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SUMMARY

For eastern North America, a region with a sparse strong motion data
base, the following procedure is developed: 1) use microseismic data to obtain
attenuation relations in the frequency band 1 to 10 Hz. This will provide dis~
tance scaling of response spectra and peak ground motion for distances greater
than 50 km. 2) use models of rupture process of plate interior earthquakes to
define the relation between seismic moment, M , and spectral corner frequency,
f . 3) use theoretical and empirical considerations to estimate strong motion
s@aling from the Mo—f information. The procedure is also applied to western
U. S. earthquakes as a fest.

INTRODUCTION

Earthquake activity in eastern North America is an example of a high
risk, low probability phenomenon. High risk is associated with both the past
occurrence of very large magnitude earthquakes and the low anelastic attenua-
tion of earthquake waves in the frequency range associated with structural
damage. Low probability results from the relatively long recurrence times of
large earthqguakes.

ATTENUATION OF GROUND MOTION

There is only a limited amount of observational strong-motion data for
eastern North American earthquakes (Ref. 1,2,3) Several approaches can be
taken to overcome the deficiency of data. One is to assume that source scaling
relations are the same for California and eastern North America earthquakes
but that the attenuation curves for the two regions are different (Ref. 4). A
second approach, used in the past for critical facility siting, uses intensity
attenuation relations to predict site intensity which is then correlated to
strong ground motion. A third, semi-theoretical approach, uses relations
between m, and far-field peak ground motion,

The third, semi-theoretical approach (Ref. 5,6,7) leads to the following forms
for peak horizontal acceleration, velocity and displacement as a function of
epicentral distance, R, earthquake focal depth, h, and body wave magnitude, m,
for mid-plate earthquake scaling (Ref. 8).
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In these relations, the peak ground motion is modeled as an attenuated higher
mode surface wave as a function of epicentral distance (Ref. 9):

a(R) = Aoe—0'83R

exp(~YR) (1)
The 0.83 coefficient in (1 - 4) arises from the geometrical spreading while
the E, D and F coefficients describe the effect of anelastic attenuation at
different frequencies. The coefficient of anelastic attenuation, Y, is related
to surface-wave Q, group velocity U and frequency dependence n, by

y(r) = wt'"P/uQ, ()

Q_ is the value of Q at 1-Hz. For the central and eastern United States,
Qo = 1000, n = 0.4 and U = 3.5 km/s (Ref. 9,10). In developing relations
£3r acceleration, velocity and displacement, frequencies of 5, 1-2, and 0.5 Hz
were assumed, respectively. Due to the filtering effect of anelastic attenua-
tion the frequency content should necessarily be dependent upon distance, but
because Q is so large for eastern North America, these assumptions are
acceptable,

To determine the coefficients A, B and C, the sparse central and eastern
North America strong motion data sets were used (Ref. 1,2,3). Since all
other parameters in (1 - 3) are defined, the sparse data were used only to set
the 1level of the curves. The proposed relations for the mean ground motion of
the two horizontal components of strong motion records are as follow:
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log a, = 0.57 +0.50 m ~ 0.83 log (R° + h - 0.00069 R (6)
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log v, = -3.60 + 1.00 m_ - 0.83 log (R" + h - 0.00033 R (7
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log d, = -6.81 + 1.50 m - 0.83 log (R + h - 0.00017 R (8)

These relations are strictly defined only for the magnitude range of the data
(b S.mb £5).

Ground Motion Predictions

Equations (6 - 8) represent best judgment relations for eastern North American
earthquakes. To present plausible estimates focal depth, h, must be defined.
Nuttli (Ref. 8) investigated the scaling of mid-plate earthquakes and
estimated the dimensions of these events. Since no eastern North American
earthquakes are known to have ruptured the surface of the earth, there must be

a minimum focal depth as a function of magnitude. This focal depth is the
source width. For a vertical fault,

log hmin(km) = «1.73 + 0.456 my, (9)

Using (6 - 9), Table 1 presents estimated mean peak horizontal ground motions
for an m, = 6.5 earthquake., An mb=6.5 earthquake represents the largest
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earthquake which eastern North America is likely to experience in a period of
about one century, given the experience since 1600 (Ref. 7). Thus the level
of ground motion proposed for eastern North America represents a realistic
choice for aseismic design decisions, except for critical structures.

