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DISCUSSION by: Sigmund A. Freeman®

The authors have presented some results obtained from recordings of
pui1d1qg response to the San Fernando Earthquake. Having worked on an
investigation of two of these buildings I would 1ike to make the following
comments.

The authors state that "intuitively it seems unacceptable that the
variation in building periods can be completely explained by a degradation
in structural stiffness."

In our investigation of two identical reinforced concrete frame
structures (8244 Orion, 1640 Marengo) we were able to conciliate with a
time-history analysis of the records the lengthening of the fundamental
response periods during the elapsed time of the strong motion of the
earthquake. We correlated period lengthening with the stiffness degrada-
tion of the structure. For small amplitudes of motion nonstructural ele-
ments accounted for a significant portion of the building stiffness. As
the amplitude of motion increased the participation of nonstructural ele-
ments was decreased as damage to the nonstructural elements occurred.
Continued motion caused strains beyond the elastic Timit of some elements
so that degradation of structural stiffness occurred. Comparison of pre-
and post-earthquake ambient data as well as earthquake and aftershock data
confirm the permanent stiffness degradation of the structures (1)(2). Re-
sults of the investigation of two reinforced concrete test structures (3)
(4) also confirmed degradation of structural stiffness during exposure to
strong earthquake-Tike motion. Our investigations have also indicated
that some structures respond at substantially shorter periods during ambi-
ent motion than at higher amplitudes of motion (3)(4)(5).

I would therefore suggest that the changes in period observed by the
authors are primarily due to a combination of nonstructural element (e.g.,
partitions) degradation and structural element degradation. In the case
of reinforced concrete structures the structural degradation occurs in the
order of virgin uncracked concrete sections to "cracked" concrete sections
to yielded sections. In the case of structural steel structures, stiff-
ness degradation occurs in items such as floor slab participation, "non-
moment resisting” frame participation, and nonstructural elements.

IAssociate, John A. Blume & Associates, Engineers, 130 Jessie Street,
San Francisco, California, 94105
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