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QH“y) Designation: C 158 — 95 (Reapproved 2000)

Standard Test Methods for
Strength of Glass by Flexure (Determination of Modulus of
Rupture) *

This standard is issued under the fixed designation C 158; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 3.1.1 glass-ceramics-solid materials, predominantly crys-

1.1 These test methods cover the determination of th&lline in nature, formed by the controlled crystallization of
modulus of rupture in bending of glass and glass-ceramics. 9lasses. _ _ _

1.2 These test methods are applicable to annealed and3:1.2 modulus of rupture in bendirgthe value of maxi-
prestressed glasses and glass-ceramics available in variB§/m tensile or compressive stress (whichever causes failure)
forms. Alternative test methods are described; the test methdfl the extreme fiber of a beam loaded to failure in bending
used shall be determined by the purpose of the test angPmputed from the flexure formula:

geometric characteristics of specimens representative of the Mc
material. S= @
1.2.1 Test Method A is a test for modulus of rupture of flat
glass. where . .
M = maximum bending moment, computed from the

1.2.2 Test Method B is a comparative test for modulus of
rupture of glass and glass-ceramics.
1.3 The test methods appear in the following order:

maximum load and the original moment arm,
= initial distance from the neutral axis to the extreme
fiber where failure occurs, and

Sections | = initial moment of inertia of the cross section about the
Test Method A 6t09 .
Test Method B 10 to 15 neutral axis.

3.1.3 prestressed-material in which a significant and con-

1.4 This standar_d does not p_urport t_o aqdress all O.f thetrolled degree of compressive stress has been deliberately
safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro—prgdlu Zegtal%g?dslgggfaiz.r atmospherean atmosphere hav-
priate safety and health practices and determine the applic:ai—n .a:[em erature of 23 2°yc and aprelative humid?t of 46
bility of regulatory limitations prior to useSpecific hazard g P y

: . . 0 %.
Ztﬂa(';e}érgegt; are given in Section 10 and A1.5, A2.3.3, A2'4'31 3.2 Definitions of Terms Specific to This Standard:

3.2.1 abraded—describes a test specimen that has at least a

2. Referenced Documents portion of the area of maximum surface tensile stress subjected
i to an operationally defined procedure for mechanical abrasion.

2.1 ASTM Standards: The severity and uniformity of abrasion should be sufficient to

C 148 Test Methods for Polariscopic Examination of Glass o ; o ) .
Containers ensure origin of failure substantially in the region of maximum

E 4 Practices for Load Verification of Testing Machifies strst)aszs.z annealed alass-describes a specimen that shall not
E 380 Practice for Use of the International System of Unit - g P

(S) (the Modemnized Metric Systefh) “have a temper or degree of residual stress r.esulti'ng' from prior
thermal treatment in excess of the following limits when
3. Terminology measured polarimetrically (see Annex Al):

3.1 Definitions: 3._2.2.1 Specimens _of rectangular section shall not have a
tensile stress at the midplane of more than 1.38-MPa (200-psi)
nor more than 2.76-MPa (400-psi) compression at the surface.

3.2.2.2 Specimens in rod form may be examined by viewing
Glass and Glass Products and are the direct responsibility of Subcommittee CM_’SQrough a dlamete_r at Iea_St four diameters from an end. The
on Physical and Mechanical Properties. apparentcentral axial tension shall not exceed 0.92 MPa (133
Current edition approved Sept. 10, 1995. Published November 1995. Originallsi). Surface compression, if measured on sections cut from the

published as C 158 - 40 T. Last previous edition C 158 — 84 (1989) rods, shall not exceed 2.76 MPa (400 psi) when viewed axially.
2 Annual Book of ASTM Standardgol 15.02.
3 Annual Book of ASTM Standardéol 03.01.
4 Annual Book of ASTM Standardgol 14.02.