Table 1. Peak Ground Motion for m. = 6.5

-
R ACC VEL Dis
{(km) (cm/s/s) (em/s) (em)
1. 622.98 T4.96 82.22
2. 619.39 74.59. 81.85
3. 614.15 T4.02 81.25
4, 607.38 73.27 80.45
5. 599.25 72.35 79.47
6. 589.94 71.28 78.33
7. 579.62 70.09 77 .05
8. 568.51 68.80 75.67
9. 556.78 67.44 74.19
10. 544,60 66.02 72.66
20. 423,74 51.80 57.21
30. 332.95 41.04 45,50
40, 270.59 33.63 37.42
50. 226 .64 28.40 31.72
60. 194,36 24.56 27.53
70. 169.74 21.63 24.33
80. 150.37 19.32 21.81
90. 134.73 17 .45 19.78
100, 121.84 15.91 18.10
200. 59.00 8.37 9.88
300. 36.01 5.55 6.80
400. 24.21 4,05 5.15
500. 17.16 3.12 4.12
600. 12.59 2.49 3.40
700. 9.45 2.03 2.88
8oo0. T7.22 1.68 2.48
900. 5.58 1.42 2.16

Response Spectra

Using (6-9) response spectra are estimated for an m_ = 6.5 earthquake.
At distances of 20 and 50 km, the response spectra are estimated by assuming
the Newmark and Hall (Ref. 11) relations, namely that peak spectral accelera-
tion, velocity and displacement equal 2.12, 1.65 and 1.39 times the peak
acceleration, velocity and displacement, respectively for 5% damping, that the
asymptotic high frequency spectral acceleration equals the peak ground
acceleration and the the asymptotic low frequency spectral displacement equals
the peak ground displacement. At distances beyond 50 km, the response spectra
are generated by attenuating the 50 km spectral values at discrete frequencies
according to (%), assuming Q = 1000 and n = 0.4 for U = 3.5 km/s. The dis~
tance of 50 km was used since Phe effect of focal depth on the level of the
peak ground motions is no longer significant beyond this distance for this
size of an earthquake. At greater distances, geometrical and anelastic
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attenuation control ground motion levels.

Table 2 presents the response spectra for such an earthquake at distanceg
of 20 to 500 km.

Table 2. Pseudo Velocity Response Spectra (em/s) for m, = 6.5

Period Distance (km) | B
(sec) 20 50 100 200 300 500 50 205
0.08 9.5 5 2.3 .85 41 .12 1.3 .13
0.10 12 5.5 3.1 1.2 .60 .19 1.8 .18
0.20 23 12.5 6.2 2.8 1.6 .64 4.0 A0
0.430 47 24 12.5 6.0 3.7 1.8 6 2
0.60 70 36 19 9.5 6.0 3.1 8 2
0.80 85 45 24 12 8 ) 11 3
1.00 85 45 24 12.5 8 4.5 14 3.5
2.00 85 45 24.5 13 8.7 5.1 15 5
4.00 85 45 24.5 13.5 9.2 5.6 45 5
6.00 85 45 24 .5 13.5 9.4 5.8 38 7
8.00 60 36 20 11 T.6 4.7 - 2.8
10.00 50 30 17 9.2 6.4 4 - 2.6

Also given in Table 2 are 5% damped response spectra for two California earth-
quakes, The 'A' entry is the spectrum of the east component of motion of the
Feb. 9, 1971 San Fernando earthquake, of M =6.6, recorded at a distance of 52
km at 5260 Century Blvd., Los Angeles. he high frequency part of its spec-
trum is a factor of 4 times lower than the proposed spectrum for eastern North
America at the same distance. This cannot be completely explained by differ-
ences in anelastic attenuation and suggests that, for large earthquakes with
the same high frequency source spectrun values, the values of the western
earthquakes may be numerically larger than the m, values of the eastern earth-
quakes, The same phenomenon can be seen for tge 'B* entry, corresponding to
spectral values of the April 8, 1968 Borrego Mountain earthquake, M =6.4,
recorded at a distance of 205 km at Terminal Island, Long Beach. Th% high
frequency part of its spectrum is about a factor of 6 to T lower than the
preposed spectrum for eastern North American earthquakes of mb=6.5 at dis-
tances of 200 km.
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