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Earthquake Peak acceleration

Maximum displacement of jacket Maximum inter-story drift of

Maximum acceleration of

(cal) cap (1073 m) isolate level (x10~3 m) deck (x1073 m/s?)

Unisolated 9.0 - 5465.8

2.6 1945.1

El-Centro 352 Isolated 071y 9.6 (0.64)2
Damping 29 22 1870.7

isolated (0.68) ’ (0.66)%

Unisolated 1.9 - 7286.1

. 3.9 2685.6

Taft 314 Isolated (0.67) 14.0 (0.63)
Damping 6.2 X 49 355&1

isolated (0.48) (0.51)

Unisolated 129 - 77214

3.1 2091.3

=

Kobe 322 Isolated 076y 10.0 (0.73)
Damping 5.8 . 37 3376.2

isolated (0.55) (0.56)

Unisolated 12.9 - 7857.9

- 3.9 1443.2
Tianjin 249 Isolated (070 15.1 (0.82)°
Damping 6.7 49 4066.7
isolated (0.48) ’ (0.48)2

2 The measure of the vibration control effectiveness = (Unisolated — Isolated) /Unisolated.
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Earthquake Peak acceleration Maximum displacement of jacket Maximum inter-story drift of Maximum acceleration of

(gal) cap (x 10~3 m) isolate level (x 1077 m) deck (x1073 m/sz)
Unisolated 9.5 - 4882.2
31 2008.3
- 352 S : A
El-Centro 35 Isolated (0.67) 9.7 (0.59)
Damping 32 15 1649.0
isolated (0.66)* k (0.66)*
Unisolated 13.9 - 71448
4.8 2591.1
3
Taft 314 Isolated (0.65)° 14.8 (0.64)
Damping 5.8 28 3069.9
isolated (0.58)* - (0.57)
Unisolated 13.2 - 6803.4
3.6 2081.9
322
Kobe 322 Isolated (073 9.9 (0.69)
Damping 6.2 5% 32479
isolated (0.53) R (0.52)
Unisolated 14.7 - 7579.1
_— ) 37 1892.6
Tianjin 249 Isolated (0757 9.9 (0.75)
Damping 6.4 3.0 3306.3
isolated (0.56)* - (0.56)2

2 The measure of the vibration control effectiveness = (Unisolated — Isolated) /Unisolated.
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A Rock—erystalline, conglomerate, or shale-like materisl
generally having shear wave velocities in excess of 3000
ft/sec (914 m/zec).

B Shallow Strong Aliuvium—competant sands, sits and stiff
clays with shear strengths in excess of about 1500 psf (72
kPa), limted to depths of less than about 200 #t (61 m), and
overlying rock-like materials.

