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OPTIMAL SEISMIC RESPONSE CONTROL OF DAMPED BRACED TUBE SYSTEM
WITH FOCUS ON COST PERFORMANCE OF INTRODUCING ENERGY-DISSIPATION DEVICES

SEOE OB, W b B BT O e
Yuki TERAZAWA, Haruki TANAKA and Toru TAKEUCHI

This paper presents design recommendations for optimal seismic response control of damped braced tube system with focus on cost performance of
introducing energy-dissipation devices. According to the results, 1) braced tube structure should be designed so that coupled-shear-wall-like vibration
modes are predominant to obtain highly damping ratio and better cost performance of dampers, 2) oil damper should be introduced to obtain highly

damping ratio, 3) BRB has good cost performance about seismic response reduction and can be used to reduce damper costs.
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ThHHHAKRTH 400m it & & d 4L (Supertall building) O F ) 23t 5, FEBROBG TR, @ERE OB G, BRIERE(a)~(c) & i
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Fig.1 | Damped braced tube®" O & X % 7 9~, Damped braced tube BRARDROM EICEETH LN, TORBIAATHDL, £,
L, 7L —AF 2 —T7H#EE ¥ (Braced tube) 2% LT, NE O BPE A
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Th D, FMETIE, B A Y v ~Z i Brace tube Y4 IZ Coupled < Elastic mega brace
shear wallPO#E72 MUF IS A IS EAE U, 40 8—I2 X B IEBH = % < &Qo
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(2 < RHREA & = 7 0 A L % Gk 0 MBS R 2 h ¢ JJ:ni{:‘;‘ el
ik o BRI ()~(c) 2= T 2 LML, £, BATIHE, = 53, f_ju
THE-IMER S BB ORR E TCRES L TL U TV E é Bilinear ojl BRB
BAEA BB EN S 720, 27 8L SMEE # i & A o M Bamper e .
T ATHSE L CTHNTIRE ST 2 2 v =T U b U TR 2 >L’1N
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W IOSI9) = 2% L C Damped braced tube 1%, $AE.A U v b 2VEER rBraced tubL: } (b)}Da}mp}ed e
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JEJERIHR 7 L — A BRB)E, 6 JE ST 2 A s 2 R A KL
PERZ LV R—=FX0EDERMBND DN, HRMZiTH Y,
Damped braced tube 23 K § 5 ETAHBTENEE D & TREND,
LU, BRB DAL SRR, ZRMERE@)~(0)Z T2 LoD
FAbLHIBTE 2R T =L DHAE L RAATH S,
EZCARMFIE, F =N RN FICAE B L7z Damped
braced tube I iX 71 DM AILFE & B A, [RFLR BN S ERFMERE
Miz1T5, £ 2~3 HTHE, MEEY & BEMIEEE R~ &
D 4 FETUE, FHRMREZ A 7, RS AW, 2 > MEE,
B N— KB, v /3 —FEH7)Y Damped braced tube OB JEE
PR A IR BV RV & MR IR BRI ) & & o X — A R 2 R
W5 R DBEMNT D, mEDSETIX, X o3 —%RkiicE
FBLIE T 535G OME 0 et L, ke —ERELE T 5 5E OB A
LEY, E LIcBIRRE R EOHIK 257 L& v N —8 A %
f/MET 5 BRB & A A VA L S — DA T OREREZ RS,

2. BEMRITHE

2.1 BEBRVOEIERE

Fig 2 I[CfE @ &~ 3, JREEMIL, STk 3) & AMFFE I L —
Al L7=—30 97.2m D REEI Y I 5T V-1 (Fig.2(a) % A 3 2 B &
& 396m OFEEEEEEES 4m, SFEE 599GN)E T 5, AWET
X, IS E DN BT D X D I A T T L — AT KB (Fig.2
(¢))Z E4 T 7= Type B(Bending, Fig.2(d1)~(d3)), H A2 23 54
HEICT LA E T — A RS L UTEREF L 72 Type S (Shear,
Fig.2(d7) ~(d9)), Type B & Type S O D ISEMR 2R~ & 9 1T
#+ L7 Type M (Middle, Fig.2(d4)~(d6))?® 3 Fi¥HD 2445 % FH\ 5,
Table 1 (#4560 % 7”97, Type B O 56 0 I L FEA G O T
TEYLRI%TH Y, TypeM & Type S DIk &1L Type B % 2LYEIC 3
FICFER T A AU v MESSH o=1.0 O 1 KEA BT R%M
(6.35~6.58) ORI WA T AW EL ree(2.2 BB RS ETCTE 5

