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Fig. 2.1.1 Configuration of a friction unit of the proposed damper with (a) two and

(b) four sliding surfaces®
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(b)

)

Fig. 2.1.2 Components of a friction unit: (a) high-tension bolt, (b) disc springs, (c)

stainless steel plate, and (d) friction plate”?
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Fig. 2.1.3 Restoring force versus deflection in the axial direction for disc springs and
high-tension bolt (M27) alone

(Reprinted from References 2 and added figures)
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Fig.2.2.1 Application examples of high-capacity brace-type multi-unit friction
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Fig.2.2.2 Example of the developed stud-type damper with multiple friction units
(total sliding force of 1100 kN) installed in an actual building”
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TR LIEARBEY X—HADILIERZ DA HEROFHAMEEFHA LT, &
RV NOE S EEE LT,
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3. 2 ZERAZ @REAELBRTIOTIL)

2B A R —HARa =y b 21y N THEARL L7 BRI A V7 tERe
ARER ORI E Fig. 3.2.1 1R, #ifild, BEERBIKORAT T4 A7 L — kDO
ZFHATREICEE L, TRZBMIE Y v v S8 L, 20| Cofbl 201 %
5.2 55 CHE L= (Fig. 3.2.1(a)8 X O Fig. 3.2.1(b)),

ERARBRIRDEEER )T Fig. 3.2.1(b)lxd 12— KL (ffEql) CTRA L=,
T, HEEEMITY A ¥ —ELLF TR L 7=,

Table.3.2.1 (2, EREBROHE 7' 2 7 7 L&k RT, FEERIE, CaseEl & CaseE2
O 2 FEFE CTEN L7z,

Case El 1%, KRHUEBEHNZ L > CTHRARBMZERM 1/100 F2E OB OFEILIEEL
BIAELCDZEEBELIEDDOT, 20 A 7 O =A% (EH 3. 2s, #EMHE = 40mm,
MkFERER 64s) \C X 2Hm 2, MEE2Z2 C8Ia (At 160 94 7 /L) v iKd
WHet ERT A BR T b D, BT & BT ORI, B CILE N LA U= EHRBR AN
FEE THAISND £ T, MREZT CHlM 21T, HIEHEAFHEEIL 50mm/s
(=160mm/3. 2s) Tdh 5,

Case B2 1%, M N7 7 IHWV OB RMIE e & ORAEITHE S e O BV EJE
HHUERENC L 2B EEEY O (RKREMEEA 1/100 F2E) Z2H8ELLED
DT, 100 %A 7LD =AY (JEAH 5. 3s, IRIE 40 mm, HEEERRE] 530s) CTHlfr
I LT AR T D, BAREUAHEELIE 30mm/s (=160mm/5. 3s) Tk 5,
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Movable end
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Fig. 3.2.1

(a)

.- 2

Movable end

Damper

$44%c/ 000 ®

44|32 odo obf

Load cell

Hydraulic jack

il

[

1§

Fixed end

Experimental setup of elemental tests of dampers composed of two

\ Sliding table

Sliding device
(Linear guide)

(b)

friction units: (a) photograph; and (b) elevational drawing”

Table 3.2.1 Loading programs of elemental tests”
Target Target
Loading period Number of cycles displacement Velocity
Case Waveform T[s] Ne of damper of damper
Jd [mm] Va [mm/s]
160 (=2 1
El Triangular wave 32 6 (. 0 f:yc N +40 +50
x § iterations)
E2 Triangular wave 5.3 100 +40 +30

40




3. 3 EER#ER

FEBRRE R %, Fig. 3.3.1 & Fig. 3.3.2 IT/R T, FOF ORI BIEEET) (213. 2
kN), ZROBEGRRIT B AR £ 10% % "9,

FZER Case E1 D4 160 ¥ A 7 /L DN, D 20 Y1 7/ (1 ~20 ¥A 7 L)
D) & AR OBMR % Fig. 3.3.1@IRT. WATFAEEZO 1 %4 7 i, B
BERDSHT S D728, B & AT 2 L AMRO B EZEMmE R 2 2/ & <, BEETM
RN SWEERT D, ZD%, BEEIIL 200kN 82, HIEEE O Pa=
213. 2kN (5 OREHR) ITfH & CTEEN N B U, BB S £ 10% (IROEHR
N) ORE LB 2RI Z PR TE D, ZOERERND, BEERKE R
T U VAR E O OBEELREDS, EF A RBEBRMREIIHRE Lz ur=0. 32 FRE T
HLZENDND,

