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INTERNATIONAL
Standard Specification for
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Arc and Flame Resistant Rainwear
This standard is issued under the fixed designation F 1891; 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 epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope 2. Referenced Documents

1.1 This specification establishes applicable test methods, 2.1 ASTM Standards:
minimum physical and thermal performance criteria, a sug- D 123 Terminology Relating to Textilés
gested sizing guide, and suggested purchasing information for D 751 Test Methods for Coated Fabrcs
rainwear for use by workers who may be exposed to thermal D 1117 Guide for Evaluating Nonwoven FabFics
hazards of momentary electric arcs and open flames. D 1388 Test Method for Stiffness of Fabrics

1.1.1 This specification does not apply to the electrical D 3393 Specification for Coated Fabrics—Waterprooffiess
contact hazards or electric shock hazards involved with electric D 3776 Test Method for Mass Per Unit Area (Weight) of
arcs. Fabri¢

1.1.2 This specification does not apply to flash fire hazards D 6413 Test Method for Flame Resistance of Textiles (Ver-
such as industrial hydrocarbon flash fires or other petrochemi- tical Test}
cal flash fire hazards. F 1958 Test Method for Determining Ignitability of Non-

1.2 The objective of this specification is to prescribe fit,  Flame-Resistant Materials for Clothing by the Electric Arc
function and performance criteria for rainwear that meets a Exposure Method Using Mannequins
minimum level of thermal and physical performance when F 1959/F 1959M Test Method for Determining the Arc
exposed to a laboratory—simulated electric arc or flame expo- Thermal Performance Value of Materials for Clothing
sure. 2.2 Federal Specifications:

1.3 This specification is not intended to serve as a detailed Federal Test Method Standard (FTMS) No. 191A Method
manufacturing or purchasing specification, but can be refer- 5903.F
enced in purchase contracts to ensure that minimum perfor- Federal Test Method Standard (FTMS) No. 191A Method
mance requirements are met. 5516

1.4 Controlled laboratory tests used to determine compli- Federal Test Method Standard (FTMS) No. CCC-T-191b
ance with the performance requirements of this specification =~ Method 5204
shall not be deemed as establishing performance levels for all 2.3 AATCC Standards:
situations to which wearers of this protective clothing may be AATCC Test Method 135 Dimensional Changes Automatic

exposed. Home Laundering of Woven and Knitted Fabfics
1.5 The in-service care and use of this rainwear is beyond )
the scope of this specification. 3. Terminology

1.6 The values stated in inch-pound units are to be regarded 3.1 Definitions:
as the standard. The Sl units shown in parentheses are for3.1.1 afterflame n—persistent flaming of a material after
information only. the ignition source has been removed.

1.7 The following safety hazards caveat pertains only to 3.1.1.1 Discussior—In arc testing a visible flaming on or
Sections 7 and 9, of this specificatiorhis standard does not near a test specimen which persists after the arc exposure has
purport to address all of the safety concerns, if any, associate¢nded. The afterflame ceases when flaming is no longer visible.
with its use. It is the responsibility of the user of this standard 3.1.2 afterflame time n—the length of time for which a
to establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to

use. 2 Annual Book of ASTM Standardgol 07.01.

2 Annual Book of ASTM Standardgol 09.02.
4 Annual Book of ASTM Standardgol 07.02.
S Annual Book of ASTM Standardgol 10.03.
1 This specification is under the jurisdiction of ASTM Committee F18 on ® Available from Standardization Documents Order Desk, Bldg. 4, Section D,
Electrical Protective Equipment for Workers and is the direct responsibility of 700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

Subcommittee F18.65 on Wearing Apparel. 7 AATCC Technical Manual, available from American Association of Textile
Current edition approved Oct. 10, 2002. Published December 2002. OriginallfChemists and Colorists, One Davis Dr., PO Box 12215, Research Triangle Park, NC
published as F 1891-98. Last previous edition F 1891-02a. 27709-2215.
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material continues to flame after the ignition source has beecoating, laminate, or adhesive.

removed. 3.1.12 dripping, n—in testing thermal protective fabrics,
3.1.2.1 Discussior—In arc testing the length of time for coated fabrics or laminates material response evidenced by

which a specimen continues to exhibit a visible flaming asflowing of the fiber polymer, the fabric, or the fabric coating,

determined by a time display video recording of the specimemand the evidence of droplets from the material.

during arc testing. 3.1.13 electric arc ignition n—as related to electric arc

3.1.3 arc rating, n—the maximum incident energyE{) = exposurea response that causes the ignition of textile material
resistance demonstrated by a material prior to breakopen or athich is accompanied by heat and light, and then subsequent
the onset of a second degree burn. burning for at least 5 s, or consumption of at least 25 % of the

3.1.3.1 Discussior—When the arc thermal performance test specimen area.
value (ATPV) of the material cannot be determined due to 3.1.14 embrittlementn—the formation of a brittle residue
breakopen, the arc rating is determined by measuring thas the result of pyrolysis or incomplete combustion.
breakopen threshold energfd) per Test Method F 1959/  3.1.15flame resistance n—the property of a material
F 1959M. When the arc rating represents the arc thermalkhereby flaming combustion is prevented, terminated, or
performance value, it is indicated as arc rating (ATPV); wheninhibited following application of a flaming or nonflaming
representing the breakopen threshold energy, it is indicated &surce of ignition, with or without subsequent removal of the
arc rating Egy). ignition source.

3.1.4 arc resistant adj—the property of a material or 3.1.16 heat attenuation factor (HAF)n—in electric arc
clothing system that provides thermal protection from an artesting the percent of the incident energy which is blocked by
exposure. a material at an incident energy level equal to ATPV.

