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TARZANA - Cedar Hill Nursery A

Introduction

The Tarzana - Cedar Hill Nursery ground-response station is
located about 5 km south of the 1994 Northridge epicenter. The
mainshock record shows repeated accelerations over 1 g for 7-8
seconds (Figure 1). The peak horizontal accelerations is about
1.9 g (Appendix A). All three components had peak accelerations
over 1 g. The instrument-corrected peak velocity was over 100
cn/sec at Tarzana (Figure 1); velocities this high were also
observed in the San Fernando Valley at Sylmar and the Los Angeles
Department of Water and Power's Rinaldi Receiving station. These
peak values are among the highest ever recorded. Other strong-
motion instruments located within several kilometers of Tarzana
recorded significantly smaller peak accelerations of about 0.5 g,
with peak velocities lower than 60 cm/sec from the mainshock
(Darragh et al., 1994b, 1995). For reference, the processed data
for Tarzana - Cedar Hill Nursery from the Northridge mainshock
are included as Appendix A.

Despite the strong shaking, only moderate damage was
observed in the vicinity of Tarzana - Cedar Hill Nursery during
the mainshock (Shakal et al., 1996; Spudich et al., 1996).
However, structural types in the area are limited to one and two
story residential and nursery buildings. Most of these buildings
are wood frame.

Large seismic response at this station was also identified
during the magnitude 5.9 Whittier Narrows earthquake (Shakal et
al., 1988). A peak acceleration at Tarzana of 0.62 g was
recorded at a distance of 44 km from the epicenter. This
acceleration value is high given that less than 0.45 g was
recorded at several close-in stations (Shakal et al., 1987). The
peak acceleration was a factor near 10 greater than most other
observations at equal epicentral distance and was considerably
higher than predicted from attenuation curves (Shakal et al.,
1988). However, large response (peak acceleration of only 0.09
g) was not observed in the magnitude 5.3 Whittier Narrows
aftershock on October 4th (Shakal et al., 1988) nor several other
events (Darragh and Shakal, 1996). The peak acceleration during
the Whittier aftershock was a factor of only 2 greater than
stations with similar epicentral distances. In addition,
directional topographic site response resonances are observed in
strong-motion recordings from the Whittier Narrows sequence
(Vidale et al., 1991), and weak motion recordings of Northridge
aftershocks (Spudich et al., 1996 and Hartzell et al., 1996).

The strong-motion instrumentation (SMA-1) at the Tarzana -
Cedar Hill Nursery was installed in 1974 by the Strong Motion
Instrumentation Program (SMIP) of the California Division of
Mines and Geology (CDMG). The instrumentation was moved in
January of 1987 to the current location on the Nursery grounds



(Figure 2). The ground response station is housed in a small
lightweight equipment shelter (T-hut), shown on the cover of this
report. Four mainshocks, with peak accelerations ranging from
0.07 to 1.9 g, have been recorded by the analog instrumentation.
These are the 1987 Whittier Narrows (and aftershock on October 4,
1987), 1991 sierra Madre, 1992 Landers and 1994 Northridge (and
aftershocks on January 17 and March 20, 1994).- On' January 19,
1994, a digital instrument was collocated with the analog
instrument in the T-hut to record Northridge aftershocks. Since
this time several earthquakes have been recorded by the digital
and analog instrumentation. The largest record is from the March .
20, 1994 Northridge aftershock with a peak horizontal “
acceleration of 0.37 g. ~

Site Description o : gy L

The Tarzana - Cedar Hill Nursery station is located in the
northern foothills of the Santa Monica Mountains on the south
side of the San Fernando Valley near the crest of a low (15 to 20
m) natural hill with gentle slopes (Figure 2). The ridge that
underlies the station may represent an uplifted valley floor that
formed adjacent to the Santa Monica Mountains. Hoots (1931) and
Jennings and Strand (1969) show a buried fault locally trending
north-east to south-west along the southeast flank of the hill .
that may have uplifted the ridge (R. Sydnor and R. McJunkin,
written communication). : : ;

The hill is about 500 m in length by 130 m in width with a
strike near N78°E (Figure 2). The ground surface is near-
horizontal on the crest of the hill which has been graded (Ralph
Herman, personal communication). On the south side of Cedar:
Hill, the hill slopes gently about 6 to 8° to a golf course, -
about 14 m below the top of the hill. On the north side the
slopes descend at about 18 to 20° to the Tarzana alluvial plain,
about 25 m below the hill crest. The gentle hilltop is
apparently well-drained in four .directions. The ground water
table is near the base of the hill where Caballero Creek drains
northward in a concrete drainage culvert (Figure 2) (R. Sydnor,
written communication). ‘ :

Previously, Geosoils (1992) performed an extensive :
geological mapping of the Tarzana Nursery area (Figure 2). The
strong-motion site is underlain by a variable thickness of
colluvial soil (silty clay) estimated to be about 0.5 to 1.5 m in
thickness. The soil is derived by in-place weathering of a soft
claystone and siltstone of the upper member of the Modelo
Formation, which underlies the soil. 'The Modelo formation (Tm in
Figure 2) is exposed on the flanks of the hill, while the base is
covered by 1 to 2 m of Quaternary slope wash (Qsw in Figure 2)
(Geosoils, 1992). :

The upper member of the Modelo formation consists of light
gray claystone and siltstone, moderately to vaguely bedded,



crumbly where weathered (Dibblee, 1992). It is of Late Miocene
age, Delmontian to Late Mohnian Stages, and is probably on the
order of hundreds of feet in thickness. The upper member of the
Modelo formation dips isoclinally northward at 11 to 17° with an
east-west strike (roughly parallel to the strike of the hill).
This is the northern limb of the Santa Monica Mountains anticline
which also trends east-west. Directly underlying the Modelo
formation is the white siliceous shale of the Monterey Formation,
with a thickness on the order of thousands of feet. (R. Sydnor,
written communication).

Drilling to 100 m (298') depth was completed by a SMIP
subcontractor in December 1996 as a part of this NSF project
(Appendix E). The borehole is located on the crest of the hill
less than 50 m to the west of the T-hut. Low shear-wave
velocities (about 200 m/sec) were found in the top 4 m (13.5') in
colluvial soil (soft, silty diatomaceous clay). This soil is
derived by in-place weathering of the soft claystone, siltstone
and shale of the underlying Modelo Formation. Decomposed shale
is found from 4 to 12 m (13.5 to 40'). Highly to slightly
weathered shale of the Modelo formation was found from the 12 to
100 m (40 to 297'). Gypsum crystals were observed in the drill
cuttings near 6 m. Velocities generally increased gradually to
near 750 m/sec near 80 m depth, except in several zones of hard
shale and at the water table. The water table is inferred to be
near the base of the hill at a depth of 17 m. Further discussion
is in the Site Characterization section of this report.

Analyses of the Northridge Mainshock Response

Figure 3 shows the location of five nearby strong-motion
stations to Tarzana that recorded the Northridge mainshock.
These five stations are Encino - Ventura Blvd #1, Encino
Reservoir, Encino - Ventura Blvd #9, Tarzana - Ventura Blvd #10
and Woodland Hills - Oxnard Blvd #4. All of these stations with
the exception of Encino Reservoir are located on Quaternary
alluvium. The Encino Reservoir station is located on the left
abutment of the dam and is part of the network operated by the
Los Angeles Department of Water and Power. It is sited on the
Topanga formation that consists of a well cemented conglomerate
at this location (Spudich et al., 1996). The digitized and
processed data at four of these stations are described in
(Darragh et al., 1994b and 1995). The Encino Reservoir digitized
data was provided by David Wald of the U. S. Geological Survey
(USGS) and preliminarily processed to velocity, displacement and
spectra by SMIP. These five stations form a 14 km long profile
along the southern San Fernando Valley that provides a comparison
of the mainshock shaking recorded in the vicinity of the Tarzana
nursery.

Tarzana - Ventura Blvd #10, located 1.1 km to the north of
the Tarzana - Cedar Hill Nursery, is the closest strong-motion
site and is on Quaternary alluvium in the San Fernando Valley



(Figure 3). At the base of this 10-story building the peak
accelerations, velocities and displacements of 0.47 g, 47 cm/sec
and 16 cm were observed, respectively (Table 1). These peak
values are amplified at the Nursery by a factor of 2 to 5, 1% to
5, and 1 to 3 for acceleration, velocity and displacement (Table
1 and Figures 4 to 6). The north-south displacement waveforms
are quite similar (Figure 6) in waveform and amplitude at Tarzana
and several of the nearby stations (Figure 6) showing that the
long period motions were not greatly affected by the Tarzana
site. We infer from this observation that at long periods the
ground motion amplification is negligible in the north-south
direction for the Northridge earthquake. 1In addition, the other
time histories generally have a similar shape with differences
primarily in amplitude, duration and response near 0.3 seconds.

The north-south acceleration, velocity and displacement time
histories along the profile are shown in Figures 4, 5 and 6,
respectively. All of the nearby records have lower peak
accelerations, velocities and displacements than recorded at
Tarzana (Table 2)... The average amplification factor is 5, 3 and
1.5 for peak acceleration, velocity and displacement,
respectively. The acceleration, velocity and displacement time
histories at the Encino Reservoir are lower than the waveforms at
the other stations. In agreement with the time history analysis,
the spectra for Tarzana and the sites along the profile are
similar at long periods (greater than about 2 seconds) but show
an amplification of near 5 at short periods (near 0.3 second).
The east-west mainshock time histories show greater variability
than the north-south motions (see Appendices A and B). These
waveforms document significant differences in shaking at stations
in the San Fernando Valley and on the Tarzana hill over distances
from 1 to 7 km, especially at short periods (frequencies > 3 Hz).

Figures 4 and 5 also show that the duration of strong
shaking is greater at Tarzana than at the nearby stations. The
Tarzana accelerations (Figure 4) have a strong arrival about 10
to 12 seconds into the record that is only weakly recorded at the
other stations. We agree with Spudich et al. (1996) who consider
this arrival to be a source effect amplified by the Tarzana site
response because it is seen at several stations with different
amplitude. ‘ :

" Analyses of the Response from Large Earthquakés

Figure 7 shows the spectral acceleration of the east-west
component recorded at Tarzana from seven large earthquakes: the
1994 Northridge, 1987 Whittier Narrows, 1987 Whittier Narrows
aftershock on October 4, 1991 Sierra Madre, 1992 Landers and 1994
Northridge aftershocks on January 17 and March 20. Table 3
tabulates the magnitude, epicentral distance and peak parameters
from these earthquakes at Tarzana. The earthquakes range in
magnitude from 5.3, to 7.2 with peak velocities ranging from 4 to
100 cm/sec. \



In Figure 7, a spectral peak near 0.3 second (3 Hz) is
observed in records from the Northridge mainshock, Whittier
Narrows mainshock and the two largest Northridge aftershocks (see
Table 3). Also this peak is observed in several smaller
Northridge aftershocks (discussed in the next section) and the
extensive study of weak-motion recordings of Northridge
aftershocks performed by the U. S. Geological Survey (Spudich et
al., 1996). However, a spectral peak near 0.3 second (3 Hz) is
not observed in the October 4, 1987 Whittier Narrows aftershock,
the Sierra Madre and Landers mainshocks, and several smaller
Northridge aftershocks (discussed in the next section). This
peak is observed in the four largest earthquakes (in terms of
spectral acceleration levels recorded at the site), and may be a
general feature of the site response at Tarzana.

Northridge Aftershock Recordings

SMIP installed two additional digital accelerographs near
Tarzana after the Northridge earthquake to help study the site
effects. Also, a digital accelerograph was collocated with the
original analog accelerograph in the T-hut. Numerous aftershock
records have been obtained, one with peak acceleration as high as
0.37 g. The closest reference site (Tarzana - Clubhouse) is
located about 150 m from the Tarzana - Cedar Hill Nursery
station. This strong-motion station is located off the gentle
hill on shallow Quaternary alluvium (Figure 2). At a test pit
site about 35 m from the station the top of the Modelo formation
was located at 3 m depth (Geosoils, 1992). This reference site
been in operation since January 25, 1994 to present. Ground
motions from these two stations show large variability over a
distance of only 150 m that are a source of some of the scatter
in peak accelerations relationships versus distance.

A report "CSMIP Processed Strong-Motion Data at Tarzana,
california Recorded during Northridge Aftershocks" (Darragh et
al., 1996, Appendix C) presents the processed time histories and
spectra from twenty-one accelerograms recorded at these two
nearby stations. The accelerograms were obtained during eleven
Northridge aftershocks with local magnitudes ranging from 3.2 to
5.9. Table 4 lists the location, origin time and magnitude for
these eleven aftershocks as determined by the California
Institute of Technology. Figure 8 shows the locations of the
Tarzana Nursery and Clubhouse and the eleven aftershock
epicenters.

Nineteen of the 21 accelerograms were recorded on digital
instruments (12-bit, 0.25 g maximum acceleration recorder)
installed several days after the Northridge mainshock. Two
accelerograms were recorded on the analog instrument at Tarzana -
Cedar Hills Nursery. The processed data from the analog
accelerogram from the magnitude 5.9 aftershock that occurred
about one minute after the mainshock on January 17, 1994 are
presented. This record is from the largest Northridge



aftershock. The peak acceleration and velocity are 0.35 g and 15
cm/sec, respectively. Also, included in Appendix C are the
processed data from the analog accelerogram from the March 20,
1994 magnitude 5.3 aftershock. During this earthquake the
motions were clipped on the digital recorder when the
acceleration exceeded 0.25 g. The peak acceleration from the
analog recorder is 0.37 g. The instrument and baseline-corrected
peak velocity and dlsplacements are 13 cm/sec and 1 cn,
respectively. ,

Table 5 lists peak values at Tarzana Nursery and Clubhouse
for the eleven aftershocks. The mainshock peak values at the
Nursery are also listed for comparison. During these aftershocks
peak accelerations range from 0.0l to 0.37 g at the Nursery. .
Corresponding values at the nearby Clubhouse range from 0.005 to
0.285 g. Peak velocity ranged from 0.6 to 13 cm/sec and from 0.2
to 7.2 cm/sec at the Nursery and Clubhouse, respectively. Peak
dlsplacements are less than 1.5 cm at both sites.

Analyses of the Northridge Aftershock Response

Figure 9 shows the peak acceleration ratio computed from
twenty-one aftershocks recorded at the Nursery and at the two
nearby temporary stations. Site B is the Tarzana - Clubhouse -
station, which is located 150 m from the Nursery (Figure 2).
Site C is located about 1.5 km to the north of the Nursery in the
San Fernando Valley and is sited on Quaternary alluvium. '

Peak horizontal accelerations at the Nursery range from
0.004 to 0.37 g. For comparison, the peak horizontal
accelerations at Site B (Clubhouse) and Site C range from 0.003
to 0.29 g and from 0.003 to 0.21 g, respectivley. The Nursery
peak accelerations are larger than the accelerations at the
Clubhouse by a factor ranging from 1 to 3. The average ground
motion amplification is 1.8 over a distance of 150 m. The
Nursery peak acceleration is larger than the Site C acceleration
by a factor ranging from 0.5 to 5.6. The average site
amplification is 2.1 over a distance of 1.5 km. As an example,
the Tarzana amplification of peak acceleration is a factor of 1.3
at the Clubhouse and 1.76 at Site C during the largest aftershock
motion recorded on March 20, 1994. These observations show large.
variability of ground motion over 150 m to 1.5 km near the
Tarzana - Cedar Hill Nursery. These observations are in
agreement with the earlier report of Darragh et al. (1994c) that
reported that the Tarzana site amplified peak acceleration by a
factor near two for many of the aftershocks.

The acceleration data from ten aftershocks recorded at both
the Nursery and the Clubhouse have been processed to velocity,
displacement and spectra (Darragh et al., 1996). Table 5 shows
that peak horizontal acceleration and velocity both increase by a
factor of 2 from the Clubhouse to the Nursery. Peak horizontal
displacement increased by a factor of 1.7 from the base of the



hill (Clubhouse) to the top of the hill (Nursery). As expected,
the long periods are less affected by the local variations in
geology, topography and three-dimensional structure.

Figures 10 and 11 show instrument and baseline corrected
acceleration (a and b), velocity (c) and displacement (d)
waveforms in the east-west direction at the Nursery and Clubhouse
during the ten aftershocks that were recorded at both sites,
respectively. Uniform scaling of the accelerograms (Figures 10a
and l1lla) documents the range of recorded amplitudes that vary by
a factor near 30 for the smallest to the largest aftershock.
Dynamic scaling of the accelerograms (Figures 10b and 11b) allows
detailed comparison of the waveforms at both Tarzana stations.
These waveforms confirm the increased peak acceleration amplitude
at the Nursery compared to the Clubhouse as well as the greater
duration of shaking at the Nursery due to increased response near
0.3 second. Velocity waveforms (Figures 10c and 1llc) at the
Nursery and Clubhouse also show differences in amplitude and
duration. As expected, a comparison of the displacement
waveforms (Figures 10d and 11d4) show more similarity especially
in the first arriving S-waves motions. These motions reflect the
movement at the earthquake source.

The ground motion amplification factors for these ten
aftershocks are generally less than observed in the mainshock at
nearby strong-motion stations (Tables 1 and 2). Note that the
Clubhouse and Site C are located 150 and 1500 m from the Nursery,
respectively, while the nearby stations that recorded the
mainshock are located from 1100 to 7000 m. The variation of
strong shaking, due to differences in geology, topography, three-
dimensional structure and other factors, produces a factor of 2
to 5 difference in acceleration between Tarzana and other nearby
strong-motion stations. Spudich et al, (1996) also observed a
similar spatial variation of ground motion over scales from 25 to
2000 m.

A comparison of the response spectra at the top of the hill
(Figure 12) to those at the base of the hill (Figure 13) show
significant amplification, especially at periods less than 0.35
seconds. Figure 14 shows the mean and #1 standard deviation site
response estimated from rotated response spectral ratios of the
Nursery to the Clubhouse. The top and bottom figures are for
motion transverse and parallel to the strike of the hill,
respectively. The amplification factors computed from the 5%
damped response spectra vary significantly as a function of
period. Amplification transverse to the strike of the hill is
significantly larger than amplification parallel to the hill near
0.3 second. The transverse spectra also show larger scatter.

The largest site amplification is near 5 and 2 for motions
transverse and parallel to the hill. These observations are in
agreement with those of Spudich et al. (1996) and Hartzell et al.
(1996) .



Site Characterization

The Tarzana site has been drilled by a SMIP subcontractor to
a depth of about 100 m (298') in December 1996 as part of this
NSF contract. This borehole is located ‘less than 50 m (160"')
west of the T-hut and is on the crest of the gentle hill. The.
geology of the holes was logged during drilling (Appendix E) and
velocity surveys were performed (Figures 15 and 16). Appendlx E
is the complete report from the subcontractor, Agbablan
Associates, on the drilling, geotechnlcal logging ‘and ve1001ty
measurements at Tarzana. .

The drill site is underlain 4 m (13.5"') of;silty clay and
diatomaceous 'silt ‘(colluvial soil) (Appendix E).  The soil- is
derived by in-place weathering of the soft claystone, siltstone
and shale of the Modelo Formation. The grayish brown silty -clay
is dry and friable with a low dry strength. Measured shear-wave
velocities in the silty soil are between 200 and 250 m/sec.

"Decomposed ahd  deeply weathered shale of the Modelo
formation underlies the soil from 4 to 12 m (14' to 40'). The
rock is thinly laminated and tan to reddish-brown in color.
Gypsum crystals are first observed in the shale at 6 m (20').
Shear-wave velocities in this zone range from near 100 m/sec to
almost 300 m/sec (Figures 15 and 16). P-wave velocities are near
550 m/sec. r

From 12 to 100 m (40 to 297') the lithology in the borehole
consists of highly to slightly weathered shale with several very
hard layers. White hard rock chips were observed during the
drilling in this depth range. The shale is described as finely
bedded; fractured with some layers of clay (perhaps indicating :
several zones of intense weathering). The water table inferred
from a large increase in P-wave velocity, color change and loss
of gypsum minerals to solution was near the base of the hill at a
depth of 17 m. S-wave and P-wave velocities generally increase
uniformly from 20 to 86 m to near 1000 and 2500 m/sec near the
hole bottom. = However, sharp peaks in the shear and compressional
velocities near 17, 31, 46 and 61 m, for example, correspond to
more difficult drilling and harder shale.

These results are consistent with the measurements of Fumal ,
et al. (1981) that are reproduced in Figure 17. The USGS
borehole 'is located about 140 m north of the Tarzana strong-
motion instrument and is shown on Figure 2. This borehole
extended only to a depth of 30 m (100'). The top 6 m of this
hole consists of Quaternary slope wash, colluvial soil (an olive
colored and very stiff silty clay loam with slight plasticity)
above deeply weathered Modelo shale with visible parting. The
average downhole S-wave velocity was about 380 m/sec in the upper
6 m. - Soft to firm black, fresh shale was found from 6 to 30 m
(total depth). The shale had very close horizontal parting on
bedding planes and close to very close fracture spacing. Average
downhole S-wave and P-wave velocities of about 390 and 1660 m/sec



were measured (Fumal et al., 1981).. The Poisson's ratio is 0.47,
characteristic of a soft bedrock formation. At greater depths,
the Modelo formation has a P-wave and S-wave velocities estimated
to be 3350 and 1800 m/sec, respectively (Drake and Mal, 1972).

Also, Catchings and Lee (1995, 1996) measured seismic
velocities from five explosive sources at a north-south (200 m in
length) and east-west (500 m in length) array of seismographs.
The data indicates S-wave velocity between 200 and 600 m/sec in
the upper 70 m. The corresponding P-wave velocity is estimated
to from 900 to 1650 m/sec. These velocity measurements are
consistent with the velocities measured in this study (Figures 15
and 16) and by Fumal et al. (1981) (Figure 17).

The variation in topography, geology across the hill
(Geosoils, 1992) and velocity structure (Fumal et al., 1981;
Catchings and Lee (1995, 1996); this report) are reflected in the
lateral variation in motion and attenuation observed during
Northridge aftershocks (Spudich et al., 1996; this report).

Using the site classification proposed by Boore et al. (1993) the
Tarzana - Cedar Hill Nursery is site class C for approximately
the top 17 m (above the water table) over site class B.