F2Bx Case E1 DEREED 20 H 4 7 /L (141~160 A 7 V) DEEES) & 2R DRY
£%% Fig. 3.3.1(b)IZ/~ 7", Fig.3.3.1(a) T/R L7= &I D 20 YA 7 VO EERAER & bt
W5 b, BT ABEEY =0, 20 A4 7LD =A% (EH 3. 2s, 1EE+
40mm, FkGEHER] 64s) %, 8[Al (ARF 160 ¥ 7 /L) Wi L T b EEE ) O
FIR IR AT, HEBHAER 2R < & Wikt ek zm LTtz A
TEEEER ) = 10% (ROBERRN) ORE LI 2R Uiz, £io, BREWSE O
FREA IR S DA U2 & R LTz,

F2BR Case E2 D42 100 Yo 7 )V DEEERT) & AL OBfR % Fig. 3.3.2 (27”7, Case
El &Lfe LC, Case E2 (%, JAHIA 5.3s CTHMTHENBE N, KOOI A
7 VOEEEI T BEEEE S+ 100 & VA TR OEZR L, 100 A 7 1 i
fif LIRB T, B OB A 7 )V OBEE T RAREE ) — 10%FR I E VMR D
Bxm LTz, 77205, BRUOEYTA 72T, BEOEHET) (213.2kN)
T10%FRE DB ) 2R $ 2 & il Uiz, $7, BERENREE ORI Il 25
WAETRWT L 2R LT,
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Fig. 3.3.1 Relationship between frictional force and displacement in Case E1
obtained from elemental tests (along with target frictional force and £10% variation): (a)

loops for the first 20 cycles (i.e., cycles 1-20); and (b) loops for the last 20 cycles (i.e.,
cycles 141-160)"
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Fig.3.3.2 Relationship between frictional force and displacement in Case E2
obtained from elemental tests (along with target frictional force and +10% variation)"
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3. 4 EIEDFLED
AREETIL, BT DB L —D AR VEREE MR T D78, 2 HEEA
VN—HRa =y F 28y b ORERK U7 EERERIR 2 U CPERERE R SEBR & 5
ML, FEERFERICOWTHRE LT,
%%@F%iﬁ%féﬁﬁﬁyﬂ~ﬁ$n:/bi:k%@ IZ X DY ORE
(CHEERE R 5 2 L 2 ARE L Wi il s BRC, BIYE N T IR VWO ERHE
@@&®%$_ﬁ5%mﬁ%@ﬁwﬁm%ﬂaﬁ_;étmiﬁ%@%M%ﬁ
TE Lo kBRI UC, MR BAREEER ) £ 10% DR E LT B 2 k3 2
&, BB E OB ICIESE N E U RN L R LTz,
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FAE TL—RBEEST IN—DEKREHEEER

AETH, FIEOEBERCTHRELME LTBEY - ARka=y &
BEEGHI A A THERL L Te 7 b — A BUERR 2 o R— DO FEREER L FEh L, 7
L— ABUERER A N — [T IA N TE R Z X — R =y N OFEE 7 L —
ATUERER 2 L X — DEEENERE (RREEER ) %) OGRS, 7 L— A ozdE) e &
EHERT 5,

7ok, REOWART, MRFOHL 1), 2) 28R, NE, FHELZLOT
H5b,

4. 1 BEAEEEHBRK

T L AR5 R — R AR 2 AL AR A A TE R AETE D STIRIY & B E % Fig.
4.1.1 & Fig.4.1.2 127”7, Fig 4. 1.1 IZRT L DIZ, 7L —ABERER A L R—E b
%, ERZERE R U, & 2Ok Ui B IS A0A A CTEBREIT - 72,

