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ROBUST DESIGN OPTIMIZATION CONSIDERING PARAMETER VARIATION
OF SEISMIC CHARACTERISTICS USING ORDER STATISTICS

Wi e, Ko
Makoto YAMAKAWA and Makoto OHSAKI

In the practical design process, uncertainty in the parameters should be appropriately taken into account. For example, earthquakes

should be considered as uncertain phenomena. Robust design method is known as an effective design method under such uncertain-

ties, where a design is found to be insensitive to environment and other uncontrollable factors. Worst-case design of structures is a

popular approach as a robust design method, where the objective function and/or the constraints are assigned to the worst values of
the structural responses. However, predicting the exact extremes from small samples is difficult in general. Hence, we have proposed
use of the k-th worst value instead of the exact worst value. We can predict and control more accurately the behavior of RS by this
approach. We could successfully apply the approach to seismic design problems linking with a prescribed accuracy. Through a nu-

merical example, we show the decision based on the k-th order statistics is closely related to the reliability index under some assump-

tions. The result indicates a new aspect of the proposed robust design method.

Keywords :. Seismic response, Order statistics, Uncertainty, Robustess, Reliability-based design, Optimum design
HERELE, NIRRT, TREENE o SR ME (SEMERE, BoBERet

1. [ZL&IC

BEMEDOBRHITBN T, HIgSMEE R L CFHIBER
EEh52, HREBZFHTHZ LTI, MBOREIIREE
RESLBYVHEDLSH2B2V. FEOCKBEREOHBEICH L TO
HESWNRIND L ) RBREHTEE L 2L, FTHEEE~DERK
BROLND. ZOX I RTEEEEXBITEEBLRHELT, v
SR MEREBELATNSY.

HBMEHEOTHEESE L ER Lo AR FRIOHFEL LT, B
BEESERROATICE S o X MEFHEFER ERRESQ T
W52, Lnl, BITORIER~OERICBWTIX, EEERT
xR L BERIESERITICE S RHESLETHS. &bi
+oREANRL, RMOBEKRRZNT A—FEHMEBETHESIN DM
BEREICRES ZEMNRDOND. iEL, KEF—AFEITICZBN
TRAIRESERT 28 ) ICHEBOBBEANFET 2 Z L2 bh
TRYY , F-ERELEEEILTLLLEL SRR,

FRoO L) RAREEEZ AT HEERELBBEICK LT, LA
EPHRILCRDIFEREELITREL TVBYO, KBTI, #E
BT A —F L BENENE ST A—F DT NERICAEEERE E
NBFE~D R MEEBRHOBRAEICOVWTRHRLES. E7EH2
ETH, onX MREFERES —AETOBRERI L, BEERE

EOFRICINT, IEFFE BAR 2 THFI 2R ~5. RIZIE T,
HWEY /T A —F B L UHIBERE N T A —F ICFREESESE N
BHESOHEEHORERLEIZOVT, EXONHETEDOLDE
WETRIRRER Z & &, BIEARATH 218 U TS, BE&RIC4E T,
Bon-mRZEREL, RECNEMTRBIVCSHOBEIIONT
ELDD.

2. |EFHERICESREGEETR
AETHIEFHHERICESE, IEOKE CREBLEELZ TR
THREDOERILEZIT). T2 I TR MR LRES— X
HOBRERMNL, 2. 2B CTRELEEOFRICR VT, IEFFHEHE
MBETHEE RS,

2.1. A/NR bEREHEREBS—RBRIT

BRHERN7 MVEx=(x,,x,)eR", AIRFA—FR7 p L
Zp=(p,p)eR L L, BRAEEx BLTANNRTG A—% pizxt
THHEHOHBRARRIGERY g=g(x;p) ¢ ET. BHEHx T
R ENHETERBH AT A—FEEL, ANNRTA—FpiIR
HRVvATLAEREOREET. URTIE, #EH 7 A—FiTx,
HBENEMENRT A—ZIZp 2BV Y TS, MEHNRTA—FxIZF
BEELH AxeQ HAEL, HBEMEHE ST A—F peQ, bREEIC
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EBT558%2Ex5. ZoLE, &t
g(x+Ax;p)<g for all AxeQ, peQ, e