Tarzana - Cedar Hill Nursery is classified as a soft-rock site.

summary

Ground motion amplification has been observed at Tarzana in
many earthquakes and for both strong and weak motions. Both the
Whittier Narrows and Northridge mainshocks produced larger than
expected motions at the Tarzana - Cedar Hill Nursery. The peak
acceleration, velocity and displacement during the Northridge
mainshock was amplified by factors of 5, 3 and 1.5, respectively,
compared to nearby sites. The peak horizontal acceleration
recorded during the Whittier Narrows mainshock was amplified by a
factor from 5 to 10 compared to sites at a similar distance. 1In
addition, several Northridge aftershocks amplified peak
acceleration, velocity and displacement by factors near 2. Also,
response spectra were amplified by a factor of 4.5 near 0.3
second (3.2 Hz). 1In contrast, the Landers and Sierra Madre
mainshocks, Whittier Narrows aftershock and some Northridge
aftershocks did not produce significant site amplifications near
this frequency. '

This ground motion amplification at Tarzana is also
dependent on frequency. For example, Spudich et al. (1996),
Hartzell et al. (1996) and this study document a predominance of
2 to 6 Hz motion in weak and strong motion recordings at Tarzana
compared to other nearby stations.

In an effort to study the site amplification the Tarzana
site was characterized to a depth of 100 m during this study. A
low shear-wave velocity near the surface of 100 m/sec increasin
to near 750 m/sec at 100 m depth was measured. The 20 m high
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hill was found to be well drained with a water table near 17 m.
Modelo formation (extremely. weathered at the surface) to fresh at
depth is urniderneath hill. .The subsurface geology and velocities
obtained allow classification of this location as a soft-rock
site.

The source of the site amplification that produces large
motions at Tarzana is still under investigation. The following
causes have been proposed: topography (Celebi (1995)); three-
dimensional shape including topography (Spudich et al. (1996) and
Bouchon and Barker (1996)); variations in.site geology and S-wave
velocity (Spudich et al. (1996) and Catchings and.Lee (1995,
1996)); and resonance during active downslope sliding of the
Tarzana hill (Rial, 1996). Specifically, Bouchon and Barker
(1996) showed that the topographic effect at this site can
amplify ground motion by factors ranging from 30% to 100%. 1In
addition, Wennerberg et al. (1994) studied aftershock response
that suggested large linear site amplification at the Nursery.

In summary, the structure (topography, 'shear-wave velocity
profile '‘and three dimensional geometry) of the site all
contribute in part to the higher amplification of ground motion
at the top 'of Tarzana hill. Tarzana - Cedar Hill Nursery is
classified as a soft-rock site. It is site class C for the top
17 m (above the water table) over site class B using the site
classification scheme proposed by Boore et al. (1993).



TABLE 1
CLOSEST MAINSHOCK STRONG-MOTION DATA TO TARZANA - CEDAR HILL NURSERY¥*

East-West Vertical North-South
Peak Acceleration (qg)
Tarzana - Cedar Hill Nursery 1.93 1.15 1.14
Tarzana - Ventura Blvd #10 0.37 0.35 0.47
Ratio 5.2 3.3 2.4
Peak Velocity (cm/sec)
Tarzana - Cedar Hill Nursery 110.2 72.3 77.2
Tarzana - Ventura Blvd #10 23.1 12.9 46.8
Ratio 4.7 5.6 1.7
Peak Displacement (cm)
Tarzana - Cedar Hill Nursery 19.9 5.6 16.1
Encino - Ventura Blvd #10 5.8 3.8 15.8
Ratio (Usable Data Bandwidth to 6 sec ) 3.4 1.5 1.0

The Tarzana - Ventura Blvd #10 station is located 1.1 km north of Tarzana - Cedar
Hill Nursery. The records from the base of a 10-story building sited on Quaternary
alluvium used in this comparison. The instrument and baseline corrected displacement
time histories have the same Usable Data Bandwidth from 0.04 to 6.0 seconds (see
Appendix D). For reference, the processed data from Tarzana - Cedar Hill Nursery and
Tarzana - Ventura Blvd #10 for the Northridge mainshock are shown in Appendices A and
B, respectively.
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TABLE 2
NORTHRIDGE MAINSHOCK MOTIONS NEAR 'TARZANA

[4}

Peak Peak Peak Distance

Station ‘ Accel. Veloc. Displ. to Nursery Surface

Name g cm/s cm km Geology
Tarzana - Cedar Hill Nursery 1.93 110.2 - 20.0 0 Weathered Siltstone
Tarzana - Ventura Blvd #10 ; 0.47 46.8 15.8 1 Alluvium (Qal)
Encino Reservoir : 0.20 20.0 4.9 2 Conglomerate
Encino - Ventura Blvd #9 0.46 34.3 12.6 4 Alluvium (Qal)
Encino. - Ventura Blvd #1 0.54 56.9 15.5 5 Alluvium (Qal)
Woodland:Hills - Oxnard Blvd #4 0.44 55.9 - 14.7 7 Alluvium (Qal)
Average Amplification Factor 4.6 2.6 1.6

at Tarzana

Note: " For these stations the instrument and baseline corrected velocity and
displacement time histories all have the same Usable Data Bandwidth from 0.04
to 6.0 seconds (see Appendix D).



TABLE 3

MAINSHOCKS AND LARGE AFTERSHOCKS RECORDED AT TARZANA - CEDAR HILL NURSERY

Earthquake Name Mag Dist PGA PGV PGD Spectral Peak
km g cm/s cn near 3.2 Hz
Northridge 6.7 5 1.93 110 29.2 Yes
Whittier Narrows 5.9 44 0.61 24 1.4 Yes
Northridge Aftershock (3/20/94) 5.3 10 0.37 13 1.0 Yes
Northridge Aftershock (1/17/94) 5.9 . 14 0.35 15 1.3 Yes
Sierra Madre 5.9 50 0.10 4 0.3 No
Whittier Aftershock 5.3 44 0.08 4 0.3 No
Landers 7.2 175 0.07 9 4.8 No

€T



TABLE 4 Y
SUMMARY OF NORTHRIDGE AFTERSHOCK INFORMATION

Epicenter
Date Origin Time Coordinates Depth Magnitude

(hr:min:sec) (°N) (°W) ~  (km) (M)
Jan 17, 1994 12:31:57.8 34.279 118.474 0 5.9
Jan 27, 1994 17:19:58.8 34.274 118.563 15 4.6
Mar 20, 1994 21:20:12.2 34.231 118.475 13 5.3
May 3, 1994 00:30:46.3 34.181 118.566 7 3.2
May 16, 1994 08:40:46.7 34.330 118.619 14 3.8
May 25, 1994 12:56:57.0 34.312 118.393 7 4.4
May 28, 1994 17:15:12.3 34.355 118.682 12 3.6
Jun 2, 1994 03:27:14.4 34.277 118.457 11 3.8
Jun 15, 1994 05:59:48.6- 34.311 118.398 7 4.2
Jul 11, 1994 06:50:49.6 34,260 118.692 16 3.7
Jun 26, 1995 08:40:28.9 34.394 118.669 13 5.0

The earthquake information is from the California Institute
of Technology



TABLE 5
PEAK PARAMETERS AND RATIOS FROM NORTHRIDGE
EARTHQUAKES RECORDED AT TARZANA

TARZANA - NURSERY TARZANA - CLUBHOUSE PEAK RATIO
EVENT M, PGA PGV PGD PGA PGV PGD ACC VEL DIS
DATE g cm/s cm g cm/s cm
1/17/94 6.7 1.927 110.2 29.2
1/17/94 5.9 0.345 14.6 1.3
3/20/94 5.3 0.374 12.8 0.99 0.285 7.2 0.62 1.5 1.7 1.5
1/27/94 4.6 0.117 5.4 0.29 0.039 1.8 0.15 3.0 3.1 1.9
6/26/95 5.0 0.104 4.4 0.26 0.053 1.8 0.14 2.0 2.4 1.9
5/03/94 3.2 0.035 0.8 0.04 0.019 0.4 0.02 1.8 2.1 2.5
5/25/94 4.4 0.035 0.9 0.06 0.017 0.6 0.04 2.1 1.6 1.4
5/16/94 3.8 0.031 0.9 0.03 - 0.017 0.4 0.02 1.8 2.0 1.8
6/15/94 4,2 0.028 1.0 0.07 0.022 0.6 0.05 1.3 1.6 1.4
7/11/94 3.7 0.026 0.6 0.03 0.015 0.4 0.02 1.7 1.7 1.4
6/02/94 3.8 0.016 0.6 0.04 0.011 0.3 0.02 1.5 2.0 1.3
5/28/94 3.6 0.013 0.6 0.02 0.005 0.2 0.01 3.2 2.6 2.3

Average: 2.0 2.1 1.7

ST
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NORTHRIDGE EARTHGUAKE OF JAN 17, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436
Usable Data Bandwidth: .09 to 23.5 Hz (.04 to 12.0 Sec)
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Figure 1. The three components of instrument and baseline-
corrected acceleration, velocity and displacement at Tarzana -
Cedar Hill Nursery from the Northridge mainshock. The processed
data from Tarzana - Cedar Hill Nursery for the Northridge
mainshock are shown in Appendix A.
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Figure 2. Map showing the locations of Tarzana - Cedar Hill
Nursery station and Tarzana - Clubhouse (reference site). The
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The borehole is located about 49 m (160') from the Cedar Hill
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Modelo formation (Tm) are shown (Geosoils, 1992). (The basemap
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Figure 3. Map showing the location of six strong-motion stations
(indicated by solid triangles) that recorded the Northridge
mainshock whose epicenter is shown as a solid star. The
stations, located along the southern San Fernando Valley, are
from west to east: Woodland Hills - Oxnard Blvd #4, Tarzana
Cedar Hill Nursery, Tarzana - Ventura Blvd #10, Encino Reservoir,
Encino - Ventura Blvd #9, and Encino - Ventura Blvd #1.
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Figure 4. Horizontal acceleration waveforms along the east-west profile. The north-south
(approximate) component is shown. The acceleration records are not aligned in absolute
time. The stations from top (east) to bottom (west) are: Woodland Hills - Oxnard Blvd
#4, Tarzana - Ventura Blvd #10, Tarzana - Cedar Hill Nursery, Encino Reservoir, Encino -
Ventura Blvd #9, and Encino - Ventura Blvd #1. For this comparison the instrument and
paseline corrected acceleration time histories have the same Usable Data Bandwidth from
0.04 to 6.0 seconds (see Appendix D).
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Figure 5. Horizontal velocity waveforms along the east-west profile. The north-south
(approximate) component is shown. The velocity records are not aligned in absolute time.
The stations from top (east) to bottom (west) are: Woodland Hills - Oxnard Blvd #4,
Tarzana - Ventura Blvd #10, Tarzana - Cedar Hill Nursery, Encino Reservoir, Encino -
Ventura Blvd #9, and Encino - Ventura Blvd #l1. For this comparison the instrument and
baseline corrected velocity time histories have the same Usable Data Bandwidth from 0.04

to 6.0 seconds (see Appendix D).
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.Figure 6. Horizontal displacement waveforms along the profile. The north-south
(approximate) component is shown. The displacement records are not aligned in absolute
time. The stations from top (east) to bottom (west) are: Woodland Hills - oxnard Blvd
#4, Tarzana - Ventura Blvd #10, Tarzana - Cedar Hill Nursery, Encino Reservoir, Encino -
Ventura Blvd #9, and Encino - Ventura Blvd #1. For this comparison the instrument and

paseline corrected displacement time histories have the same Usable Data Bandwidth from

0.04 to 6.0 seconds (see Appendix D). ~
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TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436
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Figure 8. Map showing the locations of Tarzana - Cedar Hill
Nursery station (436) and the reference site at Tarzana -
Clubhouse (T03). The Clubhouse is located about 150 m from the
Cedar Hill station. The location of the eleven Northridge
aftershocks are shown as stars.
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Figure 10b. Tarzana - Cedar Hill Nursery acceleration waveforms from ten Northridge
aftershocks with each accelerogram individually scaled so record details can be observed.
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Figure 11b. Tarzana - Clubhouse acceleration waveforms from ten Northridge aftershocks
with each accelerogram individually scaled so record details can be observed.
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each record individually scaled so record details can be observed.

1€



Max. Displ.= -0.420 cm

(A3

Figure 11d. Tarzana - Clubhouse displacement waveforms from ten Northridge aftershocks
with each record individually scaled so record details can be observed.
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Figure 12. Damped (5%) response spectral acceleration computed
for the eight largest aftershocks at Tarzana - Cedar Hill
Nursery.
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NORTHRIDGE AFTERSHOCK OF JAN 27, 1984 CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A
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) Figure 14. Site response estimated from response spectral ratios

| of the Nursery/Clubhouse. The average and *+ 1 ¢ curves computed
from 10 aftershocks are shown. The spectra are computed from
time histories at both sites that have been rotated to 165°
(transverse to the strike of the Tarzana hill) and 75° (parallel
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TARZANA SUSPENSION LOG

P- AND S-WAVE VELOCITY LOG
P - AND S-WAVE VELOCITIES, DATA COLLECTED 12/5/96 & 12/6/96
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S-WAVE VELOCITY LOG
TARZANA SUSPENSION LOG

S-WAVE VELOCITIES, DATA COLLECTED 12/5/96 & 12/6/96
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LA CIENEGA NEAR THE SANTA MONICA FREEWAY (I-10)

Introduction

Unfortunately, the Northridge mainshock was not recorded at
the collapsed Santa Monica freeway (I-10) near La Cienega.
However, three stations recorded the shaking during the
Northridge earthquake within 6 km. A peak horizontal
acceleration of 0.24 g was recorded at Baldwin Hills which is
located about 3.5 km to the south (Shakal et al., 1994). This
station is underlain by less than 5 m of alluvium and fill over
shale. Also, the University of Southern California network
stations 91 (deep alluvium) and 18 (alluvium) (Anderson and
others, 1981) are located about 2 and 6 km north of the Santa
Monica freeway, respectively. Stations 91 and 18 recorded peak
horizontal accelerations of 0.44 and 0.25 g, respectively
(Trifunac and Todorovska, 1996).

Topographic maps from 1902 and 1926 (R. Sydnor, written
communication) show small lakes and marshy ground on the surface
near the site of the collapsed Santa Monica freeway. La Cienega
means "the swamp" in Spanish. The Santa Monica freeway near La
Cienega is sited on deep alluvium as determined from boreholes.
The deepest hole to 284 m (930') did not reach bedrock.

Aftershock Recordings

To understand the site response SMIP installed additional
accelerographs near the Santa Monica freeway (I-10) at La Cienega
after the Northridge earthquake. These 12-bit low-gain
instruments were collocated with the analog accelerograph at
Baldwin Hills that had recorded the mainshock, and at two
locations near to the Santa Monica freeway at La Cienega in order
to study local site effects. Numerous aftershocks with low-
levels of motion have been recorded by all stations. One of the
temporary stations has been in operation from 2/1/94 to present.
Extensive analyses of these records were not performed due to the
instrumentation of the cooperative SMIP/Caltrans La Cienega
Geotechnical Array discussed in the next sections.

Site Characterization

Caltrans (California Department of Transportation) drilled
two holes to depths of 18 and 100 m near Santa Monica freeway (I-
10) at La Cienega. A deeper borehole was drilled in September
and October 1996 to a depth of 283.5 m (930') with funding
provided by NSF, Caltrans and Electric Power Research Institute
(EPRI) to the Resolution of Site Response Issues from the
Northridge Earthquake (ROSRINE) Project. Rock was not reached in
this deep borehole. Extensive site characterization information
from this borehole are still being developed and are outside of



40

the scope of this report.

The geology of the two shallow holes was logged during
drilling by Robert Sydnor of SMIP. (Figure 18). The lithology
consists of sands, silts, clays and gravels. The profile
consists of recent fluvial deposits of about 30 m in thickness
over marine deposits. 'Both Caltrans and the U. S..Geological
Survey performed P-wave and S-wave velocity surveys in the 100 m
hole. The results of the USGS S-wave velocity survey are shown
in Figure 18 (J. Gibbs, written communication). S=wave
velocities are near 140 m/sec at the surface and. increase to over.
400 m/sec at 100 m. Using the site classification proposed by
Boore et al. (1993) the La Cienega Geotechnical Array is a deep
soft soil site (site class D). As a function of depth, the site
class varies as the soil stiffens. It is a site class D for
depths less than 9 m (30'). For depths between 9 to 30 m (30 to
100') the La Cienega site class is C, and for-greater depths the
classification is B. :

Ahalyses of Aftershock Response

. SMIP in cooperation with Caltrans has installed an array of
strong-motion sensors at the Santa Monica freeway (I-10). near La
Cienega. The cooperative SMIP/Caltrans La Cienega Geotechnical
Array consists of three 16-bit instruments located at the surface
(0 m), 18 and 100 m depth. The lowest level of accelerat%on able
to be recorded on the system is approximately 0.06 cm/sec . The
array was completed in December 1994. Recordings from this array
provide .a direct measure of the site response near the Santa -
Monica freeway (I 10) at La Cienega.

Low=levels of motlon have been recorded at the array from
two earthquakes. A 4.9 M; (Richter magnitude) earthquake
occurred about 48 km north of the array, at 1:40 a.m. on June 26

1995 (Table 6). A 2.0 M earthquake occurred about 6 km north of
the array, at a depth of 5.5 km, under the Santa Monica :
Mountains, at 2:35:00 p.m. on September 27, 1996 (Table 6). - The

accelerograms from these earthquakes have been processed to
velocity, dlsplacement and'. spectra for analyses.

Figures 19 to 21 show ampllflcatlon of the low-straln motlon
from 100 m to the surface, especially at higher frequencies for
the June 26, 1995 earthquake. The peak horizontal acceleration,
velocity and displacements are small, near 0.01 g, 0.6 cm/sec and
0.09 cm, respectivley (Table 7). These low amplitude motions
clearly débcument the site amplification of ground motion. Peak .
horizontal acceleration increases by a factor of 2.5 to 3.5 from
100 m to the surface' (Table 8). Correspondingly, the peak
horizontal velocity increases by a factor of 2 to 2.5. Peak
horizontal -displacement . 1ncreased by ‘a factor near 1.5 from 100 m
to the surface.

The response spectra (Log S,) for each of the 9 channels and
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for 5 dampings are shown in Figures 22 to 24 from the June 26th
earthquake. For this earthquake the response peaks between 0.2
and 2 seconds period (5 to 0.5 Hz). The site response is
estimated by taking ratios of the 5% damped spectra. These
response spectral ratios are shown in Figures 25 - 27. Large
amplifications (greater than 4) are observed on the horizontal
components near 1 second and below 0.3 second (3.3 Hz). At
periods longer than 2 seconds the horizontal spectral ratios are
close to one. At this site most of the horizontal response near
1 second is produced between 100 and 18 m. Between 18 m and the
surface most of the response at shorter periods is produced.

The vertical response spectral ratios show less site
amplification than the horizontal ratios. In addition, the
largest amplification is near 0.6 second (1.7 Hz). This reflects
the stiffer response in the vertical direction due to the motion
on the vertical component consisting primarily of P-waves.

(Using the equation T=4H/V (where T is the fundamental period, H
is layer thickness and V is velocity) it follows that the
fundamental vertical response will be at shorter periods or at
higher frequencies than for the horizontal components since the
P-wave velocity is greater than the S-wave velocity. Most of the
vertical response near 0.6 second is again produced between 100
and 18 m. Also, between 18 m and the surface most of the
response at shorter periods is produced.

Figures 28, 29 and 30 show the array acceleration, velocity
and displacement time histories plotted for all three depths (O,
18 and 100 m) for the September 27, 1996 earthquake. The peak
acceleration at the surface was about 0.8% g, on both horizontal
components (Table 7). Peak horizontal velocity and displacements
are 0.28 cm/sec and 0.012 cm. These are low levels of motion,
especially on the vertical component at depth where peak
accelerations less than 0.1% g (1 cm/sec) were measured. The
usable data bandwidth (Appendix D) of the motions from this
earthquake are limited to periods less than 1.5 seconds due to
the small earthquake source and signal to noise considerations.

The duration of the motions is short at the surface from
this magnitude 2 earthquake. This is due to a combination of
short source duration and few long period surface waves present
on the records. This observation is in contrast to the longer
duration observed in the June 26, 1995 earthquake (Figures 19 to
21). In addition, the records (Figures 28 to 30) show two S-wave
packets on the horizontal components. The second packet is
probably due to reflection/refraction in the geologic structure.
The effect is to increase the duration at depth. If this site
always produces later arriving energy this could be an indication
of longer durations during larger events.

Again, amplification of the low-strain horizontal motions
from 100 m to the surface is observed in peak acceleration
(factor of 3 to 6) and peak velocity (factor of 3 to 5) (Table
8). A factor of 3 to 5 increase in peak horizontal displacements
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is also observed from 100 m to the surface. However, since
periods longer than 1.5 seconds have been filtered out of the
time histories these values may not be representative of the
long-period response.

The response spectra (Log S,) for each of the 9 channels and
for 5 dampings are shown in Flgures 31 to 33. For this
earthquake the response spectra has a narrow peak near 0.2
seconds (5 Hz). The response spectra are lower in amplitude than
the spectra from the June 26th Northridge aftershock reflecting
the small size of the earthquake source.

The site response is again estimated by taking ratios of the
5% damped spectra. These response spectral ratios are shown in
Figures 34 - 36. Amplifications (greater than 4) are observed on
the -horizontal components: below.0.35 seconds (3 Hz). - The
horizontal spectral ratios are not estimated at periods longer
than 1.5 seconds .due to the small signal. The vertical response
spectral ratios show less site amplification than the horizontal
ratios. 2

Summary

Mainshock motions were not recorded at La Cienega during the
Northridge earthquake. However, from three nearby stations the
peak acceleration can be estimated at between 0.25 and 0.45 g.
The subsurface geology and velocities obtained allow
classification of this location as a deep soft-soil site.

Clear site amplification effects are observed in motions
from two aftershocks recorded at the cooperative SMIP/Caltrans - La
Cienega Geotechnical ‘Array in Los Angeles. The effect of the top
100 m of soils (sands, gravels, clays and gravels) is to produce
an amplification from depth to the surface of 4 and greater on
the horizontal components near 1 second for the June 26th
aftershock. 1In addition, increased duration of shaking is
observed at depth due to the delay in arrival of the reflected
wave from the free surface at depth from the September
earthquake.



