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FOREWORD 

 

Large structures, such as high rise buildings, have additional challenges for fire fighters and 

building occupant safety such as increased travel distance (exposure time), more complicated 

egress path, and potentially larger fires.   Most notably, changes in the building’s ventilation or 

presence of an external wind, especially in high-rise buildings, can increase the energy release of 

the fire.  This can also increase the spread of fire gases through the building. 

 

What tactics or tools are appropriate for use with a wind driven fire and how should the tactics or 

tools be implemented?  Positive Pressure Ventilation (PPV) is being used by fire departments on 

smaller structures, and if done correctly, this tactic can remove significant amounts of heat and 

smoke from the structure.  However the question remains as to whether these PPV fans can be 

used successfully under wind driven fire conditions in large structures?  Other tactics 

incorporating devices, such as fire window blankets or smoke curtains to control the ventilation 

conditions or the use of a special fire nozzle from the floor below the fire floor have been tried 

by the fire service under “real fire” conditions with varying levels of success.  Unfortunately, 

there is no data to understand the capabilities and limitations of these fire fighting approaches.   

 

This project provides real-scale data to guide the development of appropriate tactical options for use 

under wind driven conditions.  The goal is to improve the safety of fire fighters and building 

occupants by enabling a better understanding of wind driven firefighting tactics, including structural 

ventilation and suppression.  The technical information resulting from this study contributes to our 

understanding of the dynamics of fire phenomena and prediction of fire intensity and growth under 

wind driven conditions.  This data provides a basis to identify methods and promulgate improved 

Standard Operating Guidelines (SOG) for the fire service to enhance firefighter safety, fire ground 

operations, and use of equipment. 

 

The Research Foundation expresses gratitude to the report authors Daniel Madrzykowski and 

Steve Kerber, the Project Technical Panelists, and all others who contributed to this research 

effort.  Special thanks are expressed to the U.S. Department of Homeland Security for providing 

the funding for this project. 

 

The content, opinions and conclusions contained in this report are solely those of the author. 
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Abstract 
 
The National Institute of Standards and Technology, with the support of the Fire Protection Research Foundation and the 
U.S. Fire Administration conducted eight fire experiments to examine the impact of wind on fire spread through a multi-
room structure and examine the capabilities of wind-control devices (WCD) and externally applied water to mitigate the 
hazard.  The measurements used to examine the impact of the WCDs and the external water application tactics were heat 
release rate, temperature, heat flux, and gas velocity inside the structure.  Measurements of oxygen, carbon dioxide, 
carbon monoxide, total hydrocarbons and differential pressures were also measured.  Each of the experiments was 
recorded with video and thermal imaging cameras. 
 
The experiments were designed to expose a public corridor area to a wind driven, post-flashover apartment fire.  The 
door from the apartment to the corridor was open for each of the experiments.  The conditions in the corridor were of 
critical importance because that is the portion of the building that firefighters would use to approach the fire apartment or 
that occupants from an adjoining apartment would use to exit the building. 
 
The fires were ignited in the bedroom of the apartment.  Prior to the failure or venting of the bedroom window, which 
was on the upwind side of the experimental apartment, the heat realease rate from the fire was on the order of 1 MW.  
Prior to implementing either of the mitigating tactics, the heat release rates from the post-flashover structure fire were 
typically between 15 MW and 20 MW.   When the door from the apartment to the corridor was open, temperatures in the 
corridor area near the open doorway, 1.52 m (5.00 ft) below the ceiling, were in excess of 600 °C (1112 °F) for each of 
the experiments.  The heat fluxes measured in the same location, during the same experiments, were in excess of 
70 kW/m².  These extreme thermal conditions are not teneable, even for a firefighter in fully protective gear.  These 
conditions were attained within 30 s of the window failure. 
 
In these experiments, the WCDs reduced the temperatures in corridor outside the doorway by more than 50 % within 60 
s of deployment.  The heat fluxes were reduced by at least 70 % during this same time period.  The WCDs also mitigated 
completely any gas velocity due to the external wind. 
 
The externally applied water streams were implemented in three different ways; a fog stream across the face of the 
window opening, a fog stream into the window opening, and a solid water stream into the window opening.   The fog 
stream across the window was not effective at reducing the thermal conditions in the corridor.  The fog stream in the 
window decreased the corridor temperature by at least 20 % and the corresponding heat flux measures by at least 30 %.  
The solid streams experiments resulted in corridor temperature and heat flux reductions of at least 40 % within 60 s of 
application.  None of the water applications had a significant impact on reducing the gas velocities in the structure.  In 
some cases the gas velocity increased during water application. 
 
