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PREDICTION OF STRONG MOTIONS 
FOR EASTERN NORTH AMERICA 
ONl THE BASIS OF MAGNITUDE 

INTRODUCTION 

The present study develops an alternate method for 

predicting ground motion spectra at specific sites in eastern 

North America. In the design of critical structures, maximum 

accelerations resulting from local and/or regional earthquakes 

constitute an essential parameter. Presently, the technique 

used depends heavily on the Modified Mercalli (MM) intensity

acceleration relationships derived from observations obtained 

mostly in western United States. Both the theoretical and 

experimental weaknesses of this technique are witnessed by 

the large scatter of the intensity-acceleration data. This 

has led to a very conservative interpretation and use of the 

data. The new approach eliminates many shortcomings of the 

intensity-acceleration technique by having recourse to the 

magnitude concept in the prediction of ground motion level 

for bedrock sites at specified epicentral distances.  

The magnitude concept uses instrumental measurements 

and empirically established distance corrections to scale 

the relative sizes of earthquakes. Historically, the magnitude 

concept was devised by Richter (1935) and Gutenberg and Richter 

(1936) as a more objective estimation of the energy released 

at the source; its superiority over the epicentral intensity 

concept is derived from the fact that many external biases 

of soil conditions, particularities of construction, as well
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as the subjectivity of observers, are excluded in favor of 

calibrated measurements of-ground motions. By using the 

10bLg magnitude scale (Nuttli, 1973a) that was derived and 

confirmed for eastern North America, the present method has 

the advantage of taking into consideration the appropriate 

attenuation. The differences between the eastern and 

western parts of the continent are well known for wave 

attenuation, type of mechanism, and other source parameters.  

Briefly outlined, the proposed method starts from a 

specified 1-second period mb~ magnitude (and its associated 

sustained ground motion amplitude) and a description of the 

short-period, higher-mode displacement Spectrum within the 

period range of interest. The spectral amplitude is then 

scaled to the desired epicentral distance and converted to 

the acceleration power spectral density function applicabl~e 

to the top of bedrock at the site. At this point, Sv(2Ir, 

0.1), the (response) spectral velocity at 10% damping and 

natural period of Tn = 1-second (W=2ir) is predicted by' 

random vibration analysis. Finally, peak ground acceleration 

ag is estimated from Sv(2rr, 0.1) and standard unit response 

spectra are adopted. At present, this latLer step is necessarily 

based on strong-motion data from outside the eastern United 

States because such data are not yet available for eastern 

United States earthquakes.

MWeso Geopnysicai



The proposed method utilizes a spectral source model 

derived from eastern North American earthquakes (Street and 

Turcotte, 1977). The data recorded at seismographic stations 

located on bedrock makes -the method strictly applicable to 

bedrock sites within eastern North America; however, it 

could readily be extrapolated to other regions by use of the 

appropriate parameters. It could also be used for structures 

on soil foundations, provided the modifying influence of the 

soil column iS taken into consideration.  

NEEDS FOR AN ALTERNATE METHOD 

Before describing the details of the proposed method, 

some problems related to the intensity-acceleration approach 

will be reviewed. These implicitly pcint out the advantages 

of this alternate technique.  

First, the peak acceleration-intensity relationship 

carries all the problems and difficulties related to the 

determination of a maximum epicentral intensity: 1) varying 

amounts of effort made to compile and evaluate intensity 

rei-orts (field observations, questionnaires, telephone 

calls, newspaper reports, etc.); 2) varying degrees of 

observational subjectivity; 3) biasing influence of population 

distribution; 4C local construction practices and styles; and 

5) soil amplifications, etc.  

