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INTERNATIONAL

Standard Test Method for
Quantitatively Measuring the Effect of Thermal Shock and
Thermal Cycling on Refractories *

This standard is issued under the fixed designation C 1171; 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. Significance and Use

1.1 This test method is used for determining the strength 3.1 This test method indicates the ability of a refractory
loss or reduction in continuity, or both, of prism-shapedproduct to withstand the stress generated by sudden changes in
specimens which are cut from refractory brick or shapes antemperature.
subjected to thermal cycling. 3.2 Because the recommended furnace temperature of this

1.2 The strength loss is measured by the difference imycling test is 1200°C (2190°F), this test method may not
modulus of rupture (MOR) between uncycled specimens anéhdicate the ability of a refractory product to withstand cycling
the specimens subjected to thermal cycling. at higher or lower temperatures, especially if the existing

1.3 The reduction in structural continuity is estimated by themorphology of the refractory product changes.
difference in sonic velocity before and after thermal cycling. 3.3 This test method is useful for research and development,

1.4 The values stated in inch-pound units are to be regardems well as for comparing refractory products. The precision
as the standard. The values stated in parentheses are ftould be considered when using this test for specification
information only. purposes.

1.5 This standard does not purport to address all of the 3.4 Ruggedness tests found the following variables to be
safety concerns, if any, associated with its use. It is theugged:

responsibility of the user of this standard to establish appro-temperature +5°C
priate safety and health practices and determine the applicaholtdspacir_lg 1’//2 to 33//4i_n- ((1122-7777t0 1199 mm))
.. T . cold spacing 2 t0 Ya in. .77 t0 19 mm
bility of regulatory limitations prior to use. center vs. end gripping of the bars
hot hold time 10 to 15 min
2. Referenced Documents cold hold time 10 to 15 min
2.1 ASTM Standards: operator air speed 0 to 2 mi/h (0 to 3.2 km/h)

. initially cold or heated samples
C 133 Test Methods for Cold Crushing Strength and ModUHast in, first out (LIFO); or first in, first out (FIFO)

lus of Rupture of Refractoriés re”:joval from tlhe frlf”nace e face during MOR tecti
H H H awed or original surface as tensile face during testing
C 607 Practice for Coking Large Shapes of Carbon-Bearing’ ' o oo 0.96 t0 1.04 in. (24.5 to 26.4 mm)
Material$
C 769 Test Method for Sonic Velocity in Manufactured 4. Apparatus
Carbon_ and Graphite Materials for Use in Obtaining an 4.1 Furnace capable of maintaining 1200°C (2190°F) with
Approximate Young's Moduli’s recovery rate of less than 5 min to temperature.
E 4 Practices for Force Verification of Testing Machihes 4.2 Abrasive Sawto cut the test specimens.
E 691 Practice for Conducting an Interlaboratory Study to 4.3 Dryer, capable of operating at 105°C to 110°C (220°F to
Determine the Precision of a Test MetHod 230°F).
4.4 Tongs or Fork for handling hot specimens.
. ‘ o _ 4.5 Safety Equipmentsuch as gloves, face shields, and
This test method is under the jurisdiction of ASTM Committee C08 on inted safet lasses
Refractories and is the direct responsibility of Subcommittee C08.02 on Therma‘ y 9 . .
Properties. 4.6 Alumina Setter Brick90 %, placed 5 in. (127 mm) apart
Current edition approved May 10, 2003. Published May 2003. Originally in and outside the furnace.
published in 1991 as C 1171 -91. Last previous edition approved in 1996 as 4 7 Strength Testing MachireAny form of standard me-
Clzl,z,irijgfséook of ASTM Standardsol 15.01. chanical or hydraulic compression testing machine that con-

3 Annual Book of ASTM Standatdgol 03.01. forms to the requirements of Practices E 4 may be used.
4 Annual Book of ASTM Standardgol 14.02.
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4.8 Sonic Velocity Machine-Test apparat¥sonforming to 7.3 Preheat the test furnace to the test temperature of 1200
Section 6 of Test Method C 769. + 15°C (2190= 25°F); preheating is usually done the night
. prior to testing. Use of other test temperatures is allowed and
5. Sampling must be included as a deviation in the report.

5.1 The sampling shall consist of at least two bricks or 7.4 Place the test specimens from the remaining group into
shapes, or test samples made from monolithic refractories. Ahe furnace spanning the setter brick and allow them to remain
least ten test specimens shall be used. An equal number gfere for 10 to 15 min. Then, remove the specimens from the
specimens shall be taken from each of the bricks or shapes furnace and allow them to cool for 10 to 15 min while spanning

5.2 Samples should be prefired to a temperature at least @e setter brick in ambient air. This is considered one full cycle.
high as the test temperatures. Keep the specimerig to ¥4 in. (12.77 to 19 mm) apart during
each 10 to 15 min interval. Repeat for a total of five full cycles.

i _ . Cycle time in the furnace starts after recovery.

6.1 Test specimens shall be#1 ¥s2in. by 1 = ¥s2 in. by 7.5 Measure the sonic velocity (using Test Method C 769)
approximately 6 in. (25t 0.8 by 25+ 0.8 by approximately along the length of each cycled test specimen.

