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Standard Test Method for
Thermal Protective Performance of Materials for Protective
Clothing for Hot Surface Contact 1

This standard is issued under the fixed designation F 1060; 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 3. Terminology

1.1 This test method is used to rate textile materials for 3.1 Definitions—In testing thermal protection clothing ma-
thermal resistance and insulation when exposed for a shoterial, the response to hot surface contact is indicated by the
period of time to a hot surface with a temperature up to 600°Following descriptive terms:

(316°C). This test method is applicable to woven fabrics, knit 3.1.1 charring—the formation of a carbonaceous residue as
fabrics, battings, and sheet structures intended for use dke result of pyrolysis or incomplete combustion.

clothing for protection against short exposure to hot surfaces. It 3.1.2 embrittlement-the formation of a brittle residue as a
is not intended for use in evaluating materials exposed to angesult of pyrolysis or incomplete combustion.

other thermal exposure such as radiant energy or open flames.3.1.3 heat flux—the thermal intensity indicated by the
This test method is currently useful as a research and devekdmount of energy transmitted per unit area and per unit time
opment tool. (cal/cnt-s) (watts/crf).

1.2 This test method should be used to measure and describe3.1.4 human tissue heat toleraneén the testing of thermal
the properties of materials, products, or assemblies in responpeotective materials, the amount of thermal energy predicted to
to heat under controlled laboratory conditions and should notause a pain sensation or a second degree burn in human tissue.
be used to describe or appraise the thermal hazard or fire risk 3.1.5 ignition—the initiation and continuation of combus-
of materials, products, or assemblies under actual exposut®n.
conditions. 3.1.6 melting—a response evidenced by softening of the

1.3 The values as stated in Sl units are to be regarded as thaaterial, resulting in a nonreversible change.
standard. The values in parentheses are given for information 3.1.7 shrinkage—a response evidenced by reduction in
only. specimen size.

1.4 This standard does not purport to address all of the 3.1.8 sticking—a response evidenced by softening and ad-
safety concerns, if any, associated with its use. It is thénerence of the material to the hot surface or other material.
responsibility of the user of this standard to establish appro- 3.1.9 thermal end point-in the testing of thermal protective
priate safety and health practices and determine the applicamaterials, the point at which the sensor response on the

bility of regulatory limitations prior to use. recorder chart intersects the human tissue burn tolerance
criteria overlay.
2. Referenced Documents 3.2 For all terminology related to protective clothing, see
2.1 ASTM Standards: Terminology F 1494,
D 123 Terminology Relating to Textilés 3.3 For definitions of other textile terms used in this test
D 1776 Practice for Conditioning Textiles for Testfng method, refer to Terminology D 123.
D 4391 Terminology Relating to The Burning Behavior Of
Textiles 4. Summary of Test Method
F 1494 Terminology Relating to Protective Clothing 4.1 This test method measures the performance of insulative

materials. A material is placed in contact with a standard hot
surface. The amount of heat transmitted by the material is

1 This test method is under the jurisdiction of ASTM Committee F23 on Compared with the human tissue tolerance and the obvious
Protective Clothing and is the direct responsibility of Subcommittee F23.80 on .
Flame and Thermal. effects of the heat on the material are noted.
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4.2 The temperature of the hot surface is measurediave the ability to achieve a temperature of at least 371°C
controlled with a thermocouple and the heat transmitted by th€700°F) and to permit temperature control within 2.8°€ (
test specimen is measured with a copper calorimeter. Th&°F).
calorimeter temperature increase is a direct measure of the heats.3 Surface plate- The flat plate shall be 6.4 mn¥4{in.)
energy received. thick, 140 by 140 mm (5.5 by 5.5 in.) wide, with a 2.4 m¥A

4.3 A contact pressure of 3kPa (0.5 psi) is used to comparid.) hole drilled from the edge to the center of the plate (Fig. 2).
material performance under controlled conditions. If a differentUse either electrolytic copper or T-1100 aluminum surface
pressure is chosen to represent a specific use condition, wheseites. The surface plate must be flat, smooth, and free from
it is used should be noted under test conditions (13.1.2.3). pits and cavities. (Flatness is indicated by negligible light

