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FOREWORD

This report was prepared by the National Bureau of
Standards under Air Force Order No. AR(33-657)62-362,
The contract was initiated under Project No. 7381,
vMaterials Application", Task No. 738103, "Data Collectlion
and Correlation."” The work was administered under the
direction of the AF Materials Laboratory Research and
Technology Division, with Mr. B, E. Wittman as projlect
officer,

This report covers work conducted from January 1963
to December 1963,

The mechanical testing was performed in the Glass
section under Mr., C. H. Hahner, the Section Chief., The
statistical analysls was made by J. M. Cameron of the
Statistical Engineerling Sectlon,



ABSTRACT

In order to establish realistlc design criteria appll-
cable to selected oxide glasses naving utility as viewlng
windows in Alr Force vehicles, certaln physical properties
have been determined throughout the useful temperature range
of these glasses.

Temperatures below which no creep was detected for
annealed specimens at stresses of 33 per cent of the average
modulus of rupture are reported for five of the glasses in
the program.

The relationshlp of the area under stress to the
strength for annealed plate specimens was investigated., It
was found that: 1) Fracture originates randomly throughout
the area of uniform stress. 2} The strength decreases a8
the area under maximum stress increases. 3) Speclmens that
fracture at the edge are generally weaker than those that
fracture on the surface,

This report has been reviewed and is approved.

W, P. CONRARDY

Chief, Materilals Englneering Branch
Applications Divislon

AF Materlals Laboratory
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INTRODUCTION

The high speeds of modern alrcraft and the resulting
high operating temperatures create problems in finding a
material for alrcraft enclosures that will withstand high
temperatures as well as stresses lntroduced by thermal
gradients and loading. For the proper utilization of glass
in these applications, accurate information on properties
at elevated temperatures 1s required.

The program was inittated by the Aeronsutical Systems
Division with the objectives oft 1) developing test methods
for measuring the effect of temperature on the physical
propertles of glass, and 2) determining the propertles of
some presently avallsble commercial glasses that appear to
be sultable for alrcraft glazing. The properties deter-
mined were stress-rupture, Crecep during stress-rupture
tests, modulus of rupture, and Young's modulus.

This report contains results, on five of the seven
glasses in the program, that show the minimum temperature
at which creep occurred at a stress level of 33 per cent
of the average modulus of rupture. The results of a study
on the effect of area under stress on strength 1s also
presented.

This report 1s the elghth annual summary report and
covers the work completed between 1 January 1963 and 31
December 1963,

Manuscript released by authors December 1963 for pub-
1ication as a WADC Technical Documentary BReport.



CREEP

A study was made to determine, under selected conditions,
the temperature at which creep can first be detected, or the
temperature below which creep will not occur. Since creep de-
rends on both the amount of applied stress and temperature,
many combinations could be conceived to glve results under s
particular set of conditions. A comprehensive study of the
temperature 2t wnich creep first occurs under different con-
ditlons is beyond the scope of this project, and unless spe-
cific problems or applications were considered, may be a rel-
atively meaningless accummulation of data. The work done here
1s simply a "base" that may be useful to compare other work
to, or as a place to start in solving an actual problem,

Five of the seven glasses in the program were used in
this study. These glasses were representative of the five
different compositional types in the program (soda-lime-silica,
borosilicate, aluminosilicate, 96% silica and fused silica),
The following conditions were used to determine the tempera-
ture at which creep was first observed;

1) Annealed glass only was used.

2) A stress-level of 33% of the average modulus of rupture
obtained at 50°C below the strain point was used. This stress-
level was chosen since previous work showed no fallures
occurred at this stress-level when the load was applied for

500 hours.

3} The specimens were tested until they exhibited creep or
for 50C hours,.

4) Three specimens were tested in each group.
5) Temperature increments of 10°C were used,

6) It is estimated that with the appraratus used creep of the
order of 0.00025 inches per hour was detectable.



The results are presented in Table I, This table gives:
the glass tested, the applied stress, the strain pelnt tem-
perature, the temperature at which creep was first observed,
and the temperature at which no creep was observed.

Table I. Temperatures for Creep and
No Creep at 33% Stress

Temperature

Glass f[Applied | Strain |Observed No Creep in

Stress Point Creep 500 hrs

psi °C °C °C

CGW
2740 2700 515 340 _ 330
CGW
1723 2595 672 560 550
CGW
7900 2555 820 580 570
CGW
7940 3565 990 720 710
LOF
S048 -
Timen | 2330 517 370 360
Silica




EFFECT OF THE AREA UNDER UNIFORM
STRESS ON THE STRENGTH OF FLAT GLASS

Introduction

The ASTM test for determining the strength of flat glass,
"Plexure Testing of Glass C 158-43" calls for a specimen 10
inches long by 1% inches wide and Z inch thick. This specimen
i1s supported on knife edges located elght inches apart and
loaded with a single knife edge at mid-span.

In recent years there has been an increasing trend away
from single point loading called for by ASTM and a substitu-
tion of two point loading, an arrangement that produces an
area of uniform stress between the loading knife edges., The
reason for the use of the two loadlng knife edges is based on
the work of Griffith (1) and follows the thought that the
strength of glass 1s dependent on the flaws In 1ts surface, so
a test which places more of the surface under uniform stress
will glve a better representation of the strength of the glass
than a test which places only a small portion of the surface
under maximum stress.

Previous work on this project {2) has shown that in
strength tests made on a number of samples, the specimens that
fziled from a fracture originating on the edge were as a group
significantly weaker than those that falled from fractures
originating on the surface of the specimen.

