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detail

Lotus Elise Chassis




Predict the structure toughness |l

Joint mechanical behavior |}

Adhesive fracture energies in |l
Mode |, Mode Il (and Mode IlI)
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detail
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Typical experimental R-curve obtained for the ARALDITE 2015 for
thickness of 0.5 mm.



. * testing mode Il

Mode Il fracture toughness (Glic) as a function of the adhesive thickness for a
ductile adhesive (ARALDITE 2015) and a brittle adhesive (ARALDITE AV138M+HV998).
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tests
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| mixed-mode testing
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2. Soojae Park - David A. Dillard, Int J Fract (2007), vol 148, pp 261-271
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mixed mode testing
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mixed mode testing
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po data reduction

Jl formulation

Tests are conducted with symmetric DCB specimens and asymmetric displacement rates.

Applied displacements result in a combination of pure mode | and pure mode Il loading.

The forces exerted on the two beams are measured by load cells attached to each actuator and the fracture components
are calculated with equations 1 and 2, where PI and PIl are the forces measured by the load cell.

P, —P P, +P
PI:% eql P”:_Zz : eqz

Values for the energy release rate are obtained with equations 3 and 4, where b is the width of the bond, I and E
are the moment of inertia and the elastic modulus of the adherends, respectively, and a is the crack length .

12P?q? 6P? 6PZ (2a* 1
GI _ I + I _ I + eq. 3
b2Eh3 ~ 5b2hG  b2h \ h2E  5G

9PAa? m

b1 = T2g

The global mode mixity is then indicated with the angle ¥ defined in equation 5.

Y = ArcTan @
3 eq.5



results

Araldite® AV138M + HV998
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i results

Araldite® 2015
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g results

SIKAflex® 255 FX
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envelope
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R numerical analysis

Jll Compliance Based Asymmetrical Beam Method [CBABM]

Usage of measured crack length, comprises two problems:
i.  The accuracy of measurement at the crack tip is not an easy task;
ii. Itdos not account for the fracture process zone [FPZ].

Trying to overcome these problems and improve the results accuracy, na equivalent crack length as
defined by Oliveira et al. [1], should be used in equation 3 and 4.

5 121'>,2a,§q+ 6P 6P 2a§q+ 1 9P7aZ,
"7 b2ER3 ' 5b2hG ~ b2h\ h2E 56 =23

1. Oliveira, J.M.Q., de Moura, M.F.S.F., Silva, M.A.L., Morais, J.J.L., wood fracture Composites Science and Technology Vol.67 (9), 2007, pp. 1764-1771



numerical analysis
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Tias numerical analysis

Jll Tuning and setup
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O numerical analysis

Jll Tuning and setup
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2o oo numerical analysis

Jll Tuning and setup

fracture envelope
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b ada conclusions

The study focused on the mode mixity that results from the superposition of fracture modes | and |l

The dual-actuator load frame is a testing machine that allows to characterize thoroughly the mixed
mode fractures just carrying tests on DCB specimens constructed with symmetric beams, simplifying
the specimen construction.

Although the crack length measurement was used, it can be improved by calculating an equivalent
crack length, accounting for the FPZ effect.

Adhesive layer thickness affected both mode | and mode Il by increasing Gl and Gll respectively for
each governing loading scheme.

The aim of this undergoing project is the development of fracture envelopes for different adhesives
and thicknesses. These envelopes can be useful in designing adhesive joints and contributing to
design a mixed mode bending test apparatus based on the Reeder Crews MMB delamination
apparatus or a Spelt Mixed Mode fixture.



e - next step

Apply the CBABM to the experimental data, hoping to obtain better results.

Finish ATDCB (Asymmetric Tapered Double Cantilever Beams) [2] to characterize the
remaining adhesives and thicknesses for the envelope ( V¥ = 20°);

To do some SLB tests to gather more data for the envelope ;

With the data collected, design an apparatus similar to the one of Reeder and Crews [3]
or Spelt [4], to obtain more points with different mode-mixities in order to improve the
fracture envelope for different adhesives and different thicknesses.
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