
“Introduction to Fire Investigation”.

In Section 1 of this course you will cover these topics:
Introduction

The Elementary Chemistry Of Combustion

The Nature And Behavior Of Fire

Combustion Properties Of Liquid And Gaseous Fuels

Topic Objective:

At the end of this topic, the student would be able to:

 Learn about the losses caused by fire

 Learn about the responsibilities of a fire scene investigator

 Understand the process of fire investigation in context of NFPA 921

 Learn about NFPA 921

 Understand the scientific method of fire investigation as prescribed by NFPA 921

Definition/Overview:

Fire continues to be the most costly public safety problem in the United States today, as it has

been for the past several decades. The losses in human lives and injuries due to fire are

exceeded only by those due to traffic accidents. Fire-caused property losses are far in excess

of those caused by all classes of crime, and rival those produced by hurricanes and

earthquakes.

What role does the fire investigator play in this tragedy? By accurately and efficiently

identifying the causes of fires, whether they are accidental or incendiary, investigators can

make a real and substantial contribution to reducing these terrible losses. Saving lives and

preventing injuries are the real reasons we spend long hours searching a fire scene, doing

laboratory analysis, and conducting fire research.

In recent years, the term scientific method of fire investigation has been widely introduced,

sometimes to the confusion of fire investigators. The concept does not mean that a fire
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investigator has to be a scientist, or to analyze things in a laboratory, or to replicate a fire

scene in a field test or computer model; it means to apply the scientific method of logical

inquiry to the investigation. It is an approach most good fire investigators already apply.

Key Points:

1. Losses of Fire

A fire loss can be devastating in both personal and property damage. Imagine the horror when

you come to the realization that the insurance coverage you paid for doesn't apply or isn't

enough to cover your losses. In estimating economic damages in fire damage claims, we

sometimes find that the insurance agent or broker failed to write a policy that fully covers the

replacement costs.

1.1. Loss of Life and Injuries

Deaths from fires and burns are the fifth most common cause of unintentional injury

deaths in theUnited States(CDC 2005) and the third leading cause of fatal home

injury. The United States mortality rate from fires ranks sixth among the 25 developed

countries for which statistics are available. Although the number of fatalities and

injuries caused by residential fires has declined gradually over the past several

decades, many residential fire-related deaths remain preventable and continue to pose

a significant public health problem.

1.2. Occurrence and Consequences

o On average in the United States in 2006, someone died in a fire about every 162

minutes, and someone was injured every 32 minutes

o Four out of five U.S. fire deaths in 2005 occurred in homes

o In 2006, fire departments responded to 412,500 home fires in the United States,

which claimed the lives of 2,580 people (not including firefighters) and injured

another 12,925, not including firefighters

o Most victims of fires die from smoke or toxic gases and not from burns

o Smoking is the leading cause of fire-related deaths

o Cooking is the primary cause of residential fires
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1.3. Costs

o In 2005, residential fires caused nearly $7 billion in property damage

o Fire and burn injuries represent 1% of the incidence of injuries and 2% of the total

costs of injuries, or $7.5 billion each year

o Males account for $4.8 billion (64%) of the total costs of fire/burn injuries

o Females account for $2.7 billion (36%) of the total costs of fire/burn injuries

o Fatal fire and burn injuries cost $3 billion, representing 2% of the total costs of all

fatal injuries

o Hospitalized fire and burn injuries total $1 billion, or 1% of the total cost of all

hospitalized injuries

o Non-hospitalized fire and burn injuries cost $3 billion, or 2% of the total cost of

all non-hospitalized injuries

1.4. Groups at Risk

Groups at increased risk of fire-related injuries and deaths include:

o Children 4 and under

o Older Adults ages 65 and older

o African Americans and Native Americans

o The poorest Americans

o Persons living in rural areas

o Persons living in manufactured homes or substandard housing

1.5. Risk Factor

o Approximately half of home fire deaths occur in homes without smoke alarms

o Most residential fires occur during the winter months

o Alcohol use contributes to an estimated 40% of residential fire deaths

1.6. Fire Damage to Property

Fire damage refers to the damage or destruction of goods and property caused by fire.

Financially, fire damage is often covered by fire insurance. Fire damage can lead to

numerous legal questions of responsibility and liability. Fire damage is extremely

costly.
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1.7. Coping with Fire Damage to the Property

First and foremost, safety should still be the top priority. Even with the most

devastating components of the fire now gone, many fire-related health hazards still

lurk in the form of smoke and dust particles. As much as possible, keep the family

together in a safe place away from the remains of the disaster, while the fire damage

is still being assessed.

Next, check if the house or building is still structurally safe as many of the

surrounding trees or power poles in the area may also have lost their structural

stability due to the fire damage. Watch out also for downed power lines or electrical

wires; these may give out electric shocks. One should be alert for any signs of sparks

or embers and immediately douse these with water to prevent from reigniting. When

doing clean up after a fire, one should wear protective clothing such as: leather or

disposable plastic gloves, goggles, coveralls or disposable body clothing, headgear,

rubber boots, and a respirator with filter. Always remember to disinfect hands after

every clean up job.

After reducing the risks of safety and health hazards after fire damage, one should

take action in securing the property and belongings from more destruction and

possible loss. Looting from fire damaged properties does happen when steps are not

taken to ensure security around the area. While ventilation of property after fire

damage is also necessary, do so without compromising the safety of your material

possessions. Whenever necessary, board up windows, cover damaged roofing, and

reinstall latches or safety locks, to keep looters and vandals out.

Lastly, the damage assessment of the property is important to ensure the smooth

processing of the insurance claim. Fire damage can indeed destroy homes and

temporarily create chaos in normal day to day living.

2. Responsibilities of a Fire Scene Investigator

The duty of the Police and Fire and Rescue Service when attending the scene of a fire, is to

protect life and property and then to investigate the cause of the fire. The Senior Fire and

Rescue Service Officer present will control any operations that are necessary to extinguish

the fire. Police will render assistance as requested and will be responsible for establishing a

forward control point, road closures, traffic diversions and cordons, preservation of any

suspected crime scene and maintenance of a scene log.
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Every police officer attending the scene must bear in mind that the fire may have been started

deliberately, and that if such suspicions arise, it will be our policy to conduct a joint

investigation with the Fire and Rescue Service and, if appropriate, the Forensic Science

Service Laboratory. Once all immediate action necessary to protect life and property and

extinguish the fire has been taken, it will then be necessary to establish the cause of the fire.

In any such case where a fire amounts to a critical incident (any incident where the

effectiveness of the police response is likely to have a significant impact on the confidence of

the victim, their family and/or the community) or has a major impact on resources the duty

inspector will be notified and will ensure the scene is secured and evidence preserved for a

Joint Investigation with the Fire and Rescue Service Fire Investigation Officer. It will be the

responsibility of the duty inspector to ensure the incident is managed in a professional

manner and that initial investigation is undertaken. Callout of CID and CSIs should only

occur out of core hours where there is specific work to be done at that time by those officers.

Often protection of life, preservation of the scene and initial enquires will be sufficient with

specialist departments getting involved in the morning as scene investigation cannot properly

be completed at night and when the scene is still hot. Advice can be sought from the Forensic

Resource Management Unit (FRMU).

Police must guard the scene to ensure continuity of evidence and scene integrity. The scene

will only be released with the consent of the investigation supervisor. It is the patrol sector

supervisors responsibility to ensure the initial scene action as laid out in this procedure is

carried out in a professional manner and that the duty inspector is notified as appropriate. In

more serious incidents (critical incidents) it is the responsibility of the duty inspector to

ensure the scene and initial investigation are professionally managed and to resource the

incident as circumstances require.

3. Fire Investigation

Fire investigation, sometimes referred to as origin and cause investigation, is the analysis of

fire-related incidents. After firefighters extinguish a fire, an investigation is launched to

determine the origin and cause of the fire or explosion. Investigations of such incidents are

done using a systematic approach and knowledge of basic fire science.
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4. Investigating Fires

Fire investigation is one of the most difficult of the forensic sciences to practice. In most

forensic disciplines, even the basic question of whether a crime has been committed is

normally obvious. During a fire investigation, an entire process must be undertaken just to

determine if the case involves arson or not. The difficulty of determining whether an arson

fire has occurred or not arises because fires destroy evidence. A fire investigator looks at

what is left behind after a fire and obtains information to piece together the events that

occurred in the moments leading up to the fire.

One of the challenging aspects of fire investigation is the multi-disciplinary base of the

investigator's job. Fires can be caused by or involve most things people see or use. For this

reason, fire investigators need to know not only basic science of fire behavior, but knowledge

of many different areas of study (including construction, electricity, human behaviour,

vehicles etc) is helpful. If the fire origin has, for example, a gas appliance, an investigator

should know enough about appliances to either include or exclude it as a possible cause of the

fire. Fire investigators must also know their own limitations and call upon experts to assist

when needed. Accordingly, fire investigators sometimes work with forensic electrical

engineers (when examining electrical appliances, household wiring, etc.) or others skilled in

forensic engineering (gas-powered appliances, air handling equipment, gas delivery systems,

etc.).

4.1. Recommended Practices

In the United States, one of the guides fire investigators may refer to is published by

the National Fire Protection Association (NFPA) for codes, standards, and suggested

practices about conducting fire investigations. The most recent edition of this guide,

titled NFPA 921: Guide for Fire and Explosion Investigations, was published in 2008.

The information, standards, and practices discussed below are those which appear in

NFPA 921.

4.2. Conducting Investigations

Fire investigators conduct their investigations using a systematic approach. The

approach endorsed by the NFPA is that of the scientific method. There are five
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components that create a methodology with which fires are investigated using a

systematic approach:

o The assignment is received and the investigator is notified of his/her

responsibilities

o The investigator plans the investigation and assembles tools, equipment, and

personnel

o The scene is examined and data is collected

o Physical evidence is collected, documented, tested, and evaluated

o The scientific method is used to analyze the information obtained

5. NFPA 921

NFPA 921, "Guide for Fire and Explosion Investigations", is a National Fire Code published

by the National Fire Protection Association (NFPA). Its purpose is "to establish guidelines

and recommendations for the safe and systematic investigation or analysis of fire and

explosion incidents". Familiarity with NFPA 921 is strongly recommended by National

Association of Fire Investigators and the International Association of Arson Investigators

(IAAI). NFPA 921 forms a large basis of the information which a professional fire

investigator must know to pass the various Fire Investgator Certification (NAFI and IAAI)

examinations.

While not every recommendation in NFPA 921 will apply to any particular fire or explosion

investigation, the document itself recommends that if a particular fire investigator does not

apply certain sections to an investigation where they are called-for, the investigator must be

prepared to justify the exclusion.

5.1. The impact of NFPA 921 on Fire Investigation

Fire scene reconstruction is the process of determining the most likely development of

a fire using a scientifically based rationale. Reconstruction follows the fire from

ignition to extinguishment, and it explains aspects of the fire and smoke development,

the role of fuels, effects of ventilation, the impact of manual and automatic

extinguishment, the performance of the building, life safety features, and manner of

injuries or death.
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Forensic fire scene reconstruction relies upon a comprehensive review of the fire

pattern damage, sound fire protection engineering principles, human factors, physical

evidence, and an appropriate application of the scientific method. These factors often

form the basis for an expert opinion as to the most probable origin and cause of the

fire or explosion. The expert opinion may be part of a written report or the basis for

oral testimony in depositions or courtrooms.

In order to be effective, these expert opinions must be able to pass the eventual

scrutiny of cross-examination during sworn depositions, peer review, and courtroom

testimony. Recent court decisions place more weight on expert forensic testimony

based upon scientific, rather than merely experience-based, knowledge. When

determining the origin and cause of a fire, a comprehensive reconstruction often

involves a fire engineering analysis that tests various scenarios. This analysis may use

fire modeling to compare actual events with predicted outcomes by varying causes

and growth scenarios. This engineering analysis adds value, understanding, and

clarity to an already complex fire scene investigation.

6. The Scientific Method

The underpinning of forensic fire scene reconstruction is the use and application of relevant

scientific principles and research in conjunction with a systematic examination of the scene.

This is particularly true in cases that later require expert witness opinions. The scientific

method, which embraces sound fire protection engineering principles combined with peer-

reviewed research and testing, is the best approach for conducting fire scene analysis and

reconstruction. NFPA 921 Guide for Fire and Explosion Investigations defines the scientific

method as the systematic pursuit of knowledge involving the recognition and formulation of a

problem, the collection of data through observation and experiment, and the formulation and

testing of a hypothesis.

7. Benefits of the Scientific Method

There are numerous benefits for using the scientific method to examine fire and explosion

cases, including:

 Acceptance of the methodology in the scientific community,

 Use of a uniform, peer-reviewed protocol of practice, such as NFPA 921, and

 Improved reliability of testimony from opinions formed using the scientific method.
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The use of the scientific method is well received in both the technical and research

communities. An investigation conducted using this approach is more likely to be embraced

by those who would tend to doubt a less vigorously conducted probe. Second, the scientific

method is an accepted protocol of practice for NFPA 921. Those persons ignoring or

deviating from NFPA 921 practices would bring closer scrutiny to their reports and opinions.

Another guide that repeatedly cites NFPA 921 is the National Institute of Justice's Fire and

Arson Scene Evidence: A Guide for Public Safety Personnel. 4 The NIJ guide notes that

actions taken at the scene of a fire or arson investigation can play a pivotal role in the

resolution of a case. A thorough investigation is key to ensuring that potential physical

evidence is neither tainted nor destroyed, nor potential witnesses overlooked. More

importantly, expert testimony in fire and explosion cases will rely more heavily on opinions

formed using the scientific method. Recent U.S. Supreme Court decisions underscore these

principles, with many state courts following the trend.

8. Engineering Analysis as a Scientific Method

Fire engineering analysis, which can range from a basic "back-of-the-envelope" first-level

calculation to a sophisticated fire model, is an important step in fire scene reconstruction that

provides numerous benefits. Historical investigations using fire engineering analysis have

accurately assessed fire development, measured the performance of fire protection features

and systems, and predicted the survivability and behavior of people during the incident.

9. Benefits of Engineering Analysis

Fire engineering analysis, combined with modeling, offersthe following benefits:

 Establishes the basis for the collection of data needed to construct event time lines

 Provides ignition sequences, and failure modes and effects analysis (FMEA)

 Invites application of the scientific method when testing hypotheses and validating fire scene

reconstruction

 Provides a viable alternative to full-scale fire testing and extends fullscale test results to

differing ranges of conditions (sensitivity analysis)

 Provides answers to many important questions raised on human factors, ignition sequences,

equipment failure, and fire protection systems (detectors, alarms, and sprinklers); and

 Identifies important future research areas in fire investigation

Historically, the use of engineering analysis and modeling in fire scene reconstruction was

conducted on a caseby-case basis, due mainly to the complexity of the process. A vast
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amount of knowledge and time was required to collect and analyze the information on the

development of the fire. Engineering analysis and modeling are becoming more

commonplace. Despite the complexity of the processes, fire engineering analysis and

modeling should be applied to cases involving multiple deaths, or cases where code

deficiencies contributed to the fire, or in the anticipation of extensive civil or criminal

litigation.

A fire engineering analysis often uses fire modeling to compare actual events with predicted

outcomes using varying fire causes and growth scenarios. Surface temperatures on the walls

can be calculated by the fire model and displayed using a color-coded gradient scale. Results

from the surface temperatures can be compared with burn patterns to confirm the sequence of

the fire. This analysis often adds value, understanding, and clarity to complex fire scene

investigation. Fire modeling can also serve as an alternative to full-scale fire testing to

explain burn patterns and the fire dynamics involved. Fire engineering analysis and modeling

may also provide answers to important questions raised during fire investigations. These

questions might include the following:

 What was the most probable cause of the fire (i.e., can several possible causes be

eliminated)?

 How long did it take to activate fire or smoke detectors and sprinklers? What were the smoke

and carbon monoxide levels in each room after 10 min?

 Why didn't the occupants of the building survive the fire?

 Was an accelerant used in the fire, and if so, what type?

 How much time elapsed from when the owner of the structure left the building until the fire

reached flashover?

 Did a negligent building design or failed fire detection and suppression system contribute to

the growth of the fire?

 What changes to policy, building, or fire codes are necessary to ensure that similar fires will

not occur in the future?

Discussion and cooperative research between fire investigators and fire protection engineers

underscore the need to include fire modeling as an integral and required step in fire scene

reconstruction. Fire investigators and engineering professionals need to collaborate further in

order to expand their knowledge and validate the methods shared in common by both groups.
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10. The Scientific Method and NFPA 921

Listed below is an annotated seven-step systematic process, based upon NFPA 921, for

applying the scientific method to fire investigation and reconstruction.

 Recognize the Need. First responders must recognize that a scene needs to be protected until

a full investigation can be started. This includes not only the origin and cause of the event,

but also recognizes the responsibility to determine if future fires, explosions, or loss of life

can be prevented through new designs, codes, or enforcement strategies.

 Define the Problem. A tentative investigative plan should be devised to preserve and protect

the scene, determine the cause and nature of the loss, conduct a needs assessment, formulate

and implement a strategic plan, and prepare a report.

 Collect Data. Facts and information about the incident should be collected through direct

observations, measurements, photography, evidence collection, testing, experimentation,

historical case histories, and witness interviews. All collected data should be subject to

verification of how it was legally obtained, its chain of custody, and notation as to its

reliability and authoritative nature.

 Analyze the Data. The investigator relies upon his or her knowledge, training, and

experience in evaluating the totality of the data. This subjective approach to the analysis may

include knowledge of similar loss histories (observed or obtained from references), training

and understanding of fire dynamics, fire testing experience, and experimental data.

 Develop a Working Hypothesis. Based upon the data analysis, a tentative working

hypothesis should be developed to explain the fire's origin, cause, and development that is

consistent-with on-scene observations, physical evidence, and testimony from witnesses.

 Test the Working Hypothesis (Deductive Reasoning). The working hypothesis should be

compared with all other known facts, the incidence of prior loss histories, authoritative fire

test data, sound published treatises, and experiments. The working hypothesis should be used

to eliminate all other reasonable origins and causes for the fire or explosion. The investigator

should recommend the collection and analysis of additional data, seek new information from

witnesses, and develop or modify the working hypothesis. This may involve reviewing the

analysis with other investigators with relevant experience and training. Interactively repeat

Steps 4, 5, and 6 until there are no discrepancies between the working hypotheses. By testing

various working hypotheses rigorously against the data, those that cannot be conclusively

eliminated should still be considered viable.
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 Select Final Hypothesis (Conclusion or Opinion). When the working hypothesis is

thoroughly consistent with evidence and research, it becomes a final hypothesis and can be

authoritatively presented as a conclusion or opinion of the investigation. If a final hypothesis

cannot be determined, the cause should be reported as "undetermined."

11. Arson as a Crime

Arson is aimed against people where they live, where they work, and where they do business

or go to church. Fire is just as much a weapon as a gun, a knife, or an axe.

12. Negative Factors for Investigating a fire scene

There are some factors that are needed to be overcome when investigating a fire scene:

 Destruction of the physical material and substance of the scene

 Contamination of the scene by vehicles, personnel, equipment, hoses, and large quantities of

water

 Scene security and control of unauthorized persons are difficult

 Investigation is carried out days or weeks after the incident

 Weather and vandals may have compromised the evidence

Topic Objective:

At the end of this topic, the student would be able to:

 Understand about the mechanism of basic combustion reaction

 Learn about the concept of oxidation

 Learn about the concept of petroleum hydrocarbon chemistry

 Understand the difference between hydrocarbons and carbohydrates

Definition/Overview:

Combustion: Combustion or burning is a complex sequence of exothermic chemical

reactions between a fuel and an oxidant accompanied by the production of heat or both heat

and light in the form of either a glow or flames. Fire is a chemical reaction that produces

physical effects. As a result, the fire investigator should have some familiarity with the

simpler chemical and physical properties involved. Since fire consists of a number of
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chemical reactions occurring simultaneously, it is important to understand first what a

chemical reaction is and how it is involved in a fire.

Key Points:

1. The Basic Combustion Reaction

Direct combustion by atmospheric oxygen is a reaction mediated by radical intermediates.

The conditions for radical production are naturally produced by thermal runaway, where the

heat generated by combustion is necessary to maintain the high temperature necessary for

radical production. In a complete combustion reaction, a compound reacts with an oxidizing

element, such as oxygen or fluorine, and the products are compounds of each element in the

fuel with the oxidizing element. For example:

CH4 + 2O2 → CO2 + 2H2O

CH2S + 6F2 → CF4 + 2HF + SF6

A simpler example can be seen in the combustion of hydrogen and oxygen, which is a

commonly used reaction in rocket engines:

2H2 + O2 → 2H2O(g) + heat

The result is water vapor. In the large majority of the real world uses of combustion, the

oxygen (O2) oxidant is obtained from the ambient air and the resultant flue gas from the

combustion will contain nitrogen:

CH4 + 2O2 + 7.52N2 → CO2 + 2H2O + 7.52N2 + heat

As can be seen, when air is the source of the oxygen, nitrogen is by far the largest part of the

resultant flue gas. In reality, combustion processes are never perfect or complete. In flue

gases from combustion of carbon (as in coal combustion) or carbon compounds (as in

combustion of hydrocarbons, wood etc.) both unburned carbon (as soot) and carbon

compounds (CO and others) will be present. Also, when air is the oxidant, some nitrogen can

be oxidized to various nitrogen oxides (NOx).
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1.1. Reaction Mechanism

Combustion in oxygen is a radical chain reaction where many distinct radical

intermediates participate. The high energy required for initiation is explained by the

unusual structure of the dioxygen molecule. The lowest-energy configuration of the

dioxygen molecule is a stable, relatively un-reactive diradical in a triplet spin state.

Bonding can be described with three bonding electron pairs and two antibonding

electrons, whose spins are aligned, such that the molecule has nonzero total angular

momentum. Most fuels, on the other hand, are in a singlet state, with paired spins and

zero total angular momentum. Interaction between the two is quantum mechanically a

"forbidden transition", i.e. possible with a very low probability. To initiate

combustion, energy is required to force dioxygeninto a spin-paired state, or singlet

oxygen. This intermediate is extremely reactive. The energy is supplied as heat. The

reaction produces heat, which keeps it going.

Combustion of hydrocarbons is thought to be initiated by the abstraction of a hydride

radical (H) from the fuel to oxygen, to give a hydroperoxideradical (HOO). This

reacts further to give hydroperoxides, which break up to give hydroxyl radicals. There

are a great variety of these processes that produce fuel radicals and oxidizing radicals.

Oxidizing species include singlet oxygen, hydroperoxide, hydroxyl, monatomic

oxygen, and hydroperoxyl (OH2). Such intermediates are short-lived and cannot be

isolated. However, non-radical intermediates are stable and are produced in

incomplete combustion. An example is acetaldehyde produced in the combustion of

ethanol. An intermediate in the combustion of carbon and hydrocarbons, carbon

monoxide, is of special importance because it is a poisonous gas.

Solid fuels also undergo a great number of pyrolysis reactions that give more easily

oxidized, gaseous fuels. These reactions are endothermic and require constant energy

input from the combustion reactions. A lack of oxygen or other poorly designed

conditions result in these noxious and carcinogenic pyrolysis products being emitted

as thick, black smoke.
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2. Oxidation

Oxidation is the interaction between oxygen molecules and all the different substances they

may contact, from metal to living tissue. Sometimes oxidation is not such a bad thing, as in

the formation of super-durable anodized aluminum. Other times oxidation can be destructive,

such as the rusting of an automobile or the spoiling of fresh fruit.

We often used the words 'oxidation' and 'rust' interchangeably, but not all materials which

interact with oxygen molecules actually disintegrate into rust. In the case of iron, the oxygen

creates a slow burning process, which results in the brittle brown substance we call rust.

When oxidation occurs in copper, on the other hand, the result is a greenish coating called

copper oxide. The metal itself is not weakened by oxidation, but the surface develops a patina

after years of exposure to air and water.

The process of oxidation depends on the amount of oxygen present in the air and the nature

of the material it touches. True oxidation happens on a molecular level -- we only see the

large-scale effects as the oxygen causes free radicals on the surface to break away. In the case

of fresh fruit, the skin usually provides a barrier against oxidation. This is why most fruits

and vegetables arrive in good condition at the grocery store. Once the skin has been broken,

however, the individual cells come in direct contact with air and the oxygen molecules start

burning them. The result is a form of rust we see as brownish spots or blemishes.

Oxidation can also be a problem for car owners, since the outermost layers of paint are

constantly exposed to air and water. If the car's outer finish is not protected by a wax coating

or polyurethane, the oxygen molecules in the air will eventually start interacting with the

paint. As the oxygen burns up the free radicals contained in the paint, the finish becomes

duller and duller. Restoration efforts may include removing several layers of affected paint

and reapplying a new layer of protectant. This is why professional car detailers recommend at

least one layer of wax or other protectantbe used every time the car is washed.

2.1. Oxidation Reaction for Water

Two diatomic molecules of hydrogen combine with one diatomic molecule of oxygen

to form two molecules of water. Because water is a more stable compound as

compared to the gases that form it, the reaction occurs with great vigor and the output

of much heat.

3. Calculation of Oxidation States

There are two common ways of computing the oxidation state of an atom in a compound. The

first one is used for molecules when one has a Lewis structure, as is often the case for organic
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molecules, while the second one is used for simple compounds (molecular or not) and does

not require a Lewis structure. It should be remembered that the oxidation state of an atom

does not represent the "real" charge on that atom: this is particularly true of high oxidation

states, where the ionization energy required to produce a multiply positive ion are far greater

than the energies available in chemical reactions. The assignment of electrons between atoms

in calculating an oxidation state is purely formalism, but is useful one for the understanding

of many chemical reactions.

