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Online Resource 2: Supplementary Methods
Finite Element Modelling

The explicit solver of the finite-element code ABAQUS v.6.14-2 was used for the simulations. The
short duration of the event, added to the nonlinearities given by the large rotations and
aerodynamic drag force make the use of an explicit solver suitable for solving these set of non-linear
equations. Silk threads were represented by two-node linear displacement truss elements. The
element was defined through a user subroutine, which considers the silk constitutive model, the
aerodynamic drag force and the pre-tension field.

In order to model the cable-like behaviour of silk threads, each segment of the web was modelled
with at least two elements, introducing an intermediate hinge along each segment, thus capturing
the low bending stiffness of such a slender thread. This meshing methodology provides a mechanism
that avoids compressive forces, as those induce misalignment of the elements. Furthermore, the
accuracy obtained with the proposed mesh have been proven in previous results2.

Silk threads diameters are given in the Supplementary Table below, dimensions varied from A.
diadematus and Z. x-notata considering the relation found between spider mass and thread
diameter. Silk mechanical properties were the same for both webs. Spiral threads were

implemented with a Young’s modulus of 0.06 GPa, while the rest of silk threads were given a Young’s
modulus of 11 GPa*>.

Supplementary Table: Representative diameters for the silks threads

Thread A. diadematus (pm)>”’ Z. x-notata (um)>’
Spiral 2.3 1.35

Radii 3.5 2

Frame, mooring, stiff

hub and signal 5 2.7
threads

The aerodynamic force follows a proper description of the drag force applied to a cylinder,
considering the relation between the drag coefficient and the Reynolds number®®, This aerodynamic
force is applied as distributed load over the element length, considering thread diameter and
velocity (only components orthogonal to the element length).

An iterative algorithm controlling the pre-tension was implemented in the element user subroutine.
This method allowed each tread to reach at least the imposed value of stress once the web reached
an equilibrated configuration and prior to application of the vibration to the web.
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The numerical simulation consisted in two steps. In the first step, as mentioned above, the pre-
tension field was applied giving time for the web to reach static equilibrium. This first step was used
as a base-state for all the simulations of the same web. Thus, in the second step, the time-
displacement excitation recorded in the experimental tests was applied to the web plane, on a node
at the same position as the experimental one.
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