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INTERNATIONAL

Standard Test Method for

Using a Cone Calorimeter to Determine Fire-Test-Response
Characteristics of Insulating Materials Contained in
Electrical or Optical Fiber Cables *

This standard is issued under the fixed designation D 6113; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope When Burning in a Vertical Cable Tray Configuratfon
1.1 This is a fire-test-response standard. D 5485 Test Method for Determining the Corrosive Effect
1.2 Several fire-test-response characteristics, including the _©f Combustion Products Using the Cone Corrosinfeter
time to sustained flaming, heat release rate, total heat released P 5537 Test Method for Heat Release, Flame Spread and
effective heat of combustion, and specific extinction area; are Mass Loss Testing of Insulating Materials Contained in
measured or calculated by this test method at a constant radiant Electrical or Optical Fiber Cables When Buring in a
heating flux. For specific limitations see also 5.7 and Section 6. _ Vertical Cable Tray Configuratidn
1.3 The tests are conducted by burning the electrical insu- E 176 Terminology of Fire Standartls
lating materials contained in electrical or optical fiber cables E 691 Practice for Conducting an Interlaboratory Study to
when the cable test specimens, excluding accessories, are_Determine the Precision of a Test Metftod
subjected to radiant heat. E 906 Test Method for Heat and Visible Smoke Release

1.4 This standard measures and describes the response of Rates for Materials and Produtts
materials, products, or assemblies to heat and flame under E 1354 Test Method for Heat and Visible Smoke Release
controlled conditions, but does not by itself incorporate all ~ Rates for Material snd Products Using an Oxygen Con-

factors required for fire hazard or fire risk assessment of the _sumption Calorimetér N
materials, products or assemblies under actual fire conditions. E 1474 Test Method for Determining the Heat Release Rate

1.5 The values stated in Sl units are to be regarded as the ©Of Upholstered Furniture and Mattress Components or

standard. The values given in parentheses are for information Composites Using a Bench Scale Oxygen Consumption
only. Calorimete?

1.6 This standard does not purport to address all of the 2.2 CSA Standard: _ _
safety concerns, if any, associated with its use. It is the CSA C22.2 No. 0.3, FT4, Vertical Flame Tests: Cables in

responsibility of the user of this standard to establish appro- ~ Cable Trays, Section 4.11.4 in C22.2 No. 0.3, Test
priate safety and health practices and determine the applica- _ Methods for Electrical Wires and Cables

bility or regulatory limitations prior to use.For specific ~ 2:3 IEC Standards: _ _
precautionary statements, see Section 7. IEC 69_5-4 l_:lre Hazard Testing. Part 4: Terminology Con-
cerning Fire Tests
2. Referenced Documents IEC 695-5-2 Fire Hazard Testing. Part 5: Guidance for
2.1 ASTM Standards: Assessing Smoke Corrosivity from Burning of Electro-
D 618 Practice for Conditioning Plastics for Tesfing technical Products, Section 2: Test Mettbds
D 1711 Terminology Relating to Electrical Insulatfn 2.4 |EEE Standard:

D 5424 Test Method for Smoke Obscuration of Insulating EEE 1202: Standard for Flame Testing of Cables for Use in
Materials Contained in Electrical or Optical Fiber Cables ~ Cable Tray in Industrial and Commercial Occupancies,

*This test method is under the jurisdiction of ASTM Committee D09 on  *Annual Book of Standardspl 10.02.
Electrical and Electronic Insulating Materials and is the direct responsibility of ~°Annual Book of Standardspl 04.07.

Subcommittee D09.21 on Fire Performance Standards. © Annual Book of Standard¥pl 14.02.
Current edition approved March 10, 2003. Published April 2003. Originally ' Available from Canadian Standards Association, 5060 Spectrum Way, Missis-
approved in 1997. Last previous edition approved in 2002 as D 6113 — 02. sauga, Ontario, Canada, L4W 5N6.
2 Annual Book of Standard¥ol 08.01. 8 Available from International Electrotechnical Commission (IEC), 3 Rue de
3 Annual Book of Standardspl 10.01. Varembe, Geneva, Switzerland.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



A8 D 6113 — 03
“afl

IEEE Standard 1202 3.2.5 ignitability, n—the measure of the ease with which a
2.5 ISO Standards: specimen can be ignited due to the influence of an external
ISO 13943 Fire Safety: Vocabuldfy energy source, under specified test conditions.

ISO CD 11907-4 Dynamic Method for Measuring Smoke 3.2.6 net heat of combustiom—the quantity of heat re-

Corrosivity Using a Radiant Conical Heater leased by the complete combustion of a unit mass of the
2.6 NFPA Standard: material, the water produced being in the vapor state.

NFPA 262 Standard Method of Test for Flame Travel and 3.2.7 orientation n—the plane in which the exposed face of
Smoke of Wires and Cables for Use in Air-Handling the test specimen is located during testing, which is horizontal

Space¥' facing up for this test.
2.7 OSHA Standard: 3.2.8 oxygen consumption principle—the expression of
OSHA 191.1450 Occupational Exposure to Hazardoughe relationship between the mass of oxygen consumed during
Chemicals in Laboratorié$ combustion and the heat released.
2.8 UL Standards: 3.2.9 smoke obscuratigm—the reduction in visibility due
ANSI/UL 1581 Reference Standard for Electrical Wires,to the smoke.
Cables, and Flexible Cortfs 3.2.10 specific extinction argan—a measure of smoke

UL 1666 Standard Test for Flame Propagation Height ofobscuration potential per unit mass lost, determined as the
Electrical and Optical-Fiber Cables Installed Vertically in product of the extinction coefficient and the volumetric mass
Shaftd3 flow rate, divided by the mass loss rate.

