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INTRODUCTION

The objective of this project is to validate procedures for generating near-fault ground
motions by simulating the ground motions of past earthquakes and comparing the results with
the recorded ground motions. The period range of interest in this project is specified to be 0.125
Hz to 1.43 Hz (8 seconds to 0.7 seconds period). In this project, we have validated our
simulation procedures against recordings of the five earthquakes listed in Table 1, which all have
important near-fault recordings.

Near-fault ground motions have special characteristics (Somerville et al., 1997) which
need to be considered in selecting procedures for quantifying the goodness of fit. First, the fault-
normal component is systematically larger than the fault parallel component at periods longer
than about 0.5 seconds. In characterizing near-fault ground motions for design, it is often
appropriate to specify the fault normal and fault components separately. Accordingly, in
validating a near-fault ground motion simulation procedure, it is appropriate to generate separate
fault normal and fault parallel components and validate them against the corresponding recorded
components. Second, the fault-normal component is often characterized by a coherent pulse of
long-period motion. Unlike the case with most strong motion recordings which are
predominantly stochastic, the waveform of this long-period is pulse is predominantly deterministic
and is amenable to waveform modeling.

METHODS OF QUANTIFYING GOODNESS OF FIT

Based on the characteristics of near-fault ground motions described above, the methods
that were selected to measure the goodness of fit between the recorded and simulated ground
motions are as follows:

1. Response spectral ratio at 5% damping, measured by the natural logarithm of the difference
between the recorded and simulated ground motions (Abrahamson et al., 1990). This is the
conventional means of specifying design ground motions. It is sensitive to both the amplitude
and the phasing of the ground motions, and is sensitive to a range of periods surrounding the
specified ground motion period. Its value is O for a perfect fit, positive for underprediction, and
negative for overprediction.



2. Fourier amplitude spectral ratio, measured by the natural logarithm of the difference between
the recorded and simulated ground motions. This is the conventional means of quantifying
spectral amplitudes in seismology. It is sensitive to absolute amplitude but insensitive to phase.
Smoothing of the Fourier spectrum is required to give a meaningful estimate. Its value is O for
a perfect fit, positive for underprediction, and negative for overprediction.

3. Cross correlation between the simulated and recorded ground motions. This provides a
measure of the waveform fit, and is sensitive to phasing - the distribution of energy with time -
but is insensitive to absolute amplitude. Its value lies in the range of 1 (perfect fit) to -1 (perfect
anticorrelation). We use a window length of 15 seconds for the cross correlation.

4. Least squares fit, as measured by the equation
> = (SRSS 4, - SRSS ,.i4) / SRSS .0

where SRSS = square root of sum of squares, summed over the time series. We use a window
length of 15 seconds for the cross correlation. The time series is the recorded time history for
data and the difference between the recorded and stmulated time histories for residual. This
measure is sensitive to both absolute amplitude and phase. Its maximum value (for a perfect fit)
is 1. For a null simulation, its value is zero, and it can have an unbounded negative value if the
wave forms have negative correlation and very large differences in amplitude.

SIMULATION PROCEDURE

To simulate broadband time histories, the ground motions are computed separately in the
short period and long period ranges, and then combined into a single broadband time history
(Somerville et al., 1995; 1996). The use of different methods in these two period ranges is
necessitated by the observation that ground motions have fundamentally different characteristics
in these two period ranges. At long periods (longer than about 1 second), strong ground motions
are deterministic in the sense that seismological models are capable of matching not only the
spectral amplitudes but also the waveforms of recorded long period ground motions, once the
rupture model of the earthquake and the seismic velocity structure of the region surrounding the
earthquake are known. At short periods (shorter than about 1 second), strong ground motions
become increasingly stochastic in nature. Seismological models are generally capable of
matching the spectral amplitudes of the short period ground motions, but are generally not
capable of matching the recorded waveforms. The transition from deterministic to stochastic
behavior appears to be due to a transition from coherent source radiation and wave propagation
conditions at long periods (over long dimensions) to incoherent source radiation and wave
propagation conditions at short periods (over short dimensions). The two simulations are
combined using matched filters at 1 Hz. For this study. we have used just the long period
component of the broadband simulation procedure, because it almost spans the frequency range
of interest in this study, which is 0.125 Hz to 1.43 Hz.

The Green's function method that we use to calculate the long period ground motions has
a rigorous basis in theoretical and computational seismology (Helmberger, 1983). The earthquake
source is represented as a shear dislocation on an extended fault plane, whose radiation pattern
is accurately represented. Wave propagation is represented rigorously by Green's functions



computed for the seismic velocity structure which contains the fault and the site. These Green's
functions contain both body waves and surface waves. The ground motion time history is
calculated in the time domain using the elastodynamic representation theorem. This involves
integration over the fault surface of the convolution of the slip time function on the fault with
the Green's function for the appropriate depth and distance.

The near-fault strong motion recordings of the 1995 Kobe earthquake were strongly
influenced by the basin edge effect due to the interaction of direct and diffracted waves at the
edge of the Osaka basin (Pitarka et al., 1999). For this earthquake, at some stations it was
necessary to use Green’s functions calculated for a 3D velocity model using finite difference
methods (e.g. Graves, 1996). For the other four earthquakes, the near-fault ground motions were
not so strongly influenced by 3D velocity structure. In the 1994 Northridge earthquake, the deep
structure of the Los Angeles basin had a strong influence on the ground motions recorded in the
Los Angeles basin (Graves et al.,, 1999). These recordings do not contain forward rupture
directivity effects, and so they were excluded from this study.

EARTHQUAKE RUPTURE MODELS AND CRUSTAL VELOCITY MODELS

In this study, we used earthquake rupture models derived by other investigators from the
inversion of strong motion and other data. These rupture models are listed in Table 1 and
analyzed in Somerville et al. (1999). The inversion process involves the calculation of Green’s
functions that represent the propagation of seismic waves between the source and the site. The
degree to which we can accurately represent site effects in our simulations depends on the
appropriateness of the shallow seismic velocity structures that were used in the rupture model
inversions. The velocity models used in the simulations of the five events are listed in Tables
2 through 6.

For two of the five events analyzed, we consider that the velocity models used were quite
realistic. In the 1979 Imperial Valley earthquake, all of the recording sites are on alluvium, and
the Green’s functions were calculated using a single seismic velocity model representing these
uniform site conditions. We used this seismic velocity model to calculate the Green’s functions
used in our simulations. For the 1995 Kobe earthquake, the simulations at soil and rock sites
were done using separate velocity models. In addition, Green’s functions for a 3D basin velocity
model were used to calculate the ground motions at sites located on the Osaka basin.

For the other three events analyzed, the velocity models used in the rupture model
inversion may be less realistic. For the 1989 Loma Prieta earthquake, the inversion was based
on a single seismic velocity model that is representative of rock site conditions. We used this
seismic velocity model to simulate the ground motions on both rock and soil sites. In the 1994

-Northridge earthquake, separate Green’s functions for rock and soil sites were used in the
inversion of the rupture model. We used the velocity model for rock sites to calculate the
Green’s functions for simulations on both rock and soil sites. It would have been preferable to
use Green's functions calculated for separate rock and soil velocity models in simulations for the
respective site categories. The rupture model of the 1992 Landers earthquake was generated
using a seismic velocity having quite high surface velocity. We used separate velocity models
for soil and rock conditions in our simulations for this earthquake. The only rock site that we
modeled was the Lucerne recording.



RESULTS

The results of the validation studies are presented as sets of tables and figures for each
earthquake. The table contains a summary of the goodness of fit measurements. These
measurements are provided for individual stations, listed on the left hand column of the table.
The median, standard deviation, and standard error of the mean of the stations are given at the
bottom of the table. The first two columns show the maximum cross correlation hetween the
recorded and simulated velocity time history, where each has been bandpass filtered with a 3 pole
Butterworth filter in the frequency range of 0.125 Hz to 1.43 Hz. The first column shows the
peak cross correlation for the fault normal component, and the second column shows the peak
cross correlation for the fault parallel component in cases where the time lag for maximum cross
correlation for the fault normal and fault parallel components are within 0.25 seconds of each
other. We assume that the cross correlation lag of the dominant fault normal component is
correct, and do not use the peak cross correlation of the fault paralle] component if its lag is too
different from that of the fault normal component. In most cases, only those recordings with
strong forward rupture directivity effects and simple velocity waveforms have coincident peak
cross correlations.

The third column show the minimum least squares fit for the fault normal component, and
the fourth column shows the minimum least squares fit to the fault parallel component in cases
where the time lag for minimum least squares for the fault normal and fault parallel components
are within 0.25 seconds of each other. The least squares f{it can be low even where the cross
correlation is high if there are large differences in the amplitudes of the recorded and simulated
waveforms. This is because the cross correlation is not sensitive to amplitude but the least
squares measure is. In most cases, only those recordings with strong forward rupture directivity
effects and simple velocity waveforms have coincident minimum least squares. In some cases,
the least squares measure is less than zero, indicating a fit that is worse than a null simulation.
These negative values arise from large discrepancies in amplitude and phase between the
recorded and simulated ground motions. We do not find these results intuitively meaningful,
because the simulations appear to be much better fits to the data than a null simulation, and have
fairly high cross correlations.

