
Zhejiang University, China 

A composite quadrature element with 
unequal order integration for 

consolidation problems 
 

Shuai YUAN, Hong-zhi ZHONG 

Cite this as: Shuai YUAN, Hong-zhi ZHONG, 2018. A composite quadrature 
element with unequal order integration for consolidation problems. Journal of 
Zhejiang University-SCIENCE A (Applied Physics & Engineering), 19(7):521-533. 
https://doi.org/10.1631/jzus.A1700218  

Zhejiang University, China 

Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering) 

JZ
USA

https://doi.org/10.1631/jzus.A1700218


Zhejiang University, China 

        Nodes 

  * 

* 

 Quadrature element 

 

Integration points 

 FEM element 

 

Quadrature element and FEM element  

JZ
USA



Zhejiang University, China 

Standard and composite quadrature element  
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 One-dimensional consolidation 
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Conclusions 
• A composite quadrature element is proposed for 

consolidation analysis to overcome the oscillations 
produced when small time increments are chosen.  
 

• Different nodes are employed for the displacement and 
the pore pressure, except those on the corner of the 
element. 
 

•  Oscillations generated when small time steps are used 
and those induced by the Crank-Nicolson scheme are 
greatly reduced by the proposed element, and accu-
racy is also greatly improved. JZ
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