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ABSTRACT

1his report summarizes geotechnical data that was obtained in the investi-

gation of 83 accelerograph stations located in the United States. 'Ihese stations

were studied during the period from 1975 to 1979 and the detailed findings are
contained in nine data reports. Summary logs indicating subsurface soll conditions

and material properties have been prepared for each of the accelerograph stations.

A classification system was devised for grouping the stations as either rock sites,

stiff soil sites or deep soil sites. Using this classification system, simple ground
motion plots have been prepared which qualitatively indicate the dependency of

earthquake motions on local site conditions. This classification system may be
used in more elaborate and quantitative studies of the influence of local site
conditions upon earthquake ground response. On a practical engineering level, the

,

site classification system and the results of the individual site investigations may

be used in selecting earthquake records to establish seismic design criteria.
Further research of the subsurface conditions at additional accelerograph stations

is needed to increase the data base of earthquake records and recording stations.
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SUMMARY

$

One of the major objectives of this report was to provide a compilation of
the subsurface data for each of the accelerograph stations discussed in thei

individual data reports. This information is presented in the summary logs of
Appendix A which contain available data for each site, including a generalized soil

log, tables and plots of the static engineering properties of the soil, and values of

I subsurface shear wave velocities.

A classification system was developed which permits the stations to be
grouped on the basis of the depth to bedrock or " rock-like" material. The three
categories within this scheme are: 1) Rock Sites - rock within about 30 feet of the

ground surface; 2) Stiff Soll Sites - rock at a depth of 50 to 200 feet; and 3) Deep

Soil Sites - rock at a depth greater than 250 feet. It was attempted to classify
each of the 83 accelerograph stations according to this scheme. However, only 48

sites clearly fell within any one of the groupings, providing a total of 18 rock sites,

26 stiff soil sites, and 4 deep soil sites.

:

The subsurface conditions at the individual accelerograph stations and the
,

recommended site classification scheme may be used in both research and

engineering applications. In research applications, the subsurface information and

classification system may be used to study the influence that local site conditions

have upon recorded earthquake ground motions. For example, simple plots

indicating the attenuation of peak ground motion with distance were prepared for

both rock sites and deep soil sites. These plots qualitatively indicate that different

attenuation rates apply to each site condition, with ground motion attenuating
more rapidly for rock sites. In engineering applications, the site data and

classification system may be used to select earthquake records for site matching

! studies, and thus provide a more consistent basis upon which seismic design criteria

may be formulated.
:

It is concluded that while the accelerograph station studies have signifi-

| cantly increased the information on the earthquake data base, still more research
is needed in this area. Future studies should be made at accelerograph stations in

j

! seismically active awas in the world for the dual purpose of increasing the number

! ' of sites as well as the number of records in the earthquake data base.
|
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SUMMARY REPORT

GEOTECIINICAL DATA FROM ACCELEROGRAPH STATIONS

INVESTIGATED DURING TIIE PERIOD 1975-1979

1.0 INTRODUCTION

1.1 Purpose and Scope

Although many theoretical and analytical advancements have been

made in the seismic design of major structures, they have far outstripped our
understanding of the basic earthquake data base. This data base consists of
earthquake ground motions that have been recorded at accelerograph stations

located in various parts of the United States as well as other countries. Together,

these earthquake records constitute a set of maximum ground motion values, time '

histories of acceleration, and response spectra, upon which seismic design recom-

mendations are formulated. Effective use of this data, however, has been clouded

by incomplete information and by inconsistencies in reported subsurface conditions

at many of the earthquake recording stations (Duke and Leeds,1972; EERI and

NOAA,1971; Mohraz,1976; Seed, et al.,1974 and 1975; Trifunac and Brady,1975;

USGS,1976; etc.). Thus, to make better use of the earthquake data base, it is
necessary to have a more clear and consistent understanding of the subsurface
characteristics at the various accelerograph stations.

Accordingly, studies were performed to provide subsurface infor-

mation for a total of 83 accelerograph stations in the United States. These studies

were conducted during the period 1975-1979 and the findings are presented in nine

individual data reports. These data reports include information about each

accelerograph station and its earthquake recordings, the geology and seismicity of
the site area, and local subsurface conditions. By providing this geotechnical
information for the more significant accelerograph stations in the United States,

the earthquake data base may be used more effectively and should lead to more

realistic seismic design practices.
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,

he purpose of this report is to summarize the information
* '

contained in the individual data reports. This included a review of the individual
I data reports and updating this information with the findings from available new

studies. Additionally, a classification system was devised and used to group the
accelerograph stations on the basis of-similar subsurface conditions for use in

;

research studies of the effects of local site conditions upon earthquake ground
response. The data contained in this report also may be used to develop carthquake

design criteria.

i
!1.2 Organization

This report is organized in six sections, with the first section

; presenting introductory information. The second section of the report identifies all

of the accelerograph stations that were studied and discusses the general nature of

the data reports, including the different report series, the methods used in site -

explorations, and the format of the reports. Summary findings are presented in
section three, which includes a brief discussion of the summary logs that contain

i subsurface information for each of the sites. Additionally, subsurface conditions at !

I the sites studied in the Los Angeles area are summarized in this section and
compared with the findings of other investigators. The site classification system is'

!, discussed in section four and the potential use of the system -is mentioned in
section five. Finally, the conclusions of the study are presented in section six.

1.3 Authorization

4

i This study was performed under contract NRC: 04-76-200 between
'

the U.S. Nuclear . Regulatory Commission and the joint venture of Shannon &

; Wilson, Inc., and Agbabian Associates (SW-AA). The study is part of an overall

| research program to evaluate soil behavior under earthquake loading conditions.
+

1.4 Acknowledgements and Contributors
|

; This study benefited from various individuals. We especially

acknowledge and thank Dr. J. Harbour of the U.S. Nuclear Regulatory Commission

for his recognition cf the need for accurate geotechnical information at strong
; motion accelerograph . station sites and for his support and contributions as

technical project monitor.
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'Ihe SW-AA joint venture efforts were directed by Dr. R. P. Miller,
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! 2.0 ACCELEROGRAPII STATION STUDIES

| 2.1 Sites

!

Sites of bcth existing and discontinued accelerograph stations were
'

selected for study based on several factors. We most important factor was the
number of significant events recorded at a station and the use of these records in

|
specifying seismic cesign criteria for major structures. Also considered was the

!
estimated potential of a station for recording future earthquakes. Finally, it was
desired to include stations that would provide diversity to the group in terms of

| subsurface soil conditions, and of geologie and tectonic setting.
|
,

The locations of the accelerograph stations selected for study are
indicated in Figs.1-5. All of the stations that were studied are associated with the

| Strong Motion Instrument Network of the U.S. Geological Survey (USGS). Each
:

| station within this system has a unique identification number (USGS,1976), which

is also used to identify the stations in this report. An alphabetical listing of the
stations by state and city is presented in Table I, and a cross-index of station
numbers and sites is presented in Table A-1 in Appendix A.

i

L
l As indicated in Fig.1, the accelerograph stations studied are

located in seven states. Seventy-one of the sites (85 percent of the group) are
located in California. The reason that so many California sites were studied is that

the vast majority of earthquake records in the United States come from accelero-

graph stations in California. Of the California sites, approximately 80 percent are
located in the southern portion of the state and have recorded the San Fernando

earthquake. Thus, sites in southern California account for most of the stations
! that were studied and provide the bulk of the earthquake data set.

2.2 Report Series I

The results of the site studies are presented in nine individual data

| reports and one summary report, all of which are indicated in Table II. The

, individual sites discussed in each of these reports are listed in Table III. l
-

i

-4-
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De accelerograph station studies are generally categorized into

| two groups: studies of stations located on soil deposits and studies of stations
| located on rock. These two groupings are indicated as the " soil site" and " rock

site" studies in Tables II and III. De results of the soil site studies are presented in

five volumes, one for each year from 1975 to 1979 (SW-AA,1975,1976a,1977a,

1978 and 1979a). De soil site studies are generally distinguished by the use of
deep borings and in-situ geophysical testing to explore subsurface site conditions.