REILLOFRTHESNDD, HDVIXLDOREDHE TRYMN
RIESNDLEZAND L BEROTETHS. &) 2% > Fik
ELTRES—AETBHON TV, Thbb, £EEQ)REE
HERFISEIZ OV T ORI

Buu (%)= maX  g(x+AX;p)<Z @

KEEBRZTRIZENTES. LEL, —BEARBROT E T4
HQEFMMT D LIIEETHS. TLERETLILELRVES
FEOTNTORECELMERHET I LIt ), BEICE
TFHRBRHNBLELR2Y, BEHLIIEXRVEBHEARB L 0GR
blaEh T3,
22. |EFF#EEtE & RERMHIK

FHEQBEDEREDKE THZINS M5 BHIZ, Random
Search (RS) IC &S JEF#HEHBOFIANED TH 99, LIETIL,
TREEEBHZELDTO=(Ax,p)eQ EEL, M7 3 HEESE
REREHY=g(x,6) LAHR2T. ZIZT, Q=Q,xQ, ¢¥5. £,
BREOLRWVWRY, BRALEEx KOV TOERELZEKL, gx,0) %
g(0) L fERIZRT. —#&XAY72Random Search (RS) D7 /LT Y X A
ZOE DAlgorithm LIZR$Y,

Algorithm 1. (Random Search)
Initialization
Q LOFERDH BIZEVBROIOERSR G ZEK L, HE
g(6) ZFHET 5.
For j=1,23,--
L IRETHBONTEERG,6, .0, BIUOXETHM
$iE 2(6).2(6,),-8(6,) EAVWTHELEREZR BT 71
N5 b LEEREREE SN TOWET LT Y X0 %E
55,
2. Q LOFERGA P, THENEERRG, BERL, BEKE
g(6,,) ZFHET 3.

AR TIE, Algorithm UZR T 2HELM BB, 1F, T/RTQ LD
—HRRERNMLTD. ZOXDZRSH LB LN AEXREDFI%

{r=26).Y,=2@6,). .Y, =,)} ©))
LRT. BEREHIY,Y,, Y, RERFRESITHEHE, A—0F
MOMBEEERD, Thi

F(y)=Pr{¥ <y}=Pr{0eQ|g(8) <y} @
ERY. ZOLE, BEREHEIIYY,, Y, BIWSEX
Y,24,227, (%)

ERY. KO)VCBITDHELEE (1sk<n) OBEERY,, 135 (IR
Rt R L Th, 1, ORMOMERIT

Fa0)=Pr{Y,, <y} =L, (n-k+Lk) (6
EHHPNDI. kB, BREERD 2 HISEE DERE L I1TR/NEE

EHELTVARIERSHEW. ZIT, [,(a,b) HRESN—¥
M

LG@b)=["r (11" ar / [ei-nar 0

LT3 ZotE, HrEALNay ITHL,

1-1, (k,n+k+1)2a )
BT & DI kn BN,
Pr{Pr{Y <%, 1%, T} 27 |22 ©)

DREIALT BY9, T X —F a,y 1L TRERERY OKHD 5 H100y%
BY,, UTIC25RERIT100a% LLE) Z2E%T 5. EVHRINE,

MY, 53 EAL100(1-y) SLAR DEBISE Th 2BERIT100a %L L)
LWIZLTHD. T THETRERY OXMICEDLLT, R(p)
BRYMIDOZETHD. EbIT, Y OHSHEBITIZAVRVOT,
FOFEEZFEETENTIV. ZOEIRTFa—FiL/) v 15
ANy 7 FAFARB L LTabhTWVSY,

JEFF#EEH BIZEIT B k,n DBRIFRSOEILEMEICHEEYTS. T4
bbb, nEORITTOFEIFRRKEVEREN g LV/AEVhy
IDERFANIT, FMEQ) BFEOHE THEIZENENEHETS
EBRTED. OFEY, V,,<z ThhE, Q LOEEEFO, Bk
000,,0,,0, I L T

Pr{Pr{g(©)<Z|0,=6,0,=6,,0,=6,}27}2a (10)
MERY 3o, K (8) BT R/INLEEARE n=n(k) IEEERICRD
b, WL 20D a,y ORIZIIET 3 n(k) ZRUTTRT.