TABLE 6 .
SUMMARY OF EARTHQUAKE INFORMATION

Epicenter
Date Origin Time Coordinates Depth Magnitude
(hr:min:sec) (°N) (°W)  (kKm) (M)
Jun 26, 1995 08:40:28.9 34.394 118.669 13 5.0
Sep 27, 1996 21:35:00.0 34.089 118.364 5.5 2.0

The earthquake information is from the California Institut
of Technology -
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TABLE 7 .
PEAK GROUND MOTIONS AT THE LA CIENEGA GEOTECHNICAL ARRAY

June 26, 1995 Earthquake:

Channel Depth Orientation Peak
No. (m) Accel. Velocity Displacement

(cm/sec) (cm/sec) (cm)
1 0 90° 11.4 0.56 0.086
2 0 Up 2.4 0.13 0.043
3 0 360° 2.0 0.50 0.072
4 18  90° 3.1 0.39 0.071
5 18 Up 1.4 0.13 0.039
6 18 360° 3.8 ° 0.34 0.065
7 100 920° 3.1 0.22 0.050
8 100 Up 1.5 0.10 0.032
9 100 360° 3.4 0.24 0.059

September 27, 1996 Earthquake:

Channel Depth Orientation Peak
No. (m) Accel. Velocity Displacement

(cm/sec) (cm/sec) (cm)
1 0 90° 8.2 0.28 0.012
2 0 Up 2.0 0.05 0.002
3 0 360° 8.4 0.24 0.010
4 18 90° 2.6 0.09 0.004
5 18 Up 0.7 0.02 0.001
6 18 360° 2.2 0.10 0.005
7 100 90° 2.5 0.09 0.004
8 100 Up 0.9 0.03 0.001
9 100 360° 1.3 0.05 0.002

The La Cienega Geotechnical Array is a cooperative effort
between SMIP and Caltrans.



TABLE 8

PEAK ACCELERATION, VELOCITY AND DISPLACEMENT RATIOS AT THE

June

LA CIENEGA GEOTECHNICAL ARRAY

26, 1995 Earthquake:

Ratio Ratios of Peak
Channel Depth Accel. Velocity Displacement
1/7 0/100 m 3.7 2.5 1.7
2/8 0/100 m 1.6 1.3 1.3
3/9 0/100 m 2.6 2.1 1.2
4/7 18/100 m 1.0 1.8 1.4
5/8 18/100 m 0.9 1.2 1.2
6/9 18/100 m 1.1 1.4 1.1
1/4 0/18 m 3.7 1.4 1.2
2/5 0/18 m 1.7 1.1 1.1
3/6 0/18 m 2.4 1.5 1.1

September 27, 1996 Earthquake:

Ratio Ratios of Peak
Channel Depth Accel. Velocity Displacement
1/7 0/100 m 3.4 3.2 3.
2/8 0/100 m 2.2 2.0 2.
3/9 0/100 m 6.4 5.0 5.
4/7 18/100 m 1.1 1.0 1.
5/8 18/100 m 0.8 0.7 1.
6/9 18/100 m 1.7 2.1 2.5
1/4 0/18 m 3.1 3.2 3.
2/5 0/18 m 2.7 2.7 2.
3/6 0/18 m 3.8 2.4 2.

The La Cienega Geotechnical Array is a cooperative effort
between SMIP and Caltrans.
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SURFACE
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Figure 19. Acceleration, velocity and displacement recorded a
the La Cienega Geotechnical Array from the June 26, 1995
earthquake at the surface.
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the La Cienega Geotechnical Array from the June 26, 1995
earthquake at 18 m (60') depth.

Acceleratlon, velocity and displacement recorded at
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21. Acceleration, velocity and displacement recorded at

the La Cienega Geotechnical Array from the June 26, 1995
earthquake at 100 m (330') depth.
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Figure 22. Response spectra (Log S,) at the surface for the La
Cienega Geotechnical Array.



51
60 FOOT DEPTH

SCALE SHIFTED BY FACTOR OF 10 FROM NORMAL PLOT

LA - I10/LA CIENEGA GEOTECHNICAL ARRAY: CSMIP S/N 703

CHN ¢ (STA CHN 4):
NORTHRIDGE AFTERSHOCK Sk o 4
10 Y .10
JUN 26, 1995 T T Ty 400
SO (IN} ]
10 | 19
PHASE 3 DATA: RESPONSE SPECTRA ; 1
USABLE DATA BANDWIDTH: 0.20 TO 47.2 HZ 5 f "
. 4 -
(0.02 TO 4.90 SEC) 0o 3
RECORD ID: 24703-H0130-85177.02 gtk 3
i 31
—— RESPONSE SPECTRA: PSV, PSA § SD ]
DAMPING VALUES: 0.2, 5, 10, 20% ok
3 7 .10
.01 =
10 10
PERICD (S22}
CHN 2 (STA CHN 5): CHN 3 (STA CHN 6)
FREAUENCY [HZ) FREGUSHCY (HZ)
i 10 .10 100
3 ] 1 ) i o i ‘3
; i PSA (G) ,
10 3 s 3 10
3 4
SC {CM} < ]
3 n 31
1 f 1 .10
1 10 ! 10
PEIICL (222} PERIZD (S22)
Figure 23. Response spectra (Log S,) at 18 m (60') depth for th

La Cienega Geotechnical Array.
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Figure 24. Response spectra (Log S,) at 100 m (330') depth for
the La Cienega Geotechnical Array.
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Figure 25. 5% damped response spectral ratios (Surface/100 m).
All three components are shown (east-west (top), vertical
(middle) and north-south (bottom)).
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Figure 26. 5% damped response spectral ratios (Surface/ls m) .
All three components are shown (east-west (top), vertical
(middle) and north-south (bottom)).
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Figure 28.

Acceleration, velocity and displacement recorded at

the cooperative SMIP/Caltrans La Cienega Geotechnical Array from

the September 27,

1996 earthquake at the surface.
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Figure 29. Acceleration, velocity and displacement recorded at
the La Cienega Geotechnical Array from the September 27, 1996
earthquake at 18 m (60') depth.
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Figure 30. Acceleration, velocity and displaceméht recorded at
the La Cienega Geotechnical Array from the September 27, 1996
earthquake at 100 m (330') depth. :
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Figure 31. Response spectra (Log S,) at the surface for the La
Cienega Geotechnical Array.
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Figure 32. Response spectra (Log S,) at 18 m (60') for the La
Cienega Geotechnical Array.
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Figure 33. Response spectra (Log S,) at the 100 m (330') depth
for the La Cienega Geotechnical Array.
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Figure 34. 5% damped response spectral ratios (Surface/100 m) .
All three components are shown (east-west (top), vertical
(middle) and north=-south (bottom)).
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Figure 35. 5% damped response spectral ratios (Surface/18 m).
All three components are shown (east-west (top), vertical
(middle) and north-south (bottom)).
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Figure 36. 5% damped response spectral ratios’ (18 m/100 m). All
three components are shown (east-west (top), vertlcal (mlddle)
and north-south (bottom))
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__PETE WILSCN, Governor

STATE OF CALIFORNIA - THE RESOURCES AGENCY

DEPARTMENT OF CONSERVATION @%
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STRONG MOTION INSTRUMENTATION PROGRAM @
801 K Street, MS 13-35

Sacramento, CA 95814-3531
Phone (916) 322-3105
Fax (916) 323-7778

Preliminary Processed Data for

Tarzana - Cedar Hill Nursery A
from the Northridge Earthquake

of 17 January 1994

by

R. Darragh, T. Cao, M. Huang and A. Shakal

REPORT OSMS 94-12B
California Strong Motion Instrumentation Program (CSMIP)

The processed data plots are presented in the following order:

1. Phase 1 (Vol. 1) data: uncorrected accelerations. Acceleration for the
first 22 seconds are plotted with a common scaling factor for all
channels; three channels are plotted on one page. This plot is followed
by another plot of the full processed length (60 seconds) with each
channel individually scaled.

2. Phase 2 (Vol. 2) data: instrument, tilt and baseline-corrected
acceleration, velocity and displacement. The data for the full processed
length are plotted with equal scaling for all chamnels. The filter
frequencies used in the processing (0.05-0.10 to 23.0-25.0 Hz) are
indicated on the plots (see Definition of Usable Data Bandwidth).

3. Phase 3 (Vol. 3) data: response spectra. The pseudo-velocity spectra
(PSV), the pseudo-acceleration spectra (PSA), the displacement spectra
(SD), and the Fourier amplitude spectra (FS) are presented on a tripartite
logarithmic plot for each channel. The spectra are plotted for periods
within the filter bandwidth used in the Vol. 2 processing. In addition,
the absolute acceleration spectra (SA) for 0%, 2%, 5%, 10%, and 20%
dampings are plotted against period for periods from 0 to 4 seconds with
linear-linear scaling.

N

- Note: A release of preliminary processed data is being made because the
maximum acceleration of some components were not recorded on the film.
Due to the importance of this record, CSMIP staff are carefully
estimating the motion from this accelerogram. In the meantime, the
preliminary data are being released so that users will not be delayed
from analyzing the data.

9/9/94
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DEFINITION OF USABLE DATA BANDWIDTH

The filter bands for each record are indicated on the plots for the Phése

2 and Phase 3 data. In standard processing, the digitized data are processed
and filtered using Ormsby filters. The data are first low-pass filtered using
a high-frequency filter with a corner frequency of 23 Hz and a roll-off
termination frequency of 25 Hz. Then the data are high-pass filtered using a
low-frequency filter with a corner frequency of 0.07 Hz and a roll-off
termination of 0.05 Hz. Therefore, the Phase 2 data is the result of the

digitized data being filtered by the bandpass filter H(f) with ramps as shown
in the figure:

-

o
&

fy
H(E) 4 4

+ Usable Data Bandwidth -+

1.0 L

S —

fre fi. Frequency (Hz) fre fm

The Usable Data Bandwidth is defined as the band between frequencies fﬁ‘ ,

and £y, where fy and f; are the -3 dB points on the high-frequency and low-
frequency ramps, respectively. The value of H(f) is approximately equal to
0.7 for -3 dB (see Notes). The user should onlv use these data for analyses
within this bandwidth,

Notes:

)]

2)

The values of fy and f; can be calculated from the corner frequencies
(f5c, fi.) and the roll-off termination frequencies (fg,, fi,) used in the
processing by using the formulas fy = fy, + 0.3 * (fgy - fg.) and =

fL = £, - 0.3 % (f, - f1;). For example, the Usable Data Bandwidth for
data bandpass-filtered with ramps at 0.30 ‘to 0.60 Hz "and 2370 to '25.0 Hz
is 0.51 Hz to 23.6 Hz (0.042 to 2.0 seconds period). '

It is common in signal processing to plot 20 log,,[H(f)] versus frequency,
and express the ordinate value in decibels (abbreviated dB). Accordingly,
0 dB corresponds to a value of H(f) equal to 1; 20 dB is equivaleit to
H(f) = 10, and -20 dB corresponds to H(f) = 0.1. Thus, at the -3 dB
frequency point, the amplitude of the transfer function, H(f) is reduced
to 0.7, while the power transmitted by the filter, H%(f), is reduced to
0.5. ' '
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NORTHRIDGE EARTHQUAKE OF JAN 17, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A
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NORTHRIDGE EARTHQUAKE OF JAN 17, 1994 CSMIP PRELIMINARY PROCESSING
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APPENDIX B

Processed Data for Tarzana - Ventura Blvd #10
from the Northridge Earthquake of 17 January
1994, SMIP OSMS Report No. 94-14FF
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STATE OF CALIFORNIA - THE RESOURCES AGENCY PETE WILSON, Governor

DEPARTMENT OF CONSERVATION

DIVISION OF MINES AND GEOLOGY
STRONG MOTION INSTRUMENTATION PROGRAM
801 K Street, MS 13-35

Sacramento, CA 95814-3531

Phone (816) 322-3105

Fax (916) 323-7778

Processed Data for

Tarzana - Ventura Blvd. #10

from the Northridge Earthquake

of 17 January 1994

REPORT OSMS 94-14FF
California Strong Motion Instrumentation Program (CSMIP)

There are three recorders in this building at the ground, 5th floor and roof.
The processed data plots are presented in the following order:

1. Phase 2 (Vol. 2) data: instrument and baseline-corrected acceleration,
velocity and displacement. The data for the first 40 seconds are plotted
with equal scaling for all channels. Three channels are plotted per page.
The Usable Data Bandwidth of the Phase 2 data, as determined during
processing, is indicated on the plots (see Definition of Usable Data
Bandwidth) .

2. Phase 3 (Vol. 3) data: response spectra. The pseudo-velocity spectra
(PSV), the pseudo-acceleration spectra (PSA), and the displacement spectra
(SD) for 0%, 2%, 5%, 10%, and 20% dampings are presented on a tripartite
logarithmic plot for each channel. The spectra are plotted for periods
within the Usable Data bandwidth used in the Phase 2 processing.

3. Phase 3 (Vol. 3) data: response spectra. The absolute acceleration
spectra (SA) for 0%, 2%, 5%, and 10% dampings are plotted against period
for periods from O to 6 seconds with linear-linear scaling.

4. Phase 1 (Vol. 1) data: uncorrected accelerations. Acceleration for the
full processed length (48 seconds) with each channel scaled individually:
three channels are plotted on one page. This plot is followed by another
plot of the acceleration for the first 22 seconds plotted with a common
scaling factor for all channels; three channels are plotted on one page.

5. Phase 2 (Vol. 2) data: instrument and baseline-corrected acceleration,
velocity and displacement. The data for the full processed length are
plotted with equal scaling for all channels. The filter frequencies used
in the processing (0.10-0.20 to 23.0-25.0 Hz) are indicated on the plots.

Note: The three recorders in this structure did not trigger at the same time.
The recorders are all oriented in the same direction however.

10/24/94
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DEFINITION OF USABLE DATA BANDWIDTH

The filter bands for each record are indicated on the plots for the Phase
2 and Phase 3 data. In standard processing, the digitized data are processed-
and filtered using Ormsby filters. The data are first low-pass filtered using
a high-frequency filter with a corner frequency of 23 Hz and a roll-off
termination frequency of 25 Hz. Then the data are high-pass filtered using a
low-frequency filter with a corner frequency of 0.07 Hz and a roll-off
termination of 0.05 Hz. Therefore, the Phase 2 data is the result of the
digitized data being filtered by the bandpass filter H(f) with ramps as shown
in the figure:

H(E) $o i - 4
- Usable Data Bandwidth 4

1.0 ¢

1 l
fi, fi. Frequency (Hz) fu, fmy

The Usable Data Bandwidth is defined as the band between frequencies fy
and f;, where fy and f; are the -3 dB points on the high- frequency and low-
frequency ramps, respectlvely The value of H(f) is approximately equal to
0.7 for -3 dB (see Notes). The user should only. use these data for analyses
within this bandwidth. For these Code records, the Usable Data Bandwidth is
0.17 Hz to 23.6 Hz (or 0.042 to 5.9 seconds period).

Notes:

1) The values of fy and f} can be calculated from the corner frequencies
(fgo, fio) and the roll-off termination frequencies (fﬁt, f1+) used in the
processing by using the formulas fH = fge + 0.3 * (fp, - fgo) and .
fi, = £, - 0.3 * (f,, - f,). The Usable Data Bandwidth for Code building
data bandpass-filtered with ramps at 0.10 to 0.20 Hz and 23.0 to 25.0 Hz
is 0.17 Hz to 23. 6 Hz (0 042 to 5.9 seconds perlod)

2) It is common in signal processing to plot 20 log,,[H(f)] versus frequency,
and express the ordinate wvalue in decibels (abbreviated dB). Accordingly,
0 dB corresponds to a value of H(f) equal to 1l; 20 dB is equivalent to
H(f) = and -20 dB corresponds to H(f) = O. 1 Thus, at the -3 dB
frequency point, the amplitude of the transfer function, H(f) is reduced
to 0.7, while the power transmitted by the filter, H2(f), is reduced to
0.5.
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NORTHRIDGE EARTHQUAKE OF JAN 17, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - VENTURA BLVD #10 Sta Num 2C015

Acceleration, Velocity and Displacement (Phase 2}
Usable Data Bandwidth: .47 to 23.6 Hz (.04 to 6.0 Sec)
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NORTHRIDGE EARTHQUAKE OF JAN 17, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - VENTURA BLVD #10 Sta Num 2C015

Acceleration, Velocity and Displacement (Phase 2)
Usable Data Bandwidth: .17 to 23.6 Hz (.04 to 6.0 Sec)
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CSMIP PRELIMINARY PROCESSING

TARZANA - VENTURA BLVD #10 Sta Num 2C015

Acceleration, Velocity and Displacement (Phase 2)
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NORTHRIDGE EARTHQUAKE OF JAN 17, 1994

CSMIP PRELIMINARY PROCESSING
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INTRODUCTION

The CSMIP analog accelerograph located at Tarzana - Cedar Hill
Nursery recorded extremely high accelerations during the
Northridge earthquake of January 17, 1994 (Shakal et al., 1994,
1996) . All three components had peak accelerations over 1.0 g.
In addition, a peak velocity over 100 cm/sec was measured
(Darragh et al., 1994a). Other instruments located within
several Kilometers of Tarzana recorded significantly smaller peak
accelerations of about 0.5 g, with peak velocities lower than 60
cm/sec from the mainshock (Darragh et al., 1994b, 1995).
Relatively high seismic response at this station was also
identified during the 1987 Whittier Narrows earthquake, though
not in the largest Whittier aftershock (Shakal et al., 1988).

The Tarzana station is located near the crest of a low (20 m)
natural hill on the south side of the San Fernando Valley. The
site is underlain by a variable thickness of colluvial soil
(silty clay) or artificial fill generated by fill grading of the
bedrock and slopewash estimated to be about 0.5 to 1.5 m in
thickness (Geosoils, 1992). The soil is derived by in-place
weathering of a soft claystone and siltstone of the Upper Modelo
Formation, which underlies the soil.

To help study the ground motion effects, CSMIP installed a
reference station near Tarzana - Cedar Hills Nursery after the
Northridge earthquake on January 25, 1994 (Figure 1). 1In
addition, a digital accelerograph was collocated with the analog
accelerograph in the t-hut at Tarzana - Cedar Hills Nursery.
Numerous aftershocks have been recorded at both stations, some
with peak accelerations as high as 0.37 g. The reference site,
Tarzana - Clubhouse, is located about 150 m from the Tarzana -
Cedar Hills Nursery station, off the gentle hill. The site is
located on Quaternary alluvium. At a test pit site about 35 m
from the station the top of the Modelo formation was located at
3 m depth (Geosoils, 1992).

PROCESSED RECORDS FROM NORTHRIDGE AFTERSHOCKS

This report presents processed data (instrument and baseline-
corrected acceleration, velocity, displacement and response
spectra) from 21 accelerograms recorded at the two CSMIP Tarzana
stations. The accelerograms were obtained during eleven
Northridge aftershocks with local magnitudes ranging from 3.2 to
5.9. Nineteen of the 21 accelerograms were recorded on digital
instruments (12-bit, 0.25 g maximum acceleration recorder)
installed several days after the Northridge mainshock.

Two accelerograms recorded on the analog instrument at Tarzana -
Cedar Hills Nursery are also included. The processed data from
the accelerogram of the magnitude 5.9 aftershock that occurred

about one minute after the mainshock are presented. This record
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is from the largest Northridge aftershock. Also, included are
the processed data from the analog record of the March 20, 1994
aftershock. During this earthquake the peak motions were clipped
on the digital recorder when peak accelerations exceeded 0.25 g.
The peak acceleration from the analog recorder is 0.37 g.

The following table lists the location, origin time and magnitude
for these eleven aftershocks as determined by the California
Institute of Technology. .The table also lists the page number on
which the processed data are reproduced..

TABLE 1 - SUMMARY OFfNORTHRIDGE AFTERSHOCK INFORMATION

Page ‘ : Epicenter
No. Date Origin Time Coordinates Depth Magnitude
11 Jan 17, 1994, 12:31:57.8 34.279N 118.474W 0 5.9 ML
15 Jan 27, 1994 17:19:58.8 34.274N 118.563W . 15 4.6 ML
23 Mar 20, 1994 21:20:12.2 34.231N 118.475W 13 5.3 ML
31 May 3, 1994 00:30:46.3 34.181N 118.566W 7 3.2 ML
39 May 16, 1994 08:40:46.7 34.330N 118.619W 14 3.8 ML
47 May 25, 1994 12:56:57.0 34.312N 118.393W 7 4.4 ML
55 May 28, 1994 17:15:12.3 34.355N 118.682W 12 3.6 ML
63 Jun 2, 1994 03:27:14.4 34.277N 118.457W 11 3.8 ML
71 Jun 15, 1994 05:59:48.6 34.311N 118.398W 7 4.2 ML
79 Jul 11, 1994 06:50:49.6 34.260N 118.692W 16 3.7 ML
5.0 ML

87 Jun 26, 1995 08:40:28.9 34.394N 118.669W 13

For each record, four processed-data plots are presented in the
following order:

1st Page Phase 2 (Vol. 2) data: Instrument and
baseline-corrected acceleration, velocity and displacement.

The data for the full processed length (either 40 or 25 seconds)
are plotted with equal scaling for all channels. The Usable Data
Bandwidth used in the processing is indicated on the plots. 1In
general, the Usable Data Bandwidth (UDB) of the Phase 2 data is
from 0.51 to 47.2 Hz (0.02 to 2.0 sec period) which is indicated
on the plots (see Definition of Usable Data Bandwidth). Two
exception are the records from the January 17, 1994 and the March
20, 1994 aftershocks, recorded by an analog accelerograph (SMA-1)
at Tarzana - Cedar Hills Nursery, for which the UDB is from 0.51
to 23.6 Hz (0.04 to 2.0 sec). Three channels of acceleration,
velocity and displacement are plotted on a single page.

2nd Page Phase 1 (Vol. 1) data: Uncorrected accelerations.
Acceleration for the full processed record length is plotted with
each channel individually scaled so record details can be
observed; three channels are plotted on a single page. In
general, the full processed length for these records is 40
seconds (25 seconds in several cases).
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3rd Page Phase 3 (Vol. 3) data: Response spectra - Linear Sa.
The absolute acceleration spectra (Sa) for 0%, 2%, 5%, and 10%
dampings are plotted against period with linear-linear scaling
from 0 to 1 seconds. The spectra are plotted for periods within
the Usable Data Bandwidth. Three channels are plotted on a
single page.

4th Page Phase 3 (Vol. 3) data: Response spectra - Log Sv.

The pseudo-velocity spectra (PSV), the pseudo-acceleration
spectra (PSA), and the displacement spectra (SD) are presented on
a tripartite logarithmic plot for each channel for 0%, 2%, 5%,
10%, and 20% dampings. The spectra are plotted for periods
within the Usable Data Bandwidth. Three channels are plotted on
a single page. Note that the amplitude scale has been shifted up
by a factor of 10 from the normal spectral plot presentation.

