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PREFACE

The Pacific northwest, particularly the Puget Sound lowland area, has historically
experienced damaging earthquakes. These occur at a recurrence interval of roughly thirty-
five years, with the most recent in 1965 and the largest preceeding one in 1949, but with
earthquakes causing damage in 1945 and both damage and loss of life in 1946.

While recurrence in this region is not as frequent as in the more seismic regions
of California, the possibility of damage and loss of life is still significant. In spite of this,
little has been done in the region to accomplish the instrumentation of buildings.

In California the USGS instrumentation program has been directed towards special
classes of buildings, since typical buildings are being instrumented by the California State
program. In the Puget Sound region, by contrast, the program will be aimed at a good
pattern of structures of varied framing systems, distributed geographically and with respect
to variations in soil and geological formations, as well as seeking a spatial distribution to
augment understanding of the ground motions and attenuation.

The report which follows represents the efforts of a group of interested individuals.
They have been generous in the donation of their time to this project in the interest of
improving both our understanding of regional seismicity and structural response. This
comprehensive effort could not have been realized without the diligence of Mr. Bruce
Olsen, Chairman of the Committee, and of Mr. Paul Grant, who detailed all soil-related

recommendations.
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1.0 INTRODUCTION

1.1 The Need for Instrumentation

Effective earthquake hazard mitigation is dependent on many different factors.
Community and regional recognition of the existing risk, and political acknowledgment
of the importance of hazard mitigation are paramount. Application of effective seismic
codes in building construction, emergency preparedness for response, and public education
concerning the risk are other key factors in hazard mitigation. Technical knowledge both of
ground motion and of the response of structures is critical in making structures earthquake
resistant. Regional variations in seismicity and in geological formations make regional
investigation important.

Seismic codes are aimed primarily at life safety and only secondarily at protection
of property. They are dependent on a thorough understanding of structural behavior
under strong ground motion. Observation of earthquake damage has provided much
initial guidance for conditions to be avoided, and areas to be strengthened. This has
been augmented by laboratory testing; however, information obtained from strong-motion
instruments is still essential to completing the circle.

Much has been learned from seismic experience with instruments located in
California and elsewhere. This has permitted advances in design methods and the
confidence with which the methods can be employed, but there is still inadequate
information concerning nonlinear action, largely due to unavailability of data. It is
therefore desirable to expand the possible sources of new data in order to provide future
information of more value in the preparation of seismic codes. A broader geographic
distribution of instrumentation in areas of known seismicity improves the probability of
obtaining useful information and of increasing the body of data needed to improve seismic

design.
1.2 Participants in Instrumentation Programs

Many Federal agencies participate in the instrumentation of structures, including;:

Department of the Army, Corps of Engineers
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Department of the Navy, Civil Engineer Corps
U.S. Geological Survey

U.S. Bureau of Reclamation

Federal Highway Administration

Veterans Administration

While much of the instrumentation work is coordinated by the U.S. Geological Survey,
overall direction of the National Earthquake Hazard Reduction Program is the responsi-
bility of the Federal Emergency Management Administration.

In the state of Washington, bridge instrumentation programs are underway by the
Washington State Department of Transportation (WSDOT), while dams are instrumented
under a program of the Corps of Engineers, and Veterans Administration Hospitals are
instrumented under that agency. Only one city, Tacoma, has developed an instrumentation
program and this was developed in collaboration with USGS. In spite of major rapid growth
in population and in structural density, none of the other large cities in the region have

undertaken such public-safety-conscious action.
1.3 Objectives of the Instrumentation Program

The objective of this instrumentation program is to develop a network of
instrumented structures over a broad seismic region to improve the chances of having
instrumented structures so located as to secure useful information when a strong
earthquake occurs. The total network should incorporate existing or added free-field
stations to augment the information needed by the research and design communities.
Resulting earthquake records obtained from such a network will be of great value to the
interested professions in improving design practice, and furthering the safety of the region
through ultimate improvement of design methods and regulations. This system of well-
instrumented buildings, combined with a suitable array of existing or augmented ground
stations, will serve the research needs of the earth sciences community in establishing a
better understanding of regional strong ground motion.

Information obtained from a well-instrumented structure with a complete set of

recordings augmented by ground stations can provide useful information to:
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® check the appropriateness of the dynamic model which was used in design

in the elastic range;

® determine the importance of non-linear behavior on the overall as well as

the local response of the structure;

m follow the spreading non-linear behavior throughout the structure as the

response increases, and frequency and damping vary;
® correlate damage or damage patterns with inelastic behavior;

® establish ground-motion parameters that correlate well with building

response damage;

® provide information which may lead to recommendations to improve

seismic codes; and

® assist in identifying source mechanisms, focusing effects or other critical

matters.

1.4 Objectives of the Advisory Committee

In the assignment of members of the committee each received a letter containing
the following paragraph:
“The Advisory Committee will be asked to develop a list
of potential structures (buildings, bridges, tanks, lifeline
structures, etc.) which are deemed important such that if
instrumented, the engineering community can benefit from
studying data acquired during strong-motion events. After
the list is developed, the next step would be to prioritize

these structures for recommendations to the USGS for
instrumenting.”

In order to provide information of broad usefulness, the building instrumentation should
be augmented by coordination with existing ground stations or relocated ground stations.
This will provide improved seismological information with regard to ground motion of
a broad regional area. To this end the members of the committee with earth sciences

backgrounds have taken a broader view of their assignment.
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1.5 The Scope of the Report

In conformance with the initial charge to the committee, the report is basically
limited to providing a list of structures found by the committee to be appropriate for
instrumentation. Priorities have, in turn, been established for these structures. These
priorities are related to the building type and characteristics. They also take into
consideration the geological, geotechnical and seismological aspects of its siting. This will
provide not only useful structural information, but simultaneously and with essentially
no added cost will furnish better regional seismological data. However, additional

recommendations pertaining to ground stations are also included within the report.
2.0 SITE SELECTION PROCESS

2.1 Purpose

A thorough and comprehensive seismic instrumentation program in the Pacific
northwest may provide a wealth of data on the behavior of structures following a strong
earthquake. This data would be of interest to both earth scientists (geotechnical engineers,
geologists, and seismologists) as well as structural engineers. Earth scientists would benefit
from the results of such a program by gaining a better understanding of earthquake source
mechanisms, travel paths, the effects of local geology on site response, and significant
conditions resulting in soil-structure interaction. Similarly, structural engineers would
benefit from a better understanding of the earthquake performance of different types of
structural systems.

Accordingly, the selection of sites for instrumentation must consider the different
needs of earth scientists as well as structural engineers. The following section of the report
addresses the needs of practitioners and researchers in the earth science field, and criteria
will be developed for instrument deployment to meet the needs of those who will utilize
the data acquired. These criteria, when combined with a ranking scheme for addressing
the needs of the structural engineering community (Section 3.0), provides a comprehensive

basis for selecting instrumentation locations.
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From an earth sciences perspective, the following factors must be considered in

selecting sites for instrumentation:
s research needs within the seismological and engineering communities;
® seismic activity and risk to the population at large;
® existing accelerographs within the region; and
® funding constraints for instrumentation installation and operation.

Based upon these considerations, a scheme was developed for deploying instru-
ments at specific sites to provide information on soil-structure interaction and other ef-
fects. As an extension of this effort, the existing USGS instrumentation program of ground
stations within Washington state was reviewed and critiqued for station coverage and po-

tential station relocations. The results of these studies are subsequently discussed.

2.2 Research Needs

Valuable seismological and engineering data may be obtained through the judicious
selection of sites for strong ground-motion instrumentation. Appropriate deployment of
instruments could provide information on the following:

® source mechanism
® travel path
® focusing (topography/structural discontinuities)

® ground-motion characteristics (peak ground-motion values and response

spectra)
—variation with magnitude
—variation with source distance
—variation with soil conditions
® soil/structure interaction effects
—Tresonance
—Dboundary conditions

—rocking effects



2.3 Previous Studies

Previous studies have been accomplished by others for siting strong ground-motion
accelerograph stations in California (Celebi et al., 1984; Borcherdt et al., 1984). In both
of these studies, instrument deployment was based considering the proximity of active
faults and the expected severity of ground shaking at the instrumented site. Instruments
were then deployed adjacent to fault systems having the highest probability of earthquake

activity.
2.4 Seismicity Considerations

The techniques which were applicable for locating strong ground-motion instru-
ments in California are not entirely appropriate for Washington state, as the local seismicity
is not typically related to known surface faults. Thus, any instrumentation program for
Washington must consider the unique aspects of the tectonics and seismicity of the region
as a basis for instrument deployment.