The fifth and sixth columns show the natural logarithm of the difference between the
recorded and simulated response spectrum, and the seventh and eighth columns show the natural
logarithm of the difference between the recorded and simulated Fourier amplitude spectrum,
averaged over the frequency range of 0.125 to 1.43 Hz. We used frequencies that were
approximately evenly spaced in log frequency to give more weight to the longer periods. These
values are shown separately for the fault normal and fault parallel components.

Following the table, the recorded and simulated velocity waveforms, bandpass filtered
with a 3 pole Butterworth filter in the frequency range of 0.125 Hz to 1.43 Hz, are compared for
each recording of the event. The comparisons for fault normal and fault parallel components are
shown on separate pages. The recorded and simulated waveforms are aligned at the time lag that
gives the maximum cross correlation for the fault normal component. The cross correlation and
least squares values are given in the table described above.

The time history plots are followed by plots comparing the velocity response spectra and
the Fourier amplitude spectra of the recorded and simulated velocity time histories, with one
figure for each recording. Summary station by station plots of all recordings analyzed are first



presented, together with goodness of fit plots (showing bais and standard error) for the set of
stations. These are followed by detailed plots of Fourier amplitude velocity spectra for each
recording station. The figures on the left show the two spectra, and the figures on the right show
the ratio of recorded to simulated motions. The top two plots show these comparisons separately
for the fault normal and fault parallel components on a log-log scale. The bottom two plots show
the same comparisons on a linear-linear scale.

TEST FOR DIRECTIVITY EFFECTS IN DATA AND SIMULATIONS

To evaluate the efficacy of the simulation procedure in predicting near-fault rupture
directivity effects, we can examine whether the residuals between recorded and simulated ground
motions have a trend that is related to rupture directivity. If a ground motion model (such as a
conventional empirical attenuation relation) does not address rupture directivity effects, then this
trend should be present in the residuals. If the simulation is effective in representing directivity
effects, then this trend should not be present in the residuals.

We parameterize the rupture directivity effect by the directivity function X cos O (for the
strike-slip component of faulting) and Y cos ¢ (for the dip slip component of faulting), as shown
in Figure 1, following Somerville et al. (1997). The angles 6 and ¢ represent the angle between
the fault plane and the line connecting the hypocenter to the site (6 is measured in the horizontal
plane for strike-slip faulting and ¢ is measured in the vertical plane for dip-slip faulting). X and
Y represent the fraction of the fault rupture that lies between the hypocenter and the site (X is
measured along strike for strike-slip faulting and Y is measured up dip for dip-slip faulting). The
form X cos 0 and Y cos ¢ used in the directivity function is based on the assumption that
directivity effects are influenced by two geometrical parameters. First, the smaller the angle
between the direction of rupture propagation and the direction of waves travelling to the site, the
larger the amplitude of the ground motion. Second, the larger the fraction of the fault rupture
surface that lies between the hypocenter and the site, the larger the amplitude. This model was
subsequently revised by Abrahamson (report to Caltrans, 1999) such that the directivity effect
saturates for X and Y values larger than 0.4,

Of the four parameters we have used to measured goodness of fit in this study, only one
(response spectral acceleration) is addressed in the rupture directivity model of Somerville et al.
(1997) and in standard ground motion models. Accordingly, we have used response spectral
acceleration at a fixed response spectral period as the parameter with which to analyze the
effectiveness of the simulation procedure.

The figures show the results for the strike slip component of rupture directivity (X cos
0) on the left side, and the dip slip component of rupture directivity (Y cos ¢) on the right side
for a specified ground motion period. The top part of each figure shows the residuals between
the recorded data and the empirical ground motion model of Abrahamson and Silva (1997). This
model does not include the directivity function as a parameter. For all earthquakes, the residuals
between the data and the Abrahamson and Silva (1997) model show a trend of increasing residual
with increasing directivity function at some periods. This demonstrates that there are directivity
effects in the data and that these effects have the trend expected from the model of directivity
effects represented by the directivity function. The lower part of each figure shows the residuals
between the data and our simulation results. These residuals do not have the trend that is present
in the upper figure, indicating that the simulations are effective in modeling the directivity effects



that are present in the data.
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Table 1. Source Parameters of Earthquakes

Earthquake, Location Date Mech. Mozs Mw Slip Model Reference
yneccm
Imperial Valley, Ca. 1979.10.15 SS 5 6.43 | Hartzell & Heaton, 1983
Loma Prieta, Ca. 1989.10.17 OB 30 6.95 Somerville et al., 1993;
’ Wald et al., 1991

Landers, Ca. 1992.6.28 SS 75 7.22 Wald et al., 1994

Northridge, Ca. 1994.1.17 RV 11 6.66 Wald et al., 1996

Kobe, Japan 1995.1.17 SS 24 6.9 Pitarka et al.,1999
Kamae et al., 1998




Imperial Valley: One-Dimensional Soil Velocity Model

Table 2

Thickness vp Vs Density Qp Qs
(km) (km/s) (km/s) (g/em’)
0.50 1.70 0.50 1.80 200 50
0.50 2.10 0.77 1.88 250 80
0.50 2.50 1.05 1.97 500 150
0.50 2.90 1.33 2.05 800 200
0.50 3.40 1.61 2.13 900 250
0.50 3.80 1.89 2.21 1000 300
0.50 4.20 2.16 2.30 1200 350
0.50 4.70 2.44 2.38 1500 500
0.50 5.10 272 2.46 1700 700
0.50 5.50 3.00 2.55 2000 800
3.0 5.60 3.14 2.70 2000 800
3.0 5.60 3.14 2.70 2000 800
0.5 7.20 4.16 2.80 2000 800
0.0 7.20 4.16 2.80 2000 800




Table 3

Loma Prieta Velocity Model

Vp Vs Density Depth
(km/sec) (km/sec) (g/em?) (km)
1.730 1.00 1.50' 0.10
3.380 1.95 1.55 0.50
4.290 248 1.85 1.00
4,790 277 2.05 3.00
5.365 3.10 2.26 5.00
5.740 3.31 245 7.00
6.150 3.55 2.58 9.00
6.245 3.61 2.62 13.00
6.270 3.62 2.63 18.00
6.665 3.85 2.77 25.00

8.000 4.62 3.28



Table 4

Landers: One-Dimensional Soil Velocity Model

Thickness Vp Vs Density Qp Qs
(km) (km/s) (kmvs) (g/cm’)
0.02 1.40 0.50 1:70 100 30
0.03 1.50 0.75 1.90 100 30
0.05 1.80 1.06 2.00 100 30
0.40 2.30 1.33 2.10 200 100
0.50 2.80 1.66 2.20 600 300
0.50 3.80 1.98 2.30 600 -300
2.50 5.50 3.15 2.60 600 300
6.00 6.20 3.52 2.70 600 300
16.00 6.20 3.52 2.70 600 300
6.00 6.80 3.83 2.87 600 300
0.00 8.00 4.64 3.50 600 300

Landers: One-Dimensional Rock Velocity Model

Thickness Vp Vs Density Qp Qs
(km) (km/s) (kmvs) (g/cm’)
1.50 3.80 1.98 2.30 100 30
2.50 5.50 3.15 2.60 600 300
6.00 6.20 3.52 2.70 600 300
16.00 6.20 3.52 2.70 600 300
6.00 6.80 3.83 2.87 600 300
0.00 8.00 4.64 3.50 600 300




Table 5

Northridge Regional Velocity Structure

A. Rock Stations

Vp Vs Density Thickness Depth
(km/sec) (km/sec) (g/cm) (k) (km)
1.9 1.0 2.1 0.5 0.0
4.0 2.0 24 1.0 0.5
55 3.2 2.7 25 1.5
6.3 3.6 2.8 23.0 4.0
6.8 39 29 13.0 27.0
7.8 4.5 33 40.0
B. Soil Stations
Vp Vs Density Thickness Depth
(km/sec) (km/sec) (g/cm) (km) (km)
0.8 0.3 1.7 0.1 0.0
1.2 0.5 1.8 0.2 0.1
1.9 1.0 2.1 0.2 03
4.0 2.0 24 1.0 0.5
5.5 3.2 2.7 25 1.5
6.3 3.6 2.8 23.0 4.0
6.8 3.9 29 13.0 27.0
7.8 4.5 33 40.0




Table 6a

Kobe One-Dimensional Velocity Models

Site: KBU Site: KOB
Depth Vp Vs  Density Qp Qs Depth Vp Vs Density Qp Qs
(km)  (km/s) (km/s) (g/cm’) (km)  (km/s) (km/s) (g/cm’)
0.5 32 1.8 20 500 300 0.06 1.5 045 19 150 80
5.0 5.7 32 24 1000 400 0.2 1.7 0.55 2.0 150 80
>5.0 6.0 3.46 2.7 1000 500 04 1.8 0.65 2.0 150 80
0.6 1.9 1.1 22 300 170
5.0 5.7 3.2 24 1000 400
>50 60 346 2.7 1000 500
Site: MOT
Depth Vp Vs Density Qp Qs
(km)  (km/s) (km/s) (g/em’)
0.035 1.5 0.3 1.9 130 SO
0.05 1.7 0.45 1.9 150 80
0.15 1.8 0.50 2.0 150 80
0.30 1.8 0.65 2.0 150 80
0.6 1.9 1.1 22 300 170
5.0 5.7 32 24 1000 400
>5.0 6.0 3.46 27 1000 500




Table 6b
Kobe Site: Takatori; 1D slice through3D velocity model .