ORGANIZATION OF THE REPORT

The locations of the two Tarzana strong-motion stations and the
aftershock epicenters are shown in Figure 2. A three-digit
station code is shown on the map adjacent to each station symbol.
The station code, the CSMIP station number and the station name
are cross-referenced in Table 2. Table 2 provides listing of
stations, information on site conditions and station coordinates.
Detailed information about each record, including peak
acceleration, velocity and displacement, instrument orientation,
and usable data bandwidth, are presented in Table 2. For 9
aftershocks the processed data from both the digital
accelerograph at Tarzana - Cedar Hill Nursery and Tarzana -
Clubhouse are presented. 1In addition, the data from the analog
accelerogram of the aftershock that occurred about one minute
after the mainshock on January 17, 1994 are presented.

only the processed data from the analog accelerograph record of
the March 20, 1994 at the Tarzana - Cedar Hill Nursery are
included in this report. Both horizontal components of the
digital record clipped when the motions exceeded the maximum
level of 0.25 g set for this recorder. One horizontal component
of the record from the March 20, 1994 event recorded by digital
instrument at the Clubhouse was also clipped. The peak motions
were clipped on only two adjacent peaks occurring between 8.0 to
8.1 sec into the record. We estimated the peak motion from this
accelerogram by a careful extrapolation of the acceleration
traces based on an assumption that the gradient was similar as
recorded on nearby peaks. Using this method, the peak
acceleration of this component is probably between 0.28 and 0.29
g. Small differences (less than 1%) are obtained between the
processed velocities, displacements and response spectra
calculated from the clipped or the extrapolated accelerograms.
The processed data from the original accelerogram are included in
this report.
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Station
No.

TABLE 2 - SUMMARY OF PROCESSED. GROUND-RESPONSE RECORDS FROM

Station Name

24436

24436

24T03

24436

24T03

24436

24TO03

24436

24T03

24436

24TO03

Tarzana T

Cedar Hill Nursery A

Tarzana
Cedar Hill Nursery A

Tarzana
Clubhouse

Tarzana
Cedar Hill Nursery A

Tarzana
Clubhouse

Tarzana
Cedar Hill Nursery A

Tarzana
Clubhouse

Tarzana
Cedar Hill Nursery A

Tarzana
Clubhouse

Tarzana
Cedar Hill Nursery A

Tarzana
Clubhouse

N

34

34,

34.

34.

34.

34.

34,

34.

34,

34.

34,

Station
Coordinates Site
Lat. W Long. Geology:
.160 118.534 Thin alluvium
over silstone
160 118.534 Thin alluvium
. over silstone
160 118.532 Alluvium -
160 118.534 Thin alluvium
over silstone
160 118.532 Alluvium
160 118.534 Thin alluvium
over silstone
160 118.532 Alluvium
160 118.534 Thin alluvium
over silstone
160 118.532 Alluvium
160 118.534 Thin alluvium
over silstone
160 118.532 Alluvium

Epicentral
Instrument Dist. **
Housing * (km)
Instr. 14.3

shltr. H
Instr. 12.9
shltr. H
Instr. 13.0
shltr. F
Instr. 9.6
shltr. H
Instr. 9.5
shltr. F
Instr. 3.8
shltr. H
Instr. 3.9
shltr. F
Instr. 20.4
shltr. H
Instr. 20.5
shltr. F
Instr. 21.3
shltr. H
Instr. 21.2
shltr. F



AFTERSHOCKS OF THE NORTHRIDGE EARTHQUAKE OF JANUARY 17, 1994

: Component
Station Earthq. Azimuth  Peak Accel. Peak Velocity Peak Displ.
No. Date (deg.) (g) # (cm/sec) {cm)
24436  1/17/9% 90 0.345 14.6 1.30
SMA UP 0.152 3.5 0.35
360 0.232 11.4 0.86
24436 1/27/94 90 0.096 5.4 0.29
up 0.069 1.2 0.04
180 0.117 5.3 0.27
24T03  1/27/94 90 0.039 1.8 0.15
UP 0.062 0.9 0.03
180 0.021 0.7 0.05
24436 3/20/94 90 0.374 11.8 0.78
SMA UP 0.144 3.7 0.25
360 0.312 12.8 0.99
24T03  3/20/94 90 0.171 5.9 0.42
UP 0.105 3.1 0.22
180 0.250## 7.2 . 0.62
24436  5/03/94 90 0.028 0.68 0.02
UP 0.041 0.68 0.02
180 0.035 0.82 0.04
24T03  5/03/94 90 0.019 0.40 0.01
uP 0.042 0.58 0.01
180 0.013 0.27 0.02
24436  5/16/94 90 0.031 0.81 0.03
UP 0.022 0.48 0.01
180 0.028 0.86 0.03
24T03  5/16/94 90 0.017 0.43 0.01
UP 0.011 0.18 0.01
180 0.013 0.31 0.02
24436  5/25/94 90 0.027 0.73 0.06
up 0.016 0.41 0.02
180 0.035 0.87 0.05
24T03  5/25/94 90 0.017 0.46 0.04
UP 0.014 0.26 0.02
180 0.013 0.56 0.04
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Usable Data
_Bandwidth

0
(0

.51-23.6
.04-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-23.6
.04-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)
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TABLE 2 - SUMMARY OF PROCESSED GROUND-RESPONSE RECORDS FROM

Station ' Epicentral
Station ¢ Coordinates Site Instrument Dist. #*%
No. Station Name. N Lat. W long. Geology Housing * _ (km)
24436 Tarzana 34,160 118.534 Thin alluvium Instr. 25.6
Cedar Hill Nursery A over silstone shltr. H
24T03 Tarzana 34.160 118.532 Alluvium Instr. 25.7
Clubhouse shltr. F
24436 Tarzana » 34.160 118.534 Thin alluvium - Instr. 14.8
Cedar Hill Nursery A over silstone shltr. H
24T03 Tarzana 34,160 118.532 Alluvium Instr. 14.7
Clubhouse shltr. F
24436 Tarzana 34.160 118.534 Thin alluvium Instr. 20.9
Cedar Hill Nursery A over silstone shltr. H
24T03 Tarzana ' 34,160 118.532 Alluvium Instr. 20.8
Clubhouse shltr. F
24436 Tarzana 34,160 118.534 Thin alluvium Instr. 18.3
Cedar Hill Nursery A over silstone shltr. H
24T03 Tarzana 34.160 118.532 Alluvium Instr. 18.5
Clubhouse : shltr. F
24436 Tarzana 34.160 118.534 Thin alluvium Instr. , 28.8
Cedar Hill Nursery A over silstone shltr. H
24T03 Tarzana " 734,160 118.532 Alluvium Instr. 28.9
Clubhouse shltr. F

* - Instrument shelter types:
Instr. shltr H - small fiberglass shelter
Instr. shltr F - small, l-story building
%% - Distance given relative to the aftershock epicenter.



## Component of accelerogram was clipped.

Component
Station Earthq. Azimuth  Peak Accel. Peak Velocity Peak Displ.
No. _Date (deg.) (g) # (cm/sec) (cm)
24436 5/28/94 90 0.013 0.47 0.02
UP 0.005 0.14 0.01
180 0.016 0.59 0.03
24T03  5/28/94 90 0.005 0.23 0.01
UP 0.004 0.09 0.01
180 0.004 0.15 0.01
24436 6/02/94 90 0.016 0.45 0.03
UP 0.010 0.21 0.01
180 0.015 0.63 0.04
24T03 6/02/94 90 0.010 0.25 0.02
UP 0.010 0.13 0.01
180 0.011 0.32 0.02
24436 6/15/94 90 0.028 0.98 0.07
up 0.019 0.38 0.01
180 0.019 0.52 0.03
24T03 6/15/94 90 0.022 0.63 0.05
: UP 0.022 0.30 0.01
180 0.018 0.46 0.02
24436 7/11/94 90 0.026 0.64 0.02
UP 0.022 0.35 0.01
180 0.021 0.50 0.03
24T03  7/11/94 90 0.010 0.27 0.01
UP 0.010 0.25 0.01
180 0.015 0.38 0.02
24436 6/26/95 90 0.073 3.0 0.19
Up 0.028 1.1 0.07
180 0.104 4.4 0.26
24T03 6/26/95 90 0.037 1.5 0.14
Up 0.031 0.7 0.06
180 0.053 1.8 0.13
# Phase 1 (Volume 1) peak acceleration values.

AFTERSHOCKS OF THE NORTHRIDGE EARTHQUAKE OF JANUARY 17, 1994 (continued)
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Usable Data
Bandwidth

0

(0.

.51-47.2
02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

.51-47.2
.02-1.96

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)

Hz
sec)



w ¢ ‘ - A CDMG STATION
: O L-22 GEOPHONE

Y& CDMG DRILL HOLE

-+ USGS DRILL HOLE

% GEOSOILS DRILL HOLE

lO B GEOSOILS TEST PIT

CLUBHOUSE

: : 3.0 DEPTH TO TOP OF MODELO
100 METERS - FORMATION (M)
CONTOUR INTERVAL =5 FEET

Figure 1. Map showing the locations of Tarzana - Cedar Hill
Nursery station and Tarzana - Clubhouse (reference
'site). The Clubhouse is located about 150 m from the
Cedar Hill station. The borehole is located about 49 m
(160') from the Cedar Hill station. (The basemap is
modified from Spudich et al., 1996).
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34.000

*
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I o

Pacific ocean

118.625 118.375

Figure 2. Map showing the locations of Tarzana - Cedar Hill

Nursery station (436) and the reference site at
Tarzana — Clubhouse (T03). The Clubhouse is located
about 150 m from the Cedar Hill station. The location
of the eleven Northridge aftershocks are shown as

stars.
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DEFINITION OF USABLE DATA BANDWIDTH

~ The filter bands for each record are indicated on the plots for the Phase
2 and Phase 3 data. In standard processing, the digitized data are processed
and filtered using Ormsby filters. The data are first low-pass filtered using
a high-frequency filter with a corner frequency of 46 Hz and a roll-off
termination frequency of 50 Hz. Then the data are high-pass filtered using a
low-frequency filter with a corner frequency of 0.07 Hz and a roll-off
termination of 0.05 Hz. Therefore, the Phase 2 data is the result of the
digitized data being filtered by the bandpass filter H(f) with ramps as shown
in the figure:

H(E) i 4
+ Usable Data Bandwidth had

1.0

| | -
£;+ fL.  Frequency (Hz) fic fae

The Usable Data Bandwidth is defined as the band between frequencies fy
and f;, where fy and f; are the -3 dB points on the high-frequency and low-
frequency ramps, respectively. The value of H(f) is approximately equal to

0.7 for -3 dB (see Notes). The user should only use these data for analyses
within this bandwidth.

Notes:

1) The values of fz and f; can be calculated from the corner frequencies
(fge, frc) and the roll-off termination frequencies (fg,, fi,) used in the
processing by using the formulas fy = fyz, + 0.3 * (fy, - £fg.) and
f; = £, - 0.3 * (f. - f.). For example, the Usable Data Bandwidth for
data bandpass-filtered with ramps at 0.30 to 0.60 Hz and 23.0 to 25.0 Hz
is 0.51 Hz to 23.6 Hz (0.042 to 2.0 seconds period).

2) It is common in signal processing to plot 20 log,o[H(f)] versus frequency,
and express the ordinate value in decibels (abbreviated dB). Accordingly,
0 dB corresponds to a value of H(f) equal to 1; 20 dB is equivalent to
H(E) = and -20 dB corresponds to H(f) = 0.1. Thus, at the -3 dB
frequency point, the amplitude of the transfer function, H(f) is reduced

to 0.7, while the power transmltted by the filter, H? (f), is reduced to
0.5.
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NORTHRIDGE AFTERSHOCK OF JAN 17,

1994

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436

Usable Data Bandwidth:

.51 to 23.6 Hz (.04 to 2.0 Sec)

CSMIP PRELIMINARY PROCESSING 129

ACCELERATION
— CHN 4: 90 DEG —
B Max = -296 cm/sec/sec |
1 i 3 n 1 1 1 _ i 1 1 1 1 1 " ) dmnd
— CHN 2: UP —_
N 143 cm/sec/sec |
SR TP -
e 1
1 1 " 1 1 L [ i 1 i 1 1 L : x ]
— CHN 3: 360 DEG T
N -232 cm/sec/sec |
2 i 1 1 1 I A i i ] 1 i L i 1 1 L e 1 L L 3 i i 1 !
. VELOCITY
— CHN 1: 90 DEG T
| Max = 15 cm/sec |
A | TV
Vv vy v hhilA4
e " 3 1 PIDEY 1 PO | 1 1 1 1 i ! 2
— CHN 2: UP —_
-4 cm/sec
L Y. N PN
it ' I el il 4
L 1 i 2 ! A i I 1 1 i ] i 1 1
— CHN 3: 360 DEG
11 cm/secj_
P A‘AMA Ao Ao an A br A Il[L‘ﬁ..;v
v-v-vwv'vwv vvv vV yYw v v
1 i i 1 L 1 i i I ] s L |-
DISPLACEMENT
— CHN 1: 90 DEG
Max = 1 cmj
P - A.f\n A AAA o o . o, ~
7 V' LA VA A=A V4 o T
Y 1 'Y 1 i 2 1 5 1 ! I\ | 1 1 i I A
— CHN 2. UP 0.4 cn |
W, A
L4
— 1 2 s ! I t 1 2 i 1 1 1 i ] "
— CHN 3: 360 DEG 1 cm-]
—— FaN /-\\-JI\VAUVMWF\V‘VA Av_./\' VA o W.VAV
1 1 1 X I 1 3 I i 1 1 . ! 1 L I 1 ! L L i 2 L i 4 L 1 1 3 i 1 L L 1 Ll 1
0 5 10 15 20 25 30 35 40

TIME (SEC)

24436-51614-94047.021

111496.0918



ACCELERATION (G)

|
o
N

wn

[ CHN 1:

NORTHRIDGE AFTERSHOCK OF JAN 17, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A
UNCORRECTED ACCELEROGRAM 24436-51614-94017.021  111496.0917-AFTERSH1

90 DEG MAX

-0.345 G

c
0
=
>
>
n

PN NN NN PR WO S NN TNNOE UUNN NN DUNEN NN SRS NN MR SO SO NN SN SU W SN |!| [N DR TR TN M B

- 360 DEG : MAX

il

TIME (SEC)

0€T



NORTHRIDGE AFTERSHOCK OF JAN 17,

i TARZANA - CEDAR HILL NURSERY A

Sta Num 24436

131

1934 CSMIP PRELIMINARY PROCESSING

CHN 1: 90 DEG
FFIEGUENci:Y (H2)

|

|

! FREQUENCY {HZ)
O 1

|

PSV (IN/SEC)

™3 100
10 |
RESPONSE SPECTRA F

- 3 10
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0.51 TO 23.6 HZ 5 5
{0.04 TO 2.0 SEC) s, L 2
44
—— RESPONSE SPECTRA: PSV,PSA § SD
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3 3 .10

] RECORD ID: 24436-51614-94017.021
.01 - -
.10 1 ! 10
. PERIOD (SEC)
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3 10
1
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1
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NORTHRIDGE AFTERSHOCK OF JAN 17, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 23. 0-25.0 HZ
24436-51614-94017.021 111496.0918-AF TERSH1

3 i T | 1

CHN 1: 90 DEG

DAMPING VALUES: ©; 2, 5, 10, 20%

ABSOLUTE ACCELERATION, SA (g)

CHN 2: uP

DAMPING VALUES: 0. 2,5, 10, 20%

ABSOLUTE ACCELERATION, SA (g)

CHN 3. 360 DEG

DAMPING VALUES: 0, 2, 5, 10, 20%

ABSOLUTE ACCELERATION, SA (g)

PERIOD (SEC)
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NORTHRIDGE AFTERSHOCK OF JAN 27,

1994

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436

Usable Data Bandwidth:

.51 to 47.2 Hz (.02 to 2.0 Sec)
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NORTHRIDGE AFTERSHOCK OF JAN 27, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CEDAR HILL NURSERY A
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24436-E0549-94028.16 0313396.1247-0N34B436
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.10

PSV (CM/SEC)

PSV {CM/SEC)

NORTHRIDGE AFTEBSHOCK OF JAN 27, 4994 . CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A f CHN 1: 'S0 DEG
FREQUENCY (HZ)
Sta Num 24436 10 ! ———10
PSA (G) SO0 (IN) 1;
10 F
RESPONSE SPECTRA 3 ) 1
USABLE DATA BANDWIDTH: A é& o —
0.51 TO 47.2 HZ 5 \ | ]
(0.02 TO 2.0 SEC) : ., L
—— RESPONSE SPECTRA: PSV.PSA § SO. % ]
DAMPING VALUES: 0,2, 5, 10, 20% ok
RECORD ID: 24436-E0543-94028.16 ]
.01 11 1 { [Ny
.10 1 10
. PERIOD (SEC)
CHN 20 UP CHN 3: 180 DEG
FREQUENCY ({HZ) FREQUENCY (HZ)
1 10 K .10
SO (IN) 1;
10 3 _
- g - ]
SO (CM) _:
% 1E 3
A0 F 3
.01 2 1 | 1 Lassal

1
PEATOD ({SEC)

1
PERIOD (SEC)



NORTHRIDGE AFTERSHOCK OF JAN 27, 1994 CSMIP PRELIMINARY PROCESSING 137

— TARZANA - CLUBHOUSE CSMIP Sta Num 24703
‘ Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)

- ACCELERATION
100 —CHN 1: 115 DEG —
= Max = -38 cm/sec/sec |
_ 0 [t i
Z _100 L 1 3 I ! 4 i 1 1 ] A " . 1 1 I 2 N i I 1 L i L | 1 1 2 1 1 i L 1 1 1 A i i .
] 100 —CHN 20 UP -
o o=
g - 9 n -61 cm/sec/sec
| 0 “1
‘ é E AT N
5 W @ 0 hingadh | Lot Aoisiang
2
~ S
[¥8] E -1
~ 8 =~ -100 PRI NS I R A S S I S U S R
‘ < 100 [—CHN 3: 205 DEG —
2 21 cm/sec/sec |
. 0 L ”‘1“1‘11‘1""‘1."‘""" Vi
-100 3 1 1 : ! 1 L 1 1 1 2 A L 1 ! 1 " L L 1 5 i 2 1 1 It 1 3 1 1 1 " 1 : ] 1 " bl
D
| VELOCITY
3 (—CHN 1: 115 DEG
| A Max = 2 cm/sez:j_
0 . S VAMVA‘AWLJ Aptinficss e - -
1 ‘ ) _3 2 L " 2 | 3 1 1 " PN ST SO ST A MR ) 1 " " N ! PUR : " 1 2 : " 2 1 " 2t "
- . 3 —~CHN 2 UP . ' -
L z i . 1 cm/sec |
Q
( S& o ettt
! — §
! w - I~ T
T > -3 PR ! { S Y SUY U T (T ST ST SR S NN S N U SUN S S SN S WUNS SN SN SR SR S SN S S S
B 3 (—CHN 3: 205 DEG —
! L 1 em/sec |
! 0 ;ﬂ ’l'z'lhr‘Mr-rﬁw&#L it —-n -
$ _3 ! ] | L 1 | 1
o DISPLACEMENT
P 0.2 —CHN 1: 115 DEG —
L B A Max = 0.1 cm |
, 0 Al v.!\ N .. PN — =N VNN DN .y A -
! NVWVVV W v v 7 \"4 N
e — -0.2 P [ SR N N (S SR VUUT ST U S ST S S SR ST S S VRN DU A ST U R SR U S
= 0.2 —CHN 2. UP 1
w -
= B 0.0 ¢cm B
UJ —
—— 2 5 0 v" A'AAVM‘I\V . -
! .
g -
v 0.2 L. . ) S SR U S S S S
= — CHN 3: 205 DEG
e 0.2 0.1 cmj
O VN'A A vav,\' Y A N o, o -
- _0.2 L i I 2 1 I L L 1 1 1 L L i L i 2 I i 1 1 L i 1 1 2 A L L 1 z 1 i 1 ] L 1 1 i
0 9 10 15 20 25 30 35 40

TIME (SEC) 24T03-E0247-94027.06  111496.1047



ACCELERATION (G)

CHN

NORTHRIDGE AFTERSHOCK OF JAN 27,

1994
TARZANA - CLUBHOUSE

UNCORRECTED ACCELEROGRAM 24T03-E0247-34027.06

115 DEG

CSMIP PRELIMINARY PROCESSING

111496.1046-0N94BT03

. 205 DEG

MAX = -0.039 G
PN T N R TR TN TN T (VU M AN TSN TN NN TR SN M SNN HNN N N
MAX = -0.062 G |
| ‘l SR WO VAN M NN NN NUVE DN SN NN NN SR SRR M NN N
MAX = 0.024 G |
A T N E WS N PO NN NN TN VO NN NN NN NN N MR SN SN S N
20 25 30 35 40

TIME (SEC)

8€T



ABSOLUTE ACCELERATION, SA (g) ABSOLUTE ACCELERATION, SA (g}

ABSOLUTE ACCELERATION, SA (g}

139

NORTHRIDGE AFTERSHOCK OF JAN 27, 18394 CSMIP PRELIMINARY PROCESSING

TARZANA - CLUBHOUSE
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24T03-E0247-94027.06 111496.1048-0BN94BT03

l 1 1 { 1

. | CHN 1: 115 DEG -

_ CHN 20 UP T

DAMPING VALUES: 0. 2,5, 10, 20%

l T 1 i i

B CHN 3: 205 DEG -

DAMPING VALUES: 0, 2.5, 10, 20%

PERIOD (SEC)



140

NORTHRIDGE AFTERSHOCK OF JAN 27,

TARZANA - CLUBHOUSE
Sta Num 24703

RESPONSE SPECTRA

USABLE DATA BANDWIDTH:
0.51 TO 47.2 HZ
(0.02 T0°2.0 SEC)

— RESPONSE SPECTRA: PSV,PSA § SD
DAMPING VALUES: 0,2, 5, 10, 20%

RECORD ID: 24T03-E0247-94027.06

1994

PSV (IN/SEC)

10 E

.10

.01

CSMIP PRELIMINARY PROCESSING
CHN 1: 115 DEG
FREQUENCY (H2)
10 1 10

PSA (G)

‘5D (CM)

lllll'l ¥ I‘ lllllll T ¥ | LR

.10 ’ 1 10
PERIOD (SEC)

CHN 2. UP CHN 3: 205 DEG

FREQUENCY (HZ) FREQUENCY (HZ
10 1 10 10 1 .10
LRI | " i |

PSA (G)
10 F

PSV (IN/SEC)
L
1

A0 F

| LRI M S T T

S0 (IN)
0
10

SD (CM)

PSA (G)

LI 1 T IR

i
PERIOD {(SEC)

PERIOD (SEC)

™) 100

110

4 .10

100

10

.10

PSV (CM/SEC)

SV (CM/SEC)



NORTHRIDGE AFTERSHOCK OF MAR 20, 1994 CSMIP PRELIMINARY PROCESSINGI‘M

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436
Usable Data Bandwidth: .51 to 23.6 Hz (.04 to 2.0 Sec)

—- ACCELERATION
. 400 —CHN 4; S0 DEG —
B Max = 365 cm/sec/sec |
— 0 VA‘AL_‘ Al - A
z _400 N 1 I 1 1 ' 1 1 1 1 1 1 PE | 1 1 1 P N i i 1 H i 1 3 1. 1 2 1 2 i |
O _ 400 ~CHN 22 uP . 7]
I : g B 128 cm/sec/sec |
< £
a o 0 W‘%‘;.#ﬂ*
w 3
- N n
w £ i
- _‘,—23_400 I P S U B SR T S SN SRPEU S T TP RS S
‘ < 400 —CHN 3: 360 DEG , -
) B -303 cm/sec/sec |
—— . 0 q‘mwﬂmwwww VA AR AA A
_400 3 i I 1 1 " 1 A 1 1 i 1 I - 1 1 1 . " ] i . Aaed L 1 1 1 [ 1 3 L 1 !
=
VELOCITY

20 —CHN 1: 90 DEG
Max = =-12 cm/sec—j

‘ -20 . | PP B U SRR SR S

Lo 20 —CHN 22 UP . : :

- > : 4 cm/secj
- - -

s G 3 e L o g A A

o Q @ 0 WRNITE USNT A TSNS

P P

[ o e = .

b > -20 A R TP SRR S PR S U VTSP U S S SR SR SO S S

20 —CHN 3: 360 DEG =

-13 cm/sec
- AAA MARALA pana ARA . 4 on A a i ann a o N
0 v'l'v (LA R AL MR ML v M 4 g

_20 PR 1 2 1 1 1 1 " ! " " 1 1 | " 2 1 L 1 [ n 2 ] 1 1 N L I} 1 N 2 2 !
DISPLACEMENT .
2 —CHN 1: S0 DEG -
- Max = 1 cm |
;- 0 e A A A A A a s -
o AVj Nv lu vv' v- M'ASRA'] N o o
— _2 % 1 A " 1 1 1 i 1 1 1 L I 1 1 Ll L X 1 L 1 It I’ 1 I " 1 PR | 2 1 1 : ! 1 n 1 N
. =z 2 —CHN 2 UP -
3 w ' -0.3 cm
i = - =
L S =
vvvv (&) 5 0 et ofrretx iy Ao
I B 4
a
. E _2 1 1 1 1 1 1 1 i 2 1 M - i L " 1 2 P L 1 s 1 z c 1 3 " 1 2 1 1 n 1 X 1 z I 5 I
s = — CHN 3: 360 DEG
2 1 cmj_
0 -—‘VM\JA‘UAVAVA" UAVAVKVAVJ\'/\VAA'VI\Avnv.A A grnBan PPN - -
o ..2 i 1 1 L 1 3 1 1 1 [l 1 1 1 1 1 1 1 I 5 ! n i 1 : Lo 1 2 i 1 1 2 2 s 1 . . 1 ’
0 5 10 15 20 25 30 35 40

TIME (SEC) 24436-52773-94083.02  050796.1544



'ACCELERATION (G)

|
o o
a0 -

NORTHQIDGE AFTERSHOCK OF MAR 20, 1994

CHN $ 90 DEG

CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A

UNCORHECTED ACCELEROGRAM 24436-S52773-94083.02 050796.1506-AF TERSHK

[ CHN 2: UP

[ CHN 3: 360 DEG

TIME (SEC)

MAX = 0.374 6
[HE NN T N TR NN DO
MAX = 0.144 G |
(AR N RN AN S IO |
MAX = -0.312 G
[ S T N NN N M
35 40

(4!



