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Introduction

Welcome to the Kentucky
NEHRP Workshop

James C. Cobb
Kentucky Geological Survey
University of Kentucky
Lexington, KY 40506
cobb@kgs.mm.uky.edu

Communicating the results of scientific inves-
tigations to the public is one of the most impor-
tant jobs we have as scientists. Scientific research
is of no benefit to society if it cannot be communi-
cated properly to the public and to nonscientist
policy-makers. Nowhere is this more important
than in the area of earthquakes and the potential
hazards they present. Therefore, I am pleased that
this workshop on seismic hazards and design maps
is being held here in Lexington. This is an impor-
tant issue to us in Kentucky and to the rest of the
country and world as well. The past month has
shown how important it is to communicate earth-
quake risks to the public. In Italy, 29 people died,
26 of them children in an elementary school, from
an earthquake of only 5.3 magnitude. At about the
same time, an earthquake of magnitude 7.9 hit
Alaska, but damage there was apparently only
minor. So we can see that the information ex-
changed at this meeting and the concepts for por-
traying seismic risks on maps are timely and rel-
evant for society.

The purpose of this workshop is to bring to-
gether scientists and engineers developing seismic
hazards and design maps with users of these maps.
It is vital for users to understand the science be-
hind the maps and also important for the scien-
tists to understand how their maps affect public
policy and building. The speakers for this work-
shop are outstanding, and have an enormous
amount of knowledge and experience. In light of
the need to protect public health and safety, we all
are interested in hearing from them about the
methods and concepts for developing seismic haz-
ard and design maps.

I encourage open and frank exchanges of
ideas during this workshop. It is our job as scien-
tists in the public sector and our colleagues in pri-
vate practice to use our knowledge to benefit soci-
ety. The seismic hazard and design maps that are
presented to the public should help protect soci-
ety while not overly restricting areas where strict
building standards are not needed.

I wish everyone here a good workshop, and
thank you for coming to Kentucky.
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Introduction to the
Kentucky NEHRP Workshop

John D. Kiefer
Kentucky Geological Survey
University of Kentucky
Lexington, KY 40506
kiefer@kgs.mm.uky.edu

The Kentucky Geological Survey and the Uni-
versity of Kentucky Department of Geological Sci-
ences have been involved in seismic research in
Kentucky and the central United States for over
20 years. Our primary area of interest has been
western Kentucky and the New Madrid, and more
recently, Wabash Valley Seismic Zones. It is inter-
esting to note that as our knowledge base grows,
our understanding of seismic activity, probabili-
ties, source zones, and hazard and risk in the area
seems to become more complex and confusing.

Our current research is focused on western
Kentucky, and the Paducah area in particular, be-
cause of the uranium enrichment plant which has
been located there since the 1940’s, the efforts of
the U.S. Department of Energy to site a hazardous
waste landfill there, and the recent announcements
of the intention of the U.S. DOE and the U.S. En-
richment Corporation of plans to construct a new
“centrifuge” technology enrichment plant at Pa-
ducah or a similar DOE facility near Portsmouth,
Ohio. Concerns over seismic hazards at the site
could have a major impact on construction costs
and ultimately on site selection.

The present controversy over building code
issues has implications that are much more wide-
spread than western Kentucky, and revolve
around the new International Building Code, the
International Residential Code, and the related use

of the seismic probability maps developed by the
United States Geological Survey. Criticism of some
of the seismic provisions in the codes, as well as
the maps themselves, appears to be widespread.
Much of this relates to the issue that predicted
ground motions in the Paducah area are much
higher than those in regions such as California
(1.0-1.2 g PGA vs. 0.4 g PGA) that are perceived
to be more seismically active. However, the prob-
lem is much broader than just the maps. Many of
the concerns were expressed at the recent meet-
ing of the National Conference of States on Build-
ing Codes and Standards held in Louisville, Ken-
tucky, October 20-22, 2002. States and municipali-
ties are torn between the desire to adopt the new
International Building Code and the International
Residential Code, and the very real technical and
economic issues raised by the structural engineers
and architects. The codes are also certain to have
a major impact on insurance rates. KGS has been
working with the Kentucky Department of Hous-
ing, Buildings and Construction and the Structural
Engineer Association of Kentucky to reach a work-
able solution for Kentucky.

Perhaps to a great extent the problem stems
from the age-old controversy between theoretical
and applied science. The lack of real physical evi-
dence to assess the temporal and spatial character
of seismic sources produces a wide latitude of in-
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dependent judgment in the analysis process and
often hinders the most reasonable selection of de-
sign values.

Our goal with this workshop is to bring the
NEHRP map developers (the U.S. Geological Sur-
vey, the Building Seismic Safety Council) and the
users (engineers, seismic-safety regulators, pub-

lic officials, emergency managers, and planners)
together to discuss seismic hazards, risk, and de-
signin the central U.S., especially in Kentucky. We
have attempted to bring together the principal
parties impacted by these decisions and get the
major issues on the table in order to set forth a
course of action that can bring the problem to a
satisfactory conclusion.
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USGS NEHRP Maps

USGS Seismic Hazard Maps
For the Central United States

Arthur Frankel
U.S. Geological Survey
MS 966, Box 25046, DFC
Denver, CO 80225
afrankel@usgs.gov

The U.S. Geological Survey (USGS) produces
national seismic hazard maps based on the cur-
rent knowledge of earthquake sources and seis-
mic-wave propagation. These maps represent the
culmination of an extensive consensus-building
process among USGS and non-USGS geoscientists,
consisting of a series of regional workshops, de-
tailed feedback from experts, and an external re-
view panel. The USGS seismic hazard maps are
the basis for the probabilistic portion of the seis-
mic design maps used in the NEHRP Recom-
mended Provisions, the International Building and
Residential Codes (IBC and IRC), and the ASCE
national design load standard.

The national seismic hazard maps are proba-
bilistic and depict ground-motion parameters with
a specified chance of being exceeded in a given
time period. In contrast to deterministic seismic
hazard maps, the probabilistic maps take into ac-
count how often moderate and large earthquakes
are expected to occur. This probabilistic method-
ology assesses the hazard at each location from all

known potential sources of future moderate and
large earthquakes by adding the hazard curve from
each source. These hazard curves describe the an-
nual frequencies of exceeding a set of ground mo-
tions. The national seismic hazard maps are based
on purely scientific inputs; there is no adjustment
for engineering judgments.

The national maps use logic trees to consider
a range of input source models and ground-mo-
tion attenuation relations. The maps represent the
average hazard derived from these various mod-
els, not a worst-case scenario. The USGS maps are
based on parameters derived from direct observa-
tions: the locations and magnitudes of instrumen-
tally recorded and historical earthquakes, the dat-
ing and spatial extent of liquefaction from prehis-
toric earthquakes, and the ground motions and
intensities observed from earthquakes in the re-
gion and tectonically analogous regions in the
world. The USGS maps include the hazard from
moment magnitude M 7-8 earthquakes in the New
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Madrid area, M 6.5-7 earthquakes in the Wabash
Valley area, and magnitude 5-6 earthquakes
throughout the region.

We recently updated the national seismic haz-
ard maps to incorporate new geological, geophysi-
cal, and seismological findings. For the central U.S,,
the 2002 update maps are very similar to those re-
leased in 1996 for 2 percent probability of
exceedance in 50 years, which are the seismic haz-
ard maps used in the probabilistic portion of the
IBC and IRC design maps. The maps for 10 per-
cent probability of exceedance in 50 years have
increased substantially in the New Madrid area
from the 1996 maps, because of new geological
information on the recurrence and magnitude of
large prehistoric earthquakes near New Madrid.

The methodologies for the 1996 and 2002
maps are basically identical. For the central U.S.
there are three basic components to the hazard cal-
culation. First, we consider the hazard from M 7-8
characteristic earthquakes in the New Madrid area,
such as the 1811-12 earthquake sequence.
Paleoliquefaction evidence indicates that such se-
quences of large earthquakes occur in the New
Madrid area about every 500 years (see talk by E.S.
Schweig at this workshop). This is shown by the
large areas of liquefaction observed for earth-
quakes around 1450 A.D. and 900 A.D. These lig-
uefaction areas are similar to those produced by
the 1811-12 earthquakes. The magnitudes of the
1811-12 sequence were estimated from their inten-
sities. We used a consensus range of magnitude
estimates for the largest of the 1811-12 earthquakes
to develop a logic tree for the magnitude of re-
peated large earthquakes for New Madrid. For the
2002 maps we applied a logic tree with magnitudes
for characteristic earthquakes in the New Madrid
area between M7.3 and M8.0, with the preferred
value of M7.7. The recent M7.7 earthquake in Bhuj,
India, an area tectonically analogous to the New
Madrid area, produced a similar pattern of inten-
sities with distance as the largest earthquake in the
1811-12 sequence.

The second component of the hazard maps is
derived from the instrumentally recorded and his-
torical seismicity. We use the locations of earth-
quakes with m, _3-6 to calculate rates of seismic-
ity on a grid. The gridded seismicity rates are spa-
tially smoothed and the hazard is calculated from
each grid cell. The seismicity grid includes the 1980
m, 5.1 Sharpsburg, Kentucky, earthquake. It is
important to note that extrapolating the rate of
small earthquakes in the New Madrid area will
underpredict the observed rate of M 7-8 earth-
quakes for New Madrid. This is why the M 7-8
earthquakes at New Madrid are described as “char-
acteristic” earthquakes.

Liquefaction has also been found for prehis-
toric M 6.5-7 earthquakes in the Wabash Valley
region. However, the rate of these large earth-
quakes is approximately predicted by extrapolat-
ing the rate of small earthquakes in the area. Thus,
we account for the hazard from M 6.5-7 earth-
quakes in the Wabash Valley region by applying
the seismicity-rate grids described above.

The third component of the hazard calcula-
tion is based on large background source zones.
This approach quantifies seismic hazard in areas
that have had little or no historic seismicity, but
have the potential for moderate or large earth-
quakes.

We use a set of five attenuation relations that
describe the median ground motions and spectral
response values as a function of earthquake mag-
nitude and distance. These relations also specify
the ground-motion variability, which is used in the
probabilistic hazard calculation. It is well known
that an earthquake in the central and eastern U.S.
(CEUS) with a given magnitude and distance from
a site will produce higher ground accelerations
than a western U.S. earthquake with the same
magnitude and source-site distance. This is caused
by the more-efficient propagation of seismic waves
through the crustin the CEUS and the higher stress
drop of earthquakes in the CEUS. Our hazard maps
take this regional difference of ground motions into
account.
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Why Do We Have Earthquakes
In the Central U.S.?

Shelley Kenner
Department of Geological Sciences
University of Kentucky
Lexington, KY 40506
skenner@uky.edu

In contrast to plate boundary earthquakes, the
mechanics of intraplate seismicity are poorly un-
derstood. We know that, within stable continental
regions, present-day seismicity is unevenly distrib-
uted and often highly localized. One such example
is the ~200-km-long New Madrid Seismic Zone
(NMSZ) in the south-central U.S., which produced
three M ~7.5 events in a period of 54 days in 1811-
1812. Further, paleoseismic evidence from the
NMSZ suggests repeated large events every ~500
[Tuttle et al., BSSA, 2002] during the Holocene, yet
cumulative fault offsets could be as little as ~100
meters [Hamilton and Zoback, U.S.G.S. Prof. Pap.
1236, 1982; Van Arsdale, Eng. Geol., 2000]. Recent
geodetic measurements indicate that the rate of
strain accumulation is below the current detection
threshold [Kerkela et al., AGU Fall Meeting, 1998;
Newman et al., Science, 1999].

