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IWREWC)RI)
.

1. This military standard is
of the Navy, and is available
Defense.

approved for use by the Nawl Sea Systems Command, Department
for usc by all Departments and Agcncics of the Department of

2. Beneficial comments (recommendations, additions, deletions) and any pertinent data which
may be of use in improving this document should be addressed to: Commander, Naval Sea Systems
Command, SEA 55Z3, Department of the Navy, Washington, DC 20362-5101 by using the sclf-
addressed Standardization Document Improvement Proposal (DD Form 1426) appearing at the
end of this document or by letter.

3. This standard establishes the fire and toxicity test methods, requirements, and the
qualification procedure for composite materials and composite material systems to allow their use
inside Naval submarines. This standard is needed to evaluate composite material systems not
previously used for these applications. A ‘composite material system n is considered to be the basic
composite material and any supplemental coating applied for enhancing fire resistance, abrasion
r=istan~, or c!eeorative purposes, etc. Gmposite material systems can offer significant weight and
signature reduction advantriges as well as desireable electromagnetic and chemical resistance
characteristics. Fke limits for these materials will be invoked to make certain that these materials
are not a primary fire source, are slow to ignite, can be extinguished using normal submarine fire
fighting ruponae to subdue a fire under anticipated operating conditions ad that ‘to%kity efftxts
can & tolerated. It is important that design engineem, in”addition to seleeting matm.als for their
physioal and meehaniczd properties, ensure that the pottid ‘fii ItnM’IIx!@@t!y’~ ‘es of ihe
composite material system are fit for the intended use in the closed environment of the naval
submarine.

4. No single test method is adequate to evaluate the fire hazard of a particular composite
material system. The behavior of a given material system in a fire is dependent not only on the
properties of the fuel, but also on the fire environment to which the material system may be
exposed. ‘These standardized test methods for flttmmability and toxicity charaetet-ides cover the
spectrum from small scale tests through intermediate sede to large scale tests in order to better
understand the fire hazard posed by the mmposite material system. Results from all of the teats
may be rquired by the Naval Sea Systems Command to ensure the fitness of composite material
systems for use in submarines at sea. It is anticipated that the test methods and qualification
procedure standardized in this document will prove more appropriate to end item application
contractors than to composite material manufacturers.

5. In addition to the tests cited in this standard, there are limitations for the components
which are off.gassd during normal operations. Currently, all requests for material certification for
this requirement must be
Command, Gas Processing

sent by letter to the Department of the Navy, Naval Sea Systems
and Cryogenics Branch, Washington, D.C. 20362-5101.

i

Downloaded from http://www.everyspec.com



Pumgraph

. .

MI L-STD-2031(SH)

CONTENTS
Page

1.
1.1
1.2
1.3

2.
2.1
2.2

3.
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20

4.
4.1
4.2
4.2.1
4.2.2
4.2.3

SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1
Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1
Applica[iun . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1
Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1

APPLICABLE DOCUMENTS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1
Non-Government publications. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . ...1
Order ofpreeeden~ .,..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2

DEFINITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2
Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2
Bum-through fire test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -.......2
Combustion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2
C.ombustion gas generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2
Composite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...-....2
Composite material system... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2
CerLificalion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3
Flame spread index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3
Heat release rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3
Ignitability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3
Ignition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-- . . . . . . . ..4...-*3
Large scale open environment tire test . . . . . . . . . . . . . . . . . . . . . . . . . ..3
Larpjeuxtlepresauriaabk fite-t . . . . . . . . . . L . . . . . . . . b ..’. . . . . . . . . 3
Oxygen index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3
Oxygen-temperature index profile . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3
Qualification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...3
Quarter-seale firet=t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...4
Smoke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...4
Smoke obscuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...4
Toxicity performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...-...4

GENERAL REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . ..4
Fire characteristics and test methods . . . . . . . . . . . . . . . . . . . . . . . . . . ...4
Qualification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...4
Requirement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...4
Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6
Data package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6

4.2.4 Certification for use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...6

ii.

Downloaded from http://www.everyspec.com



1 . ... ,,. ., .,

MIL-STD-2031 (W)

UON”J’IIN’I’S
l’m-qy-aph

5-. DE”rAILED I?EQUII<Ehl EN”~S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.1 Tcslrespc>nsit> ilit y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.1 Specimcn rcquircmcnts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.3 Retest requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.4 Test facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6. NOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .
6.1 Intended use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6.2 Implementation guidance . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6.3 Consideration of data rcquircmcnts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6.4 Subject terrn(key word) listing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Appendix

A.
B.
c.

D.
E
F.
G.

Standard operating procedure for oxygen-temperature index profile . . . . . . . . . .
(DTRC)burn-through fire test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Determination of the flashover potential of a lining material using a

l-%ge

6
6
6
7
7

7
7
7
7
8

9
14

auarter-scale room fire test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Large scale open environment fire test . . . . . . . . . . . . . . . . . . . . . . . . . . . ...22
Large scale pressurizrible fire test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...26
N-Gas model smoke toxicityscreening test . . . . . . . . . . . . . . . . . . . . . . . . ...31
Test report technical con(ent requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

Figures

1. Test stand assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...15
2. Sample mounting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...17
3. Thermocouple locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...18
4. Pressurizable vessel dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...27
5. Combustion furnace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...33
6. Furnace mounted on chamber. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...34
7. Exoosure chamber design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...35
8. G& sampling flow . ..-.
9. Animal restrainer design
10. himal Restrainer . . . .

Tables

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

I. Fire charactcnsties and tests...,.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
11. lnterlaboratory evaluation ofdouglm fir . . . . . . . . . . . . . . . . . . . . . . . . . . ...42

iii

Downloaded from http://www.everyspec.com



MIL-STD-2031(SH)

1. SCOPE

1.1 l’urpose. This standard provides [he fire and toxicitv test methods, requirements and the
l]u:l]ificalion prcxxxiure 10 sLIpply NAVSEA with [he inl’orma[ion nccdcd m certili’ compostlr.
material systems, proposed for usc in hull, machinery and structural applications, as fi[ for use in
the closed environment of Naval submarines. This standard is applicable to all composites, such
as, metallic, ceramic, carbon, or organic matrix materials used as alternatives to conventional metals.

1.2 Application. This standard applies to composite materials and composite material syslems
used in applications such as materials and composite gearbox covers, turbine covers, fan housings,
vent ducting, isolation mounts, pipe hangars, piping, pumps, valves, decking, gratings, stanchions,
ladders, hatches, stowage racks, weapons stowage and loading racks, logistic monorails, crew
berthing, foundations, bedding plates, non-structural tanks, accumulators, air flasks, launch tubes,
prope[ler shafts, and bearing housings. These are generic hull, machinery, and structural
applications that have been identified as candidate systems for composite materials. It is not the
intent to list each possible equipment/system component application or apply this standard to the
submarine basic pressure hull structure or to items installed external to the pressure hull. Inquiries
regarding approved or proposed applications shall be referred to the Naval Sea Systems Command
(NAVSEA), Attention: Non-metallic Materials Branch.

13 Limitations. The preparing activity recognizes that there are definitions, test methods,
specifications, and qualification procedures in use that are not emtained in this standard. However,
those that are contained herein have undergone coordination through an industry consensus process
or through the DOD standardiution process invoived in the preparation of. this standard. As a
eonsequenee, a certain degree of standardization has been achieved, and it is intended that this
MILSTD will further enhanee the understanding of composite fire performarxx and the
standardization of test methods and qualification procedure for mmposite use in a closed
environment.

2. APPLICABLE DOCUMENTS

2.1 Non-Government publications. The following document(s) form a part of this document
to the extent specified herein. Unless otherwise specified, the issues of the documents which are
DOD adopted are those listed in the issue of the DODISS cited in the solicitation. Unless
otherwise speeified, the issues of documents not listed in the DODISS are the issues of the
documents cited in the solicitation (see 6.2).

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

E 162 Standard Test Method for Surface Flammability of Materials Using
a Radiant Heat Energy Source; (DOD adopted)
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E 662

E 1354

Test Method for Specific Optical Density of Smoke Generated by
Solid Materials

Standiird Test Method for Heat and Vkiblc Smoke Release Rates
for Miilcrials and Products Using an Oxygen Consumption
Calorimeter

(Applications for copies should be addressed to the American Society for Testing and Materials,
1916 Race Street, Philadelphia, PA 19103.)

(Non-Government standards and other publications are normalIy available horn the organizations
that prepare or distribute the documents. These documents also may be available in or through
I]haries or other informational setioes.)

2.2 Order of precedence. In the event of a conflict between the text of this document and the
refereneea cited herein, the text of this document takes precedence. Nothing in this doeumen~
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

3. DEFINITIONS

3.1 Application. The application is specific end use hardware fabricated by utilizing a
composite material system.

3.2 ~Jhms-tkough flaw tem The bum-through 4ire ted is the test mctbd to ck@ . the
time fix a flame to burn-thrmugh a composite material system under eontrcdled ~ exposure

lmlldilhsl ‘f’‘ ‘“ ‘ ~ “ ~~‘ ‘ ‘ !.,,., , ,,!1. I .,’1 ‘.1 ‘! ,, ,~,,’,’.fl,’ i,,{, (11, $

33 Combustion. Combustion is a chemierd process of oxidation that ocxmrs at a rate fast
enough to produce heat and usually light as a glow or flame.

3A Combustion gas generation. ‘he combustion gas generation is the rate of production of
combustion gases (such m CC), COz, HCl, HCN, NOX, SOm haJogan acid g- and total
hydrocarbons).

3X (hmposh A cmmposite is a material resulting from the controlled combination of two
or more different materials at a macroscopic be]; typiedy, a matrix that is reinforced with fibers,
whiskers, or dispersions of another material

3.6 ComposM mater&1 system. Composite material system are the material characterkties
which define the material and are relevant to fire and tmdeity performance and are presaved in
test specimens, these include as a minimum:
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Chemical composition of constituents

Geometric relationships bctwec=mconstituent materi~ls in a composite l:lyer (i.e., fiber
volume [raction, ply construction, etc. )

Stacking scqucncc for layers within the bulk structure

Supplemental adhesives, additives or coatings applied for enhancing fire resistance,
abrasion resist ante, dccorat ive purposes, etc.

3.7 Certification. Certification is the determination made by Naval Sea Systems Command as
to the acceptability for use of the composite material system for the intended application.

3.8 Flame spread index. The flame spread index is a number or classification indicating a
comparative measure derived from obsewat ions made during the progress of the boundary of a
zone of flame under defined test conditions.

3.9 Heat release rote. The heat release rate is the heat evolved from a material, expressed
per unit

3.10
seconds,

3.11’

of exposed area, per unit of time.

Ignitability. Ignitability is the ease of ignition, as measured by the time to ignite in
at a specified heating flux with a pilot flame.

igdticm. Ignition is the initiation of cornbusticm m evidtmee by gtow, flanrq detotittdort
or explosion. ‘l%e combustion may be sustained or trfinsient.

., ,. ,..

3.12 Large scale open environment fire test. A large scale open environment fire test is a
method to test materials at full size of their intended application under controlled fire exposure
to determine fire tolerance or ease of extinguishment.