I

143

NORTHRIDGE AFTERSHOCK OF MAR 20, 1994 CSMIP PRELIMINARY PROCESSING

ABSOLUTE ACCELERATION, SA (g) ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA (g)

TARZANA - CEDAR HILL NURSERY A
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 23.0-25.0 HZ.
24436-52773-94083.02 050796. 1545-AFTERSHK

CHN 1: S0 DEG

/v\v /\ /\ DAMPING VALUES: 0,2, 5. 10, 20%

CHN 2 uP

DAMPING VALUES: 0.2,5, 10, 20%

CHN 3: 360 DEG

DAMPING VALUES: 0.2, 5, 10, 20%

[ [ ] 1 ‘

PERIOD (SEC)



144

NORTHRIDGE AFTERSHOCK OF MAR 20, 1994

TARZANA - CEDAR HILL NURSERY A

Sta Num 24436

RESPONSE SPECTRA

USABLE DATA BANDWIDTH:
0.51 T0 23.6 HZ
{0.04 TO 2.0 SEC)

——— RESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0,2, 5, 10, 20%

RECORD ID: 24436-5S2773-94083.02

CHN 2: UP

FREQUENCY (HZ
10 1 .10

PSV [IN/SEC)

10

-10

.01

CHN 1: 90 DEG
Faseuengv (HZ

80 (cM)

-
. PERIOD (SEC)

CHN 3: 360 DEG
FHEOUEN?Y (H2)

.10

i
SO (IN)
10 F
b,
10
SO (cM)

PSV (IN/SEC)
L
I

A0 F

N

SO {IN)
Y
\/
10
SD (CM)

.01 .
PERIOD (SEC)

PERIOD (SEC)

™ 100

{10

4 .10

100

10

.10

CSMIP PRELIMINARY PROCESSING

PSV (CM/SEC)

PSV (CM/SEC)



NORTHRIDGE AFTERSHOCK OF MAR 20, 1994 CSMIP PRELIMINARY PROCESSING s

o TARZANA - CLUBHOUSE CSMIP Sta Num 24703
‘ Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)

ACCELERATION
300 —CHN 1: 115 DEG —_
- " Max = 167 cm/sec/sec |
. 0 WWW" Ve ra s
‘ = _300 1 2 2 i 1 1 1 n 3, 1 " 1 1 1 1 L L 3 1 L L 2 1 1 L I r X 1 1 L 2 1 ]
S _ 300 CHNZ U -
=3 3 103 cm/sec/sec
< 9 7
& o 0 _—_—W'Lﬂnlqk b .|'|':__
w s !
— g -
w £ -
- 8 2 -300 NS PR B R TP S S S B R
< 300 —CHN 3: 205 DEG —
| -247 cm/sec/sec |
- 0 AP Ao
} = -
—300 L 1 s i | L 3 L 1 ! ' 1 1 3 1 " 1 L 1 1 1 It L I 1 1 3 i X 1 1 2 2 2 1
VELOCITY
20 —CHN 1: 115 DEG -
R Max = 6 cm/sec |
\ 0 L'l'l"l.'lw vavhv' Aepret ."AVAV Mgy P
o -20 PP B EPI R ST S ST ST PRI B
L 20 ~CHN 22 WP : -
o N , : 3 cm/sec |
| 0 _‘l'.A'_..nrA'A‘ Ay g,

VELOCITY
(cm/sec)

_20 b 1 I 1 1 1 1 1 ! 1 I 1 1 1 1 't L L i L I L " 1 : 1 L 1 1 L M L L 1
- 20 —CHN 3: 205 DEG ]
o B 7 cm/sec |
‘ | o VAWK '.'AV* ..L"AVL "'A"A'_" ~— -
| B .
1 ' -20 ] P ] 1 I 1 ]
L DISPLACEMENT
2 rCHN 1: 115 DEG -
[ . Max = -0.4 cm |
0 oA D D A tmam o A
e \{ 'V " ad a4 e hadd I gl gl
s — ._2 I n 1 1 Lo 1 1 1 1 1 1 1 1 | 1 1 1 A 1 1 ’y L a1 3 1 2 1 )] i L 1 L ) I 1 i 1
1 Z 2 [CHN 2 uP -
| uz_, B 0.2 cm |
i [— 2 ZE,: 0 .\ A PN
_l —
& »
2 ..2 1 2 1 1 1 " 1 3 1 1 1 1 i1 1 el 3 PO S . 1 L 1 I I 1 PE SR PR S S | PR T 1 I
= 2 —CHN 3: 205 DEG -
- R icm |
0 AN AN N | . PO e —~
— V Uv UV A28 NV VY o R e g
h ..2 : : Y 2 1 L 1 1 2 ] 1 1 1 1 ! 1 1 1 L 1 " 2 i 1 i 2 L 1. 1 1 L L 1 1 1 1 L n
0 5 10 15 20 25 30 35 40

TIME (SEC) 24T03-E0247-94095.04  111486.1547



ACCELERATION (G)

0.

oo

o o

2

n o

CHN

NORTHRIDGE AFTERSHOCK OF

115 DEG

MAR 20, 1994
TARZANA - CLUBHOUSE

UNCORRECTED ACCELEROGRAM 24T03-E0247-94095.04

111496 . 1546-GN94JT03

MAX

~ CSMIP PRELIMINARY PROCESSING

0.171 6

[

1

wn

: 205 DEG |

=
n
gl
o
(7}

TIME (SEC)

91
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NORTHRIDGE AFTERSHOCK OF MAR 20, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CLUBHOUSE
ACCELERDGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24T03-E0247-94095.04 111496.1548-0N34JT03

i I ] i L4 {

R . CHN 1: 115 DEG

OAMPING VALUES:

8.2, 5, 10, 20%

ABSOLUTE ACCELERATION, SA (g}

L CHN 2. uP

DAMPING VALUES: 0, 2,5, 10, 20X

ABSOLUTE ACCELERATION, SA (g)

R CHN 3: 205 DEG

DAMPING VALUES: 0, 2,5, 10, 20%

ABSOLUTE ACCELERATION, SA (g)

PERIOD (SEC)
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NORTHRIDGE AFTERSHOCK OF MAR 20, 1934

TARZANA - CLUBHOUSE

- -CHN 1: 115 DEG
FFIEGUENEY (HZ)

10 .10
Sta Num 24T03 T T T T T =TTy ] 100
% | ;
w0 L A‘ "‘ S0 (IN} 1
RESPONSE SPECTRA E f"‘\%}» S
. [ NA 10 710
USABLE DATA BANDWIDTH: / QX ’A\ TN
0.51 TO 47.2 HZ s o \A > .
(0.02 TO 2.0 SEC) 2L \,\ -
= C \
I p
—— RESPONSE SPECTRA: PSV, PSA & SD g
DAMPING VALUES: 0,2, 5, 10, 20% 1o kb
3 3 .10
RECORD ID: 24T03-E0247-94095.04 :
01 1 1 13 1 1 el -
L .10 1 10
PERIOD (SEC) _
CHN 2: UP CHN 3: 205 DEG
FREQUENCY {HZ) FREQUENCY {HZ)
10 1 10 1
[ LI N B S e T LR BLARL T TTTT 3 I: 100
ok S0 {IN) 101-
- ' 10 E 4 10
sD- (cM) 3 3
Bk
g f
i E 71
A0 |
[ 5 3 .10
01 1 1 | 1 1 1

1
PERIOD (SEC)

1
PERIOD (SEC)

CSMIP PRELIMINARY PROCESSING

PSV (CM/SEC)

PSV (CM/SEC)



NORTHRIDGE AFTERSHOCK OF MAY 3, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436 149
Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)

o ACCELERATION
30 —CHN 4: 90 DEG —

i Max = -26 cm/sec/sec |
0 i

ey e —

_30 4 I N 1 1 1 1 L I 1 1 L L " ! 1 L L 1 1 I . L " 1 " 1 2 PR | 1 1 L L 1 i L 1 i
30 —CHN 20 UP _
L -40 cm/sec/sec |

ACCELERATION
{cm/sec/sec)

P s — PR T VR SO UL S S W T S S S E S SO S S BT
i B 34 cm/sec/sec |
oy o —w .u_-'L'A'A'.# FAM _
o .
Lo -30 MR B S TS RS B S TS T T
j
.. VELOCITY

4 —CHN 1: 90 DEG —
R Max = 1 cm/sec ]
] 0 —fm‘q&#w Ay
; _1 % 1 " L i 1 1 L " 1 " 2 " i 1 x " e 1 L L L e 1 T— N " | S " 3 1 " " " "

{ —CHN 20 uP -

B , ' -1 cm/sec |

VELOCITY
(cm/sec)
- o
1
1

i 1 cm/secT_
i 0 A '
..1 | ] 1 { | ] 1
DISPLACEMENT
: 0.1 —CHN 1: 90 DEG =
s . Max = 0.0 cm |
f 0 AMM\IA‘L'A‘"‘L
hnand — 1 1 1 1 1 L L 1 " X i L 3 N " - N n n 1 1 1 1 "
E 0_1 S— L 1 | 1 ! ul =
o 0.1 ’ ' 0.0 cm
5 »
- < £ 0 Sppm et
_’ —
T L
‘ E -0.1 N R SO S S SR SR RS S
o — CHN 3: 180 DEG -
- 0.1 1 -0.0 cm |
i O . AHA'A'.._A'Y‘_A A,
- _0_1 PR 3 2 1 i 2 " P ! I L A 2 1 PR S PSR N L : I’ ! 2 2 1 1 1 2 1 3 i 1 1 i 1 1
0 5 10 15 20 25 30 35 40

TIME (SEC) 24436-£0549-94208.10 031296.1306



(G)

ACCELERATION

[FE Y

[N

A

NORTHRIDGE AFTERSHOCK OF MAY 3, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CEDAR HILL NURSERY A
UNCORRECTED ACCELEROGRAM 24436-E0549-94208.10 031296.1140-0N94D436

CHN 1: 90 DEG MAX = -0.028 G
qul WMAWAA —
1 I P T T T N TN N (NN MR DU T WO NN TSN MU MO NN NN SR TN MU (SN NN SUSN SR NN N S N B
CHN 2: UP MAX = -0.041 G |
L I f o by o e by e by e e e e e b
CHN 3: 180 DEG ' MAX = 0.035 6 |
I 11 T D T T NN T N UONUNN TN TR NENN NN TN N NN TN AN NUNN SN SN SN AN SN NN N N SR N
5 10 15 . 20 25 30 35 40

TIME (SEC)

061



" [ [ T
ABSOLUTE ACCELERATION, SA (g)
o
Y
R . :
1 {

B S S
ABSOLUTE ACCELERATION, SA (g)
o
v
\ , : .
1 | 1

151

NORTHRIDGE AFTERSHOCK OF MAY 3, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24436-E0549-94208.10 031296.1306-GN94D436

l 1 T i i

CHN 1: 90 DEG

0.2+ -
\/\/&\/\\ DAMPING VALUES: 0, 2, 5, 10, 20%
. ! 3. 2

DAMPING VALUES: 0, 2.5, 10, 20%

ABSOLUTE ACCELERATION, SA (g)

CHN 3: 180 DEG

DAMPING VALUES: 0. 2.5 10.20%

PERIOD (SEC)
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NORTHRIDGE AFTERSHOCK OF MAY 3,

TARZANA - CEDAR HILL NURSERY A

Sta Num 24436

RESPONSE SPECTRA

USABLE DATA BANDWIDTH:
0.51 TO 47.2 HZ
(0.02 TO 2.0 SEC)

—— RESPONSE SPECTRA: PSV, PSA & SD
DAMPING VALUES: 0, 2,5, 10, 20%

ARECORD ID: 24436-E0549-94208.10

CHN 2: UP
FHEGUEN;:Y H2)

1994

PSV {IN/SEC)

.10 .

10

.01

CSMIP PRELIMINARY PROCESSING

CHN 1: 90 DEG

FREQUENCY (HZ)
1 10

PSA (B)

LEL I I e T Tyrr T T T T

S0 (1N
),
10 \
D (cM)

i
PERIOD (SEC)

CHN 3: 180 DEG

FREQUENCY  (HZ)
i .10

PSA (G)
10 F

SD (CM)

PSV (IN/SEC)
L
i

A0 F

PSA (B)

T T 7 T v yyr T T 7 T 7T T

S0 {IN)
D
10

SO (CM)

i
PERIOD (SEC)

1
PERIOD (SEC)

100

10

.10

100

10

.10

PSv (CM/SEC)

PSv (CM/SEC)



NORTHRIDGE AFTERSHOCK OF MAY 3, 1984 CSMIP PRELIMINARY PF!('.]CESSING153

o TARZANA - CLUBHOUSE CSMIP Sta Num 24T03
, Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)

— ACCELERATION
40 —CHN 1: 115 DEG —
- Max = 19 cm/sec/sec |
B 0 M i
_40 L PR SN NN NN SHNE SN SN TS ST VNI ST SUHT S ST SUN SHN ST SN SO DIV SUS S | P S T PE B ST S W S |
& _ 40 [—CHN 2 UP
— 9 N -40 cm/sec/secj_
< I
@ o 0 -~ —
w o
L B
ul £ -
8 = -40 NP | PR SRS R ST SR S I RS ST NI S RSP S I S T "
: < 40 [—CHN 3: 205 DEG -
- | 12 cm/sec/sec |
0 —————rm-'miw . ]
:- _40 PR TN SHUUE S N ST S SHU UH SN PSS SO IR ST YR SUN S N S SO T SHNNS SN S S PR NN VU DR S S |
Pl
! ‘ VELOCITY
4 —CHN 1: 115 DEG -
‘e | Max = =-0.4 cm/sec |
| 0 - li" "
; -1 AP W S SIS SUNT S E S UNIT T TN N ST S S U ST Y SR S N S S S T -
Co ' — CHN 2: UP ’
! > 1 B . » -1 cm/secT_
=g
. SE o o
| = 8 _ ]
> _1 L PUOE TR S S SN T M SN S ST S SN DU WU T SN S S PRSI TR R SN SN | PO NS SIS SR R SO |
— CHN 3: 205 DEG
1 | 0.3 cm/secj
“ 0 ——W"-‘:‘.
ol _1 L | ! ] | 1 !
DISPLACEMENT
0.4 —CHN 1: 115 DEG -
| Max = -0.0 cm |
. 0 o
..0 R 1 2 PERE S T | 1 | 1 ] 1 ! It
= 0.1 —CHN 20 UP .
% - 0.0 ca |
LL' -—
- 2 5 0 | - A
_J -
g =
’ - 0.1 - L1 1 T ! 1 1 L .
o — .
» 0.1 CHN 3: 205 DEG 0.0 cmj
0 an
= _0 . 1 L L I 1 1 1 1 1 1 2 I 1 L 1 1 L 1 1 ] 1 L I 1 1 1 i s 1 IS 1 2 1 1 2 Iz L
0 5 10 15 20 25 30 35 40

TIME (SEC) 24T03-E0247-94209.06 111496.1148



(G)

ACCELERATION

0.1

o

oo
-

CHN

NORTHRIDGE AFTERSHOCK QOF MAY 3L’1994

UNCORRECTED ACCELEROGRAM 24T03-E0247-94209.06 111496.1148-GN94DT03

115 DEG

TARZANA - CLUBHOUSE

MAX

CSMIP PRELIMINARY PROCESSING

0.019 G

MAX = -0.042 G

3:

205 DEG

TIME (SEC)

AT



ABSOLUTE ACCELERATION, SA (g) ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA (g)

NORTHRIDGE AFTERSHOCK OF MAY 3, 1994

ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 456.0-50.0 HZ.
24T03-E0247-94209.06

TARZANA - CLUBHOUSE

111496. 1150-GN940T03

1 I T
CHN 1: 115 DEG

DAMPING VALUES:

6,25, 10, 20%

CHN 2: UP

DAMPING VALUES:

0.2 5, 10, 20%

CHN 3: 205 DEG

é

DAMPING VALUES:

0, 2.5 10, 20%

PERIOD (SEC)

155

CSMIP PRELIMINARY PROCESSING



156

NORTHRIDGE AFTERSHOCK OF MAY 3, 1994

TARZANA - CLUBHOUSE
Sta Num 24T03

CSMIP PRELIMINARY PROCESSING

CHN 1: 115 DEG

FREQUENCY (HZ)
10, 1 .40

T T T TTTTTTTY 100
PSA (G}
10
RESPONSE SPECTRA :
- 1 10
USABLE DATA BANDWIDTH: 3
0.51 T0 47.2 HZ 3
(0.02 TO 2.0 SEC) L
n 41
—— HRESPONSE SPECTRA: PSV, PSA & SD
DAMPING VALUES: 0.2, 5, 10, 20% 10 b
s 3 .10
RECORD ID: 24T03-E0247-94209.06
.01
PEF!IC)D1 (SEC)
CHN 2: UP CHN 3. 205 DEG
FREGUENCY (HZ) FREQUENCY (H2)
10 1 10 10 1 ' .10
| AR T™ T T ] | LALEUND B R LRI L T 100
ok PSA (6) 10'- i S0 (IN) o
" 3 [ 0 410
] SD (CM) 3
B 3 '
R 5 C 11
A0 F 3
s 4 f 4 .10
ll_l]ll 1 PR} Il“lrlll 3 PSY II'JTJ.' L 1 1l 1 12l
ol .10 1 10 10 1 10

PERIOD (SEC)

PERIOD (SEC)

PSV (CM/SEC)

PSV (CM/SEC)



40

=40
40

(em/sec/sec)
(@]

-40
40

ACCELERATION

-40

VELOCITY
(cm/sec)
(o]

,4
!
DISPLACEMENT
(cm)
O

NORTHRIDGE AFTERSHOCK OF MAY 16,

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436

Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)

— CHN {: 90 DEG

—_ !

1894

ACCELERATION

CSMIP PRELIMINARY PROCESSING

Aot A
VIV

Max =

-30 cm/sec/sec i

—CHN 2. UP

—Muh PR
(Lis Ml rdd e At

!

