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BURN BUILDING BASICS 101

Introduction

This brief is intended to offer a basic understanding of issues to address when considering
repairs of an existing live fire training structure (burn building) or the construction of a new structure.
Over the years these structures have been built all over the world, frequently utilizing minimal
resources. These buildings are simple concrete and masonry shells in which firefighters repetitively

ignite and extinguish fires during training exercises. The simplicity of the typical structure often

resultsina casual approach to itsd design and constru

expected to have a relatively short life of only two to perhaps ten years.

Many burn buildings have been constructed over the last three decades for a number of
reasons. Training has become more sophisticated as firefighting and fire science continues to
develop. Firefighter training has become more than an objective - it is now a mandate. In the past,
abandoned buildings (acquired structures) were burned down by fire departments as a training
exercise. However, the supply of such buildings has dwindled and environmental regulations are
so stringent that many departments find obtaining approval to burn acquired structures to be too
much trouble. Finally, the number of firefighters required to protect a community increases in direct
proportion to the general population. In growing communities, departments must continuously train
new recruits and career personnel. This growth fosters the demand for additional burn buildings.

An increased demand for training requires a new approach to burn building construction.
Departments now realize that the casual approach results in buildings that prematurely fail and
become too great a safety liability to be used for fire training. Facility Managers often consider the
structure to be a costly liability and a nuisance as opposed to an asset. The very nature of the use
of the building often leads to neglect of the structure. These buildings endure the most abusive
environments. People expect the impossible from these buildings and they send their most
valuable assets (personnel) into the structures every week. Still, it is rare that appropriate
maintenance funding is allocated to ensure the structure is safely maintained. Police stations, fire
departments, schools, governmental centers and recreation centers are all meticulously maintained.
Yet, where personal safety is placed in jeopardy on a daily basis, there is rarely funding available to
ensure the maintenance of a safe training environment for the very individuals who protect the
safety of the general public.

We at High Temperature Linings have concentrated on developing a responsible approach
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to burn building design and construction for over fifteen years. We have visited hundreds of burn
buildings and have repaired and/or protected nearly 200 structures. We have documented
successes and failures and have been exposed to a lot of great ideas. Our designs for new live
fire training structures incorporate those ideas, as well as our developments in protective lining
technology.

Agai n, this paper is our attempt to sti
research into properly dealing with existing live fire training structures or those that are being
considered for construction. Limited details are provided herein but we encourage you to contact
us with specific issues, concerns or questions. We will attempt to lead you in the right direction.
Further, there are many site issues to be addressed when planning a new facility. Those issues are

not discussed herein. Please feel free to contact us for more information on those issues.

Use and Abuse

For those of you who have not experienced live fire-training exercises, we will take a
moment to summarize operations ongoing in a burn building. Burn buildings are generally concrete
or steel structures in which firefighters arrange fuels to be ignited and extinguished for training
exercises. These fuels are usual lusts). Gadtdimnsveer
facilities contain controlled propane or natural gas burners and steel props to simulate uncontrolled
fires. During a normal training day, firefighters may ignite and extinguish these fuels many times.
One ignition and extinguishmentof a fire is called an fAevolu
during the course of the training session are normal. The session may last four hours for one
department. It is not unusual for several departments to use the same structure in one day.
Therefore, a structure could see thirty to fifty evolutions during a busy day. A certain amount of
heat soaks into the structure when an evolution is conducted. A little more heat sink is generated
with each evolution. By the end of the day the building is saturated with heat and will take a full day
to cool off. The building may not have a chance to fully cool if training is ongoing the next day.