3.13 large scale pressurizable fin test. A large scale pressurizable fire test is a method to
testmaterials using an enclosed compartment in a simulated environment under a controlled fire
exposure.

3.14 Oxygen Index oxygen index is the minimum concentration of oxygen in a flowing oxygen
nitrogen mixture capable of supporting flaming combustion of a material.

3.15 Oxygen-tempemture index profile. A oxygen-temperature index profile is a plot of data
points that define the temperature dependence of the oxygen index as the thermal environment
of a material is changed,

3.16 Quidifieation. The qualification is the process of determining the acceptability of a
composite material for use aboard a Naval submarine,

3
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Qnm-ter-scale fire test. A quarter-scale fire [CSL
potential of materials in a room when subjected to

is a test method to determine the
a fire exposure.

3.18 Smoke. Smoke is [he airb[~rnc solid and liquid particulalcs and gases evolved when a
matcrlal undergcws pyrolysis or combustion.

3.19 Smoke obscumtion. Smoke obscuration is the reduction of light transmission by smoke
as measured by light attenuation.

3.20 Toxicity performance. Toxicity performance is the potential toxic effects of combustion
products (smoke and fire gases).

4. GENERAL REQUIREMENTS

4.1 Fire characteristics and test methods. The fire characteristics to be investigated and the
test methods and requirements for qualif@g a composite material system for use aboard a naval
submarine are defined in table I (see 6.3 and appendix G). Any exceptions to these requirements
will be identified in the acquisition documents for the specified application (see 6.2) and must be
approved by NAVSIUL

4.2 QuiWkation.

4.2.1 Requirement. Use of composite material systems for interior submarine applications
requires Nalml Sea Sya@ns Command, approval of &be fiiet and tmdcity perhrmmce f~ the
composite material system. Campliartee with this requirement is the responsibility of all Naval
activiti~ and contraetora that provide produck equipments, or aeavkza in support of Naval
submarine ecmstruction or operation. The Non-metallic Materiaia Branch of the Naval Sea Systems
Command has approval responsibility for use of composite material systems on Naval vessels

TABLE 1. Fire chnractektics and tests.

me Iesuctlaraetcristks

~n-temperance htrlex

Pereemcxygcnat 2S ~
Pcreenttxygcaat 75 Y
Pcrccntcaxygenat 300 Y

Flamespmd (index)

Rcquircmcnt

Minimum

35
30
21

Maximum
20

Test method

Appendix A

ASTM E 162
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TABLE I. Fire characteristics and tests - Continued.

Fire test/characteristics Rcquiremem Test mclhod
—.

Ignil:lhihty (seconcis) Mimmum ASTM E 13S4

100 kW/m2 irradiancc 60
75 kW/rn2 irradiance 90
SO kW/m2 irradiance 150
25 kW/m2 irradiance 300

Heat relezie (kW/m*) Maximum ASTM E 1354

100 kW/rn2 irradiance

Peak 150
Avcra& 300 swomls lm

75 kW/tn2 imdianm

Peak 100
Average 300 seconds 100

50 kW/m2 irradiance

Peak 65
Average 300 semnds 50

25 kW/m2 irraciiwux
Peak 50
Awuege300~ 50

smoke Otlmuratkm Maximum ASI’ME 662

D- occurrence m~

Combustiongas generation Maximum ASTM E 1354

AI 25 kW/tn2 irractkmcc

co 200 phz
co 4 percent by volume
H& 3ophll
HU 100 @n

Burn-through fire test No bum-through &perJdLx B
in 30 minutes

Quarter-scak fire test No ftashover in Appcndk c
10 minutes

IArgeacakq-m mall AppendixD
Envhnment teat

Largescalepresur’imbk Appendix E
s% M

N-Oat Model smc& No deaths ~F
Tcxicityacroeningtest Pma

.
!Kilowattper quart meter (kW/mC).
‘Parts per million (p/m).

5
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4.2.2 Procedures. Organizations having a composi[e malerial syslem application not previously
approved by the Naval Sea Systems Command shall initiate the qualification procedure through
direct cnntacl or via a Ie[ter rcques! to the Non-metallic Materials Branch. The request should
inclucie information on the planncci composite mater)al system applmlion, chemical composition
information, and bcmcfits of the composite material system application. The application will be
reviewed by the cognizant engineering group in NAVSEA. If the proposed request has merit,
written qualification proccdurc guidance for fit-c testing will lhcn be provided to the initiating
organization. The results obtained from the tests conducted according to the methods of paragraph
4.1 will be used in performing a risk/benefit analysis inherent in the development of any new
equipment and sptem. V/hen the analysis is complete the requesting official will be notified of
the acceptance or use category for the proposed application.

4.23 Data package. All test data and obsewatiorts resulting from tests conducted by methods
given in paragraph 4.1, shall be submitted to the Naval Sea Systems Command (see 6.3).

4.2.4 Certification for use. Test data and obsemations from these test methods and other
information submitted to the Naval Sea Systems Command in support of the qualification
procedure will be used in certifying a composite material system for the proposed application.
The Naval Sea Systems ~mmand will certify a composite material system prohibited and not
permitted for any submarine application when wnrranted by the t=t data or ana!yses. The Naval
Sea Systems ~mmand W-l}certi~ the composite material system is fit for use in specific limited
applications based on test results and safety analysis. Composite material systems currently used
in naval submarines are exempt from this qualification procedure for that s~ific application.

5. DETAILED REQUIREMENTS

5.1 Test rtspondbility. Unless othmwise specif~ (see 6.2), the supplier of the application
item to the Navy shall be responsible for submitting the required data and information resuhing
from the teats required and requesting certification of the composite system for that application.
The government resetvts the right to perform independent tests where deemed necessary to ensure
conformance with the prescribed requirements.

5.2 Specimen rquimnents. Unless othewise specified by NAVSEA the specimen thickness
shall be the minimum thickness intented for use of the composite material or as a composite
material sptem. The minimum thickness of a compxite material system permitted by this standard
is 1/8 inch (3.18 mm). Material system characteristics shall be preserved when shape must be
changed to fit into test apparatus. As a minimum, material characteristics to be preserved are
chemical composition, geometric relationships between constituent materials in a composite layer,
and stacking sequence for layers within the buik structure, and coatings, cladding or additives, if
appropriate. Edges which are not exposed in sewice shall be protected during testing when
possible. To avoid the need for additional testing, test specimens shall be representative of any
expected variations in the manufacturing process.

6
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53 Retest requirements. Once a composite material system has been certified by NAVSEA
any change to the minimum material characteristics, as defined by the specimen requirements, shall
he retested by the supplier for recertification by NAVSFA. The extent to which incremental tests
are required will be determined by NAVSEA.

5.4 Test facilities. The contractor shall notify NAVSEA where the tests specified will be
conducted. Except as otherwise directed, contractors may use their laboratories or other
laboratories to perform the tests.

6. NOTES

(This seetion contains information of a general or explanatory nature that maybe helpful, but is
not mandatory.)

6.1 Intended use. The testmethods and qualification procedures provided in this standard are
intended to ensure that all information needed by Naval Sea Systems Command to eerti~ a
composite material system to be used aboard Naval submarines is developed.

6.2 Implementation guidance. When this standard is invoked, the following should be
speeifkd:

a. Title, number, and date of this standard

b. Issue of DODISS to be cited in the solicitation, and if require~ the speeif5c issue of
Wual doeuzneats refercnuxi (see 21)

c When fire characteristics and test methods are other than as speeikd (see 4.1)

d. When testresponsibility is other than as specified (see 5.1).

6S Consldemtion of data requirements. The fobwing data requirements should be
considered when this standard is applied on a contract. The applicable Data Item Descriptions
(DID’s) should be reviewed in conjunction with the specific acquisition to ensure that only essential
data are requestdprovided and that the DID’s are tailored to reflect the requirements of the
spedlc acquisition. To ensure correct contractual application of the data requirements, a @ntraet
Data Requirements List (DD Form 1423) must be prepared to obtain the data, except where DOD
FAR Supplement 27.475-1 exempts the requirement for DD Form 1423.

Reference Paragraph DID Number DID Title Suggested Tailoring

4.1 and Appendix G D1-MISC-806S3 Test reports

The above DID’s were those cleared as of the date of this specification. The current issue of
DOD 5010.12-~ Acquisition Management Systems and Data Requirements Clmtrol List (AMSDL),
must be researchtxi to ensure that only curren4 cleared DID’s are cited on the DD Form 1423.
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6.4 Subject term (key word) Iisl ing.

Combustion gases
Fire induced gases
Fire limits
Flammability
Ignitability
Pyrolysis
Toxicity

8
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APPENDIX A

STANIIAR1) OPERATING PROCEDURE FOR C)XYG EN-
‘l.i:hll)l’;liA’I’l Jltl; lNIIEX I’I?OL’lLE

10. SCOI’E

10.1 Scope. This method describes a procedure to measure the minimum oxygen eon-
centratirm at temperatures from ambient, 25 degrees Celsius (“C) (75 degrees Fahrenheit (“F)),
to an elevated temperature, 300 “C (570 ‘F), in a tlowing mixture of oxygen and nitrogen that will
just support flaming eombusticm. This procedure modifies ASTM D 2863 to measure the oxygen
index at elevated temperatures. This appendix is a mandatory part of the standard. The information
contained herein is intended for compliance.

20. APPLICABLE DOCUMENTS

20.1 Non-Government publications. The [ollowing document(s) form a part of this document
to the extent specified herein. Unless otherwise specified, the issues of the documents which are
DOD adopted are those listed in the issue of the DODISS cited in the solicitation. Unless
otherwise specified, lhc issues of documen[s not lis{ed in the DODISS are the issues of the
documents cited in the solicitation (see 6.2).

AMERICAN SOCIETY FOR TESTING AND MATERIALS (A!Hlvi)

D 2863 Standard Test Method For Measuring The Minimum Oxygen bncentration
to Support Candle - Like Combustion of Plastics (Ckxygen Index)

(Application for copies should be addressed to the American Society for Testing and Materials,
1916 Race Street, Philadelphia, PA 19103.)

(Non-Government standards and other publicat irms are normally available from the organizations
that prepare or distribute the documents. These documents also may be available in or through
libraries or other informational services.)

30. EQUIPMENT

30.1 Equ@nenL The Stanton-Redcroft ~A/HITA apparatus or its equivalent shall be used
for this test. The procedure deseribed is for the Stanton-Redcroft device
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40, PROCEDURE

40.1 Preparation. In accordance with the manufacturer’s operating instructions, the apparatus
shall bc prcpard for normal operation. Necessary connections to c[~rnl)rcssed giis supplies shall be
made, checking for gas-tight connections, and electrical pot~,cr shall bc connected. Checking for
sufficient fume hood draft [o remove smoke and combustion product resulting from the test shall
be perfcmned.

40.2 Specimens. The specimens for tes[ing shall be cut to size in advance. The normal size
is 1/4 to 1/2 inch wide, 1/8 inch thick, and 6 inches long for self-supporting polymers and composite
materials. Unless some special characteristic of the material that would invalidate the teat results
dictates special preparation (for example, a high moisture content), the samples are stored at room
atmosphere and tested as received.