UL 1685 Standard Vertical Tray Fire Propagation and 3.2.11 sustained flamingn—existence of flame on or over
Smoke Release Test for Electrical and Optical Fiberthe surface of the test specimen for periofigl® or more.

Cabled® 3.2.11.1Discussior—Flaming of less tha 4 s duration is
] identified as flashing or transitory flaming.
3. Terminology 3.2.12 total heat releasech—integrated value of the rate of
3.1 Definitions heat release, for a specified time period.

3.1.1 For definitions of terms used in this test method and
associated with fire issues use Terminology E 176, 1ISO 13944. Summary of Test Method
and IEC 695-4. Where differences exist in definitions, those 4.1 All fire-test-response characteristics in this test method
contained in Terminology E 176 shall be used. Use Terminolare determined using the apparatus and procedures described in
ogy D 1711 for definitions of terms used in this test method andrest Method E 1354.
associated with electrical insulation materials. 4.2 The oxygen consumption principle, used in this test

3.2 Definitions of Terms Specific to This Standard: method, is based on the observation that, generally, the net heat

3.2.1 cone calorimetern—the apparatus which is used in of combustion is directly related to the amount of oxygen
Test Method E 1354 to determine heat release rate, by thequired for combustionl}.** Approximately 13.1 MJ of heat
principle of oxygen consumption calorimetry, and other fire-are released per 1 kg of oxygen consumed. Test specimens in
test-response characteristics. this test method are burned in ambient air conditions, while

3.2.2 effective heat of combustipm—the ratio of the being subjected to a prescribed external heating flux. (See also
measured heat release to the mass loss, under specified t%5t1).
conditions. 4.3 The heat release is determined by the measurement of

3.2.2.1 Discussion—The effective heat of combustion is a the oxygen consumption, as determined by the oxygen con-
function of the test conditions, including heating flux, exposurecentration and the flow rate in the combustion product stream,
time and test specimen geometry. as described in Test Method E 1354.

3.2.3 heat release raten—the calorific energy released per 4.4 The primary measurements are oxygen concentration
unit time by the combustion of a material under specified tesand exhaust gas flow rate. Additional measurements include
conditions. the time to sustained flaming, the smoke obscuration generated,

3.2.4 heating fluxn—the prescribed incident power per unit the mass loss rate, and the effective heat of combustion.
area of test specimen, the power being imposed externally frongnitability is determined by measuring the time from initial
the heater onto the test specimen at the initiation of the testexposure to time of sustained flaming of the test specimen.

3.2.4.1 Discussior—The test specimen, once ignited, isalso 4.5 A cone calorimeter is used to measure the consumption
heated by its own flame. of oxygen during this test; heat release is then calculated, based

on the oxygen consumption principle. The test specimen is

mounted horizontally and a spark ignition source is employed.
9 Available from Institute of Electrical and Electronics Engineers, Inc. (IEEE),

445 Hoes Ln., P.O. Box 1331, Piscataway, NJ 08854-1331 5. Significance and Use
19 Available from International Organization for Standardization (ISO), 1 rue de . . .
Varembé, Case postale 56, CH-1211, Geneva 20, Switzerland. 5.1 This test method is used to determine the heat release

* Available from National Fire Protection Association (NFPA), 1 Batterymarch rgte and a number of other ﬁre-test_response characteristics as
Park, Quincy, MA 02269-9101.

12 Available from Occupational Safety and Health Administration, 200 Consti-
tution Avenue NW, Washington, DC, 20210. -

13 Available from Underwriters Laboratories, Inc., 333 Pfingsten Rd, North- % The boldface numbers given in parentheses refer to a list of references at the
brook, IL, 60062. end of this test method.
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a result of exposing insulating materials contained in electrical. Safety Precautions

or optical cables to a prescribed heating flux in the cone 7.1 The test procedures involve high temperatures and
calorimeter apparatus. ~ combustion processes. Hazards therefore exist for burns, igni-
5.2 Quantitative heat release measurements provide infofipn of extraneous objects or clothing, and inhalation of
mafuon that is potentially useful for design of electrical or ;ompustion products. The operator must take appropriate
optical cables, and product development. precautions during the insertion and removal of the test
5.3 Heat release measurements provide useful informatiogpecimens, for example, by using protective gloves. Do not
for product development by giving a quantitative measure ofouch either the cone heater or the associated fixtures while hot,
specific changes in fire performance caused by component argcept with the use of appropriate protective gear.
composite modifications. Heat release data from this test 7 2 vent the combustion products flowing through the
method will not be predictive of product behavior if the exposure chamber through a properly designed exhaust system.
product will not spread flame over its surface under the firenn adequate method of venting the combustion products
exposure conditions of interest. captured in the exposure chamber during the test is through an
5.4 The fire-test-response characteristics determined by thGSHA approved smoke hobtlat the end of a test.
test method are affected by the thickness of the material used 7 3 check the exhaust system for proper operation before

as test specimen, whether as a plaque or as coating on a Wiggsting and discharge into a building exhaust system with

or cable. The diameter of the wire or cable used will also affechgequate capacity. Make provisions for collecting and venting

the test results. any combustion products that for whatever reason are not
5.5 Aradiant exposure is used as an energy source for thisollected by the exhaust system of the apparatus.

