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Experimental Results of Tensile Fatigue Strength of
Cross-ply Laminated CFRP*

Yoshio NocucHr™

ABSTRACT

This study evaluates the testing method for static tensile and fatigue strength of advanced
composite materials. The fatigue test is conducted under tensile-tensile constant range loading.
The test specimen is a cross-ply laminated CFRP using a unidirectional fiber reinforced substrate
and epoxy resin. The three carbon fibers adopted in this test are classified as high-strength, high-
strain and high-strength/intermediate-elastic-modulus types. Fatigue damage in test specimens is
guantified by an X-ray radiography penetrative crack detection method. The test results indicated
that the fracture of all specimens occurred in sudden mode. The high-strength type CFRP should
exhibit rupture in grip portion. The relationship between fatigue stress and number of cycles is
approximately linear on a semi-logarithmic graph. After being subjected &tr&8s cycles, the
ratios of tensile fatigue strength to static tensile strength for high-strength, high-strain and high-
strength/intermediate-elastic-modulus types CFRP were estimated to be 0.97, 0.85 and 0.76,
respectively.

Key words: Composites, Carbon/epoxy, Cross-ply laminates, Tensile test, Damage, X-ray
radiography, Fatigue strength
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gooo goooo goooood 872 0.90 1.15E+03
gooo ooo gooo 872 0.90 1.37E+03
o mx(MPa) o max/oco 0O (@0)dO0O 872 0.90 1.50E+03
———————————————————————— 862 O 0.89 5.40E+02
599 0.984 1.03E+04 862 0.89 4.73E+03
599 0.984 1.39E+04 853 0.88 1.05E+04
599 0.984 1.03E+06 853 0.88 2.24E+03
596 0.979 1.38E+04 843 0.87 1.16E+03
596 0.979 2.83E+04 843 0.87 4.14E+05
596 0.979 4.91E+04 833 0.86 6.25E+05
590 0.969 2.42E+04 833 0.86 2.35E+06
590 0.969 9.86E+04 853 0.88 1.70E+06 0 O O
590 0.969 3.72E+05 0 843 0.87 3.02E+06 O O O
599 0.984 1.86E+06 OO @ —————————
584 O 0.959 5.19E+06 OO 0O
578 0.949 149E+06 OO O
547 0.898 1.58E+06 00O O
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0 000 E (GPa)

81.6 836 840 82.6 832 83  1%0
00 OO0o o (MPa)

1347 1322 1387 1337 1302 1340  2%0
O00000000e max (%)

160 154 154 1.60 1.50 16  3%0

oo Q0o ooogo gpoooood
goog ogo gooo
o max (MPa) 0 max/o O @ooo

1260 0.94 5.48E+03
1260 0O 094 1.74E+04
1247 093 O 1.97E+04
1247 O 0.93 9.90E+03
1247 0.93 6.30E+03
1221 0.91 1.77E+04
1194 0O 0.89 1.78E+04
1194 0.89 2.40E+05
1194 0.89 7.72E+04
1168 0.87 1.45E+05
1168 0.87 9.60E+04
1168 0.87 1.12E+05
1151 0.86 7.01E+05
1125 0.84 1.69E+06
1125 0.84 3.90E+05
1100 0.82 9.47E+05
1100 0.82 7.23E+05
1100 0.82 2.54E+050
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000 000 E(GPa)

6390657 651 661 655 65 1%0
000 000 o (MPa)

486 492 462 645 596 536  15%[
00 0O0O0O0Oe max(%)

078 075 073 097 091 08  13%0
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o max (MPa) o max/0 O (OH)yooo
456 0.85 1.60E+06
456 OO 0.85 1.44E+03
551 1.03 6.07E+03
466 0.85 84
480 0.87 82
530 0.90 594
534 0.99 432
540 1.00 57
540 1.01 189
540 1.01 78
545 OO 1.02 57
545 1.02 59
545 1.02 770
551 1.03 71
551 1.03 57
408 0.76 1.60E+06 (0 O
451 0.84 1.37E+06 O O
461 086 O 1.66E+06 O [
505 0.94 251E+06 O O
506 0.94 2.03E+06 0 O
534 0.99 220E+06 D OO
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00 000 E (GPa)
670 664 66.7 646 673 66 2%
00 O0Oo o(MPa)

783 846 809 795 844 815  4%[
00 DOO0OOe max (%)

122 130 123 122 125 12  3%0O

good goodd goooood
goog goo gooo
o max(MPa) 0 max/o 00O (O0)ODOO

715 0.88 1.09E+03
715 0.88 1.47E+03
691 0.85 5.43E+03
691 0.85 5.17E+04
691 0.85 6.64E+04
670 0.82 1.93E+05
670 0.82 3.13E+05
650 0.80 5.09E+05
650 0.80 2.19E+05
650 0.80 1.23E+05
626 0.77 4.13E+05
626 0.77 4.59E+05
626 0.77 1.09E+06
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