
 

Standard linear solid 

 

Time domain: 

𝜎(𝑡) = 𝑘𝑒𝜀(𝑡) + 𝑘1𝜀𝑒1(𝑡)  

𝑘1𝜀𝑒1(𝑡) = 𝜂(𝜀̇(𝑡) − 𝜀�̇�1(𝑡))  

𝜎(𝑡) = 𝜎0𝑢(𝑡)  

 

Laplace transform: 

�̅�(𝑠) = 𝑘𝑒𝜀(̅𝑠) + 𝑘1𝜀�̅�1(𝑠)  

𝑘1𝜀�̅�1(𝑠) = 𝜂𝑠(𝜀(̅𝑠) − 𝜀�̅�1(𝑠))  

�̅�(𝑠) =
𝜎0

𝑠
  

 

(𝑘1 + 𝜂𝑠)𝜀�̅�1(𝑠) = 𝜂𝑠𝜀(̅𝑠)  

𝜀�̅�1(𝑠) =
𝜂𝑠

𝑘1+𝜂𝑠
 𝜀(̅𝑠) 

𝜀�̅�1(𝑠) =
𝑠

𝑘1
𝜂

+𝑠
 𝜀(̅𝑠) 

𝑘1 is a stiffness : Pa 

𝜂 is a viscosity : Pa.s 

𝑘1

𝜂
 is the inverse of a time : s-1 

Characteristic time: 𝜏 =
𝜂

𝑘1
 

𝜀�̅�1(𝑠) =
𝑠

1

𝜏
+𝑠

 𝜀(̅𝑠) 

 

�̅�(𝑠) = [𝑘𝑒 +
𝑘1𝑠
1

𝜏
+𝑠

] 𝜀(̅𝑠)  



 

𝜀(̅𝑠) = 𝜎0
1

𝑘𝑒𝑠+
𝑘1𝑠2

1
𝜏

+𝑠

  

𝜀(̅𝑠) = 𝜎0

1

𝜏
+𝑠

𝑘𝑒
𝜏

𝑠+𝑘𝑒𝑠2+𝑘1𝑠2
  

𝜀(̅𝑠) = 𝜎0

1

𝜏

𝑠[
𝑘𝑒
𝜏

+(𝑘𝑒+𝑘1)𝑠]
+  

𝑠

𝑠[
𝑘𝑒
𝜏

+(𝑘𝑒+𝑘1)𝑠]
  

𝜀(̅𝑠) = 𝜎0

1

𝜏(𝑘𝑒+𝑘1)

𝑠[
𝑘𝑒

𝜏(𝑘𝑒+𝑘1)
+𝑠]

+ 

1

(𝑘𝑒+𝑘1)

[
𝑘𝑒

𝜏(𝑘𝑒+𝑘1)
+𝑠]

  

𝑎 =
𝑘𝑒

𝜏(𝑘𝑒+𝑘1)
  

 

Time domain (again!): 

𝜀(𝑡)=  
𝜎0

𝑘𝑒
[1 − 𝑒

−
𝑘𝑒𝑡

𝜏(𝑘𝑒+𝑘1)] +
𝜎0

𝑘𝑒+𝑘1
𝑒

−
𝑘𝑒𝑡

𝜏(𝑘𝑒+𝑘1) 

𝜀(𝑡)=  
𝜎0

𝑘𝑒
+ [

𝜎0

𝑘𝑒+𝑘1
−

𝜎0

𝑘𝑒
] 𝑒

−
𝑘𝑒𝑡

𝜏(𝑘𝑒+𝑘1) 

𝜀(𝑡)=  [
1

𝑘𝑒
−

𝑘1

𝑘𝑒(𝑘𝑒+𝑘1)
𝑒

−
𝑘𝑒𝑡

𝜏(𝑘𝑒+𝑘1)] 𝜎0 

 

At time 0 

𝜀(0)=  
𝜎0

𝑘𝑒+𝑘1
 

𝜀̇(0)=  
𝑘1𝜎0

𝜏(𝑘𝑒+𝑘1)2 

 

 

 

 

 

Liquid 

 

Time domain: 

𝜎(𝑡) = 𝜂𝜀1̇(𝑡) = 𝑘𝑒[𝜀(𝑡) − 𝜀1(𝑡)] + 𝜂[𝜀̇(𝑡) − 𝜀1̇(𝑡)]  

𝜎(𝑡) = 𝜎0𝑢(𝑡)  

 



Laplace transform: 

�̅�(𝑠) = 𝜂𝑠𝜀1̅(𝑠) = 𝑘𝑒[𝜀(̅𝑠) − 𝜀1̅(𝑠)] + 𝜂𝑠[𝜀(̅𝑠) − 𝜀1̅(𝑠)]  

�̅�(𝑠) = 𝜂𝑠𝜀1̅(𝑠) = (𝑘𝑒 + 𝜂𝑠)[𝜀(̅𝑠) − 𝜀1̅(𝑠)]  

�̅�(𝑠) =
𝜎0

𝑠
  

 

(2𝜂𝑠 + 𝑘𝑒)𝜀1̅(𝑠) = (𝑘𝑒 + 𝜂𝑠)𝜀(̅𝑠)  

𝜀1̅(𝑠) =
𝜂𝑠+𝑘𝑒

2𝜂𝑠+𝑘𝑒
𝜀(̅𝑠)  

𝜀1̅(𝑠) =
𝑠+1/𝜏

2𝑠+1/𝜏
𝜀(̅𝑠)  

 

𝜎0

𝑠
= 𝜂𝑠

𝑠+1/𝜏

2𝑠+1/𝜏
𝜀(̅𝑠)   

𝜎0 = 𝑘𝑒𝜏 𝑠2 𝑠+1/𝜏

2𝑠+1/𝜏
𝜀(̅𝑠)   

𝜀(̅𝑠)   =
𝜎0

𝑘𝑒𝜏

2𝑠+1/𝜏

𝑠2(𝑠+1/𝜏)
  

𝜀(̅𝑠)   =
𝜎0

𝑘𝑒𝜏
[

2

𝑠(𝑠+1/𝜏)
+

1/𝜏

𝑠2(𝑠+1/𝜏)
]  

 

 

Time domain (again!): 

𝜀(𝑡)=  2
𝜎0

𝑘𝑒
[1 − 𝑒−

𝑡

𝜏] +
𝜎0

𝑘𝑒𝜏2 [𝑡𝜏 − 𝜏2 (1 − 𝑒−
𝑡

𝜏 )] 

𝜀(𝑡)=  
𝜎0

𝑘𝑒
[1 − 𝑒−

𝑡

𝜏] +
𝜎0𝑡

𝑘𝑒𝜏
 

 

𝜀(0)=0   

 

 

 

 

 

 

 

 



 

 


