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Designation: C326 — 09

iy

INTERNATIONAL
Standard Test Method for
Drying and Firing Shrinkages of Ceramic Whiteware Clays’
This standard is issued under the fixed designation C326; 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 epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope®

1.1 This test method covers the determination of linear
shrinkage of ceramic whiteware clays, both unfired and fired.

1.2 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its wuse. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior io use.

2. Significance and Use

2.1 The purpose of this test 1s to obtain values of shrinkage
after drying and firing of clays or bodies or both, under various
processing conditions to enable designers to determine the
proper size of mold or die so as to produce a predetermined
size of fired ware.

3. Test Specimens

3.1 Test specimens shall be round bars approximately 0.75
in. (19 mm) in diameter by 5 in. (127 mm) in length.

3.2 Test specimens may be prepared either by casting or
plastic forming, as circumstances require. At least ten speci-
mens shall be prepared. For cast specimens the molds may be
either one-piece, or two- or more-part molds; in either instance
sufficient space shall be provided to allow solid casting without
piping. Where plastic-forming is employed, the clay-water
mass shall be brought to a consistency that permits the making
of specimens rigid enough to allow careful handling without
distortion immediately after the test specimen is made. Plastic-
formed test specimens shall be made either by extrusion or by
pressing in a suitable metal mold. Where a vacuum pugmill 1s
used, a vacuum of not less than 25 in. (635 mm} Hg shall be
maintained during the forming operation. Where no vacuum

! This test method is under the jurisdiction of ASTM Committee C21 on Ceramic
‘Whitewares and Related Products and is the direct respoensibility of Subcommittes
C21.04 on Raw Materials.

Current edition approved Jan. 1. 2009. Published January 2009. Originally
approved in 1953, Last previous edition approved in 2003 as C326 — 03, DOL
10, 15200C0326-09.

attachment is used, the plastic clay shall be thoroughly hand-
wedged to eliminate entrapped air as a preliminary to forming
test pieces.

3.3 The test specimens, cast or plastic-formed, shall be
suitably identified and marked with shrinkage reference lines 4
in. (102 mm) apart on the long axis of the specimen. The
shrinkage reference lines may conveniently be made with a
gage with knife edges at zero and 4 in. (102 mm) and marking
must be done as soon as the bars can be handled without
distortion.

3.4 The marked specimens shall then be placed on a lightly
oiled pallet with semi-circular grooves 0.40 in. (10.2 mm) in
diameter and allowed to dry at 68 to 100°F (20 to 40°C) for
24h. The purpose of the serm-circular (half round) grooves is to
maintain straightness of the bars during drying. During this
preliminary drying period, the bars shall be turned 90° several
times at 2-h intervals to eliminate possible warping in the
vertical direction. After the initial drying period, the specimens
shall be placed in a drying oven at 200 to 230°F (100 to 110°C)
and further dried for 24 h.

3.5 The drying shrinkage of the test specimens should be
determined in accordance with Sections 4 and 5. The speci-
mens can now be fired according to a suitable firing schedule
to the desired temperature and the procedures of Sections 4 and
5 applied to determine the total shrinkage.

3.6 The test bars must be clearly identified as to whether
they were cast or extruded, and shrinkage data likewise
identified because of slight differences in shrinkage between
cast and extruded bars.

4. Shrinkage Measurement

4.1 Measure the distance between shrinkage reference
marks on dried or fired specimens to the closest 0.004 n. (0.1
mm) with calipers of suitable accuracy. Record the average of
at least ten measurements (one measurement on each of the
group of ten or more specimens).

5. Calculation

5.1 Calculate the linear drying shrinkage as a percentage of
plastic length, as follows:

X 100 n

*A Summary of Changes section appears at the end of this standard.
Copyright C ASTM Intemational. 100 Barr Harbor Dr. P.O. box C-700 West Conshohocken, Pennsylvania 19428-2959, United States
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where: Shrinkage factor = L /L, 4)
S, = linear drying shrinkage, %, where:
Ly - glastlg:n I‘:Eg:; tc:;tt EsSt Sc?fnc;:l en, and L, = plastic length of test specimen, and

= dry feng pe : Ly = fired length of test specimen.

