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Numerical Investigation on Novel Method for Adhesively Bonded T-joint
Between Aluminum and Sandwich Panel
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Department of Maritime Engineering, Amirkabir University of Technology, No. 424, Hafez
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Abstract

A common way to join dissimilar materials in industrial applications is to use adhesives.
Marine industries use this kind of joints for attaching main hull to superstructure of the ships.
Most previous researches have focused on composite-composite joints, while a few of them
are devoted to aluminum- sandwich panel joints. This study focuses on the numerical static
strength analysis of a typical aluminum-sandwich panel T-joints and improving its strength
through a novel design. The results of numerical analyses are in a good agreement with those
of the experimental tests and confirm the accuracy of numerical analyses. In analyzing the
adhesive between joint elements, contact elements and cohesive zone model (CZM) in
ANSYS as well as nonlinear analysis is used. Results show that change in joint geometry
considered in this paper, caused a 7.25% increase in vertical failure load of the joint. This
increase in strength of joint attained in a situation that because of the merging of the joined
parts, the process of construction became easier.

Figure 1. Joint Geometry-Initial Design (half of model depicted)

Figure 2. (a) normal contact stress and contact gap curve bi-linear CZM material, (b) Failure
modes in adhesive joints (Scott Bader Company)

Figure 3. Aluminum alloy stress-strain curve (Aalberg et al. 1998)

Figure 4. Loading condition and boundary condition

Figure 5. (A) Joint geometry of test model, (B) Comparison between FEM analysis and experimental
(Toftegaard et al., 2005) for load-displacement curve

Figure 6. (A) Failure mode in experimental test (Toftegaard et al., 2005), (B) Failure mode in FEM
analysis

Figure 7. Load-Displacement Curves for various fillet angles

Figure 8. Load-Displacement Curves for various fillet angles

Figure 9. Adhesion interface paths

Figure 10. (A) Stress along path 1 for fillet angle 700, (B) Stress along path 1 for fillet angle 200
Figure 11. Horizontal reaction force for various fillet angles

Figure 12. Horizontal reaction force for various fillet angles

Figure 13. General Overview of the new design configuration

Figure 14. Load Displacement Curves for new design for various angles

Figure 15. Load Displacement Curves for new design for various angles

Figure 16. Failure mode for new design 35 to 60 degree

Table 1 Joint Geometry Dimensions

Table 2 Adhesive Mechanical Properties (Zhou et al., 2008)

Table 3 Mechanical properties of the joint components (Toftegaard et al., 2005)

Table 4 Joint geometry of test model (Toftegaard et al., 2005)

Table 5 Failure load for various fillet angles

Table 6 Sandwich panel laminate mechanical properties in new design (Derewonko, 2009
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