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SYNOPSIS

The performance of critical facilities at the Lawrence Livermore
Laboratory (LLL) are being evaluated for severe earthquake loading. Facili-
ties at Livermore, Site-300 and the Nevada Test Site are included in this
study. These facilities are identified, the seismic criteria used for the
analysis are indicated, the various methods used for structural analysis
are discussed and a summary of the results of facilities analyzed to dste
are presented.

INTRODUCTION

The San Francisco Operations Office of the U.S. Energy Research and
Development Administration has requested LLL to investigate the earthquake
hazard associated with its critical facilities at its three sites. These
sites include the main Laboratory complex in Livermore, California, the
High Explosive Test Complex (Site-300), near Tracy, California, and the 410
area of the Nevada Test Site, outside of Las Vegas, Nevada.

The approach taken to determine the seismic hazard associsted with
these critical facilities has been divided into five msin areas: 1) se-~
lection of critical facilities for evaluation, 2) a geological and seismo-
logical review to determine the potential seismic hazard at each site, 3)
an estimate of the ground motion that could result at each site. This
ground motion is expressed as a free field peak acceleration and a respqnse
spectra. 4) A structural analysis of each facility, and 5) an assessment of
the structural integrity of each facility with recommendations for
modifications if necessary.

All of the information §enerated by this study is being incorporated
into Safety Analysis Reports® which are being prepared for each facility.

SELECTION OF CRITICAL FACILITIES

Critical facilities are defined as those facilities which have a
potential for release of radiocactive materials. The safety criteria used
for selecting these facilities is based on that established by the U.S.
Nuclear Regulatory Commission for power reactors? and the U.S. Energy
Research and Development Administration for plutonium facilities.® Table 1
lists the facilities being reviewed at each site. All these facilities
except the firehouses contain radiocactive experiments where damage
resulting from an earthquake could involve the exposure of a large number of .
people to excessive radiocactive hazard. The integrity of these facilities
is essential to the health and safety of the public.

ICivil Engineer, Lawrence Livermore Laboratory, University of California,
Livermore, California.
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GEOLOGICAL AND SEISMOLOGICAL REVIEW

The location of potential earthquakes that could affect a given site
in the western U.S. is usually associated with active faults. Active fault
locations at LLL sites were determined by a thorough review of both the
geology and seismicity of the area surrounding the sites.*?>?

Determination of potential earthquake magnitude is based primarily on
empirical correlations. The complete characterization of earthquaxe sources
involves parameters such as length of rupture, offset, area of faulting sur-~
face, stress drop, and rock strength. In practice, correiations between
rupture length and earthquske magnitude are usually emphasized. Using such
correlations the earthquake magnitudes and associated active faults for the
three sites are summarized in Table 2.

GROUND MOTION ESTIMATES

Three methods are usually used to specify the ground motion resulting
at a given site. The first uses recorded surface motions from past earth-
quakes to extrapolate directly surface motions at some epicentral distance.
Such extrapolated motions are sometimes modified to account for local site
conditions. The second method estimates the bedrock motion underlying the
site of interest and then uses detailed site properties to compute the sur-
face motion. The third method, used for shorter epicentral distances, makes
estimates directly from empirical correlations.

A11 three methods were used to determine design earthquakes for the
sites. TFigure 1 shows the response spectras for the design earthquakes se-
lected, and are referred to as safe shutdown earthquakes (SSE). These
earthquakes estimate the most severe horizontal ground motion for the sites.
The SSE is intended for the design and investigation of critical structures,
associated equipment, and ventilation, fire protection, and utility systems.
Vertical ground motions arz considered to be two-thirds of the horizontal
SSE values.

STRUCTURAL ANALYSIS

Our structural analysis generally involves three steps: selection of
the method of analysis, development of a calculational model, and analysis
and interpretation of results. The method of analysis chosen requires
consideration of the nature and importance of the structure, the consequence
of failure, and the type of structural system being analyzed. Becatse
seismic damage could result in the exposure of a large number of people to
an excessive radioactive hazard, safety is of paramount importance. There-
fore, our analysis must be as reliable and accurate as possible. In
addition, the different facilities being analyzed have a great variety of
structural systems: rigid frame, braced frame, shear wall, arch and shell.
Some structures are embedded or fully-buried. The calculational model must
be capable of capturing the response characteristics of these structures.
This is done through an accurate representation of the structural stiffness
and mass distribution with damping and application of exciting forces
properly handled.

Methods of analysis that we normally employ include equivalent static,
spectral response, and time history analyses. These latter two methods are

2646



dynamic and therefore include possible amplification effects of the input
-ground motions. They can also include inelastic effects if desirable. For
very stiff structures (period < 0.1 sec), the equivalent static approach is
usually adequate. For more flexible structural systems (period 0.1 to 2.0
sec), possible dynamic amplification effects must be examined.

ASSESSMENT OF STRUCTURAL INTEGRITY

Analysis of approximately 50% of these facilities is complete (refer
to Table 1 and references T-1L). These structures were typically designed
by the Uniform Building Code (seismic coefficient = ZKC = 0.133 to 0.20)
and performed well when subjected to the more severe seismic motion imposed.

Most of the inadequacys observed to date were found in connection
details. Typically problems occurred in roof-to-wall connections. Careful
design of these connections had not been done. Another common occurrence
was the increase in roof loading due to the addition of mechanical and
electrical equipment. In many cases the roof mass was increased without
consideration of the effect of earthquake loading.
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DISCUSSION

H. Shibata (Japan)

In Japan we think that strength or intensity of earthquake
should be expressed in the maximum ground velocity instead of
the maximum ground acceleration.

How much the maximum ground velocity of the cases of site
300 and 410 Area of Nevada Test Site ? '

Some geologist said the upper bounded value of the maxi-
mum ground velocity might be 40 cm/sec. On the rock surface,
otherwise that of Pacoima Dam is estimated over 100 cm/sec
by the group of cal. tech.

Author's Closure

Not received.
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