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Application of this:
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TABLE 5.5 Newton-Cotes numbers and error estimates

Upper bound on
error R, as
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TABLE 5.6 Sampling points and weights in Gauss-Legendre
numerical integration (interval —1 to +1)

r

o

‘/\’_f/—{)_/\—%——’/? "

—

1 0. (15 zeros) 2. (15 zeros)
_\ g > \ 2 057735 02691 89626  1.00000 00000 00000
f _ | f 1 _\, 3 *0.77459 66692 41483 0.55555 55555 553556
(- = 2 E 0.00000 00000 00000 0.88383 88888 88889
\]—3; 4 +086113 63115 94053 0.34785 48451 37454
_5-77_- . +0.33998 10435 84856 0.65214 51548 623546
- 3}} - < 5 *0.90617 98459 38664 0.23692 68850 56189
I~ RO +0.53846 93101 05683 0.47862 86704 99366
\ 0.00000 00000 00000 056888 88888 88889
\\ Q, ¢ 6 +0.93246 95142 03152 0.17132 44923 79170
O\\ = +0.66120 93864 66265 036076 15730 48139
+0.23861 91860 83197 046791 39345 72691
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Full Integration Order:
Number of quad points that integrate the element EXACTLY
when:

.

—_

- Element is homogeneous L’7\
Constant section (1D and 2D)

- Not=skewed geometry (J = constant)

- For nonlinear problem like solid mechanics we assume the
material is linear in determining number of quad points.
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The integration will be exact is the actual integrand is a
polynomial of o_full (in the problem shown A, E, J are all
constant)

What if the element was: \

- Skewed J not constant of f/,f R I<f> JSG
\

- Inhomogeneous E not constant _./
- Non-prismatic A not constant —

We almost always still use the full integration scheme!
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Finite element or any numerical method has a huge source of
error:

Discretization /_\
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error:
Discretization
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TABLE 5.5 Newton-Cotes numbers and error estimates
Upper bound on
error R, as
Number of a function of
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We recommend that full numerical integration® always be used for a displacement-
based or mixed finite element formulation. where we define “full” numerical integration as
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U )l
We recommend that full numerical integration® always be used for a displacement- VWV\\\\}Z/W/ S}
based or mixed finite element formulation, where we define “full” numerical integration as

the order that gives the exact matrices (i.e., the analytically integrated values) when the 2< &
elements are geometrically undistorted. Table 5.9 lists this order for elements used in SLL@\/\R

two-dimensional analyses.
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Q: Can we even use a fewer number of quad points?
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In general, we don't want to do reduced order integration (anything lower than full integration order)
However, there are advanced technigues that afford going to reduced order integration.
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