T A R L7, REREBMIE LV | OHUERTE, WA T T L —
A%, Figd ORI AR OBRGH A7 Mo 1.5 FoHER
IR L CHME AR TE 2 KOG L2, e, IRETTIERS 3
FEDO A Y v FEEEZRT 5720, Wk A D7 L — AFLE T ER
DFHEIZFE-S< Corner A Y v k H(Fig.2(bl)) & Center £ 72 1% Center
& Corner A Y » F(Fig2(b2)? 2 fMEA ME L, W& O A A
T U= AR RO EA O EBISE N R S CTh D I L AR
BLTWD, AREHE, SLEOTREONE A 7 v R—f& R »

Mz EH# L 7= Damped braced tube O ENISE R 2 AT 5.
2.2 Damped braced tube Mi&EL/NS5 A —4&

AR DIRF R T A —Z 1%, (FLEMHRFZ A 721 HiEHR), (b)
TIHE O RRHT AW 15, (O)A Y v FREE, RV v FHO
B R B, (e)F AT TH D,

(b) BT AW rps

AREITEAVBEE e 13, BRI F 7213 A WA O 2l A 7
[ L T L7 280 (Type B~SIZOWT, ZEKEAR o T &
KT AMNINE OB OEELERLTARETH Y, TAME
TN GERFER & 28— DN D A 5 2 D B O
WD, res (ZEBEMZ GLIL XS FEBREE AL,
D RRDME LA T 1 IRE— RISE RO HNTIC X 2 THEK LN 5
& AMTIT X D TEER RN 05 DI 0505 & LTS B, 95 & 0
1%, 400m FEHE & EEE O BT TV E2 S Mg AT T LI E
Bt 2 FE NS &, WA ISR DA B O T &g AR oK

Design concept Damper distribution
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Fig. 2 Numerical models and

model parameters

\ X 3V,
(d2) Type B (d3) Type B (d4) Type M  (d5) Type M
Center&Corner

Large overall shear-to-bending acction
Table 1 Member specification

VAVAWAWAWAWAWAWAWAY

(d6) TypeM  (d7) Type S (d8) Type S  (d9) Type S
Corner  Center&Corner  Center Corner
r,:=0.68 r,=0.511 7,0.69 r,=1.66

-

Center

r,=0.20 r, =030

Floor Column (CFT, Built box section) Girder (Built wide flange section) Floor Elastic mega brace (Built section, H B Xt 1Xt2)
Type B Type M Type S Type B Type M Type S Type B Type M Type S

74~88 900x25 110040 1350x50 1000x250%16x22. 73 ~89 400x900x16x36 200x450x14x30

61~73 1000x28 1200x40 1500x56 1000300 16x22. 57~13 00x1000%16x50 200x500x14x40

51~60 110036 1300x55 1650x72 1000x300x16x25 41~57 00x1200x16x60 200x600x14x50 N/A

38~50 1200x36 1400x55 1800x72 1000x400x16x25 | 1400x500%25%40 | 1800x600x30x50 | 33~4] 00x1300x16x65 200x650x14x55

25~37 1200x45 1400x70 1800x90 9~33 400x1400x16x65 200x700x14x55

14~-24 1300x45 1600x70 1950x90 1000x400% 1628 1~9 400x1500x16x65 200x750x14x55

1~13 1400x50 1700x75 2100x100
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I AR L CEME T S, Fig2(d)~Fig2(d) =T L 91, Ak
T rps 1L TFEAEFH L E A Y » MELEIZ LY 0.08~1.66 (2534 L, [H]
UEZMHETTH A Y v MUSHAI L TR OBEHELE D T A
AR MR ES L, iFIRED R LT < 22D s,
(d AV v MELE