5.2 Calculate the total linear shrinkage after drying and
firing of clay shrinkage specimens as a percentage of plastic ¢ precision and Bias

length, as follows: 6.1 The direction of flow in forming influences the orienta-

s, = L4, 100 2y  tion of the clay particles and the shrinkage. The shrinkage
Ly value should be related to the method of forming as well as the
where: dimension of the ware.
§; = total linear shrinkage after drying and firing, %, 6.2 When the original reference points are 100 mm apart,
L, = plastic length of test specimen, and the precision of the shrinkage measurement is = 0.1 %.
L, = fired length of test specimen. 6.3 Measurements of drying shrinkage on one dimension of
5.3 When desired, volume shrinkage may be calculated  specimens all formed by the same method should yield a
from linear shrinkage, as follows: standard deviation of 0.1 % or less.
Volume shrinkage, % = [1 — (1 — §/100)°] 100 @) 6.4 Measurement of total linear shrinkage after drying and

firing on one dimension of specimens should yield a standard
where: deviation of 0.25 % or less.
§ = linear shrinkage, %.
5.4 The shrinkage factor is used to convert fired sizes to 7. Keywords
plastic sizes or mold sizes. Calculate as follows: 7.1 clay: drying shrinkage; firing shrinkage

SUMMARY OF CHANGES

Committee C21 has identified the location of selected changes to this standard since the last issue (C326-03)
that may impact the use of this standard.

(1) Addition of 1.2 describing the use of umits in this test
method, with renumbering of the subsequent subsection of the
Scope.

ASTM Internafonal takes no position respacting the valdity of any pafent rights assartad in connaction with any ftam meantionad
in this standard. Usars of this siandard aro exprassly advised that detarmination of the validity of any such patent rights, and the risk
of infringement of such rights, are entiroly their own responsibility.

This standard is subject fo rovision af any time by the rosponsible technical commitiee and must be roviewed every five years and
if nof revisad, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional siandards
and should be addressed fo ASTM Intemational Headguariers. Your commenis will receive careful considerafion af a meeting of the
responsible fechnical commitfes, which you may affend. If you feel that your commaents have nof received a fair hearing you should
make your views known fo the ASTM Commiffee on Standards, & the addrass shown below.

This standard is copyrighted by ASTM Intemational, 100 Barr Harbor Drive, PO Box G700, Wast Conshohocken, PA 19428-2050,
Unitad States. Individual reprints (single or multiple copias) of this standard may be obfained by contacting ASTM af the above
addross or af 610-832-9585 (phone), 610-832-0555 (fax), or servico@astmorng (e-mail); or through the ASTM wabsilo
(www.asim.ong).
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Designation: C373 — 88 (Reapproved 2006)

AT L

INTERNATIONAL
Standard Test Method for
Water Absorption, Bulk Density, Apparent Porosity, and
Apparent Specific Gravity of Fired Whiteware Products’
This standard is issued under the fixed designation C373; the number immediately following the designation indicates the year of
ofiginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers procedures for determining
water absorption, bulk density, apparent porosity, and apparent
specific gravity of fired unglazed whiteware products.

1.2 This standard does not purport to address all of the
safery concerns, if any, associated with its uwse. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 Measurement of density, porosity, and specific gravity is
a tool for determining the degree of maturation of a ceramic
body, or for determining structural properties that may be
required for a given application.

3. Apparatus and Materials

3.1 Balance, of adequate capacity, suitable to weigh accu-
rately to 0.01 g.

3.2 Oven, capable of maintaining a temperature of 150 +
5°C (302 = 9°F).

3.3 Wire Loop, Halter, or Basket, capable of supporting
specimens under water for making suspended mass measure-
ments.

3.4 Container—A glass beaker or similar container of such
size and shape that the sample, when suspended from the
balance by the wire loop, specified in 3.3, is completely
immersed in water with the sample and the wire loop being
completely free of contact with any part of the container.

3.5 Pan, in which the specimens may be boiled.

3.6 Distilled Water.

4. Test Specimens

4.1 At least five representative test specimens shall be
selected. The specimens shall be unglazed and shall have as
much of the surface freshly fractured as is practical. Sharp

! This test method is under the jurisdiction of ASTM Committee C21 on Ceramic
Whitewares and Related Products and is the direct responsibility of Subcommittee
C21.03 on Methods for Whitewares and Environmental Concerns.

Current edition approved Feb. 15, 2006. Published February 2006. Originally
approved in 1955, Last previous edition approved in 1999 as C373 — 88 (1999).
DOL: 10.15200C0373-B8R06.

edges or corners shall be removed. The specimens shall contain
no cracks. The individual test specimens shall weigh at least 50

m

5. Procedure

5.1 Dry the test specimens to constant mass (Note 1) by
heating in an oven at 130°C (302°F), followed by cooling in a
desiccator. Determine the dry mass, D, to the nearest 0.01 g.