While the committee was specifically tasked with providing recommendations for
instrument deployment in the Puget Sound area, it is useful to review the seismicity of
the state of Washington to provide a more complete picture of the tectonics in the Pacific
northwest. Thus, for the purposes of this report, the seismicity and tectonics of eastern
and western Washington will be reviewed as a basis for establishing guidelines for the
instrument deployment scheme.

In many respects, the seismicity of eastern Washington may be similar to that
found in California. Specifically, earthquakes in eastern Washington typically occur at
shallow depths. While some of these events can be associated with known faults which have
established activity or movement rates, most of the events are associated with structural
features such as anticlines. Because these features are not associated with surface faults,
it is not possible to reasonably estimate earthquake recurrence rates based solely upon
geological considerations. While this complicates the assessment of seismicity in eastern
Washington, the issue is somewhat mitigated by the fact that faults in eastern Washington
do not appear capable of producing major earthquakes. Furthermore, the area has a low

population density and inventory of existing significant structures.
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The seismicity in western Washington is largely concentrated within the Puget
lowland. The Puget lowland is bounded on the east and west by the Cascade range
and Olympic mountains, respectively, and the lowland extends from Chehalis north into
British Columbia. Earthquakes within the lowland typically tend to occur within two
source zones: a shallow zone corresponding to earthquakes with maximum magnitudes of
5 to 6 or less and a deep zone corresponding to moderate earthquakes with maximum
magnitudes typically greater than 6 to 7, based on historic data. Historical earthquake
activity has not been positively correlated with known or inferred surface faults within the
Puget Sound region. Consequently, the earthquake activity appears to be related to plate
tectonic activity beneath the Puget lowland without regard to surface structures. Thus,
the entire Puget lowland could be assessed as a potential earthquake source zone.

Studies of historical seismicity in the Puget lowland suggest that average recurrence
intervals for a magnitude 6 earthquake range from 10 to 70 years (Rasmussen, Millard and
Smith, 1974). The longer recurrence interval was extrapolated from a one-year study
of microseismicity; whereas, the shorter recurrence interval was based on 133 years of
historical data for events occurring within the Puget lowland. A best estimate of regional
seismicity would probably be within these upper and lower bounds.

Based upon the above range of recurrence intervals, it is estimated that a
magnitude 6 earthquake would have a 2 to 10 per cent annual probability of occurrence.
This estimate is based upon a Poisson distribution for earthquake occurrence which does
not consider the last occurrence of a major earthquake.

In addition to earthquakes occurring beneath the Puget lowland, various researchers
have hypothesized that western Washington could experience a subduction zone earth-
quake. This earthquake would likely be centered somewhere near the western coast of
Washington. Research is currently being undertaken to investigate geologic evidence which
may substantiate the occurrence of such a major event prior to written or deduced history
in the region. Although the occurrence of a subduction zone earthquake is speculative at
this stage, various researchers have estimated that a recurrence interval for such an event

would range between several hundred to several thousand years.

As a result of the unique aspects of the seismicity within Washington state, the

7



following conclusions have been derived for formulating an instrument deployment

plan:

1. Based upon historical seismicity and population concentrations, the seismic hazard

in western Washington, specifically the Puget lowland, is significantly greater

than that in eastern Washington. Thus, it is recornmended that strong-motion

instruments be located exclusively within western Washington.

2. Earthquake activity in the Puget lowland appears to be unrelated to known or

inferred faults. Therefore, it is recommended that instruments be deployed within

the region based on spatial considerations.

3. There is significant uncertainty in not only the location of a future earthquake

within the Puget lowland but also the recurrence intervals of large events. In this

regard, it is felt that an extremely costly and extensive instrumentation program

would not be economically justifiable. Therefore, to optimize the resources that

may be available, the development of a systematic program for instrumentation

in which accelerographs are installed on a prioritized basis to meet research needs

and funding restrictions is required.

4. Currently, research is being conducted to evaluate evidence of the occurrence

of subduction zone earthquakes in western Washington outside recorded time.

Since the occurrence of such an event is speculative, it is recommended that

instrumentation to record a potential subduction zone earthquake be considered

separately from the building instrumentation program.
2.5 Site Selection Scheme

2.5.1 Objectives

The objective of the site selection process is to develop an integrated instrument

deployment program that, considering the unique aspects of local seismicity and existing

instrumentation, provides a basis for prioritizing instrument deployment to meet research

needs in the seismological and engineering communities. To achieve this goal, it is

first necessary to review the existing accelerograph stations within the state.  This data

provides a basis for selecting certain structures for instrumentation. The final step is the
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development of a site selection plan which meets current research needs. Elements within

each of these tasks are discussed subsequently.

2.5.2 Existing Instrumentation

A tabulation of existing accelerograph stations within Washington is presented
in Table 1. The locations of these stations are shown in Figure 1. The location of
the instruments shown on Table 1 has been developed from both published (Switzer
et al., 1981; Hayes and Gori, 1986) and unpublished data. This tabulation includes
accelerograph stations owned by the U.S. Geological Survey as well as other agencies.
Sites of existing instrumentation within the state include buildings, bridges, dams, marine
facilities, downhole arrays, and free-field stations. The coordinafes for some of the
U.S. Geological Survey accelerograph stations have been modified from published data to
reflect a more accurate location. Revised station coordinates were obtained from published
literature (Shannon & Wilson and Agbabian Associates, 1980a, 1980b, and 1980c) or from
scaling locations on topographic maps for stations in Seattle. Information on the geological
conditions at each of the accelerograph stations was determined by reviewing geologic maps
and reports for the various regions. The references which are used in this search are cited
in the bibliography.

As indicated in Figure 1, the majority of accelerograph stations in Washington are
concentrated in the Puget lowland. This deployment of existing instrumentation correlates
well with historical seismic activity within the state which is shown on Figure 2.

The data provided in Table 1 was used to prioritize structural categories for future

instrumentation. Specifically, existing instrumentation within Washington includes:

Structural Category Instrumented Locations
Buildings 32
Bridges (overpass structures) 3
Dams 8
Other 4

From the above findings it was concluded that both dams and highway overpasses are

relatively well instrumented considering the number of structures of this nature which exist
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within the state. Thus, it is our opinion that the strong-motion instrumentation program

should focus upon instrumenting only buildings.

2.5.3 Selection Scheme

Having inventoried the existing accelerograph stations within the state and concluded
that the instrumentation program should be confined to buildings, it is next necessary to
establish a framework for deploying the instruments to meet the research needs previously
discussed. The following elements, which will be discussed subsequently, provide a

frameworking for instrument deployment:
® location
® soil condition
® potential soil/structure interaction effects
—resonance
—Dboundary conditions
—foundations

® focusing

2.5.3.1 Location

Due to the lack of correlation of seismic activity with known faults within western
Washington, a spatial separation of instruments will be required to provide information
on the source mechanism, travel path, and attenuation of maximum ground motions and
response spectra for the earthquake recording sites. Instruments should be deployed to
accomplish three separate goals. First, a select group of sites should be instrumented in
the Seattle/Bellevue area to provide a multiplicity of information on frequency content and
soil-structure interaction effects. Secondly, sites in outlying areas should be instrumente
to provide adequate coverage for recording local earthquakes within the Puget lowls
This would necessarily require establishing recording stations in an east-west as W

north-south array through the Puget lowland. The third goal for the spatial distry
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of stations is to provide adequate coverage for the potential occurrence of a subduction
zone earthquake. This would necessarily require locating instruments on the Olympic
Peninsula, which would be close to the source of such an event.

The above goals may be accomplished by both single and multiple instrumentation
at recording sites. Sites with multiple instruments are appropriate for locations in the
Seattle/Bellevue area where studies of special subsurface effects such as soil-structure
interaction will be accomplished. Sites where single instruments will be appropriate
correspond to conditions where only one parameter may be studied, such as ground-motion

characteristics from either a local or subduction zone earthquake.

2.5.3.2 Soil Conditions

To evaluate the influence of soil conditions upon the values of recorded peak ground
motion and response spectra, it is recommended that ground level instruments be deployed

at locations having the following soil types:
® alluvium—more than 150 feet deep
® glacial deposits—glacially consolidated silts, clays, and outwash sands and gravels

® rock

It is recommended that instruments to study the effects of each of the three soil
types be located relatively close to one another to minimize differences in ground motion
due to different travel paths of the earthquake waves or focusing effects. If possible, it
is recommended to provide instrumentation on all three soil types in both Seattle and
Olympia. This type of information would be useful in developing microzonation guidelines

based upon geologic units.