test method. This type of source has been used for comparison

with heat release rate and flame spread studies of insulatingl Test Specimen

materials constructed into cables when burning in a vertical . .

cable tray configuration (Test Methods D 5424 and D 5537) 8.1 Size and Preparatian ) ) )

(2-9). No definitive relationships have been established. 8.1.1 The types of test specimens permitted ayen@aterials

5.6 The value of heat release rate corresponding to thid the_form.ofaﬂat_plaque, O.bﬁ electrical insulating ma}terials
critical limit between propagating cable fires and non-contained in electrical or optical cables. The test specimen shall

propagating fires is not known. be 1OQt 2 by '100i 2 mm (approximately 4= O.QS by 4=
57 This test thod d t determine th t heat .08 in.) in size, or as close to that as possible. Fill the
con%bustilosn est method does not determine the net hea pecimen holder as completely as possible with the cable

) pieces. Make the thickness of a material test specimen in a flat
5.8 It has not been demonstrated that this test method isiaque the same as that of the end use of the material in cable

capable of predicting the response of electrical or optical fibeggnstruction. If the end use thickness is not known, or if the test
cables in a full scale fire. In particular, this test method does ngk conducted for other purposes, use a thickness of-6(85
address the self-extinguishing characteristics of the cables in@m (approximately 0.25- 0.02 in.). Ensure that the overall
full scale fire. characteristics of the test specimens are those of the wire or

o cable in its end use (wall thickness and overall diameter).
6. Test Limitations

f duri h n f the th i Note 1—Overall test specimen thicknesses of less than 2 mm (approxi-
6.11 .urlng the test of one Or_ more of the t ree, rep ICaltemately 0.08 in.) are not recommended, because potential testing errors
test specimens, any of the following unusual behavior occurgsecome larger.

molten material overflows the specimen holder trough; a test . .

specimen is displaced from the zone of controlled irradiance 8.1.2 F(_)r test specimens of materials in fiat plaques, cut the
(explosive spalling); or the test specimen swells sufﬁcientlyteSt specimen o a size of 108 2 t_)y 100 = 2 mm

prior to ignition to touch the spark plug or swells up to the (appr_oxmgtely ,4i 0.08 by 4+ 9'08 |n._). Wrap the test
plane of the heater base during combustion; then test a?oeumen n as'”gl? layer of aluminum foil (0.03 to 0.04 mm
additional specimen of the identical preconditioned test speciti-2 © 1.6 X 107 in.) thick), shiny side towards the test
mens in the test mode in which the unusual behavior occurrePecimen. Place the edge frame over the test specimen and cut
Do not incorporate data obtained from the tests noted abov&€ @luminum foil along the open edges at the top of the edge
yielding inadequate results, in the averaged data but report t{E2Me {0 expose the test specimen. Remove the test specimen
occurrence. This test method is not suitable if more than threfoM the edge frame, place a grid on the exposed face of the

out of six test specimens tested show any of the aboviest specimen and insert both the test specimen and the grid
characteristics. into the edge frame.

6.2 The applicability of this test method to smoldering 8.1.3 For test specimens of electrical insulating materials

ignition of cables has not been demonstrated. This test methd@ntained in electrical or optical fiber cables, cut the cables to
is not suitable for incident heat fluxes below 10 kVf/m 100 = 2 mm (approximately 4= 0.08 in.) lengths to fill the

6.3 The validity of the results of this test method for a
particular scenario depends on the conditions under which the
tests are cono!ucted. In p&_ll’tICU|al’, 't_ has been eSt"f‘b“Shed thatis yse a smoke hood in compliance with OSHA regulations for Occupational
the use of a different heating flux will change relative results Exposure to Hazardous Chemicals in Laboratories - 191.1450.
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specimen holder. Seal the ends using an adhesive céfhent9. Procedure
Apply the adhesive cement to the cable ends such that there areg 1 preparation

no visible air holes in the coating and that the cement does not 9 1 1 calibrate the test apparatus in accordance with Test
overlap the cable ends. Wrap the cable lengths in a single laygfiethod E 1354. Position the cone heater for a horizontal
of aluminum foil. Place the edge frame over the cable teskpecimen orientation and set the radiant heating flux level to
specimens and cut the aluminum foil along the open edges @ke chosen value, with a tolerance f1 kW/n?.
the tip of the edge frame and expose the test specimens.g 1 2 verify that the distance between the bottom of the
Remove the test specimens from the edge frame, place a grighne heater baseplate and the top of the test specimen is 25 mm
on the exposed face of the test specimens and insert both thgysroximately 1 in.).
test specimen and the grid into the edge frame. 9.1.3 Position the spark igniter at a distance of 13 mm above
8.1.4 Optionally, for test specimens of electrical insulatingihe test specimen surface.
materials contained in electrical or optical fiber cables, cut the ) _ _ ) )
cables to 100= 2 mm (approximately 4= 0.08 in.) lengths to NOTE_ 3.—As stated in 6.1, if the test specimen comes in contact with the
fill the specimen holder, without sealing the ends. Wrap thépark igniter or the heater base plate, the test results will not be usable.
cable lengths in a single layer of aluminum foil. Place the edge 9.2 Procedure
frame over the cable test specimens and cut the aluminum foil 9.2.1 Prepare the data collection system for testing in
along the open edges at the tip of the edge frame and exposecordance with the operating procedures for the system in
the test specimens. Remove the test specimens from the edfiest Method E 1354. Place the test specimen in the specified
frame, place a grid on the exposed face of the test specimem®lder on the load cell and start data collection. The holder
and insert both the test specimen and the grid into the edgaust be at room temperature initially. The data collection
frame. intervals shall not exceed 5 s.

