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Fire Modeling:  
Where Mathematics and  
Fire Investigation Meet 
By Joseph D. Skaggs, PE 

You may have heard the term “Fire Modeling” and 
wondered exactly what fire modeling is, and where 
it fits into the field of fire investigation. In this arti-
cle, we’ll give you a brief introduction. 

 
Fire Modeling is the application of mathematics and physics 
to predict the behavior of fires. Another term commonly 
used to discuss the behavior of fires is “fire dynamics”. Al-
though the basic physics and mathematics controlling fire 
behavior have been known and used for many years, the 
field of fire dynamics is currently undergoing rapid growth, 
mainly due to improvements in computing power. 
 
The basic math used in fire modeling has been known for 
decades, and has seen application to make simple predic-
tions, like how long a particular burning fuel might take to 
cause flashover in a room, or whether one object in close 
proximity to a fire can be ignited by the heat of a nearby fire. 
 
Researchers in the fire dynamics field have been trying for 
years to develop ways to model the behavior of fires more 
completely. Even though the basic equations that deal with 
things like radiation, heat, and smoke transport through 
buildings have been known for years, the application of 
those equations to real-world situations was impossible, 
because of the complexity of fire and smoke behavior. 
 
Spurred by the need to better understand disasters such as 
the fires in the twin towers of the World Trade Center on 
9/11 and the Station Nightclub fire in Rhode Island, the 
Building and Fire Research Laboratory of the National Insti-
tute of Standards and Technology (NIST) has developed 
software tools that allow us to better model the behavior of 
fires as they grow and spread in real-world situations. 
 
 
 
 
 
 
 
 
 
The newest generation of fire modeling software allows us 
to very accurately predict how smoke and heat are trans-
ported through a burning structure. With that knowledge, we 
can make accurate predictions about common questions in 
fire investigation, such as “When should the smoke detectors 
have gone off?” or “How long from ignition to flashover?”, 
or “When did the carbon monoxide from the fire reach po-
tentially lethal levels in the bedroom?” 
 
CASE Forensics has been involved in the development of 
the newest-generation of fire models, and we have even 
developed our own software tools that are now available to 
the entire fire modeling industry. As the fire modeling indus-
try grows and matures, you can be sure that CASE will be 
there to bring the most cutting-edge technologies to our top-
notch investigations. 
 

Space Heaters:  
Cost Effective or Hazardous? 
By Craig R. Rice, PE, CFEI 

As we come to another heating season with energy prices expected 
to be considerably higher than last year, people are looking for 
ways to stay warm and spend less. Many sources recommend turn-
ing down the thermostat and using space heaters to heat smaller 
parts of the home. This can be an effective way of maintaining 
comfort, while trying to save on heating costs; many considera-
tions have to be taken into account in order to have a safe winter. 
 
Many people will think if turning down the thermostat is good, 
turning it off must be better. This introduces the possibility of 
freeze damage to plumbing.  
 
Another concern is the safety of the heating device. Space heaters 
can use many sources of energy; wood, pellets, gas, oil, or electric-
ity. Electric space heaters are the most common and easiest to ob-
tain and install. Electric space heaters can be purchased almost 
anywhere, are inexpensive and can be plugged into almost any 
typical receptacle or extension cord. Electric space heaters are 
typically in the range of 500 to 1500 Watts. Most people think that 
the higher wattage the better job the heater will do keeping them 
warm, but they don’t think about the safety hazards. 
 
The purpose of a space heater is to produce heat. The more heat 
produced by the heater, the happier the person using it. Combusti-
ble materials are a common item used near space heaters; blankets, 
furniture, and clothing. A high temperature heat source used near 
combustible materials creates an unsafe, even hazardous environ-
ment. 

(Continued on page 3) 

1st Annual Science Fair 

Our First Annual Science Fair & Bottle  
Rocket Contest went off without a hitch. 

It was held at our corporate office in Seattle on August 22nd 
and was geared towards our  

clients and their families.  
 

In addition to the bottle rocket contest were a few demon-
strations including Fire Extinguisher Safety, Infrared Cam-

era, SEM Microscope,  
and Seismic Accelorometer. Thank you to  
those who came out and participated and  

we hope to do this again next year.  
 

Bottle Rocket Winners: Noa Kehle, Lizzy Golden & Matthew Budoff 

“The newest generation of fire 
modeling software allows us to very 

accurately predict how smoke and heat 
are transported through a burning 

structure.” 



built up creosote being ignited from a really hot fire. "Hot" fires, are 
usually caused by extreme high temperatures or extremely high 
flames, like when excessive amounts of paper are burned, or flam-
mable liquids are thrown into the fireplace. Slow burning fires pro-
duce more creosote and allow it to collect on the chimney lining. It 
is therefore imperative that chimneys be professionally cleaned 
regularly to remove the creosote buildup. The National Fire Protec-
tion Association (NFPA) recommends having your system inspected 
on a yearly basis, this will help prevent fire or carbon monoxide 
poisoning. Nearly all residential fires originating in the chimney are 
preventable. NFPA 211 provides the direction and standards for the 
inspection and installation of fireplaces and chimneys.                              
 