3.1.5 arc thermal performance value (ATPW)—in arc 3.1.17 human tissue heat toleranae—in testing of thermal
testing the incident energy on a fabric or material that resultsprotective materialsthe amount of thermal energy transferred
in sufficient heat transfer through the fabric or material to causeo human tissue, which is predicted to cause a second degree
the onset of a second-degree burn based on the Stoll curve burn; the Stoll curve.

3.1.6 breakopenn—in testing thermal protective materials 3.1.18 incident energy (B, n—in electric arc testing the
a material response evidenced by the formation of one or mor@tal heat energy received at a surface as a direct result of an
holes in the material which may allow flame to pass throughelectric arc.
the material. 3.1.18.1 Discussior—In an arc test incident energy for a

3.1.6.1 Discussior—In electric arc testing the specimen specimen is determined from the average temperature rise
shall be considered to exhibit breakopen when any hole is atsponse of the two monitor sensors adjacent to the test
least¥2 in.? in area or at least 1 in. in any dimension. specimen.

3.1.7 breakopen threshold energy B, n—in electric arc 3.1.19 melting n—the liquefaction of material under the
testing the average of the five higheBt values that did not influence of heat.
cause specimen breakopen and did not cause sensor temperag.1.20 shrinkage n—a decrease in one or more dimensions

ture rise to exceed the Stoll Curve. of an object or material.
3.1.7.1 Discussior—Eg is determined when ATPV and  3.1.20.1Discussion—Shrinkage shall be determined as fol-
HAF cannot be determined due to breakopen. lows: before mounting the material specimen for arc exposure,

3.1.8 breakopen threshold energy above stolk(zg, n—in measure the specimen width in inches (cm) at the mid point
electric arc testingthe average of the five higheBt values  along the long dimension of the specimen. After arc exposure,
which did not cause specimen breakopen regardless of whetheteasure the specimen width in inches (cm) at the point of

sensor temperature rise exceeds the Stoll curve or not. greatest specimen shrinkage. The “shrinkage” in inches (cm) of
3.1.8.1 Discussior—Egas is determined in addition to the specimen is determined by subtracting the specimen width
ATPV and HAF. after arc exposure from the specimen width before arc expo-

3.1.9 char length n—in measuring flame resistance of sure. The percent shrinkage is determined by dividing the
textiles the distance from the fabric edge which was directly“shrinkage” by the “specimen width” (before arc exposure) and
exposed to the flame to the furthest point of visible fabricmultiplying by 100.

damage after a specified tearing force has been applied. 3.1.21 stoll curve n—curve used to predict the onset of
3.1.10 charring, n—the formation of carbonaceous residue second degree burn injury.
as the result of pyrolysis or incomplete combustion. 3.1.21.1 Discussior—The values which make up the Stoll

3.1.11 design testn—for arc and flame resistant rainwear curve are listed in Table X5.1.
one made on a sample treated as representative of an industriaB.1.22 thermal exposuren—the intensity of heat energy to
product; these tests will not generally be repeated in quantityhich a fabric is exposed.
production. 3.1.22.1 Discussior—As related to electric arc testinghe
3.1.11.1 Discussion—Perform the design test only when a level of incident energy, in calories per centimetre squared
new or modified rainwear material, substrate, coating oical/cnf), that is transferred to the material surface as deter-
adhesive is used to manufacture rainwear. A change in rainweanined by measuring the rise in temperature on monitor copper
material could be, but is not limited to, any of the following: calorimeters, positioned adjacent to the material.
The composition, weight or supplier of the substrate, or both, 3.1.23 thermal protection n—of a material the property
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that characterizes overall performance relative to reducing the 5.1.1 Type of material,
transfer of heat that is sufficient to cause a second-degree burn.5.1.2 Fabric weight (0z/YA),
3.1.23.1 Discussior—Thermal protection of a material and  5.1.3 Type and material of fasteners (buttons, snaps, zippers
the predicted second-degree burn injury can be quantified bgr hook and loop fasteners),
the measured sensor response and the observed breakopeB.1.4 Reflective material sections (optional),
material response which indicate how well the material blocks 5.1.5 Style and design or catalog number,
heat from the sensor surface and how well the material resists 5.1.6 Hood design (attached or detachable),

breakopen. 5.1.7 Sizes,
3.1.24 thermal resistance n—the reciprocal of thermal 5.1.8 Color,

transmittance. 5.1.9 Special identification markings (optional),
3.1.25 thermal material respons@&—in the testing of ther- 5.1.10 Jacket length, and

mal protective materialsthe effects that are observed concur- 5.1.11 Notation of conformance to this specification.
rent and subsequent to thermal exposure, which can inclu ' Materials and Manufacture

phenomena such as breakopen, charring, embrittlement, melt- ] .
ing, shrinkage, etc. 6.1 The rainwear shall be manufactured of materials and

3.1.25.1Discussionr—In electric arc testing the thermal constructed using seams that meet the requirements for leak

material response can be a result of intense radiant energigsistance.
convective energy, molten metal splatter from electrodes or 6.2 Positive closures, such as buttons or snaps, should be
shock wave from rapidly expanding heated, ionized air, or anyonstructed so that they are covered by the rainwear outer layer
combination of these. material. This will result in the garment having a multiple layer
3.1.26 thermal transmittance—time rate of unidirectional  construction in the area of the closure. This will also prevent
heat transfer per unit area, in the steady-state, between paralfe Positive closure from being directly exposed to the hazard.
planes separated by unit difference of temperature of the nore 2—in limited testing, some uncovered closures may melt and
planes. fuse. Constructing the closures so that they are covered as described above
3.2 For definitions of other textile terms used in this eliminates the melting and fusing observed with uncovered closures.

