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ABSTRACT

Near-field strong-motion accelerograms of the San Fernando
earthquake and three of its aftershocks recorded at Pacoima Dam were
analyzed us{ng Haskell's moving dislocation model. F r the main shock, it
was found that: (1) The effect of stick-slip (segmented rupture velocities) is
not prominent within a moderate range of rupture velocities; (2) A hinged
fault surface can produce the necessary initial negative polarity of the vertical
velocity trace; (3) "Tsing Jungles' and Frazier's {1973) solution, the Haskell
model produces very large amplitudes compared to those observed. For
three aftershocks (events 4, I, 30, according to Trifunac, 1972) which
occurred within six minutes of the main shock, it was found that: (1) Their
solutions were characterized by small fault area (~1 kmz), moderate rupture
velocities (~3 km/sec), and very short rise times (~0.03 sec); (2) The dis-
location particle velocities of events 4 and 30 ccmpare with that of the main
shock, but the velocity of event 11 seems too high. Without independent
estimates of some of the source parameters (location, fault orientation,

fault length), as with the aftershocks, the solution becomes less credible,
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SECTION I
INTRODUCTION

This report discusses the continuation of the work begun by
Tsai and Patton (1972 and 1973) on the application of Haskell's moving
dislocation model for interpreting near-field strong-motion earthquake
records. We have restricted our analysis to those records obtained very
close to the event, so that the whole space formulation of Haskell's model is

quite reasonable.

In Section II, a review of Haskell's model is given, and a
general discussion of the effect each parameter has on the theoretical wave-
form is presented. In particular, the effect of dip angle, rupture velocity,
and total dislocation is shown by two fault plane configurations for the San
Fernando main shock. The first representation uses the model of Jungles 1
and Frazier (1973) in an attempt to fit the record at Pacoima Dam. The
second representation is a somewhat simplified version of the first, but
includes a segmented fault plane with variable rupture velocity, dislocation,

and dip angle.

Further earthquake activity very close to the San Fernando
earthquake fault plane is examined in Section III. Three small aftershocks,
occuring within six minutes of the main San Fernando earthquake, were
recorded at Pacoima Dam. In fitting theoretical waveforms to these records,
we are able to see some of the limitations of the model due to source-station
distance and possible intervening structure. Also, we discuss some of the

limitations in our knowledge of the magnitude range of the source parameters.

Finally, Section IV presents a summary of our findings

with possible directions of future studies.
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SECTION II

A DISCUSSION OF FAULT PARAMETER
VARIATION WITHIN HASKELL'S MODEL

Kn A ROUGH GUIDE TO THE FAULT PARAMETER VARIATION

T e S S r——

In an attempt to better understand the Haskell moving dis-
location source, and to increase the efficiency with which the theoretical
source is fitted to the empirical data, a study of the effects of the variation
of the individual parameters was undertaken. A concise description of the
equations derived by liaskell (1969) for computing the theoretizal waveforms
is given by Tsai and Patton (1973). They also discuss the technique adopted
for numerically integrating the Green's function integrals. Briefly, the
fault plane area is assumed to be rectangular with length L in the X1 direction
and width W in the X_ direction as indicated in Figure II-1. Over this surface

2
the shear dislocation is described as:

0 t-%l< o
; = . - X
DI(X].' XZ' t) = 510 (t Xl/v) 0 <t-v1 < T (II-I)
X
DiO t—__l >T
v

where i=1 and 2 for longitudinal and transverse shear dislocation respectively,
This form of dislocation function implies that at t=0 a fracture front is

established instantaneously over a length W of the X_ axis. At any fixed

2
point on the fault plane the relative displacement D, increases at constant
velocity from 0 at t= Xl/V to a constant final value, Di At t=T +X1/V. Here
T is referred to as dislocation rise time. The dislocation parameters

needed for computation are either derived from existing seismic evidence

II-1
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MODEL COORDINATE SYSTEM AND
FAULT PLANE GEOMETRY
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such as the fault-plane solution, the aftershock zone, etc., or varied by
trial and error until the resultant waveforms are considered to agree sub-
stantially with their observed counterparts. In our study, the comparison
is accomplished using velocity waveforms. Since this source model is
derived for a whole space, the effect of the free su‘face is approximated by

doubling the amglitude of the theoretical waveforms.

