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LOMA PRIETA EARTHQUAKES 10/17-10/20
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Fig. 1. Main shock and aftershooks of the Loma Prieta Earthquke®

Photo. 1. An aerial view of the valley along the San Andreas Fault, looked north-
ward from a location near Mt. Loma Prieta.
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Photo. 2. Tomb stones dislocated and/or turned-over during the Loma Prieta Earth-
quake (St. Francis Cemetery near Watsonville; photographed on 11/5/89).
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Table 1. Peak accelerations recorded during the Loma Prieta Earthquake® (free field motions and
ground flooor or basement of buildings; arranged from Refs. 19) and 20)).

Dist* Max. Acceleration

No. Station Name N.Lat | W.Long (km) | Horizontal | Vertical Note
1 | Martinez-V A Hospital Basement 37.993 | 122.115 | 109 007 g 003 g USGS
2 | Larkspur-Ferry Terminal 37946 | 122508 | 115 014g 006¢g USGS
3 | Richmond Bulk Mail-2501 Rydin Road 37.884 122.302 101 01lg 004¢g USGS
4 | Berkely, U.C.~-Strawberry Cyn. 37.87 122.24 98 008 ¢g 002g USGS
5 | Berkely, U.C.~Haviland Hall Basement 37.87 122.26 9 0.06 g 002¢g USGS
6 | Berkely-2168 Shattuck Ave. Basement, East 37.87 122.27 99 011g 002¢g USGS
Basement, West 0.10g 003g USGS

7 | Emeryville-6363 Christie Ave. Ground Site South 37.844 | 122295 97 026 g 006 g USGS
8 | San Francisco—-Golden Gate Bridge 37.806 | 122472 | 100 024 g 006 g USGS
9 | San Francisco~600 Montgomery St. Basement 37.80 122.40 97 012¢g 005g USGS
10 | San Francisco-575 Market St. Basement 37.79 122.40 96 011g 006 g USGS
11 | San Francisco-VA Hospital Basement 37.783 | 122504 | 100 0.16 g 005g USGS
12 | San Francisco—1295 Shafter St. 37.728 | 122.385 89 0.11g 0.05¢g USGS
13 | San Francisco State U.-Thornton Hall Ground Site | 37.724 | 122475 93 0.14g 004¢g USGS
14 | Calaveras Array-Dublin Fire Station 37.709 | 121.932 75 009 g 003¢g USGS
15 | Hayward City Hall-Ground Site North 37679 | 122.082 74 0.06 g 002¢g USGS
Ground Site South 0.10g 003 g USGS
16 | So. S.F.-4-story Hospital Basement 37.660 | 122439 93 0.15g 008¢g CDMG
17 | APEEL Array Station 2E~Hayward, Muir School 37.66 122.08 72 0.16g 006 g USGS
18 | Hayward~Muir School 37.657 | 122.082 77 0.18¢ 010g |CDMG
19 | Livermore-VA Hospital, Bldg. 62 Basement 37625 | 121.762 67 006 g 003g USGS
20 | San Francisco-Intl. Airport 37622 | 122.398 87 033¢g 005¢g |CDMG
21 | Calaveras Array-Sunol Fire Station 37597 | 121.880 63 010g 003 g USGS
22 | Forster City~Menhaden Court 37.555 | 122.248 66 012g 0.09¢ USGS
23 | Foster City~-Redwood Shores 37542 | 122213 70 0.29¢ 0llg CDMG
24 | Fremont-Emerson Court 37535 | 121.929 56 020¢g 007 ¢ USGS
25 | APEEL Array Station 2~-Redwood City 37.52 122.25 63 028¢g 008 ¢g USGS
26 | APEEL Array Station 9-Crystal Springs Res. 3747 122.32 62 012¢g 0.06 g USGS
27 | Menlo Park-V A Hospital, Bldg. 37 Ground Site 37468 | 122.157 54 027¢g 0l1lg USGS
28 | Calaveras Array—Calaveras Reservoir S. 37.452 | 121.807 47 0.13¢g 007¢g USGS
29 | Stanford University~SLAG Test Lab. 37419 122.205 51 029¢ 010g USGS
30 | Sunnyvale-Colton Avenue 37.402 | 122.024 43 022¢g 010g USGS
31 | Palo Alto~VA Hospital, Bldg. 1 Basement 37.40 122.14 47 038¢g 020g USGS
32 | Calaveras Array—Cherry Flat Reservoir 37.396 | 121.756 42 009 g 006 g USGS
33 | San Jose-Santa Clara Co. Bldg. Basement 37.353 | 121.903 40 0llg 010g CDMG
34 | San Jose Interchange, 101/2850/680-Abutment 37.340 | 121.851 34 0.18¢g 008 g USGS
35 | Anderson Dam—-Downstream (alluvium) 37.166 | 121.628 27 026 ¢g 017¢g USGS
—Left Abutment (rock) 008 ¢g 005¢g USGS
36 | Corralitos 37.046 121.803 5 064¢g 047 ¢ CDMG
37 | Gilroy #3 36.987 121.536 24 055¢g 038¢g CDMG
38 | Gilroy #2 36.982 121.556 22 037¢g 03lg CDMG
39 | Capitola 36.974 121.952 14 054¢g 060 ¢g CDMG
40 | Gilroy #1 36973 | 121572 | 21 | 050¢ 022g |CDMG
41 | Watsonville-Telephone Bldg. Basement 36.909 | 121.756 11 039g 066g |CDMG
42 | Hollister Airport-Differential Arry 36.888 | 121413 45 0.29¢ 0.16¢g USGS
43 | San Juan Bautista-101 Overpass Basement 36.862 | 121.578 25 015¢g 010g CDMG
44 | Hollister City Hall-Basement 36.851 | 121.402 47 025¢g 022¢g USGS
45 | Hollister-Warehouse FF 36.848 | 121.397 40 0.38¢g 020g |CDMG
46 | Hollister-SAGO Vault 36.765 | 121.446 49 006 g 005¢g USGS
47 | Bear Valley Station 5-Callens Ranch 36.673 | 121.195 73 007¢g 004g USGS
48 | Bear Valley Station 12-Williams Ranch 36.658 | 121.249 70 017g 010g USGS
49 | Bear Valley Station 10-Webb Residence 36.532 | 121.143 86 013g 005¢ USGS
50 | Bear Valley Station 7-Pinnacles Nat'l Mon. 36.483 | 121.180 88 006 ¢ 003 ¢g USGS