3.1. From a Lewis structure

When a Lewis structure of a molecule is available, the oxidation states may be

assigned unambiguously by computing the difference between the number of valence

electrons that a neutral atom of that element would have and the number of electrons

that "belong" to it in the Lewis structure. For purposes of computing oxidation states,

electrons in a bond between atoms of different elements belong to the most

electronegative atom; electrons in a bond between atoms of the same element are split

equally, and electrons in lone pair belong only to the atom with the lone pair. For

example, consider acetic acid:

The methyl group carbon atom has 6 valence electrons from its bonds to the hydrogen

atoms because carbon is more electronegative than hydrogen. Also, 1 electron is

gained from its bond with the other carbon atom because the electron pair in the CC

bond is split equally, giving a total of 7 electrons. A neutral carbon atom would have

4 valence electrons, because carbon is in group 14 of the periodic table. The

difference, 4 7 = 3, is the oxidation state of that carbon atom. That is, if it is assumed

that all the bonds were 100% ionic (which in fact they are not), the carbon would be

described as C3-.

Following the same rules, the carboxylic acid carbon atom has an oxidation state of

+3 (it only gets one valence electron from the CC bond; the oxygen atoms get all the

other electrons because oxygen is more electronegative than carbon). The oxygen

atoms both have an oxidation state of 2; they get 8 electrons each (4 from the lone

pairs and 4 from the bonds), while a neutral oxygen atom would have 6.

The hydrogen atoms all have oxidation state +1, because they surrender their electron

to the more electronegative atoms to which they are bonded. Oxidation states can be

useful for balancing chemical equations for redox reactions, because the changes in

the oxidized atoms have to be balanced by the changes in the reduced atoms. For
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example, in the reaction of acetaldehyde with the Tollens' reagent to acetic acid

(shown below), the carbonyl carbon atoms changes its oxidation state from +1 to +3

(oxidation). This oxidation is balanced by reducing two equivalents of silver from

Ag+to Ago.

3.2. Without a Lewis structure

The algebraic sum of oxidation states of all atoms in a neutral molecule must be zero,

while in ions the algebraic sum of the oxidation states of the constituent atoms must

be equal to the charge on the ion. This fact, combined with the fact that some

elements almost always have certain oxidation states, allows one to compute the

oxidation states for atoms in simple compounds. Some typical rules that are used for

assigning oxidation states of simple compounds follow:

o Fluorine has an oxidation state of −1 in all its compounds, since it has the highest

electronegativity of all reactive elements.

o Hydrogen has an oxidation state of +1 except when bonded to more

electropositive elements such as sodium, aluminium, and boron, as in NaH,

NaBH4, LiAlH4, where each H has an oxidation state of -1.

o Oxygen has an oxidation state of −2 except where it is −1 in peroxides, −1/2 in

superoxides, −1/3 in ozonides, and of +2 in oxygen difluoride, OF2,+1 in O2F2.

o Alkali metals have an oxidation state of +1 in virtually all of their compounds.

o Alkaline earth metals have an oxidation state of +2 in virtually all of their

compounds.

o Halogens, other than fluorine have an oxidation state of −1 except when they are

bonded to oxygen, nitrogen or with another halogen.

4. Basic Products of a Fire Reaction

The following three products are formed:

 Water

 Carbon dioxide

 Carbon monoxide

5. Difference between Hydrocarbons and Carbohydrates

They differ in their chemical nature, and also in their mode of oxidation, the heat output of

the reaction, and in other respects. They also have different characteristics with respect to the
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temperature at which they ignite, the quantities of oxygen used per unit of fuel, the rate at

which they will oxidize, and other properties related to their physical state.

A hydrocarbon is a molecule that has ONLY Carbon and Hydrogen present. These molecules

are named by the suffixes -ene, -ane, and -yne (depending on the number of double and triple

bonds). The prefix always denotes number of carbons. On the other hand, Carbohydrates are

*made up of* hydrocarbons AND a hydroxyl functional group (-OH group).

Hydrocarbons are compounds of carbon and hydrogen, like Methane, Ethane, Acetylene,

Propane, Butane etc. Carbodhydrates like Cane Sugar contain carbon, hydrogen and oxygen.

Glucose, starch... these are carbohydrates.

A hydrocarbon is an organic compound consisting entirely of hydrogen and carbon and other

bonded compounds, and lacks a functional group that generally facilitates combustion

without adverse effects. The majority of hydrocarbons found naturally occur in crude oil,

where decomposed organic matter provides an abundance of carbon and hydrogen which,

when bonded can catenate to form seemingly limitless chains.

Carbohydrates or saccharides are simple molecules that are straight-chain aldehydes or

ketones with many hydroxyl groups added, usually one on each carbon atom that is not part

of the aldehyde or ketone functional group. Carbohydrates are the most abundant biological

molecules, and fill numerous roles in living things, such as the storage and transport of

energy (starch, glycogen) and structural components (cellulose in plants, chitin in animals).

Additionally, carbohydrates and their derivatives play major roles in the working process of

the immune system, fertilization, pathogenesis, blood clotting, and development.

Hydrocarbons are molecules consisting of/containing only atoms of carbon and hydrogen.

There are many different kinds of hydrocarbons based on different numbers of carbon atoms

in the molecules and whether or not any of the carbons are connected by double bonds rather

than single bonds. In double bonds, two pairs (a total of four) electrons are shared between

the two atoms involved. Since carbon has four valence electrons, it can make four single

bonds with other atoms by sharing one of its electrons and one of the other atoms electrons

with each of those atoms. In a double bond, carbon would share two of its electrons and two

electrons from another atom with that atom (= two pairs of electrons).

This would mean that this carbon atom would, then, have only two other electrons available

for bonding with any other atoms. For example, if a carbon is single bonded to another

carbon, it could also be bonded to three hydrogens, but if a carbon is double bonded to

another carbon, then it can only bond to two hydrogens. Note that in the word hydrocarbon

the hydro part refers to hydrogen, not to water: there is no water in hydrocarbons, only
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hydrogen and carbon. Generally, hydrocarbons are not found in living organisms, but are

found in quantity in fossil fuels, which used to be living organisms. Because their structures

are the simplest to understand and because they form the building-blocks from which other

organic molecules are made, we will look first at the structures of hydrocarbons

Topic Objective:

At the end of this topic, the student would be able to:

 Understand the types of combustion

 Learn about the concept of diffusion flame

 Differentiate between heat and temperature

 Understand the concept of heat release rate

 Learn about the different modes of heat transfer

 Differentiate between flaming fire and smoldering fire

 Learn about the stages of fire development

Definition/Overview:

Fire is an exothermic oxidation reaction that proceeds at such a rate that it generates

detectable heat and light. The two types of combustion (or fire) are:

 Flaming

 Smoldering

In flaming combustion, both the fuel and oxidizer are gases. Nearly all destructive fires are

flaming combustion. The smoldering fire involves the surface of a solid fuel with a gaseous

oxidizer (usually the oxygen in air). For example, the smoldering fire in a mattress or a pile

of sawdust is a good illustration of a glowing fire (which can do extensive damage), as is the

charcoal fire used for barbecues. Many destructive flaming fires begin as small smoldering

fires.

The differences between the two types are a result of the nature and condition of the fuel, as

well as the avail-ability of oxygen. It becomes apparent that fire is a complex process subject
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to many conditions that influence its growth, spread, and development. These conditions

include the physical state of the fuel, its mixture with oxygen, and the effects of heat

throughout the fire environment. The physical state of the fuel (solid, liquid, or gas) has an

important effect on the combustion reaction.

Key Points:

1. Conditions of Occurrence of Fire

The following conditions should be met in order to ignite a fire:

 Combustible fuel must be present

 An oxidizer must be available in sufficient quantity

 Energy as some means of ignition must be supplied

 The fuel and oxidizer must interact in a self-sustaining chain reaction

2. Types of Combustion

There are following types of combustion:

2.1. Rapid

Rapid combustion is a form of combustion in which large amounts of heat and light

energy are released, which often results in a fire. This is used in a form of machinery

such as internal combustion engines and in thermobaric weapons. Sometimes, a large

volume of gas is liberated in combustion besides the production of heat and light. The

sudden evolution of large quantities of gas creates excessive pressure that produces a

loud noise. Such a combustion is known as an explosion.

2.2. Slow

Slow combustion is a form of combustion which takes place at low temperatures.

Cellular respiration is an example of slow combustion.

2.3. Complete

In complete combustion, the reactant will burn in oxygen, producing a limited number

of products. When a hydrocarbon burns in oxygen, the reaction will only yield carbon

dioxide and water. When a hydrocarbon or any fuel burns in air, the combustion

products will also include nitrogen. When elements such as carbon, nitrogen, sulfur,

and iron are burned, they will yield the most common oxides. Carbon will yield
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carbon dioxide. Nitrogen will yield nitrogen dioxide. Sulfur will yield sulfur dioxide.

Iron will yield iron(III) oxide. It should be noted that complete combustion is almost

impossible to achieve. In reality, as actual combustion reactions come to equilibrium,

a wide variety of major and minor species will be present. For example, the

combustion of methane in air will yield, in addition to the major products of carbon

dioxide and water, the minor product carbon monoxide and nitrogen oxides, which are

products of a side reaction (oxidation of nitrogen).

2.4. Turbulent

Turbulent combustion is a combustion characterized by turbulent flows. It is the most

used for industrial application (e.g. gas turbines, gasoline engines, etc.) because the

turbulence helps the mixing process between the fuel and oxidizer.

2.5. Microgravity

Nearly every Flame behaves differently in the Microgravity environment; for

example, a candle's flame takes the shape of a sphere. Microgravity combustion

research contributes to understanding of spacecraft fire safety and diverse aspects of

combustion physics.

2.6. Incomplete

Incomplete combustion occurs when there isn't enough oxygen to allow the fuel

(usually a hydrocarbon) to react completely with the oxygen to produce carbon

dioxide and water, also when the combustion is quenched by a heat sink such as a

solid surface or flame trap. When a hydrocarbon burns in air, the reaction will yield

carbon dioxide, water, carbon monoxide, pure carbon (soot or ash) and various other

compounds such as nitrogen oxides.

The quality of combustion can be improved by design of combustion devices, such as

burners and internal combustion engines. Further improvements are achievable by

catalytic after-burning devices (such as catalytic converters) or by the simple partial

return of the exhaust gases into the combustion process. Such devices are required by

environmental legislation for cars in most countries, and may be necessary in large

combustion devices, such as thermal power plants, to reach legal emission standards.

The degree of combustion can be measured and analyzed, with test equipment. HVAC

contractors, firemen and engineers use combustion analyzers to test the efficiency of a

burner during the combustion process. In addition, the efficiency of an internal

combustion engine can be measured in this way, and some states and local
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municipalities are using combustion analysis to define and rate the efficiency of

vehicles on the road today.

2.7. Smoldering

Smoldering combustion is a flameless form of combustion, deriving its heat from

heterogeneous reactions occurring on the surface of a solid fuel when heated in an

oxidizing environment. The fundamental difference between smoldering and flaming

combustion is that in smoldering, the oxidation of the reactant species occurs on the

surface of the solid rather than in the gas phase. The characteristic temperature and

heat released during smoldering are low compared to those in the flaming combustion

of a solid. Typical values in smoldering are around 600 C for the peak temperature

and 5 kJ/g-O2 for the heat released; typical values during flaming are around 1500 C

and 13 kJ/g-O2 respectively. These characteristics cause smolder to propagate at low

velocities, typically around 0.1 mm/s, which is about two orders of magnitude lower

than the velocity of flame spread over a solid. In spite of its weak combustion

characteristics, smouldering is a significant fire hazard.

3. Diffusion Flame

Diffusion flames, smoothly flowing (laminar) or turbulent, belong to the class of flames

whose ingredients are not mixed prior to entering the burning zone. Molecular or turbulent

diffusion is responsible for the mixing of the gases in such flames. The distribution of the

combustible material and of oxygen over various flame cross sections is regular in laminar

flames but becomes much more complicated in turbulent gas flows. The transition from

laminar to turbulent flames occurs at a certain point of the flow and depends upon the actual

conditions.

In combustion, a diffusion flame is a flame in which the oxidizer combines with the fuel by

diffusion. As a result, the flame speed is limited by the rate of diffusion. Diffusion flames

tend to burn slower and to produce more soot than premixed flames because there may not be

sufficient oxidizer for the reaction to go to completion, although there are some exceptions to

the rule. The soot typically produced in a diffusion flame becomes incandescent from the heat

of the flame and lends the flame its readily identifiable orange-yellow color. Diffusion flames

tend to have a less-localized flame front than premixed flames.

The contexts for diffusion may vary somewhat. For instance a candle uses the heat of the

flame itself to vaporize its wax fuel and the oxidizer (oxygen) diffuses into the flame from the

surrounding air. While a gaslight flame (or the safety flame of a bunsen burner) uses fuel
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already in the form of a vapor. Diffusion flames are often studied in counter flow (also called

opposed jet) burners. Their interest is due to possible application in the flamelet model for

turbulent combustion. Furthermore they provide a convenient way to examine strained flames

and flames with holes. These are also known under the name of "edge flames", characterized

by a local extinction on their axis because of the high strain rates in the vicinity of the

stagnation point.

4. Difference between Heat and Temperature

Knowing the difference between heat and temperature is important if one is to have a clear

understanding of energy. In this section we will define both terms and reach an understanding

of how they are related ideas, but not identical ideas. What follows are some beginnings, and

then some links to further explanations and animations.

4.1. The Wrong Idea

Often the concepts of heat and temperature are thought to be the same, but they are

not. Perhaps the reason the two are usually and incorrectly thought to be the same is

because as human beings on Earth everyday experience leads us to notice that when

you heat something up, say like putting a pot of water on the stove, then the

temperature of that something goes up. More heat, more temperature - they must be

the same, right? Turns out, though, this is not true.

Temperature is a number that is related to the average kinetic energy of the molecules

of a substance. If temperature is measured in Kelvin degrees, then this number is

directly proportional to the average kinetic energy of the molecules. So, temperature

is not energy. It is, though, a number that relates to one type of energy possessed by

the molecules of a substance. Temperature directly relates to the kinetic energy of the

molecules. The molecules have another type of energy besides kinetic, however; they

have potential energy, also. Temperature readings do not tell you anything directly

about this potential energy.

Temperature can be measured in a variety of units. If you measure it in degrees

Kelvin, then the temperature value is directly proportional to the average kinetic

energy of the molecules in the substance. Notice we did not say that temperature is the

kinetic energy. We said it is a number, if in degrees Kelvin, is proportional to the

average kinetic energies of the molecules; that is, if you double the Kelvin

temperature of a substance, you double the average kinetic energy of its molecules.

Heat is a measurement of the total energy in a substance. That total energy is made up

of not only of the kinetic energies of the molecules of the substance, but total energy
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is also made up of the potential energies of the molecules. Heat is energy. Heat is the

total amount of energy possessed by the molecules in a piece of matter. This energy is

both kinetic energy and potential energy. When heat, (i. e., energy), goes into a

substance one of two things can happen:

o The substance can experience a raise in temperature. That is, the heat can be used

to speed up the molecules of the substance. Since Kelvin temperature is directly

proportional to the average kinetic energy of molecules in a substance, an factor

increase in temperature causes an equal factor increase in the average kinetic

energy of the molecules. And if the kinetic energy of the molecules increase, the

speed of the molecules will increase, although these increases are not directly

proportional. The kinetic energy of a body is proportional to the square of the

speed of the body.

o The substance can change state. For example, if the substance is ice, it can melt

into water. Perhaps surprisingly, this change does not cause a raise in temperature.

The moment before melting the average kinetic energy of the ice molecules is the

same as the average kinetic energy of the water molecules a moment after melting.

Although heat is absorbed by this change of state, the absorbed energy is not used

to speed up the molecules. The energy is used to change the bonding between the

molecules. Changing the manner in which the molecules bond to one another

constitutes a change in potential energy. Heat comes in and there is an increase in

the potential energy of the molecules. Their kinetic energy remains unchanged.

So, when heat comes into a substance, energy comes into a substance. That energy

can be used to increase the kinetic energy of the molecules, which would cause an

increase in temperature. Or that heat could be used to increase the potential energy

of the molecules causing a change in state that is not accompanied by an increase

in temperature.

5. Heat Release Rate

When the aftermath of a serious fire is being investigated, one of the most common questions

is: Why did the fire get so large? Until relatively recently, the 'large' questions could only be

answered qualitatively, since means of quantifying a fire size in engineering units did not

exist. Eventually, it was recognized that since heat is the energy output of the fire, and

scientific means exist for measuring energy, the problem may be soluble. The principles are
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clear. Heat is measured in units of Joules. What is usually more of interest is the rate at which

heat is released, not the total amount. The heat release rate (HRR) can thus be measured in

Joules per second, which is termed Watts. Since a fire puts out much more than 1 Watt, it is

usually convenient to quantify the HRR in kilowatts (1000 W) or megawatts (a million

watts).

5.1. Bench-scale measurement of HRR

Prior to the 1970s, such ideas, while theoretically accessible, were not usable, since

actual means of measuring HRR from fires were not available. The first instruments

for HRR measurement started being available in the 1970s and they were bench-scale

devices. (One specialized unit had been already built in the 1950s in one lab.) Bench-

scale means such instruments can measure samples on the order of a few inches or a

few centimeters in size, but not real objects that could be man-sized (or even

warehouse-sized). The early HRR instruments (OSU apparatus, developed by Prof.

Ed. Smith; NBS-I calorimeter, developed by Alex Robertson and Bill Parker; etc.)

suffered from normal first-generation issues of usability and cost. The NBS-II

calorimeter, for instance, cost NIST $250,000 to build in 1977-78 (actual 1977

dollars). Shortly after joining NIST in 1977, I was tasked to find a better way. Several

years of exploration elapsed, and by 1982 I had invented the Cone Calorimeter, in its

first iteration. This has since become the world standard, available at test laboratories

around the globe.

5.1.1. Furniture calorimeters (large-scale products calorimeters)

Having a bench-scale HRR apparatus is not enough for comprehensive studies

of fires. In many cases, it is necessary to study the HRR of objects in their full

scale, or at least nearly full-scale. This development was also started around

1979, and by 1982 two different apparatuses were independently invented.

The NIST furniture calorimeter was developed by myself, along with Doug

Walton, Randy Lawson, and Bill Twilley. The FMRC products collector was

developed by Gunnar Heskestad. These have also now become used around

the world and are the basis of numerous standards of ASTM, NFPA, and other

organizations.

5.1.2. Room calorimeters

The final HRR measuring apparatus which was needed was a room

calorimeter. Furniture calorimeters can measure the HRR of discrete objects,

able to support themselves on the floor. This does not include such products as
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ceiling tiles nor wallboard. Also, special measuring issues arise when one

wants to measure a whole burning room, fully furnished. For such studies,

room calorimeters were needed. Room calorimeters were developed in a

parallel effort between Fred Fisher and Prof. Brady Williamson at UC

Berkeley and by Billy Lee and Jin Fang at NIST. This effort was also largely

completed in 1982, meaning that instruments of all three needed scales

became available nearly simultaneously in 1982.

5.1.3. Which scale to use?

It is costlier and more difficult to test in larger-scale instruments, thus it would

seem that preference would always go towards running a bench-scale test.

This is not necessarily true, since to make intelligent use of the bench-scale

data one needs a predictive model. In other words, it is not of much interest to

know what a 10 cm size sample would do; what is of interest is the full-scale

behavior of a piece of furniture, appliance, wall covering, or even a whole

room. For some categories of objects, such models have been developed.

These include upholstered furniture, wall linings, carpets, and some others.

But the available categories are few, while the types of objects which can

potentially be of interest in fire reconstructions are numerous. Thus, one of the

things which must first be determined is whether it is reasonable to run bench-

scale tests or whether full-scale testing is needed. We may note that for

polymer manufacturers and others developing new materials, it is often

sufficient to only use bench-scale testing. This is because they mainly wish to

find the relative differences in fire behavior, while actual product performance

may not be relevant to them since they do not even make the end product.

5.2. The overwhelmingly important role of HRR in fires

HRR is not just 'one of many' variables used to describe a fire. It is, in fact, the single

most important variable in describing fire hazard. (The only notable exception is for

explosions). There are three main reasons for this.

o HRR is the driving force for fire: The HRR can be viewed as the engine driving

the fire. This tends to occur in a positive-feedback way: heat makes more heat.

This does not occur, for instance, with carbon monoxide. Carbon monoxide does

not make more carbon monoxide.
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o Most other variables are correlated to HRR: The generation of most other

undesirable fire products tends to increase with increasing HRR. Smoke, toxic

gases, room temperatures and other fire hazard variables generally march step-in-

step with HRR as HRR increases.

o High HRR indicates high threat to life: Some fire hazard variables do not relate

directly to threats to life. For instance, if a product shows very easy ignitability or

high flame spread rates, this does not necessarily mean that fire conditions are

expected to be dangerous. Such behavior may merely suggest a propensity to

nuisance fires. High HRR fires, however, are intrinsically dangerous. This is

because high HRR causes high temperatures and high heat flux conditions, which

may prove lethal to occupants.

5.3. If HRR is so important, why are regulators not regulating it?

In the US, over the last decade, HRR has shown up in various regulations and

specifications, but this has been in specialized areas. Where it has not yet shown

up in is in the building codes. The US model building codes still regulate

products according to the Steiner Tunnel Test. This test was developed during

the late 1930s and early 1940s and, of course, predates all of modern fire

protection engineering knowledge. The test controls flame spread which is not,

as noted above, a primary factor in determining human untenability. Over the

years, a number of research projects documented various shortcomings of this

test. The basic reason why we have not yet progressed beyond 1940s technology

in the building codes has to do with the inertia of the process and of the lack of

funding resources necessary to propel a building code change. In the US, there is

no public-interest organ with specific funding to conduct research leading to

building code improvements. Changes, instead, are usually originated by

commercial entities. As of now, no commercial group has decided that it would

be advantageous for them to sponsor a change, intended to introduce improved

engineering methods in this area. In fire litigation however, HRR testing is well

established, and eventually it is also certain to become utilized in building

codes.

6. Heat Transfer

The transfer of heat is normally from a high temperature object to a lower temperature object.

There are three basic modes of heat transfer, which are explained below:
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6.1. Conduction of Heat

Conduction is the transfer of thermal energy from a region of higher temperature to a

region of lower temperature through direct molecular communication within a

medium or between mediums in direct physical contact without a flow of the material

medium. The transfer of energy could be primarily by elastic impact as in fluids or by

free electron diffusion as predominant in metals or phonon vibration as predominant

in insulators. In other words, heat is transferred by conduction when adjacent atoms

vibrate against one another, or as electrons move from atom to atom. Conduction is

greater in solids, where atoms are in constant contact. In liquids (except liquid metals)

and gases, the molecules are usually further apart, giving a lower chance of molecules

colliding and passing on thermal energy. Heat conduction is directly analogous to

diffusion of particles into a fluid, in the situation where there are no fluid currents.

This type of heat diffusion differs from mass diffusion in behaviour, only in as much

as it can occur in solids, whereas mass diffusion is mostly limited to fluids.

Conduction is the most significant means of heat transfer in a solid. On a microscopic

scale, conduction occurs as hot, rapidly moving or vibrating atoms and molecules

interact with neighboring atoms and molecules, transferring some of their energy

(heat) to these neighboring atoms.

In insulators the heat flux is carried almost entirely by phonon vibrations. Fire test

used to test the heat transfer through firestops and penetrantsused in construction

listing and approval use and compliance. Fire test used to test the heat transfer

through firestops and penetrants used in construction listing and approval use and

compliance.

The "electron fluid" of a conductive metallic solid conducts nearly all of the heat flux

through the solid. Phonon flux is still present, but carries less than 1% of the energy.

Electrons also conduct electric current through conductive solids, and the thermal and

electrical conductivities of most metals have about the same ratio. A good electrical

conductor, such as copper, usually also conducts heat well. The Peltier-Seebeck effect

exhibits the propensity of electrons to conduct heat through an electrically conductive

solid. Thermoelectricity is caused by the relationship between electrons, heat fluxes

and electrical currents.

Metals (eg. copper) are usually the best conductors of thermal energy. This is due to

the way that metals are chemically bonded: metallic bonds (as opposed to covalent or

ionic bonds) have free-moving electrons and form a crystalline structure, greatly
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aiding in the transfer of thermal energy. As density decreases so does conduction.

Therefore, fluids (and especially gases) are less conductive. This is due to the large

distance between atoms in a gas: fewer collisions between atoms means less

conduction. Conductivity of gases increases with temperature but only slightly with

pressure near and above atmospheric. Conduction does not occur at all in a perfect

vacuum.

To quantify the ease with which a particular medium conducts, engineers employ the

thermal conductivity, also known as the conductivity constant or conduction

coefficient,k. In thermal conductivity k is defined as "the quantity of heat, Q,

transmitted in time (t) through a thickness (L), in a direction normal to a surface of

area (A), due to a temperature difference (ΔT)." Thermal conductivity is a material

property that is primarily dependent on the medium's phase, temperature, density, and

molecular bonding. A heat pipe is a passive device that is constructed in such a way

that it acts as though it has extremely high thermal conductivity.

6.2. Convection of Heat

Convection is usually the dominant form of heat transfer in liquids and gases. This is

a term used to characterize the combined effects of conduction and fluid flow. In

convection, enthalpy transfer occurs by the movement of hot or cold portions of the

fluid together with heat transfer by conduction. Commonly an increase in temperature

produces a reduction in density. Hence, when water is heated on a stove, hot water

from the bottom of the pan rises, displacing the colder more dense liquid which falls.

Mixing and conduction result eventually in a nearly homogeneous density and even

temperature. Two types of convection are commonly distinguished, free convection,

in which gravity and buoyancy forces drive the fluid movement, and forced

convection, where a fan, stirrer, or other means is used to move the fluid. Buoyant

convection is due to the effects of gravity, and hence does not occur in microgravity

environments.