T =R LA (REET G, FEREER) LoME 4 1338.4° ThD,
HWAEE O 2 KOFIE, Fi e TR UEET, ZEN E g & Tk
BB LTz, TEBIERE IR R O K RICEE LT, LA o —iiic
BT 7 Fam—F Bk L, KOS EICENMHIE CREIEN 2 5 2R’ s, 7
JFaxz—FANER— RV THELZHATr28MEETHL, BINT 7 F =
T— X O KR E X 1000kN, e KHEA (X 230mm/s TH 5,

H o N—E5 DFEMIX A Fig. 4.1.3 12739, 7 L—28 (Fk) ORIL, H
~400 X 362X 13X 21 "¢, HIEE (H-400 X 400X 13X 21) ® 7 5 > YD/ % 19mm
FToOUW L THWELT-, A FA AL — FOEXT 12m THDH, 7 L—AH
D FmO RN MEASTRICEER Y L X—HARa = N5 10 & v NHARA AT EERE
B R—RBRIRTh D, FEEA V=R =y M, 3. 1HTHHLLE
FEBRTHEALEZLOLRE—OHAET, MIERARL My M, S8 130mm, N
& 65mm, JE X 3.6mm OILIXa% 13 KFFNIZERTZ S DI, M2T &AL k&
FEL-bOEEH L,

R =R = N 1y O HIEREE S & 100kN, A== k 10
Yy RSB T L— RBIERE 5 o — DRl 5 1] 00 B A EEEL /) % 1000kN |2
RE LTz,

3. 1fiOEHRERT, BEIRE AT L 2R & ORI OBEEIREN 0. 32 LA
ERHMECEX D2 L 2R Loz, MUTRAR/L My FoEEZE AL,
156. 3kN (=100kN/ (0. 32X 2 [EE#E)) |ZIRE LTz, A A/ CHEAZ= > K
10 £y POILIFARILV My hE2THET S Z & THEREET) 1000kN
(=0. 32X 156. 3kNX 2 [HIEE#EX 10 = k) & 725 2 & & RIAEERR CHesR
T 5,
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3. 1HiEFEET, TOERTHAT L MIZR (13 KIFFIER) OET (K
7) L ILERO R (8784~ OM#) O biikoBKE R L,
2. 2 (6) THH LI AREBEY L —HAOMIT R bAHESREE AT,
ML RO TERE S 710 f D RS BB AT DL 8092 & 510
AN ) 2 BB L7z,

MLFERRL S OBABS %, BEEIRE AT 2 L AROAFER TR (2T O
Pl ) Y CRR L CRO T ATEEIE, £ 10N/m’ THh D,

T L RSO B S — DIEEEES) PyI%, Fig 4.1.1 HOFMNIC bRd & 5
([ZTRE 1) ~4) OFNETEAM L 7=,

1) TVU—R2AOMENGHIO 205D 7 Z DIl LI OB — 2 OfEN S
HiiFE—2A 2 F2RD, T—A L NN L T L—ADE AW P, 2 E T 5,

2) T VL—ARAWT) Py OKNYTFE ST P %, Psn= Ps+sind THRIHT 5,

3) 7/ Faxz—FWERr— FEA T LIC# A E P 22D Pa 2T, 7
L — AT 10 DEEEET] Pa DT 1015SGr (P—Pa) ZHHT 5,

4) T L— AMEh TR OEEES) Py % Pa= (P—Pw) /cosh ZHEHT 5,

B R—ERDFEENENT 041, Fig. 4.1.1, Fig. 412 (TR T X D ITEEL L /8—
MOHBHM LT 7 7 V8 (PR & T7 77y hOHBMETZ 7 Vit e
D% 2 20 L—W—FNG (a1, da2) TRHAIL, WE OFIIE da= (S +6a2)
/2 & LT, BT 7 F a2z —Z OEMEN 1%, 77 Faz—ZITHNEINT
B A A ES (LVDT) TRl L7~ fE & -,
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1500 4000 900
Loading 1000 ‘ 2500 2500 ‘ 400
with dynamic actuator
P: Loading force  f
e | [
o
&: Loading displacement %}7 Loading beam: Brace: %}7 3
~Z ) BH-600 x 400 x 22 x H-400 x 362 x 13 x 21 N2 —~ “
i Ps: Shear force of the brace & H
Evaluation of friction force Py 30 Psh: Horizontal component
with corrected shear force of brace of the shear force of the brace
Psh = Ps sin@
Py cos6 = P— P o R R
| v —
Py = (P - Psh) / cosB / —| N @
H H Column U H
i i Footing i i
ﬁ% BH-600 x 400 x 22 x 30 ﬁ% 2
N N\ @
84 = (6a1 + Oa2) | 2 Reaction bed
The brace was made by cutting both ends of the flanges of a beam with a geometry of H-400 x 400 x 13 x 21.
The material is SS400 steel. [Unit: mm]