Vp Vs Density Depth
(km/sec) (km/sec) (g/cm?) (km)
14 0.15 1.8. 0.0
1.5 0.30 1.8 0.01
1.5 0.40 1.8 0.02
1.5 0.45 1.8 0.03
1.6 0.50 1.85 0.04
1.6 0.55 1.85 0.1
1.6 0.60 1.85 0.2
1.7 0.70 1.9 0.3
1.8 0.75 1.9 04
1.9 0.85 1.95 -0.5
2.0 0.92 2.0 0.6
2.1 1.1 2.0 0.8

54 32 2.6 >1.0
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/ul/nancy/PEER-5/L.oma/Comparisons/Tabulate
tableout

[ Correlation | Least Squares | Response Spectra |Fourier Spectra
|-mmmmommmen oo [<ommmmmmemnoes [ [
Station | FN FP l FN | FP | FN | FP | FN [ FP
-------- e L P el e P
andd 0.420 -0.044 0.043 -0.353 0.129 -0.206
bran 0.382 -0.018 0.428 -0.337 0.338 -0.307
capi 0.509 0.130 -0.266 -0.899 0.353 0.027
cldd 0.478 ~0.027 -0.140 -0.323 -0.037 -0.189
cor 0.423 -0.682 -0.729 0.427 -0.395 0.638
gav 0.498 -0.475 -0.631 -0.298 -0.410 -0.224
gilé 0.615 0.173 0.207 -0.632 0.204 -0.497
gilb 0.680 0.261 0.047 0.041 -0.097 -0.120
hol 0.722 0.265 0.542 1.101 0.651 1.229
lgpc 0.705 0.290 0.009 0.638 -0.031 0.721
srtg 0.784 0.691 0.378 0.267 0.078 0.452 0.270 0.481
ucsc 0.461  0.323 -1.344 -0.779 -1.093 -0.612 -0.929 -0.737
waho 0.513 -0.007 -0.116 -0.049 -0.109 -0.024
———————— ] B e B e B
Average 0.553 0.507 -0.085 -0.256 -0.125 -0.065 -0.005 0.00601
Sigma 0.132 0.485 0.496 0.797 0.828 1.251
Sigma Mean 0.037 0.134 0.137 0.221 0.230 0.347



50

g 25

E

A2

> )

S

S

L 25
-50
50

@ 25

£

KCA

> 0

S

S

2 25
-50
50

n 25

E

L

> 0

G

o

gL .25
-50
50

@ 25

E

KA

> 0

]

S

2 25
-50

Loma Prieta - Fault Normal
Simulations and Data Band Pass Filtered 0.125-1.43 Hz

Observations
URS Simulations-DWFE
andd bran capl cldd
PRV B NS 1 VO B R 1T I PV
VA VY - =~ V\IJ PR e VU U"Wﬁ"’ . Wt o ;
cor gav glle gilb
__.d-;. -A Ah DM .An_.bi AA A_...mv_ VV“-A AvAVAVA - ——A ﬁﬂ A'Av?\ L G,
NIV - vy vy
hol Igpc srtg ucsc
o &h{\_ AN - ![\;\vav GAJAAAAAA SN
W vy' \JUWVV 4 vau" \vs
waho 0 10 20 10 20 10 20
Time (sec) Time (sec) Time (sec)
AAMAM A

10 20

Time (sec)

Aug 31 10.46°37 1999] /u2/nancy/PEER-5Loma/Comparisons




Loma Prieta - Fault Parallel
Simulations and Data Band Pass Filtered 0.125-1.43 Hz
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/ul/nancy/PEER-5/Landers/Comparisons/Tabulate
tableout

| Correlation | Least Squares | Response Spectra |Fourier Spectra
e e e [
Station | FN FP | FN | FP | FN | FP | FEN | FP
--------------------------- e P E e
bars 0.752 0.329 0.427 -0.044 0.377 0.153
cool 0.618 -0.155 -0.698 -0.224 -0.595 -0.253
dhsp 0.359 0.054 0.533 0.951 0.623 1.080
freti 0.618 0.181 0.073 0.705 -0.128 0.703
josh 0.311 0.029 1.032 0.336 0.994 0.423
less 0.622 -0.013 -0.475% -0.559 -0.679 ~0.455
mvis 0.273 0.038 .1.080 0.780 1.041 0.92%
nplm 0.374 0.055 0.962 1.132 0.965 1.179
plma 0.584 0.184 0.553 0.873 0.708 0.981
yerm 0.633 0.011 0.439 0.707 0.352 0.653
-------- ] Ll e E R ) DR PR
Average 0.514 0.071 0.393 0.466 0.366 0.539
Sigma 0.167 0.132 0.612 0.838 0.620 1.132
Sigma Mean 0.053 0.042 0.193 0.265 0.196 0.358



Velocity (cm/s) Velocity (cm/s)

Velocity (cm/s)

Landers - Fault Normal

..... Observations
Simulations
bars cool dhsp frti
25
0
-25
Josh Icss mvfs npim
25 ]
: : o1
WEk.
0 A Sieies
:‘:‘ 1t . :. 0‘
X b ’
Py :
25 1
pima 0 10 20 30 40 O 10 20 30 40
o8 Time (sec) Time (sec)
0
-25

0 10 20 30 40 O 10 20 30 40

Time (sec) Time (sec)

Aug 31 16:18:13 19991 Ju2/nancy/PEER-5/Landers/Comparisons/Extra_plots




Landers - Fault Parallel

........ Observations
Simulations
bars cool dhsp frti
25
a .
£
K2
= 0 \.ﬂﬁvh:..vr-:w/x{\ A
[3] .
[=} Fop o
°© [+ !
>
-25

Josh ~ lcss mvis npim

z
£
&
2
8
o
>
pima yerm 0 10 20 30 40 O 10 20 30 40
25 Time (sec) Time (sec)
0
£
&
> 0
Q
L
@
>

0 10 20 30 40 O 10 20 30 40
Time (sec) Time (sec)

Aug 31 16:18:35 1999] /u2/nancy/PEER-5Landers/Comparisons/Extra_plots




Landers - Fault Normal

...... .. Observations
URS Simulations
bars cool dhsp frti
0
5 100
z - — b 7o\
3 DN 7= .
-d_.) - -‘._" L - » _
z 10 M : A VTN AL LT,
:.‘3 h % rl —
[+]
Q
)
1
josh icss mvfs nplm
@ NN
€ 1. D2 N
§ 100 4 L N
> : S 1 BEEEIES —
-g 4 -
"g - //‘“\ l/‘ l\ - 1.' .'.. .
@ 10 7/ = . zé - v .l" '\“ '/\
3} ~— —— X
V] v <
VA
& 7
1
plma yerm 02 05 1 0.2 05 1
. Frequency (Hz) Frequency (Hz)
E
S 100
= X
g — = ue
° L =
2 10k NI/ Y
8 =
(5]
1
0.2 0.5 1 0.2 0.5 1
Frequency (Hz) Frequency (Hz)

Iai!iii Aug 31 16:27:49 1999! Ju2/nancy/PEER-5anders/Comparisons/Exira_plots




Landers - Fault Parallel

..... ... Observations
URS Simulations
bars cool dhsp frtl
)
E 100
=
= = : :
‘g L \\ ’ - W wAan ~ {3 A A
> / 3 SRR ' NIERRE AN
T —: = : -
-3 —F X =~ < ~ X
Q A . 7z —
o s
w — N
1
josh Icss mvis npim
@ -
£ 100 \
2z 7 :
= - .
Q Y yAE a
< A7 RS 780 . e
> /"\. / . ,E):-./"\\J BE i
s 10 Ex 2 i s
© - va
2 = =
w
1
pima yerm 0.2 0.5 1 0.2 0.5 1
Frequency (Hz) Frequency (Hz)
E
.8 100
=
& i
(<] R ETD T
9 T - n AN
% 10 . -" 1 i . /\/‘J \
S —— '
8 VA AN
5] /
1
0.2 05 1 0.2 05 1
Frequency (Hz) Frequency (Hz)

Aug 31 16:20:30 1999} /u/nancy/PEER-S/Landers/Comparisons/Extra_plots




Landers - Fault Normal

........ Observations
URS Simulations
bars cool dhsp frti
100 l = é al
_§ i 5 : = = e
._é' 10 ...‘- = : j% : P\; ' S22 A\ SE:3ES
< : 4 u= : 1 II :: ¥ "\YJ, '1 ) {‘_
Q . T ¢ PEIL
3 1 é = =
T X = =
0.1
josh Icss mvis npim
100 = _,_.LU:_____ = =S5 l‘:"=; g:
o = - 7 - F
g SN \ : =
= o [ - R a% Il RO LR
g 10 LEIAL 2 : A= : Ak
E a 4':. S o A 898 ':! fr" 17 s Lir
( u nd M i .
£ [ 5 Rl
2 I i= = 4
O ' 0
0
0.1
plma yerm 0.2 05 1 0.2 05 1
100 [ |1 _ IIREENI Frequency (Hz) Frequency (Hz)
E - AT
= [} 4 {. M
-éi 10 : 2 o=
==
0 “ . 3
E T UL
s ==
18 ;
1
1
0.1 I
0.2 0.5 1 0.2 0.5 1
Frequency (Hz) Frequency (Hz)

