Supplemental Text S1

We consider the general case of a body occupying an initial configuration By C R? of the body at
time tg. Dynamic equilibrium is enforced at any time using the weak form of the virtual work principle:
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where P is the first Piola-Kirchoff stress, Vo denotes the material gradient, 1 is an admissible virtual
displacement satisfying homogeneous boundary conditions on 9By, pg is the mass density, b are the body
forces, t are the tractions applied on 9By, and a represent the accelerations. The symbol : is used to
denote the inner product between second order tensors, e.g., A : B = A;;Bj;, where the summation
convention on repeated indices is implied. The first term represents internal forces, the second and third
terms represent external work, and the fourth term represents inertial or kinetic virtual work. Upon
discretization, Equation (1) becomes:

Ma + R (x) = R*"*(t) (2)

where M is the mass matrix, a is the nodal acceleration vector, R®** and R are the external and
internal force arrays, and x is the nodal coordinate array. Since we seek a temporal solution, we apply
Newmark’s scheme [1,2] to determine a solution:

dnpr = dy+ Atv, + A [(1/2 = B)a, + fan ] (3)
Vptl = Vp+ At [(1 - V)an + ’Yan+1] (4)
Ma,;1 = RyY, —RyY, (5)

where d and v denote the nodal displacement and material velocity fields, respectively. The parameters
B € [0,3], and v € [0,1] control algorithm stability and accuracy. Equations (3-5) define a non-linear
system of equations. Here a second-order accurate explicit version will be used. It is obtained by setting
B =0and vy= %:

1
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a1 = MR, —RYY)) (7)
1
Vaptrl = Vot §At(an+1 +a,) (8)

For the explicit scheme, the mass matrix is lumped. Using this algorithm, a critical or stable time step
can defined by using the longitudinal (also referred to as dilatational) wave speed, ¢ :
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where ¢ = /(A + 2u)/p, and X and p are estimates of the Lamé coefficients, I is the minimum dimension
of all elements, and « is a reduction factor to further ensure stability (chosen to be 0.8).
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