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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.

Internation

The main
Standards

Publication
casting a vg

Attention is
patent right

[SO 1927-7 §
[SO 1927 co
— Part1:
— Part2:
— Part3:
— Part4:
— Part5:
— Parté6:
— Part7:

— Part8:

te.

Introduction and classification
bampling for testing

Characterization as received
Determination of consistency of castables
Preparation and treatment of test pieces
VMleasurement of physical properties

[ests on pre-formed shapes

Determination of complementary properties

ask of technical committees is to prepare International Standards. Draft Internatfnal
hdopted by the technical committees are circulated to the member bodigs fer vo
as an International Standard requires approval by at least 75 % of the ;nember bqdies

vas prepared by Technical Committee ISO/TC 33, Refractories.

piStandards are drafted imaccordance withr the rutes giverr im the 1SO/TEC Directives, Part 2.

ing.

drawn to the possibility that some of the elements of this document.may be the subject of
s. ISO shall not be held responsible for identifying any or all such patent rights.

hsists of the following parts, under the general title Monolithic (unshaped) refractory prodycts:
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Monolithic (unshaped) refractory products —

Part 7:
Tests on pre-formed shapes

1

This
shap

NOT
invol

2

The
refel
docu

ISO
ISO

For 1

3.1
corr
misq

cope

part of ISO 1927 specifies methods for the testing of as-delivered pre-formed shapes.
es fabricated from dense and insulating castables and ramming materials as defined in

) Acceptance values for the individual test methods described should be agreed betwee
ved.

Normative references

ences, only the edition cited applies. For undated referefces, the latest edition of the
ment (including any amendments) applies.

1927-1, Monolithic (unshaped) refractory products - Padrt 1 Introduction and classification

| 927-6, Monolithic (unshaped) refractory products— Part 6: Measurement of physical pro|

Terms and definitions

he purposes of this document, the following terms and definitions apply.

er defect
ing corner, defined by /the three dimensions a, b and c¢ as indicated in|

[t applies to
ISO 1927-1.

h the parties

following referenced documents are indispensable for the application of this document. For dated

referenced

perties

Figure 1
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l———
Key
a,bandc Three dimensions defining the missing corner
Figure 1 — Typical corner defect
3.2
edge defect

missing edge, defined by the three dimensions, «& f, and g as indicated in Figurne 2

(S
A
N

Y
Key
e f,andg Three dimensions defining the missing edge

Figure 2 — Typical edge defect

3.3
crater

clearly defined hole in the surface of a shape whose parameters, i.e. maximum diameter, minimum
diameter and depth, can be measured

NOTE Its origin can be a bubble produced during manufacture.

2 © IS0 2012 - All rights reserved
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ISO 1927-

hairline cracks

7:2012(E)

fine  cracks visible on the surface of a shape whose length can be
measured and whose width is less than or equal to 0,2 mm, see Figure 3
2
4 / ,
1 %E
3
Key
1 Hairline crack
2 Surface crazing
Open cracks
Figure 3 — Typical cracks
3.5
surface crazing
network of hairline cracks confined to\the surface of the shape, see Figure 3
3.6
open cracks
cracks or tears on the surface whose length is more than 10 mm and whose width is more than 0,2 mm
See Figure 3.
3.7
profrusions and indentations
imp¢rfections thatcan occur during fabrication or firing, if applicable
3.8
fins
thinflayer of material on the face of a shape that projects beyond the edge
3.9
segregation

separation of aggregate and fines during fabrication to leave a honeycomb appearance and/or a layer
of excess fines

3.10

friability
crumbly texture due to poor consolidation and/or mould leakage

3.11

warpage
deviation of a plane surface from being flat

© IS0 2012 - All rights reserved
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4 Principle

Testing of pre-formed shapes by qualitative and/or quantitative methods. These methods are of two types:

a) Inspection by attributes by evaluating the integrity of a refractory shape by visual inspection of
cracks or other surface defects and by conformance to dimensional tolerances;

b) Inspection by variables by evaluating the quality of a refractory shape by determining physical
properties using appropriate destructive or non-destructive test methods.

NOTE Itis not obligatory to use all the test methods described in this part of ISO 1927 when determining the

quality of a

re-formed chnpp

5 Apparatus

5.1 Linesd
and conforr]

NOTE W
measuremer

5.2 Steel
shape to be

5.3 Twos

a) typel,
length

r measuring devices, steel tape and/or callipers in accordance with the tolerance requ
hing to an accuracy that is twice the intended accuracy of the measurement)

(here possible, linear tolerances less than 1 mm should be measured with callipers. Steel
ts are accurate to the millimetre (0,5 mm can be estimated) whereas callipers are accurate to 0,1

straightedge, at least 5 mm thick and of sufficient length to\span the diagonal of the laj
measured.

teel measuring wedges, which shall be either:

at least 50 mm in length and 10 mm in thickness at one end, of uniform cross-section
pf at least 10 mm from that end and then tapering to zero thickness at the other end (se

example Figure 4a), or

b) type?2,

Each wedgg
between th

up to 160 mm in length with an eventaper from 4 mm to zero (see for example Figure 4

t shall be graduated and numbered along the slope to show the thickness of the w
b base and the slope in increments of either 0,5 mm (type 1) or 0,1 mm (type 2).