40.2.1 Ignition. If the material to be tested can be ignited readily by a 1 inch, normally
adjusted Bunsen burner flame, the initial oxygen concentration should be set at 18 percent. If the
material is difficult to ignite under these conditions, the initial oxygen concentration should be set
at 25 percent. Make the necessary flow valve adjustments to maintain a total flow of 18
literslminute.

40S Cdibmtion of oxygen analyzer. Calibration shall include the following:

a.

b.

c.

d.

e.

f.

Position. With the meter range set to the 100 percent scale, select position B1 and
the meter should read 90-100 percent. This position has no adjustment.

Posifion B2. Select position B2; the ,meter should read 90-100 percen~ adjust as
ndkk!kild~.’’”” “ ““ ‘; “’” ‘“ “

Zero position. Select the amplifier zero (AMP ZERO) position, and should read O-
10 percent. Adjust as necessary, N.B. This adjustment is extremely sensitive, proceed
with caution.

Aa’’u.rfrrtenf.If adjustment was required, all settings should be rechecked to ensure that
the required conditions have been established.

PIwsum mguhrtom. Set the pressure regulatom on the oxygen and nitrogen supply to
25-30 pounds per square inch (lb/in*).

Nitmgem Gmmence nitrogen flow, adjust for an overall flow rate of 18 litem/minute
on the ITA module. Check to see that the oxygen analpw flow rate registers
approximately 100 milliliters per minute (mUrn); adjust as appropriate. The oxygen
analyzer panel meter should give a steady reading of ZERO percent on both the 25
and 100 percent scales. The DVM should also register ZERO; adjust as appropriate.
Cease nitrogen flow.

10
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i!. Oxygen. Commcncc oxygen flow, adjust for an overall Ilow rate ot’ 1S lilers/minu!e on
the ITA module. Select the 100 percen[ range cm the oxygen analyzer panel meter.

. Aller a short time. [he slciidv rcii(!iny should k- 100 rwrumt: lhc DVM should also
RglSt Cr 1~) pCrCCnl. A(iJUSl as rcqulrcd 10 unsulc’ ;Igrecr]lcr]l on tt)c panel meter and

DVM. Cease oxygen tlow. The ~i~librii[iorr of [hc osygcn analyzer and adjustment of
the DVM readout are now complete. The DVM will register
oxygen concentrations between 0-100 percent.

40.4 Determination of oxygen index nt ambient temperature. Determination of oxygen index
at ambient temperature shall include the follnwing:

a. Atmosphere. Remove the chimney and place (he specimen in the specimen holder.
Replaee the chimney and allow 30 seconds for the system to purge and establish the
atmosphere surrounding the specimen.

b. l~ition. Ignite the top of the specimen with the flame of an appropriate burner.
Usually, a standard 14 ounce (OZ) propane cylinder with narrow flame tip is used as
the ignition source. When the specimen is WCIIlit, remove the burner and start the
timer to record burning time.

c. Ctiretitr. Observe the burning of the specimen. If the specimen bums longer than 3
minutes or burns beyond a length of 50 millimeters (mm), the oxygen concentration
is too great and must be reduced. Select either criterion; time or bum length,
depending upon the behavior of the mRterini, .,

d. Cafctdmbrts. Once the proper mixture of oxygen and nitrogen has been obtained, 5
to 10 specimens shttll be tested, to permit calculation of an averttge value of the
oxygen index for the material under examination.

40.5 Determination of oxygen index nt elevated ternperatnre. Determinations at elevated
temperatures are carried out in the same manner as the ambient temperature measurements except
that the wmbination of the ITA and HIWA modules shall be used and the H~A overall gas
mixture flow rates may be varied with operating temperature to achieve constant flow veloeity in
the column surrounding the specimen.

40.5.1 Gas flow rote. The gas flow rate shall be adjusted to correspond to the desired initial
oxygen index and test temperature. For submarine composite materials, three temperatures shall
be of interest 25, 75 and 300%2 (75, 165 and 570 ‘F). The corresponding flow rates shall be 9.7,
8.3, and 5.1 Iitem/minute for a 4 centimeter per seeond (cm/s) flow vebeity. The flow of the
oxygen-nitrogen mixture shall be halted and the air pump shall be started, with appropriate flow
rate adjustment. The preheater and column heater controls shall be adjusted in accordance with
the manufacturers instructions to attain the desired test temperature. When the test temperature
has been reached, the air pump shall be shut off and oxygen-nitrogen flow shall be re-established.
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The following data, supplied by Stanton-Redcroft, shall give the temperature-flow rate
relationship required to maintain a mean gm velocity of 4.0 cm/s about the lest specimen.

Temperature I:lowmctcr
K “c (lJmin)

273
298
323
348
373
398
423
473
523
573
623
673

0
25
50
75

100
125
150
200
250
300
350
400

10.6
9.7
9.0
8.3
7.8
7.3
6.8
6.2
5.5
5.1
4.6
43

If the flow rate is held at 10.6 L/rein throughout this temperature range, the mean gas veloeity
will vary between 4.0 cm/s at O ‘C (32 T) and 9.9 cm/s at 400 “C (750 “F’).

40.5.2 Equilibrium The system shall ,be allowed to reach, flow xatehh,mm.+uilibriwm The
test spccime~ pre-mounted in its holder, shall be placed in the column with the aid of a long
W Mall@ ar,atlwr .appmpuhk% dmk= Tbe sample thammoumupleJewMdl beact w&.htk
base of the test specimen and about 30 seconds shall be allowed for the sample to reach
equilibrium with the column environment.

40.53. Test initiation. The specimen shall be ignited and the testing is emducted in a
manner identical to the ambient temperature oxygen index determination.

40.S.4 Average oxygen.index Once the proper oxygen-nitrogen mixture has been determined
(equilibrium burning is sustained for 3 minutes or R 50 mm length) 5 to 10 speeimens should be
tested to permit the calculation of a average value of the oxygen index at the temperature level
of interest.

40S.5 Required maasummtants. Measurements of oxygen index shall be repeated until values
have been obtained at 25 (ambient), 75, and 300 “C (75, 165 and 570 ‘F).

4fMi.6 Temperature index pro!k The average oxygen index values shall be graphed against
temperahrte, and the best representative eurveshall be plotted through the data points to txmstruct
the temperature index profile.
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40.5.7 Additiorml data. Should
percent, the oxygen index shall also be

the measured oxygen index at 300 “C be lower
measured at 200 ‘C (390 “F). This ridditional data

than 21
will help

to define the temperature index profile more cornpletelv.

50. REPORT

50.1 Precision of measurement. Precision of measurement may be determined statistically,
in accordance with ASTM D 2863, if the material is sufficiently well behaved under the
experimental conditions of the test. From a practical standpoint, for specimens from the same
sample, agreement to within 0.5 percent oxygen is possible; for specimens from different samples,
agreement within 1.0 percent oxygen is possible. By the very nature of the materials under
examination, it is unwise to expect too great a precision of measurement unless the material is of
the nature of a “secondary standard” where behavior of the material is predictable.
Poly(methylmethac~late), PMMA, is such a secondary standard for oxygen index measurements.
The expected oxygen index range for PMMA, under ambient conditions, 17.0-17.5 percent. PMMA
is useful for determination of instrument performance and for initial training of technical personnel.

S0.2 Report eontmcts. Test reports shall include the following:

a.

b.

c.

d.

c.

f.

Nomenclature
manufacturer

Dimensions of

and code markings

the test specimens

to identi~ the material evaluated and the

Testing conditions of the oxygen index measurements

Individual oxygen index values, em-responding temperatures, and the average oxygen
index value for the particular set of measurements

Tabular and graphic representations of the temperature index profile

A description of any unusual speeimen behavior such as prolonged glowing combustion
after flameout, charring, dripping, bending, erratic burning, or exeessive smoke
evolution.
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APPENDIX B

DAVID TAYLOR RIXEARC!-1 CENTER llURN-TIIROUGll F!RR TEST

10. SCOPE

10.1 Scope. This testmethod describes a proccdurc to determine the time to burn through
materials subjected to a temperature of approximately 1095 “C (2000 “F) for 1 hour under a
controlled laboratory tire exposure. This is a temperature which may be experienced by direct
flame impingement or from high heat fluxes associated w-th fluid-hydrocarbon fueled pool fires.
The results horn this test can be used to compare material performanu in containing and
preventing the propagation of fire, smoke, and fire gases between compartments or spaces. This
appendix is a mandatory part of the standard.

20. APPLICABLE DOCUMENTS.

This section is nol applicable to this appendix.

30. EQUIPMENT

30.1 Test stand
shall be constructed
the following

assembly. A test stand assembly containing a test stand and a fire chamber
to the dimensions shown in figure 1. A test stand assembly shall consist of

30.1.2 Mounting. The teststand has a steel mounting plate approximately 4 by 4 feet which
simula= a bulkhead and w“IIallow a malefitd speeitnan to be bolted to the plate for test and 8]1OW

the fire chamber 10 be attaebed to uomd the ha exposure temperature.

30.1.2 Fire chamber. The fire chamber is a steel plate box approximately 3 feet wide, three
feet deep, and 3 feet long. A 12 by 12 inch opening on one side serves as an air inlet and viewing
port. The rear of the box is open for maintaining and mounting a propane burner. The burner
shall be mounted 18 inehea from the sample to be tested. A sliding plate door on top of the fire
chamber is used to adjust air flow and temperature on the specimen.

30.2 Propane burner. A propane burner capable of providing 500,000 British Thermal Units
per hour with a fuel source of at least l-hour duration shall be used. The temperature at the face
of the specimen shall be 1095 ‘C ~ 110 ‘C (2000 ‘F A 200 ‘F).

30S Tbermoeouples. The temperature of the flame and non-flame faces of the material
speeimen shall be measured using ineonel-sheathed, Type ~ 18-gauge chromel-alumel therm-
couples ~). The time ecmstant of the TC assemblies shall be less than 60 seconds and the TC
aecuraey shall be *0.75%. At least eight TCS shall be used, two on the fire side and six on the
non-fire side of the test specimen.

)4
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FIGURE 1. Test sfand assembly.
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30.4
between

Filler insert. A noncombustible malerifil Iillcr inser[ 1/2 inch [hick shall be inserted
the steel mounting plate and specimen to provide a scat from Ilre gas flow to the edges

and back face of the

40. PROCEDURE

40.1 Mounting.

material specimen.

Mount and bolt the 2- by 2-foot material specimen and filler insert to the
steel mounting plate so that the 16-IL! inch opening is entirely covered and is airtight. See figure
-1L.

40.2 TC Installation. Install eight TCs in the following locations (figure 3):

a.

b.

c.

d.

e.

f.

403
the test

40.4

One TC 2 inches from the center of the burner tip

One TC against the center of the material specimen on the fire side

Three TCs placed vertically on the non-tire side of the material specimen along its
vertical centerline. The upper and lower thermocouples should be approximately 1 inch
below and above, respectively, the edge of the 16-1/2 inch opening

One TC placed 1-1/2 inches directly behind the center thermocouple of the three
vertically mounted thermocouples on the non-fire side of the material specimen

One TC placed 4 inches 10 lhe right of the bottom TC of the three vertically mounted
thermocouples on the non-fire side of the mrtterial specimen

One against the steel mounting plate 2 inches above the material specimen on the non-
fire side.

