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LIST OF ABBREVIATIONS AND TERMS

A Curve - The resulting curve when A values for increasing areas of a compartment are plotted
on a graph with probability of flame limitation on the ordinate axis (logarithmic scale) with
the origin at the top left and the deck area of the compartment on the abscissa axis (linear
scale). See “A Value”.

- A Value (%) - The probability that an automated fixed fire protection'system installed in a
compartment will successfully extinguish the fire before FRI occurs given that the fire did
not self-terminate and was not extinguished by manual firefighting efforts. Each
compartment is assigned three A-values: the probability of flame limitation given EB in the
room of origin, the probability of flame limitation given EB has occurred in the room as a
result of a thermal (Tbar) failure of a barrier, and the probability of flame limitation given
EB has occurred in the room as a result of a durability (Dbar) failure of a barrier. In
SAFE, these values are abbreviated OA, TA and DA respectively

Active Fire Protection - Fire protection features designed to limit flame movement by automatic
detection, automatic/automated fire extinguishing systems, and manual suppression
systems or equipment. Examples of active fire protection features are: automatic
sprinkler systems, fire extinguishers, and trained firefighting teams. See "Passive Fire

Protection".

AFFF - Aqueous Film Forming Foam. A firefighting agent particularly effective against class B
fires. '

Alpha (kilowatts per second squared) - The fire growth coefficient in the pre-FRI heat release
rate algorithm. Generally, alpha is set to .001 for slow growth, .01 for moderate growth,
1 for fast growth and 1.0 for ultra-fast fire growth. Engineering judgment is used to
select an appropriate alpha for the combustibles in a compartment and intermediate values
are frequently used. See "Pre-FRI Heat Release Rate".

Alternative Data Set - Data sets identified as "Alternative" have had the baseline input values to
SAFE adjusted as necessary to reflect the impact of the proposed alterations or
modifications which affect the ships' firesafety system. See "Baseline Data Set".

ASTM E119 Test Rating (hours and minutes) - A rating in hours and minutes specifying time
to failure of a material in the standard fire test conducted in accordance with the
requirements of ASTM standard test E1 19.

AutoCAD - Commercially available software used to display the plan views of a ship’s
compartmentation on each deck level.

Barrier - Any vertical or horizontal surface which tends to impede, slow, or stop the spread of
heat, flames, and combustion products from one space to another. In a ship, barriers may
be bulkheads (joiner, watertight, or structural), decks or overheads. See “Zero-Strength
Barrier”.

Baseline Data Set - Data sets identified as "Baseline" utilize input values to the SAFE program
based on the physical condition of the ship found during the ship visit and are not
influenced by any modifications or alterations which may be proposed as a result of an
analysis. See "Alternative Data Set".

X




Beyler/Peatross Algorithm - The algorithm used in SAFE, version 2.2, to calculate FRI-time for
compartment fires. Primary variables include heat release rate, heat loss through the
boundaries and the incoming air. See "FRI-Time".

Blackout - The cessation of visible flaming (not to be mistaken for extinguishment which is the
cessation of combustion). '

" Bulkhead - The equivalent inashiptoawallina building. Bulkheads can be structural or joiner,
insulated or bare. They may be constructed of aluminum, steel, or composite such as
marinite or nomex. Together with overheads, they serve to segment the ship into various
compartments.

CBO (minutes) - Compartment Burnout - The point in the fire growth curve where exhaustion of
all fuel due to pyrolysis occurs.

Ceiling Point - The point in growth of a compartment fire when the flames first touch or involve
the ceiling.

Cellulosics - One of two classifications of fuel on board ship. Cellulosics are characterized as
ash-producing; examples are wood, paper, and textile products. See “Fuel Load and -
Petro-Chemicals”. ' ’

Class A Fire - A fire involving celhilosic type products (wood, cotton, paper, etc.) that produce
ash as a combustion product. Water is the primary firefighting agent and extinguishes the
fire by cooling the fuel below the ignition point. See "Class B Fire" and "Class C Fire".

Class B Fire - A fire involving flammable liquids (fuel oil, lube oil, gasoline, etc.) that burn
vigorously without producing ash. AFFF is the primary firefighting agent and extinguishes
the fire by smothering the fire with a thick layer of foam that floats on the surface of the
fuel. See "Class A Fire" and "Class C Fire".

