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URBAN SEISMIC DAMAGE CAUSED BY THE 1987
WHITTIER NARROWS EARTHQUAKE

By Hiroyuki KaMmepa, Shirou Taxapa, and Tamaki Morita

Synopsis

Seismic damage in Los Angeles and its east suburban region caused by the 1987
Whittier Narrows Earthquake is reported. After describing the general picture of
the earthquake and the damage caused by it, the main body of the paper puts em-
phasis on the nature of the earthquake that took place in the midst of a metropoli-
tan urban region. Details of damage to lifeline systems are described, including
water supply systems, gas supply systems, and electric power systems. On the basis
of the dispatch record as the Los Angeles County Fire Department, the seismic
damage is analyzed from the point of view of physical process of damage and
human response.

1. %

o

A& I3, 1987 4E 10 HIc3e4: L 72 Whittier Narrows HIZicBId- 2 #EfRIcE- %, EHMIEIcL 3
BHABEECNEE > TEEEMA L bDTH 5, TOHEBIEKEN Y 7+ V=7H# Los Angeles Hi
%80, Whittier Narrows &FEIN 30 3 oh R BHFICBREFE > LOT, 10 1BAFHITRA2Z S
ey =Fa—F (M) 590FE, &5i210 8 4 BFHT3H 59 I M= 53 DBARBEHREL
too TO5 2EDOFENICED, Los Angeles TRIZSLEER 20 kmfEE OHUSIc B EMIFE L 12,

AHBOWEIBAL T, XOHERENEE CGERKB) <X IWAH WIARERSE: EEKEHERA
Al BREERD BiRRE N, 11 H3E»5 13 0 CRlITEMES X CHIREECHT 2HEE
Toto AHEDEED S bEHREREERHD # v v~ & LT, 8ARAARME OO 4 EHEETLHE
ITUTHERDICY >/, SSIHER, BonBER (& LTLACFD E#EE OnhEiT-70
EFEERIC L 2RAMEZRIFIRTITENESY, TR, &M - SHSRAEET-1514751 %
DOEEL, Los Angeles BB OEEIRG» SEEE 0 It N AFTEEZCEN 2K > T, Whitt-
ier Narrows HIZORHERE L L5 L9360 TH B,

Whittier Narrows HIB i3, KHIE & IR OHBEEFEOMBETH 545, KRich~3 2 2D TH
MR RIWH OB K LEEEEI SN 3,

(1) 13Uic, Whittier Narrows #iIi3, M=59 VS5 HEOHESATTHEOB FTREL /A
EREHES D, ChET, M=61F, MELFONRETNEHEOREEE L TR TRICEVWEShTE
7zo BED I Whittier Narrows B ic B\ Td, ASLBWERH « BITSTOLA TV AR TOBEY
(\H W B well-engineered structure) O#EIL, 1-605 DEERBLE L T/MNIRBOOA TV, Le

_1_



94 FAPI KRR 6315 B-2 Hi63. 4 (1988)

LEAS, B 3IMENTEWVEENPHERLEL, ThoSBRUTBTEELIEEITIES,
OHIETLEY O, ZOHLKAERE, IoXEETHELVHEORICI, wellengineered struc-
tures DEEIBINTHACHBRATERVI ENEL, OBAL ST, THENHBELED 318
| OMEE VS EBKT, Whittier Narrows #i213, FiHEIKREOR Y Fo - NRERER
SHWREELSN D,

(2) iz, SREIOHEIWEHAESHRTOR OBHI N HIBO—>TE - 12 7o, BRISHERK
FagnEoni 2 L% L b, United States Geological Survey (USGS) TR3ESREEHE 3~
107 km® 52 Hfh 5, California Division of Mines and Geology (CDMG) Ti3EHREEEE 7~ 114
km®D 128 # i 5, X 5ic University of Southern California (USC) TiIEda BT R 40 kn®D
FEEARI D 68 A T DHIREIRIA D SEHREB TV EY, Thod 250 AR SBRLRERLER V157
THAIMBERSVICHBTH LOMBREKRLLDLLETHA I, SEOF/ETAFLIERM
HEDa vy ~HDAEb->TLTYH, BICABRZ LS CEFOERMMTICKERTNERELL, CD
BT, Whittier Narrows i3 “best recorded earthquake” & L THFEXNBZHDLEEA LS,

