OP I N I ON
Will Performance-based Earthquake Engineering
Break the Power Law?
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described by a variation of the Gutenberg-Richter law as
log( N > M 0 ) ≈ a − 2 3 log M 0 . In this case the expected total
moment M 0−total for any given time period grows as
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to answer. After U.S. Geological Survey seismologist Lucy Jones
thereby providing a new point out on the tail of a power law
stated at a press conference that the 1994 Northridge earththat describes earthquake losses.
quake was on an unrecognized fault, one insightful reporter
One of the main reasons for such a variety of building fraasked, “Just how many unknown faults are there?”
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gilities that are normally distributed about a predictable mean,
(2) geotechnical engineers specify the probabilistic hazard, and
then we must assure that there will be no future “surprising”
(3) structural engineers determine the attributes of structural
lessons about structural design.
elements that satisfy statistical limits. All of this should work
It seems to me that the design of long-period buildings
very well, unless something important was overlooked.
may present the greatest challenge. Large long-period ground
I would suggest that something is missing. If we were truly
motions occur only during infrequent, very large earthquakes,
able to quantify a building’s deformation characteristics, then it
and we have not really had the opportunity
should be possible to provide examples of
to fully test how long-period buildings will
ground motions that the structural engiWe just might end up with
behave in such a situation. Furthermore,
neer is assuming will not happen. At that
a different set of buildings
recent end-to-end simulations of the effect
point, the designers should have a discusif we acknowledged the
of large earthquakes on high-rise buildings
sion with earth scientists about the confinature of the uncertainties
suggest that collapse is a real possibility
dence that such a motion will not occur.
in this problem.
with ground motions similar to those that
I am sure that many of you are thinking
we think occurred during the great San
that if we did that, then nothing would
Andreas fault earthquakes of 1857 and 1906. It is clear that if
ever get built. I seriously doubt that; we all need buildings.
a future large earthquake causes multiple collapses of high-rise
However, we just might end up with a different set of buildbuildings, then building codes will change as a result.
ings if we acknowledged the nature of the uncertainties in this
Will performance-based earthquake engineering break the
problem.
power law? This question, which doubles as the title of this
My office is in Caltech’s Thomas Laboratory, a three-story
article, is intentionally ambiguous. If by this question I mean,
reinforced concrete shear-wall building built in the 1930s.
“Will the frequency vs. loss statistics continue to be described
However, when Caltech built the Thomas Laboratory, there
by a power law even after we implement PBEE?” then I think
were no strong-motion records or any understanding of PSHA.
the answer is probably yes, the loss statistics for events will be
Nevertheless, the Thomas Laboratory is still considered a robust
described by a power law. The fact that the statistics of frebuilding when it comes to seismic vulnerability. How could
quency vs. population size for cities are described by a power
such ignorance of seismic hazards have produced a functional
law suggests that overall loss statistics will be described by a
building that is still considered sound 70 years after its conceppower law. A direct hit of a large earthquake to a large city will
tion? The design philosophy was straightforward and effective:
do far more total damage than a similar event striking a small
Choose an affordable design least vulnerable to unknown factown. However, if I mean “Infrequent great earthquakes comtors and that also meets functional requirements. When I asked
prise much or most of the threat to a particular building,” then
George Housner, the father of modern earthquake engineering,
I think that the jury is still out. There are reasons, however, to
about the design of the Thomas Laboratory, he told me: “It’s a
suspect that short-period ground motions (less than 0.5 sec)
simple concrete box. … There’s not much you can do to a box.”
and the responses of short-period buildings are more likely to
When I asked him about the design philosophy he used when
behave like normal distributions (i.e., Gaussian distributions)
he advised the Caltech Administration about campus buildings
than are long-period buildings. That is, PBEE may provide reafrom the 1950s through the 1990s, he told me, “I kind of knew
sonable failure-rate estimates for short-period buildings.
what I didn’t know.”
Ironically, while short-period ground motions may be
To really achieve PBEE implies that we have an adequate
more reliably predicted by PSHA in the sense that peak ground
characterization of the expected ground motions and their
accelerations are normally distributed about a mean, there is
corresponding building responses. If either ground motions
less need to utilize these values in building design. Short, stiff
or building responses have characteristics of power laws, then
buildings typically are designed using a set of prescriptive rules
it is especially important that we understand the tails of the
(the building code) based on past performance in actual earthstatistical distributions. It troubles me that existing procedures
quakes. That is, the building code for high-frequency buildings
formally calculate the reliability of long-period buildings when
has been developed independent of any characterization of
there is still great debate about what might actually happen to
ground motions. Given the complex dynamic characteristics of
these buildings in some future great earthquake.
these buildings, and given that there have been far more shaken
It seems that implementing PBEE tells society that we can
buildings than strong-motion records, the current procedure
estimate structural reliability independent of the nature of the
for designing short-period structures based on past perforbuilding. That is, it doesn’t matter whether it’s a high-rise buildmance seems appropriate. It is certainly inappropriate to imply
ing or a low-rise shear-wall building, we can design each with
that new probabilistic predictions of high-frequency ground
the same expected failure rate. I suspect, however, that a highmotion amplitudes should be used to modify existing design
rise building’s integrity depends more on what we don’t yet
procedures that were developed based on the actual perforknow about large earthquakes, while the low-rise building’s
mance of buildings in earthquakes.
integrity depends on these unknowns quite a bit less.
What’s the best design philosophy when faced with a power
law? The design philosophy of PBEE can be summarized in
Thomas H. Heaton
three steps: (1) architects define the geometry of a building,
heaton_t@caltech.edu
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