4.4 The material performance is determined from thepassing between a straight edge and the plate surface.) Loss of
amount of heat transferred by the specimen and the observee original mill finish (as judged with the naked eye) or
effect of the heat exposure on the specimen. The thermalarping, or both, may result in failure to achieve calibration
protection is the exposure time required to cause the accumwyith the reference standard.
lated heat received by the sensor to equal the heat that will g 4 Senso—A copper calorimeter mounted in an insulating
resultin a pain sensation (see Table 1) or cause a second degggck with added weight and constructed as shown in Figs. 3
burn in human tissue (see Table 2), as predicted from comparing 4 with the standard characteristics listed below. The
son of heat transfer data with human tissue heat toleranq@"owing equations permit the determination of the total
curves (see Table 1 and Table 2). incident heat energy from the copper calorimeter:

_ massx C, X (TemBna — TeMRyisia)

5. Significance and Use . . (1)
areaXx (tlinnal - tlmenitial)

5.1 This test method rates textile materials intended for use
as protective clothing against exposure to hot surfaces, for theiwhere:
thermal insulating properties and their reaction to the testq

heat flux (cal/crfs),

conditions. mass = mass of the copper disk/slug (g),

5.2 The thermal protection time as determined by this testCp = heat capacity of copper (0.09426 cal/g°C at
method will relate to the actual end-use performance only to 100°C), _
the degree that the end-use exposure is identical to thé®MAna = final temperature of copper disk/slug at
exposure used in this test method, that is, conductive energ timegna (°C), .
from hot surfaces up to 600°F (300°C) and under a pressure of€MRia = initial temperature of copper disk/slug at
3kPa (0.5 psi). timeniiar (°C),

area area of the exposed copper disk/slug Tm
‘timqma, ending time (s), and
q Me.iia = Starting time (s).

5.3 The procedure maintains the specimen in a static
horizontal position under a standard pressure and does n

involve movement, For a copper disk/slug that has a mass of 18.0 g and exposed

b test methOd for matengls for the_r mal pmtec“\./earea of 12.57 cr) the determination of heat flux reduces to:
performance is intended for use in comparing the relative

performance of various materials. _ 0.135X (TemRna — T€MRyisar) @
(tiMming — tiMepia)
6. Apparatus If you use a copper disk/slug with a different mass and/or

6.1 General ArrangementThe arrangement of the indi- exposed area, the constant factor should be adjusted corre-
vidual components of the test apparatus is shown in Fig. 1. spondingly. Also note that a different mass/surface area sensor
6.1.1 Alternatively, transmit temperature output readings tawill give different rates of temperature change to incident heat
a data acquisition unit, then computer process to obtain the teshergy so the calculations made later will need to note this and
result. make appropriate changes to correct (for example, see 10.3,
6.2 Hot Plate—Shall have a flat heated surface with the12.1.2, 13.1.3.1). The calorimeter must fit securely in the

smallest dimension, a minimum of at least 200 mm (8 in.) andnsulating block and its surface must be flush with the face of

TABLE 1 Human Tissue Tolerance to Pain Sensation

Exposure Heat Flux Total Heat Calorimeter Equivalent
Time callcm?.sec W/cm? callcm?-s W sec/cm? AT, F AT°, C AmV
1.0 0.640 2.70 0.640 2.70 8.53 4.74 0.250
1.5 0.475 2.00 0.713 3.00 9.51 5.28 0.275
2.0 0.385 1.61 0.770 3.22 10.27 5.71 0.293
3.0 0.280 1.17 0.840 3.51 11.20 6.22 0.322
5.0 0.195 0.82 0.975 4.08 13.00 7.22 0.375
7.0 0.155 0.65 1.085 4.54 14.47 8.04 0.420
10.0 0.118 0.49 1.180 4.94 15.73 8.74 0.458
20.0 0.076 0.32 1.520 6.36 20.27 11.26 0.582
30.0 0.060 0.25 1.800 7.53 24.00 13.33 0.690
50.0 0.060 0.25 3.000 12.55 40.00 22.22 1.150
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TABLE 2 Human Tissue “ Tolerance to Second Degree Burn