Fig. 4.1.1
friction damper in full-scale tests"

Steel beam—column loading frame incorporating a brace-type multi-unit

Experimental setup for full-scale tests"

Fig. 4.1.2
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) : H H
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H-400 x 362 x 13 x 21
750 | 362 | [Unit: mm]
Fig. 4.1.3 Drawings of the brace-type multi-unit friction damper used in full-scale

tests: (a) plan view; (b) elevation view; and (c) sectional view"
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4. 2 HRIATILA

FERIEEEBROEANT 7 0 7T L% Table 4.2.1 (T4, @70 77 L%, FEKX
BRI CHIA AT T L= AR 2 o — D FEAR R 7R BE R MERE 2 3Tl 92 2 &
FHIE L, EME A b cflifmrk e L,

Case F1 1%, BT 7 F o =— & OFRGIZEAL A 10 B 7 LD E%HE (EH] 2. 0s,
PRI &= 10mm, ARGERFE 20s) & 7225 K 9 #9558k T, CaseF2 7°5 CaseF4 %
TIE, HEHRIEZ 10mm 27 T+40mm £ TN S B Wi ZRTH 5,

Case F5 1%, B RHUE DI E D kel O R W R A I HIEENC X 58 EE
HYOISEBMER Z248E LT RIE T, 100 94 7 L O1Es&EE (A 4. 0s, RN
+40mm, AkREHFHA] 400s) T3 2@k ER TH D, BT, Case F5 DEHR
1%, 7= TR AT S o — ik = s 2% v FOILERA L b (Fig.
4.1.3(b) , Fig. 4.1.3(c) ITHRVEFRTRT) ZRABITHEDTREEL, 770
ICECE L T2 BBV R — DRI LB 72 E RN ORZEMRICE 2 5 BB, 7
FUVDATTA AT L— MR T L—2DF AW Ei@E L0 %< A LR
DEBLHERT HZELERBAE LTz, 2 D78 Case F5S O HIEEEET)I1X
800kN (=0. 32X 156. 3kNX 2 [HiEE#E X 8 .= ) T, Case F1~Case F4 o H fZE&
#2773 1000kN L 0 /Xy,

Table 4.2.1 Loading programs of full-scale tests”
Amplitud Target Target
Loading Loading Number S .e . aree arg§
. of dynamic displacement velocity
Case | Waveform | period frequency of cycles

Ts) /7] N actuator of damper of damper

‘ 5 [mm] Ja [mm] Vs [mm/s]
Fl Sine wave 2.0 0.5 10 +10 +7.84 +24.6
F2 Sine wave 2.0 0.5 10 +20 +15.7 +49.2
F3 Sine wave 2.0 0.5 10 +30 +23.5 +73.9
F4 Sine wave 2.0 0.5 10 +40 +31.4 +98.5
F5 Sine wave 4.0 0.25 100 +40 +31.4 +49.2
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4. 3 EEBHER

£FzEBr /- — X (Case F1~Case F5) D7 L — A BIEREL 5>, — D} il J5 7] D &
#27) Py EFEENVEAL 60 DEAMR (BEENL—7) &, BEERY) Pe DWFAIE % Fig. 4.3.1
~Fig. 4.3.3 |27,

Case F1~Case F4 O X L /_X—Miili )5 M EEE )] Pa & EBNVENL 60 DEALR % Fig.
4.3.1~Fig. 432 IZ-7, AKX, BEEEES) (1000kN) & HEEE#ET110%