Convection is heat transfer by mass motion of a fluid such as air or water when the

heated fluid is caused to move away from the source of heat, carrying energy with it.

Convection above a hot surface occurs because hot air expands, becomes less dense,

and rises. Hot water is likewise less dense than cold water and rises, causing

convection currents which transport energy. Convection can also lead to circulation in

a liquid, as in the heating of a pot of water over a flame. Heated water expands and

becomes more buoyant. Cooler, denser water near the surface descends and patterns
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of circulation can be formed, though they will not be as regular as suggested in the

drawing. Convection cells are visible in the heated cooking oil in the pot at left.

Heating the oil produces changes in the index of refraction of the oil, making the cell

boundaries visible. Circulation patterns form, and presumably the wall-like structures

visible are the boundaries between the circulation patterns.

6.3. Natural Convective Heat Transfer

Natural convection is a mechanism, or type of heat transport in which the fluid motion

is not generated by any external source (like a pump, fan, suction device, etc.) but

only by density differences in the fluid occurring due to temperature gradients. In

natural convection, fluid surrounding a heat source receives heat, becomes less dense

and rises. The surrounding, cooler fluid then moves to replace it. This cooler fluid is

then heated and the process continues, forming convection current; this process

transfers heat energy from the bottom of the convection cell to top. The driving force

for natural convection is buoyancy, a result of differences in fluid density. Because of

this, the presence of gravity or an equivalent force (arising from the equivalence

principle, such as acceleration, centrifugal force or Coriolis force) is essential for

natural convection. For example, natural convection does not operate as it does on

Earth in the freefall environment of the orbiting International Space Station, where

other heat transfer mechanisms are required to prevent electronic components from

overheating.

Natural convection has attracted a great deal of attention from researchers because of

its presence both in nature and engineering applications. In nature, convection cells

formed from air rising above sunlight warmed land or water, are a major feature all

weather systems. Convection is also seen in the rising plume of hot air from fire,

oceanic currents, and sea-wind formation (where upward convection is also modified

by Coriolus forces). In engineering applications, convection is commonly visualized

in the formation of microstructures during the cooling of molten metals, and fluid

flows around shrouded heat-dissipation fins, and solar ponds. A very common

industrial application of natural convection is free air cooling without the aid of fans:

this can happen on small scales (computer chips) to large scale process equipment.

6.4. Radiation

Thermal radiation is electromagnetic radiation emitted from the surface of an object

which is due to the object's temperature. Infrared radiation from a common household

radiator or electric heater is an example of thermal radiation, as is the light emitted by
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a glowing incandescent light bulb. Thermal radiation is generated when heat from the

movement of charged particles within atoms is converted to electromagnetic

radiation. The emitted wave frequency of the thermal radiation is a probability

distribution depending only on temperature, and for a genuine black body is given by

Plancks law of radiation. Wien'slaw gives the most likely frequency of the emitted

radiation, and the StefanBoltzmann law gives the heat intensity.

Radiation is the only form of heat transfer that can occur in the absence of any form

of medium; thus it is the only means of heat transfer through a vacuum. Thermal

radiation is a direct result of the movements of atoms and molecules in a material.

Since these atoms and molecules are composed of charged particles (protons and

electrons), their movements result in the emission of electromagnetic radiation, which

carries energy away from the surface. At the same time, the surface is constantly

bombarded by radiation from the surroundings, resulting in the transfer of energy to

the surface. Since the amount of emitted radiation increases with increasing

temperature, a net transfer of energy from higher temperatures to lower temperatures

results.

The power that a black body emits at various frequencies is described by Planck's law.

For any given temperature, there is a frequency fmax at which the power emitted is a

maximum. Wien's displacement law, and the fact that the frequency of light is

inversely proportional to its wavelength in vacuum, means that the peak frequency

fmax is proportional to the absolute temperature T of the black body. The photosphere

of the Sun, at a temperature of approximately 6000 K, emits radiation principally in

the visible portion of the spectrum. The earth's atmosphere is partly transparent to

visible light, and the light reaching the earth's surface is absorbed or reflected. The

earth's surface emits the absorbed radiation, approximating the behavior of a black

body at 300 K with spectral peak at fmax. At these lower frequencies, the atmosphere

is largely opaque and radiation from the earth's surface is absorbed or scattered by the

atmosphere. Though some radiation escapes into space, it is absorbed and

subsequently re-emitted by atmospheric gases. It is this spectral selectivity of the

atmosphere that is responsible for the planetary greenhouse effect.

The common household light bulb has a spectrum overlapping the blackbody spectra

of the sun and the earth. A portion of the photons emitted by a tungsten light bulb

filament at 3000K are in the visible spectrum. However, most of the energy is

associated with photons of longer wavelengths; these will not help a person see, but
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will still transfer heat to the environment, as can be deduced empirically by observing

a household incandescent light bulb. Whenever EM radiation is emitted and then

absorbed, heat is transferred. This principle is used in microwave ovens, laser cutting,

and RF hair removal.

6.4.1. Properties of Thermal Radiation

There are three main properties that characterize thermal radiation:

▪ Thermal radiation, even at a single temperature, occurs at a wide range of

frequencies. How much of each frequency is given by Plancks law of

radiation (for idealized materials). This is shown by the curves in the

diagram at the right.

▪ The main frequency (or color) of the emitted radiation increases as the

temperature increases. For example, a red hot object radiates most in

the long wavelengths of the visible band, which is why it appears red.

If it heats up further, the main frequency shifts to the middle of the

visible band, and the spread of frequencies mentioned in the first point

make it appear white. We then say the object is white hot. This is

Wien'sdisplacement law. In the diagram the peak value for each curve

moves to the left as the temperature increases.

▪ The total amount of radiation, of all frequencies, goes up very fast as the

temperature rises (it grows as T4, where T is the absolute temperature

of the body). An object at the temperature of a kitchen oven (about

twice room temperature in absolute terms - 600 K vs. 300 K) radiates

16 times as much power per unit area. An object the temperature of the

filament in an incandescent bulb (roughly 3000 K, or 10 times room

temperature) radiates 10,000 times as much per unit area.

Mathematically, the total power radiated rises as the fourth power of

the absolute temperature, the StefanBoltzmann law. In the plot, the

area under each curve rises rapidly as the temperature increases.

7. Difference between flaming and Smoldering Fires

An open flame is an exothermic, self-sustaining, oxidizing chemical reaction producing

energy and glowing hot matter, of which a very small portion is plasma. It consists of

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

32
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



reacting gases and solids emitting visible and infrared light, the frequency spectrum of which

depends on the chemical composition of the burning elements and intermediate reaction

products.

In many cases, such as the burning of organic matter, for example wood, or the incomplete

combustion of gas, incandescent solid particles called soot produce the familiar red-orange

glow of 'fire'. This light has a continuous spectrum. Complete combustion of gas has a dim

blue color due to the emission of single-wavelength radiation from various electron

transitions in the excited molecules formed in the flame. Usually oxygen is involved, but

hydrogen burning in chlorine also produces a flame, producing hydrogen chloride (HCl).

Other possible combinations producing flames, amongst many more,are fluorine and

hydrogen, and hydrazine and nitrogen tetraoxide.

The glow of a flame is complex. Black-body radiation is emitted from soot, gas, and fuel

particles, though the soot particles are too small to behave like perfect blackbodies. There is

also photon emission by de-excited atoms and molecules in the gases. Much of the radiation

is emitted in the visible and infrared bands. The color depends on temperature for the black-

body radiation, and on chemical makeup for the emission spectra. The dominant color in a

flame changes with temperature. The photo of the forest fire is an excellent example of this

variation. Near the ground, where most burning is occurring, the fire is white, the hottest

color possible for organic material in general, or yellow. Above the yellow region, the color

changes to orange, which is cooler, then red, which is cooler still. Above the red region,

combustion no longer occurs, and the un-combusted carbon particles are visible as black

smoke.

The common distribution of a flame under normal gravity conditions depends on convection,

as soot tends to rise to the top of a general flame, as in a candle in normal gravity conditions,

making it yellow. In microgravity or zero gravity, such as an environment in outer space,

convection no longer occurs, and the flame becomes spherical, with a tendency to become

more blueand more efficient (although it will go out if not moved steadily, as the CO2 from

combustion does not disperse in microgravity, and tends to smother the flame). There are

several possible explanations for this difference, of which the most likely is that the

temperature is evenly distributed enough that soot is not formed and complete combustion

occurs.

On the other hand, smoldering fire is the name for an incomplete burn with low burn

temperature and insufficient oxygenation. When inflammable gases and steams result to

consequence as well as un from pyrolysisor part-burned decay products, of which many are
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strongly poisonous or krebserregend. As well-known and notorious fire decay product of

carbon the Carbon monoxide (=Kohlenstoffmonoxid, CO) is mentioned, which is both very

poisonous and inflammable. With complete burn under sufficient oxygenation carbon dioxide

(CO2) would develop, which works suffocating, however for a long time not as toxically as

CO and in addition flame resistant is. If a fire in a closed area or building smolders longer

unnoticed and otherwise if all conditions of burning are fulfilled, it can with oxygen

admission, e.g. by a bursting disk or a suddenly opened door to a smoke by ignition or a flue

gas explosion comes.

8. Stages of Fire Development

There are following stages of fire development:

8.1. Incipient stage

o First stage after the moment of ignition

o The flames are localized in the first fuel ignited, and a free-burning open flame is

typical

8.2. Free-burning stage

o The fire grows in intensity as more fuel is being involved

o Convection and radiation spread the flames upward and outward from the initial

fuel package

o Heat radiating from the flames may begin to bring other fuels to their ignition

temperatures, spread-ing the fire laterally

8.3. Flashover

o All exposed fuels in the room become involved in flaming combustion

o An enormous turbulence caused by the generalized flames fills the room with hot

gases as the two-layer pattern breaks down

o Scientists normally refer to flashover as the process of extension, radiation, and

ignition of all fuels in a room or compartment

8.4. Fire growth

o Each fuel package in a compartment ignites, contributing a quantity of heat to the

room
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8.5. Post-flashover stage

o May be considered a ventilation-controlled fire

o If deprived of oxygen, flaming combustion will rapidly decrease

8.6. Decay stage

o Open-flame burning gradually becomes less prevalent

o High temperatures may continue as long as there is suitable fuel

o Usually includes prolonged smoldering

Part of the process of reading the fire involves recognizing the stages of fire development that

are involved. Remember that fire conditions can vary considerably throughout the building

with one compartment containing a fully developed fire, an adjacent compartment in the

growth stage, and still other compartments yet uninvolved. Recognizing the stages of fire

development and likely progression through this process allows firefighters to predict what

will happen next (if action is not taken), potential changes due to unplanned ventilation (such

as failure of a window), and the likely effect of tactical action.

Compartment fire development can be described as being comprised of four stages: incipient,

growth, fully developed and decay. Flashover is not a stage of development, but simply a

rapid transition between the growth and fully developed stages.

When a fire is unconfined, much of the heat produced by the burning fuel escapes through

radiation and convection. Think about a pile of wood pallets burning is an open parking lot.

While you can feel the radiant heat as you approach the fire, convection moves smoke and

hot gases up and away from the burning pallets. What changes when the fire occurs in a

compartment?

Other materials in the compartment as well as the walls, ceiling and floor absorb some of the

radiant heat produced by the fire. Radiant heat energy that is not absorbed is reflected back,

continuing to increase the temperature of the fuel and rate of combustion. Hot smoke and air

heated by the fire become more buoyant and rise, on contact with cooler materials such as the

ceiling and walls of the compartment; heat is conducted to the cooler materials, raising their

temperature. This heat transfer process raises the temperature of all materials in the

compartment. As nearby fuel is heated, it begins to pyrolize. Eventually the rate of pyrolysis

can reach a point where flaming combustion can be supported and the fire extends. In

addition to containing heat energy, fires in compartments are influenced by the ventilation
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profile. The size of the compartment and the number and size of the openings that can

provide a source of oxygen for continued combustion also influence fire development.

9. Use of Heat in Fire Investigation

The heat can be used in the following manner while investigating a fire scene:

 Heat as it applies to igniting the fire

 Heat as it applies to the increase of the rate of chemical reactions

 The transfer of heat as the factor controlling the spread of fire when the additional conditions

of available fuel and oxygen are met

10. Wetness and other Environmental Factors Influencing Fire

An object exposed to air reaches equilibrium with it and is stated to be dry as long as excess

moisture in the form of rain, dew, or water from an artificial source is not applied to it. Dry

fuel materials burn readily while wet fuel must first have the excess moisture evaporated

before it can be raised to its ignition temperature. Fuels with a high moisture content are

harder to ignite

Topic Objective:

At the end of this topic, the student would be able to:

 Learn about the physical properties of fuel

 Understand the concept of explosive limit

 Understand the concept of flash point for a flammable liquid

 Learn about the concept of vapor density

Definition/Overview:

Most fire investigators are not chemists, but some chemical knowledge is essential to the

proper interpretation of fires, as we have seen fires to be strictly chemical reactions. To

compound the investigators confusion about fuels and the tests used to evaluate them, there is

a whole vocabulary of terms that applies to tests devised in the laboratory to define the

properties of fuels of investigative significance. It is the purpose of this topic to discuss some
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of the concepts that are basic to understanding how materials burn, the conditions and

limitations that apply to the combustion of fuels and the conventional methods of ex-pressing

combustion properties in terms of laboratory tests.

Key Points:

1. Physical Properties of Fuel

The primary physical fuelproperties influencing combustion and fire behavior are size, shape,

loading, and arrangement. Here, we define these four properties and discuss the physical

propertiesof typical fuels found in the southeastern US.

1.1. Size

Particle size is one of the most important fuel characteristics affecting combustion and

fire behavior. Large particles have high heat capacities, requiring more heat to ignite

and combust the particle. Smaller particles have low heat capacities, so they require

smaller amounts ofheat energy for ignition and combustion. For dead fuels, particle

size is also related to the rate at which fuel moisture content changes, and therefore

size classes offuels are also referred to as time lag classes.

Different time-lag classes burn differently: 1-hour fuels (needle litter, hardwood

leaves) ignite quickly and combust at rapid rates. Progressively larger particles (10-,

100-, 1000-hour and larger fuels) require more heat for ignition and combustion. Fires

usually start and spread in dead fines fuels (< in. diameter), which ignite increasingly

larger size classes of fuels. If fine fuels are reduced or missing, a fire may not ignite

or spread.

1.2. Shape

Fuelshape (surface area-to-volume ratio) is related to particle size: the more finely

divided the material, the higher the ratio. Fuel surface area is measured in cm2/ m3 (or

ft2/ ft3). Fuels with high surface area-to-volume ratios (pine needle litter, most foliage

fuels) have lower heat capacity and require less pre-heating for ignition.

The increased surface area of these fuels provides more surface area for heat

oxidation and combustion. Further, these fine fuels dry out and ignite more rapidly

than coarser fuels. Small surface area-to-volume ratio fuels (downed logs and other

1,000-hour fuels) resist ignition and combust slowly. There are many examples of

fuels from southeastern ecosystems that have high surface area-to-volume ratios.
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1.3. Loading

Fuelloading is the amount of live and deadfuel, expressed in weight per unit area

(kg/m2 or tons/acre). Total fuelis all fuel, both living and dead, present on a site.

Available fuel is the amount of fuel that will burn under a specific set of fire

conditions. Fuel loadings are usually grouped by particle size class (or time lag

classes).

Fuelloading is an important characteristic ofsoutheastern fuel complexes. Fuel loads

vary considerably depending on site productivity, recent disturbance history, and fire

regime. While the generally warm and humid Southeastern climate provides optimal

growing conditions, some systems are more productive than others. Fuel production

varies from low in the xeric sand pine scrubs, Appalachian ridgeline ecosystems, and

Piedmont granite outcrops, to high in mesic pine forests and most wetland

communities. Recent disturbances may increase or decrease existing fuel loads, by

either removing fuels (in the case of fire) or adding new fuels in the form of coarse

woody debris (in the case of hurricanes). For this reason, long-unburned stands

typically have higher fuelloads than stands managed with frequent prescribed fire. In

these long-unburned stands, midstorey and overstoreyfuels generally increase at the

expense of fine fuels in the understorey.

1.4. Arrangement

Fuelarrangement is another important physicalproperty of fuels. Both the packing

ratio and fuel placement describe different aspects of fuelarrangement: Packing ratio

is a measure ofthe compactness of the fuel bed. It is expressed as a percentage of the

fuelbed composed of fuel, with the remainder being air space. Densely packed fuels

prevent moisture evaporation and oxygen diffusion into the fuelbed, thereby

suppressing ignition and flaming combustion. Conversely, loosely packed fuels allow

rapid evaporation and oxygen diffusion, and hence rapid ignition and flaming

combustion.

However, fuels that are very open can burn slowly because little heat is transferred

among widely spaced particles. For every size of fuel particle, there is an optimum

packing ratio at which heat transfer and oxygen produce the most efficient

combustion. Draped pine needles and upper layer forest floor litter are examples of

fuels with low packing ratios. Live branch wood is a classic example of densely

packed fuel. Fuelbulk density is a related measure ofthe compactness of a fuel or

fuelbed. It is calculated by dividing the weight per unit area by the fuel bed depth, and
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is expressed as g/cm3or lb/ft3. In general, the higher the bulk density of fuelis, the

higher the spread rate.

Fuelplacement and fuel continuity describe the horizontal and vertical distribution

offuels. Fuels placed within the flaming zone are available for combustion, whereas

fuels out of the combustion zone are not. Fuels with horizontal and/or vertical

continuity pre-heat adjacent fuels. Conversely, fuels lacking continuity do not

transmit heat to adjacent fuels. Horizontal continuity is a critical factor for surface

fires; bare patches and patches of sparse vegetation act as fuel breaks. In crown fires,

vertically continuous fuels facilitate crown ignition and crown-to-crown horizontal

continuity sustains crown fire.

2. Explosive Limit

The explosive limit of a gas or a vapor is the limiting concentration (in air) that is needed for

the gas to ignite and explode. There are two explosive limits for any gas or vapor, the lower

explosive limit (LEL) and the upper explosive limit (UEL). At concentrations in air below the

LEL there is not enough fuel to continue an explosion; at concentrations above the UEL the

fuel has displaced so much air that there is not enough oxygen to begin a reaction.

Concentrations of explosive gases are often given in terms of percent of lower explosive limit

(%LEL). A gas is one of the four major phases of matter (after solid and liquid, and followed

by plasma that subsequently appears as a solid material is subjected to increasingly higher

temperatures. This condition occurs when fuel gas or vapor is present at a concentration

below what is considered too lean a mixture to burn and cannot be ignited.

In chemistry, concentration is the measure of how much of a given substance there is mixed

with another substance. Gasoline explosions, simulating bomb drops at an air-show. General

Name, Symbol, Number oxygen, O, 8 Chemical series Nonmetals, chalcogensGroup, Period,

Block 16, 2, p Appearance colorless (gas) very pale blue (liquid) Atomic mass 15.

Controlling gas and vapor concentrations outside the explosive limits is a major consideration

in occupational safety and health. Methods used to control the concentration of a potentially

explosive gas or vapor include use of sweep gas, an inert gas such as nitrogen or argon to

dilute the explosive gas before coming in contact with air. Use of scrubbers or adsorption

resins to remove explosive gases before release is also common. Gases can also be

maintained safely at concentrations above the UEL, although a breach in the storage
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container can lead to explosive conditions or intense fires. The explosive limits of some gases

and vapors are given below. Concentrations are given in percent by volume of air.

Substance LEL UEL

Acetone 3% 13%

Acetylene 2.5% 82%

Benzene 1.2% 7.8%

Butane 1.8% 8.4%

Ethanol 3% 19%

Ethylbenzene 1.0% 7.1%

Ethylene 2.7% 36%

Diethyl ether 1.9% 36%

Diesel fuel 0.6% 7.5%

Gasoline 1.4% 7.6%

Hexane 1.1% 7.5%

Heptane 1.05% 6.7%

Hydrogen 4.1% 74.8%

Hydrogen

sulfide

4.3% 46%

Kerosene 0.6% 4.9%

Methane 5.0% 15%

Octane 1% 7%

Pentane 1.5% 7.8%

Propane 2.1% 9.5%

Propylene 2.0% 11.1%

Styrene 1.1% 6.1%

Toluene 1.2% 7.1%

Xylene 1.0% 7.0%

Table 1: Explosive limits of gases and vapors

3. Flashpoint of a Flammable Liquid

The flash point of a flammable liquid is the lowest temperature at which it can form an

ignitable mixture in air. At this temperature the vapor may cease to burn when the source of

ignition is removed. A slightly higher temperature, the fire point, is defined as the

temperature at which the vapor continues to burn after being ignited. Neither of these
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parameters is related to the temperatures of the ignition source or of the burning liquid, which

are much higher. The flash point is often used as one descriptive characteristic of liquid fuel,

but it is also used to describe liquids that are not used intentionally as fuels. At that

temperature, the vapor pressure of the fuel is equal to that fuels lower limit of flammability

and will support a brief flash of a flame.

4. Mechanism of Flash Point

Every flammable liquid has a vapor pressure, which is a function of that liquid's temperature.

As the temperature increases, the vapor pressure increases. As the vapor pressure increases,

the concentration of evaporated flammable liquid in the air increases. Hence, temperature

determines the concentration of evaporated flammable liquid in the air under equilibrium

conditions. Different flammable liquids require different concentrations in air to sustain

combustion. The flash point is that minimum temperature at which there is a sufficient

concentration of evaporated fuel in the air for combustion to propagate after an ignition

source has been introduced. Flash point is basically the lowest temperature at which there is

enough fuel vapor to ignite.

5. Measuring Flash Points

There are two basic types of flash point measurement: open cup and closed cup. In open cup

devices the sample is contained in an open cup (hence the name) which is heated, and at

intervals a flame is brought over the surface. The measured flash point will actually vary with

the height of the flame above the liquid surface, and at sufficient height the measured flash

point temperature will coincide with the fire point. Examples include Cleveland Open Cup

(COC) and Pensky-Martens open cup. The main difference being that the former is heated

from below, while the latter is heated from the sides as well as below.

Closed cup testers, of which the Pensky-Martens closed cup is one example, are sealed with a

lid through which the ignition source can be introduced periodically. The vapour above the

liquid is assumed to be in reasonable equilibrium with the liquid. Closed cup testers give

lower values for the flash point (typically 5-10 K) and are a better approximation to the

temperature at which the vapourpressure reaches the Lower Flammable Limit (LFL).

The flash point is an empirical measurement rather than a fundamental physical parameter.

The measured value will vary with equipment and test protocol variations, including

temperature ramp rate (in automated testers), time allowed for the sample to equilibrate,

sample volume and whether the sample is stirred.
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6. Fire Point

The fire point of a fuel is the temperature at which it will continue to burn after ignition for at

least 5 seconds. At the flash point, a lower temperature, a substance will ignite, but vapor

might not be produced at a rate to sustain the fire. Fire point and autogenous ignition are

additional considerations when selecting fire resistant greases. Industrially, fire point is the

lowest temperature at which industrial greases produce sufficient vapors to form a mixture in

air that continuously supports combustion after ignition. Flame point is usually a few degrees

above the rated flash point and is the lowest temperature at which a liquid produces a vapor

that can sustain a continuous flame.

7. Vapor Density

Vapour density is the density of a vapourin relation to that of hydrogen. It can be defined as

mass of a certain volume of a substance divided by mass of same volume of hydrogen.

Vapor density = Mass of n molecules of gas / Mass of n molecules of Hydrogen

By definition molar mass of a gas is the ratio of the mass of one molecule of gas to that of an

hydrogen atom under similar conditions so, vapour density = 1/2 molar mass.

Vapor density is usually introduced along with a variety of other terms that help us to

understand the way a chemical can be expected to act in the environment. While vapor

pressure and boiling point are useful in determining how quickly a chemical will produce a

vapor or whether the chemical is in its gaseous state when released from containment, vapor

density tells us what will happen to that gas or vapor upon release or when entering a

container or room where the chemical has been stored.

Chemical vapors and gases can be divided into two groups based upon their vapor density:

chemical vapors and gases which are heavier than air, and chemical vapors and gases which

are as light as or lighter than air. Using air as a reference point and assigning it a value of 1.0

vapor density, we can use a chemical's vapor density to judge the expected action of the

chemical vapors or gases when we encounter them. Chemicals that have a vapor density

greater than one will be found in the bottom of storage containers and will tend to migrate

downhill and accumulate in low lying areas. Chemicals that have a vapor density which is the

same or less than the vapor density of air will disperse readily into the surrounding

environment. Additionally, chemicals that have the same vapor density as air (1.0) tend to

disperse uniformly into the surrounding air when contained and, when released into the open

air, chemicals that are lighter than air will travel up and away from the ground.

One common chemical type that is encountered by both response personnel and service

company personnel is petroleum fuel. Response personnel tend to be better trained to
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recognize, evaluate and control chemicals based on their specific chemical properties.

Petroleum service workers are much more likely to lack a specific understanding of the

influence of chemical properties on daily activities at a site and tend to rely heavily on

experience and task specific training to guide site decisions. With well more than a million

underground storage tanks containing motor vehicle fuels and a huge number of above

ground tanks storing petroleum products, this article will concentrate on the decisions

affected by vapor density while making these storage vessels safe for hot work and entry.

Certainly, the following discussions apply to a host of chemicals sharing similar specific

gravity, toxicity and/or flammability properties with petroleum products.