Aug 31 16:23.33 1999J {uZnancy/PEER-5/Landers/Comparisons/Extra_plots




100

Q

©

=

1 10

E

<

8

ug. 1
0.1
100

[0}

o]

=

a 10

£

<

g 1

L
0.1
100

(]

°

=2

2 10

£

<

8

E 1
0.1

Landers - Fault Parallel

Observations

URS Simulations

bars cool dhsp frti
ZS] A _
= ] AN e s s a hsas
Al . e B A EE R A AL
= —— e
R
josh Icss mvfs npim
L[ [T1] : LT ]
‘l \ v
T — F- ,/‘. Iy 3 X . T3 L
PN 2L TN DY, R ISR AN N
- = _— = = _
===:: H z : A e
1 A § (YA Z\1 . 1 1 1 ASRAINY | Ryor
Vi v L 7 T 1 Hfl 4.:
N - ‘ 9
pima yerm 0.2 0.5 1 0.2 0.5 1
| ! I % Frequency (Hz) Frequency (Hz)
A:F 2 . l B M
F——tAk — y i S
[ 4 M 3 VI ear 5 T
o e =
=—=== . 1 ===
[l
0.2 0.5 1 0.2 0.5
Frequency (Hz) Frequency (Hz)

L1l Aug 31 16:23:51 1999 /u/nancy/PEER-S1Landers/Comparisons/Extra_plots




Standard Ervor (In SA)

Residuals and Model Bias

Fault Normal

Fault Parallel

v---l

Corrected for Bias
Not Corrected

T T

rtvl

1

-

L

r

.

Mt

.
re
* s N
)

«

YT

—  Bias Mean
=mw» = 90 percept

nisnnth(t Tue Aug 31 14 16 4K PDT 1999
A2many PEER-S/Lander/GondFavmplol_goodfil csh

-~ .
2t i T RYLLS - o
[ . -.H‘.’..". .-‘-.‘"vg 'glﬁ' b
[ e g e * . e 7, ]
— . .. . oo .. -] N
= R S A F
: . 'o.o:: '0.. . 1 :
E e )30 F M |
1 1
Frequency (Hz) Frequency (Hz)

Landers Spectral Acceleration Goodness of Fit
Observed minus Synthetic (obs - sim)

10 Stations
bars
cool
dhsp
frii
Josh
less
mvfs
nplm
plma
yerm



Landers - Filter 0.125-1.43 Hz, Norma BB Sims - josh

Fault Normal

Recorded
— — — Synthetic Rec/Syn
2 " 2 AT S T | 10 1 i i PR SR S T N | -
10° 3 o ] ‘
I -2 \ E = ] [
-8 1/ g ~ " ’\, \f‘ L g - 3
> L / LIV g ()]
= N - \I - T 100+ -
B 100 VE 2
£ 3 N 2 - g
] N e J [
e Ay 8 ( 3 -
]07 T T T LS T v l 10‘ T Ll T T l
100 100
Frequency (H2) Frequency (Hz)
Fault Parallel
a 4 —— 10 3
10°3 e i
L] ] &
3 - (13}
(=l 10" o \/\ 3 E 1 E-
£ "I B F
] C c
. [ <
102 . ——r— 10"
. 100
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic
20 i .3 .t . 1 .1 . ., 1
1.5 2
- - &
2 ] [ _8
3107 - 3
£ ] [ ol
<054V, - £
i’ =~ ,\ , 0N [ <
: Yo T NS :
'l'l‘lﬁl'l§fl L L L L L
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (H2) - Frequency (Hz)
Fault Parallel
20 | IV T BT I I SR | 10

Amplitude
5 o
' PWEYY FUWRE T
e
Amplitude Ratlo
o
1 4+ s

AE LB

05 |
o L A i ] 1 M T bt AR
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (H2) Frequency (H2)

FEITRE Auq 24 15 2624 1939 inevcoda/u2/arbenfiandera/shells



Landers - Filter 0.125-1.43 Hz, Norma BB Sims - frti

Fault Normal

Recorded
— — — Synthetic Rec/Syn
—_— i - P AT S | 10" = - 2 g gt -
g ] F & ] I
b=4 1 L o
= T 1004 -t
Q 10"+ - 2 E 3
E 3 b =Q b F
< - o - 4
] - E ] s
] f < ] |
102 . e 10"
100
Frequency (Hz) Frequency (Hz)
Fault Parallel
i i 2 U S SR NI | 100
10° o ] E
] ] e 1 I
3 - - @
= he) e 3
Q 10" o 2= 1 ] F
£ E E =Q_ ] o
< - o -
] £ ] [
i F < . -
102 10" - F—————r
100
Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
20 | N TR SRS NV R ST | 10 | SRS TR N U B S
s i o | I
L3 : g 1 -
2 ] [ 8 ]
3 104 - 2 B
E E - _—d L
< 05 o £ -
05 - : E I
LA L | A L 1 I L R D L
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)
Fault Parallel
20 1 PR | PO | 1 'R BT SRS | 10
. o
R 2 [
2 ] [ [+ ]
g 07 T )
] : B I
< 05 s 3
] [ < r
E » 3 L -
LI ﬁ‘ﬁ\ﬁ §I MR IR L L L
02 04 06 08 10 12 14 62 04 06 08 10 12 14
Frequency (H2) Frequency (Hz)

FeTTRE Aug 24 15:25.58 1999 /nevcoda/uz/arbenianders/shelis



Landers - Filter 0.125-1.43 Hz, Norma BB Sims - cool

Fault Normal

Recorded
— — - Synthetic Rec/Syn
10! ~ i 2 n U SR SRS S o |
100 P ] F
3 O y
§ ] ! % J !
£ o] - - - |- -
0 10" - 2 1 E 3
E ] 2 T =
< ] f E ] [
] F < . L
102 —_—————r 0 . ——r—r——r
100 100
Frequency (H2) Frequency (H2)
Fault Parallel
. a2
10! 3
107 = " E O 1 i
e - N s _— o
] o}
%)) b S INTLO \ i - ] H
ED— ﬁ N % 100 - =
0 10" TF 2 E :
E E E 3 ] F
< ] \E £ ] i
E 13
. f < ] .
102 —_——r—r 10" —_———r—r—rrry
100 100
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
2 | T T BN S ST R 10 | SN DT RN N N R |
o |
8 g ]
2 3
g E
< ?Ei .
<
BT=="--""<C
T A S N T AL T 1 1 1 T 1
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (H2) Frequency (H2)
Fault Parallel
2 2y .1 .+ ) o1 . 10 + 3 1.1 ., 1 .
J !
. 2 »
g g '
2 | o
2 2% 3
- n =
< \ BN g' :
N T oA < T i
U U ﬁ-' i T 1 1 1 1 17
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (H2) Frequency (Hz)

Keithl Aug 24 15:25:04 1999 /netcoda/u/arben/iandera/shells



Landers - Filter 0.125-1.43 Hz, Norma BB Sims - bars

Fault Normal

Recorded
— — — Synthetic RecISyn
: — 2 P SR TR | 10 3 2 g o 1 -
16’% A" . E’ o g E
Q i b N 7 E g ] t
g B ’ , b [}
= s TV 100 3
g 10" v Y F 2 ] :
3 1 . [
< ] ' V[ E 1 -
4 13 < 1 ¥
102 : ————— e — 10 ]
100 100
Frequency (Hz) Frequency (H2)
Fault Parallel
— X i PN BRI | 0 2 " PR ST ST S ST 2 1 -
| 3 f
R e - F
17 , 5 1 [
g : A ) o 1 1
2 ] LV Al B 1 - AL DDV
2 s VAY S E 3
£ ?3 E £ ] g
< F 4 [
] wmwr L |
] f & .
10?2 r ———r—rr 100 ———r—r——r—rr7—
100 100
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
- — — Synthetic Rec/Syn
20 PR BTSN DU DU S R R 10
15 : 2 ]
- - -
8 S,
2 ] [ g
.g_ 1.0 3 : E 5 7
- ol
<L g5 a £
05 : £ ]
1. - 1 )
UL L L L L L L L L T
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)
Fault Parallel
20 ] | ] | . | ] | 10 | IR B DT NI B RS |
] (o)
1.5 - = %
3 7 g e
2104 8 ]
[ 2 °
E o L —"c—'l 1
<054 -
3 [ < 7
] J -
L L L 1 [ L L
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz2) Frequency (Hz)

Aug 24 1524 38 1999 /net/cods/u2/arben/landers/shells



Amplitude

Amplitude

Landers - Filter 0.125-1.43 Hz, Norma BB Sims - yerm

Fault Normal

Recorded
— — — Synthetic
= 10' 3 3
103 E o ] F
3 O y 1
L - [«3 L L
| [ B e -
107 3 - :
3 E  ° ] [
] 18 E ] 1
- \p < 1 -
102 r F————r—r—T—rr 10! - T~
100 100
Frequency (H2) Frequency (Hz)
Fault Parallel
2 N i et gt ‘0] § " " et a2 21 c
100 E ° : F
a & |
01 LS Rk “F
E rel b [
] E 7 s
] < 1 :
]02 T T + ¥ T T T T ‘ ]0.' ¥ T 1 L L4 T 1 T l
100 10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
2.0 1 -
b F o I
1.5+ - 5
8 ] 3 & I
=] b [ [0} i
= 1.0 - B -
Q" - 2 !
E L 3
0.5 = E
] i <
J N, g [
[ L L AL N L LR SRS B DD A
02 04 06 08 10 12 14 02 04 06 08 10 112 14
Frequency (H2) Frequency (H2)
Fault Parallel
20 | B B B DRI U N | 10 | BEETURN I U S I N