Dimensions in millim

<"

lired

tape
mm.

gest

for a
e for

1b).
bdge

etres

< o

a) Type 1
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5.4
tob
wed

5.5
5.6

5.7

b) Type 2

Figure 4 — Two types of measuring wedge

Graticule, with 0,1 mm graduations and/or feeler gauges of an appropriate size a
e used for the measurement of crack width. If necessary, the ‘gauges can be replaced by
bes of appropriate accuracy.

Sliding bevel, for the measurement of angles.
Depth gauge calibrated in millimetres of depth, having a probe of 3 mm diameter.

Breakage defect sizer, with a slot.lihcovering 2 mm on both surfaces, for deter

minijmum defect sizes for corner and edgeldefects, according to Figure 5.

NOT
corn
meaf

NOT
of th

1 One breakage defect sizer can be used together with a steel straightedge for the med
b1 defects (see 6.5). Two breakage defect sizers can be used together with a linear measuring d
urement of edge defects (see-6.6).

2 Abreakage defect sizer permits an objective definition of the point of departure for the n

hd accuracy
 measuring

mination of

surement of
evice for the

peasurement

h millimetres

b size of a broken edge.
Dimensions i
m
20
1
] »

F ___________ R

A

30

\ >
100 -

30

A
\

Figure 5 — Breakage defect sizer
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5.8 Balance, capable of measuring to an accuracy of 1 %.

5.9 Ultrasonic pulse velocity measuring equipment.

5.10 Equipment for determining the resonant frequency by mechanical shock.

5.11 Rebo

und hammer.

5.12 Drying oven, capable of being controlled at 110 °C + 5 °C.

5.13 Furnq

6 Inspe

ction by attributes

6.1 Preppration of the test piece

ce, capable of operating at 1 050 °C + 25 °C.

The definition of edges may be improved, after any protrusions or indentationshave been measuref, by

removing a

6.2 Measurement of dimensions

Linear dim

otherwise 3

6.3 Meagurement of angles

hy projections such as fins or protrusions. This can normally be-achieved by light abrasjon.

ensions shall be measured by means of a linear measuring device (see 5.1), and unpless
greed, shall be measured to the nearest 0,5 mm.

Angles shall be measured by adjusting the slidingdevel to fit the shape (see Figure 6) and the gngle

determined

by the use of a protractor (see Figure 7).

N\

wﬂ“ )

/

Figure 6 — Positioning the sliding bevel
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[ AN ]
-

Figure 7 — Measurement of the angle

6.4 | Measurement of warpage

For a concave surface, place the straightedge on.edge across a diagonal of the surface bping tested,
inseft a wedge at the point of maximum warpage (ensuring that the reading is not affectqd by raised
imp¢rfections on the castable surface) and record the maximum obtainable reading to the|nearest 0,5
mm pt the point of contact between the wedge and the straightedge.

For & convex surface, insert a wedge-atieach end of the straightedge and perpendicular to|it as shown
in Flgure 8. Adjust the wedges, to.a“position not more than 15 mm from the corner of the shape, so
that|equal readings are obtained\from each of them, making certain that contact is maintgined by the
strajghtedge at the point of maximum convexity. Record the readings to the nearest 0,5 mmj.

© IS0 2012 - All rights reserved 7
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Key
Stra
Wed

Wed
Cont

AW N -

Calculate th

W:ﬁx
l

where
ist

ist

6.5 Measg

Measure th
and a steel
be measure
one surface
steel straig

ght edge

ge

ge

act maintained at highest point of profile

Figure 8 — Measurement of convex-warpage

e warpage ratio, W in percent, using the equation:

00

he length of the diagonal of the surface being tested, in millimetres;

he reading of the amount efwarpage, in millimetres.

urement of corner defects

e dimensions-@yb and c of a corner defect using a steel straightedge, a breakage defect
ape, as indieated in Figure 9. The breakage defect sizer shall be positioned along the ed
d in suchh@'way that the leading edge of the slot coincides with the broken corner on at

ntedge and the leading edge of the breakage defect sizer, to the nearest millimetre.

bizer
be to
east

of the shape, as shown in Figure 10. The dimensions a, b, and ¢ are measured between the

© ISO 2012 - All rights reserved
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Key

1 Steel straightedge
Steel tape

3 Breakage defect sizer

Figure 9 — Measurement of a corner defect

Figure 10 — Positioning the breakage defect sizer

6.6 Measurement of edge defects

Measure the length, g, of an edge defect using two breakage defect sizers and a steel tape, as indicated
in Figure 11. Measure the depth of the edge defect as defined by e and fusing a steel straightedge and a
steel tape. Measure all dimensions to the nearest millimetre.

