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The purpose of this study is to determine the material 
parameters of platinum-cured silicone using uniaxial tensile 
testing combined with hyperelastic material models to simulate 
material deformation via the finite element method (FEM). 
Experimental data from uniaxial tensile tests were used to 
estimate and capture the material behavior based on selected 
hyperelastic models. Matlab software was employed to fit 
experimental data and calculate material parameters, which 
were subsequently implemented in FEM simulations using Ansys 
Workbench. Simulation results were compared with 
experimental data. The findings indicate that the Mooney–Rivlin 
model provides the best agreement with the experimental 
results. Initial numerical simulations, assuming ideal 
incompressibility, produced reasonable approximations but 
failed to fully reproduce actual behavior. Therefore, material 
compressibility must be considered. By introducing near-
incompressibility coefficients corresponding to Poisson’s ratios, 
it was found that a value of 0.41 yielded very high consistency 
between experimental and simulated results. Modeling the 
nonlinear elastic deformation of hyperelastic materials is critical 
for both material development and product design. This study 
highlights the importance of incorporating compressibility in 
modeling, thereby improving accuracy and practical 
applicability. The outcomes provide a foundation for employing 
platinum-cured silicone simulations in the design and fabrication 
of external breast prostheses for post-mastectomy patients. 
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1 INTRODUCTION 

Silicone materials have been widely applied in modern life due 
to their outstanding mechanical properties. They are utilized 
across various industries including aerospace, defense, 
automotive, construction, electronics, healthcare, and food 
processing sectors [Han et al. 2022; Shit et al. 2013]. Silicone is 
also employed in the fabrication of human body prostheses [Al 
Kadah et al. 2018; Gaikwad et al. 2019; Weisson et al. 2020], 
including external breast prostheses for women who have 

undergone mastectomy as part of breast cancer treatment [Zeng 
et al. 2021; Leme et al. 2023; Cancercouncil 2023]. 

Similar to rubber and other elastomers, silicone exhibits near-
incompressibility and isotropy [Steinmann et al. 2012], as well as 
a high elongation capacity under relatively small loads [Hamdi et 
al. 2006]. In the small-strain region (low stress), the material can 
be approximated using linear elastic models with corresponding 
Young’s modulus and shear modulus. Under large deformations, 
silicone exhibits hyperelastic behavior—nonlinear rubber-like 
elasticity—where stress increases nonlinearly with stretch and 
the material can recover its original shape upon unloading. 
Common hyperelastic material models used to simulate silicone 
include: Neo-Hookean (single-parameter), Mooney–Rivlin 
(typically two-parameter or extended to 3–5 parameters), Yeoh 
(based on strain invariants such as the first invariant I₁, second I₂, 
or third I₃), and Ogden (using exponential forms of first-, second-
, or third-order) [Marckmann et al. 2006; Kim et al. 2012; 
Cârlescu et al. 2012; Carlescu et al. 2014; Marckmann et al. 
2017]. The parameters of these hyperelastic models can be 
identified from experimental data, such as uniaxial tension 
[Lavazza et al. 2023; Marl et al. 2024; Nandasiri et al. 2020; 
Mollaee et al. 2024], biaxial tension [Arm et al. 2024; Jobst et al. 
2022], uniaxial compression [Gao et al. 2024; Zulkifli et al. 2023], 
or volumetric deformation tests [Li et al. 2025]. These models 
are suitable for describing the nonlinear elastic behavior of 
rubber-like materials with isotropic and nearly incompressible 
properties. Several recent studies have compared these models 
to determine the most suitable one for simulating silicone. 
Results show that the third-order Yeoh model performs well for 
moderate deformation ranges, while the second- or third-order 
Ogden model is more appropriate for very large deformations 
[Phothiphatcha et al. 2021]. However, some studies also indicate 
that the five-parameter Mooney–Rivlin model provides good 
agreement with experimental data for silicone [Gao et al. 2024; 
Zulkifli et al. 2023]. Silicone typically has a low elastic modulus, 
in the range of a few hundred kilopascals, and a low Shore A 
hardness [Miranda, 2021; Baban, 2024]. Its Poisson’s ratio is 
approximately 0.5 due to its near-incompressibility, making it 
similar to biological soft tissues [Miranda et al. 2021]. Platinum-
cured silicone is non-toxic, heat-resistant, and soft. In the event 
of rupture or perforation, it is not absorbed by the skin, thus 
ensuring high biocompatibility [Johnshopkinsmedicine 2025]. 
Silicone can be molded to resemble the natural shape of a breast 
or partial breast depending on the type of surgery (e.g., partial 
or total unilateral mastectomy). Therefore, it is commonly used 
in breast augmentation for aesthetic purposes or as an external 
prosthetic breast to replicate the natural contour following 
mastectomy [Cancercouncil 2023; Eggbeer et al. 2011]. 