The mcdel variables can be divided into two classifications.
The first is what may be labeled as non-physical parameters. These are the
variables which have no analog in the physical process of fault rupture. They
affect the waveform only by determining the convergence of the nurnerical
signal to the analytic solution. The second group, the physical parameters,
are those which can actually determine the theoretical waveform. In the
following paragraphs, we will present a rough guide of the behavior of the

physical parameters.

The physical parameters include the dislocation amplituces,
rise time, rupture veloci'y, and fault dimensions. In addition, one must
include those factors which affect the waveform in a more indirect way,
specifically the orientation of the fault surface. This information is contained
in the spatial position of the point of evaluation, dip angle, and azimuth.

The variation of a physical parameter has extremely subtle effects due to the
interrelationships of the parameters. For example, under certain conditions,
it is impossible to distinguish between a variation of rise time and rupture
velocity. If the position of observation is maintained, a change of the dip
angle of the fault plane will rotate the observation point within the displacement
field. The same effect could be obtained by holding the dip angle and altering

the position of the station.

For some of the parar.ieters, the effects of variation are
seen directly from the equations of the model. For either longitudinal or

transverse dislocation, the dislocation amplitude can be seen to have only a

1I-3




scaling effect on the waveform, with no ability to modify t.e form of either
the displacement or velocity signal., In the case of mixed dis' cation, the
resulting waveform is the superposition of the waves generated by the two
modes of dislocation separately. This property gives rise to the use of a
least squares technique in amplitude fitting, and this method was used in

' analyzing the events discussed in this report. This approach yields a measure,
through the residuals, of how good our fit of the theoretical to the observed

waveform is.

L B The fault length, the linear dinension in the direction of

: rupture propagation, and width, the dimension transverse to the rupture,
have somewhat similar effects., When one increases the fault area by i-
altering one or both of these dimensions, one increases the source of con- -
tributors to the displacement wave. As each elemental area behaves in the F
i same manner, one is merely adding to the amplitude in an almost linear o
r-. manner. The effect is almost, but not exactly, linear due because the fault |
plane position is altered with respect to the observation point. =
[ For the fault width, the added width will rupture the same i
instant as in the original case, but depending on where it is added, it will i
.' be either nearer or further away from the observation point. Thus, the dis- '
_;I placements caused by this new area will arrive either earlier or later than ]
i in the original case. This alters the waveform by changing the interference -:
pattern between contributing sources. This effect is seen mostly by a change
in time durations of the waveform segments, However, the geometry S
of the situation and the amount of area added is exceedingly important in 1C
determining the significance of these effects. d
% The alteration of the fault length has similar effects to those ==
of added fault width, but is both more complex and more significant in determining -
the signal duration. This results from the addition of area along the direction o
of rupture propagation. As with the fault width, the new area is contributing ..
11-4
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the same signal as a similer area of the original fault and it affects the
resulting signal by originating at a different distance from the observation
point, but it is also, due to finite rupture velocities, extending the time over

which the rupture process occurs.

It should be noticed that an approximation of varying the fault
length could be attained by altering rise times, rupture velocity and dislocation

araplitudes.

The rise time is that period for which the dislocation at a
specific point goes from zero dislocation to the final value. Obviously, this
is significant in determining the time characteristics of the waveform. A
fast rise time will decrease the time over which the rupture process proceeds.

From the equation below, |

Tl(Total):LFault ;i 1/VRup’cure [ TRise, (11-2)

the time duration of the signal is therefore reduced which alters the inter-

ference patterns producing the final wave. As the dislocation occurs quicker,

the displacement amplitudes are increased.

As was previously mentioned, increasing the rupture velocity,
has a similar effect to decreasing fault length. The resulting wave train is
condensed in time except for the initial arrival times of the P and S waves.
The effect is analogous to alteration of rise time in that the displacement

amplitudes are also increased.

A significant effect resulting fro:n the properties of the rise
time, rupture velocity, and fault dimensions is the width of the P- and S-
wave velocity waveforms. For some given length of the fault, rupture
velocity, and rise time, a steady state displacement fun.tion will be

achieved for some time period (say T,). From the diagram below,

I1-5
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and equation II-1, if we double the fault length, then T becomes significantly

lenger. We can also reduce VR to make T, grow. The pulse width of the
velocity waveform, Tp' is determined by the rise time. Application of these
parameters, as well as the affect of the orientation of the fault surface, is

discussed in the following paragraphs.