1 These test methods are under the jurisdiction of ASTM Committee C-14 ol

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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4. Significance and Use to be characteristic of a product or material, but are considered

4.1 For the purpose of this test, glasses and glass-ceramit® beé determined by the procedures used to prepare the
are considered brittle (perfectly elastic) and to have théPecimens. Though the stated procedure permits a wide varia-
property that fracture normally occurs at the surface of the ted{on in both specimen size and test geometry, it is necessary to
specimen from the principal tensile stress. The modulus o#S€ identical test conditions and equivalent procedures for
rupture is considered a valid measure of the tensile strengtfP€cimen preparation to obtain comparable strength values.
subject to the considerations discussed below. The use of a controlleq abrasion of the specimen as a flnal

4.2 1t is recognized that the modulus of rupture for a grouIc,normahzmg procedure is recommended for such comparative
of test specimens is influenced by variables associated with tH&SS: . )
test procedure. These include the rate of stressing, test envi-4-6 A comparative abraded strength, determined as sug-
ronment, and the area of the specimen subjected to stress. Suggsted in Test Method B, is not to be considered as a minimum
factors are specified in the test procedure or required to pgalue chargcterlsnc of the material tested nor as directly related
stated in the report. to a maximum attamable strength value through test of

43 It is also recognized that the variables having theSPecimens with identical flaws. The operationally dgflngd
greatest effect on the modulus of rupture value for a group ofPrasion procedure undoubtedly produces flaws of differing
test specimens are the condition of the surfaces and gla§§Verity when applied to varied materials, and the measured
quality near the surfaces in regard to the number and severi§Pmparative strengths describe the relative ability to withstand
of stress-concentrating discontinuities or flaws, and the degre@xternally induced stress as affected by the specific abrasion
of prestress existing in the specimens. Each of these cafocedure.
represent an inherent part of the strength characteristic bein
determined or can be a random interfering factor in thesq- Apparatus
measurement. 5.1 Testing Machine-The loading mechanism shall be

4.4 Test Method A is designed to include the condition ofsufficiently adjustable to give the required uniform rate of
the surface of the specimen as a factor in the measuredcrease of stress. The load-measuring system shall be essen-
strength. It is, therefore, desirable to subject a fixed andially free of inertial lag at the loading rates used and shall be
significant area of the surface to the maximum tensile stresgquipped with means for retaining indication of the maximum
Since the number and severity of surface flaws in glass arwad applied to the specimen. The accuracy of the testing
primarily determined by manufacturing and handling pro-machine shall conform to the requirements of Practice E 4.
cesses, this test method is limited to products from which 5.2 Bearing Edges-Cylindrical bearing edges of approxi-
specimens of suitable size can be obtained with minimamately 3-mm ¥s-in.) radius shall be used for the support of the
dependence of measured strength upon specimen preparati@st specimen and the application of the load. The bearing
techniques. This test method is therefore designated as a tesiges shall be of steel and sufficiently hardened to prevent
for modulus of rupture of flat glass. excessive deformation under load. Two-point loading tests

4.5 Test Method B describes a general procedure for tesshall be performed with the loading member pivoted about a
applicable to specimens of rectangular or elliptical crossentral transverse axis to ensure equal distribution of load
section. This test method is based on the assumption thatkmetween the two bearing edges. For the testing of specimens of
comparative measurement of strength on groups of specimensctangular section, both loading bearing edges and one sup-
is of significance for many purposes, such as determining thport bearing edge also shall be provided laterally to compen-
effect of environment or stress duration, or the effectiveness adate for irregularities of the test specimen. Fig. 1 shows a
varied prestressing techniques or strengths characteristic efiitable arrangement using pinned bearing edges. In test of
glass-ceramics of differing composition or heat treatment. Irspecimens of a circular or elliptical section, the fixed cylindri-
this test method the surfaces of the specimens are not assumeal support edges may have a curvature of approximately 76

~ ]

FIG. 1 Pinned Bearing Edges
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mm (3 in.) in the plane of the bearing edge to stabilize theCarefully place each specimen in the test fixture to minimize
alignment of the specimens. Such support edges are shown jiossible damage and to ensure alignment of specimen in the
Fig. 2. fixture. The permissible maximum fiber stress due to initial

FIG. 2 Fixed Cylindrical Support Edges

TEST METHOD A—TEST FOR MODULUS OF load on the specimen shall not exceed 25 % of the mean
RUPTURE OF FLAT GLASS modulus of rupture. Load the specimen at a constant rate to

failure. For annealed glass the rate of loading shall correspond
to a rate of increase of maximum stress of 1*10.2 MPa/s

