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Abstract

The water pipelines and the related
facilities are often buried underground in the

different time. Maintenance of a pipeline
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system is considerably difficult because of
difficult routine inspection on them for the
authority in charge of the pipeline.
Earthquakes will cause ground displacement
around the buried pipelines and affect the
pipeline stability. When utility system
operators are planning a seismic retrofit or
upgrade program for an existing system, an
evaluation of the potential losses (e.g., direct
repairs costs and temporary system
outages)due to future earthquake is often the
first task. The seismic damage types and
characteristics of the buried pipes for three
townships are collected and studied for the
Chi-Chi earthquake in the paper. The repair
rates of water pipe line at different soil
conditions are proposed for an evaluation of

potential pipeline loss in future earthquakes.
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AL 1R FE R 7 AT o

FOEBHIEALH K E R ~ BE
B3 o SCERIME NI R HEMR > &8
PVCP > M & HFPVCPHIHE thil 7

81%/r 4 © #9k K107l B A ISR 5 2K

IR KRR —RE % o /NVEI S
KAEAS (20-50mm) feir o BRETY SRR
HIAR » S B SKABZRI H(E £ 15.4
SR S FEAR T LL T HE B AT T 1SS 5K
BEER - WEN KBRS » &
(3K HEZR QI = 35 o SRR SK IR AR Y
JRIAL » B T FRIEERH S R MHEE (PGA )
EF0.79g91 » T i K] 2 i e s ke A
1 6 H 17 S 2 [ 3% A 00 - iR A b B (10 1) v
% o &SRR ER Tk A8 (5 (PGD) At

FUTFIEGSE AR ERR T K EAE
ERRR B ERAGR o 0 K E IR K
Bz DI iafE i & (4.83repairs
/km) > BHREGR.Z (2.42repairs’km) >
IKEVAEFRZ (2.28repairs’km) » BEFH(L
[@#/ I (0.81repairskm) 12 FIE4FHE
AROKEHR S B S HEAR B B B
XENKBEREDLWMERG B RS
(17.69repairs/km) » g X2
(10.89repairs/km) » $RKEHEHRZ
(2.71repairs/km) » A& L g & /)
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(2.94repairskm) © BFE ) SKEHBES ISR EH
HE R (1.25repairskm) > BRI R Z
(0.9repairs/km) » W@ H X Z
(0.87repairskm) » BER} LGl HE SR o 63

H’*T‘ﬁmﬁa)j’z%ﬁ@@ﬁ’]“% TR iEE

F i » e oE B [ DR 7% o S T st i
kE%&%F@ﬁﬁ%ﬁI o (RIRE R it i

(A R 7 B AR PG (] -2 B ] T i
ESF(TEIm-2miiE] - B RHY AR S (S
BREARRR o RLILB/R LA #HKE

~ LR R BEAHL R B KB
6.7repairs’km » FH & £51.09repairskm » 32
P 74 K B2 HI £ 1.90repairs/km © Jiffg
e R R S AR T B FRA L TR e
S1EEHY > 1 5 IR A L R VT RE /1 172 30-
50cmfH] > 43 Al 2% 1L fa i A i 5K R

AL EK E o ~ SRR e SRR L HY

B R S HRZR f B R (] 6 B AN [R] Y 5K HR T
WA o DR ERE ~ TE= A3 Kk
Wbz i A NS G RSB R E NS = s
AR EE S HRAS s LB = A8 ~ 220
BT B Bz B = A BRI o B Es AT B
KEE ~ SR R OERH L g ry St K 1E
B R R SKARER o

5.3 EMEERKERNIBHSE

ﬂiEi’gT
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R PR A2 4= R B LA B R | shiharadt 3
P EIE T R ERE E O filE o 3ZIE
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RR=0.06292X (PGV)
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FHE T KRR
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B A SR A S HRRE R HLB (K94.5:1)