Fig 2(dD)~dDIZ/RT L 912, AU » MELE DIX 71 O 5 (Corner),
H L (Center) 35 L OV S+ i3 (Center & Corner)?> 3 fifH % fiFt
L, Fig | \RTEFE 2 ST 5 A v RME@E S o OFEEZRAS
Do TIEL, HKATIE, $AEA Y v FARORRIZ MR & E
D07, FEREHE OIE Y OMARETIHEAY v & GLETFE
P52 ENEREEHLVELHBILTRBY, RIS FMRLE S E
LCa=022% (GL5HHZ T 5 KOFEERA T T L —AN5% 5 IRHE)
ZEAICONTT 5,

(€) AV v FNNDF L /=K B Ah

AR REGAL, F—FKEFOX =% A v NNIZHEkE
—BERCLE T % 85 A (Uniform, Fig2(el)), ©— 7 J@RIZEEA % i/ IME
THEIICH R —F AT v FNIZIE—FRALE T 5 %5 A (Non-
uniform, Fig.2(e2)), F# & RIBRIZRFERIEIZ & 2 S — A LKL E T 5
%56 (Centralized, Fig.2(e3))? 3 FSHZMFIT 5, I —BRACLE
EEFBE LS VR RER R IF OB 49 5, Table 212 0=0.22
DO T L—A 1 RETTRHRIE D — K72 ) O & N —45 58
(FANL =TI Y UV —T 7 E F,, BRB IZMIRE F)%rRT,
AR TIE, F#FEE RSB T 208871y 7 E2BEL, TF
IFFEHAREL & 2 515 1200MN £ CHgHEME &5, 728, filx
1£ 13 Centralized DFINZ77 T 6000x4 1, 6000kN #k & > /3 —4 K%
HKRCTIADTL—AL LTI ZEERLTND,
() Lo X—FfE L €T 1k

Fig3 IC & v 8 — DR EEMBGREZ R, & o=, KtEREs
Bilinear BRI T 2 A4 A L& L 3—(0il) &, [BRER O MEIE R 7 L
—ABRB)Z MR LT D, A AN = TR 2 ) ) — 7
v=30mm/s, 2 WCEMEAR UL p=0.012 Z V5, BRB O 13 Kb
FINEKEIG L 72 SN490-UBB(FEIRTE £,=0.196%)% F\ % ©, BRB D
W k= {(L/Lo)F2(Lo/ Lo)(Ay/A) Y (EA/Lo)E, EbF OB ER & VB
DML A /4, & 2R LB OR S L/Ly K0, WP
AR OO 72 "CHHE S A WIIE DK 2 {5 £ CsE© & 5 m, Wkl
HOEGHKT L8 MOND, AFRFHT BRB 2N EFEMITEA
SNDHBECEAHEOMEY D L HVWLEND L/L=02 &, EX
FNCHIPELES 2 & < L7o L/Le=0.5 Z il d D, 4,/4,1305 &35,
23 AUNR—DEAEBRLEAEANYE CPEDCHHESE
KHFFED 2 N—E AN TR RS R L TAHA N Z o /3—130 )7
M/MN, BRB30 /5 ['J/MN CEHHET 2, FRHEHIZH A =T —~DET
U 7R A G LTz 2021 B RHUIB OB G D HZ Th 5,
BRI B SF (A A NVE 28— T2 ) ) — 7 Wi H F,, BRB (1§
Rl ) F, OGFHZEH N LT ER D2 %2 5 CP (Cost performance)
K () THE S D, BEMEREIIAINBEE (%), 2V v M 2T oRE)
O O JE WHEIHEE (%) F 7o 13 HUR IS AR (%) & 95, CP i1 L HLALA#
YRR D72 OMEY U N—HABRHATHY, EA/NI VT EEM
KRN T & (M OPEREANES FTHE) &2 R TR & 97 D,
CP= Xy /X—8 AT | #EMERE [F/%] )

