. PB 300909

FREQUENCY CONTENT, INTENSITY AND YIELD LEVEL
IN NONLINEAR DYNAMIC RESPONSE

Any opinions, findings, conclusions
or recommendations expressed in this
publication are those of the author(s)
and do not necessarily reflect the views
of the National Science Foundation,

A paper accepted for presentation at the Central American Conference
on Earthquake Engineering to be held in San Salvador, El Salvador in

REPRODUCED BY

NATIONAL TECHNICAL
 INFORMATION SERVICE

U. . DEPARTMENT OF COMME
"™ SPRINGFIELD, VA, 22161 RSE

ASRA INFORMATION RESOURCES
NATIONAL SCIENCE FOUNDATION

+






50272-101

PAGE NSF/RA-780123

REPORT DOCUMENTATION | 1. REFORT NO. 2.

4. Title and Subtitie

Frequency Content, Intensity and Yield Level in
NonTinear Dynamic Response*

7. Author(s)

A. T. Derecho, M, Igbal, S. K. Ghosh, M. Fintel

PRZ00909

5. Report Date -
January, 1978

[

8. Performing Organization Rept. No,

1 9. Performing Organization Name end Address
Portland Cement Association
Advanced Engineering Services
Skokie, I1linois 60076

10. Project/Task/Work Unit No.

11, Contract(C;;rrGrant(G) No.
)

@ ENV7414766

12, Sponso;ing Organization Name;nd Address
Engineering and Applied Science (EAS)
National Science Foundation
1800 G Street, N.W.

Washington, D.C. 20550

' 1a.

13. Type of Report & Period Covered

15. Supplementary Notes

*Paper for presentation at the Central American Conference on Earthquake Engineering,
ET1 Salvador, 1/78

-16. Abstract (Limit: 200 words)

Three major parameters characterizing earthquake motions affect structural response.
These include intensity, duration and frequency content. The third, frequency con-
tent, appears to be the least explored, particularly with reference to the probiem
of critical excitation. In this paper, an attempt is made to characterize input
motions in terms of fregquency content on the basis of their 5%-damped velocity
response spectra as "peaking" and "broad band". Results of analyses for isolated
structural walls having different fundamental period and yield level are presented.
These results indicate the dependence of the critical response on the frequency
content of the input motion and the yield level of the structure. The relationship
of intensity and frequency content in determining the critical input motion for a
structure with a specified yield level is also discussed.

17. Document Analysis a, Descriptors

Earthquakes

Earthquake resistant structures
Dynamic structural analysis
Yield strength

b. tdentifiers/Open-Ended Terms

Earthquake engineering
Earthquake motions

Input motions

Design
Seismic waves
Elastic properties

¢. COSATI Field/Group /‘

18. Availability Statement 19. Security Class (This Report) 21. No. of Pages
NTIS / 2
20. Security Class (This Page) 22, Price
ApR- AP/

(See ANSI-Z39.18)

See Instructions on Reverse OPTIONAL FORM 272 (4-77)
(Formerly NTIS-35)

Department of Commerce






FREQUENCY CONTENT, INTENSITY AND YIELD LEVEL
IN NONLINEAR DYNAMIC RESPONSE
2

3 4

A.T. Derecho,’ M. Igbal,’ S.K. Ghosh,S and M. Fintel

ABSTRACT .

In developing a procedure for the earthquake-resistant design of struc-
tures, a basic requirement is the determination of realistic estimates of
force and deformation demands in critical regions of a structure. An impor-
tant question invoived in the estimation of critical forces and deformations
in structures subjected to earthquake motions is the choice of input motions
to be used in the analyses. The choice of input motion is particularly cru-
cial where comprehensive data on inelastic response 1is desired because the
analyses involve a significant amount of computing time. Thus, only a very
limited number of input motions can be considered.

