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When combined, practical experience and modern research pro-
vide a powerful one-two punch. In this column, fire-service heavy- 
hitter Vincent Dunn—our resident building-construction sage—

and UL fire-protection engineer Dan Madrzykowski answer a question 
posed by our editorial board. Each tackles the subject from their unique  
perspective: Chief Dunn as a masterful tactician with decades of hands-on 
fire-service experience and Dan Madrzykowski as a discerning fire-science 
researcher who has spent more than 30 years studying fire behavior.

This Issue’s Question
Is it safe to operate above a basement fire? Is it safe to conduct search and 
rescue operations directly above a working fire? 

Response: Chief Vincent Dunn
Floor collapse presents the biggest danger when operating above base-
ment fires. The floor above a basement can fail more quickly than other floors 
because most basements are unfinished, and finished ceilings offer an extra 
20 to 30 minutes of fire protection. Toxic smoke presents another hazard. Dan-
gerous carbon monoxide gas, a product of incomplete combustion, can seep 
up to the first floor. Is it safe to operate above a basement fire? The short 
answer is no. The long answer is that even though it is unsafe, sometimes it’s 
what firefighters must do. 

Locate the Fire
Whenever a firefighter searches the first floor of a smoke-filled building, the 
first thing that must come to mind is, “Hey, is there a fire in the basement 
below us?” There was a multiple-choice question on an old FDNY lieutenant’s 
examination: “What is the first thing you should do when arriving at a fire? 1) 
Rescue people from windows with ladders; 2) Stretch a hoseline; 3) Vent the 
area; or 4) Locate the fire. The correct answer was 4) locate the fire. 
Three well-known fires drive home this point. In each of these three incidents, 
none of the firefighters knew the fire’s location, and they had no idea they 
were operating above a fire:

In Wilmington, Dela., fire crews entered a two-story dwelling. A base-
ment fire triggered a first-floor collapse, which killed two firefighters and badly 
injured a third.

First on scene at a house fire, a Lafayette, Ind., fire chief entered the struc-
ture to conduct a size-up. The first floor collapsed, trapping and killing the chief.   
In New York City’s tragic Wonder Drug fire, 10 firefighters died when they fell 
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into the basement after the first floor failed due to fire exposure; two others 
died on the first floor while trying to escape an enormous fireball. 

However, basement fires can be difficult to locate, as they usually aren’t 
visible from the street. When firefighters do find a basement fire, it can be 
challenging to extinguish it quickly. Often, the only access to the basement is 
a single, narrow stairway, which might be obscured in smoky conditions. Addi-
tionally, most basements only have a few small windows for venting.

One of the reasons firefighters sometimes work above a basement fire is 
to operate and direct cellar pipes or to place distributor nozzles. To do this, 
crews cut a hole in the floor and stretch a hose to supply cellar appliances. The 
objective is to insert the cellar pipe’s nozzle into the hole right over the fire; 
this takes time, and when firefighters remain with this nozzle to operate it, they 
face greater collapse danger and increased exposure to deadly carbon mon-
oxide. Firefighters should only use a cellar pipe/distributor nozzle on floors 
with confirmed stability. They must wear complete PPE (including masks) and 
operate under the supervision of a safety chief. 

Losing Battle
The fire service has little success fighting basement fires. These events usually 
progress like this: 1) Fire crews attempt to attack the fire directly by direct-
ing a hose stream down the stairs; 2) If this direct attack fails, crews utilize 
high-expansion foam to fill up the basement. Foam will not extinguish the 
basement fire but will temporarily stop its spread and give firefighters time to 
search upper floors and establish exterior master streams; 3) Crews position 
master streams and deck pipes to extinguish fire spreading from the base-
ment to the upper floors.   