B. A COMPLEX MODEL OF THE SAN FERNANDO EARTHQUAKE

The prime difficulty in any attempt to model a geophysical
problem has been in producing a model of sufficient complexity to adequately
represent the process while maintaining mathematical tractability. This
problem is acute in working with almost any earthquake sou-ce description.
The incorporation of complexities arising from geologic structure and the
use of structural parameters along the rupture surface has been difficult.
However, from Tsai and Patton's previous work (1972, 1973) the lack of
fit between the observed and theoretical waveforms, in some cases, especially

in terms of polarity, indicate that this type of sophistication might be needed.

As originally presented, Haskell's (1969) moving dislocation

source mechanism does not include the previously mentioned refinements.




The rupture surface is assumed to be of rectangular geometry, with constant
structural parameters, located within a homogeneous whole space. The
success with which Tsai and Patton were able to obtain sclutions in several
cases, with the source parameters comparable with those obtained using

independent techniques, indicates that the model does behave well, at least

on a first order level.

While the inclusion of any geologic structure into this mode!
would be a formiaable task, the mode!is readily adapted to increased compli-
cations in the source mechanisin itself, such as stick-slip. Complex source
mechanisms may b= developed from the simple model by considering a fault
configuration to be divided into a series of smaller contiguions fault segments,
each having its own set of parameters, such as rupture velocity, dislocation
amplitude, dip angle, or width. By summing the displacement or velocity
wa.eforms calculated for each segment with appropriate time delays, which are
determined by the arrival of the rupture front at the fault segments, the
displacement and velocity waveform of a more complex source mechanism is
obtained. By increasing the number of segments, one can derive an earth-
quake source mechanism of almost any desired complexity. With this in
mind, we shall attempt to re-evaluate the San Fernando earthquake source

mechanism as determined from the Pacoima Dam record.

Tsai and Patton (1973) repcurted a solution for this event
based on a rectangular fault with a dip of 520, a fault length of 16,5 km, and
fault width of 14. 0 km, all of which were based on evidence from other sources.
To fit the theoretical waveform, a rupture velocity of 3.0 km/sec, longi-
tudinal and trénsverse dislocation amplitudes of 200.0 and 10 cm respectively,
and a rise time of 0.6 seconds were required. The fit obtained for the

records at Pacoima Dam are shown in Figure II-2,

There are two significant variations between the empirical

and theoretical waveforms which might be thought to be correctable using a
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more complex mechanism than originally applied. The first of these features
is the initial trend of the vertical waveform. On the obse'.ved waveform of
the S-wave, the trend is negative prior to the arrival of the main pulse.
However, the theoretical fit demonstrates a positive initial trend. Secondly,
while the main horizontal pulse amplitudes arc fittedd reasonably well, the
amplitudes and duration of the theoretical wave, exclusive of the main pulse,

show significant deviations from the empiricel wa'refcrnm.

Iritial work was carried out to determin«: the efiects of a
stick-slip mechanism as compared to the constant ruptu.e velocity model as
utilized by Tsai and Patton (1973). As was indicated in the review of para-
meter variations, the variation of the rupture velocity has a uniform effect
on the time durations of the waveforms, compressing or lengthening the
waveform without effecting the basic shape or polarities, and a uniform
effect on all the component amplitudes. If one were to run the stick-slip
model with the same rupture velocity in each secment of the fault, the resulting
waveform would be virtually identical tc the model used by Tsi:. and Patton
(1973). However, by altering the rupture velnacity, one can control the time
durations of individual segments contributing to the final waveform. In
turn, by controlling the time duration of the waveform of the fault segment
vhich dominates a particular section of the final signal, one can control the

duration of a single portion of the tinal waveform.

In addition, the variation of rupture velucity alters the time
relationships between contributions of certain points on the fault plane to the
waveform., T7'or example, by decreasing the rupture velocity of a central
segment, the last regment will not even start to rupture until some time
‘ater than in the constant velocity case. Thus, the patterns of destructive
and constructive interference within the waveform are altered, affecting
the final signal form. It was evident, though, after conducting sevaral cases,

that the effect of a stick-slip model, when constrained to physically reasonable
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rupture velocities (Johnson, et al 1973), was not enough to radically alter
the resulting waveform. In order to eignificantly alter the solution, it was
concluded that a more complex source mechanism, in terms of geometry

and the other fault parameters, would be needed.

