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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not.received

patent(s)

ich may be required to implement this document. However, implementers are ca

this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ
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hnation of the voluntary nature of standards, the meaning of ISO specific terms and
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n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

pxXpressions
Yorld Trade
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ent was prepared by Technical Committee ISOATC 33, Refractories.
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Dense

and insulating shaped refractory products —

Determination of modulus of rupture at ambient temperature

1 Scope

This document specifies a method for the determination of the modulus of rupture of dense and insulating

se of stress.

shaped refr

Shaped reft
document i
products ar

This docun
specimens

2 Norm

The followi
requiremern

ctorvnroducts at ambient temperature under conditions of a constantrate of incre
A o 7

5 accordingly applicable to standard shape refractory bricks, but also special shape
d pre-cast products.

nent is also applicable to unshaped refractories (see 1SO 1927-6) aftér prepara
iccording to ISO 1927-5.
ative references

hg documents are referred to in the text in such a way that'some or all of their content
ts of this document. For dated references, only the edition cited applies. For undated

the latest edlition of the referenced document (including any amendments) applies.

ISO 13385-
and metrold

ISO 7500-1
Tension/con

3 Terms

For the pur

[SO and [EC

IEC Ele

3.1
modulus o
MOR

|, Geometrical product specifications (GPS) — Dimensional measuring equipment — Pg
lgical characteristics of callipers

Metallic materials — Calibration and_verification of static uniaxial testing machine

pression testing machines — Calibratiornand verification of the force-measuring systen|
and definitions

pboses of this document, the following terms and definitions apply.

maintain terminology)databases for use in standardization at the following address

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

Ctropedia: available at https://www.electropedia.org/

f rupture

actories are those which have fixed geometry and dimensions when delivered-to the user. This

b refractory

rion of test

constitutes
references,

rt 1: Design

s — Part 1:
0

ES:

Of

maximum stress that a prismatic test piece of specified dimensions can withstand when it is bent in a three-
point bending (3.2) device

3.2

three-point bending
means of bending a beamlike test piece whereby the test piece is supported on bearings near its ends, and a

central forc

3.3

e is applied

dense shaped refractory product
product with specific dimensions, having a true porosity of less than 45 % by volume, when measured in

accordance

with ISO 5017

© IS0 2025 - All rights reserved
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shaped insulating refractory
shaped refractory having a true porosity of not less than 45 % by volume, when measured in accordance

with ISO 50

3.5
sample

16

representative collection of items that can be obtained by sampling according to a sampling plan agreed
upon by the interested parties

Note 1 to entry: An example of an applicable sampling plan is given in ISO 5022.

3.6
item

refractory ll»rick or shape

3.7

test piece
test specim|
piece of ma

4 Signif

This test is
design dat3
linear elast
isotropic an

The moduly
microstruc
size and shi
of the testi
accordinglyl

As a conse
obtained fT
hence requ
be describe
required fo
of modulus
stressing oy

This metho
the test app

The method
carbon-bon

en
ferial extracted from an item (3.6) and suitably shaped and prepared for-the test

jcance and use

intended to be used for research, material development, manufacturing process
acquisition purposes. The strength level determined by the test is calculated on
c bending of a beam on the assumption that the materidal'being tested is elastically ho
d shows linear (Hookean) stress-strain behaviour,

s of rupture can be significantly affected by a large number of factors associatg
ure of the material, the surface finishing procedure applied in preparation of the tes
pe of the test piece, the orientation of the-test piece during testing, the geometry an
1g jig and the stress rate. Comparisons'of the results between different determinat
not be made if one or more of theseparameters differ between the two determinatig

Huence of the brittle nature of\refractories, there is usually a considerable rang
pm a number of nominally_identical test pieces. Caution in the interpretation of te
red. For many purposesyand as described in this document, the results of the M(
d in terms of a mean vdlue and a standard deviation. Further statistical evaluation
" design data acquisitionrand can be desirable for other purposes. In particular, any ey

to other environments should be viewed with caution.