specification refer to Terminology D 123. 7. Physical Requirements

4. Significance and Use 7.1 Rainwear material shall meet the physical requirements
4.1 This specification covers the minimum performanceof this specification initially as manufactured and shall meet
criteria for arc resistance, flame resistance and other requirghis specification after five cleanings, when cleaned as directed

ments for rainwear used by workers who may be exposed tby the care instructions from the manufacturer.
thermal hazards of momentary electric arcs or flame. 7.1.1 If no cleaning instructions are provided by the manu-
4.1.1 Material response characteristics, resulting from théacturer, the garments shall be laundered five times in accor-
arc exposure shall be reported as a part of the thermalance with AATCC Method 135 (3, IV Aiii).
performance characteristics (see 9.3.4). 7.1.2 The average weight of the rainwear material shall be
4.2 This specification establishes minimum performanceletermined in accordance with Test Method D 3776, Option C,
criteria for rainwear material and rainwear seams that willusing the following instructions: Five weight determination
provide workers with protection from rain under conditions of specimens, each consisting of a circle of material 3.5 in. (8.9
possible exposure to the thermal hazards of momentary electram) in diameter, shall be taken from the sample of rainwear
arcs and open flames. material which will be submitted for the material testing
4.3 Rainwear material that meets the thermal and physicakquired in 7.2.1, 7.4.1, 9.2, and 9.3. If a single, continuous
performance criteria of this specification has been subjected teample of rainwear material is used for all of the designated
an electric arc exposure test, Test Method F 1959/F 1959M. tests, one weight determination shall be done. If a different
Note 1—When rainwear is worn over conventional clothing or flame Sa”.‘p'e of rainwear material is .used for °.”e (.)r more of the
resistant garments, the rainwear material in combination with fabric(s}jes'gnateq tests, a sepa}rate weight dEtermmat'_on shall be_done
worn under the rainwear may also be subjected to the electric arc exposuf@r €ach rainwear material sample. The five weight determina-
test, Provisional Test Methods PS 57 or F 1959/F 1959M and the resulton specimens shall be selected at approximately equally
reported. spaced intervals diagonally along the length of the rainwear
4.4 The purchaser has the option to perform or havenaterial sample. For each weight determination that is done,
performed any of these tests in order to verify the performancéhe average weight for the five specimens and the weights of
of the rainwear. Claims for failure to meet the specification aréhe individual specimens with the highest and lowest weights
subject to verification by the manufacturer. shall be reported on Table 1 and to the testing laboratory. The
4.5 This specification for rainwear shall not be construed agupplier's nominal weight for the rainwear material shall also

a requirement for the use of any particular rainwear materialb€ reported on Table 1 and to the testing laboratory.
7.2 Leak Resistance—Fabric and Seams

5. Ordering Information 7.2.1 The fabric of the sample rainwear shall withstand
5.1 The following items should be considered by the pur-water pressure without leaking at 30 psig (207 kPa), when

chaser when buying rainwear under this specification andested by Specification D 3393.

included, as necessary, in purchasing documents: 7.2.2 The seams of the sample rainwear material shall
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TABLE 1 Rainwear Material Performance Requirements Test Report

Company Issuing Report

Date of Report

Sample description for rainwear material
Composition of substrate

Coating or laminate

Nominal Weight, oz/yd?(g/m?)

Average Weight per ASTM D 3776, oz/yd?(g/m?)

Lowest and Highest Weights per ASTM D 3776, oz/yd?(g/m?)

Color

ASTM F 1891 Requirement

Material Performance

Initial & After 5 Cleanings Initial After 5 Cleanings
Flame Resistance — ASTM D 6413
After flame =2s s s
Char length <6 in. _in. _in.
Melt and drip no yes/no yes/no
Tear Strength Resistance — =6 Ib (w), __Ib(w), __Ib. (w),
ASTM D 1117 (modified) =61b () _b® __Ib.(f)
Waterproofness of Rainwear Fabric no leakage .- ----
ASTM D 3393 at 30 psi
Waterproofness of Seams at 3psi/2 min. — no leakage .- .-
FED-STD-191A Method 5516
Electric Arc Resistance — ASTM F 1959/F 1959M @ ASTM F 1891 Requirement Material
8KA, 12 in. gap, 12 in. distance from arc, s.s. electrodes Performance
Material Average Weight as tested n/a __ozlyd?(g/m?)
Material Weight Range as tested (after cleaning) ozlyd?(g/m?)
Arc Rating (ATPV) Report Only _ callem?
or no minimum value Arc Rating (ATPV)
Arc Rating (Egy) Or Arc Rating (Egy)
Breakopen Threshold Energy Eg; or Breakopen =5 cal/cm? __ callem?
Threshold Energy Above Stoll - Egyas Egror Egras
Heat Attenuation Factor — HAF Report Only — %
no minimum value HAF
Dripping at 2X Arc Rating No dripping yes/no

withstand water pressure with no evidence of water leakage at 8.3 Markings and reflective materials shall conform to the
3 psig (20.7 kPa) for 2 min, when tested by Federal Testequirements of 7.3.
Method Standard (FTMS) No. 191A Method 5516 as modified. 8.4 Rainwear material shall conform to the requirements of
(Note that this requirement is modified versus the parameterg 4 for trapezoidal tearing resistance.