Exposure Heat Flux Total Heat Calorimeter?® Equivalent,
Time, s callcm?-s Wiem? cal/lcm?-s Wicm? AT F AT, °C Amv
@ @ &) 4) Q) (6) Q) ®)
1 1.2 5.0 1.20 5.0 16.0 8.9 0.46
2 0.73 3.1 1.46 6.1 19.5 10.8 0.57
3 0.55 2.3 1.65 6.9 22.0 12.2 0.63
4 0.45 1.9 1.80 7.5 24.0 13.3 0.69
5 0.38 1.6 1.90 8.0 25.3 141 0.72
6 0.34 14 2.04 8.5 27.2 151 0.78
7 0.30 13 2.10 8.8 28.0 15.5 0.80
8 0.274 1.15 2.19 9.2 29.2 16.2 0.83
9 0.252 1.06 2.27 9.5 30.2 16.8 0.86
10 0.233 0.98 2.33 9.8 311 17.3 0.89
1 0.219 0.92 241 10.1 32.1 17.8 0.92
12 0.205 0.86 2.46 10.3 32.8 18.2 0.94
13 0.194 0.81 2.52 10.6 33.6 18.7 0.97
14 0.184 0.77 2.58 10.8 34.3 19.1 0.99
15 0.177 0.74 2.66 1.1 35.4 19.7 1.02
16 0.168 0.70 2.69 11.3 35.8 19.8 1.03
17 0.160 0.67 2.72 11.4 36.3 20.2 1.04
18 0.154 0.64 2.77 11.6 37.0 20.6 1.06
19 0.148 0.62 2.81 11.8 37.5 20.8 1.08
20 0.143 0.60 2.86 12.0 38.1 21.1 1.10
25 0.122 0.51 3.05 12.8 40.7 22.6 117
30 0.107 0.45 3.21 13.4 42.8 23.8 1.23

A 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, “Transaction-New York Academy of Sciences,” Vol 33 (7), Nov. 1971, pp 649-670.
B A calorimeter with an iron/constantan thermocouple.
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FIG. 1 Thermal Protective Performance Apparatus, Hot Surface 5 % . 1_16_
Contact (140 + 2.0mm)
l X
[ ¢ ] :4‘»:,
. . : . R T =
Fhe msulatmg blpck.\(\/ar_nmg.—Su_rface variations may result 2% s 16 ORILL 37 (2.amm)
in failure to achieve calibration with the reference standard.) (70 = 2.0mm) HOLE IN CENTER
. i . i . Material: Electrolytic Copper or T-1100 aluminum
6.5 CaI|brat_|on Specimea-Six new, not p_rewously tested FIG. 2 Surface Plate
sheets of ordinary newspaper with total thickness of (53
0.05 mm (0.021+ 0.002 in.). 7. Hazards

6.6 Recorder—Any strip chart recorder with full-scale de- 7.1 Perform the test in a hood or a ventilated area to carry
flection of at least 150°C (300°F) or 10 mV and sufficient away degradation products, smoke, and fumes. Exercise care to
sensitivity and scale divisions to read sensor response to 1°frevent contact with hot surfaces. Use protective gloves when
(*x2°F) or £0.05 mV. A chart speed to read exposure time tohandling hot objects. Have an appropriate portable fire extin-
+0.1 s is required, 13 mm/s (0.5 in./s) is satisfactory. guisher nearby.
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1207 DRILL & KOLES FOR Temug.  HOVE DETAIL AND METHOD exposing to a standard atmosphere for testing textiles, that is,
JRING THERM i . . . . . ..
COUPLES, 1, LN CENTER Ao orounLe in air maintained at a relative humidity of 652 % and at a

