| hd |

NRC Publications Archive
Archives des publications du CNRC

Dynamic Fatigue of Flat Glass, Phase Il: Final Report
Johar, S.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.4224/20328096
Contract Report (National Research Council of Canada. Division of Building

Research), 1981-02-25

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=8124a34f-dfc1-4320-ae78-2f2ac9e841fd
https://publications-cnrc.canada.ca/fra/voir/objet/?id=8124a34f-dfc1-4320-ae78-2f2ac9e84 1fd

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de C d
Council Canada recherches Canada ana a



A s

DEPARTMENT OF GLASS AND CERAMICS

DSS File No. 095X.31155-9-4421

DYNAMIC FATIGUE OF FLAT GLASS
PHASE II

(67039)

FINAL REPORT

Submitted to:

National Research Council Canada,
Ottawa, Ontario

Canadian Pittsburg Industries, Glass Diyision

of PPG Industries Canada Ltd.,
Toronto, Ontario Ch?isﬂk
Libbey~Owens-Ford Company, M g
Toledo, Ohio ' Sonedn
NGO fone e
Pilkington Glass Industries Lid.J,Vinfcrmetoy o
Toronto, QOntario techiiouwe
. Conszoil national da rachorches
Prepared by: Canada
S. Johar

February 25, 1981

ONTARORESEARCH
FOUNDATION

SHERIDAN PARK RESEARCH COMMUNITY
MISSISSAUGA, ONTARIO, CANADA L5K 1B3 « (416} 8224111 » TELEX 06-982311

The National Research Council Canada, Canadian Pittsburah Industries,
Libbey-Owens-Ford and Pilkington Glass Industries Ltd., do not make any
representations with respect to the accuracy, completeness, or usefulness
of the information contained in this report and do not assume liabilities
with respect to the use of, or damages resulting from, the use of any
information, apparatus, method or process disclosed in this report.

WE, THE ONTARIO AESEARCH FOUNDATION, STIPULATE THAT THIS DOGUMENT IS SUBJECT TO THE FOLLOWING TERMS AND CONDITIONS:
1. ANY PROPOSAL CONTAINED HEREIN WAS PREFARED FOR THE CONSIODERATION OF THE ADDRESSEE ONLY. ITS CONTENTS MAY NOT BE USED 8Y NOR DISCLOSED TO
ANY OTHER PARTY WITHOUT QUR PAIOR WHITTEN CONSENT.
2. ANY TESTING, INSFECTICN OR INVESTIGATION PERFORMED BY US WILL BE CONDUCTED IN ACCORDANCE WITH NORMAL PROFESSIOMAL STANDARDS. NEITHER WE
NOR OUR EMPLOYEES SHALL BE RESPONSIBLE FOR ANY LOSS OR DAMAGE RESULTING DIRECTLY OR INDIRECTLY FROM ANY DEFAULT, ERAOR OR CMISSION.
3. ANY REPORT, PROPOSAL OR QUOTATION PREPARED BY US REFERS ONLY TO THE FARTICULAR MATERIAL, INSTRUMENT OR OTHER SUBJECT REFERRED TQ IN IT. NO
REPRESENTATION IS MADE THAT SIMILAR ARTICLES WILL BE OF LIKE QUALITY.
- NO REPORT ISSUED BY US SHALL BE PUBLISHED IN WHOLE OR IN PART WITHOUT OUR PRIOR WRITTEN CONSENT.
- OUR NAME SHALL NOT BE USED IN ANY WAY IN CONNECTION WITH THE SALE, OFFER GR ADVERTISEMENT OF ANY ARTICLE, PROCESS OR SERVICE.
5. WE RESERVE THE RIGHT MOT TQ COMMENCE AND/OR COMTINUE ANY WORK UNTIL PAYMENT ARRANGEMENTS SATISFACTORY TO US ARE ESTABLISHED.

[ Y



TABLE OF CONTENTS

1. INTRODUCTION

2. EXPERIMENTAL APPARATUS
2.1 Test Facility

3. TEST PROCEDURE
3.1 Destructive Testing
3.2 Nondestructive Testing

4.  TEST RESULTS
4.1 Destructive Test Data
4.2 Nondestructive Test Data

REFERENCES

APPENDIX A - Schematics of Test Facility

APPENDIX B - Strain Gages - Layout and Procedure for
Catculating Stresses and Other Relevant
Quantities

APPENDIX C - Destructive Test Data

APPENDIX D - Nondestructive Test Data

Page

10

1

16

24

50



1. INTRGDUCTION

This is the final report of Phase II of the research
carried out by the Ontario Research Foundation under the contract
entitled "Dynamic Fatigue of Flat Glass". Phase I,financed by the
Federal Government of Canada, covered the design and construction of
a unique test apparatus capable of applying a linearly increasing air
pressure difference to glass panels 60" x 96" (1525 mm- x 2440 mm )
at rates ranging from less than 0.0015 psi/s (0.01 kPa/s) to more than
7.3 psi/s (50 kPa/sS1_ Phase II of the project, supported jointly by
three glass manufacturers (Canadian Pittsburgh Industries, Libbey-Owens-
Ford, and Pilkington Glass Industries), and the Division of Building
Research, National Research Council Canada, consisted of tests to
destruction of 90 panels of annealed float glass nominally %" (6 mm )
thick, using three different loading rates, 0.022, 0.22 and 2.2 psi/s
(0.15, 1.5 and 15 kPa/s), as well as nondestructive tests on a strain
gaged tempered glass panel with strain gages bound to fits surface

The underlying motive for the program was the need to relate
the strength of windows under a '60-second load' to their capacity for
resisting a series of short, sharp gusts and, in particular, the peak
gust for which they are designed. When a model study is carried out in
a boundary layer wind tunnel to generate information for cladding design,
one occasionally finds peak pressures of extremely short duration and

great magnitude. The appropriate design value depends on duration as well
as magnitude.

The objective of the project was to generate data to determine
‘the effect of rate of loading on the average strength of glass panels of

the size 60" x 96" x %" (1525mm x 2440mm x &mm) widely used in the building
industry. : '



2. EXPERIMENTAL APPARATUS

2.1 Test Facility

The test facility, designed and constructed under Phase I
of the project consists of three major components:

i)} Glass plate test system.
i) Loading and edge restraining system.
111) Servo drive and data acquisition system.

A detailed description of the test facility is given in the
Final Report of Phase I, submitted by ORF to the National Research
Council Canada.

Photographs of the test facility are attached as Appendix A
to this report. Schematics for the edge restraining system and the

alectronic set-up are also included.

The desired rate of loading of the glass panel was achieved
by controlling the rate of movement of a hydraulically driven piston.
The pressure difference across the panel was measurad by a Schaevitz
P1102-001 differential pressure transducer [0-10 psi (0-70 kPa) full
scale] . ' |

Glass panels were restrained along all four edges between

continuous %" (12.7mm) wide Shore A 55 durometer neoprene gaskets, (a

schematic is shown in Appendix A). The deflections were measured on the
horizontal centre-Tine 3%* (8.25 cm ) from one support and at the mid point,using
Tinear position potentiometers. X-y plotters produced charts of Pressure
Difference vs Time, and Centre Deflection vs Time. The former chart

was used to determine the linear Toading rate. Figures C1 to C3 show

these charts for two different loading rates.



-3-

Strain gages used for nondestructive tests were manufactured
by William T. Bean Inc., Detroit, Michigan, U.S.A. The 2-alement gages
were designated BAE-06-125TC-120 and the 3-element gages were designated
BAE-06-125RA«120. = These strain gages were attached to the glass panel
using Eastman 910SL cement.

A Yishay 220 system was used to condition and scan the strain
gages. The strain readings were fed into a Hewlett-Packard 9820A computer
which calculated and provided a printout of the stresses and other relevant data.

