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taymond B. Seed
repartment of Civil Engineering, University of California,
-erkeley, California
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iisaster in U.S. history,
‘raction of the affected region,
1ajor

The Loma Prieta Earthquake of October 17,
resulting in losses of $7 to $9 billion,
jamages were concentrated mainly at a number of distinct sites comprising

Michael F. Riemer

Department of Civil Engineering, University ot California,
Berkeley, California

1989 was the most costly single natural
and claiming 63 lives. These
a relatively small

as local site conditions and related geotechnical factors exerted a
influence on damage patterns and loss of life in this catastrophic event.

This paper

jiscusses one of these geotechnical factors, the widespread occurrence of soil liquefaction during

-he earthquake,

as well as the associated damages and the resulting lessons learned.

Additional

significant geotechnical factors which exerted a strong influence on damage patterns during this

a2vent,

including site-dependent dynamic response and seismically-induced slope instability,

iiscussed in companion papers in these proceedings.

‘NTRODUCTION

Soil 1liquefaction affected a widespread
irea during the Loma Prieta Earthquake, as shown
n Figure 1. 1In addition to the well-publicized
iquefaction-induced damage which occurred in
-he Marina District in northern San Francisco,
considerable damage associated with liquefaction
also occurred in areas of eastern San Francisco,
>n Treasure Island at the center of San
srancisco Bay, and along the east San Francisco
3ay shore in Oakland, Emeryville, and Alameda,
as well as farther south along the Pacific coast
in the Santa Cruz and central Monterey Bay
-regions. The two most northern sites found to
show evidence of liquefaction were: (a) a sand
>0il adjacent to a pile supporting a pier on the
south shore of Suisun Bay at Martinez, and (b) a
series of sand boils observed and photographed
in a lagoon at Bolinas, on the Marin Peninsula,
~#ith associated 1lateral spreading of the
adjacent beach.

This paper will provide a brief overview of
liquefaction-related phenomena associated with
this earthquake, and will also provide some
historical context for these observations, as
well as a brief discussion of their importance.
A more detailed overview of liquefaction-related

features of the Loma Prieta Earthquake is
presented by Seed, et al. (1990).
SAN FRANCISCO'S MARINA DISTRICT

Widespread liquefaction caused extensive
damage to the Marina District, centrally located
on the Northern coast of the City of San
Francisco. Loose, fine sandy fill liquefied and

this resulted in sand boils, lateral spreading,
settlement, partial bearing failures, structural
distress, pavement damage, and damage to pipes
and other buried utilities. This region also
suffered considerable damage to structures as a
result of strong ground shaking. A number of
puildings were destroyed or badly damaged; much
of the area was evacuated and public access was
restricted immediately following the earthquake.
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An excellent summary of damages and compilation
of geotechnical data for this District is
presented by Holzer and O'Rourke (1990).

Much of the liquefaction-related damage in
the Marina District is an indirect legacy of the
1906 San Francisco earthquake, as much of the
liquefaction occurred in hydraulic £fill which
was placed to create new land in order to
provide a site upon which to host a World Fair:
the 1915 Panama Pacific Exposition. Major
factors in San Francisco's decision to host this
World Fair were a desire to celebrate the
successful rebuilding of the city in the wake of
the catastrophic 1906 earthquake and fire, which
had destroyed major portions of the city, and a
desire to demonstrate to the world that the city
had been successfully resurrected.

Figure 3 is a map of the Marina District as
it existed at the time of the Loma Prieta
Earthquake of October 17, 1989. Super-imposed
on this is the old 1869 shoreline and the
associated marshy deposits occurring at the
south-west limit of the small embayment which
existed at that time. Much of the existing
Marina District consists of 1landfill placed
since 1869, both to reclaim the marshes and to
infill the small baylet. This £fill, which was
placed in two general stages or periods, is
composed primarily of uncompacted fine sands and
silty sands. It was primarily within these
loose, saturated cohesionless soils that
widespread liquefaction occurred.

The first stage of fill placement occurred
between about 1870 and the end of the 19th
century, and consisted primarily of placement of
loosely dumped fill around the perimeter of the
small Marina bay and in the perimeter marshes.
Most of this fill was dune sand taken from
onshore dune deposits occurring adjacent to the
southeast edge of the Marina District. A seawall

was also constructed to provide a protected
harbor. The heavy dashed line in Figure 3 shows
the resulting coastline and seawall as they

existed at the end of the 19th century.