6.1 Preparation of SpecimensTest specimens shall be cut (10 000 + 2000 psi/min). Test prestressed glasses with the
from the sheet stock with a diamond or a cutting wheel. Bothpcrease of maximum stress per minute between 80 and 120 %
longitudinal cuts shall be on the same original surface and nongf the modulus of rupture. The first six specimens of the group
of the original edge of the sheet shall be used as a longitudinghay be tested at a loading rate based on an estimate of the
side of the specimen. End cuts may be on either surface. Thodulus of rupture and the average value for these specimens
direction of cutting of half of the total number of specimensysed to correct this estimate. If range of width and thickness
shall be perpendicular to the direction of cutting of theyariation in the specimens is less than 5 %, the mean values
remainder. SpeCimenS that must be cut from Sheet StOCk pnqﬁay be used to represent a" Specimens for the purpose Of
to the use of a prestressing treatment shall have the corners @jculation of rate of loading.
the longitudinal edges rounded to minimize damage to the 7.2 Determine the thickness and width of each specimen to
edges in the prestressing process. All operations shall be1 9, To avoid damage from gaging in the critical area, take
performed with the direction of grind or polish parallel to the measurements prior to testing near each end with a separation
|Ongitudinal axis. The radius of the corner shall not exceed 1%qua| to the support span, and average the values. Measure-

mm (s in.). _ _ ~ ments following test shall be in the uniformly stressed region
6.2 Size of SpecimensThe specimens shall be approxi- of the specimen.

mately 250 mm (10 in.) in length and 384 3.2 mm (2 *+ 7.3 Determine the location of point of failure and note it as
¥s in.) in width. The variation in width or thickness shall not edge or face origin. Plastic or other tape of low elastic
exceed 5 % from one end to the other. . modulu$ may be used on the compressive surface to contain
6.3 Number of SpecimensAt least 30 specimens shall be the fragmentation and allow observation of point of failure for
used for one test and shall preferably be taken from severq\ﬁgmy prestressed specimens. Report all values, although

sheets, or regions of a single sheet. _ segregation of edge break values is permitted.
6.4 Examination of SpecimensAny specimen may be

rejected prior to test for observable defects considered likely t§- Calculation

affect the modulus of rupture. To be considered representative 8.1 Calculate the modulus of rupture, initial maximum fiber
of annealed glass the specimens must meet the requirementsifess, and rate of increase of stress as follows:

3.2.2. At least 30 % of the specimens shall be examined for 8.1.1 Modulus of rupture:

residual stress. If any of these fail to meet the requirement, the 3la

remainder of the specimens shall be examined and those S= bd? @)
exceeding the stated limit shall be rejected.

6. Test Specimens

8.1.2 Maximum stress due to initial load if present:
3L

7.1 Space the supporting edges of the test fixture 200 mm $= bd? ®)

(8.00 in.) apart and centrally position the loading edges with a

separanqn of 100 mm (4-00 'n-)- Break specimens havmg F:Ut 5 Scotch Brand plastic tape, Catalog No. 191-A, manufactured by 3M Co., 3M

edges with the cutter marks on the face under compressiogenter, St. Paul, MN 55144, has been found suitable for this purpose.

7. Procedure
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8.1.3 Rate of increase of maximum stress: equilibrium to eliminate the presence of thermally induced
3a AL stresses in the specimen. The report should indicate the thermal
R=tq X at (4)  history prior to testing.
R=S— S 11. Test Specimens
t 11.1 Preparation of Specimens
where: 11.1.1 Specimens of rectangular cross section may be pre-
S = modulus of rupture, MPa (psi), pared by any sequence of conventional operations such as
S = maximum fiber stress due to initial load if -cutting, sawing, grinding, or polishing. Longitudinal edges on
present, MPa (psi), the face to be placed in tension should be chamfered or
R = rate of increase of maximum fiber stress, MPa/s rounded. The corner radius shall be a minimum value sufficient
(psi/min), to eliminate edge breaks and shall not exceed one tenth the
L = breaking load including initial load, N (Ibf), thickness in specimens approaching a square cross section.
Lo = initial load, N (Ibf), Specimens shall have equivalent size and manufacturing pro-
a = moment arm or distance between adjacent sup-cedures in groups to be compared. The specimen length shall
port and loading edges, mm (in.), be at least 12.7 mni4 in.) greater in length than the support
b = width of specimen, mm (in.), span used in test. The width to thickness ratio is recommended
d = thickness of specimen, mm (in.), to be between 2:1 and 10:1. The minimum width shall be 9.5
t = time from start of continuous loading to rupture, m @4 in ), although specimens of greater width are desirable.
$ (min), and . The variation in width or thickness shall not exceed 3 % over
AL/At = rate of increase of load, MPa/s (psi/min). the length of the specimen equal to the support span.
9. Report 11.1.2 Specimens in rod form may be prepared as drawn
9.1 Report the following: cane or by procedures such as core drilling and centerless
9.1.1 Test method used, grinding. Equivalent sizes and manufacturing procedures shall