The procedure used for generating these results is included in Appendix B.

3. TEST PROCEDURE

3.1 -Destructive Testing

3.1.71 Test Panel Preparation and Installation .

A day before the testing glass panels were removed from the
shipping pallet and washed with water to which 1% vinegar by volume was
added. The glass panels were left at room temperature for at least
24 hours before being tested.. The thickness was measured at six points
along the perimeter of the panels.

In the manufacture of float alass,the bottom side is in contact
with a bath of molten tin. This bottom surface was tested in tension.
The top surface was taped with  3M #3701 polypropylene tape, 2" (5mm)
wide and 0.002" (0.05mm) thick. Most of the glass area was covered,with
the exception of a small portion near the centre td alldw air release
after the glass panel failed. Most of the possible fracture origins
Cﬁereinafter called PFOs ] were captured. The panels were
inspected for abnormal edge and surface flaws and the severely damaged
samples were rejected. Five sets of results were discarded because break
origins coincided with edge flaws, noticed during visual checking.
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Panels were set vertically on two, 6" (150mm) Tong, Shore A
80 durometer, neoprene setting blocks at the gquarter points of the 60"
(1525mm) dimension. An edge restraining force of 5.7 pounds/inch {1N/mm)
was maintained along the entire panel perimeter throughout each test,
(See Figure A.2).

3.1.2 Tests

Ninety-six glass panels were tested between March 26th and
June 5, 1980. During this period the room temperature ranged from 20 to
25%¢C while the relative humidity from 28 to 55%.

Each of the three manufacturers supplied four pallets of ten
glass panels each for a total of one hundred and twenty test specimens.
To minimize the handling of glass, all panels in a given pallet were
tested consecutively. To minimize systematic errors, pallets from
different manufacturers were mixed, as were the three loading
rates. The order of testing is indicated by the dates in the glass
failure data (Tables C2 to C10).

3.1.3 Precision of Measurements

As breaking pressure, time of failure, and deflection were
recorded on an X-Y recorder, the precision of measurements were governed
by the resolution attainable in reading the charts:

Quantity Precision of Measurements
Breaking Pressure: - 0.01 psi (0.07 kP)
Time: for 0.022 psi/s (0.15 kPa/s) 105 sec.

rate

for 0.22 psi/s (1.5 kPa/s) ¥ 0.025 sec.
rate

for 2.2 psi/s (15 kPa/s) ¥ 0.025 sec.
rate

1+

Deflection: 0.01" {(0.25mm)



3.1.4 Mirror Radius

The glass panels were taped to retain the PF0s. The PFQs
were identified by their position on the g1a§s panel and their type
(surface or edge). The numbering system and origins of the four
quadrants are shown in Figure 1, which illustrates the system as viewed
from the "chamber interior"* side.

The PFO pieces were labelled and saved. The mirror radius, r,
was measured with an optical microscope and converted into stress values
using the formu]a(3),

1950
v(in) (1)

o {psi) =
p

In each test, the PFO with the lowest stress value was
selected as the break origin.

!

3.1.4.1 Alternate Method for Selecting the Break Origin

Another way to select the break origin from several PFOs was
developed, making the assumption that the quadrant in which a break origin
is located shows fracture pattern with cross lines widely separated from
each other. By comparison, the other three guadrants show a finely-meshed
network. The break origin selected using this 'alternate method' differed
from the PFO having the lowest stress value in five of the twenty-two cases
suitable for comparison.

* The side of the glass panel facing the hydraulically driven piston.
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3.2 Nondestructive Testing

A tempered glass panel was proof-tested up to 1.25 psi
(8.75 kP), strain gaged, and left in the test apparatus. Strain
gages {thirty-five 3-element rosettes and six 2-element rosettes)
were installed according to a Tayout shown in Appendix Bl. The
3-element rosettes are labelled Rl to R35 while the 2-element rosettes
are labelled Bl to B6. The following considerations were taken into

account in placing the gages.

1) The gages should be Tlocated on straight grid
1ines horizontally, vertically, and along the
459 diagonal for easy extraction of data by
interpolation.

1i) Although 2-element rosettes should be adequate
along the lines of symmetry (plate centre lines);
a few 3-element rosettes should be installed
along these lines to ensure that a line of symmetry
does exist.

' 111) Two gages should be located in the diagonally
opposite quadrant to see whether the location
of the quadrant,with respect to the setting
blocks,has any affect on the strain readings.

The gage locations were cleaned and prepared with Micromeasuremeﬁts
M-Prep Neutralizer-5. The gages were bonded to the glass panel using
Eastman 910SL cement,and a protective coating 'Micromeasurements M-COAT-A'
(air drying polyurethane coating) was applied to each gage.

Fifty channels were available on the strain gaqe readout system.
Three runs were made to read all the strain gages. Gage R8 was read in
all three runs while R32 was common only to the first and third runs, and

R29 was common to the second and third runs. The gages read in each run

were interspersed with those of other runs so that gages in every run would
be distributed over the entire strain gaged area.
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Strain gages were not oriented in the same manner. For

3-element rosettes, however, . is always along the Tong side of the

a
glass panel, while €c is along the short side. Angles Tisted in Table D4

are with respect to the ea—axis. See Appendix Bl for details.

4, TEST RESULTS

4.1 Destructive Test Data

Data from destructive tests are given in Appendix C in
imperial units. A conversion table (Table C1) for imperial units
ys metric units is included for relevant quantities.

Tables C2 to C10 list the failure test data for the three Toading
rates and for each of the three manufacturers, termed A, B and C. Each of
the tab]es 1nc1udes test data average thickness of the panel, centre and
edge deflectians and breaking 10ad; Also listed are the hreak.or1g1n :
selected as PFO with the Towest stress value (largest mirror radfus). For
each break origin the following parameters are Tisted:

1. .Type. |

2. X, Y coordinates and angle of or@entat1on
3. % (ksi) calculated using equation (1).

Table C11 lists the five cases in which, using the 'alternate
method', a different PFO was selected as the break origin.

Tables C12 to C14 lists mean breaking pressures with standard
deviations. Tables C15 to €17 Tists the PFOS.



4.2 Nondestructive Test Data

Results from all nondestructive tests are summarized in Appendix D.

Tables D2 through D8 éonsist of data for all gages for each of
the lToading conditions. Stresses are recorded in ksi only up to the first
decimal place, as variability was expected to be £ 0.2 ksi.

Table D4 Tlists the angle between the maximum principal strain axis
and the sa—axis for.3-element rosettes.

TabTes‘DG to D8 1ist raw stra{h data used to calculate stress
magnitude and orientation. See Appendix B for details.

Table D9 shows the reproducibility of the strain gage experiments,
It 1ists experimental results of two runs done almost 2 months apart using
an applied pressure of 1 psi. The quantity used for comparison is maximum
principal stress. Differences between the two runs are also listed. The
maximum deviation 1s 0.5 ksi for maximum principal stresses, calculated from
strain values for rosettes R15 and R3. |

For the three edge restraining forces of 2.85, 5.7 and 8.55
pounds/inch (0.5, 1, 1.5 N/mm), TabTe D10 shows that maximum principal
stresses differ by 0.5 ksi or Tless, '
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APPENDIX A

SCHEMATICS OF TEST FACILITY
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APPENDIX B

STRAIN GAGES- LAYOUT AND PROCEDURE FOR
CALCULATING STRESSES AND OTHER
RELEVANT QUANTITIES
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B.2:SOLUTION OF ROSETTES

b

i
o~

‘1/ - °
= ——

The 3 element rosette is used when the direction of the.principal strain

is unknown. The principal strains are given by the following:

p— —

e, = L (sa +.€c) + \/(sa - sc)z + (2 Eb B . - c >2

c

éz =X (Ea + €C) - \/(sa - Ec)z + (2 &, = &, ~ ec)

where € = maximum principal strain

[}

£

2 minimum principal strain

€ Eb and e, are the strain differences measured at the three elements

&, b and ¢ in Figure 1 above
The principal angle § is given by

tan 2@ =2¢g -¢€ - &
b a c

£ = £

This solution of the above equation gives two values for the angle @. The
angle ¢‘being the angle between €, and the maximum prineipal strain €1 and

