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FORWORD

This report contains the crack opening displacement records

developed during an investigation of the crack growth characteristics
of both center crack and part through surface cracks and the extenso-
meter and strain gage data developed during the mechanical property
testing portion of the program. The work was performed by the Boeing
Aerospace Company from July 1974 to September 1975 under NASA Contract
NAS3-18906. The work was administered by Mr. Gordon T. Smith of the
NASA-Lewis Research Center.

This program was conducted by the Research and Engineering Division

of the Boeing Aerospace Company, Seattle, Washington, under the super-
vision of Mr. H. W. Klopfenstein, Structures Research and Development
Manager. The Program Leader was Mr. J. N. Masters, Supervisor, Faillure
Mechanisms Group. The Technical Leader was R. W. Finger; A. A. Ottlyk
and H. M. Olden provided testing engineering support, and G. Buehler
produced the technical fillustration and art work. This technical report

is also released as Boeing Document D180-20100-2.
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INTRODUCTION

This report contains the crack opening displacement records obtained
during the testing of both the center crack and surface flawed specimens
and the extensometer and strain gage curves from the mechanical property
characterization portion of the program. The remainding test data is sum-
marized and discussed in CR-135036 (Reference 1).

The crack opening displacement records presented are reproductions of the
actual traces. The specimen number is given on each plot so that the

other detailed test information can be Tocated in CR-135036. Peculiarities
encountered during testing have been noted on the individual plots. Some
general comments pertinent to all of the plots are presented below:

o0 The Electrical Deflection Indicator (EDI) was reset after each
load cycle;

o The EDI gage was spring loaded against integrally machined knife
edges for all of the center crack panels and all of the 6.35 mm and
9.53 mm (0.25 and 0.375 in) thick surface flaw specimen. Clip
gage brackets were used for attaching the EDI to the remaining
specimen;

o All of the center-crack panels were loaded directly to failure,
therefore, all of the associated crack opening displacement re-
cords are for the fracture loading;

o The surface flawed specimens were subjected to a variety of dif-

ferent loadings which are denoted on the plots.

The crack opening displacement records were used to calculate the constant
"co" in the following equation

=c o8
°vVq
where 8§ = crack opening displacement
o0 = gross area applied stress
a = flaw depth
Q = flaw shape parameter (presented in Figure 6 of NASA CR-135036

1



Only the initial linear portion of the crack opening displacement records was
considered in making these calculations. This was done to avoid the region
stable crack growth and to permit the initial crack dimension to be used. The
calculated <, values were compared to those presented in Appendix B of Reference
2. Reference 2 found that the calculated ¢ value was dependent upon the ratio
of flaw depth to specimen thickness (a/t) agd the flaw shape (a/2¢). Under the
subject study three different flaw shapes were considered within a limit range
of flaw depth to specimen thickness (a/t's). The calculated <, values from this
report were in good agreement with the Reference 2 values. Additionally, the
"co" values have been compared to a theoretical solution of Kobayashi (3). The
agreement between the experimental values obtained in both this study and Refer-
ence 2 with the theoretical solution 18 quite good especially for flaw depth to

thickness ratios in excess of 0.40.

The slopes of the crack opening displacement record during load and unloading
were compared to the initial and final flaw sizes. The linear portion of the
loading curve and the iInitial linear portion of the unload curve were considered
in these calculations. It was hoped that these linear portions of the curves
being reflection of the compliance of the specimen at the flaw would be directly
relatable to flaw size. The ratio of final to initial compliance was compared
to the ratio of final to initial flaw depth. The data generally fell within an
acceptable scatter band, however, there were a number of points which varied
significantly from the general data trends. Specimen to specimen variation in
flaw shape within target flaw shape range were not considered nor was the change
in flaw shape as a result of the crack growing considered. The results of the
brief investigation suggests that the comparison of the loading and unloading
slopes will generally yield some insight into the extent of stable crack growth
that has occurred. A further review of the crack opening displacement records

may yield information which can be used to determine flaw sizes directly.

The load-extensometer and load-steam gage curves generated during the mechanical
property characterization portion of the program are presented in Appendix III.
The extensometer curves were used in the calculation of the yleld strength. A

50.8 mm (2.0 inch)gage length was used for all of the extensometer tests.



The strain gage records have been identified as either axial strain gage

or Poisson's strain gage. The axial strain gages were mounted on the specimen
parallel to the loading direction and the Poisson's strain gages were oriented
perpendicular to the loading direction. The strain gage results were used in

the calculation of Poisson's Ratio.

References:

1. R. W. Finger, "Proof Test Criteria For Thin Walled 2219 Aluminum
Pressure Vessels," Volume I NASA CR-135036, August 1976

2. J. N. Masters, W. D. Bixler, R. W. Finger, "Fracture Characteristics
of Structural Aerospace Alloys Containing Deep Surface Flaws' NASA
CR-134587, December 1973.

3. A. S. Kobayashi, "Crack Opening Displacement in A Surface Flawed
Plate Subjected To Tension or Plate Bending". Boeing Document
D180-19446-1, February 1976.
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APPENDIX II - Surface Flawed Specimen

Opening Displacement Records

Crack Opening Displacement Records
in Table 14 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 15 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 16 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 17 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 18 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 19 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 20 of Vol. I. C(CR-135036

Crack Opening Displacement Records
in Table 21 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 22 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 23 of Vol. I. CR-135036

Crack Opening Displacement Records
in Table 24 of Vol. I. (CR-135036

Crack Opening Displacement Records
in Table 25 of Vol. I. CR-135036
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for

for

for

for

for

for

for

for

for

the

the

the

the

the
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the

the
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Specimen

Specimen

Specimen

Specimen

Specimen

Specimen

Specimen

Specimen

Specimen

Specimen

Specimen

Specimen

Crack

Presented

Presented

Presented

Presented

Presented

Presented

Presented

Presented

Presented

Presented

Presented

Presented

Page
59 - 65
66 - 71
72 - 79
80 - 87
88 - 94
95 - 102
103 - 110
ni -ny
118 - 125
126 - 132
133 - 138
139 - 146



APPENDIX II - Surface Flawed Specimen

Opening Displacement Records

Crack Opening Displacement
in Table 26 of Vol. I,

Crack Opening Displacement
in Table 27 of Vol. I.

Crack Opening Displacement
in Table 28 of Vol. I.

Crack Opening Displacement
in Table 29 of Vol. I,

Crack Opening Displacement
in Table 30 of Vol. I.

Crack Opening Displacement
in Table 31 of Vol. I.

Crack Opening Displacement
in Table 32 of Vol. I.

Crack Opening Displacement
in Table 33 of Vol. I.

Crack Opening Displacement
in Table 34 of Vol. I.

Crack Opening Displacement
in Table 35 of Vol. I.

Crack Opening Displacement
in Table 36 of Vol. 1I.

Crack Opening Displacement
in Table 37 of Vol. I.

Records for
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APPENDIX II - Surface Flawed Specimen Crack

Opening Displacement Records

Crack Opening Displacement
in Table 38 of Vol. I.

Crack Opening Displacement
in Table 39 of Vol. I.

Crack Opening Digplacement
in Table 40 of Vol. I.

Crack Opening Displacement
in Table 41 of Vol. I.

Crack Opening Displacement
in Table 42 of Vol. I.

Crack Opening Displacement
in Table 43 of Vol. I.

Records for

CR~135036

Records for

CR-135036

Records for

Records for

CR-135036

Records for

CR-135036

Records for

CR-135036
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the Specimen Presented

the Specimen Presented

the Specimen Presented

the Specimen Presented
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