These experiments demonstrated the thermal conditions that can be generated by a “simple room and contents” fire and 
how these conditions can be extended along a flow path within a structure when a wind condition and an open vent are 
present.  Two potential tactics which could be implemented from either the floor above the fire in the case of a WCD or 
from the floor below the fire in the case of the external water application were demonstrated to be effective in reducing 
the thermal hazard in the corridor.   Other data and observations, such as the fire pulsing out of the window opening 
against the wind, can provide valuable information to the fire service for hazard recognition purposes. 
 
Further research in an actual building is required to fully understand the ability of firefighters to implement these tactics, 
to examine the thermal condition through the structure such as in stairways, and to examine the interaction of these 
tactics with building ventilation strategies both natural and with positive pressure ventilation.   This report also includes a 
series of heat release rate experiments which were used to characterize the fuel packages for these and future 
experiments. 
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Schmidt-Boelter total heat flux gauges were used to measure the heat flux.  Results from an international 
study on total heat flux gauge calibration and response demonstrated that the uncertainty of a Schmidt-
Boelter gauge is typically ± 8 % [41].   
 
The mass loss was measured by four load cells which supported a non-combustible platform.  Each load 
cell had a range of 0 kg (0 lbs) to 227 kg (500 lbs) with a resolution of a 0.05 kg (0.11 lb) and a 
calibration uncertainty within 1 % [42].  The expanded uncertainty is estimated to be ± 5 %.  One of the 
fuel packages, the trash container was burned on a single load cell with a resolution of a 0.001 kg (0.002 
lbs) [42]. The expanded uncertainty is estimated to be ± 5 %.   
 
The experimental arrangement for the heat release rate experiments is shown in the photograph of the 
bed fuel package in Figure 3.1-1.  An error bar representative of the estimated uncertainty for each 
measurement is given on every data graph.  
 

 
Figure 3.1-1.  Typical heat release rate experimental arrangement, using the bed fuel package, with the heat flux 

positions labeled.  This arrangement was used for all chair, bed, and sofa heat release rate experiments. 
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Figure 3.3.2-11.  Mass loss versus time for bed fuel package 2. 
 
 

3.4 Upholstered Chair  
 
The upholstered chair was 0.72 m (2.4 ft) wide, 0.76 m (2.5 ft) deep and 0.73 m (2.4 ft) high.  Based on 
the manufacturer’s information, the chairs had a hard wood frame which was wrapped in the arms and 
back portions with 10 % blended cotton and 90 % polyurethane foam.  The seat cushion, which 
measured 0.53 m (1.75 ft) wide, 0.66 m (2.2 ft) deep and 0.15 m (0.5 ft) thick, was composed of 90 % 
polyurethane foam and 10 % polyester fiber.  The back pillow measured approximately 0.48 m (1.6 ft) 
wide, 0.37 m (1.2 ft) high and 0.15 m (0.5 ft) thick.  It was made up of polyester fiber 90 % and 
polyurethane foam 10 %.  Six upholstered chairs and sets of cushions were weighed.  The chairs had an 
average mass of 23.7 kg (52 lbs) with a range from 23.3 kg (51.4 lbs) to 24.0 kg (52.9 lbs).  The seat 
cushion had an average mass of 2.12 kg (4.7 lbs) with a range from 2.05 kg (4.52 lbs) to 2.25 kg (4.96 
lbs).  The back cushions had an average mass of 1.18 kg (2.6 lbs) with a range of 1.17 kg (2.58 lbs) to 
1.19 kg (2.62 lbs).  Photographs of the chair and cushions are shown in Figure 3.4-1 through Figure 
3.4-4. 
 
Two heat release rate experiments were conducted.  The first chair was ignited with an electric match 
located between the seat cushion and the arm of the chair and the second was ignited with a trash 
container fuel package as documented above. 
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Figure 3.4-1.  Upholstered chair, front view. 
 

 
 
 
 

Figure 3.4-2.  Upholstered chair, side view. 
 

Figure 3.4-3.  Seat cushion, showing layers of 
upholstery fabric, polyester batting 
and polyurethane foam. 

 
Figure 3.4-4.  Back cushion, showing the upholstery fabric, 

inner liner, and polyurethane foam. 
 

