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FOREWORD

This Cohference is-an important first for the fire research community. In
past years there have been meetings at which grantees have described their work
but NBS staff have not made presentations. On other occasions a few of the Center's
staff have presented their programs to meetings attended by some of the grantees.
But never before have Qe managed to collect in one place all of the NBS grantees
and all of the NBS program chiefs and senior investigators. Indeed, the NBS
program has never before been presented all at once. We are able fo do this at
this time because the grants and the NBS work are now all paft of the same overall

program.

We at NBS regard this work of our grantees as an integral part of our program,
in fact an indispensable part. Despite the difficulties imposed by geographical
separations we have sought to treat the work done on grants with the same concern
and consideration as the work done here at NBS. After one year of work by
Dr. Huggett and the chiefs to improve grantees' understanding of our goals and
objectives and to encourage our people to work more closely with the grantees,
we see many encouraging signs that the efforts are paying off handsomely. Our
work is stimulated and enriched by the work done elsewhere; the work qf the
grantees is more relevant to the National goal we all pursue. 1 have every
confidence that this conference will give impetus to this trend and that all
participants will feel the time here was well spent.

July 12, 1977 J. W. Lyons
Director, Center for Fire Research
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Final Program

CONFERENCE ON FIRE RESEARCH

Center for Fire Research
Institute for Applied Technology
National Bureau of Standards
August 3, 4, 5, 1977

Wednesday, August 3

- 8:15 a.m. Registration, Employee Lounge
9:15 Opening Session, Green Auditorium
" Welcome

& Dr. Ernest Ambler, Acting Director
National Bureau of Standards

Dr. George Suzuki, Acting Deputy Director
Institute for Applied Technology

Update on the National Fire Prevention and Control Adminlstration
Mr. David Lucht, Deputy Administrator
National Fire Prevention and Control Adminigtration -

Program of the Center for Fire Research
Dr. John Lyons, Director
Center for Fire Research

The Extramural Research Program of the Center for Fire Research
Dr. Clayton Huggett, Chief
Office of Extramural Research

11:00 Coffee Break, Employee Lounge

11:30 Simultaneous Technical Sessions
Green Auditorium
Fire Modeling
Dr. John Rockett, Discussion Leader

Lecture Room D
Hazard Analysis
Mr. Benjamin Buchbinder, Discussion Leader

12:30 p.m. Lunch, NBS Cafeteria
1:30 Simultaneous Technical Sessions
Green Auditorium
Fire Modeling (Continued)
Lecture Room D
Systems Design

Mr. Harold Nelson, Discussion Leader

3:30 Coffee Break




4:00

5:30

6:30

Fire Modéling (Continued)
Human Behavior i

Mr. Harold Nelson, Discussion Leadexr
Adjourn

Barbecue, Smokey Glen Farm

Thursday, August 4

9:15 a.m.

10:30

11:00

12:30

1:30

3:00 p.m.

3:30

5:00

6:00

Simultaneous Technical Sessions
Green Auditorium
Combustion Chemistry
Dr. Richard Gann, Discussion Leader

Lecture Room D
Fire Hazards of Interior Furnishings
. Mr. Sanford Davis, Discussion Leader

Coffee Break

Green Auditorium
Combustion Chemistry (Continued)

Lecture Room D
Fire Hazards of Consumer Products
Mr. James Winger, Discussion Leader

Lunch, NBS Cafeteria

Simultaneous Technical Sessions
Green Auditorium
Toxicity of Combustion Products
Dr. Merritt Birky, Discussion Leader

Lecture Room D
Fire and Materials of Construction
Mr. William Parker, Discussion Leader

Coffee Break

Green Auditorium
Toxicity of Combustion Products (Continued)

Lecture Room D
Fire Detection and Suppression
Mr. Richard Custer, Discussion Leader

Adjourn

Optional Event
Dinner and Concert, Wolf Trap Farm Park

Friday, August 5

9:15 a.m.

11:00

Closing Session, Greén Auditorium
Dr. Robert S. Levine, Chairman

Summary Reports by Discussion Leaders

Coffee Break




11:30 @losing Session (Continued)
Mr. Irwin A. Benjamin, Chairman

Response by Grantees - New Directions
Dr. Zoltan Annau
Dr. John de Ris
Dr. Robert Fristrom
Dr. John Keating

Closing of Conference

12:30 p.m. Lunch, NBS Cafeteria

1:30 Free Time
Informal Discussions
Visits to Laboratories
Tour of Fire Research Facility (Building 205)
Tour of NBS .

Transportation to Airports



ANNUAL CONFERENCE ON FIRE RESEARCH, NBSIR 77-1308
Proceedings of a Conference Held at NBS, Gaithersburg, Md., August 3-5, 1977,
(Issued October 1977)

PROGRAM FOR INFORMATION AND HAZARD ANALYSIS
FIRE SCIENCE DIVISION
CENTER FOR FIRE RESEARCH

Professional Personnel

Benjamin Buchbinder, Program Chief

Susan Helzer, Mathematician

Nora Jason, Technical Information Specialist

James Slater, Mathematician

Linda Miles, Research Associate (Cotton Foundation)
Kirt Smith, Research Associate (PPG Industries, Inc.)

Hazard Quantification Project

Quantitative methods are used in decieion analysis framework to
evaluate alternative intervention strategies for the reduction of fire
losses. The choice of the best strategy is based on minimizing the
cost of implewenting the strategies and the associated fire losses
incurred (i.e., the cost plus loss). The methodology does provide the
appropriate framework for combining fire loss data, fire test results,
and expert judgment to provide the technical basis for choosing among
alternatives. The actual choice of a strategy rests with the policy
makers. The role of hazard analysis is to provide the framework for
the decision and the technical analysis, and to indicate where the policy
makers need to supply value judgments. The methodology will be further
applied to other problem areas such as mobile homes.

. Accomplishments: A pilot decision analysis using the upholstered
furniture problem as a test case; preliminary analysis of the a2ffect of
the proposed upholstered furniture standard and mandatory smoke detectors
on the upholstered furniture flammability problem.

Delivery mechanisms will be reports of analyses, intervention

strategies, presentations to professional organizations and contributions
to standards-making organizatioms.

General Hazard Analysis Project

This is a study of the effect of fiber content, construction, level
and type of FR finish on the ignition time of fabrics during combustion,
the potential injury level and char integrity. Commercially treated
apparel fabrics with varying percentages of phosphorus are tested on
three different experimental devices (Mushroom Apparel Flammability
Tester, Apparel Flammability Modeling Apparatus, Instrumented Mannequin)
to study burning behavior of partially treated fabrics.,

Accomplishments: Providing supporting data for the general apparel
standard. .
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Delivery mechanismg will be reports of analyses, presentaﬁions to
professional organizations and supporting documentation for the general
apparel standard.

Plastics Hazard Analysis

The objective is to identify and characterize those properties of
plastics products which cause them to be a fire hazard in real-life
situations; and to create an information base on fire hazards of plastics
products for use in the design of appropriate test methods. Detailed
investigative reports on plastic fires are obtained and analyzed, and the
materials involved are identified and characterized in the laboratory.

The chain of events of the fire is studied and verified when questiomable.
Fire performance and basic properties are determined in the laboratory
and correlated with field data. The data are computerized and analyzed
to assess the fire hazards of plastics.

