Use of the qnlform hazard spectrum in Characterizing
expected levels of seismic ground shaking
Gail M. Atkinson!

ABSTRACT

This paper provides an overview o ‘
spectrum in comparison to the traditional scaied Lmens ard
approach, for applications in both eastern and western North
america (ENA and WNA). Examples are used to show that a scaled
spectrum overestimates linear response for intermediate
frequencies for some types of earthquakes, by as much as 300%

The result 1s that scaled spectra for a constant probability -
level can be 1n significant error (100% or more) for some seismic
environments. A new algorithm for constructing spectra for
puilding code mapplng purposes is proposed. The new algorithm
replaces peak ground acceleration and velocity with two spectral
parameters (’dynamic acceleration’ and ’‘dynamic velocity’).
spectra constructed by the new algorithm are as simple as scaled

spectra, but much more accurate.

INTRODUCTION

Traditional probabilistic seismic hazard studies, following
the well-accepted Cornell-McGuire method (Cornell, 1968; McGuire,
1977), have often been used to estimate expected levels of peak
ground acceleration (PGA) and velocity (PGV) for a specified
probability level. Response spectra for engineering design

purposes were then constructed by scaling a stapdard spectrum
(eg. Newmark and Hall, 1982) to the site-specific PGA (and/or

PGV) levels. This practice formed the basis for Canadian and
U.S. building codes from 1970 through 1990 (eg. Basham et al.,

1982).
It has been recognized since the mid-seventies that a @orz
direct route of developing the response spectra for any desire
runiform hazard

probability (McGuire, 1977), known as the '
ptually superior and less

Spectrum’ (UHS) approach, 1s conce :
Subject to error. The UﬁS is also based on the Cornell—McGu:.rze
approach, but the hazard computations are'perforﬂidrfgﬁaieigin
Spectral ' specified frequencles, ratne

o e This eliminates the need to scale

Peak ground motion parameters.
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ground motions. Given a suitable database, grour_ld motion
relations can be developed for any'parametel.- of 1nterest,
PGA, or the maximum response veloclity for given frequency val
(PSRV) . Response spectra convey more 1nformation I'€garding tj
amplitude and frequency content of the earthquake than does PCA

and PGV, and are more directly applicable to dynamic analysis
methods. However PGA and PGV were more often used until

recently, partly due to the availability o
motion relations. ' '

design checks which

close distances
r 1988 for a review of these).
» that such relations provide

r a@nd any specific

Process methods, have been oo
, 1983; Atkin
* Comparisons of the




t+a have verified the mode oisy
gid PrDVidEd ?O“fidence ii“ihZSigmpit;ion; for WNA (Boore, 1983)
Relatiens derlvgd for ENA by thispm;iibéllty of the method.
available data in a Eeparate Siey in'ih are compargd to
(AtkiHSOnf 1991) . ese proceedlnds
The recent improvement in Oro : :
systematig C?mparison of ENA ang wﬁgdegiiégiaiiéatlgns aélows_
acterlstlgshfortthe two regions differ due té th;@ﬁgthotlan
;;g 2?35t2§ eistern_earthquakes, and differences 1n
S Giibs properties. At frequencies less than 10
rn PSRV values are comparable at near—source
jistances: bgt eastern motions decay more slowly with distance
yencies greater than 10 Hz, ENA ground motions are |
ger than thelr western counterparts. These

ces have been well-substantiated by data.

freqUBnC¥ el
attenuatlon
eastern

+ of using a standard spectral shape far atl

was developed in the 1960°s and 1970’s from a WNA
regords of M 6 to M 7.5 at distances of 20

perfect. However,
ro construct the simple bi
for some types of earthquakes. 1n Table 2,

listed for earthquakes of various types, for several frequenciles.
(Note: A detailed package of plots from which the tables were
constructed 1s available to the interested reader; a4 sample 1s
given 1n Figure 1 for i1lustration.) ToO ostimate these errors,
'actual’ response spectra (median observations, pbased on the

relations of Joyner and Boore, 1982, for WNA, and Atkinson and
Boore, 1990, for ENA) were compared TO the corresponding

