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OPTIMAL DAMPER DESIGN STRATEGY FOR BRACED STRUCTURES
BASED ON GENERALIZED RESPONSE SPECTRUM ANALYSIS

FERET W
Yuki TERAZAWA and Toru TAKEUCHI

This paper presents an optimal damper design strategy for highly indeterminate 3D structures utilizing computational optimization and response
spectrum analysis, which has been extended to incorporate non-proportional damping. This enables a more efficient design process than trial-and-
error approaches with non-linear response history analysis. The efficiency of the proposed design strategy is verified, analyzed and discussed in a

series of studies using an existing lattice tower structure, popular buckling-restrained braced frames and a concentric braced frame skin structure.
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Fig. 1 Proposed damper structure design routine based on GRSA
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Fig. 6 Comparison of GRSAs and NLRHAs
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Fig. 7 Lattice tower model schematics
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. Crossing Mutation Inertia | Personal Best | Global Best
Selection L. -
(Rate) (Rate) w Priority ¢ Priority C 5
Tournament Uniform Shutffle Index
1.0 2.0 2.0
(3 inds.) (60%) (1%)
RN TH D, LWORBRAIEIST 2, E7z, [REROMA TR

PEL =5t b LTEBERARE e bt d 2, 7ok, BEfFdE
T 1 BAEEN T2V, DCR R No BRB @ Diagonal D



1G to 3G (Ground level)

IR to 3R (Roof level)

(a) L15-G-SDR (ex. response to 1G)
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/ o~ Diagonal
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15 Floor Bracing
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3§ Diagonal
¢ [=NLRHA S
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(d) L15-R-DCR (ex. response to 1R)

Fig. 11 Layout optimization results (BRBs are arranged in 1F to 15F)

BAORT LD, THITBEFRE TIX, NLRHA TR 72 E 25
H SN2 ZIEIC BRB ICEBT DB TThN 220 Th 2,
o T, REXKGIFEL, BfFEOBmFR LV ELL, KRV
fif 238 F 72 2 L &Rd, 728, Fig. 11 ~Fig. 13 @ DCR BRICTRT &
912, Diagonal % BRB ~{&##19 2% Z & T, Diagonal 721 T72<
Column X° Beam H¥—ICHENREIND Z BN 5D, Zan
BRB |2 X 2 JH0 M O IR (E = — X5 A2 " L T 5,
—07, 1 BORITEME S 10m 2B, SEARZ LT
W5 72, Fig 11 IS 3 K ) 7 il fif 1, IS BRI R idm < & b,
BEAFIAM OB e E T T2 B8 T 5 L EBBHELWRE B F 2 5.
2T, REEEF ~ 2F) &2 2 5K A BN 5 &, Fig. 1212
AT LI, EEbEREIE SO BB TYH, BFERE LR
BRI e U 72 S8 2 R T 5 2 {8 14 28 S W AR L 2 SR 1L 7o, RIS Gl
& NS4 % EA(Fig. 12(a)(b) TlE, ERIZATEA & HEIE R E
EB DB EfFIE & R CRLE DM R & o 7,

3.3 &i#BRB A= & BIFSUS A D LLEL (BRB B2 E (X EE)
Table 5 & Fig. 13 \ZA R ORER 2R T, AR iR
bTIE, HRIREIC X 2 AR 2R PR Sz, Table S IR T L9
(2, JEMZIEAA(SDR) % fi/MET 25813 B2 > TR 123 5
<720, BEEJFRBEM(DCR)Z F/MET 2 8556 T R m - it
NBEL T2 b, FEMZR AT IR /A2 5 b 0D, DCRICEET 2 @A
BEAFIE & xhisd 5, 2 OfE R, BEAFUIEIZI T 5 5l 0% IR
I, “HR DM ER 2B <7 v D BIIC & o TH B e filiRE
HTholZ EERET D, 3.2 IR RE R ORI D B E
T5 &, BEfFUEIT R E A 2 e Mb S D B E I A A
DERMRCTH-T2EbF 2D, £, EIEMEY & OEBRGEL Y,
TERT DR FIEL, RIS A AT 4 T8 CHIEE 3 2 Resiak it &
[RIFREE L LIS B 222 B 3 PRI T E D,