Accomplishments: Acquisition of 175 field investigation reports,
development of laboratory procedures for sample analysis, development
of a computerized data baae and laboratory simulations of observed fire
patterns.

Delivery mechanisms will be published reports of analytical
results, presentations to professional organizations, and contributions
to the activities of volunteer standards organizations.

Fire Research Information Services

The objectives are to expand and maintain a techical fire literature
collection, provide technical information services to the Center for Fire
Research and provide information services to the fire community.

For the fire community, selected mailing lists are used to
disseminate reports written by and for the Center for Fire Research;
interlibrary loans are exchanged with participating institutions; and
referrals are made to experts for specialized information. :

Accomplishments: The collection and dissemination of information
is continuous. Two reports resulting from a NASA contract will be
published soon: "Fire Research Specialists: A Directory" by Nora H.
Jason and "Hazard Characteristics of Combustion Products in Fires:

The State-of-the-Art Report" by Merritt M. Birky. A listing of
all reports written for and by the Center for Fire Research is
published yearly.

Document acquisition, bibliographic searching and information
services are directly related to Center for Fire Research projects and
the technical interests of the fire community.



- Publications

Birky, M. M. Hazard Characteristics of the Combustion Products of Fires:
The State-of-the-Art Report. National Bureau of Standards NBSIR
76-1234, May 1977. Final report. It also will be published as
a National Aeronautics and Space Administration Contract report,
NASA CR-135088; publication date to be announced.

Buchbinder, B. and Buchbinder, L. B, The Fire Hazard Analysis Process at
the National Bureau of Standards. Fire Safety of Combustible
Materials, International Symposium Proceedings, University of
Edinburgh, October 1975.

[ ]

Buchbinder, B., Helzer, S. G. and Offemsend, F. Pilot Decision Analysis
Model for Assessing Fire Losses, Presented at the NFPA Annual
Meeting, Washington, D.C., May 18, 1977. It will be published in
the Society of Fire Protection Engineers Seminar.

Helzer, S. Backup Report for the Proposed Standard for the Flammability
of General Wearing Apparel by E. Braum, V. B. Cobble, S. Helzer,
"J. F. Krasny, R. D. Peacock and A. K. Stratton., National Bureau
of Standards Report NBSIR 76-1072, Final Report, June 1976.

Jason, Nora H, Fire Research Publications, 1975. National Bureau of
Standards NBSIR 76-1120. Final report.

Jason, Nora H. Fire Research Publications, 1976, National Bureau of
Standards NBSIR to be published. ’

Jason, Nora H. Fire Research Specialists: A Directory. A Contract
report for the National Aeronautics and Space Administration,
NASA CR-135089. Publication date to be announced. '

Miles, L. Burning Behavior of Borderline Fabrics. Textile Flammability
LeBlanc Symposium. Proceedings, New Orleams, April 1977.

Miles L. Extinguishability of Flammable Textiles: Part 2, Effects of
' Ambient Oxygen Concentration by L. Miles, G. R. Bhat, R. L. Sun,
K. Yeh and S. M. Spivak. Journal of Consumer Product Flammability
Vol. 3, No. 3, 166-192 (September 1976).
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ANNUAL CONFERENCE ON FIRE RESEARCH, NBSIR 77-1308

FYoceedzngs of a Conference Held at NBS, Gaithersburg, Md., August 3-5, 1977,

(Tssued October 1977)

PROGRAM FOR CHEMISTRY
FIRE SCIENCE DIVISION
CENTER FOR FIRE RESEARCH

Professional Personnel

Dr. Richard G. Gann, Acting Chief

Dr. John W. Rowen, Physical Scientist

Dr. Gerald D. Mitchell, Research Chemist

Dr. Kermit C. Smyth, Research Chemist

Dr. W. Gary Mallard, Research Chemist

Michael J..Manka, Chemist

Irene T. Cheng, Chemist

Dr. David D. Evans, Postdoctoral Research Associate
Dr. Maurice Ducloux, Research Associate, Rhone~Poulenc

Affiliated

Dr. John Hastie, Inorganic Materials Division
Dr. Michael Kurylo, Physical Chemistry Division
Dr. Wing Tsang, Physical Chemistry Division

1. Introduction

The Program for Chemistry is indicative of the recent rise in
research emphasis in the fire program. Of the current professional
staff, only half were here a year ago. The goal of the Program is to
develop a better understanding of the chemical processes occurring in
fires and transmit that knowledge to other fire research groups and to
the technical community at large for use in developing fire resistant
materials, standard test methods and building design codes.

2, Condensed Phase Combustion Chemistry

In this portion of our effort, we are looking at the effects of the
fuel chemistry on the fuel's contribution to the fire. 1In addition, we
consider the effects within the substrate of various fire retardants.

2.1 Spontaneous Ignition

In many instances fires begin or propagate when materials are
heated, smolder for a while, and then burst into flame or ignite some
other substance. The Bureau of Mines has a similar problem with the
ignition of low-grade coals long before they reach their eventual des-
tination. Hence, studies on the self-heating of materials have a dual
potential to reduce both fire loss and energy waste. It is our intent
to develop a scientifically based susceptibility index for materials
prone to spontaneous ignition and to demonstrate the validity of this
index as a basis for ranking these materials for fire hazard.



The approach taken in the first year of this project has made use
of an adiabatic furnace. An updated version of the original design
pioneered at NBS some 25 years ago is now operational, and several
samples, ground from a particular coal seam, have been studied. The use
of coal samples reflects the partial sponsorship of the Bureau of Mines -
and the relative “cleanliness" of coal samples as compared to, for
instance, polyurethanes. The preliminary results show thermal runaway
at temperatures as low as 60°C. The data are being used as a test for
the applicability of thermal explosion theory. A further revision of
the furnace, designed to ease sample handling, will be constructed this
summer,

2,2 Smoldering Combustion

According to current statistics, at least one fourth of all fire
deaths result from scenarios which include a non-flaming step. We have
constructed a simple vertical flow tube to unravel the parameters which
contribute to the propagation of the smoldering front. In this appara-
tus, a mixture of oxygen and an inert (such as Ny, Ar, or He) is flowed
upward at various rates through a bed of granulated coconut shell char-
coal. This fuel was selected for the simplicity of its combustion
products and its relatively high. reproducibility. Five thermocouples
are inserted into the bed at various heights, thus providing a means for
measuring the downward rate of passage of the smoldering front. The
combustion products are analyzed for CO, COp, 0, and HZO'

We have ascertained that after the smoldering front has passed
through the sample, only a nominal 6% by weight of the charcoal has been
consumed. Thus, within reason, the packing of the bed is unchanged.
Moreover, after one initial smoldering pass, the product gas concentra-
tions vary little during successive passes, implying a steadiness in the
chemistry. We have begun development of a one-dimensional analytical
model for treating the propagation physics and gross chemistry.

The apparatus is also being used to further investigate results
from two other projects. First, experiments in the Physics and Dynamics
Program have shown that elemental sulfur is a general purpose inhibitor
of smoldering, Preliminary results in this apparatus indicate that the
addition of 10% sulfur by weight to the charcoal reduces only slightly
the combustion propagation. Disgqovering the reasons for this anomaly
will cast some light on the as yet unknown mechanism of sulfur retard-
ance. Second, we have previously shown that C0O, is not an effective
suppressant for the smoldering of cotton. In fact, it acts more like
air than like nitrogen, argon or heluim. This is another anomaly to be
studied.

