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INTRODUCTION

Studies conducted in the San Francisco Bay region (Gibbs, Fumal and
Borcherdt, 1980) have shown that average shear-wave velocity can be related to
quantitative estimates of ground motion such as amplification from nuclear
explosions and earthquake intensity. Furthermore, when certain physical
properties of the geologic materials such as texture, hardﬁess and fracture
spacing are described during geologic mapping, a method can be used to predict
shear-wave velocity from descriptions of geologic units (Fumal, 1978). By
measuring shear-wave velocities in representative geologic units, regional
maps depicting the earthquake hazard can be compiled.

These studies are presently being extended to the Los Angeles Basin and
Oxnard-Ventura, California areaé. To_date,~shear and compressional waves have
'been measured in boreholes at 68 locations. Two previous reports (Gibbs,
Fumal_and Roth, 1980; and Fumal, Gibbs and Roth, 1981) summarized geologic and
seismic data at sites 1-27 and 28-46 respectively. This report presents data
for sites 47-68., At each location seismic travel times are measured in drill
holes, normally at 2.5 m intervals to a depth of 30 m. Geoloaic logs are
compiled from drill cuttings, undisturbed samples and penetrometer samples.
The data provide a detailed comparison of geologic and seismic characteristics
and parameters for estimating strong earthquake ground motions quantitatively
at each of the sites.

SELECTION AND LOCATION OF SITES

The selection of sites 47-68 (fig. 1) in this study was guided by the
availa5§1ity of other data in the Los Angeles area that are applicable to the
overall problem of estimating earthquake ground motions. These data are (1)

strong motion records from the 1971 San Fernando earthquake, (2) ground motion



recorded from nuc\ear explosions and (3) geologic mapping. Sites are selected
on the basis of each data set with priority given to the order listed.
DRILLING AND SAMPLING PROCEDURES

At each site selected, a hole 12 ¢m in dﬂameter is drilled to a depth of
30 m using a truck-mounted drill and a rock bit with mud and water circula-
tion. The boring is then cased with 7.6 cm dﬂameter PVC plastic pipe and
backfilled with drill cuttings and “pea" gravel. Casing insured accessibility
of the hole and provided a secure clamping surface for the seismic probe.

Samples are taken in each of the holes aﬂ depths of approximately 3 m,
7.5 m, 30 m, and at boundaries defined by con&inuous!y monitoring the drill
cuttings and the drill reaction. The type anJ number of samples taken at each
site is determined by the type of material, t&e number of significant litho-
logic boundarieé, and variations in weatherinq!.

In soils, standard penetration measureme'ts are made and undisturbed
samples are taken using a "Pitcher" core barrll and a “Shelby" thin tube
liner. Pitcher barrel samples are also taken [in soils with large amounts of
hard rock fragments and in firm rock. Sampleﬁ are obtained in hard rock using
a core barrel with a diamond core bit.

RECORDING PROCEDURES

Compressional waves are generated at each site by the vertical impact of
a sledge hammer on a steel plate. A signal produced by the opening of a
switch attached to the hammer is recorded for determining origin time,

Shear waves are generated using the horizontal traction source introduced
by Koba&hshi (1959) and discussed by Warrick (1974). Briefly, the method
consists of applying a horizontal impact to a large timber (244 x 30 x 18

cm), The timber is placed on a flattened soill surface and held firmly in

place by the front wheels of a truck. A steel pipe extends through the timbe}




and supports a 30 kg hammer to which is attached an impact switch. The
specially constructed hammer rolls on bearings and moves a distance of 45 cm
along the pipe before impacting the timber. The "horizontal traction" source
generates a signal with a high proportion of S-wave energy compared to P-wave
energy. The timber is struck twice, once in each direction. The two impacts
reverse the polarity of the S-waves but not the polarity of the smaller
amounts of P-wave energy. Comparison of the signals from the two reversed
impacts provides an important tool for identifying the onset of the S-wave.

The timber is offset 2.0 m from the hole and a three-component geophone
package (natural frequency 14 Hz) is placed within 9 cm of its center. The
signals recorded from the surface geophones are used to monitor the input
signals and determine the origin time for the generated S-waves. The arrange-
ment of timber, steel plate, and surface geophone package is illustrated in
figure 2.

The P-waves generated by a vertical impact on the steel plate and the
S-waves generated by striking the iimber in both directions are recorded
separately., This procedure is repeated fof each 2.5 m interval (closer.spac-
ing is sometimes used to obtain a velocity in thin layers) in the drill hole.