2.5.3.3 Soil-Structure Interaction Effects

Resonance. It is recommended that instruments be deployed to study potential
effects of soil-structure resonance. A condition of resonance exists when the fundamental
period of the soil deposit underlying a building matches the fundamental period of the

structure. Resonance effects accounted for extensive damage to structures located in
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Mexico City during the 1985 earthquake. It was typically observed that 15- to 20-
story structures were severely damaged from this earthquake while adjacent 2- to 3-story
structures performed relatively well. Similar earthquake damage patterns have also been
observed in other cities. Additionally, both the Uniform Building Code and the Applied
Technology Council Guidelines for the seismic design of buildings explicitly account for
potential conditions of soil-structure resonance in determining equivalent base shear forces
for the earthquake design of buildings. Thus it would be extremely beneficial to instrument
sites within the Puget Sound area where resonance may occur. Potential study categories

include the following:
® low building/stiff soil (glacial deposits)
® low building/soft soil (alluvium)
® high-rise building/stiff soil
B high-rise building/soft soil

It is recommended that buildings selected for this comparison be located within
reasonable proximity to one another, preferably in Seattle, to minimize differences in
ground motion due to different travel paths of the earthquake waves. It may not be
possible to provide complete coverage for this study as high-rise buildings in Seattle are
not typically located on soft soils (alluvium). Therefore, this specific study category may

require instrumentation of a structure outside of the Seattle-Bellevue area.

Boundary Conditions. It is recommended that instruments be deployed to study
various boundary conditions pertinent to the response of the substructure of buildings.

Instrumentation should be deployed to study:
® variation of motion below the ground surface
® ]Jocation of input motion in structural models
m effects of sloping ground conditions on substructure response

Dynamic analyses of structures within Seattle require an evaluation of each of the

above parameters in formulating the dynamic model of the structure. Instrumentation of
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appropriate buildings would provide a basis for assessing the assumptions which are made
in the current structural analyses and provide guidance for better modeling procedures.
Instrumenting buildings with deep basements should provide confirmation on the variation
of ground motion with depth below the ground surface as well as related soil-structure
interaction effects. Additionally, locating instruments at both the street level and the
lowest basement level would provide ground motions which may be used in a ”back
analysis” of the structure. This back analysis would indicate if the ground motion is
more likely to be transmitted to the building through the floor slabs of the structure at .
street level or if the controlling motion to the structure is transmitted through the footings
at the base of the structure. Finally, instrumenting basements of structures where there
is a significant variation in elevation about the site would indicate the appropriate choice
for the location of the ground motion for the structural analyses (i.e., uphill or downhill

side of structure).

It is anticipated that the above information can be conveniently accomplished through
two studies. The first study would instrument buildings with deep basements that are
located on sites having sloping ground conditions and the second study would consist of
instrumenting buildings with deep basements located at sites where the adjacent ground
is level. It is anticipated that the findings from such a study could also be interpolated for

buildings with shallow basements on either level or sloping ground.

Foundations. It is recommended to instrument buildings with different foundation
types to evaluate the potential effect of rocking on the building response. While the
criteria for rocking of structures is based on many factors, it is anticipated that rocking
effects would be amplified for those structures having a fundamental period close to the
natural frequency on the underlying soil. This effect would be most significant for buildings
of intermediate height (5 to 20 stories). While this effect would be less critical for high-rise
structures, it is anticipated that high-rise buildings, instrumented for other purposes, could
also provide useful information on this phenomena which could be extrapolated for use in
the design of intermediate height structures. Therefore, it is recommended that high-rise

buildings with the following foundations be instrumented:
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® piles
® drilled piers
®= mat or footing foundations

Buildings selected for this study do not necessarily need to be constrained to the same

geographic area.

2.5.3.4 Focusing

Previous earthquakes in the Puget Sound area have resulted in concentrated damage
inlocal areas. One such area is west Seattle which experienced significantly more structural
damage than other areas of the city with similar subsurface soil conditions. It has
been theorized that the bedrock geometry beneath west Seattle caused a focusing of
earthquake waves which resulted in the local concentration of building damage. Therefore,
instrumentation in west Seattle would clarify the issue on the effects of earthquake focusing
on recorded ground motions compared to other areas of the city.

Geological and geophysical studies have indicated that Seattle is cut by a major
structural discontinuity which quite likely is a fault. This structural discontinuity runs
in an east-west direction essentially beneath the center of the city. It has been postulated
that the offset in this structural discontinuity may be as great as 1,000 feet. Thus, as
a result of this major structural feature, it would be beneficial to have seismic recording
instruments located both north and south of this feature to determine if the dlscontmulty
would have any major effects on recorded ground motions.

In our opinion, both of the above studies address specific geological /seismological
issues. Accordingly, it is our opinion that single accelerograph stations located in west
Seattle and north of the structural discontinuity in Seattle would provide the needed

information for these studies and that multiple instrumentation would not be required.
2.6 Deployment Recommendations
2.6.1 Deployment Matrix

A deployment matrix was developed, as presented in Table 2, which addresses

the issues in the site selection plan. Since a judicious selection of sites for the
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deployment of instruments may simultaneously satisfy several study areas, a ranking
scheme was developed which would minimize the number of sites which will require
instrumentation. This ranking scheme was arranged to include instrumentation at 10

site/building subgroups, where each subgroup would address a specific study category.

The numerical arrangement of the 10 subgroups in Table 2 indicates the general im-
portance of each of the study elements. Therefore, it is recommended that instrumentation
be established on a priority basis in sequence with the site subgroup numbers. This se-
quential instrumentation of the sites is desired as many of the study categories require
information from several subgroups to complete a study element. Specifically, information
on resonance effects will require instrumentation from building subgroups 1, 2, 4, and 5.
Thus, it is important to maintain instrument deployment according to this sequencing to
provide the greatest benefit from any recordings of future earthquakes.

The instrument deployment matrix was developed to include sites where both multiple
instruments and single instruments would be required. Multiple instrument arrays,
subgroups 1, 2, 4, 5, and 6, are applicable to sites where it is desired to obtain information
on the effects of soil-structure interaction. Instrumentation is required in only one building
of each of the multiple instrumentation sites (subgroups 1, 2, 4, 5, and 6) to provide
adequate coverage for studying soil-structure interaction and other effects. Sites of single
instruments, subgroups 3, 7, 8, 9, and 10, are appropriate to locations where it is only
desired to obtain information of the earthquake motions at the ground surface. These sites
may be either free-field locations or ground level installations within existing buildings.

Building subgroup 9 was developed to evaluate the spatial variations of earthquake
ground motions as a result of an event occurring locally within the Puget lowland. To
provide adequate coverage for such an event it is recommended that, as a minimum,
accelerograph stations be located in Issaquah, Bremerton, Anacortes, Stanwood, Everett,
Des Moines, Tacoma, Olympia, and Portland. These locations define arrays running
both east-west and north—south within the Puget Sound lowland. Except for Bremerton,
all locations are presently included in the existing USGS accelerograph station network.
Therefore, inclusion of an accelerograph station at Bremerton would be the only

instrumentation required to meet this study objective. This study objective would be best
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accomplished by the Branch of Engineering Seismology and Geology of the U.S. Geological
Survey.

Building subgroup 10 was specifically developed to record earthquake ground motions
which may occur as a result of a subduction zone earthquake located off the coast
of Washington. In our opinion, instrumentation for this study should have the least
priority as the occurrence of a subduction zone earthquake is speculative. However,
to provide minimal coverage for such an event it is recommended that accelerograph
stations be located at Centralia, Snoqualmie Pass, Port Gamble, Port Townsend, La Push,
Montesano/Satsop, and Trojan (OR). All of these stations, except Snoqualmie Pass, which
is underlain by rock, are located on relatively stable glacial deposits or terrace deposits,
which would provide continuity in subsurface conditions for the recording station sites.

The locations of the proposed new ground stations are indicated on Figure 3. These
ground stations correspond to sites of new instrumentation from subgroups 9 and 10 where
single accelerographs would be required. Again, instrumentation at these sites would be

appropriate for installation by the Branch of Engineering Seismology and Geology of the
U.S. Geological Survey.

2.6.2 Deployment Subgroups

Information on the requirements for the buildings within each of the 10 site building
subgroups is presented in Table 3. The classificational criteria for these subgroups includes
information on the building period, location, basement depth, ground surface adjacent to
the building, and foundation types. The classificational criteria also require information on
the soil conditions at the building sites. To assist in the classification of structures, maps
were developed which indicate the general soil conditions within the Metropolitan Puget
Sound region. These maps generalized the subsurface conditions into alluvium, glacial
deposits, and rock as indicated on Figure 4. Information for this geological classification
was derived from the references which are listed in the bibliography.

