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NETIS -3.5
3.4.2
-3.6 -3.6
-3.6
(m) (m)
1993 798 570 :
1989 860 460 ’
1974 980 510 ’
1993 252 252 ,
Vincent Thomas 1964| 1894 457 : . RC
Benicia-Martinez 1962| 1895 160.9 ,
Richmond-San Rafael 1956 8851 317.2 ’ ’

Vincent Thomas
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Richmond-San Rafael 8851 1956 EBF LRB
San Francisco-Oakland West 7010 1936 FPS HTB
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(5)Benicia Martinez (6)Vincent Thomas
-3.9

22



3.5
3.5.1

1) 2)
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6) 7)

3.5.2
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Rayleigh

3.5.3
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12)

200m
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(m) (m) (sec) (Hz)
26.3 0.038
15.6 0.064 12,34
3 2 3991 1991 13.2 0.076 (35/59), 1995.
9.0 0.111 2P,3P
23 0.442 1 (921), 1991.
14.8 0.068
2 1570 1030 95 0.105 5,6 (4/10),
6.1 0.164 1997,
5.0 0.202
11.6 0.086
6.8 0.147
302 1629 876 6.4 0.156 ’
33 0305 6 22 ,1999.
1.8 0.543
13.0 0.077
7.6 0.131
302 1175 750 ; ’
44 0.225 ,2001.
1.3 0.756
8.59 0.116
3002 798 570 645 0.155 7
437 0.229
434 0.230
8.0 0.125
2 665 465 4.6 0.219 1978.
33 0.306
(m) (m) (sec) (Hz)
11.72 0.085
7.63 0.131
3 1480 890
4.46 0.224 ,2004.
432 0.232
4.72 0.212
434 0.230 5
3 885 485
2.58 0.388 ,1994.
1.89 0.529
5 560 160 7.82 0.128 7
3.55 0.282
3.30 0.303
5 790 20 2.45 0.408 '
2.38 0420 Vold6A, 2000,
1.54 0.660
4.02 0.249
3.13 0.320
3 758 405
2.52 0.397 » 1986.
2.07 0.483
(m) (m) (sec) (Hz)
4.38 0.228 1
980 10 2.75 0.364 1 9)
1.86 0.538 2
1.37 0.730 2
422 0.237 1 s
3 300 400 2.84 0.352 1
2.02 0.496 2 59 2004,
1.63 0.614 2
1.91 0.521 [3 1
243 g54 245 1.39 0.718 |3 1
1.14 0.878 |2 1 2003.
1.11 0.903 |3 2
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1 (UBe)
Rayleigh
2 ( 250%)
Newmarkf} 0.002
3.6.1 NS
P3 P10
-3.9
P3 -3.26 P10 -3.27 MIEQOO6NS
100%
-3.9
P3 P10
(rad) (cm) (cm)
« - -D 0.000607 0.003417 OK 18.5 47.3 OK 22.0 50.0 OK
( - -D 0.002283 0.009337 OK 35.5 47.3 OK 42.4 50.0 OK
MIEO06NS( ) 0.000619 0.003417 OK 18.9 47.3 OK 19.9 50.0 OK
e | o
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-3.29 23
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0
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a) b)
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a =3.0
C.
Newmark[3 0.002 B =0.25
d.
-3.11 1 3 1 -
3.31 1
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Rayleigh
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-3.11 (1 30 )
()

H X Y Rx Ry R
1 0.284 3.516 3.873 27 8.9
2 0.353 2.832 3.637 1 9.3
3 0.519 1.926 5.071 20 16.1
4 0.579 1.726 4.398 63 30.0
5 0.690 1.450 3.738 30.0
6 0.698 1.433 3.581 38 35.9
7 0.765 1.307 3.223 24 43.4
8 0.888 1.127 3.145 43.4
9 1.028 0.973 3.731 37 47.7
10 1.286 0.778 4.332 79 513
11 1.303 0.767 4.817 3 513
12 1.402 0.713 4.034 39 52.0
13 1.561 0.641 3.987 52.0
14 1.563 0.640 5.208 68 61.9
15 1.784 0.560 6.104 61.9
16 1.848 0.541 3.244 1 62.7
17 1.889 0.529 4.349 41 63.2
18 1.923 0.520 2.829 53 63.2
19 2.247 0.445 4.434 63.5
20 | 2337 0.428 3.127 42 64.0
21 2.481 0.403 4.309 45 65.0
22 | 2535 0.395 6.552 88 3 70.9
23 2.677 0.374 4.572 70.9
24 | 247 0.364 2.887 82 71.7
25 2.811 0.356 3.566 90 9 723
26 3.046 0.328 6.549 723
27 3.124 0.320 2.429 60 723
28 3.174 0315 4.901 47 73.0
29 3.534 0.283 5.293 48 73.2
30 3.610 0.277 3.794 25 73.2