2.3 Extinction Phenomena

Since its creation in the 1960's, the Oxygen Index Test has become
a standard method for assigning relative flammability potential to
materials. It is, however, quite clear that plastics with oxygen
indices greater than 21 still burn vigorously when involved in fires.
We would like to know, then, what, if any, properties of the substrate
the Test is measuring. Using a conventional OI apparatus with a sample
holder designed for liquids, we have measured the oxygen index of a
homologous series of n-alcohols as a function of sample pool temper-
ature. When the results are reduced on the basis of fuel vapor pres-
sure, the data seem to converge to a single locus. Logically, a
preliminary hypothesis is that the test measures the balance of heat
transfer to the fuel and heat loss to the holder. This is being further
tested using more varied fuels, fuel holders and flow conditions.

8
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2.4 Rate of Heat Release (RHR)

Fortunately, when a component of a room catches fire, it generally
does not burn instantaneously to completion. Rather, a gradval involve-
ment occurs, often with far less heat than AH_being released over an
extended time interval. Coordinating with the Program for Fire Control-
Construction, we are involved with two aspects of this phenomena. The
first, recently completed, was a detailed study of the time response
characteristics of the 0SU calorimeter used to measure rate of heat
release, This has led to a computer program to correct for the thermal
lag of the instrument, The results, tested against calibration stan-
dards, have been submitted to Fire Technology.

A second project uses a RHR calorimeter to elucidate the mechanisms
of polymer degradation during flaming combustion. The intent is to
allow some degree of predictability for the contribution of'components
to room fires. ' This is in the development state, with the criteria for
the calorimeter still being considered. Variables likely to be studied,
in addition the structure of the fuel, are irradiance level,. air flow,
and sample orientation., Analysis of both the gaseous combustion products
and polymer residue is planned.

2.5 Polymer Combustion

An investigation of the burning behavior of polymer rods is under-

way using a common oxygen index apparatus. The rods of PMMA and a
croas~linked polystyrene are ignited at the top and burmed in flows
containing various oxygen fractions. The mass burning rate and burning
surface area are marked functions of the oxygen fraction, but the mass
burning rate per unit area (") is independent. The external tempera-

ture and sample diameter have been varied, with @" and the oxygen index
decreasing slightly with increasing temperature and &" varying as a-1/2
We have also found that as the oxygen index is approached, the cone
angle of the burning rod increases until, at extinction, the top surface

is flat, A model encompassing all these observations is being formulated
with completion expected by early autumn.

L

3. Flame Inhibition Chemistry

Numerous studies have indicated that a major component of fire
retardance occurs in the gas phase above the burning fuel. We are

" concerned with the specific mechanisms of fire retardant additives for

the purposes of laying the groundwork for developing new suppressants
and retardants, devising new chemical fire detection techniques and
deciphering the effects on current detection methods, such as enhanced
(or reduced) smoke formation.

3.1 Flat Flame Burner

Attempts to construct or test a model for flame inhibition have
been hindered by the lack of a wide range of data from a single appa-
ratus. To correct this, we have constructed a cooled, porous plug
burner in a pressure-controlled housing. One purpose is to develop an
analytical tool to study the heat tranfer, heat capacity and chemical
changes that lead to reducing the propagation velocity of a flame. A
wide range of fuels, inhibitors, inert gases, stoichiometries, pressures,
gas flows and temperatures will be utilized to aid in predicting the
behavior of large classes of inhibitors.




Initially, the prime analytical tool will be a thermocouple mea-
suring changes in the maximum flame temperature (related to changes in
flame velocity) as each of the above parameters is systematically
varied. Construction of the apparatus is complete, and the first exper-
iments involve inhibition of methane flames with CF3Br. There is
already some detailed study of this system, thus providing some refer-
ence for the ensuing sequence.

3.2 Llaser Diagnostics

During a recent study sponsored by the American Physical Society on
the application of physics to combustion problems, the importance of
enlarging our basic knowledge of combustion processes, in particular the
combustion chemistry, was emphasized, as opposed to patchwork solutions
to specific problems on an ad hoc basis. In this spirit the Laser
Diagnostics program is exploring the utility of several optical tech-
niques as probes for interesting atomic and molecular species in flame
enviromments. The broad goals of this program are to investigate and
develop new laser-based methods and then apply these techniques to
measure temperature and species concentration profiles, which are
essential input data for modeling of the flame chemistry. TFour areas
are now under active investigation; intracavity absorption, opto-
galvanic spectroscopy in flames and discharges, laser—induced fluores-
cence, and coherent anti-Stokes Raman Spectroscopy. All of these
efforts involve collaboration with other spectroscopy groups at NBS,
including the Laser Chemistry Program, the Optical Physics Division, and
the Analytical Chemistry Division. To date, the effort in opto-galvanic
spectroscopy has produced four papers, with Na atom detection capability
in the range of 1010/ml. A calibration method for laser wavelength and
bandwidth has also been demonstrated. The other three techniques are
under development,

3.3 Mass Spectrometry

An alternative method for identifying flame species and measuring
their concentration profiles is by molecular beam sampling directly into
a quadrupole mass spectrometer. Studies have been carried out on retard-
ant systems based on phosphorus, iron, molybdenum, antimony and halogen-
containing species, Numerous radicals have been identified, many pre-
viously unobserved. Coordinated H~atom optical studies. have shown that
in different temperature regimes, phosphorus additives can either promote
or reduce H atom formation. OH absorption studies are being pursued
with the intent of comparing fuel-rich systems where H-atom processes
are expected to dominate with fuel-lean systems where OH reactions are
prevalent, In addition, a new, high pressure sampling mass spectrometer
apparatus is under construction. This will enable sampling of diffusion
flames, flames at pressures up to 10 atm, and flames containing particu-
lates.

3.4 Flame Inhibition Kinetics

A recent survey of the status of measured rate data for flame
inhibition reactions revealed a sorry state of affairs. Few rates had
been measured and virtually none with a sufficient degree of confidence.
Accordingly, we are mounting an effort to obtain data for at least some
central ractions involving halogenated inhibitors. We hope that extra-
polation of these results to other halons will be possible based on
simple thermochemical considerations. At present, shock tube studies on
the unimolecular decomposition of CF3Br are underway. In addition, a
high temperature flash photolysis-resonance fluorescence system is being
developed. ’
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3.5 Flame Inhibition Modeling

The culmination of all of the above efforts will be the drawing
together of the results into a computer model of an inhibited flame.
The model will inlcude detailed chemistry and transport and must reprow
duce the trends observed in the flat flame burner studies. At present,
ve are evaluating the status of input data and numerical schemes. The
model, in its various stages of development, is to be used to highlight
the important chemical and physical properties of inhibitors and thus
provide predictive guidance for generating more effective use of inhi-
bitors,
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Project Summary

1. Growth and Spread of Room Fires: To predict the growth and spread
of fire in a room or a set of simply interconnected rooms.

2. Turbulence: To develop calculation methods for use in buoyancy
driven flows in enclosures.

3. Ignition: To identify and quantify the phenomenon related to
flaming ignition of solid and liquid fuels.

4. Smoke Characterization: To develop instrumentation suitable to
describe smokes and to assess the performance of fire detectors.

5. Smoldering: To identify and quantify the phenomenon related to
smoldering combustion of (porous) solid fuels and to devise means
of quantifying the smolder tendency of materials.