@2 which 1is the angle between € and the axis of the minimum principal strain €y
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B.2. (continued)

The principal axis can be identified by applying the following rules.

n
(U]

It
Q

If e, > g, and €, then @1

+90°

If € < g and ¢ £
c a

a then ﬂl

2

If Ea - sc = ( then Ql is either +45° or ~45°
-1

otherwigse Gl =k tan{2 ¢, - -&

L tan |2 g, = € - ¢

+90

the choice of which angle corresponds to @l is as follows:-

0 1
0 < Ql < 90" when ey > L (sa + ec)

-90<¢1<0whens <‘/2(sa+ec)

b

ife =¢ = e, then ﬂl is indeterminate
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B.2. {continued)

The primcipal stresses may be egtablished using the following:

a; Erea+ec+ 1 /(Ea_e)2+(25b_€_8)2
(= T aFy Vv ¢ a e
.
9y T £ €a + e T 1 x/(s - g )2 + (2 &, "€, T € )Zi
7 (= D) 7 (1 1) a ¢ a8
p}

where 91 is maximum principal stress {ksi)
0, 1s minimum principal stress (ksi) -

E = Youngs'modulus of elasticity (ksi)
u

= Poissons ratio

€.+ € and £, = strain differences measured at the three elements a, b and

b
¢ in Figure 1 (pagelq) .. 7 (microinches/inch)

The maximum shear stress T is derived from the following:

i-

2 2
= L. . - - -
T=E o V/(Ea sc) + (2 &, = g, ec) a1
: 14+u

2. 900 two element rogettre {ksi)

b Figure 2

= W

i
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B.2. {continued)
The two element rosette is used when the principal directions are known. The

two prineipal stxains obtained from the gages can be used as follows to give

the principal stresses.

. _E _
Gl - 2 (5a+ l-lﬁb)
l-u
' = —E__
2 T 7.2 (g, + ue))
- U
where 01 = maximum principal stxess (ksi)
¢, = minimum principal stress (ksi)

E = Youngd modulus of elasticity (ksi)

U = Poissons ratio

Sa and ab = gtrains obtained from strain gage readings (microinches/inch)

Shear stress T = Gl - 02. (ksi)

2

Reference: "Experimental Stress Amalysis", Dally and Riley, Chapter 16,
Rosette Analysis.
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2 BEAN| STRAIN GAGES

A e N Aebes TG e en o e o e

B.3:SPECIFICATIONS FOR BAE SERIES

CONSTRUCTION

THe GAGE SHALL CONSIST OF A STABILIZED CONSTANTAN ETCHED FOIL GRID HOUNTED ON A FLEXIBLE
POLYIMIDE BACKING, WITH A THICKNESS oF 0,001 ryc £0.0002 tncH, THE FOIL GRID SHALL BE
FREE OF LRREGULARITIES, SCRATCHES, AND DISCONTINUITIES AND THE BACKING SHALL BE FREE FROM
WRINKLES, BUBBLES, OR HOLES TO THE EXTENT NECESSARY TO INSURE NO FUNCTIONAL DEFECTS, THE

BACKING SHALL BE TREATED FOR OPTIMUM ADHESION WHEN USED WITH AN APPROPRIATE STRAIN GAGE
ADHESIVE,

THE MOMINAL GAGE FACTOR SHALL BE 2,08 27 ror ALL 120 ouM aMD 350 OHM GAGES REGARDLESS OF
LOT NUMBER OR CONFIGURATION. ALL GAGES WITHIM A PARTICULAR LOT MUMBER SHALL BE WITHIN #1Z,

ELONGATION *

THE GAGE SHALL BE CAPABLE OF MEASURING STRAINS UP TO 3% ELONGATION WITH AN ACCURACY OF 5%.
RESISTANCE

GAGE RESISTANCES SHALL BE 120 #,2 oHM oR 350 +.5 OHM REGARDLESS OF GAGE TYPE OR LOT MUMBER,

TEMPERATURE_COMPEY

THE TEMPERATURE COEFFICIENT OF THE GAGE WHEN BONDED TO SPECIFIED MATERIALS SHALL BE ZERO
AT 75 DEGREES F, AND SHALL CONMFORM TO THE CURVE SUPPLIED [N THE GAGE PACKAGE,

TEMPERATURE RAMNGE

THE GAGE SHALL BE CAPABLE OF OPERATION FROM -325 peEGreEs F to 400 peeress F. THE GaGe
FACTOR AND APPARENT STRAIN CURVE MUST RETAIN THE SPECIFIED ROOM TEMPERATURE CHARACTERISTICS
WHEN SUBJECTED T0 +400 DEGREES F FOR A PERIOD OF ONE HOUR., RESISTANCE TO GROUND SHALL

]

Exceed 300 mecosms At 400 pegress F,
STABILITY.

DRIFT AND CREEP COMBINED SHALL NOT €XCEED 1 MICROSTRAIN PER MINUTE WHEN suaJecTep To 1000
MICROSTRAIN AT U400 DEGREES F WHEN INSTALLED WITH RECOMMENDED ADHESIVES AND TECHMIQUES,

THE GAGE SHALL BE CAPABLE OF OPERATION AT 1500 MICROSTRAIN FOR A MINIMUM oF I0 MILLIGN
CYCLES WITHOUT CHANGE IN CHARACTERISTICS.

* SPECIFICATIONS SHALL APPLY To 1/8" To 1/2" GAGE LENGTHS.
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APPENDIX C

DESTRUCTIVE TEST DATA
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LOADING RATE. 0-022 psi/sec.

GLASS PANEL
FRACTURE OCCURED

0 O 20 30 40 50

TIME (sec.)

EDGE DEFLECTION vs TIME FOR
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Figure C4:

Fracture Pattern of a glass panel
(Test B-3 0.22 psi/s rate), as viewed
from "chamber interior" side. Break
origin is located on the edge in the
upper right quadrant.
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TABLE Ci: CONVERSION TABLE

PARAMETER IMPERTAL UNITS METRIC UNITS
Mass 1 pounds 453.46g
Length 1 inch 2.54 cm.
Pressure 1 psi 6.9 %P
Stress 1 ksi 5.9 MP
Edge Restraining Force | 1 pound/in 0.17 N/mm

per unit length
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‘MEAN AND STANDARD DEVIATION

TABLE C12:
BREAKING PRESSURE
Breaking Pressure
(psi) '
Rate of Type of No. of - Standard
- Loading Mfg. | Breaking Data . Mean . Deviation
{psi/s) ' ' Points
0.022 A Edge 6 0.91 0.19
Surface 4 0.94 0.1
ALL 10 0.92 0.16
B Edge 4 0.73 0.09
Surface 6 0.76 0.15
ALL 10 0.74 0.12
C Edge 2 0.56 0.03
.Surface 9 0.75 0.08
ALL 11 0.7 0.09
ALL Edge 12 0.79 0.20
Surface 19 0.79 0.13
ALL 31 0.79 . 0.16
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MEAN AND STANDARD DEVIATION

TABLE C13:
BREAKING PRESSURE
Breaking Pressure
Rate of Type of No. of . Standard
- Loading Mfg. | Breaking Data Mean Deviation
{psi/s) ' ' Points
0.22 A Edge 2 1.01 0.09
Surface 8 1.08 0.09
ALL 10 1.07 0.09
B Edge 8 0.86 0.27
~ Surface 1 1.05 -
ALL 9 0.88 0.26
C Edge 1 0.68 -
Surface 9 0.78 0.19
ALL 10 0.77 0.18
ALL Edge 11 0.87 0.24
Surface 18 0.93 0.21
ALL 29 0.91 0.22
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TARLE C 14: MEAN AND STANDARD DEVIATION
.BREAKING PRESSURE

-‘h‘h‘hH‘““"~=-__h__ﬁ_hih“h‘ﬁ“h“h‘h_ Breaking Pressure
. . (psi) ..
Rate of Type of No. of : Standard.
Loading Mfg. | Breaking Data . Mean Deviation
(psi/s) s | Points
2.2 A Edge 3 1.20 0.04
Surface 7 1.0 _ 0.17
AL 10 1.06 0.16
B Edge 5 ' 0.91 .16
Surface | 5 1.02 0.19
ALL 10 0.97 0.18
C Edge 3 0.80 0.28
Surface 7 0.86 0.16
ALL 10 0.84 0.18
ALL Edge 11 0.96 0.23
Surface 19 0.96 0.17
ALL 30 0.96 0.19




TABLE C15: POSSIBLE FRACTURE ORIGINS

RATE OF LOADING: 0.022 psi/s

-45.