LIFAXTE, 2. THEOBME%., 3. THEREESBROBMELR~K, 4. TRIA754 >
25 LDOHEE FOWMATHIEES K LOFEEERNE, E5105. TR, H - BBEEOIFICHR I
MERECHN L, BEHREOLHNLS ) LBRFIFHEOREEL» AT L L bi, JOLHUET
BHh /- BEOHER L MEEME & oMFRIcERT 5,

AHMEOYER, 1., 2., 3., 5. 2@H - FHEY, 4. FEHSEL L THEL

2. HEOHEY

1987 4 Whittier Narrows #1212 19874E 10 H | HEHHBEMF TR T 2 DI RBE L, v 7=
F2— FIRMIEBRALYIZ6] EXhTORMBRICSI IBIES N, BRIEoY vy Edudi# (v
4wy —) OFFL 134kn, JLE3ME 0645, ER18EBHOD—-X I - FHiT, BHROE
3% 14knTdh - 72, 1P Trifunac? i X BABORAHBINEE D 3 ~ ¥ —K% Fig. 1 i<R"d, 108
4 BIIRIBEERIAFRT 3B 59 il M= 53 DBAREBOREL, O/ =Fa—FbEYNI55 &F
RENEHSESIREEIN TS, BREIABOZHDOILIEN 2.5 kmDRETH - f,

Rtk 2 h =X a3, KBOETHEALE, EHETEOHILNBYETHIOIHL, BARERE
frosdedahE, EHA 0 BOoRAMARTIWIBLRREINT VS,

3. HEOHEY

31 AMmE

ANEEIABRTRE 6 A, ABEREA BRARBICL-TREE LA, ABEBAEZEA TV,
RRORFIZOE e (240E), BEBOIMRETICLIER (1) BETHE, HEMDAQ
MmoBERE LTI, HECHEINSh > O HEEREELZILBYSFNEES U122
&, KEMNEEL D -7l s, 7oy JREPBREEDDEL hOEEBFEL THRNI LR ENE
Zohs,

3.2 PomE
(1) X
FEF (BEAEDBAKETHZ) OBESNESBI -»/-0ld, Whittier HiltIOEEMITH -7, TD

—_— 2 —



B« &M £ : 1987 & Whittier Narrows B & 2 HFHEBE L 205 95

34°30'N

- e
34°00N}- /

HORIZONTAL PEAK
ACCELERATIONS

% EPICENTER OF
MAIN SHOCK

| M * 3.9 7:42:20 POT
t Oct. 1987

wmsmams Major Quaternory Foull

O 5 10 15 20 23
Kilomalars

v30' 1 1 ! 1
33730 116445 W 18°00'W

Fig. 1 Contour of Peak Ground Accelerations of 1 Oct. 1987
Whittier Narrows Earthquake
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Table 1 Causes of Fire Breakouts

causes no.

*Power lines on grass 1 N AERERERE, 1 oREm K KicE Lt B8

pyires down(grass) i HORE 4 B b 2RICHD LAk, ThTHMIGIE
ires down on roo Sl :

*Electrical short 1 WL DENES T *

*Flammable gases in smoker unit ABILZLDLEHE LY Y E¥ALREITIE 28

ignited by electrical failure 1
*Food on stove 1
*Broken gas connection 1
*Lamp fell onto couch 1
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Table 2 Water Main Breaks in the City of Whittier

10/1/87

1. LA CUARTA @ WHITTIER BLVD, 4inch C.I. Main, Piece blew out,installed
1920,

2. CITRUS @ BEVERLY DR. 6inch C.I. Main, Cylindrical crack,installed 1932,

3. 11741 s. CIRCLE DR. 4inch C.I. Main, Cylindrical crack, installed 1929,

4. BRONTE @ BACON, 6inch C.I, Main, Ruptured, installed 1956,

5 BEVERLY BVD./BTW CIRTUS & PICKERING , 24inch R.C.P. Main, Beam crack,
installed 1930.

6. PAINTER @ BROADWAY, Water surfacing from Painter & Beverly Blvd,

10/2/87

7. DORLAND @ MAGNOLIA, 6inch C,I, Main, Cylindrical crack, installed 1938,
8. PAINTER @ SUNSET, 3/4inch Steel, Service leak, Customer side,
9. GREENLEAF @ ORANGE DR,,Water surfacing from Orange & Friends,
10, ORANGE @ FRIENDS, 16inch R.C.P. Main, Cylindrical crack,installed 1930,

10/4/81

11, 13502 BEVERLY BLV. (NEAR ALTA) Service, Pulled out of 6inch C.I. Main,
installed 1927,

12, 804]1 MICHIGAN, Hole in 4inch steel main,

13, 12101 RIDEOUT WAY, 2inch steel service, Section blew out.