Progress Report

The Program for Physics and Dynamics of Fire currently focuses on four
problem areas: modeling the growth of fire in a room, with a signif-
icant subprogram on turbulence, the physical characterization of smoke,
ignition, and smoldering combustion. The largest project is the room
fire modeling. This includes the work at NBS of Quintiere, and McCaf-
frey and of Baum and the contract/grant work of Harvard/FM, Cal Tech,
Notre Dame, Penn State and parts of the work at Berkeley. Our in-
house work includes both large and small scale fire experiments with
both wood and plastic fuels displayed in simple geometries and the
development of a (computer based) fire behavior prediction model. The
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currently used hydraulic analogy and plume flow model seems generally
satisfactory but plume entrainment (based on Taylor, Morton and Turner)
is not in agreement with experiments. Although the hydraulic analogy
gives excellent agreement between measured pressures and those calcu-
lated from measured temperatures, use of the model, in its present form,
does not give satisfactory flow predictions, even with adjusted entrain-
ment coefficients. Measured flows based on relatively few sampling
points do not give a mass balance. For this limited data, use of
orifice coefficients from Emmons and Prahl for the inflow is satis-
factory but outflow data seems to imply values closer to umity.

As a part of the application of a general computer model for buoyant
flows now being developed, we hope to improve our understanding of
entraimment. This work is partially supported by non-fire appropri-
ations from the NBS Director's funds. The program under development
assumes inviscid (large Grashof number) strongly buoyant flow. Two
approaches are being pursued: a '"conventional" field equation solution
and a vortex tracking system. The vortex tracking approach appears

to have significant advantages for flow features which require particle
following but has never been applied to this type of flow.

Our work on smoke includes that of Lee and Mulholland and the grant
program of Zinn. The in-house work has centered on instrumentation to
characterize aerosols and approaches to produce aerosols of known,
reproducible, controllable characteristics. A set of careful exper-
iments at NBS and the University of Minnesota has established the
relative accuracy and performance limits of most of the currently
available aerosol characterization instruments. Used respectively

in their appropriate range it is possible to get a reasonable char-
acterization of many real smokes. When one does, it is found that the
commonly used "log normal'' distribution is not a good representation
of the data. The implications of this are still to be delineated

but they are probably going to be important to our models of smoke
formation. The development of reliable monodisperse aerosol generators
greatly facilitated this instrumentation calibration work. Perhaps
greater interest is the use of the monodisperse aerosols to map the
response characteristics of a number of commercial fire detectors.

- A simple, light, portable apparatus has been developed for use in
testing installed fire detectors. A reproducible, polydisperse
aerosol is generated and stored in a plastic bag at a controlled
concentration. This is then flushed, at a known rate, through a
housing placed over the detector. Five concentrations spanning
a range above and below the desired detector threshold, can be
produced. The velocity across the detector is typical of that
thought to be appropriate to real fire situatioms.

The study of ignition by T. Kashiwagi is an in-house program that
does not currently have a grant contribution. The work is partially
supported by AFOSR. Solid and liquid fuels are ignited by a powerful
IR laser beam. It has been found that strong absorption of the laser
energy occurs in the pyrolyzed gas column above the sample surface.
This can be related to the chemistry of the gassified fuel through
its absorption spectrum. As much as 80% of the energy goes into
heating the gas in this way and appears to be very important to
non-piloted ignition. Ignition delay for piloted and non-piloted
ignition has been measured for a range of incident energies for .
horizontally mounted PMMA and red oak. For some liquid fuels very
little energy may be absorbed, especially when the cup has a polished
surface. At low incident flux the red oak surface chars and glows
(PMA does not). The glowing appears important to ignition of the
gas and may explain the relatively small difference between piloted
and non-piloted ignition found for oak.
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Work here by McCarter on smoldering combustion is complemented by
that of Princeton. Most of McCarter's recent effort has dealt with
the use of elemental sulphur as a smolder suppressant for cotton.
This material is inexpensive, easy to apply in practical configura-
tions and effective at low dosage. U.S. and foreign patents have
been applied for. :

Greatest interest within the furniture industry centers on the use

of sulphur in conjunction with latex backing of upholstery covering
fabrics and in the bedding industry on its use with cotton padding.
Currently we are exploring its practicality for cellulose loose fill
insulation and on supplementing sulphur with other, compatible chemicals
to obtain both flame and smolder retardancy.

Accomplishments

1. Found simple, inexpensive way to. control smolder in cellulosic
materials. '

2. Developed practical controllable aerosol generators and applied
these to the determination of fire detector performance.

3. Established the basic validity of the 'hydraulic analogy' fire
model and defined some limits of its validity.

4. Demonstrated possibility of using vortex tracing for buoyant
flows. '

5. Identified the importance of gas phase absorption in radiation
stimulated ignition.

Potential Applications

1. Based on industry response and requests for patent licenses sulphur
is being tested extensively as a smolder inhibitor in furniture,
bedding and also blown insulation.

2. Artifical (non-fire) aerosols seem especially suited to precise
determination of fire detector performance. They are being used
by one manufacturer for production quality control and may be
adopted for use in standard measuring apparatus.

3. Improved analytic fire predictive systems can be used for
rational fire safe design only when they are capable of making
distinctions at the resolution needed by the designer. We are
a step closer to making distinctions between fuel types, at
least in simple situations, for both ignition and room fire
development.

Milestones

1. Develop exchange of machine readable experimental data - Nov.
1977.

2. Define a conceptually satisfactory standard for smolder tendency -
July 1978.

3. Obtain acceptance of the concept of monodisperse spectral response
for defining the performance of smoke detectors - Dec. 1978.
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Obtain tentative acceptance of a (portable) standard for assess-

40
ment of installed fire detectors - May 1978. .

5. Clarify plume entrainment models for near field - Dec. 1978.

6. Obtain reasonable , detailed room fire energy and mass balance )
with enough clarity to analytically model these - June 1978.
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In-House Program Summary

" Objective I:

Develop methodology for assessment of combustion product
toxicity.

Approach:

A bioassay technique is being developed for the toxicity
assessment. Environmental quantification of selected
toxicants is being correlated with selected bilochemical
toxicant levels and physiological dysfunction as determined
at death or by incapacitation.
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Current Status

A biloassay system for assessing combustion product toxicity has been
developed and consists of 3 major parts:

1. combustion product generation system,
2, animal exposure system and
3. chemical analysis system.

Two methods of generating combustion products in the animal chamber are
being explored. The first is a horizontal radfant heating system that
consists of a quartz—iodide lamp. The lamp is outside the animal chamber
to reduce temperature rise in the chamber. The radiation is transferred
into the chamber onto the sample through a quartz window. The second
system for product generation is the closed-end furnace described by
Potts (1).

These two systems are being intercompared with gas data and toxicological
data and with the full scale fire test data.

Two animal incapacitation models are being studied. The first involves
the technique reported by Swith (2). In this system the rats are

forced to exercise mildly and the method represents a whole body exposure
technique. The second animal incapacitation model being explored is

the hind leg flexure technique developed by Packham (3). This model
represents a head-only exposure technique. '

Measurements of CO, CO,, 0, and temperature are being recorded continuously
in the animal chamber.” Blood COHb is measured on selected animals at

the time of incapacitation or at the end of the experiments which is
limited to 30 minutes. When a nitrogen containing polymer is degraded,
environmental HCN is measured gas chromatographically and blood cyanide

is also measured in the rats in these experiments.

