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Abstract
Hyperelastic constitutive models are widely used to describe large, nonlinear deformations in elastomeric and
soft biological materials. In this study, the mechanical behavior of an incompressible Mooney–Rivlin material
is evaluated under two fundamental loading paths: uniaxial tension and simple shear. The strain energy
density function is used to derive the First Piola–Kirchhoff (engineering) stress for each deformation mode,
and stress–strain curves are generated for three representative parameter sets. The uniaxial results exhibit
nonlinear strain-stiffening behavior, while the shear response remains strictly linear due to the dependence
P12 = 2(C1 + C2)γ. Variations in material parameters produce predictable changes in stiffness across both
loading cases. These findings illustrate how the Mooney–Rivlin model captures essential features of soft
material mechanics and highlight the relative roles of C1 and C2 in governing tensile and shear behavior.

1 Introduction

Hyperelastic material models are widely used to rep-
resent the large-deformation mechanical behavior of
elastomeric and soft biological tissues. Unlike lin-
ear elastic models, hyperelastic constitutive laws de-
scribe the material response through a strain energy
density function W , from which stresses under ar-
bitrary loading paths can be derived. These mod-
els are particularly useful for simulating nonlinear
deformation, incompressibility, and strain-stiffening
behaviors that appear in rubbers, silicone samples,
and soft tissues.

Among hyperelastic formulations, the
Mooney–Rivlin model is one of the most commonly
used phenomenological models for incompressible
materials. It expresses the strain energy in terms
of the first and second invariants of the deforma-
tion tensor and provides a simple two-parameter
description of nonlinear elasticity. Despite its sim-
plicity, the Mooney–Rivlin model can capture key
features of soft material responses, including non-
linear stress–stretch behavior in tension and linear
shear stiffness.

The goal of this project is to explore the mechan-
ical predictions of the Mooney–Rivlin model under
two fundamental deformation modes: uniaxial ten-
sion and simple shear. For each loading case, the ap-
propriate deformation gradient is defined, the corre-
sponding First Piola–Kirchhoff (engineering) stress
is derived, and stress–strain curves are generated
for three representative parameter sets. These re-
sults illustrate how the material constants influence
stiffness in different loading states and provide in-
sight into the capabilities and limitations of the
Mooney–Rivlin formulation.

2 Constitutive Model

The Mooney–Rivlin hyperelastic model describes the
strain energy of an incompressible isotropic solid us-
ing a two-parameter formulation. The strain energy
density function is expressed in terms of the first and
second invariants of the right Cauchy–Green defor-
mation tensor C = F T F :

W = C1(I1 − 3) + C2(I2 − 3),

where C1 and C2 are material constants, and
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I1 = t r(C),

I2 =
1
2[(t rC)2 − t r(C2)].

Because the material is treated as incompressible,
the determinant of the deformation gradient satis-
fies:

J = detF= 1.

The First Piola–Kirchhoff (PK1) stress, which also
represents engineering stress and is directly compa-
rable to experimentally measured F/A0, is obtained
from the strain energy through

P= δW
δF .

To evaluate the model under different loading paths,
we specify the deformation gradient F for each case
and compute the corresponding stress component.

2.1 Uniaxial Tension

For uniaxial extension along the x-direction, the prin-
cipal stretch is

λ1 = λ,

and incompressibility requires

λ2 = λ3 = λ−1/2.

The deformation gradient is therefore

F =





λ 0 0
0 λ−1/2 0
0 0 λ−1/2



.

Substituting into the Mooney–Rivlin strain energy
function and differentiating with respect to λ gives
the First Piola–Kirchhoff stress:

P(λ) = 2C1(λ−λ−2) + 2C2(1−λ−3).

This stress is plotted against stretch λ to obtain the
uniaxial stress–stretch response.

2.2 Simple Shear

For simple shear with shear strain γ, the deformation
gradient is

F =





1 γ 0
0 1 0
0 0 1



.

The first and second invariants become:

I1 = I2 = 3+ γ2.

Substituting into the strain energy and differentiat-
ing yields the PK1 shear stress:

P12(γ) = 2(C1 + C2)γ

which predicts a linear shear stress–strain response
for Mooney–Rivlin materials.