With the above in mind, a test was designed to investi-
gate: 1) The relationship of the area under uniform stress to
the strength of glass, and 2) the comparison of the strengths
of specimens fracturing at the edge and on the surface,



Experimental

Specimens were obtained from two different glass pro-
ducers. These specimens were from production runs of soda-
lime-silica plate glass in the annealed condition, approx-
imately % inch thick. They were cut by the manufacturer and
supplied as laths ready for testing. '

ASTM Standard Method C 158-43 was followed, except for
variations in the specimen size and loading configurations
and the testing of 50 specimens in each group. Specimens
were stored at 75°F and 50 per cent relative humidity for a
minimum of 48 hours before testing and were then tested under
these same condlitions, Cellophane tape was applied to the
compression surface of the specimens immedlately before test-
ing. This was done to hold the fragments together after frac-
ture to facllitate locating the fracture origin. After break-
ing the specimen, the fracture origin was identified as to
whether it lay on the surface or edge of the specimen, and its
distance to the supporting knife edge was measured to the
nearest 1/8 inch.

The areas under uniform stress, specimen dimensions, and
test configurations are shown in Tables II and III, Both
glasses were tested in the same manner, All statistical com-
parisons were made by use of the t-test (3) at the 5 per cent
level of sipgnificance. No comparisons were made between the
two glasses.,



Results and Discusslion

Figures 1 and 2 show the average modulus of rupture and
the stress at the fracture origin plotted as a function of
area under uniform stress for glasses A and B respectively.
Several items of interest are apparent in the results:

1) The strength decreases as the area under uniform stress
Increases. _

2) There is no significant difference between the strength of
rlass specimens of different dimenslons when the same areas
3 square inches and 6 square inches) are under uniform stress.

3) There 1s up to approximately 1000 psi difference between
the modulus of rupture and the stress calculated at the frac-
ture origin for all two polnt loading configurations. For
mid-point loading the difference increases to the range of
1997 psi to 2665 psi,

4) For Glass A, specimens of both widths exhibit the behavior
of strength decrease wlth increase in area under uniform stress
and show no significant difference in strengths when groups of
equal stress areas are compared, Thls pattern holds true for
Glass B except in the category of the speclmens loaded at mid-
point, Here, the 0.75 inch wide specimens are significantly
stronger than the 1.5 inch wide specimens. There 1s no

readlly apparent reason why the 0,75 inch wide speclimens from
two different companies show such different patterns when the
other specimens produce similar patterns.
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I'ne average values of the modulus of rupture and astress
at fracture are presented in Tables II and ITI along with
their standard deviations and coefficlents of varlations.
These values are presented for all the specimens in each
test group as well as for sub-groups containing only the sur-
face fractures and the edge fractures.

Inspection of these tables shows that for every test
group, for both modulus of rupture and stress at fracture,
the strength is greater when the fractures originate on the
surface rather than the edge of the specimen. A statistical
analysis shows that the difference 1is significant for the
modulus of rupture in four out of eight cases for Glass A
and for all eipght cases for CGlass B, For stress at fracture
the difference 1s sionificant in six out of elght cases for
Class A and seven out of eight cases for CGlass B.

"igures 3 and 4 show the locatlon of the fracture
ortzins along the length of the specimens. It is readily
apparent that the fracture origins tend to fall relatively
uniformly throughout the area of uniform stress, and for mid-
noint loading the fracture origins are compressed around the
voint of maximum stress.
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Figure 5 is a hlstogram of the test groups for Glass A
and are drawn for both modulus of rupture and stress at
fracture for 2l1ll of the specimens in a particular group as
well as for the sub-groups of speclmens that falled from
the edge and at the surface., The histogram for Glass B was
similar. This histogram shows the shift in strength as the
area under uniform stress ls increased and also show that
the edge fallures are generally lower in strength than the
surfazce failures but that they are well distributed into
the surface fallure values. This shows that some surface
flaws are more severe than the edge flaws but in general the
edge flaws are the more severe,

The speoimens that falled from the edge would have
fatled at a higher surface strength had they not possessed
severe edge flaws, and would have increased the average
strength of the group. The edge faillures in effect tend to
skew the distribution toward the lower end. This impliles
that a value aporoaching a true measure of the strength of
the surface of glass cannot easily be obtained with this
type of test.
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Summary and Conclusions

Flexure tests were made on laths of annealed plate
glass from two different glass producers, and tested with
both single and two point loading. In these tests it was

faund chats

1) The larger the area stressed the lower the strength.

2) For specimens of a different size but having the same
area under uniform stress there was no significant dif-
ference between their strengths.,

3) There was up to approximastely 1000 psi difference be-
tween the modulus of rupture and stress at rupture for all
two polnt loading tests; for single point loading the dif-
ference was approximately 2000 psi.

4) Fracture origins for mid-point loading tended to cluster
about the point of maximum load while fracture origins in
the two point loading tests were distributed throughout the
area of uniform stress with some few ocecurring outside this
area.,

5) Specimens that failed at the surface tended to be
stronger than those that falled from the edge.

The present findings agree well with the "weakest link"
concept in flaw theories, the greater the number of the links
the higher the probability of finding a weak link and so
lower the strength of the whole., On this basis it seems a
two-point loading flexure test should be adopted, possibly
one in which the loading knife edges are separated by as
much as four inches., With the standard ASTM specimen and an
elght inch support span this would give a large area under
uniform stress with no undue comnlications from too short a
moment arm. Since the flaws on the cut edge are generally
more severe than those on the gurface of the glass, these two
types of fallures should be separated and note made of the
number and strengths of each,
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