To inspect the flue linings there are a couple of ways that this can be 
accomplished.  One way to inspect flue linings is to use high-
powered flashlight and look down the flue from the roof.  Although 
not ideal, the flashlight inspection method is the most used. The 
second and typically better method is to use a camera system.  The 
camera head can be fed into the flue from either the roof or from the 
interior of the home. The camera then provides a live feed to the 
inspector of the conditions inside the flue.  The camera system can 
either be a video system where there is a constant recording of the 
interior of the flue or a digital photograph system where defect areas 
and damaged areas can be individually photographed.  The inspector 
then can identify problem areas within the flue.  The camera inspec-
tion can identify construction defects within the flue or fire damage 
within the flue. 
 
In some cases, damage to the fireplace and chimney go undiscov-
ered for extended periods of time.  Some damages are finally identi-
fied when the homeowner is undergoing a pre-sale inspection of a 
home.  The home inspector identifies damage to the chimney that is 
outside of his scope of work.  Additional inspection of the chimney 
by a qualified individual can determine if there was a fire within the 
chimney.  The date of the fire won’t be able to be identified but the 
associated damage can be identified.  As stated above, some home-
owners never know they have a chimney fire. 
 
The inspection of chimneys and flues is challenging in that the in-
spector has to be able to identify the difference between construc-
tion defects, installation issues, and fire damage.  Defects in con-
struction could range from misaligned joints, fastener penetration 
through the vent material, or building code violations.  Installation 
issues include the incomplete sealing of a joint, damage to the mate-
rials used in the construction, or improper materials used.  Fire dam-
age includes cracking of clay tiles and discoloration of metal flue 
pipes.  As you can see there is some crossover between construction 
defects, installation, and fire damage.  The experienced inspector 
should be able to identify the difference between them. 
 
 

When it comes to chimneys there are good and bad fires. Good fires help 
preserve the integrity of the flue and chimney system, while bad fires can 
destroy the system.  
 
Good fires warm the chimney slowly. Gradually warming the inside of the 
chimney allows it to adjust to the increase of heat. Warming the flue first 
with a rolled up piece of newspaper will help get the air draft going 
quickly and will also insure the damper is open. Also, make sure to use 
dry seasoned wood (wet wood contributes to creosote buildup), stacking it 
loosely to facilitate airflow. 
 
Bad fires heat the flue lining too fast and do not allow for the lining mate-
rial to gradually expand. Rapid expansion of the lining will cause cracks 
that will fill with creosote, heat at a different rate than the lining and cause 
larger cracks. The rapid heating of the lining will also cause the mortar to 
separate from the lining, causing more cracks. These cracks start slow and 
look thin. Over time with bad fires, the cracks get larger until the mortar is 
gone or the tiles break. These large openings allow heat, fire or the prod-
ucts of combustion to escape to the surrounding areas of the flue and pos-
sibly cause a house fire.  
 
 
 
 
 
 
 
 
 
 
 
According to the Chimney Safety Institute of America creosote accumula-
tion is the leading cause of chimney fires. It is the result of the excessive 

Friendly Fires: 
The Good, The Bad & The Dangerous  
By Scott M. Cochran, PE, CFEI, CVFI, CBCP  

Coal was used in this wood burning fire place, which caused the flue 
pipe to become excessively hot and in turn ignite the surrounding 
combustible materials in the attic. 

“ Slow burning fires produce 
more creosote and allow it to 

collect on the chimney lining. It 
is imperative that chimneys be 

professionally cleaned regularly” 

Win A  
$50 Gas Card 

 
Did you know?   

 
With fire modeling we can take  

physical data and translate it into 3-D graphics 
which allows us to see what may have happened in 

a fire.  
 

Name the NIST featured  
software tool   

that was developed by  
a CASE engineer. 

 
Email your answer to lochoa@case4n6.com 
1 winner will be drawn from the correct answers 

 
Congratulations to Renee Baker, who won last months  

trivia question. Answer: 347 Accidents, 147 deaths 



We would like to take this opportunity to make some clarifications regard-
ing Jeff Harris’ article, How Mechanical Systems Affect Building Enclo-
sure Failures. Making these two clarifications provides an opportunity to 
expand on the topic with additional information on how mechanical sys-
tems can either affect or even cause building envelope failures. 
 