T o

05

,.,vm,.ml.m
Amplitude Ratlo

[¢,]

1

Amplitude
=
lllllllllllllxlllll

T 1 1 1 1 71 1 i T 1 - 1~ 1 1 17
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)

Aug 24 1528 18 1999: /net/coda/u2/arbenianders/shells



Landers - Filter 0.125-1.43 Hz, Norma BB Sims - Icss

Fault Normal

Recorded
— — — Synthetic Rec/Syn
]01 a . PR S W S S |
] F
] 9 ] [
- 3
g %3 g ] i
o 1 ()]
= ] TV 1004 =
Q 2 i 3
E 10" - 3 ] :
< 3 E £ ] i
] E < ] i
102 . —————— 0! ——————r —
[o 100
Frequency (Hz) Frequency (H2)
Fault Parallel
. . L 3 M S ST S I - 10" L L PUNEY S T S NN |
] AN ] ] s
10° s ~- N ’ N L = J [
8 3 - > )] A 8 1 L
2 3--- N S
e N 2 3
£ o E 3 i
E . E 1
3 E > e | L
102 . T 10!
100
Frequency (Hz) Frequency (H2)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
60 gt L 14 7o PN ENPU R U U SR S
5.5 - - ]
50 - o) 4 [
45 - 5 |
840 - « L
2 35 - _8 1
558 = 2 °] i
E 20 = 3
i R
of \ =
05 \ - 1 I~~~ "~ ===
——TTT 7 Eﬁ?‘%“"‘. T
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (H2)
Fault Parallel
60 1 | T NI R S | 10 PN BT | i | 1.1
5.5 - - ] A
50 - 3 [0} J L
4.5 - N % i
g 40+ - c ]
2 3.5 = = o 1 F
528 = 3 %7 J
2.0 - - - 3 ]
<5 N RN - €
1.0 = N o I N~ o - < T
054\ S 3 '
o
1R L L IR L N ]
02 04 06 08 10 12 1a 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)

(e b8 Auqg 24 1523 47 1999  /neUcoda/u2/arbeniandera/shetls



Amplitude

Amplitude

Landers - Filter 0.125-1.43 Hz, Norma BB Sims - dhsp

Fauit Normal

Recorded
— — — Synthetic Rec/Syn
2 n PR WO S S W U A 0 : 2 . P S S -
100 E o ]
] — - I F
L - - N A - (a4 4 g
1- A IS s '8 100 = = = = Yo NN | _
10" VYA 3 2 3
3 \ 4 = p
] ‘I\" E ? i 9
)| il -
102 v r———r——t—r—tT— foal T =T
100 [0
Frequency (H2) Frequency (Hz)
Fault Paraliel
P PURN S D S S O | 10 s . 2 T N S U T -
10° E o ] F
1 = J\AﬂE g 3
. 3 N I ()
- -\ \ T 10—~ f e e m = = L
- ~ \ / 3
107 DGRV 2 3
E , 3
E \,‘I \ E g 3 [
i \//'\ | < o 5
1
102 — e 100 r ——————r—
100 100
Frequency (H2) Frequency (Hz)
Fault Normal
Recorded
_ _ _ Synthetic Rec/Syn
20 SIS B NS S R ST R 10 | U SN AT DU SN S S BT |
p ! { !
; [ o ]
15 4] L 5] [
() 1 e S s
I F 0 i
= 3 = TV 5
ol 10 ] . > ] [‘
£ ] [ ol
< 05 L. E ] I
: 7 N\ o ( - s
:/ M\~ - _,’ e~ [:' s . 9
A A DA SN RS SRR 5T 1 7 111
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (H2) . Frequency (Hz)
Fault Parallel
20 FEEE DS BNV SR SR S 10 | S B
] ] |
1.5 : E— 2 ] [
3 ] & ] i
2,04 a 3
B 107 ; 3° f
E ] [ 2 1
< . . 1 :
054\ - E
E AN s < :
1- -XrN_ " b b eadnt ettt
1 LR L ? T8 N L MR |
02 04 06 08 10 12 14 10 12 14
Frequency (H2) Frequency (H2)

Auq 24 15 25.30 1999 /net/coda/u2/arbenianders/shelis



Landers - Filter 0.125-1.43 Hz, Norma BB Sims - pima

Fault Normal

Recorded
— - — Synthetic Rec/Syn
]0] - —_— n 2 I ST R R | -
1005 o ] i
e g ] i
3 o ()]
= T 1004 -
0 10" 4 2 E 3
£ 3 = % E
< E [
] [ 1 [
] < 1 3
102 T et . o3 : T——r——r—r—
100 100
Frequency (Hz) Frequency (Hz)
Fault Parallel
i " L PYRNET S DT ST E | 100 .
1”3 L o i g
: D y F
§ S |
3 101 L 3 '3 3
£ E E & i
1 \ F E 1 [
LY | ( - -
] \ | I
10?2 T —————rr— 10! v r—— v
100 100
Frequency (Hz) Frequency (Hz)

Fault Normal

Recorded
— — _ Synthetic Rec/Syn
20 | I DU DU BTSN NS R |
] F |
15 L 2 [
[ . O
o (a4
S Of [ 3 i
=104 =
£ F 2 [
3 o}
< I F £ L
05 ] s < 3

| L L D N e 1L L AL L e
02 04 06 08 10 12 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)

Fault Parallel

-
-8

2'0. | BT T | ) | BT I I. 10
15 -
7] I -6 i
B <]
gloi g 8 s
o "] i 2 |
E ] : o
05 - - E i
. [ P<d A
I N YA ! 1
LA R R L L L N L ]
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)

lamii AuQ 24 15:27.48 1999  /nevcoda/u2/arben/landers/shells



Amplitude

Amplitude

Amplitude

o
w

Aug 24 15.27'19 1933 /net/coda/u2/arbenanders/shells

Amplitude

o
w

102

0!

102

N
o

—
w

=
o

N
[=]

-
o

Landers - Filter 0.125-1.43 Hz, Norma BB Sims - npim

Fault Normal

w
s laan

Recorded
- — — Synthetic Rec/Syn
L ks b 10] n A n o a4 ~
2 ] 5
] B [
. (a3 L :
4 [0}
e (o B B e 2 T Tr iDL =
3 2 3 F
3 a ]
p E ]
1 < i
. = 10" v r———rr
100 100
Frequency (Hz) Frequency (Hz)
Fault Parallel
" 2 ——— o 10 . L PR S ' :
E E o ] g
] F IS} y -
- s z -
) 3 oy
- TS M
3 E T 3 [
’ i E . s
] < ]
r et 0 r T~
100 [e
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
| B EEPY P BT B 10 | SR U PRI SR U S |
] i
E s o)
- o B
% [ =
X (1)
- - ©
] i 2
3 i Fel
] - E
1/ [ <
17 "Ce~_-=Y_ "™ ‘
| L L L R L L e e )
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (H2) Frequency (Hz)
Fault Parallel
i BT RN B R N S 10 | | PP I DR SN | | I |
[ o 4
o T A 5
[ = J s
[ o
E =T (
] g o !
3 - E |
] F < {
ST T T T T T T
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (H2)



Landers - Filter 0.125-1.43 Hz, Norma BB Sims - mvfs

Fault Normal

Recorded
— — — Synthetic Rec/Syn
. " i —aa g a1 10" ~ n - ——eea a2 L -
E o g
t DO 1 i
3 2] :
o} o L)
= © ]UJ.J ———————————————— -
Q - 2 E 4
E E  F ] s
< F £ ] [
F < i I
10?2 . ] 00 v AR
100 100
Frequency (Hz) Frequency (H2)

Fault Parallel

1 A PSS GRS B | 10 -
B ] & ] [
2 J 8 (1o}
2 1004 . 3 105 3
13 3 E 3 ] E
< ] d ’ -
] f £ ] [
102 —————r——T 10" " T
[s2 10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — _ Synthetic Rec/Syn
2 | IR I R NI SR T | 10 J o .y 41,1
(o) s
] - 5] i
3 &
2 () 1 S
= - T 54 . -
Q 2
£ ol ] [
< - -
3 E
< A s
e T T T T T
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (H2)
Fault Parallel
2 PO BTV R | | | |
(o)
1 [ e
3 I
2 o
;g o s "S
I
< £
<
| L L L D 1SR L A L A
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (H2)

TeIY3d Auq 24 15 26:51 1999 /netcoda/u/arbenfianders/shells



Iyd soo A
o'l 80 90 vo

510/d"pisswsuospedwod/ispusqIsZneponesl (6661 20:92:61 v2 BNy

Djau} SOD X

Al 00 ol 80 90 v'o 20 0]

—l

o
(wis/sqo)u)
!