152 mm). Note in the report if other specimen sizes are used. 7 g pDetermine the cold modulus of rupture (using Test
Specimens cut from brick shall have at least one original brickethods C 133) of each cycled test specimen from the second
surface. If cut shapes, the specimens shall be taken parallel E)%up, using three point loading with a 5-in. (127-mm) span

the longest dimension. For irregular shapes, all four longyg 5 loading rate of 175 Ibf/min (778 N/mm) or 0.05 in./min
surfaces of the specimens may be cut faces. Note this in tl‘@_27 mm/min).

report.
6.2 Opposite faces of the specimen shall be approximatelg. Calculation
parallel, and adjacent faces shall be approximately perpendicu- 8.1 Calculate the percent sonic velocity loss of each speci-

lar.
. . men as follows:
6.3 Measure the width and depth of the test specimen at W

mid-span to the nearest 0.01 in. (0.3 mm). Vo= Ve o 100

6. Test Specimens

6.4 Specimens should be visually crack- and flaw-free. Vo
6.5 Dry specimens to constant weight at 105 to 110°C (220\yhere:
to 230°F). o ~V, = original sonic velocity of each specimen, ft/s (m/s),
6.6 Carbon-containing samples must be coked according to and
Practice C 607 and must be wrapped in¥diliring the cycling V- = sonic velocity of each specimen after testing, ft/s
procedure. See Fig. 1 for the wrapping technique. (m/s).

8.2 Calculate the percent modulus of rupture strength loss of

7. Procedure .
) ) each specimen as follows:
7.1 Measure the sonic velocity along the length of each test

specimen according to Test Method C 769 and divide the M"'\; Me o 100
specimens into two equal groups on the basis of similar 0
distributions of velocity measurements. where:

7.2 Determine the cold modulus of rupture (using TestM, = average modulus of rupture strength of the un-
Methods C 133) on one group, using three point loading with shocked specimens from the first group after testing,
a 5-in. (127-mm) span and a loading rate of 175 Ibf/min (778 psi (MPa), and
N/mm). M; = modulus of rupture strength of each specimen for the

second group after testing, psi (MPa).

5 A commercially available instrument, such as a James V-Meter, Pundit, or
equivalent, is an acceptable test apparatus. 9. Report

p ; . o, .
wide, 0.002-1. (0.05.mm) hick). avalabie rom Rolled Albys, 125 vieat Stems 91 R€POTt the individual sonic velocity, modulus of rupture,
Rd., Temperance, MI, has been found satisfactory for this purpose. percent sonic Ve|OCIty loss, and percent modulus of rupture

strength loss values, as well as the average percent sonic
velocity loss, the average percent modulus of rupture loss, and
the furnace temperature. Report the number of test specimens
included in any modulus of rupture calculation. The report

shall also list any deviations from standard test requirements.

10. Precision and Bias

* Squeeze here.

\ A Tuck here. 10.1 Interlaboratory Test Data-An interlaboratory round-
, robin test was conducted in 1988 among six laboratories on
> =] three different types of refractory products. Each laboratory
v f rie with stainiess tested two specimens from each of five samples of each of

S e nire. ™' three different types. Each laboratory determined sonic veloc-
FIG. 1 Foil Wrapping for Prism Shock Test (Not to Scale) ity and modulus of rupture strength after cycling to 1200°C.
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TABLE 1 Relative Precision

Modulus of Rupture

Brick Type MOR Lost, % Coefficient Variation Repeatability Reproducibility
Within Lab, % Between Labs, % Interval, Percent Interval, Percent
of Average of Average
70 % Alumina:
Specimen 1 20.68 59.43 65.33 166.40 182.92
Specimen 2 19.44 53.09 66.51 148.64 186.23
60 % MgO DB:
Specimen 1 59.48 25.74 29.36 72.07 82.21
Specimen 2 55.52 19.92 22.18 55.78 62.10
MgO—C:
Specimen 1 23.58 46.10 96.82 129.08 271.09
Specimen 2 31.49 74.31 83.01 208.07 232.42
Sonic Velocity
Repeatability Reproducibility
Sonic Velocity Coefficient Within Variation Interval, Percent Interval, Percent
Brick Type Lost, % Lab,% Between Labs, % of Average of Average
70 % Alumina:
Specimen 1 14.03 11.62 21.74 32.53 60.87
Specimen 2 13.79 17.37 23.37 48.63 66.96
60 % MgO DB:
Specimen 1 42.41 14.15 19.14 39.61 53.58
Specimen 2 44.19 7.98 13.85 32.35 38.78
MgO—C:
Specimen 1 22.64 6.08 78.90 17.03 220.92
Specimen 2 23.75 38.69 94.76 108.33 265.33

The components of variance from this study expressed as 10.3 Bias—No justifiable statement of bias is possible since
standard deviation and relative standard deviation are given ittue variables cannot be established by an acceptablereference
Table 1. Refer to Practice E 691 for calculation of componentsnethod.

of variance.

10.2 Precision—The results of the interlaboratory study are 11. Keywords
shown in Table 1. The precision was found to vary based on the . . .
type of material tested. A test result should be considered 11-1 modulus of rupture; refractories; sonic velocity; ther-
significantly different at a confidence level of 95 % if the Mal cycling
repeatability or reproducibility, or both, exceeds the precision
data listed in Table 1.

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).

aZzmanco.com


https://azmanco.com

