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ABSTRACT
• 

Peak ground accelerations recently recorded within 10-15 km of faulting 

during moderate-sized earthquakes (a • 4 to 6) are significantly underestimated 

by many, if not most, of the empirical acceleration-distance relations commonly 

used in seismic engineering. The recent data show a rapid decrease of peak 

acceleration with increasing distances (at a rate between r-find r-I'8) 

beyond 5 to 20 km and suggest a less rapid rate of attenuation closer to the 

causative fault. 



Urban development in seismically ipctive regions throughout the world and 

the smaller margins of safety in much modern construction have increased the 

potential loss of life and property from earthquakes occurring near or within 

developed areas. For example, the 1969 Santa Rosa (m • 5.6 and 5.7) and 1971 

San Fernando (m • 6.6) earthquakes in California are sobering reminders of the 

large potential for damage from even moderate-sized shocks occurring in urban 

vicinities (1). In view of the increasing demand for nuclear power plants in 

active tectonic regions and the trend toward optimizing the seismic design of 

important public structures (hospitals, schools. high-rise office and apartment 

buildings, dams and bridges), an accurate description of seismic loading imposed 

by nearby earthquakes is essential. Our knowledge of this loading is derived 

almost exclusively from strong-motion accelerographs. Although many valuable 

data have been gathered since the initial deployment of accelerographs by the 

U.S. Coast and Geodetic Survey in 1932, prior to 1966 few recordings had been 

obtained within 5 to 10 km of faulting. and thus design values for nearby earth-

quakes were largely extrapolated from data acquired at greater distances. Since 

1966 the number of near-fault records has increased markedly, especially with 

respect to records for which the distance to faulting is accurately known (2). 

We wish to draw attention to three particularly informative suites of recent 

near-fault records, and to compare the observed acceleration-distance behavior 

with representative published empirical relations. 

Cround motion can be characterised in a number of ways. The time history 

of particle motion is obviously the most complete specification, but for many 

purposes of seismic design the motion can also be characterised by parameters 

such as peek acceleration, velocity, and displacement, and some measure of 

shaking duration. We shall discuss only peak acceleration in this report; 

it is the most widely referenced parameter in the seismic engineering literature 



and is measured directly from accelerograms. 

The data for this study (Fig. IA) are from the 1966 Parkfield (m = 5.5) 

and the 1971 San Fernando (m = 6.6) events in California (4,5) and from three 

shocks (a = 4.7, 4.9, 5.1) of the 1966 Matsushiro, Japan, earthquake swarm 

(6). These shocks are unique; they were recorded by several accelerographs 

within 30 km of the source, including one instrument or more within 5 km. 

Conclusions regarding the attenuation of acceleration with distance are less 

likely to be biased by differences is local geologic site conditions or pro-

pagation paths if they are based on a few shocks recorded at many sites rather 

than on many shocks recorded at a few sites. For the California shocks, moreover, 

the hypocenters and patterni of faulting arc unusually well determined. 

When plotted as • function of distance from the source (Fig. ]A), the accelera-

tion data for the Natsushiro, Parkfield and San Fernando earthquakes separate 

according to magnitude. At a given distance the accelerations increase with 

magnitude. In spite of the scatter in the data for a particular magnitude, 

which at least partially results from geologic differences in site conditions 

(7), the similarity in the trend of the sets of data from California is striking. 

1.4 and
Peak acceleration attenuates with distance (r) at a rate between r-

-1.8 beyond 5-10 km from the fault. In comparison the attenuation within 

5-10 km is cot well established. The Parkfield data suggest a sone of nearly 

constant acceleration within about 10 km. For San Fernando, the 1.25 Area 

(8) at 3 km lies below a straight line fitted to the data at large distances 

and is consistent with a sone of little or no attenuation within several 

kilometers of the fault (9). The trends for the Hatsushiro shocks are less 

certain because of the limited accuracy of the earthquake location. 

A number of empirical relations between acceleration and distance have been 

published (Fig. 11). Beyond 30 km the trends of the curves are largely similar. 

This is mot surprising since most are derived primarily from data obtained 

beyond 20 km from the region of faulting. Divergence between the curves at 



smaller distances reflects the lack of near-fault data and emphasizes the 

uncertainty in extrapolating such curves beyond distances for which there is 

sufficient data. Only curve 2 is based on reliable near-fault accelerations. 