Secondly, the migration of intensity data (and their 

associated peak accelerations) to other locationsi is also 

questionable since it generalizes what is particular by

Westo GeoPnYsicol



definition. Clearly, the maximum intensity of an individual 

earthquake, even if it were correctly determined, remains a 

function of the source parameters, the transmitting paths, 

and the site conditions. Because these particular factors 

influence the resulting observed accelerations, the migration 

of this observed acceleration is valid only to the extent 

that the potential earthquake can be truly associated with 

the same particulars. The process of prediction becomes 

more question-able when it is used with a site intensity (Is) 

value obtained by attenuiating an epicentral intensity (In)) 

through the distance separating the site and the potential 

(or historical) earthquake; this suggests that the site 

intensity (Is) is equal to an epicentral intensity (1o)

For example, the acceleration spectrum resulting from a 

nearby epicentral Intensity VII(10 ) at a given site (Is) is 

theoretically different from an acceleration spectzum of 4n 

Intensity VII(I5 ) taken at a site, but resulting from an 

event with Intensity IXIO) located 100 km away and attenuated 

to the site. Yet, the currently used technique does not 

account or correct for the gross-assumption that near

field and far-field attenuated intensity-acceleration 

values are the same.  

Attenuation laws are functions of distance, frequency, 

and regional geology. Unless a method predicting ground 

motion accounts for these parameters, it should be used with

weow -e~VC
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grt~at caution, and whenever possible, replaced by other 

methods which consider these particulars. A recognized fact 

(based on experimental and calibrated magnitude information) 

is that events of similar magnitud~e have different felt 

areas in the west and east in the United States and Canada.  

This fact shows the importance of regional attenuation; it 

stresses the uncertainty of transposing from one region 

to another the intensity-fall-off data as well ar the corres

ponding intensity-acceleration relationship.  

The authors of the currently used intensity-acceleration 

relationship (Trifunac and Brady, 1975) have strongly stressed 

"that the physical basis for correlating an earthquake 

intensity scale with the recorded levels of strong motion is 

dubious indeed". They "emphasized the weaknesses in carrying 

out such correlations, as well as the wide scatter of the 

measured peak values"; they "do not rec'ommend the use of 

these average trends for routine engineering design*.  

Recognizing the weakness of the peak acceleration 

versus intensity correlations, other parameters have been 

suggested for use in conjunction with peak values to explain 

the observed intensities. For example, Bolt (1973),r Kobayashi 

(1973), Cloud (1973)# and Bolt et al (19/5) have pointed out 

the importance of duration~ of strong shaking. Studies by 

Seed and Idriss (1971) and Youd et al (1976) have demonstrated 

the particular importance of thie parameter with respect to
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liquefaction. Ploessel and Slossen (1974), by suggesting 

that repeatable high ground accelerations are of more engineering 

significance than the maximum peak acceleration, likewise 

imply the importance of the duration of the ground motion.  

Other authors, such as Puchkov (1963), Kanai (1967), 

Necioglu and Nuttli (1971), and McGuire (1977a), by arguing 

that the velocity of the particle ground motion correlates 

as well as, or better than, peak acceleration with intensity 

data are, ia effect, taking the frequency content of the 

ground mot.4on into consideration. For example, when discussing 

liquefaction, Puchkov eirphasizes the importance of the 

period of the ground motion as well as itF associated amplitude, 

and he concluded this was best achieved by particle velocity 

measurements.  

It is realized from the standpoint of producing damage 

to buildings and other effects upon which MM intensity 

ratings are based that all of these parameters (peak ground 

motion, frequency content, and duration of ground motion) 

are of varying significance depending upon such variables as 

the type of structuref foundation material, etc. Theory as 

well as observations demonstrate the inadequacies of a 

single parameter, such as measured peak acceleration values, 

in explaining observed intensities. Therefore, MM intensity 

alone cannot be expected to predict accurately the peak 

ground acceleration.
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ALTERNATE METHOD OF PREDICTING GRUN4D MOTION 

Up to this point, the more troublesome problems of the 

intensity-acceleration approach have been pointed out, 

particularly for eastern North America for which so few 

strong motion data exist. The present study develops an 

alternate approach. Its major advantage is a fundamental 

dependence on instrumentally-observed data.  