In this study, silicone material will be modeled using the finite 
element method (FEM) to describe its large, nonlinear 
deformation behavior based on experimental data. This will 
enable the determination of material parameters, serving as a 
basis for simulation and design of breast prosthesis. 

2 THEORETICAL BASIS  

For rubber-like hyperelastic material models, the right and left 
Cauchy-Green deformation tensors, respectively C and B, are 
defined by [Bonet et al. 1997; Holzapfel 2000]: 

 𝐂 = 𝐅𝑇𝐅, 𝐁 = 𝐅𝐅𝑇 (1) 

where F is deformation gradient. 

The three same principal invariants I1, I2 và I3 of C and B are given 
by 

𝐼1 = tr(𝐂)                          (2)  
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𝐼2 =
1

2
[(tr𝐂)2 − tr(𝐂2)] (3) 

𝐼3 = det𝐂                            (4) 

Stretch ratios are defined as the square roots of the eigenvalues 

of C and is denoted as (i) i = 1; 2; 3. Then the three same 
principal invariants are also determined based on the 
eigenvalues of C: 

𝐼1 =  1
2 + 2

2 + 3
2            (5) 

  𝐼2 =  1
2
2

2 + 2
2
3

2 + 3
2
1

2 (6) 

𝐼3 =  1
2
2

2
3

2                      (7) 

The relationship between the stress tensor σ and the nominal 
stress tensor P is determined by the formula: 

𝐏 = det(𝐅𝛔𝐅−𝑇) (8) 

The strain energy function is calculated according to 

𝑊 = 𝑊(𝐂) = 𝜓(1, 2,3) (9) 

The stress tensor is determined as below equation 

𝜎𝑖 = 𝐽−1𝑖

𝜕𝜓

𝜕𝑖
         𝑖 = 1, 2, 3 (10) 

where J is the volume ratio, given by: 

𝐽 = 123 (11) 

In the case of an ideal incompressible solid, the volume ratio J = 

1, principal invariant  𝐼3 = det𝐂 = det𝐁 = 1
2
2

2
3

2 = 𝐽2 = 1. 

For nearly incompressible hyperelastic materials, the strain 
energy function is used by: 

𝑊 = 𝑊𝑖𝑠𝑜(𝐅) − 𝑝(𝐽 − 1) (12) 

where J = detF = 123 = 1.  

The nominal stress P is determined by: 

𝐏 =
𝜕𝑊𝑖𝑠𝑜

𝜕𝐅
− 𝑝𝐅−𝑇 (13) 

The stress tensor is determined by equation: 

𝛔 = −𝑝𝐈 + 𝐅
𝜕𝑊𝑖𝑠𝑜

𝜕𝐅
(14) 

In the case of an uniaxial tension test, 2 = 3 = 1
−1/2

, with 
1 = , then 𝜎1 = 𝜎, 𝜎2 = 𝜎3 = 0. The stress tensor is 
calculated by: 

𝜎 = 2 (2 −
1


) (

𝜕𝑊𝑖𝑠𝑜

𝜕𝐼1
+

1



𝜕𝑊𝑖𝑠𝑜

𝜕𝐼2
) (15) 

3 EXPERIMENTAL 

3.1 Specimen Preparation 

Three dog-bone experimental samples were created by two 
component silicone gel, mixing ratio of 50/50. The parameters 
of silicone announced by the manufacturer are shown in Tab. 1. 

