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Introduction



Introduction - Size effect on strength

iF Nominal stress:
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Linear elastic fracture mechanics (LEFM): £ = 35.6 GPa, v = 0.172, Gg = 60 N/m

Crack band model: £ = 35.6 GPa, v =0.172, Gg = 60 N/m, f; =5 MPa

Ref: Havlasek et al. (2016), Hoover et al. (2013), Grassl and Kaczmarczyk (2018)



Background
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Ref: Havlasek et al. (2016), Hoover et al. (2013), Grassl and Kaczmarczyk (2018) 4
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What is the reason for the increase in fracture energy
due compression parallel to the crack?

Possible explanations: more friction, wider FPZ

Ref: Nguyen et al. (2020)



Aim
Investigate the mechanisms responsible for the effect

of compression parallel to the crack on dissipated
energy.

Approach

Perform meso-scale analyses using a 3D periodic
cell. Study width of fracture process zone and
composition of dissipated energy.
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Lattice modelling approach

Ref: Yip et al. (2005), Kawai (1977)



Lattice modelling approach

Ref: Yip et al. (2005), Kawai (1977)



Lattice modelling approach

Ref: Yip et al. (2005), Kawai (1977)



Lattice modelling approach

Ref: Yip et al. (2005), Kawai (1977)



3D Lattice discretisation

Constrained _ |
random points  Tessellations Lattice element

Ref: Yip et al. (2005), Kawai (1977) 12



L attice constitutive model
c=(1-w)De(e—€p)=(1—w)o

Ji Damage+
Plasticity
€n
Plasticity !
Yield surface Stress-strain

Ref: Grassl and Davies (2011), Athanasiadis et al. (2017)



Meso-structure
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Autocorrelated Lattice with random properties
random field strength and fracture energy

Ref: Grassl and Bazant (2009), Shinozuka and Jan (1972) 14



Post processing

1) Dissipation:
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Ref: Grassl and Antonelli (2019), Xenos et al. (2015)



Post processing
2) Roughness
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Ref: Grassl and Antonelli (2019), Xenos et al. (2015)



Comparison with experiments
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Uni- and biaxial compression
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Uni- and biaxial compression
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Uni- and biaxial compression
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Uni- and biaxial compression
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Uni- and biaxial compression
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Uni- and biaxial compression
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Uni- and biaxial compression
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Analysis of fracture process zone



Geometry and loading setups

Periodic cell Step 1 Step 2
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10 random analyses for g
each confinement case

Ref: Grassl and Antonelli (2019), Athanasiadis et al. (2017), Grassl and Jirasek (2010)
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Stress versus strain  cat/ft =0
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Fracture patterns
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dissipated energy [Nm/m2]
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What is the reason for the increase in fracture
energy due compression parallel to the crack?

Possible explanations: more friction, wider FPZ

35



stress [MPa]
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Stress versus strain for step 2
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Fracture patterns
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Fracture patterns
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Conclusions

Compressive stress parallel to the crack has a
strong effect on dissipated energy.

Ratio of shear to tension dissipation increases
slightly with increasing compressive stress.

Roughness increases strongly with increasing
compressive stress.



All simulations were performed with
OOFEM (http://www.oofem.org)



University
& of Glasgow

#UofGWorldChangers
f ¥ @ @UofGlasgow