The prediction of ground accelerations is achieved 

through the following six steps: 

1. for a specified mbLg value (that of the selected 

design earthquake), calculate the corresponding 1

second ground displacement amplitude from the 

source spectrum S(w); 

2. for a specified epicentral distance, obtain the 

site displacement spectral level for the 1-second 

period Qr(27); 

3. obtain the acceleration spectral density function 

ordinate at cai2w, Gr(21T); 

4. apply random vibration analysis to predict Sv(2wo 0.1), 

the ordinate of the response spectrum at the 

natural frequency w-21T (i.e., natural period, Tn 

1 second) and 10% damping; 

5. utilize western strong motion data to predict peak 

ground acceleration ag from Sv(2w, 0.1); 

6. scale a set of standard response spectia (such as 

those in Regulatory Guide 1.60).
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Step 1 - Calculations of the S(2fr) 
Displacement Spertral Level 

The present method assumes that the design earthquake 

can be defined in terms of Nuttli's magnitude (mbLg). It is 

not the object of this study to describe the various techniques 

from which intensity data can be used to establish a cor

responding magnitude estimate; studies by Nuttli (1973b), 

Nuttli and Zollweg (1974), Street and Turcotte (1977), using 

intensity fall-off, total felt area and intensity >IV felt 

area, respectively, have achieved a certain degree of 

coherency in this matter. Bollinger (1977) ha3 combined 

techniques to assign magnitude estimates for some important 

historical events, including those of Charleston, South 

Carolina and Giles County, Virginia. In the present 

application of the method, the Giles County, Virginia 1897 

earthquake, chosen for e~stablishing the design earthquake for 

the nuclear sites of the Tennessee Valley Authority (TVA), 

is best characterized by an equivalent mbLg=5.8, as suggested 

by and discussed with the Nuclear Regulatory Commission 

(NRC). Additional research by Weston Geophysical (Document 1) 

on ,the peripheral limits of the felt area was conducted in 

order to establish beyond doubt the value of the total felt 

area found by Hopper and Bollin~ger (1971) and used by 

Bollinger (Personal Communication, 1978) in his magnitude 

estimate given to NRC.  

In eastern North America, tVe most appropriate magnitude 

scale is the I-second period mbLg scale of Nuttli (1973a).



The scale was derived from data of central United 

States earthquakes. A check on the applicability of the 

scale for earthquakes in northeastern North America (Street, 

'1976) showed its suitability, provided the epicentral dis

tances are restricted to 20 degrees. Bollinger (1973) has 

also confirmed the applicability of Nuttli's scale to 

southeastern United States.  

Magr.itudes, by definition, are based on an instrumental 

measure of the ground motion of a given wave at a given 

period. In the case of Nuttli's scale, the measurements are 

made on the higher-mode, surface wave Lg phase, which Herrmain 

and Nuttli (1975) have found to carry, in most cases, the 

greatest energy levels. For design engineering purposes, 

periods other than the 1-second period are also of interest; 

it is thus necessary to relate the 1-second period ground 

motion to that of the other adjacent periods, the shorter 

ones in particular. This can be done if the approximate 

spectral shape of the Lg phase is known.  

Street et al (1975), studying the spectral behavior of 

the Lg phase of 78 earthquakes in central United States, had 

found that the generalized spectral shape is characterized 

by wiO and w-2 trends, and occasionally by w0, w-l and w-2.  

A later study by Street and Turcotte (1977), of 32 earthquakes 

in northeastern North America, containing much of the significant 

larger historical events since the instrumental'era,, e.g. La 

Nalbaie, Grand Banks, Ossipee, Timiskaming, Cornwall, etc.,
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has confirmed the validity of the wo and w2model and found 

that the Lg spectra are remarkably well behaved in shape and 

level, as a function of magnitude. These conclusions are 

based on a comparative study of average observed spectra.  

In their study, all the source spectra are scaled to a 

reference epicentral disF'ance, ro = 100 kcm, in order to 

observe the behavior of the 1.0-second period amplitude 

level and the corner frequency as a function of magnitude.  

For scaling the amplitudes, the following relationships were 

used: 

4J1p93ro(r/ro)Slr(w)exp -y(D-0.9) 

for rcrO (1) 

4 VP 8'ro(r/ro)h~r(w)exp -y(D-0.9) 

%.for r>ro (2) 

where p = 2.5 gm-cm-3 , 0 = 3.5 km-sec-1 1 ro = 100 kcm, r is 

the epicentral distance in kin, D is the epicentral distance 

in degrees, and y, the anelastic attenuation coefficient, is 

0.11 deg-l (Street, 1976). OrMw is the observed spectrum, 

and S(w is the source spectrum at ro distance.