Other investigators have demonstrated that the fault surface
that ruptured during the Sai Fernando earthquake was non-planar. Both
Jungles and Frazier (1973), using static dislocations, and Whitcomb, et al
(1973), using aftershock fault plane solutions, indicate that the rupture
surface is hinged, having -ne dip angle above a point 6 km over the hypo-
center, and another dip angle below that poi.at. In addition, there is no
reason to assume a constant fault width, dislocation arnplitude, or rise
time. Thus, by allowing these parameters to vary, a new solution to the

main event of the San Fernando earthquake can be generated.

In the beginning of our analysis, it was intended that the
Jungles and Fra:iexr would be used as the basis for a re-evaluation of the
Pacoima Dam accelerograms using complex source configuvations of the
Haskell moving dislocation source. It soon became evident, though, that the
number of fault segments needed to adequately describe this model, eleven,
with the associated 66 parameters, was unmanagable considering the degree
of refinemen’. expected for the soiution. However, the initial work done

with this model established certain properties which are worthy of note.

The dislocation amplitudes and the fault structure of this model
do produce a waveform reasonably close to the velocity wave calculated from
the Pacoima Dam accelerograms. But, even without taking into account a
free surface effect, the waveform amplitudes are approximately three times
too great., For example, in the upper fault segment, where Jungles and
Frazier estimate an 8, 3 meter dislocation, we find a 2. 7 meter dislocation.

Similar reductions are necessary along the entire fault surface to produce

waveform amplitudes approximating those of the empirical data. Ttese




waveforms are shown in Figure II-3, with a cross-section of the structure

given in Figure II-4 and a tabulation of the parameters for each segment

given in Table II-1.

Cur solution should be compared to Jungles' and Frazier's
considering the following assumptions, First, the analytical descriptions of
the. source are quite different. They use a finite element variational method
to our H-askell dynamic dislocation. Secondly, they use a heterogeneous
half-space accounting tor local geology, while we use a homogeneous whole
space with an approximation used to account for the free surface. The
primary objectives of this comparison was to get some feeling for the ideali-
zations inherent in the Haskell model, and the analysis of a segmented fault
structure. Also, in judging the comparieon, we should keep in mind the
possible non-uniqueness ot Jungles' and Frazier's local geology and our
description of the source-time function (choice of rise time, rupture velocity,

etc. ).

Keeping these assumptions in mind, and still desiring to
determine the effects of a segmented fault plane, a simplified model of only
five segments was chosen. The fitted waveform for this model is shown in
Figure II-5, with a cross-section of the structure given in Figure I1-6 and a
tabulation of the parameters for each segment given in Table II-2. One of
the most significant variations of the waveform results from the hinged fault
structure. In the Tsai and Patton's (1973) uniform model, the vertical
S-wave trace of the velocity signal has an initial pesitive trend. The hinged
fault surface, though, produces an initial negative trend similar to that

of the observed vertical trace.

The improved fit resulting from the hinged fault surface
encouraged us to make further adjustments to the model. After varying the

width, rupture velocity, length, and longitudinal dislocation of each segment,

a better fit was obtained in terms of pulse width and amplitude (compare




FIGURE II-3

OBSERVED (SOLID CURVE) AND THEORETICAL (DASHED CURVE)
VE LOCITY WAVE, BASED ON A MODIFIED JUNGLES AND
FRAZIER MODEL, OF THE SAN FERNANDO EARTHQUAKE AS
RECORDED AT PACOIMA DAM
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TABLE II-1 -
SAN FERNANDO EARTHQUAKE - MAIN EVENT

at

Modified Jungles and Frazier Model

Constants: VP = 5,5 km/sec VS = 3.2 km/sec
Width = 14. 0 km Rise Time = 0. 6 sec ]
Rupture Velocity = 3.0 km/sec
Transverse Dislocation = 0,0 cm -

Starting with segment nearest hypocenter.,

b
Segment Dip Length (km) Longitudinal
Dislocation (cm)*
1 60° ) -8.33
2 60° -1.~0 o m»»_.-s—s_:s
3 60° 3,044 ~166. 7
WYEX & ;E"—d. 1.0 83,3 i
5 60° | L0 -8. 33 !
6 o 0.8 -8.33
7 33° | 2.3 -54, 52 '
TR T By -70.0
9 330 D _80.0
kT 33° T 270, 0
ESTEIRE ST O gam 666

