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FOREWORD 

This volume is one of a series of reports on the fire safety aspects of polymeric 
materials. The work reported here represents the results of the first in-depth study 
of this important subject. The investigation was carried out by a committee of 
distinguished polymer and fire technology scholars appointed by the National 
Academy of Sciences and operating under the aegis of the National Materials Advi
sory Board, a unit of the Commission on Sociotechnical Systems of the National 
Research Council. 

Polymers are a large class of materials, most new members of which are man
made. While their versatility is demonstrated daily by their rapidly burgeoning use, 
there is still much that is not known or not widely understood about their proper
ties. In particular, the burning characteristics of polymers are only now being fully 
appreciated and the present study is a landmark in the understanding of the fire 
safety of these ubiquitous materials. 

In the first volumes of this series the committee has identified the limits of 
man's knowledge of the combustibility of the growing number of polymeric materi
als used commercially, the nature of the by-products of that combustion, and how 
fire behavior in these systems may be measured and predicted. The later volumes 
deal with the specific applications of polymeric materials, and in all cases the 
committee has put forth useful recommendations as to the direction of future 
actions to make the use of these materials safer for society. 

Harvey Brooks, Chairman 
Commission on Sociotechnical Systems 
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ABSTRACT 

This is the ninth volume in a series that examines fire safety aspects of polymeric 
materials, with primary emphasis on human survivaL Other volumes in the series 
deal with materials: state of the art; test methods, specifications, and standards; 
special problems of smoke and toxicity; fire dynamics and scenarios; aircraft: civil 
and military; and applications to building, land transportation vehicles; and mines 
and bunkers. An executive summary volume (Elements of Polymer Fire Safety and 
Guide to the Designer) has been added to the series. 

In this volume, the fire safety aspects of polymeric materials used in ships, boats, 
craft, and devices - both for commercial and military service - are examined, with 
primary focus on improving fire safety. The study addresses (a) the physical and 
chemical parameters that influence flammability, smoke, and toxicity; (b) the 
physical and chemical material combinations that are used; (c) the use of these 
materials in devices, subsystems and systems; (d) the geometry, position, and en· 
vironments of the material, and (e) the contribution of the materials to system 
performance in normal and abnormal modes under fire conditions. 

Included in each chapter are conclusions and recommendations based on pri· 
mary considerations of human survival, and secondary consideration of system 
survival. The major conclusions and recommendations are extracted and combined 
in Chapter 2, but the reader is advised to consult the conclusions and recommends· 
tions in Chapters 3 throug-. 10 for the committee's complete views. 

VOLUMES OF THIS SERIES 

Volume 1 Materials: State of the Art 

Volume 2 Test Methods, Specifications, Standards 

Volume 3 Smoke and Toxicity 

Volume 4 Fire Dynamics and Scenarios 

Volume 5 Elements of Polymer Fire Safety and Guide 
to the Designer 

Volume 6 Aircraft: Civil and Miltary 

Volume 7 Buildings 

Volume 8 Land Transportation Vehicles 

Volume 9 Ships 

Volume 10 Mines and Bunkers 
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PREFACE 

The National Materials Advisory Board (NMAB) of the Commission on Socio
technical Systems, National Research Council, was asked by the Department of 
Def~nse Office of Research and Engineering and the National Aeronautics and 
Space Administration to "initiate a broad survey of fire-suppressant polymeric 
materials for use in aeronautical and space vehicles, to identify needs and oppor
tunities, assess the state of the art in fire retardant polymers (including available 
materials, P•Oducts, costs, data requirements, methods of test, and toxicity prob
lems). and describe a comprehensive program of research and development needed 
to update the technology and accelerate application where advantages will accrue in 
performance and economy." 

In accordance with its usual practice, the NMAB convened representatives of the 
requesting agencies and other agencies working in the field to determine how the 
project might best be undertaken. It was quickly apparent that widepsread dupli· 
cation of interest exists. At the request of other agencies, sponsorship was made 
available to all government departments and agencies having an interest in fire 
safety. Concurrently, the scope of the project was broadened to take into account 
the needs of the new sponsors, as well as those of the original sponsors. 

In addition to the Department of Defense and the National Aeronautics and 
Space Administration, sponsors of this study now include the Departments of 
Agriculture, Commerce (National Bureau of Standards), Interior (Bureau of Mines, 
Division of Mining Research, Health, and Safety), Housing and Urban Development, 
Health, Education and Welfare (National Institute of Occupational Safety and 
Health), Transportation (Federal Aviation Administration, Coast Guard), and 
Energy. as well as the Consumer Product Safety Commission, Environmental Pro
tection Agency, Postal Service, and the National Fire Prevention and Control Ad
ministration. 

The committee was originally constituted on November 30, 1972. The member
ship was expanded to its present status on July 25, 1973, after presentation of 
reports by liaison representatives which covered needs, views of problem areas, 
current activities, future plans, and relevant resource materials. Tutorial presenta· 
tions were made at meetings at the Academy and during site visits, when the 
committee or its panel met with experts and organizations concerned with fire 
safety aspects of polymeric materials. These site visits (upwards of a dozen) were an 
important feature of the committee's search for authentic information. Additional 
inputs of forei!Jl fire technology were supplied by the U.S. Army Foreign Science 
and Technology Center and NMAB staff. 
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CHAPTER 1 

INTRODUCTION 

1.1 Scope and Methodology of the Study 

The charge to the NMAB Committee on Fire Safet Aspects of Polymeric Materi
als was set forth in presentations made by the sponsoring agencies. Early in its 
deliberations, however, the committee concluded that its original charge required 
modification and expansion if the crucial issues were to be fully examined and the 
needs of the sponsoring organizations met. Accordingly, the committee agreed it 
would direct its attention to the behavior of polymeric materials in a fire, with 
special emphasis on human safety considerations. Excluded from consideration 
were therapy after fire-caused injury and mechanical aspects of design not related 
to fire safety. The work of the committee includes ( 1) a survey of the state of 
pertinent knowledge, (2) identification of gaps in that knowledge, (3) identification 
of work in progress, (4) evaluation of the work as it relates to the identified gaps, (5) 
development of conclusions, (6) recommendations for action by appropriate public 
and private agencies, and (7) estimation, when appropriate, of the benefits that 
might come from implementation of the recommendations. Within this framework, 
functional areas were addressed as they relate to specific situations; end uses were 
considered when fire was a design consideration and the end uses were of concern 
to the sponsors of this study. 

Attention was given to natural and synthetic polymeric materials, primarily in 
terms of their composition, structure, relation to processing, and geometry (i.e., 
film, foam, fiber, etc.). but their incorporation into an end-use component or 
structure also was considered. Test methods, specifications, definitions, and stan
dards were considered. Regulations, hwoever, were dealt with only in relation to 
end uses. 

The products of combustion, including smoke and toxic substances, were con
sidered in terms of their effects on human safety; morbidity and mortality were 
treated only as a function of the materials found among the products of combus
tion. The committee considered potential exposure to fire-retardant polymers (in
cluding skin contact) in situations not including pyrolysis and combustion. This was 
done in relation to various end uses. 

In an effort to clarify the understanding of the phenomena accompanying fire, 
consideration was given to the mechanics of mass and energy transfer (fire dyna
mics). The opportunity to develop one or more scenarios to guide thinking was 
provided; however, as noted above, firefighting was given only superficial considera
tion. To assist those who might use natural or synthetic polymers in components or 
structures, consideration also was given to design principles and criteria. 

In organizing its work, the committee concluded that its analysis of the fire 
safety of polymeric materials should address the materials themselves, fire dyna
mics, and the large societal systems affected. This decision led to separate treatment 
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of the technical-functional aspects of the problem and the aspects of product end 
use. 

Accordingly, the committee is presenting its findings in five disciplinary and five 
end-use reports: 

Volume 1 Materials: State of the Art 
Volume 2 Test Methods, Specifications, and Standards 
Volume 3 Smoke and Toxicity 

(Combustion Toxicology of Polymers) 
Volume 4 Fire Dynamics and Fire Scenarios 
Volume 5 Elements of Polymer Fire Safety and 

Guide to the Designer 
Volume 6 Aircraft (Civil and Military) 
Volume 7 Buildings 
Volume 8 Land Transportation Vehicles 
Volume 9 Ships 
Volume 10 Mines and Bunkers 

1.2 Scope and Limitations of This Report 

This volume specifically examines the polymeric materials used in ships, boats, 
craft, and devices for both commercial and military service. For each category of 
vessel the committee has attempted to determine: 

1. The parameters, physical and chemical, that influence flammability, smoke, 
and toxicity. 

2. The material combinations, physical and chemical, that are used. 
3. The use of the materials in devices, subsystems, and systems. 
4. The geometry, position, and environment of the material. 
5. The contribution of the materials to system performance in normal and ab

normal modes (fire). 

Since much knowledge needed to make such determinations was lacking, the 
judgments of the committee are tentative and subject to revision; they represent 
only "best possible estimates" based on what is currently known. (Information on 
vessels was delivered to the committee before September 1977 and literature refer· 
ences beyond that date are not included). 

Although the relative priority of conclusions and recommendations was part of 
the committee's discussions, this report does not attempt to advise managers of 
resources how to allocate them, vis-a-vis other demands. 

Specific polymeric materials generally excluded from this report include propul· 
sion fuels and hydraulic fluids. In addition, in commercial ships where the cargo is 
so widely varying in content and composition and in military ships where the 
composition and amount of payload (offensive power) is classified, no attempt has 
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been made to consider them. It should be noted that unclassified information on 
relevant materials is contained in Volume 1 - Materials: State of the Art. The fire 
load associated with passenger and crew carry-on material has not been addressed 
although the significance of this material is not minimized. 

The committee assessed polymeric materials used in vessels relative to: 

1. Current materials knowledge and data. 
2. Current test methods and standards. 
3. Real world fire environment. 
4. State of knowledge of smoke and toxicity. 
5. Systems applications. 
6. Potential for improvements. 

1.3 Committee Viewpoints 

Members of the committee are knowledgeable about materials, research and 
development, applications, system design, and evaluation; liaison representatives 
deal with research and development, regulation, procurement, operations, and 
analysis. Thus, each material and its problems were evaluated by experts. 

It is necessary to emphasize that each of the many statements concerning fire 
safety aspects of polymeric materials applies only to specific situations. Statements 
in this volume must not be taken out of context and applied to the use of identical 
materials in other situations. The reader is further cautioned that many polymeric 
materials are poorly identified; the acceptance of a manufacturer's nomenclature is 
often not sufficient to determine what, in fact, the material is. 

1.4 Methodology 

By the time this volume was embarked upon the committee's expertise and 
experience had been enhanced by three years of close association and communica
tion and by the preparation of the five disciplinary reports and two of the end-use 
reports. This experience was very helpful in addressing the fire safety aspects of 
polymeric materials used in ships and water craft. 

In addition to assembly and analysis of data and information (including regula
tion and specifications), the committee sought and obtained tutorial presentations 
from the principal government agencies involved, the Coast Guard (for commercial 
vessels) and the Navy. Committee members visited a private shipyard to observe 
commercial and Navy vessels under construction and discuss with shipbuilders their 
problems with polymeric materials. 

1.5 General Considerations 

Safety of life and limb of those in water-borne vehicles was the first priority in 
the committee's considerations; discussions, conclusions, and recommendations are 
heavily weighted in that direction. While there is no doubt that the rapidly esca
lating costs of vessels dictate that substantial effort be directed towards reduction 
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of property damage from fire, this report assigns a secondary priority to such 
matters. 

The general public has little exposure to fire danger on U.S. commercial ships, 
since there are very few which carry passengers; only a small crew is generally 
involved on such ships. U.S. Navy ships carry no public passengers, but generally 
have substantial crews. Although the number of small pleasure craft is very large, the 
fatalities and injuries from fires is surprisingly low. 

Despite the relatively small impact to date of polymers upon ship construction, 
the economic pressures for the use of these newer materials in vessels remain great 
because of their inherent advantages. Some of the more important of these advan
tages are reductions in cost, weight, and maintenance. These advantages result from 
the superior resistance to corrosion and soiling, significantly reduced fabrication 
costs, and reduced energy costs both in materials production and systems opera
tions. As indicated in Figure 1.1, the energy requirements for the production of a 
unit of polymer are only one tenth to one half that for such metals as aluminum or 
magnesium, while energy savings of from 10 to 80 percent are possible relative to 
steel, depending upon the polymer chosen. This advantage of polymers over metals 
also extends into energy consumption, particularly in high-speed, special-purpose 
vessels, because the lower density of polymers reduces the weight of the finished 
product with a resulting saving in energy needed to propel the ship through the 
water. 
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Despite the advantages of expanded use of polymers in ship construction, the 
ready flammability of most of the low-cost, high volume materials now produced 
makes the close control of these materials imperative. 

The Coast Guard, in setting specifications for commercial ships, craft, boats, and 
devices, and the Navy, in setting specifications for its own vessels, have used a 
system approach and the latest information on polymer performance. As a result, a 
high degree of fire safety has been attained. 

REFERENCES 

P. F. Brake, "Potential Tank-Automotive Appl ications for Organic Materials, Part II - Com· 
posite Materials," Army Materials and Mechanics Research Canter Report, Mar. 31 , 1976. 
U.S. Army Materials and Mechanics Research Center, Watertown, MA. 02172. 
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CHAPTER 2 

SUMMARY, CONCLUSIONS AN 0 RECOMMENDATIONS 

2.1 Summary 

This report discusses the materials, tests, regulations, specifications, and special 
considerations as applied to fire safety aspects of polymeric materials used in such 
applications as hulls, fittings, and furnishings used to construct and control various 
kinds of watercarft. Naval and commercial craft are included, as are special devices 
such as oil-drilling rigs, ocean mining vessels, and high-performance ships, e.g., 
surface effect and hydro-foil craft. The latter have close ties to aircraft manufactur
ing and operating practices. 

The fire safety record of all watercraft is very good and is improving as new 
international safety-at-sea regulations are implemented. Fire statistics indicate that 
the fire hazard on ships is not acute when compared to fire-related injuries, deaths, 
and property damage in land transportation vehicles or buildings. A few specific 
problems deserve additional emphasis and higher priority, (e.g., electrical wiring 
insulation). In general, early and orderly application of new knowledge of polymers 
by the Coast Guard and the Navy will continue to support a superior fire safety 
record (compared with land transport and building usage of synthetic polymers). 

2.2 General Conclusions and Recommendations 

Conclusion: Manmade polymers offer substantial advantages when they are pro
perly substituted for metals in structures and components. These advantages in
clude reduction of weight, reduction of cost to manufacture and form, reduction of 
energy required to produce and manufacture, and improved corrosion resistance. 
However, in some cases, the effect on fire safety arising from this substitution has 
been undesirable. Recommendation: The Navy and Coast Guard should establish 
aggressive programs to classify and/or develop polymer compositions and com
posites from a fire safety point of view, suitable for substitution for metals in ship 
structures and equipments. This recommendation will require substantial additional 
investment in manpower, funds and laboratory capability. 

2.3 Conclusions and Recommendations. Fire Dynamics and Scenarios (Chapter 3) 

Conclusions based on the scenario of the SS C.V. Sea Witch-SS Esso Brussels 
collision and fire (See Chapter 3, Section 3.4.2) : 

1. The ability of the crew of the SS C.V. Sea Witch to survive in the after 
deckhouse for a period of about 1 hour, and the electrician for about 2 hours in the 
emergency generator room, while the stern of the vessel was engulfed in flames, can 
be attributed to the excellent structural fire resistance of the interior paneling and 
furnishing of the vessel. 

2. The S.S. Esso Brussels deckhouse materials of construction and interior fur
nishings were essentially combustible materials; they were almost completely con-
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sumed by the fire. The complete and rapid spread of the fire through the living 
spaces of both deckhouses emphasizes the absence of structural fire protection 
aboard this vessel. Had the crew sought shelter aboard, they probably would have 
died in the deckhouse fire. The hazards of combustible construction within the 
living accommodations of a tank vessel were clearly demonstrated in this casualty. 

3. The rapid spread of smoke through the engine room and after·quarters com· 
plicated the survival efforts of the crew of the SS C.V. Sea Witch. The early 
abandonment of the engine room because of the dense smoke could have been a 
significant factor under different circumstances in which positive steps to combat 
the fire or maneuver the vessel were undertaken by the crew. 

4. The deck cargo containers on the side of the vessel were first affected by the 
flames and heat surrounding the SS C.V. Sea Witch. The fire accelerated as con
tainers ruptured or were consumed during the fire, exposing additional fuel to the 
fire. The progress of the deck fire was uninhibited either by the small separation 
space between bays or the boundaries provided by the containers. The absence of 
any effective fire stops to separate the deck cargo mass- some 10 feet high, more 
than 320 feet in length, and extending the width of the vessel -compounded the 
problem of fire containment. 

5. The hulls of both vessels remained intact after being subjected to intense heat; 
this substantiates the superiority of steel as a structural material, especially when 
compared to the extensive damage to the nonferrous fittings on the SS Esso 
Brussels and aluminum containers on deck of the SS C.V. Sea Witch. 

Recommendations from Analysis of the Scenario: 

1. Check the adequacy of existing container construction standards and the 
possible need for additional shipboard fire protection standards in view of the rapid 
spread of fire through the containers. 

2. Conduct further studies to develop methods to prevent the spread of smoke 
within the interior of burning vessels. Ventilation systems should be designed to 
provide manual or automatic means, not only to prevent the spread of fire, but also 
the spread of smoke. 

Conclusion: Statistics indicate that the fire problem on ships is not acute when 
compared to fire-related injuries, deaths, and property damage in land transporta· 
tion vehicles or buildings. Although each ship fire is different, the development and 
analysis of fire scenarios leads to the identification of common elements. This 
allows identification of the critical states in fire development, suggests oppor· 
tunities for fire prevention, and directs attention towards various methods for con
trol. Recommendation: Develop a wide spectrum of generalized ship fire scenarios, 
as outlined in Chapter 3, based on real or credible incidents. The specific fire 
dynamic elements in these scenarios (e.g., rate of fire spread, rate of heat release, 
etc.) should be further quantified when necessary by information obtained from 
full-scale experiments. The ultimate goal is to develop the capability of employing 
small-scale experiments that can be used to predict full-scale events. 
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Conclusion: Scenarios should be prepared so as to permit generalization from 
the particular incident described. A good scenario provides a basis for exploration 
of alternative paths of fire initiation and growth and for analysis of the effect on 
fire safety performance of changes in specifications, materials, and design. Re
commendation: Use scenarios for the analysis of fire hazard and for the develop
ment of methods to provide increased safety. In particular, these scenarios should 
provide the basis for materials selection, design criteria, validation of test methods, 
promulgation of specifications, and research and development objectives. 

Conclusion: The application of fire scenario analysis appears to be a most pro
ductive method to identify effective means to improve fire safety in today's in
creasingly complex ships. Recommendation: Base the design and procurement of 
any new ship having polymeric materials, in which fire is a design consideration, 
upon the development and testing of the design against appropriate fire scenarios. 
This, in essence, requires the development of a fire impact statement. 

Conclusion: At present, insufficient use is being made of the fire scenario tech· 
nique in the analysis of shipboard fires. Recommendation: Train ship designers and 
operators and regulating authority personnel in the development and use of fire 
scenarios, to enable them to identify critical fire hazard elements and to determine 
appropriate protective measures. 

2.4 Conclusions and Recommendations. Polymer Materials (Chapter 4) 

Conclusion: Given sufficient oxygen and thermal energy input, all organic poly
mers will burn. Recommendation: Initiate programs to increase basic knowledge of 
the relationship between the chemical and physical properties of polymers, the fire 
dynamics parameters, and the way these relations are affected by aging. 

Conclusion: Some usages of polymeric materials in ships can seriously augment 
the fire hazard. Recommendation: Concern exists about potential fire hazards 
associated with the rapidly increasing use of polymeric insulating foams in ship 
construction. Support approaches to improve the fire safety of the high-volume 
low-cost polymers. 

Conclusion: Many synthetic organic polymers burn in a manner different than 
that of the more familiar natural polymers such as wood, paper, cotton, or wool. 
Recommendation: Increase the development effort on char-forming polymer sys
tems, with particular emphasis on lowering the fabrication cost. 

Conclusion: Poly-vinylchloride (PVC) and polyolefins have been and will remain 
in the near future the primary materials used in wire and cable insulation. Many 
factors, but primarily economics, dictate their continued use. Recommendation: 
Define problems, if any, associated with new PVC formulations. Develop ap
proaches to surmount these difficulties. Develop comparative data on "fire-resistant 
improved" PVC formulation(s). 

Conclusion: Fluorolefins will receive increased attention . They are limited to 
particular applications because of the high materials cost. There may be certain 
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problems caused by the toxicity of combustion products associated with their use. 
Recommendation: Define and attack any problems associated with fluorine
containing polymers. 

Conclusion: Polyphosphazenes are the only new more·fire-retardant materials 
currently approaching commercialization. They are emerging as a new class of 
higher priced materials to consider for use in fire retardant applications. Recom
mendation: Encourage future development of polyphosphazenes, defining advan
tages and problems. 

Conclusion: Silicones and polyimides (primarily film) are two classes of com
mercial cable-insulating materials which do not depend on halogens (either as an 
addition or as part of the structure of the polymer) to provide fire-resistant proper
ties. However, they do not fit into the same economic framework as PVC and 
polyethylene. Recommendation: Develop to the flame retarding of polyolefins by 
novel non-halogen approaches. 

Conclusion: The fire safety of many polymers has been improved by the in
corporation of hydrated alumina and/or compounds containing halogens, phos
phorus, or antimony. Recommendation: Create an overall program which will 
categorize and communicate the goals and results of government-supported work 
on the fire safety of polymeric materials, particularly the use of additives. 

Conclusion: The polymeric materials with improved flammability characteristics 
which are available today may have deficiencies such as high costs, fabrication 
difficulties, and formation of toxic and corrosive combustion products. Recommen
dation: Initiate programs to determine the relationship of chemical and physical 
components of polymeric materials to the formation and evolution of smoke and 
toxic gases. 

Conclusion: The use of intumescent coatings can enhance the fire safety of some 
polymeric products, but may have limited usefulness in a marine environment 
because of adverse effects of moisture and salt water. Recommendation: Expand 
materials and application studies of intumescent coatings, with emphasis on 
lowering the cost and improving coating performance in a marine environment. 

2.5 Conclusions and Recommendations. Test Methods, Specifications and Standards 
(Chapter 5) 

Conclusion: The use of ASTM D-1692 test for flammability of furniture is not 
recognized as an acceptable test by the fire community. Recommendation: Con
sider the modified International Standards Organization (ISO) test method now 
under development to replace several of the Coast Guard flammability tests and as 
an eventual replacement for ASTM D-1692. In the interim, test fabrics by Federal 
Standard 191, Method 5903, and other polymeric materials by ASTM E -162, with 
appropriate limits of flame spread. 

Conclusion: The testing of carpets by the ASTM E-84 test method is no longer 
considered a valid procedure for carpets. Recommendation: Use the new National 
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Bureau of Standards Flooring Radiant Panel test and the Federal Standards Test 
Method 372 in place of E-84 as a flammability specification for carpeting and floor 
coverings. 

Conclusion: The Coast Guard has no flammability specifications for polymeric 
materials used in small boats, despite the particular susceptibility of pleasure craft 
to fires because of inexperienced crews and poorly safeguarded fuel systems. Re
commendation: Consider using the modified ISO test method, after development is 
complete and appropriate limits have been set by test data, for polymeric materials 
used in small boat construction. In the interim, preparation should be made to 
monitor the development of the ISO method or other acceptable test methods to 
achieve a series of specifications for the various categories of materials. 

Conclusion: Fuel systems are not a part of the Committee's charge; however, the 
design of fuel systems, in small boats clearly needs additional consideration to 
improve safety. Although the Coast Guard and Navy use tests that are presumably 
adequate, many of the test methods available to them are inadequate because they 
do not provide complete guidance for the selection of polymeric materials to be 
used in systems over a wide spectrum of fire scenarios. Recommendation: The Navy 
and the Coast Guard should intensify current efforts to monitor test method de· 
velopment, to adopt test methods in areas where none are currently specified, and 
to develop new test procedures. 

Conclusion: The Navy specifications have no requirement limiting smoke emis
sion from upholstery materials, which are frequently heavy contributors of smoke. 
In addition, the specification providesthat flaming drippings may continue to burn 
for 5 seconds. Recommendations: The Navy should establish a smoke emission 
standard for upholstery in which the specific density (D) should not exceed 100 in 
less than 4 minutes by the National Fire Protection Association No. 258 test 
method. Change the specification to forbid flaming drippings. 

2.6 Conclusions and Recommendations. Smoke and Toxicity (Chapter 6) 

Conclusion: There is a lack of information on the special problem of combustion 
and pyrolysis, and the composition of smoke and other products from the com
bustion and/or pyrolysis of polymeric materials used aboard ships. The per
formance of a polymeric material under laboratory conditions may differ markedly 
from that which occurs when it, individually or in combination with other materi
als, is involved in a real shipboard fire. Recommendation: Devulop a research pro
gram on smoke and toxicity problems that are specific to shipboard use. Every 
effort should be made to take advantage of actual shipboard fires to acquire infor· 
mation that can lead to improved specifications of polymers and enhance the 
medical care of victims. 

2. 7 Conclusions and Recommendations. Surface Ships - Commercial 
and Military (Chapter 7) 

Conclusion: The fire safety record of Coast Guard-regulated vessels is good, 
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relative to similar statistics on land transport or buildings. The fire safety regula
tions and specifications of polymeric materials in Coast Guard- and Navy-regulated 
vessels are much more stringent and closely controlled than similar regulations in 
land transportation or buildings. The absence of flammability standards for hull 
materials used in naval ships could lead to the uncontrolled use of polymers in the 
future. Recommendation: It is recommended that flammability regulations be set 
on naval ship hull materials. 

Conclusion: The fire safety specifications regulating polyurethane foams in both 
commercial and naval ships are inadequate. Recommendation: It is recommended 
that the fire safety regulations controlling the use of polymeric foams in both naval 
and commercial ships be reevaluated and strict standards be set that rigorously 
control the design use of polyurethane foam. 

Conclusion: The large amounts of sensitive electronic equipment on naval com
bat ships and their need to maintain full operational capabilities at all times make 
these vessels particularly sensitive to the corrosive gases produced by fires in most 
of the cable insulation currently in use. Recommendation: The current research 
programs to develop fire retardant electrical insulation which will not produce 
corrosive gases when burned should be expanded, and some interim fire protection 
standards that take account of corrosive combustion product should be 
promulgated. 

Conclusion: The current fuel load calculation, based on the heat of combustion 
of wood, used to estimate the total fuel load in compartments, is misleading be
cause it makes no provision for themuch higher heats of combustion of polymers 
compared to wood. Recommendation: The present technique for calculating the 
fuel load in ship compartments should be modified to make allowance for the 
higher (relative to wood) heats of combustion of most common synthetic polymers. 

Conclusion: The flammability and smoke specifications controlling the use of 
polymers in shipboard furnishings currently allow the use of many highly flam
mable and smoke-generating polymers. Recommendation: The flammability and 
smoke specifications controlling the use of polymers in shipboard furnishing should 
be reevaluated, preferably using the scenario analysis technique; more appropriate 
specifications should also be set. 

Conclusion: The flammability regulations governing the use of polymers of in
sulation in small gauge communciations wire are probably unrealistic and inade
quate because tests are run on individual wires, while in actual use many wires are 
invariably combined in large cables or cableways. Recommendation: The flam
mability regulations governing the use of polymers as insulation of small gauge 
communications wire should be reevaluated and reestablished, to better correlate 
with actual conditions. 

Conclusion: The use of unprotected polymeric foams in the cargo spaces of 
commercial shipping allowed by present Coast Guard regulations, is a serious fire 
hazard. Recommendation: The flammability regulations allowing the use of 
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unprotected polymeric foams in cargo spaces of commercial vessels should be re
evaluated, using the scenario analysis technique. 

Conclusion: The use of fire resistant compartment penetrations is an effective 
method of reducing the fire spread along cableways. Recommendation: Effective 
fire resistant breaks for cableway penetrations in compartment bulkheads should be 
required on all naval and commercial ships. 

Conclusion: The flammability specifications controlling the use of polymeric 
foams on the bulkheads and water piping of Navy ships may be inadequate because 
of the flammability test chosen. Recommendation: The flammability test specifica
tions regulating the use of polymeric foams in the engineering and cargo spaces of 
naval vessels should be reevaluated, and toxicity specifications for pyrolytic com
bustion gases from these materials should be set. 

Conclusion: The flammability and smoke specifications set in M 1 L-STD-1623 for 
light diffusers in naval ships can allow the use of some highly flammable polymeric 
materials. Recommendation: The MIL-STD-1623 flammability and smoke specifica
tions on light diffusers should be reevaluated in view of presently available materi
als, and new specifications should be set. 

Conclusion: The present naval research programs to develop new fire retardant 
elastomers, cable coatings, and cushioning materials with less corrosive and toxic 
combustion products are addressing one of the most serious and current fire 
hazards on naval vessels. Recommendation: The Navy research programs to develop 
new fire retardant elastomers, cable coatings, and cushioning materials should be 
continued and expanded. 

Conclusion: As is more fully demonstrated in Chapter 3, scenario analysis is a 
powerful tool in materials selection, design, criteria, validation of test methods, the 
promulgation of specifications, and the choice of research and development ob
jectives. Recommendation: Scenario analysis should be a required part of the design 
and construction regulations for all new ship construction. 

Conclusion: The absence of toxicity standards of combustion gases in Navy 
regulations on materials leads to serious safety hazards on ships. Recommendation: 
Toxicity standards for combustion gases from polymeric materials should be set to 
diminish the hazard of the use of these materials on naval vessels. 

Conclusion: The present flammability standards based on ASTM E-84 used for 
controlling materials on Navy ships may be inadequate. Recommendation: The use 
of ASTM E -84 as a primary flammability test controlling materials used on Navy 
ships should be reevaluated. 

2.8 Conclusions and Recommendations. Special Surface Vessels 
(Hydrofoils, Surface Effect, etc.) (Chapter 8) 

Conclusion: High-performance vessels require minimum weight to achieve speci
fied performance polymeric materials offer great great help in meeting this require
ment. However, most polymeric materials used aboard special high-performance 
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vessels are easily ignitable and produce heavy volumes of toxic smoke. Recom
mendation: Known hazardous polymeric materials currently used in inhabited areas 
of dynamically supported vessels should be replaced with available improved 
materials. 

Conclusion: Vessel crews may be involved in fires in which it is necessary to 
continue the operation of the vessel while fighting the fire. Recommendation: 
Vessel crews should be required to wear clothing fabricated from commercially 
available fire-resistant fibers (e.g., treated wool, treated cotton, treated polyesters, 
aramids, and phenolics) to provide increased protection against fire. 

2.9 Conclusions and Recommendations. Surface Boats and Crafts (Chapter 9) 

Conclusion: The casualty and property loss data accumulated by the U.S. Coast 
Guard for registered boats show a very low injury rate and small property loss from 
fires and explosions. Most of the reported fires occurred in boats with wood or 
fiberglass-reinforced hulls and inboard engines. Recommendation: The low inci
dence and consequences of fires aboard boats do not at this time appear to support 
the imposition of fire protection regulations that would add to the cost of recrea
tional boats. 

Conclusion: Current fiberglass-reinforced plastic technology is such that prod
ucts with greatly improved fire safety performance are available at moderate price. 
The fire safety of interior surfaces and furnishings can be improved substantially by 
state-of-the-art technology. Recommendation: Promote the availability of materials 
with improved fire safety performance. Carefully monitor the Coast Guard casualty 
data in order to identify potential fire hazards requiring new safety standards. 
Substitute less flammable high-pressure phenolic laminates or coated aluminum 
panels for wood and wood veneer in bulkhead and overhead paneling where there is 
great danger of fire. 
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CHAPTER 3 

DEVELOPMENT AND ANALYSIS OF FIRE SCENARIOS 

3.1 Introduction 

Each of the hundreds of fires that occur yearly on ships is the outcome of a 
chain of events. Some of these are the result of the development and growth of the 
fire; others are the consequence of human behavior and/or automatic protection 
devices. Obviously if one of the links in the chain of events can be removed or 
altered, the end result of the fire would be altered. 

A useful method for analyzing the fire hazard in a particular situation, or from a 
given product, is to construct typical fire scenarios, (i.e., actual or generalized 
detailed descriptions of fire incidents). This allows identification of the critical 
stages in fire development and suggests opportunities for prevention and control 
methods. 

Scenarios have maximum utility if they meet two conditions: 1) they represent 
accidents causing a significant fraction of the annual loss from fire; and 2) they 
provide sufficiently detailed information to permit useful analysis. 

Statistical analysis of accident data is a guide to the frequency of occurrence of a 
scenario. Only very limited quantities of data, however, are currently available. 
While statistical information delineates the general types of fires which commonly 
lead to fatalities (or major property loss), it is necessary to prepare representative 
scenarios containing all the relevant details of the fire challenge and the human (or 
automated) response. To benefit fully from this information, more and better data 
on fires are needed. 

It must also be recognized that statistics are not applicable to certain classes of 
problems. For example, there is the infrequent catastrophe of major proportions 
where a statistically valid sample of events is not available; technological change 
may occur so rapidly that the time lag between the introduction of a new material, 
product, or structure and the development of a statistically significant accident 
history may be unacceptable. Hence, experience and judgment are very important 
in developing meaningful scenarios. 

A practical range of ship fire scenarios can describe only a small fraction of fire 
incidents that could possibly occur. It is necessary, therefore, that these scenarios 
treat relevant factors which affect fire development in a way permit generalization. 
In particular, scenarios based solely on actual incidents will be retrospective in 
nature and will be incapable of predicting the effects of new designs and new 
materials on fire safety unless extensions of the scenario can be applied to new 
situations. 

The scenario concept is not a new tool in long-range planning (Zentner-1975). 
However, only recently has the scenario concept been applied to fire-safety pro
gram planning. In 1976, the National Bureau of Standards Center for Fire Research 
employed 5,040 different fire scenarios in developing a research plan to reduce the 
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nation's fire losses in buildings. The National Fire Protection Association in its 
publication Fire Journal documents the chain of events in many actual fires which 
it investigates. These real-life fire scenarios have been employed as the basis for 
in-depth studies of fires in specific residences, (e.g., one- and two-family dwellings 
(National Fire Protection Association FR75-1, 1975), mobile homes (National Fire 
Protection Association FR75-2, 1975), and nursing homes (National Fire Protection 
Association, 1972). There seems to be little use made of the fire scenario approach 
to improve fire safety in the maritime community. 

This chapter is primarily concerned with the development and analysis of fire 
scenarios. Also included is a summary of statistics on ship fires. In keeping with the 
focus of the study (i.e., on improving fire safety by modifying materials or using 
them better), the physical behavior of fire is emphasized and the behavior of human 
beings is deemphasized. Nevertheless, it is obvious that people may enter into the 
fire scenario by: (1) preventing the fire, (2) starting the fire, (3) detecting the fire, 
(4) extinguishing the fire, (5) escaping from the fire, or (6) being injured or killed 
by the fire. The human psychological and physiological characteristics involved are 
beyond the scope of this report. 

3.2 Statistics on Ship Fires 

Before the fire scenario approach is discussed, it is important to introduce infor
mation on where, when, and how fires start on ships, and on the resulting loss of 
life and property. 

3.2.1 Navy's Annual Fire Losses 

The Navy's Annual fire losses, in all categories, for the fiscal years 1971-75 are 
shown in Table 3.2-1. These figures represent a very small fraction of the annual 
U.S. fire deaths ( 11 ,800) and building losses ($3.4 billion). These losses also are a 
very small fraction of the value of Navy property, including ships, currently esti
mated at $60 billion to $200 billion. Table 3.2-2 indicates the losses from the major 
Navy surface ship fires in the period 1953-1975. On the average these losses 
account for approximately 20 fatalities and $20 million a year. 

3.2.2 Commercial Vessel Losses 

Annually the U.S. Coast Guard presents a statistical summary of commercial 
vessel casualties that were reported to and/or investigated by Coast Guard marine 
inspectors during the previous fiscal year. The Congress, the Coast Guard, and other 
regulating or insuring organizations have used the findings of these investigations to 
establish standards and determine the need for legislation to improve the protection 
of life and property at sea. 

The master of a U.S. ship is required by law to report to the Officer in Charge, 
Marine Inspection, U.S. Coast Guard, whenever a casualty results in any of the 
following: 
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(a) Actual physical damage to property in excess of $1,500; 
(b) Material damage affecting the seaworthiness or efficiency of a vessel; 
(c) Stranding or grounding (with or without damage); 
(d) Loss of life; 
(e) Injury causing any person to remain incapacitated for a period in excess of 

72 hours, except injury to harbor workers not resulting in death and not 
resulting from vessel casualty or vessel equipment casualty. 

Table 3.~1. Summery of the Nevy's Fiffl Losses (Including Merine Corps) • 

FISCll.L NUMBER AMOUNT OF LOSS WJMBER OF NUMBER OF 

1971 1799 $72.977.579 «540,442 184 25 

1972 1535 18,110.795 100 242 3 

1973 1909 93,693.650 740,235 271 40 

1974 H~29 54,632.196 0 251 24 

1975 1783 88.124,713 52,037 170 22 

Source- Federal Fire Council Report on Fire Lot ... Cetegorlea Include: 

Aeroapace Vehlclea. Building• end Contentt, Foreat, Grell end 

Tundra, Shipboard, and othera 

Every event involving a vessel or its personnel which meets any of the con
ditions of a reportable casualty is of concern to the Coast Guard. A number of 
reportable casualties are not investigated by the Coast Guard each year simply 
because they are not reported. The statistical summary in Tables 3.2-3 and 3.2-4 
represents fire casualties to commercial vessels which meet the above fire criteria. 

3.2.3 Recreation and Pleasure Boating Losses 

Under the authority of the Federal Boat Safety Act of 1971, the Chief, Office 
of Boating Safety, has the responsibility to collect, analyze, and annually publish 
statistical information obtained from recreational boat numbering and casualty 
reporting systems. The report, Boating Statistics CG-357, lists accident data for 
recreation and pleasure boats (Table 3.2-5) . In case of collision, accident, or other 
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Table 3.2·2. Major Navy Ship Fires 

Year 
Hull Cause Loss (~M)_ Fatalities 

(A) Aircraft Number 
Carriers 

1953 Leyte cv 32 Catapult Explosion ? • 37 
1954 Bennington cvs 20 Catapult Explosion 20. 103 
1960 Constellation CV 64 Construction Fire 130. 50 
1965 Kitty Hawk CV 63 Machinery Space Fire 1. 2 
1965 Ranger CV 61 ? 1.5 1 
1966 Oriskany cv 34 Flares 10. 43 
1967 Forrestal CV 59 Flight Deck Fire-Ordance 20. 134 
1969 Enterprise CVN 65 Flight Deck Fire-Ordance 5. 27 
1969 Lexington CVT 16 Machinery Space Fire 1.6 0 
1972 Forrestal cv 59 Arson 10. 1 0 
1973 Saratoga CV 60 Arson 5.1 0 
1973 Kitty Hawk CV 63 Lube Oil Fire 0.2 6 
1974 Enterprise cv 65 Vast Space Fire-Welding 3.7 0 
1975 Kennedy CV 67 Collision/Fire 1. 1 

TOTAL (14 FIRES) ~ ~ 

(B) Other Surface Ships 

1969 Avenge MSO 423 Construction Fire 3.5* 0 
1970 Goldsborough DOG 20 Boiler Explosion ? • 2 
1971 Roark DE 1053 Lube Oil Fire 1.0 0 
1971 Knox DE 1052 Fuel Spill 0.1 0 
1972 Newport News CA 148 Gun Turret Explosion 1.5 21 
1973 Force MSO 445 Engine Room Fire 4.0* 0 
1974 Enhance MSO 447 Lube Oil Fire/Explosion 1.2 0 
1974 Marathon PG 89 Fuel Leak 1.0 0 
1975 Belknap DLG 26 Collision/Fire ~ 7 

TOTALS (9 FIRES) 225.3 30 

*Total Loss 

casualty involving a motorboat or other vessel, the operator must file a report if the 
occurrence resulted in: 

a. loss of life 
b. personal injury involving loss of consciousness requiring medical treatment, or 

resulting in incapacitation for 24 hours or more 
c. property damage in excess of $100. 

3.2.4 Summary 

While fires do occur on ships, resulting in injures, deaths, and property damage, 
the problem is not acute when compared to fire-related injuries, death, and pro· 
perty damage in land transportation vehicles or buildings. Overall, the available 
statistics seem to indicate a good fire safety effort. 

3.3 Fire Scenario Development 

3.3.1 Guidelines for Development 

This section is concerned with consideration of the important elements about a 

17 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


18 

SHIPS 

Table 3.2-3. Statistical Summary of Casualties to Commercial Vessels 

Fiscal year 

Number of casualties 
Number of vessels involved 
Number of inspected vessels 

involved 
Number of uninspected vessels 

involved 

PRIMARY CAUSE 

Personnel fault: 
Pilots-State 
Pilots-Federal 
Licensed officer-document 

seaman 
Unlicensed-undocumented 

persons 
All others 

Calculated risk 
Restricted maneuvering room 
Storms-adverse weather 
Unusual currents 
Sheer, suction, bank cushion 
Depth of water less than 

expected 
Failure of equipment 
Unseaworthy-lack of main

tenance 
Floating debris-submerged 

object 
Inadequate tug assistance 
Fault on part of other vessel 

or person 
Unknown-insufficient infor

mation 

·Expl~i~~~/or- fire-structure 
e uipment, all others+ 

1976++ 

215 
219 

61 

158 

0 
0 

5 

7 
13 

1 
6 
0 
0 
0 

0 
63 

0 

0 

8 

112 

1975 

129 
133 

23 

110 

2 

8 

65 

6 

51 

1974 

109 
121 

26 

95 

5 
7 

2 

36 

12 

58 

1973 

97 
103 

21 

82 

0 
0 

2 

5 
7 
0 
0 
1 
0 
0 

0 
29 

2 

0 
0 

6 

51 

1972 

131 
136 
39 
97 

7 

9 
18 

55 

5 

41 

(Continued) 
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Tabla 3.2-3 StatistiCBI Summary of Casualtilll to CtJmmarcial V•sals {CtJntinuad) 

EXplosion and/or fire-structure 
------~ipment, all others+ 

Fiscal year 1976++ 1975 1974 1973 1972 

TYPE OF VESSEL 

Inspected vessels : 
Passenger and ferry-large 1 2 2 1 1 
Passenger and ferry-small 15 6 9 3 8 
Freight 24 8 7 4 13 
Cargo barge 2 2 1 
Tankships 9 5 3 4 6 
Tank barge 6 3 5 8 
Public 1 
Miscellaneous 3 2 2 2 

Uninspected Vessels : 
Fishing 69 54 32 40 45 
Tugs 37 24 23 14 27 
Foreign 18 7 4 2 6 
Cargo * * 5 3 4 
Miscellaneous 34 25 31 23 15 

TIME OF DAY 

Daylight 124 73 55 48 88 
Nigh time 81 46 45 43 38 
Twilight 10 10 9 6 5 

ESTIMATED LOSSES 

Vessel 22151 9903 8380 11358 21316 
Cargo 20tH 362 1554 796 792 
Property 4491 644 377 131 84 

VESSELS TOTALLY LOST 

Inspected 7 1 5 2 
Uninspected 52 50 33 42 46 

+ Does not includP explosion and/or fire- cargo, vessel's fuel, 
boilers, pressure vessel 

++ 1 July 1975 to 30 Sept. 1976 
* Not reported 

(CtJncludBd) 

fire which belong in a scenario. It is recognized that virtually all real fire investiga
tions are handicapped by the absence of trained observers, especially at the early 
stages of the fire, so frequently one must guess what happened from fragmentary 
evidence. Nevertheless, it is useful to indicate what information is desirable. In 
some cases, one may want to set up a simulation of a fire scenario: to determine 
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Table 3.2-4. Statistical Summary of Deaths/lnjuritll Due to a Vt1Uel Casualty 
• -· . - .. - ·Exp"t'os.(on and/or' fire- s_t_r_u_c_t_u_r_e-,---

Fiscal year 

Number of casualties 
Number of inspected vessels 

involved 
Numbel' of uninspected vessels 

involv"d 
Number of persons deceased/ 

injured 

PRIMARY CAUSE 

Personnel fault: 
Pilots-State 
Pilots-Federal 
Licensed officer-documented 

seaman 
Unlicensed-undocumented 

persons 
All others 

Error in judgement-calculated 
risk 

Restricted manuevering room 
Storms-adverse weather 
Unusual currents 
Sheer, suction, bank cushion 
Depth of water less than 

expected 
Failure of equipment 
Unseaworthy-lack of maintenance 
Floating debris-unsubmerged 

object 
Inadequate tug assistance 
Fault on part of other vessel 

or person 
Unknown-insufficient infor

mation 

TYPE OF VESSEL INVOLVED 

Inspected vessels: 
Passenger and ferry-large 
Passenger and ferry-small 
Freight 
Cargo barge 
Tankships 
Tank barges 
Public 
Miscellaneous 

Uninspected vessels: 
Fishing 
Tugs 
Foreign 
Miscellaneous 

e uipment, all others+ 
197b++ 1975 1974 1973 1972 

24 

4 

20 

15/28 

3 
3 

6 

10 

4/2 

/2 

7/7 
1/3 
2/4 

1/10 

13 

2 

11 

4/15 

11 

1/ 

/1 

3/11 

/1 

11 

1/2 

2/7 
1/ 

/2 
/4 

11 

4 

7 

10/9 

2 

4 
2 

3 

/1 

1/1 

2/1 

1/2 
/1 

6/3 

6 21 

2 28 

5 36 

2/8 23/41 

2 

4 

5 
6 

4 

5 

/1 /4 

1 I I 4 
1/4 

8/7 

1/1 2/2 
/1 1/2 
/5 /2 

11/16 

+ Does not include explosion and/or fire-cargo, vessel's fuel, 
boilers, pressure vessel 

++ 1 July 1975 to 30 Sept. 1976 

These data also reflect a relatively safe fire record: approximately 11 deaths, 20 inju· 
ries and loss of $15 M per year from fire on commercial ships involving the structure, 
equipment, furnishings, etc. The primary cause of these losses is failure of equipment. 
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Table 3.2-5. Summ11ry of Fire Accidenu on Recreation & Pleasure Boau (U.S. 
Coast Guard, 1976) 

Qth~•-fir~-~n2-~!Ql2§i2n_1D2t_in~l1_ty~lt 
!~11_121~---1211 ______ !2]!_ ___ !~1~ 

Total Boatinq 

Accidents 49 47 101 85 70 

Fatalities 2 4 4 5 0 

Iniuries 4 5 27 7 22 

Amount of 
Damaqe 1. 767 315 869. 1 647.7 7 58.9 

(Dollars X 1. 000) 

Note: These reported fire related damages should be compared to 1975 estimates 
of approximately 9 million boats, 15 million operators and passengers with the 
value of the boats estimated at $5 billion. 

whether or not what one thinks happened could really happen, to instrument the 
test fire, and obtain quantitative data on critical fire dynamic modifications and/or 
the effect of substituting different materials, etc. Complete knowledge of the 
relevant factors is essential. 

3.3.1.1 Pre-Fire Situation 

In general, important events in the fire scenario occur long before ignition. 
Frequently, decisions made during the planning, design, and building of the vessel 
will profoundly affect the events in the fire chain. Therefore, it is essential that 
adequate attention be directed towards the pre-fire situation since, in some in· 
stances, an optimum outcome will result from action taken long before the fire 
begins. 

The first step in the development of the fire scenario should include the gather· 
ing of data such as governing regulations, plans and specifications, builder's and 
manufacturer's records, and inspection records. Attention should be directed 
towards the rationale for material selection, how and where the materials were 
used, and how materials were installed. Specifically, did the materials meet the 
applicable specifications, were they used properly, an~ were they installed cor· 
rectly? These and similar pieces of information are essential to the completeness of 
any fire scenario. 

3.3.1.2 Ignition Source 

In the majority of cases, the ignition source is initially a desired combustion 
process which leads to the "unwanted" fire. Examples are the discarded cigarette, 
the welder's torch, the stovetop burner, etc. Another large class of ignition sources 
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involves failures of electric circuits or equipment. Other special cases such as light
ning, static sparks, and spontaneous combustion, also start fires. 

Enough information about the ignition source is needed to characterize it quan
titatively. This is because in many cases the ignition of the target fuel is marginal. 
For example, weld slag may fall on a pile of rubbish, but ultimately may self-extin
guish. A blowtorch may burn the bulkhead decorative panel for a second but may 
only char it, etc. Unless we know the details of the characteristics of the ignition 
source, we cannot say when a fire will result. 

The desired parameters and units of the ignition source are: 

maximum temperature (°C) 
energy release rate (cal/sec or watts) 
time of application to target (sec) 
area in contact (cm2 ) 

On a more sophisticated level, in some cases we may need to know the details of 
the heat transfer from the source to the target, which may be some combination of 
conduction, convection, and radiation. The degree of air motion or turbulence may 
influence spontaneous ignition of a heated vapor rising from a surface. Access to 
oxygen is important; for example, a target immersed in hot combustion products 
may not ignite because oxygen is excluded by the heat source itself. 

The most important single fact to recognize about a potential ignition source is 
that, for solid polymers which are not readily ignitable, a "strong" ignition source 
will generally ignite the target while a "weak" one will not. The "strength" of the 
source depends on the energy flux and on the time of application to the target, and 
sometimes simply on the product of these two. (See Vol. 4, Sec. 3.3.2). 

3.3.1.3 Ignited Material 

The first material to be ignited by the ignition source is generally important in 
the scenario. The question is, given an exposure to an ignition source, how does the 
probability of ignition depend on the properties of the target material? The charac
teristics of the target material are crucial in determining whether ignition occurs. 
Thus, a detailed description of the relevant target material properties is vital to the 
scenario. 

If the target material is a flammable liquid, its ignitability will depend on 
whether it is in the form of a stationary pool, a foam, a mist, or a spray. If it is a 
stationary pool, its initial temperature is crucial. If this temperature is below the 
flash point, ignition will occur only after sufficient heating to bring a substantial 
portion of the liquid to the flash point. If the initial temperature is above the flash 
point, ignition of the fuel vapors above the pool will occur immediately and the 
pool easily sustains burning. 

In most fire scenarios, the target material is solid. The ignitability of a solid 
depends not only on its chemical composition but also on the energy (including 
radiation) balance at the surface (including radiation), on its thickness and thermal 
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properties, on its configuration, and on its orientation. 
Under the heading of chemical composition of a target material, the following 

factors are especially relevant: 1) the basic material may contain small percentages 
of additives (e.g., fire retardants) or impurities which may have major effects on 
ignitability. 2) if the material is hygroscopic, like cotton, the initial moisture con
tent will vary over a wide range depending on prefire humidity, with important 
influence on ignitability. 3) if the material contains several major constituents, (e.g., 
flexible polyvinyl chloride containing a large proportion of plasticizer), the ignita
bility depends on the more volatile constituent, in this case the plasticizer. 4) the 
target will frequently be composite in nature, consisting of an outer skin material 
and an underlying material, either of which may contribute to or retard ignitability. 

The importance of the energy balance at the surface is shown by attempting to 
ignite a single piece of wood, e.g., a two-by-four. No self-sustained burning will 
result (unless the ignition source is applied for a very long time, so that the average 
temperature of the wood reaches about 320°C). However, a match placed between 
two vertical two-by-fours close together will give self-sustained burning. The single 
piece of thick wood could not continue to burn because of the high rate of 
radiant energy lost from the charred hot surface to the cold surroundings. This 
effect is less important for materials which burn at lower surface temperatures, such 
as non-charring thermoplastics. Radiant input from the igniting source can also be 
important, so the reflectivity of the target material is also a significant factor in 
such a case. 

The thickness and thermal properties of a material are vital in determining the 
time required to achieve ignition when a given heat flux is applied to the surface. 
This obviously becomes crucial in the scenario if the heat flux is of relatively short 
duration. A distinction must be made between "thermally thick" and "thermally 
thin" materials. (See Vol. 4 Sec. 3.3.2). The time to ignition for a "thermally 
thick" material is independent of the thickness and controlled by the "thermal 
inertia," the product of the thermal conductivity and the heat capacity per unit 
volume. For a "thermally thin" material, the time to ignition is proportional to the 
product of thickness and heat capacity per unit volume. (Fabrics are generally in 
this category). Whether the material behaves in a "thermally thick" or "thermally 
thin" manner depends not only on the thickness but also on the heating rate, the 
heating time, and the "thermal diffusivity ," which is the ratio of thermal conduc
tivity to heat capacity per unit volume. 

In the case of a thin flammable material (deck covering, paneling, etc.) in ther
mal contact with an underlying material, the thermal properties of the underlying 
material can influence the ignitability by the degree to which the underlying materi
al acts as a heat sink. 

The configuration of the target material can also be of great importance. The 
foregoing discussion has implied a one-dimensional geometry. In reality, ignition 
tends to occur more 'readily in a crevice or fold or at an edge or corner, etc., than in 
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the middle of a flat surface. 

3.3.1.4 Flaming or Smoldering Combustion 

Some combustible materials may burn either in a smoldering mode, like a cigar
ette, or in a flaming mode. Also a material may smolder for a certain length of time 
and then spontaneously burst into flame. 

In general, only solids with very low thermal conductivity, such as porous solids, 
or thin solids not in contact with a heat sink, such as a suspended cotton thread or 
a free-standing piece of paper, can smolder. (A sofa cushion made of polyurethane 
foam elastomer under a synthetic fabric cover can burn in the smoldering mode). 
Smoldering is characterized by much lower spread rates than flaming combustion. 

Smoldering is important in that: a) the smoke or gases produced may permit 
detection of the fire at an early stage; b) the pyrolysis products may be toxic; and 
c) a transition to flaming after a long period of smoldering may produce a very 
rapidly growing flaming fire, because of the preheating of fuel and accumulation of 
combustible gases which has occurred during the smoldering period. 

It is known that the character of smoke produced in flaming combustion is 
different from smoldering combustion of the same fuel. Consequently, this must be 
taken into account when selecting smoke detectors. 

Smoldering, (e.g. in a mattress). may continue for a very long time. Therefore, 
scenario analysis should consider the possibility of a long time lag between ignition 
and active flaming. 

The burning of charcoal is generally referred to as a glowing combustion rather 
than smoldering. The importance to the fire scenario is that cellulosic materials, 
after the flaming combustion is finished, continue to glow for a substantial time as 
the residual charcoal is consumed. During this time, the possibility for a resurgence 
of the fire exists. 

Also, when a gaseous extinguishing agent such as carbon dioxide or a halocarbon 
vapor is applied to a fire, it may stop the flaming combustion, but a smoldering 
combustion may continue (deep-seated fire) and after a time the extinguishing 
vapor may dissipate and the flame rekindle. Thus a "one-shot" gaseous extin
guishing system may not assure protection unless the fire is held in check long 
enough for effective manual measures. 

3.3.1.5 Fire Spread 

General 

Unless a person is wearing or sleeping on the originally ignited item, the fire is 
not apt to do much damage until it has grown by spreading some distance from the 
point of ignition. The rate of spread is very important in the scenario, because it 
defines the time after ignition when the fire reaches a dangerous size. The "danger
ous size" may relate either to the rate of generation of toxic and smoky products or 
to the difficulty of extinguishment. The ability to detect, fight, or escape from the 
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fire depends on the time for the fire to reach a dangerous size, and on the spread 
rate. 

Fire may spread either from one contiguous fuel element to the next, or by 
jumping across a gap from the initially ignited material to a nearby combustible 
item. These two cases are discussed separately. 

Fire Spread Over the Initially lgnitad Material 

The rate of flame spread over a solid surface in the horizontal or downward 
direction is often quite slow, sometimes as little as one inch per minute. However, if 
the material is "thermally thin" (see Sec. 3.3.1.3), or has been preheated by radia
tion or convection from hot combustion products, the flame can spread quite 
rapidly. If the fuel is so arranged that upward burning can occur, it will occur very 
rapidly and at a progressively accelerating rate. If the fuel is arrayed as a lining of a 
corridor or duct, with the air supply coming in at one end and the combustion 
products exiting at the other end, the fire will spread rapidly from air entrance 
toward air exit until it penetrates sufficiently far into the duct so that the oxygen is 
exhausted. It will then stop spreading until more oxygen becomes available, after 
which it will move downstream. Thus, in this situation, the effect of ventilation is 
controlling. Since most ship compartments have forced ventilation, this must be 
considered in fire spread. Indeed, for any fire burning in a compartment with 
limited air supply, the rate of spread will decrease as the air becomes vitiated by 
combustion. However, use of ventilating fans or other deliberate actions by fire
fighters to improve visibility by ventilating the fire will have an accelerarating effect 
on spread rate. 

Fire Spread to Secondary Material 

If one assumes that the originally burning material is separated by a gap from the 
nearest secondary combustible, and the flame does not impinge directly on this 
secondary material, the fire will die after the original material is consumed, unless it 
can somehow spread across the gap. The possible modes will be considered. 

(a) The fire may radiate directly on the target. (b) The fire may convectively 
heat the ceiling and upper walls, which then radiate onto the target. (c) Hot smoky 
gases accumulating under the ceiling may radiate onto the target. (d) A combina
tion of these may occur. 

In any case, the effect of radiation is to preheat the secondary material until it 
pyrolyzes, emitting flammable vapors. At this point two possibilities exist. Either 
the secondary surface may ignite, or a sufficient concentration of a flammable 
vapor mixture is achieved so that the original flame may spread through this vapor 
cloud to the secondary material. 

Other modes exist for fire spread across a gap. If the original burning object is a 
thermoplastic, it will melt, and burning droplets may fall and ignite secondary fuels 
that they encounter. 
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If the original burning object is mechanically weakened and falls over, the col
lapse can provide a means of fire spread. Similarly, mechanical action associated 
with an ineffective attempt to extinguish the fire may lead to its spread. 

In the case of overheated grease in a galley pan fire, the burning grease may 
spatter and self-propelled droplets may spread the fire. It is possible that an ember 
from a burning object may be propelled several feet by pyrolysis gases and cause 
secondary ignition. 

3.3.1.6 Evolution of Smoke and Toxic Gases 

General 

Smoke and toxic gases are important to the fire scenario in at least five ways. (1) 
they may provide a means of early detection of the fire; (2) they interfere with 
visibility and, thereafter, with escape or with fire fighting; (3) they have psychologi
cal and physiological effects on humans, including confusion, incapacitation, and 
death. In a majority of instances, deaths are a result of the toxic combustion 
products and not a result of the heat and flames from the fire; (4) smoke may be 
important in the fire spread process by virtue of its radiation emission or absorp
tion; and (5) substantial property damage may be caused by smoke and/or corrosive 
combustion products. 

Automatic Detection 

In regard to automatic detection, the first consideration is the rate of smoke 
movement from the fire source to the detector. Under a no-fire condition, the air 
movement in a compartment is determined by existing forced convection for heat
ing, air-conditioning, or odor-removal purposes; or, by open doors and hatches, 
along with air movement induced by external wind and ship motion; or, by free
convective motions driven by heat sources. For very small fires, the buoyancy effect 
of the fire heat will be negligible and the smoke will follow the existing air circula
tion paths. When the fire becomes larger than some critical size, the hot fire plume 
will rise to the compartment overhead and then flow under the overhead, creating 
an entirely new circulation path in the compartment. If, before the fire, the upper 
portion of the compartment is warmer than the lower portion, then temperature
induced stratification will exist and smoke may rise halfway up and then spread 
laterally. For early detection of fires, the foregoing factors are crucial in deter
mining detector response and location. 

The next consideration is the response characteristics of the automatic detector 
to the smoke. This depends on the time-dependent concentration and particle size 
of the smoke at the detector, the velocity of smoke past the detector, the orienta
tion of the detector to the flow, the smoke entry characteristics of the detector 
chamber, the operating principle of the detector, and the sensitivity setting of the 
detector circuit, the battery voltage, etc. It is especially important to note that 
different combustibles, or the same combustible flaming or smoldering under dif-
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ferent ventilation conditions, produce smoke of different particle size and detection 
characteristics. It is also knowR that smoke may "age" after it is formed, (i.e., 
agglomeration of smaller particles into larger ones will occur with consequent effect 
on ease of detection). 

Visibility 

The optical scattering properties of the smoke depend strongly on particle size as 
well as concentration, so the vision-obscuring aspects which interfere with escape or 
fire-fighting are strongly dependent on the type of combustible and mode of com· 
bustion. For example, incomplete burning of polystyrene or rubber produces large 
soot particles capable of obscuring vision even at low concentrations. 

The lachrymatory effects of gases such as aldehydes or acids associated with the 
smoke particles have been shown to be important in interfering with vision. 

The visibility at deck level will generally be much better than at higher levels in a 
ship's compartment, so the possibility of crawling to safety is important. The 
height at which exit signs should be located is thus relevant. If sprinklers operate, 
both the cooling and entrainment effects tend to bring the smoke closer to the 
floor. Also, fog which may result from the employment of sprinklers will interfere 
with vision. 

Toxic Effects 

Smoke and toxic gases are far more important than heat and flame as a cause of 
death in many fires, and carbon monoxide is the chief toxicant, according to 
present knowledge. However, other specific substances which may be present in the 
smoke, such as acrolein, hydrogen cyanide, hydrogen chloride, hydrogen fluoride, 
carbon monoxide, phosgene, etc., may be very important in certain cases and may 
exhibit synergistic effects. (See Volume 3 of this series for a more complete discus
sion. 

The critical survivable concentration of toxicant depends on the time of ex
posure, which, when escape is not possible, depends on the history of the fire. Also, 
combined effects of toxicants with heat, excitement, loss of vision, etc., are be
lieved important in determining survival, as is the original condition of health of the 
subject, and previous intake of alcohol or drugs. 

Confused mental processes induced by toxicants may be of critical importance 
to survival in cases where the subject has to make a rapid and correct decision on 
proper escape tactics, or where the escape route is long and tortuous, as is often the 
case in large ships. 

3.3.1.7 Extinguishment 

At some point in the development of each scenario, either manual or automatic 
extinguishment activity may commence. This may involve smothering the fire or 
applying water or other agent. The techniques of extinguishment are outside the 

27 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


SHIPS 

scope of this study. However, the effectiveness of extinguishment will depend on 
the burning characteristics of the polymeric combustible. it the fire has become too 
large or is growing too rapidly at the time extinguishment is attempted, the fire will 
not be controlled. 

Accordingly the rate of fire spread and the maximum rate of burning of the fully 
involved combustible are important parameters. For manual firefighting, critical 
factors are how closely the firefighter can approach the fire, and how smoke pre
vents him from determining where the fire is. If he has a hand-held extinguisher of 
given capacity, will it be enough to do the job? When automatic extinguishers are 
present, there is generally no problem unless the fire is shielded from the extin
guishing agent (i.e., in an unsprinklered locker) or unless it is a high-intensity fire, in 
which case the key variable is the extinguishing agent density. 

3.3.1.8 Flashover 

Flashover is a critical transition phase of a fire in a compartment. In general, it is 
important in a ventilated compartment, since otherwise the fire will tend to 
smother itself before the flashover stage is reached. Prior to flashover, when a local 
fire is burning in the compartment, the rate is determined by the extent of flame 
spread to that time. After flashover, all flammable contents in the compartment are 
burning or rapidly pyrolyzing, flames are projecting out the hatches, and the burning 
rate within the compartment is determined by the rate of ventilation and/or the 
total exposed fuel area. Flashover often occurs very suddenly, after an extended 
time of local burning, within a time interval of a few seconds, and is characterized 
by very rapid fire spread throughout the compartment, with flames violently 
rushing out the doors or other openings. 