1yd soo A
ol 80 90 vO0

D}aLy SO X

¢0 00 01 80 90 14" co0 00

et i tram = —tem—— = - - -

--— 1o

(¢6s0/5q0)Y)

—.l

295 0'G 1B VS
JewloN }ne4 - ajenbyue3 siapue]

(uns/sqo)uy

(£650/5qO)u|



6661 ¥£:92.G1 v2 bny|

810107 PISOL/SLOSIRAILIOD/BIOPUBIIIGISZNNPONY/

1yd 0o A DOy} SO0 X
0l 80 90 vo Al 00 ol 80 Q0 o TAN) 00

- t-

|
|
o
(wis/sqo)u
|
|
i
&
o
(wis/sqo)u

++

jYdsoo A DjaY} SO0 X
ol 80 90 v'0 c0 00 0l 80 90 vo Z0 00

+ + gt

|
|
1
!
}
|
{
o
(L&5D/5q0)Y|
++
|
|
i
o
(£65D/sqo)U]

095 0'G 1B V'S
|19]je1ed ine4 - ayenbyues sispue]



siod"piser/suospsdwodmepuI IR ZRPOINeY) (6661 269251 vz Bny ITHTRY

Iydsoo A D}ay} SO0 X
ol 80 90 o 20 00 0l 80 90 vo 20 00
c Z-
- _.-
3
9 + *
— —1o g et ]
3 ! K
t A
[4 Z
1yd soo A Djey} sod X
ot g0 90 vo Z0 00 ol 80 90 vo Al 00
e A
- -
=] +
N
o
e SSS—— | M e e e e :%nwlc o
3
N T + ;
l + L
+
e 4
29SOV e YS

JeuwLION }ne4 - ayenbyles] siapuen

(wis/sqo)u|

(£650/sq0)U|



810147 P{8OHBUOSLIEAWOD/SI0DUBIAIRIR/ZN/BPOIAS/ _mmm— 6€:92.51 vz bny TG

iydsoo A D}BY; OO X
ol 80 90 v'o cao g0 o't g0 90 v0 A 00
c- -
- -
3 +
e
o m i ++ -—...TI:T. — O
3 + +t
{ + l
+
4 4
ydsoo A DJoY} 00 X
oL 80 90 [4Y] AL 00 ot 80 90 vo c0 00
¢ Zz-
- + t-
\u.“ * + +
m +
__ o0 < S St v Y\
Q
% +
N
l l
+
4 [4
J9S 0'pie VS

|9]jeled }ne4 - ayenbylie] siapue-]

(wis/sqo)u

(L6s0/sqo)u|



8101d"pisesuosprduiod/RIspuR LI ZNNPONMY, (6661 1:92:G) P DAY

qd SOD A Doy} SO0 X
o'l 80 90 vo A 00 ol 80 90 vo o 00
c 2
+
- -
=
Q
0o g S S —+ SR S
iy
L + |
A c
1ydsoo A pjay} oo X
ot 80 90 v'o 0 00 o't 80 90 v0 co 00
e -
- \-
2
(o) o +
g S R
ik T ——=--- 10 o + 0
9
N + + +
L 11
4 4
09s 0'E e VS

JEWJION }ine4 - ajenbyle] siapue)

(wis/sqo)uy

(£6s0/5q0)ui



si01d”pisstipuospeduiomspussqieznmpodiey; (6661 pr:92iSiE v2 bny TR

Iydsoo A DY) SOD X
o'l 80 90 o ¢o 00 o'l 80 90 vo A 00
A Z-
P.. -
5
2 +
o
o0 g e e o
3 #
1 + 1
+
+ +
+
Z c
1ydsoo A Dley} soo X
o'l 80 90 o 20 00 ol 80 90 vo 20 00
Al Z-
L- _ + -
o}
° * ~t
e e e . 0 w ————- - S—— )
oy Y
2
N +
l H L
4 c
J8sS 0'CievYS

|ojjeded jne4 - ajenbypues siapuen

(wis/sqo)u

(£65D/5q0)u]




$10{d7pjsaL/sUCSIIAWOD/BIFPUBINGIEZNBPONI | 6661 9V-9Z°SL ¥2 bny

jydsoo A Djay} SO0 X
80 90 v'o zo 00 ol 80 90 4] 20 00
Z Z-
+
- + l-
2 2
o g
-—lo0 e e ——— &
'y +1 ° &
3 3
v + s
L 1
+H
+
4 [4
1yd soo A D}eY} SO0 X
g0 90 o 20 00 ol 80 90 o A 00
- A <
l- -
2 ' 2
g X g
—_— --—-10 Mr t . e e .+.ws.|| 0 m
7 H 7
l H1
Z 4

09s 0’2 1B VS
jewop yne4 - ayenbyle] siapue



siojd"piseriauospedwo epurueqeZnepodsey [6661 879251 v by

—l

ydsoo A D}oY! SOD X
(O 1 80 90 Vo ¢0 00 o'l 80 90 o ¢0 00
N-
—.I
5 +
° +
— 0 m . . e ——
@
3 * +
L + Ty
+
+
4
jydsoo A DJOY) SOD X
ot 80 90 vo A 00 ol 80 90 vo Al 00
Nl
FI —
2 + + +
g +
——— e v - - O B m— = . ——————— - - ———fe e
+
o "
L
4
08s 0)'c e vsS

|9ljeded }ne4 - ayenbyues siapue

(ws/sqo)u

(L6so/sQ0)Y



1010 psesuosrdwo/epusNeqIsZANPONY, (6661 15:92'51 b2 By

jyd sod A D}dY} SO0 X
ol 80 90 v0 [AH] 00 o't 80 90 Vo [A] 00
c z-
- + L
3
B T
—- -—- 10 m — s -— - -—==1 0
o,
3 . ¢
L + l
+
+
4 4
14d soo A Djey} soo X
ol 80 90 o A1) 00 ol 80 90 vo 0 00
A g
i- -
2
: :
——— e e e - _— e —_ - - - i ey - PR
0 5 + . 0
2 +
~J
Lo +
+
14 14
29SG'L 1B VS

JewJop jined - ajenbylies siapuey

(wis/sqo)uy

(£6sD/sQo)u|



+10{d”plsstisuosNdwoD/RIePURIIUEZNEPOSNeY [6661 GG92:G) ¥Z BNV

udsoo A D}8Y} 02 X
ol 80 90 vo ¢0 00 o'l 80 90 vo Al 00
A 2
l- -
3 '
o g . ———] 0
& +
/uuw +
1 A
+ 4
c 4
;ydsoo A D}aY} SO0 X
o'l 80 90 vo c0 00 o'l 80 90 vo Ay 00
A Z
- _ l-
3
° * + +
e 0 B e o N
a +¥
[%]
3 + Ty
{ l
4 4
%8s ¢'L B VS

|9jjeaed jne4 - ayenbyues] siapue

(wis/sao)y

(¢650/5q0)Y]



810jd"pisei/sucspsdwogyispusyueqisznmpoonau; (6661 65:92:S) v2 By

jud soo A DjaY} SO X
80 90 v'o ¢0 00 o'l 80 90 vo 20 00

e e — e ———- o

f
i
o
(wis/sqo)uy|
:
ha
|
i
|
|
(wis/sqo)uy

Iyd soo A DjeL} SO0 X
80 90 Vo ¢o 00 ot 80 90 veo ¢o0 00

- -

i
o
(2650/5q0)Y|
|
1
i
+
I’
o
(¢650/sqo)y

09s 0’| je VS
JeulION }ne4 - ajenbyue] siapue]



si01d”piseysuosseduwod/iepusineqieznepoda (6661 102264 v2 bv TR

ydsoo A A D}BY; SOD X
80 90 v'o A 00 o't 80 90 vo 0 00

i
o
(wis/sqo)ul
|
|
|
i
i
l
i
(e
(wis/sqo)u

{ydsoo A DyaY| S0 X
80 90 vo A 00 o'l 80 90 4] co 00

- -

+ -+

1
{
f
i
i
|
i
o
(£6sD/sqo)u
|
|
4
]
o
(L6sD/sqQo)u|

29S (0’ 1B VS
|8ljeded }ned - ajenbypue] siapue]