EEBIRELGT (1:5) & - Bl H AR 3Z
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Bl EBE RHE - (H38 KABHIE
% o ERBE R AR BB B #E TR K HEAR
fRAE - 1A FEERREIA o 8RB
B S BRI o HEEERE
MR AOK AT » BHESETRE
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PUEIGED

k1 BRERZBERL R
S [EXE] T ;;{ﬁfﬁé& )% . FRu TR FAth i Ffh
ST R e fj i %‘? ;j 2 ;f i T8 [ ;f i PR E
EH 2450(1961|2793|181|120|109|279|253| |8 |1436|14 |291|57 |289 198|317 |10756|48.25%
i%ﬁ 113 |117 |7 5 29 |58 (17 51 9 4 410 |1.84%
HA 1253|471 |387 |7 37 |6 |77 162 24 2424 |10.87%
;EIE% 785 (489 |297 |44 |28 |21 |69 |46 323 (18 |108|87 2 2317 |10.39%
Mg
FI(KT |824 250 |137 |9 43 |23 |55 |2 334 |10 |125|150 4 |1 |1967 (8.82%
[E27)]
Mg e
B))( 1660|289 519 |28 |3 |133|40 |144(9 |6 |485 |86 |109|10 24 |1 |3456 |15.91%
Pek)
HAth |38 |10 |12 3415 |2 |3 2141 1 243 870 [3.90%
i 7123|3587|4152|274|492|377|477 (595 |11 |228|2792(128 |667 |304|289 |475 [319|22290, %OO'OO
&2 WARE 4 A B KR RREF R
Bt ERERI et BR K1

Cast Iron Cement All Small 10

Cast Iron Cement Corrosive Small 14

Cast Iron Cement Non-corrosive Small 0.7

Cast Iron Rubber gasket  |All Small 0.8

Weld steel Lap-Arc welded |All Small 0.6

Weld steel Lap-Arc welded |Corrosive Small 0.9

Weld steel Lap-Arc welded |Non-corrosive Small 0.3

Weld steel Lap-Arc welded |All Large 0.15

Weld steel Rubber gasket  |All Small 0.7

Weld steel Screwed All Small 13

Weld steel Riveted All Small 13

Asbestos cement Rubber gasket  |All Small 0.5

Asbestos cement Cement All Small 1.0

Concretew/Stl Cyl. |Lap-Arc welded |All Large 0.7

Concrete w/Stl Cyl. |Cement All Large 1.0

Concrete w/Stl Cyl. |Rubber gasket  |All Large 0.8

PvC Rubber gasket  |All Small 0.5

Ductile Iron Rubber gasket  |All Small 0.5

Small : 4-12in &R Large : KA 16in IR




H AR Er TS~ —EHUIeD

&3 HARAR X AL KAR B R H B

=) BEERAI K,
Castiron Cement 10
Castiron Rubber gasket 0.8
Castiron Mechanical restrained 0.7
Welded sted! Arc welded, lap welds (Large 0.15

diameter, non corrosive)
Welded stee! Rubber gasket 07
Asbestos cement  |Rubber gasket 0.8
Asbestos cement  |Cement 10
Concrete w/Stl Cyl. |welded 0.6
Concrete w/Stl Cyl. |Cement 1.0
Concrete w/Stl Cyl. [Rubber gasket 0.7
PvC Rubber gasket 0.8
Ductile Iron Rubber gasket 05
k4 HEHEARKTRFERBRE-F RO
R |ERE| KR | KB | BR BERE| K48 | KHEE
(mm) | (km) | BEE% repairskm] (mm) | (km) | BEEL repairgkm
13 4.682 7 150 125 2.32 0 -
20 13.851 | 166 11.98 150 48.33 7 0.15
25 0.892 2 224 200 36.38 3 0.08
40 3.623 2 0.55 250 8.98 2 0.22
50 8.036 1 0.12 300 10.95 7 0.64
65 4.67 2 0.43 400 527 2 0.38
75 3.88 0 - 600 1.04 0 -
80 15.59 7 0.45 700 0.82 0 -
100 | 86.04 | 19 0.22

&5 MBSO RKTREL - HE RBAE AWM

HR Ig;E] SRR
(km) BhE repaiskm
BE 228.15 49 0.214
(65mm-500mm)
41 311 178 5.72
(13mm-50mm)
Wast 259.25 227 0.875