3 AS INDICATED. 7 SEPARATE
3/C WIRES temperature of 2t 1°C (70 =2°F) for at least 4 h. See the
75" (20M4)D s 1= & portion of the Definitions Section of Practice D 1776 contain-

{1.6MM)

1.577(aomn)2 A T * ing the definitions for" standard atmosphere for precondition-
POSITION 30 GA 6 JE ing textiles” and for" standard atmosphere for testing textiles.”
T/C IN HOLE, peen  (12M) 55
! 18 GA COPPER PLUG eo . . . .
SENSOR OF ELECTRICAL IN PLACE TO SECURE 10. Calibration and Standardization

GRADE COPPER

10.1 Apparatus—Center the surface plate on the hot plate
and place a thermocouple in the thermocouple (T/C) well of the
surface plate to measure exposure temperature.

10.2 Test Exposure- Adjust control to the hot plate to
obtain desired temperature. Allow temperature to stabilize to
within 2.8°C (+=5°F) of the desired test temperature as indi-
cated by three successive readings taken at least 5 min apart.
™~ 10.3 Reference StandardSix new sheets of ordinary news-

; pape? conditioned as specified in 9.3 are the calibration
e specimen used as a reference standard. When the reference
X6 Ny ke —-;;-”-— standard is used with a plate temperature of 2(8*C (392
(1.6x1.6%) (9,50 +5°F), correct operation of the apparatus and data analysis are
indicated with the results of Time to Pain = 14 0.2 s and

, Time to Burn = 3.0+ 0.3 s.
< 2.5" (£3.5 mm) ——— —~ L —;~ —_ 10.4 Sensor Care
(12.7m) 10.4.1 Initial Temperature—Cool the sensor after exposure
with a jet of air or by contact with a cold surface. Reheat the
SENSOR SUPPORT CF SOFT INSULATION BCARD sensor to approximate body temperature by contact with the
mg%a"éécLé‘N*ngsﬁi;éiﬁééiggfgz[éfiéég?%%;:ﬁ}1ON palm of hand just prior to positioning over the test specimens.
R T v paaNy SENSOR FLAT BLACK. Do not adjust the zero setting of the recorder.
FIG. 3 Details of Calorimeter Construction 10.4.2 Surface Reconditionirglnspect the sensor face im-
mediately after each run. If it has collected any degradation
8. Sampling produc_ts_, or polymer has stuck to it, the surfac'e requires
: reconditioning. Carefully clean the cooled sensor with acetone

8.1 Lot Size—For acceptance sampling purposes, a lot ispr petroleum solvent, making certain there is no ignition source
defined as a single shipment of a single style of fabric. A lotyearby. If bare copper is showing, repaint the surface with a
constitutes all or part of a single customer order. thin layer of flat black spray paint (emissivity>0.95). After

8.2 Lot Sample-As a lot sample for acceptance testing, repainted surface has air dried, heat sensor on hot surface plate
take at random the number of rolls of fabric directed in anyg gt |east 65°C (150°F) to “cure” paint prior to using the
applicable material specification or other agreement betweerconditioned sensor in a test run.
the purchaser and the supplier. 10.5 Preparation of Human Tissue Heat Tolerance

8.3 Laboratory Sample-As a laboratory sample, take from Qverlays—The thermal end point is determined with a plot of
the OutSide Of eaCh rO” in the IOt Sample a fu” W|dth SWatCh Ofenergy versus t|me to cause a pain Sensation or Second degree
fabric 1 m (1 yd)long after discarding a full width length of at pyrn in human tissue. Plot, on the recorder chart paper, the
leag 1 m (1 yd)from the very outside of each roll. calorimeter equivalent for second degree burn from Table 2,
9. Specimen Preparation which corresponds to the reco_rder sgmé"F, AT°C, orAmV _