AR LIz K 9 0e, Balfbat RITRGHEROBE L LT, f%)
IREE LA EOMEE Z T CTE D, TDO—J5T, IREffoOFEMIE
B L ICHIERIE AT D 2 e D,
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3] Diagonal
3 é Max. 3 / o
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= E i 0.48
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&) Beam
=8 —NLRHA 5
2 8 SGRSA BNLRHA
2 gt No BRB GRSA
= Existing No BRB|
g 0 002 004 . 1 15 2
8 SDR (rad) DCR

(a) L13-G-SDR & (b) L13-G-DCR (ex. response to 1G)

1R to 3R (Roof level)

o
g ax.
-4 0.02
&
=
2 Di 1
> — iagonal
g SORSA™ NLRFA]
e No BRB GRSA
Existin, No BRB
0 0.02  0.04 0 0.5 1 1.5
SDR (rad) DCR
(c) L13-R-SDR (ex. response to IR)
15 o

Floor Bracing
Column

2 Max.
2 4 0.018
wn
sl &
RHA|
3 (OGRSA

Existin,
0 0.02  0.04

/Bcam
SDR (rad)

Diagonal
8NLRHA
GRSA
No BRB
1.5 2
(d) L13-R-DCR (ex. response to 1R)

Fig. 12 Layout optimization results (BRBs are arranged in 3F to 15F)
Table 5 Detail of distribution optimization results

Demand Capacity Ratio (buckling)

L Damper Size (kN)
Minimize Tnputs 7T 8F oF ToF TiF
- TG 3G (D-GSDR | 140 To6 | 227 | 207 | 218
TR to 3R (D-R-SDR) | 140 162 196 197 180
. 1G03G (D-G-DCR) | 215 187 160 145 | 201
TR o 3R (D-R-DCR) | 241 185 205 120 140
Txisting Retrofit T8 198 T8 62 44
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1G to 3G (Ground level)

1R to 3R (Roof level)

Floor Bracing Floor Bracing
Column Column
O‘\/ _/Diagunal
2 Max. Max. Beam
= Max. 0.52 0.018
~ 0.014
.“E L gnt
= 3 o u!
Q>s Beam Diagonal
=] RHA]
2 SORA™ NLRHA] OGRSA 8NLRHA
z No BRB GRSA No BRB GRSA
Existing No BRB]| Existin, No BRB
0 0.02  0.04 1 1.5 2 0.02  0.04 1.5 2
SDR (rad) DCR SDR (rad) DCR
(a) D-G-SDR (c) D-R-SDR

Floor Bracing

Fig. 13 Distribution optimization results (ex. response to 1G or 1R)

4. BRBF OB EN it &L ZEM L RBEREHED LEBRIT

ey T BRB {4 #H(BRBF) % %42 % H B D4 & o3 AT fcidifb 2 5
Wi U, BEHERY 70 BB RR AHE L R R FIEZ i L TR 2 MEET 5,
4.1 REHME

Fig. 14 ([ZET NV ZRT, 3 GlE ISSI v == 7 /v YD FI Y
D4BEI0BETNVE L, AEZEFHmPREmEZmMLT 5, &
(L 78kN/m* Th 5., FZEMEERIME ke %13 Table 6 (2”9, Z2°C
% BRB OFBEHMICERT 20 BEIXEET S5, KEORTHE
BIE - B0 O A CHEMELE 23 E LT A REHRIUCHE S 95,

SCHK 5) T, RO FIEEAT, SDOF )25 UER 722 fic i i 7t &
LTERMAEN TS, SDOF EITEAH Ty, HEE Mg, 5 S Heq D%
i 1 HAERZ AT, &= kg LWk R IS < RAK
AR (R B & VER L, BLEERY « BRI & VR —@kEH T & D,
72%, SDOF 1%, ZHHER~OEROREIEEERH 0, Hix
RFLEARINTE D, AFEE, F0 1 BHEROIGENS A IR
ERTHTDEMWEL, HEEEMFRORMIMEL ke/ k—E DL T T,
ZoRT(EMAIE A, IR 22 AMEROABICHAGET 5 F
B ol bEH A & T 5, ZAUETFEDS SDOF ik & L CTle b 1l
5y Do FERER (FEZRAERIME DY A AT Sk LS & 3 2 AR C ot
iz 5-2 D) B 212120 Tl D, *T 2 B it HiL 2% B 00k 7
i b (MOPSO™) & FIWNC, £ 11 H B SR IS AR A MR B AR M
DHMRFEL, E D% SDOF ik & i35, A8 x OkcidEHTH
D, /X7 A —4 (L Tabled LAKECTH D, 75, %Al 1 B HREROME
REHIHR 1L ADM DS AM#IZAL & 0 Al L 72 2,