Fire chamber. The fire chamber shall be attached to the test stand and tighten nuts on
stand bolts. The propane burner tip shall be 18 inches from the material spceimeu.

Burner tempemtwe. The burner and monitor shall be lit such that the temperature, as
measured by the TC- on the material specimen fire side, reads approximately 1095 “C (2000 “F)
throughout the test. The airflow in the fire chamber shall be preset using a blank plate insert for
the material specimen to obtain this temperature with the burner. The flame shall be applied to
the material specimen for not less than 1 hour or until burn-through of the material occurs as
demonstrated by flame penetration to the non-fire side of the materhd speeimen.

16
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FIGURE 2. Sample mounting.
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THERMOCOUPLE 6 IS IN AIR, l-k INCHES DIRE~LY BEHIND TC 4

COLD FACE

1---1

FIGURE 3. Zhemmcouple locations.
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40.S Test data. The test di~ti] l’rorn the eight TCS shall bc recrmicd as a continuous function
of time.

50. I{M’OR’1”

50.1 Report contents. Test repot-ls shall include lhc following:

a.

b.

c.

d.

e.

f.

g.

h.

Sufficient nomenclature and code markings to identi& the material evaluated and the
manufacturer

Time to smoke or fire gases (if they occur) are evolved from the non-fire side of the
material specimen

Time to burn-through material test specimen as evident by flame on the non-fire side.
If bum-through does not occur within the 60 minutes, the time shall be reported as “>60
minutesH.

The time that the material specimen continues to burn on either side following removal
of lhe propane burner source

Tabular and graphic representations of the temperature profiles in 5 minute intetvals for
the three vertically mounted TCS and the TC mounted behind the center mounted TC.
The temperature profile shall be recorded continuously and include temperatures during
the test and for a period of 1 hour after the burner is removed

Smoke generation (initial occurrence, amount+ color,. etc.)

Visual inspection of fire damage to include any swelling, contraction, cracking, bulging,
melting or dripping, separation of plies and effective material thickness remaining

Visual record shall be obtained, for example video camera, to record the test set-up
before starting the test, light-off of the propane burner with flame impingement on the
material specimen, significant material destruction or fire gases on the fire side, and
initial bum-through of the material specimen.

19
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APPENDIX C

1)11’l<:l<hl INA’I’!ON OF 7’1I E FI.AS1 IOVKR l)(TI’l!NTIAI. OF A
LININ(; MA’1’l;ltlAL [! S1S(; A (~l,,.\ l{’l’Ll{-SC}4Ll; R()()M I~Il{E ‘J”ES’1’

JO. SCOI>E

10,1 Scope. This method describes a procedure to determine the flashover potential of
materials in a room when subjected to ii fire exposure. The method described will yield a time
from (he introdudion d’ the fire exposure until the moment of flashover. This appendix is a
mandatory part of the standard. The information contained herein is intended [or compliance.

10.2 Justification. In the interest of reducing cost and time associated with fire testing in a
full size room (defined as a 10 by 10 by 8 feet high room having a 30 by 80 inch high doorway),
a quarter-scale room fire test was devised to predict flashover potential of lining materials exposed
to fire.

20.

30.

APPLICABLE DOCUMENTS

This seetion is not applicable to this appendix.

EQUIPMENT

30.1 Qunrter-aeale room. The quartew-sede room shall be constructed from a suitable eeramie
insulation board and shall form an airtight box having a ceiling and four sides. The box shall be
pIacd on a fioor fabricated with the same material The ineerior dimensirm of the fulty lined
quarter-scale room shall be 30 by 30 by 24 inches high. The doorway is located at the center of
one wall and shall be 19.5 inches wide and 17 inches high to secure the proper ventilation and
fire development. The height between the finished ceiiing and the top of the doorway shall be 7
inches. The floor of the model room shall extend at least 12 inches outside of the doorway. The
box shall be removable
the box in contact with

30.2 Fire source.
The burner shall be 3.5

to allow for application of ceiling and wall covering. The entire base of
the floor shall be made airtight.

A porous plate diffusion flame burner shall be used as the fire source.
by 3.5 by 3 inches high, consisting of a horizontal porous plate area of 3

by 3 inches with a .25 inch wide-steel plate Perimeter and steel plate sides- and bo-ttom.

30,3 Thermocouples. Four 10 mil chromel-alumel thermocouples shall be used, 1
3 inches below the center of the overhead and 1 inch and 2 inches below the top of the

40. PROCEDURE

40.1 Material. The testmaterial shall fully line the walls and ceiling.

20

inch and
doorway.
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40.2 Temperature nnd humidity. Prior to testing, the full-lined test room shall be conditioned
for at least 24 hours nt a relative humidity between 20 and 60 percent, and a temperature of 23
t 5 “c (73 z 10 “F).

403 Fire conditions. The fire source shall bc positioned on the floor snugly against one
near corner of the test room. A flow rate of 0.64 cubic feet per minute (ft3/m) methane shall be
used to produce a constant heat input to approximately 640 BTU per minute for the duration of
the test.

40.4 Thermocouple dntn. The test data from the four thermocouples shall be recorded as a
continuous function of time.

SO. REPORT

50.1 Report contrncts. Test reports shall include the following:

a. Sufficient nomenclature and code markings to identify the malerial evaluated and the
manufacturer

b. Time to flashover, it’ it occurs. Flashover is characterized by thermal flux levels
equal to or greater than 2 watts per square centimeter at the floor level. This
corresponds to interior temperatures of 6(IO ‘C (1110 “F) or one of the doorway
-suroments reaehing S00 ‘C (9.30 T), whichever ocxurs first. Flashcwer shall not
Oeuur within 14)fninuma. ,!, ,,. . . . . -.

d. A video record shall be taken showing the test set-up, the point of maximum
involvement and after the fire has been extinguished.

21
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APPENDIX D

I.ARGF? SCA1.f? OPI?N fHW’IRONNfIZNT FIRE TEST

10. SCOI’E

10.1 Scope. This method describes a procedure to test materials at full size in their intended
application under a controlled laboratory fire exposure to determine fire tolerance or ease of
extinguishment. The objective is to conduct tests to allow comparison of a new material application
against the existing material application under the pereeived fire threat. The intended application
shall be tested under all the operating scenarios for the application; for example, in piping these
conditions would include dry piping, stagnant fluid in the piping, and flowing fluid in the piping.
Data shall be collected for fire growth, smoke generation, and combustion product toxicity in a
large scale environment. The test data can be used to confirm small scale test results. This appendix
is a mandato~ part of the standard. The information contained herein is intended for compliance.

20. APPLICABLE DOCUMENTS

This seetion is not applicable to this appendix.

30. EQUIPMENT

30.1 Fin test eel~ As a minimum, a 20- by 20-foot enclomm of at l-t 3&M cubic feet
shrill simulate a shipboard compartment. The fire compartment enukxu~ p~frnbiy steel, must
be able to withstand temperatures up to 1095 “C (2000 “F) for the 30 minutes duration of the test.
The bese of the tit =11 shall be a nonaofnbustIMe matanai such as eonawtc. ‘Xhe fire test cell
shall have the following capabilities:

a. A method to measure fuel consumption by the volume of fuel being added to the
fire pan or a weight load eel] if no fuel is to be added.

b. An exhaust system which allows collection of all products of mmbustion for oxygen
consumption measurement/analysis. The exhaust system is also necessary for
environmental considerations. The David Taylor Research Center (DTRC) fire test
cell or equal shall use a water spray in the lower exhaust duct to create air flow
and to settle out smoke particulate.

c. A drainage system that shall drain the water and fire products released from the
exhaust duct and to drain the base of the teat cell of extinguishment and ancilla~
fluids is needed. Holding tanks for the drained fluids shall be used.

d. A gas sampling arrangement to sample the fire gas products for at least CO, ~2,
02, HCN and HCI

22
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e. A smoke obscuration measuring system is rccommendtd but optionai.

f. The test cell should have available connections and ancillary equipment to provide
fluids and air 11OWto enahic Lhe material application [o be operated in normal
modes. ‘rhesc capahilitics do not ha;’c to bc made i]viiil~blc in all cases, but the
design of the test cell shall inuludc [he requirements. A steel sided test cell is easier
to alter when adding additional ancillary services.

30.2 Fuel supply. The fuel supply shall include the following:

a. FueL For structural tests the use of a clean burning fuel such as heptane or bexane
is recommended. For fire extinguishment tests, fuels found in the submarine such as
died fuel or 2190 TEP hydraulic fluid should be utilized.

b. F’ti pan. A stainless steel all welded construction pan sized for the fire shall be
used. It should have connections to add fuel and to maintain the water base layer
during burning operations.

c. Fuel suppfy sysfem. A fuel pump (manual or automatic) with a Ilow meter shall
provide a continuous flow of fuel from the supply containers to the fire pan.

d. Water base layer. A continuous supply of water to the fuel pan shall maintain the
water base layer.

. . . .,. , ,,. ,., , ,,.,, ,,,

30S Extinguishment. For safety purposes a-charged fire hose shall he available during all
fire tea@ Standard submarine extinguishing sys@ms shall be used for ease of ew@@dtmcnt team
Tbe following existing extinguishment systems shall be used: 2 1/2 gallon AFFF extinguisher, 18
pound PKP extinguisher, 30 pound C02 extinguisher, and the Navy all purpose nozzle with 30
lb/in2 water pressure.

30.4 The rmneouples. Temperatures of the flame and material application shall be measured
using inconel-sheathed, type K lfl-gauge chromel-alumcl thermocouples. The time constant of the
thermocouple assemblies shall be less than 60 seconds. Thermocmple accurq shall be plus or
minus 0.75 percent. At least four thermocouples shall be utilized: one above the fire pan to
measure the flame temperature, one in the overhead, one at the level of the material application
in the flame, and one at the level of the material application outside the flame. Additional
thermocouples shall be used as appropriate for the material application being tested such as
internal to piping or ducting.

30.5 Video system capability. Video camera and equipment shall be used to record the test
setup before test start, light off of the fuel pan, duration of the test and post fire damage shall he
used. At least one of the cameras shall have a test time generator.
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data colkctirm system ctipubility. A digi[rrl dn[:t collection system 10

thermocouple, flux meter, and radiometer data shall be used when available.

40.1 I’repurntinn.

40.1.1 Cleaning. The fire test cell shall Ix completely cleaned between fire tests.

40.1.2 Test plan. A detailed Lest plan for the fire test to include time sequences and data
collection requirements shall be developed and rehearsed prior to initiation of the actual test.

40.1S Calibration. Calibration of the fuel supply system shall be confirmed and the burning
rate of the fuel supply shall be calculated. When analysis of the combustion gases from the
composite is required, the base level of combustion products formed from the fuel system shall be
determined as a function of the time the fuel is burning.

40.1.4 Ancillary serviees. The material application and the ancillary seMces for the operating
mode and failure sensing system shall be installed.

40.1.5 Data and monitoring systems. The data collection sensors and monitoring systems
shall be installed and calibrated.