Based on these observations, scientists often
attempt to assess hazard in the NMSZ and other
intraplate regions using a conceptual framework
that is appropriate for plate boundary regimes.
Plate boundary faults, however, are very different
from intraplate seismic zones in a number of re-
spects. First, there is far-field relative motion across
a plate-bounding fault such that interseismic ve-
locities increase with distance from the fault to a
maximum value equal to the long-term plate ve-
locity. Over geological time, the plates on either
side of the fault move past each other as rigid bod-
ies. This means that elastic strain accumulation is
geodetically observable after only a few years. Sec-
ondly, plate boundary faults cannot be considered

inisolation. There are frequently multiple, discrete
subparallel active faults within the plate bound-
ary system. Further, each fault ultimately merges
with other plate boundary faults such that, over
geological time scales, fault-end effects are mini-
mal and place no constraint on cumulative fault
offset. Finally, motion on major plate bounding
faults is geologically long-lived and continues for
millions of years, with major earthquakes repeat-
ing relatively regularly throughout the lifetime of
the fault.

In contrast, intraplate seismic zones are em-
bedded within a stable, essentially rigid craton.
There is no far-field relative motion across the fault.
Instead, relative velocities in the far-field, in both
the strike-parallel and strike-perpendicular direc-
tions, are zero. Peak displacements occur at the
fault and accumulate seismically. This makes it
much more difficult to assess hazard using geo-
detic observations. Secondly, intraplate seismic
zones are generally limited in length, and cumu-
lative displacements across the faults are thought
to be small. This suggests that episodes of active
seismicity are geologically short-lived. If seismic
episodes continued for millions of years, cumula-
tive offsets would be larger, and stress concentra-
tions at the fault ends would act to lengthen the
fault surface.

Given these differences, it is imperative that
observations relating to intraplate seismicity are
interpreted using a conceptual framework appro-
priate for intraplate tectonic regimes. If a concep-
tual framework appropriate for intraplate regimes
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is not used, the observational data will be ambigu-
ous. To this end, a viable mechanical model of
major earthquake generation in the NMSZ has
been developed. While it may not be entirely cor-
rect, unlike the standard plate boundary models,
the intraplate model presented below satisfies all
first-order observations from the NMSZ.

Though the reasons are not well understood,
intraplate seismic zones frequently overlie ancient
failed rift zones that have been repeatedly reacti-
vated throughout geological time. In consequence,
such zones may be considered weak relative to
their surroundings, thereby explaining the re-
peated concentration of deformation at these lo-
cations over hundreds of millions of years. Based
on this premise, we hypothesize a physically rea-
sonable, time-dependent model for the generation
of repeated, intraplate earthquakes in which seis-
mic activity is driven by localized transfer of stress
from a relaxing lower crustal weak body. Relax-
ation of the weak zone transfers stress to the over-
lying crust, loading the seismogenic fault, and gen-
erating a sequence of earthquakes that continues
until the weak zone fully relaxes. Given a transient
perturbation to the stress field, the seismicity is also
transient, but, depending on lower crust and up-
per mantle rheology, can have a significantly
longer duration. Such a relaxation process could
be triggered by any local or regional perturbations
to the stress field (e.g., fluid effects, thermal effects,
and/or gravitational loading due to buoyancy, to-
pography, or other surface loads).

Theoretical finite element models demon-
strate that this mechanism is indeed capable of
generating a sequence of large, potentially hazard-
ous earthquakes. For an appropriate choice of pa-
rameters, the model predicts repeating sequences
of large (5-10 meter) slip events with recurrence
intervals of 500 to 2,500 years and cumulative off-

sets on the order of 100 meters. In contrast to plate
boundary regions, since the relaxing zone is finite
in all directions and far-field relative velocities are
zero, model-predicted surface deformation rates
are extremely low, frequently much less than 5
mm/yr. In most cases, interseismic strain rates
computed between damaging slip events would
not be geodetically detectable, implying that the
geodetic observations cannot be used to rule out
the occurrence of future large earthquakes. Since
the process is transient and eventually grinds to a
halt (after 30-40 characteristic relaxation times), re-
currence intervals generally increase with time
since the initiation of the relaxation process. Note,
however, that earthquake repeat times do not
change significantly over time scales shorter than
a few thousand years, an interval comparable to
the paleoseismic record in the NMSZ. Given the
limited duration of the historical seismic record, it
is also nearly impossible to identify where in the
relaxation process any single intraplate seismic
zone might be.

Based on these findings, we can conclude that
intraplate earthquakes may be generated by very
different processes than those that drive seismic-
ity at plate boundaries where two abutting plates
move past one another in opposite directions. In
intraplate regimes, seismicity might be a localized,
transient phenomenon, and earthquake repeat
times might evolve with time. Unfortunately, at
this time, data limitations do not permit scientists
to completely characterize and constrain the tem-
poral evolution of seismicity in specific seismic
zones. In consequences, methods used for assess-
ing seismic hazard in the central and eastern U.S.
must account for both the potentially unique be-
havior of intraplate seismic zones and the large
uncertainties that still exist in proposed intraplate
earthquake generation mechanisms.
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Central U.S. Earthquake Recurrence

Eugene Schweig
U.S. Geological Survey
3876 Central Ave., Ste. 2
Memphis, TN 38152-3050
schweig@ceri.memphis.edu

In the western U.S., the delineation of faults
or seismic zones and the recurrence of earthquakes
on them are critical parameters for probabilistic
seismic hazard assessment. Yet, for most of the U.S.,,
and maybe much of the world, there are few if any
faults exposed. In fact, faults that have broken the
surface are not apparent anywhere in the central
and eastern U.S. (CEUS). For that reason, the USGS
National Probabilistic Seismic Hazard Maps
largely use the rate and distribution of historical
and instrumental earthquakes to determine the
seismic hazard. In some areas, however, the geo-
logic record of prehistoric earthquakes suggests
that the rate of large earthquakes is higher than
that inferred by the historical record. Three such
“special zones” have been delineated for the CEUS,
one being the New Madrid Seismic Zone of the
Mississippi Valley. Thus far, at least, it appears that
in the Wabash Valley Seismic Zone, the prehistoric
rate of large earthquakes turns out to be approxi-
mately equal to that predicted from smaller earth-
quakes.

For the New Madrid Seismic Zone, it turns
out that if the rate of small (M<5) historical earth-
quakes is used to forecast to larger earthquakes the
size of the three largest 1811-1812 New Madrid
earthquakes (magnitude 7.5-8.0), would be ex-
pected to occur every several thousand years. Geo-
detic results have been interpreted as indicated re-
turn periods in the tens of thousands of years. The
1996 version of the hazard maps, however, use
paleoseismological evidence to justify a return
period of 1,000 years for magnitude 8 earthquakes.
New studies of the record of prehistoric liquefac-
tion suggests that repeats of 1811-1812-size earth-
quakes have occurred even more frequently, ev-
ery 500 years on average, during the past 1,200
years. There is further evidence that the prehis-
toric earthquakes (in A.D. 900 and A.D. 1450) each
were actually sequences of large earthquakes, simi-
lar to 1811-1812.
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Kentucky Faults and Source Zones
in the
2002 USGS National Seismic-Hazard Maps

Russell L. Wheeler
U.S. Geological Survey
P.O. Box 25046, MS 966

Denver, CO 80225

wheeler@usgs.gov

Faults

It is difficult to be certain whether or not a
particular earthquake occurred on a known fault
in most parts of the central and eastern U.S. (CEUS:
region east of the Rocky Mountains). First, earth-
quake locations are uncertain, typically by hun-
dreds of meters (yards) to kilometers (miles). Sec-
ond, faults can be accurately mapped where they
are exposed at the Earth’s surface, but their loca-
tions become increasingly uncertain deeper in the
crust. At common earthquake depths of 5 to 15 km
(3 to 10 mi), fault locations are typically at least as
uncertain as earthquake locations. In many cases
we don’t even known whether or not a fault
mapped at the surface penetrates to earthquake
depths. Third, most earthquakes are small and
could occur on small faults. Because there are more
small faults than large ones, most earthquakes
might occur on faults that are too small or too deep
within the Earth for us to detect.

Thousands of reported CEUS historical earth-
quakes demonstrate the ubiquity of seismic slip
on CEUS faults. However, few CEUS faults are rec-
ognized to have ruptured the Earth’s surface, pre-
sumably in an earthquake, within Quaternary
time. Many CEUS geologic maps, including those
of Kentucky, show mapped faults, but nearly all
the faults are ancient and lack published evidence
of recent slip. Each of the largest historic and pre-
historic earthquakes in the central Mississippi

River valley and lower Wabash River valley pro-
duced liquefaction features over a large area, but
few of the earthquakes have been linked to known
faults. Numerous subsurface faults are known
from geophysical data, but few have been shown
to offset Quaternary sediments.

For these reasons, the CEUS portion of the
national hazard maps is based mainly on the loca-
tions and magnitudes of earthquakes. In the CEUS,
only five faults are well enough linked to earth-
quakes that the faults can be used as earthquake
sources in the maps. Two are in eastern Colorado
and southern Oklahoma. The other three faults
trend along the zigzag alignment of earthquakes
just southwest of Kentucky, in the center of the
New Madrid Seismic Zone. There, two northeast-
trending faults are linked by a northwest-trend-
ing cross fault.

Source zones

A source zone is a region that is outlined by
geologists and seismologists because its earth-
quakes have different abundances, sizes, or geo-
logic controls than the earthquakes in adjacent ar-
eas. The methodology used to compute the USGS
hazard maps requires only seven CEUS source
zones. Five of them bear on Kentucky hazard. (1)
The craton and (2) continental rim cover the entire
CEUS, and their common boundary crosses east-
ern Kentucky and projects into western Kentucky.
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(3) Within the continental rim, the Reelfoot Rift
source zone encloses the New Madrid Seismic
Zone southwest of Kentucky and (4) the Eastern
Tennessee Seismic Zone is southeast of Kentucky.
(5) Within the craton, the Tri-State Seismicity source
zone encloses the locations of two very large pre-
historic earthquakes in the lower Wabash Valley
of Indiana and Illinois.

A.C. Johnston (University of Memphis) and
colleagues conducted a worldwide survey of large
earthquakes in regions that are geologically simi-
lar to North America east of the Rockies. The sur-
vey revealed that earthquakes have greater mag-
nitudes in some geologic settings than in others.
Applying this observation to the CEUS produces
a boundary that runs down the western side of
the Appalachian Mountains, crosses eastern Ken-
tucky, bends westward through Mississippi, sends
a projection northeastward up the Mississippi Val-
ley and into western Kentucky, and continues
southwestward across Arkansas and Texas. The
boundary separates the CEUS into a central cra-
ton that has been relatively little deformed in the
last billion years, and, surrounding the craton on
the east and south, a continental rim of younger
mountain belts and rifted areas. Historical earth-
quakes as large as approximately M (magnitude)
7.5 have occurred in areas worldwide that are geo-
logically like the continental rim. In contrast, in
cratons worldwide, historical earthquakes were
only as large as approximately M 7.0.

The same worldwide observations that pro-
duced the craton-rim boundary require the bound-
ary to project into eastern Kentucky from West
Virginia, following the Rome Trough. The Rome
Trough is an elongated, downfaulted block of the
Earth’s crust that is as wide as 90 km (56 mi) in
Kentucky. The trough extends southwestward
from the West Virginia border and dies out near
the Tennessee border. In western Kentucky, the
same worldwide observations require the craton-
rim boundary to project eastward, from Illinois and
northwestern Tennessee into western Kentucky, to
follow the Rough Creek Graben, a downfaulted
block of similar size and age to the Rome Trough.