Total Humber LOCATION Hirror
Test | of Break ) Angle Radtus Stress
Mfq. No. | Origins Type| ; X |, ¥ | Degree 10735, | (ksi)
A 1 ] 4F 2.4 | 0.0 | Edge 84 6.7
2 1 2F 3.2 | 0.0 | Edge 10 19.5
3 1 23 7.5 [10.8 | 61 69 7.4
4 2 25 7.0 9.6 | + + o *
15 6.1 | 9.1 | 358 10 19.5
5 2 43 5.7 | 5.4.] 41. 4 30.8
[ 0.0 | 1.5 | Edge 26 12.1
6 2 45 | 13.5 (9.9 |15 18 14.5
15 8.9 a1 |3 4 30.8
7 1 15 131 9.4 ) 28 28 1.7
3 1 1€ 0.0 | 5.9 | £dge 43 9.4
9 1 - 1s 0.6 | 301 + 16 15.4
10 ] 45 7.4 |82} 33 22 13.1
B 1 1 15 7.0 3.9 + 85 7.6
2 2 18 9.2 | 5.5 | 43 + oo+
_ 4s | 15.5 7.6 | + 17 15.0
3 1 4 3.0 | 0.0 | Edge 83 6.8
4 1 1 {16.1 | 8.1 | 90 65 7.6
5 1 ag 3.6 | 0.0 | Edge 77 7.0
6 1 3E 2,5 10.0 | Edge ¥ +
7 1 s | 116 ] 9.2 | 22 52 8.6
8 1 s 1 14.4 [12.1 | 9o 40 9.8
9 1 1E 2.8 | 0.0 | £dge 75 7.1
10 1 1€ 2.2 | 0.0 | Edge 74 7.2
¢ 1 1 18 511 6.1 | 5 56 8.2
2 3 25 g.4 ! 8,9 57 58 8.1
3 | n.oln.o 47 6 16.3
43 4.0 | 4.4 | 42 + +
3 1 1£ 1.4 | 0,0 | Edge 12 17.8
4 1 1s 8.6 |20.0 { 90 34 10.6
5 1 45 | 10.5 | 8.6 | 40 54 8.4
6 1 18 0.5 | 2.0 | 45 + "
7 1 45 | 15.8 | 9.7 | 90 75 7.1
8 1 35 9.6 {12.5 | 52 27 1.9
9 1 35 5.1 {1c.6 | 53 43 9.4
10 1 2s | 13.9] 6.4 8 37 10.1
1 1 45 | 2001 [21.7 | 60 13 5.8




-46-

TABLE C16: POSSIBLE FRACTURE ORIGINS

RATE OF LOADING: 0. 22 psi/s
Total Number LOCATION - Mirror
Test | of Break .| Angle Radius Stress
Mfg. No. | Origins Type X in| Y in| Degree 10735, | (ksi)
A 1 3 43 17.6 |26.4 | + + +
15 9.4 10.4] + 20 13.8
_ 35 9.1 8.0 + + +
2 1- 15 10.0 [11.0| 27 57 8.2
3 2 1S 15.0 |10.9| 27 57 8.2
25 6.1 |124.0| 47 + +
4 2 2s 7.9 | 7.1 40 25 | 12.3
' 18 4.6 | 1.6 50 23 12.9
5 1 25 6.1 {12.4| 81 .20 13.8
6 3 45 6.1 [10.1 72 18 14.5
35 6.4 [11.1| 65 6 25.2
25 5.6 | 6.1 55 4 30.8
7 1 25 1.5 | 4.5 + 23 12.9
8 2 35 9.2 | 6.2| 18 11 18.6
| 18 5.4 ) 6.9 41 46 9.1
9 ] 45 5.1 | 5.2| 53 + +
10 1 25 5.9 | 5.8] 42 18 | 14.5
B 1 1 1E 3.4 | 0.0 Edge 25 12.3
2 2 35 5.9 [16.4| 82 25 12.3
2S . 8.5 | 9.1 40 42 9.5
3 1 3E 1.2 | 0.0] Edge 76 7.1
4 1 3E 3.6 ) 0.0 Edge 92 6.4
5 1 2E 2.4 0.0| Edge 37 10.1
6 1 2F + + + + +
7 2 3E 0.0 4.7 Edge 10 19.5
18 6.1117.3| 72 22 13.1
8 B AE "0 1 1.5| Edge 18 14.5




TABLE C16: POSSIBLE FRACTURE ORIGINS (continued)

RATE OF LOADING: 0.22 psi/s

-47-

Mirror

fest | Tgtg] szber LOCATION - Hir
of Break adius
Mfg. | Mo. | origins | Type| Xin | Yin SIS IS B
9 1 3E 0.0{ 1.0 Edge + n
C 1 4 43 15.6 | 21.0| 47 62 7.8
AS 5.1 8.9] 62 50 8.7
1S 7.41 6.1 58 22 13.1
25 4.6 6.1 + + +
1 25 56| 7.0] 55 30 11.3
1 3E 0.0 | 3.5/ Edge 46 9.7
3 45 15.1] 8.9| 18 47 9.0
3s 86| 8.9 49 48 8.9
1S 2.0{13.3 + 30 11.3
5 3 45 7.9111.7| 65 14 16.5
35 2.6{ 3.9/ 128 13 17.1
os b 8.1] 9.9 61 5 27.6
6 2 18 6.1112.5] 75 45 9.2
45 6.1 4.1 49 + +
1 43 7.0 9.9} 55 61 7.9
2 35 10.4 (4.7 30 13 17.1
28 176 [8.31 15 29 | 11.4
9 1. 23 23.4 |8.8 0 1055 1.9
10 2 4s 3.3 {4.0]| 45 + +
23 10.5 fi2.9| 49 17 15.0
1 2 45 8.3 |9.7] s0 20 13.8
1S 5 16.6 | 40 25 12.3
A
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~ TABLE C171;POSSIBLE FRACT!RE ORIGINS