Three major parameters characterizing earthquake motions affect structural
response. These include intensity, duration and frequency content. The
third, frequency content, appears toc be the least explored, particulariy with
reference to the problem of critical excitation. In this paper, an attempt is
made to characterize input motions in terms of frequency content on the basis
of their 5%-damped velocity response spectra as ‘"peaking" and "broad band".
Results of analyses for isolated structural walls having different fundamental
period and yield level are presented. These results 1indicate the dependence
of the critical response on the frequency content of the input motion and the
yield level of the structure. The relationship of intensity and frequency -
content in determining the critical input motion for a structure with a spec-
ified yield level is also discussed.

INTRODUCT ION

The economic provision of adequate stiffness, strength and deformation
capacity in earthquake-resistant structures depends on a realistic assessment
of the maximum forces and deformations that are 1ikely to occur during the
expected 1ife of the structure. For a particular site, wide variations in the
character of the free field motion can occur as a result of variations in the
source location, mechanism, and the transmission path properties. This varia-
tion would be greater if the potential earthquake foci were widely separated.
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Variation in the character of the ground motion at a site indicates the
desirability of considering a number of representative input motions when
undertaking an analysis to determine the 1ikely maximum response of a partic-
~ular structure. However, where inelastic analyses (considered essential in a
determination of deformation or ductility reguirements} are concerned, only a
very limited number of such runs are economically feasible. In recognition of
this limitation, it appears desirable to develop a means of classifying accel-
erograms into broad categories according to selected basic properties. - Such
classification permits reasonable estimates of the maximum response of struc-
tures to potential earthquakes on the basis of a limited number of analyses.

GROUND MOTION PARAMETERS

Insofar as dynamic structural response is concerned, the principal ground
motion parameters are intensity, duration, and frequency content. Intensity
is used as a characteristic measure of the amplitude of the acceleration
pulses in a record. Duration refers to the length of the record during which
relatively large amplitude pulses occur, with due allowance for a reasonable
build-up time. The frequency characteristics of a given ground moltion have to
do with the energy content of the component waves making up the motion.

The effects of intensity and duration on dynamic structural response have
been studied by other investigators (1). However, very 1ittle has been done
to determine the effect of the frequency characteristics of the input wmotion,
particularly with respect to the the selection of appropriate input motions.

This report presents the results of dynamic nonlinear analyses of isolated
structural walls with hysteresis loops characterized by a stiffness that de-
creases with increasing amplitudes of inelastic deformation. Particular at-
tention is focused on the interdependence of the freguency content and inten-
sity of the ground motion with the yield level of the structure in producing
critical or near-maximum response.

For this investigation, a duration of 10 seconds was used in the analy-
ses. The intensity of the input motion was measured in terms of the "spectrum
intensity”, i.e., the area under the velocity response spectrum between bound-
ing values of the period representing the Timits of the period range of inter-
est. In this case, the range is from 0.10 to 3.0 seconds.

Frequency Characteristics

The importance of knowing the frequency characteristics of a given input
motion lies in the phenomenon of resonance or quasi-resconance. This occurs
when the frequency of the exciting force or motion approaches the freguency of
the structure. Near-maximum response to earthquake excitation can be expected
if the dominant frequency components occur in the same frequency range as the
dominant effective frequencies of the structure.

A convenient way of studying the frequency characteristics of an acceler-
ogram is provided by the Fourier amplitude spectrum (2). This spectrum pro-



vides a frequency decomposition of the accelerogram, indicating the amplitude
(in units of velocity - a measure of the energy content) of the component at a
particular frequency. Another commonly used measure of the frequency content
of an accelerogram is the velocity response spectrum (3). This 4s a plot
showing the variation of the maximum absolute value of the relative velocity
of a linear single-degree-of-freedom system with the undamped natural period
(or freguency) when subjected to a particular input motion. Figure 1, from
Ref. 3, shows the relative velocity response spectra for the N-S component of
the 1940 E1 Centro record, for different values of the damping factor. The
dashed curve in Fig. 1 is the corresponding Fourier amplitude spectrum. As in
the Fourier spectrum, the peaks in the velocity response spectrum reflect con-
centrations of the input energy at or near the corresponding frequencies.