In contrast, the rock site series are studies of stations that are

regarded by others as being founded on rock (Maley and Cloud,1971; EERI-NOAA,

1971; Duke, et al.,1972; Seed, et al.,1974 and 1975; Trifunac and Brady,1975;
Mohraz, 1976; ' USGS, 1976). Differing from the soil site studies, borings were
generally not advanced at the rock site stations. Instead, the subsurface conditions

at these locations were evaluated from foundation reports in the area and from a
geological reconnaissance of each site. The results from the rock site studies are

primarily presented in two volumes (SW-AA,1976b and 1977b), with an appendix of

earthquake records (SW-A A,1977c) for the Volume 2 report. The third volume in
this series (SW-AA, 1979b) presents detailed information on the subsurface
conditions at nine of the forty-nine accelerograph stations reported in the Volume

1 and 2 studies. The Volume 3 rock site studies were performed since existing data

at selected stations in the Volume 1 and 2 studies was not adequate for defining the

subsurface soil conditions. Consequently, the Volume 3 studies explored nine sites,

which were discussed in earlier reports, with deep borings and geophysical testing.

Two other reports complete the accelerograph station studies. The

first report is on selected sites in Los Angeles (SW-AA,1976c); the second (this

report), provides a summary of the information contained in the nine data reports.

2.3 Exploration Methods

2.3.1 General

|
Subsurface conditions at the sites were evaluated from I

the results of site explorations, including a surface reconnaissance, borings,
geophysical testing and laboratory testing. All of these techniques, however, were
not necessarily used at each site. He mix of exploration methods used at each site

-5-
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and the source of the data, whether from the SW-AA joint venture or others, is

! indicated in Table IV. Each of these different methods of exploration is discussed
; below.

2.3.2 Surface Reconnaissance

A surface reconnaissance was conducted by the SW-AA

joint venture at each accelerograph station. The purpose of this reconnaissance
was to observe the materials in nearby road cuts and rock exposures and to

j correlate these findings with conditions indicated on geologic maps. This technique

| was successfully used in identifying the presence of rock at a number of

| accelerograph stations, which are identified in Table IV as " sites with no boring

data".

|
! 2.3.3 Borings

|
Borings made by the SW-AA joint venture as well as data

from others were used to evaluate the subsurface conditions at the accelerograph

| stations. The depths of the borings at each site and the source of the data are
indicated in Table IV.

A total of 36 borings, both shallow and deep, were drilled

in the SW-AA joint venture studies and used to evaluate the subsurface conditions

|
at 53 accelerograph stations. Nine shallow borings were drilled at relatively
isolated accelerograph stations and could only be used to evaluate subsurface
conditions at the individual sites. On the other hand, several of the 27 deep boringsj

'

were drilled in areas with a high density of accelerographs and one boring, in many

cases, could be used to evaluate the conditions at several sites. Thus, because of

the.high density of stations, the findings of the 27 deep borings were used to
evaluate subsurface conditions at 44 sites.

The shallow borings of the SW-AA joint venture were

| drilled primarily to determine the depth to rock for tha 1 7k site studies (SW-AA,

1976b and 1977b). Consequently, these borings had only limited sampling, and

geophysical testing was not conducted. These holes averaged 45 feet in depth.-

-6-
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%e deep borings of the SW-AA joint venture were

generally drilled at locations other than rock sites (SW-AA, 1975,1976a, 1976c,

1977a,1978,1979a,1979b). Dese holes were drilled to an average depth of 300 i

feet, and included detailed sampling and geophysical testing. Most of the deep
borings were drilled using rotary techniques, with a bentonite slurry used in the
hole to stabilize the walls and return the cuttings to the surface. Soil samples
were taken 'at selected intervals using Standard Penetration Test (SPT) or drive

samplers, Shelby tubes, and Pitcher tubes. Samples were typically taken at 5-foot

intervals in the first 100 feet of boring depth,10-foot intervals between 100 and
200 feet, and at 20-foot intervals thereafter. Samples retrieved from the borings

were sealed in containers and shipped to the Shannon & Wilson, Inc. laboratory for

further examination and testing. Upon completion of drilling, the borings were
cased for the geophysical testing.

Borings made by others also were used to evaluate the

subsurface conditions at a majority of the rock site stations. This information was

primarily obtained from foundation investigation reports for the site or nearby
locations. Borings used from these reports were generally less than 100 feet deep.

Several sites are indicated in Table IV as having boring
information from others as well as from the SW-AA joint venture. In such
instances, shallow borings of others were available at the site, but an SW-AA
boring was also made in the general vicinity. De depth indicated in the table
represents that of the deeper, SW-AA hole.

2.3.4 gophysical Testing

Shear wave velocity data at the sites were obtained from

geophysical surveys performed in connection with the SW-AA joint venture studies

and from the data of others. - The measurement techniques used at each site and

the source of the data are indicated in Table IV.

Geophysical. testing techniques used in the SW-AA joint

venture studies include the downhole method and a modified crosshole method. In

the downhole method, a source at the ground surface is used to create shear waves

which propagate downward and are. detected by geophones lowered to different

-7-



depths in the boring. We incremental travel time of the waves between geophones

and the separation distance of the geophones are used to compute the shear wave

velocity. This testing technique is described in detail by Schwarz and Musser
(1972).

The modified crosshole testing techn' . was used at

eight of the soil sites. This method of exploration utilized special equipment and

procedures developed by the SW-A A joint venture for the U.S. Nuclear Regulatory

Commission (SW-AJA,1974; SW-A A,1977d). This test is conducted using four or

more borings located along a line. Each of the borings is surveyed to determine the

relative distance between the holes at each test depth. An energy source which
creates shear waves is placed in one of the borings and geophones are lowered to

the same elevation in the other holes. The shear wave velocity is computed from

measurements of the shear wave arrival times at each hole and the horizontal
distance of each hole from the energy source. The advantage of this testing
technique over the downhole method is that it allows velocity measurements at

both low ar high strain levels, thus permitting determination of strain-dependent
relationships of shear modulus for the soil. Rese relationships are used in grounr!
response and soil / structure interaction studies.

Shear wave velocity measurements of other investigators

were also used to evaluate the subsurface conditions at a number of stations. As
indicated in Table IV, the methods that were u.ed by others include conventional-

downhole and crosshole techniques (in-hole) and surface refraction techniques. The
majority of this outside data comes from surface refraction measurements. In this

method, both the energy source and the geophones are placed along a line on the

ground surface. Shear waves created at the source travel downward and, upon

encountering a strata with a different density (different material type), are
refracted back to the ground surface where they are detected by the geophone
sensors. The main advantage of the surface refraction technique is that it is
inexpensive and does not require borings. However, this technique is the most
difficult to reliably interpret of the various geophysical methods.

-8- i
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|

| 2.3.5 Laboratory Testing
|

|

Properties of the subsurface soils at the accelerograph
stations were evaluated from laboratory tests performed in connection with the
SW-AA joint venture studies and from data of others.

The most detailed testing programs in the SW-AA joint
venture studies were associated with sites of deep borings. nese programs
typically included index tests and tests to determine the engineering properties of

the soils. Index tests included visual classifications, water contents, density tests,

Atterberg limits, and grain size analyses. Tests to determine the engineering
properties of the soilincluded static strength tests, such as unconfined compression

tests and unconsolidated-undrained triaxial compression tests, and dynamic tests,
such as resonant column and cyclic triaxial tests.

Laboratory test data from others was generally from
foundation investigations of nearby structures. These studies typically included

| index and static strength tests, but they did not include dynamic tests of the soil
properties.

|

2.4 Format of Data Reports

2.4.1 General

Re same basic report format has been used for all the

data reports. This format presents information describing the station, geology and
seismicity of the site area, and local subsurface conditions. This information is

discussed with the aid of figures ar.d tables. Appendices are included with details

of the station records, site explorations and laboratory testing. Information
typically contained in a soil site report is discussed belcw and illustrated in Figs.
6-11.

2.4.2 Station Description

The station description section of the data reports con-
tains information on the location of the station, the building housing the

_9_
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accelerograph, the instrumentation at the site, and the carthquakes recorded at the

station. A topographic map, indicating the location of the station, is provided for
each site (Fig. 6). Information describing the general size, configuration and
construction of the building containing the accelerograph is supplemented with a
photo and sketch of the building (Fig. 7). Finally, a brief history of the
instrumentation at the site is given, along with a summary of the major carth-
quakes that have been recorded at the site. A photograph of the station

instrumentation and a sketch of the instrument room accompanies this description
; (Fig. 8). Much of the information on the s.tation instrumentation has been obtained

from the files of the USGS Seismic Engineering Branch.

2.4.3 Geology and Seismicity

i

Information on the geology and seismicity of each site
was compiled from a literature review. The geology of each station is discussed on

j a regional and local level. This discussion is accompanied by a map displaying the

regional geology (Fig 9) and a subsurface cross-section through or adjacent to the
site (Fig.10). The geologic structure and seismicity of the region are also
discussed with the aid of the geologic map and section. Epicenters of the major

| carthquakes in the region are indicated on the geologic map and the text generally
discusses the seismicity of the region as it may relate to known faults. Some

reports also contain tabulations of significant historic earthquakes that have
occurred within the region covered by the geologic map.