‘ ] . 8.5 The fabrics, stitchings, tapes, coatings, fasteners, and
7.2.2.1 Apump device may be used to achieve 3 psig (20.¢josures used to manufacture the rainwear should be made

listed in the referenced test method.)

kPa) if extension of the water column is not practical.

from electrically non-conductive materials. If conductive fas-

7.3 Markings and reflective materials attached to the rainteners or closures, for example, zippers, snaps, or buttons, or
wear shall be of the permanent type and electrically nongompination thereof, are used, they shall be covered with a
conductive, and shall not degrade the performance of thgyer of rainwear material on the inside of the garment between
the closure and the undergarment or skin.

rainwear.

7.4 Trapezoidal Tearing Resistance—Fabric

7.4.1 The rainwear material shall be tested for trapezoid
tearing resistance according to Test Methods D 1117 excepf
that the measured value shall be the average of the five highq
peak loads. Rainwear material shall have a trapezoidal teari
resistance of not less than 6 Ib (2.7 kg) in the warp directio
and 6 Ib (2.7 kg) in the fill direction. Appendix X3 provides
detailed information for the trapezoidal tearing resistance o
rainwear material according to Test Methods D 1117.

8. Performance Requirements

7.2.1 for leak resistance.

8.5.1 Discussior—If fasteners or closures, for example,
a}ippers, shaps, or buttons, or combination thereof, are used in
manner in which they are in contact with the skin, they can
frease heat transfer and burn injury due to heat conduction to
e skin. Using a layer of material between the conductive
tastener or closure and the undergarment or skin can reduce
eat transfer to the skin. There is no intent that this added layer
f material can provide a reliable electrical insulation barrier.

8.6 The stitchings, thread, findings, zipper tapes, or fasten-

ers, or combination thereof, used to manufacture the rainwear
8.1 Rainwear material shall conform to the requirements oshall not degrade the flame resistance or thermal performance

of the rainwear.

8.2 Rainwear shall be manufactured with seams that meet 8.7 Rainwear material shall conform to the requirements of
9.2 for flame resistance.

the criteria of 7.2.2 for leak resistance.
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8.8 Rainwear material shall conform to the requirements of 9.3.1.2 For the rainwear material sample submitted for arc
9.3 for thermal resistance to an electric arc exposure. testing the material weight after cleaning shall be determined
8.9 The format shown in Tables 1 and 2 shall be used taccording to Test Method D 3776, Option C per the following
report the results for all performance requirements and teshstructions. One weight determination specimen consisting of
observations. This report shall be made available to the circle of material 3.5 in. (8.9 cm) in diameter shall be taken
purchaser of rainwear meeting this specification by the rainfrom each of five rainwear material arc test specimens selected
wear manufacturer. at random. The average material weight and the total range of
. material weight for the five specimens shall be reported with

9. Thermal Performance Requirements the arc test results.
9.1 If the rainwear is constructed of a single-layer fabric or
a multl—layer fabric, then a single-or multl-layer sample of thevariations have on occasion been observed. The intent of this provision is
rainwear as constructed shall be subjected to all thermal teStS  indicate situations in which the material weight variation exceeds a total
9.2 The rainwear fabric shall be tested for flame reSiStancef 5 % which would normally be expected from laundering, drying,
by use of Federal Test Method Standard (FTMS) No. 191Awumidity differences and normal test method error.
Method 5903.1, Flame Resistance Cloth Vertical. Specimens g 3 5 \when rainwear is subjected to higher arc current

shall not melt and drip when subjected to the flar_n_e or Co”t'”u%xposures, the arc rating (ATPV) increases due to surface
to burn for more tha 2 s after removal of_the ignition source. cooling effects or rainwear material changes, or both, during
The char length shall be less than 6 in. (15 cm) for eachy . exposure. Consequently, Test Method F 1959/F 1959M arc
specimen. test parameters are mandated in order to provide a consistent
Note 3—Both melting and dripping must occur for a specimen to fail. comparative database for rainwear fabrics. The specific param-
An indication of melting by itself shall not be interpreted as melting andeter of 8 kA was selected due to ATPV changes leveling off
dripping. close to a minimum value at this arc current level and due to
9.2.1 Rainwear material shall meet the requirements of 9.2elatively high availability of rainwear results at this arc current
initially as manufactured and after five cleanings when cleanetgvel. . _
as directed by care instructions from the manufacturer. 9.3.3 The arc rating (ATPV) or arc ratingeg;), heat
9.2.1.1 If no cleaning instructions are provided by theattenuation factor (HAF) shall be determined according to Test
manufacturer, the garments shall be laundered three times Method F 1959/F 1959M and reported.
accordan_ce with AATCC Method 135 (3, IV Aiii). . Note 6—The determination OEg1asiS not discussed in Test Method
9.3 Ra_lnwear fabric shall be tested for thermal resistance t@ 1959/F 1959M. See 3.1.6 and Appendix X4 for information and
an electric arc exposure by the use of Test Method F 195%xamples on how to determirgs;as using the Test Method F 1959/
F 1959M. Test parameters for Test Method F 1959/F 1959M 1959M test method procedure. DeterminationEgfras may require
shall be 8+ 1 kA arc current, 12 in. electrode gap, stainlessadditional are exposures at higher incident energy in order to reach the
steel electrodes, 12 in. distance between the arc center line aHHfakOp;’ig"eshO'd energy level. be used to aid end . .
the rainwear material specimen surface. Additional test param-.">'* sTAs!S aterm meant to be used to aid end users in matching

Iso b d and th | d . rainwear to the appropriate protective ensemble. That is to say, after the
eters may also be used and the results reported on an optio ctrical arc hazard’g ; has been quantified in terms of calfrthe next

basis. step is to select a protective ensemble with an ATPV rating, quantified in
Note 4— Test Method F 1959/F 1959M is a design test. terms of_ cal/(_:rﬁ, th_at is equal to or greater than the electrical arc hazard’s
) ) ) _E;. At this point rainwear to be worn as an outer layer can be matched to