2.4 BUEMITETIL
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Table 2 Total and unit damper force relationships (a=0.22)

SF Uniform >¢F per brace Centralized >¢ F per braces
(MN) | Center&Corner (kN) | Center (kN) | Corner (kN) Center&Corner (kN)
300 1103 2206 6250 (= 3000%2)
600 2206 4412 12500 (= 3000x4)
900 3309 6618 18750 (*4500x4)
1200 4412 8824 25000 (= 6000x4)
Force Equivalent linear ‘ Force
L
Cd«‘r/ :
4 ! Foue | omome o phi -
Famar|l - ____ piCa —— o s - |
77777 —_—— i | Fy f---+--7 |
F, - | B |
N Bilinear 1 k”,’ I !
CI,I i ! !/ ! !
I"I / i I'I | Complex stiffness (d+bi)k,
L, i Vel. ) ! | Disp.
vy Vinar (= aVr) Uy Unax (= Qity)

(a) Velocity vs Force of oil damper (b) Displacement vs Force of BRB
Fig. 3 Nonlinear property of dampers
1 5

25
@ oil < | |leoi A @ oil
__2{l aBRB s (0.8 A BRB %o “ 141l A BRB o
= . s e b
s 10% A Eo.s 20%4] E3 -10%
T 0 0 [
2, A‘*HOA §0.4 +30% EZ e
= 3 & % & %o8 +30%
0.5 ¢ Z0.2 ° Z | 0
0 0 .
05 1 15 2 25 02 04 06 038 T 2 3 4
GRSA Sm) GRSA (rad. %) GRSA (m/s?)
(a) Roof displacement (b) Peak story drift (c) Roof acceleration
Fig. 4 Comparison of GRSAs and NLRHAs
Sz Lo Lo
,_\10 — (1-B)(1-8,) ((d,)(0-y)
Né £=0.05 3
= , i (-7
S5 Design  El Centro | F (1)
s .~ Spectrum JMA-Kobe 12
L Hachinohe n I
o 1
3 '/ Taft F, by 7,
< 0 TR
0 2 4 6 8 00 0.0
Natural periods (s) eight of Weight of
Fig. 5 Response spectra : n, F,
of input ground motions Design variables on
Section 4.2

AEREPIINR T IS ET LT D, AT ER, kA
HT VL= L b7 AERTET L L CTHIGT D Wi T & i Ed
%, CFTAEIZENE L Fedia v 7 U — NI B LS 72 Wi fE & 97
i RE— A NERET D, AANANE A= FTHMS a2 Ry
N, BRB XV v 7 EHETET MT 5, EEILHNAIRZRET 5,
BRI EYEROE RARTET D, ERMTMII 2 THEL 35,
2.5 HEMHKTFE

EAEFRAT TR — AR B A7 D VRN IR (GRSAT) & e
JEEJESEFENT(NLRHA) & AN 5, LEBIEA T WI O W1 751 & B
BATHNCHES< Rayleigh B E L, 1R E 2 ROBELIT 2%ET 5,

GRSA 1T H RIGE I3 % Damped braced tube 0Bl IE
PERTAIIC VN 2, GRSA 1343 BA MM & 0B A7 S AEDIL
BEIHE A P Lo —EOBEMITHECH Y, & —H DR
TEME IS MBI OIBGHE I L - TR S, RIS S
AL ST EHR 2 S TIRE R O R FE A E & EIE CQC ik Ic k-
TRl &L, A A NVE = T KR O WL = L — D
FEAMPEIZ IS < RIT & o TEMBIEHVERE Cu?V % AT 2 %A
BRI REIE B2 B 4 X 4, BRB IR KRR R I 23 & Sk
a EAREBRAAEIEE b &R Al U EERIEE R Q) ICER ST
GRSA IZ#H &b, ZOMMOFERIT SR 17)~19)I27 7,

