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Principle Types of Shear Bands in Shear Deformations
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The main types of shear bands are:

• R1: synthetic acute low-angle bands.
• R2: antithetic acute high-angle bands.
• P1: synthetic obtuse low-angle bands.
• P2: antithetic obtuse high-angle bands.
• Y/C: shear parallel bands.
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Shear Bands in Shear Zones: Laboratory Experiments

Misra et al., 2009

Jordan 1987

Formation of low-angle R1 bands in quartz 
aggregates in high temperature shear experiments.

Formation of low-angle R1 bands and shear-
parallel C-bands in limestone aggregates in high 
temperature shear experiments.



Shear Bands in Shear Zones: Natural Examples  

A complex network of shear bands formed 
by R1 and shear-parallel C bands. 

An array of shear-parallel C bands. Low-angle 
shear bands.



Numerical Model Design

Strain pro)ile function:
0(2) = 567ℎ 9: − 2 <= + 567ℎ (<=(2)) − 567ℎ (<=)

?@

Initial numerical model set-up with vertical passive markers

Drucker Prager Yield Criterion:

Implementation: A particle-in-cell finite-element code 
Underworld 2 (https://www.underworldcode.org/).

Viscous Strain Rate:

Plastic Strain Rate:



Shear Bands in Numerical Models

Principle variables chosen in 
numerical simulations: 

• Normalized effective 
shear zone thickness (δ) 

• Bulk viscosity (hv ) 
• Bulk shear rates (γ̇#)

Increasing bulk viscosity
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Increasing bulk shear rate(b)
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Increasing effective shear zone thickness (a)
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Simulation of low-angle shear bands (LSB)

Simulation of shear parallel bands (C-bands)

LSB

C-Bands



Bands in Reference Models
Model Conditions:

Model I: δ = 0.7, hv = 1h0 , "̇# = 1"̇$.

Model II: δ = 0.7, hv = 4h0 , "̇# = 2.5"̇$.

Model III: δ = 0.53, hv = 3.5h0 , "̇#= 7"̇$

h0 and γ̇&: reference bulk viscosity and bulk
shear rate respectively.
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Increasing bulk viscosity
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Model II

Model I

Model III



Field vs Model

Numerical models successfully simulate the principle types shear bands observed in field!
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Field Diagram 
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Non-dimensional parameters to 
control band types: 

• Dynamic parameter: 

! = #$&̇'
( )

• Geometric Parameter:

* = +(
+

,- : initial cohesion.



Analytical Solution



Validation of Analytical Solution

Calculated plots of the shear band 
angles (θ) using the analytical 
solution (solid red lines) 

Black dots show the data from 
numerical simulations.
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Shear Band Patterns in Ductile Shear Zones 



Shear Band Patterns in Ductile Shear Zones 

Fields of Type I, Type II and Type III band networking in a space defined by normalized bulk strain rate 
and normalized effective shear zone thickness 
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Conclusions

• Shear bands are the evidences that can give several indicators about a shear zone evolution.

• C-band vs LSB growth are two competing mechanisms in ductile shear zones.

• Effective shear zone thickness (Wc), bulk viscosity (hv) and bulk shear rate ("̇b) play an 
important role in controlling the shear band orientation.

• Viscoplastic rheology is ideal to experimentally simulate the natural ductile shear zones.



Under Review
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