Southwest of Kentucky, the Reelfoot Rift
source zone contains the New Madrid Seismic
Zone of Arkansas, Missouri, and Tennessee. The

source zone consists of the northeastern two-thirds
of the Reelfoot Rift, a downfaulted block of simi-
lar size and age to the Rome Trough and Rough
Creek Graben. The elongate Reelfoot Rift source
zone trends northeastward along the Mississippi
River into Kentucky, includes the Jackson Purchase
area, and adjoins the western end of the Rough
Creek Graben. The Reelfoot Rift source zone is
within the continental rim. However, the very large
earthquakes and abundant smaller earthquakes of
the New Madrid Seismic Zone required separate
treatment of that part of the Reelfoot Rift during
preparation of the national maps (http://
geohazards.cr.usgs.gov/eq/index.html, and
Frankel, this volume).

Southeast of Kentucky, the elongate Eastern
Tennessee seismic zone is within the continental
rim along the Tennessee-North Carolina border.
This zone was delineated to allow separate treat-
ment of its abundant historical earthquakes, all
smaller than M 5.

S.F. Obermeier (USGS, ret.) and other
paleoseismologists identified the geologic records
of at least eight large, prehistoric earthquakes in
and near the Wabash Valley of Indiana and Illi-
nois, north of Kentucky. This area is in the craton,
for which the worldwide survey of this and other
cratons found no historical earthquakes larger than
M 7. However, the two largest prehistoric earth-
quakes had magnitudes estimated as M 7.1 and
M 7.5. This difference required a source zone to
separate the locations of the two largest Wabash
Valley earthquakes from the rest of the craton.
Circles centered on the two prehistoric epicentral
areas were joined into the oval Tri-State Seismic-
ity source zone, within which hazard computations
allowed earthquakes as large as M 7.5. The source
zone extends southward a few kilometers (miles)
into Kentucky.

Impact on the national seismic-

hazard maps

Aside from the special treatments afforded the
seismicity within the Eastern Tennessee Seismic
Zone and the New Madrid Seismic Zone, the chief
contribution of source zones to computation of the
hazard maps was to allow specification of the
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magnitude M(max) of the largest earthquake pre-
sumed to be possible within each source zone.
Thus, the paleoseismological results of large pre-
historic earthquakes in the Wabash Valley and the
observations from the worldwide survey led to
specification of M(max) 7.5 within the Tri-State
Seismicity source zone of the lower Wabash Val-
ley, in the Rome Trough of eastern Kentucky, in
the Rough Creek Graben of western Kentucky, in
the Eastern Tennessee Seismic Zone southeast of
Kentucky, and in the rest of the continental rim
outside Kentucky. In contrast, M(max) was speci-
fied 7.0 elsewhere in Kentucky and in the rest of
the craton outside the Tri-State source zone.

The impact of the craton, rim, and Tri-State
source zones on calculated hazard in Kentucky is
negligible, even though the maximum magnitude
postulated for the rim and Tri-State zones, M 7.5,
is much larger than the maximum postulated for
the craton, M 7.0. The calculated rate of these larg-

est presumed possible earthquakes varies from
place to place according to the observed local rates
of mainly small to moderate, historical earthquakes
(Frankel, this volume). Historical seismicity out-
side the New Madrid Seismic Zone and within
Kentucky is generally so sparse that these largest
presumed possible earthquakes, whether of M 7.0
or of M 7.5, have very low annual probabilities.
Indeed, the annual probabilities of the largest Ken-
tucky earthquakes are so low that two other types
of earthquakes dominate Kentucky hazard. First,
much of the hazard comes from moderate, infre-
quent earthquakes of M 5-6 or, still less frequently,
of M 6-7, that could occur within Kentucky. Sec-
ond, additional hazard comes from strong ground
motion that could propagate into the state from
large earthquakes that might occur in the New
Madrid and Eastern Tennessee Seismic Zones out-
side Kentucky.
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Western Kentucky Seismicity and
Neotectonics—Integrated Geophysical and
Geological Solutions

Edward W. Woolery
Department of Geological Sciences
University of Kentucky
Lexington, KY 40506
woolery@uky.edu

Except for the central New Madrid Seismic
Zone (NMSZ) where seismicity has been linked to
neotectonic structure, contemporary seismicity
outside this area cannot definitively be associated
with known geologic structure. This is problem-
atic given that the seismic source zone is one of
the three fundamental parameters needed to per-
form a seismic hazard analysis. As ground-mo-
tion modeling techniques and the associated da-
tabases of dynamic crustal properties in the cen-
tral United States continue to improve, definition
of potential seismogenic sources remains relatively
poorly characterized. Consequently, site-specific
ground-motion calculations based on source-zone
boundary “judgments” are often either over- or
underestimated. Therefore, the identification of
discrete seismic source zones/structures (outside
the central NMSZ) is a critical need to be addressed
for reducing uncertainty in the overall seismic haz-
ard assessment.

Paleoseismological, as well as historical earth-
quake accounts and contemporary earthquake
records, indicate that the region surrounding the
central NMSZ (e.g., Jackson Purchase of Kentucky,
lower Wabash Valley of southern Illinois and In-
diana) is exposed to seismic hazard. The pre-in-
strumental and instrumental evidence indicates
that small to moderate earthquakes have occurred
in the region; however, the lower rate of seismic-
ity (relative to the central NMSZ) and insufficient
network coverage outside of the most active part

of the NMSZ make accurate correlation of seismic-
ity and geologic structure problematic. Integrated
geophysical and geologic field investigations are
proving to be an efficient and cost-effective alter-
native of assessing potential seismogenic structure,
however.

Accurate identification and characterization
of near-surface geologic structures in the expan-
sive river valleys of the seismically active central
United States is often impeded by relatively thick
sequences of unlithified, water-saturated sedi-
ment. The soft sediment cover conceals neotectonic
bedrock structure and, apart from a few notable
exceptions (i.e., Crowleys Ridge, Reelfoot Scarp,
Commerce Fault, and possibly Sikeston Ridge), the
sediment’s inherently weak mechanical properties
commonly fail to transform near-surface propa-
gated faults and folds into significant or notice-
able surface geomorphic features. Consequently,
the targeting of potential neotectonic structure re-
quires combining both traditional (e.g., well logs,
geologic maps, low-resolution geophysical sur-
veys, etc.) and nontraditional (e.g., geotechnical,
s-wave birefringence) sources of information.

The University of Kentucky has utilized these
sources of information to design high-resolution
shear-wave (SH) seismic reflection/refraction and
ground-penetrating-radar surveys to image poten-
tial near-surface tectonic deformation. These inves-
tigations have been performed in the high-seismic-
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ity areas of the central NMSZ, as well as lower-
seismicity areas such as the Fluorspar Area Fault
Complex and lower Wabash Valley Fault Zone. The
primary objective of all surveys is to assess the tim-
ing, location, and geometry of Quaternary-aged
deformation in the unconsolidated, water-satu-
rated sediment overlying target structure. In ad-
dition, the imaged deformation zones also offer
targets for paleoseismology studies to further con-
strain timing issues. Results, which often included
subsequent drilling and carbon-14 analysis, have

shown an abundance of late Pleistocene deforma-
tion, but have only recently exhibited evidence of
Holocene deformation outside of the central
NMSZ.

Enhancing seismic network coverage, as well
as continuing these integrated field surveys, in
order to reduce the uncertainty associated with
seismic risk characterization, remains a priority
challenge for the University of Kentucky in the
United States Midcontinent.
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Ground Motion Attenuation Relationships
For the Central and Eastern United States

Kenneth W. Campbell
ABS Consulting
1030 NW 161st Place
Beaverton, OR 97006
kcampbell@absconsulting.com

The ground motion (attenuation) relations
used in the development of the 2002 USGS national
seismic hazard maps for the central and eastern
United States (CEUS) are reviewed. Plots are
shown that compare their attenuation and magni-
tude scaling characteristics for the uniform site
condition (NEHRP B-C boundary or
V30=760 m/ sec) used to develop the maps. Addi-
tional plots are shown that compare the predicted
response spectra from each of the relations. A criti-
cal decision by the USGS was the selection of the
weights to use in combining the different relations.
Differences in possible weighting schemes are
shown to have a significant impact on the esti-
mated ground motions, especially at near-source
distances. Another important issue, unrelated to
the development of the maps, but very important
for engineering applications of the maps, is the

selection of appropriate amplification factors to use
to adjust the ground-motion predictions for the B-
C boundary to other NEHRP site classes. The
building code assumes that the same amplification
factors can be used in both the western United
States (WUS) and the CEUS, even though the un-
derlying site conditions and shear-wave velocity
profiles for a given NEHRP site class can be quite
different in each region. The CEUS has relatively
hard rock (of the order of 1,830 m/sec) underlying
many areas, sometimes at relatively shallow depth.
On the other hand, bedrock in the WUS has a shear-
wave velocity that is approximately half of this
value. The larger impedance can result in larger
ground-motion amplification in the CEUS than in
the WUS for a similar NEHRP site classification.
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Infrequently occurring, major earthquakes in
the central and eastern U.S. (CEUS) are certain to
have significant economic and social impacts in
the future. There is a need to understand the level
of earthquake hazard faced by public-policy and
private-sector decision makers. In assessing earth-
quake hazard, the first question is, what is the best
method of assessment. The second question is,
what level of uncertainty is involved in the assess-
ment. As to the choice of methodology, it depends
on what question about earthquake ground mo-
tion is to be addressed: deterministic methods ad-
dress the impact of a single (large) earthquake,
while probabilistic methods address all earthquake
scenarios modeled. In the deterministic approach,
the worst-case earthquake is assumed to occur, and
no consideration is given to its likelihood of oc-
curring. But ground-motion questions asking
“what is the chance of” and “what is the risk/ cost”
are best addressed with probabilistic approaches,
which account for the likelihood of earthquakes
occurring. Probabilistic methods do not assume
that every modeled earthquake will occur at the

same time, but rather account for the probability
of exceeding a ground motion given the recurrence
intervals of all the earthquakes considered in the
analysis. As to uncertainty, a decision (logic) tree
can capture uncertainties in knowledge. Recent
reassessments for both the New Madrid Seismic
Zone and the southern Illinois Basin illustrate the
use of a decision tree with a probabilistic assess-
ment. A Monte Carlo (random model building)
approach is used to sample the decision tree and
assess both overall and individual input param-
eter uncertainty. The overall mean hazard estimate
from an assessment that includes uncertainty
agrees well with the current USGS national seis-
mic hazard maps. The 2002 updates to the USGS
national seismic hazard maps (Frankel, this work-
shop) show that the results from recent paleoseis-
mic studies (Schweig, this workshop) about double
the 500-year ground-motion hazard in the New
Madrid region. Comparisons between determin-
istic and probabilistic seismic hazard maps show
that deterministic estimates exceed 1.0 g in the
CEUS and hence exceed probabilistic estimates.
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Summary for the
USGS NEHRP Hazard Maps

Zhenming Wang
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zwang@kgs.mm.uky.edu

In the central United States, the question is
not “do we have earthquakes, seismic hazards, and
risk?” but “where, how big, how often, and how
strong?” Except in the New Madrid Seismic Zone,
where earthquakes concentrate along the active
faults, earthquakes in the central United States
occur in a quite large area and do not associate with
any specific zone or fault. In comparison to typi-
cal plate-boundary seismic zones such as coastal
California, the central United States is located in
the middle of the continent and has a totally dif-
ferent tectonic setting. The source mechanics are
also different (Kenner, this workshop). The exact
boundary of the New Madrid Seismic Zone is still
difficult to define, even though it is the most ac-
tive and well studied in the country (Wheeler, this
workshop). The biggest historical earthquake to
have occurred in the central United States was the
1811-1812 New Madrid events. The estimated
magnitude ranges from about M7 to M8 —a large
range (Frankel, this workshop), though it has been
well studied. Earthquakes are also infrequent, es-
pecially large earthquakes that have significant im-
pacts on buildings (Cramer, this workshop). Re-
currence intervals for the large earthquakes are
quite long, ranging from about 500 years in the
New Madrid Seismic Zone to about 4,000 years in
the Wabash Valley Seismic Zone; they are even
longer in other zones. These recurrence intervals
were primarily determined from paleoliquefaction
studies (Schweig, this workshop). Several ground-
motion attenuation relationships are available for
the central United States (Campbell, this work-
shop). However, all the attenuation relationships

were developed based on numerical modeling and
sparse strong-motion records from small earth-
quakes. These attenuation relationships have large
uncertainty and predict much higher ground mo-
tions in comparison with similar-magnitude earth-
quakes in California.