B EFROZ A BERET LI, 48 BRB OWrmfgx HiE L
CINPE— 5 2 fifE L, SDOF i& & &iha Gbt b, il{bitHo
FRBIYAR O %GR RS )1E 200 kN LLE(100 & 7213 250 kN %]
7#), SDOF {£(X 0kN LL |- & 9%, SDOF VEIE LFCITHE i 77 A3 Hefail
fidsy S D0y, HafbEt i34 BRB FEAM L CRERT S
7o, BB BB S ND, 3 =L OMEOATEKAEMEI T L
Teledh, RETEMB AT ORRGH A7 FV(Fig. 15) TISE L L,
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(d) D-R-DCR
6@ 6.4m
I
"550%22 mm
JSSI theme structures (Moment Frame) f
Column: Square Hollow Section™! \550x22 mm
Girder :. Wide. Flange™ ™ 550X2‘2 mm
*1 Section unit : mm —
*2 Girders consider the floor rigidity. R350%22 mm
*3 Fixed BRB layout f
g 600x28
4@ 64m Y \#n
: S \600x28 mm
400x16 mm !
g T 600x28 mm
<
® 450x '9‘ mm 650%28 mm
A
N450%22 mm AN 650X2‘8 mm
£ £ ‘ _| BRB
R3500x22 mm e N 650%28 mm
(a) 4-story (b) 10-story
Fig. 14 JSSI BRBF theme structure model schematics
Table 6 Story stiffness specification
To M eq H eq kﬁ (kN/mm)
G o] m|[ 1 ]2]3]a]ls5]e6]7]8]9]10
4-storv[0.97] 671 [ 12.6 ] 61 | 8 | 75 | 51
10-storvl 1.39] 2803 [ 29.4 [ 168 255[251[232[22712201184] 1721601135
2 ANon-pareto area
20 i
IBRI-L2] Optimization B
£=0.02 direction Performance
3 Curve

S,p = 13.8 (m/s?)

0 05 1 s
Natural Period (s)
Fig. 15 Design spectra
(BRI-L2)

1.4,
O Proposal A ky/ki=2.0
®SDOF | -

1.2 I 1.0
1 R
v
o508 it 5. s
i Optimality : 0.95
0.6 Optimality : 0.92

Optimality : 0.81
Optimality : 0.83
Optimality : 0.69

0.4

.pz

P *~Optimization
. direction

e

Pareto
Non-pareto area

Pareto area

Y »f
(a) Performance curve in MOPSO

@ SDOF

1.0 No
.~ 05 BRB

1

0.9
©
* 07 Optimality : 1.08
Optimality : 1.00
Optimality : 0.95
0.5 Optimality : 0.83

Optimality : 0.85

0 Optimality : 0.70 Optimality : 0.76
0.2 0.4 0.6 0.8 1 03 05 07 09
Rq Ry
(b) 4-story (c) 10-story

Fig. 16 MOPSO results



BURIE OATABREE PR U T3 2, O BRIBI%n =1)
B L= T ThD,
4.2 ZEHMAMERELEEEEDLE

Fig. 16 (22 B Wil O 54 7" 97, Ry & Rald BRB B ARG %}
THREMERA L R— AT ORRKIGERBLLTH D, TR
J& RIZS T4 O e KB 122584 5 73, Ryld NoBRB D KJE(4 &, 10
J8 L& BT 1) DRE R A TR IT L CRT, % H N
bl S v — MEGEMEE S (B BB b L — R4 7 BR) &2 R T
LFETHY, KialdHABEEZER OIS L — Mgk, Fig. 16(a)®
BRI RT LD, 2 — RGP, po) CIRABAIC KR L CTEH
Wfcif U, PEaRdh 2k e iRE Lz, RKICRT L1, £AM
JER b PEREHIAR A A7 L, MOPSO {E D il (L iR CHREARETH 5,