The time to incapacitation is being correlated with COHb and blood
cyanide data from various materials. Experiments have been done on
wood, polyurethane (rigid and flexible) and PVC. Repeats will have
to be done to verify the results. Table 1 is a summary of some
urethane and wood experiments.

Animals have also been exposed to combustion products from large scale

fire experiments to determine the relevance of small scale combustion
techniques.
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Project Summary

The goal of the Program for Fire Prevention--Products (PFP-P) is to
reduce fire losses by reducing the probability of ignition in the environ-
ment. The Program works primarily with consumer products.

The work of the group has been concentrated in two major product areas,
upholstered furniture and general wearing apparel.

The fire accident data for upholstered furniture shows that the major
portion of the problem is cigarette ignition of the furniture followed by
smoldering combustion which releases large quantities of combustion prod-
ucts resulting in death. The most important product of combustion in this
scenario appears to be carbon monoxide.

A cigarette ignition test method for upholstered furniture has been
developed. The test is conducted on mocked-up furniture constructions
because of the unpredictable interactions of components and the cost of
full-sized items of upholstered furniture. A proposed standard has been
written around the cigarette ignition test method and submitted to the
Consumer Product Safety Commission with the recommendation that it be pub-
lished as a proposal for comment. Work in this area will continue.

The fire accident data for apparel shows that long, loose~fitting
garments, such as nightgowns, are more often involved in serious burn inci-
dents than shorter, tighter fitting garments such as shirts. Further anal-
ysis of the data, evaluation of the fabric types involved in the accidents,
and laboratory accident simulations show that heat transferred from the
burning fabric to a surface simulating the skin is an appropriate param-
eter to measure and control. From the same work and also intuitively,
the probability of ignition should be reduced. The ignition probability
can be reduced by controlling time to ignite under appropriate conditions
and also controlling garment fit.

A proposed standard for the flammability of general wearing apparel
has been prepared incorporating garment fit limitations, ease of ignitionm,
and rate of heat transferred from the burning fabric to a surface. This
standard has been submitted to the Consumer Product Safety Commission with
the recommendation that it be published as a proposal for comment. Work
in this area will continue.

A new area of work for the Program 1is fire safety in underground mines.
The fire hazards in mines will be investigated and fire tests and standards
developed for products and materials used in and around mines. These will
be developed for the Mining Enforcement and Safety Administration. A sys-
tems analysis of the fire safety in mines will be conducted and appropriate
recommendations made to MESA.
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The problems associated with fire have been a subject of concern to society

for many years, but it has only been for the past 15 years or so that

serlous consideration has been given to the role played by interior furnishings
in the contribution to fire losses. Code officials, fire officials, architects,
and government regulators have emphasized the importance of the proper choice
of materials and design factors im building the structure, but they have had
little or no control of the contents brought into these structures. Although
there have been efforts to control furnishings in regulated occupancies, such
as hospitals and places of assembly, nothing could be done about residential
occupancies. Besides, the state-of-the-art has not been able to predict how
assumed safe materials and products would behave in real fire situations.

a
H

The Program for Fire Control-Furnishings has had three major projects under
study for the past few years. Each of these 1s in various stages of progress
and will be described briefly.

1. Floor Covering Test Development

The flooring radiant panel test for measuring the critical radiant flux of

flooring systems used in corridors and exitways was refined at NBS and has

been moved forward as a standard test method. It is being processed by NFPA

and ASTM as a standard test method for flooring systems and by GSA for carpets.

Its adoption by regulatory agencies and codes groups has been accomplished or

18 in progress and our current efforts have been supportive of its broad acceptance.

2. Full-Scale Room Fire Experiments

- We have carried out several series of experiments to evaluate the behavior of

- interior furnishings in full-scale room fires. Current work is in progress
to analyze the results of these experiments involving Parsons tables, upholstered
furniture, and mattresses. In the near future we will begin to examine the
effects of interactions between two (or more) pieces of furniture such as

- would be found in hospital rooms or in residential occupancies.

3. Small-Scale Test Development

Based on full-scale fire experiments we expect to be able to determine the
i relative hazards of various furnishing materials and constructions; however,
) it would be desirable to be able to anticipate these hazards using small-scale
predictive tests to measure inherent properties of materials and systems.
Towards this end we have been working on the development of test procedures
for ease of ignition, flame spread rate, and burning rate which can be applied
to furnishing materials and, in particular, thermoplastic materials. In
addition, measurement of heat release rates, smoke densities, and other thermal
properties are being carried out. It is anticipated that we will be able to
utilize inherent properties of these systems to predict the behavior of products

in real world situatioms.
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The overall goal of this Program is to improve the probability of
preventing the spread and growth of a fire and its combustion products
by materials selection and passive design concepts.

Fire Test Standards (CFR)

The objective of this project is to develop laboratory fire test methods
for evaluating the potential fire hazards of construction materials.

The fire properties of concern are ignitability, heat release rate,
flame spread, and smoke. The approach is to participate actively in
ASTM, NFPA, ISO, CIB, and government-wide committees, to develop appro-~
priate fire test methods and standards, to perform testing, analysis and
round robin coordination of such tests, to make recommendations for
performance standards and test criteria, and to relate building fire
standards to actual building construction fire performance.

A new heat release rate calorimeter is being constructed for research
studies on heat release rate. This instrument will be capable of
measuring the simultaneous heat and mass loss rates of vertical speci-
mens 12 x 12" and horizontal specimens 6 x 12" at radiant fluxes up to 8
W/cm2., A draft report has been completed on an ease of ignition test by
flame impingement. This will be submitted as a standard test for ignit-
ability of interior finish materials. A report on an investigation of
the fire environment in the ASTM E-84 tunnel test is now at the printers.
The NBS Smoke Density Chamber Test has been adopted as standard NFPA
285-1976 and the potential heat test was adopted as standard NFPA 259-
1976. The project leader is W. J. Parker. The professional personnel
include the following research associates: J. R. Lawson, Gypsum Associ-
ation; D. L. Chamberlain, National Forrest Products Association; J. P.
Tordella, Soclety of the Plastic Industries.
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Fire Spread and Growth (CFR)

The objective of this project is to evaluate the potential for fire
spread and growth in various occupancies in terms of the materials of
construction, the combustible contents, the building design and the
probable ignition sources. The approach consists of (a) developing
analytical models of fire growth based on heat and mass balance con-
siderations which take into account the spread of flame over the com-
bustible interior finish materials and their heat release rates, (b)
running full scale fire tests for validation of these models, {(c) and
conducting reduced scale fire tests, which permit verification of the
model for many more combinations of parameters at considerable savings
in time and money.

The work includes a cooperative effort between CFR and the National
Research Council of Canada on the E-84 Tunnel Test. In order to es-
tablish the most realistic method of running and reporting on the tests
of cellular plastics a set of materials with a large range of flame.
spread is being tested in three different configurations in the tunnel,
in full scale and reduced scale rooms and corners, and in various
laboratory fire tests. In another study a reduced scale model has been
used to investigate the fire buildup process in a room by D. L. Sensenig,
a Research Associate from the Armstrong Cork Company. As part of this
task a method was developed to measure the total rate of heat production
in a room from the oxygen depletion in the hot air leaving the compartment.
The project leader is W. J. Parker and the other CFR investigator is D.
Walton.