9.3.1 Rainwear material shall be tested in accordance witthe subject ensemble by ensuring thatBag,<of the rainwear is equal to
9.3 after three washings followed by one drying. The washingr greater than the ATPV rating for the ensemble it is to be placed over.

shall be done as directed by care instructions from thdfrainwearis to be relied on as one of the protective layers in a protective
manufacturer ensemble, then it needs to be tested as a multi-layer ensemble in

9.3.1.1 If no cleaning instructions are provided by theaccordance with Test Method F 1959/F 1959M and assigned an ATPV

: rating, which in turn has to be equal to or greater than the hazard in
manufacturer, the garments shall be washed three times Hliestion. In other words, thEsrasiS NOt to be used as a protective term

accordance with the AATCC Method 135 (3, IV Aiii) followed  in matching rainwear to a hazard, but rather is a breakopen term to be used
by one drying. to match rainwear to the protective ensemble that has already been

Note 5—In arc testing of FR rainwear material, large material weight

TABLE 2 Subjective Material Response Characteristics

Within 1.0cal/cm? of At Two Times
Arc Rating Arc Rating

Observation # 1 Observation # 2 Observation # 1 Observation # 2

Incident Energy, cal/cm?
After flame time, s
Breakopen (yes/no), in. (cm)
Charring (yes/no)

Melting (yes/no)

Dripping (yes/no)

Electric Arc Ignition (yes/no)
Embrittlement (yes/no)
Shrinkage, %
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appropriately matched with the hazard in question. It should be noted that 11.1.1 Inspection of the fabric and seam specimen.
rainwear may pose a hazard to the wearer if it is exposed to energy beyond 11 1.2 \Water leakage testing; fabric and prepared seam
Egrasregardless of the presence of protective underlayers. specimen.

Note 8—Egtas iS determined because it is important to report a 11.1.3 Fabric trapezoidal tearing resistance testing
breakopen threshold for rainwear material, since melting and ignition 11'1'4 Fabric flame resistance testing '

hazards may occur when a rainwear material breaks open during arc ’ ’ L .
exposure. 11.1.5 Electric arc exposure testing. (This is a design test.)

9.3.3.1 When ATPV and HAF cannot be determined due tqngsl'alr']% Lr(l)slgrectmn of rainwear, seams, style, labeling, mark
fabric breakopen, the breakopen threshold en&gyshall be '
determined according to Test Method F 1959/F 1959M and 2. Compliance Certification
reported.

9.3.4 Breakopen threshold energ¥g() or breakopen
threshold energy above stoli{r,d shall be equal to or greater | onic of this specification.

than 5.0 Cﬁ"c'ﬁ l N stics | _ 12.1.1 The user, at his expense, shall have the option to
9.3.5 The material response characteristics for rainweay s, compliance with the requirements of this specification.
material, includingafterflame time, breakopen, charring, elec- 12.2 Except where noted as a design test, the rainwear

tric arc ignition, embrittlement, melting, and shrinkaghall 1\ terial shall be tested at least every 12 months to confirm
be reported for two typical exposures at least equal to the ar,

. : X Sompliance with the requirements of this specification.
rating (ATPV) or arc rating&gy) value and also for two typical 12.3 The rainwear supplier or manufacturer shall provide

exposures at least two times the arc rating (ATPV) or arc rating., o\ jiance testing and certification to the purchaser when a
(Egy) value. Material response for dripping shall be reported,q,," or modified rainwear material, substrate, coating, or
for two typical exposures at least two times the arc rating;ynesive is used to manufacture rainwear. A change in rainwear
(ATPV) or arc rating Egy) value. material could be, but is not limited to, any of the following:
9.3.6 When arc testing according to Test Method F 1959, oo mnosition, weight, or supplier of the substrate, coating,
F 1959M, dripping shall be determined by observing all valid|, ninate or adhesive, or combination thereof. The test noted as
arc test specimen exposures in an incident energy range foiegjgn test” as well as all other tests shall be repeated to verify

zero to 2 cal/ crﬁ.above. the arc rating (ATPV) or arc rati_ng compliance with the performance requirements of this specifi-
(Egp) (whichever is applicable). At least three arc test specimen tion.

exposures for which the incident energy is at least equal to the 5 4 The entire shipment or lot of rainwear material shall be

arc rating (ATPV) or arc ratingHgy) but not greater than 2.0 oo cteq for use under this specification if the selected samples
cal/cnt above the arc rating (ATPV) or arc ratingdy) shall be do not meet the requirements of this specification.
used in the determination of dripping. There shall be no

dripping for valid arc test specimen exposures within this range 3. Labeling, Identification, and Packaging

of incident energy. _ _ _ 13.1 Each item of rainwear shall be permanently identified

9.3.6.1 An arc test specimen exposure involves a single teg |aheled with its size, style designation or catalog number, the
specimen on one instrumented panel in Test Method F 195Q43nyfacturers name and notation of conformance to this
F 1959M. A valid arc test specimen exposure is one which ca@pecification. These shall be indelibly marked such as with an

be used in the determination of arc rating (ATPV) or arc ratingamproidered label or equivalent permanently affixed to the
(Eg) according to Test Method F 1959/F 1959M, for example,inside of the rainwear at the top of the back of each item of

in the case of arc rating (ATPV) specimen exposures that dpsinwear or at the bottom hem of each item of rainwear.
not exhibit breakopen, and in the case of arc ratifg.\ 13.2 The supplier shall provide an indelibly marked label
specimen exposures that do not exhibit breakopen and do ngf,ch a5 an embroidered label or equivalent designating the arc

exceed the Stoll curve. Both melting and dripping must OCCU4ting as either the arc rating (ATPV) or arc ratifigs{) of the

for a specimen to fail. o _ base fabric used to manufacture the item and affixed in a
/9.3.6.2 Specimen exposures for the determination of dripreagily visible location inside of each item of rainwear.