Thus, classifying structures within one of the 10 site/building subgroupings requires
information on the building structure and subsurface soil conditions (Figure 4). Candidate

structures for study within each of the subgroups are listed on Table 3. Within
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each subgroup, the structures have been ranked in descending order of importance for
instrumentation, based upon meeting the objectives of the individual study categories.

Sites or buildings of existing accelerographs are also noted on Table 3.

2.6.3 Site Selection

Five of the site/building subgroups that are listed in Tables 2 and 3 are appropriate for
multiple instrumentation. These correspond to building subgroups 1, 2, 4, 5, and 6. Since
these subgroups correspond to specific soil-structure interaction studies, it is recommended
that all instrumented sites be located within the Seattle/Bellevue area to minimize
variations in recorded ground motion due to differing travel paths of the earthquake waves
or other factors. One building from each of these five subgroupings should be instrumented
prior to deploying instrumentation in outlying areas. Instrumentation of buildings in
outlying areas may be accomplished solely on the basis of structural needs. Section 4.0
of the report presents a master list of buildings recommended for instrumentation, based
upon both geotechnical and structural considerations.

Sites recommended for single accelerograph deployment should be accomplished by the
USGS as funding becomes available. In our opinion, the existing network of USGS-owned
and -operated ground stations within the Puget lowland would provide good coverage
for a local earthquake. However, it is recommended to install a few additional stations
or relocate existing stations to improve the existing network. The following are our
recommendations for new single ground station additions which are independent of any

multiple instrumentation programs which may be accomplished by the USGS.

Seattle Rock Station. Current instrumentation in Seattle includes accelerographs
located both on alluvial deposits and glacial deposits. To complement these sites, it is
recommended to install an accelerograph at a rock site in Seattle. This installation would
correspond to site building subgroup 3 in Table 3. The existing accelerograph at the VA
Hospital in Seattle does not fully meet the criteria for a rock site, as the site subsurface
conditions consist of 20 to 30 feet of glacial deposits overlying bedrock. Consequently, it
is recommended that a free-field rock station be established at a location where the rock

actually outcrops south of the VA Hospital. Such a site may include a free-field instrument
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shelter at a city park or along the I-5 freeway cut. Alternatively, it may be possible to
instrument a nearby building located on rock such as the Rehabilitation Center for the
Blind.

Olympia Glacial Station. Similar to Seattle, it is recommended that ground stations
be established in the Olympia/Tumwater area for accelerographs located on alluvium,
glacial deposits, and rock. The existing accelerograph station at the highway test lab
in Olympia is located on alluvial deposits, and the accelerograph station at Tumwater
is located on rock. Thus, to complement these stations, it is recommended that an
accelerograph be located on glacial deposits within the Olympia area. This station could
either be a free field site or a ground station within an existing building such as the Highway
License Building or the Governor’s House.

Bremerton Station. To complement the suite of existing ground stations in the Puget
Sound area for recording local earthquakes, it is recommended that a ground station be
established in the Bremerton area. Such a station should be located upon glacial deposits
to correspond to subsurface conditions at similar stations around the Puget Sound. There
are existing accelerograph stations owned by the U.S. Department of the Navy at various
locations within the Puget Sound Naval Shipyard in Bremerton. It is recommended that
one of these sites be included within the USGS accelerograph network. It is recommended
that one of the ground stations along the waterfront be included as any events recorded
at this station could be used to correlate recorded ground motions with damage to any

drydocks or piers during a future earthquake.

Subduction Zone Earthquake Stations. As the lowest priority for station instrumen-
tation, it is recommended that the number of ground stations be increased to include sites
for recording ground motions from a subduction zone earthquake. Such an array corre-
sponds to site/building subgroup 10 in Table 3. Sites recommended for Instrumentation
are located in Centralia, Snoqualmie Pass, Port Gamble, Port Townsend, La Push (Naval
Reserve Station), Montesano/Satsop, and the Trojan power plant in Oregon. It is our un-
derstanding that accelerographs already exist at Satsop and the Trojan power plant and

that this would not require new installation but only maintenance of existing instruments.
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New instruments would therefore be required for installation at five sites. Again, these
sites would have the lowest priority for installation and should be accomplished only after

installation of new instruments at Seattle, Bremerton, and Olympia.

Station Relocations. Based upon our above recommendations and a review of the
existing stations within the USGS network, it is recommended that two stations be
relocated. The first station recommended for relocation is Nisqually. The Nisqually
station is located on alluvial sediments in a relatively undeveloped portion of the Puget
Sound. Thus, any recordings of earthquake motions at this station would be of interest
only regarding the spatial variations of ground motion in the Puget lowland. Due to the
sparse development in the area, recorded motion at this station would not necessarily be
correlated to damage of nearby structures. Considering the above and the fact that the
Nisqually station is relatively close to the existing highway test lab site in Olympia, which
is also located on alluvial soils, it is recommended that the Nisqually station be terminated

or relocated.

The other accelerograph station recommended for relocation is Orting. The Orting
site is one of the few stations in the Puget Sound region located on rock. The information
from this station would be essentially redundant to the existing rock station in Tumwater.
In our opinion, it would be preferable to relocate the Orting station to a glacial site in
Olympia to complement the existing stations on rock and alluvium. Having recording
stations located on all three subsurface conditions in close proximity to one another would
minimize differences in ground motions due to different travel paths of the earthquake
waves between recording stations and thereby provide useful data on the effects of soil

amplification on recorded earthquake ground motions.

It is noted that the rock station in Tumwater is located in a building constructed and
previously used by the University of Washington for recording state-wide seismic events.
The University-owned seismograph has been removed from the facility, leaving only the
USGS accelerographs. The building is not being actively used by the University and the
structure may require maintenance in the near future (new roof). It is recommended that

the USGS establish agreements with the University to maintain the building or establish
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a separate instrument shelter at the same location.

2.7 Summary

As a result of seismological and engineering considerations, the following recommen-

dations are provided for locating earthquake recording equipment within Washington:

1.

N

It is recommended that the instrumentation program be concentrated in the
immediate Puget Sound area as this region has the greatest likelihood of the
occurrence of a moderate or major event and also the highest population and building

concentration within the state.

It is recommended that instrumentation be deployed only in buildings, as dams and

highway structures currently have adequate seismic instrumentation.

A deployment matrix has been devised as indicated on Table 2 for locating instru-
ments within western Washington considering sites of both multiple and single instru-
mentation. Sites of multiple instrumentation apply to the building instrumentation
program and address complex factors such as soil-structure interaction. Sites of single
instrumentation are appropriate to the USGS for addressing individual issues such as
frequency content of earthquake ground motion for local and subduction zone earth-

quakes.

Recommendations for deploying instruments for specific combinations of soil condi-
tions and building configurations have been developed and are presented in Table 3.
The individual structures which are shown on Table 3 have been ranked for instru-
mentation based solely on geotechnical concerns. Final ranking, including structural
considerations, is discussed in Section 4.0. It is recommended that multiple instru-
ments be deployed at five building sites (one in each of the subgroups 1, 2, 4, 5,
and 6) in the Seattle/Bellevue area prior to accomplishing building instrumentaion in

outlying areas.

It is recommended that the existing U.S. Geological Survey network of single
instrument ground stations be expanded or modified to improve earthquake coverage

in the Puget Sound area. Specifically, it is recommended that stations be established in
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both Seattle and Olympia which are located on rock and glacial deposits, respectively.
Secondly, it is recommended that a station be established in Bremerton, possibly
utilizing an existing accelerograph station at the Puget Sound Naval Shipyard, to
complement coverage of existing stations for recording a local event. Finally, it is
recommended that stations be installed at Centralia, Snoqualmie Pass, Port Gamble,
Port Townsend, La Push, Montesano/Satsop, and the Trojan power plant in Oregon to
provide minimal coverage for recording a subduction zone earthquake. These stations
should have the lowest priority for installation. It is recommended that stations
at Nisqually and Orting be relocated as these stations would essentially duplicate

information from sites at Olympia.