The answers for the questions, “where, how
big, how often, and how strong” are difficult ones
in the central United States. The U.S. Geological
Survey NEHRP seismic hazard mapping in the
central United States is an effort to answer the
question “what level of ground motion (seismic
hazards) could be expected?” Three data sets,
earthquake sources (where and how big), earth-
quake occurrence frequencies (how often), and
ground-motion attenuation relationship (how
strong) are needed for probabilistic seismic-haz-
ard analysis (PSHA). Therefore, the answer for the
question becomes much more difficult. Several
well known studies on the PSHA for the central
and eastern U.S., one of which was done by the
Electric Power Research Institute in 1993, have con-
cluded that there is no consensus on earthquake
sources, earthquake occurrence frequencies, and
ground-motion attenuation relationship. This can
be seen from several presentations given at this
workshop (Campbell, Cramer, Wheeler, and Wool-
ery). Although the USGS has tried its very best to
use the latest scientific information to estimate
ground-motion hazards in the central United
States, large uncertainties were inherited in the
hazard maps. The currently available probabilis-
tic ground-motion hazard maps were produced by
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the USGS with 10, 5, and 2 percent probability of
being exceeded in 50 years—equivalent to 500-,
1,000-, and 2,500-year return periods—based on
purely scientific inputs (Frankel, this workshop).

PSHA assesses the hazard at each location
from all known potential sources of future moder-
ate and large earthquakes by adding the hazard
curve from each source (Frankel, this workshop).
PSHA addresses the chance of being exceeded at a
particular level of ground motion. The ground
motion derived from PSHA is artificial and does
not represent a real ground motion from any earth-
quake. The deterministic methodology (DSHA)
determines ground motion from a single earth-
quake that has maximum impact. DSHA addresses
the ground motion from a single (i.e., maximum
magnitude, maximum considered, or maximum
credible) earthquake (Cramer, this workshop). The
ground motion derived from DSHA represents real
ground motion from a single earthquake. In terms
of ground motion, PSHA and DSHA are not com-
parable.

For PSHA in the central United States, we deal
with characteristic earthquakes with long recur-
rence intervals and large uncertainty of the ground-
motion attenuation relationship. How do these
large recurrence intervals and ground-motion un-
certainties affect seismic hazard estimates? A di-
rect comparison between the USGS 1996 and 2002
hazard maps (2,500-year return period) indicates
that the ground-motion level is increased in the
New Madrid area on the 2002 maps even though
the mean magnitude of the characteristic earth-
quake is decreased from 8.0 (1996) to 7.5 (2002),
with increase in the mean recurrence interval from
1,000 (1996) to 500 (2002) years, and lower ground-
motion attenuation relationships were included.
The increase in ground motion in the New Madrid
area is due to a larger uncertainty included in the
2,500-year hazard maps (Cramer, this workshop).

The mean recurrence intervals for the char-
acteristic earthquake in the New Madrid Seismic
Zone are about 500 years, and about 4,000 years
for the Wabash Valley Seismic Zone. The contri-
butions to ground-motion hazards with 500-year
return period from the characteristic earthquakes
in the New Madrid and Wabash Valley Seismic
Zones are zero. The contributions to ground-mo-

tion hazards with 1,000-year return period from
the characteristic earthquakes in the New Madrid
Seismic Zone are equal to the median ground mo-
tion, but there is no contribution from the charac-
teristic earthquakes in the Wabash Valley Seismic
Zone. For the hazard with 2,500-year return pe-
riod, a large contribution from the characteristic
earthquakes in the New Madrid Seismic Zone is
from ground-motion uncertainty. However, there
is still no contribution from the characteristic earth-
quakes in the Wabash Valley Seismic Zone to the
ground-motion hazards with 2,500-year return
period. It is generally acknowledged that the haz-
ard maps with 10 percent probability of being ex-
ceeded in 50 years are not adequate for seismic
design for the central United States. This is because
the hazard maps do not capture hazards from the
characteristic earthquakes that are of concern. On
the other hand, the hazard maps with 2,500-year
return period could be too conservative in areas
surrounding the New Madrid Seismic Zone, be-
cause of the large contribution from the ground-
motion uncertainty (Cramer, this workshop), and
still not adequate in areas surrounding the Wabash
Valley Seismic Zone. These analyses show that the
large and uneven uncertainties inherited in the
maps make it difficult to use the hazard maps with
a uniform return period for seismic-hazard miti-
gation and risk reduction in the central U.S. The
hazard with 500-year return period does not pro-
vide enough protection against any characteristic
earthquakes, such as the 1811-1812 New Madrid
earthquakes, in the central U.S. However, the haz-
ard with 2,500-year return period provides over-
conservative protection against the 1811-1812 New
Madrid type of earthquake in the New Madrid
area, and still not enough protection against the
characteristic earthquakes in other seismic zones,
such as the Wabash Valley Seismic Zone.

Large background earthquakes were used in
the 1996 USGS hazard maps; even larger back-
ground earthquakes were used in the 2002 USGS
draft maps (Wheeler, this workshop). The back-
ground earthquakes do not make any contribution
to the total hazard calculation in the central U.S.
because of (1) a large area source zone and (2) a
longer recurrence interval (Wheeler, this work-
shop). The purpose of introducing background
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earthquakes in PSHA is only to provide a mini-
mum level of ground motion. If the large earth-
quakes are possible, they need to be reflected on
the hazard maps. For example, the background
earthquake of M7.5 was used for the Rough Creek
Graben and Rome Trough in Kentucky, but the haz-
ard maps do not include any contribution from the
background earthquakes, for the reasons dis-
cussed. Use of the large background earthquakes
in the NEHRP hazard mapping in the central
United States is only to provide a minimum
ground-motion hazard for areas outside active seis-
mic zones. Itis very important to note that the pur-
pose of introducing background earthquakes in
PSHA is only to provide a minimum level of
ground motion. The use of large background earth-
quakes in PSHA has caused confusion, even
among seismologists. Cramer (this workshop)
used the background earthquakes to calculate
median ground motion for the central U.S. that re-
sults in very high ground motion (>1.0g PGA) ev-
erywhere.

The NEHRP seismic hazard mapping is
aimed at providing basic seismic-hazard informa-
tion (ground-motion hazard, in this case) that can

be used by the Federal, State, and local govern-
ments, as well as private organizations. The seis-
mic hazard maps produced by the USGS for the
central U.S. inherited large and uneven uncertain-
ties that make them difficult to use for seismic-
hazard mitigation and risk reduction in the region.
Many, if not most, of the users are not seismologi-
cal sophisticates, and thus do not have an appre-
ciation of the role of complexity and uncertainty
of geology and seismology in the probabilistic cal-
culations for the central United States. Users (i.e.,
regulators, planners, etc.) often assume uniform
uncertainty in the maps, and as a consequence are
generally unwilling to compromise when ground
motions are obviously unrealistic in some areas. A
more thorough discussion of the uncertainty for
this classification of users is needed, along with
suggestions for alternative practical assessments
when discrepancies arise. The problem, to a great
extent, perhaps stems from the age-old controversy
between theoretical and applied science (Kiefer,
this workshop). Seismic hazard mapping is an
applied science. Adjustments based on observa-
tions and engineering judgments are needed in the
NEHRP seismic-hazard mapping.
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Motion Maps in the NEHRP Provisions

Roy Joe Hunt
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In the early 1990’s, the Federal Emergency
Management Agency (FEMA), the Building Seis-
mic Safety Council (BSSC), and the earthquake
engineering community recognized that updates
of the earthquake ground maps in the NEHRP Pro-
visions and the model building codes were needed.
The existing maps were 30 years old, there was a
significant increase in recorded earthquake data
and scientific knowledge, and there was a need to
consider the differences in the seismic hazard in
the different regions of the U.S. Consideration of
this increase in information and knowledge was
needed in order to achieve the desired structural
performance goals of the NEHRP Provisions and
the model building codes. These structural perfor-
mance goals are to

1. minimize the risk to occupants
2. increase the performance of higher-oc-
cupancy structures

3. improve the capability of essential struc-
tures to function, and

4. ensure a low likelihood of collapse for
ground motions in excess of the design
levels.

In 1994, FEMA, BSSC, and the U.S. Geologi-
cal Survey (USGS) developed Project ‘97 to work
together in developing updated earthquake
ground-motion maps which could be incorporated
into the 1997 NEHRP Provisions and considered
by the model building codes. A Seismic Design
Procedure Group, with representation from re-
gions across the U.S., was formed to develop the
maps. As a part of the project, the USGS held re-
gional workshops across the U.S. to obtain regional
expert input on the parameters and data to use in
developing updated seismic hazard maps. These
updated seismic maps developed by the USGS
were used by the Seismic Design Procedure Group
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to develop the earthquake ground-motion maps
for the Provisions.

The basic changes in the ground motion maps
developed for the Provisions, when compared to
the previous maps, are

1. maps are contour maps instead of zone
maps

2. maps represent response spectral accel-
erations for T=0.2 and T=1.0 seconds in-
stead of A, and A,

3. maps provide ground motion for the
maximum considered earthquake
ground motions (2 percent in 50 years)
instead of design ground motions. Seis-
mic design margin is used to obtain de-
sign ground motion values, and

4.  deterministic maps are used in areas of
known active faulting with defined slip
rates and maximum expected earth-
quake magnitudes.

The maps represent a rock site condition (Site
Class B), which is the same site condition as the
previous maps used in the Provisions and model

building codes. Soil site coefficients are used to
determine the ground motions for other site con-
ditions.

In the majority of the U.S,, the changes in the
design ground motion values obtained from the
new and the old maps (Site Class B) are not sig-
nificant and should not have any significant im-
pacts on the design of structures. There are in-
creases in ground motions in coastal California,
Pacific Northwest, Salt Lake City, Utah area, New
Madrid, Missouri, area, and Charleston, South
Carolina, area. These increases result from in-
creased knowledge and data gained in the last 30
years concerning seismicity, faulting, occurrence
rates, geology, paleoseismicity, etc.