W~NW Geop~hysicai
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The-reasons for selecting these relationships are given 

in the earlier study by Street et al (1975) on the Lg spectra 

af some central United States earthquakes, as well as the 

basis between S(w=O)=M0 .  

In the present proposed approach to predict ground 

motion, it is only necessary to establish the spectral level 

at the 1-second period (w=2ir), and confirm that the 

spectral shape about the 1-second period is well behaved.  

It is not necessary to know the corner period specifically, 

but only where it lies with respect to the 1-second period.  

From Street and Turcotte (1977) data, it can be observed 

that for events with mbg "4.5 and greater, the corner 

period T02 (intersection of Wo and w-2) is always greater 

than 1 second. Thus, if we limit the practical use of this 

approach to events with mbLg > 5.0, i.e., those having any 

design significance, it will be possible to calculate the 

S(2ir) and assume safely that adjacent frequencies, particularly 

the higher ones, are located on w2slope, and thus relatively 

well behaved.  

From Table 1 of Street and Turcotte (1977), where 

observed mbLg and corresponding S(2n) are given for the data 

set,.the following relation 

S(27r) .10 (17.5 + mbLg) (3) 

can be derived. Such experimental relationships can be 

ipplied to the desiyin earthquake magnitude.

nt~on GeophySiCol
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Step 2 - Calculation of fQr(2ff) Site Displacement 

The site specific displacement spectral level N?270 

for a specified distance r can be readily obtained in terms 

of S(270: 

fi(1)= S(27i) g(r)-l (4) 

where g(r) is 

g(r) 47P 41pIr 0(r/r0)c = 1.35 .x 1025 (r/r0)c (5) 

and c = 1 for r<ro 

C =h for r>ro 

ro= 100 km 

in accordance with the constants given in Formulas (1) and 

(2).  

The term exp [Y (D-0.9)] of formulas (1) and (2) does not 

appear in Formula (5) because at distances within the range 

of interest to this study, it approaches one.  

Step 3 - Prediction of Spectral Density 
Level Gr (2 7r) 

Because acceleration is the second derivative of dis

placement, the site displacement spectral amplitude ar(2w) 

can be simply converted to the acceleration amplitude 

spectrum Ar (2TT0 by 

Ar( 2 n) = Qr2T (2r)2 (6)

ftWes GeophyuiCcl
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At some stage in the analysis, it is necessary to 

convert from the vertical motion used in the mbLg to horizontal 

strong motions. The conversion can be done at this point.  

Based on a set of 70 strong motion accelerograms (discussed 

in Appendix A), the mean of the ratio of the horizontal* 

A(2ir) to the vertical A(2v) was 2.4. This value is comparable 

to typical reported average values of the ratio peak horizontal 

acceleration to the peak vertical acceleration. The 2.4 

factor is also compatible with the findings of Street and 

Turcotte (1977, p. 609), based on a study of horizontal and 

vertical com'ponents of eastern United States seismograph 

records. In subsequent pages, A(2ir) refers to the horizontal 

component.  

Next, the acceleration Fourier amplitude spectrum ArMw 

can be related to the spectral density function of the 

ground motion. Specifically, the one-sided spectral density 

function GrMw is proportional to the squared Fourier amplitude 

spectrum (Bendat, 1958)**: 

*Fo ch statio-7si~te case, there is one vertical recording 
and two horizontal recordings. One of the two horizontal 
records was randomly chosen to calculate the rat~io of 
horizontal A(2in) to vertical A(2fi).  

"*This relationship implies that Gr Mw can be estimated by 
smý.othing (or averaging) the squared Fourier acceleration 
amplitude spectrum.

Wfton Geophysica
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in which s denotes strong-motion duration. Gr(6i is the 

spectral density of the power (or energy per unit time) in 

the ground motion. If the total duration of the motion is 

used in Formula (7) , it would imply that the "energy" in the 

motion is distributed uniformly over the entire duration.  

It is appropriate for what follows to select, as the value 

for s, a reduced time interval of strong motion. GrMw 

then becomes the power spectral density averaged over this.  

reduced time. Appendix B examines the influence of the 

choice of the duration s, and proposes a definition for the 

duration of strong motion which will be denoted by so 

(Vanmarcke and Lai, 1977).  