RATE OF LOADING: 2.2 = psi/s

Total Number : LOQCATION - Mirror

Test | of Break T aAngle Radius Stress
Mfg. No. | Origins Type| Xin| Yin| Degree | .10°3;, | (ksi)
A B 3 4£ | 1.9 0.0 | ‘Edge 51 b 9.5
1S | 7.2 (10.0 74 25 12.3
28 5.6 1 1.0 + + +
2 3. 45 | 7.0 6.0 | 43 18 14.5
' 35 | 8.0 5.2 | 137 55 8.3
2s | 8.1 9.5 40 o+ +
1S | 10.6 [12.0 | 159 16 15.4
3 1 1S | 6.0 5.7 37 10 19.5
4 1 35 | 15.5 | 4.6 0 62 1. 7.8
5 1 15 | 10.8 | 8.3 38 25 12.3
6 1 2s | 6.1 6.1 55 20 13.8
7 1 3 | 0.0 1 45 Edge 10 19.5
8 2 3 | 6.1 6.7 38 5 27.6
1E 0.0 | 2.5 Edge 15 15.9
9 1 38 | 11.0 | 8.0 28 25 12.3
10 | 7 | 2s | 3.6 |15.6 84 55 © 8.3
B ‘] 2 1 | 3.9 | 0.0 Edge. 55 8.3
35 | 4.5 |16.4 + 22 13.1
1 1E | 0.0 2.5 Edge 99 6.2
1 3k | 1.0/ 0.0 Edge + +
4 2 1E | 4.5 0.0 Edge 55 8.3
3 | 1.51 0.0 Edge 65 7.6
5 1 3 110.4 { 9.9 42 41 9.6
6 1 35 | 10.1 {11.9 60 29 11.4
7 1 1S | 9.8 [17.9 90 25 12.3
8 3 3s | 5.2 9.4 67 18 14.5
25 | 13.5 {25.1 80 25 | 12.3
1s | 9.9 |18.1 80 14 16.5
9 1 35 | 13.7 | 8.6 12 27 11.9
0 | T 4s | 6.4 ] 7.1 32 11 18.6
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| " TABLE C17: POSSIBLE FRACTURE ORIGINS (continued)
RATE OF LOADING: 2.2 psi /s '

Total Number . LOCATION - Mirror

Test | of Break Angle Radius Stress
Mfg. No. | Origins Type X, an Degree 10735, | {ksi)
C 1 3 1s |10.3[17.0 1 90 20 13.8

25 0| 6.6 | 44 67 7.5
38 5.0 5.4 + + +
2 3 25 |11.0|12.6 | 50 -85 | 9.2
35 4] 6.0 | 57 15 9.2
45 [10.5| 6.0 | 138 32 - 10.9
3 3 4s 51 3.3 s0 4 -y
35 5.1 |10.4 | 74 16 15.4
25 115.5 [12.6 | 40 11 . | 18.6
2 4 45 111009 | a1 ‘ " +
35 9.0 | 4.6 | 35 6 25.2
25 6.9 7.3 ! a9 7 23.3
1E + + | Edge 31 1.1
5 3 45 |11.1 ] 8.6 | 33 59 8.0
3 [11.1{ 8.7 | 40 33 10.8
25 7.9 170 | s3 15 15.9

6 1 25 5.6 | 9.0 | 60 27 11.9

7 1 3E 0.0 |11.2 | Edge + +

8 1 45 7.8°[11.0 | 50 39 9.9

9 1 1S 9.4 | 8.1 | 34 44 9.3

10 2 35 [10.0 | 3.9 | 37 28 11.6

1E 4.6 | 0.0 | Edge 60 8.0




APPENDIX D
NONDESTRUCTIVE TEST DATA
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TABLE D1: GAGE LOCATIONS

Gage Location in incheg]) Gage Location in inches(l)
No. X v No. % Y
81 6.0 48.0 R16 | 12.0 6.0
82 30.0 6.0 i R17 19.5 6.0
B3 30.0 12.0 R18 1.0 12.0
B4 30.0 30.0 R19 6.0 12.0
B5 19.5 48.0 " R20 12.0 12.0
B6 12.0 48.0 R21 19.5 12.0
R1 1.0 1.0 R22 1.8 19.5
R2 3.0 1.0 R23 6.0 19.5
R3 4.5 1.0 R24 12.0 19.5
R4 6.0 1.0 R25 19.5 19.5
RS 12.0 1.0 R26 30.0 19.5
R6 19.5 1.0 R27 1.0 30.0
R7 30.0 1.0 R28 6.0 30.0
R8 1.5 1.5 R29 12.0 30.0
RO 1.0 3.0 R30 19.5 30.0

R10 3.0 3.0 R31 1.0 48.0°

R11 1.0 4.5 | R32 30.0 48.0

R12 4.5 4.5 R33 30.0 48.0

R13 1.0 6.0 R34 57.0 76.5

R14 3.0 6.0 R35 57.0 93.0

R15 6.0 6.0 1' .

NOTE:

1. X and Y axes are respectively taken to be along short and
long sides of the glass panel. The origin is at lower left
hand corner looking from the “chamber interior" side.

‘
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TABLE D2: MAXIMUM PRINCIPAL STRESS

Applied ;
—'Z;gﬁ”‘”e 0.15 0.2 0.4 | 0.7 1o | 115 | 1.0 Strain
- Gage

Gage MAXIMUM PRINCIPAL STRESS (ksiz 0.2) (Segogf”
’1 2.5 3.3 6.2 | 10.1 135 | 15.0 (6.7 [

Rz 3.2 '{ 4.0 6.9 | 10.5 14,3 | 16.0 |74 o
R 2.3 2.9 5.0 [ 7.3 9.1 | .0 |10.7

RS 1.5 1.7 2.2 2.4 2.6 | 3.0 3.2

RS 0.4 0.4 0.5 | 0.9 13 1.4 |15

R7 0.0 0.3 | 0.6 | 0.7 0.9 | 1.0 1.1

’9 3.1 3.8 6.7 | 10.2 | 141 | 158 |17 ]

210 2.6 3.4 6.3 | 10.1 12.6 | 15.4 |75 ¢
R13 2.4 3.1 5.4 | 8.0 10.0 | 1.0 |11.8 [

R14 2.4 3.1 5.6 9.0 2.4 14.1 15.9

R15 2.3 2.9 5.7 | 10.2 14.3 | 15.9 17.8 » 3
RIS " 2.0 2.5 4.9 { 8.3 1.3 | 12.8 |14

R17 1.8 2.3 §.2 | 6.1 8.0 | 8.6 | 9.2

gz |- . 1.5 1.9 |~ 3.2 4.5 55 | 6.1 5.6 L]

R18 1.7 1.9 2.3 | 2.3 23| 2.6 | 2.8 [
R19 2.3 2.8 52 | 8.5 12.4 | 13.3- {15.0

R20 2.4 3.1 6.0 | 9.4 1.7 { 12.8 {13.7 oy
r2i 2.6 3.3 5.6 7.9 9.7 10.5 11.2

83 2.8 3.2 4.6 | 5.9 721 7.9 | 83 L

R22 0.6 0.6 1.0 1.5 2.0 2.2 2.4 [}

R23 1.9 2.4 4.4 | 6.5 3.9 | 9.5 |10.4

R24 2.5 3.4 5.9 | 8.5 10.5 | 11,4 {12.3 +5
R25 3.2 3.7 5.0 | 6.4 7.9 | 8.4 | 8.9

Rz6 2.8 3.2 4.3 | 5.3 §.1 | 6.5 | 6.8 4

27 0.0 0.1 0.4 | 0.6 0.8 | 1.0 |"1.1 [

R28 1.8 2.2 3.6 5.2 7.1 7.8 8.5 + 6
R29 2.7 3.3 5.2 | 7.4 9.2 | 10.1 }10.9

R3G 3.1 3.5 4.7 | 6.0 6.9 | 7.5 7.9

B4 2.6 2.8 3.8 | a8 5.8 | 8.2 6.5 [

R31 0.1 0.2 0.4 0.6 0.9 1.0 1. —‘

a1 1.4 1.8 3.0 8.5 6.3 | 6.9 7.4

BE 2.6 3.1 4.7 | 6.8 8.7 | 9.4 |10.0 > 7
BS 2.9 3.3 45 | 5.7 6.8 | 7.0 | 1.8

R33 2.5 2.8 4.2 ] 5.6 6.7 | 7.3 7.8 L

R3 2.4 2.9 5.0 | 6.5 7.4 | 8.2 8.5

R8 2.6 3.3 6.4 | 10.2 | 13.4 [ 15.2 [16.8

R11 2.2 3.3 5.3 | 6.4 7.4 | 8.0 | 8.4

R12 2.5 3.1 5.9 | 10.0 13.9 | 15.9 117.9

R32 0.4 0.4 1.2 | 2.4 3.2 | 3.8 4.0

R34 1.1 1.5 2.9 | 4.6 6.0 | 6.7 7.3

R3S 2.6 3.5 . 6.7 | 10.7 14.4 | 16.4 |18.5
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TABLE D3: MINIMUM PRINCIPAL STRESS