C  Deep Strong Alluvium—competent sands, silts and stiff
clays with thicknesses in excess of about 200 ft (61 m) and
overjing rock-like materials.
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Modal_an_2017_Final_CircEL_1_3_elev_1 Modal_an_2017_Final_CircEL_2_3 _elev_1
Mode | FREQ (Hz) | Period-T(s) | SIG |G (mis2) | S (mis2) Baf:‘:sa;c Damping Mode | FREQ (Hz) | Period-T (s) siG Gmis2) | S(mis2) Ba?;‘;;z“ Damping
1 187450 | _0/53348 | 2150000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 1 1787410 053359 | 2/50000 | 147150 | 367875 | 1/47150 | 0/05000
2 2/17190 | 046043 | 2/50000 | /47150 | 3/67875 | _1/47150 | 0/05000 2 2117170 0/46047 | 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
3 2/17190 0/46043 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 3 2/17180 0/46045 2/50000 1/47150 3/67875 1/47150 0/05000
4 2/53770 0/39406 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 4 2/53770 0/39406 2/50000 1/47150 3/67875 1/47150 0/05000
5 2/61000 | _0/38314 | 2/50000 | /47150 | 3/67875 | _1/47150 | 0/05000 5 2/60950 0/38322 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
6 2/66500 | 037523 | 2/50000 | /47150 | 3/67875 | _1/47150 | 0/05000 6 2166440 0/37532 | 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
7 2/66500 0/37523 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 7 2/66450 0/37530 2/50000 1/47150 3/67875 1/47150 0/05000
8 2/68840 0/37197 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 8 2/68780 0/37205 2/50000 1/47150 3/67875 1/47150 0/05000
9 2/69950 | _0/37044 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 9 2/69920 0/37048 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
10 2/69950 | _0/37044 | 2/50000 | /47150 | 3/67875 | _1/47150 | 0/05000 10 2169930 0/37047 | 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
Modal_an 2017 Final CircEL_3 3 elev_L Modal an 2017 Final CircEL_1 3 elev 2
Mode | FREQ (Hz) | Period-T(s) | SIG |G (mis2) | S (mis2) Baf:‘;';“ Damping Mode | FREQ(HZ) | Period-T (s) siG Gmis2) | S(mis2) Ba?;‘;;;“ Damping
1 1/87450 0/53348 2/50000 | 1/4715 | 3/67875 1/4715 0/05 1 1/87920 0/53214 2/50000 1/47150 3167875 1/47150 0/05000
2 2/17190 0/46043 2/50000 | 1/4715 | 3/67875 1/4715 0/05 2 2/17500 0/45977 2/50000 1/47150 3/67875 1/47150 0/05000
3 2/17190 0/46043 2/50000 | 1/4715 | 3/67875 1/4715 0/05 3 2/17500 0/45977 2/50000 1/47150 3/67875 1/47150 0/05000
4 2/53770 | _0/39406 | 2/50000 | 1/4715 | al6rs7s | 14715 0/05 4 2053770 0/39406 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
5 2/61000 | _0/38314 | 2/50000 | 1/4715 | 3/67875 | 14715 0/05 5 2062150 0/38146 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
6 2/66500 0/37523 2/50000 | 1/4715 | 3/67875 1/4715 0/05 6 2/67350 0/37404 2/50000 1/47150 3/67875 1/47150 0/05000
7 2/66500 | _0/37523 | 2/50000 | 1/4715 | 3/67875 | 14715 0/05 7 2/67360 0/37403__| 2/50000 | 147150 | 367875 | /47150 | _0/05000
8 2/68840 | 037107 | 2/50000 | 1/4715 | al6rsrs | 14715 0/05 8 2070750 0/36934 | 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
9 2/69950 | _0/37044 | 2/50000 | 1/4715 | 3/67875 | 14715 0/05 9 2170760 0/36933 | 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
10 2/69950 0/37044 2/50000 | 1/4715 | 3/67875 1/4715 0/05 10 2/71190 0/36875 2/50000 1/47150 3/67875 1/47150 0/05000
Modal_an_2017_Final_CircEL_2 3 elev_2 Modal an_2017_Final_CircEL_3 3 elev_2
Mode | FREQ (H2) | Period-T(s) | SIG |G (mis2) | 'S (mis2) Ba(sn‘i‘;s‘;“ Damping Mode | FREQ(HZ) | Period-T (s) siG Gmis2) | S(mis2) Baf;j';“ Damping
1 0/64333 1/55441 2/79794 | 1/47150 | 4/11717 1/47150 0/05000 1 1/87390 0/53365 2/50000 1/4715 3/67875 1/4715 0/05
2 0/64334 1/55439 2/79790 | 1/47150 | 4/11711 1/47150 0/05000 2 2/17230 0/46034 2/50000 1/4715 3/67875 1/4715 0/05
3 1/87920 | _0/53214 | 2/50000 | 1/47150 | 3/67875 | _1/A7150 | 0/05000 3 2117230 0/46034 | 2/50000 | 14715 | alersrs | 14715 0/05
4 2120700 | _0/45310 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 4 2053770 0/39406 | 2/50000 | 14715 | alersrs | 14715 0/05
5 2/20700 0/45310 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 5 2/61030 0/38310 2/50000 1/4715 3/67875 1/4715 0/05
6 2/53770 0/39406 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 6 2/66610 0/37508 2/50000 1/4715 3/67875 1/4715 0/05