The framework established to develop the
earthquake ground-motion maps can be used for
making future changes that may be needed as more
earthquake information and knowledge is ob-
tained. In addition, the framework will allow for
smooth transition to future performance level de-
signs.
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The design earthquake specified in the
NEHRP Recommended Provisions (1997 to current
edition) for the design of buildings in the United
States has been dramatically revised. In these edi-
tions, the maximum considered earthquake (MCE),
which is corresponding to an earthquake with a 2
percent exceeding probability in 50 years (a return
period of about 2,500 years), is introduced. The de-
sign ground motion is then taken as two-thirds of
the MCE ground motion. It is noted that the afore-
mentioned ground motion is for the design of or-
dinary buildings. The high-risk buildings and es-
sential buildings are designed for much higher
level (or longer return period) of ground motion
resulting from the use of occupancy importance
factors. Several issues related to the use of MCE in
the seismic design of building are as follows:

1. In the United States, only one level of
earthquake (e.g., MCE) is used in seis-
mic design of buildings. However, the
selection of any one level of earthquake
cannot reflect the entire range of seismic
hazard imposing on a city (or a county).
In principle, we should not design build-
ings against only one level of earth-
quake, even though the designers pre-
fer one-level seismic design to facilitate
the design process. If we utilize the life
cycle seismic design, in which the chance
of earthquake occurrence is considered,
we can show that the expected annual
seismic risk in the eastern and central
United States (ECUS) is not as severe as

in California. In view of this, the selec-
tion of MCE as the basis for design earth-
quake in the ECUS may be conservative.

2. Anappropriate way to design buildings
against a large infrequent earthquake
(MCE) is to provide buildings with duc-
tility to limit structural deformation in-
stead of increasing strength. The design
approach in the NEHRP provisions is a
strength-based approach. Thus, the
NEHRP provisions may not be appropri-
ate for the design of buildings against
MCE.

3. Itiswell recognized that great uncertain-
ties are associated with the estimation of
ground motion with a long return pe-
riod, particularly in the ECUS.

From the consideration of expected seismic
risk, ductility versus strength to resist a large in-
frequent earthquake, and great uncertainties in
estimating ground motion with a long return pe-
riod in the ECUS, we believe that the use of MCE
as the basis for the design of ordinary buildings in
the ECUS is not appropriate. It will result in an
increase in structural strength and it is probably
costly and ineffective. As an alternative, the build-
ings in the ECUS should be designed for service-
ability against a design earthquake with a short
return period, which can be estimated with less
uncertainty. Then, the buildings should be pro-
vided with sufficient ductility to resist large infre-
quent earthquakes.
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The maps displaying ground motions in the
NEHRP Provisions are basically developed by the
U.S. Geological Survey (USGS). A few comments
on the NEHRP design maps (USGS National Seis-
mic hazard maps) are as follows:

1. The use of probabilistic seismic hazard
analysis (PSHA) to define ground mo-
tion for the design of buildings is flawed.
It is impossible to have an earthquake
occurring at two distinct faults at the
same time. Thus, we need to consider
each fault separately in the PSHA to de-
fine ground motion for the design of
buildings.

2. The so-called uniform-hazard response
spectrum defined by two spectral values
is fictitious. It is not corresponding to any
earthquake event and it may be not ap-
propriate for use in the performance-
based earthquake engineering, which
may require realistic ground motion (re-
sponse spectra or time histories) result-
ing from an earthquake event.

3. The deaggregation analysis process to
determine a dominant event (magnitude
and distance) for the design of buildings
is convoluted and cumbersome.

4.  The design ground motion expressed in
terms of spectral values corresponding
to a 2 percent exceeding probability in
50 years is too difficult to understand by
decision-makers and stakeholders.

In my opinion, the design earthquakes can
be easily determined as follows:

1. Identify active faults (seismic sources)
and establish the characteristics of each
fault, such as the fault type and the re-
currence relationship.

2. Display the information of active faults
in an interactive online map and include
the map in the commentary of a build-
ing code.

3. Determine design earthquakes (magni-
tude and location) for each local juris-
diction (e.g., each county) by consider-
ing the characteristics of each fault af-
fecting each county and the consensus
of acceptable risk adopted by the com-
munity in each county. It is noted that
this is a decision making based on po-
litical and economic considerations as
well as seismic and engineering analy-
sis.

4. Display the design earthquakes in an
interactive online map and include the
map in the provisions of a building code.

It is noted that once a design earthquake
(magnitude and location) is specified, all others
(attenuation of ground motion, site effects, etc.) are
technical issues, which can be addressed in differ-
ent sections of a building code. In addition, the
corresponding response spectra and even time his-
tories can be established. This approach has been
used by departments of transportation and utility
companies to establish design earthquakes for the
design or retrofit of highway bridges and utility
facilities. This approach can also unify seismic haz-
ard definitions used by different users, such as
emergency managers and insurance companies.
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Jurisdictions throughout the New Madrid
Seismic Zone (NMSZ) are considering adopting
International Building Code 2000 (IBC 2000) that
addresses the earthquake hazard. It will require
radical increases of structural integrity for new
buildings approaching the levels used in Califor-
nia. The purpose of our report is to evaluate the
changes in the level of safety resulting from this
new code. Our estimates indicate increases of
building costs by 10-35 percent without compa-
rable benefits in public safety. Costs for seismic
mitigation are excessive; therefore, we recommend
an alternative and less-expensive strategy based
on the fact that large earthquakes in the New
Madrid Seismic Zone are far less common than in
California.

Here, as elsewhere, a community’s choice of
building codes in earthquake-prone areas reflects
a complicated interplay between safety, seismol-
ogy, earthquake engineering, economics, and pub-
lic policy. Ideally, building codes should not be too
weak, permitting unsafe construction and undue
risks, or too strong, imposing unneeded costs and
thereby promoting evasion. Deciding where to
draw this line is a complex policy issue for which
there is no unique answer. Local jurisdictions are
under no obligation to blindly accept national
building codes, but if they do they may find it use-
ful to modify them to best balance the local haz-
ards and costs.

Earthquake risks are not well understood in
the NMSZ. Earthquake risk assessment has been
described by one of its founders as “a game of

chance of which we still do not know all the rules.”
Nowhere is this more the case than in the Mem-
phis area and the remainder of the New Madrid
Seismic Zone (NMSZ), where large earthquakes oc-
curred in 1811-12 and probably earlier. However,
the underlying physical cause of the earthquakes
is unclear; the magnitudes and recurrence times
for the largest earthquakes are difficult to infer, and
the likely ground motion from such earthquakes
is essentially unconstrained. The problem is that
earthquakes in the New Madrid Seismic Zone are
rare. On average, one potentially serious earth-
quake (magnitude 6) occurs every 100 years some-
where in the NMSZ, as contrasted with one every
10 years in California.

It appears that the model used to develop
Geological Survey National Seismic Hazard maps
associated with the IBC 2000 overestimate the haz-
ard. In part, this stems from the assumption that
ground motion from earthquakes significantly ex-
ceeds that derived from other accepted models.
Adding still more exaggeration, the recurrence in-
terval of the probability of exceedance was
changed from once in 500 years to once in 2,500
years. Reaching out over an extended time frame
weighs the prediction toward a high seismic haz-
ard. This gives the impression, when historical
records would indicate otherwise, that the New
Madrid Seismic Zone is comparable to that of San
Francisco or Los Angeles in the number of earth-
quakes and the intensity of predicted ground mo-
tion.
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We recommend an alternative that produces lower. The lower recurrence interval would more
a reasonable level of risk for building design. closely represent what has actually been recorded.
Ground motion predicted by the USGS maps This approach seems more realistic, given how rare
should be based on an exceedance of one in 500 major earthquakes are in the NMSZ. Furthermore,
years. The resulting accelerations are significantly it provides a reasonable level of safety at a cost

acceptable to the community.
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The current seismic design for Kentucky is
based on the AASHTO current specifications us-
ing Peak Ground Accelerations (PGA) as per
AASHTO maps and supplemented by maps pro-
vided by the University of Kentucky (UK) for 10
percent in 50 years or a 500-year event. UK also
furnished maps for 10 percent in 250 years (2,500-
year event) and 10 percent in 500 years (5,000-year
event). The lowest design PGA for Kentucky is
0.09g. Only 35 of 120 counties exceed this 0.09g.
There are 15 in western Kentucky, 15 in the north-
east, and 5 in the southeast.

The proposed AASHTO LRFD code is based
on response spectral accelerations as provided by
USGS maps, available on the Web, for a rare earth-
quake (MCE) of 3 percent in 75 years (2,500-year
event) and for an expected earthquake of 50 per-
cent in 75 years (150-year event). While the USGS
maps are convenient, the values for the expected
earthquake have been difficult to find.

The USGS maps still provide PGA values, and
we used these for comparison with the maps pro-
vided by UK. The 500-year values coincide fairly
well between USGS and UK. However, the 2,500-
year values provided by USGS are considerably
higher than those provided by UK, even compared
to UK’s 5,000-year event.

The result of using the USGS values and the
proposed LRFD code is that most Kentucky bridges
currently in areas of high seismicity will need to
be designed for higher and more severe catego-
ries. In addition, the remainder of Kentucky’s
bridges currently designed for Category A (less
than 0.09g) could require a more stringent analy-
sis.

These issues are under advisement by the
AASHTO committee and will be further discussed
at the Subcommittee’s June meeting in New
Mexico.
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The Commonwealth of Kentucky has en-
forced a state building code since 1980. In the past,
the BOCA National Building Code has been the
model code. This code, titled the Kentucky Build-
ing Code, uses the model code with modifications
specific to the state jurisdictions and geographical
issues. With the eighth edition (2002), the Kentucky
Building Code is now based on the 2000 International
Building Code.

Also, in the history of code enforcement in
this state, the CABO One- and Two-Family Residen-
tial Code was cited by reference in the State code. It
was left up to local authorities to decide if enforce-
ment of the residential codes would be done.
Nearly all large cities enforced the residential code,
but many smaller communities and rural areas did
not see any enforcement. With the introduction of
the 2002 Kentucky Residential Code (based on the
2000 International Residential Code), all residential
construction is to be regulated. The state residen-
tial code attempts to address issues as they per-
tain to the same jurisdictional and geographical
matters as the primary code.

The Structural Engineers Association of Ken-
tucky has worked with the Kentucky Department
of Housing, Buildings and Construction in the past
to help establish geographical criteria (such as seis-
mic zoning) and to offer opinions on code inter-
pretations. The organization was asked to help
with the planning of the 2002 Kentucky Building
Code by reviewing chapters in the IBC relating to
structural loads, foundations, and materials design.
SEAOK prepared a white paper on the “Review of

the 2000 International Building Code” for the State
in February of 2001. Sixty-four revisions were sug-
gested, including county-specific tables for seis-
mic coefficients, ground snow loads, and design
frost depths. Other suggestions included clarifica-
tions and exclusions of requirements not geo-
graphically applicable for Kentucky. Most of these
recommendations have been implemented in the
2002 code.

At the same time that SEAOK’s work on the
primary code was going on, the state homebuilders
association was involved in the review of the 2002
Kentucky Residential Code. The end result of that
review had some code officials concerned that
parts of the code did not adequately address struc-
tural design issues, particularly the seismic require-
ments for the western counties of Kentucky.
SEAOK was asked by the State to look into the resi-
dential code and make recommendations for that
code too. A white paper on the “Review of the 2002
Kentucky Residential Code” was presented to the
state in November 2001. The residential code had
already gone to press by that time, and the Ken-
tucky Homebuilders Association voiced objections
to the SEAOK recommendations. After a series of
meetings and negotiations that included the State
officials, local code officials, structural engineers,
and homebuilders, a revised white paper was pre-
sented, outlining 143 changes to the published
code, many of which were reversions back to the
original IRC language. The board has approved
the recommendations, but the changes are not yet
available as a public document.
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SEAOK has continued to assist the State in
clarifying the code issues and has closely moni-
tored the transactions of neighboring states and
the continued development of national standards
to advise the code officials on any new develop-
ments.

