



















































































warp fibers

Figure 2. SEM micrograph of a 8-harness satin woven ply.
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MTS testing machine.

Figure 4.
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Figure 11. SEM micrographs of deplied surface plies of an unfailed 22-ply 0 deg. specimen (a) at
the grip edge and (b) 0.025 in. away.
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Figure 18.

Unnotched 20-ply 0/45 deg. specimens damaged under (a) monotonic tension (after failure), (b)
incremental tension (late life), and (c) tension-tension fatigue (late life).
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Figure 19,

Notched 20-ply 0/45 deg. monotonic specimen at (a) 50%, (b) 80%, (c) 94%, and (d) 100% (at failure)
of its tensile strength. (continued on following page)
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Figure 20. Radiographs of an unnotched 22-ply 0 deg. incremental tension specimen after (a) 2
and (b) 19 hrs at 88% of its strength.
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Figure 21.
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b) | ()

Radiographs showing front views of an unnotched 20-ply 0/45 deg. incremental tension specimen at
(a) 7000, (b) 7500, and (c) 10500 microstrain.
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Figure 22,
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Figure 24. The variation of failure surface with loading conditions in 22-ply 0 deg.
specimens. From left to right, specimens failing from: 2.5k cycles, 12.9k
cycles, 720k cycles, and incremental tension.
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Figure 25.
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The variation of failure surface with loading conditions in 20-ply 0/45 deg.
specimens. From left to right, specimens failing from: monotonic tension,
incremental tension, 410 cycles, incremental tension, and 3300 cycles.

(continued on following page)
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Figure 25. (continued from previous page) From left to right, specimens failing from:
21.5k cycles, 150k cycles, 640k cycles, and 940k cycles
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layers from unnotched 20-ply 0/45 deg. specimens

Deplied 0 and 45 deg
failing from (a) low and (b) high cyclic loads.
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Figure 26.






(a)

2381

(b)

Figure 27. SEM micrographs of broken 0 deg. fibers from unnotched 20-ply 0/45 deg. specimens
failing after (a) 940k and (b) 410 cycles
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(continued from previous page)

Figure 28,
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(a) (b)

(d)

Figure 29, Radiographs showing edge views of 22-ply 0 deg. specimen after (a) 10, (b) 1k, (c) 50k, and (d) 205k
cycles.
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Figure 30. Radiographs showing local damage areas in a 22-

ply 0 deg. notched specimen after
66k cycles at 90% of the ultimate strength.
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Figure 31.
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Radiographs showing front views of 20-
cycles. (continued on following page)

(b)

ply 0/45 deg. specimen after (a) 10, (b) 2k, (c) 50k, and (d) 80k
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Figure 32,

(b)

Radiographs showing edge views of 22-
cycles.
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(c) (d)

ply balanced specimen after (a) 10, (b) 2k, (c) 50k, and (d) 80k
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Figure 33. SEM micrograph of a 0 deg. ply from a 20-ply 0/45 deg. laminate showing fractured 0
deg. fibers.
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Figure 34. Notched 22-ply 0 deg. specimen fati
strength.
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gued for 3.4 M cycles at 70% of the tensile
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Notched 22-ply 0 deg. specimen fatigued for 205 k cycles at 96% of the tensile

Figure 35.
strength.
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fatigued for 5.5 k cycles at 94% of the tensile

. specimen

Notched 20-ply 0/45 deg

strength.

Figure 36.
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Figure 37.
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Notched 20-ply 0/45 deg. specimen fatigued for 1.8 M cycles at 91% of the tensile
strength.
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Figure 38. Radiograph of a (0,90, +/-45)s non-woven graphite-epoxy specimen fatigued
at 80% of the ultimate strength for 600k cycles (mid life).
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