Table 1. Silicone material properties 

Material 
Density 

(g/cm3) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(kN/m) 

Viscosity 

(mPa.s) 

Platinum-

cured 

silicone 

1.13 6.0 ± 1.0 23 ± 5 
6000 ± 

1500 

Silicone was poured into the mold and degassed under vacuum 
to remove air bubbles, forming a thin film of 2 mm thickness. 
After completely curing the membrane, it will be cut in a dog-
bone shape according to DIN 53504-S3A standards with the 
dimensions shown in Fig. 1.  

 

Figure 1 : Dimensions of test samples according to DIN 53504-S3A 

(1994) 

Where: 

l - minimum overall length: 50mm 

bk - width of ends: 8.5 ± 0.5mm 

ls - length of narrow parallel portion: 16 ± 1mm 

b - width of narrow parallel portion: 4 ± 0.1mm 

r1 - large radius: 10 ± 0.5mm 

r2 - small radius: 7.5 ± 0.5mm 

L0 - initial gauge length: 10mm 

a – thickness 2 ± 0.2mm 

The dog-bone-shaped specimens were fabricated by casting 
liquid silicone rubber into aluminum molds and subsequently 
cured at room temperature for 24 hours. After demolding, the 
samples were conditioned at ambient temperature (23 ± 2 °C) 
and relative humidity (50 ± 5%) for at least 48 hours prior to 
testing to ensure thermal and mechanical equilibrium. 

3.2 Experimental Setup 

The tensile tests were 
performed using a Lloyd 
Instruments LS1 universal 
testing machine (AMETEK, UK) 
equipped with a 100 N load cell 
and pneumatic grips to prevent 
slippage, Fig. 2. The crosshead 
displacement was measured 
with an internal encoder, and 
the load was recorded 
simultaneously through the 
machine’s data acquisition 
system. The gauge length and 
specimen dimensions were 
measured with a precision 
digital caliper before each test 
to ensure compliance with the DIN 53504–S3A standard.  

Each specimen was mounted carefully between the grips to 
ensure alignment along the loading axis. The tests were carried 
out under uniaxial tension at a constant crosshead speed of 200 
mm/min, as recommended by the standard for elastomeric 
materials. The force–displacement data were continuously 
recorded until specimen rupture. 

3.3 Hyperelastic Material Modelling 

The nominal stress was calculated by dividing the measured 
force by the initial cross-sectional area of the specimen. The 
nominal strain was determined from the ratio of the crosshead 
displacement to the initial gauge length. For hyperelastic 
material characterization, the true stress and true strain were 
further derived using the incompressibility assumption. The 
experimental data were subsequently used to fit hyperelastic 
constitutive models (Mooney–Rivlin, Neo-Hookean, Ogden) 
through nonlinear regression using MATLAB. 

These models are suitable for the characteristics of silicone and 
ease of modeling [Zulkifli et al. 2023]. Furthermore, previous 
studies on rubber-like material modeling have been conducted 

Figure 2 : Tensile test 
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using these hyperelastic models [Marckmann et al. 2017; Zulkifli 
et al. 2023; Ali et al. 2010; Thanakhun et al. 2019]. 

The strain energy function based on the Mooney-Rivlin 2-
parameter model is chosen by [Mooney 1940; Rivlin 1948a]: 

 𝑊𝑖𝑠𝑜 = 𝐶10(𝐼1 − 3) + 𝐶01(𝐼2 − 3) (16) 

From (15), then the stress tensor is determined by equation.: 

𝜎 = 2 (𝐶10 +
𝐶01

1
) (1

2 −
1

1
) (17) 

where C10 and C01 are Mooney–Rivlin 2-parameter material 
parameters. 