O SV S SR S T Y S S |

-22 cm/sec/sec N

— CHN 3:

180 DEG

| IS

-27 cm/sec/sec |

— CHN 1. 90 DEG

VELOCITY

Max = 1 cm/sec |

AL At da o At A
Lt Ak LA N et Mai A G adan
P PR

— CHN 20 UP

0.5 cm/sec |

‘——H’“Ll““‘ 1l N
L e L

1 —CHN 3:

180 BEG

~ifprrrily

l Alat a4 an bl

1 cm/sec |

y"v"v'"'v T ea Vv v’ T

1 PR X . |

— CHN 1: S0 DEG

DISPLACEMENT

LA e PO

Max = -0.0 cm |

W1vvn| A 4 A4 4

— CHN 2: UP

0.0 cm |

. 180 DEG

0.0 cm |

I

10 15 20
TIME (SEQ)

25

30

24436-£0549-94208 . 14

35 40
031296. 1618

157



(G)

ACCELERATION

-0.1

CHN

NORTHRIDGE AFTERSHOCK OF MAY 16, ~1994

90 DEG

CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A

UNCORRECTED ACCELEROGRAM 24436-E0549-94208.14 031296.1549-0N94F436

MAX

L]

-0.031 6

S B

{

3

180 DEG

i

TIME (SEC)

8¢1



159

NORTHRIDGE AFTERSHOCK OF MAY 16, 1894 CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24436-E0549-94208.14 031296.1620-0N94F 436 ‘

0.4 T T T T T T T T T
’ CHN 1: 90 DEG
! ]
< B R
[#2]
z
(=]
=
g
o i 0.2+ .
; @ DAMPING VALUES: 0, 2.5, 10, 20%
: 2
w
-
>
— = -
: =] o
{ [%2]
I <
! ! L 1 I ———————— !
J 0.04 1
0~4 1 T i 1] i i T 1 T
b CHN 20 UP
)
‘ G,
0 T B .
! wn
Z
o
=
=
L 0.2 ]
=] DAMPING VALUES: 0,2, 5, 10, 20%
<
w
o p]
3 |
| = L
; [92]
- a
<<
5 0.00 1 1 1 1
0-4 T T i 1 | ] i 1 H
: CHN 3: 180 DEG
=
i < - ~
| wn
— z
o
=
T
5 o0.2F -
- w DAMPING VALUES: 0.2, 5. 10, 20%
<
w
—_
)
— -
= "
— (%3]
Q \
L_,,‘ 0‘00 i ] ] 1 T T 4 — 1

PERIOD (SEC)
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NORTHRIDGE AFTERSHOCK OF MAY 16,

TARZANA - CEDAR HILL NURSERY A

Sta Num 24436

1894

CSMIP PRELIMINARY PROCESSING

CHN 1: 90 DEG

FREQUENCY ({HZ)
1 .10

AL L B L L B T 100
" PSA (G) S0 (IN) iof
RESPONSE SPECTRA - ) ]
410
USABLE DATA BANDWIDTH: 5:)” o N3
0.51 T0 47.2 HZ 5 .
(0.02 TO 2.0 SEC) :,
a4
~—— HRESPONSE SPECTRA: PSV, PSA & SD B
DAMPING VALUES: 0, 2,5, 10, 20% 10 F
7 .10
. RECORD ID: 24436-E0549-94208.14 ]
01 Lol L 1l 1 11l
.10 1 10
PERIOD (SEC)
CHN 2. UP CHN 3. 1BO DEG
FREQUENCY (HZ) FREQUENCY {HZ)
10 1 10 10 i .10
IR T T T 3 AL S B A LA SR A ] 100
PSA (B} ] S0 (IN) )
10 F “i‘ 10-‘
5 3 10 310
] S0 (CM) ]
EaE
g b
i E ER
40 F
N 3 E .10
1 1 ' Y 1 1 1 1. 1 1 1 p e 1

01 Lt \
PERIOD (SEC)

1
PERIOD (SEC)

PSV (CM/SEC)

PSV (CM/SEC)



ACCELERATION

VELOCITY

DISPLACEMENT

{cm/sec/sec)

(cm/sec)

{cm)

20

=20
20

-20
20

NORTHRIDGE AFTERSHOCK OF MAY 16,

Usable Data Bandwidth:

1994

CSMIP PRELIMINARY PROCESSING
TARZANA - CLUBHOUSE CSMIP Sta Num 24703

.51 to 47.2 Hz (.02 to 2.0 Sec)

161

ACCELERATION
— CHN 1: 115 DEG -
| Max = -16 cm/sec/sec _
iy e v —
2 3 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 1 L
— CHN 2. UP —
| 11 cm/sec/sec |
1 2 2 | i 1 1 1 1 1
— CHN 3: 205 DEG —
N l 13 cm/sec/sec |
1 1 1 ] 1 1 1 ! e
VELOCITY
— CHN 1: 115 DEG =

Max =

0.4 cm/sec |

[T 7T PRPRPOR, W T T A NPV . PPN
LA LA AR AL A R AR A A A i
L e 2 ! 1 1 L 1 1 - i
— CHN 2:" UP —
N 0.2 cm/sec _
#MM‘#'!H‘MH hﬂh.‘ e R A P ) A PO P A
vy gt 4 -
1 1 | Y i 1 1 1 2 1 1 I 1 1 1 1] 1
— CHN 3: 205 DEG =
. 0.3 cm/sec |
1 1 1 o | 1 | !
DISPLACEMENT
— CHN 1: 115 DEG j
= Max = 0.0 cm |
Mok s an P —~,
LA Lading o’ o
L 1 1 PO | i’ PR | 1 ) S 1 | i 1 L il
— CHN 2. UP -
-0.0 cm |
L 11 s l 1 PR PRNSUNN DR SR ST ST | H 1 | NS 1 1 Lokl
— CHN 3: 205 DEG -
2 -0.0 cm
Raa,
v -
. 1 L ] ! 1 1 L 1 I i 1 ! i ! L
0 5 10 15 20 25 30 35 40
TIME (SEC) 24T03-E£0247-94209.09  111496.1402



ACCELERATION (G)

|
o O
—

CHN

NORTHRIDGE AFTERSHOCK OF MAY 16, 1994

1: 115 DEG

TARZANA - CLUBHOUSE

UNCORRECTED ACCELEROGRAM 24T03-E0247-94209.09

111496.1401-0N94FT03

MAX

CSMIP PRELIMINARY PROCESSING

-0.017 G

3:- 205 DEG

20
- TIME (SEC)

91



ABSOLUTE ACCELERATION, SA (g} ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA (g)

163

NORTHRIDGE AFTERSHOCK OF MAY 16, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CLUBHOUSE

ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24T03-E0247-84209.09 111496.1402-GNS4FT03

0.2

I 1 T 1 i

CHN 1: 115 DEG

DAMPING VALUES: ¢, 2,5, 10, 20X

0.0

CHN 2: UP

DAMPING VALUES: 0,25, 10, 20%

S S ’ - -

0.2

0.0

CHN 3. 205 DEG

DAMPING VALUES: 2,5, 10, 20%

— e .

PERIOD (SEC)



164

NORTHRIDGE AFTERSHOCK OF MAY 16,

TARZANA - CLUBHOUSE
Sta Num 24703

1994

CSMIP. PRELIMINARY PROCESSING

CHN 1: 115 DEG
FREQUENgY HZ)

| SLJLIE B I N et | Y e v ° T

™3 100

10 |
RESPONSE SPECTRA :
= 10
USABLE DATA BANDWIDTH: — 3
0.51 TO 47.2 HZ 3
(0.02 TO 2.0 SEC) z
4 1
——— RESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0,2, 5, 10, 20% ok
1 .10
RECORD ID: 24T03-E0247-94208.09 ]
.0t -
.10 i 10
PERIOD (SEC)
CHN 2: UP CHN 3: 205 DEG
FREQUENCY {H2) FREQUENCY (HZ)
10 i .10 10 i .10
Illlll T L4 L Illlll T T T lllll : Illll' T L] L] llllll L] L] L] llll l: 100
PSA (6) 80 (IN ] PSA (6) ]
10 Ve .
- ERNE 3 10
5D (M) ] _1
5 1F
i 3 i
.10 3
n E E .10
.01 ot

S
o
-
ol
o

PERIOD (SEC)

1
PERIOD (SEC)

PSV (CM/SEC)

PSV {CM/SEC)



ACCELERATION

VELOCITY

DISPLACEMENT

(cm/sec)

{cm/sec/sec)

{cm)

NORTHRIDGE AFTERSHOCK OF MAY 25, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436
Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)

ACCELERATION
40 r—CHN 1: 90 DEG

-40 :

B Max = -26 cm/sec/sec N
0 —MWMWWWMMMMMWW

165

40 —CHN 2 UP

15 cm/sec/sec |

OAJWMM&WHW% e

_40 PR S PTGV S R TR SN S T SR S SR PR S S S SO S |

40 —CHN 3: 180 DEG

34 cm/sec/sec

VELOCITY

{ —CHN & 90 DEG

1 —CHN 3: 180 DEG

DISPLACEMENT
0.1 —CHN 1 90 DEG T
| Max = 0.1 cm
0 e, AAAAHAI‘\ A anNanal Ar N /‘\/\/\[\ /\//\Mr’\l\/\/"\l\l\\/\/\
—~r VU'WVVVVNVVVVVVW VAMAARw.V) vvvvv VVJ\/VV\/ VY VvV /7 U
_0-1 L L I I 1 " L n i 1 i L " n 1 1 L . 1 1 2 n 1 " 1 I " L n 1 1 1 1 I 1
0.1 —CHN 2. UP —
| 0.0 cm
0 —t A NP Y. Dacan D O o N_n, - Ao
v "'WV'\I' VVVU v A AN " B o e \v4 AV AL VA A\vamn vy v
-0 b= e e e e e e e b e s s )
0.1 —CHN 3 180 DEG !
L -0.0 cm
0 o AA’HAAAﬁMAAA o Ao sl A oA Aan N A A Do AL A AA 4
"’""VW'WW N \[V VPV ¥ W N VIV T UV TV TV Y T YT Y S
-0.1 L 3 1 e : b 2 : 2 1 A L I i ! A . . L 1 . . . L 1 2 L 2 2 I I L 2 2 ! . s
0 5] 10 15 20 25 30 35 40
' TIME (SEC) 24436-E0549-94208.23 031296.1501



(G)

ACCELERATION

-0.

[N

—_

1

CHN

NORTHRIDGE AFTERSHOCK OF MAY 25,
TARZANA - CEDAR HILL NURSERY A

UNCORRECTED ACCELEROGRAM 24436-E0549-94208.23 031296.1354-0N94E436

1: 90 DEG

1994

CSMIP PRELIMINARY PROCESSING

MAX = -0.027 G

3:- 180 DEG

20

- TIME

(SEC)

991



o CHN 2. UP

167

NORTHRIDGE AFTERSHOCK OF MAY 25, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24436-E0549-94208.23 031296.1502-0N94E436

0.6 T T T T

l i I T 1

CHN i 90 DEG

DAMPING VALUES: 0, 2,5, 10, 20%

ABSOLUTE ACCELERATION, SA (g)

DAMPING VALUES: 0,2, 5, 10, 20%

ABSOLUTE ACCELERATION, SA (g)

CHN 3: 1B0 DEG

DAMPING VALUES: 0. 2.5, 10, 20%

ABSOLUTE ACCELERATION, SA (g}

PERIOO (SEC)



168
NORTHRIDGE AFTERSHOCK OF MAY 25, 1994

TARZANA - CEDAR HILL NURSERY A
~ Sta Num 24436

CSMIP PRELIMINARY PROCESSING

CHN 1: 90 DEG
FREGUENCY  (h2)

™ 100
10 F
RESPONSE SPECTRA :
- 4 10
USABLE DATA BANDWIDTH: ]
0.51 TO 47.2 HZ 3
(0.02 TO 2.0 SEC) s,k
- =¥
——— RESPONSE SPECTRA: PSV,PSA § SD
DAMPING VALUES: 0,25, 10, 20% 10k
n 7 .10
RECORD ID: 24436-E0549-94208.23 ]
.01
PEFlIC)D1 {SEC)
CHN 2: UP CHN 3: 180 DEG
FREQUENCY (HZ) FREQUENCY (HZ)
10 1 .10 10 1 10
LR LILIC S LI A AR T T T TrrT Y3 100
_ PSA (6) S0 (N 1;
10F 3 i
n 5 10 310
SD (CM) ]
Eag 3 '
- - 11
A0 | 3 ]
N L 1 .10
.01 1 1 ' Y 1 1 1l

1
PERIOD (SEC)

1
PERLIOD (SEC)

PSV (CM/SEC)

PSY (CM/SEC)



ACCELERATION

VELOCITY

DISPLACEMENT

{cm/sec/sec)

{cm/sec)

(cm)

NORTHRIDGE AFTERSHOCK OF MAY 25, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CLUBHOUSE CSMIP Sta Num 24T03
Usable Data Bandwidth: .51 to 47.2 Hz (.02_to 2.0 Sec)

ACCELERATION
20 [—CHN 1: 115 DEG

Max = 16 cm/sec/sec |

0
-20 3 R ') 1 dod 2 2 ) R W | 1 | B T 1 . 1 L 1 PR SO RN S 1 s PR | . L 2 1
20 __CHN 2w 14 cm/sec/secj_
0 ~
_20 i PRNP S N S ST SN SO S SUN (T ST SN TN T S U SN ST U SNV ST SU T S SN NI ST SN SHN R ST S S S U S S S ]
20 —CHN 3: 205 DEG —

-13 cm/sec/sec

_20 UMY TR SR NN ST SN S SN SUN SN SUN SUN SUN SU N SUN SUN SN SUN SN SUN SN S SH S S S’ PR NN TR S S S |

VELOCITY
0.6 —CHN 1: 115 DEG —

DISPLACEMENT

— CHN 1: 145 DEG
0.1 Max = -0.0 cu_‘_

Al an r\AJ\A.A[\[\A ../\/\/\n/\/\/\/\[\m A NS DS

o i VV VW VVW IV VIRV VW RN W W UV V_VV\.J V \ VVV vV VOV WV
—o.inu-«---H'-'--'--'-----"--|-'-~-' 1
0.1 ~CHN 2 WP 0.0 ca_:

0 i o~ ._.WAWA e NN VSUND N -
—0.1 i APPSR S P ST S S S ST S U N ST S SRS NN ST ST SN S (NUUN ST SUNY ST S MU S S S S i
0.4 [—CHN 3: 205 DEG 0.0 c-_j

0 _— "A‘VAVVMVAV VMAVVAVI\VVAJ\VAVVMVA'/\ Av,\wl\wr\ VI\WMVAVAVAvAVAVAV
—0.1 i U SPU A ST S SN SASY SHNr S YA ST SUN SRS SHUS S SUN SHN YU SUN SO ST S SHE SU SUN S S S S T S N S i

0 8 10 15 20 25 30 35 40

TIME (SEC) 24T03-E0247-94209.13  111436.1320



ACCELERATION (G)

0.1

oo

NORTHRIDGE AFTERSHOCK OF MAY 25, 1994

TARZANA - CLUBHOUSE

UNCORRECTED ACCELEROGRAM 24T03-E0247-94209.13 111496 . 1318-GN94ETO3

CSMIP PRELIMINARY PROCESSING

- s

TIME (SEC)

T CHN 1: 115 DEG MAX = 0.017 G
[ N R [ | [N T M D MR R T R | [N SN T S TR (NN M
[ CHN 2: UP MAX = -0.044 G |
T B | I ] A DR N [N TN SRS N B | S N N NS S N |
CHN 3:“ 205 DEG MAX = -0.013 G ]
[ D B B [T [T TR WU TR N NN TR NN SN | (AN N T N TN A S
0 10 15 20 25 30 35 40

0L1



ABSOLUTE ACCELERATION, SA (g} ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA (g)

NORTHRIDGE AFTERSHOCK OF MAY 25, 1994

CSMIP PRELIMINARY PROCESSING

TARZANA - CLUBHOUSE
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.

24T03-E0247-94209.13 111496.1321-GNY4ET03

l H
CHN 1: 115 DEG

DAMPING VALUES:

0.2.5, 10, 20%

CHN 2. uP

DAMPING VALUES:

¢. 2. 5, 10, 20X

CHN 3: 205 DEG

PERIOD (SEC)

DAMPING VALUES:

6. 2.5, 10, 20%

171



172
NORTHRIDGE AFTERSHOCK OF MAY 23; 1994

TARZANA - CLUBHOUSE
Sta Num 24703

CSMIP PRELIMINARY PROCESSING

CHN 1: 115 DEG
Faeouengv {Hz)

™7 100
10 F
RESPONSE SPECTRA 2
4 10
USABLE DATA BANDWIDTH: S (o 3
0.51 TO 47.2 HZ s
(0.02 TO 2.0 SEC) Et
- 4 1
——— RESPONSE SPECTRA: PSV,PSA 8§ SD
DAMPING VALUES: 0,2, 5, 10, 20% 10k
a 7 .10
RECORD ID: 24T03-E0247-94209.13
.01
PERIOI)1 (SEC)
CHN 2: UP CHN 3: 205 DEG
FREQUENCY (HZ) FREQUENCY (HZ)
1 10 1 .10
| L B B R LARELE S T3 100
.
PSA (B) ]
0 F 3 | “
- - _ 7 N\ 1 10
i SD (CM) ]
Eaf 3 1
N - 91
A0 F 3
[ [ 4 .10
1 I 11 1 1 1

.01

1
PERIOD (SEC)

1
PERIOD {SEC)

PSV  (CM/SEC)

PSV {CM/SEC



20

-20
20

{cm/sec/sec)
o

-20

ACCELERATION

VELOCITY

DISPLACEMENT

(cm/sec)
o

{cm)
o

NORTHRIDGE AFTERSHOCK OF MAY 28, 1994

CSMIP PRELIMINARY PROCESSING

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436

Usable Data Bandwidth:

.51 to 47.2 Hz (.02 to 2.0 Sec)

ACCELERATION
— CHN 1: 90 DEG —
_ Max = 13 cm/sec/sec |
———-o——\wun_m- A
Yy wyw v LA
4 1 L 1 i 1 L 1 PR | M " 1 n 1 2 1 ] 1 !
— CHN 2. UP —
= -5 cm/sec/sec
L I . 1 1_ 1 L 1 1 PUSNG NS S | N L L 1 [ 1 L 2 L 1 1 1
— CHN 3: 180 DEG —
5 -15 cm/sec/sec |
| PR | 1 1 1 L 1 1
VELOCITY
— CHN 1: 80 DEG 7
N Max = -0.5 cm/sec |
Mnlln A AN AN A, A
“'"“"1 v Y
I " n ] 1 1 i 1 1 1 1 1 1 ! A 1 1 1 1 n s 1L I ! 1 ],
— CHN 2: UP
- 0.1 cm/secj_
gl iy g
1 1 1 ! 1 ) Y ! 1 ] !
— CHN 3: 180 DEG ]
n 1 cm/sec |
W.J ahas A Al a A A A - -
t hdad 0l AR A hiA Bad v
1 L L n " | " 2 2 " i L 2 2 . | ). " " 1 1 ! 1
DISPLACEMENT
— CHN 1: 90 DEG )
Max = -0.0 cm |
Ada I~ N
o
. I l " L 1 1 1 1 1
— CHN 2: UP -
0.0 cm R
L 2 2 ] 1 1 1 2 1 1 IS 1 2 1 I 1 " 1 1 1 I 1 1 1 1 !
— CHN 3: 180 DEG 0.0 cn ]
thA 2n AP i, o
‘H' il
2 ] i 1 1 A . L 1 n i PR 1 1 1 1 3 ! 1
0 5 10 15 20 25 30 35 40
TIME (SEC) 24436-E0543-84208.26 052096.0811



(G)

ACCELERATION

— b

Lol ol

A

CHN

NORTHRIDGE AFTERSHOCK OF MAY 28, 1994

90 DEG

CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A '
UNCORRECTED ACCELEROGRAM 24436-E0549-94208.26 031396.0824-0N94H436

MAX

-0.013 G

3:

180 DEG

"TIME (SEC)

L1



ABSOLUTE ACCELERATION, SA (g) ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA ({g)

NORTHRIDGE AFTERSHOCK OF MAY 28, 1994
TARZANA - CEDAR HILL NURSERY A

ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.

175

CSMIP PRELIMINARY PROCESSING

24436-£0548-94208.26 052096.0812-GN34H436

0.2 T T T T T T T T T
CHN 1. 90 DEG
DAMPING VALUES: ¢, 2.5, 10, 20%
0.0 1 1 1 1 I L e ——
0
0.2 T T T T T T T T T
CHN 2. UP
DAMPING VALUES: 0.2, 5, 10, 20%
- ) ) 1
0.00
0.2 T T T T T T T T T
CHN 3. 180 DEG
DAMPING VALUES: 0.2, 5. 10, 20%
I 1 ] ! | Y ——
0.00

PERIOD (SEC)



176
NORTHRIDGE AFTERSHOCK OF MAY 28,

TARZANA - CEDAR HILL NURSERY A

Sta Num 24436

1994

CSMIP PRELIMINARY PROCESSING

 CHN 1: 90 DEG
FHEQUEN?Y (HZ)

.10

T LI LI L B LRAR B
o PSA (G) S0 {IN) ot
RESPONSE SPECTRA C > 1
USABLE DATA BANDWIDTH: o o E
0.54 TO 47.2 HZ 5 .
(0.02 TO 2.0 SEC) L

—— RESPONSE SPECTRA: PSV, PSA §& SD E
DAMPING VALUES: 0, 2,5, 10, 20% 4o b 1
RECORD ID: 24436-E0549-94208.26 3

.01 | | | Lragal

.10 i 10

. PERIOD (SEC)
CHN 2: UP CHN 3: 180 DEG
FREQUENCY (H2) FREQUENCY [HZ)

10 1 .10 10 i .10
LA B LI B T T T T Trryrp 1 17t AR B
PSA (B) ] PSA (6) S0 (IN) ]
10F 10_‘ 10-‘
F 10 E 10 E
b SD (CM) N

21 f
A0 F

.01 )
PERICD (SEC)

PERIOD (SEC)

100

10

.10

100

10

.10

PSV (CM/SEC)

PSvV (CM/SEC)



ACCELERATION

VELOCITY

DISPLACEMENT

(cm/sec/sec)

{cm/sec)

(cm)

20

-20
20

-20
20

NORTHRIDGE AFTERSHOCK OF MAY 28, 1994

CSMIP PRELIMINARY PROCESSING 177

TARZANA - CLUBHOUSE CSMIP Sta Num 24703
.51 to 47.2 Hz (.02 to 2.0 Sec)

Usable Data Bandwidth:

ACCELERATION
— CHN 1: 115 DEG —_
i Max = 5 cm/sec/sec |
l“lll_n Ak
ey
1 1 L 2 1 1 L 1 1 1 1 3 1 1 1
— CHN 2. UP
» -4 cm/sec/secj_
b PTLE P
At 3 ey
PR Y 1 Y ] 2 : 1 1 I N PR 2 1 ! ) T VT S TR 1 1 1 PRSI SUNN SUUE RS S 1
— CHN 3: 205 DEG
- -4 cm/sec/sec?
l 1 1 1 | I 1 1 L
VELOCITY
—CHN 1: 115 DEG -
B Max = -0.2 cm/sec |
~d oA AA
e
1 ) I 2 " 1 1 1 1 1 P | 1 1 n 1 1
— CHN 2. UP
-0.1 cm/secT_
Z 1 1 1 1 1 PR | 1 I 1 3 1 1 ! 1 1 1 i i 1
— CHN 3. 205 DEG
0.1 cm/secT_
I‘l‘" ' Buaen
1 [ 1 1 ] 1 L.
DISPLACEMENT
— CHN 1: 115 DEG -
Max = 0.0 cm |
1 2 1 1 1 1 L | 1 i
— CHN 2: UP 0.0 ca ]
1 PR | 1 1 L 1 s 1 1 1 L 1 | I ) S | 1 !
~— CHN 3: 205 DEG 0.0 ca ]
. 1 ! 1 ! L i L L L PR | 1 i 1 11 i 1 i ! i i i 2
0 o] 10 15 20 25 30 35 40
TIME (SEC) 24T03-E0247-94209.15 111496.1441



(G)

ACCELERATION

CHN

1:

NORTHRIDGE AFTERSHOCK OF

UNCORRECTED ACCELEROGRAM 24T03-E0247-94209.15 111496.1438-0N94HT03

115 DEG

ARpan

MAY 28, 1994
TARZANA - CLUBHOUSE

MAX

CSMIP PRELIMINARY PROCESSING

0.005 G

AAA
VN

1
I
o
(o]
(]
E-N
@

3

205 DEG

i
1
o
(=]
(]
§ -
(e}

TIME (SEC)

8L1



ABSOLUTE ACCELERATION, SA (g) ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA (g)

NORTHRIDGE AFTERSHOCK OF MAY 28, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CLUBHOUSE
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24T03-£0247-94209.15 111496.1442-0N34HTO3

0 -2 1 i I 1 l i i 1 1
CHN 1. 115 DEG
DAMPING VALUES: 0, 2,85, 10, 20%
0 .00 1
0 .2 T T T T l 1 T 1 T
CHN 2: UP
DAMPING VALUES: 0, 2,5, 10, 20%
0.00 L ‘ 1
0 -2 Ll i 1 1 l ¥ t 1 ¥
CHN 3: 205 DEG
DAMPING VALUES: 0,25, 10, 20%
0 .06 1 1 I = d 1

PERIOD (SEC)

179



180

NORTHRIDGE AFTERSHOCK OF MAY 28, 1994

TARZANA - CLUBHOUSE
Sta Num 24703

CSMIP PRELIMINARY PROCESSING

CHN : 115 DEG
FHEGUEN?Y (HZ)

™ 100
PSA {G)
10 F
RESPONSE SPECTRA .
- 3 10
USABLE DATA BANDWIDTH: 3
0.51 TO 47.2 HZ = 5
(0.02 TO 2.0 SEC) :, L 3
[ 21
— RESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0, 2, 5, 10, 20% 4ok
n 7 .10
RECORD ID: 24T03-E0247-94209.15 ]
.01
PEFIIOD1 {SEC)
CHN 2 UP CHN 3: 205 DEG
FREQUENCY (HZ) FREGUENCY ({H2)
10 1 .10 1 )
| LJLIEEN DL : rrre T M | LA E :100
PSA (B) 8o (IN) 7
10 F 91 E
: 10 \ ': :- E 10
SO {CH) 1 7 ]
Z1F 3 3
N . C {4
40 | 3
C 1t 1 .10
-0t 10 1
.10 PERIODl iSEC) PERIOD (SEC)



ACCELERATION

VELOCITY

DISPLACEMENT

(cm/sec/sec)

{cm/sec)

(cm)

NORTHRIDGE AFTERSHOCK OF JUNE 2, 1994

CSMIP PRELIMINARY PROCESSING 181

TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436

Usable Data Bandwidth:

20 ~CHN 1: 90 DEG

-20

ACCELERATION

.51 to 47.2 Hz (.02 to 2.0 Sec)

Max = -15 cm/sec/sec

) . PR !