3.0 THE STRUCTURE SELECTION PROCESS

3.1 Introduction

Fundamentally, instrumentation of any building or structure provides for the possibil-
ity of obtaining useful engineering information in the event of an earthquake. In the Puget
Sound lowland and Pacific northwest region the existing amount of building instrumen-
tation is very limited. Thus the potential for obtaining important and useful information
is essentially lacking. To overcome this lack, a plan has been needed whereby adequate
useful information could be secured through a network of instrumentation of regular, typ-
ical, average building types. This leaves special conditions and the instrumentation of
irregular buildings to future efforts. From this standpoint the guidelines for selection are
different than those used elsewhere. The aim of this selection process is to obtain a max-
imum amount of useful information from the buildings which are chosen. In this report
“useful” is interpreted as valuable in reassessing the particular structure instrumented,
valuable in making comparisons with similar buildings both locally and elsewhere, and
valuable in assisting the understanding of both soil-structure interaction, and potential
source mechanisms.

Initial review of existing conditions discloses a limited number of instrumented

buildings. These are located in Tacoma and have been instrumented under a City-financed
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program which was developed with the advice of the USGS in the past. There are a number
of ground stations in the region. Some of these are in buildings and some are free field and
may be found listed in Table 1. There is also a program for instrumenting the recently
constructed VA Hospital addition on Beacon Hill in Seattle.

The program for which this report is made is intended to incorporate existing
instrumented structures. In selecting additional buildings, they will be related to the
varied types of construction in the area. Recommendations will at the same time be aimed
at establishing a systematic relation between the structures selected and the soils and

geological conditions encountered and which have been discussed in Section 2.0.
3.2 Structural Parameters

The structural parameters which were considered for establishing a framework for
instrument deployment include building geometry, construction material, age of structure,
past seismic exposure, and availability of original design drawings. These general
categories were used to develop a rating system under which buildings were prioritized for
instrumentation. The rating system used a set of weighting values for each of the structural
categories to differentiate and prioritize building selection. These weighting values were
subjectively selected by the members of the structures subcommitte. The elements of this
structural rating system are shown on Table 4. Only buildings have been recommended for
instrumentation as existing dams and highway bridges have been adequately instrumented
by programs sponsored by the U. S. Army Corps of Engineers and the Washington State
Department of Transportation (WSDOT).

All of these measures have been used elsewhere, but are applied in a somewhat different
manner for this study. Weighting of the factors was directed toward emphasizing regularity
and normal structural conditions, rather than to emphasize unusual types. In this way
the priority is directed toward a maximum of information to be obtained from standard
types of construction.

It is realized that building types selected may be the same as those found in other
areas of high seismicity where instrumentation already exists. In view of the uncertain

nature of earthquake recurrence, it was felt that using structural types common to other
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seismic areas might give even better assurance of securing early instrumental information
of general interest. This would be of value to the general engineering community and also
to code modification bodies in their efforts to improve the design procedure.

The various parameters which have been utilized have been weighted in an arbitrary
manner to give less value to geometrically irregular structures. In materials, utilizations
which are generally in common use today have been emphasized.

We have not felt great interest in the age of the buildings since many older buildings
have been demolished, and remaining historical buildings have to some extent had seismic
strengthening. On the other hand, we have emphasized buildings in the planning stage,
or currently under construction, in order to permit instrumentation of new buildings of
interest at an appropriate time.

The basic framework established in this manner provided the means for ranking
buildings for instrumentation. Structural engineering members of the committee developed
a list of candidate structures for instrumentation, selecting those which appeared most
representative and of greatest interest. The list was limited to provide geographic
distribution as well as characteristic distribution. These buildings are listed in Table 5. The
geographic distribution of potential buildings for instrumentation also considered existing
instrumentation within the state (Table 1). A master list of buildings recommended for
instrumentation was developed by combining the building rankings from Table 4 with the
list of potential structures (Table 5). This method was used for all of the buildings in the
region, and a listing of global priority over the region was thus established. Since buildings
were located in different towns and cities, an added local priority was also prepared to
apply to individual areas. These priorities, relating to structural parameters only, and not
yet considering soils and geology, are listed in Table 6.

In the list of structures there are also included a number buildings located in the
outlying communities away from the heavily populated and built-up areas. From the
viewpoint of the earth scientists, ground stations in outlying areas serve adequately,
without need of building instrumentation. From the standpoint of the structural engineer,
however, instrumentation of a well-chosen building type away from the primary urban

centers may be of equal value, and some distribution throughout the region may be
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desirable.

4.0 CONCLUSIONS AND RECOMMENDATIONS

The Advisory Committee on Instrumentation in the Puget Sound area has over
a period of about 16 months given consideration to the need for and significance of
instrumentation of a variety of buildings and other stations throughout the area. The
result has been the various decisions and actions outlined in the foregoing sections and the
recommendations here stated.

A master list of buildings recommended for instrumentation was developed by
combining the building rankings determined in the site-selection process (Section 2.0)
and the structure selection process (Section 3.0). The recommended buildings for
multiple installation are indicated on Table 7 for sites in the Seattle-Bellevue area. It
is recommended that one building from each of the 5 subgroups shown on Table 7 be
instrumented prior to instrumenting buildings in outlying areas to meet the objectives
of the earth sciences subcommittee members in evaluating local geology and soil-
structure interaction effects on site response. Upon successful negotiation with building
owners for permission to instrument the various structures, it is recommended that the
instrumentation committee be contacted for any special requests for locating individual
accelerographs within the structures to address special concerns such as soil-structure
interaction effects.

The usefulness of information obtained from well-instrumented buildings is recognized
from the usefulness of data developed in other regions following earthquakes. The dearth of
adequate building instrumentation in this region is acknowledged, as well as the recurrence
of damaging earthquakes on a relatively frequent basis. The Advisory Committee therefore
urges the early implementation of the instrumentation activities based on the general
priorities determined in this report.

it is recommended that the existing USGS network of single instrument ground
stations be extended or modified to improve earthquake coverage in western Washington.
Specifically, it is recommended that stations be established in both Seattle and Olympia

which are located on rock and glacial deposits, respectively. Candidate structures for
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these sitings include the Rehabilitation Center for the Blind in Seattle and the Highway
License Building in Olympia. Secondly, it is recommended that a station be established in
Bremerton, possibly utilizing an existing accelerograph station at the Puget Sound Naval
Shipyard, to complement coverage of existing stations for recording a local event. Third,
it is recommended that stations be installed at Centralia, Snoqualmie Pass, Port Gamble,
Port Townsend, La Push, Montesano-Satsop, and the Trojan power plant in Oregan to
provide minimal coverage for recording a subduction zone earthquake. These stations
should have the lowest priority for installation. Next, it is recommended that stations at
Nisqually and Orting be relocated as these stations would essentially duplicate information
from sites at Olympia. Finally, it is recommended that the Tumwater rock station site be
relocated to an individual instrument shelter or the USGS negotiate with the University
of Washington to maintain the existing facility.

The Advisory Committee further recommends that a system be established which will
provide for the prompt publication and distribution of instrumental information resulting
from any seismic event of significance.

The Advisory Committee finally recommends that major communities in the area be
urged to assist and augment the development of this program which has been initiated
by USGS. Adoption by major cities of a program similar to that of Tacoma would go far

toward establishment of a truly adequate regional instrumental network.
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TABLE 2
INSTRUMENT DEPLOYMENT MATRIX1

DEPLOYMENT BASIS SITE/BUILDING SUBGROUPZ
LOCATION (Source Mechanism/Attenuation)
Special Study Sites (Seattle-Bellevue)

Multiple Instrument Sites 1 2 4 5 6
Single Instrument Sites 3 7 8

Local Earthquake (Single Ground Stations)

Issaquah (I- 90/Sunset)3
Bremerton_(PSNS)4

Anacortes

Stanwood (Co. Librar §)3
Everett (Courthouse)

Des Moines (Sea-Tac)3

Tacoma (Co-City Bldg.)3
0lympia/Tumwater (Seis. §ta.)3
Portland/Vancouver (PSU)

W W WWWOOWYWO

Subduction Earthquake (Single Ground Stations)

Centralia
Snoqualmie Pass
Port Gamble
Port Townsend

La Push
Montesano/Satsop
Trojan (OR)

SOIL CONDITIONS (Frequency Content)
Soft - Deep Alluvium 2
Stiff -Glacial Deposits 1 6 7 8 9
Rock 3
SOIL/STRUCTURE INTERACTION
Resonance
Low building/Stiff soil 1
Low building/Soft soil 2
High-rise/Stiff soil 4
High-rise/Soft soil 5

Boundary Conditions

Stoping Ground/Deep Basement 4
Level Ground/Deep Basement 6

34
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TABLE 2
Page 2

FOUNDATION SCHEMES (Rocking Effects)

Piles 5
Drilled Piers 6
Mat/Spread Footings 4

FOCUSING EFFECTS (Special Research)

West Seattle (High School)3 ’ 7
Structural Discontinuity (Ship Canal Sta.)3 8

Notes:

1. The deployment matrix represents the maximum total number of instrumented
sites within the state to provide adequate earthquake coverage. Specific
objectives of instrumenting various site/building subgroups are as follows:

Study Subgroup
Source Mechanism/ Attenuation
Multiple Instrument Locations 1,2,4,5,6
Single Instrument Locations
Special Studies 3,7,8
Local Deep Event .9
Subduction Event 10
Frequency Content 1,2,3
Soil Structure Interaction
Resonance 1,2,4,5
Vertical Attenuation of Motion
Location of Input Motion i} 4,6
Sloping Ground Conditions
Rocking Effects 4,5,6
Focusing Effects 1,7,8

2. Definitions of site/building subgroups are presented in Table 3.

3. Existing USGS accelerograph at site.

4. Existing accelerograph, owned by other than USGS, at site.
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Table 4. Priority Ranking.