Liquid petroleum fuels include gasoline, diesel fuels, kerosene, jet fuels, aviation gasoline

(avgas) and like products. These products can be found at your corner gas station, airports,

hospitals, power generation facilities, fuel distributors, and refineries and are stored and

transported in tanks and pipelines. Some chemical properties common to liquid petroleum

fuels are flammability or combustibility (fire and explosion hazards), specific gravity less

than 1.0 (float on water), presence of toxic components and vapor density greater than 1.0

(heavier than air). The tanks and piping where these chemicals are stored may leak, require

cleaning or require other maintenance activities to be performed on them. Therefore, in order

to make these tanks safe for removal, entry or performing hot work, it is important to

understand how to reliably remove petroleum vapors and ensure that the atmosphere both

inside the vessel and in the work area outside the vessel is safe.

8. Saturated Vapor Pressure

Saturated vapor pressure is the partial atmospheric pressure that the vapor exerts where the

equilibrium state is reached when the vapor reaches saturation and there is no further

evaporation. It is most often measured in mmHg.

9. Hydrocarbons and their Properties

Following substances are classified as hydrocarbons:

 Natural gasconsists chiefly of methane with some ethane and propane

 Liquified petroleum gas (LPG)mixture of propane and n-butane with small quantities of

ethane, ethyl-ene, propylene, isobutane, and butylene

 Petroleumthick oil varying in color from light brown to black

 Gasolinemost important fuel of petroleum origin and is a mixture of volatile, low-boiling, and

midrange hydrocarbons

 Kerosenehas a high boiling point range with a minimum flash point
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 Lubricating oilsnot readily combustible at ordinary temperature; at elevated temperatures

they can add to the fuel load of an established fire

10. Escaping of gas from a Piping System

The gas can escape a piping system in the following ways:

 Leakage due to inadequately sealed joints or corroded pipes

 Mechanical fracture of lines from external causes

 Failure of lines because of excessive heat which may melt essential sealing components of

the line, valves, or gas meter

In Section 2 of this course you will cover these topics:
Combustion Properties Of Solid Fuels

Sources Of Ignition

Structure Fires And Their Investigation

Grass And Wildland Fires And Their Investigation

Topic Objective:

At the end of this topic, the student would be able to:

 Understand the properties of wood as a fuel

 Learn about the combustion process of wood

 Understand the process of pyrolysis

 Learn about the charcoal as a fuel

 Discuss the ignition point of wood

 Learn about the burning characteristics of a plastic

Definition/Overview:

Many of the typical combustion properties may have little or no meaning for this group. For

this reason, it is often not possible to list such familiar properties as flash point or explosive
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range for the most common fuels of all: wood, plastic, paper, and the like. Despite this

limitation, the properties of these fuels are of the greatest importance, and to some extent they

can be described, either in numerical data or in general terms.

The chief reason that any numerical values at all can be attributed to the solid fuels is that

when heated, most, if not all of them, undergo heat decomposition or pyrolysiswith the

production of simpler molecular species that do have definite and known properties. Even so,

precise values are not often available because in some instances the pyrolysis of solid

materials has been inadequately studied and because the pyrolysisof a single solid material

gives rise to a great many simpler products. The resulting complex mixture has physical and

chemical properties unlike those of any pure compound.

Key Points:

1. Solid Fuels vs Liquid or Gaseous Fuels

Solid ignition depends on pyrolyzing of the material into a combustible fuel and having those

products mix with the correct amount of air to be ignited. This means that the temperature of

the surface is the critical factor, not the bulk temperature.

2. Charcoal as a Fuel

It is high in carbon content with a heat of combustion of 34 MJ/kg. It is formed by pyrolyzing

and destructively distilling the volatile materials out of the wood, leaving behind the

nonvolatile constituents of the wood.

3. Importance of Flaming Characteristics of Plastic in Fire Investigation

Since plastics are very commonly found in households and in todays automobiles, they help

to contribute much of the fuel load in fires. The behavior of a particular plastic in a general

fire is the result of many factors. Some plastics are not combustible and will exhibit heat

damage only at extremely high temperatures. Others are readily ignitable and violently

flammable. Most of the commonly used plastics range between these two extremes.

4. Flame Color

Flame color, when not complicated by special elements, is related to the flame temperature. It

is generally re-lated to the mixture of oxygen with the fuel so that the color of the flame is

most often indicative of burning conditions as well as of the actual temperature of the flame.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

45
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



5. Properties of wood as a Fuel

Fuel properties for combustion analysis of wood can be conveniently grouped into physical,

thermal, chemical, and mineral properties. Bark properties should be distinguished from

wood properties. Thermal degradation products of wood consist of moisture, volatiles, char

and ash. Volatiles are further subdivided into gases and tars. Some properties vary with

species, location within the tree, and growth conditions. Other properties depend on the

combustion environment.

The main components of wood cells are cellulose, hemicelluloseand lignin, forming some 99

% of the wood material. Cellulose and hemicellulose are formed by long chains of

carbohydrates, whereas lignin is a complicated component of polymeric phenolics.

Lignin is rich in carbon and hydrogen, which are the main heat producing elements. Thus it's

calorific value is higher than that of cellulose and hemicellulose (carbohydrates).Wood and

bark also contain so-called extractives, such as terpenes, fats and phenols. The amount of

wood extractives is relatively small compared to the amount of extractives from bark and

foliage.

The nitrogen (N) content of wood is about 0. 75 % varying somewhat from one tree species

to another. For example, nitrogen-fixing alder containstwice as much nitrogen as most

coniferous trees. Wood has practically no Sulphur (S) at all, as it's share in wood is 0.05 % at

the highest. Compared to many other fuels, the wood has a relatively low carbon content

(some 50 % of dry weight) and high oxygen content (some 40 %), which leads to relatively

low heating value per dry weight.

5.1. Chemical Nature of Wood

Wood, a product of photosynthesis, is a complex chemical substance. Its major

constituents are hemicellulose(a polysaccharide producing wood sugars), cellulose (a

polymer glucosan), and lignin (a multiringorganic compound). Lignin has a relatively

low molecular weight (about 1000) compared to the other two constituents (which

have a molecular weight of about 104. There is some variation in the relative

abundance of these constituents in wood - but as a rough guideline we could take

cellulose to account for 50% and the other two 25% each by weight.
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The fuel technologist's interests are slightly different. He would like to know the

composition of heat source in terms of the elements that contribute to its heating value

and its air requirements for combustion. Such an analysis is usually called the ultimate

analysis. It can be expected that this will be dependent to a certain extent on the type

of wood. It is customary to distinguish two broad classes of wood - the hardwoods

and the softwoods. In addition, if the fuel supply is planned alongside a forest-based

industry, say, timber or pulp production, tree barks are left behind as waste, but have

fuel value.

5.2. Physical Properties of Wood

As far as our application goes there are three principal properties of wood that are of

vital interest. These are moisture content, density, and calorific value. Two other

properties that are of importance in understanding and formulating a theory for wood

combustion are thermal conductivity and the mass diffusion coefficient. We will

discuss these properties in this section.

Wood, being hygroscopic, can rarely be used for domestic applications in its so-called

oven-dry state; it will always have a certain amount of moisture. Before presenting

information on levels of moisture content, it is useful to make a comment on the way

information on moisture is presented. Most technical literature reports moisture

content on the basis of the oven-dry weight of wood. Drying is accomplished in an

oven maintained at a temperature slightly higher than 100C. Earl (1975) recommends

104C. The process is monitored by periodically weighing the sample of wood.

Ovendry wood is said to have been obtained when two successive weightings are

equal to one another within a prescribed limit.

6. The Combustion Process of Wood

At first wood heats up to approximately 212 oFevaporating the moisture in it. There is no

heating from the wood at this point. Then the wood solids start to break down converting the

fuel gases (near 575 oF). From 575 oFto 1100 oF the main energy is released when the fuel

vapors containing 40% to 60% of the heat burn.

After the fuel gases have burned off and the moisture is evaporated, only charcoal remains

burning at temperatures higher than 1100o F.

7. Pyrolysis of Wood

The chemical composition of biomass is very different from that of coal oil, oil shales, etc.

The presence of large amounts of oxygen in plant carbohydrate polymers means the pyrolytic
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chemistry differs sharply from these other fossil feeds. Wood and other plant biomass is

essentially a composite material constructed from oxygen-containing organic polymers. The

major structural chemical components with high molar masses are carbohydrate polymers

and oligomers (65%- 75%) and lignin (18%-35%).

Minor low-molar-mass extraneous materials mostly organic extractives and inorganic

minerals are also present in wood (usually 4%-10%). The major constituents consist of

cellulose (a polymer glucosan), hemicelluloses (which are also called polyose), lignin,

organic extractives, and inorganic minerals. The weight percent of cellulose, hemicellulose,

and lignin varies in different biomass species of wood.

Biomass pyrolysisproducts are a complex combination of the products from the individual

pyrolysis of cellulose, hemicellulose, and extractives, each of which has its own kinetic

characteristics. In addition, secondary reaction products result from cross-reactions of

primary pyrolysis products and between pyrolysisproducts and the original feedstock

molecules. Pyrolysisof each constituent is itself a complex process that is dependent on many

factors related to the phenomenon of thermal decomposition of these components.

The breakdown of wood by heat (pyrolysis) produces a large number of chemical substances.

Some of these chemicals can be used as substitutes for conventional fuels. The pyrolytic

breakdown of wood produces a large number of chemical substances. Some of these

chemicals can be used as substitutes for conventional fuels. Thermal degradation processes

include liquefaction, gasification, and pyrolysis. Liquefaction in a reducing medium also

generates solids and gases. Pyrolysisconverts organics to solid, liquid and gas by heating in

the absence of oxygen.

Gasification produces hydrogen, carbon monoxide, carbon dioxide, and water by partial

combustion. Gasification also produces hydrocarbons, particularly in the lower temperature

ranges in fluidized-bed reactors. The amounts of solid, liquid, and gaseous fractions formed is

dependent markedly on the process variables, as are the distribution of products within each

solid, liquid, and gas phase produced. Processing carbonaceous feedstocks to produce heat,

chemicals, or fuels offers an alternative to landfills and provides a supplement to fossil fuel

use.
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8. Ignition Point of a Wood

There is more than half a century of history in the development of both comprehensive and

practical theories of flaming ignition of wood materials. The minimum flux for ignition is

often the quantity of interest. A value of 12.5 kW m2has subsequently been used for design

purposes in many countries.

This is indeed the value that is customarily obtained in the Cone Calorimeter and in other test

methods where the time allotted for observation of ignition is 1020 minutes. But lower values

have been found, although not widely publicized. Almost all ignition results available for

wood are performed on specimens oriented towards the heat source along the grain, but

different results are obtained when exposed to the endgrain.

The minimum flux for end-grain ignition of redwood was not fully explored, but was found

to be below 9 kW m2. For ignitions occurring at fluxes below 10 kW m2, a glowing ignition

preceded flaming. The times associated with the low-flux ignitions were notably long, it

taking 2680 s for end-grain ignition of maple at 8 kW m2, and 4200 s for along-grain ignition

at 12 kW m2. But the value for piloted ignition cannot be higher than for autoignition and the

latter may be low indeed.

There is very little data on ignition of wood from flames, despite the fact that this is how we

light our fireplaces. When a thin piece of wood is lit at the bottom, burning may continue to

completion. But a thick piece of wood will not undergo self-sustained combustion under the

same circumstances.

The maximum thickness for self-sustained burning, given a flaming ignition at the bottom of

a vertical piece, is about 19 mm. In a horizontal orientation, even 12 mm thick specimens

have been found too thick for self-sustained burning

Topic Objective:

At the end of this topic, the student would be able to:

 Learn about primary igniters

 Learn about candle as an ignition source

 Understand the concept of electrical insulation

 Differentiate between electrical spark and electrical arc
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 Learn about Bernoulli Effect

 Learn about the phenomenon of spontaneous combustion

Definition/Overview:

While ignition of smoldering or glowing combustion is sometimes of interest to the fire

investigator, for the most part it is the onset of flaming combustion that is the event of most

concern. Ignition involves bringing at least a part of the fuel to a characteristic temperature by

means of conducted, convicted, or radiated heat until it can sustain combustion.

No matter what the nature of the fuel, its susceptibility to ignition, or the duration of the

suspected ignition source, it is important to remember that an ignition source must be of

sufficient temperature and in contact with the appropriate fuel in order to trigger the

combustion of the fuel. Flames, arcs, sparks, and heated objects can all initiate fires under the

right conditions, and all must be considered whenever a fire scene is being examined.

Key Points:

1. Candle as an Ignition Source

A candle consists primarily of wax and a wick. The wax can be provided with additives such

as dyes or pigments for color, fragrances for scent, as well as other ingredients that affect the

surface finish and adhesion. The most common type of wax used in the candle making

process is petroleum-derived paraffin, which has been refined to contain a low percentage of

residual oil. The melting point of the paraffin wax used is determined by the manufacturer

based on the candles intended size, shape, and use. Other specialty candles can be made.

The various dyes and fragrances added to the wax are designed to not effect the burning of

the candles and to produce clean combustion byproducts (water and carbon dioxide),

however the actual effects of these additives is unclear. The wick consists of a braided or

twisted fabric (usually cotton) that is designed to match the type of candle and wax it is being

used with. The most common type of wick is the flat braid wick, with others being a square

or cored braid the burning rate and heat flux from the candle flame depends on many

interdependent factors including wick length, wick shape, mass burning rate, heat release

rate, flame height and paraffin wax formulation, which has a direct affect on the density,

melting point, and viscosity.
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The characteristics of a particular paraffin wax are commonly defined by its physical

properties. These properties include melting point, penetration, drop point, viscosity, oil

content, color, odor, and a few others. These properties help manufacturers assess the

appropriateness of a particular wax for a particular type of candle that they intend to

manufacture. The most important of these properties, from a manufacturing standpoint, is the

melting point which dictates the type of candle that can be produced. For instance, the

recommended melt point of the paraffin used to make a taper and pillar candles ranges

specifically from 59 to 65C.

Heat release properties such as the effective heat of combustion are not of interest to wax

producers or candle manufactures, and are therefore unavailable. A list of material properties

for paraffin wax has been provided in Table 1. The properties presented represent ranges of

values and due to the incompleteness of data from each reference, only limited attempts have

been made to relate the dependence of these properties, i.e. the melting point with respect to

flash point, density, and kinematic velocity.

The heat release rate of the candle has a direct effect on the heat flux. Therefore in order to

develop an accurate flux profile, the heat of combustion of the burning wax becomes

extremely important. The candle can be a major cause of dangerous fires in households. (An

electric candle warmer can be used to release fragrance without the risk of an open flame.)

The liquid wax is hot and can cause skin burns, but the amount and temperature are generally

rather limited and the burns are seldom serious. The best way to avoid getting burned from

splashed wax is to use a candle snuffer instead of blowing on the flame. A candle snuffer is

usually a small metal cup on the end of a long handle. When placed over the flame the

oxygen supply is cut off. They were used daily when the candle was the main source of

lighting a home, before electric lights were available.

A former worry regarding the safety of candles was that a lead core was used in the wicks to

keep them upright in container candles. Without a stiff core, the wicks of a container candle

could sag and drown in the deep wax pool. Concerns rose that the lead in these wicks would

vaporize during the burning process, releasing lead vapors a known health and developmental

hazard. Lead core wicks have not been common since the 1970s. Imported candles may still

be found to have some lead core wicks. Today, most metal-cored wicks use zinc or a zinc

alloy, which has become the industry standard. Wicks made from specially treated paper and
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cotton arealso available. The hottest part of the flame is just above the very dull blue part to

one side of the flame, at the base. At this point, the flame is at 1,400C.

2. Electrical Insulation

Electrical insulation is the absence of electrical conduction. Electronic band theory (a branch

of physics) predicts that a charge will flow whenever there are states available into which the

electrons in a material can be excited. This allows them to gain energy and thereby move

through the conductor (usually a metal). If no such states are available, the material is an

insulator.

Most insulators are characterized by having a large band gap. This occurs because the

"valence" band containing the highest energy electrons is full, and a large energy gap

separates this band from the next band above it. There is always some voltage (called the

breakdown voltage) that will give the electrons enough energy to be excited into this band.

Once this voltage is exceeded, the material ceases being an insulator, and charge will begin to

pass through it. However, it is usually accompanied by physical or chemical changes that

permanently degrade the material's insulating properties.

Materials that lack electron conduction must also lack other mobile charges as well. For

example, if a liquid or gas contains ions, then the ions can be made to flow as an electric

current, and the material is a conductor. Electrolytes and plasmas contain ions and will act as

conductors whether or not electron flow is involved.

3. Primary Igniters

 Matches: The most common device for initiating combustion, the match is specifically and

exclusively designed for this purpose, and it is the most basic source of flame.

 Lighters: There are two general types of lighters: the electric-element type found in vehicles

and liquid-fuel lighters, with the mechanism of a spark or hot particle igniting a fuel vapor

under controlled conditions that leads to a small, predictable flame. Such lighters are a

convenient substitute for a match, and are, no doubt, responsible for many incendiary fires.

 Torches: There are traditional blow torches using manually pressurized white gas delivery.

There are drip torches using kerosene or diesel fuel for setting controlled backfires in
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wildlands. Hand-held or long-wand roofing torches use propane, butane, or MAPP (methyl

acetylene H3C-C≡H and propadiene H2C=C=CH2) as fuels.

 Candles: A traditional paraffin or beeswax candle produces about 5080 W of heat with a

laminar flame with an average flame temperature of 800 to 900C, but like a match flame, it

has an outer combustion zone that can have temperatures as high as 1,2001,400C

(2,2002,550F) 7

4. Difference between Electrical Spark and Electrical Arc

The electric arc persists as a discharge for some considerable time interval. On the other

hand, an electric spark is thought of as being virtually instantaneous. Electrical breakdown

occurs within a gas (or mixture of gases, such as air) when the dielectric strength of the

gas(es) is exceeded. Regions of high electrical stress can cause nearby gas to partially ionize

and begin conducting. This is done deliberately in low pressure discharges such as in

fluorescent lights or in an electrostatic precipitator.

Partial electrical spark of the air causes the "fresh air" smell of ozone during thunderstorms or

around high-voltage equipment. Although air is normally an excellent insulator, when

stressed by a sufficiently high voltage (an electric field strength of about 3 x 106V/m), air can

begin to break down, becoming partially conductive. If the voltage is sufficiently high,

complete electrical breakdown of the air will culminate in an electrical spark or arc that

bridges the entire gap. While the small sparks generated by static electricity may barely be

audible, larger sparks are often accompanied by a loud snap or bang. Lightning is an example

of an immense spark that can be many miles long. The color of the spark depends upon the

gases that make up the gaseous media.

If a fuse or circuit breaker fails to interrupt the current through a spark in a power circuit,

current may continue, forming a very hot electric arc. The color of an arc depends primarily

upon the conductor materials (as they are vaporized and mix within the hot plasma in the

arc). Although sparks and arcs are usually undesirable, they can be useful in everyday

applications such as spark plugs for gasoline engines, electrical welding of metals, or for

metal melting in an electric arc furnace.

On the other hand, the various shapes of electric arc are emergent properties of nonlinear

patterns of current and electric field. The arc occurs in the gas-filled space between two

conductive electrodes (often made of carbon) and it results in a very high temperature,

capable of melting or vaporizing most materials. An electric arc is a continuous discharge,
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while a similar electric spark discharge is momentary. An electric arc may occur either in

direct-current circuits or in alternating current circuits. In the latter case, the arc may re-strike

on each half cycle of the current. An electric arc differs from a glow discharge in that the

current density is quite high, and the voltage drop within the arc is low; at the cathode the

current density may be as high as one million amps per square centimeter.

An electric arc has a non-linear relationship between current and voltage. Once the arc is

established (either by progression from a glow discharge or by momentarily touching the

electrodes then separating them), increased current results in a lower voltage between the arc

terminals. This negative impedance effect requires that some positive form of impedance to

be placed in the circuit, if it is desired to maintain a stable arc. This property is the reason

uncontrolled electrical arcs in apparatus become so destructive, since once initiated an arc

will draw more and more current from a fixed-voltage supply until the apparatus is destroyed.

5. Ignition of Fire through Gas

The gas can be used in the following ways to ignite a fire:

 Failure of the thermostat and the high-level control

 Failure of pressure regulators

 Absence of adequate stand-off space

 Improper installation

 Inadequate air supplies

 Direct contact of a gas flame with flammable or combustible material

6. Fire Investigators and Fuel Fires

The fire investigators should do the following steps:

 Documentation of the condition of the fuel supply

 Ventilation available to the flame

 System for removal of products of combustion such as vents, flues, and chimneys

7. Bernoulli Effect

According to this effect, wind blowing across a chimney opening will produce a reduction of

pressure at the chimney mouth. This causes a stronger draft up the chimney which can
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increase the size of fragment that can move up to the top and be ejected in the stronger wind

stream.

8. Chimney Fires

Chimney fires arise because soot, bird or rodent nests, creosote, dust, cobwebs, and a variety

of combustible materials sometimes are allowed to accumulate in the chimney where they

may be ignited by a spark or flame from the fire below and lead to a large blaze within the

chimney itself.

9. Tracer and Incendiary Bullets

Tracer and incendiary bullets are a severe fire hazard because of the high temperatures

produced.

10. Dangers of lighted Cigarette

The danger is small or nonexistent according to tests. Throwing or dropping lighted cigarettes

into gasoline vapors above a spill on pavement has never resulted in an ignition in observed,

documented tests.

11. Spontaneous Combustion

The phenomenon of spontaneous combustion can be defined as the single driving force is that

an exothermic reaction generates heat, and if that heat is not dispelled by the normal

mechanisms as fast as it is made, it can build up in a fuel mass and raise the temperature of

the mass. As the temperature rises, the reaction rate increases and if it reaches runaway

conditions, combustion can be sustained.

11.1. Occurrence of Spontaneous Combustion

o A substance with a relatively low ignition temperature begins to release heat,

which may occur in several ways, such as oxidation or fermentation.

o The heat is unable to escape, and the temperature of the material rises

o The temperature of the material rises above its ignition point

o Combustion begins, if sufficient oxygen is present

11.2. Safety

In general practice, the threat of spontaneous combustion can be substantially reduced

by placing the material in a tightly confined, self-closing disposal container (thus

greatly limiting the supply of oxygen or water vapor), or submerging it in a fluid

which smothers the reaction before it can begin. Depending on the hazard, this

protective fluid may be water, kerosene (especially for a reactive metal such as

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

55
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



sodium, which ignites upon contact with water) or an inert gas such as nitrogen or

argon

Topic Objective:

At the end of this topic, the student would be able to:

 Learn about structure fires

 Learn about the concept of overhaul

 Learn about the process of actual evidence search

 Understand the concept of chain of custody

Definition/Overview:

Before the investigator attempts the actual investigation of a fire, he or she should be

reasonably familiar with the principles of fuels, ignition, and fire behavior as outlined earlier.

There must be a clear understanding of the purposes and goals of the investigation and a

rational, orderly plan for carrying it out to meet those purposes. The purposes of the

investigation are as follows:

 To determine the origin of the fire. Where did it start?

 To determine the causethe nature of the initial fuel and means of ignition. What was ignited?

What ignited it?

 Was it an accidental fire or an intentionally set fire?

 If it was intentionally set, was it set with willful malice to destroy property, or was it set to

destroy unwanted personal property without intent to harm or defraud another?

No two fire scenes are ever alike, and no routine can be applied in the same way to each fire.

A carefully reasoned plan of attack can be applied, as each case requires. The investigation

may begin at any time with respect to the origin of the fire. Since every fire should be

investigated to detect the crime of arson, or to seek out dangerous products or practices to

preserve the safety of the community, the investigation may well begin while the fire is still

burning.
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Key Points:

1. Structure Fire

A structure fire is a fire involving the structural components of various residential or

commercial buildings, such as single-family homes, townhouses, apartments, high-rises, and

shopping malls. This is in contrast to, "room content" fires, chimney fires, automobile fires,

wildfires or other outside fires. Structure fires typically have a similar response from the fire

department to include engines, ladder trucks, rescue squads, battalion chiefs, and an

EMSunit, each of which will have specific initial assignments. The actual response and

assignments will vary between fire departments.

2. Overhaul

Overhaul is the removal of potential seats of smoldering fire for the prevention of rekindles.

During this phase most of the remaining evidence may be destroyed or displaced, thereby

reducing its interpretive value. In scenes where there has been a death, overhaul in the

vicinity of the body should be strictly limited to dousing of smoldering furnishings with a fire

hose hand line to prevent re-ignition.

3. Actual Evidence Search

For this purpose, the fire investigator should perform a walk-around survey to give the

investigator a fair idea of the limits of the fire damage, the areas of heaviest damage, and the

possibilities of an external source of ignition or obvious forcible entry.

4. Importance of Char-depth

The depth to which the pyrolysis action of fire has converted an organic material to its

volatile fractions and charcoal is called the char depth. Char depth cannot be used to establish

precise times of fire exposure but can be used to assess the relative fire exposure throughout a

structure.

5. Glass as Indicator for Fire Scene Investigation

It is a very good indicator of the direction of force, type of force, and the sequences involved

to break the glass. Glass looks and acts like a solid, but it is in fact a super-cooled liquid.

When exposed to stress it is elastic and will actually bend to a substantial degree before

breaking. The pane bows out until its elastic limit is reached, whereupon it shatters. The lines

reveal from which side of the pane the breaking force came.
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6. Chain of Custody

Chain of custody refers to the chronological documentation, and/or paper trail, showing the

seizure, custody, control, transfer, analysis, and disposition of evidence, physical or

electronic. Because evidence can be used in court to convict persons of crimes, it must be

handled in a scrupulously careful manner to avoid later allegations of tampering or

misconduct which can compromise the case of the prosecution toward acquittal or to

overturning a guilty verdict upon investigation.

