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APPENDIX 1: STIFFNESS COEFFICIENTS FOR A FLEXURAL
ELEMENT

From the slope deflection equations, we can write the stiffness coefficients for a
linearly elastic, prismatic (uniform) frame element. These are presented in Fig. Al.l
for an element of length L, second moment of area /, and elastic modulus E. The stiffness

6E/

Figure Al.1

coefficients for joint rotation are shown in part (a) and those for joint translation in part (b)
of the figure.

Now consider the element shown in Fig. Al.1c with its two nodes identified as a
and b that is assumed to be axially inextensible. Its four degrees of freedom are the nodal
translations u, and u; and nodal rotations 6, and 6,. The bending moments at the two
nodes are related to the four DOFs as follows:

4E1 2E1 6F1 6E1
Ma = TOa + 7 0[; + 12 Ug — Fub (All)

2F1 4E1 6E1 6ET
Mb = TOQ + 3 Qb + L2 Ug — ?ub (A12)
The shearing forces at the two nodes are related to the four DOFs as follows:

Vo 12E1 12E1 6FE1 6E1 A13
a = I3 Ug — I3 up + + (A1.3)

12EI  12EI  6EI
T Mt T

At each instant of time, the nodal forces M,, M,, V,, and V,, are calculated from u,, up,
6., and 6,. The bending moment and shear at any other location along the element are
determined by statics applied to the element of Fig. Al.lc.

Vi = (Al.4)
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