'.'\—\.'- E
i e e - o
. i —
_,.-'ff"éfj*“_
L
e
a)l b)3
-3.31
-3.12 Rayleigh
1 4 3 14
(Hz) 0.284 0.579 0.519 1.563
0.0387 0.0440 0.0507 0.0521
o 0.0807 0.2451
s 0.0181 0.0081
e.
YAE NS ( )
e)
Al A2 45.9cm 65cm
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-3.12 P1 T2
-3.32
-3.33
-3.12 YAE-NS
(KN) (I/m) | &N m) (KN) (1/m)
T1 2530 2.831E-04 18162 7661 5.128E-03 OK OK
T1 7401 5.037E-04 74023 10567 2.608E-03 OK OK
P1 16658 5.098E-04 388785 52643 5.296E-03 OK OK
T2 7320 5.088E-04 74482 10567 2.608E-03 OK OK
P2 16561 5.001E-04 388745 52643 5.296E-03 OK OK
50
4008
- 30
~ 500000 :l TT ! TITTT ! TITTT ! TT l: % 100000 :l TT ! LI ! TT l»l l:
£ a : 1 X F : : . = 20
< u | 1~ . : . )
< 250000 - Yy — 50000 —----r------ w g —
- ‘ . - | . 10
0t/ - Ot 3
- ] - ] 0
-250000 :—r g R —: -50000 :— —: -10 |
:l 11 i 1111 i 1111 i 11 l: :l 11 i 1111 i 1111 i 11 l: L ' L L I 3 L
-500000 =5'5605 0 0.0005 ~  ~100000 5556650 "0.0005 200000 400000
W) (1/m) (knm)
a)P1 b)T2 -3.33 T1 P1
-3.32
P1 -3.34
10 600kN
AIOOOO_lllllllllllllllllllllllllllllllllllllllllllllllllllllllllll_
= C I I I | I I | | | ]
< 5000 i r - =

0

-3.34

30

60 90 120 150 180 210 240 270 300

)
L )
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-3.13 PI T2
-3.35
-3.36
-3.13 YAE-NS
(kN) (1/m) (kN m) (kN) (1/m)
T1 4410 6.823E-05 | 16535 10164 5.309E-04 OK OK
Tl 1079 1.729E-03 | 28318 7282 9.071E-03 OK OK
Tl 2240 1.292E-03 | 48442 7857 5.035E-03 OK OK
Pl 28864 | 1.179E-05 | 428472 63998 1.391E-03 OK OK
T2 4410 6.829E-05 | 16537 10164 5.309E-04 OK OK
T2 2240 1.292E-03 | 48451 7857 5.035E-03 OK OK
P2 28864 | 1.179E-05 | 428472 63998 1.391E-03 OK OK
~
=
§ 1 L T ' LU ' L ' T l_ g LU ' LU ' LU ' LU
- o A= C ‘ ]
o : . C -
05 | < 50000 : ]
oF of :
0E 1 -50000F -
_l:lllillllillllill: —lllillllillllilll— ' ' ' i ' ' X I—_I
-5 : -0.001 0 0.001 0 200000 400000
(107 1/m) (1/m) (KN*m)
a)P1 b)T2 -3.36 T1 P1
-3.35
3.6.4
a.
960m 600m 3 2
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600 800m/s
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-3.37

-3.37
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-3.37

(B =0.25)

Newmark [
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MIE006 YAE
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2%