(900kN, 1100kN) D%, ZNZEIH O EROWHR TR LTz, X7 3—#f
il 7 1A EE#2 ) PalX, Case F1~Case F4 TZE L 7= MI¥EMRI D16 ¢ SRk 2o~
T EDHERTE D, BEERDHTLORIET, ¥ —HORRN /NS <, BEER
AT UV ARDB OB FEEMMmEN L7/ S VRAE L HEZE XD Case F1 T
IFEE IS <, Case F2 CTHEBIINET/NIODIE L 72573, RIEOK X
V) Case F3, Case F4 T, & >/ \—Ffiili 5 [0 BE#2 ) Py 3 B FEEEER J) 1000kN+10%
PN %R LTz,

CaseF5 1%, V7 OBEEY  N—HARKa2=v s 2y FOMLITRARL N Z5E
EREY, AR % 800kN &L, 7TV TVDATITA AT L— MR T L
— 2D AW E L0 < ARTLHBRIKTH D, Fig.4.3.3 127”77 CaseF5
DE =T MR T) Pa & FEENVENL 60 DBAMRIZIE, BAEEEET] (800kN)
& BEEEEE ) £10% (T20kN, 880kN) DfEi%, ZALEIT OMGHR & IR O TR
L7z, RN G, $BE L7 Lb— AR 7 L X — (X, fkRE O R W R JE i
BN L 2BEBEDOINERBE AR 2ME LRIBICR LT, BEEED
YT CRE LM R OE ST ) e 2 R 9 2 EDRMERR CTE 5, &2/ S—Ff i
FEE ) Pq DWFAIE (Fig. 43.3(b)) HIEFITLELTEHY, 100 A 7LD
WA CEUDEE) PO TFIIENTH D, £/, 770 VDATITA AT
— IR T VL —2AOF M ZEE LD ZABTORETH ST, BEO
BESC, AT T4 AT L— MR EDORLEERFIC, BENRED X v /3—
MG N E U & 2R LT,

Table 4.3.1 12, & 2 /X—KfMl 5 [ EEEET) Pq DONV-YIHE Pamean & BEELREL D -1
1B timean 72 F & D THRT, BEEEI)OFLEE Pomean 1%, 7 L— AEEER L L 73—
THE U To B 1L — BN BN (7 L— AR5 &N L 60 D B FE
) TBRU THEH L7z, BEEARBONYEIE wnean 13, Pamean 3 L OMLIERAR L K
D A/ 156. 3kN & AT, Case F1~Case F4 1% wmean = Pamean / (156. 3kNX
2 HEEEEX 10 & >~ 1), Case F5 13 timean = Pamean / (156. 3kKNX 2 [HIEE#E X 8 & »
) CTHEHELE,

Case F1, Case F2 T, BREMRMAHIL T, REEAMD/NIWTZD, Pameans Mmean
OfEIE, HIEZEEE#ELS] (1000kN) +10% (900kN, 1100kN) <°, FEE#E{R¥ (0.32) =+
10% (0.29,0.35) % FlEBDMEERTH, TOH, MBEENNNEL L 7R DITHEW,
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PR & AT 2 U A DO M O B SEZREARmAE SN U2 Z & C, Pameans Hmean PAE
HHI L, CaseF3, CaseF4 TIXHIEEEE ), BHEREEMRIITITWVVERMER L 72
> 72,

F£72,100 VA 7 V@R EBR D Case F5 T, 20 VA 7 VAED Z & D Pameans
pmean DNEZ FAR 2 &, #ifar A 7 VN < 72 DIZHE, Pameans pmean 1EHEDNT
AT B0, RIS BRETH ST,

FRFER (F3HE) BILUOFEREHER (KE) THIERND, BEL X
—HARa =y NEBEEMIAA THER LIZ 7 L — ARERE 2 R — DR )
1%, BEE =R =y NOBERT) AT AR =y MIORE TR
FE L Gl A7 = L SRR T E 1=,

FRFER (F3HE) BLOFEREHER (K&E) OFERERIT, REEOT L
— AR 5 R— D FEEY~OHEHICEEER S D 2 & 2 FEFET DR RO —
DThHDHEZEXD, ZORBREREENMGONZZ LT, 2. 2HTRLE, K
BKEDT L— AR X — DY)~ FH 3 EBL LT,