9.1.2 Identification of the glass tested, including any speciaP® used on specimens for comparison. The specimen length
treatment (for specimens derived from manufacturing proShall be at least 12.7 mn¥{in.) greater than the support span
cesses that are asymmetric in nature; for example, the flo&s€d in the test. The diameter shall be optional, with a

process, the side of the sheet placed in tension during test sh8lnimum value of 4.76 mm s in.). The variation in a
be identified, if possible), measured diameter shall not exceed 3 % over the length of the

9.1.3 Classification as annealed or prestressed glass, ~ SPecimen equal to the support span. The length-to-diameter

9.1.4 Test environment if other than standard laboratory@tio shall be greater than 10:1. Specimens may be elliptical in
atmosphere, section, but the minor diameter shall not be less than 80 % of

9.1.5 Rate of increase of maximum stress, the major diameter. The specimen shall be straight within 3

9.1.6 Value of modulus of rupture for each specimen and"M in 100 mm (or¥ in. in 4 in.). The curvature shall be
designation of point of failure as edge or face, and limited to a single plane containing the major or minor
9.1.7 Average value of the modulus of rupture for the grougliameter of any ellipticity, if this ellipticity exceeds 5 %.

and the standard deviation estimate of the mean. Separatell-2 Number of Specimens _
values may be determined for edge and face origins. 11.2.1 Itis recommended that at least 30 specimens shall be

_ _ _ available for one test if a controlled abrasion procedure is not
r':IOTE l_sslee .A””eélAS_for conversion from inch-pound units and ysed as a normalizing procedure. Utilization of fewer speci-
other non-St units to ST units. mens is permissible if conclusions of satisfactory statistical

TEST METHOD B—COMPARATIVE TEST FOR validity are possible, though a minimum of ten specimens is
MODULUS OF RUPTURE OF GLASS AND GLASS- required.
CERAMICS 11.2.2 At least 10 specimens shall be used for one test if a
controlled abrasion is used to normalize the surface condition
10. Hazards of the specimens.
10.1 Care should be exercised in all handling of specimens 11.3 Examination of Specimens
to avoid the introduction of random and severe flaws. 11.3.1 Any specimens may be rejected prior to testing for

10.2 Abrasion of specimens of rectangular section should beefects considered likely to affect the modulus of rupture.
performed so that corners are not subjected to abrasion. 11.3.2 Specimens of glass described as annealed must meet
Abrasion should be limited to the region of uniform tensile the requirements of 3.2.2. At least 30 % of the specimens shall
stress between the loading edges, and it should cover lge examined for residual stress. If any of these are not within
significant fraction of this area. the requirements, the remainder of the specimens shall be

10.3 Following an abrasion procedure, a minimum time of lexamined and those exceeding the stated limit shall be rejected.
h must elapse before taping or testing of specimens (see A2.2). .

10.4 Deflectometers, if used during testing, should notl2- Test Conditions
contact the tension face of the specimen. 12.1 Specimens of Rectangular Sectiehe moment arm

10.5 If tests are performed at temperatures deviating fronor separation of adjacent support and loading edges shall be
ambient, it is necessary to allow the specimen to reach thermagkeater than the width of the specimen and at least four times
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the thickness of the specimen. The separation of the loadinfirst 20 % of the group may be tested at a loading rate based on

edges shall be not less than 19 m# ih.) and at least three an estimate of the modulus of rupture and the average value for

times the thickness of the specimen. Within these limitationghese specimens used to correct this estimate. For specimens of

the test geometry may be adjusted to accommodate the loadimgctangular section, determine and record the point of failure as

range of the testing machine. It should be noted that for highlyedge or face origin for specimens without abrasion, and record

prestressed materials the possibility of excessive flexuré as to occurrence in abraded area for specimens having such