An identifiable person must always have the physical custody of a piece of evidence. In

practice, this means that a police officer or detective will take charge of a piece of evidence,

document its collection, and hand it over to an evidence clerk for storage in a secure place.

These transactions, and every succeeding transaction between the collection of the evidence

and its appearance in court, should be completely documented chronologically in order to

withstand legal challenges to the authenticity of the evidence. Documentation should include

the conditions under which the evidence is gathered, the identity of all evidence handlers,

duration of evidence custody, security conditions while handling or storing the evidence, and

the manner in which evidence is transferred to subsequent custodians each time such a

transfer occurs (along with the signatures of persons involved at each step

Topic Objective:

At the end of this topic, the student would be able to:

 Understand the concept of wildfire

 Learn about the behavior of wildfire

 Discuss the prevention of wildfire

 Learn about the suppression of wildfire

Definition/Overview:

Fires in open land covered with grass, brush, or timber are often termed wildlandfires.

Although they are often terrifying in their destructive power and intimidating in their

coverage, they begin, like almost every other fire, with suitable fuel and a small, localized

source of ignition.
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In some respects, the investigation of a wildland fire is simpler than that of a structure fire,

because the fuels involved are generally limited to naturally occurring vegetation. They are

ignited by some finite source of heatnatural, such as lightning; accidental, such as a discarded

match; or incendiary, with an ignition and delay device. Some evidence of the source of

ignition will remain unless, as in a fire started with a lighter, the source has been removed

from the scene.

The search pattern used is critical to the successful identification of the area of origin. It

involves sweeps back and forth across the burned area progressing from above suspected area

of origin. With each sweep, macroscale indicators of advancing, backing, or transitional fire

movement are identified and flagged. The area of origin is then examined on hands and knees

looking for microscale indicators and possible ignition sources.

The causes of wildlandfires are more varied than for structure fires. Unlike structure fires,

however, there are complications to retracing the course of the fire such as variable

environmental conditionswind, weather, and terrain. The large scale of many wildland fires

results in major firefighting efforts that can disturb or destroy delicate evidence.

Key Points:

1. Overview of Wildfire

A wildfire, also known as a wildland fire, forest fire, brush fire, vegetation fire, grass fire,

peat fire, bushfire, or hill fire, is an uncontrolled fire often occurring in wildland areas, but

which can also consume houses or agricultural resources. Common causes include lightning,

human carelessness, slash-and-burn farming, arson, volcano eruption, pyroclastic cloud from

active volcano, and underground coal fire. Heat waves, droughts, and cyclical climate

changes such as El Nio can also dramatically increase the risk of wildfires.

The word "wildfire" was once a synonym for Greek fire as well as a word for any furious or

destructive conflagration. According to the Oxford English Dictionary, the earliest known

usages are specifically for lightning-caused conflagrations. The modern usage may have

arisen in part from people misunderstanding the expression "spread like wildfire".

Wildfires are very common in many places around the world, including much of the

vegetated areas of Australia, Western Cape of South Africa, and the forested areas of the
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United Statesand Canada. The climates of these areas are sufficiently moist to allow the

growth of trees, but feature extended dry, hot periods. Fires are particularly prevalent in the

summer and autumn and during droughts when fallen branches, leaves, grasses and scrub can

dry out and become highly flammable. This is especially the case in areas where eucalypts

are prevalent, as the oil of these species is extremely flammable. News reports have

suggested that global warming has been increasing the intensity and frequency of droughts in

many areas, creating more intense and frequent wildfires.

Wildfires tend to be most common and severe during years of drought and occur on days of

strong winds. With extensive urbanization of wildlands, these fires often involve destruction

of suburban homes located in the wildlandurban interface, a zone of transition between

developed areas and undeveloped wildland.

Today it is generally accepted that wildfires are a natural part of the ecosystem of numerous

wildlands, where some plants have evolved to survive fires by a variety of strategies (from

possessing reserve shoots that sprout after a fire, to fire-resistant seeds), or even encourage

fire (for example eucalypts) as a way to eliminate competition from less fire tolerant species.

Smoke, charred wood and heat are common fire cues that stimulate the germination of seeds.

In 2004, researchers discovered that exposure to smoke from burning plants actually

promotes germination in other types of plants by inducing the production of the orange

butenolide.

However, many ecosystems are suffering from too much fire, such as the chaparral in

southern California and lower elevation deserts in the American Southwest. The increased

fire frequency in these areas has caused the elimination of native plant communities and has

replaced them with non native weeds. These weeds create a positive feedback loop,

increasing fire frequency even more. On occasions, wildfires have caused large scale damage

to private or public property, destroying many homes and causing deaths, particularly when

they have reached urban fringe communities.

2. Behavior of Wild Fires

The evaporation of water in plants is balanced by water absorbed from the soil. When this

balance is not maintained, plants dry out and when under this kind of stress they release the
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flammable gas ethylene. A consequence of a long hot and dry period is therefore that the air

contains flammable essences and plants are drier and highly flammable.

The Nevada Bureau of Land Management identifies several different wildfire behaviors. For

example, extreme fire behavior includes wide rates of spread, prolific crowning and/or

spotting, the presence of fire whirls, or a strong convection column. Extreme wildfires behave

erratically and unpredictably. In southern California, under the influence of Santa Ana winds,

wildfires can move at tremendous speeds, up to 40 miles (60 km) in a single day, consuming

up to 1,000 acres (4 km) per hour. Dense clouds of burning embers push relentlessly ahead of

the flames crossing firebreaks without pause.

French models of wildfires dictate that a fire's front line will take on the characteristic shape

of a pear; the major axis being aligned with the wind. In the case of the fires in southeastern

France, the speed of the fire is estimated to be 3% to 8% of the speed of the wind, depending

on the conditions (density and type of vegetation, slope). Other models predict an elliptical

shape when the ground is flat and the vegetation is homogeneous.

Another type of wildfire is the smoldering fire. It involves the slow combustion of surface

fuels without generating flame, spreading slowly and steadily. It can linger for days or weeks

after flaming has ceased, resulting in potential large quantities of fuel consumed and

becoming a global source of emissions to the atmosphere. It heats the duff and mineral layers,

affecting the roots, seeds and plant stems at the ground.

3. Prevention of Wild Fires

For many decades the policy of the United States Forest Service was to suppress all fires.

This policy was epitomized by the mascot Smokey Bear and was also the basis of parts of the

movie Bambi. The policy began to be questioned in the 1960s, when it was realized that no

new Giant Sequoia had been grown in the forests of California, because fire is an essential

part of their life cycle. This produced the policy of controlled burns to reduce underbrush.

This clears much of the undergrowth through forest and woodland areas, making travel and

hunting much easier while reducing the risk of dangerous high intensity fires caused by many

years of fuel buildup.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

61
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



The previous policy of absolute fire suppression in the United States has resulted in the

buildup of fuel in some ecosystems such as dry ponderosa pine forests. Fire suppression in

southern Californiahas had very little impact over the past century. The amount of land

burned in 6 southern Californiacounties has been relatively unchanged. In fact, fire frequency

has been increasing dramatically over the past century in lock step with population growth.

Urbanization can also result in fuel buildup and devastating fires, such as those in Los

Alamos, New Mexico, East Bay Hills, within the Californiacities of Oakland and

Berkeleybetween October 19 and 22, 1991, all over Coloradoin 2002, and throughout

southern Californiain October 2003. Homes designed without considering the fire prone

environment in which they are built have been the primary reason for the catastrophic losses

experienced in wildfires.

On average, wildfires burn 4.3 million acres (17,000 km) in the United States annually. In

recent years the federal government has spent $1 billion a year on fire suppression. 2002 was

a record year for fires with major fires in Arizona,California, Colorado, and Oregon.

The risk of major wildfires can be reduced partly by a reduction or alteration of fuel present.

In wild land, reduction can be accomplished by either conducting controlled burns,

deliberately setting areas ablaze under less dangerous weather when conditions are less

volatile or physical fuel removal. Alteration of fuels, which involves reducing the structure of

fuel ladders, can be accomplished by hand crews with chain saws or by large mastication

equipment that shreds trees and vegetation to mulch. Such techniques are best used within the

wild land/urban interface where communities connect with wild open space. Prescribed burns

away from human habitations are not particularly effective in preventing large fires. All the

large catastrophic fires in the United States have been wind driven events where the amount

of fuel (trees, shrubs, etc.) has not been the most important factor in fire spread.

People living in fire prone areas typically take a variety of precautions, including building

their homes out of flame resistant materials, reducing the amount of fuel near the home or

property (including firebreaks, their own miniature control lines, in effect), and investing in

their own firefighting equipment. Rural farming communities are often threatened directly by

wildfire. Expanding urban fringes have spread into forested areas, for example in Sydney and

Melbourne, and communities have literally built themselves in the middle of highly

flammable forests. In Cape Town, the city lies on the fringe of the Table MountainNational

Park.
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Many states in the United States, Canadian provinces and many countries around the world

use Fire lookouts as a means of early detection of forest fires. Some nations still using this

system besides the US and Canada include: Australia, Israel,Latvia, Poland, France,Germany,

Italy, Spain,Portugal, Brazil, Uruguay.

4. Wildland Fire Suppression

The vast majority of wildfires are suppressed before they grow out of control. For example,

in 2004, US firefighters contained more than 99% of all new wildfires during initial action.

That record was achieved despite the volatile conditions that prevailed in much of that year's

USAfire season. However, the wildfires that escaped initial actions and grew above 300 acres

(1.2 km2) accounted for the bulk of acres burned, and nearly 75% of all suppression

expenditures.

Wildlandfire suppression is a unique aspect of firefighting. Most fire-prone areas have large

firefighter services to help control bushfires. As well as the water-spraying fire apparatus

most commonly used in urban firefighting, bushfire services use a variety of alternative

techniques. Typically, forest fire fighting organizations will use large crews of 20 or more

people who travel in trucks to the fire. These crews use heavier equipment to construct

firebreaks, and are the mainstay of most firefighting efforts. Other personnel are organized

into fast attack teams typically consisting of 58 people. These fast attack teams are

helicoptered into smaller fires or hard to reach areas as a preemptive strike force. They use

portable pumps to douse small fires and chainsaws to construct firebreaks or helicopter

landing pads if more resources are required. Hand tools are commonly used to construct

firebreaks and remove fuels around the perimeter of the fire to halt its spread, including

shovels, rakes, and the pulaski, a tool unique to wildland firefighting. In the eastern United

States, portable leaf blowers are sometimes used. In the western United States, large fires

often become extended campaigns, and temporary fire camps are constructed to provide food,

showers, and rest to fire crews. These large fires are often handled by 20 person hand crews,

sometimes known as hotshot crews, specially organized to travel to large fires.

Fast attack teams, such as the Boise District BLM Helitack crew, are often considered the

elite of firefighting forces, as they sometimes deploy in unusual ways. If the fire is on a

particularly steep hill or in a densely wooded area, they may rappel or fast-rope down from

helicopters. If the fire is extremely remote, firefighters known as smokejumpers may
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parachute into site from fixed-wing aircraft. In addition to the aircraft used for deploying

ground personnel, firefighting outfits often possess helicopters and water bombers specially

equipped for use in aerial firefighting. These aircraft can douse areas that are inaccessible to

ground crews and deliver greater quantities of water and/or flame retardant chemicals.

Managing all of these various resources over such a large area in often very rugged terrain is

extremely challenging, and often the Incident Command System is used. As such, each fire

will have a designated Incident Commander who oversees and coordinates all the operations

on the fire. This Incident Commander is ultimately responsible for the safety of the

firefighters and for the success of firefighting efforts.

Large fires are of such a size that no conceivable firefighting service could attempt to douse

the whole fire directly, and so alternative techniques are used. In alternative approaches,

firefighters attempt to control the fire by controlling the area that it can spread to, by creating

"control lines", which are areas that contain no combustible material. These control lines can

be produced by physically removing fuel (for instance, with a bulldozer), or by "backfiring",

in which small, low-intensity fires are started, using a device such as the drip torch, or

pyrotechnic flares known as "fusees", to burn the flammable material in a (hopefully)

controlled way. These may then be extinguished by firefighters or, ideally, directed in such a

way that they meet the main fire front, at which point both fires run out of flammable

material and are thus extinguished.

Unfortunately, such methods can fail in the face of wind shifts causing fires to miss control

lines or to jump straight over them (for instance, because a burning tree falls across a line,

burning embers are carried by the wind over the line, or burning tumbleweeds cross the line).

The actual goals of firefighters vary. Protection of life (those of both the firefighters and

"civilians") is given top priority, then private property according to economic and social

value and also to its "defendibility" (for example, more effort will be expended on saving a

house with a tile roof than one with a wooden-shake roof). In very severe, large fires, this is

sometimes the only possible action. Protecting houses is regarded as more important than,

say, farming machinery sheds, although firefighters, if possible, try to keep fires off farmland

to protect stock and fences (steel fences are destroyed by the passage of fire, as the wire is

irreversibly stretched and weakened by it). Preventing the burning of publicly owned forested

areas is generally of least priority, and, indeed, it is quite common (in Australia, at least) for

firefighters to simply observe a fire burn towards control lines through forest rather than
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attempt to put it out more quickly; it is, after all, a natural process. On any incident, ensuring

the safety of firefighters takes priority over fire suppression. When arriving on a scene a fire

crew will establish a safety zone(s), escape routes, and designate lookouts (known by the

acronym LCES, for lookouts, communications, escape routes, safety zones). This allows the

firefighters to engage a fire with options for a retreat should their current situation become

unsafe. In addition all fire suppression activities are based from an "anchor point" (such as

lake, rock slide or road). From an anchor point firefighters can work to contain a wild land

fire without the fire outflanking them. As a last resort, all wild land firefighters carry a fire

shelter. In an unescapable burnover situation the shelter will provide limited protection from

radiant and convective heat, as well as superheated air. As such a greater emphasis is placed

on safety and preventing entrapment, and is reinforced with a list of 10 fire orders and 18

"watch out situations" for firefighters to be aware of, which warn of potentially dangerous

conditions

In Section 3 of this course you will cover these topics:
Automobile, Motor Vehicle, And Ship Fires

Electrical Causes Of Fires

Clothing And Fabric Fires

Topic Objective:

At the end of this topic, the student would be able to:

 Understand the concept of gasoline ignition in vehicles

 Learn about the risks of fuel injection system

 Learn about the hazards of vehicle fire

 Understand about the automobile fire safety

 Learn about the ship fire

Definition/Overview:

All types of motor vehiclescars, trucks, buses, motorhomes, and the likeare subject to fires of

either accidental or incendiary origin. They all contain substantial quantities of flammable

liquids for fuels, electrical and mechani-cal systems to provide ignition sources, and
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upholstery and cargo to provide fuel loads. Vehicle fires can start from a variety of accidental

causes, and arsonists will often try to simulate such accidental fires to escape detection. It is

important for the investigator to be familiar with the fuels and sources of ignition present in

vehicles so that all such fires can be properly assessed.

Key Points:

1. Ignition of Gasoline in Automobile

It is impossible to ignite a gasoline in an automobile tank, because the vapors of gasoline are

much heavier than air and tend to fill the tank completely to the top. Except at very low

ambient temperatures, the vapor pressure of gasoline is such that it tends to form a mixture

with air in the tank that is above the explosive limit and cannot be kindled. For vehicle fire

investigations, the issue of gasoline hot surface ignition (HSI) on an engine component will

arise. To address the concern usually two facts are required; the fluid's lowest hot surface

ignition temperature for the vehicle conditions and the temperature of the component surface

at the time of the fire origin.

Three typical engine compartment surfaces were used to determine the HSI of gasoline; a

nodular iron exhaust manifold, a stainless steel exhaust manifold, and a stainless steel heat

shield. These components were used to conduct the bench tests for the typical regular and

premium, summer and winter gasoline blends. Video tapes were used to acquire accurate

autoignitiontemperature (AIT) data with thermocoupled parts. The investigation determined

that the gasoline's HSI minimum values were dependent upon the materials used for the

ignition surfaces rather than the grades of gasoline.

2. Fuel Injection System and their Risks

Fuel injection systems provide additional fire risks since their fuel delivery lines carry

gasoline at pressures from 25100 psi, and even a pinhole leak in a line or minor crack in a

fitting allows gasoline to be atomized and sprayed around the engine compartment at high

pressures. This produces an explosive vapor mixture requiring only a spark to ignite.

3. Hazards of a Vehicle Fire

A motor vehicle contains many types flammable fuel, including flammable liquids like

gasoline and oil as well as solid combustibles, including the car's upholstery and detonators in

safety devices (e.g. airbags). Cars also house multiple potential sources of ignition, such as

electrical short circuits or fuel leakages onto hot exhaust systems. Fuel leaks from fractured

fuel lines will rapidly ignite and faulty lines have been known to cause numerous fires.
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Also, car batteries pose a fairly unique hazard in themselves: hydrogen gas evolved in the

electrolysis reaction ignites readily in fire conditions and can result in an explosive dispersion

of battery acid. Modern car safety devices can also pose unique hazards in fires: detonators

used in air bag systems can explode, bumpers with specially designed "crush zones" can

release sulfuric acid when heated, and the wiring in electric and hybrid cars can cause

accidental electrocution. Electric and hybrid cars have large batteries, usually NiMH, lead-

acid, or Li-ion.

Besides the obvious hazard of electric shock, these batteries can create other hazards. Li-ion

batteries can explode rapidly and in chain reaction. Lead-acid batteries can release hydrogen

or melt and leak sulfuric acid. Ni-MH batteries can burn and leak chemicals as well, but their

hazards are usually less severe. In most cases, a large battery is less dangerous than a gas

tank. Most large batteries for electric cars or hybrids have built-in safety features to prevent

the battery from starting a fire such as smoke detectors, temperature sensors, and overcharge

protection. It is often the case in non-arson auto fires that the bulk of the fire is (at least

initially) contained in the engine compartment of the vehicle. In most vehicles, the passenger

compartment is protected from engine compartment fire by a device called a firewall.

4. Intentional Burning of Vehicle

Marketable components and accessories should be accounted for in the interior. They may be

melted and badly damaged, but some remains should be on the floor beneath the mounting

brackets.

5. Automobile Fire Safety

Fire deaths resulting from motor vehicle accidents are estimated at 650 to 750 annually.

Motor vehicles are constructed with a variety of synthetic and often flammable materials, that

burn very hot and produce harmful gases. Gasoline and other flammable fluids are also

present. Some parts of a vehicle can burst or explode when heated by a fire, sending debris a

great distance. These are precisely why firefighters wear full protective gear and breathing

apparatus when confronting a vehicle fire. Without this type of protection the average citizen

is very vulnerable to serious injuries or worse.

6. Classification of Motor Homes

The classification of motor homes is as follows:

 Class Alargest units, designed and built from the ground up

 Class Bvan conversions that have been altered to accept appliances and furnishings

 Class Cunits that incorporate a van cab portion with an attached body
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7. Development of Recreational Vehicle Fire

It is primarily due to the lightweight construction using:

 Foams

 Resins

 Plastics

 Other highly combustible materials

8. Ship Fire

Fire in one compartment of a ship is not thermally insulated from neighboring compartments.

The steel plates conduct heat quickly and efficiently to other compartments

Topic Objective:

At the end of this topic, the student would be able to:

 Differentiate between static and current electricity

 Understand the Ohms Law and its application

 Differentiate between fuse and a circuit breaker along with their operations and functions

Definition/Overview:

Almost any kind of energy can be responsible for igniting a flame. Electricity is both familiar

to us because it is in use constantly around us and mysterious because its origins and

properties are not well understood, even by fire investigators. It is therefore important that the

investigator have a working knowledge of the basics of electricity, its control, uses, and

measurement so that its effects in the fire environment can be accurately assessed.
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Key Points:

1. Static vs Current Electricity

Electrical phenomena can be classified in one of two general categories: static electricity or

current electricity. The term static electricity refers to the behavior of electrical charges at

rest. Suppose you hang two ping-pong balls from silk threads so that they are about 2 inches

(5 centimeters) apart. Then imagine that each ball is rubbed with a piece of wool. The two

balls become electrically charged with the same sign.

Current electricity refers to the behavior of electrical charges in motion. In order for charged

particles to flow, some pathway must be provided for them. That pathway is called an electric

circuit. An electric circuit typically consists of a source of electricity, such as a battery; an

appliance that operates on electric energy, such as a toaster; a meter that measures the flow of

electrons, such as a galvanometer; and metal wires connecting those parts of the circuit.

Static electricity is usually a nuisance and a hazard that can cause fires. Current electricity is

when the electrons are controlled by moving along a path together. The path is usually a

conductor of electricity. A copper wire can move electricity from a power plant to a house.

Static electricity can be illustrated by showing students the plasma ball. Plasma is stripped

electrons, which is basically what static electricity is. In many plasma balls, the plasma gives

off a light different than most static electricity we are used to. The electricity is always

looking for the "ground." So it uses your body to conduct the electricity. However, it is not

enough electricity to cause any harm.

Current electricity is controlled; the electrons all move in one direction. Wire can transmit

electricity so it becomes a very useful energy source. When its movement along a wire is

controlled, it is current electricity. Remember, electricity is a flow of electrons in one

direction.

The distinctions which are thought to exist between static electricity and current electricity

are unfounded and, if subjected to a rational examination, patently absurd. Static electricity

maybe described as an unequal distribution of charge (either excess positive or negative

charge) on a conductor, which results in an electrical force existing at right angles to the

plane of the surface of the conductor. In a spherical conductor this results in the lines of force
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acting as though they emanated from the centre of the sphere. Thus to all practical purposes a

spherical conductor behaves like a point charge.

The electrical force or lines of force referred to above, are infact linked together chains of

photons, the presence of which are representative of an electromagnetic field. Thus a

corollary of an unequal distribution of charge on a conductor (i.e. static electricity ) is that it

always results , as shall be shown experimentally , in the formation of an electromagnetic

field and not an electric field as hitherto been widely held . An unequal distribution of electric

charge can never be left unresolved , hence the formation of an electromagnetic field linking

positively charged points to negatively charged points , in effect forming an electric di-pole

and neutralizing the effects of the excess charge.

2. Resistance of a Conductor

The resistance of a conductor is influenced by:

 Material

 Diameter (cross-section)

 Length

3. Ampacity of Copper Wire

Ampacityis dependent on how high a temperature can be tolerated by the insulation and its

ability to dissipate heat into the surroundings. Forcing a large current through a small

conductor causes it to overheat.

4. Ohms Law

Ohms law states that the voltage in any circuit is equivalent to the amperage multiplied by the

resistance.

V = IR

When electric current in a material is proportional to the voltage across it, the material is said

to be "ohmic", or to obey Ohm's law. A microscopic view suggests that this proportionality

comes from the fact that an applied electric field superimposes a small drift velocity on the

free electrons in a metal. For ordinary currents, this drift velocity is on the order of

millimeters per second in contrast to the speeds of the electrons themselves which are on the
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order of a million meters per second. Even the electron speeds are themselves small

compared to the speed of transmission of an electrical signal down a wire, which is on the

order of the speed of light, 300 million meters per second.

For many conductors of electricity, the electric current which will flow through them is

directly proportional to the voltage applied to them. When a microscopic view of Ohm's law

is taken, it is found to depend upon the fact that the drift velocity of charges through the

material is proportional to the electric field in the conductor. The ratio of voltage to current is

called the resistance, and if the ratio is constant over a wide range of voltages, the material is

said to be an "ohmic" material.

5. Application of Ohms Law in Electrical Engine

Ohm's law is one of the equations used in the analysis of electrical circuits, whether the

analysis is done by engineers or by computers. Though computers running electronic

computer-aided design and analysis programs do the bulk of the work predicting and

optimizing the performance of electrical circuits, most electrical engineers still use Ohm's law

every working day. Whether designing or debugging an electrical circuit, electrical engineers

must have a working knowledge of the practical aspects of Ohm's law.

Virtually all electronic circuits have resistive elements, which are usually treated as

idealohmic devices, that is, they obey Ohm's law. From the engineer's point of view, resistors

(devices that "resist" the electric current) develop a voltage across their terminals (the two

wires emerging from the device) proportional to the amount of current through the device.

More specifically, the voltage measured across a resistor at a given instant is strictly

proportional to the current through the resistor at that instant. When a functioning electrical

circuit drives a current I, measured in amperes, through a resistor of resistance R, the voltage

that develops across the resistor is I R, the value of R serving as the proportionality factor.

The DC resistance of a resistor is always a positive quantity, and the current through a

resistor generates heat in it. Voltages can be either positive or negative, depending on the

ordering of the terminals and the direction of current. Currents can be either positive or

negative, the sign of the current indicating the direction of current.

Ohm's law applies to conductors whose resistance is (substantially) independent of the

applied voltage (or equivalently the injected current). That is, Ohm's law only applies to the

linear portion of the I vs. V curve centered aroundthe origin. The equation is too simple to

encompass devices described by a more complicated I vs. V relationship.
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6. Heat Conduction and Ohms Law

Ohm's principle predicts the flow of electrical charge (i.e. current) in electrical conductors

when subjected to the influence of voltage differences; Jean-Baptiste-Joseph Fourier's

principle predicts the flow of heat in heat conductors when subjected to the influence of

temperature differences.

The same equation describes both phenomena, the equation's variables taking on different

meanings in the two cases. Specifically, solving a heat conduction (Fourier) problem with

temperature (the driving "force") and flux of heat (the rate of flow of the driven "quantity",

i.e. heat energy) variables also solves an analogous electrical conduction (Ohm) problem

having electric potential (the driving "force") and electric current (the rate of flow of the

driven "quantity", i.e. charge) variables.

The basis of Fourier's work was his clear conception and definition of thermal conductivity.

He assumed that, all else being the same, the flux of heat is strictly proportional to the

gradient of temperature. Although undoubtedly true for small temperature gradients, strictly

proportional behavior will be lost when real materials (e.g. ones having a thermal

conductivity that is a function of temperature) are subjected to large temperature gradients.