1 2 3 4 5
Category Category Subdivision Subdivision Product
Value Value (2)x(4)

Vertical 2 Low-Rise 1 2
Geometry Mid-rise 6-10 4 8
High-rise 2 4

Lateral 3 Regular 3 9
Plan Irregular 2 6

Elevation Irregq. 2 6

Both Irregular 1 3

Material 3 Steel - BR Frame 1 3
DMRF 2 6
EBF 3 9

Concrete - SW & CIP 2 6

SW & PC 3 9

DMRF 3 9

Foundations 3 Spread Footings 1 3
Piles - all types 2 6

Caissons, piers 2 6

Mat 4 12

Age of 2 Pre-1937 2 4
Building Pre-1967 1 2
Pre-1987 3 6

Planning or Const. 5 10

Seismic 1 Frequent prior exper. 1 1
Experience for Some prior record for type 2 2
building type Little prior record 5 5
Design Info. 2 Sophisticated 3 6
& Dwgs. Available Special Conditions 2 4
Equiv. Lat. Force 1 2

REXXRAXRARXRRRR AR RRR
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fable 3. Structure and Characteristics.

. Naae (¥.Lat.) Built I. Structural ! ? Foundations Topog.
Address ¥. Long. (Remod)  Stories Systea Sec.  Type Depth
01 Arlington K-S. (47.3619) 1%01 1 Conc, §¥4 1.33 0.35 Piles Shallow Slope
1023 Pirst Ave. . 122.2007 (1982) URN
02 Vatermark Tower (47.3621) 1983 2 Dual,RCSW+ 0.80 2.3 Piers Shallow Slope
1011 Pirst Ave, 122.2009 RCHRF
03 84 Union Bldg. (47.3630) 1585 15 Deal, BCSP+  1.00 0.75 Piers  Shallow Slope
84 Union Street 122.2019 RCMRP
04 Bayvista Tower (47.302) e 20 RCxRF 0.67 2.00 Spread Shallow Level.
2815 Second Ave. 122.2101
05 Seafst Sth Ave Plaza {47.3621) 1580 2 SBRF+ 0.80 4.20 Piers  Deep §lope
800 Pifth Ave. 122.194 \Ext NP
06 4th & Blanchard Bldg  (47.3652) 1378 1 dual 1 wy 0.80 Level
2101 Pourth Avenge 122.2025 SKRF 1 wy 1.0¢
07 Westlake Project {47.3643) 198 25 SHRF 1 vy 0.67 2.50 Level
400 Pine Street 122.2010 BBF 1wy 1.00
08 %wo Union Square {17.3637) 1507-0 58 SBF Int 1.00 2.50 Piers  Deep Level
600 University st. 122.1953 5% Bxt PR
09 King Street Station (47.3600) 1904 JtTov. URM,Steel 9.30 Shallov  Level
303 So. Jackson 122.194¢
10 Crovne Plaza Hotel (47.3629) 1980 3 RCDMRF 0.67 3.30 |Mat Shallovw  Level
1113 Sixth Avenue 122.1951
11 Seattle Trust Tower {47.3622) 1986 4 SNRF 0.67 4.40 Piers  Shallow Slope
1000 Second Ave. 122.2000 Con.Bac.Cols
12 Boeing Bngrg Bldg. {47.3202) 1940 5 RC S¥ 0.50 Piles  Shallov Level
1155 B. Marginay Vay 1221846 (1387) * added
13 Denny Bullding (47.3702) 1968 11 SNRF 1.00 0.55 Spread Shallow Level
2200 Sixth Avenve
4 Newpert Lane (47.3445) 19817 1 RCMREP 0.67 0.70
3650 131st sE 122.1020
15 Block Pive (47.3627) 1881-8 55 SNRF+ 0.67 5.50 Slope
1201 third Ave. 122.2006
33




...........................................................................................................................

Ir. Bane (N.Lat.) Boilt I. Stroctaral Kk ?  Poundations Topog.
Address ¥. Long. (Remod}  Stories Systes Sec. Type Depth
16 Bellevue Place (47.3705) 1987 U RCST4 0.67 2.40
104th & 8th ¥B 122.1212 RCNRP
17 Red Lion {47,3452) 1980 10 RCSY 1.33 0.60 Spread Shallow Level

300 112th S.2. Blvu. 12,114

18 Ope Bellevue Center {47.3652) 1581 3 SBF 0.80 2.10 Mat/Spread Level
{11 ¥E 108th. Blvu.

19 Rainier Bank Place (47.3701) 1986 u SRF 0.67 2,40 Mat/Spread Level
108th B & NE 8th 1221145 Space Fra
20 Xistler Morse (47.4226) 1983 3 SNRP 1.00 0.15 Spread Level

10201 Redmond ¥illows
Road. Redmond

21 Rldeck, 142 (47.4833) 1980 2 Mas S§ 1,33 0.10
22000 Bothell ¥y S.B.  122.1330 (19¢6) SURF 0.67

22 Rainier Cold Storage  (47.3419) 1914 1 Flat Slab 1.00 0.70  Piles Shallov Level
Terainal 23 122.2002
E,Marginal ¥y & Spokane.

23 Vestin Building {47.3655) nwn U SHRP 0.67 3.40  Spread Shallow Level
2101 Sixth Ave, 122.2013 :

24 Sears Roebuck {47.3451) 1912 ! RC Flat$l 0.80  Piles Shallov Level
2465 Utak Ave. 122.2003 {1374)

25 Mercer Canal Bldg (47.3557) 1982 ] SKRF&BF 1.00 0.15  Piles Shallov Level
1300 114th §.B.Blvu. 122.1120 (40')

26 Gatevay Tover {47.3619) Potore 50 SBY 0.80 3.6 85 Mat Sloping
Sth Ave Columbia 122.1941

21 Airborne Bxpress {41.3703) 1984 ] SEBP 1.0 0.40 Spread Sloping
3101 Western Ave. 122.2120

28 HBenry M Jackson Bldg  (47.3618) 1913 3 SDNRF 0.67  3.00 Piers Deep  Sloping
915 Second Ave, 122.2004

29 Vance Building (47.3635) 1929 u RCMRP 1.40  Spread Skallov Level
1402 third Ave. 122.200¢

30 Veterans Adain. Hosp. {47.3M47) 1948 n RC Box 1.13 Spread Shallow Sloping
1660 §. Columbian ¥ay  122.1830 {1387) n SKRF .67 Spread Shallov Sloping
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...........................................................................................................................

i, Fane (N.lat.) Beilt k. Structoral 4 T FPoundations Topog.
Address ¥. Long. (Remod)  Stories Systes Sec.  Type Depth
31 Hoge Building (47.3612) 1910 n S§t1 Prame 1.70  Spread ? §loping
105 Second Ave, 122.1937
32 Ist Interstate Tover  ({47.3622) 137 kY SBF LO0 2?2 Spread ! Sloping
999 Third Ave, 122.1955
33 Pover Plant (Nusema)  (47.3233) 1906 { RCBox L33 040 2 Level

Beeing Pield - Borth,  122.1900

34 Rehab Ctr for the Blind ({47.3308) 1963 2 SNRF 1.00 0.10 Rock  Shallow Sloping
J5th So. & So. Alaska  122.1716

33 West Seattle 8.5, (47.3438) 1920's? 2 RCHRP 1.00 0.20 Spread Shallov Level
California Ave & Stevens 122.2302

Tacoma Croump

101 tarelli Condominica (47.1556) 13n 16 cuysy 133 1.00 Mat/huger Skallow Ridge
9 M. B Street, Tac. 122,2645

102 St. Jeseph Hospital (47.1415) m 13 RCHRF 1.33 1.00 Mat/spread Shallow Ridge
1718 §. T Street fac.  122.2640

103 Frank Russell Bldg. (47.1519) 1387 i SDMRF 0.67 0.75 Caissons Shallow Ridge
909 A st. fac. 122.2609

104 Pierce Cty-City Bldg  (47.1514) 1954 1 SHRP 1.00 1.10 Spread  Deep Slope
930 Tacoma Ave So. 122.2639

105 Ist Interstate Plaza  (47.1509) 1968 n RCDMRP 0.67%over Mat Deep  Ridge
1201 Pacitic Ave, 122.2610 1.00Base

106 Tacoma Municipal Bldg. (47.1522) 1930 1 RCMRP 1.00 Spread  Shallov Slope
147 Matket St. 122.2626

107 Russell Garage (47.1515) 1587 u RCSH/BY 1.00 2 Spread  Shallov Level
110 So. 10th Tac. 1222611

108 Sealand CPS Bldg. {47.1534) 1985 1 TIL-Up 1.33 0.08 Spread  Shallov Level
Port of Tacoma 122,457
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...........................................................................................................................