Discrepancies among the relations also reflect differences in the data base 

and in the interpretation of data. For example, curves 1, 2, and 3 are based 

on a few records of relatively intense shaking and are not tied to particular 

geologic site conditions. Curve 4 is a geometric mean fit to a larger set of 

dnta that includes many values of relatively weak shaking and is meant to apply 

to "intermediate soil corparahle to a stiff clay or a compact conglomerate." 

Curve 5 is for peak accelvrAtion at bedrock sites and is a weighted average of 

bedrock relations proposed b; other authors. 

Comparisons of the San Fernando data with the empirical curves reveal that 

beyond 20-30 km. where the empirical relations are based on data from a number 

of earthquakes. the San Fernando accelerations are generally below the empirical 

curves 1. 2 al.d 3.4'..! thus the shaking vas not unusually strong. In contrast, 

curves 4 and 5 for special sits conditions underestimate the data even though 

the San 1erna:-.d., ra:•thquale was recorded at both bedrock and alluvium sites. 

At smaller distances. the peak of 1.231 falls far above both curve 3 and the 

extrapolated sections of curves 4 and 5. 

Tbe relation of the Parkfield data to the acceleration attenuation curves 

for magnitude 5.5 is similar to that observed for the San Fernando data. For 

example, at large distances the accelerations are overestimated by curves 1, 

2 and 3; within 10 Ins of the fault all the relations underestimate the accelera-

tions, except the extrapolated segment of curve 1, ublek grossly overestimates 

them. Curve 2 is the best fit to both the Farkfield and San Fernando data, 

'specially at small distances (12). 

In conclusion, many of the widely referenced acceleration-distance relations 
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are not applicable or valid within about 20 km of faulting and need to be 

revised to accommodate the near-fault Parkfield and San Fernando observations. 

The need is urgent because in the absence of instrumental recordings, the 

near-fault peak ground accelerations generally have been significantly under-

estimated (13; Fig. 18). The recent near-fault strong-motion recordings 

clearly indicate that nearby moderate-sized earthquakes can generate peak ground 

accelerations comparable to those from larger earthquakes at greater distances. 

For exsaple, the peak accelerations from the Parkfield (a 5.5) shock at 10 km 

were about twice those from the 1952 Kern County (m • 7. 7) shock at 40 kr.►. 

This is an important consideration for the plan and design of nuclear power 

plants and important urban structures located where intense shaking even over 

a limited area cam be very destructive. In terms of other ground motion pz,ra-

sters, especially duration and displacement, the nearby moderate earthquakes 

▪ be relatively less significant than larger events at greater distances. 

David M. Boors 

Robert A. Page 

National Center for Rarthquake Research 

U. S. Geological Survey 

345 Middlefield Road 

Menlo Park, California 94025 
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Figure Legends 

Fig. 1A. Peak acceleration as a function of closest distance from the slipped 

fault for San Fernando (closed circles). Parkfield (open circles), and 

Matsusbiro (triangles) earthquakes. The ordinate is the largest value of the 

peak (maximum absolute) acceleration from the three orthogonal accelerograms 

at a given station (3). In each case the largest peak value occurred on a 

horizontal component. To avoid influence from man-made structures, only 

data recorded in the ground floor or basement of structures two stories or 

less in height were used. To make the California and Japanese data compatible, 

corrections for instrument response were necessary for the Matsushiro values. 

The vertical bars reflect uncertainties in the corrected values for those 

records containing interfering wave trains that are not readily separated 

into spectral components by visual analysis. The closest Parkfield point 

plots off the graph at 0.08 km. Surface faulting was not observed for the 

Matsushiro events. hence hypocentral distance was used to approximate closest 

distance to the fault. 

11. Representative sets of empirical peak acceleration-distance relations 

(6, 10) for magnitude 5.5 and 6.5 shocks compared with data from the Parkfield 

(mig 5.5) and San Fernando (a • 6.6) earthquakes. Most other published 

empirical curves fall between the extremes in these sets. The "ground 

period" of Kasai et al. (6) is taken to be 0.3 sec, an appropriate mean value 

for much of the data. Empirical relations are plotted in terms of hypo-

central distance, assuming a focal depth of S ka, and are dashed where 

extrapolated. Peak acceleration data are plotted against closest distance 

to slipped surface and also against hypecentral distance (right-hand point 

of data pair) if the two distances differ substantially (11). Letters 

denote serf icial geologic materials at station sites (A • alluvium. 



C • intrusive rock, S mi sandstone, V a. volcanic rock and shale). For the 

sake of clarity, the information for m 6.5 has been separated horizontally 

from that for m • 5.5. 
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