Whether flashover can occur in a compartment depends on its size and shape, the 
ventilation available, the intensity of the initial fire, and the quantity and 
disposition of secondary fuels. If flashover can occur, the time required for its 
occurrence will depend on the foregoing variables plus the thermal inertia of the 
compartment, especially that of the overhead area. A fire in a typically furnished 
room will require 5 to 20 minutes after flaming ignition to reach flashover; on ship, 
the factors of ventilation, compartment closure, etc., can markedly alter this time. 

In the pre-flashover period, the upper portion of the room is filled with hot, 
smoky, oxygen-deficient gases. The lower portion contains relatively cool, clean air. 
At some intermediate level, perhaps two feet under the overhead, there may be 
both sufficient oxygen and sufficient heat so that target fuels at this height could 
readily ignite. 

Radiation is probably of major importance in flashover. Thus, the infrared emis
sion, absorption, and reflection characteristics of objects and smoke in the com
partment are highly relevant. 

The larger the volume of a compartment, the less likely it is that a fire of given 
size will cause flashover. Data on simulated room fires indicate that, for a 12' X 12' 
X a' room, a fire consuming 2 pounds of fuel per minute could produce flashover in 
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about 20 minutes, while if the combustion rate were doubled, i.e., 4 pounds per 
minute, flashover would occur in about 1.5 minutes. Thus, one would suspect that 
even a very large, sparsely furnished ship's compartment could flash over, if a high 
rate of initial burning is achieved, because the time to flashover is extremely sensi
tive to rate of heat release. The BOAC passenger terminal fire at J.F. Kennedy 
Airport, New York, in 1970 exemplifies a fire in a large space with low fuel loading 
but presumably very high heat release rate. This was the result of the burning of the 
plastic foam padding on lounge chairs: the padding apparently reached flashover 
condition in a short time. One can visualize an analogous shipboard situation in a 
crew's lounge or a cargo hold. 

3.3.1.9 Spread to Adjacent Compartments and Catastrophic Failure 

Fire-resistant compartmented ships are designed with the expectation that a fire 
in any one compartment will be confined by the structure itself so that either the 
fire is extinguished or the fuel is exhausted before the fire breaks through. Interior 
partitions, fire doors, etc., are subject to design constraints specifying that the 
partition can maintain its integrity for an appropriate time- 30 minutes, 1 hour, 2 
hours, etc. - depending on circumstances. Therefore, the scenario should include 
information on the fire endurance rating of the relevant structural elements. 

Assuming that the ship itself is fire resistant, the fuel loading, expressed as 
pounds per square foot, influences the duration of the fire, once it has grown large 
enough to become ventilation-controlled. As a rule of thumb, there is an endurance 
requirement of about 60 minutes for each pound per square foot of fire load. (This 
assumes certain typical ventilation rates). The fire load may range from a few 
pounds per square foot in lightly furnished occupancies to ten times higher in 
storage occupanices. The endurance requirements are based on the assumption that 
the fuel is primarily cellulosic; however, if it is primarily a polyolefin or rubber, the 
stoichiometric air requirement per pound of fuel will be as much as three times 
larger and the heat release per pound of fuel will be much greater. A ventilation
limited polyolefin fire may burn differently than a cellulose fire. 

If the fire compartment has openings to other sections of the ship, such as open 
doorways, ventilating ducts, improperly firestopped or inadequately sealed open
ings in bulkheads, etc., these would become critical elements in the scenario. 

Even if the fire itself is confined to the compartment of origin, the spread of 
smoke and toxic gases throughout the structure could have catastrophic effects. 

If the fire is capable of heating structural elements of the ship to a failure point 
(e.g., steel, above 1000"F). a collapse of the structure may occur. Thus, the thick
ness and integrity of insulation on structural elements becomes important to the 
fire scenario. 

For multi-level ships, it is especially important to prevent any means by which 
fire may spread progressively upward from one level to the next higher. Key ele
ments in this type of scenario are ventilation ducts, cableways, piping penetrations, 
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fire endurance of the overhead, stairwells or elevator shafts, and improperly fitted 
closures, etc. 

3.3.1.1 0 Essential Fire Scenario Elements 

A scenario should cover as many as possible of the following points: 

(a) The pre-fire situation. 
(b) The source of the ignition energy should be identified and described in 

quantitative terms. 
(c) The first material ignited should be identified and characterized as to chemi

cal and physical properties. 
(d) Other fuel materials that play a significant role in the growth of the fire 

should be identified and described. 
(e) The path and mechanism of fire growth should be determined. Particular 

attention should be given to fuel element location and orientation, ventila
tion, compartmentation, and other factors that affect fire spread. 

(f) The possible role of smoke and toxic gases in detection, fire spread, and 
casualty production should be determined. 

(g) The possibility of smoldering combustion as a factor in the fire incident 
should be considered. 

(h) The means of detection, the time of detection, and the state of the fire at 
the time of detection should be described. 

(i) Defensive actions should be noted and their effect on the fire, on the 
occupants, and on other factors should be described. 

(j) Interactions between the occupants of the ship and the fire should be 
detailed. 

(k) The time sequence of events, from the first occurrence of the ignition 
energy flux to the final resolution of the fire incident, should be es
tablished. 

The scenario should permit generalization from tl'le particular incident described. 
It should provide a basis for exploration of alternative paths of fire initiation and 
growth and for analysis of the effect on fire safety performance of changes in 
materials, design, and operating procedures. When used in this way, the fire scenario 
can be an effective tool in increasing fire safety by increasing the capability to 
visualize and comprehend the events. 

3.3.2 Capsule Scenarios 

No two fires are alike in all details, however, all have certain elements in com
mon, which permits a systematic study of fires and lead to generalized rules for 
increased fire safety. All fires have a cause; their initial growth is determined by the 
physical parameters of the system, and these parameters together with external 
control measures, intervene to limit the growth of the fire and determine the extent 
of loss. In this section we present a variety of brief scenarios, developed from real 
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fire incidents in which polymeric materials played a significant role, to illustrate the 
diversity of ship fires and to show common factors that permit a scientific approach 
to fire safety. In preparing these illustrative scenarios, attempts were made to 
address the following areas: prefire environment, ignition source, material first 
ignited, other significant material involved, fire spread, method of detection, extin
guishment, and extent of loss. Additional scenarios can be found in Chapters 7 
through 10. 

3.3.2.1 Conducted Heat Ignition Source 

A ship was alongside a tender for upkeep and minor repairs. Damaged and worn
out plastic foam mattresses were being replaced. Several of these items were 
briefly stacked against a metal bulkhead until the hatch could be cleared for their 
removal. An engineering technician was using a torch to cut metal support clips 
from the opposite side of the bulkhead. He had properly requested, received, and 
instructed a fire watch on his side of the bulkhead. No fire watch was ordered for 
the other side because there were no openings in the bulkhead, the cutting torch 
would not penetrate, and the bulkhead was presumably devoid of combustibles. 
Yet, heat from the torch, transmitted through the metal bulkhead, ignited a mat
tress resting against it. The fire was discovered when smoke was seen pouring from 
an open hatch. Heavy black smoke hindered firefighting efforts. Fortunately, there 
were no combustibles other than the mattresses present to spread the fire. The fire 
was extinguished without serious structural damage, but with extensive smoke dam
age to the compartment of origin and adjoining compartment. Several crew mem
bers suffered from smoke and gas inhalation, but recovered without apparent 
permanent injury. 

3.3.2.2 Upholstery Contribution to Flame Spread 

Shortly after leaving a ship's lounge, a visitor on the vessel returned to the 
lounge to pick up an item he had forgotten. When he arrived, smoke was pouring 
through an open door. He immediately went to an alarm station and pulled the 
ship's general alarm. The lounge was provided with upholstered furniture, synthetic 
carpeting material, and vinyl wall covering. It is surmised that a cigarette caused 
ignition of a sofa which in turn ignited the carpet, subsequently spreading the fire 
to other furnishings. Rapid heat buildup resulted in flashover prior to arrival of the 
firefighting team. The bulkheads and decks, which were of noncombustible con
struction, limited the fire to a single compartment. The vessel's crew extinguished 
the fire. However, the lounge was a total loss. Firefighting efforts were hampered 
bv extremely acrid smoke, Subsequent investigation indicated that, in order to 
meet fire retardancy requirements, the foamed plastic utilized in the furnishings 
had been manufactured with a halogenated fire retardant. When subjected to a high 
temperature environment, the fire retardant broke down, yielding, among other 
products, halogen acids. 
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3.3.2.3 Molten Metal Ignition of Trash 

While a ship was undergoing repairs, a torch was being used to cut metal hangers 
from the overhead of a living compartment. Globules of molten metal and slag fell 
to the deck and down a nearby open hatch, landing in a trash container in the 
compartment below. Although a fire watch was present, this threat to the lower 
compartment was not noticed. The contents of the trash container included paper, 
discarded electrical and communications wire, wood scraps, and plastic packing 
material from components just installed. Ignition was followed by rapid growth of 
the fire in the trash container. Flames engulfed the nearby bunk mattress and 
spread to the wiring bundle in the overhead. The fire spread to nearby compart· 
ments through open doors and hatches before it could be extinguished. Large 
amounts of black smoke were generated and spread through the area, entering the 
exhaust side of the ventilation system. Smoke and fire damage were extensive in 
two compartments; substantial fire spread along the wiring bundles into other areas. 
Personnel were affected by smoke and gas; there were no fatalities. 

3.3.2.4 Fire Spread by Electrical Insulation 

A fire of unknown origin started in an unattended compartment. Supported by 
the combustible linings and furnishings in the compartment, the fire grew rapidly. 
Shipboard electric cables, incorporating relatively large quantities of various plastic 
and elastomeric compounds as insulation and jacketing components, were the pri· 
mary means of fire propagation to other compartments. In addition, these poly
meric materials generated dense black smoke and toxic and corrosive products of 
combustion which hindered the firefighting efforts. Damage from the fire was 
substantial, resulting in four months of unscheduled ship unavailability and $4.5 
million in repair costs. 

3.3.2.5 Summary 

All of the foregoing fires can be characterized by the following generalized 
scenario: 

a. Polymeric materials were deployed in a manner conducive to fire develop
ment. 

b. An energy source was applied to an easily ignitable fuel element. 
c. The fire grew and spread, consuming fuel and producing heat, smoke, and 

toxic products. 
d. The fire was detected. 
e. Fire control action was undertaken. 
f. The fire was ultimately extinguished. 
g. Loss resulted from the fire. 

It is apparent that the fire could have been prevented or the loss minimized by 
more effective action at each step. Study of the details of the fire scenarios will 
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identify the areas where the most effective measures can be taken to minimize fire 
impact in similar situations in the future. 

3.4 Fire Scenario Analysis 

3.4.1 Guidelines for Analysis 

Prevention and control are the prime objectives of any fire scenario analysis, and 
a comprehensive, factual analysis rests heavily on the accuracy, level of detail, and 
completeness of the scenario. However, developing this kind of fire scenario re
quires either a completely documented report of a detailed post-fire investigation, 
and analysis specifically designed to determine how and where the fire started and 
progressed until extinguishment; a similar report of an instrumented full-scale test 
burn or a combination of both. In any case, until existing knowledge of the dyna
mics of actual fires is augmented by additional fire dynamics research, development 
of fire scenarios will be an art rather than a scientific discipline. Nevertheless, the 
application of fire scenario analysis appears to be a most productive methodology 
to identify economical, effective means to improve fire safety in our increasingly 
complex environment. It is especially applicable to ships. 

The analysis of any fire scenario can be accomplished in various ways; one 
effective means would be to ask a series of pertinent questions concerning each 
essential fire scenario element. The answers to these questions should suggest means 
for prevention and control, while providing a basis for materials selection, design 
criteria, validation of test methods, promulgation of codes and standards, and re
search and development objectives. The following typical questions might be asked. 
The question can be used as a check list. 

3.4.1.1 Pre-fire Situation 

1. Were existing specifications met? If so, did they yield adequate performance? 
If not, why, and would they have been effective had they been enforced? 

2. Were materials installed properly? If so, did they contribute to fire growth or 
did they help contain it? Would other installation procedures have been bet
ter? 

3.4.1.2 Ignition Source 

1. In as much detail as possible, what was the ignition source? 
2. For how long was it in contact with the ignited material prior to flaming 

ignition? If this is not known, could it be determined by a separate ex
periment? 

3. Could the ignition source be eliminated? How? By education? By design? 

3.4.1.3 Ignited Material 

1. What was the originally ignited material? If composite, what were the various 
layers? 
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2. What was the application of the material (e.g., mattress, insulation, cushion)? 
3. How was it located relative to the overhead and nearest bulkhead? To other 

materials? 
4. What were ventilation conditions in the compartment? 
5. Did melting and dripping of the ignited material occur? Did this significantly 

affect the fire spread? 
6. Did the ignited material collapse, fall over, or otherwise act to mechanically 

spread the fire? If so, what effect did this have on the events of the fire 
scenario? 

7. Are there other materials that could have been employed in this application 
which would not have ignited under the same exposure conditions? If so, why 
weren't they used? 

8. Do flammability tests on materials intended for this application adequately 
measure ignition resistance to level of the ignition source? Should they? 

3.4.1.4 Flaming or Smoldering Combustion 

1. Is it known if smoldering preceded flaming? For how long? 
2. If unknown, was the ignited material capable of smoldering? 
3. Can the volume (and composition) of gases produced by smoldering be esti· 

mated? 
4. Can the time-dependent concentration of smoke and toxic gases arriving at a 

strategic location some distance from the fire be estimated? 

3.4.1.5 Fire Spread 

1. How long did it take for the first object to become fully ignited? 
2. If flame spread to a second object, what was the mechanism of energy trans

fer? 
3. Did one or two materials significantly control the fire spread rate? Could the 

substitution of different materials, or the incorporation of design modifica
tions alter the rate of fire spread and growth? 

3.4.1.6 Smoke and Toxic Gases 

Automatic Detection 

1. If a smoke detector was present, how was it located relative to the fire? Did it 
respond as expected? 

2. If no smoke detector was present, how much sooner would the fire have been 
detected if a smoke detector had been present in a logical location? Would 
this have been soon enough to make a significant difference? 

Visibility 
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to contribute significantly to visilbility obscuration? 

Toxic Effects 

1. Were victims affected by toxic substances? 
2. What toxic substances caused death (autopsy)? 
3. Did toxic substances interfere with victim's escape by promoting confusion or 

impaired decision making? 
4. Could these toxic substances be attributed to any one material? 
5. Did victims have pre-existing conditions such as limited mobility, circulatory 

disease, recent alcohol or drug intake, etc.? 

3.4.1.7 Extinguishment 

1. How large was the fire when first detected? What were visibility conditions at 
the time? 

2. How much time elapsed between detection and attempted extinguishment? 
3. How large was the fire when extinguishment was attempted? 
4. What was the extinguishment technique and how successful was it? 
5. If automatic extinguishment equipment had been present, how much sooner 

would it have been expected to control the fire, and how much less might the 
loss have been? 

3.4.1.8 Flashover 

1. Did flashover occur? How long after ignition? How long after detection? 
2. Can essential elements in the fire growth and spread process be identified in 

relation to flashover? 

3.4.1.9 Postflashover 

1. Did fire spread beyond initial compartment? How? Was the door or hatch 
open? 

2. How was ventilation system involved in fire spread? 
3. Did bulkheads, fire doors, etc., fail? If so, after how long? 
4. Did fire spread to deck above? By what mechanism? 
5. Did structural collapse occur? 

3.4.1.10 Summary 

The availability of accurate, detailed, complete fire scenarios allows opportunity 
for an in-depth fire hazard analysis as illustrated by the foregoing of questions. As 
these questions are raised, and some answered, means for fire prevention and con
trol will emerge. These may involve more education, better material selection, 
improved designs, installation of detection equipment, more stringent specifica
tions, etc. However, whatever solution emerges, it will be based on a comprehen
sive systems analysis of the problem. This is the fire scenario analysis approach to 
the fire problem. 
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3.4.2 Analysis of Selected Scenarios 

The specific goal of this section is to demonstrate that fire scenario development 
and analysis is a productive methodology for improving the selection and use of 
polymeric materials to increase fire safety in ships. Two actual ship fire scenarios 
will be developed and analyzed in accordance with sections 3.3.1 and 3.4.1. 
Description: MN "Cunard Ambassador" Fire, Sept. 12, 1974 (Boyce et. al., 1975). 

Early in the morning, a fuel oil fitting on a diesel propulsion unit in the main 
machinery space failed. Failure caused fuel oil, heated to 180°F, to be sprayed on a 
hot manifold resulting in ignition of the fuel. Within seconds the main machinery 
space filled with smoke, The alarm was sounded on the bridge and the chief en
gineer went to the carbon dioxide storage room to actuate the onboard total 
flooding system. There was an interval of approximately 5 minutes between fire 
outbreak and activation of the system. 

Directly above and adjacent to the main machinery space was an emergency 
hydraulic control room. The deck separating the two spaces was steel. The intense 
heat generated by the fire in the machinery space ignited combustibles and flam
mable liquids in the hydraulic control room. Fire fighting efforts were severely 
hindered. The main machinery space could not be entered to ensure that the fire 
was extinguished because of smoke and untenability of the room caused by the lack 
of oxygen. Smoke and heat were still being generated in increasing amounts. 

The decision was made to close all fire doors and as many fire dampers as 
possible, and to secure the vessel for abandonment. The crew remained on board to 
continue fighting the fire. The fire had now spread to staterooms above and adja
cent to the hydraulic room. By the use of water and fire-fighting foam, the fire was 
brought under control. During the evening the intensity of the fires had diminished 
and in the morning the crew's firefighting efforts were directed at extinguishing 
smoldering fires. By the end of the day all fires had been extinguished. Damage 
from the fire was approximately $10 million. 

Analysis 

This scenario will be analyzed following the procedure of section 3.4.1. 

Pre-fire 

The vessel was built in accordance with structural standards of the Department 
of Trade and Industries, United Kingdom. Structural fire protection was in accord
ance with the 1967 Fire Safety Amendments (Proposed Part H) to the 1960 Safety 
of Life at Sea Treaty. The principles that guided the development of these amend
ments were: 

a. Minimization of the use of combustible materials. 
b. Division of the vessel into zones by structural and thermal boundaries. 
c. Provisions for early detection. 
d. Ready availability of fire-fighting equipment. 
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e. Protection of means of escape or access for firefighting. 
f. Separation of accommodation spaces from the remainder of the ship by 

structural and thermal boundaries. 
g. Containment of the fire to the space of origin. 

Detailed requirements concerning all aspects of these principles are contained in 
the Part H Amendment. If a vessel is equipped with an automatic sprinkler system, 
reductions are allowed in the amount of thermal insulation required between adja· 
cent compartments. This vessel was not equipped with a sprinkler system. The 
construction materials were: 

Bulkheads -Asbestos cement panels. 
Ceilings -Perforated corrugated metal, backed with non-combustible 

Structural 
Insulation 
Decks 

Linings 

Furnishings 

fibrous glass insulation. 

- Varying thickness of non-combustible mineral wool. 
- 14- to %·inch stiffened steel, covered with magnesite deck 

covering. 
- Low flame spread - melamine plastic laminate, vinyl 

fabrics and paint depending on location. 
- Accommodations (staterooms) 

furniture- steel case 
padding -cotton 
mattress- cotton with innerspring 
draperies - fire resistant material 

Ignition Source and Ignited Material 

The fuel oil fitting had been installed to prevent rupture of the fuel line from 
pressure surges. Its failure sprayed hot fuel oil on a hot manifold, quickly igniting 
the fuel. 

Fire Spread 

The fire spread throughout the engine room and casing and ignited polymers in 
the hydraulic control room through a steel deck. Carbon dioxide (C02 ) temporarily 
extinguished the engine room fire, but no water was available to fight the fire in the 
hydraulic control room. The crew attempted to reach the fire pump in the distiller 
room, but the entrance was immediately adjacent to the hot engine room bulkhead 
and could not be used. Fire pumps in the distiller room and in the generator room 
were not damaged. The fire did spread to a single stateroom adjacent to the main 
engines. It appears that this fire burned itself out. The fire did not even approach 
the main vertical boundary. The control room was not damaged. 

The hydraulic control room was located on the next deck. Corridors on both 
sides of the vessel were burned in the area of the hydraulic control room. It was 
here that the fire began to spread horizontally through openings. Staterooms 
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adjacent to and immediately opposite the exit from the hydraulic control room 
were severely burned, as was an adjacent storage room. The fire was slow in spread
ing through fire resistant bulkheads. 

On the deck above the hydraulic control room, the fire area increased in size, 
partly the result of open doors. The fire continued to spread on the next deck 
because of the large open shop area. Although the fire was very intense in the shop 
area, it did not spread to any more staterooms at that level; some overhead damage 
occurred near the exterior stateroom boundaries. The fire entered one stairwell, 
probably when a door was opened. 

On the upper three decks, the large amounts of combustibles in the restaurant, 
main lounge, and casino burned freely. The most intense fires occurred in the large 
open areas (i.e., the main dining room, the night club area, and the commercial 
shop area). Although the fire gutted these areas, it was prevented from spreading 
horizontally by the fire doors. Examination of the contents of these sections of the 
vessel, in particular the night club facility, revealed a large installed teak dance floor 
which added to the intensity of the fire, many combustible furnishings (i.e., molded 
fiberglass reinforced plastic chairs and combustible table tops) were also identified. 

Structural damage occurred in only one of the three main zones. 

Extinguishment 

It is believed that the installed C02 system successfully extinguished the fire in 
the main machinery space. While this could not be confirmed visually, there was a 
reduction in heat and smoke generation. 

Of the three fire pumps on the vessel, number 1 and 2 fire pumps were located 
in the main and interconnected auxiliary machinery space on the port side. No 
remote control of these pumps was available so they were out of action. 

The third fire pump was located in the distiller room just forward of the main 
machinery space. The emergency generator was several levels above the distiller 
room. Control wiring for this pump, however, ran through the main machinery 
space. The intense fire in this space destroyed the cables and thereby rendered this 
pump inoperative. Therefore, the fire pumps were not adequately isolated from 
each other. 

A further problem of access to the third fire pump existed; the emergency access 
to this space was adjacent to an uninsulated bulkhead of the main machinery space. 
Attempts to enter this emergency access from above were abandoned because of 
intense heat and smoke. 

The fire was eventually extinguished, more than a day after it started, by a 
combination of water, fire-fighting foam, and the fire burning itself out. 

Smoke and Toxic Gases 

Heat and smoke severely hampered firefighting efforts, but fortunately did not 
hinder escape efforts. 
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Summary 

Analysis of this fire scenario resulted in the following findings and suggestions 
for minimizing a similar occurrence in the future. 

1. A major finding from this fire is the adequacy, regarding public safety, of the 
ship construction standards to which the MN Cunard Ambassador was built. 
By limiting combustible construction materials and separation of the vessel 
into divisions by thermal and structural boundaries, fires can be contained for 
periods sufficient to allow the safe isolation and evacuation of passengers 
from the fire areas. In this instance, active fire protection systems were 
rendered inoperative, and yet passengers could have comfortably remained in 
the fire zones adjacent to the center section of the vessel. 

2. The severe property damage indicates the need for review of ship 
construction standards to reduce such loss. 

3. The concept of separation of fire pumps requires not only physical separation 
of the pumps, but also of all controls and cables. 

4. Access to auxiliary fire pumps should be remote from uninsulated bulkheads 
of compartments containing the main fire pump. 

5. Main vertical fire stop zones effectively halt fire progresss if all openings are 
closed. 

Description: SS C.V. Sea Witch June 2, 1973 (U.S. Coast Guard, 1976). 
At about 0042 EDST, the outbound American cargo ship SS C.V. Sea Witch lost 

steering control in New York Harbor, veered out of the channel, and struck and 
penetrated the anchored Belgian Tankship SS Esso Brussels, which was loaded with 
crude oil. Thirty-one thousand barrels of oil from three ruptured tanks ignited on 
impact, and high flames englulfed both vessels in the area of the collision within 
minutes, igniting containers, exterior paint, and other combustible material. 

Flames spread on the water at a rapid rate, affecting immediately the starboard 
side of the SS C.V. Sea Witch and the starboard side of the SS Esso Brussels. The 
mate and crew members of the SS Esso Brussels prepared the forward and after 
port lifeboats for lowering. The fire spread was so rapid that only the port after 
lifeboat was lowered into the water, where it was eventually engulfed in flames. 
Some of the crew jumped overboard to avoid the flames. Twenty-six survivors were 
rescued by tugs and boats in the area. The master of the SS Esso Brussels and 10 
crew members died from drowning or burn-related injuries after abandoning ship; 
one crew member died on board, and one crew member remained missing. 

The Chief Engineer and a few crew members on the SS C.V. Sea Witch at
tempted unsuccessfully to assist in firefighting on the after deck. Smoke below the 
after deck drove the boatswain and several crew members to the weather deck, 
where they took refuge with the remainder of the crew in the after deckhouse. Des
pite a caution by the mate to remain with the ship, seven crew members wearing life 
preservers jumped overboard; they were subsequently rescued. 
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The smoke and heat within the interior of the deckhouse increased as time 
passed and the crew eventually congregated on the upper deck as the main deck, 
boat deck, and cabin deck became untenable. About an hour after the collision, the 
crew of the fireboat raised two ladders to the upper deck rail and rescued the 30 
members trapped there. It was not known at that time that the electrician was still 
at his assigned fire station in the emergency generator room. He was rescued about 
an hour later. 

Damage to the ships and cargo amounted to about $23 million. 

Analysis 

This scenario will be analyzed following the procedure of section 3.4.1. 

Pr•Fire 

The SS C.V. Sea Witch was the first of three container ships incorporating 
automation features built by a U.S. shipbuilder at Bath, Me. for American Export 
Lines. The vessel, built to class under American Bureau of Shipping standards, 
meets a one-compartment standard of subdivision. 

The SS Esso Brussels was built in Sweden in 1960 to American Bureau of 
Shipping Class standards as an A-1 oil carrier. Carrying capacity was approximately 
340,000 U.S. barrels when loaded to 95 percent capacity. 

Ignition Source and Ignited Material 

The force of the impact generated sufficient heat to ignite the oil cargo of the SS 
Esso Brussels. The 31,000 barrels of spilled cargo provided a ready path for fire 
spread. The fire grew rapidly to a severe condition. This scenario principally 
analyzes the ship's ability to resist spread of the fire into compartments and to 
prevent catastrophic failure. 

Spread to Adjacent Compartments 

Cargo in containers on the weather deck of the SS C.V. Sea Witch was consumed 
or severely damaged by the fire. The shell frame of some of these containers and 
remnants of cargo were all that remained. Light exterior sheathing of these deck 
containers burned away, exposing their contents to the fire. Some wooden floors of 
the containers ignited and provided additional combustible material. Containers 
sheathed with plastic-laminated wooden sides offered little resistance to the spread 
of fire, and were consumed. Cargo in some holds was severely damaged. In other 
cargo holds, particularly on the starboard side, heat radiated through the hatch 
covers and the side shell containers stowed adjacent to these boundaries exhibited 
smolder damage. Also noted was a vertical progression of fire through a tier of 
containers without affecting adjacent containers. 

Paint on the exterior of the after superstructure was burned. The engine spaces 
were free of fire, but both the engine spaces and interior of the after superstructure 
suffered heavy smoke damage. 
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Port lights, although crazed, were all intact. Interior accommodations, con
structed of Marinite panels with metal furnishings, were discolored from heat and 
suffered fire damage in staterooms along the starboard side of the deckhouses; the 
damage extended several feet inboard. The remainder of the interior suffered light 
to heavy smoke damage. Draperies in the staterooms forward and to the starboard 
caught fire, but the fire did not spread. 

On the SS Esso Brussels, flames from the burning oil on the water ignited 
exterior paint and exterior combustibles. The interior of both deckhouses was 
paneled with a pressed wood panel board, which offered little resistance to the 
spread of fire. The fire consumed nearly all combustibles on and above the weather 
deck level and caused severe fire damage to those areas of the after deckhouse 
subjected to the intense heat. 

Summary 

Analysis of the above real scenario resulted in the following conclusions and 
recommendations: 

Conclusions 

1. The ability of the crew of the SS C.V. Sea Witch to survive in the after 
deckhouse for a period of about 1 hour, and the electrician for about 2 hours in the 
emergency generator room, while the stern of the vessel was engulfed in flames, can 
be attributed to the excellent structural fire resistance of the interior paneling and 
furnishings of the vessel. 

2. The deckhouse interior furnishings and construction of the SS Esso Brussels, 
primarily made of combustible materials, were almost completely consumed by the 
fire. The complete and rapid spread of the fire through the living spaces of both 
deckhouses emphasizes the absence of structural fire protection aboard this vessel. 
Although the departure of the crew members from the vessel in a lifeboat was not 
successful, had they sought shelter aboard, they probably would have died in the 
deckhouse fire. The hazards of combustible construction within the living accom
modations of a tank vessel was clearly demonstrated in this incident. 

3. The rapid spread of smoke through the engine room and afterquarters compli
cated the survival efforts of the crew of the SS C.V. Sea Witch. The early aban· 
donment of the engine room because of the dense smoke could have been a signifi· 
cant factor under different circumstances in which positive steps to combat the fire 
or maneuver the vessel were undertaken by the crew. 

4. The deck cargo containers on the side of the vessel were first affected by the 
flames and heat surrounding the SS C.V. Sea Witch. The fire accelerated as con
tainers ruptured or were consumed during the fire, exposing additional fuel to the 
fire. The progress of the deck fire was uninhibited either by the small separation 
space between bays or the boundaries provided by the containers. The absence of 
any effective fire stops to separate the deck cargo mass- some 30 feet high, more 

41 
.. .---

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


SHIPS 

than 320 feet in length, and extending the width of the vessel - compounded the 
problem of fire containment. 

5. The hull of both vessels remained intact after being subjected to intense heat. 
This substantiates the suitability of steel as a structural material, as did the 
extensive damage to the nonferrous fittings on the SS E sso Brussels and aluminum 
containers on deck of the SS C.V. Sea Witch. 

Recommendations from Analysis of the Scenario: 

1. Check the adequacy of existing container construction standards and the 
possible need for additional shipboard fire protection standards in view of the rapid 
spread of fire through the containers during the fire. 

2. Conduct further studies to develop methods through which the spread of 
smoke within the interior of burning vessels can be prevented. Ventilation systems 
should be designed to provide manual or automatic means, not only to prevent the 
spread of fire but also the spread of smoke. 

3.5 Condusions and Recommendations 

Conclusions: Fire statistics indicate that the fire problem on ships is not acute 
when compared to fire related injuries, deaths, and property damage in land trans
portation vehicles or buildings. Although each ship fire is different, the develop
ment and analysis of fire scenarios leads to the identification of common elements. 
This allows identification of the critical states in fire development, suggests oppor
tunities for fire prevention, and directs attention towards various methods for 
control. Recommendation: Develop a wide spectrum of generalized ship fire 
scenarios, as outlined in this chapter, based on real or credible incidents. The 
specific fire dynamic elements in these scenarios, (e.g., rate of fire spread, rate of 
heat release, etc.) should be further quantified when necessary by information 
obtained from full scale experiments. The ultimate goal is to develop the capability 
of employing small-scale experiments that can be used to predict full-scale events. 

Conclusion: Scenarios should be prepared so as to permit generalization from 
the particular incident described. A good scenario provides a basis for exploration 
of alternative paths of fire initiation and growth and for analysis of the effect on 
fire safety performance of changes in specifications, materials, and design. Recom
mendation: Use scenarios for the analysis of fire hazard and for the development of 
methods to provide increased safety. In particular, these scenarios should provide 
the basis for materials selection, design criteria, validation of test methods, promul
gation of specifications, and preparing research and development objectives. 

Conclusion: The application of fire scenario analysis appears to be a most pro
ductive methodology to identify effective means to improve fire safety in our 
increasingly complex ships. Recommendation: Base the design and procurement of 
any new ship using polymeric materials, in which fire is a design consideration, 
upon the development and testing of the design against appropriate fire scenarios. 
This in essence requires the development of a fire impact statement. 
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Conclusion: At present, insufficient use is being made of the fire scenario 
technique in the analysis of shipboard fires. Recommendation: Train ship designers 
and operators and regulating authority personnel in the development and use of fire 
scenarios, so as to enable them to identify critical fire hazard elements and to 
determine appropriate protective measures. 
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CHAPTER 4 

POLYMERIC MATERIALS 

4.1 I ntrocluction 

This chapter of the report is organized into nine sections. Sections 4.2 to 4.8 
provide broad general information on the state-of-art of the fire safety aspects of 
the main classes of the natural and synthetic polymers as they are used in ships. 
Section 4.9 contains conclusions and recommendations. Statistics of the total use 
of polymers in any instance have not been compiled. In addition, the regulations 
with respect to use of polymers based on flammability vary from being essentially 
nonexistent for pleasure craft to rigid specifications for use in commercial vessels of 
U.S. Registry and in U.S. Naval vessels. The U.S. Navy Habitability Guidance List 
of Acceptable Materials, Revision D ( 1977), contains the most recent information 
concerning suitability of shipboard materials. A report on a workshop: Flam
mability, Smoke, Toxicity and Corrosive Gases of Electrical Cable Materials (NMAB 
342) (National Academy of Sciences, Washington, D.C.: 1978), has been published. 
A detailed report on the state-of-the-art of the fire safety of polymeric materials is 
the subject of Volume 1 of this series. 

The optimum selection of materials from a fire safety standpoint is a difficult 
task because of the many, sometimes conflicting, characteristics which must be 
considered before a proper decision can be reached. Materials selection is a primary 
way to reduce the threat of fire. Other important aspects of coping with fire 
hazards include general fire consciousness in system design, use of structural materi
als with improved fire safety characteristics, fire detection, and firefighting. 

Competingfiresafcty requirements must be reconciled in considering polymeric 
materials with improved fire safety characteristics. For example, it might not be 
tolerable to have a decrease in ease of ignition or flame spread which also leads to 
an increase in the production of smoke or toxic combustion products. 

In Volume 4 (Fire Dynamics and Scenarios) the lack of basic understanding and 
knowledge of the relationship between the chemical and physical properties of 
polymers and fire dynamics parameters (flame spread, ease of ignition, etc.) is 
discussed, as is how these relationships are affected by aging. 

There is also a serious lack of knowledge concerning the relationship of smoke 
and toxic gas formation during combustion to the chemical and physical composi
tion of polymeric substances. 

Additionally there is a general need for better communication and wider dissem
ination of results within the fire research community. There is concern that there is 
no general access to potentially important technical information. The United States 
Fire Administration (U.S. Federal Emergency Services) is seriously addressing this 
important gap in communication. 
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4.1.1 Approaches to Improving the Fire Safety 
Characteristics of Polymeric Materials 

No organic polymeric material can withstand intense and prolonged heat with· 
out degradation, even in the absence of oxygen. Given sufficient oxygen and energy 
input, all commercial polymeric materials will burn. Many synthetic polymeric 
materials burn differently than the more familiar natural ones. They may melt and 
drip and often give off dense and acrid smoke. Although some are less flammable 
than more familiar materials like wood or cotton, others burn with a more intense 
flame and resist conventional firefighting efforts. This tends to promote panic and 
can lead to damage and loss of life, which might have been avoided with a better 
understanding of the performance of such materials in a fire. Better understanding 
of the fire hazards presented by polymeric materials must be promoted through 
educational efforts (National Commission on Fire Prevention and Control, 1973; 
Tabor, 1975). Metals will also exhibit some undesirable characteristics under fire 
conditions, (e.g., aluminum will melt). There are several avenues open to reduce the 
fire hazard of polymeric materials. Among these are: 

1. Development of new polymers whose fire safety characteristics are inherently 
better than those of the well-known materials. Although some materials in this class 
are available commercially now, most are expensive. 

2. Improvement of the fire safety characteristics of available and generally lower 
cost materials by adding fire retardants. At present this approach is commercially 
the more important of the two. It may take the form of an application of a coating 
to the surface of the materials, or incorporation of a fire retardant into the bulk at 
some appropriate state of processing. The pros and cons of using fire retardants are 
discussed in Volume 1. 

3. Combination of two or more materials in a way which utilizes the best 
properties of each, for example, utilizing steel plates on each side of a plywood 
slab. 

Polymers may be fire retarded by introducing into the bulk of the material such 
fillers as alumina trihydrate or by introducing active compounds referred to as fire 
retardants. The former lower the fire load either by heat absorption or by providing 
an inert diluent for the fuel. The latter are usually halogen, phosphorus, nitrogen, 
antimony, or boron compounds, and may be used in synergistic combination. One 
must also distinguish between reactive and non-reactive retardants, according to 
whether they form covalent bonds with the polymer. 

The important variables in polymer flammability are summarized in Figure 4.1. 
The chart shows that the useful maximum temperature for polymers is 190°C. A 
select few can perform satisfactorily for an extended period up to 250°C. For very 
limited exposure, temperatures of 300°C have been achieved. The burning of a 
polymer solid is essentially a three-stage process, consisting of a heating phase, a 
thermal pyrolytic phase, and finally, ignition. The behavior of a polymer during the 
initial or primary heating phase depends to a considerable extent upon the nature 
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Figure 4. 1. Polymer behevior et various temperatures. 

of its composition. Thermoplastic compositions will generally melt in the tempera· 
ture range of 100-250°C. The loss of rigidity that occurs at the softening point of 
such thermoplastic materials and the subsequent decrease in melt viscosity as the 
temperature increases allow the liquid phase to recede from the ignition source, and 
prevents the subsequent pyrolysis and ignition in many cases. This phenomenon has 
apparently led to some erroneous conclusions concerning the flammability of such 
compositions (Gouinlock, Porter and Hindersinn, 1971 ). Thermosets and most 
natural polymers such as wood and cellulose, on the other hand, remain essentially 
unchanged during this early heating stage. 

At some later stage in the heating process, thermal decomposition occurs. 
Gaseous products emanate. The flammability of these products will depend upon 
the chemical composition of the original samples. The temperature and rate of 
heating determines when this stage occurs; this, in turn, depends upon the thermal 
stability of the material and chemical decomposition reactions occurring under the 
existing fire conditions. The flammability of a solid is largely determined by its 
behavior at this stage in the burning process. The establishment of a self-sustaining 
flame is predominantly dependent upon the generation of sufficient fuel gases from 
thermal pyrolysis to produce a flammable oxygen fuel mixture close enough to the 
solid fuel so that sufficient heat can be transferred from the flame to the solid 
surface by radiation and/or convection to sustain pyrolysis at an acceptable rate 
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(Essenhilfl and Howard, 1966). This means that the flame zone is spatially removed 
from the fuel surface. This separation of flame from the solid fuel is necessary in 
order to allow dilution of the pyrolytic fuel gases with sufficient oxygen to bring 
the mixture within flammability limits. 

Pyrolysis generally proceeds in three closely related phases. In the temperature 
range of 100-250°C, sufficient thermal energy is available only for such low-energy 
reactions as functional group elimination, usually from the end of the polymer 
chain, and the elimination of such small molecules as water and hydrogen halide. In 
the range 250-500°C, sufficient energy becomes available to break the highest 
energy chemical bond usually contained in the structure of most polymers. 

These reactions can often lead to the unzipping of polymer chains to yield 
flammable monomers or the random elimination of small chemical fragments. Both 
types of products can sustain gas phase flame reactions. In some cases, however, 
recombination of some of these fragments also occurs and leads to the formation of 
aromatic condensed ring systems which are stable under the pyrolytic conditions. 
In these circumstances, a third stage of the pyrolysis occurs. Aromatic condensed 
structures formed in the previous stage are increasingly condensed at temperatures 
over 500°C, with the eventual elimination of most elements other than carbon. The 
result is a carbon char, which is highly insulating and flammable only with diffi· 
culty under normal oxygen concentrations. If the char can be maintained in a viscous 
elastic state during this intermediate stage, the gases will be trapped in the viscous 
liquid and thus cause the char to expand into a carbon foam. The formation of this 
special type of pyrolytic char is called intumescence. Such char forming reactions 
are thus desirable because they convert a flammable polymer to a less flammable 
char, while simultaneously reducing the quantity of flammable gases. If such a 
conversion can proceed, because of the nature of the polymer structure and in the 
absence of phosphorus, halogen, or heavy metal additives, highly toxic by-product 
gases are eliminated; the off gases are no more toxic than can be attributable to 
carbon dioxide or carbon monoxide. 

With increasingly higher temperatures, the rate of production of the gaseous 
degradation products increases until a mixture is reached with the oxygen in the air 
that exceeds the flammability limit, and ignition occurs. Continued burning at this 
stage is dependent upon the transfer of sufficient heat from the flame to the 
condensed phase to maintain an adequate supply of flammable gaseous decomposi
tion products and, of course, upon a supply of oxygen from the surrounding 
atmosphere sufficient to support combustion. The chemical reactions generally 
occurring in this gas phase at flame temperatures are free-radical in nature. 

4.1.1.1 General Discussion of Fire Retardant Mechanisms 

There are four main mechanisms or methods of altering the flammability of 
common commercial polymers. The first is the alteration or reduction of the heat 
of combustion of the total polymer composition. The second is the inhibition of 
the gas phase combustion reaction~. The alteration of the condensed phase 
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pyrolytic reactions to enhance the formation of char is the third most common 
method of changing the flammability of polymers. The fourth general method is 
the application of an intumescent coating. Exposure of the coating to the thermal 
flux of a fire expands the coating into thermally stable intumescent char which 
then protects a substrate from the ignition source. 

4.1.1.2 The Heat of Combustion 

It is generally conceded that the incorporation of an organic halogen compound 
into a polymer, either as an additive or by chemical reaction into polymer struc
ture, will reduce the heat of combustion of the total polymer composition. An 
example of this effect is indicated in Table 4.1, in which the heat of combustion of 
various chlorinated methanes are compared to the unchlorinated precursor. 

Table 4·1. Heat of Combustion of a Hydro· 
carbon and its Chlorinated Derivatives 
(Af'Shits and Flis, 1961). 

Subst1nce 

CH 4 

CH 3 CI 
CH 2 CI 2 

CHCI 3 

CC1 4 

Helt of Combustion 
I Kg Cal. per mole) 

-181.7 
-135.1 
- 72.8 
- 4.4 
+ 47.5 

Here we can see that successive substitutions in the methane series reduce the 
heat of combustion continuously until the nonflammable carbon tetrachloride ex
hibits an endothermic heat of combustion. Hindersinn and Wagner ( 1967) con
cluded that the heat of combustion was of secondary importance in polymer fire 
retardance because the fire retardant efficiency in the halogen levels was the reverse 
of the effect observed in the heat of combustion. 

As additional support to their conclusions, these authors presented the data 
summarized in Table 4.2. 

Here we can see that the highly flammable celluloid (nitrocellulose) has a heat of 
combustion of slightly more than 4 Kcal/g, or somewhat less than half of that 
exhibited by a fire retarded polyethylene composition. Further, the heat of com
bustion of a difficult-to-ignite polyvinyl chloride is about equivalent to that of 
highly flammable celluloid. 

Gas Phase Inhibition 

Gas phase combustion of hydrocarbon flames has been studied in considerable 
detail and many of the processes have been quantitatively defined (Fristrom, 1963). 
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Tsble 4-2. Polymt~r Flsmmt~bility Rstings snd Ht1st of Combustion 
Vslut~s* 

Material 

Celluloid 
Polyethylene 
Polystyrene 
Polyethylene 

(Fire Retarded) 
Polyester 
Polyvinyl Chloride 
Polymethyl Methacrylate 

Flammability 

Very flammable 
Burns 
Burns 
Slow Burning 

Burns 
Self-Extinguishing 
Burns 

•(K. Krekeler & P.M. Kllmke, 1965). 

Heat of Combustion 
(KCal/g) 

- 4.13 
-11.1 
- 9.6 
- 9.8 

- 4.3 
- 4.3 
- 6.3 

These reactions have been shown to be predominantly free radical in nature. The 
complete oxidation of a hydrocarbon can be explained on the basis of a 
complicated chain of free radical reactions. Initial attack on the saturated 
hydrocarbons is by hydroxyl radicals (generally the reaction product of oxygen and 
hydrogen atoms). In each step the products contained highly oxygenated products 
leading eventually to carbon dioxide and water. In this series, only reactions of 
hydroxyl and hydrogen atoms lead to an exponential increase in radical concen
tration. Inhibition of these latter reactions thus could disrupt the entire combustion 
chain. 

Halogen Inhibition Reactions 

The inhibition of these branching reactions by hydrogen halide has been sug
gested by many investigators as a major mechanism for the fire retardant effect of 
halogens on many polymeric materials. Halogen gas phase inhibition has been sug
gested as an explanation for the fact that certain bromocarbons were five to eight 
times more effective in reducing the flammability of hydrocarbon fuel gas mixtures 
on a molar basis than such inert agents as carbon dioxide and nitrogen. A mechan
ism for this flame inhibition has been proposed by Rosser, Wise and Miller (1959). 
It consists of the replacement of the radical chain carriers in the combustion series 
previously outlined by less reactive halogen atoms. The suggested mechanism of this 
type of halogen inhibition is summarized in Figure 4.2. 

H· + Hx..-H2 + 
OH• + Hx--H20 + 

X• + RH..- R• + 

X• Inhibition Reactions 
X• 
HX Regeneration of HX 

Figurt14-2. Halogen Inhibition Rt111Ctions. 
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In this series, the active hydroxyl and hydrogen radicals are converted by 
reaction with the hydrogen halides into water and the somewhat less active hydro
gen molecules. The halogen atoms which are the other product in this series of 
reactions are much less active in oxidation reactions, but can react with the other 
hydrocarbons by extraction of the hydrogen radicals to regenerate the active hydro
gen halide catalyst and produce a less reactive carbon radical. Although this 
mechanism was first proposed to explain the inhibitory effect of halogen com
pounds upon premixed hydrocarbon flames, its applicability to explain similar 
inhibitions in polymer diffusion flames is supported by the fact that the order of 
effectiveness of halogen in polymer fire retardants is the same as that observed in 
these premixed flames, (i.e., Br > Cl > F). In addition, it is well established that 
most, if not all, of the halogen in the polymer composition is liberated as hydrogen 
halide on exposure to a flame. 

Condensed Phase Reactions 

The large body of literature concerning the effectiveness of halogen inhibition of 
gas phase reactions has led to the postulate that it is the primary mechanism for 
polymer fire retardance. The gas phase reactions, however, are only the last in a 
complicated series of physical processes that must first occur before an adequate 
supply of flammable gases becomes available for sustaining an active flame as indi
cated in Figure 4-1. Thus, any change in condensed phase reactions leading to a 
reduced volume of flammable gases could lead to flame extinguishment, even in the 
absence of inhibition of the flame reactions. A careful analysis of the limited 
available literature concerning the effect of halogens upon condensed phase 
reactions indicates that alteration of these solid reactions is at least as important in 
many halogen/polymer fire retardant effects as the gas phase inhibition (Madorsky, 
1964; Weiner, 1974). 

From the above discussion of fire retardant mechanisms, it is seen that the gas 
phase mechanism is the least attractive from a fire safety point of view because the 
injection of inhibiting gases into the pyrolytic gas stream leads to incomplete com
bustion and large volumes of black smoke. Also, most of these inhibitors are toxic 
to a significant degree and many are in the highly toxic category. It should be noted 
that even though the introduction of fire retardant may reduce the probability of 
ignition it may also increase the optical density and toxicity of the smoke pro· 
duced. A condensed phase mechanism, on the other hand, reduces flammability by 
conversion of the polymer to difficultly flammable char with a lesser production of 
smoke, and, generally, the production of pyrolytic off-gases no more toxic than 
carbon monoxide. Char-forming polymer compositions are, therefore, preferred 
from a fire safety point of view. 

4.1.1.3 Economic Aspects 

Cost is an important aspect of fire hazard reduction. Thermally stable polymers 
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with superior fire safety characteristics may be too expensive for routine use. The 
application of fire retardant coatings is sometimes a cost-effective approach. How
ever, this approach is limited to a relatively small number of applications. 

It has been shown by Parker and co-workers (NASA-Ames R.C.) that one can 
produce polymers with fire safety characteristics that meet most end-use require· 
ments by the synthesis of polymers with appropriate molecular structures. How· 
ever, the high cost of these inherently fire retardant polymers must be reduced 
significantly if they are to gain large scale acceptance in most applications. 

The cost of fire retardation by the incorporation of a fire retardant in the 
polymer varies greatly, according to the particular compound or treatment used, 
and according to the performance level desired. Fire retardation normally increases 
the cost of the material, except when the desired measure of protection can be 
obtained with inexpensive inert fillers. 

4.2 Fiben 

4.2. 1 Introduction 

Fibers form a main component of cushion covers, carpeting, draperies, and other 
ship compartment furnishings. Their flammability characteristics are thus of con· 
cern. Fibers will be discussed under the headings of natural fibers, synthetic fibers, 
glass fibers, and fibers from thermally stable polymers. 

In Navy ships, the fibers are restricted to aromatic polyamides and phenolic/ 
aromatic polyamide blends (aramid and novoloids) and/or fiberglass for draperies, 
curtains, and carpets. U.S. flag commercial vessels, designed for the purpose of 
engaging in trade, permit a broader range of fibers for these applications, (i.e., wool, 
nylon, acrylic, polyester blends, treated cotton, fiberglass, etc.). 

4.2.2 Natural Fibers 

4.2.2.1 Cotton 

Cotton, which is essentially cellulose, is used as a base fabric for polyvinyl 
chloride coated-fabrics. It is used in bedding, (i.e., cotton sheets, in mattresses as 
cotton polyester blends and in draperies as treated cotton). Cellulose will burn under 
a wide variety of conditions. Cotton and rayon and their blends with thermoplastics 
(nylon, polyester, acrylic) are to be avoided because of ease of ignition and rapid 
burning rate. In principle, cotton in the form of fiber, yarn, or fabric can be treated 
with fire retardants in order to reduce flammability and thus could be acceptable 
for some applications. Fire retardants for cotton have been reviewed by Drake 
( 1966, 1971 ). Successful and potentially acceptable durable fire retardants for 
cotton and rayon fabrics are of two general types, metal oxides and organophos· 
phorus compounds. 

Fire retardants based on metal oxides, especially in combination with halo· 
carbon, have found greatest use in weather resistant textile products. Large 
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quantities of these retardants are generally needed to impart sufficient fire resis
tance to a fabric to enable it to pass a vertical flame test. This, combined with the 
usually poor hand imparted by the halocarbons and loss during laundering, has 
limited the development of laundry-durable finishes of this type. 

Organophosphorus fire-retardant compounds are made to penetrate the fiber 
where they react, polymerize, or copolymerize with an appropriate monomer or, in 
some systems, with the cellulose. Another way of applying organophosphorus com
pounds consists of depositing preformed phosphorus-containing polymers on the 
fibers or fabrics. Subsequently, these are either further polymerized or fused to 
provide durability. 

Tetrakis(hydroxymethyl)phosphonium sulfate ITHPS) is a fire retardant for 
medium and heavy weight cotton fabrics. Finishes based on (THPS), urea, methylol 
melamine, and various textile modifiers have been in use since about 1957, and are 
perhaps the most important methods for reducing the flammability of cotton. 
Other phosphorus compounds that have been suggested as fire retardants for cot
ton, but are much less important than THPC, are tris(1-aziridinyl) phosphine oxide 
(APO), reactive phosphonates such as N-methylol dialkyl/phosphono propionamide, 
phosphoric triamides in conjunction with polyfunctional N-methylol compounds, 
dialkoxy phosphinyl triazines, and diamides of alkyl phosphonic acids. 

Generally speaking, good fire resistance is obtained on cotton fabrics through 
insolubilization of about 2 to 3 percent phosphorus, preferably in conjunction with 
nitrogen. Several excellent reviews have discussed the dozens of proposed experi· 
mental materials and the currently available knowledge on the mechanism of fire 
retardation in cellulose (lyons, 1970; Kasem et al. 1972). 

4.2.2.2 Wool 

Wool is used in carpeting in all types of ships except for naval vessels. Wool 
textiles are generally more difficult to ignite, and spread flame more slowly than 
cellulosics. Hid'~ concentrations of hydrogen cyanide have been found in the 
pyrolytic off-gases from wool products, and in some scenarios this may constitute a 
significant fire hazard. The flammability of wool has been reviewed in several recent 
articles (Benisek, 1972, 1972a, 1973; Friedman, 1973). Wool fire retardant 
methods have not been as extensively studied as those for cotton. Generally speak
ing, the flammability of wool is decreased by treatment with organophosphorus 
compounds, or by treatment with specific salts of polyvalent metals. 

4.2.3 Synthetic Fibers 

Synthetic fibers represent the "commodity" items of the textile industry and are 
produced in larger total volumes than cotton and wool combined. They are used 
extensively throughout ships. Such fibers include polyolefin, nylon, aromatic poly
amides, polyester, polyester blend, acrylic, and inorganic fibers. With the exception 
of inorganic fibers, no fiber in this group can offer protection against direct ex-
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posure to flame. (See Volume 1, Chapter 3, for more detailed information on this 
subject). 

4.2.3.1 Polyesters 

The most important polyester fiber is poly(ethylene terephthalate) . While poly
(ethylene terephthalate) is flammable, many polyester textiles will not ignite be
cause the fabric melts away from a small ignition source or self-extinguishes by 
drip-out. Both of these mechanisms will fail with heavier constructions or when 
even a small amount of non-thermoplastic fiber (e.g., cotton) is present. Polyester 
produces an intensely hot flame when it burns, and therefore can ignite other 
adjacent materials. 

To improve fire retardance in heavier weight constructions, it is possible to use 
several approaches. For example, the molecular composition of poly(ethylene 
terephthalate) can be altered to contain bromine e.g., using 2,5-dibromotere
phthalic acid to replace some of the terephthalic acid. Bis(hydroxyethoxy)tetra
bromobisphenol A may be used to replace some of the ethylene glycol in the ester 
molecule. Antimony oxide can be included in the formulation to enhance the fire 
retardance (Textile Industries, 1973). Bromine can also be introduced by means of 
an additive incorporated during the melt spinning process. 

The comfort and aesthetics of poly(ethylene terephthalate) can be enhanced 
significantly by blending it with cellulose acetate or triacetate. When cellulose 
acetate contains appropriate fire retardants, or when fire retardants are topochemi
cally applied to the blend fabric, good fire retardance can be obtained for some 
fabric constructions. 

4.2.3.2 Acrylics and Modacrylics 

Acrylics are polymeric fibers containing at least 85 percent polyacrylonitrile. 
Modacrylics (modified acrylics) are copolymers of acrylonitrile with vinyl chloride, 
vinylidene chloride and/or other vinyl monomers. Acrylic fibers must not be con
fused with acrylic plastics, which do not contain acrylonitrile. 

Acrylics shrink away from a small ignition source and, therefore, escape ignition 
momentarily. Once ignited, however, acrylics burn vigorously, ejecting plumes of 
flaming gases and dense smoke. The rapid heat generation is due in part to a 
spontaneous "zipper-like," highly exothermic, cyclization reaction between adja
cent nitrile groups. Acrylics are made acceptable for the "carpet pill test" by 
blending the face fiber with 20 percent of modacrylic fiber. Other attempts to 
improve flammability require copolymerization of acrylonitrile with a sufficient 
amount of other monomers to place the product among the modacrylics. 

Modacrylics suffer from certain shortcomings in textile performance. His
torically, they have a low softening point and poor thermal dimensional stability, 
although some improvements have been made. 

The fire safety characteristics of modacrylics can be enhanced by copolymer-
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izing with vinyl bromide. This does not impair the fiber properties, and may even 
improve them. The fire retardance is sufficiently good so that fabrics are being 
promoted that contain up to one-third polyester in conjunction with the 
modacrylic copolymer containing vinyl bromide. In one commercial application, 
antimony oxide also is present. 

Allyl or vinyl esters of phosphoric or phosphonic acids are being offered as 
comonomers for incorporation into modacrylics, e.g., bis(2-chloroethyl) vinyl phos
phonate. Addition of tricresyl phosphate or tris(dibromopropyl) phosphate to spin
ning solutions also are possibilities for improving fire retardance, but no commercial 
use of this concept is known to date. 

4.2.3.3 Polyolefins 

Polyolefin fibers are polyethylene or polypropylene. These fibers ignite readily 
and continue to burn with flaming drops. No formulas are known that successfully 
retard the flammability of polyolefin fibers. The use of retardants such as tris(di
bromopropyl) phosphate and aliphatic chlorine compounds plus antimony oxide 
have been cited. 

4.2.3.4 Nylon 

Nylons are polyamides. The unmodified polyamides, nylon 6, nylon 66, nylon 
610, etc., perform essentially like unmodified polyester with respect to flam
mability. Nylons resist ignition and flame propagation in vertical configurations 
because of drip-out, except in heavier weight fabrics. When nylon burns, however, it 
produces an intensely hot flame and can ignite adjacent materials. Carpets with 
nylon face fiber readily pass the methenamine fuel tablet test (see Volume 2) with 
even less face fiber density than poly(ethylene terephthalate). Nylon blends with 
cellulosics represent a flammability hazard. Published means for improving nylon 
fire retardance have serious deficiencies. Four basic approaches for obtaining nylon 
fabrics with reduced flammability have been cited (Stepniczka, 1973). Each 
method impairs some other desirable attribute (e.g., performance, durability or 
economics). 

4.2.3.5 Aromatic Polyamides (Aramids) 

This polymer system is the basis for the first commercially available thermally 
stable aromatic polyamide fiber. Draperies, curtains, and furniture upholstery are 
made of these materials for use as furnishings on naval shipboard. 

Nomex® [poly(m-phenylene isophthalimide)] is duPont's first version of this 
class of polymers. Nomex® decomposes at about 370°C. Fabrics woven of the 
undyed material are more resistant to burning than solution dyed material (Ross, 
1973). In low-flux thermal environments involving a small ignition source, Nomex® 
is self-extinguishing; however, when exposed to a large heat flux, it will shrink, 
burn, and propagate flame to other materials. As described below, improvements 
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can be made by treating the woven or knitted form of the material. In 
comparison with other commercial fabrics, the Limiting Oxygen Index (LOI) of 
Nomex® (LOI = 27 to 28) is higher than most. 

4.2.3.6 Fiber Blends 

Blend fabrics made of yarns containing two or more fibers of different chemical 
composition and properties have attained great commercial importance in textile 
markets. But fiber blends pose synergistic fire hazards that often lead to unex
pected flammability characteristics. For example, the inclusion of even small 
amounts of cotton into a polyester fiber garment can lead to a severe flammability 
hazard, because the non-fusible cotton prevents dripping of the fusible polyester, 
thus increasing the fuel available for burning. Early investigations have established 
that the fire safety aspects of blends cannot be predicted from a knowledge of the 
behavior of individual fiber components (Tesoro and Meiser, 1970). The physical 
and chemical interactions of different fibers in blends under conditions of burning 
pose complex problems which are not understood. Experiments on the flam
mability of blends have not been carried out during the last few years. Although 
fabrics have been developed from a wide variety of fiber blends, both synthetic and 
natural, polyester cellulose types have attained the greatest commercial utility. 

4.2.4 Inorganic Fibers 

For some end uses, inorganic fibers are mandated. Glass fibers, for example, melt 
at about 515°C but do not burn. They are generally treated with organic finishes to 
enhance their resistance to abrasion, and to improve other functional properties. 
The flammability hazard of glass fibers in actual use is thus assured by the presence 
of these organic materials. Although glass fabrics prepared in this manner are widely 
used as draperies, curtains, and other similar applications where non-flammability is 
necessary, they find their greatest utility as reinforcements for many different 
thermoplastic and thermoset resins. 

Naval specifications permit glass fibers for carpeting, but modification of these 
specifications is under active discussion. 

The thermal insulating characteristics, as well as fire resistance, are attributes of 
inorganic fibers and this has resulted in their widespread usage in shipboard applica
tions. Asbestos, a natural inorganic fiber, has both fire and thermal resistance, and 
has been used extensively, until recently, in fiber, fabric, braid, batting and solid 
forms as thermal insulation (Kaswell 1963). Recent reports of the incidence of 
asbestosis and cancer in humans has resulted in a decrease in its use. 

A synthetic inorganic fiber which is being used in place of asbestos is 
Fiberfrax®. This inorganic fiber is an alumina-silica composition (Kaswell, 1963), 
formed by blowing the molten alumina-silica. Because of the manner by which it is 
formed, its composition, and brittleness, Fiberfrax® can be made only as a staple 
fiber. The fiber has good thermal/insulating characteristics up to 2500°F. It can be 
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formed into rovings, yarn, rope, braid, cloth, and tape (Floyd and Taylor, 1974); 
it is used for insulation, gasketing, packing, and filters. 

4.3 Elastomers 

4.3.1 Introduction 

Most elastomers burn easily when not fire retarded. Presently, there is no elas
tomer that has the desired combination of low flammability, low smoke emission, 
good mechanical properties, and reasonable cost (Einhorn, 1971; Fabris and 
Sommer, 1973). 

Elastomers are primarily used as electrical insulating materials for ships' power 
cables and communication cables. Ethylene-propylene copolymers, chlorosul
fonated polyethylene, and silicones are the important elastomers for these applica
tions. However, the Navy and Coast Guard are actively seeking materials with 
improved performance. 

Since the fire retardation of natural and synthetic rubbers has been surveyed in 
detail by Fabris and Sommer (1973), this section is confined to a few general 
remarks. 

The incorporation of halogens, either in an additive or as an integral part of the 
molecule, has been a prime approach to decreasing the flammability of elastomers. 
Thus we have polychloroprene (neoprene), chlorinated polyolefins, epichlorohydrin 
rubbers, the various fluoro and chlorofluoro elastomers, halogen-containing poly
urethanes, and various compositions in which halogenated additives are used. All 
these materials are deficient in their fire safety characteristics (Gross et al., 1969): 
they give off smoke and hydrogen halides on combustion or exposure to an intense 
fire environment. In addition, some rubbers (particularly fluorinated materials) 
have the potential for generating other specific toxic combustion products. 

Phosphorous compounds have also been used to decrease flammability. In the 
elastomer area, their use is generally limited to plasticized poly(vinyl chloride) and 
the polyurethanes. Materials that are fire retarded with phosphorus have somewhat 
slower flame propagation and are more difficult to ignite by small ignition sources, 
but they show little superiority when exposed to intense fire situations (Trexler, 
1973). 

A third approach to reducing flammability (and smoke) consists of replacing all 
or part of the carbon in the polymer structure with inorganic elements (Laur, 
1970). The prime example of this is the family of silicone elastomers (Laur, 1970; 
Hooker Chemical Corp., 1970; Pepe, 1970) and the developmental phosphonitrilic 
elastomers (Hagnauer and Schneider, 1972). 

A fourth approach consists in the incorporation of large amounts of inorganic 
fillers. This reduces the fuel value of the composition even if the filler has no 
specific fire retardant properties. Fortunately, most elastomers can tolerate and 
some even require a substantial amount (more than 50 percent) of particulate 
inorganic filler (Trexler, 1973). 
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4.3.2 Specific Elastomers 

The fire safety aspects of elastomers are largely determined by their chemical 
structure. From this point of view, they may be conveniently assigned to several 
distinct groups. 