*Not corrected for free surface effect,
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Figures II-2 and II-5). As implied in our previous discussion, these choices
are not unique, but give an indication of the adaptability of the model under

different fault configurations.
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TABLE II-2
SAN FERNANDO EARTHQUAKE - MAIN EVENT

Complex Source Model *

Constants: VP =5,5 km/sec VS = 3,2 km/sec

Starting with Segments at Hypocenter

Segment 1
Width = 12, 0 km Length = 3.5 km
Rise Time = 0. 6 sec Rupture Velocity = 3.0 km/sec
Dip = 60°
Longitudinal Dislocation = =175 cm
Transverse Dislocation = =10 cm

ment 2

Width = 14, 0 km Length = 3,5 km

Rise Time = 0, 60 sec Rupture Velocity = 2. 88 km/sec
Dip = 66°

Longitudinal Dislocation = -225 cm

Transverse Dislocation = -10 cm

Segment 3
Width = 16,0 km Length = 1. 8 km
Rise Time = 0. 6 sec Rupture Velocity = 2. 85 km/sec
Dip = 33°
Longitudinal Dislocation = =250 cm
Transverse Dislocation = =10 cm

Segment 4 \
Width = 14,0 km ' Length - 5.0 km
Rise Time = 0. 6 sec Rupture Velocity = 3,00
Dip = 33°
Longitudinal Dislocation = =100 cm
Transverse Dislocation = -10 cm

Segment 5
Width = 12,0 km Length = 5,0 km
Rise Time = 0. 6 sec Rupture Velocity =3.20 km/sec
Dip = 33°
Longitudinal Dislocation = -200 cm
Transverse Dislocation = =10 cm

X
Dislocations not corrected for free surface effect.
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SECTION 111

ANALYSIS OF THREE AFTERSHCCKS
IN THE SAN FERNANDO EVENT SEQUENCE

Triggered by the initial shock of the San Fernando earthquake,
the strong-motion accelerograph at Pacoima Dam continued to operate for a
period of approximately 320 seconds after the main event. During this time,
over 30 aftershocks occurring in the near-field were recorded by these
instruments. Using Haskell's moving dislocation, Tsai and Patton (1973)

have analyzed the first aftershock of this sequence¢. Since their work, three

more events from this series have been interpreted. These events are

identified by numbers 4, 11, and 30, using the notation of Trifunac (1972). The
first motions of these aftershocks were recorded at approximately 70, 124,

and 310 seconds after recording began (Figures 111-1).

The initial step in fitting these aftershocks was to determine
approximate positions of their hypocenters. In the analysis of the first
aftershock, Tsai and Patton (1973) restricted the location of the event to a
volume directly on or above the fault plane of the main shock (Figure III-2).
However, for subsequent aftershocks, this was determined to be too limited
a range of positions to fit these events, Instead, our location estimates were
based on the 5- minus P-wave arrival time difference determined from the
velocity wave, and the relative polarities of the three components, Assuming
a simple double couple source with the sam: mechanism as the main event,
the aftershock was limited to one quadrant with respect to the recording
station. The position of the event within this quadrant was varied until a
satisfactory waveform fit was obtained. The locations obtained by Trifunac
(1972) using S- minus Pawave times, were used for initial epicentral positions.

The depth for each aftershock was then determined by the S- minus P-wave
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GEOMETRY OF FAULT PLANE BY WHICH TSAI AND PATTON
RESTRICTED LOCATIONS OF AFTERSHOCKS OF THE
SAN FERNANDO EARTHQUAKE
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time recorded at Pacoima Dam. Comparison of our locations with those of
Trifunac's (1972) is shown in Figure III-3, and their location on the fault

model surface determined by Whitcomb (1973) is given by Figure III-4,

At this point, a decision was necessary to determine what
segment of the velocity waveform was to be fitted. Obviously, it is required
that the S- minus P-wave time and the P-wave polarities be matched. How-
ever, the theoretical waveform does not display any affects of either geologic
structure or the free surface. Thus, it is considerably less complex than

the empirical wave.

Since the major part of the fitting process involves matching
the S-wave, the empirical data must be simplified to allow comparison with
the theoretical wave. We assumed that the information describing the
dominent rupture phenomenon of a particular aftershock was contained in the
wavelet with the greatest peak-to-peak amplitude on the horizontal components.
Thus, it was felt that it would be most appropriate to fit this wavelet for all
the components. In some cases, the second pulse of the wavelet had been
affected by interference. In these cases, it was attempted to reconstruct

by eye the original waveform (Figure III-6b).