2.4.4 Site Conditions
|
|

The site conditions in the soil site reports are discussed in
! terms of surficial features, subsurface conditions and dynamic soil properties. This

f data is typically displayed in the format shown in Fig.11. The extreme left portion
j of this figure contains a generalized log of the boring advanced at the site.

Immediately to the right are summary tables and plots of the static engineering |

properties of the soil. The dynamic properties of the soil, as determined from field
;

geophysical tests and laboratory resonant column and cyclic triaxial tests, are |

presented in the right hand portion of the figure.
l

l

l
l
|

|

-10-
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As indicated in Fig.11, both the downhole and modified

crosshole (in-situ impulse) geophysical tests were performed at the Lincoln School

- accelerograph station in Taft, California. The shear wave velocities plotted in this

figure show that there is excellent correlation in the results of these two different
'

test methods. 'Ihe non-linear behavior of the soll measured in the modified
crosshole test is illustrated in the plot in the extreme right portion of Fig.11.

2.4.5 Appendices

The data reports typically contain three appendices:
Earthquake Records, Field Explorations, and Laboratory Testing. The Earthquake

Records appendix presents a listing of the carthquakes that have been recorded at

the station. This appendix also contains time history and ground response spectra

plots for earthquake records which have been digitized. The Field Explorations
appendix discusses general procedures and detailed findings of- the drilling, sam-

pling, and geophysical testing conducted at each site. Similarly, the Laboratory
Testing appendix discusses general testing procedures and presents dethiled results

of-the tests conducted on the site materials.

:
4

:

:
4

k

I

r

I

!~

!

3

-11-

.

y y , _ - - - - - - - - , - = . - - -c - - . - -- ..- 1 -.



i |
1

!

|

3.0 SUMMARY FINDINGS

3.1 Summary Logs

Subsurface information at the sites has been compiled and is
presented as a summary log for each of the 83 accelerograph stations. These logs,

presented in Appendix A, resemble an abbreviated version of the Boring Log and

|
Summary of Test Results figures (Fig.11) which appear in the data reports. The )
summary logs present available data for the site, including a generalized soil log, )

| tables and plots of the static engineering properties of the soil, and values of

! subsurface shear wave velocities. Sources of information used in compiling the j

| logs are indicated on the individual sheets. Additionally, the logs contain a brief )
description of the accelerograph station building and the location of the instrument;

1

within the building. 1

l

! The summary logs were compiled, based on all original information ,

l

| used in preparing the individual data reports, and on new infctmation that has 1

become available since the data reports were written. Consequently, some
1

differences exist in the infermation presented in the summary logs and that
appearing in the individual data reports. These differences mostly occur for
stations in the rock site studies where boring data of others was used to depict site

conditions. If the review of the original data indicated that logs other than those
appearing in the data reports provided a more complete representation of site |

conditions, this data was used in the summary logs. Additionally. information on
the subsurface conditions at several sites in the San Francisco Bay region was
updated by the findings of recent studies of the USGS (1977 and 1978).

,

!

I j
3.2 Los Angeles Area Studies |

Because the majority of sites investigated are located in southern |

California, an overview of the subsurface conditions of the Los Angeles area is in )
order. The following summarizes our findings of site conditions in this area.

|
1

A total of 34 sites were studieu ia the vic'aity of Los Angeles (See

Fig.12). The SW-AA joint venture explored the subsurfr:e conditions in this area

-12-



with a total of nine deep borings and associated geophysical testing. These borings,

represented by triangles in Fig.12, were used to evaluate the subsurface conditions

at 25 accelerograph stations. Because the remaining nine sites were not located
near one of the SW-AA joint venture borings, the subsurface conditions were
evaluated based on a geologic reconnaissance and on available soils and foundation

reports for the building and surrounding area.

A generalized geologic cross-section of the Los Angeles area,
represented as line A-A' in Fig.12, is presented in Fig.13. This cross-section
indicates that the downtown area is situated in a region of uplifted sedimentary

rocks of Tertiary age, which dip southwest and are covered by a vencer of
unconsolidated Quaternary sediments. At the base of the Tertiary sequence is the

Topanga Formation, which includes middle Miocene shale, sandstone and conglom-

erate. Overlying the Topanga Formation is siliceous and diatomaccous shale,
siltstone, sandstone and conglomerate of the upper Miocene Puente and Modelo

Formations. At the top of the Tertiary section are the Repetto and Pico
Formations, collectively known as the Fernando Formation. The Fernando

Forniation, which is early to late Pliocene in age, chiefly consists of marine
satstone, sandstone and conglomerate. Each of the different formations compris-

ing the Tertiary section may crop out locally in various parts of the Los Angeles

area.

Subsurface shear wave velocities obtained in the SW-AA joint

venture studies of the Los Angeles area sites are summarized in Fig.14. The shear

wave velocities have been grouped in this figure for the following geologic
conditions: Pleistocene Alluvium, Pliocene Sedimentary Rock, and Miocene

Sedimentary Rock. Individual formations within these groups are indicated by

different line segments.

Review of the data in Fig.14 indicates a relatively good correla-
tion of the shear wave velocities in each of the groups. Within the Miocene rock

group, the Topanga Formation has higher near-surface velocities than either the

Puente or Modelo Formations. The Modelo Formation has the lowest shear wave
velocities in this group. Compared to velocities obtained in the Pliocene
sediments, values for the Miocene rock are typically 300 to 500 fps higher. The

Pliocene data actually agree quite well with the velocities obtained for the Modelo

Formation.

-13-
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3.3 Comparisons with Other Investigations

Shear wave velocities have also been obtained from other investi-
gators who used surface refraction techniques at a number of locations in the Los

Angeles area (Duke, et al.,1971; Eguchi, et al.,1976). Velocities obtained at
locations near an accelerograph station of this study have been included on the
summary logs (Appendix A). At a number of locations, the velocities from the
surface refraction measurements are in quite good agreement with the downhole

velocities determined in the SW-AA joint venture studies. Ilowever, at many sites
the refraction velocities were significantly higher than the downhole velocities.

A comparison of velocity data from surface refraction and down-

hole measurements at sites in Los Angeles is presented in Fig.15. The velocity
data shown in Fig.15 have been plotted for the three geologic conditions:

!Pleistocene Alluvium, Pliocene Sedimentary Reck and Miocene Sedimentary Rock.

The surface refraction velocities were obtained from Campbell and Duke (1976),

who have summarized the velocities measured by Duke, et al., (1971) and Eguchi, ;

et al. (1976). Velocities indicated by line segments correspond to the downhole
measurements from the SW-AA joint venture studies.

;

Review of the data in Fig.15 indicates that there are several
significant differences in the findings of the SW-A A joint venture studies and those

of Campbell and Duke (1976). First, the velocities of Campbell and Duke are
consistently higher than those of the SW-AA joint venture studies. The difference

may range from several hundred fps in the Pleistocene alluvium and Pliocene rock,

! to over 1000 fps in the Miocene rock. Secondly, the Campbell and Duke data

indicate a much more rapid increase of shear wave velocity with depth than the
|

findings of the SW-AA joint venture. Finally, the Campbell and Duke data indicate

a much greater difference in velocity between the Pliocene and Miocene rock than
|

the findings of the SW-AA joint venture. |
1

I
Several factors may contribute to these differences in the velocity

|

data, such as the manner of data presentation, anisotropy in the subsurface !
materials, and the method of testing.

)
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Re manner of data presentation moy represent an " apparent
difference" versus an " actual difference" in the data. The Campbell and Duke data

presented in Fig.15 show the velocities plotted with respect to the depth to the
top of the layer. Consequently, plotting the velocities at the center of the layer
would shift the data points down and provide for a better agreement with the
SW-AA joint venture data. This phenomena is apparent in some of the summary
logs where there is good agreement between the refraction and downhole data.

Anisotropy may account for velocity differences at some sites;
however, it does not satisfactorily explain the overall data trends. Because of
anisotropic conditions, shear waves may propagate at different velocities in
directions perpendicular and parallel to bedding planes of layered deposits. Thus,
surface refraction measurements may yield higher shear wave velocities in a
horizontally layered deposit than downhole velocity measurements (Schwarz and
Musser, 1972). Ilowever, this factor does not completely account for all the
velocity differences, as the Tertiary strata at many locations in Los Angeles are
not horizontal, having been deformed by folding and faulting. Consequently, at
sites with steeply inclined strata, higher velocities would be expected from
downhole measurements, if anisotropic effects were significant. This condition of

bedding planes at different inclinations would tend to average out the data with
some sites having higher velocities from refraction measurements and others
having higher velocities from downhole measurements. Bus, the consistently
higher values for the data from the surface refraction measurements appear to' be

indicative of something other than anisotropy.