17



18 HAOKEHIE 1 —BHIYHED

&6 MEBARKERE - FEME R RO

(=27} PVCP DIP CIP ACP
XE 100% - - -
B 94.18% 3.98% 1.53% 0.31%
AT LM FARETREBFE - FREIH M0
HE EHE | EfRkm) | KBRHE | KEFR(repairskm)
g 71.94 229.31 218 0.95
vart g 47.10 20.95 9 0.43
y = 2.37 0 0 0
BHiHEREE | 15.86 3.32 0 0
H5E 24.94 1.25 0 0
ERWEg 5.62 0.85 0 0
2 167.83 255.68 227 0.89
k8 FEMARKERX - HEMHA —F AW
(= PVCP DIP CIP FF(km)
XE 100% - - 52.31
e 81.3% 11.6% 6% 145.56
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29 HRMARKTRAERLLAE—RE (FEAw)

B (mm) B (km) SKIEERR | SK4EE(repairgkm)
20-50 51.97 786 15.12
65-150 141.43 140 0.989

200-450 30.33 31 1.022
500 6.92 4 0.578
10 HFEma ki - #HEREEF-HL
R S54 stk
(km) LS repairskm
BE 178.68 175 0.98
(65mm-500mm)
XE 51.97 786 15.12
(13mm-50mm)
st 230.65 961 4.167

AL FEmMARKTRIBTFHRBE S TREMWHTNHG (F2aw)

HE Birt(km) | KIBEH KRR
(repairgkm)
R 168.53 815 4.83
SKEE 21.29 30 2.28
HEREE 39.21 95 2.42
Ep SARE 1.24 1 0.81
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R12 FEMARKERITRSET SRR MMWET A (FEFgmw)

B XE e
R | K88 | KEER | BR | KB KExR
(km) repairskm | (km) repairskm
WREG | 39.74| 703 | 1769 | 12884 | 112 | 087
wKEE | 6.26 17 | 271 | 39.92 | 50 1.25
HEEE | 597 65 | 1089 | 3324 | 30 | 0.90
SERHLE | 0.39 1 2.94 0 0| O
SKEE = 1262 83 | 657 | 73.16 80| 1.09
Wi - B
&
& & | 52.36 786 | 1534 | 202 192| 0.95
K13 BMEARKERFRFERBE-T A
B (mm) B R(km) SRR | KB (repairskm)
20-50 327.186 566 1.730
65-80 105.171 35 0.333
100-150 126.410 31 0.295
200-450 61.838 29 0.469
>500 7.224 2 0.277
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214 BHBARKER L BERWE—F A

B pogi=| KR
(km) BhEs () repairs’km
R 300.643 97 0.327
(65mm-500mm)
Y& 327.186 566 1.730
(20mm-50mm)
R 627.829 663 1.056
R15 W EE -~ FERABREARRERE - HERFYRBE-F L
R SER TERIAR N EPIE -
(repairgkm) (repairgkm) (repairgkm)
I ELgR 0.214 5.72 0.875
e 237 0.98 15.12 4.167
BEpkeE 0.327 1.730 1.056
2XE 0.15 6.58 0.850
%16 BRI 8% B L8 %18 85 ) B 14
HE X HE TR fat
TR HE R | R E
1995 Hygoken -Nanbu | 11800 1760 6.7:1
1994 Northridge 208 1013 0.208:1
1989 Loma Prieta 22 113 0.196:1  [LFHTIATES
1971 San Fernando 557 856 0.666:1
REME HHHEE 178 49 3.63:1
SREME TR 786 175 4.49:1
REME BkE 566 97 5.84:1
BEME 2KE 12980 2951 4.39:1
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Total Length, (km)

3000

2500 A

2000 A

1500 -

1000 A
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PVCP DIP CIP SP PSCP PCCP

@

20000

15000

10000

5000

Total Length, (km)

PVCP DIP CIP SP PSCP PCCP

(b)

B A= — KB 8 R R R SRR A -

Repair rate, (Repair numbers/km)

2.0
1.8
1.6
1.4
1.2

Repair rate, (Numbers/km)

(a) P&k

(b) #iie ke 4

] All data points
RR=0.0445+0.002517(PGV) r2=0.19
RR=0.0129(PGV)0-6746  (2-013

RR=0.000038*(PGV)2-17
RR=0.00242*(PGV) (A

(Toprak,1998)
LA, 2001) =

20 40 60

80 100 120 140

Peak ground velocity, (cm/sec)

B2 B A HPGV s

80

70 A

60 A

50 A

40 A

30 A

20 A

10

Data points
RR=0.179(PGD)

RR=3.0231(PGD)0-4116
[ )