Once the decision had been made to fit a particular part of the
S-wave, theoretical waveforms were generated for various source parameters
until the desired relative amplitudes, polarities, and pulse widths could be
produced. These initial runs were evaluated with unity dislocation amplitudes
for both the longitudinal and transveree dislocations. The least squares
fitting routine, mentioned earlier, provided the 'best-fit' dislocation

amplitudes.

Using these techniques, solutions for the three aftershocks
were determined. The accelerograms and fitted velocity waveforms of events
4, 11, and 30 are shown in Figures III-5, III-6, and III-7 respectively. A

summary of these solutions is given in Table III-1, with the parameter values
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FIGURE 111-4

LOCATIONS OF AFTERSHOCKS OF SAN FERNANDO EARTHQUAKE
(TRIFUNAC - HEXAGONS, HASKELL MODEL SOLUTIONS -
! CIRCLES) SUPERIMPOSED ON WHITCOMB FAULT SURFACE MODEL

EVENT 4
[TRIFUNAC]
R 0 KM)

EVENT 4,

(11, 0 " @ vENS30

[TRIFUNAC]

; (12 KM)
EVENT 1 (

(8.0 Kid

EVENT 30
(15 KMV

KM

| AFTERSHOCK LOCATIONS
| WHITCOMB FAULT SURFACE MODEL

I11-8




EVENT 4

J

+0.5 4
-0.5 +

| L

MPLS 5

o
1

+0.5 T+

ANUHw\EUV SNOILVIATIDOV

WVA VINIODOVd 1V dd3q30Dd¥ SV ‘AMVNADHLYVI OANVNHIEL NVS
FIHL JO MDOOHSYIALIV NV ‘¥ LNIAT JO SADVYL NOILVITTIHAD DV

VS-III 3uNOId

3

TIME (SECONDS)

2
111-9

+0. 5 -
"0. 5 Jh




-8. 37 C}v’

2
26.3 x 102! DYNE-CM

TOTAL DISLOCATION

FAULT AREA = 1.0 KM
M

TIME (SECONDS)

{

(DAS/MND) ALILOTIZA

IWVA VINIODVd 1V QIY0Dd¥F SV ¥ LNIAT IO IAVM A LIDOTAA
(IA¥YND @FAHSVA) TYIOILIHOIAHL ANV (IAYNS ATTOS) ATAYISIO

d6-IIT JINOIA




-+

, :
L i . < un
4 =
B ﬁﬁ
anLv
4 = t
/ » -
4 Z I
- W W 1||ﬁ%” - <
5% [ ._I,IMU"
~ | 2
c\l\..\m“u! InW.u.Fn.Il..I i
;Lf«l[l.ﬂl - R e < |
Ad\.letfv, R e m
- & — - ————T - N Z
o}
a= LV\.\I\V m
AMW. 6
+F M
<P
r w < 1~E
5 =
g E
- ]M\.w
ﬂA”lv
:
Jﬂ - -
q
p
>
“ _ ; ; " " s :
ool NMOd — — MPLS = d91s =
]

+1

ANUMw\EUV SNOILVYATIIADDV

WVa VINIODVd 1LV a3dd0Dd¥ SV ‘IMVADHLYVA OAONVNYII NVS
dHL 40 XMDOHSYIALAV NV ‘11 INJAJ 40 SADVIL NOILVITTIADDV

VI9-III JdNDId

@

———

111-11




2
P -
~ A_“.Hm
& )
i | “Z = i
SE P
:MAZO
< Q
0= X
i g & w0 o i
ZO 4 e~
o o,
HooEHd N
Z < i
€2} Do M
b0 o - e =
HROoOLK 23 ——
L e — == o
L L e
>
- > 2 <
Jv
e
A =
1 i 4 ) | i ]
Y | 1§ L] | L] 1 ¥
© Nx.Od © ° MPLS ° < 91 -
<« <+ <+ <+ <+ <
-+ 1 -+ 5 + 1

(DAS/ ) LLIJOTEA

WVA VAIODVd 1LV d3adO0Ddy SV 11 LNIAF 40 TAVM A LIDOTIA
(IA¥ND dIHSVA) TV IOILIYOIHIL ANV (ZAYND ATTIOS) AIA YISO

de-1IT JdNOI4

TIME((SECONDS)