40.1.6 Fire fiihting equipment.
hose component shall be tested.

40.2 Procedure. Test procedure

The tire fighting equipment shall be laid out and the fire

shall k as follows:

a.

b.

c.

d.

e.

f.

Turn on test instrumentation

Turn on fuel supply and water
pressure

supply to the fire pan and establish flow and proper

Turn on the water spray system to the exhaust s~tem

With all data collection sensors operational and personnel at their statio~ initiate
the test by igniting the fire pan

Maintain the established fuel flow and obseme temperatures, fire plume, and ancillary
sewiees performance

Record the test data continuously throughout the test
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g. The test shall be conducted for 30 minutes or until the application fails. The fire
may be extinguished by stopping the fuel pump and allowing the fire to subside or
with the fire hose. When the material application fails either visually or by the
sensing systcm, secure the fuel pump.

50. I{ El’oRI’

50.1 Report contents. Test reports shall contain the following:

a.

b.

c.

d.

e.

f.

g“

h.

i.

j“

k.

Sufficient nomenclature and de markings to identi~ the material evaluated and the
manufacturer

The time-temperature cume on tbe fire from the overhead the rmoeouple and from
the thermocouple outside the plume by the application

Failure time of the material application being tested. If failure does not occur, the
time is reported as “ >30 minutes “.

The fuel consumption during the fire

(2mtinued burning of the material after the fire pan is extinguished

Visual inspection of fire damage to include any swelling, contraction, cracking,
bulging, melting or dripping, separation of plies and effeetive material thickness
remaining

Extinguishment test data (if run)

(1) Pre-burn time
(2) Time to extinguish
(3) Reflash (time)
(4) Time to extinguish reflash
(5) Submarine extinguishing system used.

When required, gas sampling (if collected) data for CO, C02, 02, HCN, and HCI

When requi.r@ smoke obscuration data (if eollrxted)

Total heat rtAease by the material application if an oxygen consumption capability
exists

Additional obsemations, if anv..
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APPENDIX E

LARGE SCALE PRESSURIZABLE FIRE TE!!T

10. SCOPE

10.1 Scope. This method describes a procedure to test materials in their intended application
in a simulated submarine environment under a controlled laboratory fire exposure. The results from
the test method shall be used to veriv material performance under the effects of an enclosed
environment and relative location within the submarine. Tim test shall provide data for fire growth,
smoke generation, and combustion product toxicity in a large-scale pressurized environment. The
test data shall also be used to mnfirm small scale test results. This appendix is a mandatory part
of the standard. The ittformation contained herein is intended for compliance.

20. APPLICABLE DOCUMENT

20.1 Government documents.

20.1.1 Other Government document% drawing% md publications. The following other
Government documen~, drawings, and publications form a part of this document to the extent
specified herein. Unless otherwise specified, the issues are those cited in the solicitation.

DOCUMENTS

NAVAL RESEARCH LABORATORY (NRL)

NRG 8643 Large-Scale Pressurizable Fire Test Facility - Fire I (DTIC
No. ADA 124288)

(Application for tmpies should be addressed to the Naval Publications and Forms Center, (Attn:
NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-5099.)

30. EQUIPMENT

30.1 Chamber. A large (10,000 cubic feet or greater) cylindrical chamber with hemispherical
sections on the ends, capable of being pressurized to 618 kilopaseal (kPa) (897 lb/in2) and
withstanding 230 ‘C (450 “F) shall be used. The chamber shall be of sufficient diameter to allow
mock-up of at least two separate levels of a submarine Figure 4 provides umfiguration and
dimensions for the Naval Research Laboratory’s pressurizable chamber - Fn I. The chamber
should have the following capabilities:

a. A pressure rated access door at least 3 feet wide by 6 feet high to provide entry
for reconfiguration materials and test materials
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APPENDIX E

NOTESUNLESSOT’H~RWISE SPECIFIED
I

1. ALL DIMENSIONS IN FEET
,, 2 WltRMMi%MfMIMK QWWM@~LI ,., , ,

3.
4.

5.
6.

7.
8.

PMSti: P- -T OUTSIDE SURFACE& PAINT
~OR TO PRESSURE TEST PER ASME. CODE
FOR 78 LB/@ WORKING PRESSURE INTERNAL AT NRL
INSTALLATION AT NRL
TANK VALUME:

SPHERE 3.706 CU FT
‘CYLINDER 7,933 UJ FT * 3%
ToTALllmcu FT*39b

EXTERIOR umffi LUG3 cwnorw
WELDED CONSTRUCTION

FIGURE 4. R-essurizable vessel dimensions.

27

Downloaded from http://www.everyspec.com



MIL-STD-2031(SH)

b. A venting system at the top of the chiimbcr to enable reduction in pressure within
the chamber

d An inert gas (nitrogen) pressurization system to enable fire suppression when
required

e. Visual obscwation view ports to enable videotaping and test monitoring

f. Instrumentation ports to provide feed-throughs for electric sensing and pressure
measurements within the vessel

g“ A rupture disk assembly for Lhe chamber is recommended

h. A chamber electronic control system, a gas sampling system, and closed-circuit
television.

30.2 Liquid hd supply system. A specialized liquid fuel supply system shall be used when
available to provide for steady burning rates and measured fuel use rates. Such a system shall
include an array of tapered-edge fire pans with various cross-seetional areas and a constant-level,
liquid fuel supply system which allows the measure of fuel-loss (burning-rate) history. For test of
materials a single mc=ured supply such as a S-gallon pan of sr-heptane shall be usd.

303 ‘llwrmocouplca. Temperatures in the chamber shall be monitored with ~+
arrays in each end of the chamber. These thermocouples shall have chromel-alurnel wires with
diameters of 0.2 mm and have ceramic insulation enclosed in 304 stainless steel jackets 1 mm in
diameter. Thermocouple arrays for sensing temperatures in the vicinity of the test material
application shall be included as required to properly record test results.

30.4 Radiometers. Wide and narrow angle radiometers installed on a tree stand shall be used
to obtain radiation measurements in [he vicinity of the test material application.

30.5 Laser/detector sytem. A laser/deteetor system or systems shall be used to measure
optical smoke density in various Ioeations and to correlate with the smoke particle analyzers.

30.6 Particle analyzer system. A filtration system shall be used to measure smoke particle
mass concentration at 2 minute intervals.

30.7 Gas anntysis system. A continuous type gas analyzer system shall be used to monitor
the eoneexnrations for 02, CO, and C02 A grab sampling system is used to eolleet and store for
future analysis the concentr~tions for total hydrocarbons, 02, CO, C02, HCI, and HCN.

28
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40. PROCEDURE

40.1 Cleaning. The large-scale pressurizable fire test chamber shall be completely cleaned

hctween fire Iests.

40.2 Test Plan. A detailed script for the fire test to include time sequences and data
collection requirements shall be developed and rehearsed prior to the initiation of the actual test.

40.3 Calibmtion. Calibration of the fuel supply systcm shall be confirmed.

40.4 Burning rate. The burning rate of the fuel shall be calculated.

40.5 Meek-up. Submarine configuration meek-up structures and equipments shall be installed.

40.6 Test mttterird instnllntion. The test material application shall be installed.

40.7 Data collection instullntion. Data collection sensors, monitoring systems, and the
atmospheric analyzers shall be installed and calibrated.

40.8 Test initiation. With data collection sensors operational and personnel at their station,
the test shall be initiated by igniting the fuel supply.

40.9 Test data. The test data shall be recorded continuously throughout the test.

40.10 Extinguishment. The test shall be seeured by fuel supply burnouL, chamber nitrogen
extinguishmcmt system, or by a planned extinguishment teatprocedure.

50. REPORT

50.1 Repoti contents, Test reports shall contain the follow”ng information:

a.

b.

c.

d.

e.

Sufficient nomenclature and code markings to identify the material
the manufacturer

Temperatures in both ‘C and *F

Radiometer response in watts per square eentimeter(W/cm2)

Pressure response of the test chamber in lb/in2 absolute

evaluated and

Gas ccmeentrations of total hydrocarbons as grams per cubic centimeter (#m3); 02,
CO, and C02 as percentage by volume and HCI and HCN as p/m

29
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f. Smoke production shfill incorporate the following: average pisrticle diameter micro
meters ( m), aerosol density in grams per cubic meter (g,lm~), c;ilculatcd number
density (particles/cm3), visual range in meters (m), smoke particulate mass qmeratinn
rate in grams pcr second (gis), :ln~i lo[:il m:lss of particulatcs in grams (g).

B Fire damage estimate shall bc reported as percent of [he motcrial area damaged
or destroyed. Include visual inspection of the fire damage for swelling, contraction,
cracking, bulging, melting or dripping, separation of plies and effective material
thickness remaining.

h. Fuel consumption during the fire

i. The time of any continued burning of the material after the fire pan has been
extinguished

i Additional obsewations, if any.

30
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APPENDIX F

N-GAS MODEL SMOKIi TOXICITY SCRKIZNING TE.ST

10. SCO1’E

10.1 Scope. This laboratory test method shall dctcrminc whether the combustion products
from a material are extremely or unusually toxic. It shall be hased on a method prepared by the
National Institute of Standards and Technology (NIST) from their experiments conducted with rats
on the combined lethal concentration of the major fire gases. The test shall be for preliminary
screening purposes to rapidly estimate toxicity and shall provide information on the gases
responsible for toxicity. The test method shall assume that the toxicity of combustion products is
determined by a small number of major fire gases. The procedure shall entail burning samples of
test materials in one of three modes: flaming, non-flaming, and non-flaming/flaming transition.
Analytical tests are first conducted without animals. The concentrations of a small set of gases are
measured - CO, C02, HCN, and low 02 Based on the N-Gas Model equations for this
combination of gases, an LC50 value is predicted for the material. Ve~ low predicted LC50 values
indicate that a material has extreme toxicity. Tests arc then conducted w“th laborato~ rats at 80
percent of the estimated LC$OO value. If none of the animals die from a 30 minute exposure or
within a 24 hour post-exposu}e period to these gases, the predicted LC50 is considered usable for
hazard assessment calculations and indicates that the combustion products do not contain an
unusually toxic material. If any animals die, then other gases are present that interact with the
initial set of four gases to affeet the toxicity of the combustion products. This ~ult mea?w that
further toxicity testing shall be neeessary m identify my unknown toxiesnt and to cktermine a more
precise LC50 value for the material. The advantages of this screening test over current test methods
that ~ smoke tumicity we that it is rapid, economkxd, minimizes the use of animab as acwnpared
to “classical LC50” determinations, and provides information on the gases responsibk for toxicity
in addition to the potency of the combustion gases. This appendix is a mandatory part of the
standard. The information contained herein is intended for compliance.

20. APPLKABLE DOCUMENTS

20.1 Government documents.

20.1.1 Other Government documents, drawings, and publications. The fohwitxg other
documents, drawings, and publications form a part of this document to the extent specified herein.
Unless otherwise speeitied, the issues are those cited in the the solicitation.

