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ABSTRACT

In this study, the major research direction was divided into two parts. One was the tests
of ductile iron water pipes with type K joints including axial tension, axial compression and
four -point bending tests. Another was the nonlinear pushover analysis of continuous ductile
iron water pipeline under strike-slip fault.

Ductile iron pipe, which is one of the commonly used water pipeline in Taiwan, has
many advantages, such as high strength, ductility, economic and so on. The type K joint
utilizes rubber and pressing ring to reach high tightness of water and enough bending angle.
In this study, the three tests of water pipes with joints were carried out to get the relationship
curves of tension-displacement, compression-displacement and moment-rotation.

Before carrying out nonlinear pushover analysis of pipelines, nonlinear plastic hinges
must be set up. In the early literature, material parameter and analysis results were used to set
up the axial and moment plastic hinges. In this study, axial compression plastic hinges was
modified by combining the results of the tests with analysis of nonlinear compression models.

Combining the results of the two parts mentioned above, pushover analysis was
investigated under the strike-slip fault by considering the allowable fault displacement and
failure modes of pipes. Under the failure mode controlled by compression and bending of the
pipes, the allowable fault displacement tended to be lower compared with the previous
literatures. On the other hand, under the failure mode controlled by tension and bending of the
pipes, the results of pushover analysis were similar to the early literature.

Keywords: water pipeline tests, pushover analysis, plastic hinges, DIP, type K joint, local
buckling
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231 H MR 4

HEfL# /= DN ERET AN 11235 B (kN) Y -y
100 665.0123 886.683 0.00185
200 1270.649 1694.198 0.00185
400 2899.731 3866.308 0.00185
600 5538.009 7384.012 0.00185

%3.2 DNI100 3 B +* i
DN100 Tl T2
¥ WA~ fhe 4 P(KN) 1.63 1.61
FH B X % (475 B) 5.48E-06 5.24E-06
P/P(%) 0.245 0.242
P/P (%) 0.184 0.182
£/8,(%) 0.304 0.291
Fok bk B EE(mm) 38.74 39.75
PR/ FFEE I E 1.336 1.371
#3.3 DN200 3 B +* i
DN200 Tl T2 T3
¥4~ ghe 4 P(kN) 47.82 32.92 25.34
FHE < R (%5 D) 1.76E-05 | 2.05E-05 | 9.76E-06
P/P (%) 3.763 2.591 1.994
P/Py(%) 2.823 1.943 1.496
eley(%) 0.978 1.14 0.542
B E L+ F3F 0 E £ (mm) 39.76 42.24 41.77
PR/ F R L E 1.988 2.112 2.089
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# 3.4 DN400 3 & " fi

DN400 Tl T2
¥ WA~ fhe 4 P(kN) 93.5 86.73
FHE < R%® (%5 D) 5.86E-05 5.67E-05
P/P,(%) 3.224 2.991
P/P (%) 2.418 2.243
£/8,(%) 3.26 3.15
Fok bk B EE (mm) 72.15 71.79
WA F AL R E 2.186 2.175
%3.5 DN600 3 B +* i
DN600 Tl T2 T3
¥ B+ b 4 P(kN) 61.99 60.3 37.15
FHE L RY (85 A) 1.7619E-05 2.05E-05 | 9.76E-06
P/P,(%) 1.119 1.089 0.671
P/P (%) 0.840 0.817 0.503
eley(%) 0.979 1.14 0.542
BB+ 30 L £ (mm) 68.22 69.24 62.75
PR/ FFEEEINE 2.131875 2.16375 | 1.960938

%3.6 Rz KARPFFE & E[5]

g i 445 % 3 i £ £ (mm)
DNI100 29
DN200 20
DN400 33
DN600 32
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237 PURESR SR

48 /2 DN DN100 | DN200 | DN400 | DN600
# & t(mm) 6 6 7 9
D/t 1 16.667 | 33.333 | 57.143 | 66.667
"% k5 B Py(kN) 665.0123 | 1270.649 | 2899.731 | 5538.009
&3 B Py(kN) 886.683 | 1694.198 | 3866.308 | 7384.012
B (KN) 1125.95 | 1944.5 3193 | 5524.05
BB A RS Bk B (KN) | 1.693 1.53 1.101 0.997
Bk A B4 BB R VKN 1.27 1.148 0.826 0.748
"% X =4 (mm) 0.74 1.48 2.96 4.44
BE B X fhd T 2 2 (mm) 18.97 24.02 6.33 | 16.49125
Bk fhz 4 HEE R | 25635 16.23 2.139 3.714
A - (mm) 24.82 29.62 15.51 23.15
HHRE (%) 6.205 3.703 0.969 0.965
%38 i E R iERA(l]
s -l DN100 DN200 DN400 DN600
F ¥ £ (mm) +1.5 +1.5 j j
BAFTALER
50 50 71.43 55.56
H (%)
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%39 BRERFFSFHEELE - EAFFER

DN 100 200 400 600

gauge length(mm) 80 100 380 380
Fa 38 3% By & [F] (mm) 50 75 120 150
A4 % £ (mm) 400 800 1600 2400

REERFFEFMEEL S E | 02 | 0125 | 02375 | 0.158

RAECRAE S et R e 0.125 | 0.09375 | 0.075 0.0625
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%2310 A p £ 12 > §EY SRR R By 1]