7 2/62150 | _0/38146 | 2/50000 | 1/47150 | 3/67875 | 147150 | 0/05000 7 2/66610 0/37508 | 2/50000 | 1/4715 | alersrs | 14715 0/05
8 2/68710 0/37215 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 8 2/68920 0/37186 2/50000 1/4715 3167875 1/4715 0/05
9 2/68710 0/37215 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 9 2/70030 0/37033 2/50000 1/4715 3/67875 1/4715 0/05
10 2/71190 0/36875 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 10 2/70030 0/37033 2/50000 1/4715 3/67875 1/4715 0/05
Modal an 2017 Final CircEL 1 3 elev 3 Modal an 2017 Final CircEL 2 3 elev 3
Mode | FREQ (Hz) | Period-T(s) | SIG |G (mis2) | 'S (mis2) BE(S;‘;:;C Damping Mode | FREQ (Hz) | Period-T (s) SIG G(mis2) | s(mis2) Baz:?:zcc Damping
1 1/8901 0/529072536 | 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 1 1/88100 0/53163 2/50000 1/47150 3/67875 1/47150 0/05000
2 2119 | 0/456621005 | 2/50000 | /47150 | 3/67875 | 1/47150 | 0/05000 2 2117970 0/45878 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
3 2/19 0/456621005 | 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 3 2/17970 0/45878 2/50000 1/47150 3167875 1/47150 0/05000
4 2/5601 0/390609742 | 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 4 2/54540 0/39287 2/50000 1/47150 3/67875 1/47150 0/05000
5 2/613 0/382701875 | 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 5 2/61180 0/38288 2/50000 1/47150 3/67875 1/47150 0/05000
6 2/6645 | 0/375304935 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 6 2166480 0/37526 | 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
7 2/6645 0/375304935 | 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 7 2/66480 0/37526 2/50000 1/47150 3/67875 1/47150 0/05000
8 2/6867 0/372203819 | 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 8 2/68700 0/37216 2/50000 1/47150 3/67875 1/47150 0/05000
9 2/7001_| 0/370356653 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 9 2/69910 0/37049 | 2/50000 | V47150 | 3/67875 | /47150 | _0/05000
10 2/7001_| 0/370356653 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 10 2/69910 0/37049 | 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
Modal_an_2017 Final CircEL 3 3 elev 3 Modal_an_2017 Final CircEL 1 3 elev 4
Mode | FREQ (Hz) | Period-T(s) | SIG |G (mis2) | S (mis2) Baﬁ:‘::;c Damping Mode | FREQ (Hz) | Period-T (s) siG Gmis2) | S(mis2) Ba;:‘/j:zm Damping
1 187520 | _0/53328 | 2150000 | 1/47150 | 3/67875 | _1/A7150 | 0/05000 1 1/89260 052837 | 2/50000 | 147150 | 367875 | /47150 | 0/05000
2 2117550 | _0/45966 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 2 2119480 0/45562 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
3 2/17550 0/45966 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 3 2/19480 0/45562 2/50000 1/47150 3/67875 1/47150 0/05000
4 2/54360 0/39314 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 4 2/57400 0/38850 2/50000 1/47150 3/67875 1/47150 0/05000
5 2/60900 | _0/38329 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 5 2061250 0/38278 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
6 2/66450 0/37530 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 6 2/66880 0/37470 2/50000 1/47150 3/67875 1/47150 0/05000
7 2/66450 0/37530 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 7 2/66880 0/37470 2/50000 1/47150 3/67875 1/47150 0/05000
8 2/68810 0/37201 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 8 2/70050 0/37030 2/50000 1/47150 3/67875 1/47150 0/05000
9 2/69970_| _0/37041 | 2/50000 | 1/47150 | 3/67875 | 147150 | 0/05000 9 2/70670 0/36945 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
10 2/69970 0/37041 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 10 2/70670 0/36945 2/50000 1/47150 3167875 1/47150 0/05000
Modal_an_2017_Final CircEL 2 3 elev_4 Modal an 2017 Final CircEL 3 3 elev_ 4
Mode | FREQ (Hz) | PeriodT(s) | SIG |G (mis2) | S (mis2) Baf;‘l‘:zm Damping Mode | FREQ (Hz) SIG G(mis2) | S(mis2) Baf;t/’;“ Damping
1 1/88310 0/53104 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 1 1/87510 0/53330 2/50000 1/47150 3/67875 1/47150 0/05000
2 2118270 | _0/45815 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 2 2117600 0/45956 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