15%

-3.39

-3.38

-3.15

-3.14

6.81

2
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-3.14

( 1 10 300 0.004 )
(
Hz
1 0.140 7.162 0.0200 0.3 1.38E+01 -5.31E-07 | -2.04E-01
2 0.147 6.808 0.0200 1.4 -7.29E-10 | 3.07E+01 1.19E-07
3 0.205 4.883 0.0201 0.3 -7.49E-01 2.92E-06 1.44E+01
4 0.270 3.708 0.0200 0.3 4.12E+00 2.30E-06 1.29E+01
5 0.330 3.031 0.0200 0.7 0.2 -2.22E+01 5.23E-06 1.04E+01
6 0.372 2.686 0.0200 0.1 -7.81E-01 -1.24E-06 | -6.39E+00
7 0.418 2.391 0.0201 0.6 0.6 1.95E+01 -2.09E-07 1.96E+01
8 0.426 2.348 0.0200 4.49E-08 3.80E+00 | -1.79E-07
9 0.445 2.248 0.0200 -1.24E-03 | -1.78E-09 | -7.57E-04
10 0.464 2.155 0.0200 0.1 0.6 9.28E+00 | -7.24E-06 | -1.97E+01
15 0.578 1.730 0.0200 0.4 3.25E-07 | -1.73E+01 9.30E-07
23 0.751 1.331 0.0203 0.7 -2.22E+01 4.71E-06 8.59E-02
65 1.963 0.509 0.0214 0.5 1.90E+01 -3.75E-05 | -5.44E-01
81 2.402 0.416 0.1085 35.6 1.55E+02 6.99E-06 -5.52E-01
130 3.800 0.263 0.0293 1.3 -2.93E+01 | -1.27E-05 1.58E+00
133 3.868 0.259 0.1145 13.6 -9.57E+01 2.64E-06 -3.42E-01
147 4.129 0.242 0.0220 0.5 1.74E+01 -6.31E-06 2.18E-01
239 5.690 0.176 0.0417 42.4 -6.21E-07 1.69E+02 | -6.67E-07
240 5.690 0.176 0.0240 7.9 -4.46E-07 | -7.30E+01 | -4.83E-07
241 5.698 0.176 0.0233 6.4 -4.74E-08 | 6.59E+01 -5.38E-08

L R ) RTRRTI

%
K 14 AR

-3.38 ( )
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-3.15

( 1 10 300 0.004 )
(
Hz

1 0.126 7.940 2.000 0.8 2.35E+01 | -5.99E-07 | -2.09E-01

2 0.147 6.809 2.001 1.4 -1.45E-08 | 3.07E+01 1.26E-07

3 0.190 5.251 2.000 0.6 -2.06E+01 1.26E-06 1.74E+00

4 0.205 4.875 2.006 0.3 3.03E+00 2.70E-06 1.43E+01

5 0.271 3.693 2.003 0.3 -5.08E-01 2.82E-06 1.34E+01

6 0.369 2.710 2.003 0.4 -1.68E-01 3.56E-06 1.69E+01

7 0.372 2.686 2.000 4.54E-01 7.18E-07 3.63E+00

8 0.426 2.349 2.003 1.15E-07 3.75E+00 | -3.35E-07

9 0.445 2.248 2.000 1.27E-04 -1.42E-09 2.12E-03
10 0.455 2.199 2.004 0.9 1.13E+00 5.44E-06 2.46E+01
15 0.578 1.731 2.003 0.5 1.05E-06 | -1.74E+01 1.07E-06
23 0.748 1.337 2.029 1.0 2.56E+01 | -7.29E-06 2.02E-01
58 1.785 0.560 2.085 0.4 1.71E+01 -4.27E-05 1.41E-01
81 2.397 0.417 8.679 24.5 -1.29E+02 | -2.04E-05 6.04E-01
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6.3.2

N
m
KN/ KN/

1 3 0.50 16.7 22400 0.480 117 E-04 0.30
2 0.70 1.82 E-04
3 0.70 228 E-04

15 16.7 66000 0.480 0.29
4 0.70 2.63 E-04
5 0.70 291 E-04
6 0.95 9.70 E-04
7 1.00 1.03 E-03

2 15.7 25400 0.495 0.20
8 0.75 1.09 E-03
9 0.85 1.15E-03
10 0.90 121 E-03
11 0.90 1.27 E-03
12 0.87 132 E-03

3 15.7 33200 0.495 0.20
13 0.85 1.37E-03
14 0.95 141 E-03
15 1.00 1.46 E-03
16 1.05 151 E-03
17 1.05 156 E-03
18 1.05 1.60 E-03
19 1.05 1.64 E-03