DN 100 200 400 600
icr £ (kef) 6.68 12.5 34.5 57.5
5 8 ¢ (kef) 97.2 186 429 812
n o (kef) 17.9 36.4 109 164
5 £ (m) 6 6 6 6
R4 (m) 0.012 0.024 | 0.055 0.105
5 RHR AT £ (kef) 115.1 222.4 538 976
¥ £ B ¥ £ (kef/m) 19.183 | 37.067 | 89.667 | 162.667
s2% 4 M E A (m) 2.26 2.26 3.1 6
@ (kaf) 50.034 | 96271 | 312467 | 1033.5
A i s ’3‘\; f’ ‘2 w:'z.:{E’
AEiEs s By 0.139 0.267 1.187 7.596
M, (kN-m)
sash B+ 898 MkN-m) | 21.06 52.001 | 132299 | 75.507
ﬁ;\ BN f“:;_]_:_.—r cf & %
TET DR H 16278 | 19.648 | 19379 | 9.549
(deg)
M,/M, 0.007 0.005 0.009 0.101
M, (kN-m) 20722 | 71899 | 313.776 | 886.165
M,/M, 1.016 0.723 0.422 0.085
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1st (40.22,1.63)
1 — 2nd (39.75,1.61)
z
<
e]
©
L
S
] DN100 Tension Test
-2
M 1st
O—O—<© 2nd
-3
4 —
| | | |
0 20 40 60 80
axial displacement (mm)
3.1 DNI00 ;248 dhe > 4 B2 EZ e =8
50 — 1st(39.76 ,47.82) )
DN200 Tension Test
— H—+ 1st
| 2nd(41.27 ,32.92) Q—H 3rd
230 —
e]
© ]
o
£20 —
@ 3rd(41.77 ,25.34)
10

0
| | |

0 20 40 60 80
axial displacement (mm)

3.2 DN200 ;A8 dhe 3= 4 2 E2 R dhe =4
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100
90
80
70
60
50
40
30
20
10

axial load (kN)

70

60

axial load (kN)
w B a1
o o o

N
o

=
o

DN400 Tension Test
e 15t
OO 2nd

1st (68.67, 93.5)
2nd(71.79, 86.73)

EERdRRE RN RNRNEE N RN

0O 10 20 30 40 50 60 70 80 90 100 110
axial displacement (mm)

3.3 DN400 ;A8 dhe 3+ 4 2 E2 R dhe =4

DN600 Tension Test

_|| =——=O— 2nd
— M?ﬂ’d

B

1st (65.23, 61.99)
2nd (68.76, 60.3)

)

\

3rd (63.25, 37.15)

0O 10 20 30 40 50 60 70 80 90 100 110
axial displacement (mm)

3.4 DN600 ;A8 e 3= 4 2 2R dhe 4
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240
°
2 | o
ks
E 20 o3 DN100 Tension Test |
% ':‘ W 1st

. O——O—< 2nd

¢
0 20 40 60 80

axial displacement (mm)
B13.5 DNI100 %3¢ 4p ¥ =4 &2 F Wb 8

80

(2]
o

joint relative displacement (mm)
N
o

20 DN200 Tension Test |
* 1st
O——Q—4 2nd
A 31
0 ‘ ‘ ‘ i
0 20 40 60 80

axial displacement (mm)

3.6 DN200 4% ¢ 4p ¥ =4 & 2 dhe =5
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110 7

100 — : &
E 90 p
E |
= 80 - /p
£ 70 2
g 60 &
o B ’:.//v
g 50 | o/
> p
= 40 s
— — //f
E 30 > DN400 Tension Test -
C T 4
a &—6—4 2nd
10 Y,
0 ﬁ"‘ | | | | | | | | | | |
0

10 20 30 40 50 60 70 80 90 100 110
axial displacement (mm)

B13.7 DN400 %2 4p 4 =45 & ZE 4 dho 4

110
100
90
80
70
60
50

40 DNG600 Tension Test

- A, 31 (|

joint relative displacement (mm)

10
0 | | | | | | | | | | |

O 10 20 30 40 50 60 70 80 90 100 110
axial displacement (mm)

3.8 DN600 %2 4p $ =45 & 4 dho 4
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1st(38.74 5.476)
2nd (39.75 ,5.238)
4
=i
= 0
@
k7]
(¢D)
g -4
(D)
=
DN100 Tension Test
-8
M 1st
OO 2nd
e | 1 ]
0 20 40 60 80
axial displacement (mm)
B3.9 DN100-%75 B T35 % 22 28 dho =4
100 .
DN200 Tension Test
15t(39.76 ,81.190) | et st
80 OO 2nd
A\, 31 (]
S 2nd(42.24 ,60.000)
= 60
@
k7]
(¢D)
g 40
(D)
=
3rd(41.77 ,40.952)
20

0
| | | | |

0 20 40 60 80
axial displacement (mm)

