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Response Reduction Effect of Hybrid Passive Controlled Buildings
Under Simulated Nankai Trough Earthquake

Hajime NAKAGAWA

ABSTRACT

The severe earthquakes such as the 2003 Tokachi offshore, the 2004 Kii peninsula southeast
offshore and the 2011 off Pacific coast of Tohoku earthquakes are happened after the 1995 southern of
Hyogo prefecture earthquake. The predominant periods of these long period earthquake ground motions
are from 3 sec to 11 sec. As you can see, the probability of Nankai Trough earthquake which is occurred
from 2030 to 2035 is about 70 %. It’s said to be in resonance with the natural period of passive controlled
buildings or base isolated buildings and the predominant period of this earthquake.

As a way of avoiding the resonance phenomenon, we’d like to discuss the seismic response
reduction effect of Hybrid passive controlled building under the simulated Nankai Trough earthquake.
The simulated earthquake waves assume the Hoei or Ansei-Tokai earthquake fault models. Hybrid
passive dampers of this paper assume elasto-plastic damper and vicious damper

According to an analytical result, as a distribution coefficient of two passive controlled dampers, if
this coefficient is given 0.4 or 0.6 respectively, the maximum displacement response of Hybrid passive
controlled model become less than about 2cm of 1/200 (so-called inter-story deformation angle) and the
acceleration response is as almost same as the unit passive controlled model with viscous damper.

KEY WORDS:  Hybrid passive controlled buildings, Simulated Nankai trough earthquake,
Tokachi offshore earthquake, Elasto-plastic damper, Viscous damper

WCREMHER S A SN E. fESY v X—IZ FRBTHE S &L 0 B ETEA 3T 5 i e il &
£ D EEBED OSBRI R B HE VLT, FAET 20, | WEAEINZEVIC L > T, R /e
F I REEEICIBRETL N E U D AREERH D, %ﬂAﬁﬁ§Ef£Zs ZEHERLTVA,

BEEOMITE & LT, KJNEED, Ml b7 7 E@Eh SCik 5) TUE. TR BN, A8 R E A s A okt
BAIZXT 5 DG BEEY ~O RS I HES) o f %5 UJBIE & o /8= L REME 2 o R — % [ FIE fE FL L
R oME Y AFEL TS TG E DK N —IZ KD IR EIREE Rz o T

AR = & //\%&U%’EA%IJ SN —IZBT MREtLTWwWad, ASHES 2 N THIERK ART
LHFZEE, TNETHE S LS Tng Y9, (HACHINOHE, KOBE, TOMAKOMAI) & L T\ 5%,

B2, Xk 4) Tix, Ao, BERmE s FENTRER L0 | BEAIEE T D72 DIBIE S v 3—

RS L R—=DEE I W T, BB ENINEITE

MR Yo7 (T BDELD, MtEX L N—IC X DEN

%*

% (El Centro, Taft, Hachinohe) Z3\T 2% D 1 &

2003 FEOHREITHIEELIL . 2004 FE DR B A 158, 1.8 8, 2.1 BomEdmics LE
HRHIEE, 2011 FEOHALH S K FLEHIEE T, £ JER R O E & > = L7235 A e BT D5
ﬂﬂ;%ﬂz SN STV D Y, R - EEEY Wi R — DB A DR E AT E L TV 5,



Wi TS M e e 563 %5 (Wi 342 )

ISR BILBIRE A = F R L v gRnwZ L
ML 0D, BEFEOMZEICR VT, milE~T7 7
B R L O R 72 & o K JE i EEh % %
JAEAGHIEY v o—2 0T 5 BEEEEY OIS
BARFRN RO WNT, BFET L T D FHNIAD 20,
AT, Mg N7 7 MUEATRE L R )
KO- HiEE K-NET & /MI NS 3 (2003) #3217
% Hybrid #llE#EY) OSBRI R IZ OV TRET
T 5, Flo. BRAMHEIICH L, Mk 3=
X DI RN RIS H DO ERGET D, &
i 2 EHOMBELY v N—2EHAETHZ LT,
Hybrid filE# o R—OHFMMEE R LW EFZ X T
W5,

2. Hybrid #EEEY Ot B E T

2:1 BWETIVEANBESETIL

R Clx, il 40 B CoOFBHFT e (R
& 2,268m?) (2T, BREICHIEME S R — Lk
P& = (LT, EP Z o3 — VL 3—) O
BH N — % B L, Hybrid HlEMEMEE 2D,
EP & L /X—ODffE - ZREAMRIL, EaHBEMERN v
KX — DR E - BRI & T 5,

