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Abstract  
This study focuses on flame spread in corner configurations on Medium Density Fiber (MDF) boards. A set of 

results is discussed from an experimental campaign conducted in the form of standard Single Burning Item (SBI) 

tests. The repeatability of the tests, the backside boundary condition, and the thermal attack symmetry are discussed. 

Temperature distributions over the boards through their thickness and at their backside are presented to provide the 

evolution of panel temperatures. Heat fluxes are measured at certain characteristic locations during the tests, and 

temporal profiles of the total heat release rate and the smoke production rate are determined based on the oxygen 

depletion technique by extracting the combustion gases. The visual observations of flame spread are recorded via 

video cameras from two different angles. 
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Introduction 

It is well-established that fires in corner 

configurations spread in a distinctive manner, primarily 

due to the reduction in air entrainment into the fire that 

leads to extended flame heights [1]. When compared to 

flame spread near a single flat wall, therefore, the 

subsequent impact in an enclosure fire is more 

substantial. In order to characterize the distinctive 

growth of corner fires and to attain suitable data for 

evaluation of fire models in this area, numerous tests 

often resembling ISO Room Corner tests [2], have been 

conducted in the past [e.g. 3–6]. Among the 

measurements made in these experimental studies, 

several main quantities can be highlighted, namely heat 

release rate (HRR), gas temperatures (e.g. in the smoke 

layer), smoke production rate (SPR), surface 

temperatures, heat fluxes (e.g. on the walls, on the 

façade, or onto the floor), spread of flames (front, height 

and length), time to flashover, and the velocity or 

pressure of gases, each carried out at a variety of 

locations with respect to the fire source. Other 

remarkable, but less frequent, measurements have been 

made of instantaneous flow stream lines, char depth, 

and char patterns on the surfaces. 

An important parameter in characterizing the 

boundary conditions of a corner fire is the evolution of 

temperatures at the backside of the burning walls. This 

is essential since it can help determining the heat losses 

from the backside in a more quantifiable  manner. 

Earlier Computational Fluid Dynamics (CFD) studies of 

corner fires have indicated the need for such 

experimental quantifications [7]. To the best of the 

authors’ knowledge, this parameter has not been 

investigated before. Thus, the present work considers 

and discusses this component. 

Another important parameter to consider is the 

evolution of wall temperatures. Former studies of corner 

fires have traditionally considered surface temperature 

measurements [3–4]. This type of measurements, 

however, is known to incorporate inherent errors that 

are difficult to quantify, e.g., errors due to radiation and 

convection in the flame area. Moreover, to the best of 

the authors’ knowledge, the level of symmetry in the 

thermal attack on the walls has not been quantified. 

These issues are addressed here by investigating the 

evolution of the wall temperatures and the symmetry of 

the thermal attack via through-thickness temperature 

measurements made all over the burning walls.  

 The experiments discussed here are several tests 

representative of a more extensive experimental 

campaign. Thus the paper is meant to serve as a 

reference point for the larger experimental campaign 

designed for the characterization of corner fires. 

 

Experimental Set-up 

The experiments discussed in this paper consist of 3 

Single Burning Item (SBI) tests [8] with flammable 

boards of Medium Density Fiber (MDF), commonly 

used as indoor construction material. The thickness of 

the boards is 18.2 ± 0.1 mm and their nominal density is 

570 kg/m
3
 after conditioning at 21°C and 50% 

humidity. 

The two boards, one measuring 1.5 m high by 1.0 m 

wide (hereafter referred to as the long panel) and the 

other measuring 1.5 m high by 0.5 m wide (hereafter 

referred to as the short panel) are placed in a vertical 

position and perpendicular to each other to form a 

corner in the SBI test set-up [8] as illustrated in Fig. 1. 

At the bottom corner of the boards and 40 mm away 

from them, a triangular propane sandstone burner with 

side dimension of 250 mm and a HRR of 30 kW is 

ignited, representing a corner fire source. As the boards 

heat up, the combustible material starts to burn and the 

subsequent flames at the corner spread upward and 

laterally. Three tests have been considered to examine 

the repeatability of the experiments. In order to reduce 

the variability of the initial conditions, the boards were 

conditioned at 21°C and 50% humidity prior to the tests.  