 
Safe Search?
Is it safe to conduct search-and-rescue operations directly above a working 
fire? Again the short answer is no. However, sometimes that is what firefight-
ers must do. Searching above a fire is extremely dangerous and should never 
be considered a routine assignment. Climbing a stairway above a fire is going 
beyond the point of no return. If flames block the stairs, firefighters become 
trapped, and they may have to choose between the fire and jumping. 

In most cases, firefighters should search the space above a fire location 
after the fire is knocked down. However, if a victim is seen, heard or reported 
above a working fire, firefighters often will take the risk and work above the fire.   

Crucial Risk Factors
There are four risk factors to consider when operating above a serious, uncon-
trolled working fire: the fire’s location and size, the hose team, the stairway and 
the type of building construction. 

1) Determine whether the fire is at the front or rear of the building. Next, 
size up the fire’s size and intensity. In most instances, only flame and smoke will 
be visible from the doorway. If the fire appears beyond the control of firefight-
ers operating a hoseline, they should not proceed to the floor above the fire 
until conditions improve. 

The initial size-up might suggest the fire is small and manageable, but 
unexpected, explosive fire growth can quickly overcome firefighters. Even 
when crews take all appropriate precautions before operating above a work-
ing fire, conditions can suddenly change for the worse: FDNY Captain John 

Searching above a fire is extremely dangerous and should never be considered a routine 
assignment. Climbing a stairway above a fire is going beyond the point of no return. 
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Dreenan, Firefighter James Young and Firefighter Chris Sidenburg were the 
second ladder company on the scene of a small, two-story dwelling. The crew 
notified the officer they were going above to search, and before they could 
remove their forcible-entry tool from the bag, flame roared up the basement 
stairs and engulfed them. 

Something else to consider: Firefighters working above a working fire 
can become trapped if they experience a burst or kinked hose, a defective 
hydrant, broken fire pumper or clogged strainer.

2. The hose team must be wearing full protective clothing and self-con-
tained breathing equipment. They should already be moving inside the door-
way or already inside the fire area, advancing forward. They should not be 
disorganized or operating in a defensive action, crouched at a doorway shoot-
ing water into smoke.

3. The type of stairway leading to the upper floors is a critical safety factor. 
Open stairways, the kind found in most private houses, are the most danger-
ous stairs to use when going above an uncontrolled fire. An open stairway 
quickly becomes a chimney flue during a house fire, pulling up all the flame, 
heat and smoke. There is no protection for firefighters. 

Another type stairway, one that offers more protection, is an enclosed 
stairway. An enclosed stairway in a multifamily dwelling that is equipped with 
properly operating fire-rated, self-closing doors provides more protection 
than an open stairway. 

However, the best stairs for a firefighter to use when searching above a 
fire is a smoke-proof stairway or fire tower, which has an intermediate vestibule 
between the occupancy and the stair enclosure. This vestibule has a vent and 
prevents smoke or flame from entering the stair enclosure from the occupancy. 

 Regardless of the type of stairway, when there are two stairways in a build-
ing divided for use between fire attack and occupant evacuation, a firefighter 
should use the stair designated for evacuation. Ensure the door to the fire 
area is kept closed by assigning another firefighter at the fire floor to prevent 
anyone from opening the door. 

4. Building construction can have a profound effect on the degree of dan-
ger firefighters face while working above a fire. Wood-frame buildings pose 
the biggest threat, as vertical fire spread occurs more quickly in this type of 
structure, most commonly through windows (auto-exposure), concealed 
spaces and stairways. Fire can also spread vertically up a wood building’s exte-
rior wall (wood or asphalt); this type of fire spread happens quickly. Firefighters 
who transfer from a fire district with noncombustible or fire-resistive construc-
tion to one that has wood-frame buildings must realize they have less time to 
search above a fire before the risk of fire-spread entrapment increases. 