The strain energy function based on the Mooney-Rivlin 5-
parameter model is chosen by [Mooney 1940; Rivlin 1948a]: 

𝑊𝑖𝑠𝑜 = 𝐶10(𝐼1 − 3) + 𝐶01(𝐼2 − 3)

+ 𝐶11(𝐼1 − 3)(𝐼2 − 3)

+ 𝐶20(𝐼1 − 3)2 +  𝐶02(𝐼2 − 3)2 (18)
 

where C10, C01, C20, C11 and C02 are Mooney–Rivlin material 
parameters 

From (15), then the stress tensor is determined by equation: 

𝜎 = 2 [

𝐶10 + 𝐶11(𝐼2 − 3) + 𝐶20(𝐼1 − 3)

+
𝐶01 + 𝐶11(𝐼1 − 3) + 𝐶02(𝐼2 − 3)

1

] (1
2 −

1

1
) (19) 

The strain energy function based on the Neo–Hookean model is 
chosen by [Rivlin 1948b] : 

𝑊𝑖𝑠𝑜 = 𝐶𝑁𝐻(𝐼1 − 3) (20) 

where 𝐶𝑁𝐻 is neo–Hookean material parameter. 

From (15), then the stress tensor is determined by equation: 

𝜎 = 2𝐶𝑁𝐻 (1
2 −

1

1
) (21) 

The strain energy function based on the Ogden model is chosen 
by [Ogden 1972] : 

 𝑊𝑖𝑠𝑜 = ∑
𝜇𝑛

𝛼𝑛

1

𝑛=1

(1
𝛼𝑛 + 2

𝛼𝑛 + 3
𝛼𝑛 − 3) (22) 

where µn and αn are material constants for Ogden model, and n 
represents the number of Ogden terms used. 

Therefore, from (15) the stress tensor is determined by 
equation: 

𝜎 = ∑ 𝜇𝑛(1
𝛼𝑛 −

𝑁

𝑛=1

1
−𝛼𝑛/2

) (23) 

where (μn, αn) n = 1, N are the material parameters that satisfy 
the condition 

𝜇𝑛𝛼𝑛 > 0     ∀ 𝑛 = 1, 𝑁 (24) 

Material parameters of different hyperelastic models such as 
Mooney-Rivlin, Ogden or Neo-Hookean are estimated using 
Matlab software. The data of the uniaxial tensile test is the basis 
for determining material parameters. Material parameters 
determined by Matlab software are used for numerical 
simulation of materials using Ansys Workbench software. 

4 RESULTS AND DISCUSSION 

4.1 Material parameters 

Tab. 2 lists the material parameter values corresponding to the 
hyperelastic material models, estimated in MATLAB using the 
least-squares method.

Table 2: Values of material parameters corresponding to hyperelastic models 

No Models Parameters 

1 2-Parameter Mooney-Rivlin  C01 = -0.13937 MPa ; C10 = 0.15014 MPa 

2 5-Parameter Mooney Rivlin  
C10 = 0.15223 MPa ; C01 = -0.13646 MPa ; C20 = 0.073424 MPa 

C11 = -0.14949 MPa ; C02 = 0.045751 MPa 

3 Neo-Hookean CNH = 0.090097 MPa 

4 One-term Ogden 𝜇1 = 0.021437 MPa ; 𝛼1 = 5.0043 

 

 

Figure 3 : Stress–strain curves estimated from hyperelastic models. 

Simulation plots in Fig. 3 show that the stress–strain curves from 
the 5-parameter Mooney–Rivlin and Ogden models closely 
match the experimental data. The 2-parameter Mooney-Rivlin 
model shows a slight deviation. In contrast, the curves for the 
Neo-Hookean model deviate noticeably from the experimental 
data points. 

4.2 Numerical simulation results in FEM 

FEM simulations with Mooney-Rivlin, Ogden or Neo-Hookean 
hyperelastic models are calculated with models built-in Ansys 
Workbench. The 3D model of the sample was built with 
dimensional parameters as shown in Fig. 1. The boundary 
conditions applied in the FEM model are set at both ends of the 
test sample, with one fixed end and one moving end, 
corresponding to the sample areas in real are fastened between 
the clamping of the tensile device [Sasso et al. 2008]. 