ping shall all be from the same lot of test material. _13.3 Acare label shall provide instructions for cleaning and
/9.3.6.3 Specimen exposures for the determination of dripgna|| pe attached so that it will remain firmly attached and

ping shall be from the same arc testing series and shall bgggaple throughout the life of the rainwear.

conducted on a single day or consecutive testing days. 13.4 The method of packaging individual or bulk, shall be
9.3.7 There shall be no dripping for the specimen eXposureggreed to between the supplier and purchaser.

at least two times the arc rating (ATPV) or the arc ratifig]. 13.4.1 Each rainsuit or item of rainwear should be individu-

. . . . ally packaged.
10. Stifiness of Rainwear Fabrics (Optional Test Method) 13.4.2 The following information shall be provided on or in

10.1 Optional test methods for determining stiffness of thehe package: name of manufacturer, size, fabric material,
rainwear are provided in Appendix X2. catalog number or style of the contents, date code or date of
manufacture of the rainwear, and the ASTM designation.

12.1 Rainwear material shall be tested and certified by the
manufacturer or supplier to be in compliance with the require-

11. Sequence of Testing and Inspection

11.1 The following order of testing is suggested for thel4. Sizing
evaluation of rainwear material: 14.1 An optional sizing guide is provided in Appendix X1.
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Sizes shall be agreed upon between the rainwear manufacturemergy; electric arc; electric arc ignition; flame resistant; heat
and the purchaser. attenuation factor; incident energy; leak resistant; thermal

hazard
15. Keywords

15.1 arc thermal performance value; breakopen threshold

APPENDIXES
(Nonmandatory Information)

X1. SIZING AND MEASUREMENTS

X1.1 Sizing Guide ¢

X1.1.1 When placed without tension on a flat surface so that
the rainwear is without creases or wrinkles, and measured at
the points indicated, the rainwear shall conform to the mea-
surements shown in Table X1.1.

X1.2 Measurements

X1.2.1 Jacket MeasurementsSee Fig. X1.1.

X1.2.1.1 Chest Girth (C}— Twice the distance across the
closed rainwear jacket measured 1 in. (2.5 cm) below the
lowest points of the armhole seams. Location of the armhole

<

seams can be approximated for designs without arm hole JACKET

seams, for example, batwing designs. A = Arm Length
X1.2.1.2 Sleeve Length (A)The distance from the vertical . C = 1/2 Chest Girth

centerline of the jacket at the base of the collar band or hood ' | l E = 1/2 Elbow Girth

attachment seam to the end of the sleeve. C L = Jacket Length

X1.2.1.3 Sleeve at Elbow Girth (E}-Twice the distance
across the sleeve at a point midway along the underarm length
of the sleeve.

X1.2.1.4 Jacket Length (I3-The distance from the base of q%'
the collar band or hood attachment seam at the vertical !
centerline of the jacket to the bottom of the jacket shall be 30 | TROUSERS
in. (75 cm) as standard. Optional lengths may be specified upon
agreement between the manufacturer and purchaser.

X1.2.2 Trousers MeasurementsSee Fig. X1.2.

FIG. X1.1 Jacket Measurements

I = Inseam Length
W = 1/2 Waist Girth
K = 1/2 Knee Girth

TABLE X1.1 Two Piece Rainsuit Measurements

Jacket—Measurements in Inches (Centimetres)

Size Chest Sleeve Sleeve at Elbow
Girth (C) Length (A)—See Girth (E)
Note X1.1

Small 45 (114) 32 (81) 19 (48)
Medium 49 (124) 33 (84) 19 (48)
Large 53 (135) 34 (86) 19 (48)
X-Large 57 (145) 35 (89) 20 (51)
XX-Large 60 (152) 36 (91) 20 (51)
XXX-Large 64 (163) 36 (91) 20 (51)

Trousers—Measurements in Inches (Centimetres) FIG. X1.2 Trouser Measurements

Size Waist Leg Inseam Knee X1.2.2.1 Waist Girth (W}— Twice the distance across the
Girth (W) tenath () —See Girth (K) waist at a distance of 8 in. (20 cm) above the crotch for trousers
p—— 22 007 20 74) 169 with bib front and suspenders._ _
Medium 45 (114) 30 (76) 22 (56) X1.2.2.2 Knee Girth (K}— Twice the distance across the leg
Large 48 (122) 31 (78) 23 (58) at a position midway between the crotch and the bottom of the
X-Large 51 (130) 31 (78) 24 (61) |eg
oL e 2 e P e oo X1.2.2.3 Leg Inseam (B- The distance from the crotch

along the leg seam to the bottom edge of the leg.
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X1.3 Permissible Measurement Tolerances in. (5 cm) subtracted from the sleeve and leg lengths listed in Table X1.1.

. . Tall sizes should have 2 in. (5 cm) added to the sleeve length and leg
X1.3.1 Girth Measurements-Table X1.1 value*1 in.  |engths as listed in Table X1.1. Girth measurements for short and tall

(2.5 cm). heights should conform to Table X1.1 measurements. Additional special
X1.3.2 Length MeasurementsTable X1.1 valuex0.6 in. sizes may be agreed to between user and manufacturer.