X 12, /& i B Hybrid HE#EE T L (%
fiEAiWrET L) 2L TC0DH, KT D
m; k¢ kg, CpldFRex i JEOER, ERMEE7 L
— L OMIME & REPEIEAREL. EP & 2 /X — DR ]
P,V Z U= ORISR T H B,

m,
A
U Vi <
m;

X 1 Hybrid f|EEBEETIL(EE I B)

ASTHIGERENE 7 UL, BEHIHEE OB & L
T, HBIh AR K-NET 55/ NBO NS By, e s
g LT, & M2, INCK W ER L7-miE o
7RISR EE) (LT, BKmMYEME, ZECHE

) L5, EAKMEWHE, ZECRMEHIEIL, Kx
KB HAE X, F 0 R AN T CIERR S U7 R ¢
HD, WIEK, EANTH 2 B4R L/ZBEH 1, Sk 9)
WEBWTHIHSN T AEHItTH Y . KimTHIA
FRIEIR LTz, £z, RexOHMBE O R KEE %
75cm/s ([ZHIEL L, AT TRV S, ATJHUEB) O i
JOEE 75cm/s & L TCWAEMIL, BH2mE SR
1461 5D AJTHUEBENZ /R STV 5 THR& THEIZHE
AT AHHER) ORRE LB X, TICHWS =D
ThD, £, FTICHND ADHES O L E
NI
&1 AAOHMEEDHET

W4 e NIRE | Roos s 75cm/s AJJ
(cm/s?) (cm/s) (cm/s?)
ZE BRI (EAR) 660.83 41.81 1185.42
FEKFFILAE) 63.75 38.99 122.63
I (/N 86.74 32.55 199.86

B 210, RBORMEHE, FAMEE. B
HEOBWEIGE AT bV (HEEK 5%) 2R L
TW5, X2 XY, ZBOREHE O A8E X, 2.5
~3 Fb. 4 BB, FoKrEiEHE O SR IT 6
~TRY T, I R K-NET & /N o0 51 5 311
35, 52 R, 12 B TH D, LWEHMEHIE, EKk
FAVEHIER . ST HIER X, RAYIMEEH THLZ &
WAy InD, FETFEAKEME, ZBAEHEIL, Bk
WELY, BEIGERALT MLORKIERRKE VO
DM TH D,

2.5-34%) 6-7%
T T 1T

Max. Vel (cm/s)

FK iR (OSKHO21LTE)
+ B EK-NET S /MENS

0.1 1 10
(s)

K2 ZHELEARY LML

2-2 BPAFEILREFEXOFESR

Hybrid $ilERET MZBNT, K1 ZBEICL,
{3 i o8 M EE R @8 TR, ko k)
IR TE D,

iy +++-+ i +55g)+ Cilh; = Ciy gy + Kty —kittg

ka; yigr —ka; g Vi1 +Cqu; =Cyy 1141 =0

(1



Memoirs of National Institute of Technology, Akashi College, Japan No.63 (2021.2)

(TR Z 1 BOE R, JE R,

EP % //\~%3%EEZ?“%> J—n T OREBEN,
RO NS SNBINEE TS B, ky,Cy 12F%

EP & L /X— DRIV & 73— ORI AR EL

Z 2T, mu,,y;,%

T D,
F7/-, EP XU RX—|CET 57— L RFDE
RN 3, 1, RAD L IZRIATE 5,

%[2 +sgn(y; +8;)-segn(y; - 8;)-sgn(d;)-
{Sgn(Yi + 5i)+ Sgﬂ( i~ 51')}]

2)

M.z~ hrI 7 Xﬁ?ﬂ:f‘%iﬁﬁ‘é ERAL D,

i 1[G D+ e o+ e, Jo = ©)
ZzT, {}iFTﬁﬁ1uiﬁv\&rvv klklk Jle, ]
ERAx FET b — 2 oRPEREE, BIPEICBET 5~ b
U7 A EPZ =D~ hY 7 AV Z L R—
OO~ b 7 A MER FE=L A b
DHDB 1, ZOMIT 0 DT ML ThD,

2). G)REv, ®igxy rre LT, U=
{ul b O L35< &, Hybrid HIFERE T L OWRRE
FREAE, kXD L HICKRBITE S,

0] ..
{ r}}"g

2l 8
4)

B el fe
%[2 +sgn(y; +8;)—sgn(y;