0 50 100

150

200 250 300

Permanent ground deformation, (cm)

B3 B/ A+ PGD 3



Repair rate, (Repair numbers/km)

Repair Rate, repaira/km

Repair rate, repairs/km
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5.0 0.30
] £
40 B 025
] ‘©
o 0.20 |
3.0 o
g 015
2.0 &
L 0101
3
10 $ 005 |
o
0.0 : : 0.00 -

(a) H

0.8

PVCP DIP CIP

SP PSCPPCCP

BRI Ag AR R

0.6

0.4 4

0.2 q

ma

0.0

(c)

PVCP DIP CIP

SP PSCPPCCP

FTA & 88y 39 KR %

B4 7 F % %48

PVCP DIP CIP SP PSCPPCCP

(b) #fu K% &ag K48 %

;&

o

Peak ground velocity, (cm/sec)

M5 3 Z 4 A R K

All data points (ALA, 2001)
RR=0.0445+0.002517(PGV) r2=0.19
RR=0.0129(PGV)0-6746 2018

RR=0.000038*(PGV)2-17 (Toprak,1998)
RR=0.00242*(PGV)  (ALA,2001)
RR=0.0001(PGV)225  HAZUS(Brittle)
RR=0.3*(0.0001)(PGV)2-25 HAZUS(Ductile)
Puli (D=65-150mm)

Puli (D=200-450mm)

Puli (D=13-50mm)

AR Bl b A A
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Jikglem?) | Fi(kglem?) | Sikglem?®) | | BT | (%) (¢ s/em)|( 2 slem)
(e s/lem)|( i s/cm)
8/31 |50V |3.0A| 4.0/0.17 4.0/0.27 2.0/0.25 2643 302 ([89%)| 2643 2643
9/01 |50V |3.1A - - - 2698 381 (86% - -
9/02 |50V |3.2A - - - 2658 430 (84% - -
9/03 |50V |3.0A - - - 2585 439 (83% - -
9/04 |50V |3.0A - - - 2602 509 ([80% - -
9/05 |50V |2.8A| 4.3/0.23 2.8/0.45 1.5/0.30 2542 563 |78%)| 54500 | 2380
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Ji(kglen?) | Ji(kglem?) | Jy(kglem?) | | EE [(%)| (1 (u
(1 (u slem) | scm)
slcm) | slem)
80 |55|60|80| 15|15
9/21 |50V |2.2A 105 /025! 105 /068! 102 | 02 1693 227 | 87 | 1693 1693
9/22 |50V |2.4A - 1651 242 | 85 - -
9/23 |50V |2.6A - 1650 265 | 84 - -
9/24 |50V |2.4A - 1702 262 85 - -
9/25 |50V |2.5A - 1655 261 | 84 - -
9/26 |50V |2.3A - 1609 260 | 84 - -
9/27 |50V |2.3A - 1713 259 | 85 - -
9/28 |50V |2.2A - 1724 255 | 85 - -
9/29 |50V |2.3A - 1643 262 | 84 - -
9/30 |50V |2.2A - 1711 245 | 86 - -
10/01 |50V (2.4A - 1800 208 | 83 - -
10/02 |50V (3.6A - 2372 464 | 80 - -
10/03 |50V (3.6A - 2361 468 | 80 - -
10/04 |50V |4.0A - 2372 645 | 73 - -
80 55|00| 00| 15| 15
10/05 |50V (3.6A 105 /025! /0.0 | /00 | /02 | /02 2348 464 | 80 | 4860 | 2010
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&5. EDR$ZI 5 # K 4K F &8 F K 1k 269 g