Rg- Ra I R 7> B 0 R A 38 M 4515 (Optimality) & L C, SDOF
15 & o bEH A o fe i & i3 %, Fig. 16 1> @ M €13 SDOF 4
D fE % GRSA TISEFHMN L=/ RTH 5, I fif o FEM X
Table 7 {2774, EL (T fAFDZ @D BRB RG-S, aHHiDH
TISENRETHD Z & &2FT, Fig 16b)I=T X H1Z, 4 BT
I bR & SDOF B FIARE O itk 2 oA B MR & %t T
ETWDA, Fig 16()IZRT L 912, 10 B TiX SDOF kD i 23
RRHE D, RETNAD IS, B 1 ERIMEROEWIE, —KICT
JE> BRB Witk L mEEZRKELSTHHBRENE S, Lk 5Tl
SDOF DM & (B AW 1 55 A 12 53 < BB /oA &7 2 /X — il
PEOFENNIRE SN TS, Table 7 1283 XL 912, 10 O R
SEIE T O X v St & & DN ERIC®EN -, £ HAmE
FROMEREMART Z ORI Z AT T D EBEZXHNDL .U ELD,
BereEn S 18m LA D& Tl b Hifli 22 JLAERY 72 A D SDOF
ETRY RS N —RERHTE D0, K 42m 2L EOEY Tl
LRLOME EBE T 5 SDOF IEOM AN HER IS, 72720, [FF
B, SRS 1 B RERPOEBT 5550850, MIME
e E DG ST D726, AR TIHEIR L T 720,

% HIIGE L IE 4 8 TH 10 2y, 10 J8 THY 2 BRRE o> 31 IRe RS 2 3
L7z, 7235, Optimality 72 & # H B E X, BRZEEA L
— AV T HRFERICR/MET DA BHERER TE L L ExBRD,

5. NRBEVORBEREMROIER & FBILFHHTE

2~4 T X VARET DG TR Y A SR A O F i iR 2 358 T
&5 LR SN, EICEZEE AR B ERIZ, XN
—ELE & ETe, L0 EMERME EREIL AT, RORHE & SA
I 7o R E & 0BT L, SO BC AR 0 v RE M & BREE 5,
51 BEEMERELHEOME

Fig. 17 \CAVEEM & /R, SHGUINE B3 4 SN 1T840 LTS5k
WS CTh 5, IEEEY CIXEIE - ZEOHIER L 2T L —
AEEZRFTE D, £9, AT T, Fig. 17 O RO V€T
MR U, SRSy OB B % FACRA AT A F R O K FATE C,
=1.0 #4808 L C, MEROLENE T L — A4 (CBF) %35 LT,
HBALEE ICIE Table 8 (27”9, Fig. 18 |[CELBUEA T — F&mRd, Fh%
S EAMASEE S, BERMIIXIT 57 L —2A0RENK
&\, Fig. 19 OFIZ/R$ X H1Z, CBF EtE»E <, BRAEA
(SDR)IFAY 1/200 rad 72723, JEJEAREM(S] HHITHR K DCR &2 DfF
BT, WX 1 A D, RO AL (Frame) LA 3 1/50 rad % #

Table 7 Optimization result (EL means non-yielding)

