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Abstract

Tensile properties and fracture toughness of monolithic aluminum, fiber reinforced plastics and glase»

fiber/aluminum hybrid laminates under tensile loads have been investigated using plain. coupon and..
single-edge-notched specimens. Elastic modulus and ultimate tensile strength of GFMLs showed different .
characteristic behaviors according to the Al kind, fiber orientation and composition ratio. Fracture,‘ '
toughness of A-GFML-UD which was determined by the evaluation of Kic and Gic based on critical

load was similar to that of GFRP-UD and was much higher than monolithic Al

A-GFML-UD presented superior fracture toughness
comparison to its constituent Al. By separating Al sheet from GFMLs after the test, optrcal rmcroscope, .
observation of fracture zone of GFRP layer in the vicinity of crack tip revealed that crack advance of .
GFMLs depended on the orientation of fiber layer as well as Al/fiber composition ratio.
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Table 1 Designation of Al materials and their composites used in this study

Materials Specimen designation Stacking sequence
e . Al1050 *
Monolithic aluminum ALS052 .
GFRP-UD [0°s6])
Glass fiber reinforced plastics GFRP-CP [0°/90°3/0°]
GFRP-90 [90°%6)
A-GFML-UD [AVO°WAI)
A-GFML-CP [AV0°/90°/0%/Al]
Glass Gber/aluminum hybrid | A-GFML-90 [AVSO°YAL}
B-GFML-UD [AI/O°YAL/0°/Al]
B-GFML-CP [AL/0°/90%/ AL/90°/0°/ A1)
B-GFML-90 [AV90°YAV90°yAl]
38 44 N 38
~ 7z N
GFRP layer —w 12
AN
Unit : mm (a) Dog bone type specimen of Aluminum
[g : Al shert (1050, 5052)
fo —
B-GFML{372 1ay-up) 200

Fig. 1 Schematic of fabricated GFMLs and
lay-up composition ratio
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(b) Plain coupon specimen of GFRP and GFMLs
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(c) Single-edge-notched specimen of Al, GFRP and GFMLs

Fig. 2 Schematic of monolithic aluminum, GFRP,
and GFMLs specimens for tensile test
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Fig. 3 Schematic of a single-edge-notched specimen.
Right photo shows a magnified view- of an
initial crack tip introduced by a sharp razor
blade.
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Fig. 4 Schematic of tensile test and microscopic
observation
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Load

Displacement

Fig. 5 Three types of load-displacement behavior in
Kic test
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Table 2 Mechanical properties of monolithic aluminum plates in parallel with/transverse to the rolling
direction. PAA-Al indicates PAA-treated aluminum

. Young's modulus, Ultimate tensile strength, Failure strain,
Materials
E (GPa) ours (MPa) er (%)
Al 1050 69 / 69 195,03 / 181.33 64105 / 54101
PAA-Al 1050 69 / 69 193405 / 185i4 64415 / 5.6:05
Al 5052 70 / 70 229.07 / 22127 9.5.035 / 10.2:08
PAA-Al 5052 70 / 70 22345 / 225%s, 76505 / 7.8s09
vetdch 2% dole g2 Al ddwgez
0 332 7t de golm ¢ doly @ge ¢
2 drLge] gg JEldo. Table 29 &S
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(b) transverse direction

Fig. 7 Typical stress-strain relationships of A11050
and 5052 tested (a) in the rolling direction
and (b) in the transverse direction
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Fig. 8 Typical stress-strain relationships (a) and
elastic modulus and ultimate tensile
strength (b) of GFRP
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Fig. 10 Elastic modulus and ultimate tensile
strength for monolithic Al and various
GFMLs specimen
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Fig. 13 Optical micrographs in the vicinity of crack
tip in the GFRP layer of various GFMLs
at the maximum load : (a) SEN GFRP-UD,
(b) A-GFML-UD and (c) B-GFML-UD
specimen
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Fig. 14 SEM photographs from the fracture surface
of the GFRP layer of (a) SEN GFRP-90
and (b) A-GFML-90 specimens
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Fig. 15 Microscopic thickness-wise views(upper) and propagated crack(lower) in the vicinity of crack tip of
GFMLs specimens after the tensile test. Dotted lines indicate boundaries of plastic deformation zone

around the crack tip
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Fig. 16 Schematics of various crack propagation behaviors depending on fiber orientation and fiber/aluminum

composition lay-up ratio
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