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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Refractory products — Determination of compressive

str

ength at elevated temperature

1 Scope

This document specifies a test method for determining the compressive strength of refractory products

at elq

This

vated LeIperaturc.

test method could also be used for materials development, quality control, characterizj

and dlata generation purposes.

NOTH
refra

This document also could be used for determining the compressive strength of carbg
Ctory products at elevated temperature in an airtight furnace with reducing atmesphere.

2 Normative references

The
cons
unda

ISO §
ISO 1
ISO 1
ISO §

ISO 1
Refer

3
Fort
ISO 4
— 1
— 1

following documents are referred to in the text in such away that some or all of t
Fitutes requirements of this document. For dated refererices, only the edition cited
ted references, the latest edition of the referenced doctment (including any amendme

022, Shaped refractory products — Sampling and agceeptance testing

927-2, Monolithic (unshaped) refractory products — Part 2: Sampling for testing

927-5, Monolithic (unshaped) refractory products — Part 5: Preparation and treatment ¢
895, Shaped insulating refractory preducts — Determination of cold crushing strength

0059-1, Dense, shaped refractory; products — Determination of cold compressive streng|
ee test without packing

Terms and definition’s

he purposes of this document, the following terms and definitions apply.
nd [EC maintain'terminology databases for use in standardization at the following adc

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/

tion, design

n containing

heir content
applies. For
hts) applies.

)f test pieces

th — Part 1:

Iresses:

31

compressive strength at elevated temperature
maximum load (applied under specified conditions at elevated temperature) divided by the area over
which the load is applied, that a refractory will withstand before failure occurs

4 Principle

A test piece of known dimension is subjected, at test temperature and under specified conditions, to
an increasing compressive load until failure occurs (fracture occurs, or strain reaches 1 % for dense
refractory products or 10 % for shaped insulating refractory products, respectively). The compressive
strength at elevated temperature is calculated from the maximum load that a refractory will withstand
before failure occurs and the mean cross-sectional area over which the load is applied.

NOTE The unit of compressive strength at elevated temperature is N/mm?2 (MPa).
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5 Apparatus

5.1 Furnace

5.1.1 The furnace shall be able to heat the test piece to the setting temperature with a constant
heating rate. The temperature deviation shall be less than 20 °C while the test temperature is above

500 °C.

5.1.2 The hot end of the thermocouple should be located at the middle of the test piece. The distance
between the test piece and the hot end of the thermocouple should be less than 10 mm.

The furnace

5.2 Loadj]

5.2.1 Genleral

The capacit
maximum |
exerted on t
a constant s
for insulatin

5.2.2 Loa

The loading
60 mm in si
small deviat
capable of W

design should be such that the test pieces and columns can be easily installed.

Ing device

y of the test machine shall be greater than 10 % of the expecteddJoad at fracture o
pad before the strain reaches the expected value. The accuracy.of the load measure
he test piece should be within 2 %. The test machine shall be/capable of applying loads
tress rate meeting the requirements of 7.4.1 for dense shaped refractory products or
g refractory products and recording the load-strain curve.

ding column

column shall be a cylinder at least 60 mm in\diameter, or a rectangular column at
e length. The loading column sits on a sphefical seating material that will compensat
ions from parallelism between the columns and the test piece. The loading column sh
ithstanding the applied load up to the end of test.

5.2.3 Sup

The supporting column shall be a cylinder at least 60 mm in diameter, or a rectangular column at

60 mm in si
the end of td

orting column

e length. The supporting-column shall be capable of withstanding the applied load
st.

S

s shall be placed between the columns and test piece to prevent a possible reaction bet
mponents.

cs shall be made of a suitable refractory material compatible with the material

Ir the

ment
with
7.4.2

least
e for
]l be

least
hp to

iveen

nder
b] for

b ‘high-fired mullite or alumina for alumina-silicate products, and magnesia or spin

5.2.4 Dis¢

a) Thedis
their co

b) The dis
test. (e.
magnes

c)

d)

3 1 dp).
a prouuctsy:

The discs shall be capable of withstanding the applied load up to the end of test.

be approximately 30 mm to 50 mm.

5.3 Deformation measuring device

The diameter or side length shall be about 5 mm longer than that of column and the thickness shall

It shall be capable of measuring and recording the deformation of test pieces when loading. An
appropriate measuring instrument, such as dial-gauge or a length transducer, could be used only if its
sensitivity is better than 0,005 mm.

© IS0 2021 - All rights reserved
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Calipers

The calipers shall be capable of measuring to at least 0,1 mm.

5.5

Electrical oven

The oven shall be capable of heating to 110 °C £ 5 °C.

5.6

5.7

6

6.1

Samjpling of shaped refractory products shall be in accordance with [SO.5022. A single teg

be ta
shap

sampling plan and noted in the test report. A minimum of three-{€st pieces is recommende

agre
prod

6.2
The

diameter.

NOTH

If the¢ compressive strength of materials at elevated temperature is extremely high, cylix

heig

insulating refractory products;.cylinders shall only be used as test pieces.

The dimension shall be ndoted in the test report.