20 ~CHN 2 UP

-20 b

-10 cm/sec/sec _

| ST S |

20 —CHN 3: 180 DEG

-14 cm/sec/sec |

{ ~CHN 1: 90 DEG

VELOCITY

Max = 0.5 cm/se:_‘_

ol B0 A it 0 tr b Aasetn A A o
0 Wiy ryr'vv WY WA YA AL A v

| ST YU SRS S S N SH SUU SN S

-0.2 cm/secj

{ [—CHN 3: 180 DEG

1 cm/secj

DISPLACEMENT
— CHN 1: 90 DEG
0.1 L Max = 0.0 cm—j
0 _wAvu'Avh_vn Av..AV[\v T o
-0.1 A 1 1 ! ! L ! 1
— CHN 2: UP -
0.1 -0.0 cm |
0 A
-0.14 PR U B ! 1 1 ] 1 PO 1
— CHN 3: 180 DEG
0.1 o a 80 B 0.0 cn ]
0 A\JAHAVA'I"‘A"A YW NV —— A A
-0.4 PR R S S ST S R TN S S S SIS S W S S P S S S DS S S
0 5 10 15 20 25 30 35 40
TIME (seC) 24436-E0549-94208.27 052096.1323



(G)

ACCELERATION

-0.

—

[y

1

CHN

1

NORTHRIDGE AFTERSHOCK OF JUNE 2,
TARZANA - CEDAR HILL NURSERY A
UNCORRECTED ACCELEROGRAM 24436-E0549-84208.27 031396.0830- 0N941436

90 DEG

1994

CSMIP PRELIMINARY PROCESSING

MAX

-0.016 G

1 1

3

180 DEG

-0.015 6

TIME (SEC)

z81



183

NORTHRIDGE AFTERSHOCK OF JUNE 2, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CEDAR HILL NURSERY A
ACCELEROGBAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
— 24436-E0549-94208.27 052095.1324-0N941436

1 1 T T l 1 1 T T

- CHN 1: 90 DEG

0.2

DAMPING YALUES: 0, 2.5, 10, 20%

ABSOLUTE ACCELERATION, SA (g)

O CHN 20 UP

DAMPING VALUES: 0.2, 5, 10, 20%

ABSOLUTE ACCELERATION, SA (g}

CHN 3: 180 DEG

0.2+ -

DAMPING VALUES: 0,2, 5. 10, 20%

ABSOLUTE ACCELERATION, SA (g)

0.0 Il ! 1 ] | 1 r

PERIOD (SEC)



184

TARZANA - CEDAR HILL NURSERY A

Sta Num 24436

NORTHRIDGE AFTERSHOCK OF JUNE 2,

1994

CSMIP PRELIMINARY PROCESSING

CHN 1: S0 DEG
FREQUENEY {HZ)

.10

T AL T
PSA (6) 0 (IN) 7
10 F 10
RESPONSE SPECTRA 2 ) 1
USABLE DATA BANDWIDTH: Sf(m] E
0.54 TO 47.2 HZ g ‘ .
-(0.02 TO 2.0 SEC) 5 . ,
—— RESPONSE SPECTRA: PSV, PSA & SD ]
DAMPING VALUES: 0, 2, 5, 10, 20% 10k

RECORD ID: 24436-E0549-94208.27 3

01 el 1 1 11

.10 i 10

PERIOD (SEC)
CHN 2: UP CHN 3: 180 DEG
FREQUENCY [HZ) FREQUENCY (HZ)

10 1 .10 10 1. .10
ALY BB LLJLILNLE B R T T T T IO ERL R T
o L PSA (G) ot PSA (G) S0 (IN) 1ot
B e 10 3
] ] SD (CM) N

1k

40 F ]

01 1 1 1 ] L 1 1l | I H 11

1
PERIOD (SEC)

1
PERIOD (SEC)

100

10

.10

100

10

.10

PSV (CM/SEC)

SV (CM/SEC)



ACCELERATION

VELOCITY

DISPLACEMENT

(cm/sec/sec)

(cm/sec)

(cm)

20

=20
20

-20
20

NORTHRIDGE AFTERSHOCK OF JUNE 2, 1994

CSMIP PRELIMINARY PROCESSING 185

TARZANA - CLUBHOUSE CSMIP Sta Num 24T03

Usable Data Bandwidth:

.51 to 47.2 Hz (.02 to 2.0 Sec)

ACCELERATION
—CHN i 115 DEG -—
- Max = -8 cm/sec/sec |
— i ‘mﬂv‘-ﬁ-—#m-‘é‘-ﬂ“u‘ n oA,
TR YRS I SN S SN SO SUNT SHUNY SUNNS S SO N S S SU SO ' | T VORY YA SN S (DU YN ST S S |
— CHN 2: UP

-3 cm/sec/sec T_

1 1 1 1 1 | I S T PR S W RN SN T |
—CHN 3: 205 DEG —_
| -10 cm/sec/sec
:- e MIJT._..-.'.v '_ArAAWL AP
] | 1 1 1 | I 1 Il
VELOCITY
— CHN 1: 115 DEG =
| Max = -0.3 cm/sec |
et nomar s
PO YR S R | 1 ! 1 ] PR S PR SRS TR S S S
—CHN 20 UP —_
B 0.1 cm/sec |
P e e v
X I ] i 1 [ 1 1 " i PN D . " 1 1
— CHN 3: 205 DEG —1
n -0.3 cm/sec |
ol h P S T A
Pl
e 1 i [ 1 ! 1 1
DISPLACEMENT
— CHN 1: 115 DEG ]
Max = 0.0 cm
S TR NPV —~— e
. 2 1 ! 1 ! 1 1 1 !
—CHN 2. UP =]
-0.0 cm |
2 'Y 2 1 1 1 1 1 1 1 | I
— CHN 3: 205 OEG 0.0 cmj
AA A Aan PP —~—— ———
Ve v
i ! It 1 s 1 1 1 L Y 1 i L 1 1 1 Ll 1 I 1 1 3
0 5 10 15 20 25 30 35 40
TIME (SEC)

24T03-E0247-94209.16  1114S6.1510



(03S) 3IWIL

or GE 0€ G2 02 %) 1) §
i T T | T I 1 I ‘ I I I I I T T T | I 1 I l I I I I | i i I ] | 1 I I I
9 170°0- = XVNW 930 G02 :E NHD
T i I [ I I I T | I I I I 1 1 I I [ I I I | 1 1 1 I | I I I T [ I I I I
- :#ﬁ%ﬂﬂﬂ#»mwuﬂ%
| 9 0F0°0- = XVNW dn 2 NHD |
| T ] | I I T T | I I I I | 1 T T | I | I | I ! ! I' | I I I I | T T T I
9 070°0- = XVW 930 GFF T NHD

EOlIVﬁND B0GT"96FTTT 91 602v6-LP203-EQ0LPS WYHIOHITIIIV UBlDBHHODNﬂ
dSNOHENTI - VNVZHVY1

QNISSHSOHd AHVNIWIT3dd dIWSD

V667

‘e INN" 40 NJOHSH3LAY HSUIUHLHON

0

-t o
S O

-i -
o o

o

—1°0

(9) NOILVH3T30V

981



\
\
‘ [
|

ABSOLUTE ACCELERATION, SA (g) ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA (g)

187

NORTHRIDGE AFTERSHOCK OF JUNE 2, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CLUBHOUSE
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24T03-E0247-94209.16 111496.1511-GNI4ITO3 *

1 Ll 1 i I ¥ 1 1 4
CHN 1: 115 DEG
0.2r -
DAMPING VALUES: ©.2.5, 10, 20%
0.00 1
T i 1 i I I 1 ] '
CHN 2. UP
0.2~ -
DAMPING VALUES: 0, 2,5, 10, 20%
O.l'.)0 1
i T 1 1 ] i 1 T Lf
CHN 3. 205 DEG
0.2+ -]
DAMPING VALUES: 0.2, 5, 10, 20%
0.0- 1 1

PERIOD (SEC)



188

NORTHRIDGE AFTERSHOCK OF JUNE 2, 1994

TARZANA - CLUBHOUSE
Sta Num 24703

RESPONSE SPECTRA

USABLE DATA BANDWIDTH:
0.51 TO 47.2 HZ
(0.02 TO 2.0 SEC)

— RESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0,2, 5, 10, 20%

RECORD ID: 24T03-E0247-94209.16

CHN 2: UP

FREQUENCY (H2)
10 1

PSV (IN/SEC)

10

.10

.01

CHN 1: 115 DEG

FREQUENCY (HZ
10 1

T T T T
PSA (G) ‘

.10 i
PERIOD (SEC)
CHN 3: 205 DEG
FREQUENCY (HZ
1 10

Illll L) T
PSA (6)
10 £

PSV (IN/SEC)
L
I

A0 F

LI I S R T LRI |

S0 (IN)
O

10

SD (CM)

PSA (G}

T 17T

.01 .
PERIOD (SEC)

i
PERIOD (SEC)

100

10

.10

o0

10

.10

CSMIP PRELIMINARY PROCESSING

PSV {CM/SEC)

PSV {CM/SEC)



NORTHRIDGE AFTERSHOCK OF JUN 15, 1994 CSMIP PRELIMINARY PROCESSING 189

TARZANA - CEDAR HILL NURSERY A (CSMIP Sta Num 24436
Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)

ACCELERATION

VELOCITY

DISPLACEMENT

(cm/sec/sec)

(cm/sec)

{cm)

30

-30
30

-30
30

{ —CHN 20 UP

ACCELERATION
— CHN 1: 90 DEG

Max =

-27 cm/sec/sec |

| T 2 2 ) IS WY T S S S T S i . PR !

— CHN 20 UP

-18 cm/sec/sec |

18 cm/sec/sec —j

— CHN 1: 80 DEG

Max = =1 cm/sec |

-0.4 cm/sec _

1 cm/secj_

DISPLACEMENT
— CHN 1: 90 DEG

h“nﬂ M A A A A A DA A e A

A N NN~ S\

Max = 0.1 cm |

- A VDV, Gl . WD N at
BN VLA 1L AR AR ol TR AR AR VAL A AL A et~ S A "4 oV AN~V A VA v had

180 DEG

A hataoh 8 A .AI\..AVI\A A A A D_a e

ASARSA AR L% e LA ITAR VA VA= A i A AN g

) I W S | S S S G S S L PR T |

o 5 10 15 20 25
TIME (SEC)

24436-E0549-54208.31

35 40
031296. 1030



ACCELERATION (G)

|
o o

[N

—_

A

NORTHRIDGE AFTERSHOCK OF JUN 15,
. TARZANA ~ CEDAR HILL NURSERY A
UNCORRECTED ACCELEROGRAM 24436-E0549-94208.31 031296.1020-0N94C436

1994

CSMIP PRELIMINARY PROCESSING

CHN 1: 90 DEG MAX = -0.028 6
[ A T T L1 | L [ N N B | | [ I T N
[ CHN 20 UP MAX = -0.019 G
I T TR N [ - L [T N N S L l [T N N T
[ CHN 3 180 DEG MAX = 0.019 G N
R RO TN B B T | [N R B B L | | [T R R R
5 10 15 20 25 30 35 40
TIME (SEC)

061



191

NORTHRIDGE AFTERSHOCK OF JUN 15, 1994 CSMIP PRELIMINARY PROCESSING
TARZANA - CEDAR HILL NURSERY A
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
- 24436-E0549-94208.31 031296.1031-0GN94C436

0.4 T T T T T T T T T
CHN 4: 90 DEG
=
< =~ -
- [72]
| z
- =}
-7 —
=
- g 0.2+ -
) & DAMPING VALUES: 0,2, 5, 10, 20%
j g
w
>
- =3 = .
I Q
! [53]
(=]
) Mi\../\é/\%\\\
[ 0.0 ( [ 1 1 | 1 Y e +
- 05 1
0'4 T I 1 ] I T 1 T 1
CHN 20 UP
i
X 3
< ™ B
w
: =z
L o
=
T
"‘ w 0.2 —
! & DAMPING VALUES: 0.2.5, 10, 20%
2
wi
—
i =2
—J -
) 2 N
! w
i M
< <<
1 ! —— =
P! 0.0 L 1
O-d i 1 T 1 | i T T L]
CHN 3: 180 DEG
=
ron < - p=
- @
Ll -
o
b
T
% 0.2+ -
&4 DAMPING VALUES: 0, 2.5, 10, 20%
2
w
—
=
- -
= R
M [32]
- fas]
L
— 0.05 1

PERIOD ({SEC)



192

NORTHRIDGE AFTERSHOCK OF JUN 15,

TARZANA - CEDAR HILL NURSERY A

1994

- CSMIP PRELIMINARY PROCESSING

CHN 1: 90 DEG
FREGUENCY (HZ)

Sta Num 24436 - S—' - 100
PSA (G)
10 k
RESPONSE SPECTRA s
3 10
USABLE DATA BANDWIDTH: 3
0.51 T0 47.2 HZ 5 I 5
{0.02. TO 2.0 SEC) 2 . : 3
1 1
—— RESPONSE SPECTRA: PSV, PSA & SD
DAMPING VALUES: 0,2, 5, 10, 20% 40 k
3 .10
- RECORD ID: 24436-E0549-94208.31
.01
PEFlIO[J1 (SEC)
CHN 2. UP CHN 3: 180 'DEG
FREQUENCY (H2) FREQUENCY (HZ)
10 1 .10 10 1 ' .10
LU LR LI L R T T [REILELAN BB B LU I R T 100
ol PSA (6) S0 (IN) m" 80 (IN) “;
5 10 3 10 310
S0 (CM) ] S0 (cM) _
z g
[ = E 1
40 F
: = 3 .10
01 .nlnnul 1 iAol 1 o Ja L 14 1 1 il
) .10 10 10 10

1
PERIOD (SEC)

1
PERIOD (SEC)



ACCELERATION

VELOCITY

DISPLACEMENT

(cm/sec/sec)

(cm/sec)

(cm)

NORTHRIDGE AFTERSHOCK OF JUN 15, 1934

TARZANA - CLUBHOUSE CSMIP Sta Num 24703
Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)

CSMIP PRELIMINARY PROCESSING 193

ACCELERATION
30 —CHN 1: 115 DEG —
» Max = -21 cm/sec/sec |
0 ——W}{NMMWWA .
_30 1 A 1 1 1 2 1 5 2 1 1 1 i 1 1 1 1 1 . 1 2 1 L L ] I ] L
30 —CHN 20 uP —
N 21 cm/sec/sec |
0 FiA it A s Ao
_30 I 1 3 ! 1 1 ! 1 ! | i
30 r—CHN 3: 205 DEG -
» 18 cm/sec/sec |
0 B WWWW WD ~ -
_30 1 z 2 i { 1 1 1 I 1 1 1 L 2 { L I . 1 1 1 L 3 1 ] L i . : 1 1
VELOCITY
{ —CHN 1: 115 DEG —
B Max = 1 cm/sec |
O JLIAA.LMA.AA A Bme A An DA AA o P A A
r‘ﬂww‘lvV'YV"“ Wy hadia"j A g - o
- I " 2 5 1 2 1 " " .l " L n I 1 2 N 2 n 1 " 3 2 " ] I A " A 1 1
{ —CHN 20 WP .
N 0.3 cm/sec |
0 PR ""I'l"“ lv,"n‘ﬁ'lﬁﬂwmvl. NV SN SV VNN -
- 3 1 ] 1 1 i 1 1 1 L L 1 ! It 1 1 1 1 i L : L I L 1 I 1 ! !
— CHN 3: 205 DEG ]
L -0.5 cm/sec |
0 "™ AILQ,.MA. A A Mo oA A A A ——tr, A
R ind Yuvv\uvwvav N2kl e v A g
_1 S S L ! 1 2 : L 1 N L \ 1 | . 2 L " 1 : . 2 L ! L " : PR | !
DISPLACEMENT
0.4 CHN 1: 115 DEG -
5 Max = 0.0 cm
O A ADIS AN AL ot g g AL, O aN PN o PV-N o PN
LYAR AL Ava VY N2 A A Ve v A\ ~ ~
_0.1 I I 2 1 ! i 1 . 1 1 L 1 . 1 L " " . PR | . L : I l 2 2 3 L | 1
0.4 —CHN 2 UP —
: N 0.0 cm
0 - VWY PN, A e A - o,
..O'j PR 1 1 ] 2 1 1 L 1 1 1 L L 1 L 1 1 1 I 3 : L : 1 1 n " 5 | ! 2
— CHN 3: 205 DEG =
0.1 -0.0 cm
0 o A A a DA Lo, A, Ba T AN Ja¥ -
r 'AABAARAER A4 \v4 4 " =g T
_0 .1 i . 1 ] I 1 1 1 1 i 1 1
0 5 10 15 20 25 30 35 40
TIME (SEC) 24T03-E0247-84209. 18 111486.1121



(©)

ACCELERATION

[SCNE N

[P

A

CHN

NORTHRIDGE AFTERSHOCK OF JUN 15, 1994

115 DEG

TARZANA - CLUBHOUSE

CSMIP PRELIMINARY PROCESSING

UNCORRECTED ACCELEROGRAM 24T03-E0247-94209.18 111496.1120-0N94CT03

- 205 DEG

e

MAX = -0.022 6
(N NN A N N NN NN NN AN NN SN DU NANUS DUV SN NEN NN N S NN S B
MAX = 0.022 G |
[N DU WU NN SR SN S NN NN NN NN SN NUN SN SN SR NUN NN SN N N R
MAX = 0.018 G |
S N N AN NS SN WA SUUN AN N NN AU NUN U M NN NN NN NN NN AN N
20 25 30 - 35 40

TIME (SEC)

761



ABSOLUTE ACCELERATION, SA (g} ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA (g)

195

NORTHRIDGE AFTERSHOCK OF JUN 15, 1994 CSMIP PRELIMINARY PROCESSING

TARZANA - CLUBHOUSE
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
24703-E0247-94209.18 111496.1122-GN34CTO3

l T 1 T 1

CHN 1: 145 DEG

DAMPING VALUES: 0,2,5, 10, 20%

l 1 i { T

CHN 2. UP

DAMPING VALUES: @, 2,5, 10, 20%

l T 1 ¥ !