Structural Fire Endurance (CFR)

The objective of this project is to predict the fire endurance of
structural building components under typical fire exposure conditions
using thermal and structural analysis and to verify with full scale
tests. The basic analytical approach is to combine thermal analysis and
structural analysis programs which include elasto-plastic material
properties, creep in concrete and steel, and local failures. Improved
basic data on concrete creep at elevated temperatures will be obtained,
as well as experimental data on thermal restraint due to expansion of
fire-exposed concrete floors amd roofs.

This project has been largely carried out through contracts with the
Center for Building Technology at NBS, the Portland Cement Association,
and the University of California at Berkeley. A report was published by
Ellingwood and Shaver in CBT entitled "Analysis of Reinforced Concrete
Beams Subjected to Fire''. Reports by the other contractors will be
included in their summaries. The project leader is D. Gross. Other
professional personnel at CFR include: W. J. Parker and L. A. Issen.

Fire Endurance of Floor Constructions (HUD)

The objective of this project is to develop a test procedure for evalu-
ating the structural fire resistance of floor assemblies in residences
and to recommend rational performance criteria for protected and un-
protected load-bearing components. The approach is to conduct full
scale fire tests in a simulated basement recreation room using modern
furniture with a typical fire load for that type of room. At the present
time a series of 14 tests with varying room size, interior finish, and
ventilation conditions is half completed. The fire is started with a
newspaper on a couch with polyurethane cushions. The temperatures, heat
fluxes and pressures recorded during these tests will form the basis of
the new test procedure. A standard set of conditions will be selected
and another series of room fire tests will be run with different floor
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constructions including cases with exposed floor joist. Finally, the
time-temperature curve, and the pressures will be duplicated in a gas-
fired fire endurance furnace and the same types of floor constructions
will be tested. An analytical prediction capability for fire growth
is being developed along with the experimental testing. The project
leader is J. B. Fang. :

Fire Safety imn Mobile Homes (HUD)

The objective of this project is to document the effect of interior

finish materials on fire growth and spread and on the attaimment of

untenable conditions in mobile homes in order to provide a rational

basis for regulating these materials. The approach is to conduct full

scale fire tests on single-wide mobile homes using upholstered chairs and -
wood cribs as ignition sources in the livingroom and bedroom areas. The

chair is a realistic source of ignition which will not lead to- full .

involvement of the mobile home in the absence of combustible interior

finish while the wood crib provides a.relatively reproducible ignition : =
source for comparison of different interior finish materials., Tempera-

tures, heat fluxes, smoke densities, and gas concentrations are monitored

throughout the mobile home. . The interior finish materials are character-

ized.by their E-84 tunnel rating, heat release rate, time to ignition in

the ease of ignition test, and the smoke density in the NBS Smoke Density

Chamber.. : :

A report by E. K. Budnick, "Fire Spread Along the Mobile Home Corridor,"”
NBS IR 76-1021 was published in July 1976. Most of the full scale
testing has been completed. During the next stage of the work an
attempt will be made to duplicate the essential features of the full
scale test results using reduced scale modeling. This will then be
followed by an attempt to deduce the results by analytical prediction
techniques. The project leader is E. K. Budnick the other Fire Protec-
tion Engineer on the project is D. P. Klein.

Shipboar& Fire Research (Navy)

The objective of this project 1is to evaluate the potential fire hazard

of submarine hull insulations and to improve the application of labora-
tory fire tests for screening compartment lining materials. The approach
is to subject the variety of submarine hull insulations, some of which
are protected with fire resistant materials, to laboratory fire tests on
ignitability, flame spread, rate of heat release, and potential heat.

. The performance of these insulations are then examined in quarter and
full scale compartment fires. By comparing the time to flashover or
maximum temperature in the full size compartment with the results of the.
laboratory fire: test methods improved acceptance criteria for materials >
can be derived. By comparing the performance of the material between

the full and reduced scale fire tests, the usefulness of the quarter -
scale model as a screening tool can be evaluated. The project leader is

B. T. Lee. ~

Evaluation of Fire Loads in Reeidences (HUD)

The objective of this project 1s to provide fire and live-load data for
single-family dwellings and mobile homes in order to provide a basis for
establishing standard. fire exposures for structural fire endurance tests
of building elements in residences. The approach involves a two-phase
survey of fire loads in residences using inventorying techniques for a
variety of typical constructions and geometrical arrangements. A pilot
(phase 1) survey will involve dwellings in the Baltimore-Washington
area; this will be followed by a more extensive national survey. The
assembled data will provide the fire load input to analytical models of
fire growth and severity which will generate fire exposure curves for
residences and mobile homes. 26
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The first phase of this project has been completed and a report is in
the review process. No decision has been made to continue with the
second phase of the project at this time. The project leader is Lionel
Issen. The survey was carried out by George Washington University, the
program for converting the survey data to fire and live-loads was done
on contract to the Center for Building Technology at NBS. The program
for producing the tables and frequency distributions was written by W. D.
Walton.

Fire Tests of Marine Consﬁruction {Coast Guard)

The objective of this project is to furnish technical data on a flame
spread test method under consideration as an international standard on
marine construction and make recommendations for improvements in the
test method and its application. Studies will be made of, (a) the
method of securing and positioning specimens, (b) the incident heat flux
distribution to several levels, (c) a suitable pilot burner for igniting
the sample, and (d) the effect of air cross flow in means of controlling
test variability. Samples of several materials will be tested and the
results analyzed to evaluate the performance under various modifications
of the existing method. The specimen can be run in either a floor, wall
or ceiling orientation. Materials run in the room fire tests will also
be evaluated with this test method in order to establish its validity.
The project leader is W. J. Parker.

Dr. A. F. Robertson has done the most extensive work with the test to
date and has made perilodic reports at the ISO meetings.

Fire Criteria for Solar Heating Fluid (ERDA)

The objective of this project is to provide a technical basis for
specifying the flammability standards for the heat transfer fluids used
in solar - -heating systems. Six representative combustible heat transfer
fluids will be chosen. The size and type of ignition source required
for sustained ignition of these fluids will be determined. The maximum
room air temperature that can be developed by burning pools and flowing
leaks of the heat transfer fluid will be measured. The maximum room air
temperature produced by burning selected framing and insulation materials
saturated with the heat transfer liquids will also be determined. On
the basis of this research, a standard test method and suggested
criteria for screening combustible heat transfer fluids based on their
relative fire hazard will be developed. B. T. Lee is the project
leader. The project started on July 1, 1977.