T, REREEEROEMEE CIL, BEX UV —(ETL—2AD EuiE T
W, FNEI EEREATR & TR IS S TR Y, @Mtk oL
— 2T 4. 1HTHALZmNEAB DRI AET D, ZORAENIE, Fic7
T VN IA N TE R 2 o N — DI RIS B2 52 5 E B2 HILD N,
FEYRT) Pa\ X2 E LT % R L, B AW T X 22200 b n o7,
CDOREIRETE LT BB AN RETE -0, K57 7 U DI LT- 2 DDEEE
WO H G, —HOHEENEMLIZSE, b 95— OFEEm O @2 F URE R
L, HEEEBORBENHZETE QW) EHERTE D,
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Fig. 4.3.1 Experimentally obtained hysteresis loops (along with target frictional

force and £10% variation; upper figure) and friction force time history (lower figure)
along the brace axis for Cases F1-F2 obtained from full-scale tests: (a) Case F1; and (b)
Case F2"
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Fig. 4.3.2 Experimentally obtained hysteresis loops (along with target frictional
force and £10% variation; upper figure) and friction force time history (lower figure)
along the brace axis for Cases F3—F4 obtained from full-scale tests: (c) Case F3; and (d)
Case F4"
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Results of full-scale tests for Case F5: (a) experimentally obtained
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hysteresis loops along the damper brace axis (along with target frictional force and £10%

variation); and (b) friction force time history along the damper brace axis"

Results of full-scale tests”

Table 4.3.1

~~]
8258
afyex=
| LT
L= == L
< R I AR
S 6w o o
s 3 -2 2 28 o
s < ST I
‘S O 2 9
QO 2 o000 3
5 B alols|a|g v oo I
o B S| oo =m0 o ag
S @ AN 5 DD
nmo o|lo|o|o S oo S
L .=
= O
Q9 =
£z 7
=~ 5 - 3
(S 3W
a5
© =
<
N
—~|
8258
a7 % ®=
I | LT
5] _ D2 E -
2 S o
mm O ©® © n o,
= leeee
- 0 o oo
- = IS
Om - L L L 5
((((
8= ol F|F S 0 o S
= £ NIV T O = S
o 3 ~|oo| v 0 0 0 F
= 5
— <
<
£~ ~
g 2
2 © °
= >
S MM 5Y
=
<
N
o ©Q
d.mm]
.Mam o|lolo|o o
2 5 B —| Q|| S <
g2 5 | W H | H
o & ®
< 3
55
EREEREEIEE =
Z | = ==]=
= —
Z 5
O
7] — || en| < v
% | B | | 29

55



4. 4 FEAEDQFELD

RETIE, #ETIHEEY XA~ Ra=y BB AATE T L— 2R
PR A L N — D REKRIEHEFEREZ T L, 7L — AR X — [T A AT
JEE A L N— iR = FOE L X S — RO BEEMRE DO BRe, 7L —
ADEEE I E R L, FEEREROMEIILLTO®EY THh 5,

1) BEgA o R—HRa =y F&2 10 By MAAIAATE T L — ABUEEER 7 /X —
i & RRLNE 2 3t RIT, B 7R IENE O EsL I Eifr 25r 2 Eh U, 127 DB A
VOR=IN, BELUTEBEBRE T O LR L, £, U= TITHARA
TP o N—JRK = o FOILIERR L FEZBRICHED, 770 VEER
DOFEHEDOEEC, AT T A4 27 L — OIS HAHENPRKEVIREET 100 o
7 Vg IR A S L7203, BRI OREENME T T AR EITFRD b
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£5EF MERERSY V/IN—DEXEHEER

ARETI, BEY =R =y N EEEEAGA AT IR R & %
—DFERIEMEFERZ T L, BIAETEEE A X — T A A TE BB 2 X — S
AKa=vy FOFE L BRI 2 S —OPREEMERE (R %) OBRMRSe, M
FEE b D28 72 & & MR T D,