Figure 1 illustrates the steps leading from the source 

spectrum S (w) to the site spectral density function Gr M) 

The dotted lines in the plots labeled (c) and (d) in Fig

ure 1 suggest different possible patterns of spectral 

amplitude decay caused by attenuation of high frequency 

components of ground motion.  

Step 4 - Response Spectra and Sv(2 7. 0.1) Prediction 

Response spectra are plots of the maximum response of a 

linear one-degree-of-freedom system as a function of the 

natviral frequency wn for different values of damping ;~. Of 

particular interests are the response spectra for relative 

displacement (SD), pseudo-velocity (Sv - wn SD), and pseudo

acceleration (SA = wn2 SD)-

WVsdon GeophysiCal
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Our specific objective is to predict the response 

spectrum ordinate at the period Tn = 1 second (Wn = 2iR) for 

a specified dampin~g value, when the ground motion is charac

terized by a spectral density function Gr(w) and the strong

motion duration s - so For our purpose, it is sufficient 

to know Gr(Ci) (and hence ArMbi) in only a relatively narrow 

frequency band neighboring wn; here wn = 21Tf.  

The response spectra predictiona can be accomplished by 

a nonstationary random vibration analysis (Vanmarcke, 1976) 

which is outlined in Appendix C. Briefly, the earthquake 

ground motion is represented as a segment of duration so of 

a stationary Gaussian random function with smooth spectral 

density function GrMw. The analysis assumes that the one

degree linear oscillator is at rest at the start of the 

ground motion,,and predicts the buildup of the variance of 

the (pseudo-velocity) response from zero (at the start of 

the earthquake) to a maximum value a2 at time so.  

The general solution expresses the median* response 

spectra SV(wnt 0) as a multiple of the response standard 

deviation, ov, as illustrated in Figure 2: 

SY(wnP) _-( -- (8) 

'The m-e-dian response spectra corresponds to 50% probability 
of being exceeded. other fractiles of the probability distri
bution of response spectra can also be obtained (see Appendix C).  

Wesion G-eophysicoI
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where a is a dimensionless peak factor. Both a and av 

'depend on the one-degree system parameters wn and 8 and 

on the ground motion parameters. Only 'the specific results 

appropriate for moderate natural frequencies (including 

wn 2rT) and for relatively large damping values (such as 

0 0.1) are needed here: 

rrw 22(9 

zL2 ( 2v8tlIo] (10) 

The choice of damping is not critical. Other damping 

values could be used; the results are available for arbitrary 

damping-values. Fcr very light damping, however, the peak 

response (in particular av becomes more sensitive to 

duration (see Appendix C and Appendix A, Part III).  

Inserting expressions (9) and (10) into Formula (8), 

taking wn = 2nT and 8=0.1, yields: 

SV(7OI [2.5in (2 .8 so)Gr(2 r)]2( 

Weston Geoptyyicc
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In term~s of the one-second (w - 20) acceleration 

amplitude, tt~e result is: 

Finally, collecting all of the above results in terms 

of.b and r, the median horizontal (pseudo-velocity) 

response spectrum :in units cm/sec) corresponding to 

wn = 2n and 10% damping is: 

SV(r,~) n(.SO, 2.(41 10 1Qm -)rf (13) SV(1I01 .35 x1025  0 

in which c =1 for :.Sr 0 = 100 kin, and c =½for r~r0.  

Step 5 -Estimation of ag From Sv(2vT, 0.1) 

Previous sections have shown how t o predict, given 

magnitude mbLg and distance~ r, the (median) peak response of 

a simple oscillator with natural frequency 2n and 10% 

critical damping, Fquati..)n (13)-. The nature of eastern United 

States instrumental data and magnitade sJiles nias promoted 

our focus upon spectral ordinates at w-2ir, but structural 

design demands response spectra 3t other frecjuencies and 

damping values as well. Nuclear power plant design requires

Weseon GeophysiCd
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relatively high frequency results; therefore, we use peak 

ground acceleration ag9 as the parameter to scale standard

ized response spectra. A final step then will be to.  

predict the peak ground acceleration from Sv (21r, 0.1). The 

proposed procedure used is an empirical one, directly 

parallel to the current practice of estimating peak ground 

acceleration from the MM intensity (Trifunac and Brady, 

(1975). In both cases, because of a lack of appropriate.  

eastern records, the prediction is based on a set of western 

United States strong ground motion accelerograms. Implicitly, 

both yroc~dures assume that the relative frequency content 

of strong motions is the same in thie east as in the west.  