* USGS data are based on the epicenter of the main shock, and CDMG data, on the approximate center of the

aftershock zone.
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Fig. 2. Preliminary isoseismal map (in modified Mercali Intensity) of the area affected by the Oct.
17, 1989 Loma Prieta Earthquake®.
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Fig. 3. Comparison of J]MA and MM intensity scales.
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Fig. 4. Geology and active faults in the San Francisco Bay Area®".
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Fig.5. Geotechnical effects of the Loma Prieta Earthquake®.
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Section of Hwy. 1 affected by slope failure near Muir Beach®?.
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Photo.5. Sand boils and cracks of runway due to soil liquefaction at Oakland
International Airport (photographed on 11/11/89).

Photo. 6. Sand boils on the sea bed near Oakland (photographed on 11/11/89).
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Photo. 7. Failure of a wooden apartment building in Marina District of San
Francisco (photographed on 11/10/89).
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Photo. 8. Failure of soft first storey of an apartment building in Marina District
(photographed on 11/10/89).
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Photo. 9. Apartment building (same as the one in Photo.7) under repair works
(photographed on 5/13/90).
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Photo. 10. Typical repair method with foundation tie-beams and braced wood frames
(photographed on 5/13/90).
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Fig.6. Ground type and red and yellow tagged structures in the Merina Distric
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Photo. 11. Leonard Building in Santa Cruz damaged by the Loma Prieta Earthquake.

Photo. 12. Repair and retrofit works for Leonard Building (photographed on 5/18/
90).
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WOERHHEED b THEREINTVWE LI T,
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L 7-$IM7 1213 Santa Cruz Historical Society D 52%
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5 Lt EMRAT b EYE, R T
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SHEOBOEES¥H L BHT AR, 5B
BHEEMOWBMBRIE > TEELFHETHA I &
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Photo. 14. Retrofitted unreinforced masonry building in South-of-Market District of
San Francisco (Golden Gate University Book Store).