HHA 5HrEH |[EDR |EDR  |EDR |82k [EDREFRE  [#KIEEERE
MK R R
90/8/28 | mFEpE | 2086 460 7150 2010 78%
(1 slem)
Cl" (mg/l) 279 68 1877 475 76%
SO (mg/l) | 120 61 417 164 49%
Na' (mg/l) | 353 15| 1188 345 96% 2%
Mg (mg/l) 25 ND 118 25 100% 0%
ca’ (mgll) 25 ND 58 25 100% 0%
90/9/5 | EFEERE | 1970 843 54500 1980 57%
(1 slem)
Cl" (mg/l) 784 150 16012 448 81%
S04 (mg/l) | 202 89 2569 127 56%
Na' (mg/l) | 494 164 4062 314 67% 36%
Mg™ (mg/l) 57 ND| 2091 25 100% 56%
ca (mgll) 28 ND| 1600 20 100% 29%
90/9/24 | EEERE | 1011]  258) 4080 1062 74%
(1 slem)
Cl™ (mg/l) 250 35| 484 137 86%
SO,” (mg/l) | 358 711 767 185 -99%
Na' (mg/l) | 173 74 426 201 57% -16%
Mg (mg/l) 44 ND 235 ND 100% 100%
ca™ (mgll) 45 ND 47 ND 100% 100%
90/10/17 | EFEE 923 271 4860 943 71%
(1 slem)
Cl" (mg/l) 103 16| 1001 100 84%
S04~ (mg/l) 63 69| 1510 152 -10%
Na’ (mg/l) 53 45 669 63 15% -19%
Mg (mg/l) 17 5| 494 46 71% -171%
ca™ (mg/l) 6 4 224 26 33% -333%
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PRODUCED TO CUSTOMER SPECIFICATIONS NP
|, r—re—
GENUINE REPRESENTATIVE T
R [ ik
TWO CASE WET LEAF- e i~
WHEEL WATER METER L = —
DD-20
- .| .1. ~
DD-50 ) e
1
Specification
Max. Flow Size (m/m) Entrance & Exit Flute Min Max )
Type Loss .Under Flute Number (mr/]m) Indicat.ion Indication V{i'g)ht
10-Meter Pressure L H w D (m/m) (flutefinch) L (m/m) (L) (m?) 9
DP-13 2 165 95 95 26.44 14 1 31 1 10,000 15
DD-13 2 165 97 95 26.44 14 1 31 1 10,000 15
DP-20 3 190 105 100 33.25 11 13 35 1 10,000 1.9
DD-20 3 190 107 100 33.25 1 13 35 1 10,000 1.9
DP-25 4 225 105 100 4191 11 15 35 1 10,000 2.1
DD-25 4 225 107 100 41.91 1 15 35 1 10,000 2.1
DP-40 10 245 137 125 50.62 11 20 45 1 10,000 42
DD-40 10 245 137 125 59.62 1 20 45 1 10,000 42
DP-50 20 245 154 136 75.18 1 25 65 1 100,000 7.4
DD-50 20 245 154 136 75.18 11 25 65 1 100,000 7.4
TWO CASE WET \LEAF -WHEEL WATER METER (Adjust A i
. P ——— §
Piston Outside) N Direct-Reading Accumulative Calator S — !
™ [ ] i
H - L o | 11
[ g™ k.
T ¥ m T
—— RS l ——
Sy
—_-— 1
Specification
Size (m/m) Entrance & Exit Flute Min Max
Type Flute Number (m';m) Indicat.ion Indication V\Eekig)ht
L H w D (m/m) G L (m/m) (L (me) :
DP-13A 165 110 100 25.8 14 14 35 1 10,000 1.4
DD-13A 165 110 100 25.8 14 14 35 0.1 10,000 14
DP-20A 190 110 100 33 14 14 35 1 10,000 1.8
DD-20A 190 110 100 33 14 14 35 0.1 10,000 1.8
DP-25A 210 110 100 39 14 14 35 1 10,000 2.1
DD-25A 210 110 100 39 14 14 35 0.1 10,000 2.1
DP-40A 245 145 123 56 1 18 51 1 10,000 3.8
DD-40A 245 145 123 56 11 18 51 0.1 10,000 338
Main Capacity & Quality
Max. Flow Loss Starting Approximate | Correct Low Inspected Flow Speed Min. Inspected Quantity of Water
TBfEE Ualelr e sy Point Correct Point | Limit Point
Pressure Small Flow Large Flow Small Flow Large Flow
DP-13A.DD-13A 3 18 40 150 0.2 1.0 50 300
DP-20A.DD-20A 5 25 60 250 0.3 2.0 50 300
DP-25A.DD-25A 7 35 80 350 0.4 25 50 300
DP-40A.DD-40A 20 90 200 1000 0.7 6.0 100 1000

YI-TZEN PRECISION INSTRUMENT CO., LTD.
32-8, Makou Li, Matou Chen, Tainan Hsien, Taiwan, R.O.C.
Tel:(06)5701277,5701720
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