NATIONAL INSTITUTE OF HEALTH (NIH)

Guide for the Care and Use of Laboratory Animals

(Application for copies should be addressed to the Superintendent of Documents, U.S. Government
Printing Oftice, Washington, DC 20402.)
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20.2 Non-Government publications. The following document(s) form a part of this document

to the extent specified herein. Unless othewise specified, the issues of the documents which are
DOD adopted are those listed in the issue of the DC)DISS cited in the solicitation. Unless other-
wise ~pccilicd, the issues 01 dc)cumcnts no[ Iis[cd III LIIC I) C) DISS arc [he issues of the documcnls

cited in the solicitation.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

D 1929 Standard Test Method for Ignition Properties of Plastics; (DOD adopted)

(Application for copies should be addressed to the Ameriean Society for Testing and Materials,
1916 Race Street, Philadelphia, PA 19103.)

(Non-Government standards and other publications are normally available from the organizations
that prepare or distribute the documents. These documents also may be available in or through
libraries or other informational services.)

30. EQUIPMENT

30.1 Combustion system. A furnace with a controller capable of operating up to 800 ‘C
(1470 ~ and controlled to plus or minus 10 “C (*20 ●F) is required as shown in figure 5. The
fumaee shall be cxmnected to the bottom of Ihe exposure chamber under a stainless steel plate that
contains a cooling mil through which cold wa~er shall cent-y run during the experiment
(figure 6). Figure 7 shows the cnrpmure chamber design whh furnau attached. A quartz 1000-
ml beaker, 9 cm inside diameter (id) by 15 cm high+ is used to hold the materialaampla ‘Me

beaker with material to be tested shall be inserted into the fuma~ after the furnace h= been
connected to the exposure chamber.

30.2 Chemical analysis. Instruments capable of obtaining continuous measurements for 02
C02, and CO shall bc used. A non-dispersive infrared (IR) technique is suggested for CO and
C02.

30.2.1 Range of measurement. For carbon monoxide the specific instrument shall measure
a range of O-1 percent (1 pereent equals 10,000 p/m) with an aecuraey of 0.01 pereent (100 p/m).
For carbon dioxide the specific instrument shall measure a range of 0-10 percent with an aeeuraey
of 0.15 pereent (1,500 p/m). For the oxygen measurements, an instrument operating on the
paramagnetic principle shall be used. The instrument shall measure a range of O-25 pereent with
an aecuraey of 0.1 percent. A non-continuous gas chromatographic sampling teehnique shall be
used as alternative equipment as long as the same sampling aecuraey for each gas is maintained.
The measurements shall be made every two to three minutes.
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TC

/-

1000ml QUARTZ BEAKER

( 92 mm 0.0.

INSULATION

GALVANIZED
SHEET

\

CERAMIC WITH
RECESSED VERTICAL
HEATIN6 ELEMENTS

,,,,,,, ,

\ THERMOCOUPLE

u ‘E”HEATING ELEMENT IN BOTTOM

FIGURE 5. Cumbwtim furnace.

33

Downloaded from http://www.everyspec.com



MIL-STD-2031 (SH)

GAS SAMPLING PORT ~
~. /

PRESSURE RELIE[ PANEL

/

AHIMAL PfJRls

‘-- fuRNAc[

FIGURE 6. Furnace mounted on chamber.
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30.2.2 IICN Measurements. For the HCN measurements a gas-tight syringe shall be used to
obtain a sample every 3 minutes to be analyzed with a gas chromatography equipped with a
thermionic detector.

30.2.3 Continuous monitoring. Continuous monitoring of 02, C02, and Co shall bc
accomplished by the removal of some of the products from the chamber. To provide concurrent
monitoring of these gases, a gas sampling port, sample tubing and pump system shall be used to
provide a flow of approximately 0.5 liters/rein/gas. Two liters per minute shall be removed via the
gas sampling port Ioeated at the animal nose level in the geometric center of the exposure
chamber, analyzed and pumped back into the chamber (figure 8) at the left side of the chamber
above the furnace.

30.2.4 Toxicity levels. Under some circumstances assessing the toxicity of generated gases
instead of oxygen deprivation may be important. Oxygen shall be supplied to the exposure chamber
as needed to maintain the concentration between 16-21 percent. If this is done, the total volume
shall be corrected for this addition when calculating the mass loading of combustion products
(chamber volume plus added volume at room temperature).

30.2.S Calibration. Instrumentation for the meastn-ement of CO, C02, and 02 shall be
calibrated before each test using standard gas mixtures of a combination of CO, C02, and 02 in
nitrogen. The return tubes shall be disconnected during calibration of the analytical instruments
to prevent the inadvertent accumulation of calibration gases in the animal chamber.

303 Tempemture measwemanm Suitable temperature sensors shall be placed in the air
close to the animals’ noses. These instruments shall be measure temperature to 60 “C (140 “F).
The environmental temperature of the chamber shall be recorded continwusly during the 30
minute animal exposure.

30.4 Animal exposure system. A nominal 200 liter rectangular animal exposure chamber
including the combustion furnace shall be used. The exposure chamber shall be made of 1.2 cm
(0.5 inch) clear polymethylmethacrylate with inside dimensions of 122x36x 46 cm (48x 14x 18
inches). Six animal ports shall be positioned as shown on figure 7 and shall be constructed of
polymethylmethacrylate tubing 6.3 cm (2.5 inch) id having a 0.3 cm (1/8 inch) wall thickness. A
blow-out panel shall be provided in tbe top of the exposure chamber on the right side away from
the furnace to provide pressure relief in case of an explosion.

30.4.1 Animal nstralners. Animal restrained designed to permit exposure of only the heads
of the rats shall be used. Figures 9 and 10 provide details for a typical animal restrainer system.

30.5 Animals. Adult male rats weighing 22S-300 grants that are 3-4 months of age shall
be used. F~cher-344 rats or equivalent shall be used. Healthy animals shall be used in testing.
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FIGURE 10. Animal resrminer.
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30.5.1 Acclimation. Animals reeeived from a supplier shall be housed at the testing hdmratoxy
for a minimum of 7 days to allow them to become acclimated to the laboratory conditions before
being used in testing.

30.5.2 Cm-e. Animal care and maintcnoncc shall be performed in accordance with the
procedures outlined in the National lnslitutc of Health’s “Guide for the Care and Use of
Laboratory Animals”. The rats shall be housed individually in suspended stainless steel cages and
provided with food and water ad Iibitum. Twelve hours of fluorescent lighting per day shall be
provided using an automatic timer. All animals (including (he con[rols) shall be weighed daily from
the day of arrival until the cnd of the post-exposure obsetwation period.

30.6 Definitions specific to the procedure. The following definitions are considered important
to the performance and understanding of this smoke toxicity screening test:

Acute toxicity:

Mass loading:

Mass consumed:

Londed wnun&ration:

consumedConcentmti

LC5P.

E&eme taric potency:

Harmful effects leading to lethality from a single short inhalation
exposure to the combustion products of materials

Amount of material placed in furnace (grams)

Amount of material (grams) depieted in the furnace during combus-
tion. This is determined by weighing the charged quartz beaker before
and after an experiment.

Mass loading per unit of exposure chamber volume in milligrams per
liter (m#L)

M- ecmaumed per unit of exposure chamber VoIume (mg/L)

Concentration that is determined statistically to produce death in 50
pereent of the test animal population exposed for 30 minutes and
ohserved for a period of at least 14 days. This value may be
calculated based on either mass loaded or mass consumed, as
speeified. The lethal effects of the individual and cmmbined four gases
for this proecdure oeeurs within 24 houm.

A property of smoke where very small amounts of the combusted or
therma!ly decomposed material are lethal, i.e., the LCM value is
very small. The value at which smoke exhibits extreme toxicity
depends on the fire scenario and should be decided by the eonccmed
individuals.
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Unusual roxici~: A property of a material whose combustion product toxicity can not
be explained by the quantity of known, major toxic gases present

.4 l[toi,rnition [cmpcrolurc: The lowest furnace tcmpcra[urc at which a material sampk
introduced into the [est furnace will spontaneously ignite within M

minutes.

40, PROCEDURE

40.1 he-test and test conditions. AU tests shall be conducted in a room or enclosed space
having an ambient temperature of 22 A 3 “C. (70 & 5 “F) and relative humidity of 50 & 10
percent at the time of test.

40.1.1 CAUTION: Provision shall be made for removing combustion products from the
exposure chamber without contaminating the work area and exposing the test operators. The
exposure chamber shall be housed in a chemical hood or other ventilated enclosure.

40.1.2 Inside exposure chamber. Inside exposure chamber wall surfaces shall be cleaned when
changing the test material; changing temperature of decomposition; following test runs where
toxicologically significant combustion products are suspected of accumulating as particulales; or, as
visual inspection may indicate.

40.13 Pm-experiment check. Prior to experiments involving the actual test material, the
system shall be checked to determine that the analytical and combustion systems arc operating
correctly. To check the entire system, a standard material shall be run. Douglas fir (4.5 g for non-
flaming and 7.1 g for flaming combustion) conditioned fin 48 hours at 22 * 3 ‘C. (70 & 5 “P) and
relative humidity of 50 * 10 pereent shatl be used. The LC50 data from 7 laboratory for the
30 minute exposure and 14 day post-exposure observation period is shown in Table IL An NIST
Standard Referenee Material may be availab!e for use in the future. If the LC50 results for the
non-flaming and flaming decomposition of Douglas fir conditions fall within the 95 pereent
confidence limits of the mean of these laboratories, the performance of the system is considered
acceptable.

.
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TABLE II. Interlaboramty evaluation of doughs fi

LC50 (30 minutes + 14 days).

1
2

3

4

5

NIST1
NIST2

8

Mean = 95 percent
confidencelimits

16.7( 14.5 - 19.3)

27.6(22.9 - 33.3)

26.8(21.3 - 33.7)

24.q 19.9- 29.(J)

25.9(20.0 - 33.5)

20.4( 16.4 - 2$.3)

22.8(20.2 - 25.8)

183( 173- 19X)

228(13.4 - 322)

35.8(28.6 – 44.9)

J

45.339.0 - S2.7)

28.

29.q227 - 38.6)
38.4(35.2 - 41.9)

4 1.0(33.0 - 50.9)

39.438.2- 41<4)

29.8(23.9 - 37.1)

36.q21.l - 50.8)

‘NET small rurnace.
2NIST largefurnace.
3Estimatcd.

In this table, the numbers quoted
me 95 percent confidence limits

40.1.4 Cheek-out Ptilll’t!.

are as calculated from the data provided by various laboratories.
refleet only statistical variations.

The instruments for COT, CO, and HCN measurements shall
be zmroed and a base line established during the cheek-out p-%xdure. Oxygen concentration shall
be reuordcd prior -to initiating the exposure.

40.14 “Wttrm@p, The fkwwue ‘$htt!l‘be bw)u@t UP’tIO’t!Wtkil~” HY@rtiture ttnl’the _
alkwmd to reach equilibrium 10 minutes before the start of the experiment. Durfng this warm-
up period and the recording of pre-exposure data, the door of the exposure chamber shall be left
open.

40.2 Test materials. Material samples to be evaluated for toxicity shall be conditioned in a
constant humidity chamber maintaind at 50 & 10 pereent relative humidity at a mom temperature
of 22 & 3 ‘C (70 & 5 “F) for a period of 48 hours prior to testing.