B3.10 DN200-%7% D T 3o % 22 Ef dho =45
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60 — 1st (72.15 ,57.857)
2nd (71.79 ,56.667)
S 40
—
=<4
[
= _
[«B]
{@)]
©
220
® DN400 Tension Test
ngt
QO—O—© 2nd
0 \‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘
O 10 20 30 40 50 60 70 80 90 100 110
axial displacement (mm)
B13.11 DN400-%75 D T35 % & Rl phe = H
20
DN600 Tension Test 2nd (69.24,18.810)
DI e e B E
16 O—0—O 2nd
. || Ar—t—\ 3rd 1st (68.22 ,14.524)
5
—
= 12
[
@
[«B]
g 8
[«B]
@
4 3rd (62.75,10.476)
0

O 10 20 30 40 50 60 70 8
axial displacement (mm)

90 100 110
B3.12 DN600-%75 D T 3o % 22 Ef dho =45
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®3.15 DN200 #ud:85% = =
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®3.18 DN400 #ui> ;7% = =
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WS Rl AR | B

®3.21 DN600 #ud> ;75 = =
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1200

(18.97, 1125.95)
1000
—~ 800
pd
=
°©
3 600
S
s 400 Compression Test
+—4—F DN100
Or—0— F (yield strength)
200 (St F(Ultimate strength)
° | | | | |
0 5 10 15 20 25
axial displacement (mm)
]3.22 DN100 :#f8 fhe B 4 2 2 fhe =4
2000 (24.02, 19445
1600
< 1200
e
8
:% 800 Compression Test
O—O0—© F,(vield strength)
400 (D=—i==—==) F (ultimate strength)

0 10 20 30
axial displacement (mm)

#13.23 DN200 ;78 e B 4 2388 b =53
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axial load (kN)

axial load (kN)

4000

3500

3000

= N N
a1 o a1
o o o
o o o

1000

500

8000

6000

4000

2000

e G ® O &
| (6.33, 3193)
K ¢
Compression Test
nj———afa DN400
Q——O—© F (yield strength)
( Spfyei=) F, (Ultimate strength)
ot | |
0 4 8 12 16 20
axial displacement (mm)
8]3.24 DN400 :#f8 fhe B 4 22 fhe =8
% ) & & & €

(16.491, 5524.050)

Compression Test

—— DN600
O—©0—© F(yield strength)
(S === F (ultimate strength

10 15 20 25
axial displacement (mm)

#13.25 DNO60O ;748 e B 4 223888 b =53
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=
N

=
=

=
o

joint relative displacement (mm)

(o)) ~ (o]

(631

joint relative displacement (mm)
N w EaN

=

o

O R, N W b 01 O N 0O ©

| | | | | |

DN100 Compression Test ﬂ
— (@=—=—E) LVDT /
|| Y@=t gauge |ength/pipe length

0 2 4 6 8 10 12 14 16 18 20
axial displacement (mm)

®13.26 DN100 #% 27 4p ¥ 4% &2 FE R e 55

[ T T [ T T T 71
DN200 Compression Test

{ i} |_\/D T

_ Q@) gauge length/pipe length %—EQ‘

p

%

i 7

D%

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
axial displacement (mm)

8]3.27 DN200 2 49 ¥ =45 &2 @8 Wi = F
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t (mm)

en

ative displacem

@

ntr

jo

2 B DN400 Compression Test
1.8 i} |_\/DT-N
16 ] fpafuafe | \VDT-S

D QPme@===tq) gauge length/pipe length
14 A A ALVDT-average
1.2

1 / | | +A | | *
0.8 i / + — A
0.6 . / | >

| /%"

\ \ \ \ \ \ \

0 2 4 6 8 10 12 14 16
axial displacement (mm)

8]3.28 DN400 2 49 ¥ =45 &2 @8 Wi = F

DN600 Compression Test
(St} LVDT-N
5 dafmadn | VDT-S

Q==@—€) gauge length/pipgflength

18-A A A LVDT-averag L L
~ 7 \ gy
g 1.6 \Pj)
214 b
[«B] |
s / / A
2 1 - A
S - /’ A
08 / N ¥+
ke 0.6 i *
[«B]
L l / /
= Jn *

0.2 / +

0 %N % T T T T T T T T

0O 2 4 6 8 10 12 14 16 18 20 22 24
axial displacement (mm)

8]3.29 DN600 #5241 =45 &2 @8 Wi =43
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average strain (10-%)

oﬁ&@
— G

DN100 Compression Test

e section-A
G—o—Leg,

15

5 10 15 20 25
axial displacement (mm)

®13.30 DN100 ¥ bl % - & E W dhe 43

30 —
| | DN200 Compression Test
25 — -F—+—+ section-A
| ) section-B
20 — |(9——le,

=
o
|

average strain (10-%)
|_\
a1

"V | ,

0 10 20 30
axial displacement (mm)
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im%mﬂﬁé:—ﬁﬁﬁi PARB R M 0 AeBl 420 d iR AT Bl en

i tie 0 fpt

B4 R R R > & ABAQUS £ ¥ 35| > A 71842
) ’%Qiﬂ‘ %ﬁ—f‘%" LRRERSITRS LT BR BB N 0T
& =IN(+E) 2.1)

o Gen P EFRE > G » MR EFERE -

a[rue = GﬂOI’T’I (1 + gnom) (22)

d

T
I—Pq
=
ETIRS
—
Pt
_\7\\,;
.
i)
o

de

o 5 PR AR 4
/R B X1 RN 2% 1 1S £ 25 TREETES
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PR B RRE PR AR, B R T
Fo ﬁiﬁ? 2 ;\ 4o

