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INTRODUCTION

Anvone who was watching the woeld
series on Toesday, October 17, 1989
knows what happened in the San Frum-
cisco Bay area at 57404 pom. on that day
For several doys immedaotely after the
carthguake | surveyed damage ami gen-
logic effects caused by the temblor to
document effects of the canhguake thae
wene nod wiell covered 1o the media, This
photo cssay offers some shservations on
the damzee that occurred throughost the
Sun Francsco Bay ared (Phatos 1-14).

The San Frapcisco Bay aren is located
im on of the most seismically active
regions of the wordd, where the North
American and Pacific plates collide {A1-
water, 19700 Repeated offset along the
San Andresss Foulr system plate boundary
has resulied 10 more than severa] hundeed
mikes of displacement over the last 30 =
erallion vears { Arwarer, [9710; Fox and
ofhiers, 1985 Stanley, [987: Grabam and
others, 1989 Most of the siress across

Proto | Farialy collopsed house, Las Gebas, Calfarnia,
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Photo 2, Collapeed chimney and freplaca showing folol detruchann of

masonry b fifle structera! damage ba the wood-frame house.

CVERVIEW OF DAMAGE

Immediately after the shaking sub-
siged. clouds of dist risang [rom crims-
bled structores in west Oakland were
visihle in Berkelew. Laser that night the
only light visible in the city of San Fran-
cisco was from the fire raging i the
Marina distric. Sixiy-scven people were
kall=d by the direct effecss of the carth-
gquake and hundreds of others were in-
jured. The cstimated cost of carthguake-
related damage ranges from five billion
dollars to mone than ten bllion dollars,
Most of the damage, however, was com-
centrated in relatively few areas and mach
of the Bay area was relatively unscathed.
Damagpe was generally limited to boca-
tions pear the epacenter, whiere graund
shaking was severe, and (0 aneas mnder-
lain by poorly consolidased deposits or
artificiol NIl gertsenlarly where grooand
settling and liguefaction ocvurred.

Structural Domaoge

Hundreds of buildmes were damaped in
the city of San Francieco. The affected
buikiings were Iocated in several districts.
The worst impacted aren of the City was
the Marina disarect. Thirgy-five buildings
in this arcz were destroved and aboar 130
others werne stracterally damased. The

arca 15 sderlxin by sand fill emplaced
afier the Panama Pacific Exhibition in
1915, Many buikdings on Lndfll in the
arca south of Market Street were heaaly
damaped and some will be demolished.
Liquefaction of fill in the Mission districl
also damazged some buildings beyond re-
pair, Scatiesed damaee oceurred n the
Richmamd, Sunss, Haight. and other dis
tricts, bur gencrally damage was |ess se-
were thon in areas underizin by man-made
fill or unconsoludsted deposits.

Clesser 10 the epicenter severe ground
shaking caosed exiensive darmage_ In
Santa Croz, virtually the entire down-
towame matl] aed several hundred houses
were cither severely damazed or de-
stroyed. Many homes were [latiened in
the mearby Santa Croz mouniains. In
Watsonville and Los (atos maps damagee
occurted in both dewndown and residen-
tial areas. Stanford University sustained
structioral damage 1o 2 member of baild-
ings {inchading Geology Corper of the
aad), Collapsed and strocturally com-
promised buildings were also repored
from Gilroy, Hollwsier, Sam Jose, and
Oakland. Dumnage to chimneys, side-
walks, roudways. and parking Iods was
widespread throughout the Bay arca amd
i some places dimage was severe. The
msost Tethal (and best publicizedy catas-
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Phaie 3. Car crushed by falling bricks from o mosonry buddeg.

trophe was the collapse of the Cypress
strisciure on Interstate 880 in Oakland In
additson, a portion of Highway 101 also
cellapsed and severc damage 10 structur|
supports ocourred on several other
elevated highways.