 

(a) 
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(b) 

Figure 4 : FEM simulation of uniaxial tension sample: (a) full model,    

(b) quarter model 

Initial simulation results on Ansys as shown in Fig. 4-a show that 
the test length has uniform stress and strain in the deformation 
observing area. Therefore, to simplify the numerical simulation 
results, we have built one-eighth of the test sample with 
dimensions of 5x2x1mm, the results are shown in Fig. 4-b. 

The stress and strain simulation data of hyperelastic models with 
incompressibility assumption (D = 0) are extracted and 
compared with experimental results, as shown in Fig. 5. 

 

Figure 5 : Stress–strain curves for incompressible assumption (D = 0) 

Fig. 5 depicts that there is a difference in the Stress - Strain curve 
between the numerical simulation results and the experimental 
results. This may be due to the fact that some compressibility of 
the material still exists, meaning that D is non-zero. To evaluate 
this possibility, numerical simulations with different values of 

Poisson's coefficient  close to 0.5 are implemented in order to 
determine the parameter D. 

Then, the strain energy function used by: 

𝑊 = 𝑊𝑖𝑠𝑜 +
1

𝐷
(𝐽 − 1)2 (25) 

where J is the determinant of the elastic deformation gradient F 
and D is the material incompressibility parameter, is determined 
by equation: 

𝐷 =
2

𝐾
(26) 

where K is Bulk modulus, is defined by: 

𝐾 =
2𝐺(1 + 𝑣)

3(1 − 2𝑣)
(27) 

where G is Shear modulus, is defined by: 

𝐺 =
𝜕2𝑊

𝜕𝛾2 |
𝛾=0

(28) 

 

where γ is  simple shear. 

 
Figure 6 : Stress–strain curves for compressible models with varying D 

The results in Fig. 6 show that, with Poisson's coefficient by 0.41, 
the Stress - Strain curves of experimental and numerical results 
for the hyperelastic models has approximately the same forms. 
This shows that the initial statement that D is non-zero has 

scientific basis. As Poisson's coefficient  = 0.41, the 
incompressibility coefficients D of the material corresponding to 
the hyperelastic models are determined. The results are listed in 
Tab. 3.

Table 3 : Compressible hyperelastic model parameters (ν = 0.41) 

No. Models Parameters 

1 2-parameter Mooney-Rivlin  C01 = -0.13937 Mpa ; C10 = 0.15014 MPa ; D = 17.78 MPa-1 

2 5-parameter Mooney-Rivlin  
C10 = 0.15223 MPa ; C01 = -0.13646 MPa ; C20 = 0.073424 MPa ; C11 = -0.14949 MPa 

C02 = 0.045751 MPa ; D = 17.78 MPa-1 

3 Neo-Hookean CNH = 0.090097 MPa ; D = 2.1 MPa-1 

4 Ogden  𝜇1 = 0.021437 MPa ; 𝛼1 = 5.0043 ; D = 7.8 MPa-1 

5 CONCLUSION

Rubber-like materials can be modeled by nonlinear elastic 
theory based on conventional hyperelastic material models such 
as the Mooney-Rivlin, Ogden or Neo-Hookean models. The 
classification of the models is presented based on the range of 
values for all deformation types, the number of parameters and 
the type of formula are used to derive the model. Therefore, it 
depends on the deformation domain considered; The Neo-
Hookean model, Mooney-Rivlin model and Ogden model can be 
used appropriately for small, medium and large deformations, 
respectively. 

Uniaxial tensile test is commonly applied to reveal the 
mechanical properties of hyperelastic materials and then their 
data is used to calculate material parameters. The first numerical 
simulation results were applied to ideal incompressible material 
models, giving reasonable approximate results but unable to 
accurately reproduce the material behavior. Therefore, the 
compressibility of the material must be taken into account in 
material models. Following the experimental data, the 
hyperelastic material models were investigated with different 
material nearly incompressibility coefficient values. The results 
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denoted that the incompressibility material coefficient 

corresponds to Poisson's ratio  = 0.41, showing very high 
agreement between experimental results and numerical 
simulation results. These results can serve as reliable input 
parameters for further numerical simulations. 
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