(greater than approximately one half the specimen thicknesg)brasion. The use of plastic or other low-modulus taise

and end slope may exist at large span-to-thickness ratios. permitted on the compressive surface to contain the fragmen-
12.2 Specimens of Round or Elliptical SectieiThe mo-  tation and permit observation of point of failure. Report all

ment arm or separation of support and loading edges shall baalues, although segregation into appropriate classification is

at least four times the vertical diameter of the specimen. Theermitted.

separation of the loading edges shall be not less than 1%nm (

in.) and at least three times the vertical diameter. Within thes@4. Calculation

limitations the test geometry may be adjusted to accommodate 14 1 calculate the modulus of rupture, initial maximum

the loading range of the testing machine. It should be noted th@fyer siress. and rate of increase of stress as follows:
low moment arm-to-diameter ratios may result in undesirable 14.1.1 M,odulus of rupture for specimens of rectangular

high contact stresses from the bearing edges.

: ; : section:
12.3 Single Point Loading-Although not generally recom-
mended, single-point loading is acceptable under the following S= 3_'-"2" (5)
circumstances: bd

12.3.1 For establishing experimental correlation with exist- For specimens of elliptical section:
ing single-point loading data, and
12.3.2 When the distribution of glass defects or flaws (see
4.3) is such that their presence is unavoidable within the
minimum distance between the loading points as specified in 14.1.2 Stress due to initial load if present for specimens of
12.1 and 12.2. Such defects or flaws must be noncharacteristiectangular section:
to the glass composition and of no primary interest to the 3La
strength study. $=5q7 (7)
12.3.3 For single-point loading, make the separation of the ) o )
loading edges zero while maintaining all other requirements in FOr specimens of elliptical section:

_5.00La

= TodZ (6)

12.1 and 12.2. 5.90Lsa
= bd? (8)
13. Procedure
13.1 Measurement of Specimens 14.1.3 Rate of increase of maximum stress for specimens of
13.1.1 Individually measure specimens of rectangular sed€ctangular section:
tion for width and thickness to 0.02 mm (0.001 in.). If a Rzﬁx& ©
controlled abrasion is not utilized, limit measurements prior to bd? " At

the test to regions near the ends, separated by a distance equ
to the support span, and record the average value.

13.1.2 Place specimens of elliptical or round section on a set R= ﬂ’x AL (10)
of support edges of appropriate span, and note a normal bd? = At
equilibrium position. Mark the vertical axis, and measure the For specimens of any section:
vertical and horizontal diameters to 0.02 mm (0.001 in.). If a
controlled abrasion is not utilized, limit the measurements prior R=
to testing to regions near the ends at a separation equal to the
support span, and record the average values. where:

13.2 Loading to Failure—Carefully locate the specimensin S modulus of rupture, MPa (psi),
the test fixture to minimize damage to the specimen and toS, maximum fiber stress due to initial load, if
ensure alignment with axis of the fixture. Specimens in rod present, MPa (psi),
form shall have the indicated vertical axis so located duringR rate of increase of maximum fiber stress, MPa/s
test. For specimens of rectangular section, place the abraded (psi/min),
face in tension. Do not allow the initial load on the specimen L breaking load, N (Ibf),
to produce a maximum fiber stress in excess of 25 % of thelo initial load, N (Ibf), _ _ .
mean modulus of rupture. Uniformly apply the load until & moment arm or separation of adjacent loading

aIkor specimens of elliptical section:

(1)

failure occurs. For annealed glass, the rate of loading shaIL ~ and support edges, mm (in.), ,

correspond to a rate of increase of maximum stress of D.2 B W'dth of specimen or horizontal diameter, mm
MPa/s (10 000+ 2000 psi/min). For prestressed glasses and _ (in.), . . .
glass-ceramics, the increase of maximum stress per minutg B thlckness of specimen or vertical diameter, mm
shall be between 80 and 120 % of the modulus of rupture. The (in.),
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t = time from start of continuous loading to rupture, Not subjected to abrasion, and with regard to occurrence in the
s (min), and abraded area for specimens subjected to a controlled abrasion),
AL/At = rate of loading, MPa/s (psi/min). and
15.1.10 Average value of the modulus of rupture for the
15. Report group and the standard deviation estimate for the mean.
15.1 Report the following: Separate values may be determined for the specimens segre-
15.1.1 Test method used, gated by point of origin.