(a) 4-story
Ka ki Metl'lod BRB size F gi (kN)
series 1 2 3 4
05 Proposal | 500 | 300 | 200 | 200
. SDOF | 282 | 229 | 200 | 135
10 Proposal | 700 | 500 | 500 { 500
. SDOF | 423 | 343 | 299 | 203
20 Proposal [ 1000] 500 { 500 [ EL
. SDOF | 564 | 457 | 399 | 271
(b) 10-story
Ka/Ki Method BRB size Fgi (kN)
series 1 2 3 4 5 6 7 8 9 10
0.5 Proposal [ 1250 700 | 700 | 450 | 450 | 700 | 450 | 450 | 200 | 200
. SDOF | 454 | 394 | 388 | 358 | 351 | 340 | 284 | 267 | 247 | 209
10 Proposal | 2000| 1000] 1000| 750 | 750 | 500 | 500 | 500 | 500 [ EL
. SDOF | 701 | 609 | 600 | 554 | 542 | 526 | 439 | 412 | 382 | 323
20 Proposal | 2500 1250] 750 | 1000] 1000| 1000{ 1000| 500 | 500 | EL
. SDOF 1949 | 824 | 812 | 749 | 733 | 711 | 594 | 558 | 517 | 438
2 3
& Center Core 2
s — 1 1 2
=Y I I I
CRIKIRS | o
./ H-1000x300x19x32
CHRRHRKR it
4 \I/\I/\l/\l/\l/ 3 .,:'. Story Weigt : 7.3 kN/mn? (RF)
| . | e 6.5 KN/mm? (~15F)
I 48 m (6@8 m) !
Fig. 17 CBF skin structure model schematic
Table 8 Initial member specification
Column M Girder M M Brace
Story|  SHS pe Wide flange Pg Po CHS D/t | Rank
(BCp325) | KNm) (55400) (Nm) | /Mpe | (TR 540)
15 | 500x25 | 2,490 | H-500x300x12x22 | 895 [ 0.36 | #267.4x6.6 | 41 | BC
14 | 50025 | 2,490 | H-500x300x12x22 | 895 | 036 | ¢$267.4x6.6 | 41 | BC
13 | 500x25 | 2,490 | H-500x300x12x22 | 895 | 0.36 | $267.4x6.6 | 41 | BC
12 | 50025 | 2,490 | H-500x300x16x22 | 945 | 038 [ $267.4x8.0 | 33 | BC
11 | 500x25 | 2,490 | H-500x300x16x22 | 945 | 0.38 | $267.4x8.0 | 33 | BC
10 | 500x28 | 2,717 | H-500x300x16x22 | 945 | 035 [ $267.4x8.0 | 33 | BC
9 | 500x28 | 2,717 | H-500x300x16x22 | 945 | 035 | ¢$267.4x9.3 | 29 | BC
8 | 500x28 | 2,717 | H-500x300x16x22 | 945 | 035 [ $267.4x93 | 29 | BC
7 | 500x28 | 2,717 | H-500x300x16x22 | 945 | 035 [ $267.4x9.3 | 29 | BC
6 | 500x28 | 2,717 | H-500x300x16x25 | 1,034 | 0.38 | $318.5x10.3 | 31 | BB
5 | 500x28 | 2,717 | H-500x300x16x25 | 1,034 | 0.38 [ #318.5x10.3 | 31 | BB
4 | 500x28 | 2,717 | H-500x300x16x25 | 1,034 | 0.38 | $318.5x10.3 | 31 | BB
3 | 500x28 | 2,717 | H-500x300x16x25 | 1,034 | 038 | #318.5x12.7 | 25 | BB
2 | 500%x28 | 2,717 | H-500x300x16x25 | 1,034 | 0.38 | ¢318.5x12.7 | 25 | BB
1 | 500%32 [ 2,993 | H-500x300x16x28 | 1,126 | 0.38 | $318.5x12.7 | 25 | BB
[ZaVzaNzaAYzANravZaN) SVANTANZANANTAS AN A A TANAN A

NN\ N4 1\
VA‘N’A‘VA‘VA‘VA{
NS ININN
KNINANZNPSK)
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NN N
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WANVANVANVANVANVA

CNPNNZNZNZN]
NSNS
PNPNONONNN

2" mode

0.25s, 16%

Frame
@CBF

5% mode

0.14s, 5%

3.

1% mode
07s, 81%

Fig. 18 Dominant modes (natural period, mass ratio)

x
E
&7 1.46 0 05 1 s
5 (DCR) . Natural Period (s)
Fig. 21 Response spectra matched to
3 Japanese level 2 design earthquake
1 Table 9 Optimization algorithm parameter
0 001 0.02 Selection Crossing Mutate Mieration
SDR (rad) (Rate) (Rate) e
Fig. 19 Initial Response ~Tounament | Uniform | Shuffle Index Random Ring
(El Centro) Ginds) | (60%) (1%) (2 inds., 6 gens.)
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Z 5. LA EOLEREZ YRR & U CR M E i b 2 T 5,

Bt 7 3 Y X AL GA # V5, Fig 20 ICME A2, &
GA ITRHEM & (BN AEI L, & BTSN L C GA FHR 21T
S TEMICHE BIEERE BT 5, &BITBAEIC LD ZHRHE
MR L CRFTIOR 28 2, AT H 2 RENGRT 2 & REK
EORAEL CEREL LA HRERERMNEINZ T2, AL AR
I8, A8 BT HALTIT O (), € OffilE Table 9 12777,