14, SOUTH CIRCLE @ NORTH CIRCLE, 6inch C,I. Main, Cylindrical crack,
installed 1929,

15, PANORAMA ABOVE ORANGE DR., 24inch R.C.P Main, 2 collars leaking,
installed 1967.

10/5/87

16, 11630 WHITTIER BL. (UNIVERSAL AUTO) 8inch x 6inch C.I.
17. 8053 MICHIGAN, Hole in 4inch steel main.

18, NEAR 8053 MICHIGAN, Hole in 4inch steel main.

19, 5630 OMELIA RD., 8inch C,I, Bell cracked, installed 1938,

10/6/87

20, PAINTER & BEVERLY BL., 6inch x 8inch C.I. Tee sheared at flange,
installed 1935,

21, 14245 BRONTE, service cock pulled out off main, igstalled 1948,

22. GREENLEAF BOOSTER STATION 16inch C.I., Bell caulking 1leak, installed
1930.

23, NEAR 14245 BRONTE, 6inch C.I. Blew out, installed 1948,

10/7/87

24, 11630 WHITTIER BL, (2nd,leak) 8inch x 6inch C.I. Tee sheared at flange.
25. 12906 ORANGE DR. ! inch Steel service split,
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WIS A58 - 72 Ml T (2 Southern California Edison Company (SCE) & Los Angeles Departm-
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B, HDS A 754 HEREHET B LHEREE—BREh T, DR - T Y ENAHO—E3 Tttt
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J L -0 DI AFBRETAIDRINIE SBL - 1E, —REBFHICBY 2EERSEHDRE, i
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Fig. 8 Location of Power Plants and Power Substations in the Epicentral Area
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Fig. 9 Damage of Air-Tempered Blast (ATB) Circuit Breakers

T U, Al d Fig. 9 19”7 & 57 ATB (Air-Tempered Blast) 4—% o b 7L —A—TDH R
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(1) Pacific Bell &% ->moduF (Central office) & General Telephone £ 2 > DOk
BRI RIS HEN M7, L L, 10818, PRRMICEIRENSHE L/, Pacific Bell
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BLEOBICEETRO I v bo— AR EHB L7, EFETIRIEDI Y Fo - VBN TIERIREL
Hot, ETORTRTFOHED Sh-FTREEOHREHERL 7.

(4) BIEBSEBEICEL - EBEE LTHYE (Pacific Bell: D.J. Stief [X) BRO &5 UEHIE%
fefEL, SHROMEE LTRBIREEEZBT TV,

a) HMA, KA HEOXEAZBIBEVELN-10E, FIEXESBETEMSE 2EEHIR
[T 2 AR o8

b) 5Y4, FLERKTHOEREESOICHESY > OEHREEF L L OBERSEA T,

c) BCKBIENHLDLOEDP 1> TLEIVDEMED T, Z0HE, XOTET LIRBLERE
KEb->TLE-» THEBBEROMMEN -1z, BT, RPTYZLEEDa v Ea— s BHELERAL,
ERAMTOIEEEE Lz, D ELELHORETS > TH 0D RV S F IR OLEND B,

45 4754 vOELEBACEATET o — MAE

EBE - AR AE - BIEOBEEEIL L EIROAIC>WTOT V7 — FEABROERERL TETOEER
AMA 3, Fig. 101351 7 5 1 v He0EIEBICBIT 5 b D TH B, £/, Fig. 11 iZBEEEIHE TOD
HEEARZLTVS, 7: 2 IHBESRELLBEHNEILORERLTINMEEETIcEREN, 10A1H
i3 99% % TEIB L EBNH» B, Hic, FREBFI-SOVTIH10 A | BRD F THREEEILOLES
Bhgsd, 108 1 HPcEIBLA0REBIETLED 80%, ARAT60-70% T, 10 A 2 Hicid&EEiL 90
HUETEELTHDY, HRD100% OEIBICIZ1I0 HSHETEL TV, KEOHIEEIEDFEIL
SESRARI TR RA TV S, ZOHEIBICKRAREFEEELTVLS, IhoDOFEEI: Whittierhi&
El Monte ic B 2BEICE S DOTH DM, ALD51 754 VOFRFHEBCRLTVWSLEE

loo

Electricity

—=-— Phone
50

Percentage of time lost supply (T}
Percentage of date restored (X)