Note 2—The objective of sealing the cable ends is to prevent gas 9.'2'2 Energlge the spark Igmter and_movg it into place as
evolution through such ends, that is not to be expected when a full Iengtﬁap'dly as possible _aﬂer test SpECIm_en_lnsertlon.
of cable is exposed to a fire in actual use. Moreover, the same method of 9-2.3 Start the timer at the beginning of the test. After
test specimen preparation is used in Test Method D 5485, and the draftaming is first observed, continue the observation for an
international test method ISO CD 11907-4, mentioned in IEC 695-5-2additional 4 s. At that point record the time and move the spark
However, it is u_nclear whether the results of the cone calorimeter testinggniter out of the flame. Determine the time to flaming ignition.
are more meaningful with the cable ends sealed or unsealed. Note that the time to ignition is the time for sustained flaming

8.2 Condition the test specimens in accordance with Praao start; therefore, if the timer is stopped at the end of the 4 s
tice D 618 to moisture equilibrium (constant weight) at anobservation period, the time to be reported is that value, minus
ambient temperature of 28 3°C and a relative humidity of 50 4 s.

* 5%. . I u .
Note 4—If flaming combustion is not observed, report as “No Ignition

8.3 SpeC|mer_1 Holder and MOU!’ltlng was Observed” and not as “Time to Ignition Equals Zero”.
8.3.1 A specimen holder consists of the bottom, the edge

frame, retaining pins and wire grid as shown in Fig. 1. The 9.2.4 Collect data from the start of the test until the first of
bottom is constructed from 2 mm nominal stainless steel anthe following criteria has been reached: average mass loss over
has outside dimensions of 111 by 1#.2 by 24+ 2 mm & 1-min period has dropped below 1.5 g or 60 min have
height. The grid is constructed from 1 mm nominal stainles$lapsed. Ensure that the minimum test period is 30 min.
steel and has dimensions of 1892 by 109+ 2 mm. The grid 9.2.5 Observe and record physical changes to the test
has 1 mm ribs and the openings in the center are- I9by 19~ specimen, such as melting, swelling, and cracking.
+ 1 mm. The edge frame is constructed from 2 mm nominal 9.2.6 Remove the specimen holder.
stainless steel with outside dimensions of #1.& by 116+ 2 9.2.7 Replace with an empty specimen holder or insulated
by 56 = 2 mm height. The frame has an 8 mm lip on the toppad to prevent thermal damage to the load cell.
to provide an opening of 100 by 100 mm on the top. There are 9.2.8 Test three test specimens under each condition.
two 3 = 0.5 mm diameter by 13& 3 mm long retaining pins
to lock the test specimen in the edge frame. 10. Calculation

8.3.2 The bottom is lined with a layer of a low density 10.1 Use the calculation procedures from Test Method
(nominal density 65 kg n) ceramic fiber refractory blanket E 1354 for all fire-test-response characteristics.
with thickness of at least 13 mm. If necessary, fill the edge 10.2 Calculate the total heat release per unit area (in
frame below the test specimens with refractory blanket to th&w/m?), average specific extinction area (irf/kg) and the
level of the retaining pins. Lock the assembly with retainingeffective heat of combustion (in MJ/kg) by using data over the
pins and place assembly on the bottom specimen holder. Thentire period indicated in 9.2.4, beginning with the next

distance between the bottom of the radiant heater and the tapading after the last (if any) negative heat release rate reading
of the edge frame is adjusted to 251 mm by using a sliding  at the beginning of the test.

height adjustment. . _ . . )
Note 5—Certain test specimens do not show visible, sustained flaming

but do indicate non-zero heat release or smoke obscuration values.

16 Adhesive cement, Sauereisen Insa-Lute, available from Sauereisen, 160 lcul h | . h
Gamma Drive, Pittsburgh, PA 15238, or from Fischer Scientific (Catalog number 10.3 Calculate the average mass 10Sss rate ('n g/S) over the

04-760-15), is suitable for this application. period starting at the time when 10 % of the ultimate test
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MATERIAL:

STAINLESS 1.84mm THICK

RETAINING PINS

32mm

CENTER OPENING § 19mm x 19mm
EDGE OPENINGS 19 x 6.5mm g .
CORNER OPENINGS 6.4 x 6.4mm 45

GRS
BOTTOM /?‘\Qom m
e

7

/ &
01"7 \\\6\
NOTE: ALL DIMENSIONS ARE

IN MILLIMETERS.