Although both Fourier amplitude and undamped velocity response spectra
exhibit a jagged character, with peaks and troughs occurring at <close inter-
vals, it is usually possible to recognize a general trend in the overall shape
of any particular curve. By noting the general shape of the spectrum in the
frequency range of interest, a characterization of the input motion in terms
of freguency content can be made. While this procedure represents a rather
crude method for classifying accelerograms in terms of frequency content, it
nevertheless provides a sufficient basis for determining the potential sever-
ity of a given input motion in relation to a specific structure.

In this study, where a viscous damping coefficient of 0.05 of critical for
the first mode was used as the basic value for the dynamic analysis model, the
5% damped velocity response spectra corresponding to 10 seconds of a number of
representative records were examined. On the basis of this examination, the
following two general categories were recognized: :

(1) a "peaking" accelerogram with a spectrum exhibiting dominant frequen-
cies over a well-defined period range. The N-S component of the 1940
E1 Centro record is an example of this class.

(2) a "broad-band" accelerogram with a spectrum that remains more or less
flat over the period range of interest. The vertical component of
the 1940 E1 Centro record may be classified under this category.

- A sub-class of the broad-band category is a record with a spectrum
which increases with increasing perjod within the period range of
interest. This may be referred to as a "broad-band ascending"
accelerogram. The E-W component of the 1940 E1 Centro record is
representative of this type of record.

The above two cases are illustrated schematically in Fig. 2.

For a linear structure, or 2 structure that experiences only limited
yielding under ground excitation, a peaking accelerogram is likely to produce
a stronger response than a broad-band motion of the same intensity and dura-
tion. In this context, a peaking accelerogram is taken to mean one with a
velocity spectrum that has its peak approximately centered about the initial
fundamental period of the structure considered.



In structures where yielding significantly increases the effective period
of vibration, the effect of the dominant frequency components 1in a peaking
accelerogram diminishes as the effective period of the structure moves beyond
the peaking range. For such a structure, a broad-band accelerogram of the
same intensity is more likely to produce the critical response.

DYNAMIC ANALYSIS OF ISOLATED STRUCTURAL WALLS

To determine the effect of "peaking" and "broad-band" accelerograms, dy-
namic analyses were carried out on isolated structural wall models wusing the
computer program DRAIN-2D (4). Three sets of analyses were made, as described
in Table 1. A total of five accelerograms were used. The corresponding 5%-
damped velocity spectra are shown in Fig. 3.

The accelerograms used in Sets (a) and (b), listed in Table 1, were nor-
malized with respect to intensity to 1.5 times the b5%-damped spectrum inten-
sjty of the N-S component of the 1940 E1 Centro record, which 1is referred to
as SI of - Those used in Set ({¢) were normalized to 0.75 times SI of.*
Intenglgy normalization factors are listed in Table 1. The entries in' gﬁe
fourth column of Table 1 indicate the classification of the accelerogram as
peaking or broad-band relative to the initial fundamental period of the struc-
ture considered.

The isolated structural wall considered in the analyses is assumed to form
part of a hypothetical 20-story building consisting of a <series of parallel
walls, as shown in Fig. 4. The moment-rotation relationship for the wall is
characterized by a decrease in the reloading stiffness with increasing defor-
mations beyond yield. The structure, as well as other aspects of the results
are described in more detail in Reference 5. To save on computer time with
1ittle sacrifice in accuracy of results, the 12-mass model shown 1in Fig. 4b
was decided upon after some preliminary analyses. .

DISCUSSION OF RESULTS

. Set (a). Envelopes of response values for a structure with a period of
1.4 sec. and a yield level, M_ = 500,000 in-kips (56,490 kN-m), are shown in
Fig. 5. Figures 5a and b indYcate that the E-W component of the 1940 E1 Cen-
tro record, classified as "broad-band ascending" with respect to frequency
characteristics, produces relatively greater maximum displacements and ductil-
ity requirements than the other three input motions considered. However, the
same record produces the Teast value of the maximum horizontal shear. The
artificial accelerogram S1 produces the largest shear. Because all the struc-
tures yielded and the slope of the second, post-yield branch of the assumed
moment-rotation curve is relatively flat, the moment envelopes for this case
do not show any significant differences among the four input motions used.

