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DIRF A= B £, di ICOWTIREFRFRROBEIEE
Wiz,
£=1.15

d:N =0.0005

d:?=0.005
22T, diN GEEEGEOE () — Fh Do Bk
BIZET 2.5 =2 —Ths. —F, d;° aPiEE:
BTV v 7 ORBARBELT 5720 BAS Iz
GA—Z—ThH0, MEENLLFHELSSLiZY v
Lifisie &Y 10 BORRAKESEM ShBE L0
RELTREDOME 0.005 28H L.

Table 1 [ Y274 0%/ — FiB+ 28 EEH%
&L, Table 2 i34V v 7 i+ 38REKERLT
W3. %7z, Table 3, 4 TEHARFy hU—7 DL
ORI RERL T 5.

b) EEECET BT A—F—

Table 1 Numerical Conditions on Pipe and
Flow at Each Node.
Node | Ozt [ Ee T Flow T bemand | Factor o
(m) (m) (m?%s) (m®s)
1 10.0 8.0 3.0 2.4 | 0.0005
2 10.0 8.0 3.0 2.4 0.0005
3 10.0 8.0 j 3.0 2.4 0.0005
4 10.0 8.0 ! 3.0 2.4 0.0005
5 10.0 8.0 3.0 2.4 0.0005
6 10.0 8.9 3.0 2.4 0.0005
7 10.0 8.0 3.0 2.4 0.0005
8 10.0 8.0 3.0 2.4 0.0005
9 10.0 8.0 3.0 2.4 0.0005
10 10.0 8.0 3.0 2.4 0.0005
11 10.0 8.0 — 0.0 0.0
12 10.0 8.0 — 0.0 0.0
13 10.0 8.0 -— 0.0 0.0

Table 2 Numerical Conditions on Pipe and
Flow at Each Link.

Li ! Node Diameter Length | Roughness of
ink i — internal pipe

| up 1 down (m) (m) surface

1 13 1 1.52 531.30 100.0
2 1 2 1.83 6134.10 100.0
3 2 3 1.22 1030.40 100.0
4 3 4 1.30 8428.35 100.0
5 1 5 1.52 3397.10 100.0
6 5 [ 1.52 2068.85 100.0
7 6 7 1.37 14/490.00 100.0
8 7 8 1.52 55 385.45 100.0
9 2 9 1.68 $957.00 100.0
10 i 10 1.37 3453.45 100.0
11 2 6 1.62 2245.95 100.0
12 9 7 1.45 1698.55 100.0
13 9 7 1.02 1843.45 100.0
14 3 8 1.55 6971.30 100.0
15 4 8 1.73 2109.10 100.0
16 12 10 1.55 5119.80 100.0
17 10 5 1.32 861.35 100.0
18 11 4 1.73 466.90 100.0
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Table 3 Numerical Result at Each Node of the
Simulated Flow in the Underground

Network.
Node El:?/‘;agly c;l‘:laocvi‘;y Demand Oil:lx(‘lg:'“ Leak flow
(m) (m?¥/s) (m?®/s) (m®/s) (m?/s)
1 187.94 | 3.0 2.4 2.4 0.1961
2 178.40 3.0 2.4 2.4 0.1841
3 179.01 3.0 2.4 2.4 0.1849
4 194.00 3.0 2.4 2.4 0.2037
5 182.01 3.0 2.4 2.4 0.1886
6 178.25 3.0 2.4 2.4 0.1840
7 175.08 3.0 2.4 2.4 0.1800
8 183.30 3.0 2.4 2.4 0.1902
9 174.94 3.0 2.4 2.4 0.1798
10 184.86 3.0 2.4 2.4 0.1922
1 200.00 — — — —
12 200.00 — — — —
13 200.00 - _ —

Table 4 Numerical Result at Each Link of the
Simulated Flow in the Underground

Network.
Flow in a | Head loss Flow in a | Head loss
Link link in a link | Link link in a link
(m?/s) (m) (m®/s) (m)
1 10.92 12.06 10 1.4 3.09
2 4.15 9.54 11 0.47 0.15
3 - 0.84 - 0.60 12 - 0.46 - 0.14
4 - 1.80 ~14.99 13 - 0.17 - 0.14
5 2.73 5.93 14 - 1.63 — 4.29
6 2.79 3.76 15 6.76 10.70
7 0.68 3.18 16 3.80 15.14
8 — 2.54 - 8.22 17 2.65 2.84
9 1.94 3.47 18 11.17 6.00