Photo. 13. A bank building in Santa Cruz. It
has been demolished, but its exterior
walls are to be used in reconstruc-
tion.
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Photo. 15. Bending damage of an RC column.
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Photo. 16. General view of the San Francisco-Oakland Bay Bridge.
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Fig. 7. Soil conditions along the Bay Bridge.
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FIAKEE L, PhotolT DL AT LF I TNVEEBARY M 2SHALEbOEEZI LN,

RAT) o IR SN, KETREROMBRILE I T o720, ZOBROKET
KR IE 0.1 CREEMOEAETbhTWE, ZZIZLKEDBRERO—DODOELRN T » 722 Dl
ROBHiZEDERAHRLIET B,

- YL IHBETIE, X147 VOFBHICMSDOBHBL WD 7205, A—25 FHDO T+ R
WML L 0L DB 22 ZRE6%E, AV 73 VT REN=2 L -—BHE50OH
42829 B F T NS Astaneh B3E D a4 v M &b LICHET A,

(1) M E9 O ) HTO%ERE

NRATN 9 VD7 AEIEIMT26R 6%, 209 il LED2ZAS s, +—27 5 2 FIZ
o T EI~E23 EF5 2o BHTEH IR TWES, BEBBOBEICR I KELEE L L 2 A48

collapsed
section

Photo. 17. Truss sections of the Oakland side of Bay Bridge.

Photo. 18.  One-inch anchor bolt sheared off on Pier E9 of Bay Bridge (photographed
at UC Berkeley, Prof. A. Astaneh’s Lab.).
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Photo. 19. Repair works on Pier E9 of Bay Bridge (photogrdphed on 11/7/89).
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290 ft.
1520 kips —J—

w

1 in. BOLTS
SHEARED OFF

E9 E10 E11
Fig. 8. Collapse of upper and lower decks of Bay Bridge (piers E9 to E11 segment)®.
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CONCRETE PEDESTAL ROCKED. ITS BASE WAS DAMAGED.

Fig. 9. Probable behavior of segment E11~E17 of Bay Bridge®™.

E17 E18 E19 E20 E21 E22
290 ft. OAKLAND

Fig. 10. Damage to single-span trusses (piers E17 to E22). (Trusses in five spans moved
longitudinally)®®.
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Fig. 11. Seismic restrainer in Bay Bridge®®.
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Photo. 20. Deformed restrainer on Pier 20 of Bay Bridge (photograph by A. Astaneh).
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Fig. 13. Typical structural types of the Cypress Street Viaduct®®,
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Photo. 22. Collapsed 1880 Cypress St. Viaduct-1I (Type II in foreground and Type
II in fargound; photographed on 11/4/89).
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Photo. 23.  Collapsed I 880 Cypress St. Viaduct-11I (Type II; photographed on 11/4/

89).
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Fig. 14. Reinforcement layout for bent Type I,
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Fig. 15. Testing of the Cypress Street Viaduct®™.
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Photo. 24. Collapsed Struve Slough Bridge of Hwy. 1 near Watsonville (photo-
graphed on 11/5/89).

Photo. 25. Dislocation of a pile bent of Struve Slongth Bridge (photographed on 11/
5/89).
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Photo. 26. Reconstructed Struve Slough Bridge (photographed on 5/16/90).
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Fig. 16. Bay Area freeway network and its post-earthquake management (source: Caltrans).
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Table 2. Average weekday traffic through cross-bay bridges.

Traffic volume (vehicles/day)
Name of Br.
(1) before quake| (2) after quake | (3)=(2)—(1) | (4)=(3)/(1)
Bay Bridge 243,000 208,000 - 35,000 —14%
Richmond-San Rafael 44,000 46,000 + 2,000 + 5%
San Mateo 65,000 67,000 + 2,000 + 3%
Dumbarton 41,500 59,000 +17,500 +42%
Golden Gate 123,700 116,700 — 7,000 - 6%
total 517,200 496,700 — 20,500 — 4%

Original data extracted from The SF Chronicle, 12/18/89
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Fig. 17. Traffic through Dumbarton Bridge before and after the quake (4 AM-10 AM, 3 PM-7
PM).
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Ldrolze $#12, Trans-Bay Tube 3+ 4 BEELRIEL,

BART Tii, BEROMEIZOWTHLZIEALZ Y= 2 7VIMER SR TV, T4bb, Fig. 18 T
E%DiF72 8 BRIC BART SR DMBIEERIREES N TEY, 0.1g LEOHBREITEREZRT 5,
RSB TIE, BEE DS OBHRUNIC, Eintd o0l F0MEEYHECRET2550 5188

"
Wive~o o Mackrturh v an It
¢ e AT DALY
Te "
T T BATT o O
. rare
B] Proteurnn Carpoct Prtrg
* Soismomnter Station

Fig. 18. BART system map (source: BART Office).