I, Jane (§.Lat.) Beilt Ir. Stroctural I ! Foundatians Topog.
Address . Loag. (Remod) Stories Systea Sec. Type Depth

109 Xarshall Ave. Whse. {47.1510) 1982 1 RCSY 1.3 0.08 Spread  Shallev Level
Port of Tacoma 122,311

110 ¥.B. Rust Building {41.1515) 1520 12 SHRF 1.00 0.70 Spread  Deep Level
950 Pacific Ave. 122,611 :

111 Vorld Trade Center (47.1542) 1984 5 RCMRF 0.67 0.90 Piles 58'Ave  Level
Port of facosa Road 122,231 {battered)

1127 Madigan Aray fespital 1891 b} RCDMRF 0.67 1  Spread  Deep Level
Fort Levis, Pierce Cty.

113 franspacific Bldg. (47.1432) 1885 { SNRF 0.67 0.17 Piles/conc. Level
Fife, WA, m.aan

114 franspacific Whse (47.1420 1985 -1 RCSY 1,33 0.06 Spread  Shallov [Level
Fife, WA, 122.2230

0lyepia Group

11 Capitol Center Buildg. {47.2140) 1512 16 SBF 1.33 0.4% Piles ? §1lope
410 ¥. 5th Ave, Olympia 122.54U4 RCSY 0.70

202 Capitol Lake Tower (47.1053) 1967 10 RCSW 0.67 0,60 Spread Slope
1910 Bvergreen Pk, Oly. 122.5452 Lift-slab 0.75

203 St. Peters' Bospital  {47.0255) mm 11 RCSY 0.67 0.45 Spread ? Level
Lilly Road, Olympia 122.5003 RCNRP 0.80

204 Governor House {47.0229) 1964 ! CHusY 1.33 0.45 Piles  Shallov  Slope
§02 Capitol Blvd. 122.5401

205 Highway License Bldg. {47.0223) 1960 ! RCSY 1.00 0.40 Piles  Shallov Level
Olyspia.

¥hidbey Island

301 Maintenance Hangar ( 1988 B SBP 1,00 0.15 Piles Shallow Level
Whidbey Is, NAS Auger-cast
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Table 5 [continued]

...........................................................................................................................

i, Nane
Addzess

Built
{Renod)

It
Stories

...........................................................................................................................

Bverett Grogp
401 Geperal Tel. Bldg
ith & Colby, Bv.

402 Suohomish Cty Cths.
Vetmore & Vall Bv.

Port Angeles Group

521 Olyepic Mes. Bosp.
939 Caroline, Pt.A.

502 Blks Building
st & Pront, Pt.A.

503 Clallam Cty. Cthse.
223 B. 4th, Pt. A

504 17T Rayonier
Ennis Creek, Pt.A.

505 Pt. Yownsend Paper
Fater St. Pt. Towns,

Breserton

601 USY Hospital
Breeerton

§02 Vater Pit Pacility
PS Naval Shipyard

{

{

41.2119)
122.2022

¥o Ranking

Yo Ranking

1986

1963

1931

19

1915

1973

1975

5

5

1

18

Stroctoral I 1
Systen Sec.
SBF 1.00 0.25
SHRF 1.33 0.25
BCSY
RCSW/ 1.33 0.15
CXU Infill
RCSY/ 1.33 0.25
Masonry
RCSY .33 0.15
Masonry
SBF 1.10
SBF/ 1.60

- Some existing instruments.

- Some existing instruments.
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Poundations Topog.
yp Depth
Spread  ? Slope
Spread Shallow Level

Spread Shallov Level
Spread  ? Slope
Spread  ? Level
Piles/ ? Level
steel

Piling 2 Level




...........................................................................................................................

I, Name (¥.Lat.) Built I. Stroctural K ! Poundations Topog.
Address §. Long. (Remod) Stories Systea Sec. Type Depth

RSP SRR P SRR L LR L § S8 bbb dddiedete ettt

Bellinghae Crou

701 Whatcom Cty Cthse 5 RCXRE/ 1.33 0.5 ? Level
Bellinghas RCSY

702 Lincoln Square 1870 10 RCBox/ 1.3 Piles Shallev Bluff
{09 York Brg¥all edge.

703 Leopold Hotel 1920's 11 SERM/ 0.50 Spread Shallov Level
1224 Cornvall Kas.Infill 0.75  ({rock)

704 Boad Hall 1960's { RCBox/ 1.0 0.17 Piles ? ?
Westers ¥a Univ Mas.[ofill 0.28  (peat)

KRP = Moment Resisting Frame

DMRF = Ductile Moment-resisting Frame
RC = Reinforced Concrete

§ = Steel

BP = Braced Praee

RCSY = Reinforced Conc. Shear Walls
BV = Bearing Vall

Urlisted structures of earth sciences interest:
Pederal Office Building 909-1st Ave. Seattle.
COE Building - 4725 B. Marginal Way, Seattle.

Columbia Seafirst Center, Seattle.
Rainier Tover.

43



able 6. Structora up Priority Bvaluation and Rankin

it ¥ase Geometry NXat Pdn Age Seis Des  SUM Coma.  Geology Revised  Priority
Address Vert Lat Bxp Dugs Subject. A,G,R Sua Global Local

01  Arlington N-S ] 9 6 6 { 5 { 2 -1 A P4 i 238
1623 First Ave.

02  Vatermark Tower i 6 6 6 6 1 ? 1 -- A i {0 208
1011 Pirst Ave.

03 &4 Union Building { 9 b 3 b 1 1 i -- 6 il i 218
84 Union St.

04 Bay Vista Tover { 6 9 ] 6 1 2 k3 -- 6 i §0 18
1815 Second Ave.

05  Seafst Sth Ave. Plaza | 3 ] b 6 1 f 3 -- 6 15 13 158
800 Pifth Ave,

06 4tk ¢ Blanchard Bldg { b 3 ] 6 1 2 15 -- 6 25 3 328
2101 Poutth Ave.

07 Westlake Project 4 6 9 I § 1 19 -- 6 1 n 115
400 Pine St.

08  Tvo Union Square { 9 9 £ 10 5 § 19 -- 6 13 10 18

600 University Street

09  Ring Street Station 2 6 6 4 { 1 2 21 -13 A 14 60 338
303 So. Jackson St.

16 Crovne Plaza Hotel { 9 9 N 6 1 2 43 1} G 5 1 15
1113 Sixth Ave.

11 Seattle Trust Tower { ] 6 3 ¢ 1 2 25 -- 6 25 53 295
1000 Second Avenge

12 Boeing Engrq Bldg 1 § 6 6 2 1 2 25 -- A 25 53 308
1755 B. Margimal Wy §.

13 Deany Building ! S 3 3 6 1 2 n - 6 £y n 208
2200 Sixth Ave.

14 Nevport Lane ! 3 3 3 6 1 1 38 -- 6 38 18 12§
3650 131st S.E.

15 Block § { 9 § I 1 § 3 43 6 5 1 1}
1201 third Ave.

44



Table 6. ({continued)

1%

iy

18

13

u

U

n

73

U

25

26

N

2

2

30

Naze Geometry Mat  Pdn Age Seis Des SUM Coem. Geology (Revised  Prierity
Mddress Vert Lat Brp  Dwgs Subjctv A,G,R Sum. Global Local.
Bellevue Place { L 9 T 1 1 b1 -- i 118
104th ¥R & 8th. Blvu.

fed Lion ! 9 6 ] 6 1 1 35 -- ¥ 165
300 112th $.B. Blva.