Applied

’E;:ﬁ”“ 0.15 0.2. 0.4 | 0.7 1O s e
Gage HINIMUM PRINCIPAL STRESS (Kksi & 0.2) Gage

Mo, Rows

- i {See 8.1)

R] 0.7 -0.9 -1.8 | -3 -4.3 | 4.7 |-5.2 [T

Rz -2, -2.6 4.4 | 6.3 -7.97| -8.3 -85

R4 2.3 | <27 | -4.3 | 5.4 | 5.8 | 61 |53 |1

RS -1.5 -1.2 1.7 | -3.0 4.3 § .51 |-5.9

R6 -1.5 1.8 | -3.2 | -5.2 7.6 | 8.6 |-9.4

R7 -1.6 -2.4 -4.1 | -6.3 -8.0 | -8.7 |-9.4 ||

29 2.1 -2.6 -4.4 | -6.2 -7.5 | 7.8 |-7.9 (7]

R10 3 T R 4.8 | -6.0 6.3 | 5.9 |55 | ]7?

713 -2.0 ~2.6 -4.1 -5.3 -5.8 -5.7 -6.8° ]

R14 2.1 2.4 | -3.3 | -2.9 1.5 | <06 | 0.3

R1S 1.7 1.3 | w08 | 1.5 16 1 5.7 | 1.2 +3

R16 -0.5 -0.1 1.6 3.7 5.1 5.7 5.2 :
R17 0.4 0.5 0.6 | 0.3 -0.1 | -0.4 |-0.5
g2 | -0.1 -0.4 a7 |23 | 28 | -3z [-3.6 L :
ris -1.7 1.9 2.6 | -3.6 4.9 | 5.7 | -85 [T |
R19 ~0.5 -0.2 1.3 3.0 4.8 5.1 5.4 !
R20 0.9 1.8 4.5 7.4 9.6 | 10.7 |11.5 4
R21 1.7 2.2 3.4 | 4.5 5.3 | 5.7 | 5.
83 B! 1.0 1.0- 1 1.2 s | e 17 |
RD2 -1.2 4.3 2.6 | .09 | 6.7 | 75 [-82 [
R23 0.2 0.3 0.3 | 0.1 0.3 | -0.6 |-0.7
R24 1.5 1.9 3.1 | 4.3 53| 5.8 | 6.3 | |~8
R25 2.8 3.3 4.7 | 6.0 §.8 { 6.9 | 7.
R26 2.0 | . 2.0 2.6 | 3.3 3.8 | 4.3 | 45 ] ;
r27 1.7 2.3 | 41| 64 | -83 ] w02 [10.2 {7 E
028 ‘-0.4 -0.5 -1.1 -1.8 -2.4 -2.7 -3.0

R29 1.0 1.1 1.8 2.2 2.7 3.0 3.4 +6

/30 2.1 2.4 3.4 4.5 5.5 6.1 6.5

B4 2.6 2.8 3.3 | 3.8 4.2 | 4.2 {43 |

R31 -2.0 2.7 -4.5 | -6.8 -8.8 | -9.7 i-tos [T

81 -0.8 -1.1 16 | -2.4 -3.2 | -3.7 [-4.0

85 0.8 0.7 1.0 1.5 2.0 2.1 2.3 +7

85 1.8 2.1 1.2 | 4.4 5.7 {61 | 6.5

R33 2.2 2.5 3.3 | a7 3.9 | 4. 8.2 ||

R3 -2.4 -2.5 5.2 1-a7 | 138 [-16.0 |18a

ra 1.3 -1.3 2.8 | -4.3 6.2 | 6.9 |-7.4

R11 2.4 3.1 5.8 (-9.8 | -13.8 {-16.0 [18.0

R12 2.2 2.2 230§ -2.4 0.4 | o4 | 1.6

232 -2.1 -2.3 2.6 | -2.8 22,5 | -2.5 |-2.4

R34 -0.5 -0.6 | --1.4 | -2.7 4.0 § -4.6 }-5.2

R3S -2.1 -2.7 4.5} 5.8 5.8 § 5.5 |-5.0

T



TABLE D4: ANGLE

- IN DEGREES
PRINGIPAL STRATN AND g3~ AXI

3 ELEMENT ROSETTES

-h5~

BETWEEN MAXIMUM
XIS FOR

jApplied |

Plesy™ 05 | 0.2 0.4 | 0.7 | 1.0 | s [ 130 | gpai
Gage PRINCIPAL ANGLE IN DEGREES giﬁ:

No. (See B,1)
*g1 -47 -47 -47 -46 -46 -46 46 ]
*p2 -47 -47 47 -47 -48 -48 -48

*p4 -45 -45 -45 -45 -44 -44 -43 -1

RS 45 48 55 65 74 76 78

RG 27 22 9 3 1 0 0

R7 -87 -85 -87 -89 -90 -89 -89 |
*Rr9 ~44 -44 -44 -44 -43 -43 43 Mo
R1g 45 45 45 45 45 45 45 ||
a13 42 41 41 40 41 41 4 ]
R14 43 43 44 45 47 a7 43 .3
a1s 46 47 46 46 47 46 46

R15 40 ' 36 27 17 12 11 14

R17 21 14 5 4 3 3 3

B2 - - - - - - - !
Ri8 43 44 49 58 66 68 il B
R19 50 52 61 69 74 75 76

R20 46 46 8. | 50 50 50 51 +4
21 16 7 0 -2 -8 -5 -6

83 - - ) B ) N ) &
R22 57 68 80 84 86 86 86

R23 69 75 83 85 86 86 86

R24 75 80 84 86 88 83 89 .5
R25 64 62 76 -62 -49 -47 -46

28 2 4 4 "3 3 3 4 ||
227 82 84 86 87 87 87 87 [
R28 88 28 89 89 a9 a9 49

R29 89 89 89 89 89 89 89 ]
230 87 85 86 -86 -80 -78 74

B4 - - - - - - - !
R31 -89 -89 -90 90 8% 89 g |1

81 - - - - - - B 7

84 - - - - - - -

8s - - - - - -

R33 a5 34 7 =1 -1 0 0 -
*R3 a4 45 84 43 41 4 40

RS 49 48 . 48 48 48 48 48

R11 -45 -49 -48 -28 -39 50 -50

R12 46 - 47 46 48 47 47 47

a3z -1 -4 -3 0 ] -1 -1

R34 -69 -78 -85 -87 -87 -88 -87

235 -44 -44 -44 -44 -44 -44 -44

* Positive an

ey -axis.

gles for these gages are meas X ]
For others they are in counter cleck-wise direction.

ured in clockwise directicon from the
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TABLE DS: MAXIMUM SHEAR gTRESS

ﬁpp]fed'