£ /E) 2.3)

plastic true ( true
B Epe 2 MR R 0 E 5 BB o

® fi;“é%\ﬁ& S R ERUREC D NERERE PR (TR UESE VL SEAR-E ' Bl g S

IE g2 ABAQUS 8 * %0 22k » 450 AR 3T A3 e 7
Jgﬁswjﬁm% SikZsmAt(shell) » 3 84— BHEAET 8B
G8L > R 457 a3t B B4 ¢ * "% PF AJY (reduced integration) k & %4 3+ & B
Bz S5AA5- Bags SBpd R d R (mesh)l - BH
Wi 30 E o

RAEREEAREE > RFEFLITH IR T AR TR A
P2 B - BEAHEAT FREEA TR LA
AP AT AREEEA T 0 L F AR LA T2 R iR
input #%(edit keyword) RTATETERLITOR T o U2 g

<
\?"
:
2

ﬁi%l A 1 218 Bk B R 2 TP 0 B Ao dndk Fa 0 B Y keyword
4o T
kk

** Output requests for postprocessing

kk

*OUTPUT,FIELD
-

*NODE PRINT

U,

RF -,

*NODE FILE, FREQUENCY=1, LAST MODE=6
U,RF

COORD
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**EL PRINT,FREQUENCY=0

*EL PRINT, MODE=1, LAST MODE=6
*EL FILE, MODE=1, LAST MODE=6
*MODAL FILE

AR A 0 T R - AT do] 43 0 Ht R E
VLA By 2 47 ST 0 T~ Ao A e Sk A A T G i
input 4% (edit keyword) > % T_F & 1t 5| F]F+ > H keyword 4o

*IMPERFECTION, STEP=1, FILE=DN400-buckling, NSET=Set-1
1, 3 5*2%

R oA AT R S R R RS B ] e B A B T S e ]
44 -

4.3 B PFTEBR R

L BE NG TN A T2 AT ME S Ak B AR E 1% 1AL i< DN100
DN200 ~ DN400 ~ DN600 = & /&2 A 47 #-3] » 2 & 7 228 3k by & 7 88 o
T B RE A e F e URER T Y AR R T e
WA R Rk BB SR BRI S 0 R E RS
PAREA - G T o M H AR g T -

4Bl 4.5 B 4.6~ B 4.7~ B 4.8 5 DN100 ~ DN200  DN400 ~ DN600
BE FEAAOR A > FIZEAIHAER G P U RAFHROI R F L L
TRy o AT HEL AR LA A B RARERERT UER &
ROREALY WH AR RN > RN F L BT H T AT R
ML EILAERE  BERA R ME R S RIRER L 0 F RGP
Wal'WFh’ﬁmﬁﬁ& R F MR KT R AE e gk TlE Y
MR 0 PIRAd B i FR N RERE RS TR BN D
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BES BHBI > a PERRI S RS REREF - bR E Bire
A iR L ivie- i3 r o H 2R eB 49 -8B 4108 4.11~ B 4.12 >

T P r 2 08 PUBFIRHE % FARNRT o
4.4 ﬁ@%ﬁ 2 R4 AP uE B T

éﬁﬂéﬁﬁﬁP»%EJW’“*@Hﬂﬁﬁﬁﬁ%@ﬁﬁﬁ’ﬁﬁ
PETH 4 O EM Y AM LRV AL BIEE S - BREER L ¥
\%J*J”ﬁyfﬁ&@J’&&w&T’%aL%@4ﬁa%éﬁﬁ
Bk P HAF L El %2 PR B4~ P RE > FP e 2 8R
AR M GEL L s d tﬁ&\ﬁﬁﬂﬁﬁJ ”—N&\
BEEl R PR %o 2 24 P
IR Sy B e o

d ¥ ar s RE AR E )% ABAQUS A 1718 977 2 ut (AR 2
PR A BB GAT- s PR 2R REG B i
heBl 4130 B¢ ABE* hHE¥TH REM 7L o BCERT ke ld
RS b A L CD BB EY MRS R TRR Y Ra TR o
Ay te » % FlhInde lym T %2 75 > 2CDERP » 22 5 FRT A47 > 7
e IHENEB AL BBE TR AT -
Ao bR e R R R R B AT 1Y
Wil S8t > ARt s R R Rl o8 A, 7 11 d ABAQUS 2+
BHA A7 BE o A mUEB AR R 5 F e FURERY 0 0
DN100 ~ DN200 ~ DN400 ~ DN600 = f ¥ /& e % $hr 245 0 & F & 34
LR R A ,auajﬁrm/}ﬁu& B L% 7\«&5?;4 7@ id B4.14
Bl 415 4.16 ¥ 120 F T A /AN /A~ P, /P 4> %75 DIt & siw S8 % o
FIb R &AL /A Auxwﬁt#%'xﬂwﬁ';’%*gﬁmﬁﬁﬁ
B - 3w 5?; N he T Aol