Class C Fire - A fire involving energized electrical equipment. Class A fires frequently involve
class A or B fires as well. Electrical fires are usually extinguished when the electrical
power to the affected equipment is secured, however the associated class A or B fire may
continue to burn. CO is the primary firefighting agent and extinguishes the fire by
smothering the fire without damaging electrical or electronic components. See "Class A
Fire" and "Class B Fire".

CO, - Carbon Dioxide. A firefighting agent particularly effective against class C fires.

Combustion - Rapid oxidation in which a fuel pyrolizes or turns into a vapor and mixes with
oxygen at an extremely rapid rate accompanied by the release of intense heat and light
visible as flames. See “Fire” and “Pyrolysis”.

Compartment - An enclosed space in a ship usually identified with a unique identifying number

consisting of deck, forward frame, relation to centerline, and a letter designating the
function or type of compartment. See “Plan ID”.

Condition of Readiness - One of three material conditions of readiness set by the Commanding
Officer of a military ship. All accesses such as doors, hatches and scuttles, and other
fittings having damage control value, are labeled X, Y, or 7. In condition Xray all Yoke
and Zebra accesses and fittings are open and Xray are closed; in condition Yoke all Zebra




accesses and fittings are open and Xray and Yoke are closed; in condition Zebra, all
accesses and fittings are closed.

Configuration - The type of fire protection under consideration in a given fire scenario for a
SAFE computer model run. Options include Passive only (I), Passive and Automatic
Detection/Fixed Fire extinguishing (I and A), Passive and Manual suppression (I and M),

or all three (I, A, and M)

" COR - Circular of Requirements. A document that describes the speéiﬁcations for a proposed

ship design.

CSRLI - Cutter Standard Repair Locker Inventory. The allowance for damage control
equipment on board a Cutter as specified in a U.S. Coast Guard Commandant Instruction.

CUI - Compartment Use Indicator - An abbreviated designation for a compartment selected from
a list provided in SAFE used to define the type or function of the compartment and
establish default values for various fire parameters.

Cum L (%) - The accumulated probability that a fire will be limited (thus points on an “L-curve”)
in this or some previous compartment in a particular fire path. “1 - Cum L”, therefore, is
the probability that the fire will spread.

D-Adjust (%) - A user-specified parameter that can range from 0 to -99% to modify the Dbar
values for a barrier. Usually used to account for deterioration of the barrier. An open
door is not considered a derating of the barrier. See "Dbar".

Data Set - A data set describes those characteristics of a ship which affect its performance as a
firesafety system. It includes information describing particular aspects of a compartment
such as geometry, construction, fuel type and load, automatic detection and monitoring
systems, ventilation and fire protection systems. See " Alternative Data Set" and "Baseline
Data Set".

Dbar (%) - The probability of a durability failure of a barrier which would permit massive
transfer of heat into the adjacent compartment.

DCA - Damage Control Assistant. A designated ship's officer who is responsible for the damage
control organization on the ship.

Deck - The equivalent in a ship to a floor in a building. Decks can be continuous or stepped,
insulated or bare. They can be constructed of aluminum, steel, or composite such as
nomex. They can be covered with tile, carpet, or a poured floor covering such as terrazzo
on one side and sheathing, insulation or both on the other. Together with overheads and
bulkheads they serve to segment the ship into various compartments.

Destroyed Barrier - When a barrier is “destroyed” in a model run, heat from the burning
compartment is transferred to the adjacent compartment if that room is not at full room
involvement. The amount of heat transferred is a function of the barrier material and is
referred to as residual heat transfer. See “Residual Heat Transfer”.

Door - An opening through a bulkhead providing access to a compartment. If a door is open it is
equivalent to a durability failure of the associated bulkhead.




Dur IAM (%) - The probability of terminating a fire originating in a compartment due to a
durability barrier failure. The probability is calculated from a combination of the I, A, and
M curves for that room. If the room is a room of origin, Dur IAM is not applicable.

EB - Established Burning - The point in the fire growth curve between ignition and FRI when the
fire starts to grow exponentially with respect to time. In SAFE, it is assumed that this
exponential growth varies with the 2nd power of time. EB is usually considered

equivalent to a flame 10" high. EB also signifies the demarcation between fire prevention
and the beginning of the ship's response to the fire.