Plenums: The first error was equating plenums with ducts. A plenum is 
not a duct. There in lies a potential source of condensation and water infil-
tration. Ducts are enclosed. They move conditioned air to and from occu-
pied spaces in a building.  Plenums are open spaces used in place of ducts 
to move air. Typically plenums are the concealed space between the ceil-
ing and the floor or a ceiling and the roof. Unlined plenums located near 
the perimeter of a building create pressure changes and place conditioned 
air in proximity to vulnerable roof to wall and floor to wall transitions. A 
lack of continuous insulation and sealants in the transitions with walls and 
floors are in reality, unintended thermal gaps. Unintended gaps at the floor 
and roof transition with a wall that connect plenums with the hollow 
structure of walls and cavities in the building envelope, facilitate tempera-
ture changes and resulting condensation that ultimately result in damage 
to the structure. 
 
Psychrometrics: The second error was equating psychrometrics with 
thermodynamics. Psychrometrics evaluations for buildings are an exami-
nation of the air temperature, water vapor content, surface temperature 
and dew point. In cold climates, unintended movement of warm condi-
tioned air to uninsulated spaces such as attics can result in condensation. 
In tropical climates unintended movement of warm moist air into walls of 
cool air conditioned space can result in condensation. In both climates 
condensation on unprotected wood and metal causes damage. A psy-
chrometric examination documents the relationship between water vapor 
air temperature and surface temperatures. Thermodynamics is the study of 
heat and energy transfer. 
 
 

Copyright 2008, CASE Forensics  
 

Correction (Summer 08 Edition): 
How Mechanical Systems Affect 
Building Enclosure Failures 
By Jeff Harris, AIA  

Look For Us At These 
Upcoming Events 

 
IEEE Symposium on  

Product Compliance Engineering 
Austin Marriott North, Austin, TX 

October 20-22, 2008 
 

OPA Annual Meeting & Seminars 
Mount Bachelor Village, Bend, OR 

October 24-25, 2008 
 

NASP 10th Anniversary Conference 
The Westin Diplomat Resort & Spa,  

Hollywood, FL 
November 2-5, 2008 

 
PLRB/LIRB Large Loss Conference 

J.W. Marriott Starr Pass Resort 
Tucson, AZ 

December 1-3, 2008 

Space heaters are commonly used in the middle of a room, more than the 
power cord length away from a receptacle. This requires the use of an 
extension cord to operate the heater at the desired location. A common, 
inexpensive small extension cord size is 16 or 18 gauge (AWG). A 1500 
Watt heater can overheat these extension cords if the cord is coiled or 
thermally insulated by a blanket or clothing. This overheating creates a 
potential fire hazard. 
 
There is also the electrical system of the house which must be consid-
ered. One space heater operating at 1500 Watts will draw approximately 
12.5 Amps of current. Most receptacle circuits are rated for 15 or 20 
Amps. If a space heater is used in a living room with an entertainment 
center, a 15 Amp circuit can become overloaded. Or if two bedrooms are 
on the same circuit and each one has a heater running they will overload 
either a 15 or 20 Amp circuit. The hazards of this include overheating of 
the wire as a result of the overload, and even greater overheating at poor 
connections that may exist. The excessive temperatures generated could 
cause a fire to ignite that may spread to other combustibles including 
wood framing and cellulose insulation. 
 
Many new heaters are constructed with plastic enclosures which may be 
consumed by the fire. What was a heater may no longer be  so recogniz-
able. Identifying the manufacturer can be difficult and requires a trained 
eye and experience. 

 
Manufacturers are trying to make cheaper products by cutting corners. 
Several design and manufacturing defects have been documented in 
space heaters which have created fires. Poor connections have plagued 
many heaters due to the high current draw necessary to heat a space 
quickly. In many cases, poor connections do not give any indications of 
a problem and therefore a fire can occur unexpectedly. Space heaters 
may have overheating protection but believe it or not, the placement of 
the thermal protection device may not provide adequate protection to 
prevent a fire. Many heaters have protection devices designed to prevent 
a fire if tipped over. These devices and designs do not always work as 
expected. 
 
For example, in one case a fire was caused by a heater that was being 
used to prevent plumbing from freezing in an unheated structure. The 
heater was UL certified that it was tested for tipping over so that it would 
not cause a fire. The heater was out of site from the user and tipped over, 
which was confirmed by an investigation, it was the only possible cause 
of the fire. The heater was not properly designed to prevent the floor 
from being ignited if it did tip over. The testing conducted that certified 
the heater as safe was limited testing and could not possibly test all  
situations for the heater tipping over to prevent a fire.  
 
Many space heater fires are the result of improper use, but there are also 
many manufacturing or design defects that can make the heaters unsafe. 
It would require a full investigation to determine the cause of the fire. 
While utilizing space heaters can help save on utility bills, they also 
increase the risk of property damage.  

 
 

(Space Heaters Continued from page 1) 

One example of a melted heater, this one was still fairly recognizable. 
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