£1 RIVEEFRY
(@ a=y=09

k n(k) k n(k) k n(k) k n(k)

1 22 6 91 11 152 16 210

2 38 7 104 12 164 17 222

3 52 8 116 13 175 18 233

4 65 9 128 14 187 19 245

S 78 10 140 15 199 20 256

®) «=099, y=09

k n(k) k n(k) k n(k) k n(k)

1 44 6 127 11 197 16 262

2 64 /) 142 12 210 17 275

3 81 8 156 13 223 18 287

4 97 9 170 14 236 19 300

5 113 10 183 15 249 20 312

© a=y=099

k n(k) k n(k) k n(k) k n(k)
1 459 6 1307 11 2010 16 2669
2 662 7 1453 12 2144 17 2798
3 838 8 1596 13 2277 18 2925
4 1001 9 1736 14 2409 19 3052
5 1157 10 1874 15 2539 20 3179

PED X Sz, IEF#EEY D REREROFEESFTEDHE
TELND. BREEIZNANFETH DA, & DITEARRER
W2 EOREOERHHELETHMEELTWS. flxF, XR
4) Tk, BEHTATY XL LHBELT, ZOEOFEOHFIES
RERTWA, 2L, BMEEFOHESXFIATE B8, £
DS REFEFEA L= FENHRATH Y, BEEOHFEIZED
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MEOHREZ+SCHH RN LA ETERT B ERZE L.

3. BIERHTH

BIEE COFBEITEY, WiEH/ T A —F L HIREEHE T A —
FOENTNIIAHEEEDNE ENHHE~D AR MNEERHOE
BEEICOWT, BERTEBEL THENS. 7318 TiIxRe$5
HEMETVEZREAL, 3. 28 TiE, FRTHROBERERS I UHR
BT BT A TRELH TSR EHT 5. 3. 38 TiE, AR TR
RTHIEFHKHBICESS EESETROBEFMERIEL, 3.4
HCIHMERERHOLHF T, BMERELET T TAVLhDZ L
DHEVMERIEEE E OB Z1TY. &b, 3. 6E TIITREELH %

ZE Lo AR MNOERHBE~ORREOEATTREELRNT 2.

3. HWEMETIL

% REEE100ton, BEF3. 25n, 2EERE W =100x9.8x7 = 6,860 kN
OEUIFT LI RTREANERRETNEEZEZD. EROMWS -
BHEDBRTREZBRHER x=(x,%,, %) £ Td. BEBOET/H
t (BEAWH-RBREFARR) 2277 X 5 22Tri-Linear
BrL, BHEEx LBFROT5.

100ton

e Jim
nNWV‘J Py ”
MWW 2 [
o |
Wz ’
e I
EEN :3.25m

B1 7TREAMEARETL

A
JEEAE KN

BHELA
[rad]

H2 BEtAHH-BHERABER (FiB)

Q,=Wrz, :
Q=08 Wz, |

1/200 1/100

BYOHEEREL LT, FIUIRIER
x=(0.39,0.37,0.34,0.30,0.25,0.18,0.11) (1)

25X IHE OB AN —BRERABREZRICTT.

05 ;
g 04
Noz |
§ o1
jy H
g 0

0 0.005 0.01 0.015
BMZERA [rad]

B3 BrAEH-BEERARR WEREETIL) OF

BREEODIX, TREELBHORWES OMERE) : 0saka UMT28 NS
xt LISERBMER AR/ RDRFARTHY, —KEFEAMI
0.90 sec, B ARMELEM A1 0.0135rad &£ 7252, 7233, Osaka UMT28
NSOFEMITKRENZIR RS,
32, THEEEHETIL

BREHAMEBHE LT, LEHEHFHROTUHBHFEO—DTH
%0saka UMT28 NS (PGA:531cm/s% PGV: 78cm/s) #5X5. ZDHl
BHO7—Y TRIBAXS b EZELAOBRIC, BEEE S % 25X
TEERRE R MR RSO BRITTRT.