3 2/18270 0/45815 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 3 2/17600 0/45956 2/50000 1/47150 3/67875 1/47150 0/05000
4 2/55070 0/39205 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 4 2/54450 0/39300 2/50000 1/47150 3/67875 1/47150 0/05000
5 2/60950 0/38322 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 5 2/60970 0/38319 2/50000 1/47150 3/67875 1/47150 0/05000
6 2066500 | _0/37523 | 2/50000 | 1/47150 | 3/67875 | 147150 | 0/05000 6 2166430 0/37533 | 2/50000 | 147150 | 3/67875 | 1/47150 | 0/05000
7 2/66500 0/37523 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 7 2/66430 0/37533 2/50000 1/47150 3/67875 1/47150 0/05000
8 2/69090 0/37162 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 8 2/68940 0/37183 2/50000 1/47150 3/67875 1/47150 0/05000
9 2/70060 0/37029 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 9 2/69940 0/37045 2/50000 1/47150 3/67875 1/47150 0/05000
10 2/70060 | _0/37029 | 2150000 | 1/47150 | 3/67875 | 147150 | 0/05000 10 2169940 0/37045 | 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
Modal_an_2017 Final CircEL 1 3 elev 5 Modal_an_2017 Final CircEL 2 3 elev 5
Mode | FREQ (Hz) | PeriodT(s) | SIG |G (mis2)| s (mis2) B""(S:“I’S‘;“ Damping Mode | FREQ(Hz) | Period-T(s) |  SIG Gmis2) | S(mis2) Baf;‘,':;“ Damping
1 1/87530 0/53325 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 1 1/87580 0/53311 2/50000 1/47150 3/67875 1/47150 0/05000
2 2/17380_| 046002 _| 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 2 2117370 0/46005 | 2/50000 | 147150 | 3/67875 | 1/47150 | _0/05000
3 2117380 | 0/46002 | 2/50000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 3 2/17390 0/46000 | 2/50000 | 147150 [ /67875 | 1/47150 | 0/05000
4 2/53770 0/39406 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 4 2/53770 0/39406 2/50000 1/47150 3/67875 1/47150 0/05000
5 2/63460 0/37956 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 5 2/62250 0/38132 2/50000 1/47150 3/67875 1/47150 0/05000
6 2/67080 | _0/37442_| 2150000 | 1/47150 | 3/67875 | 147150 | 0/05000 6 2066760 0/37487 | 2/50000 | 147150 [ /67875 | 1/47150 | 0/05000
7 2/67080 0/37442 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 7 2/66790 0/37483 2/50000 1/47150 3/67875 1/47150 0/05000
8 2/73440 0/36571 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 8 2/69920 0/37048 2/50000 1/47150 3/67875 1/47150 0/05000
9 2/76690 0/36142 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 9 2/71850 0/36785 2/50000 1/47150 3/67875 1/47150 0/05000
10 2176690 | _0/36142 | 2150000 | 1/47150 | 3/67875 | _1/47150 | 0/05000 10 272170 0/36742__| 2/50000 | 147150 | /67875 | 1/47150 | 0/05000
Modal an 2017 Final CircEL 3 3 elev 5 All Elveation without any element
Mode | FREQ (Hz) | PeriodT(s) | SIG |G (mis2)| s (mis2) Baf;‘;';;cc Damping Mode | FREQ(Hz) | Period-T(s) |  SIG Gmis2) | S(mis2) Bas(;ﬁ';;“ Damping
1 1/87510 0/53330 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 1 0/59223 1/68853 1/06601 1/47150 1/56864 1/47150 0/05000
2 2/17380 0/46002 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 2 0/68642 1/45683 1/23556 1/47150 1/81812 1/47150 0/05000
3 2117380 | _0/46002 | 2/50000 | 1/47150 | 3/67875 | 147150 | 0/05000 3 0/68642 1/45683 | 1/23556 | /47150 | usisl> | 1/47150 | 0/05000
4 2/53770 0/39406 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 4 0/80250 1/24611 1/44450 1/47150 2/12558 1/47150 0/05000
5 2/61350 0/38263 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 5 0/82477 1/21246 1/48459 1/47150 2/18457 1/47150 0/05000
6 2/66460 0/37529 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 6 0/84133 1/18859 1/51439 1/47150 2/22843 1/47150 0/05000
7 266460 | _0/37529 | 2/50000 | 1/47150 | 3/67875 | 147150 | 0/05000 7 0/84133 118859 | 1/51439 | 1/47150 | 220843 | 1/47150 | 0/05000
8 2/69250 0/37140 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 8 0/84951 117715 1/52912 1/47150 2/25010 1/47150 0/05000
9 2/70770 0/36932 2/50000 | 1/47150 [ 3/67875 1/47150 0/05000 9 0/85304 117228 1/53547 1/47150 2/25945 1/47150 0/05000
10 2/70770 0/36932 2/50000 | 1/47150 | 3/67875 1/47150 0/05000 10 0/85304 1/17228 1/53547 1/47150 2/25945 1/47150 0/05000
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Abstract

