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Determination of shear strength S

= Rail-shear test

= V-notched rail shear test
= +45° tensile test

= Tube torsion test

= Off-axis tensile test

* |osipescu test

= Shear frame test

= Biaxial tension-compression test

-  Standardized

=» Different test methods yield different values of S
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+45° tensile test

= Quasi-static tensile test of symmetric £45° laminate X (loading direction)
ASTM D3518, ISO 14129, EN 6031
= Non-linear stress-strain response
Multi-axial stress state on ply level

—

fiber orientation

To be discussed...

» Does shear strength evaluated according to standards describe first-ply-failure
(FPF)?

» What is the stress state on ply level? How significant is the influence of other
stress components?
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Material

= UD prepregs by Hexcel.
> glass-epoxy: HexPly® M79-LT/25%/UD1200/G
» carbon-epoxy: HexPly® M79/35%/UD600+2PES/CHS-50K

= (+45/-45), =» vacuum bagging process

- total thickness:
» glass-epoxy: 3.08 mm (ply thickness = 0.77 mm))
» carbon-epoxy: 2.35 mm (ply thickness = 0.59 mm)

- fiber volume fraction of ~ 60 %

= Quasi-static tensile tests:
- cross-head speed = 2 mm/min
- optical strain measurement

= Acoustic emission (AE) analysis
- Detection of initial failure

]~ same matrix

AE sensors: type WD

area strain measurement
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Shear stress-strain behavior

60 -
SF’max = SASTM

a
o
S~

/ Spmax According to ASTM D3518:

if

S50 = SasTM

0-12 at 812 = 5%
SasTmy = min £ p
012 Al Fmax

shear stress o, [MPa]
N w
o o
\‘

o
\

| — glass
— carbon

]

T T T T T T L

0 1 2 3 4 5 6 7 8 9
shear strain g, [%]

T MATERIALS SCIENCE AND TESTING OF POLYMERS, MONTANUNIVERSITAT LEOBEN MARIA GFRERRER



Shear stress-strain behavior
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Shear stress-strain behavior — AE analysis

glass carbon
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Shear stress-strain behavior — AE analysis

glass carbon
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Evaluation of shear strength S
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» ASTM D3518

» Increased AE activity

» Transition point (ASTM D3039)
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Stress state on ply level

X (loading direction)
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Why are the stress ratios so different?

Laminate theory:

Stress ratio in function of stiffness ratio
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Stress state on ply level mainly depends on ratio E4/E,
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Conclusion

= Quasi-static tensile tests on +45° laminates (ASTM D3518) = S

- glass-epoxy
- carbon-epoxy

» Does shear strength evaluated according to standards describe first-ply-failure

(FPF)?

- Spstv F FPF (initiation of inter-fiber cracks) = S,z / S+p

Sglass < Scarbon 2 Same matrix ?
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Conclusion

= Quasi-static tensile tests on +45° laminates (ASTM D3518) = S
- glass-epoxy
- carbon-epoxy
» What is the stress state on ply level? How significant is the influence of other
stress COI’ﬂpOﬂEﬂtS?
- Shear oy, + transverse tension o,, (glass > carbon) = different stress-strain behavior,

- Stress state on ply level mainly depends on ratio E,/E, Sglass < Scarbon

Puck’s criteria for GFRP Puck’s criteria for CFRP Stress ratio in function of stiffness ratio
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Why are the stress ratios so different?
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