(1.5 cm). X1.4 Measurement of Fabric Thickness and Mass
Note X1.1—Table X1.1 provides measurements for regular length (Optional)

rainsuits. Short and tall sizes may be provided by changing the sleeve and X1.4.1 Fabric thickness and mass shall be determined by
leg lengths of the regular length measurements. Short sizes should havetze procedure included in Test Methods D 751.

X2. DRAPE STIFFNESS

X2.1 Perform the drape stiffness test in a manner similar tanay be performed over a range of temperatures between 10
the method specified in Test Method D 1388. Use Option A4°F (-12+ 2°C) and 110+ 4°F (43 £ 2°C). Condition the
Cantilever Test, of Test Method D 1388 as the test methodspecimen and the test device for at ledd ateach of these
Drape stiffness is a measure of how a material will bend undetemperatures prior to the performance of the test. The test shall
its own weight, and is referred to as “bending length” in Testbe conducted at the same temperature used to condition the
Method D 1388. fabric specimens.

X2.1.1 Alby 6 in. (25 by 150 mm) rectangular specimen x22 An alternate test method, Federal Test Method Stan-
may be used for testing typical rainwear fabrics. dard (FTMS) No. CCC-T-191b Method 5204, the Clark Stiff-
X2.1.2 Test five specimens from each sample lot. The testess Tester, may also be used to determine flexural rigidity.

X3. TRAPEZOIDAL TEARING RESISTANCE

X3.1 Test Methods D 1117, trapezoidal tearing resistancenovement, while the other gripping surface or jaw shall be
test information for testing rainwear material, is provided ascompletely moveable. The dimensions of the immovable jaw
general assistance and clarification to the test laboratory.  of each clamp parallel to the application of the load shall

X3.1.1 The specimen shall be a>3 6 in. (76.2x 152.4 Mmeasure 1 in. (25.4 mm), and the dimension of the jaw
mm) rectangle. The long dimension shall be parallel to thdPerpendicular to this direction shall measure 3in. (76.2 mm) or
warp for warp tests and parallel to the filling for filling tests. More. The face of the moveable jaw of each clamp shall
No two specimens for warp tests shall contain the same fillingn€asure X 3in. (25.4x 76.2 mm). Each jaw face shall have
yarns. The specimen shall be taken to avoid the selvage of tif flat, smooth gripping surface. All edges that might cause a
cloth. An isosceles trapezoid having an altitude of 3 in. (76.26utting action shall be rounded to a radius of not more #an
mm) and bases of 1 and 4 in. (25.4 and 101.6 mm) in lengthin- (0.4 mm). In cases where a cloth tends to slip when being
respectively, shall be marked on each specimen with the aid dested, the jaws shall be faced with rubber or other material to
a template. A cu®s in. (9.5 mm) in length shall then be made Prevent slippage. The distance between the jaws shall be 1 in.
in the center of a line perpendicular to the 1 in. (25.4 mm)(25.4 mm) at the start of the test.
edge. X3.1.2.3 Recorder shall consist of a calibrated dial, scale, or

X3.1.2 Apparatus shall consist of a straining mechanismg¢hart used to indicate applied load and elongation. Error shall
two clamps for holding specimens, and load and elongatiomot exceed 2 % up to and including a 50-Ib (22.7-kg) load and
recording mechanisms, wherein the specimen is held betweein% over a 50-lb (22.7-kg) load at any reading within its
two clamps and strained by a uniform movement of the pullingoading range. All machine attachments for determining maxi-
clamp. The test machine shall be operated at a rate of 1mum loads shall be disengaged during the test.
in./min (304.8 mm/min). The apparatus shall be constant-rate- X3.1.3 The specimen shall be clamped along the nonparal-
of-extension (CRE) device. lel sides of the trapezoid so that these sides lie along the lower

X3.1.2.1 Straining mechanism shall be of such capacity thaédge of the upper clamp and upper edge of the lower clamp
the maximum load required to break the specimen shall be natith the cut halfway between the clamps. The short trapezoid
greater than 85 % or less than 15 % of the rated capacity of thiease shall be held taut, and the long trapezoid base shall lie in
straining mechanism as specified by the manufacturer. the folds. The strain mechanism shall be started, and the force

X3.1.2.2 Clamps shall be designed such that the 6 oz (1708ecessary to tear the cloth shall be observed by means of the
g) of weight are distributed evenly across the complete widthrecording device. Five specimens in each of the warp and
of the sample. The clamps shall have two jaws on each clamffilling directions shall be tested from each sample unit. If a
The design of the clamps shall be such that one grippingpecimen slips between the jaws, breaks in or at the edges of
surface or jaw shall be permitted to be an integral part of thehe jaws, or, if for any reason attributable to faulty technique,
rigid frame of the clamp or be fastened to allow a slight verticalan individual measurement falls markedly below the average
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test results for the sample unit, such result shall be discardebe of the five highest peak loads of resistance registered. The
and another specimen shall be tested. tear strength shall be reported to the nearest 0.1 Ib (45.4 g). The
X3.1.4 The trapezoidal tearing resistance shall be the avestandard deviation shall also be determined and reported.