Two downhole geophones were used in this study. One has an inflatable
diaphragm and a declinometer which under most circumstances permits orienta-
tion of the horizontal geophones from the surface. Proper orientation
(parallel and perpendicular to the source) aids in identifying the onset of
the S-wave. A second downhole geophone was used as a backup instrument in
several "holes in this study. This geophone has a spring cl&ﬁpinq mechanism
and cannot be oriented from the surface., Both instruments detect three

components of motion,



The signals from the downhole and surface seismometers and the impact
switches are recorded on photographic paper. The velocity unit-impulse
response of the recording system is essentially flat from 2 Hz to above 100
Hz. A detailed description of the recording instrumentation is presented by
Warrick and others (1961). The recording oscillograph is modified for this
project by adding 500 Hz galvanometers and increasing the paper speed to 46
cm/sec,

GEOLOGIC DATA

Description of Samples ;

Portions of each of the samples are exami%ed and described in the
laboratory. The terms used for the descriptioLs are summarized on figure 3.
The sample descriptions are presented in the l%ft-hand columns of figures
20-41,

The soil samples are described using the kield techniques of the Spil
Conservation Service and those specified for the Unified Soil Classification
System. Descriptions include soil texture, cohor, amount and size of coarse
grains, plasticity, dry and wet consistency, and ‘moisture condition. Texture
refers to the relative proportions of clay, siﬁt, and sand barticles less than
2 mm in diameter. The dominant color of the sﬁil and prominent mottles are

determined from the Munsell soil color charts.

Descriptions of rock samples include rock| name, weathering condition,

color, grain size, hardness, and fracture spacfng. Classifications of rock
hardness and fracture spacing are those used b& Ellen and others (1972) in
describ{hg hillside materials in San Mateo Cou%ty, California. The weathering
classification is modified from that used by Aetron-Blume-Atkinson (1965) in
describing Tertiary sedimentary rocks in the rothills of the Santa Cruz

Mountains, California.




Geologic Log

Geologic logs are compiled for each hole using the field log descriptions
of the samples (figures 20-41). The field log is based on the reaction of the
drill rig, a continuous record of drill cuttings, preliminary on-site inspec-
tion of samples, and inspection of nearby exposures.

Most information needed for describing relatively well-sorted soils and
such properties of rock as 1ithology, color, and hardness are readily obtained
from cuttings. Inspection of samples and nearby outcrops is also necessary to
determine the nature of poorly sorted materials and to determine fracture
spacing. Reaction of the drill rig is also useful in determining degree of
fracturing as the rate of penetration in rock is highest for very closely
fractured and crushed materials and drilling roughness generally is at a
maximum in closely to moderately fractured rock. In-situ consistency of soil
is determined largely from standard penetration measurements and rate of drill
penetration,

Density Measurements

Values for density are required to calculate elastic moduli from measure-
ments of seismic velocity. Densities were measured for the diamond cbre
samples and most of the penetration samples by weighing a small piece of
sample and obtaining its volume by the mercury displacement method. A differ-
ent procedure was used for verv friable materials such as arus or poorly-
sorted materials which necessitated using a large sample.,- A .section was cut
from the Shelby tube containing the sample, its height and diameter measured
and the.sample extruded for weighing.

While the accuracy of the density measurements is generally sufficient
for calculation of elastic moduli, a number of the samples used to obtain

densities were not entirely representative of the material in-situ.



Penetration samples were somewhat disturbed and many had dried out before
measurements could be made. Densities of hard rock obtained using intact
fragments may be higher than in-situ densitiks by approximately 0.1-0.2 gm/cc,
depending on the amount and openness of fractures.

SEISMIC DAT%
Identification of Shear Wave Onset |

To aid in the identification of the shear wave arrivals, the signals
recorded in the drill hole from impacting the timber in opposite directions
and superimposed and drafted on a common timE base (figs. 42-63). The S-wave
group is easily identified when displayed in this manner, by a 180° phase
inversion, The onset of the S-wave is chosen as the start of the first
clearly inverted phase in the group. The interpretation proceeds from the
bottom record, to the top using phase correlation at each recording depth.

The onset of the S-wave arrival (arrows) and the first peak of the S-wave

arrival (dots) are identified for each depth and are indicated on figures

42-63 for each site.
It was not possible at every site to cantrol orientation of the downhole
seismometer package because of high viscosidy drilling mud left in(the hole;
hence, the relative amounts of S-wave energy recorded on the two horizontal
seismometers vary with depth. The S-wave arrival is generally most easily

ijdentified on the horizontal seismogram with the largest amplitudes. Compari-

son of the signals recorded on the horizontal sensors with that recorded on
the vertical sensor shows that the S-wave energy generated by the horizontal

ome P-wave energy prior to the

traction source is at least twice as large as the P-wave energy.
On many of the horizontal seismograms

onset of the S-wave is apparent. Some P-waye energy is generated by the

horizontal traction source and some probabl% results from conversion of S to P



at seismic boundaries. In some cases the polarity of this P-wave energy is
reversed and careful consideration of the entire record section is required to
jdentify the S-arrival. In general, the onset of the S-wave is easier to
fdentify at sites underlain by the various types of soil than for sites under-
lain by the more consolidated rock units.