4.3.2.1 Hydroc:arbon·Based Elastomers 

This group includes natural rubber, synthetic cis-polyisoprene, polybutadiene, 
styrene-butadiene rubber, butyl rubber, and ethylene-propylene rubber as main 
constituents (Kennedy and Tornquist, 1968; Bateman, 1963; Morton, 1973; Stern, 
1967; Winspear, 1972; and Whitby et al. 1954). 

These rubbers are low-cost materials with good mechanical properties, and thus 
are used in large volume for such applications as automobile and truck tires. They 
bum readily with production of smoke. Fire retardant additives reduce flame 
spread and ease of ignition from low-energy ignition soruces, but do not prevent 
burning in an intense fire situation. Alumina trihydrate is receiving intensive study 
as a filler to reduce flammability and smoke in these elastomers (Texas-U.S. 
Chemical Co., 1964, Hecker, 1968; Dalzell and Nulph, 1970; Hooker Chemical Co., 
1970; Polsar. 1970). 

4.3.2.2 Chlorine-Containing Elastomers 

These include polychloroprene (neoprene). rubber hydrochloride, chlorinated 
ethylene polymers and copolymers (chlorinated polyolefins). and epichlorohydrin 
rubbers (Morton, 1973; Stern, 1967; Winspear, 1972; and Whitby et al., 1954). 
These materials have significantly better fire retardance than purely hydrocarbon 
rubber. They do, however, generate copious quantities of black smoke and 
hydrogen chloride gas when exposed to a fully developed fire. 

Chlorinated elastomers, particularly polychloroprene are widely used where fire 
retardance is important. In ships, they are principally used in electrical insulation 
and in seat cushions and liners. The Navy specifies that chlorinated elastomers must 
be used in mattresses. 

4.3.2.3 Polyurethane Elastomers 

Polyurethanes are polymers containing the group -NH-C0-0 (Saunders and 
Frisch, 1962). They are formed typically through the reaction of a diisocyanate and 
a glycol. Because a variety of glycols or esters can be coupled with different diisocy
anates, a large variety of linear polymers can be obtained in this way. These elas
tomers are crosslinked by including a controlled amount of a polyfunctional 
monomer (e.g., a triisocyanate or trihydric alcohol) in the reaction. 

Fire retardant grades, generally based on bromine and/or phosphorus containing 
additives, are available. These, however, still burn in intense fires. Smoke generation 
is generally less than with hydrocarbon elastomers, but some hydrogen cyanide gas 
can be generated. The major use of polyurethane elastomers is in foams (seat 
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cushions, insulation, etc.). These are discussed in Section 4.5.4. 

4.3.2.4 Fluorocarbon Elastomers 

As a class, fluorocarbons and fluorocarbon/ethylene copolymers are generally 
expensive. They are usually difficult to ignite and are not prone to propagate 
flames. Increased attention is being given to this class of materials. They do, 
however, have toxicity hazards from products of combustion and/or pyrolysis in 
intense fires. 

4.3.2.5 Silicone Elastomers 

Silicone elastomers generate relatively little smoke, are reasonably fire retardant 
in air, have low fuel value when burned, and do not contain halogen (Dow Corning 
Corp., 1969; Compton, 1967; Karstedt, 1970). They burn slowly and produce no 
flaming drip. They are relatively expensive (less so than fluorocarbons, but more 
than hydrocarbon rubbers), and for many applications their mechanical properties 
are marginal. Silicones do, however, offer one of the more promising combinations 
of fire safety aspects, physical properties, and cost, and are used primarily in 
electrical insulation on ships. 

4.3.2.6 Phosphonitrilic Elastomers 

Phosphonitrilic elastomers (Polyphosphazenes) represent a second example of 
"inorganic elastomers" (Hagnauer and Schneider, 1972). The phosphorus-nitrogen 
backbone: 

tr OR 

supplies the flexibility required for elastomeric properties and contributes little fuel 
value. The various side groups (R or R') affect many of the characteristics of the 
elastomers, including their flammability. For example, long hydrocarbon side 
chains increase flammability while fluorocarbon side chains, although not contri
buting to flammability, contribute to undesirable pyrolysis products. These phos
phonitrilic materials are in the early stages of development and much needs to be 
done to define their utility and feasibility for various uses. This includes identifica
tion of the combustion and pyrolysis products contributed by the phosphorus and 
nitrogen. Phosphonitrilic compounds are, however, the basis for hope for a low
smoke, low-flammability elastomer. The continued successful development of these 
new polymers will most likely result in their use as elastomeric foam and for 
electrical cable installations. The Navy is now evaluating these materials for fire 
retardant cable insulation. 
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4.4.1 Thermoplastic Resins 

4.4.1.1 Polyolefins 

POLYMERIC MATERIALS 

The major polyolefins are low-density polyethylene, high-density polyethylene, 
polypropylene, and ethylene/propylene copolymers. Materials used in smaller 
quantity are polybutene, poly-4-methylpentene, ethylene/vinyl acetate and other 
copolymers and blends. Because of the low cost of the high-production polyolefins, 
economics will often dictate their use, despite some undesirable flammability 
characteristics. 

Flammability Aspects 

The combustion of polyolefins has been extensively reviewed by Cullis (1971). 
Chemically, polyolefins are very similar to paraffin wax. They ignite easily, burn 
with a smoky (less so than polystyrene) flame, and melt as they burn. The burning 
mechanism of polyolefins is similar to that for most solid materials. 

The products of combustion of polyolefins generally are those expected from 
burning hydrocarbons; the major toxic material is carbon monoxide (Ball, 1973). 

The use of additive systems based on a combination of halogen compounds and 
antimony oxide has been the most effective in reducing flammability. Although 
greatly improved resistance to ignition in low thermal energy environments can be 
obtained, all of these compositions burn readily in a fully developed fire, thereby 
contributing to the fuel load. 

Crosslinked polyolefins are used extensively as cable insulation. They can be 
modified to improve their flammability characteristics in much the same manner as 
uncrosslinked polyolefins. Cable insulation can present serious flammability 
problems in spreading flame from one compartment to the next. IEEE 383 stan
dards for "grouped" cables is providing an improved fire retardance test. 

4.4.1.2 Styrene Polymers 

ABS, one of the major types of styrene polymers, is finding increased use in 
thermo-formed hulls for small pleasure craft. 

With the increasing amount and diversity of uses of foam and large thermo
formed items, relative hazard definition by use-analysis and meaningful testing is 
currently needed. Hazards arise when relatively large amounts of polymer are used 
and when large surface areas are exposed. In this way the hazard is enhanced by the 
high burning rate of polystyrene, and by the high temperatures and the dense 
smoke generated in polystyrene fires. 

An extensive array of additives to reduce the flammability of styrene-based 
products has been tried (Lindemann, 1973; Howarth, 1973). The majority of these 
additives are halogen compounds, and usually incorporate a synergist such as 
antimony oxide. Generally, they are believed to function by increasing the depoly
merization rate and promoting dripping of molten polymer, thus removing hot 
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polymer from the burning sample. The beneficial use of additives has been 
emphasized in styrene-based foams. 

4.4.1.3 Poly(vinyl-chloride) (PVC) 

Vinyl chloride is an inexpensive monomer that can be polymerized by a variety 
of free radical catalysts to yield a high molecular weight polymer (PVC) with the 
general structure 

PVC itself does not burn under most normal conditions. The poor thermal 
stability of the polymer, however, generally necessitates compounding with signifi
cant and often large amounts of plasticizers or processing aids. 

In ships, PVC is used in large amounts as cable insulation, in deck coverings and 
overlays such as in vinyl tile, vinyl coated fabrics (upholstery), as films on bulk
head, and in overhead sheathing (interior finishes). etc. 

Flammability 

When exposed to a flame or to excessive heat, PVC emits hydrogen chloride at 
relatively low temperatures in a highly endothermic process. This, together with the 
fact that the polymer contains more than 50 percent chlorine by weight, accounts 
for the low flammability of the uncompounded polymer. Depending upon the 
amount or type of the compounding ingredients added during fabrication, decom
position products may include, inter alia, benzene, hydrocarbons, and char. Large 
amounts of smoke can be produced. Despite these undesirable characteristics, the 
low cost of PVC will continue to dictate its use in many applications. 

Chlorinated or phosphorus-based plasticizers are also used in large quantities to 
reduce the flammability of plasticized compositions. Among these, phosphates and 
chlorinated paraffins are used most widely. Phosphates, particularly tricresyl phos
phate, cresyl diphenyl phosphate, and 2-ethylhexyl diphenyl phosphate, have long 
been added to PVC as plasticizers. They also enhance fire retardance and achieve 
excellent flame-out times. Many of the plasticizers or processing aids used in PVC 
are flammable, particularly the widely used phthalate, sebacate, and adipate esters, 
and various low molecular weight adipate polyesters. 

4.4.1.4 Acrylics 

Polyacrylates as thermoplastics and coatings are not used extensively in ships. 
Perhaps one of the largest uses for acrylics in these markets is as a decorative paint 
or coating. Polymethylmethacrylate is used in light diffusers and as glazing because 
of its good transmissivity, relatively high impact resistance, and resistance to de
gradation by light. 
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The acrylics are polymers formed from acrylic (R = H) or methacrylic (R = 
CH 3 ) esters according to the formula 

where A' represents an alkyl radical. The major plastic in this group is the homo
polymer of methyl methacrylate (A' = CH3 ). a crystal clear material that softens at 
about 100°C. 

Poly(methyl methacrylate) (PMMA) ignites readily and softens as it burns. Burn
ing rate, fuel load, and smoke production are less than for polystyrene (Hilado, 
1969). In burning, PMMA undergoes depolymerization from the heat of the igni
tion source, the heat of combustion, or other environmental energy (Conley, 1970). 
The volatile products of pyrolysis then burn in the gas phase. 

Halogen and antimony compounds have been used to reduce burning rates and 
ease of ignition (Howarth, 1973). Less effort has been devoted to the fire retarda
tion of PMMA than to that of other polymers, partly because of the realization that 
it is difficult to retard the c~aracteristic "unzipping" depolymerization mechanism 
for most applications. Further, fire retarding additives usually detract from the 
excellent transparency and aging characteristics of the polymer. When used as 
glazing, particularly in relatively large areas, the potential fire hazard should be 
carefully analyzed. 

4.4. 1.5 Polyacetals 

Little success has been achieved in making polyacetals more fire retardant be
cause of the nature of their pyrolysis and their pyrolysis products. On the other 
hand, many of these polymers are used in relatively small parts where they do not 
present major fire hazards. 

The commercial polyacetals are formaldehyde polymers and copolymers termin
ated (capped) with ester or other groups for stabilization. The simplest polyacetal is 
poly(methylene oxide) 

Three principal flammability characteristics of formaldehyde polymers and 
copolymers are: low oxygen requirement for combustion (low limiting oxygen 
index). very low smoke production, and low fuel value. 

4.4.1.6 Polyesters 

The polyesters discussed in this section are linear thermoplastic poly-(ethylene 
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terephthalate) (PET), poly(tetramethylene terephthalate) (PTMT) and their modifi· 
cations. The crosslinked styrenated polyesters will be discussed in Section 4.4.2.3. 

Thermoplastic polymers bum with a smoky flame, accompanied by melting and 
dripping and little char formation. Fire retarded grades are generally prepared by 
incorporating halogen-containing materials as part of the polymer molecules or as 
additives. Metal oxide synergists are frequently included. These fire retarded sys
tems are resistant to small ignition sources in low heat flux environments but will 
still burn readily in fully developed fires. 

4.4.1. 7 Polycarbonates 

Polycarbonates are a class of polyesters derived from bisphenols and phosgene. 
The commercial products are based on bisphenoi·A. 

Commercial unmodified polycarbonates are significantly less flammable than 
unmodified styrene, olefin, or acrylic polymers. On pyrolysis or burning, they 
produce some char. They extinguish during simple horizontal burning tests, and 
have an oxygen index significantly above those of the previously discussed unmodi· 
fied thermoplastics (Hilado, 1969). Their fire resistance has been further improved 
by the use of halogenated bisphenols in the preparation of the polymer or bv the 
use of halogen-containing additives with or without antimony oxide (Howarth, 
1973). Recently several patents have been issued which describe the use of small 
amounts of perfluoroalkane sulfonates and aryl sulfonates as excellent flame re
tardants for polycarbonates in the absence of halogenated compounds (Nouvertine, 
1973; Mark, 1975). Polycarbonates will burn in the presence of a high thermal flux. 
Little information is available on the toxicity of their combustion products. 

4.4.1.8 Chlorinated and Chlorosulfonated Polyethylene (Hypalon) 

Chlorinated and Chlorasulfonated polyethylene are used in relatively low volume 
in ships. Hypalon is used as fire resistant electrical wire and cable insulation. 

Polyethylene can be chlorinated in the presence of light or free radical catalyst 
to give a chlorinated polymer of the general structure (Canterino, 1967). 

The chlorine content, and therefore the properties of the product, can vary 
considerably depending upon the extent of chlorination and the reaction condi· 
tions. The flammability decreases directly with the chlorine content. Various com
positions are reported to extinguish under ASTM 0-635 conditions. These are 
reported to contain 25 to 40 percent chlorine by weight. Compositions containing 
as much as 67 percent chlorine have been prepared. As with chlorinated polymers 
in general, antimony oxide enhances the efficiency of the halogen and reduces the 
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amount of chlorine required to yield the desired fire retardant properties. 
The flammability characteristics of these materials resemble those of poly( vinyl 

chloride). Hydrogen chloride is a major combustion product. 
Polyethylene can be chlorosulfonated by methods similar to those used in the 

chlorination already described to give polymers of the general structure 

The properties of the composition can be varied widely depending upon the extent 
of chlorosulfonation. 

As expected, the flammability of the polyethylene is reduced as the chlorosul
fonyl and chlorine content is increased. The flammability has not been studied 
extensively, although hydrogen chloride, sulfur dioxide, and considerable smoke are 
major products of combustion. 

4.4.2 Thermosetting Resins 

Thermoset polymers are distinguished from the thermoplastics discussed in 
Section 4.4.1 in that they become chemically crosslinked during the final molding. 
The final product is "set" into shape during formation of primary chemical bonds. 
For most practical purposes, a thermoset polymer can no longer be melted, shaped, 
or dissolved. Thermoset reinforced polyesters are used extensively in the fabrication 
of the hulls of pleasure craft and are discussed more extensively in Section 4.4.2.3. 
Generally, the polymerization ofthermoset resins is divided into two stages. In the 
first stage, a relatively low molecular weight prepolymer is formed, which can be 
melted, dissolved or molded. In the second stage, the prepolymer is crosslinked 
(cured), with or without the application of heat in the presence of suitable 
catalysts, activators, or crosslinking monomers. Sometimes an inhibitor is added to 
the first stage to prevent premature curing. 

Because of their brittleness, thermosets are used almost exclusively in conjunc
tion with various inorganic or organic fibrous reinforcments and various types of 
powdered fillers. In many cases, the reinforcements and fillers comprise more than 
half of the final composition and can significantly alter the flammability or fire 
safety of the total composite. The total composition must be considered before 
deciding upon the flammability characteristics or fire safety of these materials. 

Unlike many thermoplastic materials, thermosets generally do not soften or drip 
when heated. This is because of their crosslinked nature. Flammability is a function 
of the thermal stability of the primary chemical bonds and the ease with which 
volatile gaseous products can be produced by pyrolytic processes to provide fuel for 
a self-sustaining fire. Many thermosets (e.g., the phenolic resins) produce very little 
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flammable fuel when heated by an ignition source, but degrade into an insulating char 
which can only be oxidized at extremely high temperatures and/or high oxygen 
concentrations. Burning of such materials can be a slow process under many condi
tions, since the polymer substrate is protected by the surface char. Such resins are 
inherently fire retardant and will pass many common laboratory tests without the 
need of a fire retardant modification or additive. Their fire retardance, however, is a 
function of the mechanical stability of the insulating char and is limited by the 
resistance of elemental carbon to oxidation. 

The thermoset resins are in general more difficult than thermoplastics to mold 
and fabricate. This frequently militates against their use in many applications where 
their low flammability makes them desirable. Development of these high char 
forming materials to improve their ease of formation into molded parts at reduced 
fabrication cost should be vigorously pursued. 

4.4.2.1 Phenolic Resins and Molding Compounds 

Phenolic resins of various types find utility in ships but mostly in small moldings 
where flammability is not a factor. Two general types of first stage phenolic resins 
are produced, depending on the catalyst, the phenol/formaldehyde ratio, and the 
reaction conditions. These are called resoles and novolaks, respectively. The physi
cal properties of the phenolic resins vary widely depending upon the type, kind, 
and amount of filler; the kind of reinforcement; phenol/formaldehyde ratio; type 
of curing catalyst; and other formulation variables. More information may be found 
in Brydsen (1970), Billmeyer (1971), and Foy (1969). 

If a phenol/formaldehyde ratio of one to one or less is used in the initial 
condensation with an acidic catalyst, thermally stable resinous thermoplastic poly
mers can be formed which are commonly referred to as novolaks. These resins can be 
formulated subsequently with fillers, colorants, reinforcing agents, catalysts, and 
additional formaldehyde (or formaldehyde generator) to form the commercially 
important molding compounds. 

Cured phenolic resins do not ignite easily because of their high thermal stability 
and great charring tendency in the pressure of heat (Sunshine, 1973). The flam
mability of the end products can vary widely, as mentioned above, depending upon 
the amount and type of filler used, the crosslink density, the amount and type of 
reinforcement, and other minor formulation variables. The principal volatile decom
position products are methane, acetone, carbon monoxide, propanol, and propane. 
A variety of additives have been found to be useful in applications in which a 
degree of fire retardance above that inherent in the polymer is required. 

4.4.2.2 Unsaturated Polyester Resins 

Because of their versatility and low cost, glass reinforced polyesters have found 
large volume usage in the hulls of small boats and pleasure craft. Marine applica
tions accounted for about 25 percent of the total U.S. volume in 1975 and 1976. 
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Fire retardant compositions constitute only a small part (approximately 5.5 percent 
in 1973) of the total production of 550,000 metric tons in 1974 (see also Nametz, 
1967; Roberts et al., 1964). 

There are two classes of thermoset resins which are commonly referred to as 
polyester resins. These are the alkyds and the so-called unsaturated polyester resins. 
The latter are prepared by condensing a saturated dibasic alcohol and a mixture of 
saturated and unsaturated dicarboxylic acids into a prepolymer (or first stage) resin. 
The latter is then dissolved in a vinyl monomer, usually styrene. The cured resin is 
produced by free radical copolymerization of the styrene monomers and the un
saturated acid residues. 

Phthalic anhydride is used most widely as the saturated acid component. The 
resins are usually combined with a reinforcing fabric (generally glass cloth or mat) 
and/or a filler before curing. 

The burning characteristics of unsaturated polyesters can be modified by the 
addition of inorganic fillers; the addition of organic fire retardants; chemical modi
fication of the acid, alcohol, or unsaturated monomer component; and by the 
chemical combination of organometallic compounds with the resin. A wide varia
tion in flammability characteristics can be achieved in polyester resins by using one 
or more of these retardant modifications. 

Both fire retarded and unretarded polyester resin formulations yield copious 
amounts of smoke when exposed to fire because styrene is the major product of 
pyrolytic decomposition and styrene burns with a very smoky flame. That 
smokiness has been only marginally reduced to date by the use of relatively large 
amounts of inorganic fillers such as alumina trihydrate. 

The relative toxicity of the combustion products of halogenated polyester resins 
has been a subject of considerable discussion ever since their introduction in 1953. 
Generally, most, if not all, of the chlorine contained in these compositions converts 
into hydrogen chloride. Trace amounts of phosgene have been identified as well. 

4.4.2.3 Epoxy Resins 

Epoxy resins are generally prepared by reacting a first-stage polyfunctional 
epoxy compound or resin with a basic or acidic crosslinker (or "Hardener") to yield 
a thermoset product crosslinked by ether or ester linkages. The basic epoxy resin 
can be prepared in a variety of ways, although the most common is the reaction of 
a polyphenolic compound with epichlorohydrin. 

The prepolymer can be cured with a variety of crosslinking agents (often incor
rectly called catalysts) through the epoxy and hydroxyl groups. These hardeners 
can be based on amines, anhydrides, or Lewis acids. 

Epoxies are used on ships, for instance, as adhesives, in acoustic tile, nonskid 
surfaces, etc. 

Although epoxy resins are flammable (Conley and Quinn, 1975; Lyons, 1970), 
their flammability can be reduced considerably by the use of a variety of phos
phorus or halogen-containing additives or reactive monomers. The need for fire 
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retardance in epoxy resins has been relatively small to date, and the amount of fire 
retardant epoxy resins sold yearly is small. Because there is relatively little use of 
these resins a major fire hazard has not resulted. 

4.4.3 Specialty Plastics 

This somewhat arbitrary subdivision comprises those materials that are relatively 
high priced, have certain particularly outstanding properties, and are produced in 
relatively small volumes for specialty applications. Until the prices of these poly
mers are reduced, there is little prospect of their large-scale usage in ships. The 
materials in this group fall into two general categories: (1) the aromatic and hetero
aromatic polymers generally used for their resistance to temperature, chemicals, 
and/or combustion (there is a detailed discussion in Volume 1 of such polymers); 
(2) the polyimides which are discussed below. 

4.4.3.1 Aromatic Polyimides 

Aromatic polyimides are expensive, but should find increased use as flame resis
tant insulating materials. They are synthesized from an aromatic dianhydride and 
an aromatic primary diamine. They are used primarily for moldings, composite 
matrix resins, films, and foams. The films are the best non-halogenated fire-resistant 
films available. They are clear, amber colored, fairly flexible, and have high tensile 
strengths. Fibers have been spun from polyimides and their mechanical properties 
have been investigated exhaustively. A typical poly imide repeat unit is poly(oxydi
phenyl pyromellitimide) (Kapton®) . 

, 

+NM-o-o 
0 0 

Various woven forms of at least one polyimide fiber have been characterized 
thoroughly. Kevlar, a fiber spun from the above polymer, demonstrated excellent 
thermal aging characteristics (Opt and Ross, 1969; Ross, 1967). 

4.5 Composites and Laminates 

4.5.1 Introduction 

An enormous quantity of composites and laminates. made from various synthe
tic plastics, wood products. various fillers, reinforcing agents, and adhesives, is 
produced annually in the United States. Like fiber blends, composites and lamin
ates may pose special fire hazards. In many cases, the exact composition of these 
materials is proprietary. In any case, however, their fire performance cannot be 
predicted from a knowledge of the performance of the components. The un-

66 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


POLYMERIC MA TEA IALS 

saturated polyesters, phenolics, epoxies, and amino resins are used most often in 
the manufacture of composites and laminates. High-temperature resins such as poly
imides are receiving increased attention in composite structures. Chapter 5, Volume 
6, Aircraft: Civil and Military of this series discusses briefly some of the more 
advanced materials under investigation for use in composites. 

4.6 Foams 

4.6.1 Introduction 

Foamed polymers are extensively used for seat cushions, padding, insulation, 
etc. Foamed polymers pose special fire hazards and their fire safety aspects require 
special consideration. Polymeric foams are generaly complex multicomponent 
systems which may, in addition, contain fibers and various fillers. Polymeric foams 
may be rigid or flexible. 

In the first of two foam types, the cellular structure is obtained with the aid of a 
blowing or foaming agent. This may be either a liquid which vaporizes during the 
polymerization process, or a solid which decomposes to give off gas. Some gas 
(carbon dioxide or water vapor) may also be formed as part of the polymerization 
reaction. 

Syntactic foams are the second type. These are essentially polymers which con
tain tiny hollow spheres of another polymer or glass as filler. 

Flexible foams generally contain an open cell structure. Rigid foams are usually 
closed cell foams. 

Since the burning of a polymeric composition can only occur on the surface, the 
surface area available for combustion is important in determining the rate of com
bustion and, therefore, the intensity of the flame. Thus, a film burns more easily 
than a thick molded part, and a foam burns more readily than a solid polymer of 
the same composition. The burning of polymer foams, therefore, differs in several 
respects from the burning of solid polymers. 

Since a greater surface is exposed to air, the rate of pyrolysis and burning of a 
foam is greater than that of the base polymer. The low thermal conductivity of 
foams tends to concentrate the heat on the surface of the structure, rather than 
dissipating it to underlying material or substrate. The result is a rapid heatup and 
pyrolysis of the surface material when exposed to a flame. This often leads to an 
extremely rapid flame spread. 

Other factors may moderate the surface effect considerably; for example, the 
small amount of potentially flammable material per unit volume in low-density 
foams results in a very small amount of total heat to cause flame propagation. Thus, 
if the foam is made from a thermoplastic resin such as polystyrene, the heat of a 
flame rapidly melts the foam adjacent to it. The material then may recede so fast 
from the flame front that there is no real ignition. However, when polystyrene 
foam is caused to burn, it does so quite rapidly and evolves much smoke. These and 
other factors have led to considerable concern regarding the use of foams in many 
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applications where relatively large areas and/or volumes of materials are involved. 
A highly crosslinked thermoset foam, on the other hand, behaves in an entirely 

different manner. Since little or no melting occurs, the surface does not recede 
from the flame front and the foam is rapdily ignited. A highly insulating char is 
formed, protecting the remainder of the material from the flame. Thus, a relatively 
flammable solid is converted into less flammable carbon. Since carbon itself is 
combustible, the continued raidant heat can generate continued combustion, but 
re-radiated energy from the char and the low density of the surface char generally 
inhibit sustained burning. 

4.6.2 Rigid Foams 

Some limited applications for rigid foams are insulation, rigid components, and 
sound barriers. Because of their limited application in ships, some of the more 
common rigid foams such as polystyrene will not be discussed here. 

Rigid foams may be fire retarded in several ways. These may include the use of 
fire suppressant additives such as organic phosphate derivatives (Bagnoli, 1973; 
lshizuka et al, 1973; Batorewicz, 1973), either in the foam formulation or applied 
to the formed surface in the form of coatings. Both techniques effectively reduce 
the burning rate of the foam surface. A more recent practice is the introduction of 
an inorganic f iller (i.e., alumina trihydrate), to control flame spread. 

An alternate method of achieving fire retardation in foams consists in making 
them of fire retardant polymers. In one approach, halogens such as chlorine or 
bromine are introduced into the backbone of the basic polymer (Shone, 1973; 
Stastny et al, 1973, Yamaguchi et al., 1973, Anon, 1973). Another approach con· 
sists of using high-char-yield materials such as polyisocyanurates, polyimides, poly
benzimidazoles, polyquinoxalines, and polyphenylenes. These polymers directly 
y ield fire retardant foams capable of passing present-day flammabil ity tests without 
the need of additional fire suppressant additives. 

The application of cement, gypsum board, plaster, or other inorganic surface 
coatings onto the surface of a rigid foam provides another method of controlling 
their potential fire spread and ease of ignition. 

Rigid polyurethane foam and expanded polystyrene are the most widely used 
materials in the thermosetting and thermoplastic class, respectively. 

Among natural foams, cork is the only important material and is quite hazard
ous. 

4.6.2.1 Rigid Polyurethane Foams 

The market for rigid foams in ships is dominated by polyurethane. They are used 
predominantly as insulation in cargo holds and as sound barriers. In the cargo area 
of tankers and on naval vessels, these foams are used as tank and pipe insulation. On 
naval vessels, rigid foams are used as thermal insulation for "reefer" spaces, but 
only if encased in metal sheet. 
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The cellular nature and low thermal decomposition temperature of polyurethane 
foams generally influence their flammability. The high heat flux generated by sur
face combustion, coupled with low thermal conductivity and high flame tempera· 
tures, can cause almost instantaneous conversion to flammable gases. These pro
cesses in turn often result in extremely rapid surface flame spread. 

In general, some degree of fire retardance is imparted to polyurethane foams by 
the chemical incorporation of halogens and/or phosphorus compounds into the 
material. The use of phosphorus compounds in fire retardant polyurethane foams 
leads to high char formation combined with easy processing because of the rela
tively low viscosity of most phosphorus compounds. This combination of desirable 
properties has made phosphorus compounds, with or without halogen, the most 
widely used fire retardants in polyurethane technology. Reactive phosphorus com
pounds, such as Fyrol 6 (Stauffer Chemical Company) are used extensively. They 
are added directly to the polyol. 

Polyurethane foams may be fire retarded also by the incorporation of non· 
reactive additives which act as fillers or plasticizers. Non-reactive additives have not 
been used extensively in polyurethane technology because of their tendency to 
migrate from the foam under many conditions of extended use. 

Although polyurethanes themselves are nontoxic, the pyrolytic combustion 
gases have been shown to contain considerable quantities of toxic gases. Significant 
amounts of hydrogen cyanide have been detected in polyurethane combustion 
products (Sumi and Tsuchiya, 1973), although the relative toxicity hydrogen 
cyanide in gaseous mixtures that contain large amounts of carbon monoxide has 
not been definitely established. 

4.6.3 Flexible Foams 

Flexible foams can be made from practically any elastomer. They are used in a 
variety of applications, the most important being seat cushioning, carpet underlay, 
and carpet backsizing. Flexible foams, predominantly polyurethanes, are used ex
tensively as cushioning materials. 

When a chemical blowing agent is used in an elastomer recipe, the foam rubber is 
generally referred to as sponge rubber. Sponge rubber is made mostly from styrene
butadiene rubber, although silicone and fluorocarbon (Viton) sponge rubbers are 
also available. 

Latex foam rubber is made by beating air into compounded rubber latex. 
Fluorocarbons are used as (additional) foaming agents in some processes. A gelling 
agent such as sodium silicofluoride or ammonium acetate may be used (Morton, 
1973). Natural or styrene-butadiene rubber, or blends of the two, are widely used. 
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Flexible polyurethane foam constitutes a high percentage of all elastomeric 
foams. According to Gmitter and Maxey (1969), flexible slab polyurethane foam 
accounts for about two-thirds of all flexible foam. The method of preparation of 
flexible polyurethane is not essentially different from that of the rigid foam. Flexi
bility is achieved by appropriately varying the molecular weight and the func
tionality of the polyols used in preparation. Most currently available flexible poly
urethane foams are made by the reaction of an isocyanate with polyethers. 

Methods of "fire retardation" of flexible polyurethane foams are essentially the 
same as those used with rigid polyurethane foams. Unfortuantely, flexible polyure
thane foams burn readily even when fire retarded. A totally satisfactory solution to 
the pressing problem of how to make a fire retardant flexible foam for cushioning 
has not yet been developed. (See Volume 7 for a discussion of the Vonar® system). 

4. 7 Wood and Wood Products 

4. 7.1 Introduction 

Wood and wood-based products have historically been among the most widely 
used materials for manufacturing ships of many types. It is reported (Genesis 
6: 14-16) that Noah was comissioned to use gopher wood in the construction of 
the Ark. Replacement of wood structures by steel and aluminum has been prevalent 
for many years in large and military vessels. Recent pleasure or small craft have not 
used wood very frequently, since polyester/glass combinations have proved to be 
more easily fabricated. Considerable technical information is available on methods 
for the treatment of wood to reduce the flammability and initial rate of heat 
release, and to make it self-extinguishing. However, these treatments have not been 
widely applied in ships because of the limited use of wood in new construction. 
(The fire-retardant treatment of wood is discussed in detail in Volume 1 of this 
series). 

4.8 Fire Retardant Coatings 

4.8.1 Introduction 

The use of fire retardant coatings is one of the oldest methods for protecting 
flammable and non-flammable substrates from reaching ignition or softening 
temperatures. The two main types of fire retardant coatings are the intumescent 
and non-intumescent varieties. Fire retardant coatings can be used to reduce the 
flame spread characteristics of almost any type of organic substrate. Although fire 
retardant coatings are currently little used in transportation, the present public 
pressure for reduced flammability and smoke-generating ability could lead to in
creased use of such coatings to decorate the interior of ships. Because of this 
possibility, a short review of fire retardant coating technology is included. 

4.8.2 Paints and Coatings 

Non-intumescent coatings do not provide the same degree of fire protection to 

70 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


POLYMERIC MATERIALS 

the substrate as do intumescent coatings; nevertheless, they do not enhance the 
spread of flame by rapid combustion, or contribute a significant amount of fuel to 
the fire. 

4.8.2.1 Alkyd Coatings 

The most frequently used fire retardant coatings are based on chlorinated alkyd 
resins prepared predominantly from chlorendic anhydride or tetra-chlorophthalic 
anhydride. By using the proper chlorinated acids, coatings can be made which have 
properties comparable to those of conventional coatings in addition to being fire 
retardant. It is this high performance and relatively low cost that has made chlorin
ated alkyd coatings so successful. 

The addition of fire retardant additives to alkyd resins is also commonly em
ployed. Halogenated additives such as chlorinated paraffins are the most commonly 
used additives in these coatings because of their low cost. Antimony oxide is the 
most commonly used synergist in these applications. 

4.8.2.2 Miscellaneous Coatings 

Other polymers have been used much less in coatings. Such coatings are based 
upon urethanes (Saunders, 1962) and epoxy resins (Lyons, 1970 and Anon, 1971). 
Additionally, fire retardant heat cured coatings based upon melamine/formalde
hyde and phenol/formaldehyde resins may find significant use as a char resistant 
coating on factory coated wood. 

4.8.3 Intumescent Coatings 

Intumescence is defined as "an enlarging, swelling, or bubbling up (as under the 
action of heat)" (Webster's Third New International Dictionary, 1961). Insulating 
intumescent coatings are used to protect vulnerable substrates from reaching igni
tion temperature. They also protect non-flammable substrates, such as metals, by 
preventing them from reaching softening or melting temperatures. A thorough re
view of intumescent coatings was published by Vandersall (1971 ). 

Conventional intumescent coatings contain several key ingredients which are 
necessary to bring about the intumescent action. An intumescent catalyst is used to 
trigger the first of several chemical reactions which occur in the coating film. A 
carbonific compound is included; it reacts with the intumescent catalyst to form a 
carbon residue. A spumific compound is included; it decomposes, producing large 
quantities of gas which cause the carbonaceous char to foam into a protective layer. 
A resin binder forms a skin over the foam and keeps the trapped gases from 
escaping. Apart from these key ingredients, intumescent coatings may also include 
other ingredients used in conventional coatings such as pigments, driers, leveling 
agents, and thinners. 

Unfortunately, many intumescent compositions have one or more drawbacks 
such as: poor aging, poor .weathering, poor humidity resistance, poor flexibility, 
and high cost. 
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Non-conventional intumescent coatings are those in which the elements of intu
mescence are built into the resin. A few such coatings have been recently described; 
for example, a clear intumescent epoxy coating (Blair et al., 1972) has been pre
pared by the reaction of triphenyl phosphite with an epoxy resin prepared from 
epichlorohydrin and bisphenoi·A. The coating was prepared by adding the amine 
catalyst to the premixed epoxy-(triphenyl phosphite) resin just before it was 
applied. The coating, as applied, consisted of 100 percent solids, as found in the 
final product. 

A similar fire retardant clear intumescent urethane coating was reported by 
Clark, et al. (1967, 1968). A moisture-curing polyurethane was prepared from 
pentachlorophenoxy-glycerol ether, triethylene glycol, and toluene diisocyanate in 
a solvent. 

4.9 Conclusions and Recommendations 

Conclusion: Given sufficient oxygen and thermal energy input, all organic poly
mers will burn. Recommendation: Increase the development effort on char-forming 
systems with particular emphasis on lowering the fabrication cost. 

Conclusion: Many synthetic organic polymers burn in a manner different than 
that of the more familiar natural polymers such as wood, paper, cotton, or wool. 
Recommendation: Initiate programs to increase basic knowledge of the relationship 
between the chemical and physical properties of polymers, the fire dynamics para· 
meters, and the way these relations are affected by aging. 

Conclusion: Some uses of polymeric materials in ships can seriously augment the 
fire hazard. Recommendation: Concern exists about potential fire hazards 
associated with the rapidly increasing use of polymeric insulating foams in ship 
construction. Support approaches to improve the fire safety of the high-volume 
low-cost polymers. 

Conclusion: Polyvinyl chloride and polyolefins have been and will remain in the 
near future the primary insulating materials used in wire and cable insulation. Many 
factors, but primarily economics, dictate their continued use. Recommendation: 
Define problems, if any, associated with new PVC wire insulation formulations. 
Develop approaches to surmount these difficulties. Develop comparative data on 
"fire-resistant improved" PVC formulation(s). 

Conclusion: Fluoroolefins will receive increased attention. They are limited to 
particular applications because of the high materials cost. There may be certain 
problems caused by the toxicity of combustion products associated with their use. 
Recommendation: Define and attack any problems associated with fluorine
containing polymers. 

Conclusion: Polyphosphazenes are the only new more fire retardant materials 
currently approaching commercialization and are emerging as a new class of higher 
priced materials to consider for use in fire retardant applications. Recommenda
tion: Encourage future development of polyphosphazenses, defining advantages and 
problems. 
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Conclusion: Silicones and polyimides (primarily in film form) are two classes of 
commercial cable-insulating materials which do not depend on halogens (either as 
an addition or as part of the structure of the polymer) to provide fire-resistant 
properties. However, they do not fit into the same economic framework as PVC 
and polyethylene. Recommendation: Develop novel non-halogen approaches to the 
flame retarding of polymers. 

Conclusion: The fire flammability safety of many polymers has been improved 
by the incorporation of hydrated alumina and/or compounds containing halogens, 
phosphorus, and/or antimony. Recommendation: Create an overall program which 
will categorize and communicate the goals and results of government-supported 
work on the fire safety of polymeric materials, particularly addressing the use of 
additives. 

Conclusion: The polymeric materials with improved flammability characteristics 
which are available today may have deficiencies such as high costs, fabrication 
difficulties, and formation of toxic and corrosive combustion products. Recom
mendation: Initiate programs to determine the relationship of chemical and 
physical components of polymeric materials to the evolution of smoke and toxic 
gas formation. 

Conclusion: The use of intumescent coatings can enhance the fire safety of some 
polymeric products, but may have limited usefulness in a marine environment 
because of adverse effects of moisture and salt water. Recommendation: Expand 
materials and application studies on intumescent coatings, with emphasis on lower
ing the cost and improving coating performance in an adverse environment. 
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CHAPTER 5 

SPECIFICATIONS, STANDARDS AND TEST METHODS 

5.1 Introduction 

A complex spectrum of test methods, standards, specifications, codes, and re
lated regulations govern the role of materials in marine fire safety. The complexity 
of this system and the large number of components involved present serious diffi
culties for the producers of polymeric materials and products and for the users. 
Ships have unique problems associated with fires, but continued improvement of 
specifications and standards and their implementation in regulations and contracts 
over the years has resulted in decreased fire losses. However, introduction of new 
polymers and increased substitution of polymeric materials for metals requires that 
the specifications and standards be reevaluated. 

The objective of all fire safety activities is to reduce loss from fires. The precise 
definition of loss is itself a difficult and controversial problem, but the focus here 
will be on two major elements, human death and injury, and the destruction of 
material property. 

Both the Coast Guard and the Navy have established test methods, standards, 
and specifications which have their origins in the following activities: 

• the statutory efforts of government regulatory agencies to reduce the 
frequency and severity of fires through mandatory standards; 

• the voluntary efforts of national and international associations concerned 
with the development of fire test methods, recommended safety practices, 
and dissemination of authoritative fire safety information. 

A test method is a procedure for measuring a property or behavioral characteris
tic of a material, a product, or assembly as an aid to predicting its performance in 
an intended application. Specifications find their principal application where they 
are used to define the properties of a material, product, or structure being pro
cured. They establish the level of performance that must be met and the test 
rnethod(s) by which such performance is to be measured. When incorporated into a 
purchase contract, the specification becomes part of a legal document, enforceable 
in the courts. Ideally, a fire test method should be a procedure that can be used to 
predict the performance of a material, product, structure, or system under fire 
exposure conditions which can reasonably be anticipated in the intended applica
tion. 

Test methods may measure different elements of fire hazard such as: 

1. Ease of Ignition 
2. Surface flame spread 
3. Heat release 
4. Smoke evolution 
5. Toxic gas formation 
6. Fire endurance 
7. Thermal transmission 
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Acceptance tests are generally classified according to the intended end use of the 
product: this frequently requires compliance with specific regulations. Finally, tests 
are frequently classified according to size, and designated by such descriptive and 
nonquantitative terms as large-scale, full-scale, sub-scale, small-scale, and laboratory
scale. From a fundamental standpoint, this is the least useful type of classification, 
but from a practical standpoint, the size of the test may be critically important. 

A principal measure of the fire hazard in a particular type of ship is given by the 
results of a series of tests that have been developed to evaluate the choice of 
materials to be used in that system. With these test results, design engineers may 
compare their choices of materials to the specification limits of the standards. The 
specification limits may be chosen to limit the choice to the few best materials, or 
only to eliminate the worst materials in a given category. 

One of the most common criticisms to which any laboratory test method may 
be subjected is that it does not fully simulate an actual, real-life situation. If a 
material were to be exposed to fire risk in only one precisely defined set of circum
stances (size, orientation, type of igntion source, method of applying the ignition 
source, ventilation conditions, environmental conditions, etc.), it would be obvious 
how to test for fire hazard. A series of candidate materials would be evaluated 
under this set of circumstances and materials found to be satisfactory or unsatis
factory could be noted. One then could evaluate smaller samples of the same series 
of materials by means of another proposed smaller-scale test method, and the 
smaller-scale test method could be validated for future use if the results of the two 
procedures correlated. 

Unfortunately, this idealized approach is frequently not directly applicable. The 
principal reason is that a material of interest may be exposed to fire risk in a wide 
variety of ways rather than by a single, well-specified set of circumstances. Thus, an 
unacceptably large number of experimental fires would be needed to explore fully 
all the permutations and combinations of the variables. A second reason is that in 
some cases even a few realistic fire tests would not be practical, if, for instance, 
each experiment required destruction of a ship or even a small boat. Nor would a 
best be permissible if the experiment required exposure of human beings to lethal 
fumes. 

This chapter aims to enumerate and evaluate the current fire hazard test 
methods, specifications, and standards used in the selection of materials for ships. 
An additional objective is the correlation of these test methods with the other 
facets of fire safety offered in other chapters of this volume. A listing of the 
regulations and specifications that have been adopted for the use of the different 
types of ships under Coast Guard and Navy jurisdiction will be found in this 
chapter. 

For a more thorough discussion of test methods, specifications, and standards, 
the reader is referred to Volume 2, Test Methods, Specifications and Standards of 
this report. 

77 

/ 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


SHIPS 

5.2 Organizations Involved in Regulations and Requirements 

5.2.1 Coast Guard and Nonmilitary Organizations 

Under the overall cognizance of the Coast Guard, within the commercial mari
time community, four primary bodies are concerned with a vessel's fire safety 
specifications. These are: 

Owner. 
Classification Societies. 
National Administration (Country of Registry). 
Intergovernmental Maritime Consultative Organization. 

(IMCO). 

Each of these bodies represents an interest in the safe design and operation of the 
vessel. 

IMCO is a specialized agency of the United Nations. It serves as the depository 
for the 1960 Safety of Life at Sea Convention (SOLAS), which is a building and 
exits code for ships. The United States, among other maritime countries, is signa
tory to that treaty and all utilize its provisions as a minimum basis for their national 
regulations. Signatory nations develop regulatory frameworks either adopting by 
reference or improving upon the basic provisions found in SOLAS 1960. 

The classification societies, which assist in setting insurance rates for the under
writers by setting forth and inspecting to certain standards, also have a strong 
interest in the setting of standards. 

Ship owners often exercise the prerogative to upgrade or demand a higher stan
dard than that required by convention or by the federal government. 

5.2.2 Navy 

The Navy formulates its own regulations, which are developed at the branch level 
and then formalized at the higher levels. 

5.3 Specifications and Test Methods 

5.3.1 Coast Guard 

5.3.1.1 Ships (Over 60' in Length) 

5.3.1.1.1 Hull Materials, Title 46, Subpart CFR 177.10-5 

Various provisions of Title 46 "Code of Federal Regulations, Shipping," require 
the hull, decks, and deckhouses of merchant vessels to be constructed of steel or 
equivalent material. The equivalence clause permits, in some instances, the utiliza
tion of aluminum. Certain types and sizes of vessels which traditionally have been 
constructed of wood are permitted to be constructed of glass-reinforced plastic 
(GRP). The latter has been extensively used in small passenger vessels which carry 
more than 6 but less than 150 passengers. In 1972, it was recognized that GRP hulls 
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constructed of general purpose resins presented a potentially serious fire hazard. 
Wood has been the preferred material of construction for this type of vessel in the 
past; therefore its fire hazard properties were used as benchmarks by which future 
requirements of GRP hulls could be developed. Specific parameters of importance 
were ease of ignition, flame spread, and heat of combustion. 

Title 46 CFR 177.10-5 requires that the resins used comply with MIL·R-21607 
after a 1-year exposure to weather, if GRP is used as a primary structural element in 
the vessel. In this test procedure, the GRP sample is fabricated in sheets, with 40 
sheets of resin-impregnated glass cloth press-cured to a thickness of 12.7 mm. 
Samples of this composite are tested according to Federal Standard 406, Method 
2023 (1961). In this test, a 5" X%" X%" sample, mounted vertically, is surrounded 
by a heating coil. Two spark plugs ignite any combustible gases arising from the 
heated specimen. The burn time and flame travel are reported. For Grade 1 materi
als, minimum average ignition time is 55 seconds. For Grade 2, minimum average 
ignition time is 70 seconds. The corresponding maximum for average burning times 
are 125 and 65 seconds respectively. 

This test procedure is expected to be abandoned soon in favor of a new test 
procedure now under investigation by the National Bureau of Standards. (See 
5.3.1.1.5). 

5.3.1.1.2 Deck Coverings (46 CFR 164.006) 

This test requires that a sample whose organic carbon content may not exceed 
0.12 gm/cm3 , at least 6 inches square and% inch thick, placed on an iron plate, be 
exposed in a furnace that is controlled according to the standard fire exposure 
curve, reaching 1700"F at the end of 1 hour (per ASTM E-119). The temperature 
of the unexposed side is noted at 5-minute intervals and may not rise higher than 
250"F above the original temperature at the end of 15, 30, and 60 minutes. Ex
cessive cracking, buckling, or disintegration may be considered cause for rejection. 

The test for smoke requires that each sample be placed on an iron plate in a 
furnace whose temperature is limited to the standard decking curve, reaching 
1325"F at the end of 1 hour. Average light transmission may not be less than 90 
percent at 15 minutes, 60 percent at 30 minutes, and 50 percent at 60 minutes. 

5.3.1.1.3 Bulkheads (46 CFR 164.008) 

Bulkheads require a test for noncombustibility, (essentially a modified ASTM 
E-136), which disqualifies most materials having an organic material content in 
excess of 6-8 percent by weight. In addition, bulkheads are required to undergo a 
modified ASTM E-119 test to determine thermal penetration. The maximum re
quirement for a bulkhead is a classification that is known as A-60. The "A" desig
nates that it has to be steel and capable of remaining in place for 1 hour, and the 60 
designates a period of 1 hour, during which the temperature of the unexposed side 
cannot exceed 250"F (139°C). "B" class bulkheads are required to exhibit struc
tural integrity for 30 minutes, prevent the passage of flame, and have a thermal 

79 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


SHIPS 

rating of 0 to 15 min. "C" class bulkheads are only required to be noncombustible 
by test. (ASTM E-136). 

5.3.1.1.4 Vessel Fwnishing and Decorative Elements 

While the bulkheads and certain other structural components of ships are re
quired to be noncombustible, interior finish, furniture and deck covering are per
mitted to be combustible to some extent. Some of the test methods presented in 
this section are currently being reviewed for replacement. A discussion of the 
proposed new test methods is presented later in this chapter. 

a. Interior Finish (46 CFR 164.012) 

The maximum allowable thickness of any combustible interior finish is 0.075 
inch. The applicable test method is ASTM E-84. Interior finishes must have a flame 
spread of 20 or less, and smoke generation no greater than 10 when bonded to a% 
inch asbestos cement board. The areas common to all vessels that must comply with 
this structural fire protection requirement are the corridors, stairways and stair
towers, and hidden or concealed spaces. 

b. Furniture 

Furniture is divided into two primary categories - fire-resistant and non-fire
resistant. The so-called fire-resistant furnishing is a misnomer; although the frames 
are required to be metal, the padding and upholstery only have to be self-extin
guishing when tested according to ASTM 0-1692. (ASTM 0-1692 will be removed 
from ASTM Book of Standards after the 1978 edition). 

It should be noted that fire-resistant furnishings are required only in certain 
areas aboard passenger vessels. 

Standard ASTM 0-1692 was developed for the testing of cellular plastics, and 
specifies that the material, mounted horizontally on a supporting screen, be heated 
at one end for 60 seconds by flame from a fish-tail bunsen burner. A sample is 
considered to be "self-extinguishing" if any burning does not go beyond a mark 
125 mm. from the point of ignition. This test is not considered by fire experts to be 
acceptable to forecast the performance of materials in real fire situations. The 
horizontal positioning of the sample does not take into account the performance of 
materials that are vertical and thus burn at a much faster rate, and possibly in a 
different manner. Other test methods, such as ASTM E -162, are considered more 
representative of a real fire situation. 

c. Carpets 

International convention requires the carpets to be wool or equivalent. The 
equivalency is determined by the ASTM E-84 test method, and requires a flame 
spread value of 75 or less to pass. 

This test procedure is no longer considered a valid method for testing c:arpeting. 
The new NBS Flooring Radiant Panel Test (NFPA Standard No. 253-78) is now 
gaining acceptance as a preferred test method. 
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d. Thermal Insulation 

In accommodation and service spaces, low-density organic foam is permitted to 
be used only as insulation surrounding refrigerated compartments, provided it is 
encapsulated in steel. In cargo areas, however, these foams are often used in refrig
erated space. In many instances, it is foamed in place and has no protective outer 
cover, thereby posing a potential ignition and high heat-release source. 

Polyurethane foam is currently used as cryogenic insulation for Liquefied 
Natural Gas (LNG) tanks. The foam must be self-extinguishing in accordance with 
ASTM D-1692, (which is no longer a Standard), or the hold containing the foam 
must be inerted. (See comments in Section 5.3.1 .1.4 b,) . 

e. Electrical Insulation 

Electrical insulation fires on shipboard are viewed with grave concern by both 
the Coast Guard and Navy because of the serious losses that have occurred by 
propagation along the cableways. Wire and cable traverse the ship from end to end 
and bottom to top and thus fires must be stopped at the decks and bulkheads by 
paying special attention to the penetrations in decks and bulkheads. 

The principal shipboard cable in use today is insulated with polyvinyl chloride, 
which is protected by wire braid. The Coast Guard now requires that cable meet the 
fire test provisions of IEEE Standard 45, with reference to IEEE Standard 383. 
(Refer to Title 46-Shipping, Subchapter J. 46 CFR 111.60). This method requires 
that a ribbon gas burner with a heat equivalent output of 70,000 BTU per hour 
impinge on the vertically-oriented cables. There is consideration now being given to 
higher heat fluxes. 

A program is currently underway at the David W. Taylor Naval Ship Research 
and Development Center for the development of highly f ire-retardant shipboard 
electrical cables. Smoke and toxic gas emission from burning electrical insulation 
are also major problem areas being addressed in the program. 

Other projects being conducted by the Navy under the general program, "Cable 
and Wireway Fire Protection" are: 

• Fire Stop Materials (Bulkhead penetration) 
• Electrical Cable and "Ampacity" Tests (Cable current rating) 
• Cable Coating and Wrapping Materials (Total run fire protection) 
• Improved Cable Materials (New Insulation Materials) 

The results of these investigations could lead to new test methods for shipboard 
wire and cable, as well as new methodology for the design of layouts and 
penetrations. 

f. General 

For many years, Federal Test Method Standard No. 406 methods have been 
specified by both the Coast Guard and the Navy. The last issue of this standard was 
published in 1961. The Navy recently asked a committee of fire experts to revise 
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this standard and replace it with ASTM standards. It can therefore be anticipated 
that new standards will be promulgated to specify the flammability and smoke 
emission of combustible ship materials. 

5.3.1.1.5 Proposed New Test Method 

A new flame test procedure, labelled ISO/TC 92 N 453 or ISO/TC 92/WG 4 N 
243, has been proposed by the International Organization for Standardization 
(ISO). It is now being investigated by the National Bureau of Standards at the 
request of the Coast Guard. The proposed test method uses a radiant panel as a 
source of heat at a temperature of 750°C. Specimen samples, 800 X 150 mm, are 
exposed in either a floor, wall, or ceiling position. A pilot flame is also used. Time 
of ignition is noted, as well as the time that the flame front passes marks at 1 00 
mm, 150 mm, 200 mm, etc., until the flaming ceases or the flame reaches the end 
of the specimen. The potential advantage of this system is that materials can be 
tested in the orientation in which they are intended to be used. One possible fault is 
that the temperature above the burning samples is not monitored as in ASTM 
E-162. Thus, a material which chars and does not present a flame front may emit 
highly combustible gases which would not be detected. This would allow a 
potential flash-over condition. 

5.3.1.2 Small Boats 

A perusal of the Coast Guard specifications for small boats fails to reveal any 
specifications for flammability of materials. Although fatalities, injuries, and mone-
ary losses are small relative to land transport and building, construction increasing 

amounts of plastics are being used in the construction and outfitting of small craft 
thus increasing the fire hazard. Further, pleasure craft are particularly susceptible to 
fires because of the generally inexperienced crews. Thus, careful monitoring of 
material uses and fire statistics are very important if fire safety problems are to be 
rationally studied. 

5.3.2 U.S. Navy 

The Navy specifies its flammability requirements for ship interiors in Ml L-STD· 
16238, "Fire Performance Requirements and Approved Specifications for Interior 
Finish Materials and Furnishings (Naval Shipboard Use)." (U.S. Navy Sea Systems 
Command, Washington, D.C. Nov. 14, 1975). The reader is advised to obtain the 
latest version since this standard is updated on a continuing basis as new data are 
developed. Also important is the Navy Habitability List (U.S. Navy Habitability 
Guidance List of Acceptable Materials (Revision D: 1977) available from U.S. 
Navy, Code 6101, Washington, D.C.). 

5.3.2.1 Ships 

5.3.2.1.1. Hull Materials 

Standard state-of-the-art hulls are of steel construction in accordance with design 
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load criteria identified in the detailed shipbuilding specification. Special lightweight 
hulls for high performance ships (SES, PHM) may require experimental materials 
such as new aluminum alloys to achieve structural integrity. In both cases no 
flammability requirements for hull materials have been applied to date. 

5.3.2.1.2 Bulkhead Sheathing 

Bulkhead sheathing, when not made of metal may be a high-pressure laminate 
(for a vertical surface). a fabric-backed vinyl laminate, or a vinyl film-aluminum 
laminate. In any case, the test procedure required is the ASTM E -84 test, and the 
flame spread limit allowed is 25. The allowable smoke developed limit is 15 for the 
first two materials and 75 for the third type. The maximum test limits are based on 
material bonded to a noncombustible substrate. 

5.3.2.1.3 Overhead Sheathing 

The overhead sheathing, when not made of metal, is required to be tested by 
ASTM E ·84, with the following maximum limits: 

Fibrous glass opaque suspended ceiling panel 
Acrylic light-duffusing panels windows 

(lighting fixture only) 
Vinyl film-aluminum laminate, perforated 

Flame 
Spread 

25 

250 
25 

Smoke 

35 

450 
15 

The maximum test limits are based on testing materials attached to, or sup· 
ported by, a noncombustible substrate. 

It is noted in this specification that in cases where a flame spread greater than 25 
is allowed, it is because no other acceptable material is available. However, polycar· 
bonate light diffuser panels are widely used in the transportation industry; their 
flame spread rating is significantly less than that of acrylic. Using the ASTM E-162 
test method, the flame spread index for polycarbonate is under 100, whereas that 
for acrylic is approximately 300. It is suggested that this requirement of Ml L·STD· 
16238 be reevaluated. 

5.3.2.1.4 Deck Coverings 

A variety of polymeric deck covering materials may be specified, including vinyl· 
asbestos and vinyl tile and sheet, rubber roll, and conductive linoleum. The re· 
quired test method is Federal Standard 501, Method 6411. This method uses a 
30-inch horizontal flue attached to an 18-inch vertical flue. The 31 % inch X 7 inch 
specimen is mounted horizontally at the base of the horizontal flue. Four burners 
apply flame to one end of the specimen for 4 minutes. The time from initial 
application of the .flame until flaming ceases (combustion time). is measured, as is 
the char length. 
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Depending on the material, the maximum allowable char length is 3 to 10 
inches, and for all materials, the combustion time limit is 4 minutes. Further, 
materials may exhibit ignition time of no less than 30 seconds. Smoke is noted as 
light, medium, or heavy. 

The flammability test appears to be adequate for this category of material. 
However, the new Flooring Radiant Panel Test, NFPA Standard No. 253·78, should 
be considered as an alternative. Because of the wide use of these materials, a smoke 
limit should be applied, as tested by a procedure such as the NFPA No. 258. 

5.3.2.1.5 Vessel Furnishing and Decorative Elements 

a. Upholstery 

All upholstery is tested to comply with Federal Standard 191, Method 5903. 
This is a vertical flammability test in which a flame is applied to the base of the 
material for 12 seconds. The average burn length may not exceed 8 inches, and the 
average duration of flaming after removal of the flame source may not exceed 15 
seconds. Drippings may not continue to flame for more than 5 seconds after falling. 
The Navy specification reduces the limits of char length to 3 inches for vinyl and 5 
inches for aromatic polyamide and treated cotton ticking. The afterflame is limited 
to 2 seconds for all but the aromatic polyamide upholstery, which is 1 second. 

The Navy specification has no requirement for smoke emission. This is an impor· 
tant omission. Furthermore, flaming drippings should not be allowed. Smoke 
emission should be restricted to D of 100 in not less than 4 minutes by the NFPA 
No. 258 test method. 

b. Draperies and Curtains 

The test method applied to this category is the same as for upholstery 
(5.3.2.1.5a), and three materials are specified. A smoke emission test using the NBS 
Smoke Chamber (NFPA No. 258-76) is also required. The maximum test limits are 
as follows: 

Char After After D, 
Material Length Flame Glow (corr.) 

Fibrous glass 1.5 in. 1 sec 5 sec 20 
Polyaramid 5 in. 1 sec 5 sec 20 
Polyaramid/Novoloid 3 in. 1 sec 5 sec 20 

c. Cushioning and Mattresses 

The ASTM E-162 Radiant Panel Test is required for this category. The maxi
mum permitted Flame Spread Index is 10. This eliminates the use of polyurethane 
foam and effectively limits the present choice to neoprene foam. No smoke test is 
required, because early versions of neoprene foam could not meet smoke emission 
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requirements. However, because of the other favorable fire characteristics of neo
prene, trade-off study led to acceptance. A new neoprene formulation has exhibited 
aD of approximately 140 in 4 minutes; this would be much more acceptable. 

d. High-Pressure Laminate for Table Tops 

The ASTM E-84 is the test procedure required here. The Flame Spread Limit is 
50. 

5.3.2.1.6 Thermal Insulation 

Most of the thermal insulations are inorganic and are required to pass the U.S. 
Coast Guard Specification 164.009 test for noncombustible materials. 

Pipe and block insulation are tested by ASTM E-84, with flame spread and 
smoke developed limits of zero. 

A PVC-nitrile insulation is also subject to ASTM E-84; it is limited to a flame 
spread of 25. When tested for smoke by the NBS Smoke Chamber, the 0 1 limit is 
250. 

Urethane foam may be used only in reefer spaces, but in such use, must be 
sandwiched between steel plates. No test specifications are available. 

5.3.2.1.7 Acoustic Materials 

As of November 1975, no flammability specifications had been adopted for 
acoustic materials, although many of them contain polymeric materials in part. 
These acoustic materials are often covered by perforated metal sheathing. This could 
be a serious omission, depending on location and quantity used. 

5.3.2.1.8 Electrical Insulation 

The Navy Specification for cable uses M I L·STD·C-915 E. particularly Sections 
4.8.16 and 4.8.17 of that specification. 

5.3.2.2 Small Boats 

The specifications for building a 50-foot utility boat {NS 0902-017-8010), re· 
quire that general purpose resins shall be of the fire retardant non-air-inhibited 
tvoe, conforming to Class A of MIL-R-21607. This specification refers to Federal 
Standard 406, Method 2023. Section 5.3. 1.1.1 of this chapter discusses this 
method, and notes that it is expected to be abandoned in favor of a modified ISO 
{International Organization for Standardization) test now under investigation by 
the National Bureau of Standards {Section 5.3. 1.1.5). 

Other small boats are generally built in accordance with the above same specifi· 
cations. There are no specifications for other combustible materials. 

5.3.3 Smoke Emission 

The smoke hazard is further addressed in Chapter 6 of this volume, and in 
Volume 3 of this series. 
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Tests for smoke emission are included in flammability test standards ASTM E-84 
and E-162, among others. The test procedure that has found greatest acceptance is 
the National Bureau of Standards Smoke Chamber, which has been formalized as 
the National Fire Protection Association (NFPA) Standard No. 258-76, "Smoke 
Generated by Solid Materials." In this method, a 3 inch X 3 inch sample is exposed 
to radiant heat at 2.5 watts/em (smoldering mode), and to a series of six micro 
burners (flaming mode). The smoke density is measured vertically by a photo· 
electric cell. The measured specific density, 0 5 , is a function of the chamber para
meters. At 0 1 = 16, visibility is approximately 84 percent of original transmission. 
At 0 1 = 100, visibility is 17 percent, and at 0 1 = 200, it is only 3 percent of 
original transmission. Correlation with results in room tests has been reasonably 
good. 

Specifications in land transportation vehicles and aircraft require that the smoke 
emission not exceed D of 100 in 90 seconds, and be no greater than 200 at the end 
of 4 minutes. The specification derives from the time necessary to evacuate a 
vehicle. Navy and Coast Guard requirements for smoke emission should relate to 
requirements for maintaining operations and for firefighting. 

5.3.4 Toxicity of Combustion Products 

Chemical analysis by itself provides only a limited description of the toxicity 
hazard of the products of combustion. By this method alone, many organic toxi
cants would escape detection. A definitive test for toxicity must include an animal 
test that determines incapacitation and death in the animals and its correlation to a 
similar effect in humans. 

Work now being performed at several centers, including the FAA Civil Aero· 
medical Institute and the University of Utah, shows considerable promise in the 
pursuit of a standard toxicity test. The agreement among replicate tests of time to 
incapacitation and time to death on exposure of rats to gaseous products of com
bustion is excellent. 

Toxicity guidelines must be developed before interior materials toxicity require
ments can be specified. An extensive discussion is presented in Volume 3 of this 
report. 

5.3.5 Corrosion 

There are no current tests for corrosion potential of gaseous products of com
bustion of materials. (See Section 5.4.8). 

5.4 Discussion of Critical Elements in Flammability Testing 

5.4.1 Test Geometry 

For materials that are used in a variety of different orientations, a simple hori
zontal test is wholly inadequate. It is well known that the flame propagation rate in 
a vertically oriented sample may be more than 10 times that of the same material 
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burning in a horizontal position. 'ihe ASTM 0-1692 test therefore lacks signifi
cance. (See discussion in Section 5.3.1.1.4.b). 

Test procedures should, as much as possible, recognize the usual orientation of a 
material in service. For example, it has been common practice to test carpets using 
the ASTM E-84 Tunnel Test, which places the carpet on the roof of a tunnel while 
heating from below. The new N FPA Flooring Radiant Panel Test No. 253-78, more 
properly places the carpet in a. horizontal position so that it is heated from above. 