,

Differences in the velocity data may also be attributed to the
inherent limitations of the surface refraction method. Of the geophysical
techniques commonly used, the surface refraction method is the most difficult to

interpret, and different assumptions of layer thicknesses or inconsistencies in

record interpretation may significantly affect the computed velocity. Accordingly,
it is our opinion that the downhole measurements represent a more reliable index

of the true shear wave velocity.
l

i

| This relative confidence in the downhols ' ,chnique is illustrated in
'

the following comparisons. First, the downhole technique was used by both Duke,
et al. (1971) and the SW-AA joint venture near Bunker Hill iri the downtown area of
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Los Angeles. The sites of the two measurements are about 500 feet apart and the

results are indicated on the summary log for the 222 Figueroa St. site in Appendix
A (Fig. A-29). The results from both of these independent measurements are in
excellent agreement. Secondly, crosshole and <!ownhole measurements were both

made at a number of sites studied by the SW-A A joint venture. At these locations,

velocities from the downhole measurements were found to be in good agreement

with values determined from the crosshole method. Differences in these wave
velocities are typically about 5 percent (Wilson and others,1978), further illust-

rating the relative reliability of the downhole method. Finally, other independent
studies which have employed downhole geophysical measurements have also found

the surface refraction velocities of Campbell and Duke to be relatively high. The
USGS has obtained shear wave velocities at a number of accelerograph stations in

the San Francisco Bay Area, and compared these findings with those of Campbell
and Duke for similar geologic conditions (USGS,1978). The results of this
comparison indicated that surface refraction velocities of Campbell and Duke were j

relatively high, compared to similar materials in the Bay Area. |
1

1
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. 4.0 SITE CLASSIFICATIONS

A classification system was devised to group the sites studied by the SW-AA

joint venture on the basis of similar subsurface conditions. Such a grouping is
useful'in studies of the effects of local soil conditions upon earthquake ground
response. The classification system also forms the basis for selecting earthquake

records in engineering design applications.

Three categories were used in the site classification system: Rock Sites,

Stiff Soil Sites, and Deep Soil Sites. The common denominator in the classification

system is the depth to rock or " rock-like" material beneath the site. This system is

similar to that used by Seed, et al. (1975) in which " rock-like" material is
considered to have a shear wave velocity greater than about 2500 fps. The groups

of the classification system are defined below.

1. Rock Sites - Rock within about 30 feet of the
ground surface.

2. Stiff Soil Sites - Rock overlain by 50 to 200 feet of
stiff clay, dense sand or gravel.

3. Deep Soil Sites - Rock overlain by more than 250 feet
of soil.

The site classification scheme was devised so that there would be a gap in

the depth to rock between the rock sites and the stiff soil sites, and between the

stiff soil sites and deep soil sites. The purpose of these gaps was to create a more

homogeneous and distinct data set.

Information on the subsurface conditions at each of the 83 accelerograph

stations was reviewed in an attempt to classify the sites. Table V presents the
results of the site classifications, along with a brief description of the site geologic

conditions, the- basis for the site classification, and information on the site
explorations. Of the 83 accelerograph stations,48 clearly fell into one of the three

groupings. Thirty-two of the remaining sites were deleted from the classifications.

These sites either lacked data indicating the depth to rock, or the data was
marginal and would not clearly allow classification of the site in just one category.
Three sites were omitted from the classifications because of unusual conditions,

-17-
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such as accelerographs located on dams or highly variable geologic conditions in
the vicinity of the site.

s

The distribution of the stations classified include 18 rock sites,26 stiff soil
sites, and 4 deep soil sites. %e rock sites were identified by encountering rock in
shallow borings or by observing rock in nearby outcrops. IIalf of the rock sites are
founded on granitic materials. Of the stiff soil sites, five were identified by
competent rock encountered in the boring and another five by high shear wave
velocities measured in the soil column. The majority of the stiff soil sites,
however, are _ located on Tertiary sediments which have relatively low, near-
surface shear wave velocities. Rese sites are primarily located in Los Angeles,
where the near- surface Tertiary strata have engineering properties and shear

wave velocities more similar to a hard soil than a soft rock. The shear wave I

velocities in these Tertiary strata, however, generally reach a value of about
2500 fps within a depth of 200 feet. The deep soil sites include deposits of both

cohesive and cohesionless materials. These deposits generally had low shear wave
velocities for at least a depth of 250 feet.

|
t

I

i
,

l
i-

|

|
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5.0 APPLICATIONS OF STUDY RESULT _S

The data contained in the SW-AA joint venture reports may be useful for

both research and engineering applications.

In research applications, data at the individual sites may be used in special

studies, such as the soil / structure interaction studies that the SW-AA joint venture

performed for the El Centro accelerograph station (SW-AA,1979c). Collectively,

the site classification scheme may be used in studies of the effects of local soil

| conditions on earthquake ground response. Parameters which may be studied in

this way may include maximum ground motions, ground motion ratios, response

spectra (shapes, ordinates, spectrum intensity and arias intensity), fourier spectra,
,

[ durations, and significant cycles of shaking as denendent variables; and earthquake

source, size, mechanism and location as independent variables.

I

j In engineering applications, information from the individual stations would
l be useful in assembling records for site matching studies. Site matching studies

are commonly used in empirical derivations of seismic design criteria. The criteria

for a project site are based upon a review of actual ground motion records obtained

at accelerograph stations having subsurface conditions similar to those of the

project site. The subsurface conditions disclosed in the accelerograph station

studies provide a consistent basis in which these site matching studies may be

performed.

An example of the use of the site classification system is presented in
Fig.16, which shows how peak ground motions and ground motion ratios attenuate

with distance from the earthquake epicenter for rock sites and deep soil sites.

These plots include data from magnitude 6.0-7.0 earthquakes, with data from the

San Fernando event being differentiated from non-San Fernando records. It is
evident that the rock site data are dominated by the San Fernando earthquake,

while the deep soil sites contain no data from this event. Ground accelerations
plotted in Fig.16 correspond to uncorrected records in Volume l'of the California

Institute of Technology earthqinke record series (Hudson, et al., 1969-1975).
Velocities and displacements are from the corrected accelerograms in the Caltech

Volume II series (Hudson, et al., 1971-1975).
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|

l

In a preliminary way, the dependency of earthquake ground motions on local

site conditions is illustrated by the data in Fig.16. The data in the peak ground
motion plots indicate that ground motions for deep soil sites and rock sites may
attenuate at different rates with distance, with the rock sites having a relatively
higher attenuation rate. Site dependent ' effects, however, are more clearly
indicated in the ground motion ratio plot (V/A). Here, the ground motion ratios for

the deep soil sites are significantly higher than those for the rock sites. Also, the

ground motion ratios for both the rock and deep soil sites appear to be relatively
insensitive to distance. A constant V/A relationship indicates that peak ground

|velocities attenuate with distance at the same rate as peak accelerations. Thus,

for a given site condition, one attenuation rate applies equally to both acceleration
and velocity. The separation of the rock site data from the soil site data in the

IV/A plot indicates differing attenuation rates of peak ground motion for both rock
sites and deep soil sites.

|

;

|
,
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6.0 CONCLUSIONS

The goal of the SW-AA joint venture studies was to broaden and refine the

data base of earthquake records by providing geotechnical and seismological data

at selected accelerograph stations. As a result, 83 accelerograph stations were
studied and the findings presented in nine data reports (Table II).

The five volumes of the soil site data reports contain information on 23
accelerograph stations. Except for two sites in IIelena, Montana, which are
founded on rock, the subsurface conditions at all stations in the soil site reports

were evaluated based on the findings of a deep boring, geophysical measurements

and laboratory tests. The deep borings at the soil sites had an average depth of 300

feet.

The three volumes of the rock site reports contain information on 49
accelerograph stations. Subsurface conditions at these stations were generally
evaluated from existing boring data in the vicinity of the sites. The results of the
rock site studies show that only 15 of the stations regarded by other investigators

as being founded on rock were actually located on rock. In fact,15 other sites
were found to be located on alluvial deposits, where the depth to rock ranged from

a minimum of 50 feet to a maximum of over 300 feet. The remaining 19 stations

were founded on Tertiary sediments with less than 50 feet of overburden. These

sites are primarily located in Los Angeles, where the near-surface Tertiary
sediments were found to have engineering properties more similar to a hard soil

than a soft rock.