FDNY firefighters who have died operating above a fire in the last 60 years:
Lieutenant Richard Mac Clave         1957 
Captain Erick Thomas               1959
Firefighter John Crosthwaite   1961 
Firefighter Robert Hurst   1961
Firefighter Charles Lang   1961 
Firefighter John King   1961
Lieutenant Eugene Miller   1968
Captain John Dunne   1971
Firefighter Henry Mitchell   1972
Lieutenant Joseph Sparcino  1976
Firefighter Martin Celic   1977
Firefighter Larry Fitzpatrick  1980        



VOLUME 8, ISSUE 1 16

Firefighter Gerard Frisby   1980
Firefighter Philip D’Adamo  1984 
Firefighter Robert H. Dayton  1988        
Firefighter John P. Devaney  1989
Captain  John Dreenan   1994
Firefighter James Young   1994
Firefighter Chris Sidenburg  1994
Captain Wayne Smith   1994
Firefighter Thomas Wylie   1995
Lieutenant John Clancy   1995
Captain Scott Lapedria   1999
Lieutenant James Blackmore  1999
Firefighter Harry Ford   2001
Lieutenant Curtis Meyran   2005
Firefighter John  Bellew   2005
Lieutenant Joseph DiBernardo  2005
  

Response: Dan Madrzykowski
It depends on the size-up information, fire location and extension, construc-
tion type, basement ventilation, basement access, and responders’ training, 
resources and preparedness.  

Size-up information should include the structure’s geometry or layout.  
The Pang Fire, which resulted in the loss of four Seattle firefighters in 1995, 
provided a wake-up call about the hazards of operating above a basement 
fire. The Pang warehouse had one story above grade on the street where fire 
crews entered. Initial crews did not realize the fire was in the basement of the 
warehouse, which was partially below grade and accessible from another side 
of the building. The four firefighters who died fell through the floor into the 
burning basement.   

In response to the Pang Fire, some departments required their company 
officers to conduct a size-up to determine if a building has access at different 
levels, whether the fire is below grade, and to assess the fire’s extent before 
developing an incident-action plan and committing firefighters to interior 
operations.   

Sadly, many departments continue to attack below-grade fires by sending 
initial companies through the front door, regardless of the building’s arrange-
ment, the fire’s location or its extent.  Between 1998 and 2017, NIOSH has 
documented 24 below-grade fires that resulted in 32 firefighter line-of-duty 
deaths and 19 firefighter injuries. Typically, these cases involved the firefight-
ers falling through a wood floor assembly into a burning basement, or being 
overcome by hot, high-velocity gases flowing up from the basement.

Basement-fire research has been conducted on both structural-collapse 
hazards and the threat of rapid fire growth due to a change in ventilation. 
These studies further demonstrate the need for a thorough size-up and use of 
tactics designed for a below-grade fire. 

Structural Collapse Research
In 2008, UL published its research findings on the structural stability of engi-
neered lumber in fire conditions1. The experiments were conducted with a 
floor furnace, and results showed that modern, engineered-wood floor assem-
blies failed faster than legacy wood floor assemblies. The addition of 1.27 cm 
(0.5 inches) of gypsum to the combustible floor-ceiling assembly improved 
thermal performance. This study also pointed out that modern tools, such 
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as thermal imagers, had limited use in determining the condition of the floor 
assembly or the fire conditions beneath the floor. Furthermore, the study 
questioned the use of the time-honored tactic of “sounding the floor” as a 
way to determine whether the floor assembly is structurally sound.

NIST conducted experiments in two-level wood structures with 16-foot 
(4.8 m) spans that supported the UL study’s findings regarding both the value 
of gypsum board and the limits of thermal imagers. Three firefighting thermal 
imagers, each with a different type of sensor, were used to view and record 
thermal conditions of the top-floor assemblies from the open doorway in the 
upper compartment. Given the insulating effects of the OSB and the floor 
coverings, the temperature increase/thermal signature detected by the ther-
mal imagers was low compared to the ceiling temperatures below the OSB, 
which were more than 1,110 °F (600 °C). These experiments demonstrated 
that firefighters cannot rely on thermal imagers alone to determine the struc-
tural integrity of a wood floor system. Therefore, it is critical for the fire service 
to review their size-up practices and the fireground tactics needed to locate 
the fire before conducting interior fire operations. The NIST study also exam-
ined the introduction of ventilation to the fire area in order to generate the 
energy needed to fail the floor assemblies2.