!
—Si)—sgn(”i)'
{Sgn(J’i + 51‘)+ sgn( i~ 51‘)}]

)

7e8. A TCTIX. Hybrid 5% E 7 /L O IE AR
IR ZMRGET 5 7o O WIS o X — B RET L
Rk 2 S —HUKE T LR EEF R R IT A
Do

WY 2  X— B R T

fu}
aal- 8 Bl o
!
=%[2+Sgn(yl' +6i)_Sgn(yi —55)—Sgn(ﬂi)' %
{sgn(y; +8;)+sen(y; - 8;)]
HEPES L R—BURET )L
atiUh el Ui o

11

3. ﬁﬁﬁ%
AFw CIEL A A W% 40 B A0 EREE 7 L
—A@lﬁlﬁd%nJ&ﬁéﬁﬁiﬁm%fb
4.0 ¥, 0.02, Hybrid ill5E ¥ > /N\— %4 T % EP
B = DRENL 5, . V F 78— DR R
Bo, 1T, RrRRUCE I ICEHET B, =501
FHEOHEBE W X —E T, 12,474kN LT 5,
P2 o (i,

kg

ZZ T, p, o, ky. 4, o 13 Hybrid 52 73— O
FREL, EP & /N — DREARGRE L~ & FTHIRIME
FhAEE T L — 2 ORIMEICEET 2 5 S R O30
¥, HEREILTHD,

5, =

)'Cdl Ao ©)

31 RHRBHMEER
SEERZR

3iCiE, AHIRB) L L CRBORBIIE (G
W) AL, EP ¥ _—diid V X =2 AT
% HMIRATT MCK L, RAEP & 2/ i—0Df%
RFBSE L~ a,, 2 0.02~0.1, V & 23— DR
BlfH C, & 200~1000kNs/em F CTEB) SH7HH
15 O AT 458 O Fie KIE B ZENLIEE w4, DHEDHLT
W2, K3 k0, EP XU —HMET LVOSE,
G = DRARBREE L~ a,, 23 0.06 BB 5 &
BEAJEH A 1/200 (2 em FRE) % 0 SN
DD ENARETH D, —F, VF U/ —Hh
T NVOGE, REREHIRE T VT, ERZERL
ISBEDISERBIR R b E Y Ronieun,

FTHEGAHBRETILO

a p—O 02

——J1—— Cd=200 kNs/cm
——0—— Cd=400 kNs/cm
———A—— Cd=600 kNs/cm
——/—— (Cd=800 kNs/cm
——O—— Cd=1000 kNs/cm
— 1/200

Max.Dis (cm)

Max.Dis (cm)
3 BMHERETILOMBELERN



Wi TS M e e 563 %5 (Wi 342 )

ZORRE LT, - MITKE & R — 33 K A7
PEDORENWSK /=D —> T, RIEWHEEO LS
2o < VIRENT S HIEE) TIX, ZORRIETHED
BEohpneEEZTNWD,

3:2 REEBEMEFZ(TS Hybrid HIBERETIL
DIEEERER

AHITIE, K3 OFERESEIZ L, Hybrid #
N—OYIHIfE L LT, EP ¥ 2/ 3—DRERIRE L
Va, & 008, V &L 8—DRERER  C,
800kNs/cm &35, K 412X, EP X2/ "— VH
YR HMCRET IV RAx DEGRE p & 0.2~0.8
@ Hybrid #l| 5 RE T /L OMLE i 8O 5 KJE B 2N
W, FEIEEISE o, DTV D,
X 4 L V. Hybrid #lERET /VOESREp %
0.2~0.8ZHEMEE2>F Y EP ¥ L/ 3— DL/ %
WNSELZ &2k v, BREAMISE 2 RS
HZEMTEDL, B, RS p S 04 BLET
BERJE M A 1200 2em F2EE) 725, —J5,
FER I L INE OFE R A2 R D &V EP & 23—l
DA BREIENISE I TE 208, IS
BN KREL 2D Z WD, L L, Hybrid
FIBET NV REMEMAT D2 & C YR 2804
801 0.6 LLETV & U R—HGRE T L OHa N
WEIGE LIRS LD 2 BN D,

Ko T, K THRDY O & & BB RS 2%
L. Hybrid fIZERE T /L Tk, BREMISE,
AN FE 25 % S AR T 5 Z & TE B,

Max.Dis (cm)

Max.Acc. (cm/sz)