.

The remaining data report discusses 11 sites in the Los Angeles area. These

stations were located in three areas, where a deep boring in each area was

adequate to evaluate subsurface conditions at several accelerograph stations. Each

boring was advanced to depths in excess of 300 feet, in-situ geophysical testing
was conducted in each to determine shear wave velocities, and laboratory tests

were performed on samples retrieved from each of the borings.

To facilitate use of the findings of the data reports, a summary log was
1

prepared for each of the stations, and a site classification scheme adopted to allow '
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k

. grouping of the data. 'lhe summary logs and site classification system presented in

this report are intended to provide ~ a basis in which the relationship of ' recorded

ground motions to local site conditions may _be studied for both research and
,

- - engineering applications. Simple plots of earthquake ground motion for rock sites

and deep soil sites indicate the dependency of earthquake ground motions on local

site conditions.

Although the accelerograph station studies have significantly increased the
! information on the earthquake data base,.more studies are needed to broaden the
j earthquake data base. More stations in each grouping, particuarly the deep soil
'

group, need to be studied and more earthquake data is needed for the sites in each
,

of the groupings. Perhaps future studies may be extended to include accelerograph

stations in other, more seismically active, areas of the world.

i
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TABLE I

GEOGRAPHIC INDEX OF ACCELERN32APH STATIONS

US GS
Re f;r:nce Station Map SW-AA

No. Station No. Fiq. Report

ALASKA

1 Anchorage AMU Gould Hall 2702 1 1978

2 Fairbanks UA Duckering Hall 2721 1 19732

CALIFORNIA

3 Carbon Canyon Dam 108 4 1977b

4 Castaic Old Ridge Route 110* 4 1977b

5 Cedar Springs Miller Canyon Guard Sta. 111 3 1977b
(Formerly called Allen Ranch)

,

6 Cedar Springs Pump House 112* 3 1977b

7 Cholame - Shandon Array Station 2 1013 3 1975

8 Mheisme - Shandon Array Temblor 1438* 3 1977h

9 Cholame - Shandon Array Temblor Il 1097 3 1977b

10 Costa Mesa - 6 6 6 W. 19th St. Bethel Towers 114 4 1977b

11 Edmonston Pumping Plant 1027*,991* 3 1976b

12 El Centro Terminal Substation 302 Commercial Ave. 117 3 1975

13 Eureka Federal Bldg. 500 "H" St. 1022 1 1977b,1979b

14 Fairmont Reservoir 121 4 1976b

15 Ferndale Fire Station Brown St. 1023 1 1975
(Former City Hall)

i
1

16 Fort Tejon 1096*,998* 3 1976b

17 Gilroy Gavilan College Physical Science Bldg. 1250 1 1977a

18 Glendale 633 E. Broadway Municipal Services Bldg. 122 4 1977b,1979b

19 Goleta UCSB Fluid Mech. Lab. 282* 3 1977b

20 Hollister City Hall 375 Fifth St. 1028 1 1979a
i

i

21 Lake Hughes Array Station . 2nd 1A 125*,828 4 1976b

| 22 Lake Hughes Array Station 4 126 4 1977b

23 Lake Hughes Array Station 9 127 4 1976b

24 Lake Hughes Array Station 12 128 4 1977b

25 Los Angeles 1900 Ave. of Stars Union Bank Bldg. 184 5 1976c

26 * 1901 Ave. of Stars 187 5 1976c

1800 Century Park East Northrup Bldg. 425 5 1976c27 *

Sheet 1 of 4
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TABLE I

GEOGRAPHIC INDEX OF ACCELEROGRAPH STATIONS (Cont'd)

USGS
Reference Station Map SW.AA

No. Station No. Fig. Report

CALIFORNIA (Cont'd)

28 Los Angeles 1880 Century Park East Property Research Bldg. 440 5 1976c

29 222 Figueroa Bunker Hill Towers-West 145 5 1976b.1979b*

30 234 Figueroa Bunker Hill Towers-South 148 5 1976b,1979b*

31 445 Figueroa ualon Bank 157 5 1976b,1979b*

32 * 800 W. First Bunker Hill Towers-Ctr. 172 5 1976b,1979b

33 420 S. Grand Ave. Pacific Tel 154 5 1977b*

34 * Griffith Observatory 141 4 1977b

35 1025 N. Highland Av. Hollywood Storage Bldg. 133 5 1979a-

135 5 * |
* *

|
i

36 111 N. Hope Water & Power Bldg. 137 5 1976b,1979b*

3838 Lankershim Sheraton-Universal Hotel 220 4 1977b,1979b j37 *

38 616 S. Normandie Av. Wilshire Christian Manor 431 5 19 76 b
*

39 3407 W. Sixth Mutual Bldg. 199 5 1976c*

40 * 4867 Sunset Kaiser Hospital 226 5 1977b,1979b

41 14724 Ventura Certified Life 253 4 1976c*

42 15250 Ventura Bank of California 466 4 1976c
*

43 15910 Ventura KB valley Center 461 4 1976c*

44 * 2500 Wilshire Wtishire-Coronado Bldg. 449 5 1976b j

45 3345 Wilshire Wilshire Square 196 5 1976c -

*

46 * 3411 Wilshire Equitable Life 202 5 1976b

47 * 3470 Wilshire Pacific Tel. 208 5 1976c

48 * 3550 Wilshire Tishman Bldg. 211 5 1976c

49 * 3710 Wilshire Beneficial Plaza 217 5 1976b

50 4680 Wilshire Farmers Insurance 223 5 1976b
*

51 5900 Wilshire Mutual Benefit 428 5 1976b
*

52 6200 Wilshire Wilshire Medical Bldg. 443 5 1976b j
*

1
53 2011 Zonal Hof fman Medical Res. 190 4 1976b

*

54 Melendy Ranch Barn 1211* 1 1976a

55 Oakland City Hall 1421 Washington 1049 2 1977b

Sheet 2 of 4
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TAPLE I

GEOGRAPHIC INDEX OF ACCELEROGRAPH STATIONS (Cont'd)

USGS
Ref;rence Station Map SW-AA

No. Station No. Fig. Report

CALIFORNIA (Cont'd)

5$ Oso Pumping Plant 1052*,993* 4 1976b

57 Pacolma Dam 279 4 1977b

58 Palos Verdes 2516 via Tejon 411 4 1977b

59 Pasadena CIT Millikan Library 264 4 1976a

60 * CIT Old Seismic Lab. 295 N. San Rafael 266* 4 1977b

* 4800 Oak Grove (JPL) 267 4, Id77b61,

62 Petrolia General Store 1398 1 1979a

63 Puddingstone Reservoir 278 4 1977b

64 San Francisco Alexander Bldg. 155 Montgomery 1065 2 1977b

Golden Gate Park Prayerbook Cross 1117 2 1977b65 *

State Bldg. 350 McAllister 1080 2 1977b66 *

67 San Luis Obispo City Rec Bldg. 864 Santa Rosa 1083 3 1977b

68 San Onofre Nuclear Power Plant 280 3 1977b

69 Santa Anita Dam 104 4 1977b

70 Santa Barbara County Courthouse 283 3 1976a

71 Santa Felicia Dam Outlet Works 284* 4 1977b

72 Taft Lincoln School Tunnel 1094 3 1976a

73' Wrightwood 6074 Park Drive United ca. Bank 290* 4 1977b

MISSOURI

74 New Madrid Noranda Aluminum Plant Rectifier / Control Bldg. 2420 1 1979a

MONTANA

75 Bozeman MSU Roberts Hall 2205 1977a

76 Helena Carroll College 2202 1 1977a

Federal Bldg. 2229* 1 1977477 *

OREGON

78 Portland PSU Cramer Hall 2172 1 1978

State Office Building 1400 S.W. Fifth Av. 2110* 1 197979 *

1

|

Sheet 3 of 4
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TABLE I

l
CEOCRAPHIC INDEX OF ACCELEROGRAPH STATIONS (Cont'd) I

|
1

USGS
Reference Station Map Sw-AA

No. Station No. g Iteport

UTAlf

1

1

80 1.ogan USU Old Main Bldg. 2203 1 1977a

WASHINCTON I

S1 Olympia Highway Test Lab. 318 State Av. 2101 1 1978

82 Seattle Federal Office Bldg. 909 - First Av. 2102 1 1978

93 Tacoma County-City Bldg. 2104 1 1977a '

i

|

* Station discontinued

.

|

|

1

l
i
i

|
.