Since the adoption and implementation of the
codes, numerous problems have arisen that have
caused difficulties for architects, engineers, and
builders. Some have already been addressed, and
revisions are forthcoming. Other matters will re-
quire some effort to resolve. A few of these mat-
ters are listed below:

Design Issues with the 2002
Kentucky Building Code

1.  Wind and seismic designs favor regular
box-shaped buildings. This becomes
characteristically impossible for school
buildings, medical facilities, churches,
and well-established industrial facilities.
Strict interpretation of the codes require
modal analysis for seismic and wind tun-
nel testing for wind. The modal analysis
is doable with additional fees and time,
but the wind-tunnel testing requires spe-
cialized facilities that are not readily and
cheaply available. This testing requires
the building of models for not only the
new project but also the existing build-
ing and adjacent structures. For a small
classroom wing for a sprawling rural
county high school complex, the cost of
the engineering could nearly equal the
construction costs. Seismic analysis simi-
larly requires efforts not normally con-
sidered in a project’s engineering bud-
get.

2. The seismic provisions of the code rely
heavily on the expertise of geotechnical
engineers with competence in soil dy-
namics and liquefaction. Many such en-
gineers are neither trained in those fields
nor are there any specific guidelines from
the ICC on how these procedures should
be used to meet the code’s expectations.
The former problem results in
geotechnical studies from some firms

that either ignore the seismic provisions
completely or provide vague and arbi-
trary data designed to mitigate their re-
sponsibility, but provides the structural
engineer with no useful data. The latter
problem results in varying interpreta-
tions of soils data from the geotechnical
consultant (not the testing procedures
covered by ASTM standards, but the in-
terpretation of data).

A number of large cities in this state oc-
cur either in whole or in part of river
floodplain geography that requires de-
sign conforming to Site Class F classifi-
cation, including site-specific response
investigation. This may not be too big of
an issue for large commercial projects,
but the code technically imposes this re-
quirement on even the 1500SF conve-
nience store or a pre-engineered metal
building used for housing inventory or
vehicles. Cities such as Owensboro and
Paducah would essentially need that
work done for any building other than
some houses. Many such small buildings
are now done without any assistance of
a design professional or are built from
prototype designs. When last checked,
there were only two practicing firms in
this state that have the resources and
expertise to correctly perform a site-spe-
cific analysis.

Special inspections are being difficult to
interpret and implement in many cases.
There are instances where second-party
standards are being referenced for the
implementation of seismic design of spe-
cial equipment and facilities that in fact
offer no good design procedures what-
soever. The ASME standards cited in the
section on earthquake design simply
state that consideration shall be given to
earthquake forces in the design. The
IBC/KBC code covers the matter in
much more superior detail than that. By
applying the citation, it would appear
that the second-party standard has pre-
cedence over the code and that some
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substandard procedure would be accept-
able.

Many of the second-party standards are
still based on UBC94 and other seismic
procedures. The newly published ACI
350.3-01 for liquid-containing structures
is based on such procedures. There are
several inconsistencies that occur with
respect to these standards and the new
codes. These include the correct imple-
mentation of load factors for seismic
forces, and the prescriptive design pro-
cedures and equations for that seismic
design category.

Buildings and structures previously built
in conformance to State earthquake code
requirements no longer comply due to a
shift in seismic design category designa-
tions. It has become impossible (or at
least heroic) to modify existing structures
for the new seismic requirements. There
is a parking structure in western Ken-
tucky that was designed to be four sto-
ries, but only two stories were originally
built. It was not possible for the remain-
ing two stories to be added after the 2002
code without major overhauling of the
structural system.

Geotechnical and structural require-
ments are inflexible for buildings in Seis-
mic Design Categories D and higher.
Many small commercial structures are
subject to the same rigors of major
projects, including liquefaction studies
and special inspections. The code offi-
cial should be given more discretion on
what will be required for small projects.

Design Issues with the 2002
Kentucky Residential Code

1.

As with the IBC/KBC, the code favors
simple rectangular construction with
perpendicular walls. Any variation from
this puts the home in a category similar
to those under IBC rules. Many fine new
homes are artistic expressions, incorpo-
rating roof offsets, irregular floor plans,
and angled walls. Then the design pro-

fessional has to be called in. In many
cases, however, these issues become too
complex for many architects to handle
on their own, necessitating a structural
expert. Many homebuyers believe that
design drawings that they purchase out
of a mail-order catalogue will suffice to
get a new home built, and in the past it
did. Many such mail-order designs are
too complex to muster up to the IBC re-
quirements, and the homeowner’s bud-
get doe not adequately fund the design
professional’s fees. When it comes to
residential consulting, the big design
firms are too busy to bother with them
or they know the effort that has to be
made to meet the IBC requirements ex-
ceed what would be a reasonable fee for
a project of that size. Consequently, new
home construction in the McCracken
County area has all but terminated.
People who wanted to build new homes
are abandoning their plans and seeking
existing homes when moving into the
area.

The restrictions on two-story masonry
veneers are too severe. It should be tech-
nically possible to incorporate design
provision that would allow this detail.
The provision could include shear wall
tables for brick veneer construction and
provision for attaching such surfaces to
the framing.

The basement wall tables need to be ex-
panded to account for higher wall con-
struction. Many new homes are being
built with the intent of having full ceil-
ing heights in the basements while hav-
ing sufficient space between the ceiling
and the first floor for all the mechanical
utilities.

There needs to be provisions for build-
ing roofs that overhang porch areas. This
is now limited in the amount of over-
hang. Provisions need to be addressed
on how the roof deck can be braced back
into shear walls so that this restriction
can be overcome.
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The ICC needs an endorsement program
for special assemblies such as ICBO and
the SBCCI currently do. Such assemblies
as Simpson’s pre-engineered shear wall
panels would remedy the issues with
short walls and the “rational design”
provisions. Code officials are reluctant
to accept these assemblies because there
is no means of addressing them in the
code without the intervention of a de-
sign professional. This puts unnecessary
burden on the design submittal process.

The definition of “rational analysis”
needs to be included. It should clarify
what is acceptable without necessarily
calling in a design professional for its
implementation. The code officials are
forced to interpret it in this way. Ratio-
nal design could include utilization of
trade software, published articles, spe-
cialized assemblies, and the use of
manufacturer’s design instructions. If a
contractor can demonstrate that such
published data meets the intent of the
code, a design professional need not be
involved.
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The 1997 NEHRP Recommended Provisions
made a significant, but not particularly obvious,
change in its basic criterion for structural safety
that is directly paired with the introduction of the
new ground-motion hazard maps. Couching the
change in terms of performance-based engineer-
ing, the fundamental performance requirement
was not changed, but the performance criterion
was changed. This statement is steeped in the jar-
gon of performance concepts for the expression of
engineering standards. Thus, the fundamental per-
formance requirement is that buildings and other
structures be designed and constructed to deliver
acceptable safety, considering the hazard presented
by earthquake ground shaking. The 1997 edition,
with its new maps and the procedure to utilize
values from those new maps, does not represent
any change in this fundamental requirement. Per-
formance requirements stated in this fashion are
not quantitative and are subject to reinterpretation
by each user and potentially with each use. Under
the performance concept, quantitative criteria are
required to actually implement requirements. Prior
to the 1997 edition, the structural criterion in the
NEHRP could be characterized as “avoid life-threat-
ening damage to ordinary buildings in a design earth-
quake ground motion, taken nominally as that ground
motion having a 10 percent chance of being exceeded in
a 50-year reference period.” This was paired with cri-
teria for improved performance in high-occupancy
buildings, essential facilities, and facilities with

hazardous materials, primarily through more strin-
gent drift limits for such structures.

The 1997 edition changed this by adopting a
new criterion:

avoid structural collapse of ordinary buildings in

the maximum considered earthquake ground mo-

tion, taken nominally as that ground motion hav-
ing a 2% chance of being exceeded in a 50 year

reference period.

The quantification of the ground-motion hazard
obviously changed, and in much, but not all, of
the territory mapped, the amplitude of ground
motion has increased (after adjusting for the dif-
ference between old maps based upon peak
ground accelerations and new maps based upon
spectral response accelerations). This increase in
the ground motion is offset by the decrease in the
level of performance: “near collapse” is a more lib-
eral limit state than “life safety.” The purpose of
the change to is avoid large loss of life, such as
occurred in Soviet Armenia in the December 1988
earthquake, where a large number of multistory
apartment buildings suffered total collapse. The
overall change is approximately neutral when av-
eraged over the entire area of the U.S.; however, in
areas where large earthquakes are predicted to
occur infrequently, such as the middle Mississippi
Valley, the net change is a significant increase in
demand for seismic resistance.

The selection of the 2 percent chance in 50
years was not completely arbitrary. In round num-
bers, this means that the mean recurrence interval
(mri) of the ground motion is 2,500 years. If one
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examines the design basis for other structural
loads, in which a load factor is applied to a nomi-
nal load with a 50-year mri (such as 1.6 times the
nominal snow load), and considers the annual
probability of failure, the answers by standard sta-
tistical methods will ordinarily provide predictions
of the probability for structural failure on the or-
der of one chance in 1,000 to one chance in 10,000
per year; in other words, mean recurrence inter-
vals of 1,000 to 10,000 years for structural failure.
The nature of earthquake occurrence is that the
character of the hazard varies so much from loca-
tion to location that it is impossible to find a load
factor that could rationally be applied to a 50-year
mri nominal load. It would be necessary to pro-
vide a geographical map of load factors as well as
of ground-motion amplitudes.

One might infer from the preceding descrip-
tion that a new limit state was actually developed
quantitatively, but this is not the case. Instead, ex-
isting design procedures are used unchanged, and
the design ground motion, after adjustment for site
amplification factors, is divided by a factor of 1.5.
This approach is the implementation of a commit-
tee opinion that in a population of buildings de-
signed according to current seismic design provi-
sions, significant numbers of structural collapse
would not occur until the ground motion exceeded
the design ground motion by a factor of at least
1.5. This adjustment in the ground motion allows
continued used of the response modification fac-
tor R that accounts for ductility, overstrength,
damping, and other perceived values of overall
structural systems.

Kentucky, like the U.S. as a whole, shows a
large variation in seismic ground shaking hazard.
Consider two locations: Paducah and Covington.
Paducah is close to the middle Mississippi Valley
Seismic Zone and the short-period spectral accel-
eration in rock from the maps used in NEHRP is
2.00 times gravity, whereas Covington is so far
from that zone that the similar quantity is 0.19
times gravity. In other words, the mapped hazard
in Paducah is over 10 times as high as in Covington,
for this particular parameter. While this seems ex-
treme, there are certainly parallels in other aspects
of structural design. In California, the design snow
load varies from nil to over 400 pounds per square
foot, depending on location. Designing for the av-
erage makes no sense in either case. Perhaps of
more interest than the spread is the change from
prior codes. If one compares the change to the 1997
edition from the 1991 edition of the NEHRP Pro-
visions for short and tall structures and for both
rock and soft soil conditions, the change, expressed
as a ratio of 1997 to 1991 design values for these
two locations are:
Covington
Short building Rock site 1.01
Tall building  Rock site  0.71
Paducah
Short building Rock site 3.14
Tall building  Rock site  1.96

As this illustrates, the big changes in Ken-
tucky have to do with the seismic hazard from the
middle Mississippi Valley Seismic Zone. Note that
where the changes for soft soils are different that
those for rock, that difference is a result of other
changes on site amplification introduced in the
1994 edition of the Provisions.

