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FEASIBILITY STUDY OF SEISMIC RESPONSE CONTROL OF A CENTER CORE TYPE TALL BUILDING
BY A NOVEL DAMPED OUTRIGGER SYSTEM WITH TUNED VISCOUS MASS DAMPERS
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Yuki TERAZAWA, Takaaki UDAGAWA, Rio IKEDA,
Nobutaka KASHIMOTO and Toru TAKEUCHI

This paper proposed a novel damped outrigger system with tuned viscous mass dampers (TVMDs) for a Japanese tall building where the outrigger span was

relatively larger than that of a typical tall building in the world. A series of generalized response spectrum analysis and nonlinear response history analysis for a

typical Japanese tall building with a center core was performed to investigate the seismic response reduction effect. Moreover, the structural detail was designed

to estimate the cost and cost performance index, and the feasibility of the TVMD damped outrigger system was strictly discussed.
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Table 2 Summary of peak seismic response (no damper)
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Fig.7 Modal contribution in seismic response (1st mode control)
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Fig.13 Comparisons of TVMD and FRTVMD
Table 3 Summary of peak response in TVMD and FRTVMD

(d) On peak lateral acceleration

TVMD FRTVMD
VMD axial force (kN) Tuned Rod VMD deform. (mm)
Model 4 ob 3 " stress ob v
serve d stress serve
IMAKobe | €A | M= (i) | IMA-Kobe | <A1 M2
TO-STMIAO0.6 220 4,080 | 4.080 | 2 20 425 | 430
TO-SIM3A0.6 660 5,100 | 5.700 | 3 17 235 [ 235
TO-SIM5A0.6 1,030 5,730 | 6.400 | 3 4 104 | 104
TO-SIMI1A0.2 0.2 460 3,270 | 3,290 | 2 14 313 | 315 |
-SIM1A0.6 0.6 310 2,720 | 2,720 | 2 26 334 [371]
-SIM1A0.9 0.9 480 3,380 | 3,390 | 2 9 223 | 228
TO-SIM1.7A0.2 | 0.2 770 3,770 ] 3,960 | 2 13 205 | 205
-SIM1.7A0.6 | 0.6 540 3,010 | 3,290 | 2 25 207 | 245
-SIM1.7A0.9 | 0.9 740 3,880 ] 3,990 | 2 8 144 ] 155
TO-SIM2A0.2 0.2 920 3,930 | 4,140 | 2 12 178 [ 178
-SIM2A0.6 0.6 670 3,110 | 3,640 | 2 24 179 | 211
-S1IM2A0.9 0.9 860 3,980 | 4,180 | 2 7 126 | 136
SO-SIM1A0.6K80 150 2,700 | 2,700 | 2 1,138 29 847 | 847
SO-SIM3A0.6K80 450 3,520 | 3,960 | 2 282 25 342 [ 342
SO-SIM5A0.6K80 770 4,040 | 4710 | 2 115 23 270 | 285
SO-SIM1A0.9K80 280 3,000 | 3.000 | 2 528 26 681 | 681 ]
SO-SIM3A0.9K80 840 3.920 | 4290 | 2 113 23 279 | 279
SO-SIM5A0.9K80 1,370 4,490 | 5200 ) 3 45 21 230 | 236
SO-SIMI1A0.6K1000 150 2,690 | 2,690 | 2 1.174 29 842 | 842
SO-SIM3A0.6K1000 450 3,510 | 3.940 | 2 345 25 341 | 341
SO-SIMS5A0.6K1000 780 3,970 | 4,590 | 2 177 23 264 | 282
SO-SIMI1A0.9K1000 280 3,010 | 3,010 | 2 566 26 679 | 6791
SO-SIM3A0.9K1000 830 3,960 | 4350 | 2 54 23 279 | 279
SO-SIM5A0.9K1000 1,370 4,400 | 5,090 | 3 05 21 227 [ 232
Core-SIMIA0.9 640 8,370 | 8370 | 4 62 9 197 | 197
Core-SIM3A0.9 1,940 10,9001 12,170] 6 74 8 110 ) 110
Core-SIM5A0.9 3,270 12,820 15,030 7 46 8 81 81
Core-SIMIAL.0 680 8,550 | 8.550 | 4 134 9 190 | 190
Core-SIM3AIL.0 2,050 11,210 12,540 6 58 8 107 [ 107
Core-SIMSAL.0 3.430 12,7801 14900 7 34 8 78 | 78
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Table 4 Target model specifications for the trial TVMD design