5.4.2 Allowable Flaming After Exposure 

Flame time after removal of the ignition source should be limited to no more 
than 10 seconds and less where possible, so as to provide a minimum of opportun
ity for ignition of adjacent materials. Flaming drippings clearly represent an oppor
tunity for flame spread, and should not be permitted. 

5.4.3 Test Conditions 

Flame spread rates and ignition times are usually determined on single, homo
geneous specimens. Thus, they may not represent the response of a component 
made up of several materials in a natural fire environment. It is, therefore, wise to 
test a multi-material component, such as an entire seat, if possible. Unfortunately, 
there are no standard tests for such components, so the method of ignition must be 
left up to the experimenter. In addition to tests on individual materials, a testing 
scenario should be developed that will contain the ingredients of the ignition and 
fire propagation observed in previous real fires with similar materials. 

5.4.4 Limiting Oxygen Index 

The limiting oxygen index test is a useful laboratory test to compare materials in 
a given category. It can be used to screen out unsatisfactory materials, but should 
not be used to predict material behavior in a real fire situation. 

5.4.5 Rate of Heat Release 

Rate of heat release may be defined as the heat produced by the combustion of 
a given wei!Jlt or volume of material over a given period of time. This characteristic 
is relevant to fires because a material which burns with relatively little heat per unit 
time will contribute appreciably less toward propagating a fire than a material 
which generates large amounts of heat. Over the past several years there has been 
growing acceptance among those working in the fire field that this is an important 
criterion by which to evaluate the fire hazard of a particular material. The rate of 
heat release is distinct from ignitibility and surface flame-spread potential. Total 
heat release is another but different qualifying parameter. 

No ship specifications at the present time provide for any standards or specifica
tions for heat release. Such methods are now being developed at the National 
Bureau of Standards and elsewhere. 
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A description of heat release rate calorimeters is presented in Chapter 5, Volume 
2 of this series. 

5.4.6 Smoke Evolution 

Smoke density may be defined as the degree of light or sight obscuration pro
duced by smoke from burning or pyrolyzing material in a given condition of ex
posure. This characteristic is relevant to fire safety because escape from a hazardous 
area is enhanced if the occupant can see the exit and is not incapacitated by smoke 
constituents. 

Two measures of smoke density are the degree of light absorption and the 
specific optical density. 

As noted earlier, the NBS Smoke Density Chamber is the best equipment cur
rently available for the measurement of smoke density, and had been adopted by 
the National Fire Protection Association (NFPA) as a national standard (NFPA No. 
258). Current practice shows a tendency for standardization at a single heat flux 
level, (i.e., 2.5 watt/em). Several laboratories are now conducting work to deter
mine the effect of higher heat flux levels. As expected, it has been determined that 
the maximum smoke density (0,) can be greater and will be achieved earlier when 
higher heat fluxes are used. 

A National Bureau of Standards report (Breden and Meisters, 1976) describes 
the effect of heating thermoplastic materials in a horizontal position rather than 
vertically. Dramatic increases in smoke levels were observed. Materials that do not 
melt and flow are little affected by this change in orientation. 

Other test methods such as ASTM E-84 and ASTM E-162 provide means for 
measuring smoke, but these are being displaced in favor of the NBS Smoke 
Chamber. 

5.4.7 Toxicity 

Numerous test methods for toxicity of combustion products have been devised 
over the past several years. Chemical analysis by means of standard wet chemistry is 
augmented by the use of the mass spectrograph and gas chromatography. The 
resolution of toxicants by these methods can often be laborious and inconclusive. 

Live animal tests for toxicants are more conclusive. The relationship of rat 
incapacitation and death to similar effects in humans has been postulated. Many 
different methods have been devised to conduct these tests, varying in degree of 
immersion of the animals and in the degree of sophistication in instrumentation to 
observe the physiological effects. 

A standard test for toxicity is needed; it may be close to realization at this time. 

5.4.8 Corrosion 

Some of the products of combustion, particularly hydrogen chloride, are ex
tremely corrosive to exposed metal surfaces. Even a small fire in a control room, for 
example, can result in the necessity to replace sensitive exposed metal parts such as 
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electrical connectors. Consideration must be given to the elimination of materials 
that can produce corrosive gases from areas that contain sensitive parts. 

5.4.9 Fire Endurance 

Fire endurance may be defined as the resistance offered by a material to the 
thermal effects of fire. Two measures of fire endurance are penetration time and 
resistance time. The use of the ASTM E-119 standard test for the determination of 
the fire endurance is now widely recognized. For example, the Coast Guard uses the 
test for deck covering, bulkhead panels, and structural insulation. 

5.4.1 0 Combustible Gas Evolution 

Combustible gas from burning or pyrolyzing materials may accumulate and 
produce flashover under certain conditions. This phenomenon has been observed, 
for example, where polyurethane foam or foamed latex was used. The low tempera
ture of thermal decomposition permits the production of large quantities of com
bustible gases by radiant heating. 

There is no test which completely defines combustible gas evolution . 

5.4.11 Ease of Suppression 

Ease of suppression may be defined as the relative abilitY with which the burning 
material can be extinguished by a particular extinguishing agent. Extinguishment 
methods formerly used water. Where this would not be practical, or might cause 
severe damage to electrical and electronic equipment, flooding with nitrogen, 
carbon dioxide, or organic halogen gases may be used. Of these, Halon 1301 (CF3 

Br) is often used, particularly where humans may be exposed. If the fire is a surface 
fire, Halon 1301, acting by a chemical free radical mechanism, will extinguish the 
fire within 1 or 2 seconds. Deep-seated fires will require a "soaking" period with 
this extinguishant. Flooding a burning area with carbon dioxide or nitrogen is 
often used where humans are not expected to be present. In contrast to Halon 
1301, carbon dioxide and nitrogen act by limiting the oxygen available to support a 
fire, and will cause asphyxiation in humans. 

Currently there are no standard test methods for ease of extinguishment~ 

5.4.12 Prediction of Actual Fire Behavior 

Prediction of actual fire behavior is made difficult by the large number of 
possible scenarios that can be conceived for the multitude of ship designs and usage. 
However, based on a knowledge of material behavior in relevant laboratory tests, 
and the design of the vessels, an experienced investigator can make a likely pre
diction of the outcome of a fire. The success of the prediction is enhanced by using 
results of component testing in large-scale compartmentalized tests. 

5.4.13 Testing Adequacy for Systems 

A recent development in total system evaluation is an attempt (for aircraft by 
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the FAA) to define a total hazard index that would enable formulation of an 
equation for a system that could combine flammability, smoke, and toxicity 
hazards. This concept may be difficult to implement, in part because a fully 
adequate definition of the specific hazards does not exist. The number and scope of 
the variables in any system presents a formidable challenge. How much weighting 
should be given to each of the variables? Will the variables and weightings differ 
substantially from vessel to vessel? These and other questions must be answered 
before credence can be given to this type of evaluation. 

5.4.14 Modeling and Scaling 

Techniques for modeling and scaling for fire hazard are not now sufficient to 
justify reliance on these techniques for ships. 

Efforts to perform mathematical modeling of systems have not been successful 
because of the large number of variables and because the basic predictability of the 
rates of heat and smoke release and flame spread are affected by many uncon· 
trollable factors. 

Scaling also has been found to be largely unproductive, although recent scaling 
work in which the system is placed under pressure has achieved some success on 
simple models. 

5.4.15 Large-Scale Testing 

Large-scale testing, as distinguished from full-scale testing, is performed by seg
menting an entire vessel to permit sections to be tested under conditions simulating 
a real fire. In performing these tests, one can determine the interaction of several 
different types of materials that are normally positioned adjacent in the structure 
of a vessel. 

It is essential that the real environment affecting the components be duplicated 
as closely as possible, including air convection and radiation effects. Furthermore, 
the volume in which the test is conducted should not constrict the fire any more 
than would be encountered in a full-scale fire situation. 

The Coast Guard conducts such large-scale testing at its Fire and Safety Test 
Facility at Mobile, Ala. 

5.4.16 Full-Scale Testing 

Fire testing of a total vessel is uneconomical except, perhaps, for small boats. 
Furthermore, it does not permit repeated testing using different scenarios for igni· 
tion, or the use of a variety of different materials or components. 

5.5 Programs Needed for Improved Specifications 

The Coast Guard and the Navy continually review their specifications. This 
involves the updating of specifications and the establishment of specifications for 
applications not previously covered. Both agencies are seeking outside assistance in 
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the rev1s1on of the specifications. In May 1977, the Navy sponsored a National 
Materials Advisory Board symposium and workshop to review standards for flam
mability and smoke emission of electrical insulation for wire and cable. The Coast 
Guard has asked the National Bureau of Standards to develop a new standard for 
flame propagation. 

The need for a standard for measuring the toxicity of gaseous thermal decom
position products is recognized as a requirement for characterizing ship materials 
and for other applications. Using such a standard, appropriate specifications can be 
established. 

The Navy has described the current situation that has increased the fire hazard in 
its ships, and has documented its requirements. The seriousness of the fire threat 
has become more significant in recent years. The use of combustible plastics and 
other organic materials contributes significantly to the fire load. Even materials 
which carry the label, "self-extinguishing," or "flame retardant" often contribute 
significant quantities of toxic gases and evolve dense, vision-obscuring smoke when 
exposed to a fire. A derivative problem is the sensitivity of today's weapons and 
weapon systems to damage by fire and combustion products. The complexity and 
sophistication of advanced weapon systems require that all components function in 
time of stress. A fire that causes abandonment of vital spaces or one that destroys 
vital electronics components and electrical cables severely compromises combat 
capability. 

In addition to a program for the development of new materials, a major effort is 
needed to develop test methods to permit a realistic prediction of material behavior 
in fire situations of the types likely to be encountered on a naval vessel. Also 
required is a definitive means of evaluating pyrolysis and out-gassing effects of 
shipboard materials. 

5.6 The Adequacy of Materials Testing 

Flammability test methods should have some sort of commonality in describing 
the fire response of potentially combustible materials over a wide range of applica
tions. However, misunderstandings and improper evaluations can occur unless the 
limitations of the test methods are understood. 

To the uninitiated, it would appear that a material which exhibits superior 
performance in one fire test would exhibit superior performance in any other. 
Unfortunately, this is not the case. Relative performance can vary considerably, 
depending upon the test used. 

A single fire test cannot predict the behavior of a material under all possible 
conditions of fire exposure. A combination of fire tests can come closer to such a 
prediction. Economic factors alone usually prohibit the performance of all fire tests 
that could be relevant to all possible fire scenarios; therefore, fire tests can and 
should be classified according to what is more desired to be learned about a given 
material, component, or system. 
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Fire tests can be divided into three groups: 
1. Laboratory research and development tests designed to generate information 

on the basic properties of a material, or combination of materials, and the effects of 
different variables on those properties. Such basic measurements would include 
ignition temperature and heat of combustion. 

2. Test procedures designed to simulate anticipated application conditions and 
intended to serve as standards on which specifications may be based. Examples are 
the Federal standards for carpets, mattresses, upholstered furniture, etc., that use 
such test procedures. 

3. Large-scale or full-scale tests designed to reproduce actual fire scenarios under 
controlled and measured conditions. Such tests can provide a realistic basis for 
judging the validity of the pragmatic tests used as standards for specifications. 

Because of economic considerations, relatively few full-scale tests have been 
performed to validate the standard simulation tests. Regulatory agencies have, to a 
great extent, relied on previous fire experience to select the tests needed for their 
particular situations. Although the test methods used by the Coast Guard and Navy 
are generally the best that state-of-the-art testing provides, they are inadequate to 
provide complete guidance for the selection of polymeric materials to be used in 
systems which may face a wide spectrum of fire scenarios. Many of the test 
methods are, at best, adequate only for eliminating individual materials whose fire 
characteristics are blatantly unsatisfactory. 

5. 7 Conclusions and Recommendations 

Conclusion: The use of ASTM 0-1692 test for flammability of furniture is not 
recognized as an acceptable test by the fire community. Recommendation: Con· 
sider the modified ISO test method now under development to replace several of the 
Coast Guard flammability tests and as an eventual replacement for ASTM 0-1692. 
In the interim, test fabrics by Federal Standard 191, Method 5903, and other 
polymeric materials by ASTM E-162, with approoriate limits of flame spread. 

Conclusion: The testing of carpets by the ASTM E-84 test method is no longer 
considered a valid procedure for carpets. Recommendation: Use the new NBS 
Flooring Radiant Panel test, NFPA Standard No. 253-78, in place of E-84 as a 
flammability specification for carpeting and floor coverings. 

Conclusion: The Coast Guard has no flammability specification for polymeric 
materials used in small boats despite the particular susceptibility of pleasure craft to 
fires because of inexperienced crews and poorly safeguarded fuel sytems. Recom
mendation: Consider, when development is completed, the modified ISO test 
methods, with appropriate limits, for application to polymeric materials used in 
small boat construction. In the interim, preparation should be made to monitor the 
development of the ISO method or other acceptable test methods to achieve a 
series of specifications for the various categories of materials. 

Conclusion: Fuel systems are not a part of the Committee's charge, the design of 
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fuel systems in small boats clearly needs additional consideration to improve safety. 

Although the Coast Guard and Navy use tests that are presumably adequate, many 
of the test methods available to them are inadequate to provide complete guidance 
for the selection of polymeric materials to be used in systems which might face a 
wide spectrum of fire scenarios. Recommendation: Actively pursue current efforts 
by the Navy and the Coast Guard to monitor test method development, to adopt 
test methods in areas where none are currently specified, and to develop new test 
procedures. 

Conclusion: The Navy specifications have no requirement for smoke emission 
from upholstery materials which are frequently heavy contributors of smoke. In 
addition, the specification provides that flaming drippings may continue to burn for 
5 seconds. Recommendation: Establish a Navy smoke emission standard for uphol
stery, in which the specific density (05 ) should not exceed 100 in less than 4 
minutes by the NFPA No. 258 test method. Change the specification to forbid 
flaming drippings. 

REFERENCE 

Breden, L. and Meisters, M., NBSIR 76-1030, National Bureau of Standards, Washington, D.C., 
February 1976. 
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CHAPTER 6 

SMOKE AND TOXICITY 

6.1 Introduction 

In general, the polymeric materials and the environment found on board naval, 
commercial, and recreational vessels are similar. It follows that the smoke and 
toxicity problems arising as a result of the combustion or pyrolysis of these poly· 
meric materials will be similar, except under military combat conditions. 

In Volume 3 of this series, the committee discussed the nature of the products 
of combustion or pyrolysis of polymers and the types of toxicity that can result 
when humans are exposed to those products. 

Ships and boats are confined spaces in which fire represents a serious hazard. 
Usually they operate as self-contained vessels, from which escape may not be feasi
ble, and are remote from outside firefighting assistance. Although ships are largely 
constructed of metal, significant amounts of polymers are used in interior finish 
materials, furnishings, communications, and control systems. In contrast, polymers 
are widely used as structural materials in recreational boats. The materials on ships 
and boats that are most likely to undergo combustion or pyrolysis (excluding, for 
the purpose of this report, engine fuel, lubricants, and hydraulic fluids) are natural 
and synthetic polymers. With the exception of wood, cotton, paper, and other 
cellulosic materials, the large majority of such flammable materials on ships are 
synthetic polymeric materials. 

Polymeric materials in use aboard ships and boats cover a broad spectrum (see 
Chapter 4). Although there are prescribed tests for other flammability characteris
tics of polymers used aboard ships and boats, and limited specifications relating to 
smoke emission for commercial and naval vessels, there are no specifications to be 
met for toxic gas generation under fire conditions. Survival from fire in confined 
spaces is dependent upon thermal energy flux, oxygen concentration, toxic gases, 
smoke, fear or panic, and concurrent psychophysiological disease or impairment, 
each of which is discussed in more detail below. 

6. 1.1 Thermal Energy 

The human hazards are either local thermal damage, usually of the skin or 
respiratory airway, or generalized thermal shock. Naval ships are equipped with 
sophisticated firefighting equipment. In a fire, crew members normally put on 
oxygen masks and fight the fire in their assigned areas. In essence, they become 
firefighters. As with firefighters, thermal injury is an occupational hazard and a 
significant cause of death among naval crew members in shipboard fires. The same 
statement is not necessarily true for crew members or passengers aboard commer· 
cial vessels who are not required to fight fires. 

6.1.2 Decreased Atmospheric Oxygen Concentration 

Decreased oxygen is associated with the rapid material oxidation that occurs in 
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fires. The health hazard is deprivation of an essential amount of respirable oxygen. 

6.1.3 Carbon Monoxide and Other Toxic Gases and Aerosols 

Incomplete combustion of polymers in the presence of oxygen yields carbon 
monoxide. The consequences of exposure to carbon monoxide have been exten
sively reviewed (National Advisory Center on Toxicology, 1973; Stewart, 1976). 
Carbon monoxide inhalation is the major cause of death in fires. In addition to 
carbon monoxide, pyrolysis or combustion of polymers may produce combinations 
of toxicants including hydrogen cyanide, sulfur compounds, nitrogen oxides, halo
gen acid gases, organic halide gases (e.g., ethyl bromide). and aldehydes (e.g., acro
lein). Fire suppressant additives in the polymers may produce additional toxic 
products when the polymer undergoes combustion. 

6.1.4 Smoke 

Massive exposure to smoke may result in direct mechanical plugging of airways 
in the lungs and pharynx. Smoke particles may carry adsorbed gases, liquids, or 
residual heat to various parts of the respiratory tract. Smoke also obscures vision, 
impedes escape or rescue, and hinders firefighting. Irritants in smoke may cause 
temporary blindness, reflex coughing, and impede escape, as well as hinder firefight
ing. 

6.1.5 Fear, Panic, or Incidental Trauma 

Fear, panic, or incidental trauma are recognized causes of incapacitation in fires. 
Fear or panic can cause inappropriate reaction and result in trauma, for example by 
trampling, as hysterical people rush for an exit in an attempt to escape from a 
smokefilled room. 

6.1.6 Pre-existing or Concurrent Psychophysiological Disease or Impairment 

Pre-existing heart disease is a significant factor in fire deaths. Alcohol intoxica
tion may be a cause of delayed fire detection, or inability to escape. Escape and 
survival are especially ditficult for physically handicapped persons. Other diseases 
and impairments may also limit an individual's ability to escape and survive. 

6.2 Perspective on Toxicity and Smoke 

In the past decade, there have been an increasing number of studies of toxic 
gases and smoke resulting from pyrolysis of polymeric materials. 

Volatile pyrolysis or combustion products of polymers used in ships or boats 
include carbon monoxide (CO). carbon dioxide (C02 ). hydrogen cyanide (HCN). 
oxides of nitrogen (NOx). ammonia (NH 3 ). hydrogen sulfide (H 2 S). phosgene 
(COCI2 ). aldehydes, and many other compounds. Each of these gases adversely 
affects one or more parts of the respiratory function of the body. CO interferes 
with the oxygen transport in the blood; high concentrations of C02 depress respira-
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tion; HCN inactivates the respiratory enzymes in the tissue; H2 S produces 
respiratory paralysis; and ammonia, phosgene, aldehydes, and the oxides of nitrogen 
produce irritation in the respiratory tract. Additional details regarding the toxi· 
cologie effects of these gases are described by Wagner (1972) and Yuill (1974). 
Kimmerle (1974) gives a detailed compilation of effects at various atmospheric 
concentrations. 

The predominant toxic polymeric combustion product is CO. Incapacitating or 
lethal amounts of CO can develop within minutes. A brief review of CO toxicity 
was presented by Montgomery, Reinhardt, and Terrill (1974). The net physiological 
response to CO and other thermal degradation gases is far from clear, although 
awareness of the problem and the difficulties of properly assessing it is increasing. 
The toxicology of fires can be extremely complex. If a lethal CO atmosphere is not 
reached, other lethal or disabling factors may still be present. For example, in the 
series of experiments reported by Cornish and Abar (1969), pulmonary injury from 
HCI developed in the absence of lethal effects from CO. 

An important effect noted by Effenberger ( 1972) is that under certain condi
tions burning polystyrene does not cause rats to develop significant amounts of 
carboxyhemoglobin, but rather, the resulting styrene monomer apparently im
mobilized the rats. The pyrolysis of polystyrene is merely one example of a specific 
product causing incapacitation. Other combustion products may cause varying de
grees of incapacitation, resulting in serious injury or death. If such interpretations 
may be extended to humans exposed to fires, death could result because incapacita
tion reduced one's ability to escape from the fire. 

The composition of smoke varies widely, and smoke holds many hazards. Smoke 
is basically a mixture of carbon particles and other solids resulting from com
bustion. It may contain irritants adsorbed on the particles and be mixed with 
thermal decomposition gases. The hazards of smoke may be physical (blocking 
vision or airways), physiological (local or systemic chemical irritation), toxicologi
cal, thermal (heat injury), or psychological (fear and panic). Gaskill ( 1973) sur
veyed the hazards from smoke and described contemporary measurement tech
niques. 

Because the factors affecting toxicity are so complex and the data often unavail
able or conflicting, the reader is urged to review the references in this chapter, and 
Volume 3 (Smoke and Toxicity) of this series to obtain a more complete picture of 
the current understanding of toxicity of combustion products of polymers. 

One of the basic problems relating to toxicity is the inadequacy of the data base. 
Although there have been many studies and much data gathered, there has not been 
adequate codification and evaluation. In Volume 6 of this series, the committee 
recommends that a central agency be designated to collect and analyze data relating 
to the fire safety aspects of polymeric materials, including toxicity and smoke. This 
recommendation is reiterated and strongly endorsed. 
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6.2.1 Research and Development 

The fire threat aboard naval ships and craft has become more serious in recent 
years. The use of combustible plastics and other organic materials in the forms of 
electrical cable insulation, more modern furnishings and thermal hull insulation 
contributes significantly to the fuel load and, thus, to the hazard. The need exists 
to provide materials which exhibit improved fire performance characteristics, in· 
eluding reduced flame spread, less vision-obscuring smoke, and production of less 
toxic substances. 

Present-day efforts to minimize the shipboard fire has largely been an outgrowth 
of the Habitability Improvement Program. Prior to 1965, ships in service were 
constructed to habitability standards of pre-World War II vintage. Items such as 
plush carpets, overstuffed furniture, and a variety of wooden furnishings were 
installed by chance rather than by design. Introduction of the "self-help" concept 
created a surge in upgrading shipboard habitability. This bootstrap process pro
ceeded without giving much consideration to the flammability aspects of materials. 
Unfortunately, the installation of combustibles with no concurrent improvement in 
fire protection systems resulted in degradation of mission capability and ship 
safety. 

The multi-million-dollar fire aboard the USS Forrestal in 1972 (primarily in
volving so-called "habitability materials") identified the need to reestablish control 
of shipboard combustible materials and eliminate unnecessary furnishings. Orders 
to rip-out were received with reluctance, especially when replacement materials 
were not readily available. Several questions were immediately apparent: 

1. How does one determine the basis for acceptance or rejection of materials? 
2. What is considered unnecessary? 
3. How will the policy be implemented and enforced? 

The approach to resolving these questions was implemented by the Chief of 
Naval Operations through the Chief of Naval Material. The plan included a compre
hensive test and evaluation program for assessing the fire performance character
istics of materials, and ultimately led to the development and promulgation of 
MIL-STD-1623. This document established fire performance requirements and 
identified nearly 50 approved specifications for the following seven categories of 
interior finish materials and furnishings used on new and existing surface ships and 
submarinees: 

1. Bulkhead sheathing 
2. Overhead sheathing 
3. Deck coverings 
4. Furniture 
5. Draperies/curtains 
6. Thermal insulation 
7. Acoustic materials 
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Major items considered in determining the fire safety aspects of materials con
tained in MIL-STD-1623 include surface flammability, vertical flame resistance, 
smoke generation, and tests for incombustibility. It is recognized that the develop
ment of limits for toxic products of combustion would provide a further benefit in 
assessing the fire hazard of materials in question. The information generally avail
able, however, is not refined to the degree that will now allow inclusion of finite 
limits in MIL-STD-1623. This document is implemented by the applicable material 
specifications and is enforced by individual-ship building overhaul contracts. It is 
planned to incorporate additional fire criteria in the standard as the required data 
becomes available. 

The National Bureau of Standards (NBS) has been involved in flammability 
research into materials used in crew compartments. This effort has resulted in the 
development of novel small-scale fire tests and associated fire criteria. Recom
mendations are being reviewed for possible inclusion in M I 0-STD-1623. 

The Naval Sea Systems Command (NAVSEA) has sponsored several other re
search and development programs intended to reduce the shipboard smoke and 
toxicity fire hazard associated with organic materials. Polyphosphazene (PN) poly
mers are being investigated for a variety of applications, including electrical cable 
insulation, hull insulation, and coatings. These nonhalogenate polymers are more 
difficult to ignite, release smaller quantities of toxic products, and tend to evolve 
less-vision-obscuring smoke under fire conditions than other materials used in simi
lar applications. 

The application of fire barriers to existing material installations have resulted in 
significant reductions in fire risk. NAVSEA has asked NBS to evaluate intumescent 
coatings as a means of providing a thermal barrier for use on hull insulation. 
Full-scale compartment fire tests have demonstrated the feasibility of protecting 
combustible substances by intumescent coatings; evaluation on board selected ships 
is now underway. 

Modern electrical cables employ organic polymers as insulation and jacketing 
materials; these polymers present a major problem during a fire. While the cables 
are generally not the source of fire ignition, they are highly vulnerable and once 
ignited will burn and rapidly spread fire. In addition, these polymeric materials 
generate dense smoke and toxic/corrosive products of combustion which severely 
limit firefighting capability, threaten the life and health of those exposed, and 
significantly increase fire damage costs and repair time. Efforts are underway to 
investigate material and application techniques for new and existing ships to reduce 
the involvement of electrical cables. Some progress has been made by use of a 
sprayable inorganic fiber/binder system which has shown adaptability to the variety 
of cable configurations existing aboard ship. 

With regard to smoke, the Navy is exploring a polymer additive approach to 
minimize vision-obscuring particulate matter generated by burning electrical cables 
and cushioning. Initial efforts have produced significant smoke reduction in poly-
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vinyl chloride cable jacketing material with no apparent degradation of electrical 
properties. 

Making a product "fire safe" is a complex problem with many interactive varia
bles. The current "design to cost" concept requires a look toward more cost
effective means of addressing and reducing shipboard fire risk through more inten
sive materials research and development efforts. 

6.2.2 Clinical Data 

Quantitative toxicity data derived from naval, commercial, and recreational 
vessel fire victims are non-existent; however, limited data are available from aircraft 
fires and are pertinent, since the polymeric materials involved and their system 
applications are similar. 

Smith and his associates ( 1976) have described the results of their forensic 
investigations of several aircraft accidents (see National Research Council, 1979). 
Two commercial aircraft accidents in the United States (Denver, Colo., 1961; Salt 
Lake City, Utah, 1965) contributed greatly to the present concern about the toxic 
hazard of gases generated in aircraft fires. Analysis of these accidents showed that 
most of the occupants probably suffered relatively mild impact trauma; yet, 60 
persons died from thermal and chemical injuries in the ensuing fires. Carboxyhemo
globin measurements on 16 victims of theDenver crash revealed CO saturations 
ranging from 30 to 85 percent (the mean was 63.3). Similar analysis on 36 victims 
of the Salt Lake City accident indicated CO saturations ranging from 13 to 82 
percent (the mean was 36.9). The lower carboxyhemoglobin values found in the 
second accident have been attributed to the presence of fire within the aircraft 
before evacuation could be attempted and that many victims must have died 
quickly of direct thermal effects. Because of the chemical nature of the polymeric 
materials involved, it is assumed that gases other than carbon monoxide contributed 
to the toxicity of the cabin environment, but there is no supporting evidence for 
this assumption. In 1970, blood samples from victims of an aircraft crash followed 
by fire (Anchorage, Alaska, November 1970) were analyzed for the presence of 
cyanide. This was the first time, to the best of our knowledge, that such analyses 
had been made on victims of an aircraft fire. Measurable amounts of cyanide were 
found in 18 of 19 specimens; the accompanying carbon monoxide saturations 
ranged from 17 to 70 percent. In the one sample in which cyanide could not be 
detected, the carboxyhemoglobin concentration, 4.9 percent, did not exceed that 
which could result from smoking, indicating the probability of death on impact. 
Blood cyanide levels in these victims corresponded closely with those reported in 
the literature for victims of structural and vehicular fires, ranging from the lower 
detection limit (ca. 0.01 microgram/mil to 2.26 microgram/mi. The relationship 
between cyanide levels and carboxyhemoglobin content varied in random fashion, 
perhaps representing relative proximity of the victims to cyanide-producing materi
als. Alternatively, the varying cyanide levels reported may be due to uncontrolled 
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auto-production of cyanide in and from the tissues. Nothing in these findings 
permitted speculation concerning the relative contribution of the two gases to the 
deaths. In addition, there was no way of assessing the possible contribution of other 
gases that must have been present in the pyrolysis products to which these victims 
were exposed. 

6.3 Evaluating the Hazards of Toxic Fumes and Smoke 

6.3.1 Comparison of Materials 

Valid comparisons of different materials must be based on similar or reasonably 
standard conditions. The advantages of a standardized toxicity test procedure per· 
tinent to proposed use is obvious. However, the chemical properties and physical 
state of polymers cannot be used to predict the concentration of toxic products or 
smoke in real fire situations. Critical properties often are not known or may vary 
due to production techniques; furthermore, standard fire condition tests cannot be 
applied for predictive purposes. Real fires possess two essentially uncontrollable 
variables - oxygen supply and temperature. These make selection of test pro· 
cedures inherently difficult. Generally, laboratory pyrolysis tests are made in an 
oxygen-lean atmosphere that will not support combustion, while flame tests are 
made in an oxygen-rich atmosphere. Since either pyrolysis or combustion can be 
more hazardous, depending on the nature of the material being consumed, a stan· 
dard procedure must, of necessity, take both processes into account separately and 
together. (See Volume 3 of this report for a discussion of methodology). In the case 
of fires aboard naval vessels, it should be noted that accepted firefighting pro
cedures involve isolation and confinement of fires by closing off compartments with 
airtight doors. In such cases the fires occur in oxygen-lean atmospheres and high 
carbon monoxide levels would be expected. 

6.3.2 Thermal Decomposition Temperatures 

The nature of combustion products can vary significantly, depending upon fire 
temperature. This, in turn, is dependent upon the pyrolysis and/or combustion 
process, oxygen concentration, and caloric value of the products consumed by the 
fire. Although there have been attempts to classify the toxic and gas products from 
wood by using four distinct temperature zones (Beall and Eickner, 1970), the 
committee is unaware of any attempt at such a classification of the multitude of 
synthetic polymers that exist today. 

6.3.3 Method of Study 

There are four recognized methods for studying fires. They are: 

• chemical analysis 
• biological testing 
• predictive testing 
• epidemiological studies 

100 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


SMOKE ANDTOXICITY 

Recent literature describes the four types of methods. (See Einhorn et. al., Reinke 
and Reinhardt 1973; Kimmerle 1974). 

6.3.3.1 Chemical Analysis 

Identification of the chemical components of the combustion products of poly
mers can help in understanding the effect of altering variables such as burning 
temperature and oxygen supply. The relative hazard or lethality of the product can 
be estimated with reasonable confidence if a single component, such as CO or HCI, 
is clearly predominant and no other significant source of physiological stress is 
present. On the other hand, if thermal degradation generates a significant quantity 
of diverse gases accompanied by heat and/or smoke, although the overall physiolog
ical response may be evident, the contribution of the individual agents is not 
identifiable. The problem is complicated in that the polymeric product may contain 
a variety of additives, including anti-oxidants, fillers, stabilizers, and modifiers. In 
some cases, even the major polymer components are not disclosed to the user 
because the supplier considers the information to be proprietary. 

6.3.3.2 Biological Testing 

Data obtained from tests on laboratory animals can be expressed as the LC5 0 

(i.e., the concentration expected to produce death in 50 percent of the exposed 
animals), or it may be expressed as the concentration expected to produce a speci
fied effect such as incapacitation. To this latter area special attention should be 
directed. Significant incapacitation may occur at much lesser dosages or shorter 
times of exposure than those that cause death. Yet the incapacitation may be of 
such a degree that the ability to escape is impaired and death may occur due to 
thermal injury or incidental trauma. 

A safer product from the standpoint of a flammability test does not always result 
in a safer product in that: 

1. Polymer structure modification or additives may indeed result in retarded 
combustion of the polymer but it may be accompanied by increased toxicity 
of decomposition gases and/or dense smoke from the smoldering of the poly
mer when it is exposed to heat from the combustion of other fuels. 

2. Many common fire retardants contain halogens, such as chlorine and 
bromine. These can, under appropriate circumstances, produce thermal de
composition products such as hydrogen chloride, phosgene, and hydrogen 
bromide. 

3. Nitrogen, either in the polymer molecule, or in additives, may yield hydrogen 
cyanide or nitrogen oxides or both as a result of thermal reactions. 

4. Polyurethane polymers based on propoxylated trimethylopropane polyols 
and fire-retarded with phosphorus-containing retardants may yield highly 
toxic bicyclic phosphorus esters when thermally degraded (Petajan et. al., 
1975). 
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Because of the foregoing problems, as well as those discussed in Sections 6.3.1 
and 6.3.2, it is essential that a test method be used that embodies all of the factors 
discussed. At present the only method which accomplishes this is one that utilizes 
laboratory animals. Therefore, it is recommended that the use of tests employing 
laboratory animals be expanded. 

6.3.3.3 Predictive Testing 

Predictive testing includes combined testing, "room" or large-scale fire tests, 
computer model testing, etc. None of these have been determined to predict 
accurately the expected toxic gas and smoke from burning polymers (see Chapter 
5). Nevertheless, small-scale tests under controlled and well-specified conditions can 
produce comparative information about polymeric materials. 

6.3.3.4 Epidemiological Studies 

Critical epidemiological analyses have been applied to fire toxicity only recently 
and have generally been limited in scope and usefulness. For marine transportation, 
there is a need for carefully analyzed reports from naval, commercial, and recrea
tional vessel fires that provide comprehensive casualty data, including quantitative 
toxicological and pathological evaluation of victims. At present, such data are too 
sparse to be useful. There is need for such data as well as need to establish guide
lines for their collection. 

6.4 Special Toxicity Considerations for Ships 

Products or formulations require more stringent evaluation when intended for 
marine vessel usage than for many other applications. The unavoidable presence of 
large quantities of highly flammable fuel, the long and devious escape routes from 
compartments below decks, and the unavailability of nearby havens of safety ex
pose ship or boat occupants to a greater potential fire and toxicity hazard than 
exists in more ordinary situations. If new products or formulations are to be used in 
marine vessels in appreciable quantity, the potential toxicity of their combustion 
products must be evaluated experimentally and the information reviewed in the 
context of available epidemiological data. 

6.5 Conclusions and Recommendations 

Conclusion: Thre is a lack of information on the special problems of combustion 
and pyrolysis, smoke, and the composition of products from the combustion 
and/or pyrolysis of polymeric materials aboard ships. The performance of a poly
meric material under laboratory conditions may differ markedly from that which 
occurs when it, individually or in combination with other materials, is involved in a 
real shipboard fire. Recommendation: Develop a research program which will enable 
the acquisition of information relating to smoke and toxicity problems that are 
specific to shipboard use. Every effort should be made to take advantage of actual 
shipboard fires for the purpose of acquiring information to enable the improvement 
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of specifications of polymers and enhancing medical care of victims of shipboard 
fires. 
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CHAPTER 7 

SURFACE SHIPS: COMMERCIAL AND MILITARY 

7.1 Introduction 

For the purposes of this discussion, the term "surface ships" is used to refer to 
floating vessels of all varieties, both foreign and domestic. The two broad classes of 
surface vessels are military and commercial. The former includes all vessels whose 
main functions are combat or combat support (both Naval and Coast Guard) while 
commercial vessels are those designed primarily for domestic and foreign trade of 
all varieties, including the transport of passengers or freight and the provision of 
services. In the latter category are oceanographic vessels, used in the collection of 
scientific data, and mobile offshore drilling units. Such high-performance vessels as 
hydrofoils and hovercraft are also divided into military or commercial types, de· 
pending upon their function. Although these latter vessels differ considerably in 
design from conventional floating vessels and are constructed of lightweight materi
als, their safety requirements have been developed using the same principles as 
found to apply to displacement type hulls. The fire safety problems of the high 
performance ships are sufficiently special that they have been placed in a separate 
chapter. 

The appendices referred to in this chapter have been placed at the end of this 
chapter for convenience. 

7.1.1 Commercial Vessels 

The control of polymers used in the construction or fitting of commercial 
vessels, as well as the development and enforcement of safety and construction 
standards, is the primary responsibility of the U.S. Coast Guard. Using safety con· 
cepts defined by the Safety of Life at Sea (SOLAS) International Conventions as 
guidelines, the Coast Guard prepares regulations for the proper shipboard use of 
polymers. A discussion reviewing the Safety of Life at Sea Conventions dealing with 
international acceptance of noncombustible materials used on board surface vessels 
is included in Appendix A. 

The Coast Guard is also charged with the responsibility of assuring safety of life 
and property on U.S. flag vessels at sea. The goal of the Coast Guard merchant 
vessel fire protection regulatory program is the "Development of fire protection 
standards adequate to minimize the incidence and consequence of Shipboard fires 
consistent with economic consideration." This goal is the direct result of a legisla· 
tive mandate which delegated the responsibility for the development of fire pro· 
tection and other safety requirements related to the construction and operation of 
merchant vessels to the Coast Guard. The construction of commercial vessels is in 
accordance with Coast Guard approved plans and specifications which comply with 
the regulations specified in various subchapters of the Code of Federal Regulations, 
Title 46 -Shipping. 

The rules issued by the American Bureau of Shipping (ABS) and designated 
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SURFACE SHIPS: COMMERCIAL AND MILITARY 

"Rules for Building and Clearing Steel Vessels" will, in general, be accepted as 
standard in reviewing the plans and specifications for the construction, alteration, 
or repair of vessels. Additional requirements for these plans are contained in the 
following Title 46 subchapters: D-Tank Vessels (46 CFR Parts 30-40). H-Passenger 
Vessels (46 CFR Parts 70-89). 1-Cargo and Miscellaneous Vessels (46 CFR Parts 
90-109), T-Small Passenger Vessels Under 100 GT (46 CFR Parts 175-187), and 
U-Oceanographic Vessels (46 CFR Parts 188-199) . Each of the subchapters also 
refers to specific requirements in Subchapters F-Marine Engineering (46 CF R Parts 
50-64). J-Eiectrical Engineering (46 CFR Parts 110-113). and O·Specifications 
(46 CFR Parts 160-164). These standards are applicable to typical vessels. For a 
vessel of unusual form, arrangemnent, or construction, at least the same degree of 
safety must be maintained as is established in these standards. When plans approved 
by ASS are received, they are, in general, accepted as satisfactory, except insofar as 
the law or regulations contain requirements which are not covered by the rules of 
the ASS. 

In conjunction with its ships safety responsibility, the U.S. Coast Guard is the 
technical representative of the United States to a specialized agency of the United 
Nations, the Intergovernmental Maritime Consultative Organization (IMCO). IMCO 
is the depository for the 1960 International Convention for Safety of Life at Sea; 
to which the United States is signatory. A revised 1974 Convention was recently 
submitted to the U.S. Senate for its advice and consent. This treaty will result in a 
major upgrading of the fire safety requirements for merchant vessels. 

The Maritime Administration becomes involved in the development of detailed 
specifications for commercial vessels in much the same manner as the Federal 
Housing Authority requires certain minimum standards before approving a home 
mortgage. The Maritime Administration is the federal mortgage insurer for vessels. 
The minimum design standards relating to polymer use, utilized by both the U.S. 
Coast Guard and the Maritime Administration are discussed in detail in subsequent 
sections. 

While there are certain materials that have been used consistently in maritime 
applications, the influx of manmade polymeric materials as replacements for 
natural polymers and metals in land·based industrial applications and structures has 
been somewhat paralleled in the marine industry. 

The fire safety of polymeric materials must be examined in view of the under
lying marine fire protection philosophy which evolved as a result of catastrophes 
like the SS Morro Castle disaster in the 1930s. Implementation of this philosophy 
results in the following guidelines, as given in Chapter 11-2 of SO LAS 74. 

1. Division of a ship into main vertical zones by thermal and structural bound
aries. 

2. Separation of the accommodation spaces from the remainder of the ship by 
thermal and structural boundaries. 

3. Restricted use of combustible materials. 
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SHIPS 

4. Detection of any fire in the zone of origin. 
5. Containment and extinction of any fire in the spac~ of origin. 
6. Protection of means of escape and access for firefighting. 
7. Ready availability of fire extinguishing appliances. 
8. Minimization of possibility of ignition of inflammable cargo vapor. 

These philosophical guidelines have resulted in regulations which restrict the 
marine use of plastics from a fire safety standpoint. 

7.1.1.1 Automatic Detection 

When ships were not too large, visual detection of fires by crewmen or passen· 
gers was reasonably effective, but with larger passenger ships, some automatic de
tectors are necessary. It is important that the characteristics of detection devices be 
determined before they are fitted to the vessel. 

7.1.1.2 Extinguishers 

In most ships, the engineering spaces have automatic or remotely operated ex
tinguishment devices. In the passenger compartments, extinguishment generally is 
manual. The firefighting agent may be water, C02 , Halon, or other compounds. 
The burning characteristics of the polymers involved and the size of the fire will 
largely determine the effectiveness of the firefighting effort. Fires in the passenger 
compartments of most ships, heavily loaded with polyurethane material (in a 
variety of applications) as well as polymeric panels, furnishings, etc., may be ex· 
tremely difficult to extinguish unless the fire is discovered early (i.e., in 1 to 5 
minutes) (see 3.3.1.7 and 3.4.1.7). 

Flashover (discussed in more detail in Chapter 3, Section 3.3.1.8 and 3.4.1.8) is 
a critical turning point in shipboard fires, since it is probable that its occurrence 
signals complete destruction of the compartment, possible loss of life or severe 
injury to passengers, and an increased likelihood of the fire spreading to adjoining 
areas. Ship configurations, amount and availability of polymer fuel, and ship 
operating conditions (good ventilation, etc.) bear importantly on flashover. This is 
especially so where there is low probability of adequate nearby fire suppression 
(i.e., where firefighting manpower and response time may be less than adequate) . 
Therefore, ship design must be modified by use of suitable extinguisher systems to 
protect the passengers and reduce unnecessary losses. (See Sections 3.3.1.8 and 
3.4.1.8). 

Interiors of ships contain many polymers, all of which contribute to the fire 
load. (See Section 7.4.1.2 and Table 7.4·5 for materials used). None are used as 
extensively, or contribute so heavily to fire susceptibility, as urethane foam which 
is in general use in tanks, reefer spaces, pipe covering, etc. This polymer should be 
replaced or protected by a noncombustible covering because it is easy to ignite, has 
a high heat release rate, and contributes large quantities of heavy smoke and toxic 
gases. 
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SURFACE SHIPS: COMMERCIAL AND MILITARY 

Under normal conditions, passenger egress from staterooms to large open areas is 
reasonably good for the physically able. In a rapidly developing, smoky fire, egress 
through doors is more difficult; it is particularly so for the aged and handicapped. 
Ship design can provide good escape routes (when all regulatory requirements are 
considered). Improvement in passenger safety should take the form of increasing 
the time available for egress by reducing the probability of ignition and slowing the 
spread of fire. 

7.1.2 Naval Vessels 

The proliferation of polymer usage aboard naval vessels has been slow because of 
the complex nature of ships, the variety of their missions, and the many materials 
which have failed to meet existing flammability requirements. Despite this, poly· 
mers have found relatively wide use in the habitable areas of many naval ships 
because of their economic and aesthetic advantages. Polymeric materials used in 
such areas are addressed in the "Habitability Materials List" (Revision 0) issued by 
the Naval Sea Systems Command (letter SEC 61018/FJB 9640/0472H Ser. 1093). 
(See Appendix B for the Habitability List). 

The U.S. Navy has conducted numerous investigations on proposed polymer 
usage in naval vessels, (e.g., fiberglass pipe as a substitute for metal pipe). This study 
considered such properties as fire resistance, joint quality, fatigue, etc. Additional 
information pertaining to uses of polymeric materials including relative cost, data 
on metals and polymers, appears in a study performed for the "National Ship· 
building Research Program on Plastics in Shipbuilding." (Maritime Administra· 
tition, 1977). 

7.1.3 Coast Guard Vessels 

Regulations pertaining to the use of polymeric materials on Coast Guard vessels 
are essentially those used for commercial vessels except where the naval specifica· 
tions are more severe or are required for specific mission capability (see Section 
7.5.1 and Table 7.4·7). 

7 .1.4 Fire Statistics 

7.1.4.1 U.S. Coast Guard Regulated Vessels 

A statistical summary of commercial vessel casualties due to fire and explosions, 
including deaths and injuries, appears in Tables 7.1-1 through 7.1.4 (U.S. Coast 
Guard, 1977, 1978). Tables 7.1·1 and 7.1·3 deal with the statistical summary of 
casualties to commercial vessels and Tables 7.1·2 and 7.1·4 deal with the statistical 
summary of deaths/injuries due to a vessel casualty for fiscal 1976 and 1977, 
respectively. Additional statistics concerning recreation and pleasure boating acci
dents are published in "Boating Statistics," CG-129, March 1977 and March 1978. 
(See Chapter 10). 
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Table 7. 1. 1. Srarisrical Summary of Casua/ries ro Commercial Vessels' 
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Fiscal year 19762 '6 Uc 0 

.. ia .. "'"' 0 g I u • u u .. ... .. 
Number of casualties 228 196 22 619 474 9 53 5 215 481 616 584 78 17 160 268 170 4211 
Number of vessels involved 720 566 54 1204 894 12 57 5 219 823 1016 685 104 21 171 272 327 7150 
Number of inspected vessels involved 177 136 15 388 297 7 10 1 61 202 300 66 63 12 125 165 107 2132 
Number of uninspected vessels involved 543 430 39 816 597 5 47 4 158 621 716 619 41 9 46 107 220 5018 

PRIMARY CAUSE (I) 

:I: 
Personnel fault: :u 

Pilots-State 8 8 0 43 6 0 0 0 0 7 31 0 0 0 0 2 5 113 (I) 

Pilots- Federal 0 7 0 15 0 0 0 0 0 3 7 0 0 0 0 0 0 32 
Licensed officer-documented seaman 131 75 14 355 170 1 2 0 5 174 185 31 2 0 4 4 17 1170 
Unlicensed-undocumented persons 59 25 5 18 61 0 3 0 7 96 95 49 0 0 0 1 11 428 
All others 16 13 1 46 21 4 4 0 13 16 27 12 0 6 9 1 29 218 

Calculated risk 0 0 0 3 10 0 1 0 1 4 1 5 2 0 0 0 0 27 
Restricted maneuvering room 12 21 4 44 27 0 0 0 6 25 35 19 1 2 1 3 10 210 
Storms-adverse weather 2 22 3 31 49 0 1 0 0 52 53 66 89 10 18 1 28 405 
Unusual currents 0 1 0 2 4 0 0 0 0 0 1 1 0 0 0 0 1 10 
Sheer, suction, bank cushion 16 2 0 8 3 0 0 0 0 3 6 0 0 0 0 0 3 41 
Depth of water, less than expected 0 2 0 4 10 0 0 0 0 88 268 1 0 0 0 0 0 373 
Failure of equipment 24 43 1 65 54 0 36 5 63 61 70 67 1 1 68 220 97 879 
Unseaworthy-lack of maintenance 0 0 0 0 1 0 0 0 0 0 0 30 0 0 3 0 0 34 
Floating debris-submerged object 0 0 0 2 109 0 0 0 1 11 2 41 0 0 1 1 0 168 
Inadequate tug assistance 1 1 0 16 4 0 0 0 0 3 3 0 0 0 0 0 0 28 
Fault on part of other vessel or person 439 332 24 540 328 2 1 0 8 264 235 173 5 1 43 7 81 2483 
Unknown-insufficient information 12 14 2 14 37 5 9 0 112 16 14 190 4 1 24 32 45 531 
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Table 7. 1. 1. Statistical SummBry of Olsualtitn to Commercial Vastsls' (Continued} 
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I ia u u u l n ... .... :1: u m 

TYPE OF VESSEL 
rJI 
:I: 

Inspected vessels: ~ 
Passenger and ferry-large 4 3 0 14 7 0 0 0 1 5 3 0 0 0 4 7 4 52 rJI 

Passenger and ferry-small 17 7 3 8 32 0 1 0 15 22 31 28 2 0 17 33 7 223 n 
Freight 17 34 3 95 60 0 5 1 24 31 73 4 32 12 59 65 37 552 0 s:: Cargo barge 13 9 0 16 22 1 0 0 2 21 16 10 13 0 6 0 7 136 s:: Tankships 12 21 2 29 32 0 1 0 9 13 37 5 9 0 22 52 13 257 m 
Tank barge 107 51 6 214 116 5 2 0 6 99 134 12 4 0 6 2 32 796 ::D 
Public 1 3 0 0 2 0 0 0 1 2 2 1 1 0 1 4 1 19 Q 
Miscellaneous 6 8 12 26 1 1 0 3 9 4 6 2 0 10 2 6 97 )> 

Uninspected vessels : r 
)> 

Fishing 68 53 13 24 104 0 21 0 69 143 138 259 7 0 20 76 17 1012 z 
Tugs 236 146 11 470 265 3 12 1 37 234 233 157 18 2 9 20 41 1895 0 
Foreign 41 56 7 81 51 6 3 18 32 107 9 1 4 2 2 22 443 s:: 
Miscellaneous 198 175 8 241 177 8 0 34 212 238 194 15 3 15 9 140 1668 r 

GROSS TONNAGE :::j 
300 tons or less 376 318 34 478 504 4 44 2 142 304 423 562 37 5 65 134 125 3647 )> 

Over 300 to 1 ,000 tons 177 102 9 303 130 2 2 0 14 245 211 85 10 3 12 14 89 1410 ::D 
-< Over 1 ,000 to 10,000 tons 127 80 7 272 177 6 4 0 31 132 197 24 23 2 40 34 59 1215 

Over 1 0,000 tons 40 66 4 149 83 0 7 3 32 52 185 14 34 11 54 90 54 878 

LENGTH 
Less than 100 feet 316 258 32 373 415 4 35 1 124 334 318 504 26 3 55 123 91 3044 
100 to less than 300 feet 338 209 13 616 338 7 13 2 43 405 446 166 30 6 33 25 154 2644 
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Table 7. 1. 1 Statistical Summary of Casualties to Commt~rcial Vt1Uels1 (ContinUBdl I 

Nature of c_,alty ! I 
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300 to less than 500 feet 19 28 4 42 51 1 2 0 16 28 40 5 4 1 10 15 20 286 
500 feet and over 47 71 5 173 90 0 7 2 36 56 182 10 42 11 73 109 62 976 

AGE 
Less than 10 years 381 220 27 577 393 9 27 3 83 394 489 182 61 10 82 116 149 3203 (/) 
10 to less than 10 years 158 138 8 303 194 2 13 0 39 201 265 159 19 1 35 44 92 1674 l: 
20 to less than 30 years 70 59 5 139 101 1 6 34 95 103 123 11 1 14 27 30 823 :;; 

(/) 
30 years and over 111 149 14 182 206 0 11 63 133 156 221 13 9 40 85 56 1450 

LOCATION OF CASUALTY 
Inland-Atlantic 28 37 6 124 97 2 11 2 46 109 164 109 5 0 23 43 33 839 
Inland-Gulf 100 66 7 180 102 3 16 2 48 72 176 92 4 3 8 13 44 936 
lnalnd-Pacific 12 21 0 55 63 0 8 0 36 108 110 63 4 2 26 45 16 569 
Ocean-Atlantic 9 6 6 1 23 0 4 0 17 13 16 54 20 2 20 58 12 261 
Ocean-Gulf 15 9 0 4 51 0 8 0 12 23 9 65 5 1 13 20 7 242 
Ocean-Pacific 12 2 0 0 40 0 5 0 23 28 11 80 30 8 30 52 6 327 
Great Lakes 4 3 0 67 '26 1 0 0 2 22 27 7 2 0 12 22 11 206 
Western rivers 41 36 3 148 43 3 4 0 19 91 93 86 0 0 4 2 22 595 
Ocean-other 0 2 0 2 3 0 0 0 6 5 3 3 3 0 4 6 4 41 
Foreign waters 7 14 0 38 26 0 0 1 6 13 37 5 5 1 20 7 15 195 
TIME OF DAY 

Daylight 111 113 15 330 251 5 32 3 124 213 308 267 37 7 96 170 86 2168 
Ni!t~ttime 103 64 7 258 176 3 17 0 81 235 287 225 23 9 39 78 56 1661 
Twilight 14 19 0 31 47 1 7 2 10 36 51 72 18 1 25 20 28 382 
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Tab/11 7. 1. 1 Statistics/ Summary of CasualtitiS to Comrt~t~rcial V-ls 1 (ContinUIId} 

1 July 1976 to 30 Sept. 1976 
Fisall v••• 1976' 

ESTIMATED LOSSES 
(in thousands) 

Vessel 
Cargo 
Property 

VESSELS TOTALLY LOST 
InsPected 
Uninspected 
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1 Statistics concerning recreation and pleMure boating accidents are published in CG·357. 
2 Jncludes FY 76 Transition Quarter. 
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Table 7.1.2 StstisticBI Summsry of Deaths/Injuries Due to 11 Veuel Olsualry' 

.. Nature of c .... alty 
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1 July 1975 to 30 Sept. 1976 ;!E 0 lu~ ;: "~' ~ 11 ~ t• ?:u 
u .! • ,.;: r j .. 'i .: 0 u 0 t" • u 

Fiscal Year 19762 0 Uc 0 w;: ~1 l~ . • ! :~;. j u • u u . 1 i! ... .... : 
Number of casualties 15 6 3 6 7 4 8 4 24 2 7 72 1 1 9 4 13 186 
Number of inspected vessels involved 1 2 0 2 0 3 3 0 4 1 1 1 0 1 4 2 7 32 
Number of uninspected vessels involved 15 4 3 4 7 2 5 4 20 1 6 72 1 0 6 2 8 160 
Number of persons deceased/injured 13/13 6/13 2/3 1/11 13/5 7/8 2/8 5/2 15/28 1/5 3/5 137/25 /1 1/ 34/8 2/3 27/15 269/153 
PRIMARY CAUSE (/) 

Personnel fault: J: 

Pilots-State 0 ::0 
(/) 

Pilots- Federal 0 
Licensed officer-documented seaman 1 2 2 1 3 12 
Unlicensed-undocumented persons 4 3 2 3 2 12 27 
All others 1 3 7 

Error in judgement-calculated risk 0 
Restricted manuevering room 2 3 7 
Storms-adverse weather 2 12 19 
Unusual currents 1 1 
Sheer, suction, bank cushion 0 
Depth of water less than expected 2 2 
Failure of equipment 2 3 4 6 5 5 4 2 32 
Unseaworthy-lack of maintenance 1 1 
Floating debris-submerged object 1 1 
Inadequate tug assistance 0 
Fault on par t of other vessel or person 7 3 3 1 1 2 2 4 24 
Unknown-insufficient information 1 2 10 2 33 2 6 59 
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Table 7.1.2. StatistiCIII Summ11ry of Deaths/Injuries Due to a Vesst!l Cssualry' (Continued) 

1 July 1975 to 30 Sept. 1976 
Fisc•l Y••• 1976' 

TYPE OF VESSEL INVOLVED 

Inspected wssels: 
Passenger and ferry-large 
Passenger and ferry-small 
Freight 
Cargo barge 
Tankships 
Tank barges 
Public 
Miscellaneous 

Un inspected vessels : 
Fishing 
Tugs 
Foreign 
Miscellaneous 

PARTICULARS OF PERSON 
DECEASED/INJURED 

Papers ol deceased/injured: 
Licensed by Coast Guard 
Documented by Coast Guard 
No license or document 
Other-unknown-foreign 

Status or capacity on vessel: 
Passenger 
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3/ /2 1/ 
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/1 
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N•ture of CIISU81ty 
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Table 7. 1.2 StlltistiCIII Summary of Deaths/Injuries Due to a Vessel Cllsualty 1 (Continued) 

Neture of Cesuelty 
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Fiscal VNr 19761 ~ e S ~ i5 <.> . ~. f H H lg " ~ i • s • 'i .. 1610:: 
~ " l • ! i ~ j <.> <.> .. ,:. :t :1 

Longshoreman-harbor worker 3/ 1/ /4 /2 4/6 
Crewmember 8/9 6/4 2/2 1/11 11/5 1/6 /8 5/2 10/18 1/4 2/2 84/19 /1 32/3 2/3 25/6 190/103 
Other 2/3 6/2 2/ 1/4 22/5 - 2/1 /1 35/16 

Activity engaged in: 
Off duty 3/4 1/2 7/ /1 1/5 5/5 22/ 39/17 

(/) 
Deck department duties 2/3 1/4 /2 /5 3/4 1/2 /1 3/4 /3 /2 15/7 /1 6/3 7/4 38/45 3: 
Enqine department duties /1 /2 /3 /3 5/2 1/7 1/2 4/ /3 1/1 12/24 :;; 
Stewards department duties 11 2/1 /1 /1 1/ 3/4 (/) 

Handling cargo 1/ 1/5 12 2/7 
Fishing 3/3 1/1 /3 1/1 11 3/ 44/4 2/ 1/1 56/13 
Drills /9 /1 /10 
Passenger 3/ 2/ 1/5 /1 /2 19/2 116 26/16 
Other and unknown 2/2 5/ 2/ /1 6/2 2/1 6/5 52/5 - 1/ 1711 93/17 

Location of vessel : 
At dock /1 5/2 2/ /2 11 7/6 
At anchor 6/3 1/9 1/1 /3 /1 11 /3 qf3 29/ 2/ 48/24 
Underway 7/10 5/4 2/2 /10 13/2 2/5 /7 5/2 15/28 1/5 3/5 128/21 /1 1/ 5/8 2/3 25115 214/123 
Unknown 010 

PART OF BODY INVOLVED 

Head and upper limbs /3 12 /4 1/2 1/ /4 /1 /7 2/1 11 2/4 6/29 
Back and lower limbs 11 /1 /5 /1 /3 /2 /13 
Chest /1 /1 /1 /1 1/ /5 /1 /1 1/11 
Extremities /2 /2 /1 /2 /1 /3 116 /2 /5 /4 /2 /1 /4 /45 

(Continued) 
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Table 7.1.2 Sr.tistical Sumf'flllry of Deaths/Injuries Due to 11 VesSBI Clls1111/ty 1 (Continued) 

1 July 1975 to 30 Sept. 1976 
Fiscal Year 19762 

Illness 
Drowning 
Miscellaneous and unspecified 

11/8 
2/7 

l 
'i 

1 
0 
u 

/1 2/ 
6/ 3/ 

/10 2/ 1/S 10/2 4/S 2/3 4/2 14/3 

1 Statistics concerning recreation and pleasure boating accidents are published in CG -357. 
2 1ncludes FY71 Transition Quarter . 
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Table 7. 1.3 Statistical Summ11ry of Casualties to Commercial Vessels 
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~ 0;, 'i 0 ·ii H E i i .2 I o O'fiO . ~. ·;; !• ~! ·- . 2 . !I:;:·; u i 81: 2 t• ~ ! iU 1 October 1976 to 30 September 1977 :: E ui 'i .. '""' !D .. ~ " . 

0 u u 0 . I a I 
Fiscal Y .. r 1977 u .:• :. X u 

Number of casualties 269 218 3 493 280 16 8 9 181 417 650 414 23 24 213 286 70 3574 

Number of vessels involved 830 568 9 958 485 20 10 9 193 766 1077 498 34 26 243 308 106 6140 
Number of insPected vessels involved 213 159 1 295 161 7 1 6 55 210 324 45 13 21 135 170 36 1852 
Number of uninspected vessels involved 617 409 8 663 324 13 9 3 138 556 753 453 21 5 108 138 70 4288 

PRIMARY CAUSE 
Personnel fault: 

Pilots-State 15 7 22 2 8 34 2 3 93 (/) 
Pilots-Federal 2 4 15 2 14 37 X 
Licensed officer-documented seaman 144 107 :n4 89 2 3 137 207 30 2 10 2 10 1019 =a 

(/) 
Unlicensed-undocumented persons 71 29 20 17 8 70 84 37 3 6 1 10 359 
All others 12 20 33 8 8 9 9 37 8 5 6 3 5 164 

Calculated risk 2 2 3 1 8 
Restricted maneuvering room 2 3 9 1 3 3 1 22 
Storms-adverse weather 8 10 14 30 31 38 64 18 17 53 4 10 298 
Unusual currents 3 2 6 2 7 3 3 4 30 
Sheer. suction, bank cushion 11 1 4 1 6 6 2 31 
Depth of water less than expected 1 2 3 6 64 155 3 234 
Failure of equipment 14 21 54 14 5 4 67 35 46 63 70 256 7 659 
Unseaworthy-lack of maintenance 2 1 1 1 2 63 14 5 89 
Floating debris-submerged object 13 90 11 1 20 6 141 
Inadequate tug assistance 1 1 6 1 4 13 
Fault on part of other vessel or person 542 351 7 475 208 4 3 13 355 429 141 10 2 65 23 36 2684 
Unknown-insufficient information 4 10 8 13 1 5 3 91 25 11 63 13 13 19 279 

TYPE OF VESSEL 
Inspected vessels: 

Passenger and ferry-large 3 12 2 4 2 5 8 39 

(Continued) 
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Table 7. 1.3 Statistical Summ~~ry of Casualties to Commercial Vessels (Continued) 

I 
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.. ... .. .c ~ .c. l! c .• ;;!1 ~-; • ·;; i '5 0 H : .. il 1~ H "" ~ u ..... . ... 8 c . c u i ":I 
... .o .c ... i ti g ~t~ ~ c E • 0 
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,; o I !~ ~- 0 ... c 'i: c e • c • c • 1: ... .. 

.5!:! ::. 0 ~ :; 0 .2.!! .. ,., ·::-a !' ~ i ·~ i ·- c j l; iii ·- , . , • c ~ O'fiO f. s ·- .. .; .... ~ ! n : E u 0 u 2 
1 October 1976 to 30 September 1977 

.. ~j !~ § ~ C5 u~ • ... w; 

" : il E c 

Fiscal Year 1977 
u u u ... :t % c3 

en c 
Passenger and ferry-small 10 7 6 8 14 20 14 21 1 6 20 3 130 JJ 
Freight 26 47 79 34 4 26 21 68 6 5 19 60 82 10 487 

., 
)> 

Cargo barge 2 4 5 1 1 2 1 16 0 
Tankships 9 15 25 19 1 2 4 16 42 6 4 31 37 3 214 m 
Tank barge 154 70 167 87 5 8 147 191 7 3 20 14 15 889 en 
Public 6 11 1 2 2 3 4 5 3 6 2 45 ::t 

:;; 
Miscellaneous 3 8 4 2 8 3 32 !'? 