1

I
1

l
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TABLE II

DATA REPORTS

SOIL SITE SERIES ROCK SITE SERIES OTHER

I I I

I I I

Vol. 1 I I

1975 3 Sites in California i I

(SW-AA, 1975a) i I

l i I

I I I

Vol. 2 Vol. I Data for 11 sites

1976 4 Sites in California 19 Sites in California in Los Angeles
(SW-AA, 1976a) (SW-AA, 1976b) (SW-AA, 1976c)

i I l

i I i

i Vol. 3 Vol. 2 I

U 1977 6 Sites in the Western U.S. 30 Sites in California I
' (SW-AA, 1977a) (SW-AA, 1977b, and 1977c) |

I I l

i I I

Vol. 4 I I

1978 5 Sites in the Western U.S. I I

(SW-AA,1978) i i

i l l

I I I

Vol. 5 Vol. 3 SUMMARY REPORT

1979 5 Sites in the U.S. Subsurface conditions studied Summary data for stations
(SW-AA, 1979a) in greater detail at 9 sites studied from 1975-1979

in Vol. I and 2 reports . (This report)
'

(SW-AA, 1979b)
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ta:Lt III

$1Afttet tu TN! 84f4 effetit

soft srTEs

SW-AA, 1975 SW-AA, 1976a

California California SW-AA, 1977a

Ferndale, Fire Sta. Pasadena, CIT Millikan Library Gilroy, CA, Gavilan College
Cholame No. 2 Santa Bartara, County Courthouse Logan, UT, USU Old Main Bldg.
El Centro, Terminal Substation Ta f t , Lincoln school Bozeman, NT, usu Roberts Hall

Malandy Ranch Barn Tacoma, WA , County-City Bldg.

Helena, NT , Federal Bldg. a nd

Carroll College

ROCK SITES

Sw-AA, 1976b SW-AA, 1977b and 1977c

California California

* L.A., 222 Figueroa Edmonston Pumping Plant * Eureka, Federal Bldg. Cedar Spr
* 234 Figueroa Fai rmont Reservoir San Francisco, Alexander Bldg. Carbon Car
* 445 Figueroa Fort Tejon Golden Gate Park Puddingstc
* 800 W. First Lake Hughes No. 1 State Bldg. L.A. 42:
* 111 N. Bope Lake Hughes No. 9 Oakland, City Hall * 4Bf

614 S. Normandie Oso Pumping Plant Cholame-Shandon Temblor Gr1
2500 witshire Cholame-Shandon Temblor II * 303
3411 wilshire San Luis Obispo, City Rec. * Glendale,

3710 wilshire Goleta, UCSB Fluid Mech. Lab Santa Anit
4680 wilshire Santa relicia Dam Pacoima Da
5900 Wilshire Castaic, Old Ridge Route Pasadena,

6200 wilahlre Lake Hughes No. 4

2011 Sonal Lake Hughes No. 12 Palos Verd

Wrightwood, 6074 Park Dr. Costa Mesa

Cedar Springs, Pump House San Onofre

[ OTRER

!

l

SW-AA, 1976c
9

O 'd^('b [',
-, mg i California

h th
- OI

kI''llk ~{P 1(j(,i\\O($f)II
'

'''' "'' "***''''

Q)t ;f \1 3407 W. Sixth"

3470 Wilshire
3550 Wilshire

1900 Ave. of the Stars

1901 Ave. of the Stars

1900 Century Park East
1000 Century Park East
14724 Ventura*

15250 Ventura
15910 Vantura

$

(
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.SW-AA, 1978
gy.AA, 1979a

Anchorage, AK, AMU Gould Nall
Seattle, MA , Federal Office Bldg. Fairbanks, AK , UA Duckering Hall
Olympia, MA , Highway Test Lab. Petrolla, CA , General Store

Fortland, OR , State Office Bldg. and Rollister, CA , City Hall

PSU Cramer Hall Los Angeles, CA , Bollywood Storage 81dg.
New Madrid, M) , Noranda Aluminum Plant

SW-AA, 1979b

California, E111tr Lanyon Sta.
Dan Eureka, Federal Bldg.

Eessrvoir Clendale, 633 E. Broadway
. Gesnd L. A. 222 Figueroa
unwt 234 Figueroa
th ObstrvEtory 445 Figueroa
IIFMU 800 W. First

63 E. Broadway 111 N. Rope
*

3838 Lankershim
4867 Sunset

S3ienic Lab.
2516 Via Tejon
6 5 19th

r F1 tat

SW-AA, 1979
(This Report)

Summary poport
All Sites

%

* Stations ubese embourface conditions were studied la detail in SW AA- , 1979 b P
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TA*LE IV

SUMMARY OF SITE EXPLORATION METHODS

Boring Data Velocity Data

Sw-u Ota re

8 7'7 e -e -

} *{ e
e - Sw-ue 3-

ma f x rac. 2 m Report
No. Station g e

f
?n 8 3 8o d'i 23"

o a 2

AIAsu

1 Anch.. age AMU Could Hall X 300 X 300 1978

'2 Fairbank s UA Duckering Hall X 157 X 150 1979a

CALIFORNIA

X 33 NA 1977b
3 Carbon Canyon Dam

'4 Castaic Old Ridge Route NA X 90 1977b

5 Cedar Springs Miller Canyon Guard Sta. NA NA 1977b

6 Cedar Springs Pump House 1 63 NA 1977b

7 Cholame-Shandon Array, Station 2 X 221 X X
~

210 1975

NA NA 1977b
8 Cholame-Shandon Array, Temblor

9 'Cholame-Shandon Array, Temblor II NA NA 1977b

10 Costa Mesa 666 W. 19th St. X 65 NA 1977b

11 dmonston Pumping Plant X 34 NA 1976b

- 12 El Centro Terminal Substation X 401' X X 390 1975

13 Eureka Federal Bldg. X 348 X 340 1977b 1979b

14 Fairmont Reservoir X 30 NA 1976b

15 Ferndale Fire Station X 263 X X 180 1975

16 Fort Tejon X 75 NA 1976b

17 Gilroy Gavilan College X 77 I 60 1977a

18 Glendale 633 E. Broadway X 399 X 360 1977b,1979b

19- Goleta UCSB Fluid Mech. Lab. I 18 X 15 1977b

20 Hollister City Hall X 349 X 345 1979a

21 Lake Hughes Array Station 1 and 1A X 55 NA 1976b

22- Lake Hughes Array Station 4 NA NA 1977b

23 Lake Hughes Array . Station 9 X 9 NA 1976b

24- Lake Hughes Array Station 12 X 3 NA 1977b

25 Los Angeles 1900 Ave. of Stars X 401 X X X 400 1976c

_26 e 1901 Ave. of Stars X 401 X X X 400 1976c

27 e 1800 Century Park East X 401 X X X 400 1976c

28 e 1880 Century Park East- 1 401- X X X 400 1976c

29 e 222 Figueroa X- 405 X X X 395 1976b,1979b

30 - * 234 Figueroa X 405 X X X 395 1976b,1979b-

31 e 445 Figueroa X X 405 1 X X 395 1976b.1979b

.32 8 800 W, First X X 405 1 X 355 1976b,1979b

I-
r

I
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TATLE IV' J

SUsetARY OF SITE EXPT 4RATTON METHODS (Cont'd) ;

i

Boring Data Velocity Data

SW-AA Others
,

4
18j -* .. ,

U 3 U$t

b .eReference e
~

o" u. SW-AA

f .[No. Station Report

bO b Q N bbb

CALIFORNIA (cont'd)

33 los Angeles 420 S. Grand Ave. X 75 X 'X 150 1977b
34 * Griffith Observatory NA NA 1977b
35 * 1025 N. Highland Ave X 360 X X 340 1979a

111 N. Hope X X 405 X X 395 1976b,1979b
.

-36 *e

37 . * 3838 Lankershim-. X 349 X 345 1977b,1979b

$ 3B * 616 S. Normandie Av. X X 401 X X 235 1976b
'39 * 3407 W. Sixth X 401 X X 235 1976c

j, 40 * 4867 Sunset X 302 X 300 1977b,1979b

41 * 14724 Ventura X 321 X X 320 1976c j

42 + 15250 Ventura X 321 X X 320 1976c |

43 * 15910 Ventura X 321 X X .320 1976c
44 * 2500 Wilshire - X X 401 X X 235 1976b

'
45 * 3345 Wilshire X 401 X X 235 1976c

3411 Wilshire X 401 X 235 1976b46 *

q . 47 * 3470 Wilshire X X 401 X X 235 1976c
1

1
'

48 * 3550 Wilshire X X 401 X X 235 197cc
49 * 3710 Wilshire X X 40i X X 235 1976b
50 * 4680 Wilshire X 62 X 25 1976b
51 e 5900 Wilshire X 150 X 50 1976b