/ul/nancy/PEER-5/Northridge/Comparisons.990823/Tabulate
tableout

| Correlation % Least Squares | Response Spectra |Fourier Spectra
e aat] EESET RS SR | -mmmmmmm s |-mmmmrm e e
Station | FN FP I FN | FP | FN I FP | FN | FP
———————— e el I B ] Rl B
cnpk 0.402 0.053 0.355 -0.610 0.583 -0.094
Jeng 0.594 0.593 0.169 0.183 0.195 0.185 0.536 0.049
kagc 0.483 0.104 0.122 0.631 0.381 0.649
newh 0.760 0.348 0.172 -0.035 0.161 0.284
nord 0.493 0.764 0.058 0.338 0.010 0.069 -0.015 0.237
pacd 0.796 -0.393 -0.736 -0.205 -0.569 -0.057
rosc 0.476 0.052 0.117 0.553 0.153 0.633
rrs 0.717 0.818 0.255 0.424 0.736 0.061 0.683 0.143
sati 0.431 0.519 0.096 0.143 0.820 0.500 0.733 0.737
scs 0.668 0.254 0.344 0.233 0.571 0.370
scse 0.696 0.857 0.230 0.462 -0.011 0.040 0.108 0.003
ssus 0.391 -0.583 -0.628 0.078 -0.611 0.222
sylm 0.818 0.586 0.408 0.189 0.364 0.310 0.323 0.096
-------- e B B B B B B
Average 0.594 D.690 0.081 0.290 0.143 0.139 0.234 0.252
Sigma 0.156 0.243 0.279 0.357 0.424 0.380 0.602 0.498
Sigma Mean 0.043 0.099 0.077 0.146 0.118 0.105 0.167 0.138
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Simulations and Data Band Pass Filtered 0.125-1.43 Hz
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A M | 10' M N T N
10’ 3 E— 3 E
] q K j .
] F = i
(%) - L
5 10° -5 E— E "
3 ] : s 173 3
£ 1 f s ] -
< 107 4 - 3 1 :
3 3 < L L
10? v ———T—r—rrr 10" v r —r—r—r-y
100 10°
Frequency (Hz) Fault Parallel Frequency (Hz)
10' c
E- L ] [
8 - -
2 E 2 -
3 E 3 9 3
< |- 'éi ] !
i < ] !
10" . 1
10° 10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
20 'l .t L 10 | ST D T | | T B |
15 - 2 ] [
S ] i c
] ] [ @
R 3 ER
< ] r E-
5 - N oy <
n P 4 /7 N o L
] AV R o7 [
| R L N L L
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fault Parallel Frequency (Hz)
Y N RN S EUN S 10 | I TR P U RPN BT |
15 - 2 ] [
-§ ] [ « ]
% 10 - o '§ 5 -
E ] [ = 1
< 5 N N [ g. )
] 7’ ~ d < .
] N_N\ed” ~-" 1
LI R L A A A
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)

[ENEd Aug 23 13:57:41 1999] /ut/nancy/PEER-S/MNorthridge/Comparisons.89082VAP_fapec



10!

10°

Amplitude

10!

102

10!

Amplitude

102

20

15

10

Amplitude

20

15

10

Amplitude

Northridge - Filter 0.125-1.43 Hz, Pas 94 BB Sims - newh

Fault Normal

Recorded
— — — Synthetic Rec/Syn
i i " PUNT S SR |
3 3 o 197 3
: - E 3 F
3 3 o . [
5 s 3
: [ g 104 3
o E 3
E 3 E 3
- et 10! ’ ——r——r—r—r—rr
1°° 100
Frequency (Hz) Fault Paraliel Frequency (Hz)
2 2 5 i g o 1 N N 2 PR S ST o |
g - 3 10' o -
E TN ~VE 2 E E
J 5 o \l vt g . -
i VE 3 1 i
3 I 2 103 3
E 3 5 3 g
] 3 < . s
v e mam e 10" - ———T—r—
10° 10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
20 | I PO RPN DU BT S
] C o ] i
. - 5 15 1 -
] [ o ] [
3 - € 1p 3 &
] X 2 ] [
] - 3 ] 1
- :— < § - -
L L A L L L L ] -' L L] '_ l— -' _I "
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fault Paraliel Frequency (Hz)
| T S B BT S S | 20 | SR N BT S S A |
= o S 45 I o
. C = . C
3 [ o ] 5
] s ] ] .
E 3 R :
] - i s ] :
E AN NGV g 5 3
<" ! N :V:':/_\.‘_/_\,-—‘/:{SZ
UL L L L L L L L L L
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)
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10!

100

Amplitude

10!

10?

10!

10°

Amplitude

10"

102

20

15

10

Amplilude

20

15

10

Amplitude

(3]

Northridge - Filter 0.125-1.43 Hz,

Fault Normal

Recorded
— — — Synthetic Rec/Syn
—— . —
E 3 o 10' 3
h i = 3 :
] B ol 4 [
3 3 g 1 -
] : ‘::_; 10° 3
; r E s
] [ J 5
v ——rrr 10" v r ——
10° 10°
Frequency (Hz) Fault Parallel Frequency (Hz)
R NS |
E 3 10' o -
E F k) 3 E
- . E z
N 3 © 1 [
3 i 3 10° 3
[ 3 E 3
'i 3 5 p L
———r—r—r 10" " YT
10° 100
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
| IR PR RV RN B B | I IR RO N IR NSO |
e o 20 4 -
] s © ] s
- - % 157 -
p [ o 3 L
- - _g B -
] - 3 10 7 o
] : g ] :
; 77\ 3 < ® 3
- - \ \ ~ - sk e -
] -7 - <7 s . -, - = = AT
| B A B ELANS H A S B | L A SO LA N BN |
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Froquency (Hz) Fault Parallel Frequency (Hz)
| I NP DU R B S | 20 | B SN NP BEPU B ]
] F ] [
] - L 15 J -
3 . = . C
] [ o« ] "
- o [} - o
E 3 ERE 3
] - = ] a
v - £ s 3
: S p o
b o L e N e N — T a — 4
T 7 "1 7 177
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)

IEITRE Aug 23 13:58:21 1999] Ast/nancy/PEER-SMNorthridge/Comparisons.89082VAP_fspec

Pas 94 BB Sims - nord



Northridge - Filter 0.125-1.43 Hz, Pas 94 BB Sims - pacd

Fault Normal

Recorded
— — — Synthetic Rec/Syn
L . PO S S S i i i P ST e |
10' 3 1
o 3 3
o ] s K] ] i
3 10° 3 3 & ] [
= E F °©
Q. 4 - b=} g
5 : : £ 197 3
< 101 E = € 1 F
pe E L4 - S
a : ' f
102 T 107
100
Frequency (Hz) Fault Parallel Frequency (Hz)
. RS | ) e
1
10° E 10' -
3 F ° 3 ]
- ) + k-] 3 -
g 100 --E E" % 4 t
g ] i 2 10 3
< 101 —E E_ g' E E
3 < = < L
] i . [
10? T T =TT 10 T 7]
100 10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
20 | I P RO P DU NP | 20 [ IO IR PR P ST S |
15 - [ 2 15 J -
@ ] [ < ] s
° ] @ 3 [
2 40 3 - 2 10 s
a ] : 3 1 i
E ] s [ = ] s
< 1 /N o~ s N E 3 ] :
5 N 2N, ¥ < 57 -
e g o - -
p \/ /] s d L
AR R R LR L AL L D T
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fauit Parallel Frequency (Hz)
20 | BN DR Y R BT S | 20 | U B S SR ST B |
5 5 :
15 - 2 15 -
§ : o ! g
= = 2 - -
g v b 2 "7 :
E: s 'EL ; [
5 - < 57 -
- ] s
~ — . 12 e o~ S == F
LR LI AL | L A L e
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)
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Northridge - Filter 0.125-1.43 Hz,

Pas 94 BB Sims - rosc

Fault Normal

Recorded
— — — Synthetic Rec/Syn
i " Pl | A " oA
10' 3 3 10' -
5 z o
E b ] p
-] .
T 100 3 S 1
= 3 ; 3 o
g- . r _.g. 10 3
< 10" o 3 E 3
102 v — —r—rTT 10" -+ r——TTTrrT
100 100
Frequency (Hz) Fault Parallel Frequency (Hz2)
i " PUNS W S S S |
o' 10! 3
(o] 3 o
© < ] !
g o ] [
& g 10° ~
3 £ ]
< 10 s ] i
102 10! T ]
100 10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
20 | S WU WU I BEPUN RS | 20 I PO RO B B S |
15 3 - g 15 - -
3 ] : o ] i
2 ] r 2 . -
=§_ 10 - :— k] 10 - -
< ] [ g ]
5 . o < 5 7 -
] NPV SRR £ ; N - ——
LR R R R AL L L L L L
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fault Parallel Frequency (Hz)
20 TP RPN I B B B | 20 A U B PR B B |
] [ ] C
] s ] [
15 g z 15 g
8 ] [ o« ] :
2 10 4 [ 4 10 4 a
I ] [ £ ] s
£ ] E | ] :
5 - - 5 5 -
L L LN 1- i -' I
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Fraquency (Hz) Frequency (Hz)
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10'

10°

Amplitude

10"

10?2

10!

10°

Amplitude

10!