Fy FT—=7 D% ) — Fiz B TEKIEENCBHE K
BERAETAHDIC, UTORESKILTHWE DL
KETS. $hbb, Xy hIV—7ERST505<1
AT OEFFHEBE NI IS L WEBE THKRBEM L
TW5H0ET5. 2LT, HARIESKLELTHH
BRROLICRETS.

guyp=1.0 m¥min/hydrant
Fig. 10 ([ RTHAREBE{KETS &, FHRRIRICH
LT 2HDOMKEPMEIZ Y, #R1IEHXE Y7
D OLETRE,

qGrip=2.13 m*/s/grid

L5,
WE, Ry bV—sFRERO a% O HIXK THIER
IKREBFEL, TD5H b% O MR CHAEEM»

BTHDETHE, £/ — K% 38T 558 0%
Bit,
gnopE=2.52 ab x 107* m®/s/node
L. AEAERITIE,
a=10 (%)
b=25 (%)
DIEEREL. LT,

u 00T

jo
5
o

AT 0

Q hydrant

Fig. 10 Locations of Hydrants.

gnope=0.63 m*/s/node
FThebb, £/ — FICRBOW CTHEBNC SR T e R
e Qer i,
Q.,=0.63m"/s
B, —F, TOLEDOE/ — FTORKLEKEIZ
H, =15.0m
BT S.
7, WBERECET Y O NMNEEOEREX ST S
NG A—4— (Fig. 3 BH) &L LT,
e,=50%
fo:70%
ERETS.
a5z, 120V rr7AIK 10 LA YRR RIg
EEECBAICR, TOU v 7 ZEENCIIYEEETR
BEFELTVWS L H2LT, Fig. 4 KRTL528
MR RBEOHADPIR Y vk L.
%Iz, Monte Carlo Simulation {231 503U
ES A B OB A2 5 100 | & Uc.

(2) BEEHERLER

Fig. 11 3BT O xR & Lz 4 B (SAN AN-
DREAS /8, SAN GABRIEL Wifg, SANTA MO-
NICA W/, NEWPORT-INGLEWOOD Wig) ¥
ST BB EDORE | T/ =F o — F m OHEPIE
ELUICBEAD Y AT A OMBERERSE, BHIcHE /—F
R B KRS T — SORERSR PO{S,sim, I} B%
OFF LT r s FLIELDTHD. £FDT 0y FOJ
B AA L Lo, SR Gl 23T, ’PATI
T BB - T R PO {(Soslm, &} O ik 7 u
v bTBHLOTHS. BEFRCER Ll LU
BEFICETAHERTTE D OBfLE LW LOR
fER LK.

Fig. 11 OROHELFIZHOWT, BHOETIZ—EHR



HEIZ B 2 HB LIS AT

N
Mig %

MWRT A 7T 120 VAT LOBREN:

1.0
o,s{P(SBflm,l)

Note: The ordinate in the figure
is measured in the above
way to plot the probability
of system (serviceability)
failure at the node 9.

Fig. 11 Probability of System Serviceability Failure

in Major Damage along the Four Faults.
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and Connectivity in the Probabilities of
System Failure of the Four Faults.
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of SAN FERNANDO Earthquake.

CTRURTE

R ER L — SRR E N EIEERE Skt L #
FEME DG (CorUCra) IIELTED, ZOHR
BERBERBICRE R — FEBER Lo cfivnietboT
H5. DIERMREYRE LT, FliRoBRGEEIRLTL
LRSI —H LRI LETHD. —F, 200D
Wi, — FORTHBELTHEOE, 2,6,7, 90D/ —
RE, Zabindhd 3oofsiim a1, 12, 13)
NEBELENE ZARMEBELTWA. ZOIBERN
- FEoEE @ OFREPL MR TE S L5
o, S THEMNEAL TL, MEEEE & BRI
FTHEBEOM T EFBCRE LT VWHIR THE 2 L &
RLTWS. ZOERT, MBEMHRER BTSN
EHIK E vz k5.

ot
i
nug

AR A 7540y P T =2 VRT
LAOBREMRICH T A TBE L MY 5 BT, fBRE
RO EREBRELZLOTHS.