B 1989 N - Y LY HBEIZLI ABELESY 59

L <, MERCEHEL, I, ToVwThdr2E845, ChHDLANILY, FIHOBE), #EO
R, REOFE, XBEELOEEOHKLZEICHTAIASEIIRL S,

uw - 7Y Ly HETIE, 8 HFOMEE DI H, Concord & Walnut Creek %< 6 HF CERARY
L, WEOEBEVRDKREVHEIGEM SN2 MBERICEHE I A RE S, ZORMICOVT b XHk
R2)EASWMECILELT, BMELEBDARRTE, BEREL & b I2—HET%2 1L L7 BART i3,
BEYOSREFRE TIT o 72%, RI0H18AFHI 1B\ (MES S SRR (BT ReE A2,
H AR08 E L I3 BRI R 5 72,

(2) WEEDEITLEEFBROUR

WEFEHDI0AI8H IZFEEEIICIE 72 BART &, BB DI0A23B8 »5id, FEDYF— Y 2B A
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Fig.19. Cross-bay traffic through Bay Bridge and BART under normal condition (fall, 1988).
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Table 3. Weekday BART ridership.

Date Total Transbay | Westbay Eastbay

(1) | Oct. 88 210,115 114,569 — —
(2) | Oct. '89, pre-quake 225,648 105,780 61,491 58,377

Earthquake: 10717

(3) | Oct. 89, post-quake 276,750 173,491 53,193 50,066
(4) | Nov. 89, Br. closed 347,122 223,610 66,012 57,500

Bay Bridge reopened: 11/17
(5) | Nov. 89, Br. open 257,500 138,590 63,646 55,264

(6) | 12/4-12/8 251,270 —_— — —
proportion: (4)/(2) 1.54 2.11 1.07 0.98
Note: 1) Record total =357,135 on 11/16/89
2) Total transbay person trips in Oct. '88 =544,896
(Share of the Bay Bridge =430,327)

WEFOKECEBELZICET o TWADIIHN, ZOBRRFICHI-HHTH L, ERTOREICBIT
LA EQRBOETHHMIZEANR, E2)DFEHORL T vy VD= v« M)y TD28%IZHYT
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X, BHEFORESQOHM LB L TLIUEL W) BKELXHRLTVEILIZL S, MEDERZ LT
B 532, 80A1%, Table2 TR, A4 7Yy VERBOEWRIS, 0008IZELDTH), X417
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5 dthe s, Zhit BART OF Ml - Ll RE SR LICE 2 LEHBEINTVWD L) TH B,
HLL ADLL2O0OBEOBMICIZ L BHEND S, Table2, 3 DEIEL Y, XA 7Y v V2 @BT HEMH
181251 7TTABEATVWA I EZAVAEE, Table2 I2BiT5X4 7)) v VHREED35, 0006 8IZH
62,000 NICHIUTBH0, Thoidbtdl, BRMMOADTKNIZEZETHITADRBRI LIEREIZE
o ZHLRRIIBETORLONATEYD, 20BAL LT—HBEEDOF 7Ty 2ahih Lo
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System; —#EDE|ATARD MWSS: Municipal Water Supply System & X3 LTI 5 FFiEh %) &, 1983
FEIEIR SN TRAEE A S X5 & (PWSS: Portable Water Supply System) 225 % %,
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E, Ov - 7Y LI BMBOBOEH *HET S,
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EEMBAEY X7 & (AWSS) T L) LEE,2L% 5,0
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JPurp Station No. 2

