefore no 
attempt to do so was made. 

Determination of the fire model input 

Several potential input possibilities as examples of how the above test data can be used as 
fire model input are discussed in this section. Nevertheless, these are simply (random) 
choices and none of the described approaches are necessarily right or wrong, as it is 
always up to the modeller to establish which method is best suited to the particular 
scenario. This is usually dependant on the type of analysis required. The analysis of the 
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results and the conclusions that are subsequently drawn, make them a viable or non viable 
choice. 

As previously discussed this is commonly done by describing the event(s) with heat 
release rates as a function of time and/or by an inherent fire spread simulation (model).  

Heat release rate 

Providing any fire model with a heat release curve defines the fire and its size during that 
period if no other energy sources are present. Therefore choosing an appropriate heat 
release curve (cf. differences in Figure 15) is vital and can change the outcome 
substantially. 

• Steady state heat release rate 

For various applications (Reszka et al. 2007, Utiskul & Quintiere 2007) it seems to be 
sufficient and beneficial to solely input a steady state heat release rate into a fire 
model. The reasons for this are: time dependant results might not provide added 
value and accuracy, the flow problem, trying to reduce long and expensive calculation 
times, large range of scenarios desired to be calculated, feasibility to conduct a Monte 
Carlo Analysis and many more. 

• “t2 fire” 

One of the simpler methods to provide a fire growth for a fire model is to chose an 
applicable HRR curve based on Heskestad’s (1982) t2 fire relationship for 
compartment fires. With the help of Evans (1995) an educated selection of the fire 
growth for the envisioned scenario can be defined. In case of the Dalmarnock Fire 
Tests and the knowledge of the above tests, a more sophisticated selection can be 
conducted when looking at Figure 14 (sofa HHR) and Figure 21 (bookshelf HRR). 
Through doing this it could be assumed, due to the conditions that might develop in 
the room compared to the laboratory tests, that there might be a slight increase in the 
fire growth thus assuming an ultra fast t2 fire. Note that the t2-approach is only valid 
for the fire growth phase. At a certain point (which has to be determined by some 
means) fully developed fire conditions are reached and the fire becomes ventilation 
controlled. This period is also referred to as the steady state period followed by a 
decay period. 

• Heat release rates from fire experiments 

Often modellers decide to conduct a more “realistic” approach by using heat release 
rates from fire experiments. Since these are rarely directly applicable the modification 
of these should be considered to fulfil the specific needs. Therefore, in order to 
prevent time wasted in attaining unnecessary levels of detail, which would actually 
increase the complexity and errors, a fire modeller could concentrate on the key 
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components that play a role and e.g. superimpose various sources of related heat 
release curves. 

Taking the Dalmarnock Fire Tests as an example, it could be determined from the 
setup as described in Chapter 2, that it is very likely that after the ignition, the sofa 
will be ignited first and thereafter the bookshelf. Remaining at this complexity level, 
the previously obtained heat release curves can be superimposed and a new one 
created by choosing, for example, an ignition delay time between the HRR curves of 
the bookshelf and the sofa. The time delay has to be chosen by the modeller, which 
could be random or from information or video footage such as that available from the 
Dalmarnock Fire Tests. 

In the attempt to account for the different environmental conditions, the chosen heat 
release curves will have to be modified accordingly. A change in air entrainment, 
free/non-free burning, hot layer build-up and complete/non-complete combustion, 
to mention a few, can completely change the rate of heat release, leaving indefinite 
fire development possibilities. The only confining parameter is the total material mass 
of each item to be burnt, which can be expressed as the total heat of combustion. 
Only practical experience of real fires and an understanding of the specific conditions 
can allow for an educated estimation for the prediction of heat release curve 
development. By summing all the changes and implementing these into the product of 
the mass loss rate ( ) and the efficiency factor (m& χ ) of Equation 1, the HRR curves of 
the items of furniture, that will be prescribed two-dimensionally (HRR and t) with a 
fixed total released heat, can be scaled. When assuming heat built-up, well ventilated 
conditions and complete combustion, the product of the mass loss rate ( ) and the 
efficiency factor (

m&
χ ) of Equation 1 can be defined as a certain magnitude larger than 

in Figure 14 and Figure 21, and for simplicity it can be assumed that that parameter is 
constant. This shrinks the time scale appropriately since it is bound to the total heat 
releases that were fixed. The result of scaling and adding the HRR curves of different 
items is shown in Figure 23. 

It is clear that the obtained shape will merely describe one of an infinite number of 
possible curves. It depends entirely on the available raw data (access to fire tests and 
databases, such as Spearpoint (2001)) and even more so on the drawn conclusions 
(different sofas thus materials available for burning, environmental conditions 
lab/living room, burning conditions, etc.). The above is solely an example that depicts 
the constraints and lays out the possibilities to interpret such results. It is important to 
keep in mind that the input data will have a significant influence on the outcome of 
any model used. 
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Figure 23. Exemplary HRR curve as fire model input 

 
Inherent fire spread simulation 

A far more “realistic” approach to modelling compartment fires is to prescribe the 
thermophysical properties of the different materials rather than an approximate HRR. 
The items in the simulated room would then “release” combustible gases, ignite and burn 
according to those properties, thus conditional events based on thermophysical 
properties. Fire spread in CFD models has been a subject of research for many years. The 
interaction between flames, smoke-layer and combustibles involves many complicated 
physical phenomena (Cox & Kumar 2002) such as the previously mentioned radiation and 
is therefore extremely difficult to model. Some CFD codes have very advanced fire 
spread models in place which can be used to a certain extent. To do so, the exact 
thermophysical properties of the materials have to be known, as well as their variation 
with temperature, which is rarely available to the desired accuracy. 

Despite great advances in computer technology in recent years (McGrattan 2007), a 
compromise is generally required between the desired complexity (model spatial and 
time resolution, and number of sub-models, etc.) and the computational time required 
for the simulations. Modern models are also still limited by a lack of detailed knowledge 
of the processes going on in the flames of a fire, e.g. soot formation, and 
chemistry/radiation-turbulence interactions. In addition to these problems, the intrinsic 
thermophysical properties obtained from fire tests are not as accurate as desired. 
Nevertheless, modern models are able to simulate fires with sufficient accuracy to be of 
practical use, when done carefully and the results correctly interpreted. 
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One of the many to get around is e.g. the use of critical heat flux of the materials. These 
can be used in CFD models to decide when or in which order different items in the 
compartment ignite. This approach has some major drawbacks, the most important being 
the lack of radiation models in CFD codes that are accurate enough to predict the 
incident heat flux sufficiently. Although theoretically the critical heat flux is an 
appropriate way to define the moment of ignition of an item of furniture in a fire 
compartment, the inaccuracy of the physical phenomena involved makes it an impractical 
method. However, its application in deciding the order in which different items will 
ignite is a much more robust implementation that can provide valuable information. 

Conclusion 

Overall it would have been desirable to conduct several more tests of entire items and 
small material samples alike, to extend our understanding of how the materials used in 
the Dalmarnock Fire Tests burn. Nevertheless the laboratory experiments undertaken to 
date in conjunction with the Dalmarnock Fire Tests give fire safety engineers and 
scientists valuable information for their work, as exemplified in the a posteriori modelling 
study of Test One, discussed in Chapter 11. 
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