TEIREAEIZ G5 180 ADSRER 7 L — 2 (29 % 3 Ffi(BRB & #,
Bz, MEZET) L, 1 B BRB {L(BRC &) TH VD, K ARl E
DB TH x (Fig. 20b)Z1ERR T 5. 7 L —ADOREEE G
(5.3 HNTERMEVSICT 572, B 3 BIEIZE 60 ADHlfS:
et D, 72720, BRC @iz G EeMIRE(S.4~5.5 fi)id, ik 2 K
FEAS BRB AL 24 £ % L, BRB I 62 Afil#) &9 5, oMk
FIATRBEBEOME FEIRRT 5720, 7 L— R LRETEENT
KBS, AT O@MBEATRE L 35, x DRITIX 45(7 L — A f
fED ), 49(1 Jg#ED BRC & A 5T0454) Th 5. BRB I 250 kN
(BrffE 1,111mm?%), BRC 1% 5000 kN (Wrifi 8 22,222mm?) & 4%,

F b bR o BE MBI R(9)) 1, SDR(LAFE, Z547), DCR(LA
B, JiEJE), DCR 0~XF /L7 1 £ & SDR, DCR ®~X7F /L7 1 fif & SDR
R AED 4 i L 3 2, AHEEI SRS 3 (Fig.21) & T 5,

PLbEXv, sl bR E 4 #E(5.2 & - BRB 4, 5.3 ffi : BRB
B+ L — AfRZE, 5.4 i BRB ##4+BRC &, 5.5 : BRB &
i+ 7 L — ABRE+BRC B X BRIBIEK 4 Fio 16 ARET 5,
Table 10 (X ZEH) & 753, Fedid ff OO ) BB 12 -2 A9 72 El Centro TR,
5.2 BRBE#RDAZF AL -REEEREDIER

W1 BRB B D A TN F 2 13 % fe/ MU+ 5 Bl & % 20 H1
9%, Fig.22(a)(b)IZRT & 918, ZNAife/ME Tl g7 i giiass —
B9 2 v iEan, I S/ MU TIE A S 7 NS AR PR 5 2 fif
DRI, ik A BICEPEE T D & RIRIA B R AT A S
VOPREE L FRETEAS, AN TIRZENT & T ORI 51 23 3 I3
%, BRB EHUTIEEIIN & b 2 — X REH LD, RMMET L —
A(Fig 1) & &+ 5 EARTRIVEDIK T2 <, 2% 0, Bk
{bCH—fdiE BT BRI, SR 2 B R L 7 R A A
KAt d 25720 Th v, J#i/METHEPEE IS B H
B2 E TRIEBNRP GO NS Th D, 7, Fig 18D
WY, EEEEORE TOMEREE TN E RN E L, BAS A SO
AP WAL 720, 2w/ IME IS O R 28/ h S0
SMANZ BRB 28 ELIE S 4172,

— i, B MO ¥ R I M ZE ALY 1/200rad £ THLE £ 28
JEJRAR S P, R R/IMEOE PG 1L BRB AL EE 12 L
CTERERZHE, BB LRI R EARI T 2 A3 H i
D, WHEZMET HHED 1 2132 BRI TH DD, RimldS
FAT 4 OB B NG EZ R LFEIT L, RS & R
W% = &M S D R%EHBERE T, /S L— MREFE S D DR
RS D LY, HDHNFTNT 4 FTREDIRE & h/MEd 5 50
EHM LB D Th D, BAERMICRIG OIS 20\ T
DCR<1.0 Z~<F VT 4 4%, Fig. 22(c) TN & /M 2 TH
Y, HEAPELCE AN T S L, Fig 22(d) 280 OIS HE(R 75(S.D.)
EhRMET DR CTH Y, REENEL LT D, HEhEE S K
DR ESND, BREMIZOVM KT 2 N EFEEPITEmIND,
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Initial populations
560 individuals (inds.)