?ig. 3 Map of the Marina District in San Francisco Showing the Approximate Locations of the Earlier
Zoastlines and Marshes

Fig. 5 Locations of Demolished Structures, and Structures Marked with Red and Yellow Post-
Earthquake Inspection Tags as of Mid-November, 1989: Marina District, San Francisco
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by this relatively moderate gquake, with an
unusually short duration of shaking, must be seen
as precursors for significantly more severe
devastation likely to occur in the same areas in
stronger future events; events with epicenters
likely to occur more directly within the densely
populated greater San Francisco Bay Area.

on the ©positive side, post-earthquake
investigations to date provide good support for
the ability of current engineering methodologies
to correctly and reliably assess hazard
potential, and to successfully mitigate the
associated dangers.

It should be noted,
addition to numerous bay
liquefied on October 17,
initially loose sandy fills, including hydraulic
fills, that had been compacted using techniques
such as dynamic consolidation, vibroflotation,
Terraprobe, compaction piles, gravel columns, and
vibratory rollers all performed well and showed
no signs of liquefaction even though adjacent,
undensified fill zones liquefied at many of these
sites. Sites where ground improvement appears to
have successfully mitigated 1liquefaction risk
included areas at or within: Treasure Island,
Alameda, Bay Farm Island, Emeryville, and Foster
city.

for example, that in
shore fills which
1989, a number of

As the risks or hazard associated with
liquefaction can be identified, as they have now
been highlighted by historic precedent in two
significant seismic events (1906 and 1989), and
as engineering techniques (e.g., densification of

liguefiable materials and/or the use of
foundations properly engineered to mitigate
liguefaction problems) have been proven to
represent reliable mitigation techniques, it

appears that such risks can and should be quickly
remediated.

This, unfortunately, leads to two additional
lessons to be derived from the Loma Prieta
experience. The first of these is the great
difficulty involved in persuading politicians to
mandate the costly and consequently politically
unpopular programs necessary to accomplish this.
There 1is an urgent need for the engineering
community to both educate and persuade both the
public and its elected leaders regarding the
importance of such programs.

The second 1lesson has to do with the
generally poor level of our current ability to
mitigate seismic exposure to existing structures
and facilities. This is as true of structural

seismic "retrofit" as it is of our relative
dearth of feasible and cost-effective
methodologies for remediation of liquefaction
hazard beneath existing buildings and
communities. As a profession we have devoted
unfortunately little of our earthquake

engineering research efforts (to date) to issues
associated with seismic retrofit of existing
structures and facilities, and the sites upon
which they are founded. The importance of
improving our ability to perform efficient and
reliable seismic re-evaluation and retrofit, and
the need for policy makers to mandate the often
financially and politically difficult programs
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necessary to implement such retrofit, are among
the most important lessons to be learned from the
Loma Prieta Earthquake.

In addition to having been a major tragedy,
the Loma Prieta Earthgquake also represents a
major opportunity for future improvement of the
level of seismic safety provided for society and
for its infrastructure. This must be resolutely
pursued at all levels, both professional and
political, as such improved safety 1is too
precious a goal to command less than our utmost
efforts.

ACKNOWLEDGEMENTS

It is not possible to adequately thank the
hundreds of researchers and practicing engineers
whose efforts since the earthquake have
contributed significantly to the development of
improved understanding of geotechnical factors
affecting seismic risk both in the Bay Area and
around the world, but their efforts are applauded
herein. Special thanks are also extended to the
U.S. National Science Foundation and the U.S.
Geological Survey, who provided support for much
of the preliminary post-earthquake reconnaissance
synthesis reported herein under Grants No's. MSM-

8847137 and 14-08-0001-G1855, respectively.

REFERENCES

Benuska, L., Technical Ed. (1990). "Loma Prieta
Earthquake Reconnaissance Report",

Earthquake Spectra, EERI, Supplement to Vol.

6, May, 448 pp.
Holzer, T. L. and O‘'Rourke, T. D. (1990).
"Effects of the Loma Prieta Earthquake on
the Marina District, San Francisco,
California", Open File Report No. 90-253,
U.Ss. Geological Survey, Menlo Park,
California, April.

H. B. and Idriss, I. M. (1971).
“Simplified Procedure for Evaluating Soil
Liquefaction Potential", JSMFD, ASCE,
97:SM9, Sept., pp. 1249-1273.

R. B., Dickenson, S. E., Riemer, M.
Bray, J. D., Sitar, N., Mitchell, J. K.,
Idriss, XI. M., Kayen, R. E., Kropp, A.,
Harder, Jr., L. F. and Power, M. S. (1990).
"Preliminary Report on the Principal
Geotechnical Aspects of the October 17, 1989
Loma Prieta Earthquake", Report No.
UCB/EERC=-90/05, Earthquake Engineering
Research Center, University of california,
Berkeley, April, 137 pp.

Seed,

Seed, F.,



	Liquefaction of Soils in the 1989 Loma Prieta Earthquake
	Recommended Citation

	tmp.1453413058.pdf.KGM8r