B4 BEEEIER (EPD, VD). Hybrid HIBRETIL
DRI E R E

12

3:3 FAEEBMERV+BHAEEZZTS
Hybrid SIRRETIL QG EEF L R OREE

AREI T, AiEICHE 57z Hybrid $IERET v
IZBWT, o 2 DO REMEE I L, %
KB R NEF DN D D EWFET 5,

X 5. 6 12k, K4 THOLNE SR p=04
DA T E (AN ) B O 7 i (K -Neet
N NSWE T D i 8 O K RIZERLIES
By ROMETINEE o, AR HE TN S,

imax imax

VD Kono

EPD Kono
Hybrid 0.4Kono
1/200

Max.Dis. (cm) Max.Acc. (cm/sz)

X5 EXKEBHECHT HRALHER

VD toma
EPD toma
Hybird 0.4 toma

— /200

100 200 '3002'400
Max.Acc. (cm/s”)

B6 +RhithEICKT HIRILER

Max.Dis. (cm)



Memoirs of National Institute of Technology, Akashi College, Japan No.63 (2021.2)

B4 5, 6 £V, Hybrid filEfEZEHT 52 LT
JEZEALSE TiX, BRI A 1200 LI,
S N B e B X A R SR T L & R LL
TeoTWAZ Enghd, L, K6 AKX
IZHRWT, BHHIE ISR DRE & o R —HR R
OHEHIEFEISZ X, 14 J& £ T Hybrid H5E2ET

I VR LTV Z ERG05, T OV TIEL,

Stk S OITHET /T T2\,

4. F£EH

1995 40 Fe i i I ER DA% . B AR L= B
IZAD | 2003 FO+ P HIERLIE . AL M CRE
HHERE DB ST D,

KR Cld, TN b7 7 RS & OB
MBS 252 1F % Hybrid HlEREEY OISEAKHh 5
K OEE S v _R— DAV Tia Uiz,

RN FE BN B RN TR BT LI T o
DTH5bH,

(1) 40 JEEAGW AUWTRET VTN T, P2
IR RS R — DB OFEEMIZ BT,
PRI A N — X, BN DARRBEN R % R
F8 el IR EE L DRI S B R A R S 2R,
—J7, MPEX o=, IS R — DD
hE AT LT,

BHIAPE < REVE S LR — 2 A S 72 Hybrid 52 &
UR—IZBWT, RxDOX U R—DPHIE %
o, =0.08, C, =800 kNs/em & L. Bd/fR4%k
p=04 L9 5 LR RKEREMSE T, 2EICE
V 2em (BRIZIES 1/200) FREE . Hakh s
VTR Z v R— D B DFE R L1 FIE—F LT,
Hybrid B & > R—%F T %, REAGHEC
HWHAEETH 5,

2)

3)
(2) T b7z Hybrid HlEE 4 2 R —RET VI,
ZDOHEMEEZH/ITHEBEL TV D,

F K RV R 7 L R OB R L2kt L

13

SEXE

D ) BiSRBEAFZERT - MRS > 2T A
K-NET. http://www.kyoshin.bosai.go.jp/kyoshin
KINHIE D - 8 = S &~ & J8 I HL R E)
DREIZET DG, BEM R E B
No.144, 147, (2013)

SEINHERIE S - BT 23— % O T RS
DISEMERICBE T D582 D 1~3, H ARG
DREFEEESE (PED) . 565~570 H.
(2008)

REIEH) : BEEMICE T DERER - kiR &
VR — DA BT 5 EEERFsE, AR
BEER R TFIEE ML (Jbk2) | 573~574
. (2010)

IRH S JBIE S R — LR 2 o R — % E 5|
HERE U7 S @ o E Tl A
ARG R PN AL ORE) . 909~
910 B, (2012)

A E— - RS PERI ERE OB EALE K O E ¥ A
T RERE LI E B OVEREFHEE O 1~2,
A AR PR RS EEAE G . 911
~914 H, (2012)
FOHEKREIED - ¥R E o N—% AT D EE
Y OB ENERE, B ARBE RS RETFTE
EME (EMEE) . 903~904 H, (2013)
INEERE D« TIEER o BLE U7 JB IR « kbR
XU R—DIHERLE - FMOE LA B L
T2 RV X —WRINHES) DR, H ABIEFEES K
EEATIEEATESE (PR . 781~782 T, (2015)
(RS GBI ST T - AR - R IR I (R Rk
7 7 5 A ARTEQ for Windows Ver. 6.1 .
ARTEQ-LP for Windows Ver.2.1

2)

3)

4)

5)

6)

7)

8)

9)