1]

2%

1 2 3 4 5 [ 7 8

7:42 Rarthqueke

7:42 Barthquake Time in October lst, 1987 Date of Qctober,1987

Fig. 10 Percentage of Time Lost Fig. 11 Percentage of Data restored
Supply of Lifelines of Lifelines
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23, b, BHRIEBDTRERHICEC Y2574 THY, FIABENIRENGD > TdZ OREIERE,
BT H R ¥ R T s R—EEEOREC RS ARICHERIAZE L CEHIBEEGENT 5, RABERHCOL
bEBENZKEYAFLALEBTH S, BEVAT LI Z, TOREETEARICRELTELL
WRTho, BEHRRBMARATCH S, A—"N—o0—FRYRATFANICHIETESEBEEND,

5. iHBA - MBLEENN O HI-REDHME

51 #§ =

Z TR, oY v ¥ RENMEEE (Los Angeles County Fire Department; LI'F LACFD & B&FR)
OTEBNEIEEA & &1, Whittier Narrows I ic & 2 #EOHEE DT 5, LACFD i3, Fig. 121K
Ltzkdic, EELToH v EARTOEMICEH S 41 OTHXEKICHE LT3, Joticid, #Hic
WEHE M, -1 Rosemead FEDERDSH3), East Los Angeles, Whittier 2 & ORBATH £ 2L,

Fig. 13 ic, ZETOWREMTORRL 5 3 LACFD 0oF# 0 a8, B, 8 XUEHREO—FINR
IhTWwa,

UTF, Com#h@gcBlnBEoryead s,

5.2 Muisst: & MR - MNEE

Fig. 12tho&HiRic B 2 A0, BRI HHMEES L OBYOKEE% Table 3 i<RL7, [
%07 — #13FE & LT Scawthorn® iz & 3, [E&HD Los Angeles Tild LACFD OEF#E TSV, M
BIAERIGH & LACFD THEI L 2 EENS 5, £/, ThooHRIcE i 3 BARMEE & ZEME
(MMI) % Table 4 2Rl 1z, REONEE IS, Trifunac® itk 53 vy —RENEL T, SHUROFE
B EERD - ODTH 3,

53 LACFD OEBRE L HRIEHEEONE
CCTHEET 2 LACFD 0TI, 108 1 BOABBLC 0B 4HORBICLE LR 28T
OEHEHBEFEZ RO IENTE S, KPFOBERIIE L OHIBMRE L LHICERL TV 54,
BAICED OB TAETRATVWEHDLH 5,
BTGB AHELNFET 3 LUTOEY TH S, () NREEHKTH %,
) FIRE (28)
) BUILDING COLLAPSE (6)
) MAJOR STRUCTURAL DAMAGE (26)
) MINOR STRUCTURAL DAMAGE (11)
(2), 3), WD3ORBHPONFZEDEETH S, 1EZLIDIDELEIVHSERETHHL TV AN
SVTOIRIE A -1, L LIZIESEE ¥ —IRIcEYT3LEbh 5,
(5) NON-STRUCTURAL DAMAGE (5); #35%, K, RIHAI0 LS &ERETM OE
) DAMAGE OF STREET FACILITIES (9); &f, L v #RQ &R ERROwkE
) DAMAGE OF CHIMNEY (12); L v 7R OEROBE
(8) BROKEN SPRINKLER (19); CD 5 bRKkEHE L bDIFONCSED T,
) FLOODING, WATER LEAK (32); £& LTENTORK, Kkt
) BROKEN WATER LINE, MAIN PIPE (11); 2£/K%&, BUKE, BKEORE
GAS LEAK (96); £& LTRARTOH ZRh
BROKEN GAS PIPE, LINE (6)
13 WIRES DOWN etc. (43); BCER, XERLEOHE
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& Carson 17 Nemtross
7 Corrites 8 Nervslk
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9 Cenpton 28 Pice Mvars
18 Cubsdy 3t Rinche Deminguer
11 Buarte 32 ke &
12 Bast Las dsgeles 2 1 Roights

13 Glaadale

4 Glenders

15 Naciends Nolghts
18 Navaiian Qardens
17 Nuntiagton Park
19 Indestzy

19 1s Conadd

8 La Crescenta

21 Lakevesd

34 Sam Bimas

3% San Gabrisl

36 Signal Nil1
37 Seuth £ Nenie
38 Sewtd Gate

3 Tasple City
48 Topsnna

41 naittier

Fig. 12 Service Area of the Los Angeles County Fire Department

THE
1040
0440
0445
o723

o140
0140
0740
0740
0140
0740
0740
0740
0740
0740
0740
0740
0740

EARTHQUAKE RELATED INCIDENTS
October 1, through October 5, 1987

ADDRESS

125 N. Nevada, East L.A.

3515 E. City Ternace, East L.A.
11154 N. Ditman, East L.A.

827 N. Rowan, East L.A.

NO EARTHQUAKE RELATED INCIDENTS
800 S, Ditman, East L.A.