FIG. 1 Specimen Holder

23mm

TABLE 1 Results of Inter-Laboratory Trials for Test Method

specimen mass loss occurred and ending at the time when 90 % E 1354%
of the ultimate test specimen mass loss occurred. Property Tl PkRHR AvgRHR  THR EHC SEA
Units s kW/m? kw/m? MJ/m2  MJ/kg m2kg
Note 6—This is done in order to get more consistent results. Range 5t0150 70to 70t0870 5to720 7to40 30 to 2200
Note 7—TFor certain materials the mass loss is not representative of the 1120
fraction of the test specimen that has burnt. For silicone materials, for . e . e . o
example, combustion results in solid residues of products of silicom® 41 133 233 7.4 1.23 59.0
oxidation, with higher mass than the original test specimen. g 0.125 0131 0.037 0.068  0.050 0.076
A 7.4 60.4 25.5 11.8 2.42 63.0
11. Report B 0220 0141 0151 0088 0055 0215

11.1 Report the following information, as a summary, for all 4 abbreviations used: TTI: time to sustained flaming; Pk RHR: maximum heat
test specimens of a particular material or pI’OdUCtZ release rate; Avg RHR: average heat release rate in the 180 s following ignition;

. . ™ . THR: total heat released; EHC: effective heat of combustion; range: range of
11.1.1 Test specimen identification or number, results obtained in the inter-laboratory evaluation; SEA: average specific extinction

11.1.2 Manufacturer or submitter, area.

11.1.3 Date of test,

11.1.4 Composition or generic identification, and 11.2 Include the following information for each test speci-
11.1.5 Details of preparation. men:
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11.2.1 Test specimen thickness (mm), ing, peak heat release rate, average heat release rate over the
11.2.2 Test specimen initial mass, measured on the load cdifst 180 s after ignition, the total heat released, the effective
(9), heat of combustion and the average specific extinction area.
11.2.3 If the test specimen is in the form of electrical The results were expressed in terms of an equation such as:
insulating materials contained in electrical or optical cables, f (OrR) = A + B* Property @
the number of lengths of cable, and the diameter of the cable,
11.2.4 Heating flux and initial exhaust system flow rate, where:

11.2.5 Time to sustained flaming (s), r = intra-laboratory repeatability;

11.2.6 Curve of heat release rate versus time, R = inter-laboratory reproducibility; _

11.2.7 Average heat release rate for the first 180 s afteProperty = fire-test-response characteristic considered and
ignition (KW/mP), A andB are constants.

11.2.8 Peak heat release rate (K\V¥m 12.1.2 Results of tests on plague specimens for the materials

11.2.9 Total heat released by the test specimen per unit aré@st are shown in Tablef. _ _ _
for entire test (MJ/rf), 12.1.3 An interlaboratory evaluat|_or_1, using 4 laboratories,

11.2.10 Average effective heat of combustion for entire teswas conducted to assess the precision of the procedure for
(MJ/kg), measuring the heat release rate and other fire-test-response

11.2.11 Average specific extinction area for entire tescharacteristics of electrical insulating materials contained in
(m?/kg), electrical or optical fiber cables using the cone calorimeter. The

11.2.12 Mass remaining at test termination (g), specimens used were: a flat plaque of an electrical insulating

11.2.13 Test specimen mass loss (g), material and four cables, and were despnbed as foIIows..

11.2.14 Average test specimen mass loss rate for entire test12.1.3.1 Plaque P1: a non commercial poly(vinyl chloride)
(gls), wire and cable type compound, at a thickness of 6 mm.

11.2.15 Additional observations, if any, and 12.1.3.2 Cable C1: a cable with a white jacket and an outer

11.2.16 Difiiculties encountered in testing, if any. diameter of 5 mm, with 4 pairs of 24AWG insulated copper

11.3 Average the following final values for all test speci- conductors. The wire insulation and outer jacket are polyolefin
mens: compounds containing no halogens.

11.3.1 Time to sustained flaming (s), .12.1.3.3 _Cable C2: a plenum .rated (CMP) telephone cable

11.3.2 Average heat release rate value (k@y/ower the first ~ With a blue jacket and an outer diameter of 4 mm, with 4 pairs
180 s after ignition, of 24 AWG solid insulated copper conductors. The wire

11.3.3 Average effective heat of combustion (MJ/kg) for theinsulation is fluorinated ethylene propylene and the outer jacket
entire test. This is obtained by dividing the total heat releaseéf fire retarded poly(vinyl chloride).

by the test specimen mass loss, 12.1.3.4 Cable C3: a riser rated (CMR) inside telephone
11.3.4 Peak heat release rate (K&)m switchboard cable with a grey jacket and an outer diameter of
11.3.5 Total heat released (MFm 9 mm, with 25 pairs of 24 AWG solid bare copper conductors.
11.3.6 Average specific extinction area?(ky), The wire insulation and outer jacket are fire retarded poly
11.3.7 Test specimen mass loss (g), and (vinyl chloride). _
11.3.8 Average test specimen mass loss rate (g/s). 12.1.3.5 Cable C4: a vertical tray rated (CM) Type TC
control with a black jacket and an outer diameter of 15 mm,
12. Precision and Bias with 9 solid insulated 12 AWG copper conductors. The wire

12.1 Precision insulation is poly(vinyl chloride)/nylon insulation and the outer

12.1.1 The precision of test measurements using the corl@cket is poly(vinyl chioride). o _
calorimeter for materials as flat plaques, in accordance with 12.1.4 Tables 2-7 contain the statistical information on
Test Method E 1354, has been determined by inter-laboratory
trials conducted by ASTM Committee E-5 on Fire Standards.