© IS0 2012 - All rights reserved 9
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2
Key
1 Breakage defect sizers
2 Steel tape

Figure 11 — Measurement of the length of an edge defect

6.7 Measurement of craters and bubbles

Measure the maximum and minimum diameter-6f a crater using a steel tape as indicated in Figurge 12.
The apparent crater diameter, d,, is given by-the‘equation:

4. -D1d

s

D  is the maximum diameéter of the crater, in mm;

d is the minimum/iameter of the crater, in mm.

Measure the depth,'h in mm, of a crater using a depth gauge as indicated in Figure 12.

10 © IS0 2012 - All rights reserved
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1

/
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Key

1 depth gauge @ 3 mm

D maximum diameter of a crater
d minimum diameter of a crater
h depth of a crater

Figure 12 —Meéasurement of craters and bubbles

6.8 | Measurement of cracks

Meapure the maximum visible width of a crack with a steel tape in one or more straight lines] If the crack
continues on more thafirghe surface, then the crack length is equal to the sum of the craclf lengths on
each surface.

Meapure the widthiof a crack either with a graticule or with feeler gauges (see 5.4).

Table 1 — Accuracy of measurement

Measurement Accuracy of measurement
Length of crack 1 mm
Width of open crack: between 0,2 mm and 1 mm 0,2 mm
Width of open crack: greater than 1 mm 0,5 mm

Measure the dimensions of cracks to the accuracy given in Table 1. Surface crazing (see 3.5) shall be
measured using a steel tape and reported in cm2.

6.9 Measurement of protrusions and indentations

Measure the height of a protrusion from the surface of the shape by means of a straightedge (see 5.2)
and measuring wedges (see 5.3), to the nearest 0,5 mm. Place the straightedge parallel to the surface
and in contact with the protrusion and adjust the measuring wedges so that equal readings are obtained

© IS0 2012 - All rights reserved 11
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on each of them, as indicated in Figure 13. Measure indentations using the same method as used for
craters (see 6.7).

3

2 / 4

Key

1 Height

2 Measuring wedge
3 Straightedge

4 Measuring wedge

Figure 13 — Measurement of thie height of a protrusion

6.10 Measurement of fins

Measure the height of fins to the nearest millimetre by the depth gauge or steel tape.

6.11 Segregations

Measure the extent of the honeycombed structure using a linear measuring device. Measure dimengions
to the neargst millimetre.

NOTE

[o—

flpossible, theextént of fines segregation should be measured using a linear measuring device.

6.12 Frialility

For dense cqstables, measure the extent to which areas of a block can be rubbed away using hand press$ure.

7 Inspection by variables
7.1 Destructive test methods

7.1.1 General

The position in the shape from where test pieces will be taken shall be agreed between the parties
involved and noted in the final report. If agreement cannot be reached, the reference for the location of
the sample will be the centre of the shape. If a wet cutting method has been used to obtain a test piece
from a pre-formed shape, it shall be dried immediately following preparation.

12 © IS0 2012 - All rights reserved
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7.1.2 Physical properties

Wherever possible, the dimensions and testing of test pieces cut from pre-formed shapes shall be in
accordance with ISO 1927-6. If this is not feasible, for example, if test pieces have to be cored or are of
non standard dimensions, the test data will vary due to different test piece geometry.

NOTE The results obtained on testing a pre-formed shape will not equate to those obtained from a laboratory
prepared test piece prepared according to ISO 1927-5..

7.1.3 Moisture content (see NOTE 2 of 7.1.4)

Weigh the sirape or test piece ol an appropriate SiZzed balance to the nearest 1 9%, and dry 1in a drying
over] at 110 °C = 5 °C to constant mass.

Calcplate the loss in mass, M, as a percentage of the original mass using the equatign:

h="1""2 400
m4

whele
\{  is the moisture content, as a percentage;
m1 is the original mass in kilograms;

ny is the dried mass in kilograms.

7.1.4 Losson ignition

Dry fthe shape or test piece at 110 °C = 5 °C until constant mass. Allow to cool to ambient temperature
and weigh to the nearest 1 %, recording the'mass as m3. Fire at 1 050 °C + 25 °C until corfstant mass.
Allow to cool and weigh to the nearest-1(%, recording the mass as mg.