Fire Hazards of Insulation ip Residential Occupancies (Research Proposal)

The objectives of this proposed project are: 1) to identify and determine
the magnitude of the various fire risks associated with the use of
particular types of insulation, 2) to recommend, and develop where
necessary, the laboratory fire tests needed to characterize insulation
materials with respect to these risks and to control their use for
insulation retrofit; 3) to provide the necessary data on fire and

thermal properties for generic types of insulation considered for use in
the basements, wall cavities in attics of buildings; 4) to recommend
acceptance criteria suitable for adoption in the building code.
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The project would start with a review of the available fire statistics.
Reduced scale model tests, based on the scaling rules developed at NBS
would be run with various insulation materials to verify the important
fire scenarios. The models tested would include 1) the simulated base-
ment with exposed insulation, 2) an above grade room with insulation in
the wall cavities and in the space above the ceiling, and 3) an attic
space with exposed insulation. These tests would determine the effect
of the insulation on 1) the maximum fire intensity (as measured by air
temperature rise), 2) the time to full involvement of the space, if it
occurs, and 3) the rate of production of the smoke and toxic gas. The
role of the insulation as a site for flaming and smoldering ignition
would be examined in these models. Important findings would be verified
by full scale tests. A test for smoldering ignition of insulation
materials will be developed. The settling and moisture absorption of

‘the insulation in the leeching of the flame retardant chemicals will be

investigated for loose fill insulation.
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'PROGRAM FOR FIRE DETECTION AND CONTROL SYSTEMS
FIRE SAFETY ENGINEERING DIVISION
CENTER FOR FIRE RESEARCH

Professional Personnel

Richard L.P. Custer, Program Chief

Richard G. Bright, Senior Research Engineer
Richard W. Bukowski, Research Engineer
Francis C.W. Fung, Mechanical Engineer
Warren D. Hayes, Fire Prevention Engineer
John O'Neill, Fire Prevention Engineer

The Program for Fire Detection and Control Systems (PFDCS) has
.as its objective the reduction of life and property losses
through the encouragement of the use of improved fire de-
tection, fire suppression and smoke control systems in the
built environment. In pursuit of this objective PFDCS is
studying the performance and installation requirements for
these systems and appropriate test methods by which to judge
the system capabilities. An additional goal is to develop
design criteria and installation guidelines that will lead
to reduced cost in the use of these systems. The program
effort is divided into three specific areas: automatic fire
detection, automatic fire suppression, and smoke control
systems. Each of these will be discussed below.

The fire detection program has been concerned primarily with
the development and evolution of residential smoke detectors.
Full scale and bench tests have been used to define the perfor-
mance characteristics of existing residential detection hard-
ware. The results of these tests have led to the development
of improved test methods both for the small and large scale
evaluation of residential smoke detectors. Work is currently
underway to develop a graded approach to the full scale evalu-
ation of all fire detection devices (heat, smoke, and flame).

In addition to the work on test methods and device perfor-
mance, considerable effort has been expended in studies re-
lating to the siting of detection devices in residential
occupancies including mobile homes. The effects of air
conditioning and number of floors has been studied for.
dwellings and recommendations prepared regarding minimum
detection requirements. Work is also underway to define
the role of automatic fire detection in the overall scheme
of fire protection in health care facilities. To this end
a series of full scale tests in a simulated health care en-
vironment have been conducted to determine the optimum loca-
tion and type of detection device that should be used for
‘this application.
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Other important work in the detection area involves the study
of the reliability of these devices both in the field and in
the laboratory. Several instances of detector failures in
the field have been analyzed and reports prepared for the
Consumer Products Safety Commission regarding these failures.

The automatic fire suppression project has been concen-
trating on the generation of information relating to the
performance of automatic sprinkler systems. The initial
work that was done to develop design criteria for the use
of automatic sprinklers in the protection of door openings
in multi-family and care type facilities led to the deter-
mination that there is a need for more definitive test
‘methods to define the performance capabilities of auto-
matic sprinklers. Work has been completed that relates

to sprinkler discharge rate to maximum cooling in the
corridor sprinkler system application. The results in-
dicate that significant differences in cooling rates ) -
exist between individual sprinklers from different manu-

facturers or of different design. Work is also underway

studying the development of water distribution mapping

techniques, factors affecting the distribution of water from

sprinklers, statistical parameters of water droplet populations

from sprinklers as a function of pressure and deflector design,

and the use of sprinklers in health care facilities.

‘>

A special facility is being constructed in which to study the
use of sprinklers for the protection of large open stairway
configurations. This work will attempt to refine and build
upon tests done in the mid-40's for methods which are currently
in use in the NFPA sprinkler and life safety standards. 1In
addition to this long range work, continuous effort has been
made to assist in the development of both U.S. and inter-
national standards for automatic sprinkler systems and com-
ponents. This work has included analysis of water distri-
bution patterns, K-factor measurement techniques, and mechan-
ical safety factors applied to sprinkler devices.

The smoke control project has been in operation for a number

of years. During that time the work has developed along

two parallel and now converging directions. 1Initially work

was done with simple computer modeling of smoke movement in

buildings. This effort built upon -the work of the National

Research Council of Canada and others. At the same time field .
tests were conducted in actual office, apartment and hospital
buildings using sulfur-hexafluoride tracer gas to study the
movement of simulated smoke under a variety of mechanical
systems and climatic conditions. Included in the field work T
were several studies of buildings equipped with smoke

control systems. 1In each case the building was evaluated -
both with and without the smoke control system in operation.

This allowed for comparison of the relative effectiveness

of the systems compared to a building without any smoke

control. More recently, the output from the field survey

program has been combined with a sophisticated computer

program designed to predict the movement of air in a

building as influenced by an air handling system. The

result has been the generation of a computer-based design

methodology for smoke control that allows the designer to

experiment with various conceptual designs prior to develop-

ment of the final plans for the building. 1In this way it
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is possible to optimize on the best smoke corntrol system
design in the total context of ‘the heating/air-conditioning
system. Work has also been done to compare the results
of sulfur-hexafluoride smoke movement studies to actual
movement of smoke in dwellings. This work showed sub-
stantial correlation between the simulated smoke and real
smoke. Work is currently in progress to develop a small
scale model with which to test the computer model for the
movement of smoke and design of smoke control systems.
The future work will involve the development of smoke
control methodologies for residential application.

The primary output mechanisms for the results of this re-

. search is through additions or changes to the various vol-

untary standards relating to work of the Program for Fire
Detection and Control Systems. This includes international
standards relating to detectors and sprinklers, and domes-
tic NFPA and ASHRAE standards.
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Professional Personnel

Harold Nelson, Program Chief ,
Bernard M. Levin, Research Psychologist .
A. Jeffrey Shibe, Operations Research Analyst

Other Contributors

"Major contributors to the activities of the Program for Design Concepts

include:

A, NBS Organizations

1.

2.

Architectural Research Section, Center for Building Tech-
nology (R. Wehrli, J. Archea, and F. Stahl)

Human Factors Section, Center for Consumer Product Technology
(H. VanCott and V. Pezoldt)

B. Contractors and Grantees (Principal Investigators)

1.

2.

T. Waterman and R. Pape, IITRI ~ Room Fire Development,
bibliography and model. )

R. Fitzgerald, Worcester Polytechnic Institute, Probability
Predictions of Fire Spread and Severity

J. Watts, University of Maryland, Goal Oriented Systems
Approach

F. W. Fothergill, Integrated Systems Incorporated, Smoke
Control Modeling

L. Lerup, University of California, Berkeley, Mapping

"and Analyzing Behavior in Fires

J. Bryan, University of Maryland Post Hoc Investigations
of Actions during Fire

J. Keating and E. Loftus, University of Washington, Emergency
Voice Communication and Message Content ’

L. Bickman, Loyola University, Chicago, Assumptions Inherent
in Emergency Plans, etc.

H. Wakeley, IITRI, Alarm System Outputs and Alarm Response
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Funding

Current funding for work undertaken by the Program for Design Concepts
comes from HEW, OSHA and the CFR grants program.

Program Goal and Objectives

The objectives of the Program are to synthesize and integrate research
and technology to develop techmnically based rational approaches towards
providing safety from fire facilities; and to provide operating mechanisms
for using these approaches in setting fire safety requirements in these
facilities.