10 16.7 78600 0.495 0.20
20 1.05 1.68 E-03
21 1.05 1.72 E-03
22 1.05 1.76 E-03
23 1.03 1.79 E-03
24 1.00 5.69 E-04
25 1.00 5.93 E-04

43 19.6 156900 0.480 0.28
26 1.00 6.17 E-04
27 1.00 6.44 E-04
28 19.6 180100 0.28
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6.3.24 6.19cm 96.39
5.12m 1.21% =6.19/512 1%
6.3.25 1
)
6.3.26 6.3.27
GL.-12.32
3% GL.-12.32
)
6.3.28
.3.25
6.3.23 M o
° 5050,5064
6.3.28
588kN =550+38 582kN
=565+17 500mm 1000mm
1.2MPa 24MPa
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Input wave

96.39sec, -6.19cm

Time (sec)
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711,711 672,672 712,445
KN*m/m
761,—489 559,555 505,—295 760,743
347,133 353,60 359,55 295.91
347 78 353 100
- -17
552'3838[ 1 557,485 [ 56?'9
518
kN/m
| ] 579,506 |
384,164 ||| | - o —— 539 441,218
220 - | - 398
507,69 437,149 417,126 478,60
128 4728 158 454
551,550 498,86 496,486 512,184
506,488 - 385,384 439,156
kN/m -
e [ o
572,231 524,520 539,99 625,623
6.3.28
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6.3.4 6.3.29
RC
1 2 3 4 9 10 11 12 5 6 7 8 13 14
B (cm) 100 100 100 100 100 100 100 100 100 100 100 100 200 200
H (cm) 58.3 50 70 50 50 70 50 58.3 58.3 50 50 58.3 50 50
My (KN*m/m) -731 262 -565 465 -489 555 -295 743 711 -433 445 -719 2689 -2714
Vg (kN/m) 550 86 486 184 231 520 99 623 -488 -169 -156 -575 -1537 -1568
N'y (KN/m) 347 78 353 100 125 428 158 454 538 220 -9 398 2071 2157
@ 4 (1/m) -1.28E-02| 1.89E-03 | -4.07E-03| 3.79E-03 | -3.70E-03| 3.11E-03 | -2.10E-03| 2.15E-02 | 9.72E-03 | -3.52E-03| 3.41E-03 | -8.69E-03| 4.64E-02 | -4.74E-02
D29-8.00 | D22-8.00 | D22-8.00 | D22-8.00 | D22-8.00 | D22-8.00 | D22-8.00 | D29-8.00 | D29-8.00 | D22-8.00 | D22-8.00 | D29-8.00 | D32-20.00| D32-20.00
d; (cm) 52.3 44 64 44 44 64 44 52.3 50.3 44 44 50.3 44 44
Agp (cmZ/m) 51.39 30.97 30.97 30.97 30.97 30.97 30.97 51.39 51.39 30.97 30.97 51.39 158.84 158.84
D22-8.00 | D22-8.00 D29-8.00 | D29-8.00 D22-8.00 | D22-8.00 | D22-8.00 | D29-8.00 | D29-8.00 | D22-8.00 | D32-20.00 | D32-20.00
d, (cm) 6 6 6 6 6 6 8 6 6 8 6 6
Ay (cm2/m) 30.97 30.97 30.97 30.97 30.97 30.97 30.97 30.97 30.97 30.97 158.84 158.84
D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D13-4.00 | D16-6.00 | D16-6.00
A, (cm2/m) 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 5.07 11.92 11.92
S; (cm) ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 125 | ctc 10.0 | ctc 10.0
foya (MPa) 300 300 300 300 300 300 300 300 300 300 300 300 300 300
foya (MPa) 300 300 300 300 300 300 300 300 300 300 300 300 300 300
f'.q (MPa) 185 185 18.5 18.5 185 185 185 185 185 185 185 185 185 18.5
Vyg (KN/m) 617 583 583 583 617 583 583 583 583 595 583 595 1676 1676
a/d 643
® ,(1/m) 3.74E-02 | 5.71E-02 | 5.40E-02 | 5.71E-02 | 5.71E-02 | 5.40E-02 | 5.71E-02 | 3.74E-02 | 3.62E-02 | 5.71E-02 | 5.71E-02 | 3.62E-02 | 2.99E-02 | 2.99E-02
4.04E-02 | 4.04E-02
® ,(1/m) 455E-02 | 6.60E-02 | 6.29E-02 | 6.54E-02 | 6.55E-02 | 6.31E-02 | 6.63E-02 | 4.52E-02 | 4.32E-02 | 6.76E-02 | 6.91E-02 | 4.40E-02 | 4.90E-02 | 4.89E-02
5.94E-02 | 5.93E-02
Y i0 /O n 0.34 0.03 0.08 0.07 0.06 0.06 0.04 0.58 0.27 0.06 0.06 0.24 1.55 1.58
1.15 1.18
OK OK OK OK OK OK OK OK OK OK OK OK NG NG
Y i@ /0, 0.28 0.03 0.06 0.06 0.06 0.05 0.03 0.48 0.23 0.05 0.05 0.20 0.95 0.97
0.78 0.80
OK OK OK OK OK OK OK OK OK OK OK OK OK OK
Y Vo/Vyg 0.89 0.15 0.83 0.32 0.38 0.89 0.17 1.07 0.84 0.28 0.27 0.97 0.92 0.94
a/d 0.71
OK OK OK OK OK OK OK OK OK OK OK OK OK OK
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6.4.3