Caeg= {Papta - pat1)* + pa- 13 Cy | (Patta)’ (2)



(a +ib sgn w. )k, 3)
NLRHA (X GRSA ORGEEMFEIZ AV, B AN DOF AT Newmark
BiL(B=1/4)% H\ %, NLRHA [ZJEEBEIIC X 5 KA & A ndh 7
(2 & 2 ER DBATRINE 2 B T 5,
2.6 ANHEEHIEL GRSA DREE
Fig.4 |Z GRSA & NLRHA D Hik%, Fig.5 (2 AJJHIERB) Dk i
JISEARY bR, BER NTBWT, REEHED LD 22y
RV G D 7 A @ IRE — RIZ KD t’ﬂ%ﬂ%ﬁkmﬁﬁ)k% <75z
EDNHBHLTEY, ARFTIE, EEEERE 1457 5 Po%EHA
AN NS LT AR ES) 4 J(E]l Centro, Taft, Hachinohe,
JMA-Kobe, AR (5770 & 9™ 5. )& IV %, Fig.4 1% Corner, Center,
Center&Corner @ A Y v |k fid & (¢=0.0, 0.22, 0.50, 0.78)Z, XF
=300, 600, 1200MN O 4 >/ 8— Z Jifsi —FRALE L 72/l 94 el L C
W%, GRSA % NLRHA % #J-10%~+30%0 & 75 HiJH T2 Ml
WRDZLEMRLTEHY, LIBEIT GRSA O RCEHHIEIS
BV NTT B, 7ok, BAEREILSY VS RE R IF 3D i Jin
BIFTHDLHLOD, AV v bESCAHE ¢o>%ér i&ptﬁb\
2.7 42EIDFE—HEEISERT 2 RELMRE
428iTIE, RV v FOEI % =022 TEEL, 5/A~§ﬁ§
EHGMELE LTAY v FINOFX v R—ORE EREREZ ML
TSHEIL, ©— 2 KEMERAZ R/ IMET DI FRELE O &
ﬁ%ﬁm%km:;@Wfﬁé1@61%LM%%@myﬂ@)
AT EBOME Z R T, AV NEE DX KM i IEE R
FiDF 8= n R S D, @GR 0 2 v 7o A
AEMBEE LCRIEL, #HAEBIIXE i OF v _R—DORBOEIR
BB ERBEDEA 5(0<y <) & T 5, BlzEH v R—fAK

B 17(a=0.22), RAEE3ITSMN O 1 2 v FN%E 3 58T 554 T
&, F U R=AREL n=h17, n=B{(1-pD1T}, ns=(1-F){(1-B)17},
BRIT Fy=(0137.5)n1, Fo=[p{(1-9)37.5} /2, Fs=[(1-p2) (1-91) 37.5}V/ns
LD, e LRI PSO ik TR <,

(b) 1st mode
Type B, Center

(a) Ist mde
Type B, Corner

(c1) 1st mode (c2) 2nd mode (c3) 3rd mode
(c) Type B, Center&Corner

(d1) Ist mode (d2) 2nd mode (d3) 3rd mode

Optimize  {n;(f;)} and {F;(B;, 7))}, 1<i<5 4
Minimize  Peak Story Drift Ratio 5)
Subjectto  TF=600MN 6)
ZOfIZ S T, BIRREREEGIFE LY S B AR &

Fo/MbT 2852 R — DA RE(LEZ T 5, 5 5Ri%
Uy bRICHA NVE R —Zedif—RRELE Lo BT L & L, BRGHE
BaBAANT o =DM ETZIREORE L EHK L THHM
GAP & I ThasE b &2 i <o HIAY S OREMNIE 5 ETHET 5.
3. AUN—ELETILOBMGES

FT3ECTIE, X3 —DEEWERE A Y » b X Braced tube D %k
ARHY 7 [ AT BRENFFPE & MR IGE 2 @ L, Damped braced tube OB
RN W TR T N ESEERELZ O - @ T 5.

