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ASCE POLICY ON TECHNICAL NOTES

To provide a place within ASCE for publication of technical ideas that have not, as yet,
advanced to the point where they warrant publication as an ASCE Proceedings Paper in a
Division Journal, the publication of Technical Notes was authorized by the Board of Direction
on October 16-18, 1967, under the following guidelines:

1. An original manuscript and two copies are to be submitted to Editor of Technical
Publications, 345 East 47th Street, New York, N.Y., 10017, along with a request by the author
that it be considered as a Technical Note.

2. The two copies will be sent to an appropriate Technical Division for review.
3. If the Division approves the contribution for publication, it shall be returned to Society

Headquarters with appropriate comments.
4. The technical publications staff will prepare the material for use in the earliest possible

issue of the Journal, after proper coordination with the author.
5. Each Technical Note is not to exceed 4 pages in the Journal. As an approximation,

each full manuscript page of text, table, or illustration is the equivalent of one-half a Journal
page.

6. The Technical Notes will be published in a special section at the end of each Journal.
7. Information retrieval abstracts and key words will be unnecessary for Technical Notes.
8. Discussers are encouraged to communicate directly with the authors of Technical Notes,

as there will be no provision for the publication of discussion.
9. Digests of Technical Notes will not be published in Transactions.

10. Technical Notes will be included in ASCE's annual and cumulative subject and author
indexes.

The manuscripts for Technical Notes must meet the following requirements:

a. Titles must have a length not exceeding 50 characters and spaces.
b. The author's full name, Society membership grade, and footnote reference stating present

employment must appear on the first page of the manuscript. However, authors need not
be members of the Society.

c. The manuscript is to be submitted as an original copy (with two duplicates) that is typed
on one side of 8-1/2 in. by II in. white bond paper.

d. Mathematics arerecomposed from the copy that is submitted. Because of this, it is necessary
that letters be drawn carefully, and that special symbols be properly identified. The letter
symbols used should be defined where they first appear, in the illustrations or in the text.

e. Standard definitions and symbols should be used. Reference should be made to the lists
published by the USA Standards Institute and to reports from ASCE Divisions.

f. Tables should be typed double spaced (an original ribbon copy and two duplicate copies)
on one side of 8-1/2 in. by 11 in. paper. Specific illustration and explanation must be made
in the text for each table.

g. Illustrations must be drawn in black ink on one side of 8-1/2 in. by II in. paper. Because
illustrations will be reproduced with a width of between 3 in. and 4-1/2 in., the lettering
witit the tx fo r eanch te ra lo.ion . t uw -Mh E-Inntinns -n A.scrie miast be -Ac
within the Iext for each illustration.

DEFINITION OF STATISTICALLY INDEPENDENT

TIME HISTORIES

By Chang Chen'

INTRODUCTION

The time history method has been one of the analytical tools applied in the
seismic resistant design of nuclear power plant facilities. However, due to the
erratic nature of ground motions, it is currently not possible to predict the
time histories of future earthquakes. Furthermore, as a conservative approach,
the basic input criterion in the nuclear industry is the smoothed design response
spectra that represent the mean value plus one standard deviation of the calculated
spectra of some selected strong motion accelerograms- (4). Thus, when the
time-history method is used, the input time history is required to have response
spectra consistent with the design response spectra. One way of achieving this
is to use a strong motion accelerogram and to normalize it such that the valleys
of the zigzag response are consistent with the design response spectra. This
is too conservative for the frequency regions where peaks of the zigzag response
spectra occur.

Another method is to use all the strong motion accelerograms, selected in
Ref. 4, as input one after the other and to take the mean value plus one standard
deviation of the responses for design. This method is good for research but
not practical for daily design work because of its high cost and time-consuming
nature. The third technique is to use an ensemble of artifical time histories
that possess an average ensemble response spectra consistent with the design
response spectra. Ref. 5 gives a detailed survey and theory of generating these
kind of artificial time histories. This method is sound in theory, but has the
same drawback as the second method previously mentioned.

As necessity is the mother of invention, the nuclear power industry is now
using an artifice of artificial time history with response spectra closely matching
the design response spectra as input. This artifice can be generated either by
suppressing or amplifying locally the spectra of a time history, or by an iteration
method in generating the artificial time history (1).

