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Synopsis :

A new type of risk analysis methodology is developed for underground lifeline systems
in order to estimate their unservicebility under seismic environments. Inability of water
service is discussed form the view point of fire-fighting, because the availability of water
at all locations immediately after the earthquake is one of the significant serviceability
conditions. In an example analysis, Monte Carlo simulation technique is adopted to
predict the amount of seismic damages in the modified varsion of the water

transmission network system in the Cith of Los Angeles.
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Synopsis:

A new type of risk analysis methodolegy is developed for underground lifeline systems in order to estimate

their unserviceability under seismic environments.

Inability of water service is discussed from the view point of fire fighting, because the availability of water at

all locations immediately after the earthquake is one of the significant serviceability conditions.

In an example analysis, Monte Carlo simulation technique is adopted to predict the amount of seismic

damages in the modified version of the water transmission network system in the City of Los Angeles.
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Fig. 1 Water transmission system and simplified soil map in Los Angeles
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Table 1 Fault location
~ Dy ¥ 4 13 H . .
No. Faults (km) | radian | (km) (km) {km) a and §
1 | 725 | 2.8463 | —137.6 .5 o =6.8752
I | Sen Andreas | o | 200 L o6se |~ 68| 1575 1° A =1.9283
. 1 | 350 | 22337 |- 850 425 @' =5.7633
2 | San Gabriel 2 0.0 |1.6054| 550 1250 8 8 =1.7563
1| 224 | 00 |- 239133 3332
3 | Santa Monica { 2 | 26.0 | 05263 0.0| 145 8 = 1.5953
3 | 207 |-o00525 — 1.5 800 ’
. Newport- L | 160 |—07854 —237.1) — 224| o a = 4.8657
Inglewood B =16778
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Geul})gical Seismic intensity fyy
site
condition X Vi i v X
ec | 1L50~4.50 | 2.25~6.50 | 3.25~10.0 | 5.00~15.0
Al x| 30 438 5.63 10.00
s | 050 071 113 1.67
€ |0.75~2.25 1.13~3.25 | 1.63~5.00 | 250~7.50
B | x| 150 0.19 3.32 500
o | 0.2 0.35 0.56 0.83
eo |0.50~1.13]0.75~1.63 | 1.08~2.50 | 1.67~3.75
c | ol o082 119 1.79 271
s | on 0.15 0.24 0.35
es |1.95~2.89 | 2.56~8.45 | 318~ 13.1| 5.12~22.1
Floel 2 5.51 8.27 13.6
| 0.16 0.98 1.70 2.83

In the case of F, structural strains ey are directly
estimated.
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Table 3 Conversion factors for straight pipe, bent pipe and
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(2) AR T LT A —7

M2 AL, RBRBENEEE
H=30m & L7z, Fig.1 T/RL72 A, B, C Oih#y
PEFNC AT 2 1 ¢F7 # — F % Table 4 12757,

Fr, WEBEN A A EPETIHRELIZ L
Ao 2 TG HAZ N % {538 T % Rayleigh o4l
AU AN TR 22, LR AT TR, Max
TF NN Rayleigh i i T ARIEHEEE LT
A HhdE Tl 448m, B A TIE 479m, C MifE T2
487m A E S HLEz,
(3) ABERYEMIZNT B 87 A—F

MEETZH 0 b T—7 0 AT A3ME0 LY
10m OGS O ACE M 852 & 2m DR 2 O MR
BNTws, &/ —FToOMRBRRY L #mz
3.0mi/s, £ L E @K E 150m, FEKES
24m’/s b/ — FHEOME L CERLZ, &
7, BEENILHL SA, SB, SC okEldvwihi i HL

< 200m (ZZEL T, ébl_, Hazen-Williams i,
ROFEEFEIETNTHY > 7 THFL < 1000 &
Kl 7z,
(4) BUERRECMT R ¢ A—%
HARHYHHPUFERETCHHL T EL0nk
LT &/ —FliB e AEs b B
FAw* Q.,=063m¥/s, ZDELEENEKE /) —FT
DOERVERE T B, = 150m &322, 72,
BAEIIE oS - AN A T 83T X5
(Fig, 7 B} % e, =50%, fo=T70% S {HEL 72,
F %12, Monte Carlo Simulation ¢ ¢ 13 L [H
BUIFtHEMOMAeS, S 100 mE L 722,

4-2 HMEFHERCER

T, BHETEBLAAKTIAT IR
TALDETNALGEROMBHELHET D
ZTENRERMSERIL, Thbbh, San
Fernando M52 %79 % Los Anpeles TN %
EWEERE M—0RERC BT 2 MEmEIC T
LDHEEOMRER E B L L 2o, BT oOHE
RELCDW T, Al B, KEEY IS L - TiThn
M) Los Angeles i 7 X H (FicH 2

FARHTY) 2 BB, WINPT S Tkm 2

Table 4 Soil properties

Local soil Ground surface Base
properties A B C rock
Thickness H (kgf/cm¥) 30 30 30 oo
Mass density oo (m/s) 15X107 | 17107 | 1.9X107! | 265X 10
Shear wave Vs (m/s) 150 0 500
velocity 5 m/s 360 692.3
Dilatatien
wave velocity Ve (kgf/cm?) 780 870 1200 1695.7
Shear modulus G (kgf/cm?) 344.4 1561.0 4 847.0 12 960.0
Lame constant (kgf/cm?) 8623.0 10 010.0 18 220.0 51 830.0
Poisson ratio v 0.481 0.433 0.395 0.400
Coefficient
of soil 3
reaction per ko (kgf/cm?) 0.69 or 1.0 or 2.28
volume
ghrel;lrcasltrain‘ Yer 107 or 107 or 107

* Slippage takes place beyond this value
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Fig. 8 1=/ =F2—Fm=5,6,7,89 "k
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rOOiREE g k7o L nTHE, K
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Fig. 8 Mean rate of major pipe damage per

kilometer in the simulated resuit of
San Fernando Earthquake
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Zoofta R (11, 12, 13) &5 Remmic i L
Tvvd, Liehi-T, ZodgffiaiNe /— Fid
BB - A REREEE ORI T £ R I 3 L%
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Fig. 9 Major damaged area due to system connectivity
and serviceability failures in the simulated result
of San Fernande Karthquake
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