 

3.4.1 Upholstered Chair 1 
The first upholstered chair was ignited with the electric match positioned at the intersection of the rear 
corner of the seat cushion, a lower corner of the back cushion and an arm of the chair.  Figure 3.4.1-1 
through Figure 3.4.1-10 make up a series of photographs starting at the time of ignition through 800 s 
after ignition.  The photographs are shown at intervals of 100 s, with the exception of Figure 3.4.1-6.  
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The heat release rate for the chair ignited with the trash container is given in Figure 3.4.2-11.  The peak 
heat release rate of approximately 1.86 MW occurred at 437 s after ignition.  Between ignition and 1000 
s after ignition, 331.6 MJ of energy was released.  This value is approximately 10 % greater than chair 1.  
A portion of this difference can be accounted for by the energy release of the trash container, which 
averaged 16.0 MJ.     
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Figure 3.4.2-11.  Heat release rate versus time for chair 2. 
 
The heat flux sensor arrangement was similar to the first upholstered chair experiment, with the layout 
demonstrated in Figure 3.1-1.  The heat flux time history of the heat flux is given in Figure 3.4.2-12.  
Heat flux sensor, HF1 was located on the east side of the chair as was the trash container ignition source.  
Hence, it shows an increase in heat flux first, followed by HF2 and HF3 as the flames spread across the 
chair.  The peak heat flux was 30 kW/m2 at approximately 400 s.  As the materials filling the wood chair 
frame burned away, the “view” from each of the sensors equalized during the decay phase. 
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Figure 3.4.2-12.  Heat flux versus time for chair 2. 
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Figure 3.4.2-13.  Mass loss versus time for chair 2. 
 



 34

The initial mass of the chair was 23.45 kg (51.6 lbs).  In addition, a trash container fuel package with a 
mass of approximately 0.7 kg (1.5 lbs) was added to load cell and placed on the floor next to the chair 
bringing the total initial mass to 24.2 kg (53.2 lbs).  The chair was allowed to burn for 1000 s, during 
that time, 17.8 kg (39.2 lbs) of fuel was lost to the combustion process.  The mass of the chair’s springs 
and metal connectors left after the fire had a mass of 0.8 kg (1.8 lbs).  Again, approximately 75 % of the 
combustible mass was consumed during the experiment. 
 
The heat of combustion calculations were conducted as for the trash container fuel packages.  The 
average heat of combustion was 18.7 MJ/kg and the peak heat of combustion was 23.0 MJ/kg.  These 
values are within 2 % of the heat of combustion values from upholstered chair 1. 
 

3.5 Sleeper Sofa Fuel Package  
 
The sleeper sofa had dimensions of 1.83 m (6.0 ft) wide, 0.75 m (2.5 ft) deep, and 0.83 m (2.7 ft) in 
height.  Two sofas were measured.  The first sofa had a total mass of 82.7 kg (182 lbs) and the second 
sofa had a total mass of 79.7 kg (175 lbs). 
 
The sofa was composed of a wood frame surrounding a metal foldout sleeper sofa mechanism and 
foundation. A thin inner spring mattress was folded up in the mechanism and the seat cushions were 
placed on top of it.  The frame was covered with a polyester based fabric. In the areas of the arms of the 
sofa and the front portion of the sofa thin layers of polyurethane foam and polyester batting padding 
were attached to the wood frame and covered with the upholstery material.  The back cushion area was 
also part of the fixed wood frame assembly.  Polyurethane foam padding was installed over metal spring 
supports and covered with polyester padding and upholstery material.  Measuring the amount of material 
or dimensions of the materials attached to the frame was not practical full disassembly of the sofa would 
have been necessary. 
 
Each sofa had a 1.32 m (4.33 ft) wide, 1.83 m (6.0 ft) long and 0.13 m (0.42 ft) thick inner spring 
mattress.  The materials inside the mattress appeared to be polyurethane over a felted material on each 
side of the spring assembly.  Each mattress had a mass of 16.4 kg (36.2 lbs) and 17 kg (37.5 lbs), 
respectively. 
Each sofa had two seat cushions.  The cushions had a core of polyurethane foam, which was covered 
with polyester batting in a polyester fabric cover, similar to the upholstered chair seat cushions.  Each 
cushion measured 0.76 m (2.5 ft) wide, (2.2 ft deep) and 0.13 m (0.42 ft) thick and had a mass of 2.4 kg 
(5.3 lbs). 
 
Both of the sofa experiments used the same ignition scenario; an electric match located at the 
intersection of a rear corner of a seat cushion, an arm of the sofa, and a lower corner of a back cushion. 
 
 




