
Easier way to find Gauss quadrature points

2022/11/22
Tuesday, November 22, 2022 11:22 AM

   ME517 Page 1    



   ME517 Page 2    



How do we use * in FEM integrations:
From last time we had

If we ignore the form of AE and J, we deal with a matrix 
of polynomials of order o = 2.
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of polynomials of order o = 2.

Full integration order
Order of the integrand when AE and J are constant (treating the material as homogeneous, linear, constant section, not distorted, …)

For this example, full integration order = 2

-----
If these assumptions hold, the integral is EXACT.

Q1: How many quadrature points are needed to integrate K exactly when J is not constant?

With no number of points, we can integrate K exactly in that case

Q2: When AE and/or J are not constant, how many quadrature points should we use then?

The full integration order is sufficient and used in practice unless the element is highly distorted (here 
x3 far from xave), or we deal with nonlinearities, …

-

Reason: Because the error we introduce by not integrating k exactly is not going to dominate 
discretization error (C h^(p + 1))

-

Q3: Are their benefits to using fewer quadrature points than full integration order:
Yes

Reducing assembly computational time because this cost is directly proportional to the number of 
quadrature points in the domain.

○

We make the problem (structure) less stiff (more compliant)○
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I'll discuss how low we can go with reduced order integration later.
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It can result in nonphysical solutions by introducing 
nonphysical ZERO ENERGY MODES
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