Mot 1—The drying of the specimens to constant mass and the
determination of their masses may be done either before or after the
specimens have been impregnated with water. Usually the dry mass is
determined before impregnation. However, if the specimens are friable or
evidence indicates that particles have broken loose during the impregna-
tion, the specimens shall be dried and weighed after the suspended mass
and the saturated mass have been determined, in accordance with 5.3 and
54. In this case, the second dry mass shall be used in all appropriate
calculations.

5.2 Place the specimens in a pan of distilled water and boil
for 5 h, taking care that the specimens are covered with water
at all times. Use setter pins or some similar device to separate
the specimens from the bottom and sides of the pan and from
each other. After the 5-h boil, allow the specimens to soak for
an additional 24 h.

5.3 After impregnation of the test specimens, determine to
the nearest 0.01 g the mass, §, of each specimen while
suspended in water. Perform the weighing by placing the
specimen in a wire loop, halter, or basket that is suspended
from one arm of the balance. Before actually weighing,
counterbalance the scale with the loop, halter, or basket in
place and immerse in water to the same depth as is used when
the specimens are in place. If it is desired to determine only the
percentage of water absorption, omit the suspended mass
operation.

5.4 After the determination of the suspended mass or after
impregnation, if the suspended mass is not determined, blot
each specimen lightly with a moistened, lint-free linen or
cotton cloth to remove all excess water from the surface, and
determine the saturated mass, M, to the nearest 0.01 g. Perform
the blotting operation by rolling the specimen lightly on the
wet cloth, which shall previously have been saturated with
water and then pressed only enough to remove such water as
will drip from the cloth. Excessive blotting will introduce error

Copyright C ASTM Intemational. 100 Barr Harbor Dr. PO box C-700 West Conshohocken, Pennsybvania 19428-2959, United States

Copymght by ASTM Int] (all nghts reserved); Tue Aug 3 06:03:28 EDT 2010
Downloaded/printed by
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by withdrawing water from the pores of the specimen. Make
the weighing immediately after blotting, the whole operation
being completed as quickly as possible to minimize errors
caused by evaporation of water from the specimen.

6. Calculation

6.1 In the following calculations, the assumption is made
that 1 em” of water weighs 1 g. This is true within about 3 parts
in 1000 for water at room temperature.

6.1.1 Calculate the exterior volume, V, in cubic centimetres,
as follows:

V=M-5§ i1

6.1.2 Calculate the volumes of open pores Vi, and imper-
vious portions Vi, in cubic centimetres as follows:

Vop=M—-D
Vp=D—§

)
(%)
6.1.3 The apparent porosity, P, expresses, as a percent, the

relationship of the volume of the open pores of the specimen to
its exterior volume. Calculate the apparent porosity as follows:

P = [(M — D)V]x 100 i)
6.1.4 The water absorption, A, expresses as a percent, the

relationship of the mass of water absorbed to the mass of the
dry specimen. Calculate the water absorption as follows:

A= [M— DYVD] = 100 (5)

6.1.5 Calculate the apparent specific gravity, T, of that
portion of the test specimen that is impervious to water, as
follows:

T=DiD— 5) (6)

6.1.6 The bulk density, B, in grams per cubic centimetre, of
a specimen is the quotient of its dry mass divided by the
exterior volume, including pores. Calculate the bulk density as
follows:

B=DIv )]

7. Report

7.1 For each property. report the average of the values
obtained with at least five specimens, and also the individual
values. Where there are pronounced differences among the
individual values, test another lot of five specimens and, in

addition to individual values, report the average of all ten
determinations.

8. Precision and Bias

8.1 This test method is accurate to =0.2 % water absorption
in interlaboratory testing when the average value recorded by
all laboratories is assumed to be the true water absorption. The
precision is approximately +0.1 % water absorption on mea-
surements made by a single experienced operator.

9, Keywords
9.1 apparent porosity; apparent specific gravity; bulk den-
sity; fired whiteware products; water absorption

ASTM Internafional takes no position respecting the validity of any patent rights assaried in connaction with any ffem mentioned
in this standard. Usars of this siandard aro exprassly advisad that detarmination of the validity of any such patent rights, and the risk
of infringement of such rghts, are entiraly their own responsibility.