Temperature measurements are made all over the 

boards at different depths and at their backside using 
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Fig. 1. The geometry of the SBI test enclosure in the study (image to the left, with units in mm) and the illustration 

of the temperature and heat flux measurement locations (image to the right, units in cm): there are two openings in 

the testing enclosure, namely the hood on top of the SBI trolley which extracts the gases (0.6 m
3
/s) and the vent at 

the bottom of the backside of the trolley (1160 mm by 320 mm) where fresh air enters the enclosure. Note that there 

is an air gap behind the test panels, i.e. 300 mm wide behind the long panel and 280 mm wide behind the short 

panel. The image to the right illustrates the measurements of through-thickness temperatures at 1 mm depth ( ), 1 

mm depth and the backside ( ), 1 mm and 2 mm depth ( ), 1 mm, 2 mm and the backside ( ), and the heat fluxes 

(numbered circles  to ). The images are not to scale for the sake of clarity. 

 

K-type thermocouples as portrayed in Fig. 1. The 

through-thickness measurements are made by placing 

the thermocouples inside holes, drilled from the 

backside of the panels with precision down to ± 0.1 mm, 

considering the errors by conduction along the 

thermocouple-leads to be negligible. Each thermocouple 

has its wires welded only at one terminal bead to ensure 

that through-thickness temperatures are recorded 

precisely at the desired depth. The thermocouple bead, 

sized approximately 1.5 mm, is fixed in place firmly 

using thermal adhesive 940 HT-1 from Polytec PT. This 

paste could provide superior thermal conductivity (2.1 

W/m.K, i.e. over 40 times the conductivity of air at 

400°C) while due to its Alumina Oxide base does not 

decompose at high temperatures and is electrically 

nonconductive so it could not interfere with the 

functioning of the thermocouples. For different depth 

measurements at the same location, separate holes are 

considered to reduce the influence from the neighboring 

measurements, and to have ideal contact between the 

thermocouple beads and the board. These separations 

are 1 cm in the vertical direction because initial 

experiments suggested that at a specific lateral distance 

from the corner, temperatures are almost identical in a 

vertical span of 1 cm at a given depth. 

The heat fluxes are measured during the tests by 

means of water-cooled Schmidt-Boelter flux sensors 

(working range up to 75 kW/m
2
) at three locations, as 

shown in Fig. 1. These measurement locations 

correspond to the thermal attack calibration points in 

SBI tests as defined in Annex D.2 of EN13823 [8]. As 

the combustion of propane from the burner yields 

considerable amount of water vapor, condensation 

occurs on the cooled sensors causing errors reported as 

high as 8% [9]. Therefore, as a conventional practice, 

the temperature of the cooling water supplied to the 

sensors is maintained at 50°C to diminish condensation 

errors. All the sensors are set flush with the surface of 

the boards. 

The combustion gases are extracted through a hood 

with fixed volume flow rate of 0.6 m
3
/s. Thus temporal 

profiles of the total HRR and SPR are determined based 

on the oxygen depletion technique. The visual 

observations of flame spread are recorded via video 

cameras from two different angles. 

 

Results of HRR and SPR Measurements 

Determined based on the standard definition of 

EN13823 [8], the evolution of HRR and SPR for the 

three SBI tests with MDF boards (Tests MM1, MM2 

and MM3) are shown in Fig. 2. Snapshots from 

characteristic times in the experiments have been 

included to exhibit the association between the flame 

spread development and the evolution of HRR and SPR. 
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The HRR measurements of Tests MM1, MM2 and 

MM3 indicate deviations below 6% from the mean of 

the three tests on average. This confirms that the overall 

repeatability in HRR remains satisfactory through the 

test.  For the SPR measurements, the curves collapse on 

each other up to t = 8 min which is very promising. 

Later on, however, Test MM3 indicates a deviation in 

excess of 93% from Test MM2 on average. This is 

while the SPR curve from Test MM1 continues to 

collapse on that of Test MM2 till t = 14 min, yet 

indicating deviations up to 16% after that point. This 

translates to the fact that the overall repeatability in 

smoke production might not be as satisfactory in the 

final minutes of the experiments. 

According to the general trend in the experiments, it 

takes approximately 20 s for the burner to attain a HRR 

of 30 kW. Flames surpass the height of the boards in 

only about 1 min as they involve the boards and spread 

upward; although flames from the burner at the onset of 

the experiment are shorter than 90 cm. At this stage, 

there is quick burning and delamination of the surface 

fiber layers in the region directly above the burner. This 

period of rapid burning yields an initial peak of HRR at 

approximately t = 1.5 min (as large as 100 to 120 kW) 

and later a second, higher, peak of HRR at 

approximately t = 3 min (i.e., the peak HRR, as large as 

150 to 155 kW). As Fig. 2 indicates, up to the first peak 

of HRR, the SPR curves follow a trend very similar to 

that of the HRR, which is typical behavior [10]. 