40.2.1 Sizing of sample. The size of the test specimen for the initial test shall vary depending
on the expeeted toxicity of its combustion products. A reasonable initial loading for an unknown
material is about 5 grams. For example, 5 grams of material thermally degraded Icads to a
concentration of combustion products of 2S mg/L (grams of material loaded/chamber volume).
Based on the results of the initial test, sample sizes for subsequent teats shall be scketed to
provide suflkient information to predict the LCM concentration. Prior to the start of the
experiment, the weight of the beaker and sample material shall be reeorded.
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40.2.2 CAUTION: A maximum sample mass d 8 grams shall be specified to reduce the risk

of creating an explosive mixture.

40.2.3 Specimens, Test specimens shall be representative o[” the matcmals from which they
are taken. Samples o[ composite materials and non-homugcncous assemblies must contain
proportional quantities of each component. Whenever possible, the test specimen shall be a single
piece of the same thickness as the material being tested.

40.3 Autoignition ternpemture. The procedure for determining the autoignition temperature

shall begin with the cup furnace stabilized at 500 “C (930 “F). One gram of the material shall be
introdueal into the furnace. If autoignition does not occur, the process shall be repeated by
increasing the temperature at 50 “C intervals until autoignition is observed. If autoignition occurs
at 500 “C (930 ‘F), the furnace temperature shall be decreased in 50 ‘C increments until
autoignition is not observed. At either temperature, additional teats shall be performed until the
autoignition temperature is bracketed to within 25 “C. If autoignition is not observed by 800 ‘C
(1470 “F), then this shall be the maximum test temperature for the material.

40s.1 Note The electric spark or ethanol used to ensure immediate flaming of the material
during toxicological testing in the flaming condition shall not be used while determining the
autoignition temperature.

403.2 hmger sample. The observed autoignitimt temperature K dependent on apparatus,
procedure, and sample size. A larger sampk may ignite at a lower temperature, so it is
recommended that before actual testing begins, a larger sampie size (6 or 8 grams) be tested at the
non-flaming temperature. Autoignition temperatures determined by this procedure may differ from
Ihosemeaslmd meeorrlir@oASI?liD1929. ,,

40.4 Trial run. For each new test material, a trial run without animals shall be performed
using the non-flaming, flaming, or non-flnming/flaming transition modes as determined by the fire
scenario of concern. This procedure shall determine:

a. The degree of oxygen depletion during combustion of the sample

b. mat the average chamber temperature over the 30 minute exposure period measured
at the nose position of the animal does not exceed 40 ‘C (105 “F)

c. That the proper conditions have been established for conducting either non-flaming or
flaming combustion exclusively.

40.4.4 Flaming tcs~ For the flaming test exposure, two drops of ethanol shall be added to
the sample and an electrically heated wire or electric spark used to ensure immediate ignition of
the test material

43

Downloaded from http://www.everyspec.com



MIL-STD-2031(SH)

40.4.S Alternate procedure. If the trial run shows that the average temperature in the
exposure chamber will exceed 40 ‘C (105 “F), the electrical power to the furnace may be cut when
the sample is completely degraded. In this case, allhough the furnace is shut off before the 30
minuw exposure is completed, ~hc exposure chamber shaii remain closed and the animals si~all
receive a fuli 30 minute exposure. ‘Ike length of time required to degrade a sampie that produces
CO shall be determined by monitoring the increase of CO concentration. For those materials that
do not produce CO, another degradation product shail be analytically monitored. When the
concentration of the monitored gas reaches a steady state for 2 minutes, the heater shall be turned
off.

40.5 Analytical tests. Two analytical experiments without animals shall be conducted first
under separate non-flaming, flaming, or non-flaming/flaming transition conditions to determine the
concentrations of CO, C02, and HCN that would be generated and the 02 depletion levels from
different mass loadings of each material. If the trial run does not produce an exmive exposure
temperature and, for non-flaming teats, the sample does not ignite, then the trial run may be
considered one of the two analytical tests. These species concentrations shall be used to predict
the LC50 value for the selcctcd combustion mode. The animals shall be exposed to the mass of
material that is equivalent to 80 percent of this predicted value.

403.1 Test initiation. To initiate the anaiytieai experiments, the weidwd sam~ies shall be
placed in the preheated, preweighed cup in the furnace and the door of the exposure chamber
immediately cIosed. PIa~ment of the sample into the furnace shall designate the starting time of
the exposure. lle matet-id shall h allowed to decom&ae for 30 minutes.

40.6 N-GoB Model prediction for IXm mass of material. l-king the gas ~-ntratiom
obtained during the analytical test+ calculate the N-Gas Model .prudicticms with the Mud ~uations.
These equations have been empirically derived to predict when 50 pereent of the animals should
die either within the 30 minute exposure or within a 24 hour post~ure period. This oeeum
when the equation is approximately equal to L These N-Gas Model equations are based on NIST
studies of the toxicological interactions of two to four of these gases. The current model equations
do not predict post-exposure deaths ocwrring after 24 hours. Based on anticipated material
composition, use one of the three equations listed below to determine the material mass loading
that produces the LC~ value, that is when the equation is approximately equal to 1. To determine
the amount of material that shall be used in the animal exposure tests, take 80 pereent of the
material mass calculated for the LCW value.

(1) For CO and HCN: [CO~CnCO + [HCNJ/LC#CN S= 1 A 0.2

where the brackets indicate the actual concentration of the specified gases; the LCW value of Co
is based on 30 minute exposures and is 6600 p/m and the ~ value of HCN is 160 @m for 30
minute exposures or 110 phn for 30 minute exposures plus 24 hour pcmt-exposure deaths.

(2) For CO, HCN, and C02: m[COJ/([C02]-b) + [HCN)/LC$oHCN = 1 * 0.2
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where the term m equals minus 18 and b equals 122,000 when the C02 concentration is S percent
or less. If the COZ concentration is above 5 percent, m and b equal 23 and minus 38,~,
respectively. Other values are the same as equation (l).

(3) For CO, HCN, C02 and low 02:
m[CO]/([COJ-b) + [HCNJ/LC50HCN + 21 - [0. J(21-5.4) = 1 k 0.2

where 5.4 is the percent 02 that causes 50 percent of the animals to die in 30 minutes Other
values are the same as for equations (1) and (2).

NOTE

The values used in the above equations are dependent on the test
protocol, the source of test animais, and the strain of rat selected.
These equations represent the best data concerning the toximlogical
interaction of these gases as of the spring of 1989.

40.7 Animnl exposu~ tests. For each decomposition mode, a single animal experiment shall
be performed using 80 percent of the predicted IA250 In each animal exposure experiment, six
rats shall be exposed. The animals shall be plaud in restrainers, then inserted into the SK
portholes located along the front of the exposure chamber such that only the heads of the animals
are exposed. In the non-flaming or flaming experiments, the animals in their restrained shall be
placed in the portholes before the test sample is dropped into the eup furnace. In the now
Raminglflaming transition experiments, the portholes shali ba Mocked front the hide of the
chamber with rubber stoppers during the first phase. Fn minutes into the second phase of
decompition, the animals in their restrainers shall be inserted into the portholca so that the

stoppers are pushed into the chamber while simultaneously exposing the anirnais’ heads to the
combustion atmospheres. The animals shall remain in place for 30 minutes. Because all of the
combustion products shall be kept in the chamber, these exposures shall consist of both the initial
generation of the test atmosphere, which usually lasts about 5 minutes, as well as the later steady-
state cmditions. The toxicological endpoint shall be death which occurs during the 30 minute
exposure or the post-exposure 24 hour observation period. In all experiments, the ~, Coz 02,
and HCN shall be measured throughout the exposures. The gas concentrations used in the N-
Gas Mode! shall be the time-weighted average values which shall be calculated for the exposure
period.

40.8 Animal post-test procedure. Although this protocol shall be limited to animal lethality
up to 24 hours after the termination of an exposure, observation of the animals’ condition post-
exposure, and up to 14 days following the exposure shall be important to ensure that toxicological
syndromes are consistent w“th the gases included in the equations specified in 40.6. Animals shall
be removed while still in the restrainer and examined for the following responses: animal’s eyes
shall k examined for reflexes, redness, tearing, and cornea] opacity and, animal’s nose and mouth
shall be examined for any discharge and respiratory difficulties such as gasping, wheezing, and rapid
or slow breathing. After removal of the animal from the restrainer, the investigator shall examine
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(characterized by trying to escape and exploring his
shall be placed on his back and the ability to right himself

shall be scored as rapid, slow or non-existent); or, posture (animal shall be lifted-from ;able by his
tail imd pla~d back on table noting irregularities such as limp hind legs). After checking these
responses, the animals shall bc returned to their cages nnd weighed daily fc)r 14 days. If still losing
weight on day 14, they shall be kept until they show signs of recovery (three successive days of
weight gain) or die. Animals shall not be used in more than one experiment.

40.9 Post-test time-weighted avemge procedurw Immediately following the animal test, the
quartz beaker shall be removed from the furnace, allowed to cool, and then weighed to determine
the mass of material consumed. (The beaker and material shall also be weighed before the
experiment).

The average 30 minute (animal expsure time) concentrations of CO, C02, 02, and HCN
shall be calculated acmrding to the following equation:

n
G = z [Cj * A tj]i

j=l
i = (CO, C02 02, HCN)

30

where: Cj = gas concentration of ith species during A $ time intend
,. ,.

‘j = measurement time for the jth

n = number of readings, such that

interval (minute) “

;ti =30

j’

If none of the exposed animals die either during the exposure or within 24 hours post-exposure
perio& then the predicted IXW value shall be estimated adequately. If one or more of the
animaIs die at 80 percent of the predicted L.C50 value, then other gases may be acting in
conjunction with the major gases measured. In this case or in the case anima!s die during the 14
day post-exposure monitoring period, further

50. REPORT

50.1 Repeat eontenta. The following
performed on each material:

a. Description of the material tested

b. Autoignit ion temperature

animal tests may be necessary.

data shall be included in a report for each test
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c. Type of test (i.e., analytical. animnl)

d. Combustion condition (i.e., non-flaming, flaming, or non-flaminL@lnming transition)

C. Amount of material ]oadcd inlo the I’l)rni]~~

f. Amount of material consumed (ciiffcrcncc bctwccn amount loaded into the furnace and
amount of residual material)

g. Time-weighted average (during a 30 minute animal exposure) for 02, CO, C02, HCN,
animal exposure box temperature and any other gases

h. For each animal test, report animal mortality during the 30 minute exposure; 30 minutes
plus 24 hours after the exposure; and, 30 minutes plus post-exposure period (14 days)
day deaths occur

i. Estimated LC50

j“ Value of the N-Gas Model equtition (paragraph 40.6) for experiments performed at the
estimated LC50 value

k. Actual LC50 value, if determined by “classical LC50” procedures

1. Additional observations, if any.

.,. ,,. .,
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APPENDIX G

TEST RE1}ORTS TECI lNICAL CONTENT REQUIREMENTS

I 0. SCO1’E

10.1 Scope, This appendix covers information that shall be included in the test reports when
specified in the contract or order. This appendix is mandatoty only when data item description DI-
MISC-80653 is cited on the DD Form 1423.