.6200 Wilshire X 130 X 50 1976b52 *

53' + 2011 zonal * X 60 X 50 1976b,

54 Melendy Ranch Barn X 340 X X 340 1976a
-55 Oakland City Hall X 92 X 85 1977b

'

56 Oso Pumping Plant X 200 X 50 1976b
57 Pacoima Das NA X X $07 1977b-

,
58 Palos Verdes 2516 via Tejon 1 25 I 50 1977b

^|

59 Pasadena CIT Millikan Library X 401 X 400 1976a
CIT O'; Seismic Lab. NA X 50 1977b60 *

4800 Oak Grove (JPL) X 680 X X 414 1977b |61. *

62 Petrolia General Store I 180 X 180 1979a )i

1 63 Puddingstone Reservoir. I 115 NA 1977b
64 San Francisco' Alexander Bldg. I 140 I 90 1977b ]

Golden Gate Park X 90 X 90 1977b !65- *

66 *- State aldg. X 217 X 90 1977b

I I

T.
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TABLE IV

St234ARY OF SITE EXPLORATION DSTMODS (Cont'd)

Boring Data Velocity Data

SW-AA Othere

7 7
.oe ee e a

'E
j 8 $$ SW-AAD *

Reference .
Wo. Station g g j je g Report*

E * * *
2

, a
&2 8E & 8 u

CALIFORNIA (cont'd)

67 San Luis Obispo City Rec. Bldg. I 45 I to 1977b

68 San Onofre Nuclear Power Plant I 997 I I 7 1977b

69 Santa Anita Dam NA NA 1977b

70 Santa Barbara County Courthouse 1 401 I I 400 1976a

71 Santa Felicia Dam Outlet Worke I 17 NA 1977b

72 Taft Lincoln School Tunnel I 321 I I I 321 1976a

73 Wrightwood 6074 Park Drive I $9 NA k977b-

MISSOURI

74 New Madrid Noranda Aluminum Plant x 329 x 329 1979a

MONTANA

75 Bozeman MsU Roberto Nall X 99 X 80 1977a

76 Helena Carroll College NA NA 1977a

77 e Federal Bldg. NA NA 1977a

ORECOM

| 78 Portland PSU Cramer Hall I I 260 1 263 1978

, 79 e State Office Building I I 260 1 260 1978

|
l trTAN
I

i

I 80 logan USU Old Main Bldg. Y 287 I 250 1977a

NASHItKrFON

81 Olympia Highway Test La h I 511 1 440 1978

I 82 Seattle Federal Office Bldg. I 400 I 400 1978

( S3 Tacoma County-City Bldg. I 398 I I 310 1977a

|
MOTE:

|
Sites where either boring or velocity data
is not available are indicated *NA*.

!
,

|
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SITE CL ASSWICATIONS

S.ste ter Cleae f am

*>
mo f ,, ,

bno . Stat ten =, = ?1, 3 j ,a *, ;
msite Conditione Cle.e s f ace sso.1

em we .
33 t. D ,. 3
#8

I 1"A :- i .:
* -.

-
AhA3_aA_

1 Anchorage AMU Gould Rall *300* Glacial Till 6 mortaine
2 Fe a rba nk s UA Duckertag Ball

S' Loose ever Streh Creet Schist ( Pr ecambr ian ) R E

SS I

CALIF 0anI A

3 Cerban Canyon Das
95' F111 (dae. over Fernando Fa. Mt4 Caetate Old Radge boete Castaic Pm SSssa (nacconel SS I$ Cedar Springe Ma ller Canyon Guard St e. Gs aa t t e

R I6 Cedar Spranga Puey mouse 563 " Quat. Sediment e DeleteCrowder Fu (Ples s. ) $ 8', SS/congl.? Cholame-Shandon Arrey, Stetton 2 *221' Alluvine Delete

9 Cholame-Shandon Array, Temblor Serpentine & Shale
B E l9 Cholame-Shandon Arrey, Tembler II stinterey Ep. SS/SM (Maoceael

19 Costa Rese 646 W. 19th St . 23' Allevtse over Fernando Fu.
3 E

11 Edmoneten Puay&ag Plant
13' A11svaen over Greatte

Delete

12 El Cent ro Termanal Substation 34 02' Quat . Sediment e
3 I

De 5
13 terena Federal Sidg. > 3w' Ova t . Sedimente

DeleteBookton Pu (Plete) e 8 7' unconsol. Sa .14 Fa i rmont Re se rvo s t 17' Fill ever Cranite 3 315 Persdale Fire Stataca * 26 3' Quat . Sed teen t e
DeleteMoomton rm (Plot s.) 0 100* Sa./Gw1.16 Fort Tejon

70* Allevaan ever Grankte17 Ga iroy Gavitae College 49' Allevius over 29' stanterey Gp 7 over
SS I
SSFranc &seae Assemblege I

le Glendale 633 S. Sroadway 3399' A11evnem
SS19 Golet a UCSS Pluid mech. Lam. 14' A11evien ever $1equee Fu. 58 (Pliocene) Delete

I
29 Bo1113ter City Ball 5 349' A11evium
21 Lake hughes Array. Stattone 1 and 1A *S5' A11ews de

Delete

Omit22 Lane Sughes Arrey. Station 4 Granite
a 3

23 Late Sughes Array. Station 9 Gran k te
24 Lake Nughes Array, Stataen 12 a 35' A11eviam over 2113abeth Canyon RFt., SS/SW (tocenel I
25 Lee Angeles 1900 Ave. of Stare

3401' Pleistocene mediments San Ped ro DeletePa. leend-s a lt ) 9 77'
26 * 1901 Ave. of Stare

5401' Pietatocene sedaments San Pedro DeletePa . (eend-e llt ) 9 77'
27 e 1800 Century Park East 5401' Pleistueene sedament g San Pedro DeleteFe. (sand-s t a t i 0 77'

28 e 1980 Century Park East
*431' Pietetocene sedamente. See Pedro DeleteFe. ( send-s ta t i 9 77'29 e 112 71gueroa
19' Fill 6 A11evium over Fernando Pa $s.

234 F1 ueroe Delete30 e T 19' Fill & A11eenue over Fernando Fe. SN.11 * Delete44$ Fnfueroa e ' FL11 over Fernando Fm. Ss.32 * SOS W. First Puente Fa. SE. (Nieconel
Delete

Delete
32 * 428 5. Greed Ave. It' Fill a A11ewken ever Fernando Pa.H e DeleteGrif fith Gbeervatory Gr an a t e
31 * 102$ 5. Gighland Av. 146' A11evam over Fernando Fe.

a 3
M * 111 5. Eppe Puente Fm. SS/SE

Delete

Delete37 e Isle Lenkershie 15' Fall over Topenge Fe. (nioceael
SS I

38 616 S. Normandle Av.e
32' Fill 4 A11evium over Puente Pa.19 3407 s. 81sth SSa

I
I 20' A11evis over Puente Fe.66 SSe 486 7 Someet IaJ' A11evitne over Puente Fa.el e 14724 Vestere SS I63' Allowkun over skadelo Pe.42 15250 venture Deletee

83' A11 avium over ubdelo Pm. Delete

j el e li9te ventera 53' A11evia over stadelo Pe. Delete44 e 2500 W11 shire 32' Fall & Alluvise over Puente Pa. SS4, e ne .iiehi,e 28 Aile.iem over P.eete .

3
=44 * 3411 Wilshire 29 * Alluvium over Puente Ps. =
SS47 -

. ,47. . 1...r. 4,. A usw.m o t P.e.t . F..
$

/ . .
1
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-,._
go. stet ten Site Condittene (*

CALL DEBita (Cent'd)

og Lee Angelse 35SS Wilshare 60' A11evawm over Fernande Fe.
49 e 3710 Wilshire 29' Allevtus ever Fernando Pe.

50 e 4608 Wilshire *62 * Omat. eedimente
51 e 5900 Walshire *154' Quat. eed iment s
$3 e 6299 Walshire *139' Quat. eed iment e
53 e 2011 Seest 2* A11evness ever Puente 85/55

$4 neleady Ranch Born 19' A11ewtum ever Etenecesa Cp. (Pl ae. ) SS/SN

SS Ce n tes.d City aa11 $92' Omet. eedteente (probably * 300' B

Se Ooo Pumping Plant 117* A11evaum over Meeke Rime Pa. (Plae.)
57 Paceans Dee Granite

58 Petes Tordes 2516 vae Telen 19' Qeat. aediments over nunterey $h. (Plie. )
I

i
i st Pasadene Cr? ns11then Labrary .soe* Allows :Pleistece et

se o Cr? Old Beseene Leb. Granate

61 e 4806 Cat Grove |JPL) 635' A11evien (Pleist.$ ever greente

1 62 Petre16e General Store 56' Alluvium ever tager Fe. (Hes . ) ($, /SM t
|

43 Puddingetene Bemervoir 07* ereccia over haealt
| 6. sa. rr..ete A1.aa.d. s14,. 14

A.e '.o t ....sedame.no ow., reameis< aa,

j se . .