However, the SPR curves clearly oppose the trend of the 

HRR curves after this point. This is due to the fact that 

after the rapid burning of the surface fiber layers at the 

corner, the subsequent fiber material undergoes gradual 

charring and only minimal delamination. The growing 

charring layer acts as resistance against thermal attack at 

the surface, resulting in a decay in HRR. As the resistant 

char layer results in a smaller fire at the corner, a large 

portion of the pyrolyzed regions is left without access to 

enough energy for complete combustion; therefore more 

smoke is produced instead of heat. Nevertheless, after 

t = 16 min, the char has partly been removed or cracked 

and thus fire grows larger by penetrating through the 

corner, supplying more energy to the pyrolyzing regions 

so that more complete combustion in these regions 

results in less smoke production and more heat. 

The peak HRR in the experiments occurring at t = 3 

min is followed by extensive lateral flame spreading as 

denoted by arrows in the experimental snapshots in 

Fig. 2 at t = 3 min. After the peak, a progressive decay 

continues and flame heights drop to as low as 100 cm, 

while the lateral flame spreading continues to as far as 

nearly 40 cm from the corner, before extinguishing 

almost entirely (see Fig. 2 at t = 15 min). However, the 

HRR starts rising for a second time just at about t = 16 

min. This second rise in HRR, which triggers some 

secondary lateral flame spreading, is brought about by 

the fact that during the last minutes, the fire starts to 

penetrate through the charred corner, instigating 

gradually growing flames at the corner that surpass the 

boards’ height once again (see Fig. 2 at t = 20 min). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 The evolution of HRR and SPR in Tests MM1, 

MM2 and MM3 along with snapshots from Test MM2. 
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Fig. 3. The evolution of the measured temperatures through the thickness and at the backside of the MDF panels in 

Tests MM2 and MM3: the contour plots demonstrate the temperatures at 1 mm and the backside of both the panels 

in Test MM2, while the temperature profiles illustrate temperature evolutions at 1 mm and 2mm depth and at the 

backside of the long panel in Tests MM2 and MM3 at several characteristic points, namely at locations  to   

shown on the upper contour plots. Note that X and Y denote the distance from the corner and the height from the 

bottom of the plates, respectively, and Z denotes the depth from the surface in mm (18.2 mm being the backside). 

 

Results of Temperature Measurements 

The evolution of the panel temperatures is presented 

in the form of contour plots in Fig. 3, together with 

temperature profiles from several characteristic points to 

demonstrate the typical panel temperature evolution 

patterns in the experiments. The temperature fields are 
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obtained by utilizing an interpolation scheme based on 

polynomial least square and QR matrix decomposition 

technique [11]. Hence, by taking into account the 

available measurements, the best fitting second to fifth 

order polynomial function is determined to replicate the 

temperatures at other intermediate points. 

As the contour plots in Fig. 3 reveal, all the through-

thickness and backside temperatures of the long panel 

remain below 100°C at 55 cm or further away from the 

corner. Nonetheless, the through-thickness temperatures 

within this zone start increasing as early as about t = 2 

min. This is also the case in regions where no flames are 

present yet. This early temperature rise is due to the 

radiation received from the growing fire at the corner. 

Considering the through-thickness temperature 

contour plots in Fig. 3 alone, the level of symmetry in 

the temperature evolutions on the two panels is 

encouraging; on the other hand, the backside 

temperatures suggest that the short panel heats up faster 

near the corner at the end of the experiment, with 

temperatures on the short panel being nearly 200 to 

300°C higher. This can be because of changes in the 

backside convection boundary condition at the end of 

the experiment due to fire penetration at the corner. 

Further investigation based on the video footage from 

two different angles verifies that the area of the flames 

and the rate of flame spread on the two boards are more 

or less symmetric. 

The typical pattern of all the through-thickness 

temperatures near the corner features a slight level-off at 

about 100 °C, a sudden peak at about t = 2 min, 

followed by a rapid drop and then continuous rise later 

on (for instance see temperature profiles shown for 

location 1 in Fig. 3). The first level-off is due to the 

energy required to evaporate the moisture content 

trapped within the fiber material, after which the 

temperatures increase rapidly, whereas the sudden drop 

in the temperatures after t = 2 min is due to the heat 

losses from the backside (in Fig. 3, note the rise in the 

backside temperatures at the same time). Hence, the 

energy which was previously consumed solely for 

heating up and pyrolyzing the fiber material, from then 

on is partially lost at the backside. This loss, however, is 

soon counterbalanced by the excessive heat flux from 

the burning side (brought about by radiation and 

convection at the surface as well as pyrolysis within the 

material); thus the temperatures start to grow soon after 

the initial drop. At 15 cm or further away from the 

corner, the ultimate reach of the temperature profiles is 

progressively lower but the typical pattern is still similar 

to that observed near the corner. Between 15 to 30 cm 

away from the corner, a second peak is also 

occasionally noticeable at about t = 5 min which is 

brought about by the laterally spreading flames passing 

over the measurement points. 