4953 Whittier Bt., East L.A.
912 S. Duncan, East L.A,
4736-40 Whittier BL., East L.A,
4718 Whittier Bt., East L.A.
4709 Whittien BL., East L.A.
4711 Whittien BL., East L.A.
4534 Whittien BL., East L.A.
4532 Whittier BL., East L.A.
4518 Whittien BL., East L.A.
4153 Whittien BL., East L.A,
4000 Whittier BL., East L.A.
3984 Whittien BL., East L.A.

DESCRIPTION

RESCUE - 99056276 £ 9065313 (Emotional)
MISC, - Chimney doum across wires
MISC. - Wines doum

MISC, - Wires down

MHISC, - Major structural damage
NISC. - Major structuwral damage
HISC. - Majoa atauctural damage
MISC. + Majon structural damage
MISC. - Major atmuctural damage
KISC, - Major structural damage
MISC. - Major stauctural damage
HISC, - Major structural damage
MISC, - Major structuwral damage
MISC. - Major structural damage
HISC. - Major structural damage
MISC, - Majon structural damage
MISC, - Majon structural damage

Fig. 13 Data Output from the LACFD Activities
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Table 3 Regional Characteristics of Los Angeles County

105

POPULATION | TOTAL AREA | URBAN AREA | BUILDING AREA POPULATION | TOTAL AREA | URBAN AREA | BUILDING AREA

Altadena 394 Lakewood 75.0 9.6 8.6 26.8
Arcadia 47.5 11.2 7.0 49.3 La Mirada 41.2 7.8 39 32.7
Azusa 345 8.0 2.7 295 La Puente 32.3 3.5 2.5 62.3
Bell 27.1 2.8 2.5 17.1 Lennox
Bell Gardens 36.2 2.4 1.9 32.0 Los Angeles 2966.8
Carson 85.3 19.0 6.7 59.6 Maywood 235 1.2 1.1 14.8
Cerritos 55.6 8.8 6.2 48.2 Montrose
Commerce 11.9 6.6 1.0 10.5 Norwalk 86.3 8.6 6.0 379
Compton 87.4 9.8 6.9 46.9 Pasadena 126.6 23.1 13.9 745
Cudahy 19.5 1.1 1.0 17.3 Pico Rivera 56.9 8.2 4.9 45.2
Duarte 19.7 74 5.6 20.5 Rancho Dominguez
East Los Angeles]  100.8 Rosemead 45.4 5.5 28 29.2
Glendale 148.8 30.6 15.3 80.4 Rowland Heights 23.2
Glendora 403 14.9 7.5 38.1 San Dimas 274 15.9 4.0 234
Hacienda Heights| 43.0 San Gabriel 317 4.0 3.2 28.5
Hawaiian Gardens 11.4 1.0 0.6 8.0 Signal Hill 7.6 21 1.3 6.7
Huntington Park 49.7 3.0 2.7 314 South E! Monte 18.3 3.0 18 16.2
Industry South Gate 74.8 75 5.3 33.3
La Canada 20.1 8.6 43 20.9 Temple City 30.7 3.8 3.2 234
La Crescenta 14.9 Topanga 1.8

Popul.(Thous); Area(sq. mi); Bldg Area(mill. sq. f2) Whittier 70.5 128 9.6 56.1

Table 4 Peak Ground Acceleration (in g) and MM Intensity
MAINSHOCK | AFTERSHOCK | MMI
MAINSHOCK | AFTERSHOCK | MMI Lakewood 0.25 0.10 [