The use of Sv(2 1r, 0.1) is to be preferred to MM intensity, 

however, becau~se in contrast to the latter, the former is an 

unambiguous, instrumental value. Also, Sv(2w, 0.1) will be 

demonstrated numerically to be the preferred predictor of ag 

(see Appendix A, Part III).  

Using a set of strong motion data (described in more 

detail in Appendix A), the ratio ag/Sv(27T. 0.1) was studied.  

Letting 

a zkSv(2v,O.I)- (14) 

the best estim~ate of k was 10.46 with Sv, in units cm/sec 

and ag in units cm/sec2.

Weston GeophySiC01
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Combining Equations (13) and (14) yieles the following 

equation for the horizontal peak acceleration on rock, for 

r < 100 kin: 

Step 6 -Scaling of Standard Response Spectra 

In parallel with current practice, this value of ag can 

now be used with standard response spectra such as those in 

the t4RC RegulatoryGuide '1.60,, or any others that way become 

available and possibly be more appropriute.  

SPECIF:C APPLICATIONS 

1. The propos,-d approach will now be applied to the 

selected design earthquake, i.e., a hypothetical repetition 

of the Giles County event. The event is given a magnitude 

1mbIg = 5.8 and assumeO2 to occur near the sites (15 kmn).  

This magnitude and distance have been discussed with and 

suggested by NRC.  

Two strong motion durations So, have been used in 

Equation (15) to calculate the horizontal peak accelerations 

presented in Table 1. First, a more conservative value 

So= 2.51 sec is the mean duration of three Friuli after

shocks with an average Magnitude 6, recorded at the rock 

site of S. Rocco. The second value So, = 4.85 sec is the mean 

duration of 22 strong motion recordings at 11 United 

States rock sites.

Weson Geopfhysicol
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Table 1 shows the predicted iuaxizial horizontal accelerations 

for the selected values of magnitude and distance and also 

for smaller and larger ones.  

TABLE1 

PREDICTED ACCELERATIONS (g)

Distance 10 KM 15 Km 20 Km

Strong Motion 
Duration (Sec) 2.51 4.85 2.51 4.85 2.51 4.85 

mbLg 

5.6 .07 -OG .05 .04 .04 .03 

5.8 .12 .10 .08 .06 .06 .05 

6.0 .18 .15 .12 .10 .09 .08 

2. As a supporting exAmple, let us consider the 

horizontal components of motion recorded on hard rock at the 

S. Rocco station during three aftershocks of thf 1976 Friuli, 

Italy earthquake sequence. Relevant information about these 

records is summarized in Table 2.  

Weo eohie
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TABLE 2 

FRI ULI AFTERSHOCKS 

DATE DIST. DURATION ACCELERATION (g) 
N D Y COKP. HAG. (KID) S. (Sec) OBSERVED PREDICTED 

9 11 76 NS :5.9 15.7 1.30 0.09 0.105 
16h 21GHT Elf 2.68 0.085 0.091 

9 15 76 NS 6.1 1.2.7. 5.96 0.061 0.141 
3h 15GHT Elf 2.10 0.119 0.188 

9 15 76 NS 6.0 23.2 2.43 0.137 0.08 
9h 21Gt4T Ef -0.59 0.242 0.082 

Mean 6.0 17.2 2.51 0.122 0.115 

Std. Dev. 0.06 0.04 

Table 2 includes a tabulation cf strong-motion durations 

estimated on the basis of the procedure described in Appendix B.  

Assuming that the Magnitude H assigned to the aftershocks by 

the Italian seismologists is just as characteristic of the 

relative size of the events as the mb~g scale, and using in 

Equation (15), the tabulated values of H, r and So, we 

arrive at a very interesting comparison of the predicted 

with the observed accelerations, as shown in the last two 

columns of Table 2.  

The means of the observed and predicted maximum 

accelerations are 0.122g and 0.115g, respectively, and the 

corresponding standard deviati~ons are 0.06g and 0.04g.