Jones Street Tark
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- Haniteld
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break of 12"
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mmnz
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Photo. 27.  Construction of extended section of San Francisco Auxiliary Water
Supply System (AWSS).
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1& 121inch (30 em) £5, WL 1 inch (25 mm) DHEHEVHO SN TV B, BEHFHICHVWLRTWLD
it 12inch £, WIZ 0.625inch (15.7mm) D ¥ 7 ¥ L LHEHETH B, BEIRLI L 512, $F 15K
@%m%mbf%m&94uykﬁﬂﬁén1wao:nu;m3mmu%2mgmﬁ)umﬁwm
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L, BIF2HBTYH 3m, REGHBTIE Tm &, BEOEEEL V2LV EBIIRBETAILICE LT, &
DFEL > TWh,
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Ly 2 HFOEAS ~ 2 (Ashbury Tank: 755540 >, 8 XU Jones St. Tank: 5075470 > ) TIEJ % %
LT, #FhEFNEBI - TRESNIEX, KRICEKLTWS,
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BT A ENTEL, BWHERATHLH O BERHITHEHKERHVD I EWHLERTHY, TDL) RNy
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d) HEHET 2=y 7 A
Br750 L RaWE, wA—F—78 2 FRHRHOHEEAOMEN#E T = = v 7 2 (Phoenix) 5% H T
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PWSS Oifii—iid, K= 52 ¥ — UFFL;EM.; FJ v 27 (Photo 30) 2GS T, LELRBUGIZET
TELEIN B oTWhy h—AF v ¥F—IZIERS5,0007 1 — b T THKOE (5inch) ® AWSS HigD
R ZABEENTVD, Ihé Photo3l DR LL BT v s vy a vz y b (WHREHEAR © Port
able Hydrant ¥ I M TWw5) ¥ #AAGHLEAL I LIZLY, Fig.21 0L H I, B ECHBIZEES v b

Photo. 28. AWSS hydrant (right) and MWSS hydrant (left).
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Photo. 29. A San Francisco street intersection showing the manhole and edge bricks
of a cistern.

Photo. 30. Hose Tender of San Francisco Fire Department equipped with Portable
Water Supply System (PWSS).

RLNHFH LAy b7 =7 2MEG I EHRTE 2,
ZIE ORI AE BT B — A7 ¥ ¥ — \CHERAOBEBASFAMR L S0, HHEMLEBEF
EHTE B,

8.3 A~V « UL ZHERFED AWSS - PWSS O#&) & < ) F R DA%

0w 7Y HBORDO AWSS OX# &, FRIEIHXKEHOBMEZR<DL, LLTORKI,
Scawthorn and Blackburn® 12 & 23l Z2#k &, H LB OEZD—ATH S Blackburn KOEHED 3 2
YHMIETLLDTH D, HAOERLFBEHORLHIBRNLNDN, BEERORELZRREOFT, 47
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Photo. 31. Portable Hydrant (set on the floor) and Hose Tender (behind): with Chief F.
Blackburn, developer of PWSS.

PORTABLE
HIGH PRESSURE
SYSTEM

SUPPLIED_BY CISTERNS

Fig. 21. Schematic illustration of the San Francisco Portable Water Supply System (PWSS).
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B3 2 Jones St. DAY 2 DkS bR, SERKYHETELVWIREL L -7,
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g . —

Photo. 32. Failure of a twelve-inch main for AWSS in South-of-Market District
(photographed on 11/8/89).
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EFFECTS OF THE 1989 LOMA PRIETA EARTHQUAKE

By Hiroyuki KAMEDA

Synopsis

The effects of the Loma Prieta Earthquake of October 17, 1989 are reviewed. Description is
made on the basis of information updated as of May 1990. The paper is complete in itself, but it
has been intended to supplement the reconnaissance report edited by the author*, which is more
comprehensive in its coverage.

After the seismological aspects are outlined and general characteristics of the earthquake
disaster are described, several specific topics are presented that are deemed important among the
various features of the effects of the Loma Prieta Earthquake on infrastructures in its epicentral
region and the San Francisco Bay Area. They are: slope failure and soil liquefaction, repair and
retrofit of damaged and/or existing buildings, collapsed bridges including’ Bay Bridge, 1880
Cypress Street Viaduct and Struve Slough Bridge, impact on the transportation system of the Bay
Area, and finally the performance of the San Francisco fire fighting system, particularly that of
AWSS and PWSS.

* Kameda, H. (editor), “Loma Prieta Earthquake of October 17, 1989 Reconnaissance Report,” Natural
Disasters Report supported by the Japanese Ministry of Education, Science and Culture, Japanese Group
for the Study of Natural Disaster Science, No. B-1-3, March 1990.



