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Motivation
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[1] Reedy & Stavig. (2020). Int. J. Fracture, 222(1).
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Experimental Method: ADCB Test
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Schematic of ADCB Specimen [1]

Example of Measured Load-Displacement Curves from ADCB Test [3]

[1] Reedy & Stavig. (2020). Int. J. Fracture, 222(1).
[3] Stavig, Jaramillo, Larkin, Dugger, & Reedy. (2019). SAND-2019-14935.



Experimental Method: ADCB Test
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Example of Measured Load-Displacement Curves from ADCB Test

Fractured ADCB Specimen

ADCB Set-up and Specimen



Previous Work [1]
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• Experiments conducted using 
ADCB method

• Toughness of epoxy/aluminum 
interface increases as 
temperature decreases

• Linear relationship observed 
between toughness and 
product of yield stress and 
surface roughness

• Proposed mechanism: 
Toughness related to energy 
required to yield material in a 
surface pit to the hardening 
strain

[1] Reedy & Stavig. (2020). Int. J. Fracture, 222(1).

Results from ADCB Tests of Epoxy/Aluminum Interfaces, Compression Tests of 
Epoxy Adhesives [1]



Measured Toughness Results
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• ADCB tests conducted on epoxy/aluminum interfaces at 3 loading rates and 5 test 
temperatures

• Toughness minimized at room temperature, increases with loading rate
• Results indicate a transition from surface-dominated to bulk-dominated regimes

Toughness as a Function of Temperature (Fixed 
Loading Rate) 

Toughness as a Function of Loading Rate (Fixed 
Temperature) 



Modeling Approach
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Region along interface meshed with 
cohesive surface elements

Mesh of ADCB Finite Element Model 

Local Mesh Refinement around Crack-Tip[4] Adolf, Chambers, & Caruthers. (2004). Polymer, 45(13).
[5] Adolf, Chambers, & Neidigk (2009). Polymer, 50(17).
[6] Cundiff, Long, Kropka, Carroll, & Groves. (2021). SAND-2021-11193.
[7] Reedy & Emery. (2014). Int. J. Solids Struct., 51(21-22).



Initial Model Predictions
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• For initial tests of the model, 
assumed a nominal 
toughness and strength of 
100 J/m2 and 100 MPa, 
respectively, for the interface

• Toughness predicted to 
increase with temperature, 
decrease with loading rate

• Cohesive zone parameters 
are independent of rate and 
temperature at this stage

Initial Model Predictions of Toughness Trends



Model Corrections
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Yield Strength of Epoxy Element Subject to Uniaxial Tension



Updated Model Predictions
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• Interface-dominated regime 
successfully captured, but the bulk-
dominated regime is not fully resolved

• Some increase in effective toughness 
observed at higher temperatures

• Selection of peak stress results in 
different model behavior
• Setting peak stress << yield stress 

results in interface failure with minimal 
dissipation

• Setting peak stress >> yield stress 
results in epoxy softening and flow 
without failure of the interface

• Epoxy constitutive model does not 
include post-yield hardening, loses 
ellipticity after yielding

Initial Model Predictions of Toughness Trends
(Peak Stress Set to Twice the Epoxy Yield Stress)

Severe Distortion of Epoxy Elements at 
Crack-Tip 

(65 C and 0.002 mm/s, from Initial Model)



Conclusions and Future Work
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Supplementary: Mesh Convergence without Viscoelasticity
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Supplementary: Mesh Convergence with Viscoelasticity
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Supplementary: 1-Element Epoxy Study Convergence
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