?E:g?)m 0.15 0.2 0.4 0.7 1.0 1.5 | 1.30 | Strain
Gage Sﬁge
Py MAXIMUM SHEAR STRESS (ksi * 0.2) (S:; 5.1)
RI 1.6 2.1 4.0 | 6.6 3.9 | 9.8 nae [T
R2 2.8 3.3 5.6 8.4 .t 1z 13,0 -1
R4 2.3 2.8 4.6 6.3 7.4 | s.0 8.5
RS 1.5 1.4 1.9 2.7 3.5 4.0 1.5
RE 1.0 1.1 1.9 3. 4.4 5.0 5.4
R7 . 0.3 1.3 2.4 3.5 .5 4.3 5.2 b
R9 2.6 3.2 5.5 8.2° 0.8 1118 125 o,
R10 2.4 3.1 5.8 8.1 0.0 | 19.6 |11.5 _:
R13 2.2 2.8 4.8 6.7 7.9 8.4 8.9 7]
14 2.2 2.8 4.4 | 6.0 6.9 7.4 7.8
RIS 2.0 2.1 3.2 4.3 4.9 5.1 5.3
R16 1.3 1.3 1.7 | 2.3 30 | 3.5 | 3. =3
R17 Q.7 0.9 1.8 2.9 4.1. 4.5 4.9
82 0.8 1.2 2.2 3.3 4.2 4.7 5.1 J
Q18 1.7 1.9 ° 2.5 3.0 3.5 4.1 4.5 [
R19 1.4 1.5 1.9 | 2.7 3.9 4.4 4.8
220 0.8 0.5 0.8 | 1.0 1.0 | to |10 | pt
R21 0.4 0.5 1.1 1.7 2.2 2.4 2.6
23 0.9 1.1 1.7 2.3 2.9 3.2 3.3 |
22 0.9 1.0 1.8 | 3.2 4.4 2.8 5.4 []
R23 0.9 1.1 2.0 3.3 t.6 5.1 5.6 5
R24 0.5 0.7 1.4 2.1 2.6 2.8 3.0
pos 0.2 0.2 0.1 0.2 0.5 0.8 0.9
R26 0.4 - 0.8 0.8 | 1.0 1.1 1.3 R
R27 0.8 1.2 2.2 3.5 ¢.6 5.1 5.6 T

| R28 1.0 1.4 2.4 3.5 4.8 5.3 5.7
R29 0.8 1.1 1.8 2.6 3.2 3.5 3.8 .
R30 0.5 | 0.5 6.7 0.7 0.7 0.7 0.7
B4 0.0 - 0.0 0.2 | 0.5 0.8 | 1.0 |13 ]
R31 1.0 1.5 2.5 | 3.7 4.9 | 5.4 | 5.9 [
g1 1.1 1.5 2.3 3.5 4.8 5.3 | 5.7 | .,
a6 1.0 1.2 1.8 2.5 3.3 3.6 3.9
85 0.6 0.6 0.6 0.8 0.6 {' 0.5 0.4
33 0.2 0.1 0.5 0.9 1.4 1.6 1.8 L
R3 2.4 2.7 5.1 8.2 10.6 | 127 |13.3
RE 2.0 2.3 4.6 7.5 9.8 | 11.1 [12.1
a1 2.3 3.2 5.6 8.1 10.6 | 12.0 [13.3
R12 2.4 2.7 4.5 6.2 7.2 7.7 8.1
R32 1.2 1.3 1.9 2.5 2.8 3.0 3.2
R34 0.8 1.1 2.1 3.7 5.0 5.6 6.3
R35 2.3 3.1 5.6 8.3 1.1 | 110 (1.8
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TABLE D 6: STRAIN N0.le,

e e et

Applied
PE::?;N 0.15 0.2 0.4 | 0.7 1.0 1 1.15 | 1.30 | Strain
Gage

Gage STRAIN { MICROINCHES/INCH ) ?‘;‘:2 -
R1 54 72 137 226 305 337 378 [
p2 - 20 24 42 73 121 | 14 165
RS -3 23 77 147 152 248 L
25 -4 -56 | -227 -411 | -s504  |-60}
6 26 45 m 197 286 322 349
R7 -188 -233 414 | -630 798 | -en |-946 | |
RY 42 55 114 | 199 327 399 458 ]_* )
R10 24 32 s2 | 166 280 377 465 -
213 49 68 139 229 304 342 383 [
R14 32 46 110 228 365 444 513

RIS. 16 45 166 | 418 681 810 942 -3
R16 85 138 362 683 959 | 1099 |1223

R17 150 207 390 | 586 777 849 906
B2 146 195 ° 332 | 478 598 666. | 727 ||
a18 1 4 . -56 | -204 387 | -479  [-572 |}

| 1o Iy 58 123 | 193 51 | 269 | 279

R20 126 183 385 617 787 877 945 4
R21 210 270 475 670 822 902 963
B3 250 288 419 | ssaa | 67 742 781 L
R22 -70 -109 -262 | -503 692 | -775 | -861 T
R23 1 -9 .56 | -128 -215 | -259 | -288

R24 102 120 176 | 238 292 | 323 | 380 -3
R2S5 218 253 385 | 453 549 581 609

R26 232 263 360 448 507 549 570 L.
Q27 -160 226 -406 | -628 821 | -921 [l0is [T
R28 -72 -99 -186 | -282 2388 | -437 | -472

R29 41 18 f 54 70 80 g3 |78
R30 138 158 231 319 396 447 483
84 20 213 298 388 480 519 545 ]
31 -197 -2n 451 | -677 a7 | f974 1084 [T]
81 159 199 330 492 §79 754 | 814
86 239 282 434 610 g0z | - 878 935 -7
85 247 275 369 | 460 542 562 582

R33 . 160 208 334 | 461 568 628 §73 |
R3 9 17 6 -39 -72 -85 |-185
RS 21 49 8l 127 166 174 201

R11 12 -49 -96 | -222 -419 } -526 | -544

R12 1 18 83 | 256 63 | ses | 689

R32 83 89 170 | 288 366 | 404 | 440

R34 -50 . =80 -194 -364 -518 ~590 -666

R33 32 49 e | 229 374 463 562
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TABLE D 7: STRAIN MQ. 2 g,

PPEL nre
(psi) 0.15 0.2 0.4 0.7 1.0 1.18 1.30 Strain
Gage
Gage STRAIN { MICROIMCHES/INCH ) Rows
No. (See B.1)
R] 120 -157 -311 | -515 -701 | =779 | -888 [
R2 -274 -336 -570 | -831 -1083 |-1147  [1200
R4 -273 -329 -521 | -677 -755 | -812 | -843 b 1
RS 178 188 237 224 156 154 1
R6 52 39 =32 | -126 =226 | -276 | -304
R7 <71 -103 -160 -224 -280 =312 -336 |
R9 -276 -338 -569 { -818 | -1026 |-1183 (1144 [ )
R10 303 393 716 | 11 1455 | 1641 1832 [
R13 282 352 o | a8t {- 1085 | Tigs | 1278 77
R14 278 351 615 937 1230 | 1393 | 1545
R1S 259 305 568 954 | 1288 | 1435 | 1594 b 3
R16 206 240 403 606 768 864 931
17 143 159 220 287 356 375 397
82 -42 .78 , | -181 | -298 -392 | -489  [-492 | |
R18 201 221 274 267 224 1 180 7]
R19 234 273 440 653 889 985 | 1058
R20 218 265 485 752 932 | 102t | 1086
n21 194 ‘224 344 | 453 523 | 568 593 -
83 44 33 17 -5 ORI S PO s - B
R22 77 56 13 -49 -1o0 [ =118 1 <133
223 146 164 237 320 408 438 487
aza 192 233 373 51E 622 681 725
235 247 281 376 447 494 498 506 - 5
R26 185 205 275 | 340 390 429 450 L
27 -36 -56 <109 | -178 -230 | -285 | -280 [
A28 62 75 109 152 207 222 241
29 143 175 268 373 464 511 558 s
30 204 235 . 320 389 443 439 508
a4 193 210 242 264 +280 279" 282 |
R31 -80 -103 -156 | -222 -282 § -319 | -346 | |
a1 -1 2147 -219 | -332 -449 | -508 |-548
BG 2 1 Q0 4 11 _ 8 12 a7
8s m 137 216 307 405 445 476
R33 182 216 294 349 197 437 456 | |
R3 283 331 591 843 1000 | 1137|1207
R8 283 351 675 | 1091 1421 | 1832 [ 1798
11 -283 -367 -576 | -1088 21481 | -1720  |-1929
R12 293 - 357 638 | 1023 1357 | 1547 ¢ 1721
f32 -70 -92 -75 -10 24 32 52
R34 43 =27 10 25 25 17 12
Q135 L2680 338 -583 -795 -873 -894 -891