Uninspected vessels: 
Fishing 98 60 2 22 34 1 4 61 93 125 203 4 33 85 17 843 0 

0 
Tugs 255 139 3 355 174 3 2 37 235 310 98 10 3 30 28 24 1706 ~ 
Foreign 53 79 1 54 19 6 13 27 101 4 1 6 12 14 391 ~ 
Miscellaneous 211 131 2 232 97 3 3 27 201 217 148 6 2 39 13 15 1348 m 

JJ 
GROSS TONNAGE 0 

300 tons or less 437 287 4 374 232 6 9 2 132 326 402 405 16 6 90 141 56 2925 )> 
Over 300 to 1,000 tons 167 103 1 248 87 4 1 15 240 290 66 4 2 24 9 8 1270 r-
Over 1,000 to 10,000 tons 174 102 3 234 121 7 3 22 159 222 15 8 6 61 52 23 1212 )> 

Over 10,000 tons 52 76 102 45 3 4 24 41 163 12 6 12 68 106 19 733 z 
c 

LENGTH 
~ 

Less than 100 feet 374 235 4 305 178 3 9 1 118 1fl4 323 356 10 3 69 124 47 2433 r-
100 to less than 300 feet 380 221 3 503 221 11 1 36 423 535 128 13 3 78 47 24 2628 ~ 300 to less than 500 feet 26 21 2 26 38 2 2 13 20 45 3 4 6 17 17 10 252 )> 
500 feet and over 50 91 124 48 4 5 26 49 174 11 7 14 79 120 25 827 JJ 

AGE < 
Less than 1 0 years 395 241 5 434 194 10 5 2 72 326 481 119 12 9 77 118 47 2547 
10 to less than 20 years 194 130 3 233 123 5 1 3 49 210 278 111 11 6 57 62 24 1500 
20 to less than 30 years 77 67 1 132 68 1 1 1 23 106 138 88 5 2 47 51 10 818 
30 years and over 164 130 159 100 4 3 3 49 124 180 180 6 9 62 77 25 1275 

LOCATION OF CASUAL TV 
Inland-Atlantic 36 39 90 65 4 2 34 84 210 85 2 40 64 18 774 

...... (Continued) 
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Table 7.1.3. StBtistiCIII Summary of Cllsualtin to Commercial Vessels (ContinUBdJ 
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~e c3~o u .e " £ ~ u 5! l 1 October 1976 to 30 September 1977 0 '& .. .. l" 0.2 s • u u .. ~· ~ I ji! 
Fiscal Veer 1977 "' u 

Inland-Gulf 108 55 137 63 5 3 2 45 80 112 74 4 1 18 15 11 734 
Inland-Pacific 22 28 46 33 2 1 29 64 7!1 67 2 2 23 30 5 433 
Ocean-Atlantic 9 4 5 13 1 11 14 6 47 4 8 39 55 13 230 
Ocean-Gulf 12 13 15 16 14 11 6 25 2 1 10 21 2 149 
Ocean-Pacific 15 7 3 8 2 2 19 21 10 38 5 6 24 40 4 204 

en 
X 

Great lakes 6 9 50 26 7 22 42 9 1 19 35 5 232 :;:; 
Western rivers 53 36 2 116 47 3 2 15 109 154 66 1 17 7 7 635 en 
Ocean-other 3 12 13 5 5 5 14 2 2 3 15 10 2 92 
Foreign waters 5 15 18 4 2 7 17 1 1 1 8 9 3 91 

TIME OF DAY 
Daylight 126 126 1 254 141 12 6 4 105 175 311 210 10 16 94 176 38 1805 
Nighttime 126 84 2 189 99 4 3 65 186 297 160 9 6 63 84 22 1399 
Twilight 17 8 50 40 2 2 11 56 42 44 4 2 56 26 10 370 

ESTIMATED LOSSES ($1000's) 
Vessel 10459 5774 35 680410945 3842 677 492 26762 36335 021119 993 189 5440 7348 1927139141 
Cargo 678 19 0 610 1211 18 2 1 1237 2552 0 3957 91 4612 475 1007 719 17189 
PropertY 2137 417 5316577 640 3 5 0 6486 6754 737 683 0 26 58 84 227 34887 

VESSELS TOTALLY LOST 
InSPected 2 3 3 2 9 2 22 
Uninspected 20 3 8 18 3 3 2 39 35 123 14 2 272 

(Concluded) 
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Table 7. 1.4 Stlltisticlll Summary of Dllllthsllniuries Due to 11 Veulll Casualty 

1 October 1976 to 30 September 1977 
Fiscal Y .. r 1977 

Number of casualties 
Number of inspected vessels involved 
Number of uninspected vessels involved 
Number of persons deceased/inju;ed 

PRIMARY CAUSE 
Personnel fault: 

Pilots-State 
Pilots- Federal 
LicensPd officer-documented seaman 
Unlicensed-undocumented persons 
All others 

Error in judgement-calculated risk 
Restricted maneuvering room 
Storms-adverse weather 
Unusual currents 
Shear. suction, bank cushion 
Depth of water less than expected 
Failure of equipment 
Unsea.....,rthy-lack of maintenance 
Floating debris-submerged object 
Inadequate tug assistance 
Fault of other vessel or person 
Unknown-insufficient information 

TYPE OF VESSEL INVOLVED 
Inspected vessels: 

Passenger and ferry-large 
Passenger and ferry-small 

21 8 
1 2 

20 6 
88/34 1/17 

10 

3 
8 

6 

/1 

1 
0 
1 

0/1 

5 
1 
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1/9 

3 
1 

/1 

2 
0 
2 

3/1 

9 4 
4 0 
5 4 

19/16 0/5 

3 

2 
1 4 

2 
1 
1 

0/5 

19 4 
7 1 

12 3 
14/19 1/3 

11 

1 1 
5 2 

8 

11 

1 
0 
1 

0/1 

41 0 
5 0 

36 0 
74/15 0/0 

15/ 

4 
4 

15 
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1 
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1 
1 

4 
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J 
J 
0 
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0/0 

6 
3 
3 

8/3 

4 
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2 
3 

3/4 

5 

/1 

5 
1 
4 

4/3 

1 
2 

133 
28 
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216/136 
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Tabla 7. 1.4 Statistical Summary of Deaths/Injuries Due to a Vessel Casualty (Continued! 
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~eo ~~0 ·- . e • • c i 1 October 1976 to 30 September 1977 .. ,.a !o -~ u :a a ~ 0 ~ 

" e .... ~ u ! 
~ .. -. c l! Fiscal Year 1977 8 • ... ... e-~ " . I u u 0 c3 ... .... ... :z: 

Freight /1 2/8 1/ 1/ 4/9 
Cargo barge 010 
Tankships /2 1/6 3/ 4/8 
Tank barge• /1 4/5 /1 1/ 1/ 5/8 
Puhlic 0/0 
Miscellaneous 2/2 /1 2/3 

Uninspected vessels: 
Fishing 3/11 /2 3/ 1/ /1 3/2 1/1 37/5 3/ 2/1 53/23 (/) 

Tugs /1 /3 1/6 /1 /3 2/1 /1 /1 7/2 /3 10/22 :I: 

Foreign 9/9 /2 /1 10/11 ~ 
(/) 

Miscellaneous 85/21 1/10 /1 12 3/ /1 /2 6/5 13/2 1/ 2/2 2/1 113/47 

PARTICULARS OF PERSON 
DECEASED/INJURED 

Paper of deceased/injured: 
Licensed by Coast Guard /1 1/2 
Documented by Coast Guard /1 /1 /1 /2 2/6 /1 /1 2/7 3/ 7/20 
No I icense or document 88/33 1/15 /1 1/8 3/1 10/7 /5 /3 11/9 1/2 72/8 4/3 2/4 4/2 197/101 
Other-unknown-foreign /1 9/9 /3 1/ 1/ 11/13 

Status or capacity on vessel: 
Passenger 76/18 1/9 /1 /1 2/2 /1 18/1 /1 /1 97/35 
Longshoreman-harbor worker 1/1 1/1 
Crewmember 12/16 /8 /6 3/1 16/13 /5 /3 10/10 1/2 /1 56/14 7/3 2/1 4/2 111/85 
Other 1/2 3/3 /2 2/7 1/ /1 7115 

ActivitY engaged in : 
Off duty /3 /1 /2 /1 3/1 1/ 4/8 
Deck department duties 11/9 /5 /2 12/7 /2 /2 1/5 /1 /1 16/3 3/3 1/1 4/1 48/42 

(Continued} 
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Table 7.1.4 Statistical Summary of Deaths/Injuries Due to a Vassel Casualty (Continued) 
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" 2 ". ~ i! u • > ~ u i 0 !~ !i 
c j " l : .. 0 Fiscal Veer 1977 <.> <.> % 

:1~ 
m 
(/) 

Eng1ne deoartment duties /1 /1 /1 4/3 12 1/1 519 X 
Stewards dePartment duties /1 13 21 2/4 :;; 
Handling cargo I /1 1/ 1/1 2/3 

(/) 

Fishing 1/2 /2 3/ 2/ 1/1 36/4 3/ /1 46/10 0 
Drills 010 0 
P:Jssenger 76/18 1/8 /1 /1 2/2 11 411 /1 /1 83/34 3: 
Other and unknown 1/3 /1 3/3 /3 5/9 15/6 1/ 1/1 26/26 3: 

m 
Location of vessel: JJ 

At dock /4 1/2 /1 1/1 1/ 3/8 0 
At anchor 10118 /2 1/2 /1 3/ 13 14/26 > 
Underway 78116 1111 /1 17 3/1 18/14 14 /4 13/18 1/3 11 71115 7/ 3/4 4/3 199/102 r 
Unknown 010 > 
PART OF BODY INVOLVED 

z 
0 

Head and upper limbs /1 16 13 11 /5 12 /2 /1 311 3/22 3: 
Back and lower limbs 11 /7 /1 /3 /1 /1 12 11 /2 0/19 

!: Chest /1 /1 /1 /1 /1 /1 0/6 
Extremities /4 /2 /5 /1 /5 1/4 /1 /1 /4 /3 12 1/32 -i 

> 
Illness /1 1/1 1/ 212 JJ 
Drowning 85/ 1/ 1/ 21 1/ 2/ 53/ 4/ 1/ 150/0 -< 
Miscellaneous and unspecified 3/27 s /1 11 1/ 18/5 /1 11110 1/ 20/8 4/ /1 2/ 60/55 

(Conclud«<) 
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SHIPS 

It is interesting to note that the vessel casualty statistics, in Tables 7.1·1 and 
7.1-3, relating to explosions and fires are significantly less than those for other 
types of casualties. (See heavy lined areas in the tables). Coast Guard-inspected 
vessels are safer than uninspected vessels. (Refer to Chapter 3, Section 3.2, for 
additional information pertaining to fire statistics). 

A commercial vessel is a completely self-contained unit that transports people 
and cargo over prescribed distances with reasonable economy and virtually com
plete independence of assistance. Despite this independence, fires do occur. They 
can be classified as ( 1) pier or shipyard fires, (2) in-transit fires, and (3) post· 
collision fires. 

( 1) Pier or Shipyard Fires. This type of fire involves all types of surface vessels. 
Personnel aboard during these incidents could include ship's crew, passengers, cargo 
transfer personnel, or shipyard personnel. The vessel could be tied-up at pierside, at 
a loading or unloading facility, at a shipyard repair dock or some other repair 
facility, or could still be under construction. The causes of these fires vary greatly. 
The major areas of concern are the electrical system, tank cleaning/working opera· 
tions, engine room, and the passenger and crew accommodation spaces. Hotwork 
(welding and burning) resulting from repairs or alterations is a major cause of fires 
under these conditions. 

(2) In-Transit Fires. These fires usually occur in the engineering, machinery, and 
cargo spaces and spread to the passenger and crew accommodation areas. They 
frequently start as a result of electrical or mechanical malfunction or cigarette 
smoking. A classic example is the fire that occurred on the MIV Cunard Ambassa
dor. (See Section 3.4.2) . 

(3) Post-Collision Fires. These fires usually occur after a collision between two 
ships; a moving ship striking a pier or bridge; or a moving ship striking one that is 
anchored. A classic example of this latter type is the collision between the SS C.V. 
Seawitch and the SS Esso Brussels (See Section 3.4.2). 

In-transit and post-collision fires are potentially catastrophic but are usually 
controlled so that few fatalities occur. Some exceptions to this rule, however, such 
as the SS Morro Castle, SS Yarmouth Castle, SS Key Trader and SS Baune, SS C.V. 
Seawitch and SS Esso Brussels, and the MIV Cunard Ambassador are examples of 
catastrophes where many lives and considerable cargo were lost. (There were no 
fatalities aboard the MIV Cunard Ambassador). Fires following collisions especially 
those involving oil spills are a serious problem. 

Figures 7.1·1 through 7.1·5 are representative of shipboard fire damage. The 
MIV Cunard Ambassador fire damage photos (Figures 7.1·6 through 7.1·25) show 
that while the damage was extensive ($10 million), the ship did not sink. The 
fire-resistant bulkheads contained or slowed the progress of the fire sufficiently to 
allow extinguishment. This demonstrated the success of shipbuilding regulation (in 
this case, Subchapter H-Passenger Vessels) . (See Chapter 3, Sections 3.4.1 and 3.4.2 
for additional information). 
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SURFACE SHIPS: COMMERCIAL AND MILITARY 

Figure 7.1.1. Representative shipboard fire damage. 

Figure 7.1.2. Representative shipboard fire damage. 
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SHIPS 

Figure 7.1.3. Representative shipboard fire damage. 

The statistics in Tables 7.1-1 through 7.1-4 indicate, as said before in this 
volume, that while fires do occur on ships, resulting in injuries, deaths, and pro
perty loss or damage, the problem is not as severe as fire related injuries, death and 
property damage in land transportation vehicles, or buildings. Overall these sta
tistics seem to indicate a good fire safety effort for Coast Guard-regulated vessels. 

The statistical summaries presented in Tables 7.1-1 through 7.1-4 represent re
portable casualties involving commercial vessels. It is important to note that the 
fiscal 1976 casualties (Tables 7.1-1 and 7.1-3) reported by Coast Guard Head
quarters represent an extended fiscal year of 15 months (1 July, 1975, to 30 
September, 1976) as compared to a 12-month period for fiscal 1977 (1 October, 
1976 to 30 September 1977). This extended period should be taken into considera
tion in any comparison of statistics of previous fiscal years. Briefly summarized, the 
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SURFACE SHIPS: COMMERCIAL AND MILITARY 

Figure 7.1.4. Representative shipboard fire damage. 

major marine casualties for fiscal 1976 and 1977 are as follows: 46 deaths, 7 
injuries, and $25,790,000 property damage for fiscal 1976; as compared to 87 
deaths, 33 injuries, and $2,890,000 property damage for fiscal 1977. 

7.1.4.2 Mobile Offshore Drilling Structures-Regulations and Statistics 

Regulations pertaining to the use of polymeric materials on offshore drilling 
structures are essentially the same as those used for commercial vessels. (See 
Section 7.5.1 and Table 7.4·51. Table 7.1-5 reproduces statistics pertaining to 
mishaps involving mobile offshore drilling structures from 1955 to 1974. The 
information appeared in the "Offshore News" dated June 5, 1974. It is interesting 
to note that storms were the major cause of mishaps, and not blowouts and fires. 
(There were no incidents in which damage was initiated by fire in structural materi
als). 

7.1 .4.3 U.S. Navy Vessels 

Fire has been a serious cause of damage aboard naval vessels, even in peacetime. 
Fire aboard aircraft carriers has been especially costly . Since 1965 the cost of fire 
damage in dollars as listed in Table 7.1-6 aboard approximately a dozen U.S. 
aircraft carriers has been in excess of $100 million (based upon initial cost informa
tion obtained from the Navy Safety Center). 
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SHIPS 

Figure 7. 1.5. RtJpresentlltive shipboard fire damage. 

Figure 7. 1.6. Fire origin starboard diesel. Figure 7. 1.7. Port diesel. 
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SURFACE SHIPS: COMMERCIAL AND MILITARY 

Figuffl 7 . .1.8. Hyd111ulic control room. Figure 7.1.9. Watertight door. 

Figure 7.1.10. Generator room fire pump. Figure 7. 1. 11. Damaged stateroom. 

The Oriskany fire was caused by a Mark 24 flare. It resulted in 43 casualties and 
$10 million damage. In the case of the Enterprise, a flight deck fire caused second· 
ary burning of aircraft fuel and ordnance, with extensive damage to the flight 
decks. Table 7.1·6 shows the 1967 estimated damage to the Forrestal, which was 
finally estimated to cost more than $80 million in repairs, exclusive of replacement 
of aircraft. The Forrestal fire burned for a day after penetrating the decks. In the 
case of the Saratoga, the fire hazard was the cable insulation; the fire spread along 
cableways from compartment to compartment, due to the flammability of the 
insulation around the cables. 
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Figure 7. 1. 12. Control room. 

Figure 7. 1. 14. Hydraulic control room 
entrance. 

SHIPS 

Figure 7. 1. 13. Corridor outside control room. 

Figure 7. 1. 15. Undamaged stateroom beside 
hydraulic control room. 

Of particular interest for the purposes of this discussion is the second Forrestal 
fire (see 7 .8.3.1.1). which was initiated by sabotage in the flag officer's quarters. 
Despite the controls on the compartment contents and specifications controlling 
materials used to limit flammability , the furnishings and decorations, most of which 
were polymers, were sufficiently flammable to propagate an intense fire, resulting 
in heavy damage to the vessel. 

In addition to the carrier fires, several major fires have also occurred recently in 
other types of combatant ships, some of which are listed in Table 7.1-7. Although 
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Figure 7.1.16. Shop area. Figure 7.1.17. Stairwell. 

Figure 7.1.18. Undamaged stateroom. Figure 7.1.19. Lounge. 

highly flammable ordnance and fuel were major contributors to the cause and 

propagation of these fires, in most cases polymers of various types were secondary 
fuel sources, adding to the intensity of the fires. 

Fire is a special hazard for High Performance Ships, whose hulls and super
structure are constructed predominantly of aluminum because of the pressing need 
for weight reduction, especially above the water line. because the melting point of 
aluminum (640°C) is lower than the temperature attained in most major fires, 
serious structural distortion often results, thus raising significantly the damage 
costs. In some cases, the entire structure is destroyed when the aluminum melted. 
The subject will receive special attention in Chapter 8. 
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Figurt~ 7. 1.20. Rt~staurant 

Figure 7. 1.22. Ovt~rhod dam/1(/#Jd at main 
vertical zone. 

7.1 .5 Regulations and Requirements 

7.1.5.1 Coast Guard Regulated Vessels 

Figum 7. 1.21. CinBma. 

Figure 7. 1.23. Cunard Ambassador extt~rior 
view. 

This section addresses the regulatory requirements pertaining to polymeric 
materials as they apply to Coast Guard-regulated vessels at the national and interna
tional level. 

In general, the main areas of concern are the combustible nature of structural 
materials used for bulkheads and decks, and nonstructural materials used for fur-
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Figure 7.1.24. Access hole by CG. Figure 7.1.25. Undamaged lounge. 

nishings. Additional areas of concern are the combustible nature of materials used 
for deck coverings, passageways and stairways, interior finishes, furnishings, reefer 
spaces insulation, cargo, hold insulation, and tank insulation. 

A historical background pertaining to the evolution of the national and interna
tional developments regarding "safety of life" that resulted from the 1929, 1948, 
1960, and 1974, Safety of Life at Sea Conventions and the 1977 Fishing Vessel 
Conference is contained in Appendix A. 

7.1.5.2 National 

The three specific subchapters, within Title 46 CFR, that apply to the use of 
polymers presently being used on commercial vessels are as follows: 

Marine Engineering Regulations 

Subchapter F is a summary of the requirements for materials, construction, 
installation, inspection and maintenance of boilers, contained pressure vessels, ap
purtenances, piping, and welding and brazing. (Title 46 CFR, Parts 50 to 63 inclu
sive). For those vessels affected, some examples of polymeric materials which may 
be utilized are specifically detailed and their use controlled as indicated below: 

MATERIAL USE 

Polyvinyl Chloride (PVC) and 
Fiberglass Reinforced Polymer (FRP) 

Piping for non-vital fresh and 
sea water service 

Flammability Requirements 

( 1) Self-extinguishing by ASTM 0635. 
(2) Piping is enclosed or boxed in steel. 
(3) Penetration of fire resistant bulkhead controlled 

by design 
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MATERIAL (Continued) USE 

Urethanes, Neoprenes, Polyamides, Nonmetallic flexible hose 
and Butyl Rubber 

Flammability Requirements 

Self-extinguishing by test method ASTM D 1691; 
must be capable of withstanding a free-burning 
hydrocarbon fire for 2% minutes under its rated 
pressure. 

Of particular interest is the continued use of ASTM 0635 and ASTM D 1692 as a 
criterion of lack of flammability in the applications discussed above. The well
established deficiencies of both test methods ( H indersinn, R. R ., 1969-1972) 
would appear to require a research program to reevaluate these test specifications as 
a measure of polymer fire retardance. Thereafter, the requirements can be updated 
using current test methods. 

Electric Engineering Regulations 

Subchapter J is the standard by which electrical installations are designed, in
stalled, and inspected. In general, it also lists the construction requirements of 
electrical components. Among the polymers available for use as electrical cable 
insulation, the most commonly used material is polyvinyl chloride. Currently, all 
shipboard electrical cable must meet the requirements and fire test provisions of 
IEEE Standard 45 with reference to IEEE Standard 383. The adequacy of this 
flammability standard is discussed in more detail in Section 7.4. 

l\lliscellaneous Specifications 

Subchapter 0 contains a wide variety of performance specifications for specific 
items of required equipment and construction materials. It extends from life
boats to industrial materials utilized for interior finishes. The basic specifications 
which prescribe performance requirements for materials with respect to fire safety 
are listed in Table 7.1-7. 

7 .1.5.3 International 

Controls were placed on the use of polymer materials in the 1929, 1948, 1960, 
and 1974 SOLAS Conventions and at the 1977 Fishing Vessel Conference. (See 
Appendix A for SOLAS Conventions). 

7.1.5.4 The 1977 Fishing Vessel Conference 

In March 1977 the first major international conference concerning safety of 
fishing vessels was held in Spain. While fire safety was not the primary area of 
emphasis, there was a recognized concern for increased polymer usage in the con
struction of fishing vessels. One of the final recommendations was entitled 
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Table 7.1·5. Mishap Statistics 

Marlin No. 3 Jackup Marlin Drillitll Co. Partially ,ubmerced while movina to lo- 1.1 
cation in Gulf of Mexico. Repaired and 
returned to service. 

Santa Fe Explorer Jackup Santa Fe (formerly Damq:ed in Mediterranean Sea while under u 
(formerly Orient Royal Dutch/Shell) tow from Borneo to En,land. Reptired 
Explorer) and returned to service. 

Triton Jackup Royal DutchJSheU Oamaa:e caused by blowout and rue in 1.5 
NiJcria. Sot salvaced. 

Bruyard Semi-submenible Royal Outch/SheU Broke up in South China Sea while under 1.5 
!Sedco 135 8) tow, 13 casualties. Not salvaaed. 

Papuro Jackup Saipem S.p.A. Oesuoyecl by blowout and rue in Adriatic 6.0 
Sea, 3 casualties. Not salvqed. 

Maverick I Jackup Zapall Off·Shore Deuroyecl by Hurricane Betsy in the Gulf 5.1 
of Mexico. Not salvapd.. 

, ... 
Sea Gem Jackup Compaanie General Collapsed in North Sea while preparina to 5.6 

D'Equipments move, 13 casualties. Not salvqed. 
Roser Butin Jack up CEP Capsized after movinJ on location off Cam· 1.0 

(formerly eroon, Africa. Water and hull damq:e. 
Neptune Ill) Not salvased. 

Mercury (for· Converted YF Golden Lane Drillin& Capsized and sank durina storm off Tux· 1.5 
merly Nola I) bars< pan. Muico. Not salvaaed. 

Ria No. 52' Jackup Offshore Co. L<a damaae. Salvaaed. 0.2 

, ... 
Julie Ann Jackup Dixilyn Corp. Sank while under tow durina storm in 4.0 

Gulf of Mexico. Not salvapd. 
Dresser II (con· Jackup Dresser Offshore Capsized on location. Salvaaed. and re- 2.0 

\'erted to turned to service. Refurbished ria 
Dresser VII) valued at S 1.5 million. 

Little Bob Jack up Coral Drillina Co. Blowout and fire in Gulf of Mexico. Denick 2.0 
(now fluor coUapsed and ria badly burned. 7 casual· 
DrillinJ) ties. Not salvaaed. 

Ocean Prince SemHubmersible ODECO Destroyed on location by North Sea storm 1.0 
while opera tina as submersible. Hull 
broken up. Not salvqecL 

Ocean Traveler Semt-submerstble ODECO Minor structural d.amqe durina storm in lnsianificant 
Norweaian North Sea. Sprunaleak in 
one of its two main supportina pon· 
toons. Repaired. 

Ocean Vikina Semi-submersible ODECO Minor structural damaae durina Norwea;an Insignificant 
North Sea storm. Repaired. 

Nola 111 Drill barae Zapata Off·Shore 1-'ire·damaae in engine room, st\'eral eftlines Unknown 
replaced . Incident occurred off Sumatra. 
Repaired. 

Chaparral Jackup Zapata Off-Shore lost three leas durinJ Gulf of Mexico storm 2.0 
while under tow to Italy. Repaired and 
returned to senoice. 

Unknown Inland drilhns Service Contractina Sank while under tow in Gulf of Mexico. 1.5 
barge Not s.alvaaed. 

1961 

Wodeco II Drill barse Fluor Drillin& Services Ice damq:e to hull, mast blew off durin& 0.4 
storm 1n Hudson Straits while ril under 
tow. Repaired. 

Wodeco Ill Drill barae f-luor Drillin& Services Blowout, Red Sea. No dam.,e to ria. but 0.5 
underwater equipment lost. 

St. Louis Submemble ODECO Water damaae in ensine room from Hur- lnsianificant 
ricane Camille. Repaired. 

OV-2 Tender Offshore Co. Capnzed and partially ~ank durina storm 1.5 
in lake Maracaibo. Not salvaaed. De· 
liberately sunk by owner. 

btrcllita Jackup (tender Offshore Co. Capsazed while under tow in Gulf of 2.S (paid by in· 
assisted) Mexico. Declued total loss by insurance \urance com· 

company. Salvaae:d by owner and re- pany) 1.9 (for 
turned to service. salvagins a. re-

furbishinJ) 

(Continued) 
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Table 7. 1·5. Mishap Statistics (Continued) 

DiJcoverer Ill Ship-shape. self· Offshore Co. Blowout damqe (no fire). R~pai.red. 0.6 
propelled 

Bia 60 A Tender Jackup (tender Offshore Co. Slisht fire d&map from diesel fuel line. JnsianifK"ant 
OV·I assisted) Repaired. 

Discoverer II Ship-shape, self· Offshore Co. Blowout off Malaysia. Deck hatches left InsiJnificant 
propeUed open-minimal water d:amage . Repaired. 

Sanda 1 (formerly Ship-shape Readina A Bates Glib in huU when collided with french 0.15 
Drillship) frei&hter in Gulf of Lyons-damage sli&ht 

Repalred. 
1. W. Nickle Jackup (tender Read.inJA Bates Storm damq:e in Arabian Gulf. Jackup de- 2.5 

assisted) dared total loss. Tender salvaged. 
E. W. Thornton Catamaran Read.inaa Bates Blowout off Malaysia. No reported dam:aae. None 

Stormdrilllll Jackup Storm Dnllina Co. Severe rue damqe from blowout off Texas, 3.5 
1 ca.suaJty. Repaired and returned to 
service. 

Transworld 61 Semi-submersible Transworld Orillina Hiah wind and rouJh water <bmqe to leas 0.8 
while movina onto location off South 
Afric:L Repaired. 

Glomar North Sea Drillship Global Marine Severe storm in North Sea moved ria off Unknown 
drill site and dama,ed drillin& equip-
ment. Repaired. 

Mercury• Jackup Offshore Co. Heavy w"ther damaae. Salvq:ed. 0.3 
Westdrilll Jackup Westburne lnt1. Damqed in storm while in tow off Ivory 0.5 

Coast. Salva,ed. 

ConsteUation Jackup orrshoreCo. Sink durina North Sea storm while in tow. 5.8 
Not saJvqed. 

North Star Jackup Offshore Co. Sustained lea damap while in tow durinl Unknown 
North Sea storm. Repaired. 

John C. Marthens Jack up Offshore Co. Suffered lea damqe durina storm in Gulf ~ssthan 

Consuuctors of Alaska. Repaired. $100,000 

Georae M. Readina Tender ReadinaA Bates Grounded durin& Hurricane Camille. No None 
reportetl dama,e. 

Rim tide Submersible Rimrock Tiddands Blowout in Gulf of Mexico. Salvqed. Less than 

(nowODECOl $100.000 

Mariner I Catamaran, semi- Santa Fe Structural damqe to hull durin& rouah 0.2 
submenible weather off AraentiOI. Repairccl. 

Sedco IJSG Semi-submersible SEOCO,Inc. Severe f11e damqt from blowout in Timor 3.5 
Sea off Australia. Repaired and returned 
to service. 

Mercury Jackup Offshore Co. Oamq:ed in Lisbon harbor. Salvaced. 0.1 
Scorpion Jackup Zapata Off·ShoJ< Sank in storm off Canary Islands while 2.3 

in tow. Not saJva,ed. 
Unknown 4 tenders Chevron Oil Oamaaed in Hurricane Camille. All re· Less than 

paired and returned to service. $100.000 
RiC 20 Inland barae Rowan Orill.ins Oestroyecl in Hurricane Camille. $800.000 
Ri114 Inland barge Rowan DriUin& Minor damaae sustained during Hurricane tnsi&nificant 

Camille. 

1970 

Rig IS Inland barae Field Orillinc Destroyed in Hurricane Celia. $500.0()(). 
Sl million 

Wodeco V Barae-shape Fluor Drillinc Services Drill collars feU from derrick and pierced 0.7 
main deck and bottom of hull. All elec· 
trical aear in oc aenea.tor room, includ· 
ins aenerators and switch controls, had 
to be overhauled. Enaines were overl1aulecl 
and hull was patched. 

Unknown Inland b&rse Kelly Drillina Co. Blowout occurred with fue damqe. Not O.S to I 
salvaaed. 

Kent in& I Jackup Kentina Ltd. Storm in mid·Atlantic while in tow - struc· Total damaae for 
tural damaae ( l/70). Repaired. Sabotq:ed mtshaps O.S 
off Ivory Coast - huH damase ()/70). Re· million 
paired. 

Ria 59 Jackup Offshore Co. Les damqe (I /10). Repaired. Out of work Oamaae leu than 
appro~timately 12 days. Toppled over 0.2 million 
while operatina off Niaeria fS /70). Towed (4.0million) 
out to sea and sunk by owner. Not Wvaaed. (total loss) 

(Continued) 
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Table 7.1-5. Mishap Statistics (Continued) 

1971 

Bia John 

Endeavor 

Ocean Driller 

Wodeco Jt• 

Panintoilll 

1172 

Alta Mar II 

N. G. Hulme 

Ri&60 

J.Stormtl 
Intrepid 

Ocean Tide 

Mr. Althur 

1973 

Neptune 6 

Mariner t• 

Topper 111 

C. E. Thornton• 

Rowan Anchoraae 

1874 

Transocean Ill 

Transworld 6t• 

Dreuer VII• 

Drillbarae Atwood Oceanics 

Jackup Zapata Off-Shore 

Semt.submersible OOECO 

Barae Fluor 

Jackup AMOCQ.Iran (!PAC) 

Tender Perforaciona 
Aha Mar 

Jackup Rcadin1A Bat• 

Jackup Transworld Drillina 

Jack up Marine Drillina Co. 
Jackup Zapata Off-Shore 

Jackup OOECO 

Submersible Fluor Drill ina Services 

Tender Forex-Neptune 

SemHubmenible Santa Fe 

Jackup Zapata Off-Shore 

Jackup Readina A Bates 

lacltup Rowan DriUina Co. 

Semi-submenible Transocean Drillina 

Semi-submersible Transworld Drillina 

Jack up Dresser Offshore 

Blowout off 8Nnei. Severe rue damaae to 4.) 
drillina equipment. Water became acr-
a ted and vessel samk until main deck was 
3""' ft under water, 9 casualties. Repaired 
:and returned to service. 

Lost top part of le1 while under tow in 1.7 
rouah seas off West Africa. Repaired. 

Gu blowout off Louisiana. Ria eased off None 
location and abandoned. No lire or dam-
aae. BOP st:ack shimmed closed but didn't 
stop ps from escapina and bubblina 
water 20ft into air. 

Blowout and fue off Peru, 7 casualties. 4.5 
Not sahapd. 

Dunqed by storm on location in Persian 2.8 
Gulf. Sal•'le4. 

Sank durina storm in Lake Maracaibe. Leu rhan 1.0 

Salvapl. million 
Blowout (no fue), craterinl;. Ria capsized u 

in Java Sea. Not salvapd. 
Blowout in Gulf of Martoban off BunnL 10.0 

Lost at sea. Not salvaaed. 
Blowout in Gulf of Nexico. Not ulvapd. 8.0 
Lea failure in Eupne Island area of Gulf ) .5 

of Nexico. Salvqcd. 
Sustained hiah wind damqe in U.K. sector Unknown 

of Nor1h Sea. Salvqod. 
Major dunqc in Gulf of Nexico (South Unknown 

hss, Block 26). Sal•'led. 

Struck platform durina storm in Pen.iaa 1.0 
Gulf and sank. Total lou. 

Blowout off Trinidad, I casualty. R• Unknown 
paired and returned to service. 

Damq:ed in Gulf of Mexico. Under repain Unknown 
in Vicksbura. Miss. 

Damq:ed while under tow from Persian 5.0 
Gulf to Red Sea. Total lou. 

Lea collapsed while jackina up in 1he ).0 
Macassar Strait off E. KolimaRian. 
Salvaae4. 

Capsized and sank in U.K. sector of North 20.0 
Sea durin& norm. Not salvqecL 

Started crackina up in Danish North Sea Unknown 
durin1 storm. Under repairs. 

Capsized while under tow in Gulf of Nexico, Unknown 
I casualty. Not known whether ric will be 
salvaaed - it is lyina on its side in 30ft of 
water. Mishap under investiption. 

(Concluded) 

Table 7. 1-6. Major Aircraft Carrier Fires (Since 1965) 

Year Ship Cause Cosr(SIC) Fat&lities 

1966 Oriskany (CV A 34} MK·24 Flare 10 4) 

1967 Forrettal (CV A S9) Aircraft fuel niahl deck 20 134 

1969 Enrerprioe (CVAN 65) Bomb !late Oi&hl clcck 5 27 
1972 Forrcslal (CV A 59) (Flqoffice) 10 

1973 Saratoaa (CVA 60) (Electronic uea) 
197) Kitty Hawk (CVA 63) Oil strainet leak 

!•I MMR) 

1974 Enterprise CCV AN 6S) Vast space 
1975 Kennedy (CVA 6 7) Collision/stowqc 
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Table 7.1-7. Major Ship Fires 

Year Ship Cause CoutUO fatalities 

1972 Newport News (CA 148) Gun turret explosion l.l 21 
1973 Roark IDE IOSl) Lube oil INMR) 

1971 Knox IDE 10S2) fuel overnow near 0.132 
hot boiler 

1973 force (MSO 44.5) Encinc room fire 
(total lou) 

1974 Enhance (MSO 447) Lube oil spray explo- 1.6 
sion and rue 

197S Be1kn.~p tDLG 26) Collision JP-S , Ord- 213 
nance cook·off 

"Guidance Concerning the Use of Certain Plastic Materials: "In considering the 
problem concerning the use of certain plastic materials, particularly in accommoda· 
tion and service spaces and control stations, the Administration should note that 
such materials are flammable and may produce excessive amounts of smoke and 
other toxic products under fire conditions." 

The use of polymers aboard vessels which must meet requirements laid down by 
international convention has gone through a cyclical change. The trend is towards 
the controlled use of polymers. This trend should have a dramatic positive impact 
on the overall fire safety of vessels in international trade. 

7.2 Ship Structural Design 

7.2.1 Coast Guard Regulated Vessels 

The Coast Guard is involved in the development of fire safe surface ships at the 
national level and is working hand in hand with the Intergovernmental Maritime 
Consultative Organization (IMCO) to achieve the same goal at the international 
level. The Navy has its own ongoing research and development programs in these 
areas, and formulates its own regulations to achieve the same goals. 

The Coast Guard controls the use of flammable materials in shipbuilding by 
enforcing the requirements contained in the Code of Federal Regulations Title 
46-Shipping. All registered vessels must comply with these regulations as mandatory 
requirement for certification and documentation under the U.S. flag. 

Required shipboard structural design and fire protection are elements of an over
all "Life Safety System" incorporated into the current vessel regulations. Detailed 
requirements specify minimum design features which provide for the vessel's: 

1. Subdivision and stability 
2. Manning 
3. Fire protection (active and passive) 
4. Lifesaving appliances and cargo containment 

Operational requirements, as well as other detailed structural requirements for 
certification and inspection, are also contained in the appropriate vessel regulations. 
Due to the unique features of a vessel's environment, the design approach with 
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respect to function, utility, and life safety has to be coordinated into a workable 
system. The general approach of many maritime regulatory bodies is the specifica· 
tion of basic principles and materials which allow the designer and naval architect 
flexibility in achieving their goals. 

Structural fire protection is an example of a portion of system design, since 
construction materials are controlled and design guidance and specific requirements 
are given with respect to arrangement and means of egress. 

Coast Guard-regulated vessels also include hydrofoil and hovercraft type vessels 
as defined in Section 7.1 and in Chapter 9 of this volume. To date, requirements for 
structural fire protection have been determined by applying the regulations speci· 
tied in Title 46·Shipping, Subchapters H-Passenger Vessels (46 CFR 75), and 
T·Small Passenger Vessels (46 CFR 175) . 

7.2.1.1 Controlled Versus Uncontrolled Use of Polymeric Materials 

As with any given set of criteria, there are cutoffs or limitations. While this is 
true for commercial shipping (subject to reguation and Coast Guard inspection), 
those vessels which fall outside the existing regulations have access to the uncon· 
trolled use of potentially dangerous polymeric materials. (See Table 7.1-1 for a 
comparison of statistics pertaining to casualties involving inspected and uninspected 
vessels). 

7.2.1.2 Criteria of Application 

The determination of the applicability of the various requirements is a function 
of the variables of voyage, gross tonnage, number of passengers, and vessel type. 

1. Voyage: where the vessel goes determines the severity of requirements. For a 
voyage in domestic waters, little or no control exists; while for an interna
tional voyage minimum governmental regulations exist in support of treaty 
commitments. 

2. Gross tonnage: the measure of the ship's displacement is often utilized as a 
starting point for many requirements. 

3. Number of Passengers: passengers are not members of the ship's crew. In 
most cases the transport of passengers leads to more stringent fire specifica· 
tions and control. 

4. Type of vessel: the intended service of the vessel (e.g., cargo, tank, or passen
ger) results in different criteria of fire safety. 

The foregoing factors, coupled with the type of propulsion, serve to set the 
standards for the control of various items of construction on board commercial 
vessels. The fitting and installation of systems, components, and materials is con· 
tained in Title 46, Code of Federal Regulations "Shipping." 

The basic vessel regulations detail fire protection, as well as other design and 
inspection requirements. The stringency of the structural fire protection require
ments is a function of the relative hazard that the vessel encounters in its trade and 
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the number of passengers carried, if any. 
In each of the inspected vessel categories, there is a common philosophy re

quired to utilize structural fire protection. This philosophy is known as "building 
in" inherent fire safety. The basic concept of creating a vessel which has an inherent 
amount of fire safety had its genesis with the group of technical experts that 
drafted "Senate Report 184" on the fire on SS Morro Castle. The concept of 
built-in fire safety (noncombustible construction), as distinguished from active 
(sprinklers) protection, has withstood the test of time. 

The requirements for basic vessel divisional structures, bulkheads and decks, are 
described in Chapter 5 in conjunction with test description. 

The tests for noncombustibility, and the "A" and "8" Class divisions are inter
nationally accepted by the countries signatory to the 1960 Safety of Life at Sea 
(SO LAS) Convention which is discussed in more detail in Section 7.5 and Appendix 

A. 

7.2.2 Navy Vessels 

In general, fire protection design requirements, in conjunction with ship struc· 

ture, are identified in the detailed shipbuilding/overhaul specifications and 
applicable hull·type drawings. In addition, many amphibious and auxiliary ships are 
constructed in accordance with American Bureau of Shipping rules of U.S. 
Maritime Administration specifications. 

Structural elements are designed to provide adequate strength and stability for 
the ship, relative to design load criteria. Since ship designs must first take into 
account operational requirements such as range, speed, manning, and ordnance, 
improvements in fire protection through structural design changes have been 
limited. The net effect has resulted in a compromise between "individual" fire
tolerant compartments and actual design practice. 

The importance of maintaining structural integrity during fire situations has 
been heightened as a result of recent Navy shipbuilding trends to use lightweight 
aluminum alloys in high-performance hulls, ship superstructures, and joiner bulk· 
heads. For continuing safety of the ship, it is imperative that the structure be 
continually protected, maintained, and repaired as necessary. 

7.2.2.1 Fire-Zone Boundaries 

General Navy Requirements. A fire-zone boundary is a physical boundary de
signed to retard the passage of flame and smoke. Fire zones apply primarily to 
transverse bulkheads. Exceptions are longitudinal bulkheads in tank wells, as on 
landing type ships. Surface ships with an overall length greater than 220 feet shall 
be divided into main vertical zones by utilizing the main subdivision bulkheads (and 
portions of decks, where the subdivision is stepped) . Fire-zone bulkheads shall be 
continued from main subdivision bulkheads through the superstructure, stepped as 
necessary. The distance between fire-zone bulkheads shall not exceed 131 feet. Ship 
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construction drawings shall show the location of each fire-zone boundary and the 
tightness of all portions of such boundaries. The tightness of a fire-zone boundary 
shall never be less than "fumetightness." 

7.2.2.2 Material and Construction 

The Navy requires that fire-zone boundaries of steel hull ships shall be con· 
structed of suitably stiffened steel and made intact with the principal structure of 
the ship, such as structural bulkheads, decks, shell, and deckhouse. Ships with 
aluminum superstructures shall have aluminum fire-zone boundaries in the super· 
structure. Fittings in fire-zone boundaries, except gaskets for watertight and oiltight 
closures, shall be of noncombustible material. The stringency of the material speci· 
fications allows very little polymeric material to be used in hull, bulkhead, and deck 
construction except for decorative coatings, paint, or insulation. 

7.2.2.3 Compartment Testing 

The Navy conducts tests on the various shipboard compartments in order to 
ensure the integrity of the boundary and its ability to perform its functions of 
preventing the spread of fire, toxic gases, and water. 

Two types of tests are used during the construction of ships to demonstrate 
adequate tightness of the structure from the standpoint of resistance to the spread 
of flooding, fire and gases. 

7.2.2.3.1 Tightness Tests 

Tightness tests serve to assure the designed tightness of the structure under 
reasonably expected conditions of use and loading. The tests are performed by 
applying water pressure equivalent to the specified design head of the structure. 

7.2.2.3.2 Completion Tests 

Completion tests demonstrate adequate tightness of a completed compartment 
of a ship. These tests are performed by applying air or liquid pressure, by hose 
testing, or visual inspection. Any lack of tightness is detected by observing the drop 
in air pressure, the leakage of liquid, or visible openings. 

7.3 Damage Control Procedures 

Regulations pertaining to fire and smoke detectors, fixed and portable fire ex· 
tinguishers, and firefighting agents used aboard commercial vessels are specified in 
Title 46-Shipping, Subchapters D·Tank Vessels (46 CFR 34). H-Passenger Vessels 
(46 CFR 76), !·Cargo and Miscellaneous Vessels (46 CFR 95), J-Eiectrical Engineer· 
ing (46 CFR 113), a-Specifications (46 CFR 161), T·Small Passenger Vessels (46 
CFR 181) and U-Oceanographic Vessels (46 CFR 190 and 193) . See AppendixC for 
additional information pertaining to Coast Guard and Navy fire protection objec· 
tives and fire extinguishment information. 
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Although a discussion of firefighting equipment and techniques is not a specific 
objective of this committee, firefighting as an integral part of shipboard damage 
control procedures is an important part of a large vessel's shipboard activities, and 
as such has a direct bearing on fire safety, as related to polymers. 

7.4 Materials 

7.4.1 Introduction 

This section addresses the uses of polymeric materials, in national and inter
national shipbuilding. 

Applications of polymeric materials in the past varied with little or no control 
over their use: present applications have been controlled (Title 46-Shipping, Code 
of Federal Regulations) to limit the fire hazard and the resulting effects of smoke 
and toxicity. As new materials and retrofit concepts are developed, they are nor
mally included in the overhaul and repair of older vessels to bring them up to new 
ship standards. 

The use of polymers in ships for decoration, comfort, noise reduction, and, 
increasingly, to replace functional metal parts is growing rapidly. Proper selection 
of materials requires full consideration not only of the functional requirement of 
the part, but also of the fire performance in every realistic environment in which 
the part may be found. (See Chapter 4) . 

Information pertaining to uses of polymeric materials by the shipbuilding indus
try appears in a study performed for the National Shipbuilding Research Program. 
(Maritime Administration, 1977). One section, "Current and Historical Applica
tions," is of particular interest to this chapter and is reproduced below. 

7 .4.1.1 Current and Historical Applications 

Prior to 1960, marine usage of plastics, including boat hulls, was relatively 
limited, considering weight. However, the number of applications in many different 
ship types was significant. The largest use was in passenger and naval vessels. The 
British pioneered applications in ocean-going ships. 

A compilation of noteworthy marine applications up to 1960 is found in Table 
7.4.1. Of these, only two were found unsatisfactory - glazing, which scratched 
excessively, and wash basins which lost their finishes after the use of abrasives or 
improper cleansing agents. There are now specially coated acrylic (Lucite, Plexi· 
glass) or polycarbonate (Lexan) glazings which are successfully used, as in railroad 
cars, because they have much greater scratch resistance than the earlier materials. 
Also, there are now upgraded plastics that are successfully used for wash basins, as 
long as proper cleansing instructions are followed. 

Vent systems made from plastic duct have been evaluated by the Navy (Anon, 
1960). While corrosion, weight, and noise considerations led to the use of fiberglass 
and PVC, such systems were found to be more expensive. Further, lower stiffness 
required more support. Vent systems using plastic duct are still more expensive, and 
are used primarily in corrosive locations. 
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Table 7.4·1. Plastics Usage in Ships up to 1960 

General Ute- Area/ Application 

Lit~iltl Qwrtt" 
Bathtub 
Shower/toilet 
Table tops 
Tops for d.iniftlara 
Tile floon 
Lil)lt flxtu,.. 
Window <atattna) 
Port hole box 
Waah basins 
PVC finished bulkhead 
Walhbuiru 

l'ipl .. 
Waste/sanitation pipina 
Waste/sanitation pipinc 
Washclown prpinl (above de<:k) 
CatJOii.ne 

l'>opulsioft 
Propeller 
PropeUer 
Propeller 
Wrappina for prop shaft 

Mlletli4MOfU 
Ufeboau 
Wheel houte 
Wheel house 
Swimmina pool 
Swimmina pool 
Permanent awnin.p 
Sonar dome 
lnwlated hatches 
Food provision room 
Lininc for storqe hold 

Pluti<Uoed 

Fibe'lla•Reinforced Polyester <FRI') 
FRP 
Melamine 
Melamine 
PVC 
Ac:ryUc 
Acrylic: 
PVC 
fRP 
PVC 
FRP 

FRP 
PVC 
PVC 
Gtau/epoxy 

Nylon 
Nylon 
FRP 
Glass/epoxy 

FRP 
FRP 
FRP 
FRP 
FRP 
Glass/epoxy 
Steel/plastic skin 
Polyurethane foam 
Polyurethane foam 
PVC/plywood 

Other marine uses for plastics noted since 1960 are summarized in Table 7.4·2. 
The above observations, have been confirmed by numerous naval architects, 

subcontractors, and shipbuilders interviewed for assessing plastics in specific appli· 
cations. The information obtained in this manner is summarized in the following 
sections. 

7.4.1.1.1 U.S. Shipyards 

The most common applications for polymeric materials found by contacts of the 
committee with eleven U.S. shipyards are summarized below: 

Application Polymers Used 

Joiner Bulkheads 

Flooring 
Shower Stalls 
Light Diffusers 
Mattresses 
Chairs 

Melamine/Marinite 
Vinyl/ Asbestos 
Melamine/Marinite 
Acrylic 
Polyurethane 
Naugahyde 
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Application 

Dresser Tops 
Table Tops 
Desk Tops 
Curtains 
Life Boats 
Insulation 
Rugs 

SHIPS 

Polymers Used 

Melamine 
Melamine 
Melamine 
Nylon 
Fiberglass 
Polyurethane Foam 
Nylon, Acrylic 

All of these uses are well established in merchant ships with little variation 
except in the case of joiner bulkheads and stall showers. (A Coast Guard authority 
has commented that because there are different regulations for different ship types, 
prudent selections to match the materials to the applications are required and 
"more often than not the uses indicated would be permissible." For example, the 
Passenger Vessels Regulations require that "rugs and carpets in stairways or corri
dors shall be of wool, or other materials having equivalent fire-resistive qualities." 
(See 46 CFR 72.05-10(o).) 

142 

Table 7.4-2. Marine Plastic Uses After 1960 

General Use-Area/Application 

Out{ittl"l 
Wheel house (dredatr) 
Port Iicht boxes 
Ship funnel cowl 
Ventilation inlets 
Hatch covers 
Insulation 
Eleclric power equipment 
Electric power equipment 
Electric power equipment 
Electrical conduit 
Showen and bath 
Chairs (upholstery) 
O..ir paddiJII 
On deck furniture 
Modular bathrooms 
Rope 
Balwt pipe 
Ship bearinp 
Rudder vokts 
Covered bulkhead 

Propulsion 
Blade 
Propeller 
(30" diameter) 

Subnwrsibln 
Deep divina capsules 
Submarine rudder 
~ufairinp 

.,,~, 

Lad! barae huU 

S..f<ry 
Helmets 
Weldin& doth ina 

4 FRP skin/steel spar/foam. 
boouble walled honeycomb construction-FRP. 

Plastic lJse4 

FRP 
FRP 
FRP 
AcryUc 
FRP 
Polyurethane foam 
Phenolic 
Asbestos/phenolic 
Melamine/phenolic 
PVC 
Acrylic 
PVC 
Polyurethane foam 
FRP 
FRP 
Nylon, polyester 
FRP 
Several 
Polyurethane foam 
PVC 

Glass/ 
Polypropylene 
Foam 

FRP 
See <•) 
FRP 

See (b) 

FRP 
Nom ex 
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7.4.1.1.2 Foreign Shipyards 

(N.B. This project did not require visits to foreign shipbuilders. The material re· 
ported is based upon a private communication). 

The information in Tables 7 .4-3, 7.4-4 and the following are based on inquiries 
in six shipyards in Japan: 

Bulkheads: Decorative surfaces for living quarters may be melamine laminate, 
polyester laminate, vinyl sheet, or simply paint, depending upon the owner's speci
fication. The substrate for the decorative finish may vary from asbestos board or 
plywood to particleboard. 

Ceilings: Usually the same as used for bulkheads. 
Flooring (Covering): Vinyl or Vinyl/ Asbestos. 
Window Frames; Fiberglass reinforced polyester (FRP) is commonly used for 

port shrouds. 
Baths/Showers: All six Japanese shipyards have installed fiberglass units. 
PVC Piping: Two of the six shipyards visited used PVC for fresh and chilled 

water supply. PVC is being used more for drain, waste, and vent systems. 
Hatch Covers: Up to 500 mm in FRP. 

7.4.1.2 Commercial Vessels 

The Coast Guard is working with industry to improve the fire performance of 
polymeric materials in shipboard use. Of particular interest is a research program to 
determine the adequacy of construction in the marine environment. 

Polymers are used extensively throughout surface vessels for hulls, mechanical 
items, paint, thermal and acoustic requirements, and furnishings as indicated in 
Section 7 .4.1 .2.1. Many classes of both natural and synthetic polymeric material 
are used in commercial vessels. 

The wide spectrum of polymers in use today can be put into several broad 
categories: mechanical items (gaskets, packings, seals, flexible connections), electri
cal insulation, thermal insulation, noise suppression, protective coverings (paints, 
deck coverings), furnishings (bedding, chairs), protective clothing (gas masks, fire 
fighting suits), life saving equipment (lifeboats, inflatable lifeboats, life vests), and 
packaging and packing material. 

The basis for the choice of a material for a given application is primarily func
tion, availability, and life-cycle cost. Additional factors such as weight savings, user 
acceptance, and environmental resistance also influence the choice. 

The materials used in Coast Guard-regulated vessels are controlled by a variety of 
regulations which have been developed to limit the flammability of materials used 
in ship construction. The regulations are summarized in Table 7.4-5 (U.S. Coast 
Guard, 1974) together with a list of tv.pical materials that meet the regulations. As 
can be seen in this table, the flammability specifications vary from the very strin
gent, (e.g., 46 CFR 164-007, -008, and -009 used in division bulkheads, which 
effectively limits choice to noncombustible materials) to the other extreme where 
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Table 7.4·3. Plastics Usage Noted in Foreign Shipyards 

Genenl Usc-luu/ Application 

LM"'Qwrttrr 
Bulkhead 

Ceiltnas 

Aoorina 

Window 

Framet 

Baths (conventional) 

Baths (modular) 

Doon (exterior) 

Doon (inside) 

Doon (corridor) (b) 

Piplfll 
Ftesh 

Sanitary 

M•clllnny 
Cbockina 

Elutric•l 
Conduit for wires 

HtGt·Aif CONlltionint 
Fixture inlets to rooms 

c.,., 
Hatch coven 

S4f<ry 
Life Boats 

(cold) 

Materials Used 

Melamine/ Asbestos/Melamine 
Melamine/Plywood/Melamine 
Polyester/ Asbestos/Polyester 
Polyester/Plywood/Polyester 
Vinyl/Plywood/Vinyl 
hint/Plywood/Particle-board 

As above(«) 

Vinyl/ Asbestos 
Vinyl 

FAP 

Aluminum 
Painted 

Melamine/ AsbestoS/Melamine 
FRP 
Tilt/Steel 

FRP 

Polyester/Plywood/Polyester 
Paint/Hollow Steel 
FRP 
Hollow Steel 

Plywood/FRP 
Polretter/Piywood 
Melamine/Plywood/Melamine 

FRP/Stttl/FRP 
Fibefllass/Plywoodlfibefllass 
Steel/Paint 

PVC 
Copper 
Steel 

(hot) Steel 

(Ovsh) 

(drain) 

Copper 

Steel 
PVC 
Copper 
Steel 
PVC 

Steel 

Steel 
Plastic (PVC) 

Steel 
FRP 

Steel 
FRP 

Wood 
FRP 

41 Kawasaki (Kobe) utet painted plywood for ceilinas. 
booor from brMSae to corridor. 

applications such as furnishings are unregulated, or tank insulation where the less 
stringent ASTM D 1692 specifications allow all but the most flammable of polyure
thane foams to be used. The relative effectiveness of these regulations in providing 
the desired degree of fire safety on commercial vessels will be discussed later. 
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Tabla 7.4-4. Plastics in VLCCs 

Foreip Other 
Sllipt Foreip Ships 

ru.-- Kind of Material No.I No. 2 

Rudder beartna bullliltl Phenol resln IOOq 100 ... 

Fresh water pipe 
Sea water pipe in PVC pipe (includina 2.2 tons 2.2 tont 
Potable water pipe liwtna fittinct) 
Scupper pipe quarten 

Floorina tile (cabin, passqe) PVC/Atbeltos 600m2 1,300m2 

Deck composition Synthetic rubber 200m2 ?SO m2 

(weather deck) (Neoprene) 

Deck composition Synthetic rubber t ,870m2 !.900m2 

(in accommodation space) 

0¥erlty of wall surface lAminated hard 4.ooom2 II,OOOm2 

plastic, PVC. cloth 

Melamine 1,7oom2 

Door of sanitary space FRP!l'ly/FRP IS s 
Skirlina plate of cabm waU PVC (Recetsed) 100m 

Handr;ail, Storm rail PVC/Steel o.s t 
Reefer door FRP with urethane 4 w:ts '~IS 

for heat insulation 

Reder insulation Foam urethane It 1.3 t 

Cover for insulation Canvas with polyester 750m2 400m2 

ovc rlJy over pau wool 

Chair Vinyl covered, with 13S 120 
polyurethane stuffina 

Sofa Vinyl covered, wtth ss 4S 
pcHyurethane uuffina 

Maureu Cotton cloth ss 4S 
urethane stuflirc 

Desk. table Laminated hard plastic 60 ss 
top (Melamine) 

lifeboat FRP 

life rdt FRP 
Awnina (bridae. swimmina Corruaated FRP 23om' 
pool) 

v~Jve linin& (corrosion Polyester >bt 100 
resistant) 

Putc. filler Various kinds abt. 3 t abt . 3 1 

Paint Vinyl 10 t 

Tar~poxy 1St 180 t 

Epoxy It 80 t 

£Jectric wire Synthetic rubber abt. 100.000 m abt. 80.000 m 
and vinyl 

Compound (for Silicone and epoxy abt . IOOka abt. 100 ka 
insulation and stuffin&) 

Bathroon • mo4ules 2 units 20.2S units FRP 
17·22 shower 
FRP 

In addition to the broad spectrum of materials described in this section, Table 
7.4·5 lists polymeric materials commonly utilized on board regulated commercial 
vessels. Each area details whether there are specific requirements for the control of 
polymeric materials and what types of polymers would be permitted, if any. In 
addition, a miscellaneous materials section has been added for polymers which do 
not fit the given categories. 
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Table 7.4-5. Polymeric MatBrials Commonly Utilized on Board Regulated Commercial VBSStlls 

hem 

Division Bulklruds 
"A".Cius 

" B".Oua 

"C".Oass 

"A".Qass Divisions with thennal intearity 
requirements of IS, 30, or 60 minutes 

II. O.clu 
Deck without required fire resistance 
Decks with required rue resistance 

Ill !Hclc Ot~~rt.ys 
Overlays 

IV. Liniltlt (int~rlor finillt) 
Interior finishes 

V. Possctwt~ys tmd StiWIWGYI (/In 
rtlisumt furnislti"'J rtquirtd) 
Furniture (case) 
Furniture (free standina) 

Carpet 

Draperies 

VI. Furnisltiflll (wlttrt fiN rtlilttJnl 
fu,tithi"IIIUt nquired) 
Furniture (cue) 

Fvrniture Uree stand ina) 

Beddinl 

Carpet 

Draperies 

146 

Spcciflcatiq,n 

46 CFR 164.007 -Prevents passaae of •okt and 
name for I hour. Noncombustible by test 
(46 CFR 164.009) 

46 CFR 164.008-Prewnts p.._ of Rame for 30 
minutes, thermal insulatina valve required in cer· 
tain c:onftCUrations 

46 CFR 164.009-Noncombustible 

Base component of diVision materials added to compoo 
sue structure must be noncombustible (46 Cflt. 
164.009) and be either a 46 Cfk 164.007 or 
164.008 dass material 

N/A 
46 CFR 164.006 ''Deck Coverinc" Base material steel 

01 PIC) Also 164.007 .. Structural Insulation" 
and 164.008 "Bulkhead Panels" 

If the overlay is 3/8 inch or less no speciflc 
requirements 

MuUnum thickness allowed 0.015 inch (Vestel 
Reaulations) 46 CFR 164.012 "Interior finishes'' 
E·84 tent: Flame Spread <20 and Smoke 
Generation <10. Paint may not be nitrocelhdose 
based. 

Non~ombustible materials 
Frame (non<ombustible material) 
Upholstery-46 CFR 164.011 
Paddina-ASTM 01692 or non~ombustible material 
Wool or Equivalent, E-84 test: Aame Spread <75 

and Smoke Generation <tOO 
46 CFR 164.009 Non~ombustible materials 

Ul 703, NFPA 701 or 164.001 

Non~ombuslible materiall/8 inch combustible 
veneer top permitted 

Frame-non~ombu.stible 
Upholstery- no requirement 
Paddina-no requirement 
Sheets-no requirement 
MAttress- no requirement 
Wool or Equivalent E-84 test : Flame Spread <7S 

and Smoke Generation <tOO 
46 CFR 164.009-non-combustible 
46 CFR 164.011-tentative test method for fabrics 

Materials Usually Meetina 
the Specifications 

Steel suitably stiffened, minimum 
thickneu is It pte 

Asbestos cement board. 
Gypsum board faced With steel 
Mineral wool. reinforced with 

steel 
Minenl wool, reinforce4 with 

laminated plastic 
Aluminum faced minenl wool 
All noncombustible metals, c~>m. 

potites of aluminum and fiber· ..... 
StMI (min. II -) 
Mineral wool 
Asbestos cement board 

Any paesteel 
Minimum t 1"11&' steel plus an 

overlay of materials such 11 

mqnesite, portlan4 cement 
(maximum of I~ orpnic 
content. often wood fibers or 
polystYrene beada) 

Aspholt tile 
Linoleum• 
Urethane 
Neoprene 
Latex 
Vinyl tilo 
Vinyl asbestos 

Paint-Oil or latex bued 
Vinyl coaled fabrics 
Laminated plastics (melamine:s 

or porcelain) 

Steel, aluminum 
Steel, aluminum 

Neoprene 
Wool, acrylk, nylon. an4 

fiberalass 
fibeq:l111, treated polyester 

blends 

Steel, aluminum 

Steel, aluminum 
Fabric, vinyl 
Urethane, nexible 
Cotton 
Cotton polyester blends 
Wool, acrylic, polyester to leveb 

Fiberalus, treated cottons 

(Continued) 
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Table 7.4·5. Polymer Materials Commonly Utilized on Board Regulated Commercial Vessels 

Item 

VII. Funtilltilfl (t~t~htrt furnisltinp 11U 

not rontrolltd) (.Vottll ond 2) 
Furniturt (cue) 
Furniture (free st;andina) 
lkddina 
Cnpel 
Draper;n 

Vl/l R••f<r S,..cn IR•friprot<d !ipoc<J) 
(Not<l) 
Accommod.lition and •rvice 

spaces insulation 
Cacao holds insulation 

IX. Curo A,.• t•••kllrlps"' 1/quifl<d 
,.,ar,im) 
Tenk insulation 

Pipe iniUiaUon 

X. 1'/p/ltf Sysmns (p/lutk) 
Nonmetallic plpe 
Nonmetal service (fresh and saltwater) 

Vital service 
Flexible h011 
Valva. nuin,p, and nan,.. 
Short upanaion joinu 

Xl Misctll.nft1u.s M•t~illls(Notn <l11nd J) 
Sea chest scree nina 
Sun deck awninas and/or supports 
lifeboat bil,e moorina 
Electrical control Ooonna 
Ship stqinJ 
Pipe avards on deck, in carao holds, 

and enaine rooms 
Main deck pipeline crossover cutwaUs 
Fore and aft main deck cutwalls 
lifebo111 
Coven for liferafts 
Shippina containen (Note 6) 
Modular showers 

• Not1cneraUy used. 