15.1.2 Identification of the material tested, including any . )
special treatment, 16. Precision and Bias

15.1.3 Classification as annealed or prestressed material, 16.1 Precisior— The precision of these test methods is a

15.1.4 Form and size of specimens, function of the testing machine (see Practice E 4), the test
15.1.5 Method of preparation of specimens and abrasiofixtures(1)°, and the normalizing procedures (see Annex A2).
procedure used, if any, Some of these aspects are discussed in Sections 4 and 15.
15.1.6 Test environment if other than standard laboratoryfypical coefficients of variation for homogeneous materials

atmosphere, range from 3 to 10 %.
15.1.7 Test geometry and conditions of loading (single- 16.2 Bias—No statement is made about the bias of these
point or two-point), methods for determining the modulus of rupture since there is
15.1.8 Rate of increase of maximum stress, no standard reference material (SRM) available.

15.1.9 Value of the modulus of rupture for each specimen
(the_ p(_)lnt of fal_lure for specimens of rectangqlar SeCtlon_ shall ® The boldface numbers in parentheses refer to a list of references located at the
be indicated with regard to face or edge origin for specimengnd of this standard.

ANNEXES
(Mandatory Information)

Al. DETERMINATION OF RESIDUAL STRESS

Al.1 The required determination of residual stress can beyhere:
carried out with either a polarizing microscope or a polariscopes
(polarimeter) equipped with suitable means for quantitativek
measurement of birefringence. Suitable devices include theR
Berek or Babinet compensators as well as the combination ot
a quarter-wave plate and rotating analyzer referred to as the
Sénarmont(2)® or Friedel (3) compensator. Method B of

longitudinal stress, Pa (or psi),

stress optical coefficient, nm/m-Pa (or nm/in.-psi),
relative retardation, nm, and

light path length in specimen, m (or in.).

Al1.3 The stress-optical coefficient shall be determined for
ghe glass being measured. For common soda-lime glasses the
value is approximately 2.5% 103 nm/m-Pa (0.18 nm/cm. for
stress of 1 psi). The relative retardation is proportional to the

. : lgebraic difference of the principal stresses in the plane
Al.2 With all methods of compensation, the measurement%‘Ormal to the light path, averaged over this light path. The

are made with the polarizer and analyzer crossed to produce a

Gk e Thepah of e lght mough he specimen sall b 275 o SAELen sesines e prica, suees tone o
perpendicular to the longitudinal axis of the specimen, and fo ; pect : P
: specimens used in Test Method A, or otherwise prepared
a specimen of rectangular shape shall be parallel to the faces 0 . . : !
. ; . : -~ such that major temperature gradients during cooling have
the specimen that will be placed in tension and compressmrﬁ

a description of a typical apparatus.

; . . . .~ Peen perpendicular to the faces of the specimen. This may not
The orientation of the specimen must be with the longitudinal e true for all specimens prepared for Test Method B, and

;x;s %ﬂ;?é;f?f Irzr(])(tar:(r?évcr? ,tr\:\g th Ig}fepé?neog rigg![?onnzit;%nb%observations of birefringence should be performed with the
P : X P b light path perpendicular to both test surface and edge of the

determined as being parallel to the longitudinal axis of thes ecimen. Round specimens being examined should be rotated

specimen when this axis is rotatgd_ between the CrosS€lhout the longitudinal axis to obtain maximum retardation
polarizer and analyzer to produce minimum brightness in th‘?eading

specimen. After prior orientation of the specimen, the magni-
tude of the birefringence, or relative retardation in nanometers, A1 4 Crystal compensators shall be calibrated through the
is determined for the light passing through the appropriatg)se of monochromatic light (commonly the 546 nm Hg
region of the specimen. The longitudinal stress may then beadiation) and then may be used with white-light sources to
determined as follows: ensure proper determination of integral order of retardation.
R The rotating analyzer is self-calibrated if used with monochro-
S= ki ALD  matic light (180° rotatiorn= 1 wavelength of retardation), but
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it presents difficulties if used with white-light sources. The when observed with white light, though black with monochro-
retardation per degree rotation is affected by the spectrahatic light. The existence of retardations of this order of
distribution of the source and the sensitivity of the eye as welmagnitude would occur in the standard specimen for Test
as the color used by the observer to determine extinction. It islethod A at a residual stress level of approximately 5.86 MPa