111-12

e T e —m m. mm Esl E s e —




EVENT 30

TIME (SECONDS)

|
MPLS 4918

+0. 33 e o

Amoum\zov SNOILVIATIADOV

WVd VINIODVd 1LV Qd@d0DdY¥ SV ‘AMVNDHIYVE OONVNYUEI NVS
dHL IO MDOHSYALIV NV ‘0¢ LNIAJ JO SIDOVIL NOILVITTIDDV

VLi-III 39N 0Id
Sl N el el el = —F — Ff P PE b R B




-3.47CM

b ™

=>
N @)
z o
w Qo Z
OA‘I
:Cz
@0 B
R
o. Ee
302AD So
HY B O
- d m:ﬂm.ﬂ:
sheo o4 <
HeBE S35
t _ “ ; _ “ el
| f
5 amod p o M¥LS - . 491 s
+ ' + ' * !

(DFS/ND) ALIDOTHA

WVQA VINIODVd 1V d3gY0DJY SV 0¢ LNIAT IO IAVM A LIDOTIA
(IA¥ND @IHSVA) TVIILIAYOIHL ANV (ZAUND ATTIOS) ATAYISHO

g.-III IYNOIAL

TIME (SECONDS)




:
(s1sayjuazed Ul suonjoS deunjial)
) e} 1
: (1°siy w®'Bon)6s ‘0 = T
9°%) 0°% (v°s) oL°v (6°%) €% ( "W) spnjudejy resog
o
(wd=3udp 0 X 0°Lg) | (wd=3ULp 501 X 0°LY) (ud-audp 1201 X 0 °¥2) % aman = W
Eu-uc%__ﬂe x 08 L | wo-audp ,,01 X § €21 wo-audp 1201 X €792 () uUdWoN dTWsIIg c
(Wd Q°g) Wd Ly ¢~ (Wd O "pg) wd g “1p- (wd 0 °02) wd g, °g- uorjwdo0]sI1g 1%0L
wd gp Q- wd 9% °0- w 14 Q- Uol3®I0[S1(J 8IIASURI ]
wo 7o g - wd 69 *0F- w ¢ °g- uoyed0[s1] (RuUIpPR3IBuUOT]
wy g “cl- uy 80 °8- wy g °ll- Z
wy g °L w g¢ *9-= S| 2L 5= A
wy 0°S wy g g wy $8 L X $3jwUIPIOO) IDINOS H
5
oom OON OON yinunzy
%S o008 o08 918uy dig
o9s/uni gl °¢ o9s/uy Q¢ Jes/uny Q¢ A310019A @anidny
298 G20°0 29s €0°0 098 €0°0 suny °sty
uny 0 1 uny 0 1 uny g °1 Ya8uag
unf gL 0 ury 0°1 uy o1 Wpm
298 /umy Z°¢ o298 /w2 °¢ S8 /unf 2°¢ . m>
298 /w) G °g d9s/wy g °g JIs/uDf G °g nm>
LPODI - 0t LNIAJF ¥$ODI - 11 LNIAF €¥ODI = ¥ LNIAJF SYILIAINWVIVI
J0YNOS NOILVZ2UTSIA DNIAOW TTJAMSVH DNISN SMDOOHSHALAV OL SNOILNTOS
I-III TV 1L
| P et d e s s e ek bt el e s S b B B Bl B
L)




obtained by Trifunac (1972) also given for comparison. The solutions
| presented here should not be considered the only correct solution, but one

of the best possible within the limitations of the model.

One of these limitations is the lack of independent determina-
tion of the source parameters. Unlike the San Fernando main shock, the
hypocentral location, fault dimensions, and fault orientation are relatively
unknown. Also we have the usual uncertainty with rupture velocity and rise
time. If we use an average rupture velocity of 3.0 km/sec (the velocity
could vary between 2.3 and 4.5 km/sec [Johnson, et al. (1973)]), by varying
the fault length and rise time to obtain a fit, the solution yields exceedingly

short rise times.

Two approaches which could possibly help in determining a
physically causal solution (with its associated rise time) are corner frequency
analysis and comparison of dislocation particle velocities. First, from
determination of the P-wave corner, an approximate value of VR/L can be
obtained. The corner frequency for body waves is defined to occur at the
spectral transition from the low frequency trend (f-l) to the high frequency
trend (approximately f-3) in a near-field displacement spectrum (Cherry, 1973).
The corner frequency is linearly related to the ratio VR/L, with the constant
of proportionality highly variable with azimuth. Having good azimuthal
coverage, and spectra where the corner is readily definable, would provide a
method for determining the rise time, or at least a range of rise times.