Specification 

No requitemenu 
No rcquiremcnu 
No rcquiremenu 
No rcquilemenu 
No req.aitcmenu 

ASTM 01692 

ASTM 1692 (s_.led) 

ASTM 01692 
No requirement if CUJO hull is inerted 

ASTM 01692 

46 CFR 56.10.5 
46 CFR 56.60.25(1) (ASTM test specs.' 

Pipe ASTM 01785 ,.d 02241; and, ASTM 
02464,02466, and 02467) 

46 CFR 56.60·25(b) 
46 CFR 56.60.25(<) 
46 CFR 56.60-H!d) 
46 CFR 56.60·251<1 

MIL-1-21607 

M.ateriab U1ually Mectinl 
the s~~·ficouions 

Urethane, mineral wool, and 
fibctJiau batts 

Urethane, polyst)·rene. m1neral 
wool, and fiber&lass bans 

Urethane 
hberalass reinforced plaSiic 

comp01ites 
Urethane 

Polyvinyl chloride (PVC) 

Fibcralass reinforced plan 

NOTES: l. On passenacr vessels, only, the total volwne of combustible face, trim, moldinas. and decorations includinc veneer, in ~ny 
compartment shall nol exceed a volume equivalent to 1/10 inch veneer on the combtned area of the walls of the compartment. 
Items of trim such as mold.inp or decorations shall not perform any stnactural funcl:ion. 

2. Total fuelloadinl not to exceed 7 .S lbstft2. 
3. Boundaries of the reefer space musl be steel and the cowerina on the interior of the space must be a hard surface capable of 

bcin& cleaned. Non-combustible materials u well as flberslus reinforced plastic {no nammotbdity limitllions) arc often 
utilized. 

4. fiber&lass reinforced plastic patinp may not be UMd in an escape route from machinery or other 'paces. Additionally for 
those vessels fitted with a deck foam system, ac;:ceu to the foam fueftahtina stations must be of steel or ::iuivalcnt material. 

S. If modular FRP dtowen are utilized the total fuelloadina of the compartment must not exceed 7 .S lbs/ft . 
6. lntermodal shippina containers arc not required to meet mod. spec. rue reference requi.re:menu. 

7 .4.1.2.1 Hull Construction 

Hull Msterisl. In early days, fires were frequent and often disastrous. Some idea 
of the seriousness of shipboard fires can be realized by examining the records of 
steamboats operating in the Nineteenth Century. In the period from 1811 to 1851, 
fires accounted for 17 percent of the total accidents and 21 percent of the esti· 
mated property loss among steamboat accidents. For the decade of 1870 to 1879, 
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fires were second only to collisions as the cause of marine accidents, being responsi
ble for 334 incidents. In this same period, fires caused the greatest number of 
fatalities, 563. Explosions resulted in another 116 accidents, causing 562 deaths 
(Hunter, L., 1949). 

As late as 1930, some U.S. passenger ships were still being built primarily of 
wood, although steel had supplanted wood as a hull material. The usual construc
tion technique was to construct the exterior of the vessel of steel and to frame the 
interior of wood much as one constructs a brick veneer building. 

With the introduction of steel as a hull material, some efforts were made to 
reduce the fire danger of predominantly wooden vessels. The 1929 International 
Convention for the Safety of Life at Sea required passenger ships to be subdivided 
by steel fire resisting partitions, spaced at a maximum of 40 m (131-foot) intervals, 
and capable of resisting a 1500° F fire for 1 hour. Althou{tl this standard repre
sented major improvements, it was deficient in a number of respects: it did not 
specify suitable testing procedures; it did not call for suitable closure of openings; 
and it did not recognize that the total available (polymeric and natural) fuel supply 
needed definition and quantification. In addition, various provisions of Title 46 
"Code of Federal Regulations-Shipping" require that the hull, decks, and deck
houses of merchant vessels be constructed of steel or equivalent material. The 
equivalence clause permits in some instances the utilization of thermally insulated 
aluminum. Together these regulations have effectively eliminated the use of com
bustible materials in the construction of hulls and bulkheads of large commercial 
ships. Exceptions to Title 46 regulations have been allowed for certain types and 
sizes of vessels, traditionally constructed of wood. Such vessels are permitted to be 
constructed of Fiberglass Reinforced Plastic (FRP). FRP has been extensively 
utilized in small passenger vessels which carry more than 6 but less than 150 
passengers. 

In 1972 it was recognized that FRP hulls constructed of general purpose resin 
presented a potentially serious fire hazard. A detailed analysis of casualties as well 
as an analysis of the basic material was conducted. From the outset it was recog
nized that wood always would be largely used in the construction of this type of 
vessel; therefore, the fire hazard properties of wood were utilized as a benchmark 
for the development of requirements for FRP hulls. Three specific parameters were 
investigated : ease of ignition, spread of flame, and heat of combustion of the 
material. 

It was found that hulls constructed of fire retardant resin to comply with 
MIL-1-21607 closely approximated the fire hazard properties of wood. Detailed 
regulations were drafted which require that this type of vessel, after a certain date, 
use MIL-1-21607 resin if FRP is utilized as a primary structural material. 

Although the fire safety of small passenger vessels was significantly improved by 
these regulation changes, the use of more fire retardant polyester resins (those 
having flame spread ratings significantly less than that of wood, i.e., less than 25 
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rather than the 100-200 currently allowed by MIL-1-21607) would be expected to 
further improve the fire safety of these F RP vessels. This subject is discussed in 
greater detail in Chapter 10. 

The military specification only applies to polyester resin. F RP can be made with 
other kinds of resin; hence, as a minimum, these FRP must possess a degree of fire 
safety equivalent to MIL-1-21607. 

7.4.1.2.2 Structural Fire Protection for Large Commercial Vessels 

Structural materials used in the construction of bulkheads and decks of large 
commercial vessels are regulated by provisions of Title 46, Code of Federal Regula
tions as specified in Subchapters -1 (46 CFR 92.05 and 92.07-50) and -H (72.05) 
and CG-190 Equipment Lists. 46 CFR 72.05 identifies various structural fire pro
tection classifications that are required for steel bulkheads and decks in the various 
part of the different classifications of vessels. It identifies in detail the type, thick
ness, and relative positions in the structure of insulation, panels, and coverings 
necessary to meet Class A-60, A-30, and A-15 requirements. (See Table 7.4-5 for 
details of bulkhead and deck specifications). Equipment List CG-190 identifies the 
manufacturers of approved insulation panels and noncombustible materials that can 
be used to construct bulkheads or decks meeting the desired fire protection classifi
cation. Navigation Vessel Inspection Circular NVC 10-63 also contains sketches of 
the arrangements of bulkhead and deck constructions used on commercial vessels. 

The use of plywood for nonstructural interior bulkheads in the superstructure 
on existing ships which were originally certificated as cargo or miscellaneous vessels 
is acceptable provided the requirements of 46 CFR 92.05 or 92.07-90 are met. It is 
realized that there are other materials which would minimize the fire hazard as per 
46 CFR 92.05-1(a) and 92.07. These are recommended. However, there are no 
requirements which prohibit the above mentioned use of plywood on existing cargo 
vessels. Plywood is prohibited, however, for non-structural interior bulkheads in 
similar locations on passenger and tank vessels, and on all cargo and miscellaneous 
vessels of 4,000 gross tons and over contracted for after January 1, 1962. 

These complicated and detailed regulations, which will not be discussed in detail 
here, are the basic fire prtoection guidelines of the U.S. shipbuilding industry. The 
regulations are so defined that little or no flammable polymeric materials are al
lowed in the basic structure of the vessels to which they apply. 

7.4.1.2.3 Noncombustible Materials Required in Construction 
of Living Spaces on Tank Vessels 

The Rules and Regulations for Tank Vessels (CG-123) describe in general 
language the requirements governing the construction of the living spaces on tank 
vessels (i.e .• the staterooms, hospital spaces, passageways, public spaces such as 
messrooms and recreation rooms, and similar spaces). The requirements in 46 CFR 
32.60-25 and 32.40-1(d) (U.S. Coast Guard, 1977, 1978) call for the use of "fire 
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resistive materials" for the constructions and insulation of all living spaces on tank 
vessels. The term "fire resistive materials" as used in these regulations means a 
"Noncombustible Material" as approved under the specification in 46 CFR 164.009 
and listed in the pamphlet "Equipment Lists," CG-190. It is intended that within 
the living spaces, all materials of construction, including panels and insulation, 
together with any materials used in their erection or for their support, shall be 
approved "Noncombustible Materials." The only combustible materials of construc
tion permitted within the living spaces are decorative veneers and trim on the panels 
of staterooms and public spaces. No combustible materials are permitted in the 
passageways or in hidden spaces. There is no restriction on the type of furniture or 
furnishings to be used. 

7.4.1.3 Fire Loading 

One of the most important and an often neglected factor is fire loading. The fire 
load is the expected or maximum amount of combustible material in a given area. 
In commercial and military vessels, this consists of the combustible structural and 
non-structural elements and the combustible contents contained within a single fire 
area (control spaces, escape routes, accommodation spaces, service spaces, and main 
and auxiliary machinery spaces). Fire load is usually expressed as weight of combus
tible material (expressed as equivalence to wood) per square foot of fire area. An 
evaluation of the fire load within a fire area is a good basis on which to calculate 
the strength of required fire barriers (divisional bulkheads, doors, floors, etc.). This 
type of calculation offers a realistic basis for evaluating the amount (thickness) of 
insulation required to protect steel and aluminum structures for a predetermined 
period of time. 

A typical fire loading calculation to determine the amount (thickness) of insula
tion required to protect the structural integrity of aluminum bulkheads is in 
Aluminum Fire Protection Guidelines, SNAME T&R Bulletin 2-21, dated July 
1974, (Maritime Administration, 1977] (See Appendix D). 

This approach for determining fire load was undoubtedly sufficiently accurate 
when most shipboard flammables were wood or cellulose derivatives, all of which 
exhibited a heat of combustion in the range of 6,500 to 8,800 BTU/Ib (3600 to 
4900 cal/gm). Such a procedure could lead to a serious underestimation of the fire 
load in a compartment when synthetic polymers replace wood and cellulose as the 
main combustibles because of the much higher heat of combustion of most hydro
carbon polymers (the range is 16,000 to 20,000 BTU/Ib); 8,900 to 11,000cal/gm. 
This means that the present procedure could lead to an underestimation of the fire 
load by a factor of 2 to 3, depending upon the ratio of polymeric material to wood 
included in the total of compartment combustibles. Some correction or modifi
cation of this calculation is necessary if serious underestimation of fire hazards is to 
be avoided. Perhaps the fire hazard is better calculated on BTU/ft3 of the room. 
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7 .4.1.4 Accommodations and Service Spaces 

As indicated in Tables 7.4·1 to 7.4-4, the polymers used most extensively in 
these spaces are fiber reinforced polyester, melamine acrylic, PVC, urethane foam, 
and plywood. The flammability for these ·materials can vary from very low for 
melamine acrylic to very high for polyurethane foam. This wide variation in flam
mability is a result of the wide variation in use of flammability tests to control 
materials used. The following sections discuss these materials problems in more 
detail. 

7 .4.1.5 Habitability 

Habitability is an all-encompassing term to describe housekeeping amenities 
which make for a more comfortable living atmosphere aboard ship. Among these 
items are carpeting, carpet padding, privacy curtains, mattresses, upholstered furni
ture, vinyl tile deck coverings, wallboard, insulating materials, and bulkhead and 
overhead sheathing. Many of these materials, under current specifications, ignite 
easily and produce large volumes of toxic smoke. (See 5.3.2 for reference to U.S. 
Navy Habitability Guidance List). 

7.4.1.61nterior Finish 

Paint has been a traditionally acceptable interior decorative coating. However, in 
modern vessels, ship owners and seamen want a greater variety of colors, designs, 
and patterns. The traditional mahogany and teak wood interiors have, through 
concern for fire safety, been replaced by wood veneers, high-pressure melamine 
laminates, and vinyl wall coverings. The maximum thickness of any combustible 
interior finish is limited to .075-inch. This effectively serves to limit the total 
amount of combustibles in any single space. By international treaty certain interior 
finishes are required to be of the "low flame spread" type. From test data this 
means the low flame spread type of finish must have a flame spread rate not greater 
than 20 and smoke generation not greater than 10 when tested in accordance with 
ASTM E-84. The areas common to all vessels that must comply with structural fire 
protection requirements are the corridors, stairways, stairtowers, and hidden spaces. 

7 .4.1. 7 Furniture 

Furniture is essentially divided into two primary categories: "fire resistant" and 
"non-fire resistant." The term "fire resistant" is a misnomer, in that only the 
frames are required to be metal; the padding and upholstery only have to be 
"self-extinguishing" when tested in accordance with ASTM-D-1692, whose limita
tions are discussed in Section 5.2 of Chapter 5. It should be pointed out that fire 
resistant furnishings are required in all habitability areas aboard all vessels. 

7.4.1.8 Deck Covering 

In order to attain the horizontal thermal integrity requirements for divisional 
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structures, as required by regulations, numerous types of flexible deck covering 
materials have been developed. Due to the need for greater flexibility of the materi
al and considering the lesser impact·that floor coverings have in a fire situation, a 
maximum organic content of 12 percent is allowed for this type of material. Mag
nesite is often used as a material base. The composite material must then meet a 
thermal endurance fire test similar to that described in ASTM E-119. 

7.4.1.9 Carpets 

Carpets are most often found on passenger vessels. International convention 
requires the carpets to be wool or the equivalent in fire resistance. What "equiva
lent" means is a direct fire consideration. The Coast Guard utilizes a value of 100 
for smoke and 75 for flame spread when tested in accordance with ASTM E-84. 

7.4.1.10 Engineering Spaces 

Polymers are used in engineering spaces largely as soundproofing, piping, and 
electrical cables. Minor applications for polymers in these spaces are gaskets, pipe 
covering, packings, seals, flexible connections, etc. 

7 .4.1.11 Electrical Cables 

The largest single use for polymers in the engineering spaces is as electrical 
insulation on a host of different electrical cables and wiring necessary for the 
functions of a modern ship. These cables are covered with wire braid for physical 
protection and are heavily insulated with plasticized polyvinyl chloride (PVC). 
which, when heated, produces a dense toxic smoke, and which can carry fire from 
one compartment to another. 

Currently all shipboard cable aboard Coast Guard-regulated vessels must meet 
the requirements of IEEE Standard 45 with reference to the fire test provisions of 
IEEE Standard 383. (Refer to Title 46-Shipping Subchapter J (46 CFR 111.60) for 
additional information). This test utilizes a ribbon gas burner at the bottom of a 
vertical tray. The gas burner gives off 70,000 BTU/hr at approximately 1400°F. 
Numerous revisions have been proposed which would raise the test thermal flux to 
110,000 BTU/hr. 

The current regulations appear to be adequate for control of the flammability of 
large cable insulation and cable fires on commercial shipping. The adequacy of the 
flammability regulations covering small communications wire is somewhat less cer
tain, and may require revision to reduce the fire hazard. This is especially significant 
because of the tendency to include these wires in the main cableways in the interest 
of economy. The fire behavior of such composite cables is uncertain and may be 
significantly different than that of the individual units as tested. 

Fire safety research, as described in Section 7.4.1 .17, defining new fire resistant 
construction at cable penetrations of compartment boundaries, is aimed at in
creasing the fire safety of cable insulation by preventing fire progression along 
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cables outside the compartment boundaries. This research should be vigorously 
pursued. The absence of any smoke or toxicity requirements for cable insulation 
could represent a significant materials problem for the future because of the serious 
deficiencies of polyvinyl chloride in smoke evolution and the toxicity of its com· 
bustion byproducts. The present absence of low-cost fire retardant halogen-free 
elastomers will make it very difficult to find a suitable replacement for polyvinyl 
chloride should future smoke and toxicity regulations eliminate the use of PVC as 
an elastomeric wire and cable coating. A potential solution to this dilemma under 
investigation by the Navy is discussed in Section 7.4.2.5. 

7.4.1.12 Soundproofing 

The material commonly used to soundproof the engineering spaces (engine 
room, machinery, pumproom, etc.) is fiberglass which is attached as batts to the 
inner surfaces (bulkheads and ceilings) of these areas. There is no specific test 
requirement for this particular application. However, 46 CFR 164.009 for noncom
bustible material is unofficially used in the absence of a specification. 

7.4.1.13 Piping 

The nonmetallic material used for p1pmg is polyvinyl chloride (PVC) and is 
described in Title 46 Subchapter F-Marine Engineering [46 CFR 56.10.5(d) and 
56.60-25(a-f)]. 

At the present time, PVC pipe may be used for water, nonflammable chemicals, 
and air service, provided the pressure is limited to 150 pounds per square inch gage 
and the temperature does not exceed 140°F. Other types of plastic pipe may be 
used in this service, provided they demonstrate suitability for the intended service 
conditions and are used within the manufacturer's recommendations for pressure 
and temperature. Materials such as glass·reinforced resins, or other plastics, may be 
authorized by the U.S. Coast Guard Commandant if full physical and chemical 
description is furnished. Flammability of the product shall not exceed the burning 
rate of the self-extinguishing type, as determined by the standard test method 
ASTM 0635. 

Plastic pipe may be used for nonvital fresh and salt water service subject to the 
limitation imposed by 46 CFR 56.60-25(a). One of the limitations specified is that 
PVC pipe and fittings shall comply with the following ASTM specifications: 

(a) Pipe (PVC) 
ASTM 01785 (Schedule 40, 80, 120) 
ASTM 02241 (Standard Dimension Ratio). 
Type I Grade 1 or 2. 
Type II Grade 1. 
Type Ill Grade 1. 
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(b) Fittings (PVC) 
ASTM 02465 (Schedule 80 threaded). 
ASTM 02466 (Schedule 40 socket). 
ASTM 02467 (Schedule 80 socket). 
Type I Grade 1 or 2. 
Type II Grade 1. 

Additional areas of use are as follows: vital fresh and salt water service 
(56.60-25(b)); nonmetallic flexible hose (56.60-25(c)); plastic valves, fittings and 
flanges (56.60-25(d)); and short nonmetallic expansion joints (56.60-25(e)) as 
tested by ASTM 01692. 

7.4.1.14 Cargo Spaces 

Although a wide variety of polymeric materials are used in various applications 
in shipboard cargo spaces, they are used most extensively as deck coverings or 
coatings and as insulation for pipes, tanks, and refrigerated areas. (See Table 7.4-5). 
The relatively rapid replacement of nonflammable insulation such as fiberglass batts 
and mineral wool by polyurethane foam has been facilitated by the superior proper
ties, economics, and insulation values of these highly successful polymeric foams, 
together with the noncritical flammability requirements set for these materials 
(ASTM 0-1692) (see Table 7.4-5). 

As currently used, as insulation in cargo spaces, polyurethane foam is sprayed 
onto cargo space surfaces and allowed to foam in place. As discussed in more detail 
in Section 7.4.1.15 in Table 7.4.5, and in Section 4.6 of this volume, such foam can 
pose very serious fire, smoke, and toxicity hazards when the surface is unprotected 
by some non-flammable material such as steel or aluminum. The absence of regula
tions requiring such protection in present Coast Guard specifications is one of the 
most serious breaches of fire safety uncovered by this present study. This problem 
is especially serious in tank and LNG ships and is discussed in more detail in 
subsequent sections on these vessels and in Section 7 .4.1.2.6. 

7.4.1.15 Thermal Insulation 

The polymeric materials most commonly used for thermal insulation aboard 
ships (cargo, tank, passenger, special purpose, etc.) are the rigid and flexible poly
urethane foams. These materials have excellent insulation and sound absorption 
qualities but low thermal stability which increases their flammability potential. The 
most common use of rigid foam is as insulation for tanks and cargo holds, piping, 
reefer spaces (enclosed between metal sheets). and also as a sound barrier. This 
material is used quite extensively for insulation aboard LNG tankships and in 
limited quantities aboard other ships. Polyurethane foams are considered to be 
relatively safe when used covered and a high risk when used uncovered. (When used 
as a sound barrier they are left uncovered). The flexible foams are used in a variety 
of applications, the most common being in refrigerated holds or galley reefer 
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spaces. Refer to Section 4.6 and to Table 7.4-5 for additional information pertaining 
to uses and flammability and toxic smoke production of polyurethane foams. 

As indicated in Table 7.4-5, low density polymeric foams are and may be used in 
large quantities in a variety of shipboard applications, e.g., as padding in fire re· 
sistant furnishing, mattresses, insulation and sound deadening. All of these applica
tions are allowed by current regulations even in fire resistant furnishings with the 
only flammability requirement, if any, being conformance with ASTM D-1692. 
Although Note 2 of Section VII of Table 7.4-5 limits the total fuel loading of any 
furnished area to 7.5 lbs of flammable material to the square foot of floor space, 
this regulation assumes a heat of combustion equivalent to wood or cellulose and 
makes no distinction among flammable materials in this respect. As indicated in 
Table 1 of Chapter 9, however, the heat of combustion of such polymers as poly
styrene, urethane, or ABS is 2 to 2.5 times that of wood resulting in a fuel loading 
2-2.5 times that of the equivalent amount of cellulose upon which these regula
tions were based. It would appear that prudence would require that this regulation 
should be carefully reassessed in the light of the increasing substitution of polymer 
for wood. 

Another regulation of doubtful validity as regards fire safety is Note 3 under 
Section VIII, Table 7.4-5. This regulation requires that spray-applied urethane foam 
must be bounded by steel at the periphery of each compartment, but requires only 
that the surface of the foam facing the main cargo storage area have a "hard 
surface" capable of being cleaned. This regulation thus allows unprotected spray
applied foam to be the main wall surface of such reefer spaces, so long as the 
natural foam skin is capable of being cleaned. It is just such an unprotected foam 
surface that has been found hazardous under the Federal Trade Commission con
sent decree regarding urethane insulating foams. It would appear that such a fire 
regulation should be carefully reassessed in view of the demonstrated fire hazard of 
such construction. 

The inadequacy of the ASTM D-1692 test as a measure of flammability in any 
real sense has been demonstrated (see Volume 2 of this report) by several research 
groups and its use for this purpose is being discontinued. Foams designated as 
self-extinguishing by this test, when used in large-scale commercial applications, 
have led to several disastrous fires, the most graphic illustration being the fire that 
occurred in an empty petroleum storage tank while the foam was being spray
applied. This resulted in the loss of several lives when the fire spread across the 
unprotected foam surface with remarkable speed. Although some less flammable 
foams are commercially available, as measured by ASTM E-84, it has been demon
strated that the fire safety of these materials can be brought into acceptable limits 
only by requiring that the foam be surfaced with a nonflammable skin such as steel, 
aluminum, or their equivalent. Indeed, it would appear to be necessary for fire 
safety to require that all such foam insulation be covered in this manner. 

Additionally the use of flexible urethane foam as cushioning and padding in both 
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"uncontrolled" and "fire resistant" furnishings should be carefully reassessed, 
despite the nominal requirement that the total fuel loading not exceed 7.5 lbs/ft2 

of compartment floor. The high heat of combustion (more than twice that of 
wood) and rapid thermal decomposition of these materials under real fire 
conditions already have been discussed, and it leads to a fire hazard quite 
considerably hi~er than was contemplated with a fuel loading of 7.5 lbs/ft2 of 
wood or its equivalent. This regulation should be carefully reassessed to ensure that 
the potential fire hazard, in view of the demonstrated high fuel value of the 
polymers being used in these applications, is not allowed to continue. 

7.4.1.16 LNG Tankship Application 

Currently LNG tankers are being insulated with such materials as cellular glass 
(multi-layers), cement plaster combinations filled with asbestos fibers and rein
forced with expanded metal mesh, polyurethane foam (sprayed or precast). styro· 
foam (extruded polystyrene). PVC foam, and mineral wool. These materials are 
used to avoid embrittlement of the ship's non-cryogenic structural steel by pre
venting contact with liquefied gas at its boiling temperatures as low as -162°C. 
Together with the need that the inner tank liner stay liquid-tight despite unusual 
mechanical loads such as cryogenic thermal shock, static loads from the cargo 
pressing against the inner liner, and dynamic loads during transport, this require
ment has made polymeric foams the preferred insulation material because of their 
high insulation value and their resistance to shock and dynamic stress. The high 
flammability of the large amounts of foam used has created a serious potential fire 
hazard, but, there are no suitable alternatives available at this time. Programs are 
underway to determine methods of minimizing the hazard. It would be necessary 
that the fire safety of such construction be carefully reassessed. 

7 .4.1.17 Research on Fire Performances 

A substantial program of fire safety research is supported by the Coast Guard, 
in-house, at the National Bureau of Standards, and at academic institutions. Al
though a large portion of this program includes research in fire prevention and 
suppression not germane to this study, determining the fire safety of polymeric 
materials is a significant part of the program. Examples of this type of fire research 
are the study of the flammability of glass reinforced polyester (GRP) piping and the 
fire resistance of cableway compartment penetrations (Sheehan, 1972). 

7.4.1.18 Flammability of GRP (Glass Fiber Reinforced Polyester) Hulls 

In the spring of 1971, the Safety Equipment Branch of the Office of Merchant 
Marine Safety of the U.S. Coast Guard initiated a small research program to investi
gate specific aspects of the fire problem involving GRP in boat hulls. Three para
meters were examined: ease of ignition, flame spread, and total heat of combustion. 
These are considered to represent an adequate measure of fire hazard of 
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combustible materials. Smoke development and its related hazards were not 
specifically examined. The general comment can be made, however, that greater 
quantities of smoke are produced when GRP hull systems are subjected to fire than 
are similar hulls constructed of wooden materials. 

Results obtained during the program are summarized in Tables 7.4-6 and 7.4-7. 
The ease-of-ignition test used in this study was developed by the National Bureau of 
Standards and consisted of the exposure of two test specimens to a gas pilot flame 
for a period necessary to produce sustained burning. The shortest exposure time 
resulting in sustained ignition is designated as the ignition time. The data demon
strates the hazard of GRP (prepared from general purpose resins), compared to 
wood. 

Tsble 7.4-6. Ea1t1 of Ignition Test Results 
(NBS Test Method) 

Sample 

GRP laminate with fue·retardant resin 
GRP laminate With flre·retardant resin 
GRP laminate With rue-retardant resin 
Red oak 
Plywood ' 'Marine Exterior' ' unpainted 
Plywood "Marine Exterior'" painted 
GRP laminate with aeneraJ-purpose resin 
GRP laminalc with aeneraJ-purpose resin 
GRP laminate with aeneral-purpose resin 
Pine "hilh density" 
Plywood fir 
Redwood 
Pine ''low density" 

Time to lanition (sec) 

120 
100 
87 
70 
96 
92 
52 
51 
50 
46 
43 
37 
34 

Table 7.4-7. Results of ASTM E-84 "Method of 
Test of Surface Burning Characteristics of Building 
Materials" 

Sample 

GRP with fire-retardant laminate 
GRP with rue-retardant laminate 
GRP with lire-retardant laminate 
GRP with firc-retvdant laminate 
GRP with fire ·rtt3rdant laminate 
GRP with lirt•rtt3rdant laminate 
Good cradc of plywood 
Dried red oak 
Auoned hudwoods 
GRP with ,eneral-purpose resin 

Aver:aac flame Spread• 

77.2b 
77 . tb 
90.Jb 

l01.ob 
99.ob 
80.2b 

125.0 
100.0 

60.105.0 
400.0 

•rn this test , dried red oak serves as the ba• level or 100, zero represents 
no flame spread. and an)' value areater than zero indicates a hiaher flame· 
spread ra1ina. 
bne values arc much hi&her than need be. The tests should be repeated 
with Oass I materials. 

The initial conclusions that can be drawn on the basis of tests conducted to date 
are that GRP hulls with general purpose resin present more of a potential fire 
hazard than wood, and GRP hulls with Class II fire-retardant resin represents ap
proximately the same fire hazard as wood. 
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Although these data were used as a basis for the promulgation of regulations 
requiring a minimum flame spread rating of 100 for GRP used in boat hull appli
cations, the greater fire resistance of the more highly fire retardant Class I polyester 
resins, currently available commercially, should have been included in this study for 
completeness. Such resins exhibit flame spread ratings of less than 25 as measured 
by ASTM E 84 and could be expected to provide a significant improvement in fire 
safety in these applications. 

7.4.1.19 GRP Piping 

Studies have also been conducted in this program to evaluate the flammability 
characteristics of general purpose GRP as replacement piping in engineering spaces 
for such materials as steel, copper, and aluminum because of the lighter weight and 
superior corrosion resistance of the GRP. 

To ensure that the safety factor was not sacrificed, sections of GRP piping, 
copper-nickel piping, and aluminum piping were exposed to liquid fuel fires in a 
special fire-test chamber. The pipes were first tested dry, then with stagnant water, 
and finally with flowing water. Under dry conditions, both GRP and aluminum 
piping failed in 2 minutes. With the addition of lightweight protective insulation, 
the dry pipes remained functional for 8 minutes. The life of the piping was in
creased only slightly when the pipe was filled with water, but the pipe resisted 
standard test fire conditions resisted for an hour when the pipe was filled with 
flowing water. 

7.4.1.20 Penetrations 

Because of previous experience indicating the ease of fire progression along 
cableways between compartment penetrations, some general experiments aimed at 
decreasing fire penetration have been attempted. One approach involved use of a 
fire-retardant clay-like compound to caulk the holes in compartment bulkheads 
through which cables passed. This caulking prevented the spread of fire. 

In a subsequent experiment, several fire-retardant mastic coatings were prepared 
for test in the fire chamber. Cables were also painted with the various mastics, then 
run up the bulkhead and across the overhead of the chamber to simulate shipboard 
conditions. The setup was then subjected to heat from a hexane gas fire, a relatively 
clean burning fuel, for approixmately 10 minutes at temperatures up to 815°C. 
Following a cooling period, the cables were examined and a determination was 
made as to which material had best withstood the simulated fire conditions. These 
materials were then applied to protect long cable runs. 

In addition to the mastic type coatings, the possibility of wrapping the cables 
with an aluminum/silicon oxide insulation was studied. The wrapping was then 
covered by steel mesh. These composite cable coverings were found to be 
unchanged when exposed to the test conditions described above. They are con
sidered to be the most effectively fire protected cables yet devised. Studies to 

158 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


SURFACE SHIPS: COMMERCIAL AND MILITARY 

determine proper installation procedures for these advanced cable coatings are 
underway. 

This data demonstrates the efficiency of fire-resistant compartment penetration 
barriers in arresting the spread of fire along cableways. It further demonstrates the 
importance of research in improving shipboard fire safety. 

7.4.2 Naval Vessels 

The increased use of combustible plastics and other organic materials on naval 
vessels contributes significantly to the fuel load, and thus to the fire hazard on 
naval vessels. Materials which carry a label of "self extinguishing" or "flame re
tardant" often contribute significant quantities of toxic gases and dense, vision
obscuring smoke when exposed to an actual fire environment. A relatively small fire 
could compromise a mission or result in the loss of the vessel if significant amounts 
of toxic combustion products (which can cause considerable loss of mental acuity 
long before they become lethal) are formed. Compounding the problem is the 
sensitivity of contemporary weapons and weapon systems to damage by heat and 
corrosive smoke. 

The complexity and sophistication of advanced weapon systems like a ship 
require that almost all components be functioning. A fire that causes abandonment 
of vital spaces or one that destroys vital electronics and cables severely compro
mises ship capability. The use of aluminum or composite materials in newer ship 
superstructures and in the new high performance ships has also increased the 
hazards due to fire. 

The greatly increased costs of ship construction, conversion, maintenance, and 
repair and the trend towards fewer vessels enhances the value of each ship to the 
Navy's mission. It also underscores the need for materials with improved fire resis· 
tance. 

Navy vessels carry large and confined quantities of high-density, high-energy 
"fuels" and ordnance which are constantly under the threat of unusual ignition 
sources. High-performance ships, which are becoming more important to the Navy 
mission, also have special requirements for fire protection because of their construc
tion, reduced manning, and constrained crew mobility. 

7.4.2.1 Hull Construction 

Standard state-of-the-art hulls are of steel, constructed in accordance with design 
load criteria identified in the detailed shipbuilding specifications. Special light· 
weight hulls for high-performance ships (Surface Effect Ships, Patrol Boats, Hydro
foil Missile-Carriers) may require experimental materials such as new aluminum 
alloys to meet structural requirements. Little if any polymers or oganic composites 
are now used in naval hull construction; there are no flammability requirements for 
hull materials. Requirements in force apply primarily to transverse bulkheads (see 
Section 7.2.2.1) and are not considered pertinent to primary hull structures. 
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The use of non-metallic materials in other hull construction applications has 
been limited to such examples as wood for non-magnetic minesweepers, glass rein
forced plastics for lightweight ladders, gratings, stanchions, hatches, and fairings, 
and advanced composites for struts and foils on high-performance ships. 

7.4.2.2 Accommodation and Service Spaces 

General requirements for use of polymeric materials in the accommodation and 
service spaces, for ships of the U.S. Navy, are contained in these sections of the 
General Specifications: 634 (deck coverings), 637 (bulkhead and overhead sheath
ing). and 640 (living, messing, and recreation spaces). Specific materials used in 
these spaces are identified in Appendix B. 

In general, MIL-STD-1623 is used to set flammability requirements for materials, 
including polymers, used in these spaces. While this standard generally sets very 
stringent flammability requirements based upon standard tests such as ASTM E-84 
and ASTM E-162, the test for flammability of furniture and deck coverings is based 
upon FED-STD-501 method 6411 using a unique Navy-approved test procedure. 
Thermal insulation must meet specificiations determined on a Coast Guard
developed test furnace operated at 750°C. 

FED-STD-191, which is the main flammability test controlling furnishings and 
upholstery, uses a relatively mild vertical bunsen burner test with a 12-second 
ignition time. 

Although both test methods appear adequate for the purpose of determining 
flammability, the rapid fire progression through the accommodations spaces ob
served during the Forrestal fire (discussed in Section 7.7.2.1.1) would indicate that 
there was room for improvement in the control of furnishings and wall coverings. 
The more stringent flammability standards promulgated as a result that fire have 
yet to be severely tested by circumstances. 

A serious deficiency of the MIL-STD-1623 is the absence of a smoke require
ment in FED-STD-501 and FED-STD-191. This omission has already demonstrated 
its importance in the Forrestal fire, where firefighting efforts were seriously im
peded by the large quantities of heavy black smoke from the burning furnishings. 

Another serious potential fire hazard allowed by MIL-STD-1623 is in the high 
ASTM E-84 flame spread value of 250 permitted for light diffusing panels/windows. 
State-of-the-art materials are currently available for these applications with ASTM 
E-84 flame spread ratings of less than 25. Such an improvement in flammability 
specifications would be especially desirable in this case because a relatively high 
volume of such materials are used in room ceilings and walls, where they are easily 
melted, drip into the fire below, and contribute additional fuel. The use of less 
flammable materials should be evaluated relative to the cost/performance improve
ment expected. 

7.4.2.3 Engineering and Cargo Spaces 

This section contains Navy shipboard applications and material requirements for 
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thermal, acoustical, and electrical cable insulation used in engineering and cargo 
spaces. 

The requirements for insulation of compartment boundaries, trunks, adducts, 
machinery, piping, and related equipment are specified in Sections 508, 509, 635, 
and 638 of the General Specification and MIL-STD-769. (See these references for 
more detailed information). 

Most materials used for the variety of insulation applications, including thermal, 
acoustic, anti-sweat, and vapor barrier, are largely inorganic in nature (i.e., fibrous 
glass, calcium silicate, ceramic fiber) and, as installed, are considered to have a low 
fire risk. However, closed-cell foam (polyvinyl chloride/acrylo nitrile blend). used 
primarily on chill water piping and selected vertical bulkheads, is required to have a 
flame spread rating of 25 or less as measured by ASTM E-84. Like some of the 
serious fire hazards noted in urethane foams that passed similar flammability re
quirements, the use of significant amounts of this foam without surface protection 
could cause a serious fire hazard. In addition, the pyrolytic gases from such a foam 
could be unusually corrosive and toxic. The specification allowing the use of such 
material in these spaces should be carefully reevaluated. 

It should be noted that the use of polyurethane foam for below-deck application 
is limited to the construction of reefer spaces. In this case, the foamed core is 
sheathed with stainless steel skins on both sides to provide structural rigidity and 
thermal protection. This is a well justified precaution in the light of the known 
flammability of these materials. 

7.4.2.4 Thermal Insulation 

Thermal insulation is used extensively throughout Navy vessels as insulation on 
piping, machinery, and compartment bulkheads. In addition, it is used to reduce 
noise. The thickness of the insulation required for the individual applications varies 
widely and is controlled by a complicated set of detailed specifications. 

According to MIL-STD-1623, such insulation must pass the USCG 164.009 hot 
tube test, requiring that the sample does not flame, glow, or increase the tempera
ture of the surrounding atmosphere by more than 20°C, and it must retain at least 
50 percent of its original weight. Alternatively, the insulation is acceptable if it 
passes ASTM E-84 test with a flame spread and smoke rating of zero. In the absence 
of fire test or hazard data to the contrary, it would appear that these flammability 
standards are sufficient to preclude the use of the more hazardous polymeric foams 
in these applications. 

7.4.2.5 Electrical Cable Insulation 

In general, the applications and requirements for Navy electrical cables are speci
fied in Section 304 of the General Specifications. 

For most cable applications, plasticized polyvinyl chloride, neoprene, and sili
cone jacketing materials provide the required insulating features. More detailed 
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information regarding material construction is identified in MIL-C-915. Cable in
sulation must conform to the flammability requirements of IEEE 383. 

The problem of shipboard fires propagating along cable runs has been addressed 
by providing fire stops at bulkhead and deck penetrations. Nevertheless, the basic 
smoke and toxicity questions remain unsolved. 

In view of the continuing threat to personnel and vital equipment posed by long 
and sometimes inaccessible runs, additional efforts are needed to delay and/or limit 
the involvement of cable jacketing materials in fire situations. Polyphosphazene 
elastomers present less of a hazard and may provide a solution to the problem. 
Volume 1 should be consulted for additional details beyond what can be found in 
Section 4.3.26 and 7.4.2.6 of this volume. 

7 .4.2.6 Research on Fire Performance Hazard 

An overview of Navy-sponsored programs to reduce shipboard fire risks through 
materials research is presented in the following discussion. 

At the Naval Research Laboratory (NRL), the physical-chemical processes of 
combustion and flammability index-temperature relationships of various liquid 
hydrocarbons are being investigated to obtain a better understanding of the flam
mability hazards encountered in the storage, transportation, and handling of hydro
carbon fuels. From these studies have come better insights into the relationships of 
ignition hazards and sources of ignition and into the methods for the prevention 
and mitigation of explosions. Also, NRL is investigating toxic agents and aerosols 
produced by fires in confined spaces to determine the effects of variables such as 
types of combustibles and reduced oxygen concentration on formation of gases and 
aerosols, the ability of resulting aerosols to absorb and transport irritant and toxic 
products, and the role of thermally degradable but non-flammable materials in 
toxic product formation. 

David Taylor Naval Ship Research and Development Center/Annapolis (NSRDC) 
is studying the degradation characteristics and outgassing products of non-metallic 
materials in order to assess potential fire hazards and atmospheric contamination. 
Through these studies, the selection of materials with the lowest level of toxic 
hazard would be possible. The present work is fundamental in nature and includes 
both presently used and new candidate materials such as interior paints, adhesives, 
foams, and electrical insulation. 

The National Bureau of Standards, under Navy contract, is attempting to deter
mine the relationship between laboratory controlled fire tests and actual shipyard 
fires. NBS is examining radiant panel, ease of ignition, NBS smoke chamber, rate of 
heat release, and potential heat tests on selected materials, then burning combina
tions of these materials in quarter-scale simulated shipboard compartment config
urations. Initial results, as verified by large-scale fire tests, have demonstrated the 
usefulness of the modeling concept to provide fuel loading limits and to identify 
potential fire risks. 
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The Naval Toxicological Unit has initiated studies to determine the toxic effects 
of compounds on the behavioral patterns (central nervous system disturbances) in 
primates and lower experimental animals. 

Horizons, Inc., Cleveland, Ohio, has developed, under Navy contract, a phospha
zene polymer system in which phosphorus and nitrogen form the backbone of the 
polymer. As a result of this work, it is anticipated that a series of polymers -
ranging from liquids and elastomers through rigid plastics -can be obtained. The 
polyphosphazenes are inherently non-burning and produce less smoke on pyrolysis 
than more conventional organic materials. These polymers are also intriguing in that 
they are not corrosive and their eventual costs should be competitive. Current areas 
of interest include comfort cushioning, electrical cable insulation, and fire retardant 
coatings. These materials are of special interest, since they are potential solutions to 
the need for fire retardant electrical cable insulation and fire retardant cushioning 
for habitability items. 

The utilization of habitability materials which are endorsed by the Chief of 
Naval Operations has resulted in an increased awareness of potential fire risks 
aboard ship. The Navy's present thrust is to use materials which will fulfill the 
desired functional service requirements and to avoid the use of those materials 
which have objectionable fire characteristics as determined by the fire test methods 
contained in MIL-STD-1623. Finally, the importance of developing and coordina
ting a comprehensive materials program plan for attacking the fire problem has 
been recognized, particularly in those areas where the Navy's requirements are 
unique. 

The overall objective of the program is to reduce the vulnerability of naval 
vessels to the hazards of fire from accidents or hostile action. Ultimately, the goal is 
to achieve a fire tolerant shipboard environment through materials development, 
selection, and fabrication techniques. 

The principal requirements of the Navy program are to: 

• Provide "combustion-proof" materials for critical applications requiring ther
mal barrier protection. 

• Provide "limited flammability" materials that will exhibit improved fire 
performance characteristics, including reduced flame spread and less produc
tion of toxic products of combustion and smoke upon exposure to fire. 

• Provide improved extinguishing materials to suppress fires and minimize fire 
buildup. 

• Provide personnel protection materials suitable for firefighting, life support, 
and rescue operations. 

• Develop test methods in support of fire hazard analysis, to enable a realistic 
prediction of materials behavior in a real fire situation. 

• Provide a means of evaluating pyrolysis and outgassing effects of shipboard 
materials. 
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7.5 Testing 

Testing of polymeric materials is a complex system of test methods, standards, 
specifications, codes, and related regulations which govern the role and use of 
polymeric materials. (Please refer to Chapter 5, Sections 5.5 and 5.6, of this volume 
for a detailed discussion of these tests including recommendations for new test 
requirements. Further discussion will be found in Volume 2 of this study). 

7.6 Smoke and Toxicity 

Smoke and toxicity are discussed in Chapter 6 of this volume and in Volume 3 
of this study. There are currently no general smoke or toxicity requirements for 
polymer use on ships. Smoke ratings, as measured by ASTM E-84, are occasionally 
set as part of MIL-STD-16238. 

7.7 Fire Scenarios as an Aid to Materials Selection and Test Development 

7.7.1 Fire Scenarios as a Design Tool in Commercial Vessels 

As discussed in some detail in Chapter 3 (and in greater detail in Volume 4 of 
this series), fire scenarios are beneficial not only as an aid in analyzing specific 
accidents, but also as a guide to naval architects and marine engineers in material 
selection and design modifications. In addition, they are helpful in developing real
istic fire test methods and standards. Since the current tests and standards for ships 
were not developed under realistic fire conditions, fire scenarios can guide the 
formulation of improved regulations and better design. 

7. 7.1.1 Fire Test on Shipboard Container Construction 

This fire-test scenario was developed and analyzed to obtain credible data for a 
container fire, such as the one that occurred when the SS C.V. Sea Witch and the 
SS Esso Brussels collided on June 2, 1973 (See 3.4.2). (The lack of credible data for 
this type of occurrence was a drawback that prompted the U.S. Coast Guard to 
sponsor and work hand-in-hand with an ad hoc advisory group comprised of fire 
protection and marine experts from government and industry). 

(Refer to Appendix E at the end of this chapter for details of the experiments, 
results, conclusions and recommendations. Since this report is the work of others, 
the conclusions and recommendations have not been included in the body of this 
text) . 

The findings from this fire test were used to derive the important aspects of 
container shipping indicated below. From the tests described, it was concluded that 
an incident resulting in the ignition of cargo within a properly sealed non-damaged 
container, under most circumstances, would not endanger adjacent containers. How
ever, a container stack exposed to an exterior fire source for more than approxi
mately 5 minutes will most likely ignite and fail structurally, causing the fire to 
spread to adjacent container stacks. Since external fire exposures produced nearly 
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identical results in all types of containers, it is felt that changes in container con
struction are not necessary. Containers do not act either to intensify a deck cargo 
fire or to impede the spread of flame. A fire in an on-deck container stow will 
spread unless controlled by the installed fire protection system. It is essential that 
fixed firefighting systems be capable of rapid activation. In Section 7.4.1.2.2, it was 
pointed out that the cushioning material in the "fire-resistant" category need only 
pass ASTM D-1692. In 1977, the ASTM Committee under whose jurisdiction this 
test falls, voted to remove this test procedure because of its inadequacies, and to 
substitute a test procedure that would take into account the more rapid flame 
spread potential of vertical materials. 

Similarly, the use of ASTM D-1692 to specify polyurethane foam as insulation 
must be considered inadequate. 

ASTM D-635 is a procedure similar to ASTM D-1692. Its use in the Coast Guard 
specifications must also be deemed inadequate to determine the fire hazard poten
tial in materials. 

Other inconsistencies in test procedures are discussed in Chapter 5, Test 
Methods, Specifications and Standards, Section 5.2 .1, as well as in Volume 2. 

The absence of regulations limiting the use of urethane foam, unprotected on 
the surface by non-flammable skins, is an oversight in Coast Guard regulations that 
should be corrected at the earliest possible date. Although this omission is 
especially serious in the absence of adequate flammability standards on the foam 
itself, the promulgation of more stringent flammability standards should not be 
considered to obviate the need for non-flammable surface protection. This is true 
since even foams with flame spread ratings of less than 25 as measured by ASTM 
E-84 can burn dangerously fast in the presence of a hot ignition source, especially 
when the foam is in the vertical position, e.g., when in place on the bulkhead in a 
cargo or engineering space. 

7.7.2 Navy Ships 

7.7.2.1 Fire Analysis 

7.7.2.1.1 USS Forrestal Fire Scenario 

During the last 10 years, the Navy has experienced an increased loss in mission 
capability resulting from accidental fires and arson. Fires on carrier flight decks, in 
ship machinery spaces, and in combat information centers have provided irrefutable 
evidence of the serious impact of fire on a ship's ability to remain ready for action. 

A notable example occurred aboard the USS Forrestal, CVA 59, on July 10, 
1972. In an apparent attempt to delay ship deployment, three individual fires were 
deliberately set and resulted in damages exceeding $10 million and requiring several 
months of inactive ship combat status. 

The first two fires were discovered at 0145 and 0155, hours, respectively, and 
involved Class A combustibles. They were both minor in nature and easily 
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extinguished within minutes. 
The third fire was detected 10 to 15 minutes later near the War Communication 

Annex. Vision-obscuring smoke and extreme heat hampered damage control teams 
in their attempt to isolate the fire. The difficulty in determining exact fire location 
because of thick smoke complicated securing the appropriate ventilation ducts and, 
1% hours after initial detection, the fire was considered out of control. 

No real progress was made in reaching the fire area until about 9 hours later 
when a hole was cut in the flight deck for hose line access. One hour later, the fire 
was under control. 

Although the source of primary ignition was probably of low order (a cigarette 
lighter), there was sufficient flammable material present in the Flag Officer's spaces 
to generate copious quantities of smoke and intense heat, as evidenced by a melted 
bulkhead and a buckled flight deck. These materials consisted of curtains, car· 
peting, upholstered and overstuffed furniture, wood paneling on wood furring, 
paper products, and electrical wire insulation. The actual polymeric materials in· 
volved in this stage of the fire are unknown. 

Fortunately, there were no deaths and only minor injuries to the base firemen 
were experienced. 

As a result of this conflagration, immediate steps were taken to re-establish 
control of combustible materials. The identification and removal of all unauthor· 
ized, unnecessary, and high-fire-risk outfitting and furnishing materials proceeded 
on a timely schedule; the development and promulgation of MIL-STD·16231ed to 
installations of lower fire risk furnishings without sacrificing other desirable 
habitability features. 

7.7.2.1.2 Fire Hazard Analysis- Adequacy of the Method 

Although the Forrestal fire, and others, resulted in significant change in fire 
safety specifications and standards, the scenarios do not appear to have been 
analyzed fully. Nor have the fire standards and specifications been modified to the 
extent necessary to prevent a recurrence of the incident. 

7.7.2.1.3 Evaluation of Materials and Tests 

Navy specifications for test procedures are generally more rigorous than those 
required by the Coast Guard for commercial vessels; yet specific deficiencies re
main, some of which are defined below. A detailed description of those test pro
cedures and their adequacy may be found in Section 5.2.2. 

Despite the heavy involvement of the furnishings in the Forrestal fire, 
FED-STD-191 Method 5903 controlling the allowable flammability characteristics 
of these materials remains only marginally adequate. Not only does this standard 
omit any requirement for smoke emission, but also no consideration is made for 
flaming drip during the flammability test. Both of these omissions are serious and 
must be corrected before the fire safety control of furnishings can be considered 
adequate. 
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Notwithstanding the apparent adequacy of the primary flammability tests on 
materials other than furnishings used in M I L-STD-1623, the adequacy of some of 
the smoke standards is doubtful, while the toxicity hazard, as in almost all other 
fire standards, has not yet been addressed. An example of the less-than-adequate 
smoke standards is the 450 rating (ASTM E-84) allowed on light diffusing panels 
and windows. This is a high smoke rating by any current standards. The use of 
ASTM E-84 as a measure of flammability and smoke without consideration of the 
dripping characteristic of the polymer under test also requires reevaluation. This is 
because many thermoplastic foams achieve very low ratings in this test only because 
they rapidly melt and fall from the source of ignition which is at the top of the 
tunnel. Since these materials often are not ignited under these test conditions, 
neither their flammability nor smoke forming tendency is adequately evaluated by 
this test. 

7.8 Conclusions and Recommendations 

Conclusions: The fire safety record of Coast Guard-regulated vessels is good, 
relative to similar statistics in land transport or buildings. The fire safety regulations 
and specifications of polymeric materials in Coast Guard· and Navy-regulated 
vessels is much more stringent and closely controlled than similar regulations in 
land transportation or buildings. The absence of flammability requirements for hull 
materials used in naval ships could lead to the uncontrolled use of polymers in the 
future. Recommendations: It is recommended that flammability regulations be set 
on naval ship hull materials. 

Conclusion: The fire safety specifications regulating polyurethane foams in both 
commercial and naval ships are inadequate. Recommendation: It is recommended 
that the fire safety regulations controlling the use of polymeric foams in both naval 
and commercial ships be reevaluated and strict standards be set that rigorously 
control the design use of polyurethane foam. 

Conclusion: The large amounts of sensitive electronic equipment on naval com
bat ships and their need to maintain full operational capabilities at all times make 
these vessels particularly sensitive to the corrosive gases produced by fires in most 
of the cable insulation currently in use. Recommendation: The current research 
program to develop fire retardant electrical insulation which will not produce cor
rosive gases when burned should be expanded, and some interim fire protection 
standards that take account of corrosive combustion products should be 
promulgated. 

Conclusion: The current fuel load calculation, based on the heat of combustion 
of wood, used to estimate the total fuel load in compartments, is misleading 
because it makes no provision for the much higher heats of combustion of 
polymers. Recommendation: The present technique for calculating the fuel load in 
ship compartments should be modified to make allowances for the higher (relative 
to wood) heats of combustion of most common synthetic polymers. 
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Conclusion: The flammability and smoke specifications controlling the use of 
polymers in shipboard furnishings currently allow the use of many highly flam
mable and smoke-generating polymers. Recommendation: The flammability and 
smoke specifications controlling the use of polymers in shipboard furnishings 
should be reevaluated, preferably using the scenario analysis technique; more appro
priate specifications should also be set. 

Conclusion: The flammability regulations governing the use of polymers in insu
lation in small communication wire are probably unrealistic and inadequate because 
tests are run on individual wires, while in actual use, wires are almost invariably 
combined in large cables or cableways. Recommendation: The flammability regula
tions governing the use of polymers as insulation on small communication wire 
should be reevaluated and reestablished to better correlate with actual conditions. 

Conclusion: The present Coast Guard regulations allowing the use of unpro
tected polymeric foams in the cargo spaces of commercial shipping is a serious fire 
hazard. Recommendation: The flammability regulations allowing the use of unpro
tected polymeric foams in cargo spaces of commercial vessels should be reevaluated, 
using the scenario analysis technique. 

Conclusion: The use of fire resistant compartment penetrations is an effective 
method of reducing the fire spread along cableways. Recommendation: Effective 
fire resistant breaks for cableway penetrations in compartment bulkheads should be 
required on all naval and commercial ships. 

Conclusion: The flammability specifications controlling the use of polymeric 
foams on the bulkheads and water piping of Navy ships may be inadequate because 
of the flammability test chosen. Recommendation: The flammability test specifica
tions regulating the use of polymeric foams in the engineering and cargo spaces of 
naval vessels should be reevaluated, and toxicity specifications for pyrolytic com
bustion gases from these materials should be set. 

Conclusion: The flammability and smoke specifications set in M I L-STD-1623 for 
light diffusers in naval ships can allow the use of some highly flammable polymeric 
materials. Recommendation: The MIL-STD-1623 flammability and smoke specifica
tions on light diffusers should be reevaluated in view of presently available state
of-the-art materials and new specifications should be set. 

Conclusion: The present naval research programs to develop new fire retardant 
elastomers, cable coatings, and cushioning materials with less corrosive and toxic 
combustion products is addressing one of the most serious and current fire hazards 
on naval vessels. Recommendation: The Navy research programs to develop new 
fire retardant elastomers, cable coatings and cushioning materials should be con
tinued and expanded. 

Conclusion: As is more fully demonstrated in Chapter 3, scenario analysis is a 
powerful tool in materials selection, design, criteria, validation of test methods, the 
promulgation of specifications, and the choice of research and development ob
jectives. Recommendation: Scenario analysis should be a required part of the design 
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and construction regulations for all new ship construction. 
Conclusion: The absence of toxicity standards of combustion gases in Navy 

regulations on materials leads to serious safety hazards on ships. Recommendation: 
The promulgation of toxicity standards for combustion gases from polymeric 
materials should be set to diminish the hazard of the use of these materials on naval 
vessels. 

Conclusion: The present flammability standards based on ASTM E-84 used for 
controlling materials on Navy ships may be inadequate. Recommendation: The use 
of ASTM E-84 as a primary flammability test controlling materials used on Navy 
ships should be reevaluated. 
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APPENDIX A - SOLAS CONVENTIONS 

A 1.1 Background 

A1.1.1 National 

Shipboard structural fire protection is one element of an overall "Life Safety 
System" incoroprated into the current vessel regulations. The development of this 
"Life Safety System" began in the early Twentieth Century, when the SS TITANIC 
sank on April14, 1912. The heavy loss of life was a primary cause for the calling of 
an international conference for the safety of life on the high seas. In 1914, the first 
International Conference on Safety of Life at Sea was held in London. The recom
mendations of the Conference concerned vessel subdivision and minimum require
ments for lifesaving devices, with no mention of structural fire protection. Because 
of the First World War, the provisions of this conference were never fully imple
mented. 

In 1929, a second conference promoting the Safety of Life at Sea was held in 
London. The purpose of this conference was to continue the development of in
ternational standards for the construction and arrangement of passenger vessels that 
was begun in 1914. On May 31, 1929, the "Convention for the Safety of Life at 
Sea" was signed. Regulation XVI of the Convention addressed structural fire pro
tection, which required the fitting of fire-resisting bulkheads above the weather 
deck. These bulkheads were constructed of metal or other fire-resisting materials 
effective to prevent for 1 hour, under the conditions for which the bulkheads are to 
be fitted in the ship, the spread of fire generating a temperature of 1500°F (816°C) 
at the bulkhead. Seven years passed before the Convention was ratified by the 
United States. Impetus towards the ratification of this document and the conse
quent development of shipboard structural fire protection measures was supplied in 
1934 when the U.S. flag passenger vessel Morro Castle burned off the coast of New 
Jersey, causing the death of 124 persons. The public reaction to this was sufficient 
to cause the creation of a special subcommittee of the United States Senate Com
mittee on Commerce to investigate the SS Morro Castle fire and to develop recom
mendations for "Life Safety" standards aboard U.S. vessels. The subcommittee was 
divided into groups, assigned to deal separately with the various elements affecting 
life safety at sea. The investigation of fire protection measures was assigned to the 
Subcommittee on Fireproofing and Fire Prevention under the leadership of George 
G. Sharp. In its report, the subcommittee noted, "The first problem confronting 
the committee was the question as to what general method of fire control might be 
the most practical combination of effectiveness and simplicity. Since past experi
ence demonstrated the vulnerability of complex automatic and manually controlled 
systems (detection and extinction, widely spaced fire doors, etc.), it was agreed 
that, if possible and economically practicable, the most foolproof solution to the 
problem would be a construction that would confine any fire to the enclosure in 
which it originated." The 1929 SOLAS Convention required "fire resisting bulk
heads," however, a precise definition or standard test for "fire resisting bulkheads" 
was not included in those regulations. 
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To develop an adequate and comprehensive definition of "fire resisting bulk
heads," the subcommittee decided to conduct a series of full-scale shipboard tests 
to evaluate several different methods of construction. A test ship, the SS Nantasket, 
was procured from the Reserve Fleet on the James River, and in mid-1936, numer
ous tests proved the effectiveness of one type construction which made use of steel 
and asbestos composition panels. This construction technique was recommended by 
the Marine Section of the National Fire Protection Association and involved two 
types of "fire resistive" bulkheads ("Class A-1" and "Class B"). The "Class A-1" 
bulkheads were intended for use as fire screens or main vertical zone bulkheads. 
They were made of steel and lined with insulating material to maintain structural 
integrity and prevent the spread of fire (on the unexposed side) when exposed to a 
standard fire test for one hour. The "Class B" bulkheads were intended for use in 
forming stateroom boundaries. They consisted of incombustible materials effective 
to maintain structural integrity and prevent the spread of fire (on the unexposed 
side) when exposed to a standard fire test for 30 minutes. The standard fire test 
recommended by the Marine Section of the N.F.P.A. was the laboratory fire endur
ance rating test used by the National Bureau of Standards which had been adopted 
as a standard test method in 1918 (ASTM E-119). 

During the SS Nantasket tests, data was recorded to compare the temperatures 
in the test room to those generated in the standard laboratory test furnace. 
Initially, the SS Nantasket tests were conducted using clothing and furnishings as a 
fuel source. This proved to be unsatisfactory, since it produced very poor com
bustion. Cord wood was substituted as a satisfactory fuel source for the remainder 
of the tests. To approximate the energy content of the clothing and furnishings, a 
fuel load of 5 lbs/ft2 was used. With this configuration, fires equivalent to the 
standard laboratory test of 15 and 30 minutes were achieved. 

Based upon the test results, the Subcommitee reported to Congress, "It would 
be impossible to fireproof a modern passenger ship by the methods used ashore." 
During the SS Nantasket testing, it was determined that certain materials com
monly used for building construction "gave off such quantities of fumes that it was 
found impossible to approach even a minor fire to extinguish it. During the course 
of experiments, a form of construction was developed in which combustible materi
al was eliminated to such an extent that combustion cannot be sustained by any 
part of the ship's structure." This form of construction used steel and asbestos 
composition test panels, which proved to be far superior to the fire retardant wood 
and fire retardant wood panels (faced with steel) in the test series. 

As a result of the recommendations presented by the Subcommittee in Chapter 
IV of Senate Report No. 184, the United States Congress ratified the 1929 Conven
tion for the Safety of Life at Sea, and amended the United States Code to require 
U.S. flag vessels to employ the use of "fire retardant material in their construction 
so far as is reasonable and practicable." Although it was not clearly defined in the 
United States Code, the type of construction that proved successful in the 
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"Nantasket tests," was intended. This construction consisting mainly of steel and 
asbestos composition panels could be considered incombustible by most test 
methods, and provided little additional fuel loading. 

Under the authority of U.S.C. 369, the Secretary of Commerce promulgated 
Order No. 42 on July 17, 1940. Order No. 42 created Part 144 of Title 46 of the 
Code of Federal Regulations or Subchapter M. Paragraph 144.4(a) of Subchapter M 
required that interior boundaries be constructed of Class A-1 (A or B) fire retardant 
materials. Class A-1 bulkheads were required to be steel, lined or insulated with 
incombustible materials to prevent the average temperature on the unexposed side 
of the test bulkhead from rising more than 250°F (139°C) or any single-point 
temperature from rising more than 325°F (169°C) in 1 hour when subjected to the 
standard fire test. Class A bulkheads were required to be steel and to withstand the 
standard fire test for 1 hour, with no temperature rise limitations. Class B bulk
heads were required to be incombustible materials capable of withstanding the 
standard fire test for 30 minutes and to also be capable of preventing the aforemen
tioned temperature rise limitations for 15 minutes. Again, the terms "fire re
tardant" and "incombustible" were used without precise definition. Unfortunately, 
there were materials that could be considered fire retardant and which could pass 
the standard fire test, but did not have the equivalent combustibility properties as 
steel or asbestos. Because of the lack of a specific test method, certain materials 
could be approved which had the potential to greatly contribute to the fuel load of 
a protected space. It was not until the end of World War II that a specific test was 
developed to classify materials as incombustible. In 1949, the Coast Guard adopted 
Standard 46 CFR 164.009 (incombustible materials for merchant vessels) based 
upon research conducted at the National Bureau of Standards by N.P. Setchkin and 
S.H. lngberg. 

The question of fuel loading had also been in question for several years. During 
World War II, the need for lighter weight ship structures had brought about the use 
of aluminum bulkheads, and after the war aluminum bulkheads were proposed for 
use aboard passenger vessels. It was agreed that aluminum bulkheads would be an 
acceptable substitute for the asbestos panels, even though they do not withstand 
the standard fire test. The basis for this argument was that aluminum has a very 
high thermal conductivity that tends to dissipate heat rapidly, and secondly, that 
advocates of aluminum felt that the intensity of the fires in the "Nantasket tests" 
was due to the cordwood fuel source. They maintained that the typical contents of 
a stateroom would not constitute a fuel load sufficient to cause melting of the 
bulkheads. Therefore, in 1947 a full scale "stateroom burnout test" was conducted 
in conjunction with Gibbs & Cox, Inc. and the National Bureau of Standards. The 
stateroom test was conducted in a mock-up stateroom using typical furnishings and 
the personal belongings of three passengers as a fuel source. It was estimated that 
the fuel source was equivalent to 4,300,000 Btu's. This test verified the results of 
the "Nantasket tests," and showed that a fire involving only typical stateroom 
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furnishings is capable of generating the same temperatures as the standard fire test 
laboratory furnace. The stateroom test also showed that uninsulated aluminum 
bulkheads could not provide the same degree of fire endurance as asbestos composi
tion panels. 

The new marine technology created during World War II was the cause for a 
third lnterntional Conference on the Safety of Life at Sea, held in London in April 
1948. Naturally, the United States proposed the incorporation of fire protection 
techniques as listed in Subchapter M of Title 46. Because of the materials employed 
and because certain nations felt that active fire protection systems were equivalent 
to passive fire protection, three alternate methods of shipboard fire protection were 
listed in the 1948 Convention: Method I (Subchapter M), was the technique pro
posed by the United States; Method II, proposed by the United Kingdom, advo
cated the use of sprinklers with no restricton on the combustibility or fire endur
ance of compartment bulkheads; and Method Ill, proposed by France, made use of 
a limited amount of fire-resisting bulkheads in conjunction with a fire detection 
system. The 1948 Convention came into effect in the United States on Nov. 19, 
1952. To implement the provisions of this document, and to revise the passenger 
vessel inspection regulations into one subchapter, the Coast Guard withdrew Part 
144 and created a new Part 70 or Subchapter H in Title 46. The regulations written 
for this new subchapter are basically those in effect today. 