Weson GeoPhiykd
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An alternative approach is to calculate the mean 

magnitude (M4-6), the mean distance (17.2 kmn) and the mean 

strong-motion duration (So = 2.51 sec) for the six records.  

Inserting these values into Equation (15) gives the 

prediction ag = 0.120g, which is practically identical to 

the mean of the observed maximum accelerations (ag = 0.122g).  

CONCLUSION 

On the basis of the present method of predicting the 

peak acceleration for a design earthquake, a value ag = 0.089 

was calculated for a magnitude mb~g = 5.8 at 15 km. If this 

acceleration value is used to anchor the NRC Regulatory 

Guide 1.60, all the design spectra for Sequoyah, Watts 

Bar and Bellefonte are well above their required design. In view 

of the excellent agreement betwee~n the accelerations predicted 

by the method applied to some Friuli aftershcocks arnd the 

observed accelerations from the same events, it is concluded 

that the selected design bases for Sequoyah, Watts Bar and 

Bellefonte are conservative.
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APPENDIX A 

ANALYSIS OF DISPERSION 

In this appendix, we study the dispersion associated 

with the several steps in the proposed analysis. In addition, 

we compare this dispersion with that implicit in the parallel 

steps in current ground motion prediction procedures.  

Specifically, we compare the proposed method with the 

current procedure in use in the eastern United States, in 

which (1) an MM intensity is predicted at the site (given 

the epicentral MM intensity and the epicentral distance, r); 

and (2) the value of ag9 is predicted from MM intensity. at 

the site. No-,.e that, in the proposed procedure, Sv(27T, 0.1) 

plays a role analogous to that of the MM intensity at the 

site. Therefore, we want to compare how well taese two 

variables can be predicted from a given event size and 

distance, and how well each variable predicts ag.1 These 

comparisons are, of course, only part of the story; the 

proposed method has all the advantages of avoiding the use 

of MM intensity (both ,.picentral intensity as a measure of 

the event size and site intensity as a measure of motion 

intensity) because it replaces intensity by instrumentally

defined variables.  

Note that the proposed procedure utilizes-the same 

philosophy with respect to explicit incorporation of dis

persion as is currently done. Specifically, in both procedures,

Weslon Geophysicai
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me~ian prediction values are utilized at all steps (except 

in the common last step; i.e., utilization of the NRC 

Regulatory Guide 1.60 standard spectra). We wish to show 

that the proposed procedure provides predictions of com

parable dispersion and therefore can be used in the same 

design context with the same confidence.
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PART I: Dispersion in A(2v) Given m Lg and r 

The nature of the probler makes the direct assessment 

of the dispersion in A(27r) difficult; the low seismicity of 

the eastern United States implies that we have very few 

records of events of engineering interest (mbg > .  

to 5), especially at closer distances. It is anticipated, 

however, that there should be less dispersion in estimating 

the A(21) aimplitude of the Lg ..ave that would be measured by 

a typical short-period seismometer at the diptances cited in 

this proposal, than the dispersion normally involved in 

estimating strong-motion peak accelerations in the west.  

This conclusion follows because measurements are made in the 

far field and because seismograph foundation conditions are 

more uniform. The lower dispersion is confirmed by the 

comparatively low station-to-station variabilit01y in the data 

from a single event, when all stations are used to estimate 

event magnitude by a typical magnitude versus maximum sustained 

amplitude and disLtance formula. It is further confirmed by 

the comparatively low dispersion in the empirically fit 

constants of those formulas; the fitting being done over 

several events. Seismologists commonly report magnitude 

estimate bounds of A¼ magnitude units; inverted to give the 

bounds in amplitude from a given magnitude (at a given 

distance), this implies a factor of 10 to a power +1/4, 

i.e. multiply or divide by a factor 1.8. Assuming these

Weston Geophysicol
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bounds represent about two standard deviations, we might 

estimate, therefore, a standard deviation of about +0_12 

log base 10 units or about 0.3 log base e units in the 

Fourier amplitude A(2ir). This implies a coefficient of 

variation in A(2r) of about 30 percent (see below).  