B AHRBIOMBIIEEZ a=a() LKL, 7—V ZIRIEAN
7 WVCEMFROEB p 25X, ThEHFT7—VEBRTHIL
XY, BAHSHICER p BREX DN HIBB a(r, p) EERTS.
TIT, al)=a(tp=0) &T 5. ZOHMBEBSEAT A—F O
EtEE

pe[-0.1,0.1] (sec) (12)

L5 X% 5. Osaka UMT28 NS Z DAREELEBI 2 5 X TARESh B
BER20EIZOWT, 7— ) RIBARS FARRUZ, BEER %
BEXEEREAN PV ERBIZENTHRERTTT.

600

0.5 0.7 0.9 1.1 1.3 1.5

BHERL
M4 HEHOREEETIV: 7—Y IEEBARY FIL (cmisec)
300
230
200 |
150
100

0.5 07m6; 11 13 15
BEHEEH ]

5 MEBOFERETIV : ZEEHEIXRY ML (cm/sec)

F7-, #EHNRT A —FOTEELE %
Ax e[~0.02x,0.02x] (13)

LBRETA. Tebb, BOREIME - WAL 2%UANOREELE %
5ExBZ LizHEYT 5.

3.3. BET—REN

AETIE, BRHEHx OFHEFEEZRAD DL D ICED, NIRRT
B L ARESETAEDCSDEVERANDS. FIEOET VKL
BHZIESERITIC L VMBS h AR REERHMER AL 6(x;p) &
£¥. BZBENEAITICINewmark B (B=V1/4) ZAV, LROW
BEERE2%E T2 OB LLFIRE, FEIZI% 0.01sec & LT, REfE
B OBRASEBHERAZFMEL, SEMEE

£(6) = g(x+Ax; p)

4
for Ax €[0.02x,0.02x], p €[-0.1,0.1] )

LERTD.
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a=y=09 L5x, [AFHEHEY,,, 2RO BROL DI, k
IR L THE L RDERE () 1R, ZORFTHOEE, &
1@ IRTETORFAENLEL RS, SbIREAEFRYK
N=10,000 (2%t L, BREEREAR Y, Y,, .Y, 2BIRE TR ZLT,
Yy £ D /DS OEFEEARLR
Y, <Y,,.,, ChHYDEK

N
EHETS. oLk, FEEARLED, B 09(=y) UL DR
R 1L 90%(=100a%) A LD FTHD. KU IKO>WVWT,
k=12,--,10 DFRFNTT, 1,000 —AFHEL, Z 01,0005 —
AHTOT, DY, BHERZE, BLUT, 209 LR2oltr—2¥%E
RATT.

I’A. =

(15)

%2 |RFHAHRICKDIRELETAEOREERI
(% 1,000 & —Rh)

k 1 2 3 4 5
Ty ¥ 0.955 0.947 0.943 0.939 0.936
I, SR 0.043 0.036 0.032 0.030 0.028
Ty209 L7257 —2%| 896 899 906 900 899
k 6 7 8 9 10
Ty ¥ 0.934 0.932 0.930 0.929 0.928
I, SR 0.026 0.024 0.023 0.022 0.021

Ty 209 bihr—=3%| 892 898 896 898 900

gLV, kERELEXBLIELOE (BHEERE) SBLL, T
BB 09(=y) KIES ZERbhB. Fh, YOkIEoVTH
[ 209(=y) &3 —REITIFIFN0TH Y, kICEDLLTFH
ENTBEVORKE, T2DHLL00F—ZAFDORE X E 90%
(=100a%) PEHELE T, 209(=7) BRREESNATNEZ L Rb»3.

Efe, kEAELEBE, EHbO% (EHER) BAXIAY,
ENEMXDDERERREEVRLELRHOT, FRMEIZTES
BICREVWRICRED. R, BRICKELZRH LRI TEERH D
TELIZEENRLETHD. UERD, #BEHRTA—F, BLUH
BEFHENT A —FIZOVWTRREEERRARICEENIBEORE
IREDEDEVE, EESNIBECTTRTMERS L SERINS.