3 Results

3.1 Uniaxial Tension

The predicted First Piola–Kirchhoff (engineering)
stress–stretch curves for the three Mooney–Rivlin pa-
rameter sets are shown in Figure 1. All curves exhibit
a nonlinear increase in stress with stretch, consis-
tent with the characteristic strain-stiffening behav-
ior of incompressible hyperelastic materials. As ex-
pected, parameter sets with larger values of C1 or
C2 generate higher stresses for a given stretch. Set
2, which has the largest C1, produces the stiffest re-
sponse across the entire range of λ. Set 3, with a
moderately larger C2, also exhibits increased stiff-
ness relative to Set 1, especially at larger stretches
where the nonlinear terms dominate. These trends
illustrate how the Mooney–Rivlin parameters inde-
pendently and jointly influence tensile resistance.
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3.2 Simple Shear

Figure 2 shows the engineering shear stress P12 as
a function of shear strain γ. In contrast to uniax-
ial tension, all three parameter sets produce strictly
linear stress–strain relationships. This result directly
follows from the analytical expression P12 = 2(C1 +
C2)γ, which predicts a constant shear modulus deter-
mined solely by the sum of the material parameters.
The relative ordering of stiffness between sets is con-
sistent with the values of C1 + C2:

• Set 2 has the highest combined parameter
value and shows the steepest slope.

• Set 3 shows moderate stiffness.

• Set 1 produces the lowest shear stress for a
given strain.

These results highlight that, within the
Mooney–Rivlin model, shear behavior depends only
on the combined parameter C1 + C2 and lacks the
nonlinear stiffening observed in uniaxial tension.

4 Discussion

The results highlight several important features of
the Mooney–Rivlin hyperelastic formulation. First,
the material demonstrates clear strain-stiffening be-
havior in uniaxial tension. This arises from the non-
linear dependence of the PK1 stress on the stretch,
particularly through terms involvingλ−2 andλ2. Ma-
terials with higher C1 or C2 exhibit larger stresses
throughout the loading range, confirming that both
parameters contribute to tensile stiffness, with C2 in-
fluencing the response more prominently at larger
strains.

In contrast, the simple shear results show that the
model predicts a strictly linear shear stress–strain re-
lationship. This follows directly from the analytical
expression P12 = 2(C1 + C2)γ, which indicates that
shear stiffness is governed only by the sum of the

two coefficients rather than their individual contri-
butions. As a result, parameter sets with the same
value of C1 + C2 would produce identical shear re-
sponses, even if their uniaxial behavior differs.

The Mooney–Rivlin model is widely used to rep-
resent soft biological tissues—such as arteries, my-
ocardium, and dermal tissues—because these ma-
terials undergo large, incompressible deformations
similar to elastomers. While real tissues often re-
quire more advanced models to capture fiber rein-
forcement or anisotropy, the Mooney–Rivlin formu-
lation provides a useful baseline for understanding
nonlinear elasticity and for comparing loading paths
such as tension and shear.

Together, these findings demonstrate that the
Mooney–Rivlin model can capture both nonlinear
tensile stiffening and linear shear stiffness in incom-
pressible materials. However, the model’s simplic-
ity also presents limitations: it may not fully de-
scribe materials with strong nonlinear shear behav-
ior, anisotropy, or rate-dependent effects. Neverthe-
less, the results from these two loading paths provide
clear insight into how the model parameters influ-
ence the mechanical response and how the constitu-
tive form dictates differences between deformation
modes.

5 Conclusion

This project examined the mechanical predictions of
the Mooney–Rivlin hyperelastic model under uniax-
ial tension and simple shear. By deriving the First Pi-
ola–Kirchhoff stresses for each loading path and eval-
uating multiple parameter sets, the results demon-
strated nonlinear strain-stiffening behavior in ten-
sion and linear stress–strain behavior in shear. The
influence of the material parameters was clearly ob-
served, with increased values of C1 and C2 produc-
ing stiffer responses. These findings highlight both
the capabilities and the limits of the Mooney–Rivlin
formulation in modeling incompressible, soft elastic
materials.
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6 Appendix: Figures

Figure 1: Engineering (PK1) stress–stretch response for three Mooney–Rivlin material parameter sets under
uniaxial tension. The curves show the nonlinear increase in tensile stress with stretch, with higher values
of C1 and C2 producing stiffer responses. Set 2 exhibits the highest stiffness across the loading range due
to its larger C1, while Set 1 is the softest. These results illustrate the strain-stiffening characteristics of the
Mooney–Rivlin model.
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Figure 2: Engineering shear stress P12 versus shear strain γ for three Mooney–Rivlin material parameter sets
under simple shear. All three curves follow linear trends predicted by P12 = 2(C1+C2)γ reflecting a constant
shear modulus determined by the sum C1 + C2. Set 2, which has the largest C1 + C2, displays the steepest
slope, whereas Set 1 is the softest.
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