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Mesh Convergence study

In the following, we provide the details on how the mesh has been chosen: Generally, we used the commercial software

Geodict to create the fiber network structure. The fiber network was generated based on the voxel geometry and a

surface mesh was afterwards created based on that. Upon on initialization, voxel size of one micron was chosen. Then

as the surface mesh was being created, coarsening procedure was performed with 25, 50, 75 and 100 percent of the

initial surface mesh size. The surface mesh was then meshed to volume mesh using the open source meshing software

Gmsh. We demonstrate how the mesh size was determined based on separation of a fiber/fiber cross sample (similar

as in [1]), in order to determine the number of planar cohesive zone elements and element number needed to ensure

the result. The four different degree of discretization are shown including their contact area with planar cohesive zone

elements in figure S1. FE-simulation were then performed and their corresponding force-displacement curve plotted in

figure S2. Table S1 shows the corresponding number of planar and volume element as well the mechanical properties

considered with their relative error in comparison with the highest mesh density. The highlighted rows show the mesh

results with relative errors smaller than 1 percent for all properties. This degree of mesh density and the corresponding

element numbers needed were then chosen for all fiber networks.
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Fig. S1. Mesh discritization

Fig. S2. F-D curve of the considered mesh sizes

2



T
a
b
le

S
1
.

R
es

u
lt

m
es

h
co

n
ve

rg
en

ce
st

u
d

y

M
es

h
N

r.
of

C
Z

M
-

el
em

en
ts

fo
r

th
e

fi
b

er
cr

os
s

sa
m

p
le

N
r.

of
3D

vo
lu

m
e

el
em

en
ts

fo
r

th
e

fi
b

er
cr

os
s

sa
m

p
le

T
ru

e
a
re

a
p

er
C

Z
M

-e
le

m
en

t
[µ

m
2
]

3
D

vo
lu

m
e

el
em

en
t

p
er

fi
b

er
o
f

le
n

g
th

[3
0
0
µ

m
]

C
Z

M
-e

le
m

en
ts

p
er

fi
b

er
n

et
w

o
rk

w
it

h
to

ta
l

a
re

a
o
f

a
p

p
ro

x
.

0
.1

m
m

2

3
D

el
em

en
t

p
er

fi
b

er
n

et
w

o
rk

w
it

h
a
p

p
ro

x
.

4
0

fi
b

er
s

a)
80

44
36

0
.6

5
3
3
2
7

1
5
3
8
5

1
3
3
0
9
6

b
)

26
6

12
77

6
0
.2

5
9
5
8
2

4
0
0
0
0

3
8
3
3
0
0

c)
32

4
35

02
2

0
.2

1
2
6
2
6
7

4
7
6
1
9

1
0
5
0
6
8
0

d
)

47
6

60
37

3
0
.1

5
4
5
2
8
0

6
6
6
6
6

1
8
1
1
2
0
0

M
es

h
F

or
ce

at
ru

p
tu

re
[N

]
re

l.
er

ro
r

[%
]

D
is

p
la

ce
m

en
t

to
fo

rc
e

a
t

ru
p

tu
re

[m
m

]
re

l.
er

ro
r

[%
]

S
ti

ff
n

es
s

[N
/
m

m
]

re
l.

er
ro

r
[%

]

a)
0.

00
13

59
9.

9
0
.0

0
3
7

1
4
.9

4
0
.3

9
7
6

6
.8

0
b

)
0.

00
14

77
2.

08
0
.0

0
4
1
5

4
.5

9
0
.3

8
2
2

2
.6

5
c)

0.
00

15
07

0.
09

0
.0

0
4
3
5

0
0
.3

7
5
4

0
.8

2
d

)
0.

00
15

08
0

0
.0

0
4
3
5

0
0
.3

7
2
2

0

3



References

[1] Kulachenko, A. & Uesaka, T. Direct simulations of fiber network deformation and failure. Mechanics of Materials 51, 1–14 (2012).

4