 places clasély defined restrictions on the size and shape of the test piece and on thg
aratus i order to minimize the errors that can arise as a consequence of the test me

| relaté€s primarily to shaped and fired refractories. If it is to be applied to chemicall

control and
the basis of
mogeneous,

bd with the
L pieces, the
d functions
ions should
ns.

b of results
5t results is
R test may
of results is
trapolation

of rupture data.tg)other geometries of stressing, to multiaxial stressing, to other rates of

function of
thod.

y bonded or

déed, bricks, they will usually require some form of preliminary heat treatment. This

breliminary

treatment iS@TTatter of agreemennt betweerr the iterested parties and sirattbedescribedimtie

estreport.

This method can also be applied to unshaped refractories, more specifically on test pieces prepared
according to ISO 1927-5 and ISO 1927-6.

5 Principle

Bending a prismatic test piece of the product to be tested at a constant rate of increase of stress until failure
occurs, whereby the test piece is supported on bearings near its ends, and a central force is applied.

© IS0 2025 - All rights reserved
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6 Apparatus

6.1 Testj

ig

The loading device shall have three bearing edges, two to support the test piece and one for the application of
the load (see Figure 1). The three edges shall have a radius of curvature in accordance with the requirements
given in Table 1 and shall be of length not less than 5 mm greater than the width (w) of the test piece (see

Figure 2).

The contact lines of the three edges shall be parallel to each other in a direction perpendicular to the length
and the plane of the width of the test piece. Two supporting edges shall rest on an intermediate bearing
piece, cylindrical on its lower surface, so that each edge may rotate independently in a vertical plane to
accommodate any slight twist in the test piece (see Figure 2). Alternatively, one supporting edge may be

fixed, with

The distang
edge shall

Key

1 load-be
compre
support
tensile f
Figuré

he other supporting edge and the load-bearing edge being capable of rotating in aye

e between the two supporting edges shall be in accordance with Table 1 and'the |
e positioned equidistantly, at L,/2 + 1 mm from each supporting edge.

Dime
1/2Lg +1

«
|
/ ‘ oA b \
|
3 3
hring edge L, span, distance between the points of supp
piece
bsion face h  height of the test piece
ing edge
hce
1 — Arrangements and dimensions of test piece and bearing edges of the test

tolerances, see Table 1

rtical plane.

bad-bearing

lsions in mm

brt of the test

ig; for

© IS0 2025 - All rights reserved
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load-be
test pied
support

B wWw N R

interme

Figu

6.2 Testi
test piece. ]
shall be equ
be in accord

6.3 Drying oven, capable of being controlled at (110 # 5) °C, or other device which has an

heating effg
For MgO co

NOTE A
temperature

ring edge w  width of thetest piece
e
ing edge

diate bearing piece

ng machine, capable of applying a-force uniformly to the load-bearing edge in order
'he machine shall be capable of@pplying this force at a constant loading rate. The t
ipped for recording the peakload applied to the test piece. The accuracy of the test m
ance with ISO 7500-1, Grade2 (accuracy 2 % of indicated load), or better.

ct.

htaining prodiicts, it is recommended to dry the test pieces to constant mass at (150

distribution and efficient drying of the test pieces.

6.4 Calli;r

ér,which shall be in accordance with ISO 13385-1, of resolution 0,1 mm, or alternativ|

re 2 — Diagrammatic representation of loading device - Intermediate bearing piece

o stress the
bst machine
achine shall

equivalent

- 10) °C.

fan-assisted oven with ventilation and an exhaust air damper would assist in attainfing an even

e calibrated

device measuring to this resolution, ror measurement of test piece dimensions.

7 Testp

ieces

7.1 Number of test pieces

7.1.1 A sample consists of at least four items, obtained by sampling according to a sampling plan agreed
upon by the interested parties, e.g. ISO 5022.

