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PROBLEM DESCRIPTION

Numerical method

The momentum balance equation in a linear elastic
material in absence of body forces can be written as

c2d∇(∇ · u)− c2s∇× (∇× u) =
∂2

u

∂t2
, (S1)

where cs denotes the shear wave speed and cd =
√

2(1−ν)
1−2ν cs = η cs the dilatational wave speed. The nu-

merical method adopted in this work relies on a spectral
boundary integral formulation of the elastodynamic re-
lation between the traction stresses acting on the frac-
ture plane located between two linearly elastic half space
and the resulting displacements computed on the frac-
ture plane. The steps leading to the boundary formula-
tion of this elastodynamic equation are detailed in [1] for
the combined formulation and in [2] for the independent

formulation. In this manuscript, the 2D independent for-
mulation is adopted, for which the interface tractions τj
are related to the displacements uj by

τ±j (x, t) = τ±0,j(x, t)−Vjk(x, t)
∂u±

k

∂t
(x, t)+f±

j (x, t), (S2)

where the dynamic solutions along the interface for the
top and bottom continua are considered separately and
denoted respectively by the subscript “±”. In Equation
(S2), the first right-hand side (RHS) term τ±0,j accounts
for the pre-existing traction stresses present along the
interface in absence of any interface perturbations, i.e.,
in absence of any cracks (cf. Figure 1). The second RHS
term represents the instantaneous response to a change
in interface velocity, where Vjk is the diagonal matrix

Vxx = µ/cs, Vyy = ηµ/cs, (S3)

with µ denoting the shear modulus. The last term,
f±

j (x, t), accounts for the history of interface displace-
ments and is expressed in the spectral domain as convo-
lution integrals

[f±

j (x, t), u±

j (x, t)] = eiqx[F±

j (q, t), U±

j (q, t)], (S4)
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FIG. S1. Convolution kernels Hij(T ) for ν = 0.35.

with

F±

x (q, t) =∓ µ|q|

∫ t

0

Hxx(|q|cst
′)U±

x (q, t− t′)|q|csdt
′

+ iµq

∫ t

0

Hxy(|q|cst
′)U±

y (q, t− t′)|q|csdt
′

+ i(2− η)µqU±

y (q, t) ,

F±

y (q, t) =∓ µ|q|

∫ t

0

Hyy(|q|cst
′)U±

y (q, t− t′)|q|csdt
′

− iµq

∫ t

0

Hxy(|q|cst
′)U±

x (q, t− t′)|q|csdt
′

− i(2− η)µqU±

x (q, t) .

(S5)

The convolution kernels, H±

ij (T ), whose expressions can
be found in [2], are presented in Figure S1 for the material
properties considered in the manuscript (ν = 0.35). The
spectral formulation (S2) is completed by interface condi-
tions. For the mode-II slip-weakening interface problems
of interest, these conditions imply continuity of tractions
and displacements along the interface as long as the shear
traction τx is lower than the interface strength τstr de-
fined in Equation (3). Otherwise, the fracture process
breaks the continuity of displacements and the veloc-
ity ∂u±

j /∂t of the crack faces are computed such that

τ+x = τ−x = τstr , with the value of the interface strength
related to the displacement jump δx through the cohe-
sive failure model described by Equation (3). Finally,
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the elastodynamic relations are integrated in time using
an explicit time-stepping scheme

u±

j (x, t+∆t) = u±

j (x, t) +
∂u±

j

∂t
(x, t)∆t, (S6)

where the time step size defined as the fraction β of one
grid spacing traveled by a shear wave: ∆t = β ∆x/cs.
In this manuscript, β = 0.2 is chosen to guarantee the
stability of the solution as discussed in [2].

Material properties

Elastic material properties of Homalite have been
chosen for the simulations reported in the manuscript;
Young’s modulus E = 5.3 [GPa], Poisson’s ratio ν = 0.35
and shear wave speed cs = 1263 [m/s]. In the homoge-
neous segment, the interface toughness GH

c = 90 [J/m2]
is defined by τHc = 9 [MPa] and δc = 0.02 [mm].

EFFECT OF HETEROGENEOUS

MICRO-STRUCTURE

As a complement to Figure 2, the two rupture events
are also presented in Figure S2 using the same color code
as in Figures 4b-c-d to highlight the heterogeneous micro-
structure as well as the position of the rupture front. The
growing pulse radiated in front of an accelerating shear
crack [3, 4] is also clearly visible in Figure S2 as it causes
early micro-cracks nucleation in the weaker areas.

TRANSITION FROM HOMOGENEOUS TO

HETEROGENEOUS FRACTURE

Figure S3 presents the data of Figure 4a before nor-
malization. The increase in slip velocity Φ (Equation
(5)) is used to quantify the interplay of the dynamic
front with heterogeneities. Intuitively, the crack front
perturbations associated with the heterogeneous micro-
structure increase with the asperity size w and/or the
toughness contrast. The normalization by the character-
istic length scale lcoh (see Figure 4a) collapses this data

and explains the non-monotonic behavior observed as w
changes.

PROCESS ZONE SIZE IN DYNAMIC FRACTURE

When lcoh becomes small compared to other charac-
teristic dimension of the system, the rupture dynamics
predicted by cohesive models is expected to meet the
prediction of the singular LEFM theory based on the dy-
namic energy release rate expressed as

Gdyn =
1− ν2

E
AII(v)K

2
II , (S7)

where AII(v) is a universal function defined by

AII(v) =
αsv

2

(1− ν)Dc2s
, (S8)

where α2
s,d = 1− v2/c2s,d, and D = 4αdαs− (1+α2

s)
2. As

shown in [5], AII equals one when v = 0 and grows to
infinity as the crack speed approaches the Rayleigh wave
speed cR. Rice [6] showed that the size of the process
zone for dynamic mode II crack moving at a speed v is
expected to follow

lcoh(v) = lcoh(v = 0)/AII(v). (S9)

Equation (S9) thus predicts a process zone contraction
with increasing crack speed, as also captured in our sim-
ulations (see Figure 5).
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FIG. S2. Space-time diagrams of the two macroscopically equivalent dynamic fracture events described in Figures 2a and 2b
of the core manuscript. The color code is the same as in Figures 4b-d.
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FIG. S3. Increase in slip velocity associated with the interac-
tion of a dynamic crack growing at v = 0.5cs with an hetero-
geneous micro-structure of a given asperity size and toughness
ratio. Figure 4a presents the same data after normalization
by the process zone size.