The fire-test-response characteristics chosen for determining .- Supporting data have been filed at ASTM International Headquarters and may
repeatability and reproducibility were: time to sustained flam-be obtained by requesting Research Report RR: E05-1008.

TABLE 2 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation: Time to Sustained Flaming (s)

Material Heat Flux (kw/m?) Average STD repeat STD Repro r R RSD repeat RSD Repro
Plaque P1 50 22.4 3.7 3.7 10 10 16.4 16.4
Plaque P1 25 105.0 1.0 3 1.0
Cable C1 50 37.2 6.2 6.2 17 17 16.7 16.7
Cable C1 25 236.3 17.2 48 7.3
Cable C2 50 106.5 65.4 65.4 183 183 61.4 61.4
Cable C2 25 10000.0 0.0 0 0.0
Cable C3 50 39.8 12.5 125 35 35 31.3 31.3
Cable C3 25 251.0 9.8 28 3.9
Cable C4 50 47.6 6.4 23.9 18 67 134 50.3
Cable C4 25 232.1 120.3 120.3 337 337 51.8 51.8

Average Values 24 39 20 38
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TABLE 3 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation:
Peak Rate of Heat Release (kW/m 2)

Material Heat Flux (kw/m?) Average STD repeat STD Repro r R RSD repeat RSD Repro
Plaque P1 50 210.3 31.2 31.2 87 87 14.8 14.8
Plaque P1 25 165.6 2.2 6 1.3
Cable C1 50 292.6 29.0 45.2 81 127 9.9 15.4
Cable C1 25 204.6 5.1 14 25
Cable C2 50 54.8 13.0 13.3 37 37 23.8 24.3
Cable C2 25 9.2 6.2 17 67.4
Cable C3 50 116.1 8.7 9.9 24 28 75 8.5
Cable C3 25 109.8 4.3 12 3.9
Cable C4 50 185.1 28.2 28.2 79 79 15.2 15.2
Cable C4 25 115.2 10.2 12.6 28 35 8.8 10.9

Average Values 14 23 16 15

TABLE 4 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation:
Average (3 min) Rate of Heat Release (kW/m 2)

Material Heat Flux (kw/m?2) Average STD repeat STD Repro r R RSD repeat RSD Repro
Plaque P1 50 159.4 21.6 21.6 61 61 13.6 13.6
Plaque P1 25 134.9 4.3 12 1.0
Cable C1 50 165.7 20.3 24.4 57 68 16.7 16.7
Cable C1 25 85.3 10.4 29 7.3
Cable C2 50 24.2 6.7 7.2 19 20 27.7 29.7
Cable C2 25 1.7 0.4 1 0.0
Cable C3 50 100.4 8.1 9.4 23 26 8.1 9.4
Cable C3 25 83.0 1.3 4 1.6
Cable C4 50 106.9 9.3 10.6 26 30 8.7 9.9
Cable C4 25 42.8 34.0 34.0 95 95 79.4 79.4

Average Values 12 18 16 26

TABLE 5 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation:
Total Heat Released (kJ)

Material Heat Flux (kW/m?) Average STD repeat STD Repro r R RSD repeat RSD Repro
Plague P1 50 860.3 50.9 72.3 142 202 5.9 8.4
Plague P1 25 1011.1 10.8 30 1.1
Cable C1 50 492.2 33.6 36.0 94 101 6.8 7.3
Cable C1 25 484.0 28.8 81 5.9
Cable C2 50 88.9 323 43.3 90 121 36.4 48.7
Cable C2 25 129.7 19.8 55 15.3
Cable C3 50 474.2 33.9 46.6 95 131 7.1 9.8
Cable C3 25 475.5 8.7 24 1.8
Cable C4 50 1202.7 117.8 117.8 330 330 9.8 9.8
Cable C4 25 1181.8 118.5 1235 332 346 10.0 10.5

Average Values 46 73 10 16

TABLE 6 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation:
Effective Heat of Combustion (MJ/kg)

Material Heat Flux (kw/m?2) Average STD repeat STD Repro r R RSD repeat RSD Repro
P1 50 14.5 0.8 1.0 2 5.9 7.1
P1 25 17.2 0.4 1 2.0
C1 50 27.9 3.4 3.4 9 9 121 121
C1 25 31.7 1.2 3 3.7
c2 50 35 1.4 14 4 4 38.8 38.8
Cc2 25 1.6 0.2 1 14.7
C3 50 11.2 1.0 12 3 3 9.3 10.9
C3 25 12.2 0.8 2 6.2
C4 50 15.0 1.7 1.7 5 5 11.2 11.2
C4 25 14.8 22 2.2 6 6 14.8 14.8

Average Values 1 2 12 16

precision for repeatability and reproducibility for the following  Note 8—Two laboratories did not report specific extinction area data.

properties: time to sustained flaming, peak heat release rate'12.1.4.1 The abbreviations used in the tables are as follows:

average heat release rate over the first 180 s after ignition, th ; L .
total heat released, the effective heat of combustion and thgverage is the overall average of the individual lab averages;

average specific extinction area. TD repeat is the overall standard deviation for repeatability;
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TABLE 7 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation:
Specific Extinction Area (kg/m  ?)

