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Tasks 

1.Determine a time- and moisture dependent material model for 
paperboard 

2.Implement the material model to finite element software 

3.Use finite element simulations to investigate creep behavior of 
paperboard packages under cyclic humidity conditions 
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1D-model without moisture 

• Strain-stress relation 
 

• Idea:  
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ε=A*sin(Bt)  ε from experimental data 

Convergence 



1D-model with moisture 

Strain-stress relation 

 

 

 

 

First step  𝜎 𝑡 = 𝜎0𝐻 𝑡 ⟹ 𝜎′ 𝑡 = 𝜎0𝛿 𝑡   

 

Strain    𝜀 𝑡 = 𝜎0𝐷 𝑡 ⇝ DATA 

 

Model    𝐷 𝑎, 𝑡 = 𝐷0 + 𝐷𝑖 1 − 𝑒
−𝑡/𝑎𝜏𝑖𝑛

𝑖=1  
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1D-model with moisture 

Strain-stress relation 

 

 

 

 

First step  𝜎 𝑡 = 𝜎0𝐻 𝑡 ⟹ 𝜎′ 𝑡 = 𝜎0𝛿 𝑡   

 

Strain    𝜀 𝑡 = 𝜎0𝐷 𝑡 ⇝ DATA 

 

Model    𝐷𝑗 𝑎𝑗 , 𝑡 = 𝐷0 +  𝐷𝑖 1 − 𝑒
−𝑡/𝑎𝑗𝜏𝑖𝑛

𝑖=1  
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 Known: D,  τ, ε, init. cond.  

Unknown σ, 𝜓  





If c < 0.09  
       a = 𝑓1 𝑐 = 𝑘1 ∗ 𝑐 + 𝑏1  
 
Else a = 𝑓2 𝑐 = 𝑘2 ∗ 𝑐 + 𝑏2 



1D model 

Rh=90% 

Rh=70% Rh=50% 

Rh – relative humidity 



1D model 

Rh=70-90% Rh=70-90%  

(with expansion) 



• Classical Planar Stress Model 
𝜀𝑥
𝜀𝑦
𝜀𝑥𝑦

= 𝐷
1 −𝜐 0
−𝜐 1 0
0 0 (1 + 𝜐)

𝜎𝑥
𝜎𝑦
𝜎𝑥𝑦

 

 
• Time-dependent model with moisture 
𝜀𝑥(𝑡)
𝜀𝑦(𝑡)

𝜀𝑥𝑦(𝑡)
=  𝐷(𝜓 𝑡 − 𝜓 𝑠 )

1 −𝜐 0
−𝜐 1 0
0 0 (1 + 𝜐)

𝜎𝑥(𝑠)
𝜎𝑦(𝑠)

𝜎𝑥𝑦(𝑠)
𝑑𝑠

𝑡

0

 

 
 
 
 

 

2D-model 
Known: D, 𝜓, τ, ε, a, init. conds.  

Unknown: σ 



Thank you for your attention 
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Appendix 1  

Without moisture 
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With moisture 

𝐸𝑟𝑟𝑗 = min
𝐷0,𝐷𝑖,𝑎𝑘 

(
𝐷𝑎𝑝𝑝
𝐷𝑑𝑎𝑡𝑎

− 1) ,  𝑖 = 1, 𝑛; 𝑗 = 1,3; 𝑘 = 1,3  

𝐸𝑟𝑟𝑚𝑎𝑖𝑛 =
𝑏𝑗𝐸𝑟𝑟𝑗

3
𝑗=1

3
, 𝑏𝑗  − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 



Optimization with The Nelder–Mead method (or downhill simplex method or 
amoeba method) is used  for approximation of curves  

𝐸𝑟𝑟𝑗 = min
𝐷0,𝐷𝑖,𝑎𝑘 

(
𝐷𝑎𝑝𝑝
𝐷𝑑𝑎𝑡𝑎

− 1) ,  𝑖 = 1, 𝑛; 𝑗 = 1,3; 𝑘 = 1,3  

𝐸𝑟𝑟𝑚𝑎𝑖𝑛 =
 𝑏𝑗𝐸𝑟𝑟𝑗
3
𝑗=1

3
, 𝑏𝑗  − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠 

Appendix 2  