' (column 6, 7, or 8) on the vertical axis and the corresponding

9.1 Cutand identify five test specimens from each swatch ifime (column 1) on the horizontal axis. Use chart units based
the laboratory sample. Make each test specimen 100 by 15h the recorder full scale deflection and the chart speed to give
*2mm (4 by 6+%16in.) with two of the sides of the specimen g graph which compares directly with the recorder sensor trace.
parallel with the warp yarns in woven fabric samples, with theys pen deflection is from left to right, and paper movement
wales in knit fabric Samples, or with the Iength of the fabric in down, p|ot from nght to |eft_0rigin at lower nght If recorder
batts or sheet structure. Do not cut Samples closer than 2 % ﬂface differsy adjust the graph according]y_ Make an exact
the fabric width from the selvage. Cut specimens from aransparent duplicate for the overlay. Compare the overlay with
diagonal zone across the sample swatch so as to get @fe original to ensure that duplication did not change the
representative a sample of all yarns present as practical.  gverlay size. In like manner, plot the pain tolerance curve using

9.2 Alternatively cut test specimens from a finished gar-qata from Table 1.
ment. Cut specimens using the orientation indicated in 9.1. Test
specimen shall not include any seam.

9.3 Bring the specimens to a controlled moisture content by sqpe type of newsprint used by thé/all Street Journalhas been found
preconditioning in a 48.9°C (120°F) ovenrfd h and then satisfactory for this purpose.

—
J

10 1579
8 (40M4)
2

2.5" (63.5 mn)
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1RON/CONSTANTAN THERMOCOUPLE
LEADS TO RECORDER
1
DRILL 8 (3.2mm) D HOLE FOR
/Tr{ERMOCOUPLE LEAD

\L«/ STEEL BLOCK APPROX.
3o g
14x22x22
N (44.5 X 63.5 X 63.5mm)
‘ DRILL AND TAP TO
- \\ ‘ " ATTACH INSULATION BLOCK
TO STEEL BLOCK.
\\ N |
|

i CALORIMETER AS
|
(x)g I PER FIGURE 3
L= = V3T —

COUNTER SINK SCREWS
AT 4 CORNERS.

7

jL,

N~ —
it ——

COPPER CALORIMETER ™~ .
TO BE MOUNTED FLUSH

WITH SURFACE INSULATING
BLOCK.

Note 1—Grind steel block to give total assembly weight of 3.125025 Ib. (1417.5+ 11 gr).
FIG. 4 Details of Calorimeter and Weight Assembly

11. Procedure direct contact with the hot plate. Place the horizontal (time)

table, and if multiple layers, in the order they are worn, withSquare with the recorder chart. Exposure time is read to the
the surface worn next to the skin facing up. Center the sensdlearest 0.1 s from the overlay chart at the point where the
on the specimens and draw the long ends up either side of tf€Nsor response curve and the tissue tolerance curve cross. If

sensor. cross, record” no pain” or “no burn” as the test result.

11.2 Specimen ExposureStart the recorder chart Move- o 1—The first indication of pen deviation may be determined as the
ment and position the sensor on the hot surface plate. Contintigersection of the continuation of the time baseline of the tracer i the
the exposure until the sensor response exceeds the values of thection, and the extension of the first straight line portion of the sensor
calorimeter equivalent temperature rise for second degree burgsponse back toward the base line.

(temperature rise of 35 to 40°F, 20 to 25°C, or 1.0 to 1.2 mV

for long exposures). Assemblies that have superior insulatiofhs- Report

may not permit heat transfer that will exceed the heat criteria. 13.1 State that the test has been performed in accordance
In this case, stop the test after 1 min, or a period of timewith this ASTM designation F1060, and report the following
representing the desired use condition. Remove the sensor aimdormation:

specimen from the hot surface, separate specimen layers and13.1.1 Material:

start cooling the sensor. Expose three specimens or combina-13.1.1.1 A detailed sample description including fabric

tions of layers of materials. weight and thickness, type treatments if any, source, and any
) other relevant information. Include data for all materials
12. Interpretation of Results involved in this test:

12.1 The information obtained from this test is an observa- 13.1.1.2 Number of rolls in lot sample, and
tion of the physical damage produced by the exposure, and the 13.1.1.3 Number of specimens tested.

time predicted to cause a pain sensation or a second degree;3 1 2 conditions of Test if Other Than Standasiich as:
burn from the heat transferred through the test specimen. Refer13 1.2.1 Hot surface temperature;

to Terminology D 4391. . .