ARTIE, JEF bk 2ELESRHEIE, TRICISLTFRIED S
B DL S ICELT BNITONT, KIERRND S OEAZHEN
HIZEDHS. LVERNZBNLARELTREINDN, SHOBE
Tha.

3.4, EREHEREOLE

WIZ, [EEMERHOSEFT, BERELFEUOTTHAVLNE D
L DEVMEIEMSEEE (reliability index) g PARW LEREDH B
2T BREHZICHL, Z>0 OFERIILLESEE, Z<0D
BRIIREESR 2R T LT3, BRER Z 13T 4,, B RE0,
DERSMICHED LIREL, BERERL p LRT L,

p, =Pr{Z <0} =d>(—££)=d>(—ﬂ) (16)

MEYID. ZIT, ORFEERSMORMSMELK LTS, K
(16)izBi1T 3

p=£e an

oz

IERERER g LIND. ZOREI, Ty, PEREREC, &

REL LT, BRBEESEHLIAFHEAL TV INERT OO LERSL,
B BREFNIEREWVIEERERER p, B0 &< 2D T LiTtify
3.
INETOERMLL DRIEER D720, BEREEp 252,
Pr{Y>t}=p, (18)

LB X RBAREORE: 2RDDHZLEEXD. Tiabb,
Y >t ZWEES L L2T. KA ICHET DL IIC Z=1-Y LBk,
ZRERSFCED LEETHIE, Y CLERIABERESH S,
FEREHY 1TFH p, BEOEHERZ 0, 2FOL LT, B 2RAT
£7.

M _1TH (19)
oz Oy

ZIT, pBIWo, OEMIITHATHZNT, BEERERKY 2o
TO n BAOEERTH b, B ECEREERES,, AT,
p=tatan 20)
O'“,
LERT B, K02 b, RFEKEDCRIEDELUE
t,= /}u +ﬂ'&u (21)
BELNS.
BEiORER L BT 5729, p,=1-y=01%25x5. Zhid, &
kR
B=-0"(0.1)~12816 (22)

EEZBZLITHYT S, BRI, K1) ICRSNIBEEEK
n=n(k) ZAVWT, CDAMLHEHEIND 1, (AL, N=10,000D
RIEAEARICHT 51, LV /DSOVHFEERLR
Y, <1, THHYOEK
N

EEMT 5. AR, k=12,-,10 0ELENTIT, £1,0007—
AHEL, ZD1L0007r—ZXHTOT, DY, EHERE, BLV
T, 209 R0 r—AERITIRT. RUTBWVT, kIFKEL
2B LT BEAK (k) BRELRBZLICOBIBL, IRF
ELTOBEEIAVTVARN. R3LD, PRI 09(=7) K<
AR, 2L LTEOREOHEIMBESNDNIEHNTR.
AR X THEHEIZ09(=y) IKESK &I ICRBESN
RV, ZHRSEOSH EERMMERLTWS Z LICEBETS
LEZILND. HEHDRVERDOHH» LIFEOSHEREHDE
EFHTE 2 LS 2EELIRAVEY, bV IBHOEFEA
WRVIRY, EEICOVWTREREERE LV L TFEREND. —F,
EHIGEVVERBLNRTVWADT, BRI ETOEREZBETSH
WIS BRI RETLEXS.

