Master of Science in Computational Mechanics 2020
Computational Structural Mechanics and Dynamics

On “Isoparametric representation”

Assignment 4.1

A 3-node straight bar element is defined by 3 nodes: 1. 2 and 3 with axial coordinates x,, x; and
Xz respectively as illustrated in figure below. The element has axial rigidity EA, and length | =
X1 — Xo. The axial displacement is u(x). The 3 degrees of freedom are the axial node
displacement u, u; and us. The isoparametric definition of the element is

1 1 1 17[N
|xl = [.\'1 Xy X3 Nf {71)
u u; u; us Nf

in which N¢(&) are the shape functions of a three bar element. Node 3 lies between 1 and 2 but
is not necessarily at the midpoint x = 1/2. For convenience define,

xX; = 0 Xy = l X3 = (%‘+‘ ﬁ')! (72)

where -5 < « < ¥ characterizes the location of node 3 with respect to the element center. If
«=0 node 3 is located at the midpoint between 1 and 2.
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Figure.- The three-node bar element in its local system
1. From (7.2) and the second equation of (7.1) get the Jacobian J = dx/dg in terms of I, « and &£.
Show that,

= if—Y<a<Y%then] >0 over the whole element -1 <€ < |.
= fa=0,J=1/72isa constant over the element.

2. Obtain the 1x3 strain displacement matrix B relating e = du/dx = Bu® where u® is the column
3-vector of the node displacement u;, u> and us. The entries of B are functions of |, a and &.

Hint: B=dN/dx = J"'dN/dE, where N =[ N; N2 N: | and J comes from item a).
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