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M. Alfano et al., Influence of laser surface 
irradiation on bonding strength of Al/Mg 
adhesive joints. JAST, 25, 2011, p. 1261

• Previous work focused on Al/Mg adhesive joints
• Limitations: SLJ nominal shear strength and lack of quantitative information on 
bond toughness, no systematic analysis on the interaction between laser process 
parameters and surface morphology/wetting
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Substrates pre-treatment
SEM analyses

M. Alfano, F. Furgiuele, G. Lubineau, G. H. 
Paulino, Role of laser surface preparation 
on damage and decohesion of Al/epoxy 
joints. Submitted for publication.
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Mechanical testing of Al/epoxy T-peel joints
Sample preparation and testing

ha= 0.25 mm

grip
area

1.5 mm

25 mm

45 mm

40 mm

100 mm

100 mm

P, δ

http://cohmas.kaust.edu.sa
http://cohmas.kaust.edu.sa


M. Alfano et al. (http://cohmas.kaust.edu.sa) 7

Mechanical testing of Al/epoxy T-peel joints
Sample preparation and testing

ha= 0.25 mm

grip
area

1.5 mm

25 mm

45 mm

40 mm

100 mm

100 mm

P, δ

AA6082T6

σy = 250 MPa

http://cohmas.kaust.edu.sa
http://cohmas.kaust.edu.sa


M. Alfano et al. (http://cohmas.kaust.edu.sa) 7

Mechanical testing of Al/epoxy T-peel joints
Sample preparation and testing

ha= 0.25 mm

Displacement controlled (0.2 mm/s)
grip
area

1.5 mm

25 mm

45 mm

40 mm

100 mm

100 mm

P, δ

AA6082T6

σy = 250 MPa

http://cohmas.kaust.edu.sa
http://cohmas.kaust.edu.sa


M. Alfano et al. (http://cohmas.kaust.edu.sa) 7

Mechanical testing of Al/epoxy T-peel joints
Sample preparation and testing

ha= 0.25 mm

Displacement controlled (0.2 mm/s)
grip
area

1.5 mm

25 mm
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100 mm

P, 

• Increased maximum load and elongation at failure
• Lower scatter
• Extensive plastic deformations for LT samples.
• Elastic deformation only for GB samples
• Cohesive vs adhesive failure (SEM required)

δ

AA6082T6

σy = 250 MPa
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Mechanical testing of Al/epoxy T-peel joints
SEM analyses of fracture surfaces

Grit blasted samples
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Determination of bond toughness
Potential based cohesive model

K. Park, G. H. Paulino, J. Roesler,  A 
unified potential-based cohesive 
model of mixed-mode fracture. 
JMPS 57, 2009, 891-908.
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Determination of bond toughness
Potential based cohesive model

K. Park, G. H. Paulino, J. Roesler,  A 
unified potential-based cohesive 
model of mixed-mode fracture. 
JMPS 57, 2009, 891-908.

φn = 100, φt = 200 [N/mm]

σmax = 40, τmax = 30 [MPa]

α = 5, β = 1.3

λn = 0.1, λt = 0.2
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Determination of bond toughness
Sensitivity analysis to α and λn

Thouless et al, Numerical simulations of 
adhesively-bonded beams failing with extensive 
plastic deformation. JMPS 77, 1999, 1337-1353.
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Determination of bond toughness
Sensitivity analysis to α and λn

• In the subsequent numerical simulations, the shape parameter and the slope indicator have 
been set to 3 and 0.06, respectively.

Thouless et al, Numerical simulations of 
adhesively-bonded beams failing with extensive 
plastic deformation. JMPS 77, 1999, 1337-1353.
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Determination of bond toughness
Sensitivity analysis to Φn and σmax

Standard dimensional analysis dictates the non-dimensional load to depend on the 
following non-dimensional groups:
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Standard dimensional analysis dictates the non-dimensional load to depend on the 
following non-dimensional groups:
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• The area under the curve increases as the 
fracture energy increases,
• GB samples: the post peak slope depends 
on fracture energy,
• LT samples, it depends on both cohesive 
strength and fracture energy.

range of exp. results for 
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• The area under the curve increases as the 
fracture energy increases,
• GB samples: the post peak slope depends 
on fracture energy,
• LT samples, it depends on both cohesive 
strength and fracture energy.

• GB samples: plastic dissipation increases  
as the energy increases. No effect of coh. 
strength in the investigated range,

range of exp. results for 
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• The area under the curve increases as the 
fracture energy increases,
• GB samples: the post peak slope depends 
on fracture energy,
• LT samples, it depends on both cohesive 
strength and fracture energy.

• GB samples: plastic dissipation increases  
as the energy increases. No effect of coh. 
strength in the investigated range,

range of exp. results for 
laser treated (L) samples

range of exp. results for 
grit blasted (GB) samples

• LT samples: plastic dissipation increases as 
cohesive strength and fract. energy increases.   
Sensitivity is higher to fracture energy
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Determination of bond toughness
Response map
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Φ

• There is not a unique 
combination (Φn;σmax) which 
minimizes the difference between 
experimental and simulated load-
displacement curves
• A reasonable narrow range of 
bond toughness can be identified
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Determination of bond toughness
Experimental data for laser treated samples

• The average bond toughness for laser treated samples is almost four times the one 
determined for grit blasted samples
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Conclusions and future work
-

Conclusions 
• The bond toughness of adhesive joints with laser treated substrates has been 
investigated, 
• laser surface preparation of sample substrates provides improved wetting,
• in turn the bond toughness of the joint is up to four times higher than that of 
samples treated with standard grit blasting

Follow-up work
• Effect of surface patterning on the bond toughness of adhesive joints.
• Performance of the surface treatment in aggressive conditions.
• Identification of cohesive properties combining inverse techniques and full 
field kinematic data (already under development).

patterned 
AA6082T6
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