Another approach to estimate the approximate. level of 

the dispersion in A(2ir) has also been used. A set of 32 

eastern events of mb~g magnitude greater than 3.0 (up to 

4.5) was available, together with one or more short-period 

seismometer traces for each. Seismic moment estimates (140) 

and corner period estimates (To 2) were available from Fourier 

amplitude displacement spectra of these traces. The level 

of the w-2 fall-off portion of each spectrum, which, as 

discussed in Step 1, is the portion of greater interest 

in the case of larger events of engineering interest (where 

To is about 1-second or more), is proportional to the 

moment divided by the square of the corner period. These 

observed "w-2 fall-off levels" were compared to predicted 

values. The predicted values were obtained by using the 

composite estimate of Mo for each event and a predicted 

corner period for each event (the prediction is that pro

vided by Figure 6 of Street et al (1975), which plots M.  

versus TC, for eastern United States events). There were 

a total of 95 cases in which Moand the corner period were 

observable; the standard deviation of the ratio of
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observed- to-predic ted values (of the levi~l of the w-2 

fall-off) was 0.58 (the mean was 1.43, implying a coeffi

cient of variation of 41%).  

A final estimate of the dispersion associated with 

predicting A(2ir), given magnitude and distance, was 

obtained by using western strong-motion accelerometer data.  

A data set of 70 event/site pairs (140 horizontal, 70 vertical 

traces) was utilized; it is the same set selected by 

McGuire (1977a) and M~cGuire and Barnhard (1977) to avoid 

bias due to unusually large numbers of data points from 

one event (e.g., San Fernando, 1971). Lacking a full 

set Of mbLg values, ML values were used instead (there is 

some justification for saying they both "sample" roughly 

comparable frequency ranges in ground motion traces for 

magnitudes of roughly six and less). The value of A(2ir) 

used was the numerical average of the calculated A(w) values 

over the range w~ = 0.8it to w =47r radians (0.4 to 2 cps), 

as the latter were reported in Volume IV of the California 

Institute of Technology processed records (see California 

Institute of Technology, 1912).  

With this data, a regression of the same form coummonly 

used for attenuation of instrumental ground motion in

tensity (such as peak ground acceleration) was used: 

in A(2v) a C,+C1 WL_ C~((r+25) (Al)

Wniorn Geog~hVys~
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in which r is focal distance in kilometers. The dispersion 

in in A(2vr was found to be 0.67, implying a coefficient 

of variation* of A(20r of about 0.75. The results presented 

here are for horizontal A(2iw).  

We conclude then by proposing that the results above 

suggest that the coefficient of variation in predicting 

A(2R) (vertical or horizontal**) given mb~g and r, is 

probably about 0.7 or less. This conclusion assumes that 

there is no bias in the equation, i.e., that it makes an 

unbiased (mean or median value) prediction of A(2R) over the 

distance and magaitude range of interest.  

In passing, we observe that, by using regression analysis 

on the same data, we can predict ag with a standard de

viation of in ag of 0.57 or a coefficient of variation of 

only 0.62.  

*This value is based on coefficient of variation - /x e 
in which a is the standard deviation (dispersion) of the 
natural log. This equation assumes an approximately normal 
distribution of residuals of in A(2,r); this form is indeed 
typically observed.  

**The coefficient of variation (c.o.v.) of the ratio of 
horizontal A(2ir) to vertical A(2ir), mentioned in Step 3, 
was found to be 0.37. This is a relatively small portion of 
the total dispersion in the horizontal M(20r because these 
dispersion measures (c.o.v.'s) combine approxim~ately using 
an SRSS rule. So if, for example, tho" coefficient of 
vatiation in predicting vertical A(Zir) is 0.65 and the 
coefficient of variation of the ratio is 0.37, the coefficient 
of variation of the horizontal A(2ir) is (assuming independence) 
approximately 0.75: that is, both vertical and horizontal 
(2,r) have about the same dispersion. 0.7, to one significant 

figure, which is as close as this estimate is valid. Therefore, 
in subsequent discussion, we shall not distinguish between 
the dispersions in vertical and horizontal A(2'n) values.
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This latter value is typical of the values of 0.6 to 0.7 

reported by various investigators who have made similar 

statistical studies of attenuation of ag. Unfortunately, 

such data is lacking for the eastern United States, prompting 

this study. We shall return to such comparisons at the end 

of this appendix.