Couses of Damage

Ulsaally, earthguake-related damage
can be sttributed 1o Ml ruplure, severe
eroind shaking, Indshding. or liguefac-
thon. Only Uhe Tatter three occurred af sev-
cral locations in the Bay area during the
Loma Pricta carthguake. The distribution
amd severity of the resalting damage re-
Mects the interaction of the carthopuake,
man-made struciures, and local pedogs:
conditions. Given the location and s
of the carthquake. the distribobion and
severity of damage were fo be expocied.

GROUND SHAKING

The intensity of ground shaking ut a
specific location is 3 funttion of the dis-
tance From the carthguake epicenter and
the way o which seismic waves, propagate
tsrouzh different kinds of subsurface
malerials, Al-a piven distance from the
cpicenter, sround motion will be strong-
st am poorly consolidated deposits or
arvificial fill. somewhal bess strong in



Photo 4. Collapsed opartment bufdieg n the Marima dislncd, Son Francocs.

2o sem, and of menumal strength in
bedrock. Local topography can afsoin-
crease the sevenity of groond shaking by
fln'.N.'Ul-II'.I_Il SCISMUC WaVES DRLD NIrTow I':}Lt_ill."
tops. The severity of damage will depend
om both the magnitude and (requency of
eround acceleration and on the design of
structures. Neither the focation nor the
marnitude of earthquakes can be con-
trolled. Therefore, potentil damage from
future groond shaking can only be miti-
oxted by tatjoring strocturaf desions and
land wse to the kcal geolegic setmins.

Doring the Loma Prieta earthouake
severe ground shaking cansed a variery
of damage to stroctures. The sworsg
eroumd shaking sppeared (o occor in the
Sania Crez Mountains whoere many baild-
ings wene damaged or destroyed by
sround crackinge and shaking, as well ag
tandskiding. Further from the epicenter.,
the damage dioe to proamdshaking was
mauch e selective doe 1o bath local pe-
ology and tvpe of buiklings. For example,
marny hooses pot bolied 10 their founda-
tsoms partially collapsed and some older
houses suffered severe damege from par-
jzal fziluge of their foundations (Photo 1),
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Fhoto 5. Severely domoged bulding m dewniown Los Gatos. Few of the
rormounding buddings shewed exdsrnal sam af severs snuctural distress,
althcugh many windows were shofersd throughout the downlown crec.

Photo & Parbaly collopsed balding in the downtewn Sonta Cruz moll.
Molkce how the masorry hod been coverad by o boyer of ploaber
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Phate 9. Expersion joint on fhe Highwoy 927103
cloverdeai, The two secions of concrefe ars 320~
araled by stprofoam to dlow them to seadjust
dirimg sewers ground shoking. Separatios ot this
pnﬂ]e_.iar joire appmrc—r_-' 8 be an the ondar of
seversd inches

Some brick struetores fared guile
poordy during the cartbguake. Unrein-
{oeced masaney huis little shear redisiance
or tensile strensthe it can carry the com-
pressive load of its own weight but 15 vul-
nerable 1o desplacement and failure when
sheared or streiched.

Thousands of chimmeys were damarged
throeghous the Bay Arca {Photss 2y 2nd
damase 1o masoary buildings ranged
from complete collapse 1o the partial loss
of brick facades (Photo 3). In San Fran-
cisco, buildings in the dvantown arca and
south of Marker Strees sustamed severe
structun] damage. Five fatalities resuleed
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Phote 7. Collapted double-deck partian of Inter:
wate B30 e wast Doliond. Few of the people
whsa weara an the lower deck survved when the
suppar colsmns sheored ond the vpper deck
::r|'-c||:5Ed.

