
UMAT Neo-Hookean Hyperelasticity

1 Theory
This routine is based on the Neo-Hookean UMAT from the Abaqus Manual [1].

The strain energy function is defined as

U = U(I1, I2, J) = C10 · [I1 − 3] +
1

D1
· [J − 1]2. (1)

The appearing invariants are those of the left Cauchy-Green tensor B˜ :
I1 = tr(B˜ ), I2 =

1

2
[I21 − tr(B˜ 2)], B˜ = F˜ · F˜T, J = det(F˜) (2)

The cauchy stress is yield with the deviatoric left Cauchy-Green tensor B̄˜ = B˜/J2/3 as

σij =
2

J
C10

[
B̄ij −

1

3
δijB̄kk

]
+

2

D1
[J − 1]δij (3)

The consistent stiffness is expected as

DDSDDEijkl =
1

J

d(Jσij)

d(∆dkl)
(4)

The actual DDSDDE is the voigt presentation of the Stiffness C, which reads

Cijkl =
2

J
C10

[
1

2
[δikB̄jl + δjlB̄ik + δilB̄jk + δikB̄il] −

2

3
δijB̄kl −

2

3
δklB̄ij −

2

9
δijδklB̄mm

]
(5)

+
2

D1
[2J − 1]δijδkl

2 Usage
The UMAT can be used within Abaqus directly, uel-large-deformation and MonolithFE2. In the latter
two it needs to be compiled into with setting the MATERIAL variable to ’NeoHooke’.

This UMAT needs no internal state variables and expects exactly two material parameters: E (Young’s
Modulus) and ν (Poissons ratio).
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