EEBD - Emergency Escape Breathing Device. This self contained device provides 15 minutes of
oxygen to an individual for the purpose of escaping from a fire.

Enclosure Point - The point in the fire growth curve where the fire starts to become influenced
by a barrier. '

Engineering Judgment - The assessment of risk in a probabilistic model utilizing subjective
probabilities. In the SFSEM, engineering judgment is synonymous with an analyst’s
degree of belief. In this context an analyst is a domain knowledgeable individual whose
judgment is augmented by all available data including results of deterministic computer
models.

Extinguishment - The cessation of combustion (not to be confused with blackout which is the
cessation of visible flaming.)

Failed Barrier - When a barrier has “failed” in a SAFE computer model run, EB is assumed in
the adjacent compartment, if that room is not already burning. The failure mode is thermal
(Tbar) if the barrier’s Tbar > Dbar; conversely if Dbar is >= Thar, the failure mode is
Dbar.

FAL - Frequency of Acceptable Loss. The frequency with which a compartment can sustain a
given Magnitude of Acceptable Loss (MAL). The FAL and MAL together establish the
firesafety objectives (FSOs) for a given compartment. See “MAL" and "FSO".

FFS - Fire Free State. The status of a compartment relative to fire before ignition has occurred.

Fire - Combustion. Usually destructive and undesirable in a ship. See “Combustion” and
“Pyrolysis”.

Fire Growth Model - One of 16 models of fire growth defined in SAFE that describe the
characteristics of the fuel load in a compartment. The fire growth model determines the
fire growth coefficient, alpha, and the maximum heat release rate, Qmax. See "Alpha" and
"Qmax"'

Fire Path - The sequential spread of fire from the compartment of origin through a failed barrier
into an adjacent compartment, then through another barrier into another space and so on
until the fire is limited. Multiple fire paths indicate simultaneous failure of more than one
barrier permitting the fire to spread into multiple compartments.

Firesafety System - A term used to address the overall performance of a ship as it relates to fire
safety. It considers the ship as a whole and accounts for such things as compartment
geometry, construction, fuel type and load, automatic detection and monitoring systems,
ventilation and fire protection systems.
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Flashover - A phenomena characteristic of compartment fires denoted by the rapid and sudden
propagation of flame through the unburned gases and vapors collected at the top of the
enclosure. Flashover is invariably accompanied by full room involvement (FRI). FRI
conditions are untenable for humans without self-contained breathing devices.

FLLR - Flammable Liquid Line Rupture. A scenario used in SAFE to model a class B spray fire.
The key user defined variables include the amount of fuel due to the rupture that is added
to the compartment’s fuel load, the room of origin and its associated FRI time and I value.

Frequency of EB (losses per compartment year) - A frequency based on historic fire casualty
data compiled from data provided by the U.S. Naval Safety Center and the Coast Guard's
MISREP mishap reporting system.

FRI - Full Room Involvement - The point in the fire growth curve when the temperature in a
compartment has increased 500C above ambient. FRI conditions include surface burning
of all combustibles and survival for unprotected personnel is not possible.

FRI Time (minutes) - The elapsed time from EB to FRI calculated in SAFE using the Beyler-
Peatross algorithm. See “FRI”.

FSOs - Fire Safety Objectives - Performance standard, ideally established by cognizant
authorities, for a compartment accounting for mission protection, property protection and
life safety. The SFSEM is designed to analyze, quantify and compare the ship's
performance as a firesafety system to achieve the established FSOs on a compartment
basis. The FAL and MAL together establish the FSOs for a given compartment. See
llFAIJlI and "MAIJII. ‘

Fuel-Controlled Burning - When sufficient ventilation is available, fuel controlled burning will
occur. The fire is limited by the fuel surface available for combustion. See “Ventilation-
Controlled Burning”.

Fuel Load (BTU’s/sq ft) - The total heat energy available for release from combustible materials
in a compartment. In SAFE, fuel loads are expressed as fuel load density, where the total
fuel load in a compartment is divided by the compartment area. Fuel loads are entered in
SAFE for: cellulosics, plastics, and petroleum-based flammable liquids. Cellulosics and
plastics are entered in Ibs/sq ft while flammable liquids are entered as gallons. The heat
energy content of cellulosics is approximately 8000 BTU’s/lb; plastics and flammable
liquids are approximately 16000 Btu’s/lb (flammable liquids are assumed to weigh 8
Ibs/gallon).