Phato 8. Collopsed parfian of Highwoy 101 cwer
Shrurwe Slowgh necr Wiosanville. Nods fhe supporn
calemng thot punciured the readway.

when part of the top story of a brick
office building collapscd onto cars, Many
buoikfings in the Maring district lost all or
pieces of their brick facades and many of
the facades that did not Fail catastrophi-
cally were extensively (maciured. Larpe
apariment buildings collapscd into first
Eloor parking garages (Phato 47 some
four stocy wiits werne compacted o two
stecics 1211 doring the carthquake . Loss
of water pressure due o dimaged wales
mairs inhibited effors o fight o confla-
gration fed by ruptused gas lings, The
arcas of San Francisco whene ground
shaking was expeciully destructive are
mostly underkain by Till amd unoon-
solidated deposits.



Many old brick buildines in downtown
Cakland were severely damaped. Ma-
semcy bunldings i downtoan Los Gatos
und Sant: Crue were also completely o
partially collapsed (Photos 5 amd 6).
Some pewer concrete buldings were
damapad. ahhoogh the vast majority of
stroctural damage that was observed in-
vislved enther residences that had detached
frovm their foundations or unreinforced
masonry baildmgs.

Dramnge was quile variable o the fred-
warys throughout the region. The most
spectacular examiple was the collapse of
Intersiate S0 (Phato 7). The specific
cases of this Gulune are being mvesti-
gated. Highweay 104 also collapsed near
Witsonville {Photo ) and many other
freewans sustumed stroctum] damage.

T Ok land, Heghway 980 and the
MacArthur Mare developed cracks in

e support columns. Aonoss the hay
San Francisco, the Embancadero Frooway
and a portion of Hizhway 280 were also
severely damagped. Am allustration of the
behavior of one newer desagn 15 shown by
the perfommance of the Highway 927100
interchange in San Mateo. Expansion
joints in this strocture separated up to
seversl inches during the carthounke
(Photo 9}, but did not disengage.

Phato 10. Rock avalanchs from o cut slops on Hgireny 17 west of Semmil Rood in the Santa
Tz Mountging. The londslide dopped agonst the centar divider and beried #e sosthound
lones. Dot wes still folling from the seorp two doys ofter the eerthgoake

Phota 11, Ground crads noor Summit Bood in the Sans Cruz Mountzing Pheto 12, Domoge of the Port of Ooklond due to iiguefocion and shemping
Infizliy mterpreted os foult offsed, momy simiar fonturas thraughoot the orec of fine-greimed, well.soried sand fll
weie due io |n'g|:--sr_|1= hni&!lﬂunﬁ ymitiated oy the Eﬁl"lhq*_ll:!i&
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Pheto 13 Croler resifing from iquefodion of dune sand undeddying a parking ot next o the Wison-
vilie Slough of Pojoro Dunes. Kippdes sfil preserved an the surfooe of the collapsed bladdop ndicose
the waber and sand wers ﬂu-ingmﬂn‘n-n—l:hﬂcpmuru—ipmrhhmlqze.ﬁﬁuﬁcsiuﬁng
began ko subside, the werer pressore supooring e povement fell and fhe srfoce colkamsd nle
the: hole kefi by the evocunbed sand.

In aniidsticn o the obyviows damage 10
many structures, hidden stroctural dam-
#ge may have weakened ogher buildings.
Tihe extent and severity of hudden stouc-
tural damage will be very banl oo assess
ami may never be complctely know.

LANDSLIDES

Landstichng bas also long been recog-
nized a5 @ potenikal consequence of carth-
quakes (Keefer, 1984). Seramic events can
both imitnte landsliding amd reactivate
older massive landshides (Lawson and
ofhers, 1908; Harp and others. 1981).
Conseguently. the best mitigation 15 to
avodd building m areas of skpe mstabil-
itv. Howeser, it is sometimes difficult 1o
predict where new or neaclivated Eamndsiid
i may occur during earthouakes.

Most of the landshding clearly amrrbai-
able 1o the Loma Pricta carthguake was
kecated in the Santa Cruz Moustains
Many roadcut Tailures occurred along
Highway 17 between Sun Jose and Santa
Crizr and ¢me mck avalznche entirely
blocked the casthound lamcs (Photo (0.
The pround surface reptores originally
partrayed in myedia reports as fault offsets
were actually due to aree-scele landsid-
ing causcd, or reactivated, by the earth-
quazke (Fhvole 11}, In the Santa Crr
Mountains many bomes have been either
destroved or are threatened by ground

movement which may be agpravated by
winler rains.