7ok, REOART, MREFOHL 1), 2), 3)ZFER, ME, {HHkLZD
DTHDH,

5. 1 HfFEELHBRAK

WAETUER R & L R =%, MRE R & 2 /R — D AU I R A 2 fL A A T
7o, B R —VEENRF S R ISR 3 A2 U7 2 & <0, RIS A e R AR A 28
i o E P RBOMMEEEORBR E2BETHZ b aBEL, YA TOR
72 % 3RO IR EEE & L N — B R A e L, 2 FERE O #ifnr 25 8 TR
FeBR A i L7,

AR 7 R — BRI S-1, BRI S-2 DFEBRCHEA L 72 #ifi & & o 3 if
4 & B H % Fig.5.1.1 & Fig.5.1.2 (279, Fig. 5.1.1 1%, HOEWEERAKR S-2 FEhk
W DFETEE ORI TH D0, RBRA S-1 OEBREFIZIT BT oR S 21K
SEF L CEBRAE Uz, RFEBEE S L S—O Tl FEsmri o s L
7o FHPHATRO—SCBINT 7 F o = — & 856 L, KI5 SN HE ¢
BN 2 527006, 77 F a2z —2NEe — N /LChiE % 3 2 s fr 2k
BT D, NEHEARIIAEF BB ATRER AT A RL— (V=T HA K)
I U CEBMOKR IR LR LTz, BIRNT 7 F 2= — Z O F K faf B 1%,
1000kN, fz K#fr#H 1L 230mm/s T 5,

FRBRIA S-3 DEBR T L7 #ifirE & oL X & B E % Fig. 5.1.3 & Fig. 5.1.4
RS, HATREIE 3 4 EOERREEERCHEH Lo o L [T, MR
B oR—EM O B & A, TN BRI b T RS B LT, i
IEETE D 2 ROMET Bin & T B #iE T, A Bam g & Mg
PNCHE LT, TR RO KO RICEE L, TR O — b6 BiiY
T Fax—F w2 L, K ENLHE RN 2 5228, 77 F
a2 —ZNjgr — RN/ CHELZ T 2EMEE CH L, BT 7/ Fax—
& O g KA AT B I 1000kN,  fe Rl fr i B 1E 230mm/s T 5,

RBRIK S-1, S-2 DFEAX & B H % Fig.5.1.5 & Fig. 5.1.7 12, RBRIK S-3 OFEM
X% Fig. 5.1.6 \Z/~” 7,

FRBRIAR S-1 (Fig. 5.1.5(a)) & #ABRIK S-3 (Fig.5.1.6) OE IV 37 d 2150 mm
T, FEUER IR O R SIS DRI A L =2 E L2 DO TH
%, ABRIR S-2 (Fig. 5.1.5(b)) O &% 3400mm T, MEE OB WEATICEH T 5
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WA 2 L R— % BE L2 D THhH D,

FRBRIR S-1, FABRIK S2 1 ZHENE N 2 b D 2 WY v R—HARk2 =y M &
i L7- i BRR T, 263D ERER LA 2 mEE L X\ —HAR=2 = b
DB TR 2 FANC M L, BRI 0. 33 FETH D LI L=, Z D=9,
HEAR2=v F1®y B OEEET)N 100kN L7225 X9 LIERAR/L Ry b
DF AHH /)% 150. 0kN (=100kN/ (0.33X 2 [EEHER)) IR E LT, 2 HEEX
N—HARa =y P OERERIKDLE Fig. 5.1.8@)IZ7RT,

ABRIR S-1 1%, 2 BB L N—HARa2=v k61 v hTHAR L HIEREE
771 600kN, FRBRIK S-2 1%, ARz = F 7~ b CHERR L BAEERREEE)11Z T00kN
ThD, 728, RBRIAS-1 LRBRIK S-2 T, HribOIREN S HAREEE S N R IE
TEHE01T, BERKE AT VLV AROMOBEFEMmEZ K& < Lok BA
R 2 B LT,

