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SYNOPSIS

This paper presents the results of an optimum design for frame structures sub-
ject to earthquake motions. The objective of the design procedure is to obtaina -
minimum weight for a structure without exceeding the strength limits that are deter-
mined by the stiffness requirement and optimality criterion. The numerical examples
provided are based on the lateral forces recommended by the U. S. Uniform Building
Code and Housner's response spectrum of El Centro, 1940.

INTRODUCTION

Various optimization techniques have been developed for static and dynamic =~
structural design (1). One of these, the powerful technique of optimality criterion,
has been extensively used for large structural systems in aerospace engineering (4).
Venkayya and Cheng recently extended the optimization algorithm to include struc- »
tures subjected to ground motions (3). In this report, the optimality criterionis
used to analyze an earthquake structural design that is based on the Iateral forces
recommended by the U. S. Uniform Buﬂding Code (UBC) and the response spectrum
of El Centro, 1940, . proposed by Housner (2). - Numerical results are provided to
show the effect that the two design principles have on optimum soluﬁons. s

"GENERAL: CONSIDERATIONS

"The displacement method employed in this ~study takes into consideratmn struc-
tural mass, nonstructural mass, damping, and P-A effect. - Each node of a system .
has three degrees of freedom that are associated with axial and bending deformations -

- and consistent mass formulations. The matrix equation is solved by modal analysis
for which the acceleration spectrum can be used for earthquake response. For the
design based on the UBC, the structural and nonstmctural masses are also included-

Z and K are assumed to be one. The period T is determined by using either the .
eignenvalue analysis or the equation in the Code. The recursion tecimique for ,
. achieving the opﬁmality criterion is used in this work.

NUMERICAL EXAMPLES : _
The ﬂve-story—one-bay elastic frame shown in Fig. 1 has been studied from the

10 5 _T viewpoint of the following loading conditions: A) Housner's average
ol "cla acceleration spectrum of El Centro, 1940, which has a factor of ‘
3 :°o 2.7 and 5% damping, and B) lateral forces recommended by UBC.
8 5 1| For Case A, other considerations include: 1) No P-A effect, 2)
L N =| P-A effect resulting from structural and nonstructural wdghl:,
6] 1 -1} and 3) P-A effect resulting from sf:rucmral and nonstructural ~ @
j - weight in addition to axial forces (not mass) of 45.36 kips appl‘ied 5
‘ 211-Q" to each column. For Case B, the natural period, T, is obtained -
*Tig. T by 1) evaluating the eigenvalues of the structure on the basis of
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the structural member sizes obtained through the optimum design process and 2)
using the equation T=0.10N in the Code. The modulus of elasticity is 29 x 103 ksi,
the structural material has unit weight of 0, 283 1bs/cu in., and the nonstructural

' mass is 180 1bs/in. for each floor. The allowable stress is 29 ksi, which is com-
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pared with the combined stresses of the axial
force and bending of all members. The allowable
shear stress is 19 ksi. The design results based
on the first mode are shown in Table 1 in which
the member numbers are given in Fig. 1. The
maximum deflections corresponding to the five
cases are 4.74, 4.71, 4.61, 8.20, and 7.43

(in.) respectively.

CONCLUSIONS

1. A great deviation of design results exists for
the spectrum method and UBC.

2. UBC requires 2 lighter structural design.

3. Different methods of obtaining the natural
period recommended by UBC can significantly
yield different design results.

| 4. The P-A effect demands a heavy structural
 design. ’ :

5. The optimum design of a given structure is in

| the neighborhood of a certain period of the re-

sponse spectrum in spite of various changes of
the P-A effect and superimposed masses.
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