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VIRTUAL CRACK CLOSURE TECHNIQUE (VCCT)

Strain Energy Release Rate computation 

technique

Widely used for quasi-static simulations
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THE BENCHMARK: THE DIRECT CYCLIC (DC) ALGORITHM

VCCT can be used with DC for 

crack propagation predictions

Load history is 

approximated via a Fourier 

series

Suitable for low cycle 

fatigue (plasticity)
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THE BENCHMARK: THE DIRECT CYCLIC (DC) ALGORITHM

• Input limited to a single set of Paris 

parameters [1,2]

[1] Pirondi et al. (2014)

[2] Raimondo et al. (2020)

• Highly inefficient: from 2 to 15 more computationally expensive than cohesive 

zone models [1]

𝑑𝑎

𝑑𝑁
= 𝐶𝒢𝑚
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OUR APPROACH: SEQUENTIAL-STATIC FATIGUE (SSF)

• Pre-processing

Bonded Nodes
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OUR APPROACH: SEQUENTIAL-STATIC FATIGUE (SSF)

• Pre-processing

• Launch simulation

• SERR extraction

• Calculation of number of 

cycles to release one node

𝑑𝑎

𝑑𝑁
= 𝑓 𝒢max, 𝒢min,

𝒢𝐼𝐼 + 𝒢𝐼𝐼𝐼
𝒢𝑡𝑜𝑡

𝑁𝑛𝑜𝑑𝑒

𝑎 = 𝑙𝑒𝑙
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Bonded Nodes

OUR APPROACH: SEQUENTIAL-STATIC FATIGUE (SSF)

• Pre-processing

• Launch simulation

• SERR extraction
• Calculation of number of 

cycles to release one node

Second static simulation

N = 1 + Nnode
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OUR APPROACH: SEQUENTIAL-STATIC FATIGUE (SSF)

Fatigue load history is simulated

via a series of static simulations

The algorithm uses the VCCT 

already implemented in Abaqus
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SSF VALIDATION

Mode I Mode IIMixed mode

(50% mode-mixity)

Experimental data from Asp et al. (2001)

Applied moment→ Constant propagation speed
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SSF PERFORMANCE

Width (mm)

Valore teoricoTheoretical value
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SSF AND DC COMPARISON

Mode I Mode II
Mixed mode

(50% mode-mixity)
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SSF AND DC COMPARISON

Simulation DC Time SSF Time Reduction factor

Finer mesh – mode I

0.5 mm propagation
39 h, 58 m, 54 s
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SSF AND DC COMPARISON

Simulation DC Time SSF Time Reduction factor

Finer mesh – mode I

0.5 mm propagation
39 h, 58 m, 54 s 2 m, 46 s 867

Coarse mesh – mode I

10 mm propagation
86 h, 42 m, 45 s 8 m, 29 s 613

Coarse mesh – mixed 

mode

10 mm propagation
76 h, 3 m, 15 s 9 m, 46 s 305

Coarse mesh – mode II

10 mm propagation
52 h, 43 m, 48 s 14 m, 56 s 212
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PROBLEMS

Carreras et al. (2019)
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SOLUTION UNDER DEVELOPMENT
Currently:

Remeshed:

MSc thesis of Leonardo Guido Salvi
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CONCLUSIONS

Sequential-Static Fatigue algorithm:

• Based on the quasi-static VCCT already

implemented in Abaqus
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CONCLUSIONS

• Excellent correlation with experimental data

Sequential-Static Fatigue algorithm:

• Based on the quasi-static VCCT already

implemented in Abaqus



2727

CONCLUSIONS

• Significantly less computationally expensive

than the benchmark

Reduction factor

• Excellent correlation with experimental data

Sequential-Static Fatigue algorithm:

• Based on the quasi-static VCCT already

implemented in Abaqus
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