Measuring the pulse width T, from the velocity waveform, we can obtain the

1
rise time from equation I1-2. For the three aftershocks, this method was

difficult to apply because of poor quality spectra.

The second approach involves comparison of dislocation
particle velocities between the main shock and the succeeding aftershocks.

The dislocation particle velocity is defined as

VDP = Nislocation/Rise Time.

111-16
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Because of the relatively good control on the main shock fault parameters,
Tsai and Patton's value of 167 cm/sec should be fairly realistic. For the
first aftershock, Tsai and Patton obtained a value of 120 cmm/sec for a 0.1

second rise time. The three aftershocks yielded V__ values of 282 cm/sec

(event 4), 1356 cm/sec (event 11), and 121 cm/sec (eBSnt 30). Events 4 and
30 have what may be termed reasonable values compared to the main shock
and the first aftershock, but event 1l seems too large. For this event,
possibly a higher rupture velocity with no change in the fault length would

result in a longer rise time and smaller total dislocation, thereby yielding

a lower VDP'

The solutions to events 4 and 11 do, in general, agree with
Trifunac (1972) to the degree that they both have large dislocations over a
small fault area, yielding a high stress drop. Because of the proximity of
these events to the main shock, large stress concentrations seem reason-
able. In the same light, event 30 has a smaller dislocation over the same
fault area, and thereby a lower stress drop in concert with its relative
location. Finally, events 4 and 1l have steeply dipping fault planes, indicating

a stress readjustment off the main shock fault plane.
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SECTION IV
SUMMARY AND FUTURE STUDIES

Our analysis of the San Fernando earthquake and three of its

e

aftershocks recorded on strong-motion instruments at Pacoima Dam can be

summarized as follows:

° Without independent estimates of the fault parameters, the

credibility of the solutions obtained from the fitting procedure

3

using the Haskell moving dislocation model is drastically
reduced. Although we can use a least squares technique to
fit the dislocation amplitude, the interrelationships of the
fault orientation, fault dimensions, rupture velocity, and rise
time makc our solution highly non-unique. If strong-motion
records having good azimuthal coverage and good quality
accelerograms are available, reasonable estimates of fault
length, rupture velocity, near-field corner frequencies, and

rise time can be obtained.

° Upon generalizing our source to included segments having
their own rupture velocities, dislocations, and dimensions,
the effect of stick-slip alone (segmented rupture velocities) is
not major within a moderate range of rupture velocities. But
by having two segments with different dip angles (a hinged
fault surface), significant changes do occur. In particular,
the initial negative trend in the vertical S-wave trace of the
main shock recorded at Pacoima Dam is produced by this
fault geometry which is similar to that of the observed

waveform.
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the following:

Using Jungles' and Frazier's (1973) solution, their dislocation

values resulted in amplitudes much larger than the observed
values when used in the Haskell model. This result is
difficult to judge, considering the differences in the source

mechanism descriptions and the rupture madium.

The three aftershock solutions were characterized by small
fault area (~1 krnz), moderate rupture velocities (~3 km/sec),
and very short rise times (~0.03 sec). The dislocation
particle velocities of events 4 and 30 correlate with those of the
main shock and first aftershock, but the velocity of event 11
seems too high. Events 4 and 11, because of their large
dislocations, small fault area, and proximity to the main event
hypocenter, are high stress drop events, while event 30, with
smaller dislocations and at a farther distance from the hypo-

center, is a 'uw stress drop event.

Future studies of near-tield strong motion data will include

During a recent resurvey of the accelerometer network

which recorded the San Fernando earthquake, it was determined
that the horizontal components at the Pacoima Dam site were
aligned incorrectly, which resulted in a 30o error in the
direction of the instruments. While this information was
received too late for this report period, the effect of this

misalignment will be determined for the next report.

The strong motion data for the Bear Valley, California event
of June 22, 1973 will be analyzed using both the Haskell whole
space model and a Cagniard-de Hoop half space model refined by

Johnson (1973). This approach, besides providing a detailed

analysis of this event, will give an indication of ‘he effect




' that the inclusion of a half space has on our solution. Also,
both near and far field spectra will be calculated to help in
" I our parameter determination (corner frequency analysis),
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