6.4.1
6.4.1
N
(m/s)
11.9 4 50
6.7 16 .
20 38 -
S0 300
GL-1.8
()
40N/mn?

fo 225N/mm?

0 12.75N/mm?

T @ 0.656 N/mm?

()

SD295
fy 295N/mm* SD295
fa  264N/mm?
6.4.3
6.4.3
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MM N
MM N
N
MM N
MM N
MM N
§AVAV §A/AVAV é'/AVAV §\/\/
6.4.3
6.4.2
6.4.2
(cm) (cm)
Kia 0.20 Ung 129 Kz 0.70 Ung 5.37
K,hl 0.15 Uh(20.6) 0 K’h2 0.40 Uh(20.6) 0
20.6 0.53
15
FL 23
6.4.3
R
R 03 03 R
FL
X(m)
0 x 10 1/6 0 1/3 1/6
FL 1/3
10 x 20 2/3 1/3 2/3 1/3
0 x 10 2/3 1/3 1 23
173 FL 2/3
10 x 20 1 2/3 1 2/3
0 x 10 1 2/3 1 1
2/3 FL 1
10 x 20 1 1 1 1
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OK

6.4.4

M(kNm) 686.8 507.1 257.0 2102.9
N(kN) 1314.0 634.7 4218 2355.0
V(kN) 335.0 193.8 536.7 9287

o (N/mm?) 83 6.1 5.4 2.0
o (N/mm?) 101.7 80.6 1234 129.4
T (N/mmP) 0.709 NG 0.600 0.611 0.210
OK OK OK

6.4.5
M(kNm) 1562.4 1103.1 234.7 4037.8
N(kN) 1030.3 2453.2 1280.4 5469.8
V(kN) 848.3 479.2 806.5 3026.6
M (kNm) 1585.4 2002.4 848.7 6345.4
Vmd(kN) 860.8 869.9 2916.4 4756.3
Vyq(kN) 386.0 4218 8305 950.4
Y i ViV 2.230 2.063 3512 5.005
Y i VN 2.198 1.136 0971 3185
OK
yi 10
1.0cm 3.7cm
2.0cm 7.4cm

10cm
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16 17
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6.5.2

