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APPENDIX: CONVERSION FROM EULERIAN TO LAGRANGIAN
COORDINATES

The relation between an undeformed volume element, dV, and its deformed counterpart, dv, is given
by Equation A1 (1), where j (jacobian) is the determinant of the deformation gradient, Fyg, which in
cylindrical coordinates, 7(r, 8, z), is expressed using indicial notation as Equation A2:

dv = jdv (A1)

Fyg =Trk (A2)

The expression for the volume element (dv or dV) in cylindrical coordinates can be found in the
following manner:
0(x,y,2)

dv = dxdydz = ‘3(7‘, 6.2

drdfdz (A3)

Ox Ox O0Ox
Jr 00 0z
dy dy dy
>dv=|—= = _—Z|drdfd
YZlar a8 az| T (A4)
0z 0z 0z
Jr 00 0z

Using the relation between cartesian and cylindrical coordinates (x = rcosf,y = rsinf,z = z) in
Equation A4 gives:

dv = rdrdfdz (A5)
We can rewrite Equation A1 as:
rdrdfdz = jRARdOdZ (A6)
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Further, it is assumed that the shape of the fried samples remains geometrically similar to their initial
state, and there are no shape changes in the angular (6) direction. Consequently, we have Equation A7
and A8:

r_dr_dz_ A7)
R_dR_dZ_f
doé = do (A8)

Using Equations A7 and A8 in Equation A6, we get,
j=4& (A9)

For the solid phase, we can write (equating the mass of solids att = 0 and £ = t) (2).
je'p® = &pg (A10)

where the subscript ‘0’ stands for the initial state, i.e., the initial volume fraction (g3) and density (pg) of
the solid phase. We assume the solid phase to be incompressible (p° = pg), and can rewrite Equation
A10 as,

._55_1_({[’0
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(A11)

where ¢ represents the initial porosity of the matrix.

The cylindrical gradient operator in Eulerian coordinates, Vg, can be converted to the gradient operator
in Lagrangian coordinates (V) in the following manner:

)
V= — f+—2 (A12)

Using the chain rule and Equation A7, we can write,

v_aRaA+azaZ_1(aﬁ+aZ) A13
E=oror™ " 9zoaz” " &\oR oz (A13)
1
1 1—¢\3
Vo= = (V =< )v (A14)
= Vg f( L) T—¢o) 'L

Equation A14 is used to replace Vg in Equations 16-19 (in main text) with V.
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