In 2012, UL released a study, conducted with NIST, that examined four 
types of flooring systems in a townhouse-type arrangement with a 720-square-
foot (67-square-meter) floor area and a 20-foot (6.1 m) span. These experi-
ments examined the time to collapse for residential floor systems constructed 
with dimensional lumber, wood I-joists, parallel chord wood trusses and 
lightweight steel C-channel. The results from this study proved that any of 
the unprotected floor assemblies could collapse within the fire department’s 
operational timeframe. This report again emphasized that the current fire-ser-
vice practice of entering on the floor above the fire and working down toward 
the basement does not provide firefighters with enough information to make 
tactical decisions3.      

When exposed to fire, current unrated residential wood floor assemblies 
fail quickly. Times to failure for wood I-joists were less than 5 minutes from the 
time that they caught fire3.  Further, both the traditional and modern firefight-
ing methods used to assess the floor’s structural integrity from the top are 
unreliable.  

Basement Fire-Attack Research
FDNY, along with NIST and UL’s Fire Service Research Institute (FSRI), con-
ducted several basement-fire experiments in abandoned townhouses with 
approximately 600 square feet (55.8 square meters) of floor area per level and 
unprotected dimensional-lumber floor systems. The fires were successfully 
attacked and controlled from exterior openings on the front and back of the 
structure4.

The International Society of Fire Service Instructors (ISFSI), in coopera-
tion with NIST, the South Carolina State Fire Academy and the Spartanburg 
(South Carolina) Fire Department, conducted two basement experiments in 
acquired structures to help develop the AFG-funded “Translating Fire Fight-
ing Research Results into Fire Fighter Training” project. Both structures had 
partial basements with fewer than 600 square feet (55.8 square meters) of floor 
area. In each experiment, the firefighters attacked the fire from a walk-out 
basement door, and both fires were quickly controlled with the exterior attack5.

Sadly, many departments continue to attack below-grade fires by sending initial  
companies through the front door, regardless of the building’s arrangement,  
the fire’s location or its extent.  
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In 2017, the ISFSI and UL’s FSRI conducted a study on understanding and 
fighting basement fires6. This study, which focused on coordinating ventilation 
and suppression tactics, went beyond earlier research by increasing the size of 
the basement and incorporating three different ventilation and access config-
urations: 1) no exterior vents or access to the basement; 2) exterior vents but 
no exterior access to the basement; and 3) exterior vents and direct access to 
the basement. A variety of fire nozzles and appliances were used to examine 
different means to flow water into the basement from above, through small 
side windows and through basement-level doorways. Each of these suppres-
sion methods provided a way to fight the fire at its own level without having to 
operate over the fire on an unrated wood floor assembly. These water-appli-
cation methods also allowed firefighters to stay out of the basement stairway 
and avoid the exhaust portion of the basement’s fire flow.

Basement fires are typically ventilation-limited. The experiments discussed 
above highlighted the importance of identifying a basement fire during size-up 
and choosing the appropriate tactics, which coordinate ventilation with sup-
pression. Any additional ventilation without suppression increases the fire’s size 
and increases the hazard for any occupants trapped in the structure. Effective 
water application into the basement cooled the fire gases to prevent flashover, 
slowed the structure’s destruction and reduced the hazard from fire through-
out the structure. Reducing the hazard from the basement fire also made entry 
conditions tenable into a basement with active burning. This action would also 
support search operations and reduce the threat of heat and toxic gases for any 
trapped occupants. Occupants isolated from the fire environment by a closed 
door or other means were provided additional protection when compared with 
conditions in rooms open to the fire environment.
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