T, (23)

#£3 EEEEECKIBREGEEOTAFERE
(% 1,000 7—R )

k 1 2 3 4 5
Ty ¥y 0.863 0.867 0.870 0.870 0.871

Ty BEH{RE 0.056 0.042 0.036 0.032 0.029

Ty 209 7257 —28| 286 229 215 167 161
k 6 7 8 9 10

Ty ¥ 0.871 0.871 0.871 0.871 0.872

Ty BERE 0.027 0.026 0.024 0.023 0.022

Ty 209 &5 —=%| 144 132 112 108 88




KL RIDUBIC LY, BEETH HIEFHRIC L DHERE
FRITIE, EAbN-FRRBEEZRERMICH T E8b25.
7o, BBEIZ/ URT AN w7 RFECHEEN, BEOHT %
BIZIZRAVWRWOT, ISEOSAEBEEDSH (ERSHRE) 1T
COBRERVIREDRNNBAREL RS, Z0OL ) iEEEFEOZ
L, ERMERECE S FEBELERTORREOHATHS. #
EXE, BEOSMIONTOFRIT, BREEMLELRR.
EoT, 0L RSEOHMBEEICREKY HDHEITIE, FEIX
BERWEEXB.

3.5. O/ R MRBRE

A TIE, FRELBZEE Lm0 R MOERHBEICOVT
EZX5. BHEE x=(x,x, X, )eR’ ZH#HLL, HELTHK
I=(J,y oy J,) €T & BRAIT T

x,=0.2+0.04(J, 1)

for J, {1,2,---,11} and i=1,2,---,7 24
L5z, BRENER/IMERE
Minimize g
JeZ' gex (25)
subjec to g(J,0)<gforall feQ

REHETH. T, gREEDOLRTHY, BES—ARTILE
NEFERDDZ LICHYET . FREEEBIFRK QXX (14) & Rk
ICRRETSD. AR L7 & 5 ICRHIE(25) 2 < Z LIXBES TRARVLO
T, £DROVIZE K IBFFHER/IMURE
Mooz F }

Y.(N<g

2. ZIZT, 1,Q) IREIICHT OB LIRFHHELTS.
=099, y=09 I/ T B (k,n)=(1,44) & (k,n)=(20,312) D=
Dy—RAEE~RD. =, THEEEBRZVWESHE X, Nominal
R R/ MU

Minimize g }

(26)
subjec to

JeZ' ger

subjec to g(J,6)sgfor6=0
LHETELXS. UEREELT, KO3y —2X%2EX 5.

@n

Case (a): NominalfSE /Mt (RIRE(2T))

Case (b): JAFFHERTE Y, B/IML (RIRE(26))

Case (c): MAFFHERTRY,,,, B/IMb (FIRE(26))
2B, ERES—ATOEREZBEMRERDDZLITELWED,
REFEFRENCL D VFAE— MERZERALT, BoNI-RETkE
EHT—AORRL LTRAW:. Bbhikcs s —ADORERR & EEE
ERUITNETNRT. ZIZT, 1BEME L 1INonina %, JEFF#EE
'Y, BIUY,,, 2HET. R4U4ZBWT noninal FEELEH 5
BLRVEEORERY, ¥, BLUY,,, BETATACEAShE
IRFF#ERt &2 3. 4 THECase (), (c) THONBRHIIERD b
DO, FEECKE 2BV 2P0k, FMETORREY, ¥, 01X
Vose £V bFEHICKEWEL R2EBEL2EbREV. ZDk
DR EERB/MELTE Y, FEDENMFEE--EEXLND.

KiZ, BREEAEAE N=100,000 52T, Y, &V/NSVHE
BEAKHET #Case (), ()IZxLTRDE. BohiEREHSs
KELDD. WThO/—ATHEEEy=09 2 LE->TEY, B
FFERtR Y, £ Yy, ZAVIIE, 90X EOSFICHIT HRE
ExTFRTEHZLAERESNS.

£z, BT —RAORRIIHTHEBORRCEBHERASMER
6NEBIF LUMEARIZ, BEELZBRICENENTT. TREKEZ
ER/ LTV Case (a) TIREBOISEE—HRLT D &L H2ikite
RoTWHZ LIZHL, Case (b), (c) TIXFRIE (B3~5@) OIS
BEEMRAD LI RBEHICR-oTVE. SEOEBHRRE WVBIZHL,
REREFREDIZEL o LRHIDPBITN - LAERINS.