The size of the room, the size of the fuel loading and the average duration and number of
evolutions will all affect the temperatures generated in the building. A typical "Class A" loading,

including a bale of hay and two to four wooden pallets, will develop temperatures of about 200
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degrees Fahrenheit near the floor and about 900 to

1100 degrees near the ceiling. Itis not uncommon
to experience ceiling temperatures between 1300 to
1700 degrees. Once the fire is allowed to fully
develop, firefighters extinguish the fire using
pressurized water delivered with fire hoses. Fire

hose are capable of delivering hundreds of gallons

of water per minute at pressures of generally 50 to

Spall

100 pounds per inch. Some of the water

immediately converts to steam, expanding 1700
hundred times its' volume. This pressure plays havoc with the firefighters and the building. In
addition to steam and the effects thereof, the building is subjected to its' worst enemy ~ thermal
shock. What is thermal shock? Have you ever taken a hot glass from the dishwasher and
immediately placed it under a cold stream of water? What happened? The glass will often shatter.
That phenomenon is called thermal shock. When a material is heated or cooled to extreme
temperatures, and then suddenly subjected to oppositely extreme temperatures the material tries to
react by expanding or contracting. The characteristics of the material may not allow it to adjust so
quickly. When this happens, the binding element within the material fails. Such failures often show
up as simple cracks; such as in structural concrete ceiling or floor slabs. Occasionally the reaction
is more violent, as with concrete explosions. Concrete can actually explode like a hand grenade if
water inside the concrete turns to steam and is unable to escape. The pressure developed by the
steam is greater than the tensile strength of the concrete. When this happens, chunks of concrete
and stone are blasted into the room with extraordinary force. More frequently however, the
concrete has cracked over time and steam escapes through those cracks. Eventually, however,
reinforcing within the concrete corrodes and large slabs of concrete fall away from the ceiling or
walls. These are called spalls. Spalls result in weakened concrete sections.
When a slab begins to spall, it is a clear indication that the slab has been exposed to too
much heat and, consequently, is failing. Consider this, a 24" diameter spall averaging 3/4" deep
weighs about thirty pounds. Clearly, no firefighter wants thirty pounds dropped onto his or her head

from 8 feet high when crawling through a smoke filled room! Spalls usually expose reinforcing.
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Subsequent fires then work on the reinforcing which eventually loses tensile strength. A structural
concrete slab relies on both the compressive strength of the concrete and the tensile strength of the

reinforcing steel. Once either property is compromised,

the structural integrity of the slab is compromised.

In summary, concrete deterioration progresses
as follows. As a building absorbs heat, the walls and
slabs expand. Rarely is the building designed to
compensate for this extreme movement. Frequently,
expansion cracks develop in the slabs and walls. Those
cracks often do not present structural concerns. In
addition, however, the products within the concrete
(sand, cement and gravel) are all expanding and

contracting at slightly different ratios. Further, the

extreme heat begins to affect the cement binder holding

everything together. Eventually, the binder softens

and particles of sand, gravel and cement separate.
When this occurs, fine cracks develop in an irregular
pattern called crazing. When a slab shows crazing, it
is a sign that the concrete is suffering from the heat.
However, a structural problem may still not exist.
Eventually, water and steam penetrate the slab
through these cracks and micro-cracks. This moisture
finds itsd way to the rei
the strength of the slab. The reinforcing begins to

corrode, developing pressure from crystallization

within the slab. After a period of time, the bond

Crazing

between the concrete and steel fails, resulting in an

un-reinforced section of concrete that is now simply
hanging onto the rest of the slab. This is called a delamination. More water builds up in the void

between the concrete and steel. When that water turns to steam, it blows the loose un-reinforced
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concrete off (a spall). Again, reinforced concrete
slabs rely on the great compressive strength of
concrete and the tensile strength of steel. These
elements must be bonded together. When concrete
and steel are no longer bonded, structural slabs are
severely weakened. We have inspected slabs that
have entirely delaminated horizontally into two un-
reinforced slabs above and below a mat of reinforcing
steel that now serves no purpose except, perhaps, to
act as a cage to keep the top layer of concrete from

collapsing to the floor.

