
NATIONAL
CENTER FOR
EARTHQUAKE
ENGINEERING
RESEARCH

ISSN 1088-3800

Geotechnical and Lifeline Aspects of the 
October 17,1989 Loma Prieta Earthquake in 

San Francisco

by

T.D. O’Rourke, H.E. Stewart, F.T. Blackburn and T.S. 
Dickerman

Technical Report NCEER-90-0001

January 1, 1990

This research was conducted at Cornell University and was supported in whole or in 
part by the National Science Foundation under grant number ECE 86-07591.



NOTICE
This report was prepared by Cornell University as a result of research sponsored by the 
National Center for Earthquake Engineering Research (NCEER) through a grant from 
the National Science Foundation, and other sponsors. Neither NCEER, associates of 
NCEER, its sponsors, Cornell University nor any person acting on their behalf:

a. makes any warranty, express or implied, with respect to the use of any informa-
tion, apparatus, method, or process disclosed in this report or that such use may 
not infringe upon privately owned rights; or

b. assumes any liabilities of whatsoever kind with respect to the use of, or the damage 
resulting from the use of, any information, apparatus, method, or  process  disclosed  
in  this  report.

Any opinions, findings, and conclusions or recommendations expressed in this publica-
tion are those of the author(s) and do not necessarily reflect the views of NCEER, the 
National Science Foundation, or other sponsors.









































sand boils were apparent along the curb line. The occupants of these structures 

claimed that settlement had continued for as long as four days after the earth

quake. 

About 0.3 m of subsidence was observed in a parking lot off Dore St. approxi

mately 30 m north of its intersection with Bryant St. This was a location of 

substantial settlement and lateral spreading in 1906. There was about 100 mm 

of settlement of the sidewalk adjacent to the building on the northeast corner 

of Dore and Bryant Sts. and differential settlement of the structure. The side

walk along Bryant St. adjacent to the building was buckled and a water service 

had been ruptured. Figure 2-4 shows differential settlement of 1.5 m on Dore 

St. in 1906 compared with approximately 0.3 m of differential settlement on Dore 

St. in 1989, as shown in Figure 2-5. 

2.1.2 South of Market 

South of Mission St., sand boils were observed along curb and building lines at 

various locations on 7th, 6th, Natoma, Russ, Moss, Clara, Bluxome, and Townsend 

Sts. From Mission to Folsom St., 10 to 30-mm-wide cracks were observed down the 

centerline of 7th St., with differential settlement to the east and west of the 

cracks. As shown in Figure 2-6, differential settlement of roughly 0.3 m was 

observed at the southeast corner of Natoma and 7th Sts., with settlement and 

severe deformation of the two and three-story timber frame buildings at this 

location. Sand flowed into the basement of a building at the corner of Howard 

and 7th Sts., filling it with approximately 0.6 m of material. Differential 

settlements and cracks were apparent on 6th St. between Folsom and Harrison Sts. 

Approximately 0.3 m of differential settlement and sand boils were observed 

beneath the Rt. 280 elevated highway near the intersection of 6th, Bluxome, and 

Townsend Sts. Compression ridges in the form of buckled street pavements and 

sidewalks were observed along Russ St., approximately 30 to 60 m north of Folsom 

St. 

At the intersection of 6th St . with Bluxome and Townsend Sts., there was substan

tial differential settlement. Beneath the western curb line of 6th St. at this 

location, there is a 2-m-diameter concrete sewer supported on piles. The ground 

settled sharply adjacent to each side of the sewer, with settlements of roughly 

0.4 to 0.5 m at the northeast corner of 6th and Townsend Sts. relative to the 
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sewer centerline. Figure 2-7 shows local differential settlement of roughly 

150 mm adjacent to the building at the northeast corner of 6th and Townsend Sts. 

Differential settlements of 150 to 250 mm were observed adjacent to pile-sup

ported columns of the Rt. 280 highway ramp at this location. Abrupt settlement 

with a maximum vertical offset of 200 mm was measured to the west of the pile

supported sewer beneath the Rt . 280 ramp. Recent differential settlements were 

apparent along the north side of Townsend St. for a distance of about one block 

to the east and west of its intersection with 6th St. Sand boils were observed 

beneath the Rt. 280 highway ramp. No sand boils or differential settlements 

were observed in the vicinity of the rail yard immediately south of Townsend St . 

A 300-mm-diameter cast iron water main of the Auxiliary Water Supply System, 

which is operated by the Fire Department, ruptured on 7th St. between Mission 

and Howard in an area of soil liquefaction and differential movements. This, 

in combination with pipeline breaks at hydrants elsewhere in the South of Market 

area, caused a sudden and severe loss of water from the Jones Street Tank. As 

a consequence, the supply of water to the Marina area was reduced substantially 

where pipelines of the Municipal Water Supply System also had been damaged . The 

resulting loss of water and pressure in the Marina required that portable hosing 

be deployed, with water pumped from the fireboat to fight the fire which had 

erupted there. 