Acr
A

y

L
i

=0.0039336x" —0.53525%x +19.9617 (2.4)
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% =0.0090022x> —1.3395x +53.7307 (2.5)

y

% =-2.0274x10°X’ +0.0003658X> —0.02414X +1.5973  (2.6)

y

ﬁ{ﬁﬂ-&f’z{' 41 °

N

?{y

R AN 5 I R
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341, AR R4 Sl

{404 /= DN(mm)|  t(mm) D/t P.(kN) | A (mm) | A(mm)
100 6 16.667 | 855.995 | 8.979 25.09
150 6 25 1152.441 | 10.033 | 28.715
200 6 33.333 | 1428.198 | 9.606 | 28.243
250 6 41.667 | 1702997 | 8304 | 25.062
300 6.5 46.154 | 2162.829 | 8.074 | 24.606
350 6.5 53.846 | 2462.099 | 6.593 19.956
400 7 57.143 | 2998.408 | 6.572 19.485
450 75 60 3574.094 | 6.685 19.21
500 8 62.5 | 420931 | 6.934 19.154
600 9 66.667 | 5610.183 | 7.818 19.716
700 10 70 7187.173 | 9.162 | 21.116
800 11 72727 | 8949.993 | 10.893 | 23.251
900 12 75 10888.51 | 12.949 | 26.011
1000 13 76.923 | 12987.92 | 15275 | 29.302
1100 14 78.571 | 15270.93 | 17.827 | 33.041
1200 15 80 17710.03 | 20.571 | 37.161
1350 16.5 81.818 | 21698.73 | 24.982 | 43.935
1500 18 83.333 | 26064.96 | 29.681 | 51.292
1600 19 84211 | 29065.6 | 32.947 | 56.466
1650 19.5 84.615 | 30679.1 | 34.612 | 59.12
1800 21 85.714 | 35649.68 | 39.731 | 67.332
2000 23.5 85.106 | 44663.61 | 42916 | 73.03
2100 24.5 85.714 | 487053 | 46.353 | 78.554
2200 25.5 86.275 | 53220.04 | 49.85 | 84.202
2400 27.5 87.273 | 61448.67 | 56.995 | 95.806
2600 29.5 88.136 | 71540.65 | 64.314 | 107.767
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nonninal s

150 )
100 TT Y-
50
(} I I

Bl4.1

DN1200 ~ DN2000 2 & * &% ¢ &

stress (MPa)

stress-strain relationship of DIP

504 e mmm -
ST g
400 + v
350 A multi-hinear
300
| tensile strength (CNS
250 1 10808-G3219)
200 - — = D1200-coupon test
150 - result
100
50
() T T T
] 3 10 15
strain(%o)

®l4.2

i A 2 SRS
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axial force(kN)

prandand Sold-1 5 un dun W0 G318 GHT-02:00 2012

4.3 DN400 &4k By o 47 % — HEA

NS

3000 —
Compression Model
+—+—-|- DN400
2000 —
1000 —
0

0 20 40
displacement(mm)

Bl4.4 DN400 s FUR 5+ 2 =8 M 14
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e e

ﬂ"llll\p

'llltll.l

A B

L
1=

®l4.5 DNI0O #i

A B

L
1=

®l4.6 DN200 #i

A B

L
1=

®l4.7 DN400 #ci

125



axial force(kN)

1200

1000

800

(o3}
o
o

IN
o
o

200

Bl4.8 DN600 #c & -7 ph 3

DN100

M EXP.

Q=== ABAQLS

——— D] stig hi_nges

5 10
displacement(mm)

15 20 25 30

B14.9 DNI100 %@ #-3] 2238 5% - fi2
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axial force(kN)

axial force(kN)

2000

1600

=
N
o
o

800

400

3500

3000

2500

2000

1500

1000

500

DN 206
e EXP.
OO ABAQLS

plastic hingces

T

displacement(mm)

127

B4.11 DN400 #c i B2 22 25500 1

10 15 20 25 30 35
displacement(mm)
B14.10 DN200 #c @ B2 22 25500 i1
DNA0O \
e EXP.
Q=== ABAQUS
plastic hinges
| | | |
5 10 15 20



6000

5000

4000

axial force(kN)

10 15 20 25 30
displacement(mm)

B14.12 DN600 #c i B2 22 255 1L i

force
C( A cro FCI’)
B( A yo Fy)
EA
1 D( A us 0)
A(0,0) > displacement
B4.13 @iz b4 =B %7 £ B
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16

12

40

30

10

— 1 T 1 T ] T ] T T T ]
10 20 30 40 50 60 70
D/t
B4.14 A, /A2 D/t v B 4R
L
10 20 30 40 50 60 70
D/t

B14.15 A, /A% D/t vt b G 1F
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p./P,

1.3 —

1.2 —

1.1 —

10

20 30 40

D/t

50 60 70

®4.16 p,/p, 22 D/t - B %R
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*IF R

m—

AR EALE PO F Y G T 508 SAP2000 11 2 it R &S
F- 2R plde a4 0 A F R A 171 & B~ DN400 2 af [He848 4 > 5+ £
oo A2 B E s 2 G T A Wk (strike-slip fault) 0 SEF B AL TS UT A 2