Altadena 0.25 0.25 7 La Mirada 0.15 0.15 7
Arcadia 0.25 0.20 7 La Puente 0.20 0.10 6
Azusa 0.10 0.05 6 Lennox 0.10 0.05 6
Bell 0.30 0.20 7 Los Angeles 0.20 0.15 7
Bell Gardens 0.30 0.20 7 Maywood 0.25 0.20 7
Carson 0.10 0.05 6 Montrose 0.20 0.15 6
Cerritos 0.20 0.15 6 Norwalk 0.20 0.20 7
Commerce 0.30 0.30 7 Pasadena 0.25 0.25 7
Compton 0.30 0.10 6 Pico Rivera 0.35 0.35 7
Cudahy 0.30 0.20 7 Rancho Dominguez 0.20 0.05 6
Duarte 0.15 0.10 6 Rosemead 0.35 0.30 7
East Los Angeles 0.35 0.30 7 Rowland Heights 0.20 0.10 6
Glendale 0.25 0.15 6 San Dimas 0.05 0.05 5
Glendora 0.05 0.05 5 San Gabriel 0.30 0.25 7
Hacienda Heights 0.25 0.15 6 Signal Hill 0.10 0.05 6
Hawaiian Gardens 0.15 0.15 6 South EI Monte 0.30 0.30 7
Huntington Park 0.256 0.15 7 South Gate 0.30 0.15 7
Industry 0.20 0.10 6 Temple City 0.25 0.25 7
La Canada 0.25 0.20 6 Topanga 0.05 0.05 5
La Crescenta 0.20 0.15 6 Whittier 0.35 0.30 8
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(14 ELECTRICAL SHORT (5)

(13 RESCUE (INJURY) (23); fif§

(& RESCUE (OTHERS) (63); Bf5%E:< bh

(1) FALSE ALARM (17); Aick 2B BEHKOZRR

(19 PUBLIC ASSIST (3); {FEicxid 28

19 HAZARDOUS MATERIAL (19); GAS LEAK %< fEiinimm

@) OTHERS (10); BEEOLR, EEOFHALR SHOFEHAN KBV HO
PUEO~0EE5HT 2 & 444 L5 5,

ko, kK (1) BEDZEERHFELL, BEYEE 234), BERKETOHBICX

31K (9), BRorzigh (11), SBEor-aTaan A3, B (1516) 72 & MBEFLEOHKER
LTW3, chdDHB, FLOODING, WATER LEAK, XU GAS LEAK 0%< 1k, KEMRF1
5 — OIS IBIES EBATHILL TV E I AICHIBEAZ I THIBL-C itk BLENTS
D, KEORIEEL LRBL AFTREEOKRYE RS L EL 505, FIRE (1), MAJOR STR-
UCTURAL DAMAGE (3) BXUGAS LEAK (11) oHEis%, FREiC L 3HEmEEo s v
P EEBICTRL DD Figs. 14~ 16 TH %, KD OWESILERED 025 g LI EOHIKA THAE

LTWBI &b b,

\os ANGELES COUNTY I'I
\\ f

)

\ \ i

Eplcenter Oct 4 /

Los Angeles County

« Caused by mainshock
° Caused by aftershock

FIRE

a0y

Fig. 14 Locations of Fire Breakouts
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Ol ING! S COUNTY c’

j
|
\\\ f

Ep1center Oct 4

prcenter Oct. 1

0.25 4

Los Angeles County

+ Caused by mainshock
o Caused by aftershock

MAJOR STRUCTURAL

DAMAGE
wurs 3 0‘03
ONETEIRS
L o113 J

\os ANGE ES COUNTY !

.\\ !

Eplcenter Oct 4, /

o. o' /'
Ep1center Oct. 1 /

025 /

Los Angeles County

ay e Caused by mainshock

° Caused by aftershock
GAS LEAK

oS [ L]
o E == ]
012

ueas
NILOMETERS s P

Fig. 16 Locations of Gas Leaks
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54 LACFD OFEhho A -REOKH

RO F— yicE-S%, Whittier Narrows Bl L 3BZEONMTE2RS 5, 22T, OHBOEKER
P50 & QBRI S B EREOBLE, © 2 >OfE» SMFETHIT L ET 3, FHTRUTO
HEEE 2RO B3, (B v 2R3 5.3 OEIREES),

a, FIRE (1)

MAJOR STRUCTURAL DAMAGE (3)
FLOODING, WATER LEAK (9)

GAS LEAK D)

. RESCUE (INJURY & OTHERS %4&+#f; 15,16)
1) BRFINEA

Fig. 17, &#HEHEE BT % LACFD OtHEIoBRFINHEEE %R L, HRD (a)~(@) 1, Lkid
OEEH a~e. EHBELTWS, T/, EBdIcR, 2HBEKE, 205 bDEAKBROMEE )
BWRENT VS, TORBLD, HEFEBICL > TV >HhOBEMSB SN B,