= 0.60
6.5.2
KN
2 B 2 Cc 3
202.66 65.79 57.19
17944 46.86 33.86
24742 3992 37.72
24742 39.92 3594
7213 37.40 32.80
11844 1545 281
6 5 2 6
= A D
= B. D C. 3
B
= A B. 2 D
B. 2 D C. 3
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7.1.4 DCIP K
£t | BE | MPEFRMOE WEFRTFROT A
D(mm) | L,(m) u,(mm) fua (%)
75 4 31 0.78
100 4 29 0.73
150 5 25 0.50
200 5 20 0.40
250 5 21 0.42
300 6 45 0.75
350 6 32 0.53
400 6 33 0.55
450 6 32 0.53
500 6 33 0.55
600 6 32 0.53
7.1.5 DCIP NS
N | EBE | MTEFENCR | RTHREDTAR
D(mm) | L,(m) u,(mm) €ua (%)
75 4 42 1.05
100 4 41 1.03
150 5 54 1.08
200 5 52 1.04
250 5 50 1.00
300 6 66 1.10
350 6 65 1.08
400 6 63 1.05
450 6 62 1.03
500 6 61 1.02
600 6 61 1.02
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L - e 1 350 2.00 29 40 | B=145 NB=2.00
| I — 400 243 34 50 | B=1.40 NB=2.06
- 450 2.43 34 50 | B=1.40 NB=2.06
—— 500 2.43 34 50 | B=140 NB=2.06
NB : 600 2.43 39 50 B=1.60 NB=2.06
—_— - 700 2.43 35 50 | B=1.44 NB=2.06
L Ry 800 243 40 50 B=1.65 NB=2.06
- — 900 2.43 45 50 | B=1.85 NB=2.06
- 1000 2.43 56 B=2.30
| i 1100 2.43 58 B=2.39
r-l LiBAEEL& — e — 1200 2.43 62 B=2.55
1350 2.43 66 B=2.72
7.1.7
SIS(E ) 0 :
B T 1
I | S— [— 7.1.7
— 3 2 JSWAS A-62
Ll L RrkGLRE i
§ B AhE | EKREHLE (mm) WFHFROT A
1 0 N
i (mm) (m) SIS | SIA | SB fu (%) (B3)
SIBQNS ) —— 200 2.00 10 50 | SJS=0.50 SJB=2.50
S 9 : . 250 2.00 10 40 50 | SJS=050 SJA=2.00 SIB=2.50
- et — 300 2.00 10 40 50 | SJS=050 SJA=2.00 SJB=2.50
l_ - —n 350 2.43 10 47 57 | SJS=0.41 SJA=193 SIB=2.35
L ']'_:,._,_“ . 400 2.43 10 47 57 | SJS=041 SJA=193 SIB=2.35
- 450 2.43 10 47 57 | SJS=0.41 SJA=193 SIB=2.35
500 243 10 47 57 | S95=041 SJA=193 SIB=2.35
600 2.43 10 47 57 | SJS=041 SJA=193 SIB=2.35
p — 700 2.43 10 47 57 | SJS=0.41 SJA=193 SIB=2.35
SIAQW » ) SIBQW )
ol
E a—,——ﬁf-.::l.____.--
]
7.1.8

248




[BXTFREBSMEISWAS K- 157

I-IIIJ

e

i

& BEd
JEWAS H-1 Tioh=iL-dlEHE

i"".fla-_:‘——"g_.fi'iml
' i
J I -
AR HLE
7.1.10

7.1.8 JSWAS K-12
(=ge B ARG H LE (mm) PR OT
(mm) (m) £ BRI e (%) (B5)
150 26 0.65
200 27 0.68
250 28 0.70
300 31 0.78
350 4.00 33 0.83
400 36 0.90
450 38 0.95
500 41 1.03
600 46 1.15

7.1.9 JSWAS K-62
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HL& & (mm)
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fERRA | fARR
150 26 K-1=2.60
200 27 K-1=2.70 SUS=1.00
250 28 K-1=2.80 SUS=1.00
300 31 K-1=3.10 SUS=1.00
350 33 20 K-1=3.30 SUS=1.00
400 100 | 200 36 K-1=3.60 SUS=1.00
450 38 K-1=3.80 SUS=1.00
500 41 K-1=4.10 SUS=1.00
600 46 K-1=4.60 SUS=1.00
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7.2.4
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¢) FRP

FRP 1996 [29] [30]
P, =Dg Py (8.5.8)
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W= 0.84@ 8.5.10
g 21Ty 4 1/2
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9 DAMAGE TO INDUSTRIAL FACILITIES

Aceh province is one of the major il and natural gas producing region in Indonesia.
These facilities are on the east coast of province. None of these facilines were damaged
either by ground shaking or induced tsunami. However, the cement plant at Lhonga was
heavily damaged by tsunami waves, A French company originally built the plant and an
Indonesian company now operates it. The steel structure sections, kiln and fuel storage
tanks were heavily damaged by tsunami while RC silos remained intact (Figure 9.1). It
seems that tsunami waves reached a height of 15-20m in some sections and the steel
beams and columns were either bended or buckled by the impact of tsunami waves and
dragged objects. There were two cylindrical fuel tanks in the plant, One of them was
completely destroyed while the other one was buckled and it was offset from 1is onginal

!

location.