VMD Tuned rod Outrigger
Model ID ma |, Bracing Areii Section Length| &,

(ton) method (mm’) (m) | (kN/mm)
Core-SIM1A0.9 | 58,200 | 8 Stiffener 55,100 49267x16 192.7
Core-SIM3A0.9 |175,000( 12 Stiffener 182,000 49400x40 192.7

Stiffener 4BRB(1250kN)
SO-SIM3A0.6K80 | 18,500 | 4 Pre-tension(D 16,900 Coil spring 131 80.0
Pre-tension®) Cantilevver

Stiffener 20267x28

SO-SIMS5A0.6K80 | 30,900 | 4 | Pre-tension® | 41,900 Coil spring 131 80.0
Pre-tension®) Cantilevver
TO-SIM3A0.6 40,000 | 6 34.7
Relief force (VD) k; (KN/mm

ModelID w=02 | a-06 | a-09 |a-02]a=-06]a-09

LO-A0.2A0.6A0.9K80 [2x 1.2 MN [2x 1.0 MN |2 x 0.8 MN 80.0 80.0 80.0

LO-A0.6K80 2 x 1.5 MN 80.0

Table 5 Summary of peak seismic response

Peak response (Response reduction ratio) Tuned rod| VMD
Model ID Lateral acc. SDR O™ Base shear | Stress |Max deform

) | (ad. %) [(x10° MNm)|  (MN) | (N/mm®) | (mm)

Core-SIMIA0.9  [2.69(1.3%)]0.71(15.8%)| 2.26(13.9%)|18.4(11.2%)| 162 197

Core-SIM3A0.9  [2.67(2.1%)]0.63(25.5%)| 2.06(21.1%)|17.4(15.9%)| 74 110

SO-SIM3A0.6K80 |2.67(2.2%)|0.62(27.3%)| 2.05(21.3%)|17.3(16.0%)| 282 342

SO-SIM5A0.6K80 [2.66(2.6%)[0.55(34.4%)| 1.89(27.3%)|16.6(19.3%)| 115 285

TO-SIM3A0.6 2.67(2.1%)[0.61(27.7%)| 2.05(21.3%) [ 17.3(16.0%) 235
LO-A0.2A0.6A0.9K80{2.71(0.7%)|0.67(21.7%)| 2.18(16.7%) | 17.2(16.6%)
LO-A0.6K80 2.84(0.0%)[0.74(13.4%)| 2.42(8.2%) | 19.3(6.3%)
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Table 6 Summary of cost and cost performance estimation

Bracing Detailed cost (x10* JPY) Total cost Cost performacne index CP (x10° IPY / %)
Model ID Outrigger . . oil 4
method VMD | Tuned rod |Stiffener| Pre-tension| BRB (x10"JPY) | Lateral acc. SDR OTM Base shear
truss damper
Core-SIMIA0.9 Stiffener 9,617 | 7757 | 3.854 21,228 15,808 1,340 1,525 1.892
Core-SIM3A0.9 Stiffener 15,527] 25575 | 3.854 44,956 21,322 1,760 2,129 2,822
Stiffener | 11,160 | 4.074 2,620 8,788 26,642 12,341 976 1.250 1,668
Pre-tension
SOSIMBAOGKS) | (colspring) | 1160 | 4074 | 1621 3,820 20,674 9,577 758 970 1,295
Prestension |y o0 | 4074 | 1,621 3,587 20,442 9,469 749 959 1,280
(cantilever)
Stiffener | 11,160 | 4,808 | 4,011 | 2.620 22,600 8,589 657 829 L172
Pre-tension
SOSIMSAGKSD | (co springy | |10 | 4508 | 4011 3,820 23,800 9,045 692 873 1,235
Pretension |y 60 | 4808 | 4011 3,587 23,567 9,432 71 910 1,287
(cantilever)
TO-SIM3A0.6 90,114 | 7.213 16.327 7,638 589 765 1,019
LO-A0.2A0.6A0.9K80 33,480 1,023 | 34,503 46,386 1,591 2,066 2,078
LO-A0.6K80 11,160 486 11,646 Inf. 871 1,427 1,847
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