FY - Fiscal Year (For example, FY96 is Oct. 1, 1995 to Sept. 30, 1996).

Halon - Halogenated Hydrocarbon. A firefighting agent particularly effective against all classes
of fires, but presently banned from further production in accordance with the Montreal
Protocol due to its atmospheric ozone-depleting characteristics.

Hatch - An opening through a deck providing access to a compartment. If a hatch greater than
or equal to 400 square inches is open, it is equivalent to a durability failure of the
associated barrier.
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Heat Energy Impact (HEI) (kBTU’s/sq ft) - The thermal heat flux to which the barrier is
subjected during a fire. See “Pre-FRI Heat Release Rate” and “Post-FRI Heat Release

Rate”.

HVAC - Heating Ventilation and Air Conditioning system. The system on board a ship which
supplies and/or exhausts warm and/or cool conditioned air to interior compartments.

I-Curve - The resulting curve when I values for a compartment reaching the enclosure point, the
ceiling point, and the room point are plotted on a graph with probability of flame limitation
on the ordinate axis (logarithmic scale), with the origin at the top left, and the area of fire
involvement on the abscissa axis (linear scale). See “I-Value”

Ignition - Point in the fire growth curve that denotes the beginning of pyrolysis of combustible
fuel.

Ign Mode - Ignition Mode. In SAFE one of three ways a compartment can reach EB: orig (as
room of origin), therm (due to a thermal (Tbar) failure), or dur (due to a durability (Dbar)
failure). :

Intermediate Barrier Value (IBV) - The probability that the barrier will be successful in limiting
the spread of fire. In SAFE, IBV is calculated as IBV = P(FPC)*P(BF), where P(FPC) is
the probability of failure in limiting the fire in the previous compartment (1-Cum L in the
previous compartment) and P(BF) is the probability of this barrier failing to limit the fire
(1- (Tbar + Dbar)).

I Value (%) - The probability that the fire will self-extinguish at some point between EB and FRI
given that the fire was not extinguished by automated systems or by manual firefighting
efforts. Each compartment is assigned three I-values: the probability of flame limitation
given EB in the room of origin, the probability of flame limitation given EB has occurred
in the room as a result of a thermal (Tbar) failure of a barrier, and the probability of flame
limitation given EB has occurred in the room as 2 result of a durability (Dbar) failure of a
barrier. In SAFE, these values are abbreviated OI, TI and DI respectively.

L Curve - A graph which plots the cumulative probability of limiting the flame on the Y axis
against time or some other suitable parameter on the X axis such as the number of rooms
in a fire path or the deck area of a particular compartment. Convention calls for plotting 0
as the probability of limiting the flame at the top of the Y axis and 100% as the probability
of limiting the flame on the X axis. See “cum-L”

L-Value (%) - The probability that a fire will be limited in a given compartment calculated from
the I, A, and M values for that compartment. See Figure 6-9 for a graphic representation
of the L-curve for a compartment.

MAL - Magnitude of Acceptable Loss - The severity of damage that can be tolerated in a
compartment. FAL and MAL together establish the FSOs for a given compartment. See
"FAL" and "FSOs".

Material ID - A three-character identifier to describe one of a compartment’s barriers selected
from the catalog of available barrier materials.

M-Curve - The resulting curve when M-values for increasing areas of a compartment are plotted
on a graph with probability of flame limitation on the ordinate axis (logarithmic scale) with
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the origin at the top left and the deck area of the compartment on the abscissa axis (linear
scale). See “M-Value”.

M Value (%) - The probability that manual firefighting efforts will successfully extinguish the fire
before FRI occurs given that the fire did not self-terminate and was not extinguished by
automated fire protection systems. Each compartment is assigned three M-values: the
probability of flame limitation given EB in the room of origin, the probability of flame
limitation given EB has occurred in the room as a result of a thermal (Tbar) failure of a
barrier, and the probability of flame limitation given EB has occurred in the room as a
result of a durability (Dbar) failure of a barrier. In SAFE, these values are abbreviated
OM, TM and DM respectively

'NFTI - Naval Firefighting Thermal Imager. A hand held device used to locate the source of
flames in a compartment by sensing the temperature of the fire.

