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Modal Analysis of R/C Framed Structures to Earthquake Excitations
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Abstract

An approximate method of normal coordinate idealization for use in nonlinear R /C frames has
been developed. Normal coordinate apporaches have been used for nonlinear problems in the
past, but they are not received wide acceptance because of the need for eigenvector compu-
tation in each time step. The proposed method circumvents the eigenvector recalculation prob-
lem by evaluating a limited number of sets of mode shapes in performing the dynamic analysis.
Then some of the predetermined sets of eigenvectors are used in the nonlinear dynamic
repeatedly.

The method is applied to frame structures with ductile R /C elements. The plastic hinge zones
are modeled with hysteresis loops which evince degrading stiffness and pinching effects.
Efficiencies and accuracies of the method for this application are presented.

keywords : normal coordinate, nonlinear analysis, eigenvector, plastic hinge, degrading stiffness
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Table 1 Model analysis procedure

1. Input frame geometry, material properities, and load
history

2. For each member,
determine elastic and initial inelastic member stiff-

ness

. From the global stiffness and mass matrices

Ko K +1K

. Determine primary or first set of mode shapes and
frequencies
. For each incremental load step :

A. From global system of equations and determine
current displacements
B. Calculate nodal displacements expressed in terms
of global coordinates
C. For each inelastic member :
a. Calculate the element stiffness
b. Determine member end displacement and cur
vature in the plastic hinge zones using stiffness
condensation.
¢. Determine corresponding member forces using
the hysteresis curves
d. Save the slope of the curvature relation for
each plastic hinge zone
D. Form the updated global stiffness matrix
E. Determune the updated mode shape and frequency
F. Perform error analysis

Tranform the response of normal coordinate to that
of real coordinate
. Return step §) and repeat until the load history is

complete

LA glell = ghdel 3 ‘H i] ¥ FEsto gt
Fan @ =y gl gk
: ZH A2

H P ANYH sl A g ge)
R A sl e wai s el ek At
9} ’1 ﬂ '*Iv.‘r’ ol o)gh Zel w EHyh &g

Abg¥l wEl e Figs o 4 Al uhep 7ho] 5

185



Tabie 2 5-story frame section properities
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Fig. 5 Analysis frame and location of inelastic hinges
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