B &% B o ?‘sﬁlx" T i }}53-1;3{%‘ ) j\'g‘.%ﬁ‘ﬂ#"ﬁ'];ﬁ;.ﬂ&.,‘fi*mm?é

4e @) 5.1(a) » fgﬁé%r@@gﬁvm? q ij_é ,,b:a#%g, j&ﬁ?zﬁﬁ_‘iﬁg%ﬁ K

%i+¥%§ﬁﬁ5ﬂm’%ﬁ%%%%@ﬁé@m@*?%@K%’%

R a2 n O L E et A R AR L
B b % 0 Bois ¥ R R ﬁ-;;‘r’ & 3R 2. [19] ~ Newmark £ Hall %= 3 [32]
R A A S L AR s

51 4% SAP2000 z * ¥ % ]38 4 47 -

DN400 % b~ 477 » 1 & $fcif 2ot P F - g HBFERIFL %
Bev FF P RCRF K I A2E 1 EP 28] & & F[12] £ B ASCE(1984)
R42[29] ~Ha[30]% A 2 3 2 2 WA 2 | ~ BB31]2 544 > Sk
e 5.1

Aoghe 3 EF B AR TR TR ARG phe 2 EF AE RpES 2 g
FERPhe 2 LT F e BB Fhe JEEER P F2L B2 4
Lholed B d A AR 2 JEE MM T L DR EE P A M
FEEFERE  QR&ZEPREL RS o RAEF YT R S

4R 0 H ARG R T TR r%@;&%ﬁg?ﬁA?UW$%%
RoMgFIBFERPFARRAES > Hphd o 7 Bdeion » 5 0 iRy
MERTUERDEUE L2 ERMEEL ﬂxgraﬂzﬁﬂgww PN -
[19] ~ Newmark £ Hall (7%= 3 [32] » $+3% DN400 r}%@? IR
372m kR A UE K b (75 0 ¥ SAP2000 A Z 0 5 T A A T PE

BEES T AR TR Az 30m R R S 02 B E TR L F kiR
em h342m Pl E R G- BE LR A FE R Tl AR 3 A
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—ﬁ”%*ﬂAi’%’wﬁ GE BERAER IR Y A
iﬂ?;u%:*;g‘pgb %’ ]4&&,]%]524%@,&:}55%,&?0

5.2 FMETHUK 2L HH|4IF (R4 B BIR)

AEL X AITAH IR T BUR 2467 L - R AFA
T RETH Uk L4300 RTZmd A 2 32 £ X
AT FR B AR FE R T RER AT R A AT F5 0 PP A e
é%@ﬁ@ﬁ@i’%ii HERZ T HBERGEEPRF o BRERE G
FWA FIt g 808 R A R e B i F WA e S F > 2t - R E
SRR BT E - L D0 RO SO 2 OB A F R E G BB
2T F|P A N BEHAZ B d %S R L K(roller) T r R £ K
LiFe ok BAeB 530 AR FRA KL S e TS A L
PR P AR FIRA R B TR - L asR R A2
d B 537 fAsing /25 - Lk e R R 0 @ AcsE /25 ¥ - Lehr
Kb 580
Hid P riE pd RERFEREATRAET BT HEE &
BT FR B SRS BRG] S B R AT B EE 2 %
4% 5 9075-60~45-30~15 20 B *2F&AHFFF LRI -1
M M A R o AR B 54 B 57 B 5.1 B 515 B
519 B 523~ B 527 5 FRATER Sm 2 BT LB it - B3R
b2 BT AR 0 R (Ve R R AR 24 B
GEBIVIB- R B A2 RERF G - BRaaE M, & e
T g C B0 R MU FIROR 0 0 0 SRR T AT
EEHEEBRZ 2L 5 372m > A g R AR Y AR ITETA Sm T
B 5.8 B S.12~ B 516~ B 520~ B 5.24 ~ Bl 5.28 ] & & SE BURPF - §E
#7 30 2% T M SR HY A RE TREK 2L A EL0 R
P BARE G e 755 BEEY 70 0 PR 2 Y RV 50
HArded 250 3 0 5B & 5 30m o BAETE S T 0 S m Y R

1)1‘(
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Flut A~ AT WA R EPOTERE LR R B 2 e 75 A &
FE-HHAHIRAEIBEE AR AET28KF5 > FAd B 5272
Bl 523 ¢ ;F] ’a,'? ? MeEErk L &5 90 B TS R BHETETR T IR
e VXL N (S EE VR SR Nl g (%

47 By ERk Ry dgrg@&yfa%@ <4 590 R Bt A
YR 9 2.64m>o § F REETE X £ 5 75 RPF R EATETE 3.12m A
B iRk By o § B B ETE L AN TS B RN Y EAOYRER KA 2 Bh

>
>

|
=
u\\:
\—ﬂ
fi?i
\ﬂ'