X4. RAINWEAR TESTING GUIDANCE

X4.1 Examples of ATPVEBT andE gTasare provided for A Suggested rating system—None, slight, moderate, severe. It is recommended

g . . : that the testing laboratory establish appropriate reference standards for these
clarification of 9.3. The listed values are typical of actual . response characteristics.

rainwear tests. X4.1.2 Example 2-ATPV and HAF are measured using
X4.1.1 Example +-ATPV and HAF are measured using Test Method F 1959/F 1959M to be 4.0 calfcand 50.5 %,
Test Method F 1959/F 1959M to be 4.0 calfcand 50.5 %, respectively, and Eas is determined to be 4.5 cal/énSince
respectively, based on temperature rise data from 20 expos&gras iS less than 5.0 cal/chthis rainwear material is not in
specimens, which did not breakopen. The breakopen threshof@mpliance per 9.3.4.
energy above stollEgrag is determined to confirm that  X4.1.3 Example 3-ATPV and HAF cannot be determined
breakopen (3.1.4) occurs above the minimum of 5 cadl/asmm  due to breakopen, s&g; is determined according to Test
required in 9.3.4. Arc testing is continued at higher exposurélethod F 1959/F 1959M as the average of the highest five
levels to determin&g ag The duration of the arc exposure is incident energy values which did not cause breakopen (3.1.4).
increased in order to reach the breakopen threshold energy 3&i€¢ Egr is calculated from the following incident energy
thatEgrascan be determined. Breakopen as defined in 3.1.4 igalues 6.1, 6.8, 7.1, 7.3, 7.7 caltro be 7.0 cal/crh Arc
observed above 9.5 cal/ctnThe highest five incident energy testing is continued at higher exposure levels of approximately
values that did not cause breakopen (7.9, 8.4, 9.1, 9.3, 915 callcnt to obtain information in 9.3.5. The material re-
cal/cnt) are averaged to determitig a5 (per 3.1.6) to be 8.8 sponses characteristics are reported for two typical exposures
cal/cn?. Material response characteristics are reported belowat least equal to th&g value and for two exposures at least
for two typical exposures at least equal to ATPV (4.1 and 4.32qual to two times th&g value (14.3 and 15.2 cal/cf).
cal/cn?) and for two exposures at least two times the ATPV  X4.1.3.1 Reported results and subjective material thermal

(8.4 and 9.1 cal/cR). responses for Rainwear Material Y:
X4.1.1.1 Reported results and material response charactegample Y: ATPV (callcm?) Not Available
istics for Rainwear Material X: HAF (%) Not Available
Eg; (callcm?) 7.0

Sample X: ATPV (cal/cm?) 4.0 Compliance Based on Testing Results Yes (Egr> 5 callcm?)

HAF (%) 50.5 Subjective Material Thermal Responses

Egras (callcm?) 8.8 Electric Arc Shot No. 97-0077 97-0072 97-0081  97-0083
Compliance Based on Testing Results Yes (Egyas > 5 callcm?) Panel Location B C A B
Material Response Characteristics: Incident Energy (cal/cm?) 7.1 7.3 14.3 15.2
Electric Arc Shot No. 96-0751 96-0750  96-0755 96-0758 Afterflame time (s) 1 0 4 6
Panel Location A B C C Breakopen (in.) No No 1xX4 2X6
Incident Energy (cal/cm?) 4.1 4.3 8.4 9.1 Charring® None Slight Moderate Severe
Afterflame time (s) 1 0 4 6 Melting* None None Slight Slight
Breakopen (in.) No No No No Dripping® None None None None
Charring” None Slight Moderate  Moderate Electric Arc Ignition No No No Yes
Melting® None None Slight Moderate Embrittlement® None None Moderate Severe
Dripping* None None None None Shrinkage, % 0 5 10 14
Electric Arc Ignition No No No Yes A Suggested rating system—None, slight, moderate, severe. It is recommended
Embrittlement* None None Moderate  Severe

that the testing laboratory establish appropriate reference standards for these

Shrinkage, % 0 5 10 14 material response characteristics.
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X5. HUMAN TISSUE TOLERANCE TO HEAT—SECOND-DEGREE BURN

TABLE X5.1 Human Tissue Tolerance to Heat—Second-Degree Burn A
Exposure Time, s Heat Flux Total Heat Calorimeter® Equivalent

kW/m? callcm?s kWs/m? cal/cm? AT°C AT°F AmV
1 50 1.2 50 1.20 8.9 16.0 0.46
2 31 0.73 61 1.46 10.8 19.5 0.57
3 23 0.55 69 1.65 12.2 22.0 0.63
4 19 0.45 75 1.80 13.3 24.0 0.69
5 16 0.38 80 1.90 14.1 253 0.72
6 14 0.34 85 2.04 15.1 27.2 0.78
7 13 0.30 88 2.10 155 28.0 0.80
8 115 0.274 92 2.19 16.2 29.2 0.83
9 10.6 0.252 95 2.27 16.8 30.2 0.86
10 9.8 0.233 98 2.33 17.3 31.1 0.89
11 9.2 0.219 101 241 17.8 321 0.92
12 8.6 0.205 103 2.46 18.2 32.8 0.94
13 8.1 0.194 106 2.52 18.7 33.6 0.97
14 7.7 0.184 108 2.58 19.1 34.3 0.99
15 7.4 0.177 111 2.66 19.7 35.4 1.02
16 7.0 0.168 113 2.69 19.8 35.8 1.03
17 6.7 0.160 114 2.72 20.2 36.3 1.04
18 6.4 0.154 116 2.77 20.6 37.0 1.06
19 6.2 0.148 118 2.81 20.8 375 1.08
20 6.0 0.143 120 2.86 21.2 38.1 1.10
25 5.1 0.122 128 3.05 22.6 40.7 1.17
30 45 0.107 134 3.21 23.8 42.8 1.23

A Derived from: Stoll, A. M., and Chianta, M. A.,* Method and Rating System for Evaluations of Thermal Protection,” Aerospace Medicine, Vol 40, 1969, pp 1232-1238,
and Stoll, A. M., and Chianta, M. A., “Heat Transfer through Fabrics as Related to Thermal Injury,” Transactions—New York Academy of Sciences, Vol 33 (7) November
1971, pp 649-670.

B lron/constantan thermocouple.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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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