102

20

15

10

Amglitude

20
15

10

Amplitude

Northridge - Filter 0.125-1.43 Hz, Pas 94 BB Sims - rrs

Fault Normal

Recorded
— — — Synthetic Rec/Syn
n . . N ST T |
E 3 10" -
3 i L 3 3
] [ = 3 F
- p— o R 3
3 E @ L -
3 E ©
] [ 2 100 -
a 3 F
E 3 £ ] i
3 3 < 4 i
T 10t ™
10° 10°
Frequency (Hz) Fault Paraliel Frequency (Hz)
N i o o
E 3 10" A 3
3 d K} 3 E
] [ g ] [
E 3 % 1
3 o ©
] i 2 10° 3 3
= E 3
3 E 3 F
3 E < i [
T ———r—r—r—r 10" v ——— T
100 100
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
! 1 20 | I B S AR ST SR
] [ o ]
7] o 5 15 -
] s o ] s
- | [+3] p
-] - E 10
] i g ]
E L F < %
1 1 i i 1 L L
02 04 06 08 10 12 14
Frequency (Hz) Fault Parallel
| P BT DI B T S 20
] : ]
h - L 45 4
- - © B
] C v :
- - [« -
- - S 10 —
] ’ A o 2 p
] / N A a ]
- 7 \ \ /7 |- E 5 -
] e M ¢ ]
] N7 [ ]
L I L L L) T T 1 17 " ¢ 7 07 7 "
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)
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Northridge - Filter 0.125-1.43 Hz, Pas 94 BB Sims - sati

Fault Normal

Recorded
— — — Synthetic Rec/Syn
3 10! = -
3 2 E 3
3 ® p :
Q ol p [
s E 3 y i
| F 2 100 =
£ [ 2 E ]
< 3 E b [
102 r e e e R 10°f r Tt
10° 100
Frequency (Hz) Fault Parallel Frequency (Hz)
10! 3 E 10' =
] i 2 F
: [ < ] [
L 3 S :_’/\/\/\,\f :
"E_ 3 - E 10~ T = & -~
E . [ 5 E 3
1073 3 E ] :
E i < . [
102 ' — T 107 v —r——Tr"q
10° 10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
{ S DRPU GV BRNPUN RN RS | | U R N I RPN BEPE |
20 — - 20 — -
15 - 2 15 -
'8 ] o . :
=2 . 8 ] -
'-g 10 - 3 10 7 -
< ] [ % ] s
5 P - < 5 - o
. Jdo_ Ja - \ o~ ] o
: ” 4 - N 4 N - : :
L L L L R L L L AL L L e ]
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fault Parallel Frequency (Hz)
20 IR PR NP FNPUN NP SR 20 | IS DPUN REPRN SRR B B |
15 - g 15 - -
§ ] [ @« ; [
= ] [ o P -
8 197 i 3 107 ]
< ] ! "g'- ] ‘
5 1 N < s — ]
] <7 s b R o AN W - >=F
| I NN SN BN AU S T T T T 17 T 1
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Fraquency (Hz) Frequency (Hz)
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Northridge - Filter 0.125-1.43 Hz, Pas 94 BB Sims - scs

Fault Normal

Recorded
— — — Synthetic Rec/Syn
1
107 3 / 10' -
] 2 3 E
: S 3 <
[:] . S
g 10° 3 E 4 -
g : g 103 3
R 3 ] F
3 < J [
10 - Trr——p———r—— 10! " —— Tt
100 100
Frequency (Hz) Fault Parallel Frequency (Hz)
2 i Al i i i PR S |
1
10 E 10" -
3 _J =] E F
o 7 Lt ] s
g 100 3 .7 - % h i
= 3 b =]
[ : = 10° = =
E ] = E E
< 10! 3 £ ] -
3 < ] N
10 T —T 10" T ——T—T——T
10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
20 | PO B SR B N BEPR |
[ 2 15 -
o s e ’ g
© 3 o - B
2 - 3 . -
= - S 10 7 -
E - = 7 F
< s g ] [
» < 57 -
§ 1= ——— F
L L L L L L] L L L L L
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Fraequency (Hz) Fault Parallel Frequency (Hz)
20 20 NP U PR DU NEPU B |
E - -4 9
15 - g 15 3 -
2 ] - (3 ] -
= ] o 8 = o
5 107 F 3 07 :
£ ] g s ] i
5 - E 5] -
3 \7 [ 3
1L L L L L L L L L
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fraquency (Hz)
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Amplitude

Amplitude

Amplitude

Amplitude

Northridge - Filter 0.125-1.43 Hz, Pas 94 BB Sims - scse

Fault Normal

Recorded
— — — Synthetic

" i P S S S S |

Rec/Syn

10" 3 10' 3
] 2 3 3
] = ] 3
10° < ] [
= g
: g 195 3
10" 3 i
L E ] _
102 v e 10 v — r—rT
10° 10°
Frequency (Hz) Fault Parallel Frequency (Hz)
; —
10' '5 5' 101 = -
3 : 2 E 2
] i = ; i
10° 3 E © Jd |
3 < ©
] [ ERE 3
1 a 3 d
073 3 g ] :
10'2 T T r T ™rrT 10" T T T =TT
100 10°
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
20 ST BTSN BN BT S R | 20 | SEEUR DR SRS R S S |
15 7 o s 157 -
] : o ] :
4 d 3 3 d
10 - o 3 10 7 =
] . e ] .
5 7 = < 57 -
-4 - - b
| L D L | R -‘- i "
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fault Parallel - Frequency (Hz)
20 | S U S DU SN B | 20 .1 . 1 1 | B T |
15 - £ 15 4 -
] ' S ] [
] i ° ] s
1 3 R 3
] : 5 ] g
® 3 < %7 3
] s ] = - -~ -F
LR L A L L e | L AL A A
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Frequency (Hz)
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Northridge - Filter 0.125-1.43 Hz, Pas 94 BB Sims - ssus

Fauit Normal

Recorded
— — — Synthetic Rec/Syn
10" 3 3 10" =
] i 2 E E
o 4 - © p
R 1 S ]
2 5 S
E - £ 193 3
< 107 o - 3 ] F
3 F < 1 C
102 . e 10"
10°
Frequency (Hz) Fault Parallel
; A |
10! 3 10" L
3 o
Q - o b L
0 o b B
E 10 E- _8 i |
E‘- ] i 2 100
< 10t o 3 g
z E £ -
10? r —— 10" v ———T—r—Tr
100 100
Frequency (Hz) Frequency (Hz)
Fauilt Normal
Recorded
— — — Synthetic Rec/Syn
20 | IR S RO P IR JPU | 20 (IR DRPU PR SR SR T |
15 o 2 15 o
o ] [ < ] [
] ] [ o ] C
2 1 - K . -
£ 10 o - 3 10 7 -
£ ] F o ] :
5 - N C E 5 F
1 ,» / \ 7 _ 1 ] .
L L l"- | DL l—jj M —l-'-l_ v _l_'_T :ﬁ-
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fault Parallel Frequency (H2)
20 | I TN U RPN SR B |
- g 15 - -
.8 [ o N -
2 . g _' -
= [ R .
g - Ex ] -
o < 5 -
[ ] [
j —l —' I— LA L DL AN AL AN |
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fraquency (Hz)
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Amplitude

Amplitude

Amplitude

Amplitude

10'

10°

10"

102

10’

100

10!

102

20

15

10

20

15

10

Northridge - Filter 0.125-1.43 Hz,

Fault Normal

Recorded
— — — Synthetic Rec/Syn
3 10"
] L 3
] = ]
- m i
3 (-]
E ©
] 2 100
a E
3 E ]
é < :
10"
10°
Fault Parallel Frequency (Hz)
" P S U ST U S |
3 3 10" - -
3 E -] 3 i
p s g ]
3 E o -
E < el
3 f 2 100 =
a 3
E 3 E ]
T YT 10! ' T
100 100
Frequency (Hz) Frequency (Hz)
Fault Normal
Recorded
— — — Synthetic Rec/Syn
[P RPU BEPURE B RPN B 20 | PN ENUTUU NPUN RO NS B
: : : :
o4 - g -y -_
-~ ~ = 15 - [
] [ o 3 [
p - Q e |
-] o 3 10 7 -
] : g ] F
- - < 5 7 3
] [ ] s
| L D A R ]
02 04 06 08 10 12 14 02 04 06 08 10 12 14
Frequency (Hz) Fault Paraliel Frequency (Hz)
[T P RPN ST SR BV | 20 [ PR NPT SPUE BETSN B |
- - L 15 _- [
. . = . [
] ! o 3 [
g 3 Q@ g -
3 - B 10 o
- - K= e 3
] s a ] s
P - 5 - -
] AR SR Q -~ [ s ] -
] < T A W & ] - S N
T | O L L A N
02 04 06 08 10 12 14 02 04 06 08 1.0 12 14
Frequency (Hz) Frequency (Hz)
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57 99/08/31 /ul/nancy/PEER-5/Kobe/Comparisons/Tabulate e ~"r E

- -

- 12:03:27 tableout SRS
| Correlation | Least Squares | Response Spectra |Fourier Spectra
| --mmmm e R | =mmmmm e | -mmm e
Station | FN FP | FN | FP | FN | FP | FN | FP
-------- R ot e Bt Bt B EET
abn 0.617 -1.297 0.069 0.473 -0.139 0.398
ama 0.403 0.084 0.568 0.213 0.535 0.346
fka2 0.688 0.107 -0.072 -0.476 -0.336 -0.561
fks 0.387 0.078 0.692 0.835 0.422 0.681
kbu2 0.836 0.383 -0.177 -0.402 -0.020 -0.592
kob?2 0.565 -0.011 -0.234 -0.541 -0.456 -0.766
mot2 0.828 0.340 -0.229 -0.174 -0.042 -0.106
mnrg 0.455 0.103 0.413 0.447 0.212 -0.040
osa 0.483 0.078 0.229 0.401 -0.302 -0.160
ski 0.675 0.153 0.171 0.529 0.231 0.345
tkt2 0.300 0.017 0.391 0.372 0.097 0.152
-------- ] e e e ] e e e
Average 567 .003 166 152 018 -0.028

0 0 0. 0. 0. .
Sigma 0.179 0.448 0.582 0.786 1.028 1.199
Sigma Mean 0 0 0 0 0
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Simulations and Data Band Pass Filtered 0.125-1.43 Hz
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Simulations and Data Band Pass Filtered 0.125-1.43 Hz
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