20. APPLICABLE DOCUMENTS

This section is not applicable to this appendix.

30. TEST REPORTS

30,1 (Oxygen-tempemture LOI) standord operating procedure for oxygewtempemture index
profile.

30.1.1 Source. Name

30.1.2 Nomenclature.

and address of the ksiing laboratory and date of test.

Noun name, chemical name,

30.13 Dimensions. Length, width, and thickness in

30.1.4 IhperimeWtI COndi!iOn& Humidity, room
experimental conditions.

manufacturer, and code designations.

inches

temperatur~ time period specimen at

30.1.5 Profile. Tabular results and graphic rcpresentaticms of the temperature index profile
at 25 (ambient), 75 and 300 “C (75, 165, and 570 “F) and other temperatures as appropriate.
Include results from each specimen test.

30.1.6 Behavior. Descriptions of any unusual specimen behavior such as prolonged glow”ng
combustion after flameout, charring, sparking or dripping, bending, erratic burning, or excessive
smoke evolution.

30.2 (Flame Spread) swfnee flnmmnbility of mnterials using a mdittnt heat energy source.

30.2.1

30.2.2

30.23

Same. Name and address of the testing laboratory and date of test.

Nomenclature. Noun nrtme, chemical nnme, manufact urcr, and code designations.

Dimensions. Length, width, and thickness in inches,
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30.2.4 Specimen type. Type of icsL specimens (m(.)ldcd Slilb, core, skin, surface tr~iitd, etc.)

and whether tested with or without backing or aluminum loil.

30.2.5 Specimen quantity. Number 01”specimens lcstcd and Ihcir cxp[xurc time ( 15 minutes
or completely destroyed).

30.2.6 Flnme spread index. Averrrge Ilrime spread index for the set of specimens and range
and any visual characteristics of the individual specimens.

30.2.7 Behavior. Description of any unusual specimen behavior such as sparking or dripping.

303 (Ignitability) test method for heat and visible smoke release rates for materials and
products using an oxygen eonsumpt ion calorimeter.

303.1

30.32

3033

Source. Name and address of the testing laboratory and date of test.

Nomenciuture. Noun name, chemical name, manufacturer, and code designation.

Speeimen quantity. Number of replicate specimens (minimum of three) tested under
the same beat flux level (25, 50, 75, and 100 kW/m2) with their thickness and mass: The exhaust
system flow rate at each heating flux level is required.

30S.4 Mounting. Test orientation (either vertical and horizontal), specimen mounting and
whether optional retainer or wim grid were used.

303.5 Ignition. Time to ignition for each specimen in seconds.

30S.6 Behavior. Description of any unusual specimen behavior such

30.4 (Heat release) test method for heat nnd visible smoke release
products using an oxygen consumption calorimeter.

as sparking or dripping.

rates for materials and

30.4.1 Source. Name and address of testing laboratory and date of test.

30.4.2 Nomenclature. Noun name, chemical name, manufacturer, and code designations.
.

30.4.3 Speeimen quantity. Number of replicate specimens (minimum of three) tested under
the same heating flux levels of 25, 50, 75, and 100 kW/m2 with their thickness and mass. The
exhaust system flow rate of each heating flux level is required.

30.4.4 Mounting. Test orientation (either vertical or horizontal), specimen mounting and
whether optional retainer or wke grid were used.

30.4.5 Release rate curve. Heat release rate (per unit area) cume.
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rate wemge. Average heat rc]case ri]tt l’c)r60
the maximum heat release ra[e value in [he first

seconds determined by 30
3(KIseconds after ignition.

lest period.

30.4.9 Mnss. Mass remaining after lest and mass loss rate for 60 seconds determined by 30
seconds each side of the maximum heat release rate ~’aluc in the first 3(K)seconds after ignition.

30.5 (Smoke obscuration) specific optical density of smoke generated by solid materials.

30.5.1

30.5.2

30.53

Source. Name and address of [he testing laboratory and date of test.

Nomenclature. Noun name, chemical name, manufacturer, and code designations.

Test conditions. Number of specimens tested and the test conditions; type of
exposure, the exposure period, and temperature O( chamber wall.

30.5.4 Behavior. Descriptions of any unusual specimen behavior such as prolonged giowing
combustion after f!ameout, charring, sparking or dripping, swelling, contraction, cracking, bulging,
erratic burning, or excessive smoke evolution.

303.S Smoke. Observations of lhe smoke-gcnemting pmpe.rties of the specimens during
exposure, such as color of smoke, nature of the settled particulate matter, etc.

30.5.6 Time versus Ds. Tabulation of time versus Ds (rounded to two signifwant figures)
for each run of the three test specimens.

30S.7 Test results. Test results (rounded to two significant figures) including the average
and range on each set of’ specimens for Dm with time of oecurrenee, and Dm (eorr).

30.6 (Combustion gas genemtion) test method for heat and visible smoke release mtes for
materials and products using nn oxygen eonsurnption entorimeter.

30.6.1 Source. Name and address of the testing, laboratory and date of test.

30.6.2 Nomenclature. Noun name, chemical name, manufacturer, and code designations.

30.63 Specimen qunntity. Number of replicate specimens (minimum of three) tested under
the heating flux level of 25 kW/m2 w.th their thickness and mass. The exhaust system flow rate
at the heating flux level shall be staled.
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30.6.4 Mounting. Test orientation (ci[hcr vertical or horizontal), specimen mounting and

whether optional retainer or wire grid were used.

30.6.5 Gases. Combustion ~iis~s (i)s iI minimum
cacl] he:iting llUX kvd. Repor[ NOX, SOX, haloycn acid

CO, CO?, HCI, 02 reported) measured at
~~;l~c. ;ln~ tut;ll hydrocilrb~n concentrations><

when collected.

30.7 DTRC burn-through fire test.

30.7.1 Source. Name and address of testing

30.7.2 Nomenclature. Noun name, chemical

laboratory and date of test.

name, manufacturer, and code designation.

30.7.3 Dimensions. Length, width, and thickness in inches.

30.7.4 Time to smoke. Time
side of material specimen.

30.7.5 Time to burn-through.
on non-fire side of the material.

30.7.6 Continued burn time.
removing the fire source.

.

to smoke or fire gases visually start to evolve from non-fire

Time to burn-through of the specimen as evident by flame

The time that the material specimen continues to bum after

30.7.7 Profile. Tabular and graphic representations of the temperature profiles in 5 minute
intetvals of the tltm vertically mounted thermocouples and the thermoeou ple mounted behind the
center mounted thermocouple.

30.7.8 Smoke. Description of any smoke generation as to time of initial oemrrence, color,
and relative amount.

30.7.9 Visual inspection. Description of visual inspection of fire damage to the material
specimen to include any swelling, contraction, cracking, bulging, melting or dripping, separation of
plies and effective material thickness remaining.

30.8 Determination of the f’hwhover potenthd of lining materiai using a quarter-settle rwm
fire tesL

30.8.1 Source. Name and address of testing laboratory and date of test.

30.8.2 Nomenclntwe. Noun name, chemical name, manufacturer, and code designations.
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30.83 Flushover. Time to fhshover, if il occurs. Fkwhover is characterized by thermal flux
levels equal to or greater thnn 2 watts per square centimeter at the floor level.

30.8.4 ‘1’emperature, Tlmc and temperature to maximum temperature recorded if flashover
does not occur.

30.8.5 Observations. Visual observations such as smoke, fire in overhead, etc.

30.9 Large scale open environment fire test.

30.9.1 SoUree. Name and address of testing laboratory and date of test.

30.9.2 Nomenclature. Noun name, chemical name, manufacturer, and code designations.

30.93 Time-tempemture. Time-temperature curve on the fire from the overhead
thermocouple and from the thermocouple by the application outside the fire plume.

30.9.4

30.9.5

30.9.6

Failure time, Failure time, if it occurs, of the material application.

Fuel consumption. Fuel consumption during, the fire in gallons.

Continued brim. The time that the material continues to bum after extinguishing
the fire pan.

30.9.7 Visual inspection. Description of visual inspection of fire damage to the material
application to include any swelting amtracticwt, cmeking, bulgin~ meltrng or dripping, seftertttibn
of plies.

30.9.8 Extinguishment. Extinguishment
extinguishment, reflash, and time to extinguish

30.9.9 G- Combustion gas results for
HCI in p/m, and any other gases collected.

test data when conducted: pre-bum time, time to
reflash.

CO in p/m, C02, and 02 in percentage by volume,

30.9.10 Smoke obscuration. Smoke ohscuratinn data when collected.

30.9.11 Heat release. Total heat release by the material application when collected.

30.9.12 Observations. Additional observations, if any.

30.10 Large scale pressurizable fire test.

30.10.1 Source. Name and address of testing laboratory and date of test.
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30.10.2 Nomenclature. Noun name, chemical name, manufacturer, and code designations.

30.103 Time-temperature. Representative (ime-tempcrrrture curve on the fire.

30.10.4 Responses. Temperatures in both “C and ‘F. radiunlcttx response in W/cm2 and
pressure in lb/in2 absolute.

30.10.5 Gases. Gas concentrations of total hydrocarbons as g/m3; 02, CO, and C02 as
percentage by volume; and, HCI and HCN as parts per million.

30.10.6 Smoke. Smoke production shall include the following: average particle diameter
(pm), aerosol density (g/m3), calculated number density (particles/cm3), visual range (m), smoke
particulate mass generation rate (g/s), and total mass particulate (g).

30.10.7 Visual inspection. Fire damage estimate shall be reported as pereent of material area
damaged or destroyed. Include visual inspection of the fire damage for swelling contraction,
cracking, bulging, melting or dripping, separation of plies and effective material thickness remaining.

30.10.8 Fuel consumption. Fuel consumption during the fire.

the
30.10.9 Continued bum. The time

fire pan.

30.11 N-Gas Model Smoke Toxicity

that the material

Screening Test.

continues to bum after extinguishing

30,11.1

30.11.2

30.113

So-me. Name and eddmss of the testing ltuboratoty and date of test-

Nomenclature. Noun name, chemical name, manufacturer, and code designations.

Autoignition. Autoignition temperature.

30.11.4 Teat ty~ Type of t=t (i.e. analytical, animal).

30.115 Combustion. Combustion rendition (i.e. non-flaming, flaming, or non-flaming/flaming
transition).

30.11.6 Material loaded. Amount of material loaded into the furnace.

30.11.7 Material consumed. Amount of material wnsumed (difference between amount
loaded into the fumaee and the amount of residual material).

30.11.8 Gases. ‘Time-weighted average (during a 30 minute exposure) for 02, ~, ~2,
HCN (and any other gases), and animai exposure box temperature.
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30.11,9 Mort.ditics. Animal mortalities (number of deaths and time after initiating animal
exposure) during the 30 minute exposure, 30 minutes plus 24 hours after exposure, and 30 minutes
plus 14 days post-exposure period.

30.11.10 LCW EMimated LC<O.

30.11.11 N-gas model equation. Value of the N-gas model equation for experiments
performed at the estimated LCm value.

30.11.12 Obserwtions. Additional observations, if any.

Custodians: Preparing activity
Army - MR Navy-SH
Navy - SH (Project CMPS4KK8)
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