This standard is subject fo revision af any time by the responsible tachnical committaa and must be reviewed every five years and
if nof revisad, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional siandards
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Designation: C674 — 88 (Reapproved 2008)

AT L

INTERNATIONAL
Standard Test Methods for
Flexural Properties of Ceramic Whiteware Materials’
This standard is issued under the fixed designation C674; 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 epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods cover determination of the modulus
of rupture and the modulus of elasticity of fired ceramic
whitewares bodies, formed by any fabrication method, and are
applicable to both glazed and unglazed test specimens.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its wse. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Summary of Test Methods

2.1 The specimens, either cylindrical, or rectangular, are
supported on knife edges over a suitable span and a direct load
is applied at the midpoint between the supports at a uniform
rate until breakage occurs. The modulus of elasticity may be
determined by halting the applied load at definite intervals and
measuring the deflection of the specimen at the midpoint to the
nearest 0.001 in. (0.025 mm).

3. Significance and Use

3.1 These test methods provide a means for determining the
modulus of rupture and the modulus of elasticity, which may
be required in product specifications.

4. Apparatus

4.1 Testing Machine—Any suitable testing machine may be
used, provided uniform rates of direct loading can be main-
tained.

4.1.1 For all specimens the loading rate should be such that
the specimen should fail in approximately 1 min. Table 1 lists
loading rates that shall be used for each size specimen. For

! These test methods are under the jurisdiction of ASTM Committee C21 on
Ceramic Whitewares and Related Products and are the direct responsibility of
Subcommittee C 21.03 on Methods for Whitewares and Environmental Concermns.

Current edition approved Feb. 13, 2006. Published Febraury 2006. Originally
approved in 1971, Last previous edition approved in 1900 as C674 — B (1999).
DOL: 10.1520/C0674-88R06.

strengths of specimens intermediate of those specified, inter-
polation can be used to obtain the equivalent loading rate.

4.1.2 For the prescribed rectangular specimens the loading
rate shall be 1000 = 150 lbs (454 *+ 68 kg)/min.

4.2 Bearing FEdges—For the support of the test specimen,
two steel (or high-strength ceramic) knife edges rounded to a
radius of 0.125 in. (3.18 mm) shall be provided. The load shall
be applied by means of a third steel knife edge rounded to a
radius of 0.125 in. When testing rectangular specimens, the
supporting members for the bearing edges shall be constructed
to provide a means for alignment of the bearing surfaces with
the surfaces of the test specimen (it being possible that the
rectangular specimen may be wedge-shaped or twisted). The
apparatus shown in Figs. 1 and 2 are suggested as suitable
devices for ensuring proper spacing and alignment of the
bearing edges for rectangular test specimens.

5. Test Specimens

5.1 Preparation of Specimens—Form, fire, and finish the
specimens by the appropriate methods, following practices
used in actual production.

5.2 Dimensions—The specimens shall be approximately
1.125 in. (28.6 mm), 0.750 in. (19.2 mm), 0.500 in. (12.7 mm),
or 0.250 in. (6.4 mm) in diameter, whichever diameter 1s most
comparable to that of the finished product. The length shall be
6+ 0.50n. (153 = 12.7 mm) to permit an overhang of at least
0.25 in. (6.4 mm) at each end when mounted on the supports.
Note that the 0.25-in. specimens may be 3.75 = 0.25 in. (95 =
7 mm) long.

5.2.1 The dry-pressed specimens shall be rectangular bars
approximately 1 in. (25.4 mm) by 0.50 in. (12.7 mm) in cross
section and at least 4.50 in. (114 mm) in length to permit an
overhang of at least 0.25 in. at each end when mounted on the
SUppOrts.

5.3 Handling—Observe all due precautions in the forming,
drying, and firing to produce straight test specimens of uniform
cross section.