Soft soil 2.53
Soft soil 1.25

Soft soil 2.82
Soft soil 2.35
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The structural seismic design criterion has
been changed. Prior to the 1997 edition, the crite-
rion in the NEHRP was “avoid life-threatening dam-
age to ordinary buildings in a design earthquake ground
motion, taken nominally as that ground motion having
a 10% chance of being exceeded in a 50 year reference
period” (Harris, this workshop). The criterion in the
NEHRP 1997 edition is “avoid structural collapse of
ordinary buildings in the maximum considered earth-
quake ground motion, taken nominally as that ground
motion having a 2% chance of being exceeded in a 50
year reference period” (Harris, this workshop). This
change is dramatic for the central United States.
For low-rise buildings, the design ground motion
in Paducah, Kentucky, is about the same level as
in Los Angeles and San Francisco, California.

The maximum considered earthquake ground
motion (MCE) is defined deterministically in
coastal California from maximum magnitude
earthquakes, and probabilistically in the central
United States with a 2 percent chance of being ex-
ceeded in 50 years (Hunt, this workshop). PSHA
addresses the chance of being exceeded at a level
of ground motion (Frankel, this workshop). The
ground motion derived from PSHA is artificial and
does not represent a real ground motion from any
earthquake. The deterministic methodology
(DSHA) determines the ground motion from a
single earthquake that has maximum impact.
DSHA addresses the ground motion from a single
(i.e.,, maximum magnitude, maximum considered,
or maximum credible) earthquake (Cramer, this
workshop). The ground motion derived from

DSHA represents real ground motion from a single
earthquake. In terms of ground motion, PSHA and
DSHA are not comparable. It is not appropriate to
combine the probabilistic and deterministic
ground motion into one design ground motion.
Therefore, MCE itself is not consistent in defining
design ground motion.

In California, it has been observed that the
structures that comply with the 1997 edition of the
Uniform Building Code (UBC-97) generally per-
formed well. The seismic design map in the UBC-
97 is similar to the NEHRP 1994 edition design
map, which is similar to the ground motion with a
10 percent probability of being exceeded in 50
years, even though the UBC-97 probability is
smaller in most cases. So, use of ground motion
with a 10 percent probability of being exceeded in
50 years provides adequate seismic design in Cali-
fornia. This unique issue for California was iden-
tified and related to the recurrence interval of the
maximum magnitude earthquake (100 to 200
years). Therefore, selection of design ground mo-
tion is not arbitrary and related to the recurrence
interval of the maximum magnitude earthquake
in coastal California. The median ground motion
of the maximum magnitude earthquake was used
in the NEHRP 97 or later editions for coastal Cali-
fornia. The return period corresponding to the
median ground motion in coastal California is
twice the recurrence interval of the maximum
magnitude earthquake, 200 to 400 years. In the cen-
tral United States, the recurrence interval of the
maximum magnitude earthquakes varies greatly,
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from about 500 years in the New Madrid Seismic
Zone, to about 4,000 years in the Wabash Valley
Seismic Zone, and to even longer periods in other
seismic zones. Use of ground motion with a spe-
cific return period (2,500 years) for seismic design
may not be adequate for the central United States.
The return period corresponding to the median
ground motion of characteristic earthquakes in the
New Madrid Seismic Zone is about 1,000 years.
Use of ground motion with 2,500-year return pe-
riod for seismic design is too conservative in areas
surrounding the New Madrid Seismic Zone be-
cause large uncertainty is included. However, the
ground motion with 2,500-year return period for
seismic design may not be conservative in other
areas, such as the Wabash Valley Seismic Zone.

One of the policy decisions made in the
NEHRP 97 edition is that “the use of the maps for
design provide an approximately uniform margin
against collapse for ground motions in excess of
the design levels in all areas.” It has been observed
that the seismic safety margin is about 1.5 times
the design value in California. Also, it was found
that ground motion with a 2 percent probability
of being exceeded in 50 years is about 1.5 times
the ground motion with 10 percent probability of
being exceeded in 50 years in California. These
calculations show that using ground motion with
10 percent probability of being exceeded in 50 years
for design can achieve the collapse ground motion
having 2 percent probability of being exceeded in
50 years in California. This observation in Califor-
nia has led to ground motion having 2 percent
probability of being exceeded in 50 years being
used as the collapse ground motion for the whole
United States. However, ground motion with a 2
percent probability of being exceeded in 50 years
is not necessarily the collapse ground motion for
the central United States. The ground motion with
2 percent probability of being exceeded in 50 years
in the New Madrid Seismic Zone is much higher
(> 1.0 g PGA) than the estimated ground motion
(~0.6 g PGA) from the 1811-1812 New Madrid

events. On the other hand, the ground motion ob-
served from the 1980 Sharpsburg earthquake is
about the same as that with a 2 percent probability
of being exceeded in 50 years in northeastern Ken-
tucky. Use of ground motion having a 2 percent
probability of being exceeded in 50 years for seis-
mic design could not provide an approximately
uniform margin against collapse for ground mo-
tions in excess of the design levels in the central
United States.

What is the design ground motion for the cen-
tral United States? In order to answer the ques-
tion, the first decision that must be made is whether
to use risk-based design or performance-based
design. For risk-based design, it is more appropri-
ate to use probabilistic ground motion. The
NEHRP provisions before the 1997 edition were
risk-based and used the probabilistic ground mo-
tion with a 10 percent probability of being exceeded
in 50 years. For performance-based design, it may
not be appropriate to use probabilistic ground mo-
tion. The NEHRP 1997 edition is no longer risk-
based, but more performance-based (Hunt, this
workshop). The design ground motion in the
NEHRP 1997 edition is the maximum considered
earthquake ground motion (MCE) that was de-
fined deterministically in coastal California from
maximum magnitude earthquakes. MCE in coastal
California represents the “near collapse” ground
motion (Harris, this workshop), and is not associ-
ated with any specific probability. A true MCE
(ground motion defined deterministically from
maximum magnitude earthquakes), not the
ground motion with a 2 percent probability of be-
ing exceeded in 50 years, would be more appro-
priate in the NEHRP 1997 or later editions.

In the central U.S., seismic hazard assessment,
probabilistically or deterministically, inherits a
large uncertainty due to large uncertainties in seis-
mic sources, earthquake recurrence frequencies,
and ground motion attenuations. The uncertainty
in seismic hazard maps needs to be thoroughly
discussed in order to select appropriate design
ground motion maps for the central U.S.
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DAVIDSON Kimberly D.  U.S. Army Corps of 502 8th St. 304/529-5103 304/529-5786
Engineers Huntington, WV 25701 kimberly.dale.davidson@
Irh01.usace.army.mil
DICKEY David The Mason & Hanger 300 W. Vine St., Ste. 1300 859/252-9980
Group Lexington, KY 40507
DINGRANDO Jeff FMSM Engineers, Inc. 1409 N. Forbes Rd. 859/422-3000 859/422-3100
Lexington, KY 40511
DUNBAR G. Douglas Associated Engineers, Inc. 2740 N. Main St. 270/821-7732  270/821-7789
Madisonville, KY 42431 doug@associatedengineers.com
ESLING Steven Southern Illinois Dept. of Geology 618/453-7376  618/453-7393
University Carbondale, IL 62901 esling@geo.siu.edu
EVERS Sue L. FEMA-Region VII 2323 Grand Blvd., Ste. 900  816/283-7005  816/283-7018
Kansas City, MO 64108-2670 sue.luebbering-evers@fema.gov
FILSON John U.S. Geological Survey 12201 Sunrise Valley Dr., 703/648-6785  703/648-6592
MS 905 jfilson@usgs.gov
Reston, VA 20192
FINNELL David Ray HK Systems, Inc. 3045 Miller Ct. 859/334-2643  859/334-2337
UHS Division Burlington, KY 41005-9783  drfinnell@aol.com
FITZGERALD Patrick Louisville & Jefferson 3050 Commerce Center P1. ~ 502/540-6949 502/540-6944
Co. MSD Louisville, KY 40211 fitzgera@msdlouky.org
FOLSOM Rob Mactec Engineering & 13425 Eastpoint Centre Dr., 502/253-2500  502/253-2501
Consulting #122 rob.folsom@mactec.com
Louisville, KY 40223
FOSTEL Chris Federal Aviation 600 Maryland Ave. SW, Ste. 600 202/484-8221 x 313 202/484-8219
Administration Washington, DC 20024 chris.ctr.fostel@faa.gov
FRANKEL Arthur D. U.S. Geological Survey ~ P.O. Box 25046, MS 966 303/273-8556  303/273-8600
Denver Federal Center ~ Denver, CO 80225 afrankel@usgs.gov
FULLER Don FMSM Engineers, Inc. 1409 N. Forbes Rd. 859/422-3000 859/422-3100
Lexington, KY 40511
GAVIN William T. The Reaves Firm 5118 Park Ave. 901/761-2016 901/821-4988
Memphis, TN 38117 bgavin@reavesfirm.com
GERESCHER  Michael B. Western Kentucky 2201 McCracken Blvd. 270/744-6261 270/744-9522
Construction Assoc. Paducah, KY 42001 mikegere@wkca.org
GILLIAM Gary Kentucky Dept. for #2 Hudson Hollow 502/564-2320  502/564-6764
Surface Mining Frankfort, KY 40601 gary.gilliam@mail.state.ky.us
GOBLE J. Alan Bowser-Morner 2416-B Over Dr. 859/233-0250
Lexington, KY 40511 jgoble@bowser-morner.com
GOODPASTER Steve Kentucky Transportation Frankfort, KY 40601 steve.goodpaster@mail.state.ky.us
Cabinet
HANSON Kathryn L. Geomatrix Consultants 2101 Webster St., 12th Floor 510/663-4146 510/663-4141
Oakland, CA 94612 khanson@geomatrix.com
HARRIS Jim J.R. Harris & Co. Denver, CO jim.harris@jrharrisandco.com
HATCHER Bruce Qore, Inc. 422 Codell Dr. 859/293-5518 859/299-2481
Lexington, KY 40509 bhatcher@qore.net
HENDRICKS  Todd Kentucky Div. of 14 Reilly Rd. 502/564-6716