6.3

6.3.1 Shaped refractory products

Test

sam¢ dipection as the forming pressure during manufacture, where this is known. The orig

of th

Set square

~Feeler gauge

[est pieces

Sampling
ken from a standard brick, or a test item equal to or less than 2 000 cm3, or two test
es of significantly larger volume. The number of test items should be in accordance wit

bd between the parties concerned and noted in the testpeport. Sampling of unshape
ucts shall be in accordance with I[SO 1927-2.

Dimensions

limensions of test pieces shall be cylinders f*50 mm # 0,5 mm in height and 50 mm

t of less than 50 mm or cubes with side length of less than 40 mm could be used as tes

Preparation

pieces shall be drilled or cut from the test items so that the load applied during test]

t piece shall
pieces from
h an agreed
d or shall be
d refractory

+ 0,5 mm in

If it is not possible to prepare cylindérs, cubes of 40 mm + 0,5 mm in side length can e used as an
altermpative.

ders with a
t pieces. For

ing is in the
nal position

e test pleces 1n the test items shall be noted. Test pieces containing cracks or obviou

any of the surfaces shall be discarded and this shall be noted in test report.

NOTE

6.3.2 Dense unshaped refractory products

s defects on

Itis suggested to grind two loading surfaces of test piece with a double-head diamante flat grinder.

Three test pieces prepared at the same time shall be tested. The test pieces shall be prepared and
stored according to the relevant clauses of ISO 1927-5. Cutting or drilling should be performed after
drying at 110 °C/24 h to ensure enough mechanical strength. The test piece should then be dried again
immediately. The direction of load-applying shall be perpendicular to the direction of fabrication except
for the cylindrical test pieces.

© IS0 2021 - All rights reserved
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For castables with high strength, cylindrical test pieces shall be prepared instead of cubic test pieces.
The surface bearing load shall be ground to ensure that it is plane and parallel. For castables with low
strength, cubic test pieces shall be prepared. For ramming materials, taphole and dry mixes, cylindrical
test pieces can only be used.

6.4 Dimension checking

6.4.1 Plane ofloading surfaces

Both ends of the cylindrical test piece shall be made plane and parallel, grinding the surfaces where
required. To-ensure-that-the-top-and-bottemends-of-the-testpiecesare-plane-overtheisurface each
end shall in furn be pressed, with a load of 3 kN + 1 kN, onto a levelling plate which is lined with'eqrbon
or blue papdr and hard filter paper (0,15 mm in thickness) according to ISO 10059-1. Test pieCesthat do
not show two complete, clearly visible coloured impressions shall be reground.

6.4.2 Parpllelism of loading surfaces

The parallelism of the test pieces shall be checked by four measurements of the height at the extrenpities
of two perpéndicular diameters for a cylinder, or for a cube, along four edges between the load-bearing
faces. The difference between any two of these measurements shall not exceed 0,2 mm.

6.4.3 Perpendicularity

The perpeniicularity shall be checked by placing the test piece omaplane surface and using a set square
placed against the sides of the test piece at four positions corresponding to the height measurements.
The gap betiween the side of the test piece and the set square shall be not more than 0,5 mm ywhen
measured with the feeler gauges.

6.5 Drying and treatments

The prepar¢d test pieces shall be carefully dried to constant mass by placing them in a drying|oven
at 110 °C £|5 °C for 24 h. They are then ceoled to room temperature and stored in a low moisture
atmosphere| until the start of the testalf-necessary, pre-treatment for dense unshaped refragtory
products shall be performed accordingte'ISO 1927-5.

For unfired fest pieces, the test shallbe carried out immediately after drying and cooling. For fired test
pieces, the test shall be carriediottt within three days after drying and cooling.

7 Procedures

7.1 Dimensionmeasurement

7.1.1 Diameter

a) For cylindrical test pieces, measure two perpendicular diameters of each load-bearing surface to
within 0,1 mm using the calipers. From the arithmetic mean of these four measurements, calculate
the initial cross-sectional area, 4.

b) For cubic test pieces, measure two perpendicular medians of each load-bearing surface to within
0,1 mm using the calipers. From the arithmetic mean of these four measurements, calculate the
initial cross-sectional area, 4.

7.1.2 Height

a) For cylindrical test pieces, measure four heights at the extremities of two perpendicular diameters
to within 0,1 mm using the calipers. From the arithmetic mean of these four measurements,
calculate the average height, h,.

4 © IS0 2021 - All rights reserved
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b) For cubic test pieces, the direction of measurement shall be along the loading. Measure four
heights in the middle of edges to 0,1 mm using the calipers. From the arithmetic mean of these four
measurements, calculate the average height, h,,.

7.2 Installation

7.2.1 Install the test piece according to Figure 1.

L N ¢

Key

1 lpading column

2 disc

3  testpiece

4  dupporting columiu
5 thermocouple

6  gpherical seating

Figure 1 — Location of test piece with discs, columns and thermocouple

7.2.2 Check the thermocouple, load cell, displacement transducer and ensure the load, temperature
and strain can be continuously recorded.

7.3 Heating

7.3.1 Test temperature

The test temperature shall be set according to defined product requirements or agreed between
interested parties.

© IS0 2021 - All rights reserved 5
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