Table 3 |Z Braced tube @ 1 k& — R[EAA W & MEiS & l(e— 2
JE M2 4 Peak SDR, E— 7§ AW Peak Panel 0, THEMNEH
J& Roof Acc.)%, Fig.7 |28 — NI Rn 528 & il 2 72 LR E)

— FBR & HUEISE O @ S F oM oREF(A Y » MES Sk
a=0.0)7&ﬂ<To Table 3 @ Peak Panel 6 (%, X T-HCE S A72sibE 2 4
7L A& FTAER DI A SR = T RN T AW A
OKFELWEHTHTOERADINOE— 7 ETH 5, FigT(H~h)x
CQCIREMIZED 2K — ROFEE DL ERTRT,

Fig.7(@)~(e)lZ 79 L 91T, 2.1 BTk~ 7 FAERFFOERE Y

Table 3 Summary of initial response of no damper models

Type B Type M Type S

u Center Center Center
& |CenterfCornerl & |CenterfCorney &  |Center{Corner

Corner Corner Corner
1.00 6.43 636 6.56 6.44 6.53 6.45
Ti(s) [022] 912 178117561 722 16851667 661 | 652 648
0000 103518631803 778 1743715 682 [ 6.64 [ 659
Peak SDR |-L.00 0.66 0.65 0.53 0.53 0.56 0.55
. 02207090 T080T 0771062 10591056 0356 [ 0356]035
(rad.%) [0.00] 0 821 (|)30 76 | 07210 570 gI)Oo 59 056 0 551 I50 551054
Peak Pancl LL.0O . 0.90 . 0.79 . 0.89
e 020 123 [ T30 [ 136 071 [ 082 [ 073 005 | 097085
0 (rad.%) [0.00] 114 [ 131 [ 1291 0.66 1 0.82 [ 074 0.81 1079079
Roof Acc. .00 439 457 4.01 4.05 417 413
, 0220223 T420 445 410 [307[397] 407 [305[400
(mv/s?) 0000364 130614211355 (36713781 363 384138

(el) Ist mode (¢2) 2nd mode (e3) 3rd mode

(d) Type M, Center&Corner (e) Type S, Center&Corner

1st 3rd Ist 3rd
300 Ist 3d - [ee ) 3rd
B
= CQC
EDZOO
2 cQC
100 CQC |
2nd 2nd
O0 05101520 25 0 0204 06038 0.2 04 0.6 0.8 0.2 0.4 0.6 0.8 0204 0608 1.0 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3
(f1) Type B (gl) Type B (g2) Type M (23) Type S (g4) Type S (h1) Type B (h2) Type M (h3) Type S (h4) Type S
Center&Corner Center&Corner  Center&Corner  Center&Corner Corner Center&Comer ~ Center&Corner ~ Center&Corner Corner
(55 =0.08) (rps=0.08) (rzs=0.20) (rzs=0.51) (rps=1.66) (rgs=0.08) (rps=10.20) (rps=0.51) (rps=1.66)

(f) Lateral displacement (m) (g) Story drift ratio (rad. %)

(h) Lateral acceleration (m/s2)

Fig. 7 Mode shapes and seismic response distribution of no damper models (a=0.0, full slit)
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0.8|Type B L/L=0.5
0.6
s .
041
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1.0TCenter&Corner rps=0.20 | [Center | |
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041
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0.6
S
04
0.2
0.0
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Fig. 8 Contour plots of 1st mode damping ratio

AV MREIZILS T Type B XTI, Type S 1 AWLE DR
R L, TypeM Ll # o H M 72 IR B MR 2 79, Fig.7(f) ~(h)IZ 7=
FTEROIT, BAUEET 1 RE— RBEBET 5, IS EI T ke
— R EB LIES TR E 2D, £2, MFICENElT 254
(Fig.7(gl)(g2)) Tix BJ@ T, T ABNGE D itk 3 % 55 (Fig.7(23)(g4))
THEFETEMAEANRRKREL RHMENICH D, ok, ¥ /3—0D
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Fig. 14 Dynamic response characteristics of centralized distribution in damped slit (Type B, Center & Corner models, a=0.22)
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Fig. 15 Comparison of reduced damper cost and dynamic response characteristics (Type B, Center & Corner, 2F=600MN)
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Optimization results Optimization results