5.4 Storage—Cool test specimens taken warm from the kiln
in a desiccator. If the testing must be delayed. store the bars in
the desiccator, or in an electric oven at 110°C, and then cool in

Copyright {C} ASTM Intermnational. 100 Barr Harbor Drive P.O. box C-700 West Conshohocken, Pennsybvania 19428-2953, United States
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TABLE 1 Loading Rates for Specimens

Mominal MOR, ksi (MPa)

Specimen Siza, in. (mm) Span, in. (mm) 10 (69) a0 (207) 50 (245)
Loading Rate, Ib/min (kg/'s)
1.125 (28.6) diameter E(127) 1100 (8.32) 3400 (25.70) EB00 (42.34)
0750 (19.2) -~ E (12T 300 (2.27) 1000 (7.56) 1700 (12.85)
0500 (127) E (12T 100 (0.78) 300 (2.27) 500 (3.78)
0.250 (6.4) - 3(76) 20 (0.18) &0 (0.45) 100 (0.78)
1 by 0.50 (254 by 12.7) 4(102) 400 (3.02) 1250 (9.45) 2100 (15.88)
1 SUPPORT
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FIG. 2 Alternative Suggested Bearing Edge and Specimen Support

a desiccator before testing. When removing specimens from a
hot kiln, take care to avold thermal shock which will lead to
erroneous results.

MODULUS OF RUPTURE

6. Procedure
6.1 Test at least ten dry specimens at room temperature.
Nore 1—The modulus of elasticity may be determined as described in

Sections 10-11 on the same type specimens used for the modulus of
rupture test.

Copymight by ASTM Int'] (all rights reserved); Tue Aug 3 06:13:31 EDT 2010 4
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6.2 Place the cylindrical specimen on the bearing edges,
spaced 5 in. (127 mm) = 2% between centers, with the
specimen overhanging each end by at least 0.25 in. (6.4 mm).
Apply the load at a right angle to the specimen and midway
(=2 %) between the supporting edges. Apply the load uni-
formly at the appropriate rate for the specimen size (see 4.1.1)
until failure occurs. Measure the diameter at four approxi-
mately equidistant points at the break and take the average to
the nearest 0.001 in. (0.0254 mm) for calculation purposes.
Break the 0.25-in. diameter rods between 3-in. (76-mm)
centers and note this in the report.

Eing Mongkuts Univ. of Tech. Thonbun pursuant to License A greement. No finther reproductions authonzed.
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6.2.1 Place the rectangular test specimen on the bearing
edges, spaced 4.0 in. (102 mm) between centers, with the
specimen overhanging at each end by at least 0.25 in. (6.4
mm). Apply the load at a right angle to the 1-in. (25.4-mm)
surface of the specimen and midway between the supporting
edges. Break specimens glazed on only one of the 1-in.
surfaces with the glazed surface either up or down, but break
all of the specimens from any one lot in the same position and
record this position. Apply the load uniformly at the rate of
1000 = 150 lbs (454 = 68 kg)min, until failure occurs.
Measure the width and thickness at the break to the nearest

0.001 in. (0.0254 mm).

7. Calculation

7.1 Calculate the modulus of rupture of each circular cross
section specimen as follows:

M= 8PLInd i

modulus of rupture, psi (or MPa);

load at rupture, Ibf (or N);

distance between supports, in. (or mm);
= diameter of specimen, in. (or mm).

7.1.1 Calculate the modulus of rupture of each rectangular
specimen as follows:

=
(2]
oo

ARtwEE

M = 3 PLRbd (2)

=
4]
I

modulus of rupture, psi (or MPa);

load at rupture, Ibf (or N);

distance between supports, in. (or mm);
width of specimen, in. (or mm); and
thickness of specimen, in. (or mm).

Retuzs

8. Report

8.1 Report the following information:

8.1.1 Identification of the material tested,

8.1.2 Data and computed modulus of rupture for each
specimen,

8.1.3 The adjusted average of the computed modulus of
rupture values (discarding those values from the bars which,
upon inspection, show obvious defect), and

8.1.4 In the case of glazed specimens, the position of the
glazed surface or surfaces, with respect to the applied load.

8.2 The report may also include:

8.2.1 A description of type of fracture and the behavior of
each specimen under load,

8.2.2 Name and rating of the machine used to make the test,
and

8.2.3 A graph showing the individual values of modulus of
rupture arranged in ascending order.

9. Precision and Bias

9.1 Precision:

9.1.1 Interlaboratory Test Data—An interlaboratory test
was run in 1978 in which randomly drawn samples of five
materials were tested in each of four laboratories. One operator

Copynght by ASTM Int] (all nghts reserved); Tue Aug 3 06:13:31 EDT 2010
Deownloaded printed by
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in each laboratory tested ten specimens of each material. The
components of variance for flexural strength results expressed
as coefficients of variation were calculated as follows:

Single-oparator component
BetweenJaboratory componant

2.42 % of the avarage

18.79 % of the average
9.1.2 Critical Differences—For the components of variance

reported in 9.1.1, two averages of observed values should be

considered significantly different at the 95 % probability level

if the difference equals or exceeds the following critical

differences listed below:

Critical Difference, % of Grand

Average?
Mumber of Obser- Between-
vations in Each Single-Operator Praci- Laboratory
Avarage sion Precision
10 6.72 52.10

A The crifical differences were calculated using f=1.980 which is based on
infinite degrees of freedom.