It is interesting to note the changes made regarding bulkhead fire endurance 
ratings in the new Subchapter. The old Class A-1 bulkheads are now A-60, Class A 
was changed to A-0, and the Class B bulkheads were now B-15. Two new categories 
of bulkheads were created: A-30 Class bulkheads were an intermediate A Class 
bulkhead and B-0 Class bulkheads were created because the former B-Ciass bulk
head panels had an inherent 15-minute fire endurance rating; however, unless cer
tain connectors or "H-posts" were used, a heat transfer through the connectors 
occurred. It was felt that if these bulkheads were installed next to spaces with very 
low fuel loads, such as toilet spaces, a B-0 Class rating would be acceptable. 

A 1.1.2 International 

The Intergovernmental Maritime Consultative Organization is a specialized 
agency of the United Nations concerned with establishment of safety and pollution 
prevention standards for vessels engaged in international trade. This organization 
had its genesis in 1948 when, "The Transport and Communications Commission of 
the Economic and Social Council of the United Nations recommended that the 
United Nations sponsor the creation of an international maritime body, and, ac
cordingly the United Nations Maritime Conference was held at Geneva Feb. 
19-March 6, 1948, resulting in a draft convention for an Intergovernmental 
Maritime Consultative Organization (IMCO)." (U.S. Delegation Report, 1951 ). 
Shortly after this meeting, an International Conference on the Safety of Life at Sea 
(SOLAS) was held in London, beginning April 23, 1948. This conference noted the 
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tentative establishment of a mechanism (IMCO) to upgrade on a continual basis the 
various technical treaties which previously had been changed on an infrequent basis. 

The organization came into being on Jan. 6, 1959. It is located in London, and 
continues to serve a vital role in the coordination and conduct of safety matters 
related to the maritime world. 

Prior to the establishment of IMCO, conferences were called at infrequent inter
vals primarily in response to disasters. For example the 1914 and the 1929 Confer
ences for the Safety of Life at Sea were called primarily in response to the SS 
TITANIC disaster. As such they dealt primarily with standards for subdivision, 
minimum life saving appliances, and the use of radio. Also established was the 
International Ice Patrol and the use of fixed routes on the North Atlantic run was 
recommended. 

There have been three subsequent conferences concerning Safety of Life at Sea 
(SOLAS), and each has progressively upgraded the requirements for fire protection. 
It is necessary, for the purpose of this report, to examine the 1948, 1960, and 1974 
SO LAS Conventions, since new vessels are currently being built to higher standards, 
while many existing vessels were built to older minimum standards as specified by 
the earlier conventions. 

The following discussions will primarily address the accommodation and service 
sections of a ship (normally the crew and passenger berthing areas). Passive fire 
protection (bulkheads and decks), as opposed to active fire protection (fire pumps 
and fire mains), will be addressed. 

A1.1.2.11929 SOLAS Convention 

The primary passive fire protection requirement contained in the 1929 Conven· 
tion was in Chapter II, Regulation XVI, entitled "Fire Resisting Bulkheads." The 
text is worth repeating, as it was a significant first step. 

1. "Ships shall be fitted above the bulkhead deck with fire-resisting bulkheads 
which shall be continuous from side to side of the ship and arranged to the satis· 
faction of the Administration. 

2. "They shall be constructed of metal or other fire-resisting material effective to 
prevent for one hour, under the conditions for which the bulkheads are to be fitted 
in the ship, the spread of fire generating a temperature of 1500°F (815°C) at the 
bulkhead. 

3. "Steps and recesses and the means for closing all openings in these bulkheads 
shall be fire-resisting and flame tight. 

4. "The mean distance between any two adjacent fire resisting bulkheads in any 
superstructure shall in general not exceed 132 feet (40 meters)." (1929 Safety of 
Life at Sea Convention, U.S. Coast Guard, 1951 ). 

This regulation only applied to passenger vessels on international voyages. 
Polymeric usage at that time was essentially limited to natural polymers, particu· 

larly wood. Polymer usage was virtually uncontrolled, with no limit to the amount, 
type, or application. 
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The passenger vessels of the period were opulent examples of post-Victorian 
elegance. The trade of marine joiner work (carpentry) had reached new heights, due 
to advances in power machinery. The only control exercised over the use of com
bustibles was the physical limitation of the vessel itself. While steel was beginning to 
make greater and greater inroads into shipbuilding, it was primarily utilized as a hull 
material. 

A1.1.2.21948 SOLAS Convention 

This conference convened at the urging of major maritime nations and accom
plished what might be considered a quantum leap with respect to more rigorous 
requirements for passenger vessels. It should be noted that while no specific passive 
fire protection methods were detailed for cargo vessels, requirements for active fire 
protection systems were beginning to take form. During the period between the 
the coming into force of the 1929 SOLAS Convention, and the call for a post-war 
conference, the major maritime nations of the world evolved methodologies for the 
protection of passenger ships against fire. McDaniel details the rationale developed 
by the United States in its regulatory approach toward fire safety of passenger 
vessels. (McDaniel, D.E., 19"12). 

During the conference each of the proponents of the three methods battled for 
the emergence of their national method. The report to the Secretary of State by 
The United States Delegation to the 1948 Convention ( 1951) stated: 

"The new convention includes regulations for fire protection in accommodation 
and service spaces on passenger vessels; the 1929 Convention contained only rudi
mentary provisions on this matter; the 1948 Convention recognizes the following 
alternatives of acceptable methods of fire protection: 

1. "Method I (United States practice and proposal), regulates on the basis that 
all internal divisional bulkheading be made of essentially incombustible material. 
This represented the most severe limitation with respect to control of combustible 
polymers. The hulls, decks, structural bulkheads, superstructure, and deck house 
constructions are required to be of steel. Internal divisional bulkheading as well as 
insulation was required to be non-combustible as determined by test. Limited 
amounts of combustible veneers could be utilized for interior finish: however, these 
are specified to be of the low-flame-spread type. 

2. "Method II (U.K. practice and proposal), is based on the adoption of an 
automatic sprinkler and fire alarm system generally, with no restriction on the type 
of internal divisional bulkheading. Except for those bulkheads and divisions re
quired to be of steel or "A" Class construction, no restriction on the amount of 
combustibles is made. This approach was rationalized by the premise that auto
matic sprinkler protection would be utilized as protection against any fire. Internal 
divisions are not required to have any fire integrity. 

3. "Method Ill (French practice and proposal), regulates on a system of sub
division forming a network of fire-retarding bulkheads enclosing limited areas, 
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together with the installation of a fire-detection system. This method essentially 
places no control over limitation on the usage of polymers, however, the vessel is 
further subdivided by requiring "B" Class non-combustible bulkheads which form a 
continuous network not exceeding 1,300 ft2 • 

The three methods require the same basic fire-zone subdivision, enclosed fire
escape stairways and enclosures, and protection to prevent drafts and the spreading 
of fire to vertical trunks for elevators, electric cables, etc. The decision to adopt 
three alternative methods was necessitated not only by a desire to permit the 
systems of defense against fire, which the respective countries considered equal, but 
also by the practical consideration that the materials required by the United States 
system were not presently available internationally in sufficient quantities. The 
incorporation of regulations detailing definite requirements for defense against fire 
is considered to be one of the outstanding accomplishments of the convention." 

The degree of polymer control varied with each method. A detailed analysis will 
be given in a later section. 

While the ratification of the 1948 SOLAS Convention by the required number 
of countries was a major step forward, the United States was concerned that the 
three methods of construction which were afforded equal stature under the 1948 
SOLAS Convention were in fact not equal. The basic question was whether the 
fitting of active fire protection systems provided the degree of protection afforded 
by inherent fire safety brought about by the limiting of combustible materials. This 
debate continued until the next International Conference on Safety of Life at Sea 
in 1960. 

This conference was again in response to a highly visible maritime disaster; the 
collision of the SS ANDREA DORIA and SS STOCKHOLM. The calling of an 
international conference normally is in response to specific problems; however, it 
normally provides an opportunity to upgrade the broad spectrum of requirements. 

A1.1.2.31960 SOLAS Convention 

The 1960 SOLAS Convention, while essentially maintaining the three primary 
methods of achieving fire protection, significantly tightened the minimum require
ments for cargo vessels. Additionally, requirements were formulated for small pas
senger ships. As part of the Convention numerous recommendations were made 
concerning fire protection. 

In the mid-1960s, a series of serious passenger vessel fires occurred, which again 
raised the question of the adequacy of fire safety standards of vessels built to the 
1929 and 1948 SOLAS Convention. The following is a portion of the letter of 
transmittal from the U.S. Secretary of State to the President concerning the actions 
taken internationally to upgrade passenger vessel safety. 

"After the disastrous Yarmouth Castle fire in November 1965, the United States 
proposed a reconsideration of the fire safety rules by IMCO on an urgent basis. First 
attention was given to the most urgent problem, the rules for existing passenger 
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ships. Amendments to the Convention to upgrade the standards for existing ships 
were approved by the IMCO Assembly in November 1966 and have subsequently 
been accepted by the United States. In the meantime IMCO continued work on 
new regulations for passenger ships to be constructed in the future. Agreement was 
reached on construction methods based on the maximum use of incombustible 
materials and a series of new regulations was approved and recommended by the 
IMCO Maritime Safety Committee in March 1967 and adopted by the Assembly in 
October 1967. When these amendments come into effect the task of upgrading fire 
safety standards in the aftermath of the Yarmouth Castle disaster will be com
pleted. 

All of these amendments were adopted by the IMCO Assembly either 
unanimously or by overwhelming majorities. There were a few countries which 
criticized the new passenger ship fire safety standards essentially as too severe in 
requiring the use of incombustible materials, but the very great majority of mem
bers supported the maximum use of incombustibles, as reflected in the amendments 
and advocated by the United States." (Secretary of State Letter, 1968). 

The 1966 Fire Safety Amendments were unilaterally enforced by the United 
States by Public Law 89-777. The essence of this law was the requirement that any 
vessel which embarked more than 50 U.S. passengers from U.S. ports on an over
night voyage would be required, as a minimum, to comply with the 1966 Fire 
Safety Amendments. 

The basic requirements that are detailed in the various conventions require that 
either: (a) there is universal understanding with respect to intent; (b) agreement on 
a basic test methodology to assure consistent performance; or (c) the matter is 
resolved by allowing the national administration to determine the basic require
ments. Emmons (1974) found the latter approach questionable at best even when 
attempting to define the same condition. In an attempt to bring about conformance 
with the stated objectives of fire safety testing the following test methods were 
developed by the IMCO forum and formalized into recommended test procedures: 

1. IMCO Resolution A.270 (VIII) "Recommendation on Test Methods for 
Qualifying Marine Construction Materials as Non-Combustible." 

2. IMCO Resolution A.163 (ESIV) and A.215 (VII) "Recommendation for 
FIRE Test Procedures for "A" and "B" Class Division." 

Currently the fire Test Working Group, of the IMCO Subcommittee on Fire 
Protection, is considering development of the following methodologies and proto
cols: 

1. Development of an international standard for fabric flammability to meet the 
requirements of SO LAS 1974. 

2. Investigation and formulation of a standard for IMCO/ISO flame spread test 
apparatus. 

3. Completion of an international round-robin test program for carpet and floor 
flammability. 
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Passenger vessel requirements were not significantly changed from the 1948 
Convention, however, cargo vessels of 4,000 gross tons and upward were required 
to be constructed of steel. Corridor bulkheads were required to be manufactured 
from steel or "B" Class materials. This essentially provides a fire boundary rather 
than increasing the internal fire safety. 

A1.1.2.41974 SOLAS Convention 

When this convention comes into force a major international legal instrument 
will severely restrict the use of polymeric materials aboard two major classes of 
vessels - passenger vessels and tank vessels. Passenger vessels will essentially require 
a unified approach which the Maritime Safety Committee of IMCO described as 
"maximum use of non-combustible materials and the appropriate use sprinklers and 
detecting systems." This approach permits the best of both worlds with respect to 
active and passive fire protection systems. Non-combustible materials for basic 
divisional structure coupled with detection or sprinkler systems provide a multi
level arsenal of protection. 

Tank vessels will be required essentially to mirror the requirements for use of 
non-combustible materials. However, the stringent insulation values required be
tween adjacent compartments on passenger ships will be significantly reduced. 

A1.1.2.51977 Fishing Vessel Conference 

In March, 1977, the first major international conference concerning safety of 
fishing vessels was held in Spain. While fire safety was not the primary area of 
emphasis there was a recognized concern for increased polymer usage being experi
enced in the construction of fishing vessels. One of the final recommendations was 
entitled "Guidance Concerning the Use of Certain Plastic Materials." 

"In considering the problem concerning the use of certain plastic materials, 
particularly in accommodation and service spaces and control stations, the Adminis
tration should note that such materials are flammable and may produce excessive 
amounts of smoke and other toxic products under fire conditions." (Intergovern
mental Maritime Consultative Organization, 1977). 

The usage of polymers aboard vessels which are required to comply with require
ments laid down by international convention has gone through a cyclical change. 
The trend within international deliberation is towards the controlled usage of poly
mers. This trend should have a dramatic positive impact on the overall fire safety of 
vessels in international trade. 

As can be seen by these conventions, progress in the standard-making process 
is often painstakingly slow; however, the rewards are fulfilling. 

178 

Ships: Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/20062


APPENDIX B 

Department of Transportation U.S. Coast Guard 

Equipment Lists 

Items Approved or Accepted under Marine Inspection and Navigation Laws 

CG-190 

U.S. Coast Guard, Washington, D.C., 20590 

NOTE: This page is inserted to direct the reader to the source of this 
information. 
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o'<lavigation and Vessel Inspection Circular- NVC 10-63 

Sketches of Bulkhead and Deck Construction 

Department of Transportation 
U.S. Coast Guard, Washington, D.C. 20590 

NOTE: This page is inserted to direct the reader to the source of this 
information 
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FIRE LOADING CALCULATIONS 

The following information applies to fire load calculations to determine the 
insulation thickness for aluminum structures, thereby ensuring structural integrity, 
and to limit the temperature rise of the unexposed surface for a predetermined 
period of time. 

The criteria apply only to passenger and cargo ships. For tank vessels, the fire 
exposure situation, external and internal, is different and therefore these guidelines 
do not apply. 

Nomendature 

F effective insulating value of insulation protecting the aluminum core 
F effective insulating value of insulation on exposed face of bulkhead 
F total insulating value of bulkhead insulation 
F effective insulating value of insulation on unexposed face of bulkhead 
P bulkhead panel thickness approved under USCG specification 46CFR 

164.008 
S structural insulation thickness approved under USCG specification 

46CFR 164.007 

01.1 Fire Loading Calculations 

To calculate fire loading, it is first necessary to determine which compartments 
are required to be separated by effective fire boundaries. Each situation is unique in 
this regard, but several general guidelines may be applied: 

1. Normally, spaces of unlike character, (e.g., a stateroom and a corridor) must 
be separated by effective fire boundaries. As exceptions to this, private toilet spaces 
may be considered part of the cabin they serve, and spaces directly associated with 
another, (e.g., a pantry annexed to a galley) may be considered together. 

2. On passenger ships, like compartments, (e.g., adjacent staterooms) must nor
mally be separated by effective fire boundaries. 

3. On cargo ships, several like compartments, (e.g. adjacent staterooms) may be 
included in areas separated by effective fire boundaries, providing no such 
bounded area exceeds 550 ft2 (50m 2 ). 

Next, it is necessary to calculate the total deck area in square feet of each 
compartment bounded by effective fire barriers. 

Finally, one must calculate the total weight of combustibles1 within each "fire" 
compartment. Validity of the fire loading approach depends entirely upon compre
hensive and detailed estimates of combustible contents within a compartment. 
Calculations should include all combustible portions of: 

1 Heat of combustion varies with the material but, for the usual range of shipboard com
bustibles. assuming an average heat of combustion equivalent to wood is acceptable. 
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wall and ceiling linings, floor covering, electrical wiring, light 
diffusers, mouldings, etc. 
furniture, mattresses, curtains, decorations, etc. 
clothing and personal effects (staterooms), life jackets, cargo, 
stores, etc. 

The weight of combustibles is then divided by the floor area of the compartment 
to give the fire loading of that compartment (lb/ft2 ). 

It is unlikely, despite conscientious efforts, that a fire loading analysis during the 
design phase of a vessel will include all combustibles which are actually installed. To 
allow for this, and to account for minor changes of occupancy during the life of a 
vessel, a safety factor is needed. These guidelines include such a safety factor in 
equating combustible loading to fire endurance. For example, 5.0 lb/ft2 combusti
ble loading is equivalent to a 30-minute fire. These guidelines permit a maximum 
loading of only 4.49 lb/ft2 in a space whose boundaries are insulated for 30 
minutes, a 10 percent safety factor. This approach actually provides a sliding safety 
factor, one which is higher at lower calculated fire loadings. Because of this ap
proach, an additional safety factor need not be added to the calculated fire loading. 

For guidance, estimated fire loadings for "typical" shipboard spaces are listed in 
Table 0-1 . Certain types of spaces, such as machinery spaces, cargo spaces, and 
storerooms for combustible material should always be assumed to have the fire 
loading shown.2 Other spaces, indicated on the list, may have combustible loadings 
which differ from those shown. 

Calculated fire loadings must be approved by the Coast Guard. It may be pre
sumed that the Coast Guard would look askance at any design purporting to have 
minimum furnishings inconsistent with modern comfort standards and/or the 
number of persons allowable on board. In other words, fire loadings significantly 
lower than those shown in Table 0-1 should be justifiable in considerable detail. 

Since insulation is based upon presumed fire loading in each "fire" compart
ment, a record of calculated and allowable fire loadings should follow the vessel 
throughout its life. One method of achieving this is to indicate relevant information 
on the fire control plans required to be carried aboard the vessel. The Coast Guard 
should be consulted regarding the method proposed. It may be expected that, 
additional to the above measures, the vessel safety certificate will be endorsed to 
indicate that the installed fire protection is based upon calculated fire loadings 
recorded elsewhere. 

01.1.1 Duration of Protection Required 

Calculation of fire loading may reveal minor variations among similar spaces. To 

2 Some types of specialized service vessels such as hydrofoils and hovercraft which are 
designed to have rapid debarkation using lifesaving equipment and which have automatic fire 
detection and fixed extinguishing equipment in machiner spaces, etc., may have such spaces 
insulated for only 30 minutes, subject to special Coast Guard approval. 
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Tilble 0·1. Typical Fire LOIIding of Various Spaces 

(*indicates calculated fire loading for individual compartments may 
not differ from typical values shown. Where no • appears, listed fire 
loading may be modified by calculation.) 

Control Spaces 

Wheelhouse: Chartroom 
Fire Control Stations 

Escape Routes 

Corridors 
Stairway enclosures 

Accommodation Spaces 

1.61b/ft2 

1.5 lb/ft2 

1.5 lb/ft2 

1.0 lb/ft2 

(Allowance to be made for personal effects es follows: staterooms -
1.5 lb/ft2 , public spaces - 0.15 lb/ft2 ; these figures included in the 
following values) 

Staterooms 
Fire resistant furnishings 
Combustible furnishings 

Public Spaces 
Fire resistant furnishings 

Lounges, Restaurants, etc. 
Ferry Vessels 

Combustible Furnishings 
Sanitary Spaces (not part of stateroom) 

Service Spaces 
Galleys 
Pantries (no heating appliances) 
Food concession !ferry vessels no 
combustible stowage) 

Workshops 
Storerooms 

Combustible 
Cleaning Gear only 

laundries 
Ship's Laundry 
Private Use 

Main Machinery and Cargo Spaces 

Auxiliary Machinery Spaces 

Tanks & Voids 

3.0 lb/ft2 

5.0 lb/ft2 

3.0 lb/ft2 

1.51b/ft2 

5.0 lb/ft2 

0.4 lb/ft2 

10.0 lb/ft2 

4.0 lb/ft2 

1.51b/ft2 

10.0 lb/ft2 • 

10.0 lb/ft2 • 

3.0 lb/ft2 

10.0 lb/ft2 • 

1.5 lb/ft2 

10.0 lb/ft2 

5.0 lb/ft2 

0.0 lb/ft2 
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avoid proliferation of construction criteria, such spaces should generally be placed 
in a single category and assumed to have identical fire loadings. For example, all 
staterooms should be calculated on the same basis. Additionally, only five standard 
time periods should be employed as follows: 

Table D·2. Duration of Protection for Various Fire 
Loadings 

Fire Loading 
(lb/ft2 ) 

less than 0.5 
0.5 to 1.99 
2.0 to 4.49 
4.5 to lt.99 
7.0 and above 

Duration of Protection 
(min) 

0 (no insulation) 
15 
30 
45 
60 

Except where they form a portion of stairway enclosures, the vessel's exterior, 
or boundaries of control spaces, bulkheads requiring 30 minutes or less integrity 
may be Coast Guard approved bulkhead panels (CG Specification 46 CFR 164.008). 
In all other cases, including the exceptions above, the fire division (bulkhead or 
deck) must have a metal core. 

01.2 Insulation Required for Specific Fire Loadings 

By use of calculated "F" values developed in preceding sections, it is a simple 
matter to relate fire loadings to the required "F" value of the boundaries. This is 
done in Table 0-3. The required "F" value must, of course, be determined for each 
side of the fire division. 

Table D-3. "Fe" Value Required for Bulkheads and Decks 

Fire Loading 

Less than 0.5 
0.5 to 1.99 
2.0 to 4.49 
4.5 to6.99 
7.0 and above 

Duration of Protection 
(min.) 

0 (no insulation) 
15 
30 
45 
60 

01.1.3 Limited Unexposed Surface Temperature Rise 

"Fe" value 

0 
0.25 "S" 
0.45"S" 
0.61 "S" 
0.72"S" 

The foregoing analysis assumed it was only necessary to determine the thickness 
and arrangement of insulation necessary to limit temperature rise of the aluminum 
to 200°C (360°F) or less. In most instances this would be adequate. If, however, it 
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is necessary to limit the temperature rise on the unexposed face of the bulkhead, 
such as when combustibles may be stored in contact with the unexposed face, the 
total insulating value of the bulkhead, F t• must be adequate for the required insula
ting period. The Fe required for various insulating periods is given in Table D-4. 

Table D-4. Minimum Fe and Ft Values for Aluminum Divisions 

Limitation of Core Rise to 200°C (360° F) for 

0 15 30 45 60 
Minutes Minutes Minutes Minutes Minutes 

8 
0 Minutes Fe= 0 Fe= 0.25 "S" Fe= 0.45 "S" Fe= 0.61 "S" Fe= 0.72 "S" 

"' Ft = 0 Ft = 0 Ft = 0 Ft = 0 Ft = 0 
t.l. .. 
-g~ 15 Minutes 

X 
Fe= 0.25 "S" Fe= 0.45 "S" Fe= 0.61 "S" Fe= 0.72 "S" 

"'--0 •• Ft = 0.50 "S" Ft = 0.50 "S" Ft = 0.50 "S" Ft = 0.50 "S" a.:" 
><O "., 30 Minutes Fe= 0.45 "S" Fe= 0.61 "S" Fe,. 0. 72 "S" =N X X :J._, 
._c:.; Ft = 0.70 "S" Ft = 0.70 "S" Ft = 0.70 "S" 
Oo =0\ 45 Minutes Fc=0.61"S" Fe= 0.72 "S" o<'> 

X X X ·--32 Ft = 0.86 "S" Ft = 0.86 "S" 

~~ 60 Minutes 
X X X X Fe= 0.72 "S" 

Ft = 1.0 ugn 

X= These conditions are not applicable, since limitation of core temperature rise is for a 
shorter period than limitation of unexposed face temperature rise. 
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APPENDIX E 

SHIPPING CONTAINER FIRE-TEST EXPERIMENT 

(Factual Information Supplied by the U.S. Coast Guard) 

E1.1 Background 

The shipping container fire-test scenario (test series) was conducted to obtain 
credible data for three different types of standard shipping containers (steel, 
aluminum, and fiberglass reinforced plywood). Due to the lack of realistic experi· 
ence in this area, it is virtually impossible to accurately predict the flame spread and 
course for this type of fire. 

Since the advent of container shipping over two decades ago, there has been only 
one major casualty aboard an American flag container vessel. The collision of the 
SS C.V. Sea Witch with the SS Esso Brussels on June 2, 1973, and the resulting fire 
caused the complete destruction of all 285 containers, including deck cargo stowed 
on the Sea Witch. The lack of credible data for this type of occurrence was a 
setback that prompted the U.S. Coast Guard to sponsor and work hand-in-hand 
with an ad hoc advisory group comprised of fire protection and marine experts 
from government and industry. 

The fire which destroyed the containers and cargo did not start within the 
container stack, but had spread from a pool fire of more than 1 million gallons of 
Nigerian crude oil surrounding the container vessel. The heat flux experienced by 
the containers from this exposure was well in excess of that normally produced in 
laboratory furnace tests when determining the fire endurance of materials. 

Evaluation of the routine transport of intermodal shipping containers envisaged 
several fire scenarios among which are: ( 1) a likely fire incident may occur as a 
result of shifting cargo within a properly lashed container, and (2) a second likely 
fire incident may occur as the result of a flammable fluid leak, where a container 
stack is exposed to a limited external fire source. If either credible fire source, 
interior or exterior, were exposed to one container or to several stacked containers, 
an estimate of the potential flame spread to the remainder of the container load is 
necessary. 

Tests evaluated the fire potential and flame spread of different material com
binations used in the construction of standard 8-by-8 by 20-foot shipping con
tainers (steel, aluminum, and fiberglass plastic reinforced plywood). For purposes 
of this publication, FRP containers are used singly and in combinations with 
aluminum and steel containers (see Tests 1 through 6 in Section E.1.2.5.1). 

E.1.2 Procedure 

E.1.2.1 Facility 

The container fire scenario test series was conducted at the Coast Guard's Fire 
and Safety Test facility in Mobile, Ala. Because gantry cranes or other container 
lifting devices could not be practically erected, the fire scenario tests were not 
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conducted aboard one of the Test Facility vessels. A test pad, measuring 3,600 ft2 , 

was constructed on Little Sand Island, adjacent to the SS Albert E. Watts. A 
simulated hatch cover, measuring 29 by 25 feet, was constructed on the test pad by 
welding steel plates together. Steel coamings were welded along the perimeter of 
the hatch cover to form a 10-inch-deep fuel pan for the pool fires. Two steel 
1-beams, with six inch flanges, were fitted with bottom stacking fittings and pad 
eyes, and centered in the fuel pan to act as a base for the container stack. 

E.1.2.2 Fuel Source 

1. Internal - Standard wood cribs weighing 28.5 to 31.5 pounds and con· 
structed of forty-five pieces of white fir measuring 2 by 2 by 15 inches were used as 
a Class A fuel source. In Tests 1 through 3A, two wood cribs were stacked vertically 
over a 13-by 13-by 4-inch steel pan containing 2 gallons of naphtha. In Tests 1 
through 3A, the fuel source was located at the center point of the container floor. 
Test 3A was conducted with the wood crib and naphtha pan located 5 inches from 
the starboard or rear corner of the aluminum container. 

2. External - Aviation fuel (JP-5) was used as a fuel source for all external 
exposure tests. Several gallons of naphtha were used to prime the JP-5 for easier 
ignition. 

E.1.2.3 Instrumentation 

The Fire and Safety Test Facility instrumentation van was used for this fire test 
series. To facilitate the connection of all necessary wiring and electrical power 
supply circuits, the van was loaded on one of the Test Facility LCM's, which was 
then moored on the island adjacent to the test site. 

For all of the interior fire scenario tests, internal temperatures, oxygen, carbon 
monoxide, and carbon dioxide levels were measured and recorded. On the external 
exposure fire scenario tests, only temperatures were recorded. The thermocouples 
and gas sensor tubes were routed into each container through small holes drilled in 
each container door. The openings were then sealed with a high-temperature caulk
ing material. The thermocouples used were Type K, ungrounded (sheathed), 
10-inch-diameter lnconel. 

Oxygen concentrations were measured with a thermomagnetic oxygen analyzer 
with a range of 0 to 25 percent, 1.0 percent. Carbon monoxide concentrations were 
measured with a Luft type infrared analyzer with a range of 0 to 50 percent, + 1.0 
percent. All instrumentation data was fed into an analog to digital converter whose 
output was recorded on both printed-paper-tape and paper-punch-tape. The punch· 
tape data was fed into a computer, which plotted the data as engineering units 
versus time. 

E.1.2.41gnition Method 

For the internal tests, sufficient lengths of fuse cord were run from the naptha 
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pan at the base of the wood crib to the exterior of the container. The fuse cord was 
then ignited (manually) from a safe distance. 

E.1.2.5 Containers 

Generally, dry cargo intermodal shipping containers consist of two side panels, 
one end panel, doors, roof, and floor. These components are held together by the 
container frame components which consists of two bottom rails, two top rails, and 
two end frames. The frame components are usually high-tensile-strength steel or 
extruded aluminum alloy. Side- and end-panels consist of varying materials, based 
primarily upon the nature of the cargo to be carried. The containers evaluated in 
this series involved four basic types of panels - steel, fiberglass plastic reinforced 
plywood, exterior post aluminum, and exterior skin aluminum panels. Container 
doors, in most cases, are exactly the same as the container's side panels, or they 
may be a composite material referred to as Plymetal. Plymetal doors consist of a 
plywood core with aluminum or galvanized steel sheeting on both exposed surfaces. 
Container floors are constructed of oak or other hardwood floorboards supported 
by the frame crossmembers. The floorboards are generally connected to one 
another by either tongue and groove or ship lap constructions. Container roofs are 
constructed of materials similar to the container side panels. 

All joints formed by the connection of a frame member to a panel are sealed 
with a weatherproof compound or gasket. 

E.1.2.5.1 Container Materials and Construction Details 

Containers 1 through 9 were used in fire Tests 1 through 9. Containers 4, 5, and 
6 were used for interior fire Tests 1, 2, 3, and 3A. The containers used for exterior 
fire Tests 4 and 5 were the same units used in Tests 1 through 3A. The containers 
used for Test 5 were deliberately destroyed and were replaced with identical types 
for Test 6. The containers used for the tests are listed as follows by test number and 
container number and are described in Table E-1. 

Test No. 

1 
2 
3 
3A 
4 
5 
6 

E.1.3 Interior Fire Scenario 

Container No. 

4 
5 
6 

4, 5, and 6 
4, 5, and 6 
4, 5, and 6 

1-9 

The single factor capable of regulating combustion of fuels within a sealed 
container is the amount of available oxygen. Assuming no leakage, the maximum 
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Table E-1. Container Materials and Construction 

QQnt!li~I:-1:!2Jh._l_!lruLI - Veenema & ~~ieqers. Inc •• Model M-
20880 AP, 1966 

- Sid~ and end panels 

- Top rails, bottom 
rails, or end frames 

- Roof 

- Floors 

- Lininq 

3/4 inch plywood core sandwicnEd 
between 0.060 inch polyester 
fiberqlass 

6061-T6 or 6062-T6 aluminum 
alloy 

5/8 inch plywood core sandwiched 
between 0.060 inch polyester 
fiberqlass 

oak edqe qrain, 1 1/8 inch 
laminated 

1/4 inch A.c. plywood, full 
heiqht 

~Qnt!limli:~SU.-1 - Stick "Sea Trailer" 

- Side panels 0.051 inch aluminum sheet, 
extruded aluminum alloy 
posts on 24 inch centers 

~2nt2l~~N2~-~ - SIC steel c~ntainer, mad~ in France 

- 4 fork lift pockets 

- 4 ride vents 

- 1 1/4 inch floorboards 

- SIC lockinq system 

~2ntstin!;li:_NQ~~- Steel container "Tokyo Car." 

- End panel 

- End frames 

- Poof 

- Floors 

- Doors 

- Lininq 

0.051 inch aluminum sheet, 
5 posts on 12 inch centers 

hiqh tensile strenqth steel 

0.050 inch aluwinum sheet, 
bows on 24 inch centers 

1 1/4 inch floorboards wit~ 5 
inch (10 USCG) hiqh tensile 
strenqth steel crossmembers 

Plymetal - 3/4 inch plywood 
core, 0.025 inch aluminum 
sheet on each side 

1/4 inch plywood, 48 inches 
hiqh on sides, and full heiqht 
on end panel 

(Continued) 
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Tablfl E-1. Contllinflr Matflrials and Construction (Continufld) 

- Side and end panels 

- Top rails or 
bottom rails 

- End frames 

- Roof 

- Floors 

- Doors 

0.063 inch aluminum steet 

1 3/10 inch posts on 18 
inch centers 

6061-T6 aluminum alloy 

high tensile strength steel 

0.063 inch 3003-814 aluminum 
sheet 

1 1/16 inch hardwood, tonque 
and qroove floorboards over 
I-beams on 12 inch centers 

3/4 inch Plymetal 

~QD!2i~[_NQ1_2 - Theurer, Model PC20-8 

- Side and end panels 

- Front end frame 

- Rear end Frame 

- Foot 

- !:>oors 

- Upper side rails 

- Side panels 

- End panel 

- Roof 

- Doors 

190 

3/4 inch plywood core sandwiched 
betweer. 0.060 inch polyester 
fiberglass 

aluminum alloy 

high tensile strength steel 

5/8 inch plywood core sandwiched 
between 0.060 inch polyester 
fiberglass 

Plymetal, type 8F2, 0.050 inch 
aluminum sheet exterior, 
24 guaqe steel interior, 
3/4 irch plywood core. 

extruded aluminum alloy 

0.063 inch aluminum sheet, 
4 by 1 3/16 inch (6061-T6) 
aluminum alloy posts on 24 
inch centers 

high tensile strength steel 
frame, 0.063 inch aluminum 
sheet, for interior posts 

0.063 inch 3003-H-14 aluminum 
sheet with 1 inct deep (6061-T6) 
I-beam bows on 24 inch centers 

1 inch Plymetal consisting of 
exterior 0.040 inch aluminum 
sheet, 24 gaqe zinc plated 
steel sheet on interior 

(Continufld) 
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Teble E-1. Container Materiels end Construction (Continued) 

- Floor 1 1/8 inch laminated hardwood 
tonque and groove 

~~l~X-HQ~_! - SIC steel c~ntainer, made in France 

- 4 fork lift pockets 

- 4 ride vents 

- 1 1/4 inch floorboards 

- SIC lockinq system 

~Qil1A~n~'-l!!U.-.i- Steel container "Tokyo car." 

(Concluded) 

quantity of air in one of the shipping containers is 1,280 cubic feet. A loaded 
container will naturally have less than 1,280 cubic feet of air available for com
bustion. Therefore, to simulate a maximum or worst case test situation, it was 
decided to test the containers filled with as little cargo as possible. Because of the 
variety of cargo that is stowed in containers, it was also decided to utilize both 
Class A and Class B fuels. 

Calculations using the combustion engineering formula indicated that the wood 
cribs, used as a fuel source, would require 92 cubic feet of air for the complete 
combustion of each pound of wood. 

Because the degree of air tightness of the test containers could not be guaran
teed, it was decided to use two 30 pound wood cribs per test. The total fuel source 
included 2 gallons of naphtha and occupied a volume of approximately 3 cubic 
feet. 

The containers used for the interior fire scenario tests were removed from service 
because of their overall deteriorated condition. Minor defects, such as broken 
hinges, torn door gaskets, and dented frame rails, were noted on most of the 
containers. All containers were checked to insure that the defects would not pro
duce any undesirable effects during the tests. No special repairs or sealing materials 
were employed to cause the containers to be air-tight beyond what is normal for 
in-service containers. In fact, these containers were probably less airtight than con
tainers in normal service. 

E.1.3.1 Thermocouple Locations 

For Tests 1 through 3A, thermocouples were placed at various levels throughout 
each container. Two thermocouple "trees" were spaced approximately ten feet 
apart on the centerline of the container. Five thermocouples were mounted on each 
tree; one on the floor, one on the ceiling, and one every two feet in between. One 
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thermocouple was placed in the center of the wood cribs, and one thermocouple 
was placed at the approximate midpoint of each side panel. 

E1.3.2 Test Results 

The ambient temperature and relative humidity for Tests 1 through 3A are listed 
in Table E-2. 

Table E-2 

Ambier.t Felative 
------~§t_N2L-----------I~ID~-l~~l---------HYIDi9it~_l!l ___ _ 

1 
2 
3 
3A 

35 
38 
36 
36 

50 
511 
65 
65 

Table E-3 shows a summary of temperature and gas analysis data taken from the 
recorded curves. In Test 1, the fire became oxygen regulated in approximately 6 
minutes, and subsequently, the temperature in the wood crib began decreasing with 
2 minutes. In Test 2, the fire became oxygen regulated after approximately 9 
minutes, however, the temperature at the wood crib did not show a corresponding 
drop for 72 minutes. It was noted, during set-up, that several of the floorboards 
were severely warped. It is theorized that fresh air entered through these openings 
in sufficient quantities to maintain glowing combustion in the wood crib, but 
insufficient to allow free burning. Tests 3 and 3A were identical except that the 
wood crib was placed at the curbside rear center of the container. See Section 
E 1.2.5.1 for container details. 

E1.3.3 Discussion 

As noted in Section E 1.3, the amount of available air in an empty sealed con· 
tainer is sufficient to sustain combustion and completely consume 14 pounds of 
wood. Test 1 involved a steel container with four natural vents. With this additional 
natural venting it was predicted that complete combustion of more than 14 pounds 
of wood could occur. A 13 pound wood crib weight loss was observed in the test. 
During the test, very little evidence was seen to indicate that the container's con· 
tents were burning. Minute traces of smoke were noted emanating from various 
points of the container. The only apparent effects of the wood crib fire on the 
container was a circular region, approximately 18 inches in diameter, on the ceiling 
of the container where the paint had burned off. 

The FRP container (No.5) used for Test 2 was not vented and still incurred a 
weight loss of 25 pounds. It is felt that the warped floorboards allowed sufficient 
quantities of air to leak into the container to permit glowing combustion of the 
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Table E-3. Summary of Data, Tests 1-3A 

Temperature ("C) 

TC1t Time Floor Woo._ 02 co C02 
No. (min) Level 2Ft. 4Ft. 6Ft. Ceili"' Crib (%) ~) 1%) 

I 2:00 36 35 37 41 '0 32 21 0.2 0., 
(Stl) 4 :00 41 39 41 49 58 290 21 0.2 0.5 

6:00 47 so 8' !15 14, 3,0 20 0.4 0., 
7:00 180 170 400 I.S 
8:00 " 10 113 IH 135 498 " 0.3 6.2 

10:00 16 0.4 5.0 
12:00 ,. 68 90 110 IU 170 16 0.4 5.0 
16:00 '3 63 H 90 92 14, 16 0.4 , ,0 
18:00 50 60 10 82 91 130 17 0.3 4.0 
20:00 42 48 '8 65 87 lOS 18 0.2 1.0 

2 3:00 35 35 35 35 35 75 21 0.2 1.2 
(FRP) 5:00 125 21 0.2 1.2 

6:00 ., 45 90 18, 230 325 21 0.2 1.2 
7:00 180 200 350 20 0.4 1.2 
9:00 45 8' 110 12, 130 420 19 0.3 3.0 

17:00 215 14 0.6 4.2 
18:00 45 80 H 90 90 300 14 1.4 3.5 
21 :00 290 12 
24 :00 360 " 27:00 45 80 75 90 90 3H 14 1.6 3.5 
30:00 340 IS 
33:00 3H 12 
36:00 4' 82 15 90 90 44, " 1.6 B 
39:00 415 " 42:00 480 " 45 :00 4' 82 78 90 90 5!0 " 2.0 4.0 
48:00 500 12 
51 :00 51' IS 
54 :00 4' 82 78 90 90 490 13 2.0 4 .5 
51:00 470 14 
60:00 450 IS 1.2 
63:00 4' 81 H 90 90 4U 1.2 3.8 
66:00 400 IS ., 1.8 
69:00 37, 1.7 
72:00 45 80 70 90 90 275 16 1.6 3.2 

2:00 24 35 37 38 55 42 21 0.2 0.4 
4:00 36 38 44 64 66 485 21 0.2 0.4 
5:00 505 21 1.0 
6:00 42 " 110 16, 114 530 20 0.3 2.0 
7:00 580 17 5.0 
8:00 54 8' 142 194 142 388 14 0.4 6.0 
9:00 115 124 172 IS 0.7 7.0 

12:00 '2 72 14, 102 102 132 17 0.35 4.0 

A 1:00 40 
(AI) 2:00 36 36 38 40 52 420 21 0.2 1.0 

3:00 480 21 0.2 1.0 
4 :00 48 54 84 140 220 540 21 0.2 1.0 
5:00 144 304 560 16 0.3 4.0 
6:00 66 98 !58 220 330 600 12 0.4 6.0 
7:00 102 156 304 ,00 13 0.4 8.2 
8:00 68 98 148 172 230 325 12 0.8 8.7 

10:00 64 90 118 118 165 200 IS 0.5 5.5 
12 :00 60 80 102 102 120 175 16 0.5 4 .5 
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wood crib. Additionally, it was noted that the FRP panel joints were sealed with a 
material which apparently decomposed from the heat of the fire and leaked from the 
container. The liquid-decomposition-product that leaked from the joints may have 
allowed additional air leakage into the container. 

There were two notable effects of the test fire on the FRP container. As in Test 
1, a slight darkening of the ceiling occurred directly above the wood crib, and the 
heat of the fire caused a certain amount of styrene boilout on the roof panel during 
the test. 

Test 3, involving aluminum container No. 6, produced results similar to Test 1. 
Prior to this test, it was predicted that the heat flux from the wood crib test fire 
would be sufficient to cause the aluminum roof panel to melt. The roof panel 
deformed inward approximately 1% inches directly over the wood crib but did not 
melt. Apparently, the aluminum's thermal conductivity helped to dissipate the heat 
into the atmosphere. Table E-4 is a comparison of roof panel temperatures, of each 
type container, measured at the peak of combustion. 

Table E-4. Roof Panel Temperature Comparisons 

FWD Thermocouple AFT Thermocouple 
-------------------------IB:£_1~~t-----------IE~~-1~t------

Jl.luminum 140 140 

FFP 240 240 

steel 170 180 

Test 3A was conducted to determine if moving the wood crib to a corner of the 
container would produce any observable effects not produced in Test 3. The rela· 
tively undamaged container used for Test 3 was again used for this test. The wood 
crib was situated 5 inches from the curb-side-rear-corner of the container. The only 
additional effects noted were charring of the plywood liner, and the melting of the 
overhead door gasket. 

In report number 177M, dated April 1973, the Netherlands Ship Research Center 
reported on a similar test series conducted in the Netherlands. In those tests, almost 
identical results were obtained for a ventilated steel container and an FRP container. 
In the Netherlands Ship Research Center tests, weight losses of approximately 12 
pounds were recorded in all cases. 

A second report, number 202M, dated November 1974, discussed the results of 
tests conducted on aluminum containers. As a result of these tests, the Netherlands 
Ship Research Center concluded that "a fire inside a container (regardless of the 
cause) will not inflict much damage on the container in question, and certainly not 
on adjacent containers." 
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E1.4 Exterior Fire Scenarios 

In Section E 1.1, it was stated that the two credible fire scenarios developed for 
intermodal container transport included exposure from an exterior fire source, 
either a minor flammable liquid leak or other source such as a fire in the container 
vessel's superstructure. 

Tests 4 and 5 were designed to simulate the exposure of the top level of a 
container stack in such a manner that the underside of the containers would have 
no effect on the results. This was accomplished by flooding the test fuel pan with 
water to raise the fuel level above the container floors. The time of burning was 
regulated by the amount of fuel floated on the water's surface. Previous tests have 
shown that JP-5 fuel will burn off at a rate of approximately 1/10 inch per minute. 

Since there was little damage incurred during the internal fire tests, the original 
three containers used for Tests 1 through 3A were also used for Tests 4 and 5. 

Test 4 was planned as a 1-minute exposure. Unfortunately, immed iately after 
ignition, a wind shift caused the fuel to move to the rear of the test pan. Conse
quently, the container doors experienced a 10-minute heat exposure. Although not 
part of the test plan, this provided an excellent opportunity to evaluate the con
tainer doors and locking systems. 

E1.4.1 Test Results 

The ambient temperature and relative humidity for Tests 4 and 5 are shown in 
Table E-5. Post-test examination revealed that all doors were still operable; how
ever, a little extra effort was required to secure the locking rod cams in their 
keepers because the locking rods had bowed outward. The steel container (No. 4) 

had an S.I.C. type locking system, the FRP container (No.5) had an Eberhard type 
locking system, and the aluminum container (No. 6) had a Fruehauf type locking 
system (similar to a Miner locking system) . No failure of hinges occurred and all 
door gaskets were charred, but not totally destroyed. The aluminum container's 
Plymetal outer door panel (of aluminum sheet) had melted off, and the plywood 
core was charred. 

The interiors of the containers were examined after Test 4 to evaluate the effects 
of the test fire. Other than discoloration from soot and charred door gaskets, no 
damage to the containers was noted. Since this test served to prevent the controlled 
escalation of fire exposure periods, and because the containers were still fairly 
intact, it was decided to fuel the test pan sufficiently to permit Test 5 to burn until 
complete destruction of the containers occurred. For this purpose, approximately 
1~ inches of JP-5 fuel was floated on the water to allow a 20-minute exposure. 

Tables E-6 and E-7 show a summary of temperature data taken from the tem
perature curves recorded for Tests 4, 5 and 6, respectively. The temperatures were 
taken at different heights. See Section E 1.2.5.1 for container details. 
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TableE-5 

Ambient ~elativ~ 

------I~§i-~2L-----------I~IDQ_j~~l---------fiY~i9ity_j_!l ___ _ 
39 

5 36 

50 

62 

E1.4.2 Multi-Level External Exposure 

Test 6 was intended to simulate a full-scale exposure of a container stack, in 
which the wooden floors of the containers are exposed. Nine containers were 
stacked in a three-by-three array (see Figure E-1). The fuel level in the test pan was 
lowered to approximately 6 inches below the floor boards of the first row of 
containers. Sufficient fuel was added to allow an exposure of approximately 25 
minutes. The arrangement of containers and their respective construction materials 
are shown in Section E 1.2 .5.1. 

3 6 9 

2 5 8 

1 4 7 

Figure E-1. Container stack 3 by 3 array. 
NOTE: Refer to E1.2.5.1 for container types and numbers. 
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Table E-6. Summary of Data, Test 4 and 5 

Test Time Temperature (0 C) 

No. (min) Aoor Level 2Ft . Level 4Ft. Level 6Ft. Level CeilinJ 

4 2:00 39 39 41 41 66 
(AI) 4 :00 40 41 42 43 115 

8:00 41 42 44 46 100 
10:00 40 43 45 41 90 
12:00 41 44 41 48 80 

4 2:00 34 36 31 31 42 
(FRP) 4 :00 33 31 38 38 53 

5:30 248 
8:00 36 41 42 45 110 

10:00 39 42 44 46 80 
12 :00 40 44 45 41 72 

4 2:00 40 39 41 45 51 
(I) 4:00 98 114 133 ISO 230 

5:00 338 
6:00 290 338 350 360 330 
8:00 250 285 295 284 280 

10:00 200 239 242 244 230 
12:00 185 182 193 194 191 

s 2:00 40 40 45 40 
(AI) 4 :00 82 60 168 115 

5:00 733 1020 1008 900 
5:30 945 940 915 920 
6:00 925 855 935 900 
1:00 891 840 800 715 
8:00 860 689 680 680 
9:00 891 920 195 115 
9 :30 918 190 155 660 

10:00 898 110 165 690 
11:00 898 590 610 630 
12:00 730 525 510 460 
14:00 480 260 250 115 
16:00 460 190 240 160 
20:00 200 105 150 135 

5 2:00 30 34 32 24 
(FRP) 4 :00 32 31 49 110 

6:00 38 54 18 140 
8:00 51 108 125 194 

10:00 84 110 230 342 
11 :00 198 225 
12:00 100 184 210 220 
14 :00 480 260 250 115 
16:00 460 190 240 160 
20:00 200 105 150 135 

(Continued) 
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Table E-6. Summary of Data, Test 4 and 5 (Continued) 

Test Time Temperature ("C) 

No. (min) Floor Level 2Ft. Lew! 4Ft. Lew! 6Ft. Lew! Ccilinl 

s 2:00 30 34 32 24 
(FRP) 4:00 32 37 49 170 

6:00 38 54 78 140 
8:00 S1 108 125 194 

10:00 84 170 230 342 
11:00 198 225 
12:00 100 184 210 220 
14:00 114 170 195 179 
16:00 117 180 200 180 
18:00 132 195 224 194 
20:00 140 212 234 235 

5 2:00 40 .... 46 so 50 
(Stl) 4:00 246 261 364 380 382 

6:00 410 470 47S 490 460 
8:00 430 480 495 530 515 

10:00 470 515 515 555 550 
12:00 488 518 520 S65 558 
14:00 490 520 522 560 54S 
16:00 488 SIS 520 554 SIS 
18:00 435 470 480 530 490 
20:00 405 420 445 45S 390 

E1.4.3 Discussion 

Above temperature of 450°F (232°C). is the approximate temperature above 
which aluminum loses its structural integrity. It is also the approximate kindling 
point for many types of Class A materials. Therefore, it is at this temperature that 
the spread of fire can be initiated, either by structural failure of container com
ponents, or by radiant or conducted heat energy. In Test 5, it was found that 
450°F was reached in approximately 4 minutes in both the steel and aluminum 
containers, while the interior temperature of the FRP container did not reach this 
temperature for 9 minutes. The structural elements of the aluminum container began 
to melt after 4 minutes of exposure. However, the aluminum upper rail of the FRP 
container did not melt. At the end of the test, it was noted that the upper rail had 
begun to deform where it was connected to the steel end frame. It is felt that the 
insulating properties of the FRP side panels helped prevent a rapid transfer of heat 
to these components. 

In Tests 4 and 5, the containers were free standing on the hatch cover. In Test 6, 
the containers were stacked and lashed together. This imposed a certain load upon 
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Table E-7. Summary of Dsts, Test 6 

Container Temperature Temperature 
No. Time ('C) ('C) 

S:OO 3S 40 
10:00 210 IS7 
14:00 942 
IS:OO 63S 628 
16:00 846 678 
20:00 110 40 
25:00 70 so 
30:00 6S ss 
3S:OO 60 60 

2 S:OO 40 
10:00 230 
IS:OO 470 
20:00 30S 
2S:OO 300 
30:00 29S 
3S:OO 290 

3 S:OO 40 
10:00 14S 
IS:OO 14S 
20:00 74S 
25:00 820 
30:00 74S 
35:00 62S 

4 S:OO 40 40 
10:00 ISS 596 
14:00 894 
IS:OO 550 670 
20:00 655 640 
2S :OO 650 640 
30:00 62S 790 
35:00 sso 894 
38:00 280 

s 5:00 60 
10:00 120 
15:00 290 
16:00 650 
17:00 1080 
18:00 1605 
19:00 350 
25 :00 160 
30:00 120 
35:00 120 

6 IS:OO 47 
10:00 47 
15:00 320 
16 :00 600 
17:00 740 
18:00 780 
19:00 920 
20:00 990 
25 :00 960 
30:00 910 
3S :OO 8SS 

(Continued) 
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Table E-7. Summary of Data, Test 6 (Continued) 

Container Temperature Temperature 
No. Time \C) \C) 

7 5:00 35 35 
10:00 195 130 
11 :00 445 172 
12:00 520 245 
13:00 870 485 
14 :00 230 216 
15 :00 190 130 
16:00 580 216 
17:00 340 340 
18:00 720 216 
19:00 635 340 
20:00 170 780 
25:00 435 375 
30:00 290 420 
33 :00 600 425 
35:00 290 430 

8 5:00 45 
10:00 655 
11:00 800 
12:00 650 
13:00 810 
14:00 966 
15:00 695 
16:00 805 
17:00 850 
18:00 910 
19:00 800 
20:00 650 
25:00 695 
30:00 655 
35:00 610 

9 5:00 45 
10:00 510 
11 :00 580 
12:00 580 
13:00 590 
14:00 640 
15:00 590 
16:00 640 
17:00 685 
18:00 640 
19:00 882 
20:00 780 
25 :00 588 
30:00 490 
35:00 390 

(Concluded) 

the bottom row of containers not experienced in previous tests. Additionally, the 
undersides of the container floorboards were exposed in Test 6. These two factors 
could account for the different results between Tests 5 and 6. The bottom row of 
containers in the stacked configuration of Test 6 did not reach 450°F for nearly 9 
minutes. However, when this temperature was reached, containers 1 and 7 col· 
lapsed. The FRP containers had aluminum frames, while the remainder of the 
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containers had steel frames, except container 5 which had an aluminum front 
end-frame. Throughout Test 6, the middle column of containers remained in place, 
with containers 3 and 9 also being held in place by the bridge fittings. The eventual 
failure of the container's aluminum front end caused the total collapse of the 
container stack. 

E1.5 Conclusions 

1. Steel containers do not provide the utlimate degree of fire resistance. The 
failure of steel side or end panels did not occur in any of the tests. The spread of 
fire through steel containers strictly as a result of direct flame impingement is 
therefore highly improbable. As a result of these tests, it can be shown that the 
transfer of a fixed amount of heat to the interior of a container from an external 
heat source will occur in approximately equal time periods for steel and plywood 
lined aluminum containers. A JP-5 pool fire source of approximately 30,000 
Btu/ft.2 -hr. could cause the potential ignition of Class A materials inside a sealed 
steel or aluminum container in approximately 5 minutes. In Test 2, an FRP con· 
tainer delayed the transfer of this same amount of heat-flux for nearly 9 minutes. 
F RP containers can therefore provide optimum cargo protection for a short-term (9 
minutes or less) external exposure. 

2. Extruded aluminum alloy frames do not provide an equivalent amount of 
integrity as high tensile strength steel frames. In Test 6, the eventual collapse of the 
container stack was caused by the failure of aluminum frame components. Con· 
tainers 1 and 7, which failed initially, utilized total aluminum frame hardware. 

3. The interior fire, in a sealed undamaged container, became oxygen regulated 
before any of the container panels are breached. This concurs with results pre· 
viously reported by the Netherlands Ship Research Center. 

4. The wooden flooring used in container construction does not add to the rapid 
spread of fire through container stack. As discussed above, an external fire source 
will cause the transmission of heat through any of the three types of container 
panels in approximately 9 minutes, in an amount sufficient enough to ignite Class A 
materials. Laboratory tests using double thicknesses of nominal 1-inch tongue and 
groove flooring showed fire resistance ratings of from 12 to 18 minutes. In these 
laboratory tests (ASTM E-119), temperatures of 250°F (132°C) on the unexposed 
side of the floor was designated as a failure point. It can be rationally assumed then 
that the transfer of heat through 1·1/8· or 1·1/4-inch wooded flooring (in good 
repair) will require from 6 to 9 minutes to reach a point where the unexposed 
surface temperature approaches 450°F. This is essentially the same time as that 
required for the same amount of heat to be transferred through the container roof 
or side panels of all three container types. 

5. The stacking and lashing fittings currently used provide an adequate amount 
of structural stability under fire conditions. In Test 6, the bridge fittings maintained 
the top row of containers in position even though the bottom end containers had 
collapsed. 
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E1.6 Summary 

The findings indicate several important aspects of container shipping. An inci
dent resulting in the ignition of cargo within a properly sealed non-damaged con
tainer, under most circumstances, will not endanger adjacent containers. However, a 
container stack exposed to an exterior fire source for more than approximately 5 
minutes will most likely ignite and fail structurally causing flame spread to adjacent 
container stacks. External fire exposures produced nearly identical results in all 
types of containers. For this reason it is felt that changes in container construction 
are not necessary. Since containers do not act either to intensify a deck cargo fire 
or impede the spread of flame, a fire in an on-deck container stow will spread unless 
controlled by the installed fire protection system. It is essential that fixed fire
fighting systems be capable of rapid activation and application. 

If not initially controlled, an on-deck container fire will progress until it exceeds 
the design application rate of the installed firefighting system, and at such time, the 
entire on-deck container load will be lost. 
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8.1 Introduction 

CHAPTER 8 

SPECIAL SURFACE VESSELS 
(FOILS, SURFACE EFFECT, ETC.) 

Vehicles in this category include hydrofoils, surface effect craft, and vehicles 
combining the attributes and operating modes of both types. This class of vehicle is 
characterized by light-weight construction in hulls, decking, and superstructure. 
Extensive use of aluminum is made in selected areas and, currently research is being 
conducted for application of advanced composite materials in foils, foil struts, 
underwater flaps, decking, and superstructure. 

The special surface craft discussed in this chapter are many and varied in func
tion, mission, size, and number of personnel aboard. Each possesses a variety of 
unique and peculiar features. However, they possess the common features of rela· 
tively light weight and high performance compared with other vehicles of their size. 
Structural loadings are such that non-metallics can be efficiently utilized in con· 
struction, and the mode of operation can vary from hydrodynamic hull support, air 
pressure support, or aerodynamic support. 

The diversity of operation and construction represented by this class of vehicle is 
exemplified by the Patrol Craft Hydrofoil (PCH) and the Power Augmented Ram
Wing in Ground Effect (PAR-WIG) vehicles. 

The PCH craft operates in the foil-borne mode between 40 and 50 knots. The 
superstructure, strut trunk housing, and sonar mast fairing are constructed of glass 
fiber reinforced plastic (GFRP). The hull is fabricated of a variety of aluminum 
alloys with the foils, struts, and flaps fabricated from HY-80 (High Yield) structural 
steel. 

The PAR-WIG vehicle concept bears a close kinship to aircraft in mode of 
operation and construction. Operational requirements of this vehicle range from 
wing in ground effect operation to full flight at altitude to "sea setting." Materials 
utilized for structural components include aluminum and titanium alloys and ad· 
vanced composite systems such as graphite/epoxy. 

Hovercraft ride on an air cushion generated by the vehicle power system. 
Directional control can be effected by jet devices or propellers. This propulsive 
mode requires minimum weight in all system components to limit power require
ments and vehicle maneuvering inertia. To obtain the minimum weight necessary 
for efficient operation, light-weight materials, both structural and non-structural, 
must be employed. The functional strength, stiffness, and environmental character
istics of polymer materials makes them prime candidates for such applications. 

8.2 System Design and Operation 

8.2.1 Introduction 

Most special surface craft are completely self-contained. They provide all the 
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mechanical resources and personnel support systems needed to safely and com
fortably transport people or cargo over prescribed distances with reasonable 
economy and largely independent of other logistic and assistance sources. 

In view of the nature and function of these vessels as well as the fire ignition 
sources and fire load levels present, fire hazards and control capabilities must be 
defined. Thus, this chapter defines the principal fire hazard modes for survivable 
incidents and discussed pre-fire initiation considerations, including determination of 
fire potential and current prevention and control systems. 

It may be useful to consider here some characteristics of sea vessels that differen
tiate them from land structures, and make the use of noncombustible materials 
particularly important for special surface vessels. 

1. The craft are self-contained. They must produce their own routine services as 
well as their own emergency services (water, electricity, etc.). Any fire may 
jeopardize essential services, placing such a vessel at the mercy of the sea. 

2. Surface vessels are often remote from outside assistance. They must supply 
their own firefighting capability in order to maintain vessel integrity. 

3. Means of escape are generally upward, the same direction fire and smoke 
spread most rapidly, rather than downward as in the case of buildings. 

4. Weight limitations preclude the use of heavy, multi-hour fire barriers. 
5. For safety and functional reasons, some vessels are divided into a number of 

discrete, moderate-sized compartments, making containment a practicable 
fire safety technique. 

6. A salt and moisture laden atmosphere causes special hazards relating to 
electrical short-circuit and bi-metallic electrolysis. 

These features make it essential to build a vessel with minimum fire load in order 
to limit the extent of fires in accommodation spaces. Recognizing that the contents 
of cabins (passenger and crew belongings, some furnishings, etc.) will be largely 
combustible, it is necessary to severely limit the amount of combustible material 
used in the construction of the vessel itself. Neither the presence nor absence of a 
material which is only noncombustible will affect the intensity or duration of a 
given fire (McDaniel, 1972). 

8.2.2 Fire Hazard Modes for Survivable Fire Situations 

Three types of survivable fire situations are considered: dockside/alongside fire, 
the en route fire, and the collision/loss of flight altitude fire. Dockside/alongside 
fires usually involve vessels at dockside or buoy with no passengers and few crew· 
men and small loss of life. History indicates that en route fires are most dangerous 
although fires following a collision or loss of flight altitude in surface effect (SES) 
or foil vessels could also be a serious problem. 

A survivable fire accident is defined as an occurrence in which non-fire related 
injuries received by passengers and crew would allow survival of all or most of those 

·persons. 
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8.2.3 Pre-Fire Initiation Considerations 

8.2.3.1 Determination of Fire Potential 

Ignition of polymeric materials is an extremely complex process (see Chapter 4). 
It depends on the nature and characteristics of the ignition sources, the availability 
of adequate oxygen, and the physical and chemical properties of the polymer. 
Important properties of the polymer influencing its "ignitability" include thermal 
conductivity, density, thickness, specific heat, and activation energy. Once ignited, 
polymers may burn intensely, releasing large amounts of energy. This energy is 
transferred by radiation and convection to other combustible materials, causing 
ignition and propagation of the fire. 

Some polymeric materials maintain their structural integrity as they burn, while 
others melt and sag. The latter may constitute a greater hazard when they are used 
in load-bearing applications rather than in decorative ones. Other characteristics 
(e.g., melting and dripping, smoke evolution, rate of heat release, and burning rates) 
are additional concerns that can be evaluated only in a finished product. The best 
evaluation for these materials is in their "use" configuration. 

Time is a critical element in a fire; an increased effort should be made to learn 
how to acquire more time for a given ignition intensity. Extinguishment character
istics also need to be defined in sufficient depth. Flashover is an as yet insuffi
ciently explored aspect of fire dynamics which involves area geometry, ventilation, 
and vapor accumulation from pyrolyzing organic materials (see Chapter 3) and 
should be designed to obviate it as an ignition source even in case of catastrophe. 
Parts that are electrically insulated from the hull structure can constitute a hazard 
unless connected to it through proper ground or shielding. 

Fires may be initiated as a result of heavy current overload, fraying of insulation, 
or breaking of the wire. Insulation of the wire should be selected with regard to fire 
retardance and the products of combustion of the insulation. In addition, wiring 
should not be installed to permit contact with flammable fluid lines. In areas where 
wiring must be located in close proximity to fuel lines, the wiring support should be 
located well above the lines to prevent the loose end of a broken wire from contact
ing flammable fluid pipes. (It has been shown by tests that in such cases an arc may 
burn through the line and set fire to its contents before circuit protection has time 
to act). 

Terminals must be covered to prevent accidental shorting or grounding, and all 
plugs and receptacles should be sealed when locked in the connecting position. The 
seal should be established before electrical contact is made and be maintained until 
after contact is broken. 

Circuit protection must be provided for all circuits exposed to transient current 
input in excess of normal wire rating. This circuit protection may either be installed 
outside abnormal vapor zones or be explosion-proofed. 

Main power cables (including generator cables) should be: (1) isolated from 
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flammable fluid lines, (2) shrouded by electrically insulated flexible conduit or its 
equivalent, in addition to the normal cable insulation, and (3) designed to allow a 
reasonable degree of deformation and stretching without failure. 

The salt laden high·moisture atmosphere in which the equipment operates 
exacerbates and will accelerate the deleterious effects of the hazards noted above. 
(Refer to item 6, Section 8.2.1). 