9, FIRE (Fig.17 (a)) ® MAJOR STRUCTURAL DAMAGE (Fig.17 (b)) o0& SHic, HE
BRIRERINE L, »oRBONEEET sHEFRE TR, HBRMBEOERICEILTV3, Chic
%fL, FLOODING, WATER LEAK (Fig.17 (¢)), GAS LEAK (Fig.17 (d)) D& Sic, HiE%
HAEEHEEETHENENIVRERINB I LEEVHEFRIC>WLWTR, AEO®%, KHHESE:
WTW3, RESCUE (Fig. 17 (e)) BIho 2207/ v —7Oh@ARER L TWAH, Zodic
BYBORBEOERICET 2 EH#R, HBA CoHMBETNhELELSN, BADr—2iKiLb
AT EBEBVELEZ S5,

(2) BEEREHBRHHE OBMR

EZoHM L S3ECHBHRE COHERAICL - TRE S, £/, HETHRESE LB L, YRK
FRWAT 0, ZOBMOBEERICL-TRL S, THLABALS, TITREELTHERLE
AHETIERE OBIFREFE~NSE, ZD1®, RUDICHERLIROLIITEET 5,

o @Y - Bk

BER= EHE / GEEEYES: SFED)
o FBABAGR
wER= R / (A
foiE L, HEERWIEEECE TS SFED (2 Single Family Equivalent Dewellings ®#8C, Scawthorn®
itk, BYRE~KERK 1500sq. ft (8140 nf) % | BOBAZFELATROL I CERSNALDT
H3,

°ao o

—

HeEEYHE (SFED) = GRYIRE~IKEM (s¢. f2) /1500

Fig. 18 ic i ER & B AMBENNSE OGO b H» & BRI 3 %R L., RIE (@) ®FIREZ, 0.1
gULETHRAE LAY, 03 g 28A 5 L2 RERNSE 2%, (b) ® FLOODING, WATER LEAK &
025 g LI ETHAET 54, FROMEEOFEHETREERSIMEE L & bic LR AEMMNE SN,
%7 (¢c) ®MAJOR STRUCTURAL DAMAGE (303 g T TR RELBVY, TOLA%E
Z B LEERNBEICEL B,

Pbosts8R0d 2L, ZRHFNFE 19DLS5 832094 7B TFShES5, 09 b,
Type-I'id, &OKREIIMEEHFEE TEEINE Type-1 KHITT 2RSS 5L EX SN2, BE
BEBMERETOOTREL, KEORIHLL24EEBETICLE2HNETI0THNIL, otk
EIFFRICS>VWTH Fig. 19 00T hhD sy 4 7IRETX 3,

Fig. 19 icB5VT, a, BEFESHBR LD 2IEE L <, a, BEESEREFICE 5 ILEE L~V ERT
LEREN G, TNOOMEE LY~V ERARBEREZHEEEMGIC Table 51X/R L, ThHDfER
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Whittier Narrows fIEBICBU 288 & L
T, 5ROWHEZLRT 20— 0H
RICBDHBTHAH, TOF— 5 D#EiH
Mo, a REFHEC K ->THREY 0.1
~ 025 g, a, 1303 gl k& VWS EHMNR
INTVH 5,

LOBETIE, BHERLEKHBILEE
DRI Fig. 19 © & 5 IR LGRS S
Bl ERRBUTEN, T LIBEIYE
NS A TEYUTH 5 002 RIRIIH
31243, L OBEROMMICEESAALTR
NBMNETHD S, &6, TITHVWE
#—4%1%, LACFD OO REL -1
WETH-T, TOHIBTELLEEGY
BEhTWBERBLLLIEITHARL
THBLMEDBH B,

HEHEE & L CERAHEIEE O
DicEERE (MMD ZRHVW3E, 2D
BR3ERMESN L, HlRE, Fig. 18
(b) DEEhEMMIKCLTF—3%%7 Dy
FLETEFig 20858505, COHIT
BHERE MMI OBk 078 » IR 7S
DI > TV 5B, BEREISIREEDR
BIESWTERD LTV S EVLHEES
513, ThRYEROERESALS, L
LEMS, TOBIMEHBRTEOHEELL
TEERIBNTVWAE I EEMLTL bEK
Ligw, HBGERETFAP<SA /70y —=
v sy, ETHER KICRER DT
BEWER 1T S fo0icid, YEAERO
Wersii@hoc s A~ s EEN LT B ENE
BT, ZORICKEITT » M oE&ES
brLEZ LMD, 5k WEILHORN
WEL OREF - T, BAILEELA OHiE)
NG A -4 GEE, 2T -11E) EHE
ROMFEFHNLIELFETHA I,