The temperature profiles at the backside of the 

panels practically collapse, as Fig. 3 indicates. This 

suggests that the boundary condition at the backside 

remains similar at the two experiments. Yet, the 

through-thickness temperatures in Test MM2 

occasionally indicate very noticeable deviations from 

corresponding temperature measurements from Test 

MM3. For instance, the temperature profiles at location 

2 shown in Fig. 3 indicate a maximum difference of 

nearly 250°C. Temperatures at other locations such as 

locations 1 and 3, practically collapse during most of the 

test. This translates to the fact that large, but local, 

differences could exist between panel temperatures of 

two tests due to the intrinsic variability in the nature of 

flame spread on the boards. Nevertheless, the global 

evolution of the panel temperatures remains acceptable. 

Consistency of the temperature profiles can be verified 

through comparisons of the different through-thickness 

temperatures made at a given test. For example while 

temperature differences are the highest between Tests 

MM2 and MM3 at location 2 shown in Fig. 3, 

temperatures at 1 mm and 2 mm from Test MM2 clearly 

follow each other’s trend, and so do the corresponding 

temperature profiles from Test MM3. 

 

Results of Heat Flux Measurements 

The heat fluxes measured in Tests MM2 and MM3 

are shown in Fig. 4. As the sensors are set flush with the 

surface of the boards and are in contact with hot gases 

and flames during the tests, the measured fluxes are 

representative of total heat fluxes including radiative 

and convective heat exchanges [12]. Since the flux 

measured by each sensor in the described conditions is 

mostly from radiation, it is mostly a function of a T
4
 

difference between the temperatures of the cooled 

periphery and the hot black core of the flux sensor. 

Consequently, the deviation of the temperature of the 

cooling water from 20°C (at which the sensors were 

calibrated) has a negligible effect on the trueness of the 

readings. As in a simplified assessment, considering a 

black-body temperature in excess of 950°C at the core 

of the sensor, and the 30 °C deviation of the temperature 

of the cooling water from 20°C in the experiments, the 

ratio of the corresponding T
4
 differences will be: 

 

9984.0
])27320()273950[(

])27350()273950[(
44

44




                           (1) 

 

which hints at a relative change of less than 0.16%, i.e. 

indeed  insignificant.  Nevertheless,  there  are  typically 

various potential sources of uncertainty associated with 

this type of measurements, e.g., due to changes in the 

calibration constant or due to deposition of soot and 

dust, which are generally reported to lie within 10% 

[12–14]. As previously recognized by Bryant et al. [14], 

one of the most influential errors is the change in the 

calibration constant. The heat flux sensors were 

therefore recalibrated after each experiment to diminish 

this source of error. Notwithstanding, it was noticed that 

the change in the calibration constants of the sensors 

remained below ± 4% of the initial calibration. 

The original fluctuations in the heat fluxes, on 

average, are below 8% of the filtered signals, which is 

promising. The location with highest heat flux 

disagreements   between  Tests  MM2  and  MM3  is   at 
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Fig. 4 The evolution of measured heat fluxes in Tests 

MM2 and MM3: for sensors’ locations refer to Fig. 1. 

 

Sensor 1’s location, positioned nearest to the burner, 

with heat flux differences as large as nearly 20 kW/m
2
 

between the two tests. The average signal differences at 

the locations of Sensors 1, 2 and 3 are, respectively, 12 

kW/m
2
, 6 kW/m

2
 and 7 kW/m

2
. Therefore, repeatability 

at the locations of Sensors 2 and 3 has evidently proven 

better. Taking into account the variability of heat fluxes 

in the flame regions, some differences between the 

signals is obviously inevitable. 

 

Conclusions 

Corner fire flame spread on MDF boards was 

discussed through the results of three SBI tests. The 

repeatability in terms of total HRR, SPR, through-

thickness and backside temperatures as well as total heat 

fluxes were investigated. Backside temperatures helped 

investigating the boundary condition at the backside of 

the burning panels which proved stable and repeatable 

between the tests. Through-thickness temperature 

measurements helped assessing the global evolution of 

temperatures within the panels and quantifying the level 

of symmetry of the thermal attack on the two panels 

which was found reasonable during most part of the 

tests. 
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