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Abstract. The creep deformation of viscoelastic sample are simulated by apace-time finite element

method/extended finite element method (XFEM). Two rheological models of 7-parameters
generalized Kelvin-Voigt model and Burgers model are used to simulate the creep of sample under
uniaxial or biaxial compressive, numerical examples shows that the accuracy of 7-parameters
generalised Kelvin-Voigt model is better than that of Burgers model. The predicted creep results
compared with that of literature reported is well.
Introduction
Space-time finite element method has become a widely used numerical tool in engineering and
computation, finite element method for dynamic problems are based on semidiscretizations: finite
elements are used in space to reduce to a system of ordinary differential equations in time, It is
generally believed that finite elements represent a superior methodology to finite differences.
Hence, the method of space-time finite element[1-5] is proposed.
For creep or stress analysis in generalized viscoelastic material, the numerical methods[6-9] are
often used for its complex time-dependent properties. However, creep analysis in generalized
viscoelastic material with space-time finite element method is few and most numerical methods,
such as springs-dashpots viscoelastic models assembled in parallel or in serials, howerver, the
numerical model using assembled in parallel or in serials, i.e., generalised viscoelastic model is very
few. A recent paper about this area is reported in[9], in this study, it was shown that the generalised
creep model is better than finite difference method are in terms of memory and computational time.
In this paper, space-time finite element method is applied to linear viscoelastic creep analysis in
generlised viscoelastic material. Numerical examples validated its accuracy and efficiency.
In Section 2, the viscoelastic dynamic equations and linear viscoelastic constitutive equations are
presented. In Section 3, the space-time finite element method is briefly stated, the generalized
maxwell model and generalized Kelvin-Voigt model are given, Several numerical examples are
given in Section 4, the conclusion are made in Section 5.
Linear viscoelastic equations
3
Γ
Consider an elastic body with bounded region, Ω ⊂ ℜ . Let Γ represents the boundary of Ω , g , Γh
Γ ∩Γ = φ
the nonoverlapping subregions of Γ and g h . The vector of displacement is denoted as u( x , t ) ,
here, x ∈ Ω and t ∈ [0, T ] .The stress-strain relationship can be written as

σij = cijkl uk ,l

(1)

here, 1 ≤ i, j , k , l ≤ 3 , uk ,l = ∂uk / ∂xl , cijkl are elastic coefficients.
The equations of the initial/boundary-value problem of elastodynamics are represented as[1]
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 = ∇ ⋅ σ (∇u ) + f on Ω × ]0, T [
ρu

(2)

u = u on Γg × ]0, T [
n⋅σ = t

(3)

on Γh × ]0, T [

(4)

u( x ,0 ) = u0 ( x ) , x ∈ Ω

(5)

(6)
u ( x ,0 ) = v 0 ( x ) , x ∈ Ω
here, ρ is the density, a superposed dot represents differentiation with respect to t , f denotes
body force, u , t are the prescribed displacement and traction on the boundary, respectively,
u0 , v 0 are initial displacement and velocity, respectively. n denotes unit outward normal to the
boundary. Fig. 1(cited from [6]) depicts four rheological models.
For arbitrary linear viscoelastic material, the rheological model can be composed of spring and
dashpot elements assembled in series or parallel,

Fig. 1. Rheological models for linear visco-elasticity: a) Kelvin-Voigt model, b) generalised
Kelvin-Voigt model. c) Maxwell model , d) generalised Maxwell model.
For generalised Kelvin-Voigt model, its constitutive equation reads as
n


e (t ) = σ 0 : C0−1 + ∑ Ck−1 (1 − e −t /t k )
k =1



(7)

here, σ0 is a constant force applied initially,
spring, τk denotes delay time of k th dashpot.

Ck

denotes elastic stiffness tensor of k th

For Burgers model, its constitutive equation reads as
E
1
− 1 t 
t
1 
+ + 1 − e η1 

 E2 η 2 E1 

e (t ) = σ 0 : 

(8)

Space-time finite element method
The space-time finite element method, also is a discontinuous Galerkin methods, have been used
to solve time-dependent problems, such as dynamic problems. The method bases on using usual
finite element discretizations in space and time simultaneously having basis functions which are
continuous in space and discontinuous at the discrete time slab. In space-time finite element, the
displacement, velocity, and acceleration are function of space coordinates and time coordinate, the
basis function is multiplying space basis function by time basis function. The space-time
displacement at arbitrary space and time can read as
u h ( x, y, z , t ) = ∑ N i ( x, y, z , t )ai
k

(9)

i =1
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here, N i are the usual finite element shape functions, ai is nodes displacement freedom vector.
Numerical examples
Example 1:biaixal creep
Here, in order to use Burger’s model, we consider a 2D generalized viscoelastic square sample
whose size is 2m×2m, the geometry and boundary conditions as are shown in Fig. 2. The material
properties are cited from those of example in [6](p.80). Fig. 3 shows the simulated biaxial creep of
the sample in the x and y directions. From it, we can find that the creep in x and y directions is same,
which is due to the sample is symmetrical. The creep inreases with time under constant stress in x
and y directions.

Fig. 2. 2D biaxial creep sample.

Fig. 3. Simulated Burger’s model biaixal creep.
Example 2:uniaxial creep
In this section, we consider a homogeneous rectangular plate of size 1m×1m, a constant load of
1Pa is applied on the plate, the geometry and boundary are illustrated in Fig. 4. Here, we adopt the
generalized 4-parameters Kelvin-Voigt model.The Young's elastic moduli of the two 4-parameters
Kelvin-Voigt elements of the generalized viscoelastic model is 4GPa, 4.5GPa for Kelvin-Voigt
element 1 and Kelvin-Voigt element 2, respectively. The Characteristic time of the two
Kelvin-Voigt elements is 10days, 300days for Kelvin-Voigt element 1 and Kelvin-Voigt element 2,
respectively. The simulate creep function are reported in Fig. 5. From it, we can see that the creep
function value increases with time, and the simulated numerical results agrees well with the
experiment.

Fig. 4. The geometry and boundary of plate.
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Fig. 5. Comparison of experiment data are cited from[10] with the numerical results.
Summary
In this contribution, we simulated uniaxial and biaxial creep behavior of generalized viscoelastic
sample using space-time finite element method, from the simulations, we can make these
conclusions as follows:
Under constant uniaxial load or biaxial load, sample creep increases with time.
The space-time finite element method can simulate creep behavior in arbitrary viscoelastic or
generalized viscoelastic material.
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