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Abstract: In the light of the problems that tuned mass damper (TMD) only had the effect on a
frequency control, and TMD’s mass and volume were large, that was not suitable for application
to the offshore platform structure in complex environment. Therefore, authors made full research
on the TMD applied in offshore platform, and put forward the use of multiple tuned mass
dampers (MTMD) in the offshore platform structure to control the vibration, and analyzed the
vibration control effect of the MTMD on the offshore platform structure. The JZ20-2 offshore
platform was used as the study object, and several different TMDs were connected in parallel to
the offshore platform structure. By inputting three different seismic waves, the displacement and
acceleration responses of the offshore platform system with different MTMD were observed. The
basic characteristics of MTMD system were studied. The results show that the quality of TMD
has a great influence on the offshore platform. On the premise of a known quality factor,
damping coefficient of MTMD and the number of TMD have important effects on vibration

control of structures, and these parameters exist an optimization problem.
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Fig.1 Ocean Platform Structure
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Fig. 2 Layout Scheme of MTMD
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Tab.1 The First Five Order Frequencies of

Ocean Platform Structure

i vk 1 2 3 4 5
B /Hz
2.2 ETFTTMD WEEERRESTIT

WP 2 FrR i) MTMD #i 8 )5 %, %F JZ20-2
T VEF & 06 i MTMD , 43 % %1 % .5 % it 4 1k

0.788 13 |1.020 80 | 1.592 20 | 2. 559 40| 3. 134 00
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Fig.3 The First Five Order Vibration Shapes of Ocean Platform Structure
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Tab.2 The First Five Order Effective Masses of Ocean Platform Structure
- AR/ kg
X [ Y [ VA
1 472 752.000(47 %) 3.142 68 10 439. 500
2 518.393 86 487.500 00(86%) 0.005
3 213.002 582 451. 000 00(58%) 14. 140
4 205 907.000(20%) 157.930 00 48 365. 000
5 109. 463 63. 860 00 43 955.000(69%)
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Tab.3 The First Ten Order Frequencies of Ocean Platform Structure with 1% Mass Ratio
WA/ Ha
G 45
1 By 2 By 3 B 4 B 5 By 6 Bir 7 Br 8 Bir 9 By 10 By

JR &5 F 0.788 13 | 1.020 80 1.592 20 2.069 40 2.559 40 3.134 00 | 3.254 90 | 3.308 00 | 3.39010 | 3.611 10
14~ TMD| 0.000 00 | 0.468 28 | 0.792 69 1.020 58 1.592 20 | 2.069 90 | 2.559 40 | 3.134 00 | 3.254 90 | 3.308 00
34~ TMD| 0.000 00 | 0.000 00 |1.80X10710 | 0,466 91 0.470 90 | 0.471 17 | 0.794 95 | 1.021 30 | 1.592 30 | 2.070 20
54 TMD| 0.000 00 | 0.000 00 | 0.10X107% | 0.13X107¢ | 0.15X107° | 0.460 18 | 0.469 38 | 0.471 13 | 0.471 15 | 0.471 16
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Tab.4 The First Ten Order Frequencies of Ocean Platform Structure with 5% Mass Ratio
W% /Hz
£ 25 1
1B 2 W 3B 4By 5 B 6 B i 8 B 9 K 10 [

JE 25 0.788 13 1.020 80 | 1.592 20 | 2.069 40 2.559 40 3.134 00 | 3.254 90 | 3.308 00 | 3.390 10 | 3.611 10
14~ TMD| 0.26X107° | 0.454 36 | 0.798 64 | 1.020 80 1.592 20 2.070 70 | 2.559 40 | 3.134 00 | 3.254 90 | 3.308 00
34~ TMD| 0.000 00 0.000 00 | 0.000 00 | 0.442 72 0.459 59 0.460 81 | 0.818 50 | 1.023 00 | 1.592 00 | 2.073 10
54 TMD| 0.000 00 0.000 00 | 0.000 00 | 0.000 00 | 0.74X1071° | 0.432 24 | 0.453 89 | 0.460 69 | 0.460 80 | 0.460 83
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Fig. 4 Simplified Model of Ocean Platform Structure
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Fig. 5 Original Time History Curve and
Spectrum Curve of Tianjin Wave
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Fig. 6 Original Time History Curve and