Travel Times and Average Velocities

To determine the travel time for the S-wave onset identified from the
record sections (figures 42-63), the following times are measured with respect'
to a 100 Hz standard signal recorded on the records:

1) ¢ time of break in signal from impact switch

2) t, onset time of S-wave arrival on inline uphole geophone

3) t3 onset time of identified S-wave arrival on downhole sensors
The time considered to be the origin time for the S-wave recorded on the
downhole sensor is the onset time of the S-arrival on the uphole inline
sensor, To reduce the uncertainties in determining this origin time, an
average travel time from the source to the uphole geophone (tp) is determined
from the set of values, t, - t1, measured at each depth. The travel time for
the first S-arrival is given by

ts (t3 - t1) - ta.

A corrected S-wave travel time (t.), correéponding to the travel time for
a vertical ray path, is computed from ts. = ts + C where C corresponds to a
timing correction (cosine of the angle of ray incidence) due to the distance
the plank is offset from the center of the hole (usually 2.0 m). Average
velocities from the surface are determined by dividing the corrected travel
time by the corresponding depth. The travel time for the first S-peak is
determined similarly. The origin corrections (t2 - tl), the travel times of

the first S-arrival and the first S-arrival and the first S-peak (tg), the



i ¢
corrected travel times for the first S-arrival and the first S-peak (tsc), and
the average corresponding velocities computed #t each site are presented in
tables 1-22.

The travel times for the P-waves generated by a vertical impact on a
steel plate are determined in the same way as Yor the S-waves, except that the
origin time for the P-wave s given by the 1np$ct switch and no origin correc-
'tion is necessary. The travel times, the corrected travel times, and the
average velocities for the P-waves are also pr‘sented 1n.tab1es 1.22.

Interval Velocities and Elastic Moduli

Calculation of interval velocities and elastic moduli requires determina-
tion of depth intervals over which the velocity is approximately constant
within the uncertainty of the travel-time measurements. To determine these
depth intervals, the travel time data (tables $-22) are plotted as a function
of depth (figs. 64-85) and the geologic logs (figs. 20-41) are simplified and
displayed graphically on the travel time curves (figs. 64-85). Depth inter-
vals for velocity determinations are selected $n the basis of distinct changes
in slope of the travel time plots and evidence! for lithologic boundaries. For
those geologic materials with S-velocities gre?ter than 350 m/sec, the inter-
vals are required to contain at least four travel time measurements to avoid
determining a velocity from a travel time differential due in large part to
measurement error, 1

B
Velocities are calculated for each of the‘se1ected intervals (tables
23-44) from the slope of the linear regression11ine which best fits the travel
time daig in a least squares sense (Borcherdt and Healy, 1968, eqs. 3.1-3.5).
The equation of the linear-regression 1fne which best fits, in a least-squares

sense, a sample on n pairs of time-depth coordinates (xlitl)n--oo(*n-tn) is

A



t(x) =a+b (x -X%)

—_ 1 " ;"
i=1 i=1
1 0 ~
the intercept is INCPT == z ti - bx , and
. i=1
n
the slope is b= I wt,
jey V1
— n —
with . w, = (x; -x)/Dand D= I (x, - x)2
i i k=1 k

The desired velocity (VEL) is given by V = 1/b. Assuming the standard
statistical model (Borcherdt and Healy, 1968), the 68.3 confidence level,

uncertainty interval (UNC INT) for the velocity is estimated by

where . S, =
(n-2)D i

[y
n M3

. - t(x;))?

is the standard error of the regression coefficient.



For these depth intervals with measurements of density (p), the shear
modulus (SHEAR MOD, M) and bulk modulus (BULK MOD, K) is calculated (tables
23-44) using the linear elastic equation

2
M= PV,
2
p

and KapV -2 1
3 |

Poisson's ratio (o) is calculated (tables 23-4%) using

1
|
|

SUMMARY
This report summarizes seismic ve]ocitiesimeaSured in the near surfacé
geologic materials at 22 locations in the Antefcpe Valley and Los Angeles,
California areas. S-wave and P-wave measurments were made at 2 1/2 m
intervals in drill holes to a depth of 30 m. ologic logs were compiled by

continuously monitoring drill cuttings and by analysis of cored samples.
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Density measurements were made from samples for the calculation of elastic

moduli,

Previous studies in the San Francisco Bay region (Gibbs et al., 198n)
have shown that average shear velocity can be correlated with ground motion
amplification recorded from nuclear explosions and with observed intensities
from the 1906 earthquake. A detajled study using shear velocity data from 59
locations (Fumal, 1978) has shown that certain physical properties of the near
surface geologic materials can be used to predict velocity. Measurements of
shear velocity at a number of strategic locations will permit a regional
classification of sefsmically distinct velocity units which may be useful for
seismic zonation,
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Figure 1. Generalized map of the Los Angeles region showing the approximate
locations of shear-wave sites. Detailed locations are shown in
figures 4-25
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Figure 2. Details of field spparatua, (a) hammer and plank and (b)
section showing three-component downhole gecphone.
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