Non-Standard Scenario - Similar in all respects to a Standard Scenario except that it considers
reduced levels of available fire protection systems.

NSTM - Naval Ship's Technical Manual. A set of regulations and guidelines issued by the U.S.
Navy and frequently cited in U.S. Coast Guard regulations.

NWP - Naval Warfare Publication. A U.S. Navy publication.

OBA - Oxygen Breathing Apparatus. A self contained device that supplies oxygen to facilitate
firefighting in untenable atmospheres.

One-Shot Halon System - A total flooding system with the capability to completely flood the
protected space one time with the required concentration level of Halon 1301.

Overhead - The equivalent in a ship to a ceiling in a building. Overheads can be continuous or
stepped, insulated or bare. They can be constructed from steel, aluminum, or a composite
material such as nomex or celotex. They can be covered with sheathing, insulation, or
both on one side and covered with carpet, tile or a poured floor such as terrazzo on the
other. Together with bulkheads, they serve to segment the ship into various
compartments.

P-250 - A portable gasoline-powered pump used for firefighting and dewatering.

Passive Fire Protection - Fire protection features designed to limit flame movement by their
presence alone. Barriers are the best example of passive fire protection, intumescent
coatings, fire doors, fuel load distribution, and insulation of hot surfaces are other
examples. See "Active Fire Protection”.

Percent Heat Release (%) - A percentage of the remaining heat in a burning compartment that is
transferred to an adjacent compartment as a result of a durability (Dbar) failure of the
barrier. The percent heat release is a function of the barrier material and can be found in
the catalog of barrier materials. See “Residual Heat Transfer”.

Percent Monitored At Sea (%) - An estimate of the percentage of time around the clock while a
ship is underway that a compartment is monitored to detect the presence of smoke and
flames. Both personnel and fire/smoke/heat detectors can monitor a compartment.



Percent Monitored In Port (%) - An estimate of the percentage of time around the clock while
a ship is in port that a compartment is monitored to detect the presence of smoke and
flames. Both personnel and fire/smoke/heat detectors can monitor a compartment.

Petro-Chemicals - One of two classifications of fuel on ships. Petroleum-based chemical
products are characterized by having twice the heat energy per pound than cellulosics type
of fuel. Examples of petro-chemicals include: flammable liquids and synthetic polymers
such as plastics and polyester. See “Fuel Load and Cellulosics”.

PIR - Polar Icebreaker Replacement - Design for the replacement of the Coast Guard's Polar
Icebreaker class. The PIR project in 1987 was the first time the SFSEM was utilized to
analyze the firesafety performance of a Coast Guard Cutter.

PKP - Potassium Bicarbonate. A dry chemical ﬁ;eﬁghting agent frequently used in portable fire
extinguishers. The only authorized dry chemical portable fire extinguisher permitted on
board Coast Guard Cutters.

Plan ID - A unique identifier for compartments as used in the Booklet of General Plans and other
ship’s drawings. The four fields tl:at make up the identifier are: deck number, forward
frame number, relationship to the centerline (1 for starboard, 2 for port, 0 for centerline),
and compartment use indicator. Examples are 3-66-0-E, and 01-40-2-L.

Post-FRI Heat Release Rate (kW) - The rate that heat is released from the burning fuel in a
compartment during the fully developed fire realm and calculated in accordance with the
following expression: Q = 1500 * A*II° In SAFE, the ventilation factor, A*H® takes
into account the height and area of all ventilation openings. Open doors, hatches,
windows, etc. are assumed to be ventilation openings. The numerical coefficient, 1500,
assumes stoichiometric burning conditions.

Pre-FRI Heat Release Rate (kW) - The rate that heat is released from the burning fuel in a
compartment during the fire growth realm and calculated according to: Q = Alpha * t2.
The heat energy produced is used as a key variable in the Beyler-Peatross algorithm for
calculating compartment fire temperatures; when the temperature exceeds ambient by 500
degrees celsius, full room involvement (FRI) is assumed to exist in the compartment. See
Appendix B.

Pyrolysis - The conversion of solid fuel into flammable vapor by the application of heat.