CHN 3: 205 DEG

DAMPING VALUES: 0. 2,5, 10, 20%

PERIOD (SEC)
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NORTHRIDGE AFTERSHOCK OF JUN 15,

TARZANA - CLUBHOUSE
Sta Num 24703

RESPONSE SPECTRA
USABLE DATA BANDWIDTH:

0.51 TO 47.2 HZ
(0.02 TO 2.0 SEC)

——— RESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0,2, 5, 10, 20%

RECORD ID: 24T03-E0247-94209.18

CHN 2. uP
FHEOUEN%Y HZ)

1994

PSV (IN/SEC)

10

[y

10

.01

CHN 1 115 DEG
FREGUEN;:Y (HZ}

PSA (G)

1
PERIOD (SEC)

CHN 3: 205 DEG
Fnecusngv H2)

PSA (6}

10

SO (IN)
0
10

SD (CM)

PSV [IN/SEC)
L
T

.10 F i

T T T 7T 7 T LI R T TTrTT

PSA (B)

01 [ NN
PERIOD (SEC)

PERIOD (SEC)

100

10

.10

100

10

.10

CSMIP PRELIMINARY PROCESSING

PSV (CM/SEC)

PSV {CM/SEC)



NORTHRIDGE AFTERSHOCK OF JULY 11, 1994
TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436

Usable Data Bandwidth: .68 to 47.2

ACCELERATION

Hz (.02 to 1.5 Sec)

CSMIP PRELIMINARY PROCESSING 197

ol 40 r—CHN 90 DEG —_
! L Max = -25 cm/sec/sec |
0 s We -
= _40 L 1 i 1 1 i 1 2 1 1 1 1 1 1 1 1 i 1 i 1 1 i 2 A 1 !
S _ 40 —CHN 2: UP —
- 9 L 19 cm/sec/sec
P < Q& “ 7
L o o 0 “W“ ) —
| w o i v
4 < u
ul = _
8 = 40l o | ] I R
. < 40 r—CHN 3: 180 DEG g
| -20 cm/sec/sec |
_40 1 ! 1 1 1 1 i I\
P VELOCITY .
P 1 —CHN 1: 90 DEG
B Max = -1 cm/secj_
T 0 g+ & A'l_‘..‘_";'.nvn\v TV ot SN
0| i
o ..1 1 1 1 L | 1 1 N " 1 1 L 1 | I | !
- {1 —CHN 20 UP . =
[ =z B . 0.4 cm/sec |
i =3
R 0 'S JM —
O ~ b e v
- & N
o < .
> -1 P PN DU S S U T S S SR R S S S S | ! 1 )
1 —CHN 3 180 OEG -
n ! cm/sec |
0 - *‘Wﬁ‘-“rl"‘v‘.‘#‘w‘-‘#‘ ot oot
_1 1 ! ] 1 1 1 |
‘\I
! .
DISPLACEMENT
) 0.1 r—CHN 1: 90 DEG -
' _ Max = -0.0 cm |
! i o A'AUA_vAAwL .AVA " -
V E _0‘1 rC 1 np! | ! 1 1 1 1 " 1 A
[ 0.1 r—CHN 2 U
% 1 | -0.0 cm?
Lu —
2F o e
_1 _
a -
E _0.1 1 3 1 1 L L . " 1 N L " . | " L L N 1 1 1 L
= 0.1 r—CHN 3: 1B0 DEG -
B -0.0 cm |
i 0 "yhvlv"""“"'“ v
—0.1 1 ! 1 1 L 1 1 1 2 A . | i 1 1 e 1 . L Il 1 L 2 1 1 Y e i g 1 n i
o 0 5 10 15 20 25 30 35 40
’ TIME (SEC) 24436-E0548-94208.37 031386.0942



(G)

- ACCELERATION

CHN

NORTHRIDGE AFTERSHOCK OF JULY 11,
TARZANA - CEDAR HILL NURSERY A

UNCORRECTED ACCELEROGRAM 24436-E0549-94208.37 031396.0836-0N94G436

90 DEG

1994

CSMIP PRELIMINARY PROCESSING

MAX

-0.026 G

3

180 DEG

1]

20
TIME (SEC)

861



ABSOLUTE ACCELERATION, SA (g) ABSOLUTE ACCELERATION, SA (g)
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TARZANA - CEDAR HILL NURSERY A

ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
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NORTHRIDGE AFTERSHOCK OF JULY 14, 1994

TARZANA - CEDAR HILL NURSERY A

Sta Num 24436

RESPONSE SPECTRA

USABLE DATA BANDWIDTH:
0.68 TO 47.2 HZ
(0.02 TO 1.5 SEC)

— RESPONSE SPECTRA: PSV,PSA § SD
'DAMPING VALUES: 0,2, 5, 10, 20%

RECORD ID: 24436-E0549-84208.37
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TARZANA - CLUBHOUSE CSMIP Sta Num 24703
Usable Data Bandwidth: .54 to 47.2 Hz (.02 to 2.0 Sec)
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TARZANA - CLUBHOUSE

UNCORRECTED ACCELEROGRAM 24T03-E0247-94209.24
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TARZANA - CLUBHOUSE
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NORTHRIDGE AFTERSHOCK OF JULY 114,

TARZANA - CLUBHOUSE

1994

CSMIP PRELIMINARY PROCESSING
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TARZANA - CEDAR HILL NURSERY A CSMIP Sta Num 24436
Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)
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TARZANA - CEDAR HILL NURSERY A
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" NORTHRIDGE AFTERSHOCK OF JUN 26, 1985 CSMIP PRELIMINARY PROCESSING

ABSOLUTE ACCELERATION, SA (g) ABSOLUTE ACCELERATION, SA (g)

ABSOLUTE ACCELERATION, SA (g}

TARZANA - CEDAR HILL NURSERY A

ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
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NORTHRIDGE AFTERSHOCK OF JUN 26,

TARZANA - CEDAR HILL NURSERY A

Sta Num 24436

RESPONSE SPECTRA

USABLE DATA BANDWIDTH:
0.51 70 47.2 HZ
(0.02 TO 2.0 SEC)

—— RBESPONSE SPECTRA: PSV,PSA & SD
DAMPING VALUES: 0,2, 5, 10,20%

RECORD ID: 24436-E0549-95178.07
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TARZANA - CLUBHOUSE CSMIP Sta Num 24703

Usable Data Bandwidth: .51 to 47.2 Hz (.02 to 2.0 Sec)
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NORTHRIDGE AFTERSHOCK OF JUN 2B, 1995 CSMIP PRELIMINARY PROCESSING
TARZANA - CLUBHOUSE
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .30-.60 TO 46.0-50.0 HZ.
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NORTHRIDGE AFTERSHOCK OF JUN 26,

TARZANA - CLUBHOUSE
Sta Num 24703

RESPONSE SPECTRA

USABLE DATA BANDWIDTH:
0.51 TO 47.2 HZ
(0.02 TO 2.0 SEC)

— RESPONSE SPECTRA: PSV,PSA & SD
_DAMPING VALUES: 0,2, 5, 10, 20%

RECORD ID: 24T03-E0247-96089.07

CHN 2. UP

FREQUENCY (HZ)
10 1 .10

1995

PSV (IN/SEC)

CSMIP PREL:IMINARY PROCESSING

CHN 1: 115 DEG
FHEQUEN;:Y (HZ)

YT 100

PSA (6)

3 10
SO (CM) ]

PSV {CM/SEC)

1 .10

i
PERIOD (SEC)

CHN 3: 205 DEG

FREQUENCY (HZ)
10 1 .10

10 F

T
PSA(G)'

{

)

1
D
Bl

Uk

PSV (IN/SEC)
in
I

A0 F »

1
S0 (1IN
b,
10
SO {cM) -

ALLAL T T 100

T
PSA (B) SO (IN)

3 10
S0 (cM)

P

PSV  (CM/SEC)

< .10

g1 Lataanl PR .|v.'...11 T N1
PERIOD (SEC)

PERIOD (SEC)



213

APPENDIX D

Definition of Usable Data Bandwidth
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DEFINITION OF USABLE DATA BANDWIDTH

The filter bands for each record are indicated on the plots for the Phase
2 and Phase 3 data. In standard processing, the digitiéed data are processed
and filtered using Ormsby filters. The data are first low-pass filtered using
a high-frequency filter with a corner frequency of 46 Hz and a roll-off
termination frequency of 50 Hz. Then the data are high-pass filtered using a
low-frequency filter with .a corner frequency of 0.07 Hz and a roll-off
termination of 0.05 Hz. Therefore, the Phase 2 data is the result of the
digitized data being filtered by the bandpass filter H(f) with ramps as shown
in the figure:

A fL . fH
H(E) ' f
hnd Usable Data Bandwidth -
1.0 }
0.7 |- - - -

! B »
fi. fi. Frequency (Hz) fue fge

The Usable Data Bandwidth is defined as the band between frequencies fj
and f;, where fy and f; are the -3 dB points on the high-frequency and low-
frequency ramps, respectively. The value of H(f) is approximately equal to
0.7 for -3 dB (see Notes). The user should only use these data for analyses
within this bandwidth. '

Notes:

1) The values of fz and f; can be calculated from the corner frequencies
(fg., fL.) and the roll-off termination frequencies (fg., fr:) used in the
processing by using the formulas fz = fz, + 0.3 * (fz - £g.) and
fL = fio - 0.3 % (£, - frp). For example, the Usable Data Bandwidth for
data bandpass-filtered with ramps at 0.30 to 0.60 Hz and 23.0 to 25.0 Hz
is 0.51 Hz to 23.6 Hz (0.042 to 2.0 seconds period). :

2) It is common in signal processing to plot 20 log;o[H(£)] wversus frequency,
and express the ordinate value in decibels (abbreviated dB). Accordingly,
0 dB corresponds to a value of H(f) equal to 1; 20 dB is equivalent to
H(f) = 10, and -20 dB corresponds to H(f) = 0.1. Thus, at the -3 dB
frequency point, the amplitude of the transfer function, H(f) is reduced
to 0.7, while the power transmitted by the filter, H2(f), is reduced to
0.5.
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APPENDIX E

- Agbabian Associates (Subcontractor) report to
SMIP on the drilling at Tarzana



- DRILLING AND LOGGING
& OF THE CSMIP
TARZANA SITE BOREHOLE

Jor

S DIVISION OF MINES AND GEOLOGY
o Department of Conservation

. State of California

| Contract #1096-020

by

AGBABIAN ASSOCIATES, INC.
1111 S. Arroyo Parkway #470
Pasadena, CA 91105
Job #9705

o December 31, 1996
Bl "~ Report 9705-6624
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1.0 INTRODUCTION

A new cased borehole was installed at the Tarzana Station of the Department of Conservation’s
Strong Motion Instrumentation Program (SMIP) by Agbabian Associates, Inc. under Contract
#1096-020. Planning was done in November, 1996 and the field work was done during
December 2-7. The borehole was drilled and logged to a depth of 90 meters (297 feet) and then
cased and grouted according to SMIP specifications to a depth of 61 meters (200 feet).

This report documents the field work, results, and planned future work.

2.0 FIELD WORK

Planning, permitting, and preparation for the field work at the Tarzana Station was done
throughout the month of November. This work included:

Selection of drilling subcontractor

Coordination with drilling subcontractor

Selection of disposal subcontractor

Coordination with disposal subcontractor

Coordination with SMIP regarding technical requirements

Site visit and coordination with landowner (Manhattan Holding Company and Ralph
Herman)

e Mobilization of supplies and equipment for lithology and geophysical logging

The borehole location was specified by SMIP (Bob Darragh) in a November 7, 1996 facsimile.
The borehole location is 23’ from the empty pool behind the house on top of the hill (in the
nursery), 160’ west of the existing SMIP T-hut.

A well permit was required by Los Angeles County for this permanent “test well.” Figure 1 is
this well permit.

Layne-Christensen, a Fontana, California drilling contractor, was selected to perform the drilling
work. They are one of two firms currently under contract to Agbabian Associates for the
ROSRINE (Resolution of Site Response Issues for the Northridge Earthquake) project; they were
selected by competitive bid.

United Pumping was selected to perform the tailings disposal for this project. They are also the
competitively-selected disposal firm for the ROSRINE project.

Field work was done during the week of December 2-7. Appendix A contains the original Daily
Field Logs describing the activities of each field day. Details of drilling, sampling, lithology
logging, and geophysical logging are described below.

[om—y
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2.1 Drilling

Drilling was done using a rotary mud rig with a 9-7/8” diarmieter tricone bit to 200’ and an 8-3/4”
tricone bit from 200-300°. The drill rig was moved to the site on Monday; Décember 2, and a 6°
length of steel conductor casing (17” dlameter) was driven into the soil to seal the loose soil at
the top of the borehole. :

Dnllmg began on Tuesday, December 3. Progress is documented in the Daily Field Logs
(Appendix A) and in the Boring Logs (Appendix B). Throughoiit the- drilling process there were
significant problems with loss of fluid. These are documented in the logs. Otherwise, the
drilling went well and was completed on Friday, December 6.

After the geophysical logging, casing was installed and the hole groutéd in thé afternoon and
evemng of Dec. 6. Casing was 4” Schedule 80 screw-joint PVC, with a custom SMIP “bishop’s
cap” bottom cap. This bottom ¢ap was provided by SMIP; and its installation was supervised by
Richard Payne of SMIP. Grouting' was done by bottom feed tremie using a neat cement grout
mix per SMIP specifications.

The conductor casing was removed on the morning of Saturday, December 7 and the grout was
topped up. The equipment was then removed and the site cleaned up in the afterncon of Dec. 7.
This included pumping and disposal of the tailings by United Pumping.

22 Sampling

Six undisturbed Pitcher samples (3”°x30”) were collected at depths of 10, 20, 30, 40, 100, and
196°. These were denoted P-1 through P-6. In addition, 26 cutting samples (stored in plastic
“ziploc™ bags and denoted B-1 through B-26) were collected to assist in the lithology logging.

These samples were taken to the Geotechnical Laboratory at UCLA (run by Prof. M. Vucetic) for
appropriate storage in a “moist room.” Appendix C contains the sample Delivery Record.

2.3 Lithology Logging

The site geologist for this borehole was Robert Steller of Agbabian Associates. He supervised
the drilling and logged the soil/rock formations. Appendlx B contains his field Boring Logs for
this borehole.

The material encountered at this site was mostly shale with varying degrees of weathering. The
top 13.5” is soft, silty clay. From 13.5-40 the material is still clayey but is clearly decomposed
shale. Below 40’ the material is highly to slightly weathered shale. .
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24  Geophysical Logging

P- and S-wave velocities were measured in the open, 297° borehole using the OYO suspension
logging method. Measurements were taken at 1-meter intervals.

Figure 2 shows the P- and S-wave velocity profiles for this site. F1gu.re 3 shows only S-wave
velocity with an expanded scale.
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FIGURE 1;: WELL PERMIT
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FIGURE 3: S-WAVE VELOCITY LOG

: TARZANA SUSPENSION LOG

S-WAVE VELOCITIES, DATA COLLECTED 12/5/96 & 12/6/96
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3.0 FUTURE WORK

The work described in the previous section completes Agbabian Associates’ contractual
requirements for this project. However, this work was done in conjunction with the SMIP new
instrumentation program and with the ROSRINE project. Planned future work using the soil
samples and the cased borehole is described below.

3.1 Laboratory Testing of Samples

As part of the ROSRINE project, selected samples from the 6 Pitcher tubes and the 26 bag
samples will undergo further laboratory testing at either UCLA (by M. Vucetic) or at University
of Texas, Austin (by K. Stokoe). This testing will consist of “index property” testing to

determine density, soil type, grain size distribution, etc., and “dynamic” testing, to measure the
nonlinear behavior of the material.

Testing details will be determined by the ROSRINE Technical Committee. Tests will be
performed during 1997, and results made available to SMIP as soon as possible.

3.2 Installation of Downhole Accelerometer

SMIP will install a downhole accelerometer in the cased borehole along with a new or relocated
surface sensor and accelerograph. The schedule for this work is to be determined. '

40 SUMMARY

Under. contract to and with the cooperation of the California Strong Motion Instrumentation
Program, Agbabian Associates has successfully installed a 61 meter (200 foot) deep cased
borehole at the Tarzana strong-motion accelerograph station operated by SMIP.

Aléng with the borehole drilling, lithology and seismic velocity logs have been produced to a
depth of 90 meters and soil samples obtained for future laboratory studies. These data will assist

in the understanding of the unusual site response observed at the Tarzana station during several
recent earthquakes.
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APPENDIX A
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""PROJECT NUMBER: A, 13 PROJECT NAME: (2o, t/-%C - TAaQznJA SHEET /. of y77~
- ENGINEER/GEOLOGIST: ¢_ ¢ T £ £52 COORDINATES: ‘
- DEPTH: 149 DATEMIME: 1 <[44y va:3g DATE STARTED:
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> i o Consistency/Color/Major Material/Minor Material/Moisture/Additional Description
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PROJECT NUMBER: 40,1, PROJECTNAME: (0s0.pre.  -Tadzsssh SHEET™ OF4Z.
ENGINEER/GEOLOGIST: (1 Sf_ iza ” COORDINATES: o
DEPTH: jn DATE/TIME: 3 /5 [y, |50 DATE STARTED:
DEPTH:  { A DATEMIME: 12 [5~) 4, 12124 DATE COMPLETED:
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~ PROJECTNUMBER: 9, 1§ PROJECT NAME: Lo mE  —TRAOLAW A SHEET© OF 4Z |
- |ENGINEER/GEOLOGIST: ¢ . S8 i g — COORDINATES:
I pEPTH: (40 DATE/TIME: 12 /s [{0 (2230 DATE STARTED:
- DEPTH: (Lo DATETIME: (2 [¢ 16 13- DATE COMPLETED:
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C > w o Consistency/Color/Major Material/Minor Material/Moisture/Additional Description
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PROJECT NUMBER: < (,\ & PROJECT NAME: fosdanrt. —TRATZNNA SHEET ¢ o‘r-'){ !
ENGINEER/GEOLOGIST: . Y€ alL ' COORDINATES: e
DEPTH: |, DATEMTIME: (. [¢~ /40 3¢ 3:¢0 DATE STARTED:
DEPTH:  \pp DATETIME: |, )5 |9, |50 DATE COMPLETED:
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" PROJECTNUMBER: 48 PROJECT NAME: Prs.lunite Tadre st SHEET) ~y OF L |
| ENGINEER/GEOLOGIST: § Sre( sl COORDINATES: ,
" DEPTH: ¥alz Jer (P DATEMME: 15 b 1B )5 [0 DATE STARTED:
: JJEPTH: 300 DATE/TIME: |2 / o/ O2:45 DATE COMPLETED: :
D - g-.: o Consistency/Color/Major Material/Minor Material/Moisture/Additional Description
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PROJECT NUMBER: A /& PROJECT NAME: T AQzArn, SHEET |1 os)&: 5
| ENGINEER/GEOLOGIST: (. S1eLien- COORDINATES:
DEPTH: 200 DATEMTIME: (2 /¢ fie = :4d DATE STARTED:
DEPTH: 2, DATE/TIME: 12 ), [4b 35 | DATE COMPLETED:
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FIELD LOG OF BORING
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j PROJECTNUMBER: G(,18 PROJECT NAME: “TAZz A M SHEET 12 OF V%~
ENGINEER/GEOLOGIST: Q. $te i et~ | COORDINATES:
DEPTH: 29 ¢ DATEMMIME: 12 )i, [4¢ ~ o:35 DATE STARTED:
" \DEPTH: 240 DATE/TIME: (v |, /4, — 9 : 35 DATE COMPLETED:
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PROJECTNUMBER: 4,18 PROJECT NAME: ~ThezarsA ‘ SHEET 4 OF x5 |
ENGINEER/GEOLOGIST: 0, ¢reEccee- | COORDINATES: k '
DEPTH: 2 4D DATEMIME: R.|,jlug  _ q.3y DATE STARTED:
DEPTH: 2,0 DATE/TIME: 12 | 4$ - (0: 48 S5 DATE COMPLETED:
5 w o ‘Consistency/Color/Major Material/Minor Material/Moisture/Additional Description
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[ PROJECT NUMBER: F ¢/ @ PROJECT NAME: “TAa2-aarb SHEET 14 OF 15 |
ENGINEER/GEOLOGIST: o ., Srg. . ca * | COORDINATES: :
| oEPTH: 260 DATEMTIME: 1t /, /45 _ (0:55 DATE STARTED:
DEPTH: 4 @~ DATEITME: 1 |, 45 — = 11727 DATE COMPLETED:
o > E o Consistency/Color/Major Material/Minor Material/Moisture/Additional Description
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FIELD LOG OF BORING

PROJECT NUMBER: Q{12

PROJECT NAME: “TA-@szprst

SHEET |5 OF &5

ENGINEER/GEOLOGIST: . Sfge COORDINATES:
DEPTH: 2 o3 DATEMIME: 2. ), Jis -5 1I: 27 DATE STARTED: .
DEPTH: 257 DATE/TIME: 2 /b [aS — 11 4 . DATE COMPLETED:
> W o Consistency/Color/Major Material/Minor Material/Moisture/Additional Description
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SAMPLE DELIVERY RECORD
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DELIVERY RECORD

PROJECT NAME/NUMBER_ReS2ame. 1618 ~ &P ThE=ach LAB DESTINATION__uCuen

Sample Sample Date and Time Sample Container
Number Location and Description Collected Type Type
P log— 1.5’ 23 Me PricHee. STEdL T8
P-2 oo~ 220 s % “ N
P-3 20.0' - 32.0' 1e)3 |ve ~ 14: 55 " 8
P-4 40.0'— 420’ 12 /4)ae ~ 150 “ "
P-5 6.0 ~ 16+.5" 2|5 Ro~ 1100 v v
- l‘ib,o—:' 198.0 . n/she - 119 “ "
&-) ThaLashs 4-0 1251 —~ 11130 OAG. 21P0c  BAG

. Thing, 9 - ' /s /9 —1do / ,
%-73 Feom BT @ (0 12]%/% — u'So ( /
44 govom of - P~ @ (2.5’ (21346 ~ (2o \ |
B-5 —cdge==—To? oF P-1@ I s ie -~ 1250 \ k
o Triiione '3 — 14/ @ ]34 — 12i%0 \
8- T of P-2 @ 37—-0’ ILIB/?(D'— 15:00 \
b-8 TMLINGS 26'- 28 w s /9 —13: 30 |
B9 T o P-3 @  32.0° )2 1o - 14155 (
B-10 foom BT @ 35 |4 4o — ©° 40 J
B-N T ofF (-4 @ 42..0’ iz ]4)4e — 1300 f

Special Instructions:

Possible Sample Hazards:

SIGNATURES:
Delivered By: Qu 2{1‘/
Date & Time: ( ?// n/fe /4 0v

Received By: &&\9”
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DELIVERY RECORD

LAB DESTINATION___ UL.L A

PROJECT NAME/NUMBER Rsevwe 3618 - -mapeapmn

Sample — Sample 'Date and Time Sample Container
Number Location and Description Collected Type Type
B-lo TAvCins o, 70'-'7|' w2 ls)ae - 819 v oo Bhdy
&-1b ThiLintag YUo- 77 '2"5_)44@ -~ O L& I

B\ Tacivas 92 -9% % st - 9127

-5 TP oF -5 2 1015 ~ ¢ uroe wls /% —  [veo- - ,
D=l ThiLiwns (05~ [o4' w /5] %~ :M'-LS | \
o-17 TAICIons W7~ B 12lslte ~ u4s \ ]
B-18 - TAiCinGs ' — 13—5" i ]5 )% — 1u 1S /
"B3-15% TALINGS (’:‘7:~ 15y’ (2 /5/%‘—— 12:5@ /

3-20 | Tacwes 19 - 11y w )5 |9~ (4:00 : /
“B-21 'Tv:P oF P- @ 148. ~ SHALVE. lz/‘b‘/‘?b— i?:oﬂ \

P22 ThiC g z,eﬂl"——zu' 1z ]u /6 - ®ioo \

>-23 Thcwes 22 ' -2%/! ) 6/~ 9:3p \

6-24- TRIC G S z(ag,i- 268’ 2 |6l — oo

3-25 ThivinGs L% - 278’ l"*/bﬁ%" 2o

B-2p | Tracwns 246- 248" izlufie - n:s0

Special Instructions:

Possible Sample Hazards:

SIGNATURES:

“ Delivered By: {TPL“; 9)(£-— _

Date & Time: 77/,//- ;/ fc. | /4 :¢50

~ Received By: 4;& W‘/b , Jgﬁ@@f/e"
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