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Abstract The spatial patterns and characteristics of these sequential earthquakes and ground motions induced by the
earthquakes are examined by contours of peak ground velocity (PGV) and geometric mean peak ground velocity
(GMPGYV) using both ordinary kriging in geographical information system (GIS) and data, the records obtained from
strong motion stations, acquired after recent sequential earthquakes in Canterbury, New Zealand (NZ). The
performance of underground water pipeline system is examined by using data acquired after earthquakes. The spatial
distribution of GMPGYV is superimposed on water pipeline repairs throughout the water distribution system in areas
affected principally by transient ground motion using GIS and then water pipeline repair rates, expressed as
repairs/km, for different types of pipe are evaluated relative to the estimated GMPGV outside liquefaction areas. The
earthquake performance of underground water pipeline systems is summarized in this study.

Key Words : Earthquake, Geometric Mean Peak Ground Velocity, GIS, Repair Rate, Water Pipeline

1, ME E 9 I3 E 7MY B AFE ol A58

2 g 2719 BA4s 2kl IR AR E Y

AT FAUE Canterbury A9J9] 2010493} 2011 9] shujel Aipae)y daelsS ofgakel AureE
AEA o= BAS X5 Christchurch A9 YA o] EXS AAsh

A ¥ &(transient ground deformation) 2 Ad31E 719 ATFAEL 1994 W= LA Northridge 2171

gk G AN Y (permanent ground deformation)& o o] MAYE = A Wke-Eo] FHA WEE At

WA o o2fgh ANHPEL A ARSI ZIWAIA (ordinary kriging) BAPH-S o438t 7|8l A o)A uk:

*Corresponding Author : Sang-Soo Jeon (Inje Univ.)

Tel: +82-(0)55-320-3651 email: ssj@inje.ac.kr

Received January 14, 2015 Revised February 26, 2015
Accepted April 9, 2015 Published April 30, 2015

2818



FAHE WEu2] A d&AZ0 s TE dAARNEZ Y vjdE deEd JeB7t

E(GMPGV) 715 AA 2 7IA g 1glar o5 4
HAAAE 3R [1,2].

B AFoAE ANk Aol AME At A
of Ak Jide A2 A RAA(GIS) AFAed g
YES ATt AR5 AR IS B
ANHA 0 7 7131wt H | AW I AR SAl 5] o3
de] AREE 2 glom B el = v]ehE T E ol Ak

S A 284S FATE gk 7Z A= Canterbury
AGe] AA 715S Fote] d&H 0w A AE
om o] 2| e] YAA RIS A}

o 548 vERpR)
shof 07

o

] o 71=% dlo|el9} GIS A7Fa2] %
Hibgel ~#gd wg]e13 X d(spherical variogram
model)S ©]&3te] 7 HFHNANELE Y6
i ol5e T weld 54 7|&s)

ARz gk mide ey AlLEe) kg A

WTEE] EAE AYeH o R yl RxE UE
2 A2E A BT B AR A W
Al 84E 2T 34]. vidE AT 242
Ag3t, AbAbe), AERe] G-l ofs) sk o

em B3 U] 242 Zolo] iy

=2
)
o
o,
N
by
{1
=2
rir
=
ut
:(lg
fu
oft
— E?‘_',
)
ot
-3
)
ot
>
[>
o,

o
o
©

N
B9
rir
2
it
=
v
[
=
-
BN
W
>
[
fait)
Lo,

4
oX,

2 O
[o 22 M o9
ox

N

Al

2,
=)

]

it
do
nz
ox
b
oz
oz
=
=

lu

__\lg

o A 4o

oo 20y

EEREE B
mhaE A

Christchurch #A|gollA AL o=z vt

A o ou

o 2 =2
(L o
rr
)
1o
rJ
)
N
Y
e
oz &
o TR
>
ol
)