9.1.3 Confidence Limits—For the components of variance
noted in 9.1.1, single averages of observed values have the
following 95 % confidence limits:

Width of 95 % Confidence Limits,

Percent of the Grand Average®
MNumber of Obser- Batween-
vations in Each Single-Oparator Praci- Laboratory
Average sion Precision
10 +4.75 +36.84

AThe confidence limits were calculated using f=1.960 which is based on
infinite degrees of freedom.

9.2 Bias—No justifiable statement on bias is possible since
the true wvalue of flexural strength of ceramic whiteware
materials cannot be established and will be different for each
specific material.

MODULUS OF ELASTICITY

10. Procedure

10.1 Support the specimen in the same way as for the
modulus of rupture determination. Set any type of deflectome-
ter capable of indicating to 0.001 in. (0.0254 mm) to measure
deflection at mid-span relative to the ends of the span. Apply
the load uniformly (see either 4.1.1 or 4.1.2} in accordance
with the shape of the specimen. Stop the loading at 15 %
increments of the expected total breaking load, as may previ-
ously have been determined in the modulus of rupture tests,
and record the corresponding deflections.

11. Calculation

11.1 Plot the load-deflection readings to a convenient scale
and draw a straight (stress-strain) line to represent, as nearly as
possible, the average of the plotted points below the elastic
limit. (In some materials, increasing departures from a straight
line may be noted at the higher stress. Such evidence of plastic
flow, or of non-recoverable strain, indicates that the elastic
limit has been exceeded.) If the line does not pass through the
zero point, draw a corrected line through this point parallel to
the stress-strain line.
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11.1.1 Calculate the modulus of elasticity, E, for rectangular
specimens from the coordinates of some convenient point on
the corrected line as follows:

E = WL A bd 3
where:
W' = load coordinate of the selected point, Ibf (or N);
L = length of span, in. (or mm);
A = deformation coordinate of the selected point, in. {or

mmy);

b = width of specimen at the center, in. (or mm); and
d = thickness of specimen at the center, in. (or mm).

11.1.2 Calculate the modulus of elasticity, E, for circular
cross-section specimens from the coordinates of some conve-
nient point on the corrected line as follows:

E = AW'L¥3ImAd 4)

where:

W' = load coordinate of the selected point, Ibf (or N);

L = length of span, in. (or mm);

A = deformation coordinate of the selected point, in. (or
mm); and

d = diameter of specimen, in. (or mm).

12. Report

12.1 Report the following information:

12.1.1 Identification of the material tested,

12.1.2 Stress-strain data and modulus of elasticity for each
specimen, and

12.1.3 In the case of glazed specimens the position of the
glazed surface or surfaces.

13. Precision and Bias

13.1 Specific information to support a precision and bias
statement for modulus of elasticity 1s not yet available.
14. Keywords

14.1 ceramic whiteware materials; flexural properties
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Technical Properties of Ceramic Bodies Using Granite Waste as Raw Materials
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Abstract

Chemical compositions of granite waste from entrepreneur in Loei are silica, alumina,
calcium oxide, sodium oxide and potassium oxide. The compositions are important for
ceramic body preparation. Wet milling technique is required to mix granite waste with kaolin,
ball clay, feldspar and silica for control particle size less than 150 micron. Specific gravity of
cast slip is limited in range of 1.55-1.60 before casting with plaster mold. The specimens are
fired at three different temperatures: 1075, 1100 and 1125 degree Celsius. Electric kiln is
used with heating rate of 3 degree Celsius/min for oxidation firing. Two standard testing and
analysis are conducted: water absorption follows ASTM C 373-88 and modulus of rupture
follows ASTM C 674-88. Pyroplastic deformation is investigated for all formulations.
The results found that using of granite could be lowered water absorption down to 1.19%,
improved modulus of rupture up to 22MPa and accelerated pyroplastic deformation up to
9.10 cm after 1125 degree Celsius fired.

Keywords: Granite, Body, Water absorption, Modulus of rupture, Pyroplastic deformation