TABLE 0 8: STRAIN NO.'3EC

+50-

lApplied -
l(’rgmre 9.15 0.2. 0.4 0.7 1.0 115 1 1.30 f5epain
Gage

Gage STRAIN(MICROINCHES/INCH ) Rows
Mo. . {See B.1)}

i 34 109 19 | 301 395 | 454 | 505 [

a2 61 81 151 | 242 68 | 453 | 513

R4 1 1 37 72 107 106 97 1

%5 -2 35 95 | 177 279 | 383 | 392

R6 -107 -149 -312 | -525 766 | -877 | -954

R7 38 78 144 | 203 258 | 28 306 | |

a9 28 34 58 |10 17 211 245 T* 2
210 7. - 25 63 | 144 268 | 357 | 445 | J
R13 -15 -28 235 | -24 13 56 94 [
R14 -8 2 66 | 233 457 | 586 | 727

RIS 26 72 204 | 465 746 | 843 | 975 -3
R1G 27 46 127 | 224 286 | 313 | 332

17 22 12 | -8 | -9 2178 | -220 | -248

82 - - - - - - -
R18 -16 -9 28 | 104 190 | 227 | 269 | |
219 95 141 65 | 679 1030 | 1180 | 1287

220 129 188 401 655 832 | 917 | 991 + 4
221 123 146 23 | 270 )l 36 | 354

B3 - - - - - - -
R27 22 57 130 | 246 135 | a0 | a4 [T
R23 155 212 412 | 633 esa | 951 | 1027 -3
224 215 286 503 | 73¢ 905 | 997 | 1074

a25 243 276 82 | 480 569 i+ 595 | 619

R26 13 130 162 | 208 245 ¢ 277 | 296 |
R27 30 54 20 | 193 256 | 289 | 325 ||
g | 179 225 374 | 546 743 | 823 | ao4

R29 241 299 473 | 670 35 | 921 | 1000

R30 257 287 386 | 493 547 595 | 418 -8
84 - - - - - - -
R31 48 79 141 209 277 307 337 | |

81 - - - - - -

36 - - - - - - - -7
85 - - - - - - -

a3y | 197 197 229 | 241 235 | 25 | 241 L

R3 -1 13 =22 | -202 -410 | -505 | -624

R3 20 102 18 | 288 | - 384 | 459 | 513

Rl -5 65 52 42 -65 -78 -91

R}2 27 - 51 135 324 558 676 R0A

Q32 21 -229 -277 | -300 -308 | -324 | -323

234 92 142 307 | 503 667 | 749 | 829

R38 1 V7 a7 | 137 279 | 369 | 469
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TABLE DY: REPRODUCIBILITY OF DATA FOR APPLTED PRESSURE OF 1 PSI

Maximum Principal Stress Maximum Principal Stress
Gage . {ksi) || -Gage . {ks1) -
No. [Run #] Run #2 | Difference No. - | Run #1 Run #2 Difference
B 6.3 6.1 0.2 R16 11.3 11.4 0.1
B2 5.5 . 5.6 -0.1 R17 8.0 7.8 0.2
B3 7.2 7.3 -0.1 R18 2.3 2.4 -0.1
B4 5.8 5.8 0.0 R19 12.4 12.1 0.3
B5 6.8 6.7 0.1 R20 1.7 11.8 -0.1
B6 8.7 8.4 0.3 R21 9.7 9.8 -0.1
R22 2.0 2.0 0.0
_ R23 8.9 8.7 . 0.2
R1 | 13.5 13.4 0.1 R24 10.5 10.5 0.0
R2 4.3 | 14.1 0.2 R25 7.9 7.8 0.1
R3 7.4 7.9 -0.5 R26 6.1 6.2 0.1
RS 9.1 9.2 0.1 R27 0.8 0.8 0.0
RS 2.6 2.9 0.3 R28 7.1 6.9 0.2
R6 1.3 | - 1.3 0.0 R29 9.2 9.2 0.0
R7 0.9 0.8 0.1 R30 6.9 7.1 -0.2
RS 13.4 13.6 -0.2 R31 0.9 0.9 0.0
RO. | - 14.1 13.8 0.3 R32 3.2 3.2 0.0
R10 13.6 13.7 -0.1 R33 6.7 6.8 -0.1
RT | 7.4 7.7 -0.3 R34 6.0 6.0 0.0
R12 13.9 13.9 0.0 R35 14.4 14.5 -0.1
R13 10.0 10.2 -0.2
R14 12.4 12.4 0.0
R15 14.3 13.8 -0.5
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TABLE D 10: COMPARISON OF MAXIMUM PRINCIPAL STRESS (MPS)
FOR VARIOUS EDGE RESTRAINING FORCES

Applied Pressure= 0.7 psi

EDGE RESTRAINING FORCE (ksi)
2.85 5.7 8.55
G;ge pounds/in po?ndsfin pounds/?n
| Hes HeS PIEE Gale ™ | yps . DUEL- MrE

B1 4.8 4.5 -0.3 4.8 0
B2 4.4 4.5 -0,1 4.4 .0
B3 6.1 5.9 -0.,2 5.0 0.3
B4 5.0 4.8 -0.2 5.0 0.0
BS 5.9 5.7 -0,2 5.9 .0
B6 6.9 6.6 -0.3 5.9 0.0
R1 9.8 10.1 0.3 10.0 0.2
R2 10.9 10.5 -0.4 10.9 0.0
R3 6.4 6.8 0.2 6.6 0.2
R4 7.3 7.3 0.0 7.3 0.0
RS 2.3 2.4 0.1 2.3 0.0
RS 1.0 0.9 -0.1 0.9 -0.1
R7 0.7 0.7 2.0 0.5 -0.1
R8 10.0 10.2 0.2 10.1 0.1
R9 10.5 10.2 -0.3 10.7 0.2
R10 10.0 10.1 0.1 10.0 0.0
R11 6.1 6.4 0.3 6.5 0.4
R12 9.9 10.0 0.1 9.9 0.0
R13 8.0 8.0 0.0 8.0 0.0
R14 9.0 9.0 0.0 8.9 0.1
R15 10.1 10.2 0.1 10.0 -0.1
R16 8.3 8.3 0.0 8.2 -0.1
R17 6.4 6.1 -0.3 6.4 0.0
RT8 2.4 2.3 0.1 2.3 -0.1
R19 9.0 8.5 . -0.5 9.0 N
R20 9.3 9.4 0.1 9.3 R
R21 7.9 7.9 0 7.9 .0
R22 1.5 1.5 .0 1.4 -0.1
R23 6.9 6.6 -0.3 6.9 .0
R2¢ 8.5 8.5 0.0 8.5 .0
R25 6.5 6.4 -0.1 6.6 A
R26 5.3 5.3 0.0 5.3 .0
R27 0.6 0.6 0.0 0.5 -0.3 ’
R28 5.5 5.2 -0.3 5.5 0
R29 7.4 7.4 0.0 7.4 .0
R30 5.9 6.0 0.1 5.9 .0
R 0.6 0.6 -0.0 0.6 .0
R32 2.7 2.4 -0.3 2.6 -0.1
R33 5.5 5.6 0.1 5.5 0.0
R34 4.6 4.6 0.0 4.5 -0.1
R35 10.4 0.7 0.3 10.6 6.2