'standard’ spectra (obtained by scaling PGA and PGV, also from
the relations of Joyn .nd Atkinson and Boore, by the

median amplification x and Hall, 1982): In

these comparisons, and fo der of this papel,
ground motion values are medlan horizontal component values for

rock site conditions; spectral response parameters are for 5%

damping.
The PGA-PGV scaled spectrum approach works wel} for ENA
events of M5 to M6 at frequencles above 1 HZ. (Caution: spectra
-~ not shown = overpredict frequencles
and should

for ENA based on PGA alone :
less than 10 Hz by as muc der of magnitude,
However the scaled PGA-PGV spectra

never be used for ENA.)
overpredict WNA motions 1OF M5 earthgquakes,
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(Slljthough note its applicability 1f large subduction €arthquake:
are considered has not been addressed), and fcn; areas of loy t,
moderate seismicity in ENA. In many cases of 1nteres‘tl: (eq.
regions of low to moderate seismicity in WNA, and Leglons of hig
selsmicity in ENA), however, the scaled Sspectrum 51gnificant1y

overestimates the UHS. This is because the most significant

to earthquakes that have spectral
assumed by the scaled spectrun
approach.

errors for many types
“Veén larger if spectra are scaled
1n denera} ills C‘:’I}Cluded that the use of scaled
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_ plot Vag*2¥pl &' = 1 Bs. , ollows:
plot ag at £ = 10 Hz (ENA) or f = 5
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ha=
9 two-parameter algorithm

This new algorithm 1s as simple as the PGA-PGV led
spectrum in that 1t 1s also a bilinear shape based ziatfzo
parameters. However because the two parameters are directly tied
ro the response spectrum, it is subject to dramatically lesg
error . For WNA, errors for M 5 to M 7 earthquakes at distances
~of 10 to 100 km, are generally less than 20% for a;Ll frequencies
in the range O.S‘to 10 Hz. For ENA, errors are less than 20% for
My 5 to M 7, at distances of 10 to 100 km, for the frequency range
;1 to 10 HzZ; at lower frequenclies errors are more significant,
put less than t+hose for the scaled spectrum approach. When the

new algorithm is applied to hazard computations for the S1X

it is found to be much more accurate than the

example cases, 1
scaled PGA-PGV approach for moderate probabilities, with typical

orrors of less than 20s. Thus a; and v; would form a simple

r national seismlic hazard maps hat could be used in
| | lastic response spectra.

could be estimated by dividing ag

Note that PGA, where requlred,
which is about a factor

by the approximate dynamlcC amplification,

of two (Newmark and Hall > 1982).

been endorsed DbY <everal bodies. 1n
g. building codes, sponsored DY the

National Center for Earthquake Engineering, revealed a strong

consensus that national hazard maps for building codes shou}d now
: hates, rather than pGA and PGV (Whitman,

1989). The UHS has also been recognized by the EERI committee on
| Research Ccouncil’s

Seismic Risk (1990) _ _
Panel on SeismilcC Haéard Analysi : ThgdCar;iglin Councll
for Earthquake Engineering 1S currently cOnsSiderao -
basis for seismic parameter mapping for the 1995 edition of the
National Building Code.

The UHS has recently
1989 a workshop on future U.

a
. pased oOn the UHS app?ogcp are
Linear response spectra d, by definition, very

major improvement over <caled spectra an O - g R
useful in dynamic analyses for structures whlcC _ :
] economic design

remain elastic. For extreme€ logding <:'cmd1t1c5>rlsé1 teclastic
of most structural systems requlres
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Steps tO Obtain Response Spectra for a Specified

TABLE 1 ~ =t
probabillty

UNIFORM HAZARD SPECTRUM

SCALED PGA-PGV SPECTRUM

1. Use tectonlC information to Same
subdivide region 1Nnto source
areas OIL faults.

» . calculate magnituds-reourrence Same

statistics for e
tion relations

Define ground MO
ral frequency

moti10on relations
for PSRV at seve

Define ground

for PGA and PGV based ON R
empirical and theoretical values based on empirical and
earthquake database. +theoretical earthquake data.
4. Compute PGA and PGV for Compute PSRV at several =
selected probability. frequency values for selecte
probability. This 1is the UHS.
= Estimate spectra values Not required
based on scalling algorithm

same

6. Modify spectrun f
<ite conditions, 1
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