Qmax - The maximum permissible value of the heat release rate. Qmax is the upper limit for Q in
the Beyler-Peatross algorithm and is a function of the fire growth model. See "Fire
Growth Model".

Radiation Point - The transition point between smoldering combustion and the point where a fire
grows proportionally to time squared. This point (beginning of exponential fire growth) is
also referred to as Established Burning (EB) since this is the point where radiational
feedback to the fuel bed becomes the predominant mode of heat transfer.

Relative Frequency of Acceptable Loss|Fire Free State - Relative Frequency of Acceptable
Loss of a compartment given Fire Free State, calculated in SAFE by summing the
probabilities of a target compartment or set failing to meet its FSOs over all fire paths,
from all possible rooms of origin, multiplied by the frequency of EB in each room of
origin. -




Residual Heat Transfer (%) - The amount of unburned fuel that is transferred from a burning
compartment to an adjacent room upon barrier failure if the adjacent compartment is not
at full room involvement. This parameter is a function of the barrier material and can be
found in the catalog of available barrier materials. See “Percent Heat Release”.

RLF - Relative Loss Factor - RLFs are calculated in SAFE as a means of assessing whether a
target compartment or set meets FSOs. A Relative Loss Factor > 1 indicates that a target
compartment has failed to meet its FSOs. This factor is determined by multiplying the
target's Relative Frequency of Acceptable Loss given Fire Free State of the target in
failures/year (calculated during a given run of SAFE) by the assigned frequency of
acceptable loss in years. A target is considered lost if its level of fire involvement in a
given path exceeds the level specified by its MAL rating.

Room of Origin - The compartment in a fire path where EB first occurs.

Room Point - The point in the growth of a compartment fire where flames fully involve the
compartment. See “Full Room Involvement”. :

SAFE - Ship Applied Fire Engineering - The computerized implementation of the SFSEM. SAFE
is actually an integrated series of computer programs utilizing AutoCAD and the
INFORMIX relational database management system

Scenario - A situation defined by the user before executing a SAFE probabilistic model run.
Such parameters as run time, ship location, material condition of readiness and firefighting
configuration are specified.

SCFP - Small Cutter Fire Protection. Project sponsored by Commandant (G-ENE) to analyze
firesafety on cutters less than 180" in length.

SFSEM - The Ship Fire Safety Engineering Methodology. A probabilistic-based risk analysis
methodology used to analyze all aspects of the ship's performance in response to 2 fire
compared to pre-established FSOs.

Shell Plating - The ship’s hull consisting of the underwater body and the freeboard Main Deck
and below. The ship’s superstructure is above the Main Deck. Shell plating can be steel
or aluminum.

SHIPALT - Ship Alteration. A document that describes an authorized change to the
configuration, compartmentation, or other major alteration to a ship. The purpose of
SHIPALTS is to standardize the configuration of all ships in a class.

Ship Location - A ship is either “at sea” or “in port” for the purpose of setting up a model run in
SAFE.

SOLAS - Safety of Life at Sea. An international convention prompted by the Titanic disaster and
amended several times since that time that establishes international regulations for building
ships to ensure the safety of passengers.

Standard Scenario - Scenarios that describe a ship's location and material condition of readiness
with passive automated and manual fire protection capabilities in effect. Since this
describes a ship under normal operating conditions, these scenarios are referred to as
standard scenarios. See “Non-Standard Scenario”
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Stepped Deck - That portion of a deck which is not in the same horizontal plane as the majority
of the deck.

Stoichiometric - A term that describes ideal burning which assumes there is sufficient oxygen to
ensure 100% combustion of available fuel. Stoichiometric burning produces the hottest
fire temperatures, therefore sufficient ventilation to produce stoichiometric conditions is
assumed in the SFSEM where fire protection systems should be designed for worst case

conditions.

Superstructure - The ship’s structure above the Main Deck. The superstructure can be steel or
aluminum.

T-Adjust (%) - A value that can range from 0 to -99% that is applied to the Tbar value ofa
specified barrier to account for cracks of other flaws that would reduce it’s ability to resist
a thermal or hot spot failure. An open door or window is not considered a derating of the

barrier.

Target - A compartment or set of compartments which are analyzed in a probabilistic model run
for the frequency and magnitude of