recommended that the appropriate constant be determined, f@50 psi) for a soda-lime glass, and at lower stress levels for
the specific instrument and observation technique, by use of glasses having a higher stress optical-coefficient.
Itcéig(naid Ssavmlloglzgecgrriﬂ cc)errenr?nV\ilr?art?olitl\é? tr:éars?arglo:f. ;l;]ré's A1.5.2 The measurement of birefringence at surfaces of
d b€ . an .~ specimens may be affected by the characteristics of the
observed stress (tension or compression) for a specified orien: ’ )
. : Instrument used. The observed image is formed by cones of
tation of the specimen. . ) C
rays passing through the specimen. The measured retardation is
Al.5 Hazards thus related to an average retardation over areas included
Al1.5.1 In using compensation techniques limited to oneWithin the cone centered on the point observed in the specimen.

wavelength of relative retardation such as the Friedel methodt an edge this may result in a lowered retardation value. The
it is necessary to determine that the relative retardation i§ffect is increased in specimens of long light path and may be
actually less than one wavelength. The existence of more thagighificant for microscope systems using convergent illumina-
one wavelength of retardation will be indicated by the presencéon and objectives of high aperture.

of fringes higher than zero order. These fringes will be colored

A2. ABRASION PROCEDURES

A2.1 Methods of Abrasior-Many procedures for normal-
izing or controlling the surface defect condition of glass r_JL._A'RR Na
specimens or articles used for strength tests have been reported S OB (T 4
in the literature(4, 5). A common practice in the industry has J e
involved the use of a specified abrasive paper or cloth. Some
procedures have been designed to introduce a single controlled Ty
size defect by an indentation or impact procedure or have
attempted to introduce a single oriented scratch by a mechani- 65,78 em LD, 0k em
cal device. For the purpose of Test Method B, any procedure ©/16in) (2* in)
producing suitable consistency of individual test values would s18emiD. - A
be satisfactory. Standard deviation estimates of means should (1 1/4in) . s0bem
not exceed approximately 5 %. Following are several examples EXHAUST —— @in)
of abrasion procedures that have resulted in satisfactory SPECIMEN d
statistical measures of dispersion for test groups and that are TABLE TR 2
suitable for use when many specimens are to be abraded. A Z
discussion of other abrasions and an alternative grit blast 23
procedure can be found in the literatee 5). [/ /i B4
A2.2 Aging of Abrasior-Following the use of any proce- | 177.8em 1D, _| T
dure for controlled abrasion it is necessary to control the 7in)
modification of severity of the abrasion that occurs when the SCALE +— 2.5 om (1 inch)
abraded specimen is exposed to a humid atmospe@r&or FIG. A2.1 Abrading Device

comparative strength values it is necessary that the environ-
ment and time between abrasion and test be uniform for the tepassing through a No. 70 (212-um) U.S. Standard Sieve and

groups. retained on a No. 100 (150-um) sieve is utilized in this abrasion
procedure.
A2.3 Sandblast Abrasion Procedure for Specimens of Rect- A2 3.3 Hazards
angular Section A2.3.3.1 It is necessary to avoid scratching the specimens
A2.3.1 Apparatus—Fig. A2.1 illustrates the general design with sand particles. This requires removal of sand from mask
of the apparatus. surfaces before contacting the specimen.