Many of the same reactions to heat and steam

are ongoing inside masonry walls that support many

slabs and roofs in burn buildings. Masonry generally Typical corner expansion crack

deteriorates slower than concrete. This can be

attributed to the fact that some concrete masonry
products contain pre-fired materials that have already reacted to a considerable level of heat
associated with manufacturing. Also, concrete block walls are relatively porous allowing vapors to
pass without immediate cracking or explosion. Nevertheless, many, if not most burn buildings will
show cracking in masonry bearing walls. These cracks are commonly found near the corners of
buildings and generally do not present structural stability problems, though they should be repaired
to prevent further deterioration. In many cases, an appropriate recommendation for these cracks is
to saw cut a straight joint in the wall along the line of the crack and to simply leave it. This will act
as an expansion joint to minimize future cracking in that area. Consult with your structural
engineer.

Finally, Architects have included lights, doors, windows, handrails, etc. inside buildings that
have all quickly failed. Doors and windows are a particular maintenance headache and must be
thoroughly considered during the design stage. It is rare to see a seasoned burn building with

doors and windows still in operable condition.
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General Description of Burn Buildings: Type of Construction

Historically, when designing any building, Engineers research past successes and failures.
This is especially true of burn buildings. Unfortunately, there are simply not many burn buildings in
any given locality. Therefore, local architects who are employed to design them have often never
designed one before and may never again design another.

Nevertheless, designers look at existing burn buildings and try to copy what works and may
or may not detect what didnét wor k. Mo s tutillzeur n bui
concrete block walls carrying concrete slabs. Some buildings have brick veneers. Some have
firebrick interior walls. Some have included protective linings and most have not. Some buildings
last for thirty years and others, that appear to be of similar construction, last only a few years.
People wonder why. Frankly, so do we. We believe it primarily has to do with the quality of
materials and workmanship, the size of rooms, the numbers of openings in each room and, most
importantly, the frequency of use and care to adhere to standard operating and maintenance
procedures.

Rather than getting into a long discussion on the attributes and flaws associated with each

approach, we will simply comment on the one recurring theme with failed buildings.

MOVEMENT. Everything that is good or bad about a burn building design relates in some way to
movement. Every detail that goes into a burn building must cater for movement first, then for
operational objectives. F r o mdoordramd winddws, doilimmy6 s st r |

systems - the ability to expand and contract without cracking, spalling, warping, etc., is critical.

Previous Attempts for Solutions

In the past, engineers have oftenover-d e si gned structures tso0 ailn ow
wall s and ceilings. This fAextrad concrete was 1in
structure unstable. This over-design is still frequently implemented. Unfortunately, the redundant

concrete proves to be costly, ineffective and unsafe. We have experienced several instances of
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concrete failure that nearly caused serious personal injury. You only have to experience this once
before you realize that concrete and structural concrete masonry elements require protection from
fire.

Approximately twenty years ago, a large cement manufacturer began to market their
refractory concrete for use in cast-in-place concrete burn building structures. Refractory concrete
has a cement binder that is more resistant to high temperatures. The material also contains
aggregates that have been pre-fired. Refractory concrete works well in furnaces and boilers where
t her mal shock is controll ed. However, it
detrimentally affected by the horrendous thermal shock found in burn buildings.

Normal concrete (containing portland cement) will generally crack and spall when
overheated. This is not necessarily desirable, but cracks and spalls serve as warning signs to the
user that the building may be seeing too much heat and may indicate that the structure is becoming

unstable. Refractory concrete generally does not behave in the same way. Spalls and cracks are

minimized but there is deterioration
occurring. Micro-cracks are allowing
steam to penetrate to the steel
reinforcing which begins to corrode,
adding to stresses within the slabs.
Many times, refractory slabs appear to
be in fairly good condition when they

are, in fact, completely delaminated

and ready to fall. HTL has worked on

Classic Delamination of Refractory Structure

several refractory training structures

where entire ceiling slabs were

horizontally split into two unreinforced slabs. This presents very serious safety and stability

concerns in any structure and especially in a fire training building subjected to so many unusual

stresses. Cast-in-place refractory materials also cost about ten times the cost of normal concrete.
In summary, regarding cast-in-place refractory concrete - we have inspected several of

these structures and most seem to behave in a similar manner. We strongly discourage the use of

refractory concrete for cast-in-place structural concrete. Such material was written out of the

S

not
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building code in Europe back in the 1970s.