A similar assumption is made in the statement of Ohm's law: other things being alike, the

strength of the current at each point is proportional to the gradient of electric potential. The

accuracy of the assumption that flow is proportional to the gradient is more readily tested,

using modern measurement methods, for the electrical case than for the heat case.

6. Fuses vs Circuit Breakers

Fuses (and other overcurrent devices) are an essential part of a power distribution system to

prevent fire or damage. When too much current flows through a wire, it may overheat and be

damaged or even start a fire. Wiring regulations give the maximum rating of a fuse for

protection of a particular circuit. Local authorities will incorporate national wiring regulations

as part of law. Fuses are selected to allow passage of normal currents, but to quickly interrupt

a short circuit or overload condition.

Fuses have the advantages of often being less costly and simpler than a circuit breaker for

similar ratings. The blown fuse must be replaced with a new device which is less convenient

than simply resetting a breaker and therefore likely to discourage people from ignoring faults.

On the other hand replacing a fuse without isolating the circuit first (most building wiring
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designs do not provide individual isolation switches for each fuse) can be dangerous in itself,

particularly if the fault is a short circuit.

High rupturing capacity fuses can be rated to safely interrupt up to 300,000 amperes at 600 V

AC. Special current-limiting fuses are applied ahead of some molded-case breakers to protect

the breakers in low-voltage power circuits with high short-circuit levels. "Current-limiting"

fuses operate so quickly that they limit the total "let-through" energy that passes into the

circuit, helping to protect downstream equipment from damage. These fuses clear the fault in

less than one cycle of the AC power frequency. Circuit breakers cannot offer similar rapid

protection.

Circuit breakers which have interrupted a severe fault should be removed from service and

inspected and replaced if damaged. Circuit breakers must be maintained on a regular basis to

ensure their mechanical operation during an interruption. This is not the case with fuses, in

which no mechanical operation is required for the fuse to operate under fault conditions.

In a multi-phase power circuit, if only one fuse opens, the remaining phases will have higher

than normal currents, and unbalanced voltages, with possible damage to motors. Fuses only

sense over-current, or to a degree, over-temperature, and cannot usually be used

independently with protective relaying to provide more advanced protective functions, for

example, ground fault detection.

Some manufacturers of medium-voltage distribution fuses combine the over-current

protection characteristics of the fusible element with the flexibility of relay protection by

adding a pyrotechnic device to the fuse operated by external protection relays.

7. Circuit Breaker Operation

All circuit breakers have common features in their operation, although details vary

substantially depending on the voltage class, current rating and type of the circuit breaker.

ion; in low-voltage circuit breakers this is usually done within the breaker enclosure. Circuit

breakers for large currents or high voltages are usually arranged with pilot devices to sense a

fault current and to operate the trip opening mechanism. The trip solenoid that releases the

latch is usually energized by a separate battery, although some high-voltage circuit breakers
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are self-contained with current transformers, protection relays, and an internal control power

source.

Once a fault is detected, contacts within the circuit breaker must open to interrupt the circuit;

some mechanically stored energy within the breaker is used to separate the contacts, although

some of the energy required may be obtained from the fault current itself. The stored energy

may be in the form of springs or compressed air. Small circuit breakers may be manually

operated; larger units have solenoids to trip the mechanism, and electric motors to restore

energy to the springs.

The circuit breaker contacts must carry the load current without excessive heating, and must

also withstand the heat of the arc produced when interrupting the circuit. Contacts are made

of copper or copper alloys, silver alloys, and other materials. Service life of the contacts is

limited by the erosion due to interrupting the arc. Miniature circuit breakers are usually

discarded when the contacts are worn, but power circuit breakers and high-voltage circuit

breakers have replaceable contacts.

8. Functions of Circuit Breaker and Fuse

Circuit breakers and fuses have the following functions:

 Guard against overheating of conductors from over current.

 Provide protection from a dead short, which is a condition caused by direct contact of the

circuit conductors.

 A fuse melts when its temperature reaches the melting point of the fuse material. This

temperature can be reached by current flow or from the surrounding ambient temperature.

9. Categories of Electrical Equipment

The electrical equipments can be classified as follows:

 Fixed conductors including switches, protective devices, and outlets

 Portable equipment such as appliances, movable lamps, and tools

 Portable equipment poses more of a threat because it is more likely to be moved or changed

by the owner or tenant

 Appliances are subject to more misuse and can be added together to pose additional risks
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Topic Objective:

At the end of this topic, the student would be able to:

 Learn about the types of fibers

 Learn about the flammability of fibers

 Learn about why fibers burn?

Definition/Overview:

According to the U.S. Consumer Product Safety Commission (CPSC), fabric-related fires

(i.e., structural fires where some fabric or fabric-covered material was the first fuel to be

ignited) accounted for 19.3 percent of all residential fires in the United Statesin 19992002

and were involved in approximately 43 percent of all residential fire deaths. This means that

upholstered furniture, bedding, mattresses, garments, carpets, and draperies accounted for an

estimated 59,200 fires and 1,384 deaths each year (19992002).

Ignition was caused by cigarettes or other smoking materials in approximately 64 percent of

fires in upholstered furniture (and a much smaller percentage of garment fires), while open

flames ignited 19 percent of all fires in upholstery. (Cigarettes and smoking materials were

the ignition cause in 15 percent of all residential firessome 70,500 fires.) While garment fires

often may not go on to causeactual structural damage, it has been estimated that during

19992002, 120 people died and 150 were injured each year simply because their clothing

caught fire.

These figures have shown significant reductions as fire retardant materials have become more

commonly used and as public awareness of the hazards has increased. Reported home fires

starting in upholstered furniture declined by 68 percent from 1980 to 1997, compared to a

decline of 46 percent in the total number of reported home fires. In spite of this progress, fires

in which fabrics are the first materials to be ignited are still a very common occurrence. The

fire investigator should be familiar with the nature of common fabrics and upholstery

materials and their contributions to both ignition hazard and fuel loads in todays structures.
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Key Points:

1. Types of Fibers

Wool: It causes minimal fire hazard because of its high nitrogen and moisture content

Cotton: It is the most flammable of the common natural fibers

Linen: It is a type of cloth from predominantly fine fibers is expected to burn more freely

than that from coarser fibers

Kapok: It is highly flammable and exceeds cotton significantly

Silk: It is not easily ignited in bulk but is often woven into a thin or sheer fabric that can burn

quickly once ignited

2. Flammability Standards for Childrens Cloths

Enforcement responsibilities were divided between the Department of Commerce and the

Federal Trade Commission (FTC). In 1971, the smaller sizes (0 to 6X) of sleepwear sold in

the United Statescame under the control of DOC FF 3-71 (now known as 16 CFR 1615). The

larger sizes (7 to 14) were incorporated into the regulations under DOC FF 5-74 (now 16

CFR 1616).

3. Flammability of Fibers

The way a fabric burns depends partly on its fiber content. The Table below describes typical

burning characteristics of fibers, ranking them from the most to least hazardous.

 Natural Fibers: These types of fibers Burn with a yellow flame, light smoke, and have

glowing embers. Cellulosic fibers do not melt or draw away from flames.

 Manufactured Fibers: These fibers can burn quickly when ignited, but they behave

somewhat differently as they burn. They burn similarly to cotton and linen, except they may

shrink up and become tighter. They burn with a rapid flame and melts when burning. These

fibers may melt and pull away from small flames without igniting. Melted area may drip off

clothing carrying flames with it. When flames have died out, the hot, molten plastic residue is

difficult to remove.

 Synthetic Fibers: Synthetic fibers may catch fire quickly or shrink from the flame initially,

but ultimately, they will sputter, flame, and melt to the skin or the flaming melt will drop to

the floor. They burn similarly to acetate, except that it burns with a very heavy dense black

smoke. It drips excessively. Burn slowly and melt when burning. May melt and pull away

from small flames without igniting. Melted area may drip off clothing carrying flames with it

but not to the extent of acetate and acrylic.
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 Protein Fibers: Protein fibers are difficult to ignite. They may self-extinguish, but this varies

depending on the closeness of the weave or knit (fabric density) and other finish treatments.

These fibers burn slowly and are difficult to ignite. May self extinguish

 Flame Resistant Fabrics: These are difficult to ignite, burn slowly and go out when the

source of the flame is removed. Burn very slowly with melting. These may melt and pull

away from small flames without igniting. Self extinguishes.

 Blended Fibers: Sometimes, blends are more dangerous than either fiber. For example,

fabrics of 50 percent cotton and 50 percent polyester tend to burn longer than a similar fabric

of either cotton or polyester.Heavy close structures ignite with difficulty and burn more

slowly than light, thin, or open fabrics.

 In general, summer weight clothing is more likely to catch fire than winter weight fabrics.

However, heavy weight fabrics burn longer when ignited, because there is more flammable

material present.

 Fabrics with more of the fiber surface area exposed to air have more oxygen available to

support burning and therefore burn more easily. Thus, thin, gauzy fabrics, lace, or brushed

fabrics can be very flammable.

 Fabrics with a napped or brushed surface of fine fibers can catch fire easily because of the

greater amount of fiber surface exposed to oxygen in the air.

4. Why Fabrics Burn?

All fabrics will burn but some are more combustible than others. Untreated natural fibers

such as cotton, linen and silk burn more readily than wool, which is more difficult to ignite

and burns with a low flame velocity.

The weight and weave of the fabric will affect how easily the material will ignite and burn.

Recommended fabrics are materials with a tight weave - wool, modacrylic, 100 percent

polyester and those that are flame-retardant treated. Heavy, tight weave fabrics will burn

more slowly than loose weave, light fabrics of the same material. The surface texture of the

fabric also affects flammability. Fabrics with long, loose, fluffy pile or "brushed" nap will

ignite more readily than fabrics with a hard, tight surface and in some cases will result in

flames flashing across the fabric surface.

Most synthetic fabrics, such as nylon, acrylic or polyester resist ignition. However, once

ignited, the fabrics melt. This hot, sticky, melted substance causes localized and extremely

severe burns. When natural and synthetic fibers are blended, the hazard may increase because
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the combination of high rate of burning and fabric melting usually will result in serious burns.

In some cases, the hazard may be greater than that of either fabric individually.

Curtains, draperies and other articles in the home can have their burning rates reduced with

flame retardants applied through chemical treatment. Such flame-retardant treatment after

manufacturing is not recommended for clothing.

The design of clothing also may influence the flammability of the garment. Full, long and

loose garments tend to ignite easily and have a higher rate of burning since more material is

exposed to the atmosphere than with close-fitting garments.

Flame-retardant materials used in garments require special laundering to maintain the flame-

retardant effectiveness. Flame-retardant materials should be washed only with standard

detergents. Clothing labels usually provide adequate information about the care of the

garment.

Recommended clothing for minimum flammability would be sturdy jeans, tight-fitting

jerseys, blouses without frills, jersey pajamas with no ruffled nightgowns, clothes with tight-

fitting or short sleeves, clothes made from flame-retardant fabrics, sweaters, shirts and

dresses that are not loose, flowing or too big. Clothing made from flame-retardant fabric is

recommended especially for the elderly

In Section 4 of this course you will cover these topics:
Explosions And Explosive Combustion

Chemical Fires And Hazardous Materials

Laboratory Services

Topic Objective:

At the end of this topic, the student would be able to:

 Learn about flammable liquids and fires

 Learn about the criteria of explosion of vapors

 Understand the four Rs of investigation

 Understand the four Cs of criminal bombings

 Learn about explosive mixtures and concentrated explosives

 Understand the difference between explosion, deflagration and detonation
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Definition/Overview:

Fires and explosions so frequently accompany each other that no treatise on fire and its

investigation would be complete without some special consideration of the nature and role of

explosions. Explosions range in violence from the diffused type of rolling, progressive flame

resulting from the combustion of a rich mixture of flammable gases or vapors in air, to the

violent, almost instantaneous detonation of condensed-phase explosives.

The destructive effects of these explosions vary widely and may involve broken windows and

dislodged bricks from a diffuse gas explosion or the shattering blow of a high-explosive

detonation. In general, an explosion may be defined as the sudden conversion of potential

chemical energy to kinetic physical energy in the form of pressure, heat, and sometimes light,

as gases are generated or released.

Key Points:

1. Fire and Flammable Liquids

Although fires involving the vapors of flammable liquids can fall into the descriptive class of

combustion, de-pending on circumstances of fuel, mixing, concentration, deflagration, and

confinement, and deflagration, they can readily achieve the next, more violent, class of

oxidation.

2. Criteria for Explosion of Vapors

There are four criteria for explosion of vapors.

 The temperature of the source is well above the autoignition temperature of the flammable

material involved

 The fuel-air mixture is within its explosive range

 The conditions last long enough for enough heat to be transferred to the fuel

 The mixture must be in its right concentration where in contact with ignition source
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3. Detonation of Nitrogen Compounds

Compounds of nitrogen tend suddenly to rearrange themselves to yield elemental nitrogen. In

doing so, they release their potential chemical energy as heat and light in an explosively

sudden manner.

4. The Four Rs of Investigation

The four Rsof investigation are:

 Recognitionincludes assessment of the blast damage.

 Recoveryinvolves the physical process of picking up evidence, its documentation, and

preservation.

 Reassemblythe device or mechanism.

 Reconstructionwhat was present, what was the initiator, how did it happen, and who was

present?

5. The Four Cs of Criminal Bombings

The four Cs of criminal bombings are:

 Containerwhat evidence do we have for the means of containment of gases, vapors, or low

explosives?

 Concealmentwas the material concealed in some manner to prevent premature discovery?

 Contentwhat was the actual explosive material?

 Connectionsany physical arrangement or sequence of events which could initiate an

explosion

6. Explosive Mixture

Explosive mixtures are composed of distinct substances, carefully prepared and mechanically

conglomerated in varying proportions. Black Powder is a typical example of an explosive

mixture.

7. Concentrated Explosives

Concentrated explosives normally are employed in mining, demolition, and military

warheads. Concentrated explosive compound detonates at rates ranging from 1,000 to 9,000
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meters per second, and are, conventionally, subdivided into two explosives classes,

differentiated by sensitivity:

 Primary explosives: These are extremely sensitive to mechanical shock, friction, and heat, to

which they will respond by burning rapidly or detonating.

 Secondary explosives: These are also called base explosives, are relatively insensitive to

shock, friction, and heat. They may burn when exposed to heat or flame in small, unconfined

quantities, but detonation can occur. These are sometimes added in small amounts to blasting

caps to boost their power. Dynamite, TNT, RDX, PETN, HMX, and others are secondary

explosives. PETN is the benchmark compound; compounds more sensitive than PETN are

classed as primary explosives.

8. Difference of Explosion, Deflagration and Detonation

An explosion is a sudden increase in volume and release of energy in an extreme manner,

usually with the generation of high temperatures and the release of gases. An explosion

creates a shock wave. Deflagration is a process of subsonic combustion that usually

propagates through thermal conductivity. Deflagration is different from detonation.

Detonation is a process of supersonic combustion in which a shock wave is propagated

forward which is supersonic and propagates through shock wave. Damage to buildings,

equipment and people can result from a large-scale short-duration deflagration. The nature of

the damage is primarily a function of the total amount of fuel burned in the event, the

maximum flame velocity that is achieved, and the manner in which the expansion of the

combustion gases is contained.

In free-air deflagrations, there is a continuous variation in deflagration effects relative to

maximum flame velocity. When flame velocities are low, the effect of a deflagration is the

release of heat. Some authors use the term flash fire to describe these low-speed

deflagrations. At flame velocities near the speed of sound, the energy released is in the form

of pressure and the results resemble a detonation. Between these extremes both heat and

pressure are released.

When a low-speed deflagration occurs within a closed vessel or structure, pressure effects can

produce damage due to expansion of gases, as a secondary effect. The heat released by the

deflagration causes the combustion gases and excess air to try to expand thermally as well.
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The net result is that the volume of the vessel or structure needs to either expand/fail to

accommodate the hot combustion gases, or build internal pressure to contain them.

On the other hand, detonation is a process of supersonic combustion in which a shock wave is

propagated forward due to energy release in a reaction zone behind it. It is the more powerful

of the two forms of explosion. The shock compresses the material thus increasing the

temperature to the point of ignition. The ignited material burns behind the shock and releases

energy that supports the shock propagation. This self-sustained detonation wave is different

from a deflagration that propagates at a subsonic speed and without a shock. Because

detonations generate high pressures, they are usually much more destructive than

deflagrations.

The simplest theory to predict the behavior of detonations in gases is known as Chapman-

Jouguettheory, developed around the turn of the 20th century. This theory, described by a

relatively simple set of algebraic equations, models the detonation as a propagating shock

wave accompanied by exothermic heat release. Such a theory confines the chemistry and

diffusive transport processes to an infinitely thin zone.

ZND theory admits finite-rate chemical reactions and thus describes a detonation as an

infinitely thin shock wave followed by a zone of exothermic chemical reaction. In the

reference frame in which the shock is stationary, the flow following the shock is subsonic.

Because of this, energy release behind the shock is able to be transported acoustically to the

shock for its support. For a self-propagating detonation, the shock relaxes to a speed given by

the Chapman-Jouguetcondition, which induces the material at the end of the reaction zone to

have a locally sonic speed in the reference frame in which the shock is stationary. In effect,

all of the chemical energy is harnessed to propagate the shock wave forward.

Both CJ and ZND theories are one-dimensional and steady. However, in the 1960's

experiments revealed that gas-phase detonations were most often characterized by unsteady,

three-dimensional structures, which can only in an averaged sense be predicted by one-

dimensional steady theories. Modern computations are presently making progress in

predicting these complex flow fields. Many features can be qualitatively predicted, but the

multi-scale nature of the problem makes detailed quantitative predictions very difficult.
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Topic Objective:

At the end of this topic, the student would be able to:

 Understand the difference between a safety match and a strike-anywhere-match

 Learn about the hazardous material

Definition/Overview:

Not every building or vehicle contains the same predictable fuels of wood, paper, textiles,

and petroleum products. If they did, the fire investigators task would be fairly simplethe

physical properties, flammabilities, and fire behavior would all fall into fairly narrow

categories for easy analysis and reconstruction.

Unfortunately, this is not the case; many fires involve and, in fact, begin because of

hazardous materials of various types. Not only can these materials make the ignition of a fire

much more likely than with normal fuels, they can make the fire much more intense,

dramatically increase the rate of fire spread, and make the suppression of the fire more

hazardous by producing toxic gases. It is beyond the scope of this volume to discuss all

possible hazardous materialssolids, liquids, and gases. The reader is referred to specialized

texts in this area. Instead, the characteristics of the materials most commonly encountered

will be discussed, along with the effects they may be expected to have on a fire scene.

Key Points:

1. Difference between Safety Matches and Strike-anywhere-Matches

The head of the strike-anywhere match contains all the chemicals necessary to obtain ignition

from frictional heat, while the safety match has a head that ignites at a much higher

temperature and must be struck on a specially prepared surface containing ingredients that

pass ignition across to the head. The substance commonly used for obtaining combustion at

the temperature of frictional heat is a compound of phosphorus. This substance is found in the

head of strike-anywhere matches and in the striking surface of safety matches. In addition to

the phosphoric igniting agent, three other main groups of chemicals are found in the match:
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 Oxidizing agents, such as potassium chlorate, which supply oxygen to the igniting agent and

the other combustible materials

 Binders, such as animal glue, starches and gums, and synthetics, which bind the ingredients

and are oxidized during combustion; post-combustion binders, such as ground glass, which

fuse and hold the ash together, must also be used

 Inert materials, such as diatomaceous earth, which provide bulk and regulate the speed of

reaction

 Safety matches normally require frictional contact with a striker containing red phosphorus

and powdered glass in a binder

 Strike-anywhere matches allow the tip to ignite when struck against any hard surface

2. Hazardous Material

Hazardous materials come in the form of explosives, flammable and combustible substances,

poisons, and radioactive materials. These substances are most often released as a result of

transportation accidents or because of chemical accidents in plants.

A dangerous good is any solid, liquid, or gas that can harm people, other living organisms,

property, or the environment. An equivalent term, used almost exclusively in the United

States, is hazardous material (hazmat). Dangerous goods may be radioactive, flammable,

explosive, toxic, corrosive, biohazardous, an oxidizer, an asphyxiant, a pathogen, an allergen,

or may have other characteristics that render it hazardous in specific circumstances.

Mitigating the risks associated with hazardous materials may require the application of safety

precautions during their transport, use, storage and disposal. Most countries regulate

hazardous materials by law, and they are subject to several international treaties as well.

Persons who handle dangerous goods will often wear protective equipment, and metropolitan

fire departments often have a response team specifically trained to deal with accidents and

spills. Persons who handle or potentially come into contact with dangerous goods as part of

their work are also often subject to monitoring or health surveillance to ensure that their

exposure does not exceed occupational exposure limits.

Laws and regulations on the use and handling of hazardous materials may differ depending

on the activity and status of the material. For example one set of requirements may apply to

their use in the workplace while a different requirement may apply to spill response, sale for

consumer use, or transportation. Most countries regulate some aspect of hazardous materials.

The most widely applied regulatory scheme is that for the transportation of dangerous goods.

The Committee of Experts on the Transport of Dangerous Goods of the United Nations
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Economic and Social Council issues Model Regulations on the Transportation of Dangerous

Goods. Most regional and national regulatory schemes for hazardous materials are

harmonized to a greater or lesser degree with the UN Model Regulation. For instance, the

International Civil Aviation Organization has developed regulations for air transport of

hazardous materials that are based upon the UN Model but modified to accommodate unique

aspects of air transport. Individual airline and governmental requirements are incorporated

with this by the International Air Transport Association to produce the widely used IATA

Hazardous Material Regulations. Similarly, the International Maritime Organization has

developed the IMO Dangerous Goods Regulations for transportation on the high seas. Many

individual nations have also structured their dangerous goods transportation regulations to

harmonize with the UN Model in organization as well as in specific requirements. Hazardous

materials are divided into classes on the basis of the specific chemical characteristics

producing the risk

Topic Objective:

At the end of this topic, the student would be able to:

 Learn about investigation of burned materials

 Learn about the handling of burned documents

 Learn about the apparatus used to determine flash points

 Learn about the uses of gas chromatography

 Discuss methods for debris analysis

 Understand the concept of heated headspace technique

 Understand the concept of latent finger printing

Definition/Overview:

There are instances when even an experienced fire investigator requires an analysis or

interpretation of the physical evidence relating to fire causation or spread which entails the

services of a laboratory specialist. In fact, it is the wise and experienced investigators who

recognize the limitations of their own knowledge, beyond which they must take advantage of

other experts to ensure that the investigation is complete and accurate.
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The less experienced may try to overextend their expertise and offer erroneous or misleading

interpretations of evidence which can embarrass themselves and their clients. It is well worth

the time and effort for the investigator to anticipate the need for such experts and determine

their availability before they are needed in a crucial case.

Many such experts may be described as forensic scientistsforensic chemists, forensic

engineers, and the like. The term forensic means having to do with a court of law, so such

terms refer to the application of a scientific discipline to problems having to do with the law.

Key Points:

1. Importance of Investigating Burned Materials

By verifying the composition of even partial remains, laboratory identification can be crucial

in detecting the substitution of less valuable items for heavily insured objects like jewelry,

art, or clothes in cases of insurance fraud.

2. Handling Burned Documents

Documents should be disturbed as little as possible and carefully eased, using a piece of stiff

paper or thin cardboard, onto a cushion of loosely fluffed cotton wool. This cotton is placed

into a rigid box of suitable size and a layer of fluffed cotton wool placed over the documents

to keep them in place. A document may be burned either by accident or on purpose. Either

way, handling a charred or burned document is one of the most difficult tasks a crime lab can

face. The documents must be transferred to the crime lab with the utmost care and are often

hand delivered in a cotton or wool- lined box. Once the document is in the lab, the forensic

scientist begins the careful process of reading it. First, the forensic scientist must flatten the

burned document without causing it fall apart. The glycerin and water solution used in the

activity softened the burned paper so that you could flatten it. Forensic scientists used a

similar procedure. They float burned sheets in a large tray containing a mixture of glycerin,

alcohol, and a chemical called choral hydrate to soften the paper.

Once the document is flattened, the forensic scientist tries to read it. Most ballpoint pen inks

contain a small amount of metal in the dyes. These metals are able to survive fire, so anything

written with a ballpoint pen can be seen when the paper is flattened. The forensic scientist

then photographs the document as evidence. If the writing on the document is not easily
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visible, the forensic scientist will sometimes photograph the burned document with special

film called infer red film. This film enhances the writing on the document and helps make it

more visible.

3. X-ray Analysis of Appliance Wiring

X- Ray analysis may be used if the contacts and housing are arranged to permit cross-

sectional viewing. Soft x-rays have also been of value in examining thermal cutoffs used to

protect coffee makers and other similar appliances from overheating and cartridge-type fuses.

X-ray examination is non-destructive.

4. Apparatus for Determining Flash Point

The following apparatus is used in determining the flash point:

 Tagliabue (Tag)

 Closed Cup (FP below 175 F)

 Pensky-Martens (FP above 175 F)

 Tag Open Cup

 Cleveland Open Cut

 Setaflash

5. Uses of Gas Chromatography

Gas-liquid chromatography (GLC), or simply gas chromatography (GC), is a type of

chromatography in which the mobile phase is a carrier gas, usually an inert gas such as

helium or an un-reactive gas such as nitrogen, and the stationary phase is a microscopic layer

of liquid or polymer on an inert solid support, inside glass or metal tubing, called a column.

The instrument used to perform gas chromatographic separations is called a gas

chromatograph (also: aerograph, gas separator).