WICRIEERICBIT 2 2B TORKCERBHMERADEES %
7tz 9. ®7L Y, Case (a) TiinominalfE & ¥ bR E RSE 2R
TERERZSI AT DI LIIXL, Case (b), () TIXENL D72
A HBEI D2 < 72D & D REREENBITNTVS. ZOZ LT,
Case (b), (c) TidCase (a) DAEL D bAHEEEDHOXELXZ T35
W, BRR MEOBWESERL L TRIENZEEZRLTVS.

R4 BT -RAER

(a) mi#ERR
X, x, X, X, X X X,
Case (a) 0.52 048 044 040 032 028 0.24

Case (b) 0.52 048 044 040 032 024 020
Case (c) 0.56 0.52 048 044 036 028 0.20

(b) #E51EfE (Nominal BE & & VIEF#HEHER)

nominal Yia Y012
Case (a) 0.0137 = -
Case (b) 0.0145 0.0162 -
Case (c) 0.0144 - 0.0160
£5 HERKLE
Ty
Case (b) 0.9175
Case (c) 0.9181

4. £&&
ERPOEFBONHERIZILLTOEY THD.

(1) IEFFREHERICESE, RWLELNZ nEEDI L, Fhk &
BIRREWEREZARDZLICLY, AEDHE TREGE
ERREL LIS,

(2) Y T A—F, BIUHBEHE T A —F OFFICRR
TREENE TN AHEOHEDORBISEICONT, HkLIE
FHHENLEDNSDEVEEX DNIEE TFRIFIEERZ &
%Z, HERETHIZECCHERLE. BEF L 2ELEBED
HBIOVWTOERMLRBRNOAELZELOLNDN, ZORIE
SHOBETHS.

(3) BRETIE, Exbh-HEZERNICHZTEESEDOTH
BREETH Y, 7=, IRBEOFFHIZONVTORMNBRETHS.
DX B EROILN, FEMEEECESHFELLE
BEORREOFATHD. —F, BEOHHITOVTOER
13, BEENLIIBOIARV. XoT, INEOHHICHEKN D
BHATITEIRVFETHB.

(4) BhkIAFHHBERZEEEL LTAVWREZEL Z LTk,
FIEDHE CAREEEBICAHLTE 5 & ) RRHAENELLS
T ik, BIEARNTHIEZE U THER L
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(5) REETERA FEERMENILL, HICRHZIBESERTE SR
WIEREE R AT OMBEER D ZLICELTWS. =EL, M
BEACHEBEZAATEIHREICIE, T L) 2ERE2MAL
EHEPL VBB L FRIN, EnLdRFEEERTIN

&h, FEOHEZ+LIRNTIZENREEZ LY. BFol
EICRT A ERMREDHEICOVWTOHBRIITS % OEET
»5B.

7 o nominal | 7t 7 sam ‘nominal |1 Ty
= ! 6 6+ - Ilvll!llll;x L] : :
h faEuRRymEAARIR W s St mum-‘-, R : :
54 A —s 5'4 54 o lm:u-: :
Ed o v N
3 { LI LHE 1Y 3 3 P
2F llllllvlllllllllll 2 R e R 2
1
1 l=|ll!llllI.‘L!lllIlllll 1 S IIRRIEE R AR RRYE 4 1 sewvae g
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ROBUST OPTIMIZATION FOR DAMPER PLACEMENT UNDER STRUCTURAL UNCERTAINTIES
USING ROBUSTNESS FUNCTION

BEH 05T, &ZH ERET
Kohei FUJITA and Keisuke YASUDA

A robustness evaluation methodology based on the proposed uncertainty analysis (new updated reference point (NURP) method) is presented in this paper.
By using the NURP method, a robustness function representing a quantitative index for robustness can be estimated efficiently. A new concept of
optimal structural design for damper placement is proposed using the robustness function under various uncertainties of structural parameters, such as
story stiffnesses and additional damping coefficients of dampers. In numerical examples, the proposed robust optimal design method is applied to the
robust optimal placement problem of passive dampers in a medium-rise building. Compared with general optimal designs without taking into account
structural uncertainties, the role of robust structural design is discussed to enhance the robustness of vibration control of buildings.

Keywords : Robustess, Uncertainty analysis, Robust optimal design, Optimal damper placement, Vibration controlled building
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