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s sracn (¢ 18 e single generalized coordinate expressing the motion of the system

and the symbols with asterisks represent generalized physical properties correspond- 3

ing to this coordinate.
by application of either the principle of virtual work, as illustrated by the previous

examples, or Hamilton’s principle as illustrated in Chapter 16. However, standardized ;
forms of these expressions can be derived easily which are very useful in practice.

Consider an arbitrary one-dimensional system, as illustrated by the nxu_su_m... i

in Fig. 8-3, assumed to displace only in a single shape 9(z) with displacements #¥
3 The elastic properties of the system result from distributed external springs varying
: in accordance with k(z), from discrete springs as denoted by the k; values, and from

e =D vzl T e~
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FIGURE 8-3

Properties of generalized SDOF system: (a) assumed shape; (b) mass propertics; (¢) damping
properties; (d) elastic properties; () applied axial loading; (f) applied lateral loading.

In general, the values of these properties can be determined §

JE wo-dimensional systems to a single degree of freedom.
4 rectangular floor slab shown in Fig. 8-4 subjected to a distributed downward loading

expressed in terms of the generalized coordinate Z(t) as given by

v(z,t) = y(z) 2(t)

Part of the total mass of the system is distributed in accordance with m(z) and the
remainder is lumped at discrete locations i (#=1,2,...) as denoted by m;. External

E damping is provided by distributed dashpots varying in accordance with ¢(z) and by

discrete dashpots as denoted by the ¢; values, and internal damping is assumed to
be present in flexure as controlled by the uniaxial stress-strain relation of Eq. (8-8).

distributed flexural stiffness given by EI(z). External loadings are applied to the

E system in both discrete and distributed forms as indicated by the time-independent
& axial forces g(z) and N and the time-dependent lateral forces p(z,t) and p;(t). These
g loadings produce internal axial force and moment distributions N(z) and M(z,¢),
B respectively.

Applying the procedure of virtual work to this general SDOF system in the

f $ame manner as it was applied to the previous example solutions, one obtains the
§ following useful expressions for the contributions to the generalized properties:

L
m* = c\o EHHV Qﬁ.ﬂwu dz + Ma-. ﬁ_m + Mhu .cn-_u__w

¥ L
&= \ o(z) Y(2)? dz + a; \ El(z) §(z)’ de + 3 c; 2

L L
= \o k(z) ¥(z)? dz + \c El(z) ¥"(z)’ dz+ Y kiyp? (#48)

= 2
1‘\a N(z) ¥'(z)" dz

L
PO = [ pe,0) 9ie) dot T pi0) wite) KPS

The vectorial nature of the force and displacement quantities in the last of Eqgs. (8-
18) must be carefully noted. Only components of the forces in the directions of

k& (he corresponding assumed displacements can be included, and the positive sense of
e tach force component must be assigned in accordance with the positive sense of the
corresponding displacement.

The above generalized-coordinate concepts apply equally in the reduction of
Consider, for example, the
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