Gas Chromatography is different from other forms of chromatography (HPLC, TLC, etc.)

because the solutions travel through the column in a gas state. The interactions of these

gaseous analyses with the walls of the column (coated by different stationary phases) causes

different compounds to elute at different times called retention time. The comparison of these

retention times is the analytical power of GC. This makes it very similar to HPLC. The gas

chromatography is used for two major purposes in laboratory investigation:
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 Screening of samples to determine which contain adequate volatile ignitable liquids for

identification

 For the identification itself once a volatile has been isolated

6. GC Analysis

A gas chromatograph is a chemical analysis instrument for separating chemicals in a complex

sample. A gas chromatograph uses a flow-through narrow tube known as the column, through

which different chemical constituents of a sample pass in a gas stream (carrier gas, mobile

phase) at different rates depending on their various chemical and physical properties and their

interaction with a specific column filling, called the stationary phase. As the chemicals exit

the end of the column, they are detected and identified electronically. The function of the

stationary phase in the column is to separate different components, causing each one to exit

the column at a different time (retention time). Other parameters that can be used to alter the

order or time of retention are the carrier gas flow rate, and the temperature.

In a GC analysis, a known volume of gaseous or liquid analyte is injected into the "entrance"

(head) of the column, usually using a microsyringe(or, solid phase micro extraction fibers, or

a gas source switching system). As the carrier gas sweeps the analyte molecules through the

column, this motion is inhibited by the adsorption of the analyte molecules either onto the

column walls or onto packing materials in the column. The rate at which the molecules

progress along the column depends on the strength of adsorption, which in turn depends on

the type of molecule and on the stationary phase materials. Since each type of molecule has a

different rate of progression, the various components of the analyte mixture are separated as

they progress along the column and reach the end of the column at different times (retention

time). A detector is used to monitor the outlet stream from the column; thus, the time at

which each component reaches the outlet and the amount of that component can be

determined. Generally, substances are identified (qualitatively) by the order in which they

emerge (elute) from the column and by the retention time of the analyte in the column.

7. Application of Gas Chromatography

In general, substances that vaporize below ca. 300 C (and therefore are stable up to that

temperature) can be measured quantitatively. The samples are also required to be salt-free;

they should not contain ions. Very minute amounts of a substance can be measured, but it is
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often required that the sample must be measured in comparison to a sample containing the

pure, suspected substance.

Various temperature programs can be used to make the readings more meaningful; for

example to differentiate between substances that behave similarly during the GC process.

Professionals working with GC analyze the content of a chemical product, for example in

assuring the quality of products in the chemical industry; or measuring toxic substances in

soil, air or water. GC is very accurate if used properly and can measure picomoles of a

substance in a 1 ml liquid sample, or parts-per-billion concentrations in gaseous samples.

In practical courses at colleges, students sometimes get acquainted to the GC by studying the

contents of Lavender oil or measuring the ethylene that is secreted by Nicotianabenthamiana

plants after artificially injuring their leaves. These GC analyses hydrocarbons (C2-C40+). In

a typical experiment, a packed column is used to separate the light gases, which are then

detected with a TCD. The hydrocarbons are separated using a capillary column and detected

with an FID. A complication with light gas analyses that include H2 is that He, which is the

most common and most sensitive inert carrier (sensitivity is proportional to molecular mass)

has an almost identical thermal conductivity to hydrogen (it is the difference in thermal

conductivity between two separate filaments in a Wheatstone Bridge type arrangement that

shows when a component has been eluted). For this reason, dual TCD instruments are used

with a separate channel for hydrogen that uses nitrogen as a carrier are common. Argon is

often used when analysing gas phase chemistry reactions such as F-T synthesis so that a

single carrier gas can be used rather than 2 separate ones. The sensitivity is less but this is a

tradeoff for simplicity in the gas supply.

8. Passive Absorption Methods for Debris Analysis

These techniques are very sensitive to all types of volatiles, require no heating or

manipulation of the samples, and can be repeated again and again because they take up only a

small fraction of the volatiles each time. They are suitable for all kinds of debris, and are

especially valuable for debris that will be examined for trace evidence or latent fingerprints.

Fire debris contains many volatile flammable components. If an accelerant, such as gasoline,

turpentine, or paint thinner, has been added to the naturally present combustible materials; it

often may be detected and identified by modern chemical analysis techniques.
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Fire debris can be tested by the use of gas chromatography with flame ionization detection

(GC/FID) and headspace sampling of volatile flammable materials. It also can be analyzed by

gas chromatography with mass spectrometric (GC/MS or GC/MS/MS) detection of the same

volatile flammable materials after concentration of the vapors with solid adsorbent.

GC/FID:This method is more sensitive to volatile flammables, but is less specific than is

GC/MS. It also costs about half as much to perform. Normally, GC/FID is more than

adequate for the detection and identification of hydrocarbon based flammable materials.

However, it does not provide the assurance of identification of less-common compounds that

GC/MS does.

GC/MS: This method uses the enormous discriminatory power of mass spectrometry to

enhance the specificity of the fire debris analysis. That is, we are able to state, with even

greater assurance, that a particular compound, and no other, is present in the fire debris. Fire

debris can be examined for the presence of illegal drugs and other contraband which may be

of concern in the legal outcome of a fire claim.

9. Heated Headspace Technique

The technique of head space analysis is often used to determine contaminants in air when in

equilibrium with different types of materials. The deterioration of certain foods is

accompanied by the characteristic generation of low molecular weight organic acids,

aldehydes and ketones. Consequently, an analysis of the air above, and in equilibrium with

the food could identify spoiling, and in fact, determine the extent to which the food had

deteriorated. A quite different application would be to identify the components contributing

to the fragrance of a flower by analyzing the air that surrounds it. The procedure is to place

the material of interest in a flask fitted with a serum cap and the sample given time to become

in equilibrium with the air in side the flask. A sample of air is then removed from the flask by

drawing the air through a tube containing and adsorbent (usually a reversed phase packing)

by means of a syringe. The material is then desorbed from the adsorbent by a suitable solvent

such as methanol or acetonitrile and a sample of the displacement liquid injected onto a GC

or LC column.

The 'headspace' is the gas space in a chromatography vial above the sample. Headspace

analysis is therefore the analysis of the components present in that gas. Headspace GC is used

for the analysis of volatiles and semi-volatile organics in solid, liquid and gas samples. The

popularity of this technique has grown over recent years and has now gained worldwide

acceptance for analyses of alcohols in blood and residual solvents in pharmaceutical

products. Other common applications include industrial analyses of monomers in polymers
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and plastic, flavor compounds in beverages and food products, and fragrances in perfumes

and cosmetics.

It is most suited for the analysis of the very light volatiles in samples that can be efficiently

partitioned into the headspace gas volume from the liquid or solid matrix sample. Higher

boiling volatiles and semi-volatiles are not detectable with this technique due to their low

partition in the gas headspace volume.

Headspace analysis also lends itself to automation for quality control or sample screening.

This is made possible by modern instrumentation being able to reproducibly prepare samples

in an efficient manner. Complex sample matrices, which would otherwise require sample

extraction or preparation, or be difficult to analyse directly, are ideal candidates for

headspace since they can be placed directly in a vial with little or no preparation. It is not as

sensitive as others, and a negative result merely indicates that no high concentration of

volatile exists and that another isolation technique is suggested.

10. Latent Fingerprints

Latent fingerprints are those requiring some sort of physical or chemical treatment to make

them visible. They consist of water, skin oils, proteins, salts, and contaminants. In forensics,

latent fingerprints are marks left at the scene of a crime which may not be immediately

visible to the naked eye. To expose latent fingerprints, technicians use fingerprint powder,

fuming, and other techniques. Identifying latent fingerprints is an important part of evidence

collection, and many technicians specialize in retrieving fingerprints from crime scenes and

analyzing them in the lab in order to assist law enforcement with apprehending criminals.

The hands and feet are naturally oily, due to the eccrine glands, which secrete sweat, a

mixture of water, salts, and other trace compounds. The sweat adheres to the friction ridges of

the finger, and when a finger is placed on a surface such as glass, plastic, or wood, an

impression known as a fingerprint will be left behind. The natural oils of the body preserve

the fingerprint, which is utterly distinct; no two humans have the same fingerprints.

Latent fingerprints are usually left behind by accident, because a careless criminal did not

realize that his or her hands might leave a mark. Sometimes, latent fingerprints are made

from substances other than sweat such as blood, other body fluids, or paint. Part of the

analysis performed on latent fingerprints includes a determination of what the fingerprint was

made from, as this may provide additional evidence about the criminal or the crime.

When investigators arrive at a crime scene, one of the first things they do after photographing

the entire scene is dust for latent fingerprints. Dusting for fingerprints ensures that no prints

are missed, even if patent fingerprints, prints readily visible to the naked eye, are evident.
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Specialized fingerprint powder is gently brushed over surfaces which may hold fingerprints

to see if any appear. If latent fingerprints emerge after dusting, they are photographed and

then carefully lifted with clear tape before being affixed to fingerprint cards. For difficult

surfaces, another process known as fuming may be used to find latent fingerprints. Fuming

can be used for very old fingerprints, because it causes a chemical reaction with trace

substances which may be left behind by a fingerprint, even if the sweat itself is gone.

The fingerprints are brought back to a crime lab for analysis, which usually starts with

scanning them into a computer and cross checking them against a criminal database for

matches. In the United States, the Integrated Automatic Fingerprint Identification System

(IAFIS) is a national database of fingerprints which police investigators can use to get more

information about prints found at crime scenes. The electronic database contains over 47

million records, and can be used to instantly check fingerprints from a crime scene.

Fingerprint records for IAFIS come from criminals, as well as citizens who are fingerprinted

as part of a routine background check, and the substantial database greatly assists law

enforcement in their jobs.

The latent finger mark, deposited by the fingertip pattern, is a complex mixture of natural

secretions and contaminations from the environment. Three types of glands are responsible

for the natural secretions of the skin, the sodoriferouseccrineand apocrine glands, and the

sebaceous glands. The soporiferous glands are distributed all over the body and produce the

sweat. The secretory body of each gland is formed of a long coiled tube situated in the

subcutaneous layers of the skin. The glands transverse the epidermal layers to open at the

summits of the papillary ridges to form 'sweat' or soporiferous pores. Sweat is an aqueous

solution produced by the cells of the secretory body, without loss of cell cytoplasm for the

eccrine glands in contrast with apocrine glands - this explains the difference in chemical

composition between these two types of secretion. Eccrinesweat is approximately 98.5 per

cent water, the remainder being principally made up of mineral salts, eg, sodium chloride,

organic acids, urea and sugars.

The palms of the hands and the soles of the feet produce only eccrinegland secretions,

whereas the apocrine glands are located in the groin, in the arm pits, and in the

perianalregions, where they generally open at the hair follicles. The sebaceous glands are

found on the chest and the back, where they are associated with hair roots, and on the

forehead, the lips of the vagina, the glands of the penis, and the mammary areolae. These

glands secrete an oil, the sebum, which serves to protect the skin and hair against water, to act
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as a lubricant, and also to help absorb fat, lipid, soluble substances. The fatty substances

secreted by the sebaceous glands are not water-soluble.

As the ridges of the hands are covered exclusively by eccrine glands, eccrine gland secretions

are present to some degree in every latent fingerprint. Contamination by sebaceous gland

secretions is also very common, whereas that from the apocrine glands is much rarer but may

be important in certain crimes, eg, crimes of a sexual nature. Sebaceous material is often

transferred onto the hands by contact between the hand and the forehead, the nose and the eye

region of the head. This is encouraged unwittingly by irritation, by common postures when

sitting, eg, rubbing the forehead, and by other natural everyday occurrences, such as combing

the hair.

Latent finger marks can be of the type discussed above, where materials emanating from the

human body are the basic for the chemical composition of the latent print. However,

contaminants from the workplace which dirty the hands are also valuable when detecting

latent prints. Blood is an agent that abounds at the scene of certain crimes of violence and can

sometimes be the major contaminant which provides the print. Where the print deposit is

heavy, it can be detected visibly, for lighter prints, enhancement can normally be achieved by

the application of blood staining reagents

In Section 5 of this course you will cover these topics:
Fire-Related Deaths And Injuries

Arson As A Crime

Other Investigative Topics

Topic Objective:

At the end of this topic, the student would be able to:

 Understand the considerations that have to be taken care of while investigating the human

remains

 Learn about the effects of fire on a human body

 Learn about the internal suffocation and the causes of Carbonmonoxide Poisoning

 Learn about the factors affecting the absorption rate of Carbonmonoxide
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 Learn about the sources of Carbonmonoxide Asphyxiation

Definition/Overview:

Death frequently accompanies fires. Structure fires, whether accidental or incendiary, have a

high potential for causing human fatalities. Fire is a leading cause of accidental death in the

United States, estimated to have claimed more than 3,900 civilian victims in 2003 and 2004.

Approximately 80 percent of all fire deaths occur in the home (representing a fairly constant

percentage in recent years), with approximately 25 percent occurring in commercial or

industrial buildings and 1213 percent in vehicles. Arson is used as both an agent of murder

and to destroy evidence of a previously committed crime.

Every fire investigator must be prepared to deal with fire scenes where there has been a loss

of human life. Most fatalities in fires are not directly the result of the effects of the flames but

rather of the asphyxiation caused by replacement of breathable air by toxic gases. In fact,

about three times as many victims die from asphyxiation as from fire- or explosion-caused

injuries. Subsequent exposure to fire then causes destruction of the body. No matter what the

actual cause of death, the finding of a victim amidst the ashes institutes a new series of

investigative steps. Deaths from fires are not always instantaneous; they may occur hours,

days, or weeks after the fire. For this reason, every fire that produces a serious injury to an

occupant (serious enough to warrant hospitalization) should be con-sidered a potential fatal

fire and should be treated accordingly.

Key Points:

1. Questions to be considered while Investigating Human Remains

The following questions must be considered while investigating human remains at a fire

scene:

 Are the remains human?

 Who is the victim?

 What was the cause of death?

 What was the manner of death?

 Was the person alive and conscious at the time of the fire? Why did they not escape?

 Was the death due to the fire or only associated with it?
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2. Effects of Fire on Human Body

Spontaneous combustion occurs when an object -- in the case of spontaneous human

combustion, a person -- bursts into flame from a chemical reaction within, apparently without

being ignited by an external heat source.

The first known account of spontaneous human combustion came from the Danish anatomist

Thomas Bartholin in 1663, who described how a woman in Paris "went up in ashes and

smoke" while she was sleeping. The straw mattress on which she slept was unmarred by the

fire. In 1673, a Frenchman named Jonas Dupont published a collection of spontaneous

combustion cases in his work "De Incendiis Corporis Humani Spontaneis."

The hundreds of spontaneous human combustion accounts since that time have followed a

similar pattern: The victim is almost completely consumed, usually inside his or her home.

Coroners at the scene have sometimes noted a sweet, smoky smell in the room where the

incident occurred.

What makes the charred bodies in the photos of spontaneous human combustion so peculiar

is that the extremities often remain intact. Although the torso and head are charred beyond

recognition, the hands, feet, and/or part of the legs may be unburned. Also, the room around

the person shows little or no signs of a fire, aside from a greasy residue that is sometimes left

on furniture and walls. In rare cases, the internal organs of a victim remain untouched while

the outside of the body is charred.

Not all spontaneous human combustion victims simply burst into flames. Some develop

strange burns on their body which have no obvious source, or emanate smoke from their body

when no fire is present. And not every person who has caught fire has died -- a small

percentage of people have actually survived what has been called their spontaneous

combustion. When heated, the flexor muscles and tendons shrink, resulting in what is known

as the pugilistic pose or fighters stance. This stance has been mistaken by some investigators

for a last-minute self-defense posture on the part of the victim.

2.1. Physical Properties of Spontaneous Human Combustion

The physical possibilities of spontaneous human combustion are remote. Not only is

the body mostly water, but aside from fat tissue and methane gas, there isn't much that

burns readily in a human body. To cremate a human body requires a temperature of

1600 degrees Fahrenheit for about two hours. To get a chemical reaction in a human

body that would lead to ignition would require some doing. If the deceased had

recently eaten an enormous amount of hay that was infested with bacteria, enough
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heat might be generated to ignite the hay, but not much besides the gut and intestines

would probably burn. Or, if the deceased had been eating the newspaper and drunk

some oil, and was left to rot for a couple of weeks in a well-heated room, his gut

might ignite. And in each of these ludicrous scenarios additional oxygen would have

to be introduced. These possibilities are so farfetched that I have no reason to believe

they, or anything like them, has ever occurred.

A more economical and reasonable theory of how human bodies burn in rooms

without having the entire room engulfed in flames is the idea of the wick effect. The

ignition point of human fat is low and to get the fire going would require an external

source. Once ignited, however, a "wick effect" from the body's fat would burn hot

enough in certain places to destroy even bones. To prove that a human being might

burn like a candle, Dr. John de Haan of the California Criminalistic Institute wrapped

a dead pig in a blanket, poured a small amount of gasoline on the blanket, and ignited

it. Even the bones were destroyed after five hours of continuous burning. The fat

content of a pig is very similar to the fat content of a human being. The damage to the

pig, according to Dr. De Haan "is exactly the same as that from supposed spontaneous

human combustion."

3. Internal Suffocation

CO combines with hemoglobin to form a complex called carboxyhemoglobinwith about 200

times the avidity or stability of the oxygen-hemoglobin complex. The intrusion of a material

that displaces the oxygen with a more stable and useless hemoglobin combination simply

serves to starve the cells of needed oxygen, causing an internal suffocation. Carbon monoxide

also interferes with the energy production cycle in cells.

It is a state of asphyxiation that results in the arrest of respiration. Carbon monoxide (CO)

poisoning occurs when carbon monoxide gas is inhaled. CO is a colorless, odorless, highly

poisonous gas that is produced by incomplete combustion. It is found in automobile exhaust

fumes, faulty stoves and heating systems, fires, and cigarette smoke. Other sources include

wood burning stoves, kerosene heaters, improperly ventilated water heaters and gas stoves,

and blocked or poorly maintained chimney flues. CO interferes with the ability of the blood

to carry oxygen. The result is headache, nausea, convulsions, and finally death by

asphyxiation.

3.1. Causes of CO Poisoning or Internal Suffocation

Normally when a person breathes fresh air into the lungs, the oxygen in the air binds

with a molecule called hemoglobin (Hb) that is found in red blood cells. This allows
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oxygen to be moved from the lungs to every part of the body. When the

oxygen/hemoglobin complex reaches a muscle where it is needed, the oxygen is

released. Because the oxygen binding process is reversible, hemoglobin can be used

over and over again to pick up oxygen and move it throughout the body.

Inhaling carbon monoxide gas interferes with this oxygen transport system. In the

lungs, CO competes with oxygen to bind with the hemoglobin molecule. Hemoglobin

prefers CO to oxygen and accepts it more than 200 times more readily than it accepts

oxygen. Not only does the hemoglobin prefer CO, it holds on to the CO much more

tightly, forming a complex called carboxyhemoglobin (COHb). As a person breathes

CO contaminated air, more and more oxygen transportation sites on the hemoglobin

molecules become blocked by CO. Gradually, there are fewer and fewer sites

available for oxygen. All cells need oxygen to live. When they don't get enough

oxygen, cellular metabolism is disrupted and eventually cells begin to die.

The symptoms of CO poisoning and the speed with which they appear depend on the

concentration of CO in the air and the rate and efficiency with which a person

breathes. Heavy smokers can start off with up to 9% of their hemoglobin already

bound to CO, which they regularly inhale in cigarette smoke. This makes them much

more susceptible to environmental CO. The Occupational Safety and Health

Administration (OSHA) has established a maximum permissible exposure level of 50

parts per million (ppm) over eight hours.

With exposure to 200 ppm for two to three hours, a person begins to experience

headache, fatigue, nausea, and dizziness. These symptoms correspond to 15-25%

COHb in the blood. When the concentration of COHb reaches 50% or more, death

results in a very short time. Emergency room physicians have the most experience

diagnosing and treating CO poisoning.

In some cases, the skin, mucous membranes, and nails of a person with CO poisoning

are cherry red or bright pink. Because the color change doesn't always occur, it is an

unreliable symptom to rely on for diagnosis.

Although most CO poisoning is acute, or sudden, it is possible to suffer from chronic

CO poisoning. This condition exists when a person is exposed to low levels of the gas

over a period of days to months. Symptoms are often vague and include (in order of

frequency) fatigue, headache, dizziness, sleep disturbances, cardiac symptoms,

apathy, nausea, and memory disturbances. Little is known about chronic CO

poisoning, and it is often misdiagnosed.
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4. Factors Affecting Absorption Rate of Carbon Monoxide

There are three major factors influencing the absorption rate of Carbon Monoxide:

 Rate of inhalation of the gas

 Activity or lack thereof, which changes the requirements for oxygen

 Individual variations in susceptibility

5. Sources of Carbon Monoxide Asphyxiation

The following sources play a major role in the asphyxiation of Carbon Monoide:

 Fires involving structures, clothing, or furnishings

 Defective heating equipment

 Automobile vehicle motor exhaust

 Industrial processes

6. Degrees of the Depth of Injury

There are five degrees of the depth of injury:

 First degreesuperficial, reddened skin

 Second degree (partial thickness)deeper damage with blisters formed and sloughing of

epidermis

 Third degree (full thickness) severe damage to full thickness of skin to underlying tissue

 Fourth degreevery severe including underlying tissue with charring

 Fifth degreeunderlying muscle and bone involved

Topic Objective:

At the end of this topic, the student would be able to:

 Learn about the elements of arson

 Learn about the major classifications of violent crimes

 Understand the law for arson in the United States

 Understand the concept of geographic profiling
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Definition/Overview:

Arson, in its most general terms, may be defined as the willful and malicious burning of a

persons property. It must be regarded as a possible, if not probable, cause of every fire

investigated. It was estimated at one time that arson fires account for up to 31 percent of all

reported structure fires.

Informal surveys of experienced American fire investigators support that up to 40 percent of

all urban structure fires are incendiary (intentionally set). Arson is a serious threat to public

safety and well-being in urban, sub-urban, and even rural areas. Based on data reported by

U.S.fire departments in its survey, the NFPA estimated there were 37,500 intentionally set

fires in 2003. This represents a decrease of 15.7% from 2002. These estimates (about 7% of

all structure fires) are the lowest in the 27 years studied. (Recent NFPA estimates, however,

are based on USFA NFIRS 5.0 data whose criteria were changed in 2002 to exclude so-called

suspicious fires and un-known cause fires. Based on the methodology used in making these

estimates and changes in reporting criteria, comparisons to previous years are not valid.) The

reported intentionally set fires resulted in an estimated 305 civil-ian deaths and about $700

million in direct property damage.2 In 2003, there were an estimated 30,500 intentional fires

in vehicles, with property damages of around $132 million. By comparison, in 2002, there

were an estimated 68,000 intentional fires in structures, costing $1.9 billion in direct property

damage, 630 civilian deaths, and over 2000 civilians injured. In 2004, the NFPA estimated

36,500 intentionally set structure fires (down 2.7% from 2003) causing $714 million in

damage and 320 deaths. There were an estimated 36,000 vehicle arsons (18% higher than

2003).

The Fire Protection Association (U.K.) reported that in 200304, some 37% of all serious

structure fires (those involving over 250,000, or $450,000, loss each) were arson. (In

20002003, the percent of arson fires were 3035.7%.) In 2003, 115 such serious fires

accounted for almost 51,000,000 ($91,800,000) in damage. For July 2003June 2004, 62 of

150 reported serious fires (41%) were deliberate, causing nearly 50 million in direct dam-

ages.6 The Office of the Deputy Prime Minister estimated that the number of arson structure

fires has increased about 17% over the last decade (19942003). Including the costs of

investigation, prosecution, community losses, and preventive measures, the total cost of arson

fires in the U.K. is estimated to be 2.8 billion per year.
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Arson is a difficult crime to investigate and prosecute. Its difficulty lies in three areas. First,

the scene must be carefully investigated before it can be determined whether a crime actually

took place. This is unlike finding a dead body and a bloody knife, which are strong

indications that a murder may have taken place. Such indicators gain the immediate attention

of investigators and warn them to proceed carefully so as not to compromise any evidence

present, unlike a common dwelling fire which may be investigated cursorily if at all.

Therefore, it is vitally important that every fire scene be treated as a potential arson scene

(from the standpoint of security, preservation, and evidence) until clear proof of natural or

accidental cause is discovered.

Second, the crime itself, if successful, destroys the physical evidence at its origin. In some

cases, proving the crime of arson may be likened to a homicide investigation where the

victims body has turned to dust. Evidence of its existence is still there, but it requires careful

and methodical analysis. Arson is the one crime that destroys evidence rather than creates it

as it progresses.

Third, the official investigation of arson seems to fall into a gap between the area of

responsibility of the fire department and that of the police. Fire department personnel may

consider their primary responsibility to be public safety through extinguishment of the fire.

They may consider the warrants, interviews, and field work necessary for a criminal

investigation to be outside their normal authority and more appropriate for the police. Police

investigators, on the other hand, realize that the physical evidence of the crimethat is, fire

behavior, diagnostic signs, and charred debrisis beyond their training and may decline to deal

with it. As a result of this schism, valuable evidence of one type or another is often

overlooked.

Key Points:

1. Elements of Arson

There are three major elements of arson:

 There has been a burning of property

 The burning is incendiary in origin

 The burning is shown to be started with malice with the intent to destroy property

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

100
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



2. Major Classifications of Violent Crime

There are six major classifications of motive for violent crime as prescribed by the National

Center of Analysis of Violent Crime, (NCAVC):

 Profit

 Vandalism

 Excitement

 Revenge

 Crime concealment

 Extremism

3. Molotov Cocktail

It consists of a breakable glass container of a flammable liquid, which depends on a lighted

wick or a chemical incendiary device to provide ignition. Its effects are maximized when it is

thrown against a hard surface, caus-ingthe bottle to break and mechanically atomize the

gasoline into an explosive mist.