8.2.3.1.1.2 Cigarettes, Matches, Lighters 

Temperatures achieved by small heat sources (e.g., cigarettes, matches, lighters) 
are sufficient to ignite many materials, including some synthetic polymers, both in 
solid and liquid form. Whether or not these sources will ignite a given material 
depends on the material configuration and the atmospheric dynamics. 

The following are some typical temperature measurements of small ignition 
sources: 

Item Condition Temperature 
Cigarettes, center No draft 1,050°F (565°C) 
Cigarettes, center Draft 1,350°F (732°C) 
Cigarettes, center Insulated 1,150°F (621°C) 
Cigarettes, surface No draft 550°F (228°C) 
Cigarettes, surface Draft 800°F (427°C) 
Paper Match No draft 1,508°F (820°C) 
Wood Match No draft 1,346°F (730°C) 
Cigarette Lighters No draft 1,200-1,500° F 

(649-816°C) 

Testing a typical cross section of upholstery materials using a cigarette and other 
small ignition sources revealed that combinations of cotton and rayon materials 
were ignited by these sources, while certain 100·percent synthetic fibers were not 
(Loftus, 1956) (National Fire Protection Association, 1956). Synthetic materials 
burn when blends of cotton and rayon fibers are combined with synthetic fibers or 
where cotton is used as a cushioning material, since the easily ignited material 
serves to ignite the more difficultly ignitible materials. It should also be pointed 
out that ignition by cigarette generally begins with a smoldering phase so that 
considerable time may elapse between ignition, flame growth, and flame spread. 

Many design techniques have been developed to reduce ignition by cigarette. 
These include incorporating a heat sink material (e.g., an aluminized scrim material 
beneath a cotton·polyester material will inhibit cigarette ignition), and using tight 
weave designs with high-density fabrics. 

8.2.3.1.2 Fireload 

One classic approach to understanding the potential severity of fires in a given 
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space has been to measure "fire load" or potential heat release under fire condi
tions. 

Every potential fire in a vehicle - one that could occur at any time or place, 
whether it is in operation or stored, or with full load or empty - must be con
sidered one in which all combustibles will be consumed. The question is what will 
this total heat load do if it is released in a relatively short time? 

Heats of combustions of various materials that can find application on this class 
of vessel are listed in Table 8-1 . 

Table 8-1. Material Fire Load Data 

Heats of Combustion for Typical Materials Found in Spacial 
Surface v ... ls 

Rayon 
Tobacco 
cotton 
Acetate 
Polyvinyl Chloride 
Tri Acetate 
Wood 
Wool 
Polyester 
Modacrylic 
Unsaturated Polyester 
Nylon 6 
Spandex 
Foam Rubber 
*Bituminous Coal 
Urethane 
Polystyrene 
*No. 6 Fuel Oil 
Butadiene/Styrene Copolymer 
•for comparison purpose only. 

8.2.3.1.3 Personnel Danger 

6, 700 (Btu/lb.) 
6,800 (Etu/11::.) 
7, 100 (Btu/lt.) 
7, 700 (Btu/lt.) 
7. 700 (Btu/lb.) 
7, 800 (Bt.u/lt.) 
8, 800 (Btu/lb.) 
9. ooo (Btu/lb.) 
9, 300 (Btu/11:::.) 
11,000 (Btu/lb.) 
13,000 (Btu/lb.) 
13,000 (Btu/lt.) 
14,000 (Btu/11:,.) 
15,000 (Btu/lt .• ) 
15,000 (Etu/lh.) 
16,000 (Btu/lb.) 
18,000 (Btu/lb.) 
18,000 (Btu/lb.) 
20,000 (Btu/11:·.) 

The crew may be involved in many types of fire, either by the necessity to 
continue the vehicle's operation or to fight the fire itself. 

The use of all fire-retarded cellulosic types of fiber in crew clothing would 
reduce the probability of ignition but would not ensure a protective garment; the 
use of Kynol®, Nomex or fiberglass would confer additional fire protection. The 
use of hooded capes, thermal gloves, and a self-contained breathing apparatus 
would add to safety. 

8.2.3.2 Current Fire Prevention Control Systems 

8.2.3.2. 1 Prevention 

Fire prevention starts with vehicle design and follows through by considering all 
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potential operational accidents. Ignition sources are (a) eliminated or controlled to 
the extent possible and (b) separated from possible fuels. Fire detection systems 
that provide for quick operation of fire suppression systems before a fire builds up 
are installed in engine room and ammunition magazines and in unoccupied areas of 
the vehicles. 

There are no effective controls on the materials or ignition sources carried on 
board by passengers or crew. 

The crew and passengers are expected to detect a fire, and the crew is expected 
to put it out using available extinguishing systems before it is too large to control. 

Some surface vehicles are of a size such that barriers are used to separate cargo, 
crew, and passenger compartments. Such separations also help to contain fires; 
however, consideration by designers of the fire barrier concept beyond this has 
been minimal. Servicing of fuel, hydraulic, and oxygen systems presents such severe 
fire hazards that special conditions, facilities, and procedures are required to pre
vent fire. 

In essence, fire prevention control and extinguishment must be treated as a 
system problem since all parts of the fire problem are related (e.g., tradeoffs in 
safety and economics must be made in using materials that are difficult to ignite 
but that when ignited, produce fire, smoke, or toxic gas conditions). 

8.2.3.3 Design Considerations 

8.2.3.3.1 Introduction 

The purpose of this section is to discuss the design of polymeric material com
ponents, insofar as the material selection is relevant to fire safety. Material selection 
is considered as it pertains to hardware parameters controlled by the designer. 
These parameters include part function, geometry, location, and the influence on 
materials of service temperatures. 

8.2.3.3.2 Component Considerations for Material Selection 

8.2.3.3.2.1 Part Function 

All hardware items have a primary purpose or function. The means to satisfy this 
function is through a requirement specification, i.e., a design criteria document. 
Once the design criteria have been established, the design process.is initiated. This 
usually involves a series of tradeoff studies, frequently resulting in compromises 
among requirements. If function cannot be provided or the required criteria met, 
consideration of other desirable features becomes academic. This premise es
tablishes the sequence of design flow for any hardware element regardless of 
second- or third-order requirements of desirable features that provide an additional 
basis for tradeoff study selection of materials for a given application. Flow 
sequence for candidate component design relative to function and fire character
istics is illustrated in Figure 8-1. 
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Fire Aspects of 
Materials, Element 
and Systems Pertinent 
This Point On 

Total 
Requirements 
for Element 
or Assembly 

1st Order 
Functional 
Requirements 
Mandatory 

2nd Order 
Requirements 

Trade-Off 

3rd Order 
Requirements 

Desirable 
Choices 

Mechanical Static 
and Dynamic Loads 

Thermal Requirements 

Damping Requirements 

Acoustic Requirements 

Safety 

Weight 

Fabrication and Assembly 
Considerations 

Production Costs 

Commercial Availability 

Maintainability Requirements 

Aesthetics 

Odor 

Other 

Figure 8·1. Flow diagram for candidate componentry (interior nonstructural bulk· 
heads, deck covering, galley hardware, paneling, habitability items). 

8.2.3.3.2.2 Geometry 

The geometry of interior hardware (interior non-structural bulkheads, seats, 
deck covering, galley hardware, paneling transparencies and ports, comfort items, 
and lavatory fixtures) is very important in terms of fire flashover, and particularly 
in terms of retention of heated gases and the focusing of explosively ignited gases. 
Flame propagation rates vary according to the path of the flame front (i.e., verti· 
cally, horizontally, or at some inermediate angle). These geometric considerations 
are difficult to control meaingfully, but should be given attention if design function 
can be accommodated. 
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8.2.3.3.2.3 Part Location 

The location of a part can constitute an essential element in material selection 
by virtue of the response of the available polymers to the elements of a given fire 
scenario, i.e., a material's propensity to drip, emit smoke and toxic fumes, self
extinguish, and respond to heat flux. Other significant properties of a polymer, as 
they relate to its combustion performance, can also be extremely important from 
the standpoint of fire propagation or retardation in a given scenario. Materials that 
melt and drip are extremely hazardous to components if located in a position that 
perm its them to ignite other materials. 

Location of a part relative to adjacent high temperatures, high rate of energy 
input, environment (particularly partial pressure of oxygen), and heat loss are im
portant parameters for its ignition and sustained burning. Ignition testing of fibrous 
materials with a bunsen burner has demonstrated that some materials which self
extinguish at room temperature will be completely consumed if the ambient 
temperature is elevated to 250°F (120°C). Data for a group of materials tested 
using the Federal Standard Test Method (FSTM) method are presented in Table 
8-2. 

Table 8-2. Bunsen Burner Test. Elevated Temperature Versus Room Temperature 

Room Temperature Ait' 250°F Aifl 
Aame Burn A a me Burn 

Material Time, s. Length, in. Time, s. Length, in. 

Nomex® fabric, undyed 0 2.5 0 3.3 
Wool fabric, FR treated 0 2.5 9 IO.ob 
Nomex® carpet, polyester 

back, FR latex coating 17 0.6 3.8min 8.8b 
Wool carpet, polyester 

8.8b back, FR latex coating 8 1.8 48 
Wool carpet 15 3.6 2.4min IO.ob 
Dyne! carpet 5 3.3 5 IO.ob 

0 Temperature of air in bum chamber. 
bspecimen was fully consumed. 

8.2.3.3.2.4 Detail vs Assembly 

Proper evaluation of the combustion quality of a material in a given application 
requires consideration of the material or combination of materials in an assembly 
and the material in the adjacent assembly. 

Surface texture, color, shape, weave, gauge, density, etc., affect the ignition, 
burn, and smoke characteristics of otherwise chemically identical materials when 
tested by the same methods. Therefore, detail parts cannot be averaged to obtain 
their combined characteristics but must be tested as the complete end hardware 
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assembly. This is exemplified and the data presented in Figure 8-2. With this 
combination of materials, in vertical burn tests, the burn length of the complete 
panel assembly averages 1.1 inch longer than that resulting in an identical test 
conducted on a phenolic resin/glass laminate. 

"B" Stage Epoxy Re s in/Glas s 

Nomex C Honeycomb Core -----------

Phenolic Resin/Glass/Glass Laminate 

Tedlar•necorative Laminate 

RESULTS OF COMPLETE PANEL 
ASSEMBLY 

Fl~:c!ime Burn Length 
Cinches) 

0 4. 70 

0 4 . 90 

2 4 . 50 

AVG. I 4. 70 

Thermoplastic 
Adhesive 

o~!::~n!!Cs:!s) 
No Drip 

No Drip 

No Drip 

No Drio 

RESULTS OF PHENOLIC RES IN/GLASS l.AHINATE 

0 3.&0 No Drip 

0 3 . &0 No Drip 

0 3.&0 No Drip 

AVG. 0 3.&0 No Drip 

Figure 8.2. Response to heat flux component detail versus assembly. Sid~ 
wall panel. 

8.3 Materials 

8.3.1 Introduction 

Materials used in this special class of vehicles must be specified with full con
sideration for total system requirements including ignition sources, fire detection, 
and fire control. 

Because operation of these special craft poses unique problems, polymeric 
materials used should have the highest fire safety performance consistent with 
pragmatic limitations of availability, cost, and other performance properties (e.g., 
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mechanical durability, weight, aesthetic appeal, mar resistance, ease of cleaning, and 
fabrication). 

Area designated by the Coast Guard and Navy as having special fire safety 
importance are: 

1. Areas or compartments not normally manned. 
2. Areas occupied by passengers and crew (i.e., work stations and living 

quarters). 
3. Areas such as the hull where polymeric materials (e.g., linings, wire insula

tion) are important components. 
The first two are interior areas, and polymeric materials are utilized in several 

applications including: 
1. Thermal and acoustical insulation, bulkheads and overheads, survival gear, 

and oxygen systems; 
2. Seats, floor covering, mattresses, draperies, pillows, and blankets; 
3. Passenger and crew carry-on materials. 
In some instances, military vehicles are made of materials of the same type and 

form as found in commercial craft, the principal difference being the elimination of 
some materials required for interior decoration. Military vehicles are more limited 
in the use of polymeric materials, generally retaining only those essential to the 
system. The habitability materials for carpeting, curtains, mattresses and upholstery 
fabrics burn, smolder, and give off toxic fumes. Fuels, explosives, metals and plastic 
materials all compound the danger of shipboard fire. 

In conventional Navy ships and advanced high-performance ships, some materials 
and equipment contain substances such as aviation and rocket fuels. These explo
sive materials, common to the working environment within many naval ships, pose 
serious problems. Lightweight structural materials such as aluminum, replacing the 
traditional heavy steels, bronze and copper, are used for hulls, helicopter pads, and 
hangars. Aluminum has its drawbacks, however, as it begins to lose strength at 
250°F (121°C) and melts at 1184°F (640°C). a temperature much lower than 
produced by shipboard fires. 

Advanced composite materials are replacing aluminum in some applications and 
may possibly replace steel in selected applications. Recent experimental results have 
indicated that some composites possess an apparently higher level of resistance to 
burn-through than certain aluminum structures when subjected to direct flame 
fronts at 1093°C (2000°F). The subsequent pyrolysis and burning of the polymeric 
resin matrix of the composite will constitute a severe hazard, however. 

Current test methods specified by government regulatory agencies are based on 
technical developments of the scientific and industrial communities. They have 
been used successfully to develop substantially safer vessels by permitting replace
ment of highly flammable materials with improved materials. However, these test 
methods usually measure a limited number of individual characteristics and do not 
provide an integrated assessment of all fire safety parameters. The standards were 
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developed from tests reflecting what was the state-of-the-art at the time, and 
usually do not take into account aging phenomena or design considerations. Fur
thermore, correlation of test results with actual fire situations is difficult. 

Many polymeric materials are used in blends with other polymers or as com
posite structures. The fire safety performance of these structures is complex and 
difficult to predict, since the evaluation of individual components does not provide 
complete information about the performance of the composite or multi-component 
system during exposure to fire. 

Since most special-purpose, high-performance craft are experimental or develop
mental, many different materials and composites are specified or allowed. These 
materials may be called out in accordance with conventional ship construction 
practice, aircraft construction practice, or in accordance with the requirements of a 
materials development program. Since the materials specified for surface effect, 
foil, PARWIG and other special purpose craft vary widely, even for the same 
functional part, it does not appear useful to attempt to describe and evaluate here 
all of the many polymers and composites in use. Therefore, this chapter is limited 
to a discussion of the design principles and criteria for materials selection from a 
fire safety standpoint. Materials used in aircraft construction are discussed exten
sively in Volume 6 of this series; ship construction materials are discussed in Chap
ters 4 and 7 of this volume. 

Materials carried on board by or for passengers and crew cover a wide range of 
liquids, solids, aerosols, and other compositions of varying degrees of potential fire 
hazard. Many of these materials are substantially more flammable than the con
struction and furnishing materials used by the vessel manufacturers and operators. 
They constitute a significant factor in the overall fire safety of the vessel - one that 
is not susceptible to much improvement except by containment and, to some 
degree, by regulation. Significantly, these materials kindle less flammable materials. 

To date, the concern for the fire safety aspect of material selection has focused 
on resistance to ignition or prompt self-extinguishment; however, the potential 
smoke generation and toxic gas evolution characteristics of the selected material 
now are receiving attention. Evidence is accumulating suggesting that many 
presently used self-extinguishing formulations of polymeric materials cause in
creased smoke and toxic gas release in a conflagration. 

8.3.2 Evaluation Criteria and Methodology 

Evaluation and selection of polymeric materials is a complex and difficult task. 
It is not now possible to precisely define fire safety without reference to specific 
parameters or conditions of testing. The fire safety aspects of a polymer depend on 
many factors including actual condition of use. This is particularly true of the 
geometry and orientation of use, proximity of other materials, environmental con
ditions, and source and site of ignition, as well as the intrinsic properties of the 
polymer such as composition, thermal stability, and heat transfer characteristics. As 
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noted previously, the effects of decomposition products (smoke and toxic gases) 
must also be considered. Results can be interpreted only with reference to the test 
procedures employed and with full awareness of the prevailing limitations in test 
methodology. 

A further distinction must be made with regard to the intent of various 
flammability test methods. In the hierarchy of procedures used for materials 
selection, distinction should be made among tests and the results should be 
meaningfully and carefully qualified. Investigation of evaluation methods has led to 
identification of performance criteria that are related to fire safety (see Chapter 3 
and Chapter 4). 

In summary, the methodology available and the evaluation criteria selected for 
assessing the fire safety of specific materials to be used in the special vessels are 
only qualitative and tentative; they are presented, with full awareness of their 
limitations, as a stepping stone for future progress. A continuing reevaluation of 
these materials in view of new methodology and knowledge as they become avail
able is mandatory. 

8.3.3 Fire Retardation of Polymers 

The development of polymers with inherent thermal stability has been empha
sized in attempts to reduce flammability of aircraft materials. It can be expected 
that special vessels will be enhanced by direct technology transfer. See Chapter 4 
for a more detailed treatment of fire retardation. 

8.3.4 Application of Polymers 

Polymers are used extensively throughout this special class of surface vessel for 
hulls mechanical items, paint, thermal and acoustic requirements, and furnishings. 
The polymers used are both natural and synthetic. 

The many contemporary uses of polymers can be put into several broad 
categories: mechanical items (gaskets, packings, hoses, seals, flexible connections), 
electrical insulation, thermal insulation, noise suppression, protective coverings 
(paints, deck coverings), furnishings (bedding, chairs). protective clothing (gas 
masks, fire fighting suits). life saving equipment (inflatable life boats, life vests). and 
packaging and packing material. 

Material selection factors for a given application are primarily function, avail
ability, and life-cycle cost. Additional factors such as weight saving, user accep
tance, and environmental resistance also influence the choice (refer to Navy Habit
ability Guidance List of Acceptable Materials, Rev. D, 1977, MIL-STD-16238). 

8.3.4.1 Special Problems 

Many of the craft in this special class of vehicle differ considerably from the 
common concept of water borne vessel. The construction materials, mode of opera
tion, vehicle weights, operating speeds, and internal configuration are more closely 
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allied to those of aircraft than ships or other water craft. These differences add 
complexity and a level of uncertainty as to vulnerability to fire as well as the ability 
of the craft's systems to fight fire. Personnel escape modes vary among vehicle 
types in this class but all differ from classic water borne vessel emergency egress 
methods. Because of the hybrid nature of this vehicle class, it could be possible to 
overlook some problem areas heretofore not uncovered or experienced by existing 
craft. 

8.4 Tests 

8.4.1 Introduction 

As noted, polymers are utilized as construction materials and functional hard· 
ware materials for this class of vehicle. Vessels in this class have, by their function, 
an extremely high premium placed on weight reduction. This results in a drive 
toward extensive use of lightweight materials such as aluminum and fiber-reinforced 
plastics for decks, hulls, and superstructures, including interior bulkheads and 
partitions. Material applications, as described above, are subject to both combustion 
and burn-through requirements. 

Both the Coast Guard and the Navy have vessels of this type under their 
cognizance, with attendant test methods, specifications, and standards. Test des
criptions are contained in Chapter 5. 

8.4.2 Navy Tests 

Most fire tests and requirements are codified in Military Standard 1623, Fire 
Performance Requirements, and Approved Specifications for Interior Finish 
Materials and Furnishings (Naval Shipboard Use). These requirements are for 
minimum flame spread and smoke developed by standard tests such as ASTM E-84, 
ASTM E-162 and the NBS Smoke Chamber. Materials with a flame spread greater 
than 25 by either ASTM E-84 or E·162are not utilized if possible. Smoke require· 
ments are not specific, but the goal is to be not over 100 by the NBS method, 0 
corrected (See Chapter 5). 

Wire and cable are mostly procured to MIL C·915, which requires a simple 
bunsen burner test to determine fire propagation of a single wire or cable. This has 
proved to be an unsatisfactory test, as multi-wire cable runs will burn with intensity 
and propagate fire. There are tests available that appear more appropriate for this 
material application, including the IEEE 383 test and the heated coil test of ASTM 
0·229 which is a relatively severe test. 

Glass fiber reinforced plastics applications are covered in the resin specification, 
MIL·R-21607, which essentially uses the hot coil test of ASTM 0·229 (see Chapter 
5) . 

8.4.3 Coast Guard Tests 

The Coast Guard is responsible for development of fire protection requirements 
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related to construction and operation of merchant vessels. In effect, the merchant 
vessel construction regulations are a "Marine Building and Exits Code." These 
regulations may be found in title 46, Code of Federal Regulations. 

8.5 Smoke and Toxicity 

8.5.1 Introduction 

Major factors that influence survival of persons subjected to fire environment in 
confined spaces are: 

1. Heat destruction of tissues due to thermal shock. 
2. Toxicity from oxygen deficiency, exposure to carbon monoxide and other 

noxious gases, aerosols, and particulate materials. 
3. Presence of smoke with consequent reduction of vision and visibility. 
4. Fear or outright panic resulting in secondary mechanical trauma. 
All of these factors may be involved in a fire, depending on the fire scenario and 

the individuals in the confined space. The nature, shape, and quantity of materials 
undergoing combustion or pyrolysis determine the number of factors involved in 
any fire and therefore the degree of hazard to human survival. 

The types of vehicles discussed in this chapter are examples of a confined space 
in which fire represents a serious hazard. The material that undergoes combustion 
or pyrolysis (excluding, for the purpose of this report, engine fuel, lubricants, and 
hydraulic fluids) consists of natural and synthetic polymers. In general, with the 
exception of wool, cotton, paper, and other cellulosic materials, the most flam
mable materials on board these vessels are synthetic polymer materials. 

The smoke and toxicity problem is described in more detail in Chapter 6. 

8.6 Conclusions and Recommendations 

Conclusion: High-performance vessels require minimum weight to achieve per· 
formance, and polymeric materials offer great promise in this area. Most polymeric 
materials used aboard special high-performance vessels are easily ignitable and 
produce heavy volumes of toxic gases and smoke. Recommendation: Known 
hazardous polymeric materials currently used in inhabited areas of dynamically 
supported vessels should be replaced with available improved materials. 

Conclusion: Vessel crews may be involved in fires in which it is necessary to 
continue the operation of the vessel while fighting the fire. Recommendation: 
Vessel crews should be required to wear regular clothing fabricated from com· 
mercially available fire-resistant fibers (e.g., treated wool, treated cotton, treated 
polyesters, aramids, and phenolics) while on duty to provide increased protection 
against fire. 
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CHAPTER 9 

BOATS AND CRAFT 

9.1 Introduction 

9. 1.1 Scope and Applications 

The focus of this chapter is the fire safety of polymeric materials on small boats 
not more than 65 feet long, propelled by sail or power. 

Most boats in this category are used primarily for recreational purposes. Some 
may be used in commerce for transporting passengers, as cargo utility boats, or for 
commercial fishing. Others will be used for specialized functions such as police 
patrol, firefighting, customs, and hydrographic surveying. The U.S. Navy uses these 
craft as personnel carriers, utility boats, tenders, and river patrol boats. 

The boats covered in this chapter and covered in other parts of this volume are 
self-contained units. They must provide their own routine utility services; they 
must also fight their own fires. Escape from fire is to the open water, generally with 
the benefit of no more than a life jacket. 

The vast majority of the 9 million boats are small and built for the mass market. 
The cost constraints of severe competition demand that the materials and the 
fabrication be competitively priced. The boats are generally fabricated from materi
als based on unsaturated polyester resins. See 9.2 for a discussion of the economics 
of hull building with fire retardant resins. These constraints usually limit the use of 
heavy and costly fire safe construction. 

Nevertheless, there may be specific applications in which the fire risk is high and 
the fire safety benefit to be gained so great that substitution of more expensive 
material is justified; or, in the case of an extreme risk, substitution could be man
dated by standards and regulation. 

9.1.2 Statistics on Life and Property Loss Due to Fire 

The U.S. Coast Guard registry and casualty statistics (Boating Statistics, 1976) 
show that in 1975 there were almost 9 million pleasure and small commercial boats 
registered in the U.S. Of that number, 8,002 (Table 9-1) were involved in accidents 
that caused 1,466 fatalities and 2,136 other injuries. Twelve of the fatalities and 261 
of the injuries were related to fire or explosion (Table 9-2). Fire appears to be a 
relatively small factor in personal injury and death aboard boats. 

The same statistics show a different story of property damage as a result of 
boating accidents. In 1975, 5,339 boats reported $10.4 million in damages. Al
though the total loss is small, 380 boats accounted for $3.3 million, about a third 
of the total. The average loss per reported incident is about $5,000. Fire accounts 
for about 30 percent of the losses. The figures suggest that a large portion of the 
reported fire accidents resulted in total destruction of the boat. 
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Table 9-1. Vessels Involved in Accidents 

Total Fatal Injury Property Damage 

Types of Casualty 1971 1972 1973 1974 1975 1971 1972 1973 1974 1975 1971 1972 1973 1974 1975 1971 1972 1973 1974 1975 

Grounding 210 240 283 284 437 II 12 17 II II 14 38 39 28 67 185 190 227 245 350 
Capsizing 641 623 874 778 751 474 434 603 4SS 459 28 18 71 39 77 139 163 100 284 SIS 
Flooding/Swamping 173 152 149 154 256 64 62 JS 30 61 4 s 8 9 18 lOS 85 106 liS 277 
Sinking 177 203 335 351 289 48 44 66 61 49 7 8 IS 23 II 130 lSI 254 277 238 
Fire or explosion of fuel 350 309 372 366 473 IS IS 14 10 10 78 53 101 58 140 257 241 257 298 323 
Other fire or explosion 77 48 105 85 70 2 4 3 4 2 4 20 3 13 73 40 82 78 57 
Collision with another vessel 2009 2261 2853 2845 3534 87 97 100 80 53 378 270 537 307 463 1544 1894 2216 2458 3018 
Collision with fiXed object 415 338 599 573 752 53 46 60 62 67 91 58 132 112 165 271 234 407 399 520 
Striking Ooating object 164 173 190 ISS 292 IS 31 18 IS 13 20 II 29 21 40 129 131 143 119 239 
Falls overboard 352 315 433 362 421 314 317 364 312 301 32 49 62 37 100 6 9 7 13 20 

Falls within boat 10 3 36 39 48 I s 10 4 8 3 30 24 36 I I s 8 

Struck by boat or propeller 46 72 109 100 138 13 17 IS 21 13 24 ss 92 69 104 9 2 10 21 

Other casualty; unknown 291 255 400 351 541 168 118 166 134 146 71 75 168 106 251 52 62 66 117 144 
IJI 

TOTAL 4915 5044 6738 6449 2002 1257 1197 1466 1205 1178 157 667 1304 826 1405 2901 3200 3968 4418 5339 0 
)> 
-1 en 

Table 9-2. Results of Boating Accidents 
)> 
z 
0 

Fatalities Injuries Amount of Damage (dollars) 0 
::0 

Types of Casualty 1971 1972 1973 1974 1915 1971 1972 1973 1974 1975 1971 1972 1973 1974 1975 )> ., 
Grounding IS IS 20 14 13 20 53 70 37 104 1,040.000 867,000 1,752,200 817,600 1,261,400 -1 
Capsizing 659 514 796 602 609 74 80 137 79 ISS 692,000 350,000 429,100 692,900 357,500 
Flooding/Swamping 82 Ill 48 38 86 8 13 II 14 32 323,000 355,000 264,300 406,700 451,800 
Sinking 63 68 89 80 59 12 IS 34 26 20 534,000 720,000 901,400 789,800 760,400 
Fire or explosion of fuel 18 16 18 12 12 123 97 186 96 239 2,704,000 1,884,000 3,765,900 2,448,900 2,493,000 
Other fire or explosion 2 4 4 s 4 s 27 1 22 1,767,000 315,000 869,100 647,700 758,900 
Colli~on with another vessel 83 64 67 53 66 JSO 237 449 272 673 987,000 1,636,000 1,947,200 1,728,300 2,190,900 
Collision with fixed object 61 ss 65 73 79 120 107 238 165 297 568,000 410,000 1,021,400 1,054,800 1,062,100 
Striking Ooating object 20 37 21 17 13 22 26 37 32 51 280,000 326,000 255,800 287,500 528,500 
Falls overboard 336 337 390 330 317 38 58 85 43 100 17,000 9,000 25,200 19,200 30,000 
Falls within boat I 9 10 4 10 3 34 26 42 11,600 6,800 12,300 
Struck by boat or propeller 13 16 IS 21 14 24 57 97 73 110 9,000 2,900 6,000 14,900 
Other casualty; unknown 229 170 212 191 194 92 78 194 123 277 101,000 235,000 131,500 276,200 240,400 

TOTAL 1582 1437 1754 1446 1466 897 829 1599 993 2136 9,022,000 7,107,000 11,374,600 9,181,500 10,352,200 ..., -<0 
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9.1.3 Statistics on Fire Losses venus Hull Material and Propulsion Systems 

Examination of the Coast Guard statistics for 1975 shows the propensity toward 
fire accidents to be dependent on hull material of the boat and on the method of 
propulsion. Thus, Table 9·3 shows that vessels with wood hull are involved in fire or 
explosion incidents more than 2% times as often as would be expected from their 
proportion in the boat population; fiberglass hulls are involved in fires one-third 
more often than their expected proportion; and aluminum hull boats are only one 
thirteenth of their expected proportion. 

Table 9-3. Hull Material Vs. Fire Incidents Numbered Motorboards 
Under 65 Feet 

( l) (2) ( 3) 
Percent of 6 . 9 
million Numbered Vessels Involved 

Hull Material Boats Fire/Exelosion 
in 

Actual Exeected* 
-----g) wood 14\ 35 

Fiberglass 43 143 107 

Aluminum 37 92 

Steel 2 5 

Other 0 10 

Unknown l 

Totals 100% 249 249 

*Expected fire/explosion incidents 
= Column (l) X Total of Column (2) = Column (l) X 249 

Table 9-4 shows that, whereas outboard propulsion boats are 86 percent of those 
registered, they are involved in only 18 percent of the reported fire/explosion 
incidents. 
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Table 9-4. Propulsion Systems of Boats Involved in Fire/Explosions 
1975 

PrOJ2Ulsion• No. of Vessels % of Vessels Involved 
Outboard 45 18 
Inboard-gasoline 108 43 
Inboard-diesel 23 9 
Inboard-Outboard 66 26 
Other 4 2 

Unknown 

249 100% 

*1975 Classification of all numbered motorboats under 65 ft. 
was: Outboard 86%; Inboard 14% . 
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9.2 System Design: Structural Hull 

Only in the very recent past has wood as a boat building material been success
fully challenged by a variety of metals, ferrocement products, and recently, poly
mers, generally in the form of fiberglass reinforced polyester (FRP). Each of these 
materials has its own inherent advantages - as well as disadvantages. 

The wide acceptance of current FRP boat construction is the result of the low 
cost of simplified techniques for the builder on one hand, and ease of maintenance 
for the owner on the other. Fiberglass boat builders no longer have need for large 
numbers of highly skilled carpenters and joiners so much in demand in the con
struction and finishing of finely crafted wood boats. 

U.S. Coast Guard (Boating Statistics, 1976) presents the following data in report
ing fires and casualties on fiberglass reinforced polyester boats: 

Total involved in accidents 
(fire or explosion of fuel) 294 
Other fire or explosion 37 
Fatalities 7 
Equipment failures related to fires 121 
Operator related 22 

As noted, the number of boats in operation throughout the United States (at the 
end of 1975) approached 9 million. The fraction of fiberglass boats in accidents 
involving fire and including fuel explosions appears to be a somewhat insignificant 
331/9,000,000 or 0.0036 percent. Further, the number of fatalities (7) resulting 
from fire-related accidents on fiberglass reinforced plastic boats is an even less 
significant number in comparison with the total number of boats and their opera
tors in the year 1975. 

Despite these relatively low fire-related fatality and damage rates, the replace
ment of the generally used non-fire retardant grade by presently available fire 
retardant resins can substantially reduce the flammability characteristics of such 
vessels with some increase in raw material cost because of the higher cost of the fire 
retardant resins. Flame spread of more than 500 for the general purpose resins (as 
measured by the ASTM E-84 test) is reduced to a range of 25-50 for the fire 
retardant resins. The improvement in fire safety obtainable in this way may be 
judged by the fact that red oak has a flame spread of 100 on this scale. The price 
premium necessary for the above improvement in fire safety can be approximated 
as follows. 

The percentage increase in cost to obtain the benefit of a structure with a flame 
spread rate of 100 can be estimated as follows: 
• A "typical" 30ft. glass reinforced polyester boat contains 4,500 lbs. of general 

purpose polyester resin (exclusive of glass) having a density of 1.04 g/cm and 
selling for 35 cents a pound or $1,575 per boat. 
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• To achieve a flame spread rating of 100 would require the use of 5,538 lb. of a 
bromine-modified resin with a density of 1.28 g/cm and selling for 67 cents a 
pound or $3,710/boat. (Note increased weight of resin required because of 
greater density of the fire retardant material as well as the higher unit price). 

• The selling price of a "typical" 30ft. boat fabricated from general purpose resin 
is $40,000. The incremental cost ($2,136) due to improved fire safety is 5.34 
percent of the current selling price. Typical trade mark-up formulas will cause 
this increase to be larger, perhaps 10.7 percent, resulting in a new price of 
$44,300. 
It should be emphasized that the increase in sales price as estimated above will 

vary depending upon the size of the vessel. The price premium could be signifi
cantly larger for smaller boats where the raw material cost will be larger relative to 
the total manufacturing cost and the price/safety trade-off may not justify the use 
of the higher price raw material. 

An analysis of the industry reveals that few builders employ "fire retardant" 
resins in the manufacture of their boats, Only one manufacturer displays the Under
writers Laboratory Classification Label (U.L.) indicating improved fire per
formance. 

9.3 Operations 

As many pleasure boats are lost to fire on shore, in storage, and in transit as are 
lost in the water. The following discussions involve the specialized precautions 
appropriate to each activity in which a boat is involved. 

9.3.1 Construction and Repair 

While under construction, a craft is probably more vulnerable to fire than at any 
time in its useful life. The flammability of polyester resins and the technology of 
their use in boat manufacture and repair require special precautions if fires are to be 
prevented. Since this committee has not included construction methods in its con
sideration, the reader is referred to NFPA No. 312, Fire Protection of Vessels 
During Construction, Repair and Layup, for detailed standards. 

9.3.2 Fueling 

Since so many boat fires occur before or during fueling, the following are some 
guidelines to be observed during fueling operations (NFPA No. 302, Fire Protection 
Standard for Motor Craft, Sect. 4-3). 

Before Fueling 
1. Stop all engines and auxiliaries. 
2. Shut off all electricity, open flames and heat sources. 
3. Check bilges for fuel vapors. 
4. Extinguish all smoking materials. 
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During Fueling 
1. Maintain nozzle contact with fill pipe. 
2. Avoid overfilling. 
3. Wipe up spills immediately and wash down. 
After Fueling and Before Starting Engine 
1. Inspect bilges for leakage or fuel odors. 
2. Ventilate until odors are removed. 

9.3.2.1 Small Craft Refueling Fire Scenario 

A 19 ft. fiberglass motor boat is tied up at the fueling pier of a large marina on a 
warm summer afternoon. The owner-pilot shut down the ignition on the large 
outboard engine and he and two passenger guests stepped ashore, as he gestured for 
the attendant to fill his two 10-gallon gasoline tanks. That business was completed 
and the owner boarded and proceeded to start the engine. 

The owner should have noted and accounted for two things as he hastily capped 
the gas cans, one of which overflowed (on his hands) and ran down inside the boat 
adjacent to the battery. First, the overflow should have been thoroughly flushed 
out with water. Second, attention should have been directed to the battery 
installation which in this case had a loose cable connection. Outboard boats are 
most often trailer oriented, towed to and from the owner's home, and the battery is 
frequently removed, to be installed at the time of the next boating activity. This 
accounts for some wear on the battery connections and can lead to carelessness in 
tightening the hold-down nuts. 

The safety violations noted above led to a series of events which resulted in the 
total destruction of the boat within minutes. The gasoline fumes from the spill 
settled to the bottom of the boat adjacent to the battery where they were ignited 
by a spark generated across the loose battery terminal at the moment that the 
ignition switch was closed. The resulting explosion not only split the deck but 
ruptured one of the fuel storage cans releasing the gasoline to add fuel to the 
resulting fire. In a few seconds the flammable resins in the boat structure were 
ignited, thus intensifying the fire. The rapid fire spread caused the alarmed dock 
attendant to set the boat adrift where it burned to the waterline and sank less than 
30 minutes after the initial ignition. 

9.3.3 Storage 

NFPA No. 303 provides guidance for fire safety of berthing and storage facilities 
at marinas and boatyards. These advisories for seasonal storage include: 

1. Inspection for hazardous materials or conditions. 
2. Removal of loose combustibles to suitable lockers. 
3. Removal of galley fuel supplies. 
4. Removal of lead-acid batteries or other precautions, if that is not possible. 
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9.3.4 Operational Fires 

Fire ignition problems in boat operations are generally due to: 
1. Fuel whose flammable vapors can be ignited by the hot engine or spark from 

the ignition. 
2. Portable space heaters or cooking stoves igniting adjacent bulkheads or tex

tiles contained in the accommodations area. 
3. Cigarettes and smoking materials igniting fuel vapors, upholstered furnishings, 

mattresses and carpets. 
4. Electrical overloads or sparks igniting fuel vapors, bulkheads and textiles. 
5. Lightning strikes. 
The areas of the boat most important to fire safety include: 
1. Engine compartment, with its engine heat, electrical spark, and fuel vapor 

concerns. 
2. Galley, with its electrical appliances and cooking flames. 
3. Accommodation space, with its flammable textiles and cushions, cigarette 

smoking, and alcoholic beverages. 
4. Structural hull, if made of fiberglass reinforced polyester or wood. 

9.4 Polymeric Materials Used in Boats 

9.4.1 Introduction 

Polymeric materials are selected for use in boats because of their availability, 
cost and performance properties (e.g., function, mechanical durability, rot resis
tance, aesthetic appeal, ease of maintenance, low weight, and ease of fabrication) . 
In the cost dominant marketplace in which these vessels are sold, little attention is 
paid to fire safety performance, in part because there is little information readily 
available to marine architects on the fire performance of polymeric materials. 

The specific applications in which organic polymeric materials may be used on 
boats are: 
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Structural and Mechanical Furnishings/Carry-Ons 

Boat hull and bulkheads Furniture Clothing 
Bulkhead sheathing Mattresses Sporting Equipment 
Overhead sheathing Pillows Aerosols 
Decks Drapes TV-Radio 
Electrical insulation 
Thermal insulation 
Acoustic materials 
Fittings 
Ducts 
Paint 
Adhesives 
Caulks 

Curtains 
Blankets 
Carpeting 
Life Jackets 
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The applications of materials for the above categories are detailed in Section 
9.4.3. 

9.4.2 Materials Evaluation Criteria 

The various fire performance criteria cited throughout this volume (i.e. resis
tance to ignition, ease of extinguishment, heat flux, slow flame spread, etc.) should 
all be considered in selecting materials for boats. 

The criteria are imprecise and depend on imperfect test procedures. Allowance 
has to be made for actual conditions of use: geometry, orientation, proximity of 
other materials and ignition source. 

9.4.3 Material Applications 

A review of materials in common use for the various applications has disclosed 
that: 

1. Certain materials are adequate from a fire safety point of view. 
2. Certain materials need improvement and 

(a) Adequate alternates are economically available, or 
(b)Aiternates available are expensive, or 
(c) There is no alternate commercially available to do the job better. 

9.4.3.1 Structural and Mechanical Components 

9.4.3.1.1 Hull: 

The most common basic structural materials in order of use are: 
(a) Fiberglass reinforced polyesters 
(b) Aluminum 
(c) Wood, such as, mahogany, oak, and plywood. 

The statistics presented at the front of this chapter indicate few fire safety prob
lems for aluminum hulls. 

Wooden boats had been traditional until the fiberglass boat industry emerged, 
with U.S. Navy support, following World War II. Volume 1 of this series covers the 
state-of-the-art of flame retardant wood formulations; unfortunately, the impre~t 
nants are generally water leachable. 

Fiberglass reinforced polyester is used as a basic structure for hulls; and for 
"glassing-in" composite structures such as fir lumber-foamed core composite rein
forcing stringers, plywood foredecks, and balsa core composite overheads. As men
tioned earlier, these unmodified glass reinforced resin composite structures have 
flame spread ratings of 500 or more, as measured by ASTM E-84 test (a value which 
indicates that they burn five times faster than red oak). By contrast, using reliable 
flame retarding procedures, fiberglass reinforced boats have been made routinely 
with flame spread ratings of less than 100. 

It should be noted that formulations with flame spread ratings less than 25 
(burning at one-fourth the rate of red oak) are attainable. At least one 
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manufacturer is delivering boats which are flame retarded to attain flame spread 
ratings of 70-100. When one considers the relative cost of the improved formula
tion to the total investment in a furnished boat, it is reasonable to project that a 
favorable ratio of benefit to cost might be attained. This would justify the use of 
the less flammable but more expensive fire retardant resins at least in the larger 
vessels where the resulting increase in raw material cost is a small part of the total 
manufacturing cost. 

9.4.3.1.2 Bulkhead and Overhead Sheathing and Decks 

Bulkheads, ceilings, decks, counter tops, cabinet doors, etc., make use of ply
wood, oiled teak lumber and veneer, fabric backed wood veneer, alkyd paints, 
varnish, polyester gel coat, and high-pressure laminates. 

For high-risk locations, such as cabinets near galley ranges, high pressure 
phenolic or melamine laminates offer superior flammability characteristics. So do 
aluminum panels, vinyl clad aluminum panels, and fire retardant polyester panels. 
The substitution of these low-flammability materials for wood in these high hazard 
locations could do much to improve fire safety and reduce fire hazards on these 
boats. 

Deck coverings of vinyl asbestos tile would meet almost any fire hazard 
requirement on boats. 

While the committee is not aware of the use of thermoplastic structural foam 
panels on boats, e.g., in simulated carved wood applications, the rapid introduction 
of such panels in buildings in recent years and the consequent severe rise in fire 
hazard dictates to the appropriate boat regulating authorities a need for careful 
monitoring for such fire hazards in the future. The committee would recommend a 
temporary ban on the use of such materials on boats until the potential fire hazard 
can be assessed. 

9.4.3.1.3 Electrical Insulation 

Electrical cables do not present the same hazard on boats that they do' on larger 
and military vessels. Polyvinyl chloride wire jacketing would be acceptable for the 
most stringent needs anticipated. 

9.4.3.1.4 Thermal and Acoustic Barrier Materials 

Fiberglass or glass wool is generally acceptable. Urea-formaldehyde foam is also 
cost competitive, functional, reasonably fire safe, and has the advantage of being 
injectable into existing cavities. It is, however, friable, and cannot be used in 
exposed locations. 

Flexible urethane foams are unacceptable by all six flammability criteria listed in 
section 9.4.2. Rigid urethane foam formulations may find acceptance if they are 
specifically certified by appropriate regulatory agencies using recognized test pro
cedures. 
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9.4.3.1.5 Fittings 

Small molded parts from most commodity plastics represent little hazard in this 
application. 

9.4.3.1.6 Ducting 

Aluminum and coated steel sheet metal ducting for air handling and ventilation 
are acceptable materials. Flame retarded fiberglass resins and phosphate plasticized 
PVC are also suitable. Rigid urethane foam ducts could possibly be flame retarded 
to be acceptable, but this has not yet been demonstrated. 

9.4.3.1.7 Adhesives and Caulks 

These materials are not generally used in sufficient quantities to be of concern. 
Contact adhesives meeting Federal Specification MMM-A-130 are acceptable where 
requirements are stringent. 

9.4.3.2 Furnishings 

There is no control of furnishings brought on board by boat owners. 
On boats with wood or polyester-fiberglass hulls, the presence of limited quanti

ties of additional materials with less than optimum fire resistance properties might 
have a negligible effect on the total hazard, unless these additional materials are 
highly flammable, like structural foam furniture, or are located in critical areas 
where they might serve as kindling for the destruction of the entire boat. 

Certain materials present the greatest potential for ignition or the speed of fire 
because of their composition, location, or sheer bulk. The following are considered 
high-risk materials: 

9.4.3.2.1 Combustible Textiles 

9.4.3.2.2 Furniture, Mattresses, and Pillows 

Furniture upholstered with rayon or cotton fabrics, alone or in blends with any 
other fiber or blend of fibers are to be avoided because all untreated cellulosic 
upholstery fabrics ignite easily and spread flames rapidly. Alternates, flammable but 
with lower fire risk than cellulose, are fabrics of polyester, nylon or wool, or 
certain PVC cloth laminates. To achieve a high degree of fire safety, at higher cost, 
Beta fiber glass cloth, Nomex aromatic polyamide, and Kynol® Nomex® blends are 
recommended aboard U.S. Navy vessels where authorized. 

Flexible urethane foam is used almost universally for cushioning in small private 
boats. Urethane foam cushions are a major contributor of fuel to fires in every type 
of occupancy. Urethane foam continues to be used because of its superior mechani
cal properties, price, and ease of fabrication, but a fire-safe competitive alternative 
is sorely needed. Polychloroprene foam rubber (Neoprene) is a relatively expensive 
fire-safe alternative used by the U.S. Navy. Recently DuPont has offered a thin 
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sheet foam material containing polychloroprene and alumina hydrate to serve as a 
fire barrier encasement for urethane foam cushions. Boric acid-treated cotton 
batting is a less aesthetic alternate which loses its effectiveness in a wet environ
ment. 

9.4.3.2.3 Drapes, Curtains and Blankets 

Textile fibers and their flammability are covered in Chpater 4 of this volume. 
Cotton and rayon and their blends with thermoplastic fibers (nylon, polyester, 
acrylic) are to be avoided because of ease of ignition and high-rate burning. Flame
retarded cotton and rayon formulations are considered more acceptable. Polyester 
and nylon are flammable but burn slowly; however, the small flame front is in
tensely hot and could ignite other adjacent surfaces readily. Modacrylics do not 
ignite readily but have functional shortcomings. The Navy specifies fibrous glass, 
aramid (Nomex®l or Kynol® Nomex® blends for most applications when a specifi
cation is used. 

9.4.3.2.4 Carpeting 

This topic was discussed in detail in Chapter 4. The federal standard, 
DOC-FF-1-70 (pill test), eliminates from sale all carpets that might ignite from a 
cigarette or other similar small ignition source. Among the commodity carpet 
fibers, the following ranking was deduced in Volume 7: 

Most Difficult to Ignite: Wool or polypropylene 
Nylon 
Polyester 

Easiest to Ignite: Acrylic 
Slowest Burning Rate (Radiated at 6.2 watts/cm2 I: 

Polyester, nylon or polypropylene ....... 2.5 em/min. 
Wool or acrylic ....... 7.5-10.0 em/min . 
Viscose ....... 125 em/min. 

Other work described in Volume 1 showed that carpet laid directly on the floor 
burns less readily than carpet on underlay. All carpet evaluations are based on 
horizontal use on the floor; vertical mounting on a wall is an extremely dangerous 
fire hazard; vertical mounting should be banned. When it specifies, the U.S. Navy 
specifies Beta glass or Nomex for carpet; alternate floor coverings are vinyl asbestos 
tile and conforming vinyl sheet. 

9.4.3.2.5 Life Jackets 

Neoprene coated nylon or urethane coated nylon jackets are generally available. 
There are no fire safe alternatives for critical applications. Possible future develop
ments are flame retardant neoprene coating on nylon or aramid fabric. 
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9.4.3.3 Carry-Ons 

The materials carried on board by passengers are generally easier to ignite and 
more flammable than the structure and permanent contents of the boat. There 
appears to be no way to reduce this fire hazard except by better education of the 
boating public, by improved discipline, and with better storage facilities. Relative to 
a similar problem in the more stringent commercial aircraft industry, this problem 
is not severe. A partial solution would be to provide proper stowage facilities. 

9.4.3.4 Interior and Furnishings 

For the boats considered in this chapter, there are no regulations with respect to 
interior and furnishings beyond those that apply to all consumer products. 

9.4.3.4.1 Textiles 

The earliest textile flammability standard appears in the text of the flammable 
Fabrics Act of 1953. This test was designed to eliminate from the market place 
those fabrics which were most susceptible to flash fire (e.g., brushed rayon 
sweaters). It is rare to find a textile today that does not pass this test. 

9.4.3.4.2 Carpets 

The first standard to be issued pursuant to the 1967 Amendment to the Flam
mable Fabrics Act was DOC-FF-70-1, the "pill test" for carpets. This test, designed 
to simulate the hazard of a dropped cigarette or fireplace ember, caused significant 
changes in the structure and composition of carpets. 

If a carpet passes this test, it does offer greater resistance to the conditions it 
simulates, but it offers no guarantee of performance in a cabin-size fire. A more 
stringent and realistically designed carpet flooring radiant panel test has been de
veloped by NBS. To date, it has not been adopted for any regulatory standard. 
More details on carpet flammability appear in Volum 7, Buildings, of this series. 

9.4.3.4.3 ~ttresses 

A federal standard DOC-FF-4-72 is in effect for all mattresses sold in U.S. The 
standard improves the resistance of a mattress to glowing cigarette ignition. 

Initially Standards under the Flammable Fabric Act (FF) were developed by the 
National Bureau of Standards and were released by the Department of Commerce. 

9.4.3.4.4 Upholstered Furniture 

A federal standard similar to the mattress standard is under development and is 
close to adoption. 

9.4.3.4.5 Interior Finishes 

While no standards exist, the whole spectrum of tests available for the fire 
hazard classification of building materials is available to be called upon when the 
need is identified. 
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9.5 Test Methods and Standards 

9.5.1 Structural and Mechanical Components 

The U.S. Coast Guard has the responsibility for development of fire protection 
standards to minimize the incidence and consequences of commercial and private 
shipboard fires, consistent with economic considerations. 

It is common knowledge that pleasure craft with fiberglass reinforced plastic 
hulls, once ignited, burn very rapidly and completely. Nevertheless Boating Statis
tics (1976) shows minimal casualties as a result of fires (including fuel fires), and 
annual property damage of about $3.3 million for a fleet of 9 million boats. In the 
face of such statistics, there appears to be no basis for imposition of fire protection 
standards which would cause more than nominal expenditures to achieve com
pliance. Thus, the absence of any Coast Guard structural materials standards for 
pleasure boats appears justifiable by the accumulated statistics. 

The state of the art with respect to fiberglass reinforced polyester is such that 
significant fire safety improvements are now attainable at relatively small 
incremental cost (about 10 percent of sales price for the larger boats). Therefore, 
the accident statistics should be followed on an annual basis; any significant in
crease in casualty or property loss should be taken as a signal of the need for 
regulatory action. 

Small passenger vessels carrying between 6 and 150 passengers, not in inter
national voyages, and which fall within the scope of this chapter, are subject to 
Federal regulation. These vessels traditionally were constructed of wood; however, 
recently construction has switched to fiberglass reinforced plastics ( F RP). In 1972 
it was recognized that FRP hulls constructed of general purpose resin presented a 
potentially serious problem in a vessel carrying this number of passengers. Because 
wood had been the mainstay in the construction of this type of vessel, the fire 
properties of wood were utilized as a benchmark for the requirements for FRP 
hulls. By requiring hull~o to be constructed of fire retardant resin, complying with 
Mll-R-21607, the fire hazard properties (i.e., ease of ignition, spread of flame, and 
heat content) closely approximate those of wood. Coast Guard Regulation, Title 
46, Code of Federal Regulations, CFR 177.10-5 requires this type of vessel to 
utilize Mll-R-21607 resin if F RP is utilized as a primary structural element. 

Despite this attempt to limit the fire hazard to the equivalent of wood, the state 
of the art of the unsaturated polyesters technology can realistically require the 
attainment of flame spread ratings of 25 or less by (ASTM E-84) with only 
moderate (10-15 percent) increase in overall cost. It would seem desirable to 
reduce the allowable flame spread ratings from 100 to 0-25 to take advantage of 
the improved state-of-the-art. Although such a change in regulations could be ex
pected to reduce the fire hazard in these vehicles, it would be desirable to confirm 
this supposition by a series of full scale and mock-t~p fire tests. 
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9.6 Conclusions and Recommendations 

Conclusion: The casualty and property loss data accumulated by the U.S. Coast 
Guard for registered boats show a very low injury rate and small property loss from 
fires/explosions. Most of the reported fires occur in boats with wood or fiberglass
reinforced hulls and inboard engines. Recommendation: The low incidence and 
consequences of fires aboard boats do not at this time appear to support the 
imposition of fire protection regulations that would add to the cost of recreational 
boats. 

Conclusion: The state-of-the-art of fiberglass-reinforced plastic technology is 
such that products with greatly improved fire safety performance are available at a 
moderate price premium. The fire safety of interior surfaces and furnishings can be 
improved substantially by state-of-the-art technology. Recommendations: Promote 
the availability of materials with improved fire safety performance. Carefully 
monitor the Coast Guard casualty data in order to identify potential fire hazards 
requiring new safety standards. Substitute less flammable high-pressure phenolic 
laminates or coated aluminum panels for wood and wood veneer in high-hazard 
bulkhead and overhead paneling. 
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Boating Statistics 1975, CG-357, Department of Transportation, U.S. Coast Guard, Washington, 
D.C. 1 May 1976. 
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10.1 Introduction 

CHAPTER 10 

GENERAL CONSIDERATIONS 

Fire has been, the constant companion of water-borne transportation over the 
ages. Ships were constructed of and outfitted with highly flammable materials; the 
prevalence of open fires for cooking or repair made fire a commonplace occur· 
rence. The advent of all-steel hull construction during the 19th century for the first 
time made the construction of a truly fire resistant ship possible. However, the 
continued extensive use of flammable materials for interior furnishings and decora
tive finishes has so far postponed the advent of a truly fire safe vessel. 

Fire safety in water-borne vessels has been approached in a more regulated and 
systematic way than for land transport and buildings. This may, perhaps, be be
cause of a series of disastrous passenger ship fires in the 1930s. In 1934, as a result 
of the Morro Castle fire in which 124 lives were lost, Congress passed the Materials 
and Methods of Construction Act, which charged the U.S. Coast Guard with the 
regulation of all U.S. Merchant Marine vessels. A corollary to these events was the 
definition of a unified approach to maritime fire safety. This philosophical ap
proach to marine fire safety not only severely limited the use of combustible 
materials in ship construction, but required that the vessel be divided into internal 
compartments constructed entirely of fire resistant materials such as steel so as to 
contain any shipboard fire to its origin. This philosophy of fire control was ad· 
vanced by the United States and subsequently made one of the three acceptable 
methods of fire control in the 1948 International Convention for the Safety of Life 
at Sea (SOLAS, 1948). Although SOLAS '48 recognizes two other fire safe ship 
construction methods (see Appendix A Chapter 7), U.S. regulations permit only the 
above method for use in the construction of United States flag vessels. 

Naval ship construction has been generally all-metal for more than a century, 
during which time diligent efforts have been made, consistent with existing tech· 
nology to reduce or eliminate the incidence of shipboard fires. Despite this dili· 
gence, the elimination of shipboard fires has been an elusive goal. 

In contrast to the closely controlled and regulated nature of naval and merchant 
marine ship construction with :ts emphasis upon fire safety, the rapidly multiplying 
private pleasure craft remain essentially unregulated for fire safety. Because of this 
lack of regulation, all kinds of polymers are being widely used in small boat con
struction, with little knowledge or understanding of their flammability or their 
effect on fire safety. Reinforced polyester lamintes dominate the market because of 
their low cost, ease of fabrication, ease of maintenance, and resistance to rot and 
corrosion. The flammability of these materials may very well present the single 
greatest future fire safety problem in this area. This problem is discussed in more 
detail in Chapter 9. 

Despite the great societal benefits pressuring the expanded use of polymers in 
ship construction, the ready flammability of most of the low-cost high-volume 
materials produced at the present time makes the close control of these materials 
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desirable; but, as noted earlier, the low accident rate does not warrant immediate 
drastic regulation (9.5.1 and 9.6.2). 

10.2 Impact of Polymeric Materials on Ship Construction 

There has been up to now the relatively small impact of polymers upon ship 
construction because of the tight safety regulations already described. However, the 
economic pressure remains great for the use of these newer and inherently advan
tageous materials in vessels. Some of the more important of these advantages are 
reduced initial cost, reduced weight, and reduced maintenance costs (derived from 
their superior resistance to corrosion and soiling). The use of these materials also 
leads to significantly reduced fabrication costs and reduced energy costs both in 
materials production and systems operations. 

10.3 Energy Considerations 

The energy requirements for the production of a unit of polymer are only one 
tenth to one half that for such metals as aluminum or magnesium while energy 
savings of 10-80 percent are possible relative to steel, depending upon the polymer 
chosen (Brake, 1976). This energy advantage of polymers over metals also extends 
into energy consumption, particularly in high-speed, special purpose vessels, be
cause the lower density of polymers reduces the weight of the finished product 
with a resulting saving in energy needed to propel the ship through the water. 

10.4 Fire Protection Philosophy 

As already noted, U.S. flag merchant vessels must conform to a fire safety 
philosophy that was an outgrowth of the Morro Castle fire. Basically, the con
struction philosophy embodies the following principles (Sheehan, 1976): 

a. Protection of the means of escape. 
b. Limitation of the amount of combustible material used in construction. 
c. Containment of the fire within the space of origin by appropriate fire resis

tant construction. 
d. Isolation of passenger and crew accommodations from fires in the cargo and 

machinery spaces. 
The success of this method of construction has been amply demonstrated by the 

absence of major fires on U.S. flag merchant vessels since the generation of the 
regulations. Unfortunately, the SOLAS 60 convention allows the construction in 
countries other than the United States of vessels conforming to other methods that 
utilize alarm and sprinkler systems to protect a less expensive but more combustible 
structure (International Convention, 1976). By treaty, these more combustible 
vessels are allowed to operate freely in the United States ports and waters. They 
carry both American passengers and cargo. In this respect, U.S. citizens and pro
perty on board are exposed to greater hazards than exist on U.S. vessels. Since most 
cargo and passengers in international commerce are carried in vessels of foreign 
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registry, American citizens are essentially denied the protection of an apparently 
safer method of ship construction. In this regard, it should be noted that there are 
no large passenger ships of U.S. registry in operation today. The added cost of 
providing fire safety has been a contributing factor to the disappearance of 
American passenger ships. 

10.5 On-Going Fire Safety Research 

Both the Coast Guard (Sheehan, 1976) and the Department of the Navy 
(Executive Summary, 1976) maintain significant research programs aimed at de· 
fining the important fire safety variables and methods of improving shipboard fire 
safety. Perhaps the best example of such fire safety research is the large-scale test 
program being carried out at the Coast Guard Shipboard Fire and Safety Test 
Facility - Mobile, Ala. Here, compartment fire tests are carried out on the 
8,500-ton T-1 tanker MV Rhode Island. This facility is available for both industrial 
and government use. Examples of the type of research recently carried out at this 
facility are fire extinguishing systems research. research on modular fire protection 
systems, research for container ships cargo fire protection, and fire research tests to 
determine the equivalency of materials of construction. The Navy Department also 
has a vigorous program on shipboard fire and safety research because of its impor
tance to overall fleet efficiency both in peace and in war. This program (Executive 
Summary, 1976), which is largely carried out at the Naval Research Laboratories, 
consists of extensive research in a wide variety of ship-related subjects including 
flammability of materials, smoke generation during combustion, and the toxicity of 
gaseous combustion products of shipboard materials including synthetic polymers. 
In addition, naval safety research includes studies in improved fire fighting systems, 
novel means of smoke abatement, detectors and alarms, fire retardant intumescent 
paints and mastics, and fire barriers, to list only a few specific examples. Such fire 
research programs are necessary to maintain and improve the current high degree of 
fire safety curre~tly built into U.S. flag oceangoing vessels. 

Navy Department fire research is concentrated in three major areas previously 
identified as requiring improvement (Executive Summary, 1976): 

1) Fire Dynamics and Scaling 
2) Fire Effects on People, Including Toxicity Effects 
3) Materials Characterization and Improvement in a Fire Environment. 
These programs include research on lifesaving equipment and devices, fire pro

tective clothing, chemical extinguishing agents, fire detectors, fire resistant and 
low-smoke materials, and firefighting methods. Continuing programs such as these 
have had a significant effect in reducing and controlling fires on naval combat 
vessels and shipping. 

10.6 Educational Aspects of Polymer Flammability 

The fire safety problem in the United States, as elsewhere, has not been 
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approached on a systems basis. Some desultory efforts and expenditures have been 
made on a component basis or in response to a major fire calamity. Most efforts 
have been directed toward "fire drills" for escape, spot extinguishment of flames 
(sprinklers,C02 flooding systems). and application of "improved" materials to de
crease the danger of ignition. The support of governmental and private groups has 
been fragmented and applied without useful priorities based on risk analysis. 

Only recently has there been national awareness of the increasing severity of the 
fire problem and an approach made to an attack on a systems basis (National Fire 
Center, RANN support, etc.); but funds and progress have been limited. 

In the past there has been little public knowledge of or training in basic fire 
safety technology. Until recently there has been no place to receive such training. 
Today there are only a few colleges, technical schools, or other institutions where 
formal training in one or more aspects of fire safety can be obtained. 

In general, there has been no basic methodological way to approach fire safety. 
Partial approaches, sometimes self-defeating, are found in construction codes, build· 
ing specifications, governmental regulations and guidelines, and insurance require
ments. These, more often than not, were developed from analysis of a catastrophe 
or in response to a specific need. 

This committee has already commented in some detail on these matters 
(Volumes 4 and 6 of this series) and indicated a national fire safety need for: 

Education and training. 
Direction and coordination of efforts. 
Financial support. 
Communication. 

Another significant contribution to the fire safety problem is the general lack of 
knowledge and appreciation of polymer fire safety among the general public and 
even among many practicing engineers, architects, and designers. Many synthetic 
polymer materials burn differently from the more familiar natural ones. They may 
melt and drip and often give off dense and acrid smoke. Although some are less 
flammable than such familiar materials as wood or cotton, others burn with more 
intense flame and resist the efforts of conventional firefighting. Such behavior can 
lead to damage and loss of life which might have been avoided with a better 
understanding of the performance of materials in a fire. Better understanding of 
such fire hazards can be promoted through educational efforts (National Com
mission on Fire Prevention and Control, 1973; Tabor, 1975). 

This general lack of understanding of polymer properties may result from the 
fact that polymer science and engineering are only 30-40 years old, and school 
training in these relatively new materials has been generally slow at both the 
secondary and collegiate levels. Salamone, Deanin, Young, and Pearce (1973). 
among others, have briefly discussed the reasons, as well as having tabulated infor
mation on polymer science and engineering education in the United States. 

The general lack of understanding of polymer flammability among the public has 
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had a serious impact upon shipboard fire safety as in some other polymer applica
tion areas. But a wider understanding of the subject among naval and marine 
architects and engineers would undoubtedly assist in improving shipboard fire 
safety, at least indirectly, by leading to improved design and application of 
polymers in ship and boat construction. Incorporating general courses on polymeric 
materials in science and engineering educational curricula would appear to be in 
order to correct this educational deficiency. 

10.7 Conclusions and Recommendations 

Conclusion: The fire safety of United States Flag seagoing shipping, both naval 
and merchant, is well controlled in general. Recommendation: Improved polymer 
fire safety education would indirectly lead to improved shipboard fire safety. 
Recommendation: The fire safety aspects of polymeric materials should be in
cluded in the curricula of naval architects and marine engineers. 
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