Since three orthogonal components of earthquakes occur simultaneously, it
is recommended that one either combines the responses from each of the three
component inputs by the root-sum-square method or input the three independent
components simultaneously (4). When considering simultaneous input of multiple
components the term "statistically independent component time histories" has
been used in the draft of the Seismic Task Group of ASCE Nuclear Structures

Note.-This paper is part of the copyrighted Journal of the Structural Division,
Proceedings of the American Society of Civil Engineers, Vol. 101, No. ST2, February,
1975. Manuscript was submitted for review for possible publication on July 8, 1974.
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and Material Committee, the draft of American Society of Mechanical Engineers
(ASME) Task Group on Dynamic Analysis, and the draft of Institute of Electrical
and Electronics Engineers (IEEE) Guide for Siesmic Qualification of Class IE
Equipment for Nuclear Power Generating Stations. Until now, the criterion
of statistical independence of time histories has not been clearly defined. Thus,
it is the intention of this note to define the statistical independence of artificial
time histories.

METHOD OF ANALYSIS

For the purpose of this analysis, the statistical independence of two variables,
x,(t) and x2(t), is judged by the normalized covariance or correlation coefficient
(2)

E[(xl - ml)(x2- -2)]
P12= . . ( 1 ) . . . . . . . .

p, 2 =

in which E = the mathematical expectation; and m,, m2, avs and a2 = the
mean values and standard deviations of x, and x2, respectively. Strictly speaking,
the statistical independence is satisfied only when the correlation coefficient,
P,2, is zero. Since we know this is not a realistic criterion, the rational approach
is to calculate the statistical properties of the correlation coefficients of the
recorded strong motion accelerograms.

The input data used for this analysis are the 312 baseline corrected strong
motion accelerograms written on a magnetic tape (3). Since each site has three
components designated as H,, H2, and V, the 312 accelerograms represent records
-at 104 sites. The correlation coefficients for Hi and H2 , H, and V, and H2

TABLE 1.-Statistical Properties of Correlation Coefficients for Strong Motion Acce-
lerograms Recorded at 104 Sites
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and V are calculated for all 104 sites and their statistical properties are shown
in Table I.

Since the characteristics of strong motion accelerograms are affected in a
complex manner by the source mechanism, travel path, and local geology (1),
the method of selection of the strong motion accelerograms may influence the
reswu!ts. Thus, th bslt means of the cereantin cfftf~c..t~sarc PiSO alCU~:d

for those strong motion accelerograms selected in Ref. 4. However, those strong
motion accelerograms in Ref. 4 are not baseline corrected. Hopefully, this will
not influence the results. Of the 17 records selected by Blume, et al., only
12 are available in Ref. 3 and 13 of the 14 records used by Newmark, et al.
are available in Ref. 3. Thus the values in Table 2 are based on the data available
in Ref. 3.

CONCLUSIONS

Even though the numbers of accelerograms selected in Tables I and 2 are
quite different, the calculated absolute means of the correlation coefficients
are not too much different. Based on this study, it is recommended that the
statistically independent artificial time histories should be those with the absolute
correlation coefficients less than or equal to 0.16. As a word of caution, because
the artificial time history with response spectra closely matching the single
degree-of-freedom design response spectra is nonunique, the application of this
artifice to more complicated structures with several dominant modes should
be exercised with care (I).

APPENDIX.-REFERENCES

1. Chen, C., "Seismic Resistant Design of Safety Class Structures and Equipment,"
presented at the December 17-18, 1973, ASCE Specialty Conference on Structural
Design of Nuclear Power Plant Facilities, held at Chicago, Ill.

2. Crandall, S. H., and Mark, W. D., Random Vibration in Mechanical Systems, Academic
Press, New York, N.Y., 1963.

3. Hudson, D. E., et al., "Strong-Motion Earthquake Accelerograms; Digitized and Plotted
Data, Vol. 11, Corrected Accelerograms and Integrated Ground Velocity and Displace-
ment Curves, Part A-F," California Institute of Technology, Pasadena, Calif., 1971.

4. Newmark, N. M., Blume, J. A., and Kapur, K. K., "Design Response Spectra for
Nuclear Power Plants," presented at the April 9-13, 1973, ASCE National Structural
Engineering Meeting, held at San Francisco, Calif.

5. Saragoni, G. R., and Hart, G. C., "Simulation of Artificial Earthquakes," Earthquake
Engineering and Structural Dynamics, Vol. 2, Jan.-Mar., 1974, pp. 249-267.

True Standard Absolute Absolute Absolute
Components mean deviation mean maximum minimum

(1) (2) (3) (4) (5) (6)

Hi, H2  0.0029 0.2116 0.1632 0.6801 0.0014
Hi, V 0.0187 0.1774 0.1387 0.4957 0.0004
H2, V 0.0055 0.1841 0.1321 0.7430 0.0005

TABLE 2.-Absolute Means of Correlation Coefficients of Strong Motion Accelero-
grams (4)

| 12 of 17 accelerograms | 13 of 14 accelerograms
Components selected by Blume, et al. selected by Newmark, et al.

(1) (2) (3)

HI, H2  0.1258 0.1481
HI, V 0.1493 0.1241
H2, V 0.1420 0.1368