4. Gasoline as Accelerant

It is an efficient and easily ignited flammable liquid and it can be purchased and transported

even in large quantities without arousing the suspicions of the seller or authorities.

5. The United StatesLaw for Arson

A forensic science, fire investigation seeks to determine a fires origin and cause. During a fire

investigation, indicators of an incendiary fire can help guide the investigator. The presence of

an accelerant or ignitable liquid such as a petroleum distillate where it should not be can

indicate an incendiary fire or arson. Specially trained dogs, known as accelerant detection

canines, help investigators pinpoint areas to examine. Areas suspected to contain ignitable

liquids can be collected by investigators and sent to forensic laboratories to be examined by

instruments using gas chromatography and mass spectrometry. These instruments can detect

and display the chemical composition of materials and inform an investigator whether the

sample contains an accelerant.

In the U.S., the common law elements serve as a basic template, but individual jurisdictions

occasionally alter them and they vary from state to state. For example, most states no longer

require the "dwelling" element. In these states, the crime of arson includes the burning of any

personal property without consent or with unlawful intent.
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Arson charges are prosecuted with attention to degree of severity in the alleged offense: First-

degree felony arson is usually charged when persons are harmed or killed in the course of the

fire, second-degree felony arson when significant destruction of property occurs, and so forth.

Arson is also variously prosecuted as a misdemeanor or "criminal mischief" or "destruction

of property." If the arson involved a "breaking and entering", the second charge of burglary is

usually attached. It is possible for the death penalty to be applied in cases where arson is

deemed to be a method of homicide, as was the recent case in Texas of Cameron Willingham.

6. Geographic Profiling

Geographic profiling is a criminal investigative methodology that analyzes the locations of a

connected series of crimes to determine the most probable area of offender residence.

Typically used in cases of serial murder or rape (but also arson, bombing, robbery, and other

crimes), the technique helps police detectives prioritize information in large-scale major

crime investigations that often involve hundreds or thousands of suspects and tips.

While the use of spatial analysis methods in police investigations goes back many years

(think of detectives gathered around a large city map with pins stuck in it), the formalized

process known today as geographic profiling originated out of research conducted at Simon

Fraser University's School of Criminology in British Columbia, Canada, in 1989. The

theoretical foundation is in environmental criminology, particularly Crime Pattern Theory,

routine activity theory, and rational choice theory. The Vancouver Police Department

instituted the world's first geographic profiling capability in 1995, but the technique has now

spread to several U.S., Canadian, British, and European law enforcement agencies. Originally

designed for violent crime investigations, it is increasingly being used on property crime.

Tools employed by geographic profilers include specialized software systems, such as Rigel

or CrimeStat. System inputs are crime location addresses or coordinates, often entered

through a geographic information system (GIS). Output is jeopardy surface (three-

dimensional probability surface) or color geoprofile, which depicts the most likely areas of

offender residence or search base.

Geographic profiling is a sub-type of offender or criminal profiling (the inference of offender

characteristics from offence characteristics). It is therefore related to psychological or

behavioral profiling. If psychological profiling is the "who," geographic profiling is the

"where." All certified geographic profilers are members of the International Criminal

Investigative Analysis Fellowship (ICIAF), a professional profiling organization first begun

by investigators trained by the FBI in the mid-1980s.
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Geographic profiling helps focus investigative efforts on the probable location of the suspect,

within an area defined by the 'geoprofile'. It has the potential to reduce the time and effort

spent investigating and apprehending an offender. Geographic profiling complements usual

investigative techniques and is best used together with criminal profiling.

Geographic profiling is useful in serial crime when the offender is unknown. A minimum of

five crimes or related sites are required for a complete profile, however some forms of

analysis can be done with less.

6.1. How Geographic Profilers help Investigators?

The main consulting services that geographic profilers offer to investigators include:

o Developing a geographic profile: A geographic profile provides the investigator

with a geographic focus for the investigation. A series of maps identify the

probable home and work locations of the offender. The maps also identify paths to

use when searching for the offender. A geographic profile can also list multiple

suspects in a priority order based on their residence or work locations.

o Identifying a catchment area: A catchment area is the geographical area served

by an institution, retail, or other facility. Using a mathematical process (a Thiessen

polygon analysis), a geographical profiler can determine the catchment areas of a

series of locations. For example, the process could identify the catchment areas of

the grocery stores in a city. This service is useful for identifying the area of

investigation in some cases.

o Time, speed and distance calculations: These calculations can help an

investigator who needs to know how far an offender can travel in a given period

of time or how much time an offender would require to travel a given distance. A

geographic profiler can determine time, speed, and distance calculations for

walking, jogging, riding a bicycle or driving a vehicle.

o Producing maps: Geographic profilers can help investigators produce maps

related to a crime or a series of crimes. Such maps are useful for court, briefings,

presentations, and reconstructing historical cases.

o Requesting Geographic Profiling Services: Geographic profiling services

should be requested early in the investigation in cases where the crime is serial in

nature, where the offender is unknown, where help is needed to narrow the focus

of the investigation and/or where special circumstances exist
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Topic Objective:

At the end of this topic, the student would be able to:

 Learn about OSHA standards for Fire Safety

 Learn about circumstantial evidence

 Learn about the concept of fire modeling and computerized fire modeling

Definition/Overview:

It is important that the fire scene investigation be carried out thoroughly, professionally, and

safely. There are many dangers to a fire scenestructural collapse, electricity, toxic fumes and

dusts, water-filled holes, fire-weakened floors and stairs, falling glass, and other penetration

hazards.

The preliminary scene assessment should include a survey of the hazards that the scene

presents, since some of them may have to be controlled before the detailed scene examination

can even begin. Steps may have to be taken to shore up or even demolish unsupported walls

(particularly masonry), roofs, or ceiling structures, remove large glass panels from upper

floors, and pump out standing water.

The assessment can be carried out with the assistance of the fire department safety officer, a

county or city building engineer, a chemist with hazardous material experience, or even with

experienced demolition contractors. The investigator should come prepared to deal with the

simplest safety problems by having protective clothing (simple overalls or synthetic fabric

suits for hazardous material exposure), gloves (leather for penetration protection, heavy

rubber for chemical exposure, latex for debris handling), safety helmet with face shield, boots

with safety toes and sole plates, and masks for both dusts and toxic fumes. Dusts (charcoal

dust, asbestos, plaster, etc.) are present at every scene when dry and pose significant risks of

inhalation. Simple, disposable nuisance-dust masks should be used at all dry scenes or

whenever there is a risk of exposure to airborne biological pathogens (blood, dried tissue).

Mask-type respirators with appropriate filter cartridges can be used at scenes with modest

levels of some toxic fumes, but some scenes may require full self-contained breathing
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apparatus (SCBA). Special-ized training is needed to properly deal with biological (sewage,

infectious waste) and chemical (toxics, corrosives) hazards and the investigator should seek

assistance from qualified personnel before risking injury.

Fire modeling of all kinds helps us understand complex fire process, such as the relationship

of heat release rate to other factors, such as ventilation or heat of vaporization. It helps to

relate post-fire indicators to fire events and behaviors. This is much easier and cheaper than

building life-size models and actually burning them. This process will enhance the

evaluation, validation, and verification process of fire comparison determination.

For many years, arson was considered in the United States to be a minor crime involving only

property. Starting in 1979, arson was elevated to Part I crime category status by the FBI and

incidents are now reported under the Uniform Crime Reports. This topic helps to clarify and

understand the Model Arson Law and its various elements. A number of court decisions are

used to help illustrate the courts ruling and how these laws have been ruled on over time. The

importance of evidence is highlighted within this topic to show how critical report writ-ing,

chain of evidence, and spoliation can affect the outcomes of an investigators case.

The final test for a fire investigation is its presentation in court. The fire investigator will

often be called on to offer testimony as to what evidence was found at a fire scene and what

conclusions were drawn from that evidence. There are differences with respect to the

admissibility of testimony given by eyewitnesses and experts.

With proper training, fire investigators can apply a methodical, analytical approach to all

fires. The fire investigations can actually be broken down into two parts that are closely

interrelated: the scene and its examination, and the field or legwork investigation.

Key Points:

1. OSHA Standards and Fire Safety

ONE of the most basic tasks of a safety professional is complying with OSHA requirements

in regard to fire safety. OSHA requires a company to comply in a number of different fire

safety areas. While these standards may look daunting, a basic understanding of how these

standards are developed and set up can be helpful in ensuring your company is ready for

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

105
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



OSHA scrutiny in this area. They have the authority to enforce stringent safety laws and to

prohibit examination until a scene can be made safe.

OSHA standards addressing fire safety can be broken down into industries. Those applying to

lesser-known industries include 29 CFR 1915 (Shipyard Employment), 29 CFR 1917 (Marine

Terminals), 29 CFR 1918 (Longshoring), and 29 CFR 1919 (dealing with "Gear

Certification" for "the purpose of certificating vessels' cargo gear and shore-based material

handling devices, and the manner in which such certification shall be performed." (29 CFR

1919.1).However, the two main standards that most safety professionals deal with are the fire

standards under 29 CFR 1910 (General Industry) and 29 CFR 1926 (Construction Industry).

Knowing these broad categories will help your organization determine which standards might

apply.

It is important to ensure that you use OSHA's criteria for determining which standards apply

regarding fire protection or any other safety area, as opposed to your own. For example, a

construction company working in a manufacturing firm might find itself bound by General

Industry standards; likewise, a manufacturing firm involved in a plant expansion might come

under the Construction standards.

Under the General Industry standard are eight subparts that OSHA recognizes as dealing with

fire. The first is Subpart E, which covers exit routes, emergency action plans, and fire

prevention plans. In paragraph 35, OSHA references NFPA 101, the Life Safety Code,

clearly demonstrating that OSHA looks to NFPA's expertise for assistance in developing

standards.

The second subpart OSHA has regarding fire safety is Subpart G, which involves

Occupational Health & Environmental Controls. Specifically, this standard covers the issue

of ventilation. As any safety professional knows, you need a source of fuel for fire to occur. If

the fuel falls above or below the UFL/LFL (upper flammable limit/lower flammable limit),

fire will not occur. Although the issue of ventilation can deal with a host of other safety

concerns, such as industrial hygiene, the role ventilation plays in the fire triangle is the reason

for its inclusion in OSHA fire safety standards.

Subpart H is another standard that OSHA recognizes as important to fire safety. Subpart H

includes flammable and combustible liquids (1910.106), spray finishing (1910.107), oxygen
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in the workplace (1910.104), and explosives and blasting agents (1910.109), to name a few.

Just like Subpart G, the standards overlap regarding the disciplines of safety. For example, it

is in this subpart that the Process Safety Management Standard is found.

Subpart L contains those standards that one might consider traditional fire protection. It is in

Subpart L that requirements for fire extinguishers, alarms, standpipe and hose systems, and

similar "traditional" fire concerns are addressed. It is in Subpart L, Appendix B, that OSHA

lists the non-mandatory consensus standards that can aid a safety professional in both

complying with OSHA and developing a solid safety program.

Subpart N of 1910 addresses the issue of materials handling and storage. Specifically, the

hazard of powered industrial trucks, their use, and refueling or recharging areexamined.

OSHA's requirements to counter the inherent hazards of welding, cutting, and brazing are

found in Subpart Q. As anyone familiar with welding knows, there is a tremendous difference

regarding the hazards of oxygen-fuel gas welding and resistance welding. In addition to

general requirements, OSHA recognizes and has different requirements for the various types

of welding, cutting, and brazing.

2. Circumstantial Evidence and Arson

Circumstantial evidence is the means by which alleged facts are proven by inference or

deduction from other facts that can be testified to firsthand. Circumstantial evidence such as a

crime scene reconstruction employing a crime laboratory evaluation of the evidence is

usually much more accurate than an eyewitness interpretation of what was seen.

3. Fire Modeling

Fire modeling is something which is often found to be mysterious by attorneys. Yet,

understanding what it is, what it can do, and what it cannot do can be vital to successful

development of some types of fire cases. The purpose of this note is to present the basic ideas

so that they are understandable by the non-scientist. Thus, the information should be of value

also to fire investigators, claims adjusters, and other individuals involved with fire losses.

Most of them are not aware of either the strengths or the limitations of the fire modeling.

Thus, in this note the objective is to explain the process in simple terms, so that a clear

picture will emerge how fire modeling can and cannot be used.

4. What do Fire Models Do?

By now, fire modeling has been in use for more than two decades. This author's computer

program COMPF was released in 1975 and was the first computer program for predicting
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room fires to be developed in the U.S. Research in several other countries, however, goes

back further. During the subsequent two decades, tremendous progress was made in the field.

Today, many persons who have only a limited knowledge of fire science have already had a

slight exposure to fire modeling. From this, they are apt to conclude that fire modeling is

something which allows scientists/engineers to 'wave a magic wand' and to calculate the

history of a fire just by working at their computer. On rare occasions, this can be true. But

normally, the situation is not so straightforward.

The function of COMPF was to predict the fire history within a single room. The history was

represented only after the time of 'flashover' within the room. Flashover is the point in a fire

(it does not occur in all fires) when the room "fills with flames." The hazard greatly increases

from that point on. Nowadays, various other types of computer fire models are also available

to the scientist. What kind of fire characteristics, then, can a fire model predict? The list is

limited only by the ingenuity of scientists, but we can cite characteristics which are already

routinely being computed:

 Gas and surface temperatures

 Flow rates of gas through openings

 Heat fluxes impinging on surfaces

 Smoke obscuration

 Production of certain toxic gas species

 Strength reduction and structural failure of building elements

 Activation times for sprinklers and detectors

It can be noted that this list is weighted towards fluid mechanics and related themes. This is

not surprising, since a majority of the researchers creating fire models have been fluid

mechanics specialists. Models also exist for certain human behavior aspects (e.g., exiting

through corridors and stairs) although these have so far been very little used for practical

problem solving; thus their validity is generally unknown. It should be noted that certain

characteristics are usually not being computed. These include:

 The ignitability of objects from small flames

 The spread of fire over surfaces

 The actual 'size' of the fire, that is, its heat release rate
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A list of other fire characteristics that we cannot yet routinely predict has recently been

publicized . The three characteristics above are three exceedingly important aspects of fire,

indeed heat release rate (HRR) has been referred to as the single most important variable in

describing fire hazard. Likewise, there will not be a fire without ignition and, in most cases;

flame spread is also an essential trait of fire. The way that today's fire models normally solve

a problem is by being given the HRR as input. The flame spread aspects are usually not made

explicit. The most important role of flame spread is to progressively involve greater areas in

burning, that is, to cause a growth of HRR. Thus, if we have a HRR versus time curve, the

flame spread issue has already been solved. The initial ignition is, simply, assumed to have

taken place, so no computation is made there either.

To make a computation using one of our state-of-the-art models, such as HAZARD, then

requires that the modeler supply a HRR curve as input. In some cases, the HRR curve may

already have been published in the literature for a 'similar' burning object. Compendia of data

are available which present some useful, non-proprietary data. However, the variety of items

which can burn is essentially infinite, while the amount of publicly available data is quite

tiny.

The situation is even more complicated when one realizes that more than one item can burn.

Methods have been suggested for estimating second-item involvement. However, under most

conditions, such procedures entail a great deal of uncertainty. This can be due to:

o Irregular geometry of the item in question

o Not well enough studied ignition response of the item

o Inadequately detailed knowledge of local heat fluxes

When one contemplates the uncertainties then associated with estimating the ignition for the

third, fourth, etc. item, it becomes clear that the ignition sequence of a roomful of diverse

items cannot be predicted with a reasonable degree of confidence.

5. Computer Fire Models

Computer programs are used in many areas of fire protection design, including suppression

system design, smoke control system design, and egress analysis. The emphasis in this

chapter is on zone computer fire models for enclosures. Zone fire models are computer

programs designed to predict the conditions resulting from a fire in an enclosure.
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These models solve the equations based on the zone assumptions describing the fire-induced

conditions within an enclosure. Computer fire models can provide a faster and more accurate

estimate of the impact of a tire, end the measures used to prevent or control the fire, than

many of the methods previously used. While manual calculation methods provide good

estimates of specific fire effects (e.g., prediction of time to flashover), they are not well suited

for comprehensive analyses involving the time-dependent interactions of multiple physical

and chemical processes present in developing fires. The state of the art in computer fire

modeling is changing rapidly. Understanding of the processes involved in fire growth is

improving, and, thus, the technical basis for the models is improving. The capabilities,

documentation, and support for a given model can change dramatically over a short period of

time. In addition, computer technology itself (both hardware and software) is advancing

rapidly.

5.1. Enclosure Fire Models

There are two major classes of computer models for analyzing enclosure fire

development. Stochastic or probabilistic models generally treat fire growth as a series

of sequential events or states. These models are sometimes referred to as states

transition models. Mathematical rules are established to govern the transition from

one event to another (e.g., from ignition to established burning), Probabilities are

assigned to each transfer point based on analysis of relevant experimental data,

historical fire incident data, and computer model results.

These models may also be referred to as room fire models, computer fire models, or

mathematical fire models. Ideally, such models represent the ultimate capability:

discrete changes in any physical parameter could be evaluated in terms of the effect

on fire hazard. While the state of the art in understanding fire processes will not yet

support the ultimate model, a number of computer models are available that provide

reasonable estimates of selected fire effects.

The newest type of deterministic fire model is the field model. This type of model

solves the fundamental equations of mass, momentum, and energy for each element in

an enclosure space that has been divided into a grid of smaller units.
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Although field model technology and use have advanced rapidly in recent years, it

should be noted that field models require substantial computer resources and are

relatively complex to use. The most common type of physically based fire model is

the zone or control volume model, which solves the conservation equations for

distinct end relatively large regions (control volumes). The model calculations

provide estimates of key conditions for each of the layers as a function of time. Zone

modeling has proved to be a practical method for providing estimates of fire processes

in enclosures.

No zone fire model is best for all applications. The selection of a zone fire model for a

particular application depends on a number of factors. While most of the zone fire

models are based on the same fundamental principles, there is significant variation in

features among the different models. The decision to use a model should be based on

an understanding of the assumptions and limitations for the particular model. In

general the more detailed the model outputs, the more extensive the model inputs, and

the greater the computer execution time required.

When using any computer fire model, it is always a good idea to test the sensitivity of

the model outputs to changes in model inputs. If small changes in model inputs result

in large changes in model outputs, the user must exercise great care in selecting the

input values. A key issue in selecting a model is model validation. Comparison of

model results with experimental data is valuable for determining the applicability of a

model to a particular situation, Comparisons of model results with experimental data

are limited, and the number of comparisons varies widely among the models.

The model user should carefully examine model validation comparisons before

selecting a model. Frequently, experienced model users will use more than one model

to evaluate a particular situation. This does not, however, guarantee that the results

accurately represent the physical conditions being modeled, since most of the zone

fire models are based on the same basic assumptions.

5.1.1. ASET Computer Program

ASET (available safe egress time) is a program for calculating the temperature

and position of the hot upper smoke layer in a single room with closed doors
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and windows. ASET can be used to determine the time to the onset of

hazardous conditions for both people and property.

The required program inputs are the heat-loss fractions, the height of the fuel

above the floor, criteria for hazard and detection and the room ceiling height,

the room floor area, a heat release rate, and (optional) species generation rate

of the fire. The program outputs are the temperature, thickness, and (optional)

species concentration of the hot upper smoke layer as a function of time, and

the time to hazard and detection. ASET can examine multiple cases in a single

run.

5.1.2. ASET-B Computer Program

ASET-B is a program for calculating the temperature and position of the hot

upper smoke layer in a single room with closed doors and windows. ASET-B

is a compact version of ASET, designed to run on personal computers. The

required program inputs are a heat-loss fraction, the height of the fire, the

room ceiling height, the room floor area, the maximum time for the

simulation, and the rate of heat release of the fire. The program outputs are the

temperature and thickness of the hot upper smoke layer as a function of time.

Species concentrations and time to hazard and detection, calculated by ASET,

are not calculated in the compact ASET-B version.

5.1.3. (GC) MHIRN HI Computer Program

COMPBRN III is primarily used in conjunction with probabilistic analysis for

the assessment of risk in the nuclear power industry. The model is based on

the assumption of a relatively small fire in a large space, or a fire involving

large fuel loads early during the pre-flashover fire growth period. The models

strengths are:

▪ Emphasis on the thermal response of elements within the enclosure to a

fire within the enclosure

▪ Model simplicity
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The temperature profile within each element is computed, and an element is

considered ignited or damaged when its surface temperature exceeds the user-

specified ignition or damage temperature. The model outputs include the total

heat release rate of the fire, the temperature and depth of the hot gas layer, the

mass burning rate for individual fuel elements, the surface temperatures, and

the heat flux at user-specified locations.

5.1.4. (COMPF2) Computer Program

COMPF2 is a computer program for calculating the characteristics of a post-

flashover fire in a single building compartment, based on fire-induced

ventilation through a single door or window. It is intended both for performing

design calculations and for the analysis of experimental burn data, Wood,

thermoplastics, and liquid fuels can be evaluated. A comprehensive output

format is provided that gives gas temperatures, heat- flow terms, and flow

variables. The documentation includes input instructions, sample problems,

and a listing of the program.

5.1.5. CSTBZ1 Computer Program

CSTBZ1 is a computer program for post-flashover fires, based on similar

basic assumptions as those of COMPF2. The equations of mass and energy

conservation are written without neglecting the fuel source term, and several

vertical openings in a room can be considered.

The equation of heat diffusion into the walls is solved either by a classical

explicit finite difference method, or by a new modal approach that offers the

capability of storing in a file a few numbers characterizing a given wall,

leading to a rapid calculation of the superficial wall temperatures. A

sophisticated numerical algorithm was used to solve the equations through

uncoupling.

5.1.6. CFAST Computer Program

CFAST is the present version of the original FAST computer program. A

consolidation of the FAST1 and CCFM.VENTS1l models, CFAST can be
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configured for a maximum of either 5 or 10 rooms, depending on the computer

resources available. The required program inputs are the geometrical data

describing the rooms and connections; the thermo-physical properties of the

ceiling, walls, and floors; the fire as a rate of mass loss; and the generation

rates of the products of combustion.

The program outputs are the temperature and thickness of, and species

concentrations in, the hot upper layer and the cooler, lower layer in each

compartment. Also given are surface temperatures and heat transfer and mass

flow rates.

5.1.7. FIRST Computer Program

The program predicts the development of a fire and the resulting conditions

within a room given a user-specified fire or user-specified ignition. It predicts

the heating and possible ignition of up to three targets. The required program

inputs are the geometrical data describing the rooms and openings, and the

thermo-physical properties of the ceiling, walls, burning fuel, and targets.

The generation rate of soot must be specified, and the generation rates of other

species maybe specified. The fire may be entered either as a mass loss rate or

in terms of fundamental properties of the fuel. Among the program outputs are

the temperature and thickness of, and species concentrations in, the hot upper

layer and the cooler, lower layer in each compartment. Also given are surface

temperatures and heat transfer and mass flow rates.

5.1.8. FPETOOL Computer Program

FPETOOL is the descendent of the FIREFORM program. 14It contains a

computerized selection of relatively simple engineering equations and models

useful in estimating the potential fire hazard in buildings. The calculations in

FPETOOL are based on established engineering relationships.

The FPETOOL package addresses problems related to fire development in

buildings and the resulting conditions and response of fire protection systems.

The subjects covered include smoke filling in a room, sprinkler/detector
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activation, smoke flow through (small) openings, temperatures and pressures

developed by fires, flashover and fire severity predictions, fire propagation (in

special cases), and simple egress estimation. The largest element in FPETOOL

is a zone fire model called FIRE SIMULATOR.

FIRE SIMULATOR is designed to estimate conditions in both pre- and post

flashover enclosure fires. The inputs include the geometry and material of the

enclosure, a description of the initiating fire, and the parameters for sprinklers

and detectors being tracked. The outputs include the temperature and volume

of the hot smoke layer; the flow of smoke from openings; the response of heat-

actuated detection devices, sprinklers, and smoke detectors; oxygen, carbon

monoxide, and carbon dioxide concentrations in the smoke; and the effects of

available oxygen on combustion.

5.1.9. LAVENT Computer Program

LAVENT is a program developed to simulate the environment and the

response of sprinkler elements in compartment fires with draft curtains and

fusible-link-actuated ceiling vents. The zone model used to calculate the

heating of the fusible links includes the effects of the ceiling jet and the upper

layer of hot gases beneath the ceiling.

The required program inputs are the geometrical data describing the

compartment, the thermo-physical properties of the ceiling, the fire elevation,

the time-dependent heat release rate of the fire, the fire diameter or the heat

release rate per unit area of the fire, the ceiling vent area, the fusible-link

response time index (RTI) and activation temperature, the fusible-link

positions along the ceiling, the link assignment to each vent, and the ambient

temperature. A maximum of five ceiling vents and 10 fusible links are

permitted in the compartment.

The program outputs are the temperature and height of the hot layer, the

temperature of each link, the ceiling jet temperature and velocity at each link,

the radial temperature distribution along the interior surface of the ceiling, the

activation tie of each link, and the area opened.
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5.1.10 WPI/FIRE Computer Program

WPUFIRE is a direct descendant of the HARVARD V5 and FIRST13

programs. It includes all of the features of the HARVARD program version

5.3 and many of the features of the FIRST program. WPI/FIRE also includes

the following additional features:

▪ Improved input routine

▪ Momentum-driven flows through ceiling vents

▪ Two different ceiling jet models for use in detector activation

▪ Forced ventilation for ceiling and floor vents

▪ An interface to a finite difference computer model for the calculation of

boundary surface isotherms and hot spots
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