A2.3.2 Abrasive Material-The abrasive used is Berkeley A2.3.3.2 After a sandblast, a residue of sand is frequently
sand or Morie Company, Inc. B-1 silica sarfdThe fraction  observable on the specimen face. The abraded face should,
therefore, not be placed in contact with surfaces as the
specimen is stored before test.
" Berkeley Sand is available from the Pennsylvania Glass Sand Co, Berkeley A2.3.3.3 Decentering of the abrasion density may be asso-
Springs, WV 25411. . e - . . . .
8B-1 silica sand is available from the Morie Company Incorporated, Tennesse@'ated with shift of the vgrpcal air inlet tube. Cente”ng of this
Silica Division, P. O. Box 507, Camden, TN 38320. tube should then be verified.
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A2.3.4 Procedure A2.4.4.3 The mask and specimen assembly is centered on
A2.3.4.1 The air pressure is regulated to 276 kPa (40 psibhe opening of the sandblast apparatus.
for Berkeley Sand and 311 kPa (45 psi) for B-1 silica sand, as A2.4.4.4 The air is turned on, and after air flow is estab-
determined by a pressure gage mounted on a stariddrd  lished, a measured 1 ¢of abrasive is dumped into the center
pipe tee at the end of the air inlet pipe. of the funnel.
A2.3.4.2 An appropriate rubber-faced mask is utilized to A2.4.4.5 The air flow is continued fc5 s after the intro-
eliminate glass-to-metal contacts, and control the area diuction of the new abrasive.
specimen subject to sandblast. A2.4.4.6 The specimen is removed and the process repeated
A2.3.4.3 The mask and specimen assembly is centered Gbr the next specimen.
the opening of the sandblast apparatus.
A2.3.4.4 The air is turned on, and after air flow is estab- A2.5 Tumble Abrasion Procedure for Specimens of Elliptic
lished, a measured 5 ¢rof sand isdumpednto the center of  Section
the funnel. It is necessary to ensure that the sand feeds from the
funnel and not from the container from which it is dumped. g : ;
A2.3.4.5 The air flow is continued fdb s after the intro- ?neillll) %?”Jg%ﬁigﬁgg to 100 rpm, time switch to operate ball
;jlg\fvtmn of the sand as determined by the audible variation in air A2.5.2 Abrading Materia—The abrading material shall be
A2.3.4.6 The specimen is removed and the process repeatggfgns %a:J;ciz,rjé)-grlt.
for th i . " . . . .
or the next specimen A2.5.3.1 The severity of the abrasion resulting from this
A2.4 Grit Blast Abrasion for Specimens of Rectangular process is dependent on the size and weight of the specimens
Section added to the jar. The procedure was initiated for nominal 0.6
cm (Ys-in.) diameter specimens, for which a rapid method of
of the apparatus. abrasion was desired. Relative strength of groups of specimens

A2.4.2 Abrasive Materia—The abrasive used is silicon Of the same cross-sectional area i_s obta.ine_d.'
carbide grain. The material is obtained as No. 30 grit. A2.5.3.2 The length of the specimen is limited to 114 mm

A2.4.3 Hazards (4¥%2 in.) for the No. O jar.

A2.4.3.1 It is necessary to avoid scratching the specimen A2.5.4 Procedure N o
with abrasive particles. This requires removal of abrasive A2.5.4.1 A charge of 200 cinof the silicon carbide is
particles from mask surfaces before contacting the specimerlaced in the ball mill jar.

A2.4.3.2 After abrasion a residue of grit particles remains AZ2.5.4.2 A preconditioning of the silicon carbide is carried
on the specimen. These can be shaken from the specimen. out by rotating the jar for 30 min after ten surplus specimens

A2.4.3.3 Decentering of the abrasion density may be assd¥ave been added to the jar.
ciated with shift of the vertical air inlet tube. Centering of this A2.5.4.3 Abrasion of the specimens for test is performed by
tube should then be verified. rotation of the jar for 15 min with the jar containing the

A2.4.4 Procedure “conditioned” silicon carbide and a group of ten specimens.

A2.4.4.1 The air pressure is regulated to 69 kPa (10 psi) as A2.5.4.4 Abrasion procedure is repeated using successive
determined by a pressure gage mounted on a stariddrd  groups of ten specimens until ten groups have been abraded in
pipe tee at the end of the air inlet pipe. the jar.

A2.4.4.2 An appropriate rubber-faced mask is utilized to A2.5.4.5 The silicon carbide is then removed, a fresh charge
eliminate glass-to-metal contacts, and control the area of thef 200 cn? is added to the jar and preconditioned in accordance
specimen subject to sandblast. with A2.5.4.2,

A2.5.1 Apparatus—Roller-type ball mill to rotate No. 0%

A2.4.1 Apparatus—Fig. A2.1 illustrates the general design

A3. CONVERSION OF UNITS

A3.1 For conversion to Sl units from inch-pound units or To Convert From To Multiply by
other non-SI units the following have been derived from and
. . . . pound-force (Ibf ) newton (N) 4.448
rounded from the conversion factors given in Practice E 380kiogram-force (kgf) newton (N) 0.807
inch (in.) metre (m) 2.540 X 1072
pound-force/inch?(psi) pascal (newton/metre?, Pa) 6.895 x 10°
kgf/millimetre?(kgf/mm?) pascal (Pa) 9.807 x 10°
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