It is significant to note that as yielding progresses and the effective
period increases, it is the "broad-band ascending" type of accelerogram (in
this case, the £1 Centro E-W component) that excites the structure most
severely. Response to the other types of accelerogram--and particularly the
peaking accelerograms--tend to be Tess severe. An indication of the change in



fundamental period of a structure as the hinging region progresses from the
first story upward is given by Fig. 6, for different values of the yield
stiffness ratio. This figure is based on the properties of a structure with
initial fundamental period, T1 = 1.4 sec.

Set (b). To determine the effects of freguency characteristics for
short-period structures with relatively high yield levels, a "peaking" accel-
erogram (N-S component of the 1940 E1 Centro) was considered. For this set, a
structure with fundamental period, T1 = 0.8 sec. and a yield level, M,6 =
1,500,000 in-kips {169,470 kN*m), was assumed. y

Figure 7 shows response envelopes for this set. As can be seen, the peak-
ing accelerogram consistently produces a greater response 1in the structure
than a broad-band record. A comparison of Fig. 7c and Fig. 5c indicates that
the ductility reguirements are significantly less for this structure with a
high yield level. In addition, yielding does not progress as high up the wall
as in the case of the structure with period T1 = 1.4 scec. and a Tow yield
Tevel.

The greater response of the structure under the N~S component of the 1940
E1 Centro (peaking) foliows from the fact that the dominant frequency compo-
nents for this motion occur in the vicinity of the period of the structure.
In this region the E-W component has relatively Tow-power components. Also,
because of the high yield level of the structure, yielding was not extensive,
particularly under the E-W component. Apparently, the effective period of the
yielded structure did not shift into the range where the higher powered compo-
nents of the E-W motion occur.

Set {c). In the third set, the same structure considered in Set (a) was
used but with the intensity of ground motion reduced by one-half. The two
motions used were the 1971 Pacoima Dam, S16E record (peaking) and the 1940 E1
Centro, E-W (broad-band).

Calculated envelopes of response are shown in Fig. 8. = These support the
observation that when yielding in a structure is not extensive enough to cause
a significant increase in the effective period, the peaking type accelerogram
is likely to produce the more critical response. Figure 8 (¢) shows that in
this case, yielding in the structure does not extend far above the base when
compared to Set (a) where the input motion was twice as intense. It will be
noted that in Set {a), the 1940 El1 Centro, E-W motion (a broad-band acceler-
ogram} with 1ntens1ty equal to 1.5 (SI } represented the critical motion,
while the Pacoima Dam record (a peaklng £6t1on ) produced a relatively smaller
response. By reducing the intensity of the motions by one-half in Set (¢),
yielding in the structure is significantly reduced. Consequently, the Pacoima
Dam record becomes the more critical motion, as shown in Fig. 8.

SUMMARY

The extent of yielding in a structure is influenced by the yield Tlevel,
, as well as the intensity of the input motion. For this reason, both
pXrameters should be taken into account when selecting the appropriate type of
motion to use as input with particular reference to frequency characteristics.




In selecting an input motion for use in the analysis of a structure at a
particular site, the probable epicentral distance and the intervening geology
should be considered. These considerations, which affect the frequency con-
tent of the ground motion at a site, may logically reduce the possibility of
dominant components occurring in certain frequency ranges. High-frequency
components in seismic waves tend to be attenuated more rapidly with distance
than the low-frequency components. In view of this, it is reasonable to ex-
pect that beyond certain distances (depending on the geology of the area),
most of the higher-frequency components from a. given source will be damped
out. Where this occurs, only the low- frequency (tong-period) components need
be considered. '
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