© IS0 2025 - All rights reserved
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7.1.2 The number of test pieces to be cut from each item is a matter of agreement between the interested
parties and shall be stated in the test report (see Clause 10). In order to facilitate statistical analysis, the
same number of test pieces shall be cut from each item.

NOTE

representative sample.

7.2 Shape and size

If only one item is available, whenever possible, at least four test pieces will be taken in order to compose a

7.2.1 Dimensions and tolerances of test pieces shall be in accordance with the values given in Table 1.

Table 1 — Test pieces dimensions and tolerances

Dimensions.i

h millimetres

Test piece|size Tolerance for | Tolerance for the | Tolerance for the Span Radius of cur-
Lxbxh the width w and | parallelism of the | parallelism of the L, vatufre for the
height h cross- section top and bottom suppgrting and
sides faces load-bgaring edges
230x114[x 76 L
- - - + +
230 x 114[x 64 18 1p=03
200x40x40 | +0,15 +0,25 1801 16 +0,5
150x 25 % 25 *1 0,1 0,2 125+1 +0,5
7.2.2 In the case of complex shapes or small items, test pieces similar in shape shall be cut frgm the item
with the larjgest possible volume (see 7.2.3).
7.2.3 Thelrelative ratio of the largest grain size to the smallest test piece dimension can signifigantly affect
the obtainefl modulus of rupture value. Testing test pie¢es cut from larger items and containing Jarge grains
may result [in MOR values significantly different from those obtained when testing the items from which
they were ¢ut. The smallest test piece dimension\should at least be five times larger than th¢ maximum
grain dimension.
7.3 Prepgration
7.3.1 Stanpdard size bricks shall be tested as received.
7.3.2 If test pieces are prepared out of larger items (by cutting or grinding), it shall be done in such a
way that, if the direction{in-which the brick was pressed is known, the longitudinal bearing faces of the
test pieces are perpendieular to the direction of pressing. In order to avoid potential effect of remaining as-

© IS0 2025 - All rights reserved
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sintered surfaces on the resulting modulus of rupture, the location of extraction shall be, whenever possible,
at least 10 mm away from any original surface of the item (see Figure 3).

Key

1  pressing

F

Cutting wit
of the cut W

enter the face of the brick that is to form th

method inv
piece of the

7.3.3 The

8 Proce

8.1 Recoid the

8.2 Dryt

b direction

st piece extraction from larger ite
surfaces; d,, dyand d, =2 10 mm

gure 3 — Diagrammatic representation of
Coloured surfaces are longitudinal g@t

\écommended If a serrated rim wheel is use
yed; it is therefore recommended that such a w
ensile face of the test piece during the test. Altern]

h a continuous rim diamond wheel i
here the wheel emerges are often:

blving the use of abrasives h as a high-speed abrasion wheel, enabling the produ
correct dimensions with eakening their structure, may be used.

O

direction of pressk%gbf’known, shall be marked on the test piece.
>
@ent temperature of the test environment to the nearest 1 °C.

v

dure

m

1, the edges
heel should
atively, any
ction of test

t each time

1@st piece to constant mass in the oven (5.3), controlled at (110 * 5) °C, cooling

away from

molsture. Store the test pieces under dry conditions till performing the test.

For MgO containing products, it is recommended to dry the test pieces to constant mass at (150 + 10) °C.

8.3 Measure the width (w) and height (h) of each test piece at its mid-point to the nearest 0,1 mm.

8.4 Check the parallelism of the cross-section sides and of the top and bottom faces, and that it complies
with the limits given in Table 1

8.5 Measure the distance between the lower supporting edges to the nearest 0,1 mm.

© IS0 2025 - All rights reserved
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8.6 Ensure that the testjig is cleaned of fracture debris from previous tests, and that the rollers of the test
jig are free from burrs and can rotate freely in the jig.

8.7 Position each test piece in turn in the test jig, ensuring that the test piece is positioned centrally
across the supporting edges, that the rollers are in the correct starting position, and that the test piece is
centralized under the loading axis.