MAINSHOCK(7:42)

AFTERSHOCK{3:59)

109

20 N=5.9 +5.3 rine
“ TOTALs 28
2 5t (a) | arvenswoc totaL- 2 1.1 %
s
©
s 10}
£
5 .
Ll b
10/1 10/2 10/3 10/4 10/5 10/ 10/7 10/8
date(’ 87)
MAINSHOCR(7:42) AFTERSHOCK(3:59)
2 ¥=5.9 H25.3 | wajon STRUCTURAL DAMAGE
TOTAL- 28
2 15 + (b) | arerssock 10taL- 0 o %
g
L)
s 10§
=]
=
5 S
.._JE 1
10/1 10/2 10/3 10/4 10/5 10/8  10/7 10/8
date(’ 87)
NAINSHOCE(7:42) AFTERSHOCR(3:59)
2 ¥=5.9 ¥=5.3 | ricooinc.vatER LEAR
TOTALe 32
S o5t (c) | AFTERSHOCK TOTAL- 10 31.3 §
]
>
L
s 10f
2 1
sLh& &
10/t 10/2 10/3  10/4 10/5  10/6 10/7  10/8
date(’ 87)
EAINSHOCR(7:42) AFTERSHOCR(3:59)
% i ¥:=5.9 ¥=5.3 | cas Leax
i (d) TOTALs 98
2 15 + i APTERSHOCK TOTAL+ 32 33.3 W
E 0l
> H
® i
S wf
]
=
5 3
- Bt A Am.as
10/1 10/2 10/3 10/4 10/5 10/6  10/7 10/8
date(’ 87)
HAINSHOCR(T7:42) AFTERSHOCK(3:59)
t ¥=5.9 N=5.3 RESCUE
“ {e) TOTAL+ 86
= o0t AFTERSHOCK TOTAL+ 18 20.9
] ]
o
Bt
o
)
=
I 0, I 2 4 8,
10/1 10/2 10/3 10/4 10/5 10/6 10/7 10/8
date(’ 87)

Fig. 17 Time Series Plots of LACFD Activities
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& : Fig.19 Typical Relation between Damage
0.1 0.2 0.3 0.4
ACCEL. (8) Rate and PGA
a 0.5 ~ 0.5
a (b) FLOODING. VATER LEAX § FLOODING. YATER LEAX
2 04 2 04
g 2
o0 L 03
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E o2 . : £ 02
2 : 2
8 0.1 //\ S 01
L] . o
H Lot H
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0.1 0.2 0.3 0.4 5 ] 7 8
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g (c) WAIGR STEVCTURAL DANAGE Fig.20 Damage Rate vs. MM Intensity
g 04 (flooding, water leak)
-]
03
a .
L 02
$ 01 /
H
-
0.1 0.2 0.3 0.4
ACCEL. (g)

Fig. 18 Damage Rate vs. Peak Ground
Acceleration

Table 5 Dependence of Damage Rate on Ground Acceleration

critical level of max value
demage type of ground acceleration(g) maxumum of conditional
categor dependence observed mean for
gory (See Fig.19) a, a, damage rate damage rate
a.(FIRE) 1 0.15 0.3 0.160 - 0.160 *
b.(MAJOR) i — 0.3 0.257 * 0.169 *
¢.(MINOR) 1’ 0.1 - 0.241 ° 0.137 *
d.(FLOODING) 1’ 0.25 - 0.286 * 0.168 -
e.(GAS) I 0.2 0.3 0.401 * 0.262 *
£.(WIRE) I’ 0.25 b 0.714 * 0.714 *
g.(RESCUE) I’ 0.1 e 0.198 ** 0.139 **

( *: per 1000 SFED; **: per 1000 persons)
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6. # B

FEORE TR, XPAREHONH TEAAEZRUHHEROLHAIc—HRoRAMERCKE -1, %
7z, EITE DHREBLIENTELDOIR, VEARKETESEET IRAOHBHOMHEET
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wthorn &+, o+ ¥ €2 HlgicB T 2MEBHEAOIREF L (EETREVAENY 72 V=7 KEO
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