2.1 . 3 Foot of Market 

Differential settlements and lateral displacements were observed along the Embar

cadero from Howard St. to just north of the Ferry Building. Subsidence of 

approximately 0.3 m was observed immediately north of the intersection of Market 

St. and the Embarcadero. Sand boils were observed along the Embarcadero between 

the Ferry Building and Pier 1 . 

Figure 2-8 shows fissures after the 1906 earthquake in the pavement along East 

St. (now the Embarcadero) about two to three blocks south of Market St. These 

fissures are evidence of vertical and lateral movements of approximately 1 m 

toward the bay. In comparison, Figure 2-9 shows a prominent crack with as much 

as 100 mm of vertical offset which occurred in 1989 immediately north of the 

intersection of Market St. and Embarcadero. The crack extended roughly 60 m in 

a northeasterly direction from the intersection. 
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Figure 2-10 shows a prominent 25-mm-wide crack which opened beneath the Embar

cadero Skyway, running parallel to the seawall for the full distance between 

Howard and Mission Sts. The crack indicates lateral movement toward the bay at 

a distance of about 20 m behind the seawall. Differential settlements of 25 to 

100 mm were observed adjacent to the pile-supported columns of the Embarcadero 

Skyway, as shown in Figure 2-11. 

2.1.4 Marina 

The Marina was the site of some of the most devastating and well publicized dam

age caused by the earthquake. The damage occurred in two to four-story timber 

frame structures with concrete and masonry bearing wall foundations. The worst 

damage was concentrated at apartment buildings with multiple garages at ground 

level. These structures lacked sufficient strength and stiffness to resist shear 

distortion caused by seismic shaking. Where buildings with soft bottom stories 

were located at street corners or adjacent to open spaces, the absence of support 

from neighboring structures resulted in severe racking and, occasionally, struc

tural collapse. 

Although ground shaking was the principal cause of building damage, permanent 

ground movements also contributed to structural distortion. Permanent ground 

deformation was evident on virtually all streets. Buckled and fractured side

walks and street pavements were apparent throughout the Marina district . Most 

buckled streets had compressive ridges oriented in a north-south direction, 

which appears to be perpendicular to the direction of strongest seismic shaking. 

The pattern of cracking and surface ruptures in the streets did not show a coher

ent sense of displacement or lateral movement in a preferred direction. Conspic

uous permanent settlements and lateral displacements were confined to relatively 

small areas. For example , local differential settlements and lateral movements 

of 50 to 100 mm were observed at the northwest corner of Beach and Divisadero, 

southwestern corner of Divisadero and Jefferson, and on North Point St. approxi

mately 60 m west of Webster. Lateral displacement of 175 mm northward over 30 

m was measured in the Winfield Scott School playground, roughly 40 m east of the 

intersection of Beach and Divisadero. 

Throughout the Marina, there was direct evidence of soil liquefaction in the form 

of sand boils. Sand boils were observed on virtually every street where there 
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was damage to buildings. Sand boils were observed along curb lines, sidewalks, 

and foundation bearing walls. In many instances, sand erupted into garages, 

forming deposits 0.3 to 0.6 m thick. Sand boils also were observed in the front 

gardens and back yards of houses and at several locations on Marina Green. 

Figure 2-12 shows sand which had been ejected in the garage of a building on 

Scott St. and had flowed into the driveway in front of the structure. Figure 

2-13 shows the intersection of Divisadero and Jefferson Sts. Differential set

tlement and the buckled pavements of roadways and sidewalks are evident in the 

photo. 

Along the northern boundary of Marina Green, a prominent 50-mm-wide crack was 

observed roughly 12 m behind and parallel to the seawall. Sand had been ejected 

along this fissure. Differential settlements as large as 200 mm were observed 

adjacent to portions of the seawall, although no lateral deformation or settle

ment of the seawall was apparent. Cracks and fissures approximately 25 mm wide 

were observed in the road entering Marina Green, directly north of the intersec

tion of Scott St. and Marina Blvd. Differential settlements of approximately 

50 to 100 mm were observed in Marina Green adjacent to a buried 2.4-m-diameter 

concrete sewer and surrounding a circular underground sewage pump station. 

Of special interest are ground movements and structural response at the St. 

Francis Yacht Club, located adjacent to the bay in the northwestern corner of 

the Marina Green area. The northwestern portion of the two-story clubhouse is 

supported on 400-mm-square prestressed concrete piles driven to depths of approx

imately 18 m. Differential settlement as large as 200 mm was observed between 

this part of the structure and the southern wing of the building, which was sup

ported on spread footings . There was severe structural distortion in the south

ern wing of the building, whereas the pile-supported section of the building was 

functional, with little visible damage. 

Prominent ground fissures were observed parallel to the retaining wall imme

diately north of the yacht club at distances of 12 to 50 m from the wall . The 

cumulative crack widths suggest that northward lateral displacements exceeding 

0.6 m occurred in this area. Along the north side of the clubhouse is a deck 

supported on timber piles. Lateral spreading resulted in approximately 0.6 m 

of horizontal movement toward the bay, which displaced the deck and timber piles 
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