Smaller departments have used shipping containers, temporary block and concrete
buildings, pre-cast structures and so on. Many of these solutions have offered excellent results for
the small department that may be training infrequently (ten or twenty days a year). These small
departments need to appreciate the potential for concrete spalling and/or explosions. It only takes
one fire to bring about a potentially dangerous structural failure. Larger departments must have

more permanent, safer facilities designed for near continuous use.

Linings

As the number of building failures mounted around the world, the fire training community
searched for a solution. The logical answer seemed to be some sort of protective lining to act as a
barrier between the heat and the building. Training academies worldwide have repeatedly and
unsuccessfully experimented with a myriad of lining materials for many years. Failed linings include
sprayed-on refractories, rigid insulation boards, steel panels and various assemblies of similar
components. We have researched this problem and have tested different materials for over ten
years. Consequently, we have identified a number of deficiencies that may be associated with each

or all of the aforementioned systems.

An adequate thermal lining system for a burn building must meet the following requirements:

! It must thermally protect the civil structure to prevent temperatures exceeding five hundred
degrees from reaching the structural frame. (Three hundred degrees is better).

! It must withstand extreme thermal shock.

! It must quickly expand and contract with extreme fluctuations in temperatures found in burn
buildings (e.g. 1,600 degree Fahrenheit to 300 degrees Fahrenheit in seconds).

! It must withstand mechanical abuse from firefighter tools and direct hose streams.

! It must perform in the harshest of environments (i.e. sit in freezing weather for months and
suddenly be fired up to 1,200 degrees without cracking).

! It must require minimal maintenance, as training divisions cannot afford downtime waiting

for maintenance funding and repairs.
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These are very unusual and difficult
requirements to satisfy. Again, most engineers do not
know where to start. Engineers have naturally been
attracted to spray-on refractories since those products
have been successfully utilized in high-temperature
environments for centuries. Unfortunately, those
products are designed for use in conjunction with a

castable insulation in furnaces. The refractory, though Floating Refractory Lining

referred t o as Ai nsul atingo, I S really not a g
insulator. Heat soaks through in relatively short periods of time. Insulation is therefore required.
Secondly, a spray-on application is monolithic and unable to quickly expand and contract. To
provide access for maintenance and repairs, large furnaces are cooled down over several days -
not in a matter of seconds. Simply put - spray-on refractories are not designed for live fire training
facilities. They are designed for industrial applications. We typically find engineers specifying two
or three inches of spray-on to be applied directly to the structure. This system unfortunately may
not be insulating the civil structure from the excessive heat and may only be hiding the degradation
that is occurring behind the lining. Many academies experience cracking and delamination of their
spray-on systems.
Another lining approach is to apply rigid insulation boards to the interior surfaces of the burn
areas. These systems provide much more thermal protection for the structure and have proven to
have varying degrees of success in lasting for adequate periods of time. Some academies have
successfully made their boards last for years. Others have blown such systems away in a matter of
months. These systems are generally limited to maximum temperature exposures of 1,200 degrees
Fahrenheit and are brittle and crack with normal abuse found in live fire training environments.
Some systems have required fidry outod periods bet we
temperatures. Nevertheless, these systems offer a level of protection and an ease of replacement
that is not found with spray-on systems.
Still other academies have used steel panels to protect their structures. This approach has

never made sense to us or to engineers familiar with structural fireproofing. You will be hard-