NS
NNEN
Island 1 Island i Island 4
! ! ! A4 VAN

| Distributed GA Process |

Migration (n inds. per m gens.)
Island
Island Island

Island
Random Ring

(b)IDNA coding rule
Fig. 20 Optimization schematic
Table 10 Optimization problem matrix

(a) Island Genetic Algorithm

Ch.| DNA Operation | Minimize Response of|Subject to the number of
5.2| BRB replaclement BRB (60)
53| BRB replaclement SDR, BRB (60), CB (60)
" [+ CB removal DCR, and Removed CB (60)

54 BRB replaclement | SDR with a penalty*l BRBBRC (62)

+ BRC replacement or

BRB replaclement | S.D. with a penalty” BRB+BRC (62),

5.5+ CB removal *1: DCR< 1.0 CB (60) and

+ BRC replacemnt Removed CB (60)

53 JL—ROBREZECHRERBEBROIER

WIZT L —ADREEMA TR BE 2509 5, AEo B
BIIREIEIE 28 2000, 7 L — A DRI & ORI E Tk
T %, Fig. 232”3 K 518, BfraIMEIXRERIZE 5 Im o —k
EABE LN D 5, BRB EHDI & H72 D, BRB A3 H L A/ 2l
END, ZHUXHEMAMPEOIR T 22 2MUA S EE LD, Bk
LA LA IMREN K E e D PRANRVEENFR 2D EE
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1. Introduction
Numerous structures are recently required continuous use even after large earthquakes. An efficient technique is to employ elasto-

plastic dampers, such as buckling-restrained braces (BRBs), which act as fuses. Although response spectrum analysis (RSA) has a good
time efficiency for damper design, relative to non-linear response history analysis (NLRHA), the conventional methods are generally
limited to specific structures that are easily translated into simple models. With a suitable RSA method, computational optimization of
damped structures will be also important, considering recent trends towards the use of algorithmic modelling, scripting and cloud-based
high performance computing servers. Thus, this paper presents a damper design routine for highly indeterminate 3D structures
utilizing computational optimization and response spectrum analysis, which has been extended to incorporate non-proportional
damping.

2. Generalized Response Spectrum Analysis and computational work flow
The proposed routine (GRSA) is presented, and the accuracy is verified in the comparison with THA.

3. Damper layout or distribution optimization for the lattice tower
A series of optimizations, including damper layout or distribution, is performed for the lattice tower in order to verify the

efficiency of the proposed design routine, and to analyze the efficiency of the existing retrofit design.

4. Damper distribution optimization for the conventional BRBF's
A multi objective damper distribution optimization is performed in order to verify whether the well-known performance curve can be

found in a detailed BRBFs. Additionally, the optimization results are compared with that of the conventional design method.

5. Layout optimization for a concentric braced frame skin structure and the practical optimization conditions
A series of detailed layout optimizations, including BRB replacements of the concentric braces, BRB replacements of the first story

columns or the concentric brace removals, is performed in order to investigate both the optimal layout tendencies and the practical

optimization conditions.

6. Conclusions
In summary, the following results were obtained:

1) GRSA can be used for direct RSA of 3D structural analysis models including dampers of various types, with buckling-restrained
braces used in this study, and the accuracy is verified in a series of comparison studies with NLRHAs. In the study of the systems
including 810 degree-of-freedoms, NLRHAs (7,000 steps) take 15 to 30 min., GRSAs take 5~10 s, which indicates GRSA has a
good time efficiency compared with NLRHA.

2) While improved layouts and distributions were identified for certain constraint and target objectives, the existing design for a particular
lattice tower was found to be close to the optimal solution for minimizing the buckling utilization. While the layout and distribution
trends are usefully indicated by the optimal solutions, the results are dependent on the input waves, suggesting that there may be no
versatile optimum solution to every possible scenario.

3) Even for the multi degree-of-freedoms models, the well-known performance curve related to the response reduction of
passively-controlled buildings can be found, utilizing a multi objective distribution optimization method. While the full
proportional distribution method of equivalent single degree of freedom is reasonable for low rise structures.

4) A single objective optimization may be an inadequate optimization condition for the concentric braced frame skin structures.
A penalty is suitable for this situation in order to reduce both the story drifts and demand capacity ratios of member buckling.

Nevertheless, BRB replacements of columns or concentric brace removals enable simple single objective optimization.

(2018 4% 3 A 3 HEGEE, 2018 45 7 A 24 HERMIHIE)
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