Oil damper braces (4400 kN) 00 kN)
/. /'BRB (4400 k B (88 = =
(al) (a2) (a3) (b1) Removal (b2) BRB (b3) BRB | (cl)Removal (c2)BRB  (c3) BRB
Fully Oils  Fully BRBs Fully BRBs (Twice size) (Twice size)
(ZF=600MN) (ZF=1200MN) B)&>5.0% ©)&>70%
1.8 3.6 2.8 2.9 5.1 4.1 5.0 6.6
Damper cost ( {i& JPY) 7.8 (-76.9%) (-53.8%) (-64.7%) (-63.3%)  (-34.8%) | (-47.1%) (-36.2%) (-15.8%)
Ist mode natural period 7, (s) 7.25 7.23 6.87 7.76 7.32 7.10 7.73 7.41 722
1st mode damping ratio ¢, (%) 11.77 391 3.09 533 5.02 5.13 7.37 7.04 7.00
Peak SDR (rad. %) 0.459 0.602 0.560 0.624 0.581 0.538 0.603 0.537 0.589
Peak Panel 6 (rad. %) 0.967 0.851 0.775 0.973 0.818 0.760 0.913 0.758 0.756
Roof Acc. (m/s?) 3.436 4.195 3.859 3.725 3.805 3.682 3.812 3.754 5.722
Strain demand of yielding zone (%) N/A 1.850 1.146 N/A 1.867 1.418 N/A 1.851 1.515

Fig. 16 Optimization results (Type B, Center, uniform-distributions)

Optimization results

Optlmlzatlon results

£ A 111 11
Optimization problem § ‘ g S § %
Minimize damper cost < < % < s
Subject to Peak SDR < 1/150 rad., Ei Ei i = S
Peak Panel 6 < 1/100 rad., 5 5 = s 5 Z
Strain demand of BRB < 3% = = - i - S o
and &>5.0% (Type B) : A B 1L
2.5% (Type M) = = == 2 o
B 7 B B i 7
2 2 o E S EE
= =2 : N be
Oil damper braces (2200 kN) 7 Z Z N
Ezzﬁgg ﬁgii I ZH ;BRB BRB (440 gﬁﬁRB HEEgﬁsz
PR RD P e e e
(al) (b1) Removal (b2) BRB (b3) BRB (cl) (c2) (d1) (el) Removal (e2) BRB (e3) BRB
Fully Oils (Twice size) Fully BRBs Fully BRBs | Fully Oils (Twice size)
YF=600MN) (ZF=1200MN
WTypeB )¢ (B) Type M
6.0 43 4.8 1.8 3.6 23 3.6 4.8
Damper cost ( f& JPY) 78 (25.6%)  (452%)  (-38.0%) | (-76.9%)  (-53.8%) 7.8 (-70.6%)  (-543%)  (-38.0%)
Ist mode natural period 7, (s) 8.90 9.10 8.78 8.35 8.61 8.17 7.22 7.23 7.16 7.10
Ist mode damping ratio ¢, (%) 7.11 6.16 5.14 5.06 3.90 4.43 3.24 2.55 2.53 2.55
Peak SDR (rad. %) 0.616 0.658 0.657 0.660 0.673 0.574 0.546 0.601 0.569 0.556
Peak Panel 6 (rad. %) 0.844 0.894 0.889 0.889 0.892 0.823 0.626 0.687 0.665 0.663
Roof Acc. (m/s?) 3.544 3.516 3.515 3.592 3.784 3.822 3.497 3.939 3.741 3.730
Strain demand of yielding zone (%) N/A N/A 2.039 1.770 1.871 1.578 N/A N/A 1.057 0.966

Fig. 17 Optimization results (Center & Corner, uniform-distributions)
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