12.1.1 Response to Hot Surface Contaehfter the exposed 33'1'1‘2]2 Numbe(rj of layers tested—single, multiple and
specimen has cooled, observe the effect of the exposure. TiRLIEr Of fayers, an
observed conditions may be described by one or more of the +3-1-2.3 Contact pressure.
terms defined in Section 3. 13.1.3 Test Results

12.1.2 Exposure Time- The time to the thermal end pointis ~ 13.1.3.1 Human tissue criteria—pain, second degree burn,
determined graphically from the recorder chart of the senso@r both;
response and the criterion overlay prepared in 10.5. Position 13.1.3.2 Exposure time for each specimen for each criterion
the overlay on the recorder chart, matching the zero of th&ised;
overlay with the point on the recorder chart corresponding to 13.1.3.3 Average exposure time for all specimens tested for
the time at which the sensor and the specimen were placed gach criterion used, and
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13.1.3.4 Description of the effect of the exposure energy as 14.1.3 Until the interlaboratory study is completed, users of
listed in 12.1.1. the test method are advised to exercise conventional statistical

. . caution in making any comparisons of test results.
14. Precision and Bias

14.2 Bias

14.1 Precision—A temporary precision statement is in- . . .
cluded, pending completion of an interlaboratory study thatd %.4'281 Tlhg v?lues Off tlrr;e—tto—patlrr: ‘an time-to-burn can be
will allow stating both within-laboratory and between- 9€"N€d oN y. In terms ot a test method. _
laboratory precision. 14.2.2 This test method has no known bias.

14.1.1 Single Laboratory Study-Five multilayer material 14.2.3 There is no independent referee test method for
composites were tested in one laboratory, using one operator tietermining whether or not this test method has any bias.
measure time-to-pain and time-to-burn parameters, as required
by the procedure. Five specimens were measured for eadhs. Keywords
material. The data set was analyzed and precision reported for ] _ . L
each material separately in the form of standard errors and 15.1 hot surface contact; protective clothing; textiles; ther-
critical differences. mal; thermal resistance

14.1.2 Within-Laboratory Precision, based upon determina-
tion in one laboratory, is given in Table 3 for time-to-pain and
time-to-burn (second degree), with each material shown sepa-
rately.
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TABLE 3 Within-Laboratory Precision Table — 95 % Probability Level Showing Values for Standard Error (SE) and
Critical Difference (CD) (Single Laboratory/Single Operator Determination)

Time To Pain Time to Burn

Material Sp in Av SE CD Sp in Av SE CD
A 1 1.071 3.00 1 1.307 3.66

3 0.618 1.73 3 0.755 211

test std 5 0.479 1.34 5 0.584 1.64
7 0.405 1.13 7 0.494 1.38

B 1 0.152 0.42 1 0.583 1.63

3 0.088 0.25 3 0.337 0.94

test std 5 0.068 0.19 5 0.261 0.73
7 0.057 0.16 7 0.220 0.62

C 1 0.415 1.16 1 0.428 1.20

3 0.239 0.67 3 0.247 0.69

test std 5 0.185 0.52 5 0.191 0.54
7 0.157 0.44 7 0.162 0.45

D 1 0.228 0.64 1 0.336 0.94

3 0.132 0.37 3 0.194 0.54

test std 5 0.102 0.29 5 0.150 0.42
7 0.086 0.24 7 0.127 0.36

E 1 0.705 1.97 1 1.377 3.85

3 0.407 1.14 3 0.795 2.23

test std 5 0.315 0.88 5 0.616 1.72
7 0.266 0.75 7 0.520 1.46

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).