Output Forms

The basic characteristics of the outputs of this program will fall into
five categories:

A. Management Tools. Management mechanisms for setting improved
mandatory requirements.

" B. Operating Tools. Technical design data and guides for architects,
fire protection engineers, and others to aid them in selection of the
cost effective ways of meeting requirements. These tools will permit
the use of innovative and non-traditional approaches toward total system
safety to a greater extent than is now permitted.

C. Short-Range Recommendations. Specific proposals based on the
results of the research efforts, for revisions and other improvements
in existing fire safety codes, regulations, and standards.

D. Targets of Opportunity. Serendipitous outputs that appear
and indicate potentials of increased fire safety. These are pursued
even though they were not in the original research where there is potential
for high payoff with relatively little resources.

E. Fundamental Improvements. Advances in the state-of-the-art
of applied fire protection engineering and fire technology, including
the development of an improved technological base, both to support the
credibility and acceptance of the other products and serve as the basis
for future improvements in fire protection.

Technology Development and Technology Transfer

Inherent in the objectives of the Program are both the updating of existing
technology and the delivery mechanisms useful in technology transfer
between the world of research and the applied world as it actually exists

and functions.

The world of technology and its uses can be divided into three basic
element areas. The work of this Program is formed around these divisions.
The three elements are: -
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Data

Scientific and empirical data. This ranges from physical properties
such as calorific value, density, rate of heat.release, and critical
radiant flux to empirical values such as detection time, flame spread
ratings, and sprinkler discharge capabilities. All of these involve
one or more types of basic reproducible tests directed at producing -
data either for handbook reference or other descriptive literature.
Major efforts in this program are directed at producing missing data
elements particularly in areas related to detection, automatic extin- .
guishment, and human behavior and capabilities under fire stress.

Models

Models and systems used by scientists or engineers to explain the inter-
relationship of two or more data elements. These can range from simple
formula to complex inter-relationshipg. The Program has undertaken
modeling efforts. Significant success and spillover has been achieved
in advancing the interest and activities of the entire scientific fire
research community in this area.:

Use

"Use systems’ that are now used or can be used to govern and measure the
real world. Were the technology and description of the real world
perfected to an advanced level of understanding and.predictability,

the models developed by the scientists and research engineers could
fulfill this function. The real world however is not that well described
or completely understood and the practitioners must produce answers at

a rate that demands relatively simple but sufficiently accurate approaches.
Various types of use systems therefore govern the real world.

Use systems are frequently in the form of codes, standards, and evaluation
system, There is currently no method for a direct crosswalk from scien-
tific data and models to the use system. In each case judgment of how
the technological data fits into the real world is involved. In current
practice the difficulty in crossing this gap has resulted in the develop-
ment of existing use systems that ignore technical bases and presume

that a parliamentary concensus equates to technical accuracy.

The data and model development activities are directed at producing
technologically sound outputs that will be more responsive to the needs
of the use systems. Simultaneously the project points at further reducing
this gap by developing use systems that are more accountable to the
technological base and receptive to improved data. Professional judgment
and concensus will remain a major portion of the developments of use
systems for the forseeable future. Major Improvements can, however, be
made in the quality and accountability of these judgment and concensus
activities. The end result will be both improved approaches that are
more readily evaluated and accepted as rational; and a compendium of
design measurements and parameters that will permit wider flexibility

in the individual designs, with traceable consistency of the techmolo-
gical basis, the performance requirements, and the approaches from
jurisdiction to jurisdiction,
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Activity Areas

The Program contains many individual project and activity, areas. This
report does not identify the individual progress on these but rather
gilves a general overview of the most. important outputs and impacts.

The pages following this section show a graphic breakdown of the general
product areas in each of the three categories of use systems, models,

and data development. These graphic charts lay out the areas of interest
including those which the Program benefits from without necessarily
active participation. The graphs are coded to indicate the degree of
participation by the Program.
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Project Summary:

The objectives of this program are to advance our understanding of flame
propagation and extinction for fuels involved in urban fires. An understanding of
the theoretical basis of flame propagation and the ability to make quantitative
predictions of flame spread rates should lead to more rational ways of testing the
relative flammability of different materials. A more fundamental understanding of
extinction mechanisms is desired to enable improved methods of fire suppression to
be developed. The program includes both experimental and analytical tasks. Flame
spread and burning rate measurements are made with solid fuels of simple geometry
in controlled atmospheres of oxygen, nitrogen and extinguishing agents. Tempera-
tures and heat fluxes are measured to obtain an energy balance for the flame-fuel
system. A parallel theoretical effort is made to develop models which will predict
flame spread rates and extinction conditionms.

Progress Report:

Previous work in a Limiting Oxygen Index type apparatus has shown that the LOI
is a limit for downward flame propagation. Extinction was shown to occur when the
heat flux from the flame to the fuel is insufficient to raise the surface tempera-
ture ahead of the flame to a critical value for pyrolysis. The current work con-
siders the comparable problem for a fuel sample ignited at the bottom. After the
upward spreading flame has fully enveloped the sample, measurements of mass burning
rate m are made as a function of oxygen concentration Y in an 0,, N, atmos-
phere using cylindrical samples. Polymethyl methacrylate ¥mMA) was Ehosén as a
typical noncharring material which maintains its shape while burning and gives
reproducible results. Preliminary tests of charring materials were made with
polycarbonate, cross-linked polystyrene, phenolic laminate and wood. Of these,
wood was chosen as the least unsatisfactory of the charring materials.

Measurements with 1/2 inch and 1 inch diameter PMMA cylinders showed that @

decreased as Yox was decreased., Extinction occurred for Y < 0.181 for both
diameter cylindéfs. Just prior to extinction the burning raté"was about 75 percent
of its atmospheric value. A comparison of the effects of Y on burning rate m

(current work) and downward flame propagation rate V (prevgéus work) is shown in
Fig. 1. The value of Y at extinction for a fully burning cylinder is signifi-
cantly lower than for a §8wnward burning cylinder. The comparison also shows that
the decrease of V with Y is more rapid than the decrease of m with Y .
Results with wood were qualg¥atively similar to those with PMMA but with consfder-
ably more scatter; extinction occurred for Y _ < 0.205. The next phase of the
experimental program is the measurement of temperature profiles through the boundary
layers of fully burning fuel slabs. Preliminary tests show that temperature
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fluctuations of considerable magnitude exist in the peak temperature region while
signal averaging times are limited by regression of the sample surface. Techniques
are being developed to overcome these difficulties.

Accomplishments:

Burning rates and extinction limits for fully burning samples have been
measured. Comparison of these results with previous measurements on downward
burning samples shows that the oxygen concentration at extinction is significantly
lower for the fully burning case.

Potential Applications:

This work increases our knowledge of the factors affecting extinction which
could lead to the design of improved test methods and to more effectlve fire
suppression techniques.

Future Milestones:

Measurement of gas phase temperature profiles for fully burning fuel specimens;
determination of profile changes as extinction is approached. Analysis of the
effect of heat losses on extinction of fully burning fuel specimens.

Publications;

"Comparison of the effects of N, and CP,Br on the extinction of PMMA fires," by
M. Sibulkin and M. Little (unde rev1ew

"Flame propagation and extinction of downward burning fires," by M. Sibulkin and
M. Little (under review).
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Fig. 1. Comparison of effect of oxygen concentration on burning
rate and downward propagation rate. PMMA cylinders;
1/2 inch diameter.
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