When the test piece is a normal standard brick, the face bearing any brand mark, shall be in compression
(i.e. shall be the upper face).

8.8 Selectaloading rate depending on the material tested according to the requirements of Table 2.

For high-strength materials requiring longer than about 3 min to perform a test, preloading to one half
of the antidipated failure load may be accomplished at any convenient rate exceeding the spg¢cified rate.
Subsequent]ly, the test pieces would be loaded at the standard rate specified in Table 2. Both-the preload and
the rate usqd to reach it would accordingly be given in the report.

Table 2 — Standard loading rates

Refractory type Dimensions Span Stress rate Loading rate
(mm) (mm) (MPa/s) (N/s)

230 x 114 x 76 180 366 + 37
Dense shaped 230 x 114 x 64 180 615% 0,015 259 + 26
refractory 200 x 40 x 40 180 36+3,6
150 x 25 x 25 125 13+1,3
230 x 114 x 76 180 122 +12
Shaped insulating 230 x 114 x 64 180 0,05 + 0,005 86 £8,6
refractory 200 x 40 x 40 180 12+1,2
150 x 25 x 25 125 4+04

8.9 Apply the test force at the chosen rate;and record the peak load force (F,,,,) supported|by the test
piece at the|instant of failure.

A graph of gpplied load against time is jecommended for showing the results.

8.10 Inspelct the test piece. If the/onset of failure is located outside the range [midpoint - 10 % Jof the Span,
midpoint + [L0 % of the Span{; discard the result of the test and repeat with a new test piece.

9 Expression ofresults

9.1 The npodulus of rupture oy is calculated from Formula (1):

3 ‘r'max LS
2 wh
where
F.x 1s the maximum force exerted on the test piece at rupture, in Newtons (N);

L is the distance between the points of support of the test piece, in millimetres (mm);

S

w is the width of the test piece, in millimetres (mm);

h is the height of the test piece, in millimetres (mm).

© IS0 2025 - All rights reserved
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but a nominal maximum effective stress experienced by the most highly stressed region in the test piece.

9.2 The result shall be expressed in megapascals (MPa), to three significant figures.

It is recognized that this formula does not necessarily give the true fracture stress at the point of failure,

9.3 For bricks of standard size, the value obtained for a brick constitutes the result of that item.

9.4 For cut test pieces, record the individual values and the mean value for each item; these constitute the
result for that item.

9.5 The precision that can be expected for the calculated values of modulus of rupture is discussed in

referenjce to this document, i.e. "Determined in accordance withASO 5014:2025";

bport
ort shall include the following information:
e and address of the testing establishment;

b of the test, unique identification of the report and of each page,theCustomer name g
hatory;

gnation of the product tested (manufacturer, type, shape, batch number);
hber of items tested;

hod of production of test pieces from supplied‘material, if appropriate;
Ltreatment, if any, given to the test pieces,(see clause 4);

hber of test pieces per item;

ensions of the test pieces;

ition of the test pieces in the'item;

the chj‘[acter of the faces (that is, as-fired, cut, ground, as-pressed, as-cast, etc.);

test temperature,
jig geometry/used and the span size;
piece orientation during testing;

hinal stress rate;

oad, 1T any, and the stress rate used to reach 1t;

individual values of modulus of rupture for each item (when whole bricks are used);

nd address,

2) the individual values of modulus of rupture for each test piece and the mean modulus of rupture
value for each item (when more than one test piece is cut from each item - see 7.1.2);

the overall mean modulus of rupture value and the standard deviation for the sample;

Annex A.
10 Testr
The test rey
a) thenan
b) thedat
and sig
9
d) thedes
e) thenur
f) the met
g) thepre
h) the nun
i) the din
j) thepos
k)
1) ambie
m) the test
n) the test
o) thenon
p) thepre
q) either:
1) the
r)
s)

details of any necessary deviations from this document, and any useful comments about the test or the

testres

ults.
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