1o,
>,
R
z
=
ofl
o=t
ox
&
k
)
S
!
=
[t
o
1y

o
o
o2
o
Mo
ik
o
4
o%"

of
ol
3R
O,
B I-
4
i
ko

~
>

N

>

o ME rlo mx £ K
N
S
2 o
g 0
B 2
J}irﬁ
o 4r
M
T (2 .
> |
S Lo
oo
oL%
ol
o g
NQ
N
=
Mo Hi fo

~

4 o B

re

b

2
o
>
™
o
o
:OL_"
&
i)
i
o
o
o
=
o
o,

ox N
1
ry E ‘E‘
N
>
OE o
2] ol
= Lo (o
Lo
Ni )
¥a Fo
4
2
=~
3
=y
Y
i
oz
5
ki

ot
N,

L ey >
offl O{EN:
B -

=
rlr
L
=2,
>
2
=
=
r
>
i)
=
&
Kioox i (i oo e 2 = orh X

1o
e e
2 o2
ol N
2

(.
O,

> N
3
Lo,
B
™
=2,
=
of
ol
2

b rpr
o
=
g

=3
r_e&y‘
il
fr
=2
-

&ro] weh JeRd ¢ 9lon 53] o5 AR ThE
Ao et Fel vt vER 4 ek olejg
TAYNE F5o 2dE, AGETAY 2 ANGEgFS
aEs AlzE ) Tl o] 8F =
2 ATdAE AYARAAE o] &ate] A&Ho=Z
S Canterbury A7 A wjdE A5 4% 24
23S Jehth A4 d Ao g £48L 1)
BB Gl A 7l T H ARl et b} o]
Fol At
2. UAIXIEHAE S

2.1 S22 E Canterbury X|o| X|XIEM

AZTFEM,) 7.1 271¢] Darfield 472 2010 9
4 4ol st o MU AZTE(M,) 62 2
olZl0] A M=9] Christchurche] XA 7|5
k. o]k AFEL Canterbury A|Hol| A A&H 02
gk 27024 [6]0]E0] Tl EAEC dig
]

1
A7} AR A ggja A ukEekA Aol A &iks] o

5

-1 )

Folft} [3-5,7-10].

Fig. 1= GNS Science [6]°14 AlF¥ 201013 9€ 4
A A EM,) 7.1 Darfield #|7], 20113 2€ 224
ARAFE(My) 6.29] Christchurch 171, 20113 64 13

£
o)
()
rlo
>,
™
=
td
£
w
(OS]
o,
i
=2
=3
o
QL
2
R
re
o R

o] 2¥& Tk T3 GNS science [11]9] 28
Canterbury A% ¢] A&2Q1 %1 A wjA¥ 4071¢] A
1A 912 2 Christchurch 2] %8 WE}ATE. Darfield A
A3} F 79l & Christchurch ¢} 2011 69 13Y0]] vt
st 27l 24l 58709k 5070e] AWk 7S] 217}
dlojx o™ Christchurch #|92] 7} A7 A] =4
AAE ¢ 11 km'el 179l ARATE A
Northridge #121¢] F 30 km*ol 17)¢] A 717] A =]o|
[e)

o
3 FoiH o v e MR AAHASS & F

)

2

H

32

HAYAFEEPGV)E 2H AR ACNA 7158 F A
Lol Hefgholw 7]ahE A
AVEL(GMPGV)E 7 719 Ao A e] 244

4
£

=

2819



FFAE &8 =BA) A6 A45, 2015

A Al E
GNS Science [11]Z%-H
z9] IE WEE A183sto]

= o .

5 3o . Strong Motion Stations A
-K: .Epicenters
I Greendale Fault
L X0 Fault for Christchurch EQ . -~
I I River
”1" Roads e
i) - water w‘/,gw“‘
7
M, =7.1
Darfield EQ . gy
P
W y
AEH i
M, =6.2 q
® Christchurch EQ A
0 5 10 20 30 40 | 27Fd =60
T ™ i ’:/:: ’: .13‘J'u‘nf5c‘;'
Fig. 1. Map of epicentral area affected by the Centerbury
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Fig. 4. Estimated spatial distribution of PGV and
GMPGV in Christchurch region for 13 June
earthquake
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