PEE O RTHM L EGA T O FE RS AL NTS R FAYT AL
%fr}é;;%@t_fémi%’2@5.4~§]5.7~§]5.11~§15.15 B 5.19 ¥R
fgﬁb'wfr)%] 4 560 B 45 RpEFivy SAELRAD > Ly RMEUTH L &
230 H15 RRIrg TR SEAERPEA? FEREWE L EL0 AR
B ERET LR b A ETF P RHRE TR PEIAERAEY 2§
BARBETE L AR] o BURY JEd BURE ¥ S bt BUR 2 A& R FIA
wkﬁﬁgT,gﬁﬁ%%%iﬁwmﬁé%%ﬁ*’%ﬁ%%mﬁl
TARAATF AR DA FI A HRET 0 Flhhdd A2 o 1
FEER PRI ATEP ] 0 F L F R ALY BUR - AT
YR St 2B GAcB S5 W59 B S5.13- B S5.17 B 521 B 525~
B 529d b= BEROZETR et EEHBY T Tg ’}.‘T?%‘Q-‘f’%ﬂ%ii
ROLPE P SOTETA Rz b AL %A TS R R o T TR
R A BB GT RS QAT R BURGE L o TR YR Bk
bz ¥ MG B2 R dhd BETH 5.6 B 510 B S5.14 - § 5.18
Bl 522 B 5.26 ~ B 5300 F it~ % b2 §HaEsghd BOA W4 E 1
2 feft My 2k i d B BT g B R b2 SE R e
Gighd BV g F RS T PR AL 00 275 RPF PERZ B
TRCFEBEET ] A hd BB X ARG G301 Fpt L B
B "EFPRETHUE LR ] FPERZEA TR FEE 1A
fhd Bl bt DA B ] 1 F e B R < Bk 2 g
B phd BT R N ARARETE 200m 10 FAUS S ¢ SR Esgnd o d

PE AR NP kb2 SE A R Ao

F_*
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SR S Y ST Y SRR «fﬁﬁﬁﬁ;i& 1 1 7
le\j'lFl ’ ;{%@7‘ 1’3 zgﬁﬁiabi-—r’\j-ﬁ 3 "’b’;}%\fb &i&mrgﬁ = ’;]"__’ﬂi/z“;
PR MBI S BTk R BB i—a&%m AT R B
BEE B TEE LR RY R[] ¢ 0§ GHNEE 5
FeE P F 4 478 % 22 Newmark and Hall[32]#73234 B 17— ¥ > @ 23 &
chZE AN e A b7 % 0 T _%ii%‘fﬁif;r‘jﬁ:b“ 2T PERRE RS
FE[9]eH g B sw Eof 4 BiEy Ir | FE A& E 4ok 52
Bl 5.31 -

53  FRELTHEH K OISR 2B BEK)

AEATER 2 B0 G P RMETHBER L & <300 B2 FA54cR 5.1(b)
AE LA A BIO S B2 8k £ 4% 5 1055120135150 -
165 2 180 & » A +7.:t % 4-B 532~ B 5.36 ~ B 5.40 ~ B] 5.44 ~ ] 5.48
B 5.52 Z g MATE A Sm 2 BT LW B iz BEoY > IR
2B R R AT Sm e B 533 ~ B 5.37 ~ B 5.41 ~ B 5.45
BB 549 5 p IR PE 2 RATETR 30m R HEY R0 R iRd T E A
BT BT AL 180 APF FARET L Ahd A ETF mEY ¥ J 38
WA T YR8 2 BYETA 30m {2 ST maEY R
Flp A2 AR R A R F - HAm E ML BURF S 0 p LR
532~ B536-B540> 75 g FRETHER L 4L 105~ 120 &7 135
E%’%ﬁi&@ﬁéé{%@m%’mﬁiM\ﬁ5%~@5ﬂ’m?
My FRETRBEK L L L 150165 22180 APF > - 48 E T o

shipher 525 < 3l 47 0 FL 5 gh4 BUR > Gt J1F] 511 &R 5.44
%m’ﬁﬁﬁﬁiﬁa@ A& 530 R 150 BRPF RBP4 HE 2
LoD o s KL 12 SRR G N 29 Y2 S A L E ul - S SR T a5

ﬂ-\ T‘ﬂ' ’Ell"\

EREMZBESFEF | OFIRS 4 2 2 JPFER FRDER S FER S
'ﬂpbrkr'%;ﬁlb%lfgk*/é]:c % 30 }i%’?fﬁ@&f&ﬂ#,;&@‘f{fp%é%jtfﬁ

Mg 4 > B EMETHEE LS 150 RFF o B REBURE 0 43
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IR G ZLA N g B TR AT 2 o

A A 2o ST R Rt B A B TR P 4o B 5.34 ~ B 5.38 ~ B 5.42 ~ B 5.46 ~ B
5.50 ~ Bl 5.53 > jEQt a0 Bk b2 BT et & A B 4"??‘ ’iﬁ';’g‘fﬁll'f’l
FUTR A AR PE F AUTETR e A B < A T4 R EAE 2 )
fofied *oJCE MOTETR 2 4 BB M R B HETE M2 POk L 0 Tt
PR RS B R b2 P AR TR $E e ghd Bl4oR] 535 R
539 - @ 543 F ﬁ ' ERETPBUETE L4 51054120 2 135 R
RCHERZ B A PEEEF 1A TR S Bl B A e ] L ER T
ol ded Bk o J B 547 B 551 B SS54RIT D §F AT ETA
k5150165 27180 RPF > BRI FERL B A FEE | 1A TR
i phd B2k hd T 1 F T ol AR B F R ETE 4
Bord 52 A 53 ERSSS A RSSSVERERAT b &R T 2 F R
BRI AR Q0 R TETE AL IS AL AR E T E R &
TSR e R P VORI P AT A AR sy gl 2R