Material Heat Flux (kw/m?2) Average STD repeat STD Repro r R RSD repeat RSD Repro
P1 50 13124 105.8 105.8 296 296 8.1 8.1
P1 25 1035.0 24.3 68 24
C1 50 522.1 137.7 137.7 385 385 26.4 26.4
C1 25 294.3 35.6 100 121
c2 50 221.3 31.3 31.3 88 88 14.2 14.2
Cc2 25 292.7 42.0 117 14.3
C3 50 966.4 143.7 143.7 402 402 14.9 14.9
C3 25 451.3 12.5 35 2.8
C4 50 1100.8 76.0 80.4 213 225 6.9 7.3
C4 25 730.6 62.6 66.0 175 185 8.6 9.0

Average Values 67 94 11 13

STD Repro is the overall standard deviation for reproducibil-stating that the use of the relationship that approximately 13.1
ity; r is the intra-laboratory repeatability; R is the inter- MJ of heat are released per 1 kg of oxygen consumed results in
laboratory reproducibility; RSD repeat is relative standardan expected error band af 5 % compared to true value. For
deviation for repeatability (namely 100 times the ratio of homogeneous materials with only a single pyrolysis mecha-
standard deviation and average) and RSD Repro is relativeism, this uncertainty is reduced by determining the net heat of
Standard deViation for reproducib“ity. The formulas Used ar%ombustion from Oxygen bomb measurements and the Oxygen_
found in Practice E 691. o fuel stoichiometric mass ratio from ultimate elemental analy-
12.1.5 Figs. 2-7 contain plots of the standard deviations fogjs For most testing, this is not practical, since test specimens
repeatability (and reproducibility) versus the corresponding, composites, and usually non-homogeneous. Therefore, they

avgag%s_,. F lid test . ¢ unk hemi Ioften exhibit several degradation reactions. Therefore, for
£ BIaS—Or Solid est Specimens of unknown chemical,, oy samples, a- 5% accuracy limit is seen. For

composition, as used in building matenals, furnlghlngs, an(feference materials, however, careful determination of the ratio
common occupant fuel load, documentation exists 10
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of the net heat of combustion to the oxygen-fuel stoichiometriaate; optical fiber cable; oxygen consumption calorimetry;
mass ratio makes this source of uncertainty substantially lessmoke obscuration

13. Keywords

13.1 cable; cone calorimeter; electrical cable; electrical
insulation; fire; fire-test response; heat release; heat release
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ANNEX
(Mandatory Information)

Al. CALCULATIONS

Al.1 Traditional practice in cone calorimetry has been the Al.2 For the test method described in this standard, the
calculation of total heat released per unit area and specifipreferred calculation procedure is the one described in Section
extinction area starting at the time of the first scan after thelO. If calculations are made from time to ignition, this must be
time to ignition. explicitly and clearly described in the report.

APPENDIXES
(Nonmandatory Information)

X1. COMMENTARY

X1.1 This commentary is provided to give some insightrationale for various features used, both in the mandatory and
into the development of the test method and to describe the optional sections of this test method.

13
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X2. FIRE PROPERTIES

X2.1 Smoke ObscurationFhe visibility in a fire atmo- converted into carbon dioxide and water. This net heat of
sphere will adversely affect the ability of occupants of acombustion is usually measured in a bomb calorimeter.
building, or vehicle, to escape and the ability of fire fighters to X2.3.3 In actual fires, materials very rarely get totally
control or extinguish the fire. converted into carbon dioxide and water. If they were, a fire

X2.1.1 The degree of smoke obscuration is a physicaﬁtmosphere woul_d be virtually nontoxic. In fact, carbon mon-
observation made during an actual fire. Specific extinction areg@Xide and organic compounds, such as hydrocarbons, alde-
is a fire-test-response characteristic of a sample, determined ffydes, and ketones, are usually found in fires, which is an
a test apparatus, such as the cone calorimeter, and related to tRdication that the combustion has been incomplete.
reduction of light transmitted per unit mass burnt (see 3.2.10). X2.3.4 Since the effective heat of combustion is obtained as

X2.1.2 There is no Simp|e direct correlation between SpeIhe ratio of the total heat .released and the mass IOSS, It
cific extinction area, as measured in the cone calorimeter, anf@Presents, thus, the best estimate of the actual heat that would
the degree of smoke obscuration in an actual large scale fir€€ released per unit mass of material in a fire, when the heat
However, the smoke obscuration in a room of specified siz€0Urce has_ the same intensity as the applied heating flux in the
and ventilation has been approximated by using some of theone calorimeter test method. .
fire-test-response characteristics obtained from this test X2.3.5 The effective heat of combustion depends on the

method, including the specific extinction area, the heat releadaeating flux applied. Thus, it is particularly important, in order

applied to be sufficient to cause consistent test specimen
X2.2 Rate of Heat Release ignition (sustained flaming), and to represent the scenario of

X2.2.1 Rate of heat release is one of the most importaniterest.
variables, possibly even the single most important variable, in X2.3.6 Data have been published indicating that the effec-
determining the hazard from a fira4-16. In particular, the tive heat of combustion does not vary considerably once the
rate of heat release is a measure of the intensity of thelfge ( heating flux is high enough for consistent specimen ignition
16). The rate of heat release and the amount of heat released (K0, 19, 20, 2] In other words, replicate tests should always
actual fires will determine the extent to which other materialslead to specimen ignition. This is not the case for all materials
products or assemblies in the fire compartment may ignite an@lr products that can be tested in the cone calorimeter and
spread the fire further. The amount of smoke generated i#erefore the conditions of test must be described explicitly
usually a direct function of the heat release rate, particularly if22).
large scale tests5(9). X2.3.7 The effective heat of combustion is a constant during