- el e Golden Gate Park Franc 6staa Ameen, thes. ) SE/ Chert

; 66 e . tate .i.g m. at. e.da .te ever Pr.-a ma Aa.e..

t
j 67 See Lois Obispe City Rec. Sieg. 17' A11oviam ever Francisc an Aasee.. $5
| 68 San Onofre Nuclear Power Plant laa Meteo Pe. (Poorly consel SS)
3 69 s. te Aatt. oom ara ste

19 Saata Barbara County Courthouse 7801' Allevam

71 Santa Policia Dae. Outlet Works 7* Allowkun over Okadete Fe. (M aecone l
72 Taf t Lincola Schent Tenmel 301' A11evaise ever Pleastecene E.
73 wr1 hteeod 6874 Park Drive >S9' A11ewtumT

MIss(Ear

74 Bow Radrid Berenda Alismanus Plant 199* A11eviam ever Tert. enceneel. send

NDeframA

75 meseena usu aaberts mall 83* Allowtum over echtst 6 gnelse

76 es tema Carroll College LAmestone
77 e redesel Sieg. Limestone

i
a onEGON
i
4

j 79 Portland PSU Cramer Rai! 92* A11eviime over 146' Troutdale re.
J Twl . f Flie.)
j 7, e State Office asalding 12' A11eviam over 140' Treetdale Fe.
I gw1. (P110.3

,

.. 1 14 a .,dg. 2. . . te r , s.d t .

I
i
e unserscTon
i
<-
5 31 Olympia EA9h'88T Test Lab. >511' Glacial sediments
f 82 seattle Federal Office Bldg. *400* Glacial sedaments

, el Tecuma Commty-City 81dg. >393 * Glachet codimeets

i

1
5

' spFES a

1. Classificatione 2. (

C a - m ek sites (noen 3 3e f t.:
as - stiff seat sit e gse ft. i aset i 200 ft.)
De . Deep soil Sites taaek e 250 f t.)

,

) II
!
4
e

t
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1

- TABLE A-1

! CROSS INDEX OF USGS STATION NOS. AND SITES

| USGS Summary Log
'

No. STATION Figure No.

r-

SOUTHERN CALIFORNIA

104 Santa Anita Dam A-69 I

108 Carbon Canyon Dam A-3
110* Castaic, Old Ridge Route A-4
111 Cedar Springs, Miller Canyon Guard Sta. A-5
112* Cedar Springs, Pump House A-6
114 Costa Mesa,666 W.19th A-10

117 El Centro, Terminal Substation A-12

121 Fairmont Reservoir A-14

122 Glendale,633 E. Broadway A-18
125* Lake Ilughes Station 1 A-21

! 126 Lake Hughes Station 4 A-22

127 Lake Ilughes Station 9 A-23-

I 128 Lake Hughes Station 12 A-24

133 Los Angeles,1025 N. Highland Ave. (Bsmt.) A-35
,

135 Los Angeles,1025 N. Highland Ave. (PE Lot) A-35
137 Los Angeles,111 N. Hope A-36

,

~141 Los Angeles, Griffith Observatory- A-34
-145 Los Angeles,222 Figueroa A-29
148 Los Angeles,234 Figueroa A-30
154 Los Angeles,420 S. Grand A-33
157 Los Angeles,445 Figueroa A-31

172 Los Angeles,800 W. First A-32

184 Los Angeles,1900 Ave. of the Stars A-25

187- Los Angeles,1901 Ave, of the Stars A-26
190 ' Los' Angeles,2011 Zonal -A-53

Sheet 1 of 4
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|

|

TABLE A-1

CROSS INDEX OF USGS STATION NOS. AND SITES (Cont'd)

USGS Summary Log
No. STATION Figure No.

SOUTHERN CALIFORNIA (Cont'd)
196 Los Angeles,3345 Wilshire A-45
199 Los Angeles,3407 D. Sixth A-39

| 202 Los Angeles,3411 Wilshire A-46
208 Los Angeles,3470 Wilshire A-47
211 Los Angeles,3550 Wilshire A-48
217 'Los Angeles,3710 Wilshire A-49 ,

i 220 Los Angeles,3838 Lankershim A-37

| 223 Los Angeles,4680 Wilshire A-50
226 Los Angeles,4867 Sunset A-40
253 Los Angeles,14724 Ventura ' A-41

264 Pasadena, CIT Millikan Library A-59
266* Pasadena, CIT Old Seismic Lab A-60
267 Pasadena,4800 Oak Grove (JPL) A-61
278 Puddingstone Reservoir A-63
279 Pacolma Dam A-57 ,

280 San Onofre, Nuclear Power Plant A-68
282* Goleta, UCSB Fluid Mech. Lab A-19
283 Santa Barbara, County Courthouse A-70
284* Santa Felicia Dam A-71
290* Wrightwood,6074 Park Drive A-73

:411 Palos Verdes,2516 Via Tejon A-58
425 Los Angeles,1800 Century Park East A-27
428 Los Angeles,5900 Wilshire A-57
431 Los Angeles,616 S. Normandie Ave. A-38
440 .Los Angeles,1880 Century Park East A-28
443 Los Angeles,6200 Wilshire A-52

Sheet 2 of 4
~
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|

I

TABLE A-1

CROSS INDEX OF USGS STATION NOS. AND SITES (Cont'd)

|

USGS Summary Log
|

| No. STATION Figure No.

SOUTHERN CALIFORNIA (Cont'd)

449 Los Angeles,2500 Wilshire A-44

! 461 Los Angeles,15910 Ventura A-43

| 466 Los Angeles,15250 Ventura A-42

828 See 125*

991* Edmonston Pumping Plant A-11

| 933* Oso Pumping Plant A-56

998* Fort Tejon A-16

NORTIIERN CALIFORNIA

1013 Cholame - Shandon Array, Station 2 A-7

1022 Eureka, Federal Building A-13

1023 Ferndale, Fire Station A-15

1027* Same as 991*

1028 IIollister, City IIall A-20

1049 _ Oakland, City IIall A-55

1052* Same as 993*;

! 1065 San Francisco, Alexander Building A-64
,

f 1080 San Francisco, State Building A-66

1083 San Luis Obispo, City Rec. Building A-67

.

Taft, Lincoln School Tunnel A-721094
'

j 1096* Same as 998*

! 1097 Cholame - Shandon Array, Temblor II A-9

1117 San Francisco, Golden Gate Park A-65

1211* Melendy Ranch Barn A-54
,

Sheet 3 of 4
.
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TABLE A-1

|

CROSS INDEX OF USGS STATION NOS. AND SITES (Cont'd)

USGS Summary I og
No. . STATION Figure No. '

NORTHERN CALIFORNIA (Cont'd)
,

1250 Gilroy, Gavilan College A-17.

1398 Petrolia', General Store A-62 |
1438* Cholame - Shandon Array, Temblor A-8 !

l
PACIFIC NORTIIWEST j,

2101 WA: Olympia, Ilighway Test Lab A-81
1 2102 WA: Seattle, Federal Office Building A-82

2104 WA: Tacoma, County-City Building A-83
t

2110* OR: Portland, State Office Building A-79
2172 OR: Portland, PSU Cramer IIall A-78

NORTIIERN ROCKIES
2202 MT: Helena, Carroll College A-76
2203= UT: Logan, USU Old Main Building A-80
2205 MT: Bozeman, MSU Roberts Ifall A-75

; 2229' - MT: IIelena, Federal Building A-77

MISSISSIPPI VALLEY

2420 MO: New Madrid, Noranda Alumlaum Plant A-74
4

ALASKA
2702

.

Anchorage, AMU Gould Hall A-1
j 2721 Fairbanks, UA Duckering Hall A-2

,

* Station discontinued. Sheet 4 of 4
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spoon and a pitcher barrel
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devised for grouping the stations as either rock sites, stiff soil sites or deep soil
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which qualitatively indicate the dependency of earthquake motions on local site
conditions. This classification system may be used in more elaborate and quantitative
studies of the influence of local site conditions upon earthquake ground response. On
a practical engineering level, the site classification system and the results of the
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