FAEER - g S T R s R R L RFL  h
2 A5G F RS FE 0 s FEBZ AT 0 f E AUOTETR X P
PEo B2 B AR TS Rl F LT LR P R
Bt ER @ Bl S PR RS 0 P AREE RS YRR R G L
P RN R MRS SR BHIF PRI FFHETE R

- R ETE S A SR )T SR UK DR B G P R T
%i75§§ﬂﬁ§49ﬁ$%am’ ETR A E TS R R BRI L AR
WO T E SRR L 0578m o L U £ 5 105 R E S B
A2 SR Rl SR E R SR BP0 & A PR
TR A S 105 R HEFEFEN G 0341Im e BN G TR 4
RIS RT2ZHBES60% 0 Btid £ 52 £ 53 WSS Ty EM
BT 2 A A G 0215165 2180 AP d M ERZ LT R 2
dfh4 2 FIL LB AR ERE LR o

d % 53 B[] 5.55 a0l T o W A v $0 LA e BT R 4
B o WRA il enEth A & TR R R B R A[19]5w § IF
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LR G T AR > Bk A & 5 150~ 165 ~ 180 A PF > F AUBLR B A
BB TR A G 4.23% > 4.19% ~ 4.16% -
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451 % b4 5o B 2 S E T [28][29][30][31]

s - DN400
BAFR H(E § 9 il 72.875
e 2 SEF LR A R(kN/m) 0.03625
e 4 EEE R Y, (m) 0.03625
Bl & EE TR (KN /m?) 2010.345
oo 2 SEF B PURP A f (kN /m) 8.825
fhe & HE 5 K= X (m) 0.00254
fhe 3 SBE JT R (KN /m?) 3474.41
¥ H M HRCE=167GPa » 4 E =& 1, =20kN/m’ » 1 3 Bk
¢=40 > ¥ her 2 3 F B ta s, =08 - unit 1 kKN~ m

252 4Tk e d R (R4 B 124

FaBTREE | hv LR
< 2 1l R = Pt
& N RS R s aF s Newmark and
[19] Hall(1975)
0 0.3689 0.3689 0.3508
15 0.3809 0.3808 0.3632
30 0.4213 0.4211 0.405
45 0.5074 0.5073 0.4959
60 0.6612 0.6903 0.7007
75 0.578 0.579 1.346
90 0.4217 0.3937 16.156
Unit: m
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%53 TR R B E R v (R4 B £24)

R A I =5y B B¢ 4R 4 [19]
105 0.3411 0.3412
120 0.3532 0.3533
135 0.4053 0.4055
150 0.4150 0.4333
165 0.3676 0.3837
180 0.3535 0.3689
Unit: m
2l 0
(a) / 0. \\«\\
S 2222w
. AN

BS.1  H AL e 45T R

f(N/m) p(N/m) ¢(N/m)
h = P —o——
I I L
| | A |
% > x(m) 5 —(m) ——3 |
I I I
I I I
V1 VA VA
Wl LBE B LBE EEQLAR

B5.2 ASCE(1984)% %_% 2
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Beam element 1 Beam element2 Beam element3 Beam element4 Beam element 5

FA/2
shear
g, axial
L

B5.3 pd g r sz #iEHc[19]

T
B C D E

BS54 FaETHEH L5 0R2ZBET LW BE)

3000

fault angle deg.0
wfp—afeale axial force

2500

N
o
o
o

=
o
o
o

pushover force (kN)
|_\
al
o
o

500

e S A R B A

0 0.04 0.08 0.12 0.16 0.2
half fault displacement (m)

FS.5  F a0 eik e 4 o B M G(FRE T HER LS 0R)
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fault angle deg.0
08 — pnfuends 5xial force
0.6 —
-
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0.4 —
0.2 —
’ |
0 100 200 300 400
position (m)

FIS.6 8 SEIPE2 phd Bl(F RS T UK 4 65 0R)

B C D FE

BIS.7 FRETHER x5 15 B2 7 LRI(E B3%)
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0.02 —
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’é\ O ] ' : ‘ ‘H
b4 4 position (m)
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3 -0.02
3 fault angle deg.15
= -0.03 sl pipe deflection

-0.04

-0.05

F5.8 AMELBPFZ B0 SUB(FRETHER L L L 15 R)

3000 —

2500 —

N
o
o
o
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[ —
o
o
o

pushover force (kN)
|_\
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o
o
|

500 BEB—E—E] Iateral force
| )
0 | | | | | _‘ |
0 0.04 0.08 0.12 0.16 0.2

half fault displacement (m)

BIS.O & ETE A2 4 BB G(ERE T B LS 15 R)
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fault angle deg.15

08 — e axial force
— O——O—€> moment
S 06
E —
%>\
o
= 0.4
0.2
°
0 100 200 300 400
position (m)

F15.10 § B pEz fhd 2 SRR (FRE T HEK L LS IS R)

S m
B C D E

BIS11 e T gark & & 5 30 B2 Bukr L RI(E 4 BUR)
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0.02 —

0 — i
‘ ‘ﬁ
0.02 10 N 20 30
e position (m)
k<4
S -0.04
ko
3 -0.06
8
a fault angle deg.30
-0.08 . .
sfpesfmee= pipe deflection
-0.1
-0.12 —

B15.12 F SUpf 2 ed 2 BI(F W& T AU L & 5 30 &)

3000 —

2500 —
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