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1. INTRODUCTION

Crack front waves are persistent disturbances in the steadily propagating crack fronts that
develop due to a local variation in material toughness. This work presents a numerical scheme
for analysing crack front waves under mode-II slip rupture. A novel 3D spectral boundary
integral equation method (BIEM) is adopted for the analysis. This method uses a boundary
integral equation along the interfacial plane, taken in spectral form, to perform the space-time
convolutions over the tractions, to obtain the displacement discontinuities. Unlike the
numerical schemes available in the literature which takes the convolutions over the
displacement discontinuities, we proposed a novel numerical scheme that uses the convolutions
over the tractions. The numerical scheme originally developed for the simulation of 2D and 3D
slip ruptures in the previous works. The current work is an additional validation to the
numerical scheme through the analysis of crack front waves under the mode-11 slip scenarios.
The variation in the local toughness is achieved by varying the static and dynamic frictional
coefficients at specific regions. A linearly degrading stick-slip cohesive law is applied for the
computation of instantaneous shear fractional strength.

2. LITERATURE SURVEY

Crack front waves have been discovered recently during the numerical simulations carried out
by Morrissey and Rice (1998), when a steadily propagating mode-1 crack was made to pass
over a local heterogeneity. A theoretical evidence for the crack front waves was shown by
Ramanathan and Fisher (1997) following the framework of Willis and Movchan (1995). Fekak
et al (2020) have simulated the 3D dynamic response of crack front waves under combined
tensile and shear fracture modes. However, in the present work, the crack front wave behavior
was analyzed for the mode-II slip rupture scenario. In this work, the 3D spectral BIEM
originally developed by Gupta and Ranjith (2023) has been adopted for the analysis.

3. PROBLEM FORMULATION

Consider a planar interface between two identical isotropic homogeneous elastic half-spaces
as shown in the Figure 1 with the fault plane having dimensions L,;=30,000m, L;=15,000m.
The asperity is positioned suitably such that the crack front reaches the asperity with a constant
velocity. The material properties for elastic half-space of Gupta and Ranjith (2023) are used.
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Figure 1. Model geometry with propagating crack front with constant speed v,, before it reaches the asperity.

The crack front is simulated for 80% of the fault plane to avoid the reflections from the periodic
boundary conditions. The fault plane is discretised into 1024x512 grid points and spectral
BIEM is applied at the interface. As mentioned above, the stress components and the
displacement discontinuities are represented in spectral form as follows:
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The 3D spectral relations at the interface are given by following equations:
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Here, the terms F;;’s are the convolutions terms that are performed over the tractions. One can
refer to Gupta and Ranjith (2023) for the complete expressions. An initial crack of length a,
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is applied with the nucleation stress for the slip to initiate. Later the loading was varied along
the crack length as given in Fekak et al (2020).

4. RESULTS

Initially, the simulation is performed without the asperity in the fault plane to confirm the
constant velocity in the propagation of crack front. The same loading is applied on the fault
plane with the asperity of radius r=300m again. The slip variations at different equal time
intervals compared with the case of no asperity. A detailed study of crack front waves has been
carried out. This validates the versatility of the present numerical scheme.

5. CONCLUSIONS

A novel 3D spectral boundary integral equation method was applied on the two identical
homogeneous elastic half-spaces to simulate the crack front waves. The results from the
method are observed to study the crack front waves. This validates the versatility of the
numerical scheme for the dynamic slip rupture problems.
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