Waste Management

Frankfort, KY 40601

todd.hendricks@mail.state.ky.us
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HENGESH James William Lettis & 999 Anderson Dr., Ste. 120 415/721-1320
Associates San Rafael, CA 94901 hengesh@]lettis.com
HESTER Norman C. CUSEC 9015 S. Gore Rd. 812/824-4782
Bloomington, IN 47403
HILL John Indiana Geological 611 N. Walnut Grove 812/855-5067 812/855-2862
Survey Bloomington, IN 47405 hill6@indiana.edu
HOFFMAN David Missouri Geological P.O. Box 250 573/368-2144 573/386-2111
Survey/Dept. of Rolla, MO 65402 nrhoffd@dnr.state.mo.us
Natural Resources
HORNBECK  StephenT. U.S. Army Corps of P.O. Box 59 502/315-6442  502/315-6454
Engineers Louisville, KY 40201 stephen.t.hornbeck@
Irl02.vsace.army.mil
HOWE Richard W. ABS Consulting 119 S. Main, Ste. 500 901/488-9951  901/312-9145
Memphis, TN 38103
HUMBLE Victor L. L.E. Gregg Associates 1026 E. New Circle Rd. 859/252-7558 859/255-0940
Lexington, KY 40515
HUNT Joe BWXT Y-12, LLC Oak Ridge, TN huntrj@y12.doe.gov
HWANG Howard Center for Earthquake University of Memphis hwang@ceri.memphis.edu
Research & Information Memphis, TN
IDER Halis M. Thelen Associates, Inc. 1398 Cox Ave. 859/746-9400 859/746-9408
Erlanger, KY 41018-1002 thelen@one.net
KALINSKI Michael E. UK Dept. of Civil 161 Raymond Bldg. 859/257-6117  859/257-4404
Engineering Lexington, KY 40506-0281 kalinski@engr.uky.edu
KAREM Wayne Qore, Inc. 422 Codell Dr. 859/293-5518 859/299-2481
Lexington, KY 40509 wkarem@qore.net
KELLER Sandra Mid-America Remote 206 Lowry/15th St. 270/762-2148 270/762-4417
Sensing Center Murray, KY 42071 sandy.keller@murraystate.edu
Murray State University
KEMMERLY  Phillip R. Austin Peay State Univ.  Dept. of Geology & Geography 931/221-7454  931/221-7284
Clarksville, TN 37044 kemmerlyp@apsu.edu
KENNER Shelley UK Dept. of Geological 306 Slone Research Bldg. 859/257-5506  859/323-1938
Sciences Lexington, KY 40506-0053  skenner@uky.edu
KIEFER John D. Kentucky Geological 228 Mining & Min. Res. Bldg. 859/257-5500  859/323-1049
Survey Lexington, KY 40506-0107  kiefer@kgs.mm.uky.edu
LANGFORD Dennis J. Kentucky Dept. of 101 Sea Hero Rd., Ste. 100 502/573-0364 502/573-1057
Housing, Bldgs. & Const. Frankfort, KY 40601-5405 dennis.langford@mail.state.ky.us
LARSON Eric W. City-County Planning 1141 State St. 270/842-1953  270/842-1282
Comm., Warren Co. Bowling Green, KY 42101 larse91@bgky.org
LEACH Jim L.E. Gregg Associates 1026 E. New Circle Rd. 859/272-2032 859/255-0940
Lexington, KY 40515 legreggijl@aol.com
LEE Craig Qore, Inc. 422 Codell Dr. 859/293-5518 859/299-2481
Lexington, KY 40509 clee@qore.net
LI Yong U.S.NRC T10 L1 301/415-4141
Washington, DC 20555
LONG Mandy Kentucky Geological 228 Mining & Min. Res. Bldg. 859/257-5500  859/323-1049
Survey Lexington, KY 40506-0107  along@kgs.mm.uky.edu
McRAE Mark Cooper B-Line 509 W. Monroe St. 618/654-2184 618/654-9191
Highland, IL 62249 mmcrae@cooperbline.com
MILBURN Troy W. University of Louisville 130 Barry Casive Ct. 502/965-8412

Louisville, KY 40229

twmilbO01@louisville.edu
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MULLINS Todd Kentucky Div. of 14 Reilly Rd. 502/564-6716 502/564-2705
Waste Management Frankfort, KY 40601 todd.mullins@mail.state. ky.us
NARAYANAPPA Krish R. GRW Engineers 801 Corporate Dr. 859/223-3999 x 255 859/223-8917
Lexington, KY 40503 knarayanappa@grwinc.com
NAZARIO Carlos R. Federal Energy Reg. 230 S. Dearborn St., Rm. 3130 312/353-8223 312/353-0109
Commission Chicago, IL 60604 carlos.nazario@ferc.gov
NEALON John S. Thelen Associates, Inc. 1398 Cox Ave. 859/746-9400 859/746-9408
Erlanger, KY 41018-1002 thelen@one.net
NIELD Michael C. U.S. Army Corps of 502 8th St. 304/529-5056 304/529-5786
Engineers Huntington, WV 25701 michael.c.nield@
Irh01.usace.army.mil
NUTTALL Brandon Kentucky Geological 228 Mining & Min. Res. Bldg. 859/257-5500 859/257-1147
Survey Lexington, KY 40506-0107 bnuttall@kgs.mm.uky.edu
O’DELL Edward A. WMB Engineers, Inc. 1950 Haggard Ct. 859/299-5226 859/299-7791
Lexington, KY 40505 eodell@wmbinc.com
PALMER Charlene Parsons Brinckerhoff 312 Elm St., Ste. 2500 513/639-2134 513/421-1040
Cincinnati, OH 45202 palmerc@pbworld.com
PARK Duhee Univ. of Illinois at 205 N. Mathews Ave. 217/333-6942
Urbana-Champaign Urbana, IL 61801 dparkl@uiuc.edu
PEVELER Michael L. U.S. Army Corps of P.O. Box 59 502/315-6446 502/315-6454
Engineers/Geotech & Louisville, KY 40201 michael.l.peveler@usace.army.mil
Dam Safety
PLISICH John Federal Emergency 3003 Chamblee-Tucker Rd.  770/220-5380 770/220-5440
Management Agency Atlanta, GA 30341 john.plisich@fema.gov
RACHEL Joseph A. Federal Emergency 3003 Chamblee-Tucker Rd.  770/220-5380 770/220-5440
Management Agency Atlanta, GA 30341 joseph.rachel@fema.gov
RICHARDS Kevin S. Federal Energy Reg. 230 S. Dearborn St., Rm. 3130 312/353-3796 312/353-0109
Commission Chicago, IL 60604 kevin.richards@ferc.gov
ROBLES Mario USEC, Inc. 6903 Rockledge Dr. 301/564-3408 301/564-3210
Bethesda, MD 20817 roblesm@usec.com
ROBSON Brad Palmer Engineering 273 Shoppers Dr., PO. Box 747  859/744-1218 859/744-1266
Winchester, KY 40392-0747  brobson@palmernet.com
ROCKAWAY Thomas D. University of Louisville Dept. of Civil Engineering  502/852-3272 502/852-8851
Louisville, KY 40292 rockaway®@louisville.edu
RUSS David P. U.S. Geological Survey 12201 Sunrise Valley Dr., MS 953 703 /648-6660 703/648-6684
Reston, VA 20192 druss@usgs.gov
RUTHVEN Carol L. Kentucky Geological 228 Mining & Min. Res. Bldg. 859/257-5500 859/323-1049

SCARBROUGH Joel A.

SCHAEFER

SCHAEFFER

SCHMIDT

Jeffrey

Howard

Richard

SCHUHMANN Mark

Survey
City of Paducah,
Inspection Dept.

U.S. Army Corps of
Engineers

Atmos Energy-Kentucky

Energy Consulting

Mactec Engineering &
Consulting

Lexington, KY 40506-0107

P.O. Box 2267

Paducah, KY 42002-2267

P.O. Box 59
Louisville, KY 40201

2401 New Hartford Rd.

Owensboro, KY 42303

63 Colestchester Ln.
Palm Coast, FL 32137

13425 Eastpoint Centre Dr., #122

Louisville, KY 40223

cruthven@kgs.mm.uky.edu
270/444-8602  270/444-8582
jscarbrough@ci.paducah.ky.us

502/315-6452 502/315-6454
jeffrey.h.schaefer@
Irl02.vsace.army.mil

270/ 685-8050 270/ 685-8025

howard.schaeffer@atmosenergy.com

502/253-2500 502/253-2501
mark.schuhmann@mactec.com
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SCHWEIG Eugene S. U.S. Geological Survey 3876 Central Ave., Ste. 2 901/678-4974 901/678-4897
Memphis, TN 38152-3050 schweig@ceri.memphis.edu
SHI Baoping Kentucky Geological 228 Mining & Min. Res. Bldg. 859/257-5500 859/323-1049
Survey Lexington, KY 40506-0107 zwang@kgs.mm.uky.edu
SLADE Terry M. Ky. Dept. Housing, 101 Sea Hero Rd., Ste. 100 502/573-0373 x 201502 /573-1059

Bldgs. & Const., Div. of  Frankfort, KY 40601-5405 terry.slade@mail.state ky.us
Bldg. Code Enforcement

SMITH Glenn R. Federal Highway 400 7th St. SW, HIBT, Rm. 3203  202/366-8795 202/366-3077
Administration Washington, DC 20590 glenn.r.smith@fhwa.dot.gov
SNEDEGAR Larry W. L.E. Gregg Assoc., Inc. 1026 E. New Circle Rd. 859/252-7558 859/255-0940
Lexington, KY 40505-4117 legreggassoc@aol.com
SPALDING Tom Louisville & Jefferson 700 W. Liberty St. 502/540-6954 502/540-6944
Co. MSD Louisville, KY 40220 spalding@msdlouky.org
STOLTZ Jason Ky. Dept. for #2 Hudson Hollow 502/564-2320 502/564-6764
Surface Mining Frankfort, KY 40601 jason.stoltz@mail state ky.us
STRATTON Jim Illinois Dept. of 3848 Cahokia Ln. 217/581-6376 217/581-6376
Nuclear Safety Charleston, IL 61920 cfifs@eiu.edu
STURGESS Steve Missouri Geological P.O. Box 250 573/368-2149 573/368-2111
Survey Rolla, MO 65402 nrsturs@mail.dnr.state.mo.us
SWINFORD Mac Ohio Geological 4383 Fountain Square Dr. 614/265-6473 614/447-1918
Survey Columbus, OH 43224 mac.swinford@dnr.state.oh.us
TALWANI Pradeep University of South 700 Sumter St. 803/777-6449 803/777-6610
Carolina Columbia, SC 29208 pradeep@sc.edu
TOMASELLO Joseph Reaves Sweeney Memphis, TN joet@reavesfirm.com
Marcom, Inc.
VANARSDALE Roy University of Memphis  Dept. of Earth Sciences 901/678-4356  901/678-2178
Memphis, TN 38152 rvanrsdl@memphis.edu
WALKER Joe Paducah Sun Box 2300 270/575-8656
Paducah, KY 42002-2300
WANG Zhenming Kentucky Geological 228 Mining & Min. Res. Bldg. 859/257-5500 859/323-1049
Survey zwang@kgs.mm.uky.edu
WEEKS Olaf L. Federal Energy Reg. 230 S. Dearborn St., Rm. 3130 312/353-3796 312/353-0109
Commission Chicago, IL 60604 olaf.weeks@ferc.gov
WERTZ Trent USEC, Inc. 6903 Rock Ledge Dr. 301/564-3324 301/564-3208
Bethesda, MD 20817 wertzt@usec.com
WHEELER Kenneth Greater Paducah 1279 Hedge Ln.
Economic Development Paducah, KY 42011
Council
WHEELER Russell L. U.S. Geological Survey ~ Box 25046, MS 966 303/273-8589 303/273-8600
Denver Federal Center Denver, CO 80225 wheeler@usgs.gov
WILKINSON  Jim CUSEC 2630 E. Holmes Rd. 901/544-3570 901/544-0544
Memphis, TN 38654 jwilkinson@cusec.org
WOOLERY Edward UK Dept. of Geological 008 Slone Research Bldg. 859/257-4157 859/323-1938
Sciences Lexington, KY 40506-0053 woolery@uky.edu
YULE Donald U.S. Army Corps of 3909 Halls Ferry Rd. 601/634-2964
Engineers Vicksburg, MS 39180 don.e.yule@erdc.usace.army.mil

Total Attendees: 110
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