—

Figure 9.1 An acrial view of the cement plant
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Storage tanks from an oil tank farm in the eastem part of Banda Acch city were
displaced by the tsunami waves for a considerable distance from their original position
as seen in Figure 9.2. The tanks were not fixed to the ground and some damage to
piping did oceur. Figure 9.3 shows a buckled tank along the seashore in Meulaboh. The
tank was it by tsunami waves and that side of the tank was buckled. Furthenmore, some
settlement of the tank occurred probably due to the liquefaction of foundation ground.
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Figure 3.12.1 Procedure for evaluation of bridge importance for earthquake disaster prevention
by Sato et.al.
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Table 3.12.2 Factors and scores for importance as to bridge attribution

1.3)

Washington DOT
FHWA

DOT ITlinois DOT

Wi
X, [ 1 2 3
3
3
> 10| 5 8
1
2| 5 5 4
4,000 3
1,300 4,000 2| 4 5 3
1,300 1
3,000 3
1,500 3,000 2] 3 5 2
1,500 1
3
1] 3 5 2
0
3
2| 2 5 6
1
5 3
3,4 2] 3 5 6
1,2 1
3
5 10| 5 9
40 | 40 | 40
2
9
3.12.2
17
5
FHWA Caltrans
I inoisDOT

/ Importance

V Vulnerability

503

)

Washington

1

S Seismicity



(

(3.12.1)

7

)

LCG
LCCr

Ci
LCC

R=wS+w,\V +w,l
R=S™Vv™|"

Ws wv Wi

DLcc

DLCC = LCC, - LCC, = P°C - (C, + PFC)

LCC
LCC Pt
Cr
DLCC
5)
6
LCC
a A

WG

504

5) 6)

PF

(3.12.1)
(3.12.2)

4

(3.12.3)

DLcc



13.3

39

39
S46

46

H2 H8

3.12.3
Suzuki 9
(AI1C004(
GIFHO09(
KiK-net

) AIC009(
) MIEOO3(
K—-NET

RC

H8 0.62

3.12.4

RC 7
RC
56
8 RC RC
8 ( S39
S46 H2
S39 H2 H8
3.12.2 8)
7
) AIC011( ) GIF020( )
) MIEO0O06( ) GIFHO09
(11
Takeda )
1/3
S39 1 0.99 H2 0.84
( h =5%)
MIEO006 H8 8
Suzuki
RC 3.12.4

505



| S

3.12.2
Figure 3.12.2 Cross section of RC bridge pier for the study
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Table 3.12.3 Calculated conditional failure probability at each site

NS EW
S39 H2 H8 S39 H2 H8
AIC004( ) 0.98 0.39 0.09 0.99 0.27 0.06
AIC009( ) 1.00 0.53 0.09 1.00 0.44 0.06
AICO011( ) 1.00 0.24 0.07 1.00 0.30 0.08
GIF020( ) 0.18 0.04 0.01 0.03 0.05 0.01
GIFHO9( ) 0.90 0.20 0.05 0.96 0.32 0.07
MIEOO03( ) 0.99 0.34 0.08 0.99 0.28 0.10
MIEOO06( ) 1.000 0.76 0.21 1.00 0.78 0.29
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Figure 3.12.6 Assumed source region
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3.12.4

Table 3.12.4 Source region and its probability of occurrence

http : //www_j ishin.go.jp/mepdicitidknar_kakuritsu/setsumei.pdf
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BEr 100% 100%
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3.12.5
Table 3.12.5 Probability of occurrence at each source region
0.338 0.451
0.258 0.271
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0.079 0.184
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0.057 0.17
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Table 3.2.6 Assumed Iimportance level
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