Supplementary Information SI. 2, Delavoipiere et al

Numerical implementation of the poroelastic sliding model for
Pe>1

For Pe>1, a numerical solution for the contact line and the associated pore pressure was
obtained from Eq. 30 assuming that the contact line has the general form 7 = f(6) where f is
an even function of

fo|<n/2)=a (SI2.1)
Consistently with the experimental observations, the curve f is assumed to be described by an
ellipse for |6 > 7/2

T =Cacosf 0| > /2

Y =asin 6

(S12.2)

where 0 < ¢ < 1 is a numerical parameter describing the contact asymmetry. For each velocity
v > v, the two unknowns @ and ( are determined from an iterative procedure using Egs. 30
and 32 for the pore pressure and contact stress, respectively.

We increase U from 1 to 1+ Ao where Av is a small positive number. Then, the condition & > 0
is no longer satisfied by setting @1 = 1, ag = 0, as = a3 = ... = 0 in Eq. 32 inside the circle
@ = 1. Indeed, if we set a1 = 1, @g =0, @y = a3 = ... = 0 when v = 1 + AD, the pressure given
by Eq. 30 is no longer vanishing on the circle @ = 1 and the boundary where & = 0 is given by

0=7cosf (1 —72) + (1 —7°) (SI2.3)

which defines a new contact line.

Accordingly, we decrease ¢ from 1 to 1 — A where A( is a small positive number to obtain a
new contact line. From Eq. 30, we determine the set of @, parameters ensuring p = 0 on this
newly defined contact line. Using this new set of &,, parameters, the contact stress is calculated
from Eq. 32. Then, we calculate the resulting normal force from numerical integration of the

contact stress (Eq. 32):
/ / odA = F, (SI2.4)
A

where A is the contact area defined by ¢( = 1 — A( and @ = 1. If the condition F,, = Fj,,,, is
violated (Fjpp is the imposed force), then we have to reduce @ from 1 to 1 — Aa where Aa is a
small positive number. This defines a new ¢’ parameter
C/ — 1 - AC

1-Aa
Then we calculate again the set of @, parameters ensuring p = 0 on the updated contact line
and keep iterating until both conditions

(S12.5)

P =0 on the contact line f(6)

//AO'dA _ (SI2.6)

The calculated values of @ = a/ag and ( are reported as a function of Pe in Fig. 1. Figure 2
shows an example of the calculated contact stress distribution within the contact for Pe=30.
2 2 are also detailed in

are satisfied.

Profiles of contact stress @, pore pressure p and network stress ¢ =a* — 7

Fig. 3.
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Figure 1: Calculated relative changes in contact radius a/ag (red) and in asymmetry parameter
¢ (blue) as a function of Pe number. ag is the equilibrium contact radius achieved for Pe<1.



Figure 2: Calculated normalized contact stress distribution for Pe = 30. The white line repre-
sents the contact line where p = 0.
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Figure 3: Profiles of calculated normalized contact stress & (red), pore pressure p (blue) and
network stress @ = a2 — 72 (green) along z direction (y = 0) for Pe = 30.