HORBRERA K O BLE S ST BE B O KK icwb+ 51K
FEHERTT 2 EMNEETH LN, ZOEHEXLD
KR v h T =7 2T AOHBOBAERIZ W T
AR TRE L - EREETTEEEA L. BEH S
# L LT Los Angeles fiNOKE A T4 % v b
T2 Y RAF AERAL, OEBLERIET MICH
+ % MEBEYE o #E % Monte Carlo Simulation (2
Lo THEITLI.

HECLZRy VT —2 AT LOWEER, EROW
B - R L VO EIREOT TRAEL, ZhiIZHRL
TV AT AOBERGBEVWOIE20HELL LY. |
Fi LU IC B B DERSIC W TRV AT A
OEFEMREOREE LTTTIRXHE D THRLELTHED
T, KFETRZEITORERLEMHLE L THREOV AT
AORREMREORIE A L LTH]RDY Rz, Bohic
RREPELODDLERODELELI THD.

(1) ZEERERVELD Fy P T—F VAT LT
i, MBERATIHBE Ry b U= & ORAE
BIRIZ X o TR T LOREERERPHBRICELT 52 L
BRI .

(2) v AT LOELEVERE & EREVERE O HURERE O B
EASLEER A S LT FORE, MRS —Ee
S, WO EED OG- bR LEY /- F
DHEELHIXCh -/c. ZHHOFRTITEMEE LD
NEWXOERICHE RS 2 5 2 Lichb
9.

AWFgE ik, REmERBEOMBREL €T L
TH D W7D, ARFEOFHEEL HARENO ZERFHO



W7 17 74 v v AT L OBREMERE I Y 2 W SR fhT

FTATIA VAT AR L THAL T L&, BT
UL MBEDRAIR L 22 5 N EWFENE & AR RETE
BROWGABBESINSD.

Z ORI, BIBRORb VI, 2WITHIRIRNY &
b EBTER B R AR MUK = L i E S 2 D 2k
WTHERT 5 Z L2 & » TR 2 i+ 2 2 L33
T&LD.

DUEomEz@E L THESASEOERL, 5%, 7
A7 T4V VAT LOTMERRABEHEL TP H AT
BRAZEREEBEL TP LDEELSE. LieLiess
AR TEIA LS ESEDREREF LD Iz
WTHMCEIRE L, X O AR ERBERRAT O T kiR
RET SR ERE K OBENESATWS LD
DiE B,

BRI, AP B KRERZEME 0 B&BE (Grant
No. NSF-PFR-78-15049) it X »C EH T2z Lic
L, RMECESoOEERLET.

& £ X &
1) Shinozuka, M. and T. Koike : Seismic Risk of Under-
ground Lifeline Systems Resulting from Fault Move-

2)

3

4)

5)

6)

(]

35

ment, Proceedings of the 2nd U.S. National Con-
ference on Earthquake Engineering, Stanford Univer-
sity, California, pp. 663~672, August, 1979.
Shibata, H. and M. Tsuchiya : Fundamental Concept
of Aseismic Design of Earthquake Resistant Lifeline
Systems and Industrial Facilities, The Current State
of Knowledge of Lifeline Earthquake Engineering,
ASCE, pp. 354~367, 1977.

JHEZED « EREMAR : LAKGEEME > 25 5 o BEELo
T O FRFTEI. 20T, 56 34 (Bl LRSS E RSN
SRR SIBTRIEESE, 45 1 i, pp. 340~341, 1979 4 10
H

Oppenheim, I.]. : Vulnerability of Transportation and
Water Systems to Seismic Hazard Methodology for
Hazard Cost Evaluation, The Current State of Knowl-
edge of Lifeline Earthquake Engineering, ASCE,
pp. 394~409, 1977.
Fenves, S.J. and K.H. Law : Expected Flow in a
Transportation Network, Proceedings of the 2nd U.S.
National Conference on FEarthquake Engineering,
Stanford University, California, pp. 673~682, August,
1979.
BERED  BRUKEEOMT &GN, ARG, HE,
1978 4.
KAEKE « AN : BKE & KIEORR, & 17 1
SEVKETFIEREDEFEE, pp. 118~119, 1966 4:5 4.
(1980.2.12 - S{s})