X2.2.2 The rate of heat release can be determined bgombustion of essentially homogeneous samples having only a
measuring the oxygen depletion in a fire atmosphérely, Single mode of degradation. An example of a material with a
18). Oxygen concentration measurement devices, of the parg&ingle mode of degradation is poly(methyl methacrylate),
magnetic type, are now sufficiently precise to measure th&lthough it is not used as an electrical insulation material.
small differences in oxygen concentration needed for determin-

ing rate of heat release. X2.4 Critical Flux for Ignition:

. ) X2.4.1 The theoretical critical flux for ignition is the mini-

X2.3 Effective Heat of Combustion mum heating flux to cause ignition of the sample. It is normally

X2.3.1 The effective heat of combustion is determined, indetermined as the intercept of a plot of the square root of the
the cone calorimeter, as the summation of the products of thieverse of the time to ignition as a function of heating flux.
instantaneous heat release rate values at every scan and thX2.4.2 In order to determine the critical flux for ignition
scan time, divided by the mass loss, over the entire test lengthith sufficient accuracy it is essential to have fire test data at a
This is equivalent to the ratio between the total heat releasedhinimum of three heating fluxes. The precision of the results is
(in MJ) and the total mass lost (in kg). likely to increase if the number of tests increases, particularly

X2.3.2 The effective heat of combustion is different fromif the data has been generated at several different heating
the net (or gross) heat of combustion. The latter is thdluxes.
thermodynamic energy generated when the chemical speciesX2.4.3 If no ignition is observed at a certain heating flux,
are completely combusted to their final products, namely whethe use of a higher heating flux is likely to generate data more
all the carbon, hydrogen and oxygen in the molecules isppropriate for input into fire hazard assessment calculations.

14
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X3. ELECTRICAL OR OPTICAL FIBER CABLES

X3.1 Traditional fire tests on cables have used cable traysa simple indication of cable fire propagation.
Test methods, such as those in UL 1581, UL 1685, CSA FT4,
or IEEE 1202, have focussed on fire propagation and have beenX3.3 Other, more severe, fire tests have also been designed
used for classification of cables for use in cable trays. Tesfor cables: UL 1666 and NFPA 262. The flame propagation
Methods D 5424 and D 5537 measure, additionally, release dieight of riser cables is assessed with UL 1666, while NFPA
heat, smoke, and carbon oxides and mass loss. OptiondpZ2 is used for cables intended for air handling spaces, such as
measurements of heat release are also included in UL 1685plenums.

X3.2 Cable damage in vertical cable tray fire tests has X3.4 A number of references have been published wherein
traditionally been the criterion for assessing fire propagation, imeasurements of heat release rate of electrical cables were
terms of the maximum char length or flame height. This givesnade using the cone calorimet@r9).

X4. CONE CALORIMETER

X4.1 The cone calorimeter, Test Method E 1354, is one oklectrical cables 2-9), upholstered furniture and mattress
the small-scale test instruments capable of being used twomposites (see Test Method E 1472730 and wall cover-
measure heat release rate. The other best known methods émgs (1).
the Ohio State University heat release rate calorimeter (see Test
Method E 906 23, 249 and the Factory Mutual apparatuzb(
26).

X4.3 One of the most frequent combinations of heating
fluxes used for measurements of heat release of electrical
cables in the cone calorimeter has been testing at 20, 40, and 70

2 _ -
X4.2 1t has been shown that the cone calorimeter is usefu W/me(2-9). Other heating fluxes have also been used.

for measuring heat release rates of test specimens representingK4.4 The heating fluxes to be chosen for this test method
a variety of materials10-19 and several products, including should be relevant to the fire scenario being investigated.

X5. APPLICABILITY OF THE OXYGEN CONSUMPTION PRINCIPLE

X5.1 The value of 13.1 MJ of heat release per 1 kg ofhas been determined, and properly documented, for the mate-
oxygen consumed is valid for the majority of combustiblerials being tested.
materials {, 10, and should be used unless an alternate value

X6. ALTERNATIVE MOUNTING METHODS

X6.1 Heat Release of Cable Materials at Equal Length X6.1.1.3 Measure the total length of the test specimen for
o . that cable.
X6.1.1 When itis desired to compare cables at equal length, . . .
it would be desirable not to fill the specimen holder completely, X6'1'1'4. Use the test specimen length determined in

X . . X6.1.1.3 with all other cable test specimens that are to be tested
with 100 mm lengths of cable with every test specimen. In such

: ) in this comparative analysis.
;:(%Sisi ;rhe recommended procedure is as shown in X6.1.1. "X6.1.2 Following the calculation of heat release rate per

_ _ unit area, convert the value obtained into heat release rate per
X6.1.1.1 Choose, from the various cables for which theynit length, by multiplying the value by the exposed surface
comparison is to be made, the one with the greatest outsidgrea and dividing it by the exposed length of cable.

diameter. X6.1.2.1 Make the same calculation for total heat release.
X6.1.1.2 Follow the instructions of 8.1 for preparing test X6.1.3 This method should not be used for cables with
specimens of that particular cable. outside diameters exceeding 15 mm.

15
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of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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