Landshding also oocurmed on coastal
bluf¥s @nd sea chiffs along the San Mateo
County coastline. Apparently vee person
wirs killed by sea clifll collapse during the
earthguke.

LIGUEFACTION

Licpaefactson can occur when satarased,
cohestonless sl cxperiences a cyclic
shear stress. Fine-prained, well-socted
sands are most susceptible to liguefaction
becasse they tend to conlrect upon shear-
ing. Scismic shaking settles the satarated,
losely pucked sand, redscing the pore
sface. increasand pore pressures, smnd me-
ducing the effective stress. In cssence,
the grains are supported only by the
M. The ground may then deform cither
moiferately {(prmmd cracking) or cata-
strophically (ground Plow | before the
wand regains stability. Stroctures biailt on
areas that lguefy may collapse o5 2 resaly
of growmd fulure and movement, The best
mutigation is 10 avoid boilding in areac
likcly to liquefy during scismic shaking:
Many exrsting buildings throughout the
Son Prancisco Bay ares are locsed on
poorly consolidaied deposits or man-made
fill poteniially subject 1o liguefaction duwr-
ing carthgueakes. These areds may experi-
ence pround failore even when distam
fronm the carthguake cpscenter
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Evadence for guefaction s easily
destroyved. Moch of the evidence that
wis ohserved had alnesdy been ohscured
1o some degree by main andior cleaning
crews, Hovaower, samd boals i the Port of
OakEamd, the Marina dacirsel, and ot the
Santa Crir Boandwalk were obsaervead,
Sand thet appearcd o have risen throegh
cracks in the pavement in parts of the
area south of Market Street in San Fran-
cisco sageest that some igeefaction may
kave occurred there sc well. These areas
harve 2 high water table and are uaderisin
by fine-grned sand. Apparcntly, exten-
sive rround failore also occurned in the
area near the 1ol plaza of the Bay Bridpe.
In mwst of these areas the damape doc (o
liepuefaction was [imited to cracked of cra-
tered pavement (Photos 12, 13, and 143
Perhaps the most dramatic cxample of
this 1vpe of deformation was the stroe-
tural dumage o buikiings in the Marina
district

COMCLUSIONS

Meost of the damage from the Loma
Preeta earthguake can be attributed o
strong pround shaking. landsliding, oe
Inpuefaction. Exch of these processes
irnpacted man-made stracines difer-
ently, reflecting the propertics of both
the structure and the underlying seobrzic
materials. The most severe damage
cimsed by groond shaking ocourmed
areas near the cpicenter or located on
poorkty consohdated deposils or man-maile
fill. Ground shakinge primarily affected
unremforced masonry strectunes, op-
pling chimmeys thronzhout the rezion and
partially to completely collapsing some
brick buildings_ Laguefasction affected
arcas underiain by finc-grained, well-
sorfesd sand, resulting in damaze to park-
ing lots and contributing fo major strisc-
tural damaee in the Marina distoict, amd
pissibly south of the Market districe
Landstidine primarily occursed in steep
terrain near the epicender where sround
shaking was most severe.

The types and distribution of damage
afe very simakar 1o those observed i pre-
vious carthquakes in this region confirm-
ing dnce azan that arees of poorly
consofidated deposits or Gl and onrein-
forced musonry boildings pose scrious
haranis 1o public safety during major se-
e events. The mmajpor lesson tlal can
be leammed from the Loma Prieta eanth-
guzke is not new, To minimize the dam-
age Trom the cstastrophic carthguake that
15 eventuzlly coming. it s important both
to wdentify areus and strectures that are
susceptible 1o severe domage during
carthquakes-and w0 adapt enginecering
designs to local geologic conditions.

[cosmped on page 241
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