Spectrum Curve of Taft Wave
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Fig.7 Original Time History Curve and
Spectrum Curve of El Centro Wave
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Tab.5 Influence of TMD Quality on Response of Offshore Platform Structure
124 75 & 185 ¥ 5
b 7 I TEGH | R/ % - — - —
B RALH /m RN/ (m + s72) B RALH /m e RMGEE/ (m o s72)
JEL45 4 0.100 229 0 4.732 37 0.221 165 0 8.254 10
o 1 0.097 665 9(2.5%) 4.668 25(1.4%) 0.215 308 0(2.7%) 8. 189 56(0.7%)
KTk fir TMD 2 0.092 649 7(7.4%) 4.569 42(3.4%) 0.210 384 0(4.9%) 7.992 16(3.4%)
5 0.084 165 7(16.0%) 4.213 91€10.9%) 0.183 817 0(16.9%) 7.668 13(7.2%)
J 25 Hg 0.049 3215 5.078 75 0.086 749 7 5.945 63
o 1 0. 048 308 1(2.7%) 5. 035 99(0. 8%) 0. 084 400 5(2.7%) 5.928 92(0. 4 %)
fefc fim TMD 2 0. 044 321 8(10.2%) 5.000 13(1.4%) 0.078 612 3(9.4%) 5.892 11(1%)
5 0.038 509 0(22.5%) 3.899 12(23.1%) 0.065 670 8(24.3%) 4. 841 05(18.5%)
J5 25 g 0.037 891 9 1.849 09 0.095 938 6 2.903 38
El Centro 3 1 0.037 131 9(2.0%) 1.834 49(0.8%) 0.094 333 3(1.7%) 2. 898 88(0. 1%
Jim TMD 2 0.036 459 2(3.6%) 1.823 64(1.4%) 0.092 164 2(4.0%) 2.846 59(2.0%)
5 0.031 010 6(18.2%) 1.698 96(8.1%) 0.077 464 3(19.3%) 2.557 75(11.9%)
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Tab. 6 Influence of Damping Ratio on Response of Offshore Platform Structure
124 5 5 185 5 45,
Hb 7% U FHEEH FHLJE 2 5L . e K i / . e N B/
e KA /m AR /m ‘
(me+s?) (mes?)
JEGR S5 4 0.100 229 0 4,732 37 0.221 1650 8.254 10
A 0.084 165 7(16.0%) | 4.213 91(10.9%) | 0.183 817 0(16.9%) 7.668 13(7.2%)
PR 33 B 0.092 3 0.089 062 5(11.1%) 4. 465 20(5.6%) 0.195 640 0(11.5%) 7.972 30(3.4%)
i ITMD 0.066 9 0.089 395 1(11.1%) 4. 484 81(5.2%) 0.196 477 0(11.4%) 7.990 01(3.2%)
0.200 0 0.089 479 7(10.7%) 4.404 15€6.9%) 0.196 205 0(11.3%) 7.862 51(4.7%)
J5 I 45 4 0.049 321 5 5.078 75 0.086 749 7 5.945 63
A 0.038 509 0(22.5%) | 3.899 12(23.1%) | 0.065 670 8(24.3%) | 4.841 05(18.5%)
Taft i . 0.092 3 0.043 513 0(11.8%) | 5.108 72(—0.6%) | 0.072 412 0(16.5%) | 6.089 47(—2.4%)
i IMD 0.066 9 0.045 319 0(8.1%) | 5.181 74(—2.1%) | 0.077 446 0(10.7%) | 6.223 67(—4.7%)
0.200 0 0.043 445 0(11.9%) 4.931 20(3.0%) 0.073 388 8(15.4%) 5.785 50(2.7%)
J B 45 4 0.0378 919 0 1.849 09 0.095 938 6 2.903 38
A 0.031 010 6(18.2%) 1. 698 96(8.1%) 0.077 464 3(19.3%) | 2.557 75(11.9%)
El Centro i 0.092 3 0.033 541 8(11.5%) | 1.903 58(—2.9%) | 0.084 169 5(12.3%) | 3.000 13(—3.3%)
D 0.066 9 0.034 483 3(9.0%) 1.925 81(—3.1%) | 0.085 837 1(10.5%) | 3.077 53(—6.0%)
0.200 0 0.033 531 2(11.5%) 1. 741 62(5.8%) 0.082 979 0(13.5%) 2.669 19(8.1%)
®7 TMD ANHIXEE T A &K KA EM
Tab.7 Influence of Numbers of TMD on Response of Offshore Platform Structure
124 75 5 185 45 4,
Hi 7% % T
KRR /m T RIEE /(m o« s72) R /m T RN/ (m o+ s™2)
J B G5 4 0.100 229 0 4,732 37 0.221 165 0 8.254 10
14~ | 0.084 165 7(16.0%) 4.213 91€10.9%) 0.183 817 0(16.9%) 7.668 13(7.2%)
K 34~ | 0.074 121 3(26.0%) 3.893 65(17.7%) 0.173 957 0(21.3%) 7.285 95(11.7%)
B TMD % &
54 | 0.070 553 0¢30. 1%) 3. 628 75(23.3%) 0.165 951 0(25.0%) 6.715 12(18.6%)
74 | 0.068 036 0(32.1%) 3.492 78(25.0%) 0.162 114 0(26.7%) 6.595 02(20.1%)
JE R 25 4 0.049 3215 5.078 75 0.086 749 7 5.945 63
14 | 0.038 509 0(22.5%) 3.899 12(23.1%) 0.065 670 8(24.3%) 4.841 05(18.5%)
Taft 3 34 | 0.035 692 8(27.6%) 5.078 33(0.0%) 0.055 279 4(36.3%) 6.165 30(—3.7%)
s TMD $i
54 | 0.029 972 7(39.2%) 5.038 02(0.8%) 0.042 740 7(50.7%) 6.135 24(—3.2%)
74 | 0.028 853 1(41.5%) 5.002 31(1.1%) 0.040 859 3(52.9%) 6.091 54(—2.5%)
T 45 4y 0.037 891 9 1.849 09 0.095 938 6 2.903 38
14 | 0.031010 6(18.2%) 1.698 96(8.1%) 0.077 464 3(19.3%) 2.557 75(11.9%)
El Centro 34 | 0.027 739 6(26.8%) 1.737 57(6.0%) 0.063 840 5(33.5%) 2.644 14(8.9%)
BAE TMD %k
54 | 0.027 567 4(27.2%) 1.644 66(11.1%) 0.062 582 2(34.8%) 2.428 42(16.4%)
74 | 0.027 509 5(27.4%) 1.630 89(11.8%) 0.062 360 0(35.0%) 2.377 86(18.1%)
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