Different earthquakes are damaging structures based on their strength and stability.
Therefore, stability of structures against earthquakes is much important to prevent total
or partial failure of structures and loss of financial and human investments of people and
country. Jacket platforms used in the oil and gas industry of the country are among the
most important structures due to the very important role played by the country's economic
cycle. These structures sensetives to environmental motions like wind, ocean waves and
earthquake. These movements cause unintended vibration of the structure and thus
increase the probability of structural failure and damage to facilities and equipment that
are sensitive to the structure. The issue of seismic control and its impact on offshore
structures in this study has been investigated.

In this research, we have tried to study a new type of energy deprivation in order to reduce
the damage to the platform. At the time of the earthquake, the fuse member depreciates a
significant portion of the energy input to the structure by by entering to nonlinear stage
and forming flexural plastic hinges During an earthquake, the dissipation part depreciates
significant part of the energy input to the structure by entering to nonlinear stage and
forming flexural plastic hinges. In the event of failure of the proposed element, it also
offers easy switching and, in addition, low cost and high speed. To model the proposed
element and jacket platform for spectral analysis, the Abaqus finite element software has
been used. The results show that although the damper system has not played a significant
role in improving the stresses introduced to the members, but in the discussions of the
maximum base shear imposed to the structure and the maximum displacement of the deck

have been effective and significantly improve them.

Keywords: Jacket platform, Ductile element, Yielding damper, Offshore structure

AR



s Y B
"ﬁL’ a?b

Faculty of Civil Engineering

M.S.c Thesis in Coastal Engineering, Ports and Marine Structures

Evaluation of ductile elements performance on

Jacket platform’s seismic behaviour

By: Amir Chitgar Chari

Supervisors:
Dr. Mehdi Adjami
Dr. Morteza Naghipour

September 2017

AR