Calcplate the loss on ignition, Lj, as-a percentage of the final mass using the following equatjon:

T3 ~™4 100
mg

1|=

whefe
. istheloss‘on ignition, as a percentage;
m3 is the'mass after drying in kilograms;

g <18 the final mass in kilograms.

NOTE1 An intermediate temperature can be assigned for determining the loss on ignition. This temperature
should be agreed between the parties involved prior to testing and noted in the final report.

NOTE 2  If it is not possible to determine the moisture content or the loss on ignition on a full shape then a

test piece should be obtained without using wet cutting methods, for example by breaking the shape to obtain a
representative test piece.

© IS0 2012 - All rights reserved 13
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7.2 Non-destructive test methods

7.2.1 Ultrasonic testing

7.2.1.1 General

Ultrasonic testing techniques do not give commonly accepted physical properties, but are used to
determine an overall quality level. The methods employed are applied to pre-dried and cooled shapes at
ambient temperature.

7.2.1.2 lecnple

Propagatio
NOTE S

In such casef{
contact surfa

7.2.1.3 T¢

7.2.1.3.1
One sensor

7.2.1.3.2
grease and

If possible,

of ultrasonic waves through a test piece and determining their velocity.
hapes with special geometry (e.g. tubes, plates) or with irregular geometry can givesspurious regults.

the reliability of the measurement should be checked by preliminary testing. Wherever possibl¢, the
ce should be greater than the area of the sensor.

sting equipment (see Figure 14)

['wo identical low frequency sensors, (between 40 kHz and 100 kHz) with low dampingrate.
shall be the emitter and the other sensor shall be the receiver

A suitable contact system as a couplant between the‘sensors and the test pieces, e.g. silifone
or rubber disks.

1se a clamping device to maintain the sensorsin contact with the test piece.

14
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|
|
v
2
A
3
\._‘ ~— 4
Py (S
Y

Key
System for moderate contact force
Transmitting transducer

Pulse transit timer
Test piece
Receiving transdueer

~ Ul W N

Dimension alehg which the ultrasonic waves will be transmitted

Figure 14 — Block diagram of a suitable ultrasonic pulse velocity apparatus

7.2.1.4 Procedure
Measure, to within 0,5 mm, the dimension (L) along which the ultrasonic waves will be transmitted.

Calibrate the measuring apparatus with the calibration bar supplied by the manufacturer, or with an
appropriate reference material, using the sensor couplant which will be used for the test.

Set the test piece between the sensors with the appropriate couplant in place.

© IS0 2012 - All rights reserved 15
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Maintain the sensorsin contact with the test piece at the points of measurementby hand pressure or using
an appropriate device. Note the displayed propagation time. Repeat the test to check reproducibility.
Recalibrate the apparatus when starting, every 50 measurements or when changing operators.

NOTE The number and direction of individual measurements on the test piece will depend on the test
piece geometry.

7.2.1.5 Calculation

Calculate the ultrasonic propagation velocity, Vin m/s, using the equation:

L isthe dimension along the line of propagation in metres;

t  isthe propagation time in seconds.

7.2.1.6 Tgstreport

The test regort shall include the following information:

a) the refgrence of the ultrasonic measurement apparatus and<ts characteristics;
b) the refgrence and characteristics of the sensors;

c) the typg of contact system;

d) individpal and mean values of propagation velgcity for each measurement direction.
7.2.2 Determination of the resonant frequency by mechanical shock

7.2.2.1 Principle

Excitation df a prismatic shape with an aspectratio greater than 3 by mechanical shockand determingtion
of its bendihg fundamental resonant frequency.

7.2.2.2 T¢sting equipnient (see Figure 15)

7.2.2.2.1 Pensor, forthe detection of the resonant frequency by contact (piezo electric pen) or without
contact (mi¢rophene).

72222 + L LE, 1 Lo+l Jdaai Laaclk L o lo 'Lf
w ot w ot w ot lllya\,l_ ITdAIITIIIceI, LlUl CAGIIIH[\:’ [=} llsllL IIAIITIIICT UL SUICTVVUIIVULT VWIIIUIT 11IdS LU UUT CllJlJl UlJl Iatl Or

the size and the hardness of the test piece).

7.2.2.2.3 Test piece support made from acoustically insulating material (for example, a layer of
polyurethane foam, rubber prisms, or cylinders).

7.2.2.2.4 Acoustic insulating support, either a blanket of polyurethane foam, or two rubber bars with
triangular or circular cross-section set at a distance from the shape extremities equal to 0,224 multiplied
by the length of the test piece.

To obtain reproducible results, the impact and signal receiving points shall be accurately determined.

16 © IS0 2012 - All rights reserved
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