One Bellevue Ctr. { b ] 3 6 1 2 25 -- 5 8 18
{11 ¥ 108th Blvu

Rainier Bank Place { 6 6 ] 6 1 2 28 -- [ US
108th NB & ¥E 8th Blve.

Kistler Norse 2 3 3 3 6 1 1 26 -- i 4 218
10201 Redaond-¥illovs Rd.

Redmond.

Bldeck 1,2 2 9 9 ] 6 1 1 n -- N 188
22000 Bothell Wy S8

Bothell

Rainier Cold Storage ¢ 9 9 6 { 1 ? {0 13 53 { 208
Terminal 25.

B. Marginal ¥y & Spokane

Vestin Building { 9 ] ] 6 1 1 28 3 i 18 98
2101 Sixth Ave.

Sears, Roebuck 1 6 6 6 { 1 2 7 113 0 16 17§
2465 Utah Ave.

Mercer Canal Bldg. 1 9 § 6 b 1 1 n -- n un 198
1300 114th Ave.SE Blvu

Gatevay Tover { 9 6 6 10 1 6 {2 -- 2 U 85
Sth Ave.t Columbia

Airborne Bxpress ! 6 9 ] 6 ? 1 40 +13 53 { 1
3101 Vestern Ave.

Benry M. Jackson Bldg 4 5 6 b 6 1 § 3 3 5 1 58
915 Second Ave.

Vance Building { 6 § 3 { 1 2 26 -- % 48 28
1492 third Ave.

Veterans Adain. Bosp. 8 § 6 3 6 /| 6 1 t13 50 9 6S

1660 5. Columbian ¥y.
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Table 6, (continued)

Bt Hame Geometry Mat Pdo Age Seis Des SUM

Comn. Geology (Revised  Priority
Address Vert Lat Bxp  Dvgs Subjctv 1,6,R Sua. Global Local.
31  Hoge Building { ' 3 3 { 1 2 26 .- 11 { 288
105 Second Ave.
32 Pirst Interstate Towver 1 3 6 6 5 ? n -- 1 K} 178
999 Third Ave.
33 Pover Plant (Museun) 2 ] 6 6 4 1 0 2 -- 28 1) 255
Boeing Field.
34 Rehab. Ctr. for Blind 2 6 6 3 2 2 1 25 13 38 1 U8
35 So & So Alaska
35  fWest Seattle Bigh Sch.t 2 S b ] 4 1 0 26 -- 26 { 29§
California & Stevens.
Tacoma Group
101 farelli Condominium { 9 9 17 % 2 2 ] -- i 12 {24C
9 No. B St. Tacoms
102 St. Joseph's Hospital 4 3 1 12 % 5 6 {2 -13 39 U 11t
1718 5. I §t. Tacoma
103 Prant Ressell Bldg. 4 6 § b S 6 43 - ¥} 11 51
909 So. A St. facoma
104 Pierce Cty-City Bldg { 9 3 3 ? i 1 U - 2 55 13t
930 tacoma Ave. S.
105 Ist Interstate Plaza 4 L ! 17 6 1 0 40 113 53 { 37
So, 12th & Pacific, fac.
106  tacoma Municipal Bldg. 4 3 § 3 { 1 2 3 -- 23 56 141
147 Market St. facoma
107  Raussell Garage ! L b 3 ! 1 ! n -- N ¥ 61

110 5. 10th facosa.
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fable €. {continued]

Nt Mame Geometry Mat Pdn Age Seis Des SUM Comn. Geology Revised  Priority
Address Vert Lat Bxp  Dugs Subjetv A,G,R Sus. Global Local.

108 Sealand CPS Bldg. 1 9 9 ] 6 1 1 N -- n 3 1t
Port of Tacoma

109 Marshall Ave. Warehouse 2 9 9 3 § 1 ? 1 -- n 1 L3
Port of Tacoms :

110 V7. E. Rust Building { $ 3 ] { 1 1 26 -- 2 18 12t
950 Pacific Ave. Tacoma.

111 World frade Center ! 9 3 6 6 1 1 i 13 5 3 1
Port of Tacoma

117 Kadigan Army Hospital 4 9 6 3 10 5 § 4 +13 56 1 11
Pt. Levis, Pierce Cty.

113 transpacific Building | 2 § b 6 b 1 2 3] - I3 i 10?
Fife, 02

114 Traospacific Varebse, 2 9 9 3 6 1 1 1 - LY} 1 91
Pife, WA,

Qlympia Gromp

101  Capitol Center Bujldg. & S 6 b 2 1 2 H 113 ' 1 1-0
410 7. Sth Ave, Olympia

202 capitol Lake fover ! 9 6 3 6 1 2 15 -- 35 3 3-0
1910 Bvergreen PL. 0ly.

203 St. Peters Hospital { 9 | ] 6 1 2 U - H 2 -0
Lilly Road, Olympia

204 Governor House | I 9 6 6 1 2 k1] -- 38 1t -0
602 Capitol Blvd.Oly.

205 Bighvay License Bldg. & 9 6 2 1 ? H -- k]| 4 5-0

Olympia.
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table §. (continued)

Br Name Geometry Nat Pdn  Age
Address Vert Lat

Coma. Geology Revised
Sabjctv 1,0,R

Priority
Sum, Global Local.

301 NMaintenance Bangar 2 6 b} § 10
Whidbey Is. NAS

Everstt Group

& teseral 18, gl
ith & Colby, Bverett,

s
-
ol
el
™

402  Snobomish Cty Courths.t § 9 3 3 6
Vetmore & Wall, Bverett.

Port Angejes Oroup

501 Olyspic Mem. Hospital 2 b 6 2 ]
939 Caroline, Pt. Ang.

502 Blks Building 2 6 § ] 2
1st ¢ Pront, Pt. Angls.

~>
-
L]
V%)
i

503  Clallam Cty Courthse.
223 B 4th Pt. Angeles.

304 IT? Rayonier - Indust. 9 6 6 6
Bonis Creek Pt. Angeles

Ead
>
[N
o
o

505 Pt. Townsend Paper Co
Yater St. Pt.Tovnsead.

Breperton

601  USH Hospital t
Bremerton

602 WVater Pit Pacility t
P.S. Naval Shipyard
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Bxp  Dwgs
1 ¢ H
I S |
2 /S X
1 17
! 7 N
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y 1 3%
5 1 35

U

bt

1

0

n

2

35

3

29 --
4§ -
X}

58 k2
58 19
58 5PA
1 1PA
23 i3
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fable 6. (contipued)

¥ Hame Geometry Mat
Address Vert [Lat

Pda

Age Seis Des SUM
Bxp Dwgs

Coss. Geology
Subjctv 4,G,R

Revised
Sum.

Priority
Global Local.

Bellinghas Group

701 ®hatcom Cty.Courthse. 8 9 GA

Bellinghan.

702 Liocoln Square ¢ 6 6
403 York Bellinghanm

703 leopold Hotel ] ] 3
1224 Coravall, Bellba.

704 Bond Hall 2 6 6
Vestern Va. Univ.

t Some Instrumentation exists.
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Table 7. Recommended Instrumentation Sites in Seattle/Bellevue!:2

2

Sugroup 1

Airborne Bldg.
Newport Lane

Red Lion

Denny Bldg.

Old Federal Office Bldg.
Arlington North/South

Subgroup §

World Trade Center (Tacoma)
Capitol Center Bldg. (Olympic)

Subgroup 2

Rainer Cold Storage
Sears

- -

Eldeck

Mercer Canal Bldg.
Boeing Field Pwr. Plant
Kirstler Morse

Boeing Engr. Bldg.
King St. Station

Subgroup 6

2 Union Square
Westlake Project
Bellevue Place

Subgroup 4

Block 5
Gateway Tower

Westin Bldg.

Seafirst 5th Ave. Plaza
First Interstate Center
Bay Vista Tower
Watermark Tower

84 Union

Seattle Trust Tower

Crowne Plaza Hotel
H.M. Jackson Bldg.

Rainijer Bank Place

Vance Bldg.

4th & Blanchard Bldg.

1. Buildings have been arranged within each subgroup in descending order of importance
for instrumentation based upon both geotechnical and structural criteria.

2. It is recommended to instrument one building from each subgroup with multiple
instruments. Instrumentation should be installed sequentially, according to subgroup

number.

3. Building subgroups correspond to those on Tables 2 and 3.
4. Subgroup 3, 7, and 8 are for single instruments and not included in this table.
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