ARERR S-3 1T EImN 4 Sd D A HBEEY LR — AR =y MR H L2
BRIKT, iRk =v F1E v 72V 200kN (2 A L — K2 =y FD
21%) OEENEZRET HHEND D0, BT 7 F 2= — X O KR B
1000kN ThH D72, HIEEREE N Z5| & NP CEREIT- 70, FANZEM L= 4
B =R =y FOBEREBRORNZ Fig. 5.1.80b)IRT, EHRER
FERIN D EEEAREN 0. 32 FREE LRl CE 5 2 & 2R L, ILiERARL bty b
DA ) 5@ LD 12.5%5] & FiF, 136.5kN IR E LT, 1y hHZV D
FE#Z 1% 175kN (=0. 32X 136. BN X 4 [EE#E) T, 4 mEEEL v R—HARKa =
~ 5ty N TR L 72 3RBRIK S-3 D B ARAREERER /)13 874kN (=0. 32X 136. 5kNX 4
HEEX 5y N Thd, ok, BRIKS3 T L-BEEKRIL, 3 FEOHE
REBRCTHEHLZbO LR UHART, BRBRIK S-1 L3BRIK S-2 THEH L7z BR
PEEAR Tl 720,

MITHR /L kO A2, R & 2T o L AROAFRERmERE (R0
PEfdiERE) VL RO - AEIEIE, REBRIA S-1, S-2 A9 12N/mn’ T, RER
1K S-3 239 1IN/mm® T 5,
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Friction damper part

The loading device dimensions and total frictional force I de
of Specimen S-1 are shown in parentheses. Portal frame — Stud Total frictional force: 700 kN (600 kN)
Upper loading beam:
BH-600 x 600 x 22 x 32

oH 1145
-7 ~k Reaction wall

Frame for displacement measurement
\\':'\
il
'
A [HE= N = H N
s I Y R
/' ' A\ T
¥ oo B l
To counterweight 1 EI = = 5
H L A =
5 1y Ny |2
i i g g
Loading with dynamic actuator P: Loading force :' Pg: Friction force S
&: Loading displacement Oa: S“d'n‘g displacement
g e
— i '|I|” il MBSl i T
T ] ; *_, 4|;| ] iz i I S 1 s
e
7
Reaction bed Lower loading beam: Sliding device [Unit: mm]
using linear guide '

BH-600 x 600 x 22 x 32

Fig. 5.1.1 Elevation drawing of the loading system in full-scale tests for Specimen

S-2 (S-1)"

(b)

(@)

Experimental setup for full-scale tests: (a) Specimen S-1 and

Fig. 5.1.2 (b)
Specimen S-2"
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1500 4000 900
1000 2500 2500 400

Loading =
with dynamic actuator H H

P: Loading force @
&: Loading displacement %

Loading beam:
BH-600 x 400 x 22 x 30

380

-
=

1075

Py. Friction force<#
J4: Sliding displacement I
Footing beam:

|
1810
2570
3170

Column

BH-600 x 400 x 22 x 30 1650 g
- L1
| 1 | 1 =
[T [T Q
1 [ 1
The material is SS400 steel. Reaction bed [Uniti mm]
Fig.5.1.3 Elevation drawing of the steel beam—column loading frame in full-scale

tests for Specimen S-3"

Fig. 5.1.4 Experimental setup for full-scale tests of Specimen S-3"
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A-A A
[
o
Yol
Bt N
Flange
S t=25
o el
o -~
~ V
A-A #&)
‘Jg | u H | Flange
t=25
) © / S
g (o] g
- 316
] [ o Web
~ spL ¥ 8 t=16

=)
1300

1075
|| o
200 N
820
=
g0
D |
N
-
250
S
7 )~
w i
(o)) -
N

|

| 460 | AT s | 360 | AL s
520 1400 400 1400 [Unit: mm]
(@) (b)
Fig. 5.1.5 Elevation drawings of stud-type multi-unit friction damper specimens

used in full-scale tests: (a) Specimen S-1 and (b) Specimen S-2"

A-A
Flange
t=25
0
3
A Web
o t=16
2 t=12
t=36
I
5 1650
| ‘5“138 | A P 1710 W [Unit: mm]
Fig. 5.1.6 Elevation drawings of a stud-type multi-unit friction damper specimen,

Specimen S-3, used in full-scale tests"”
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() (b)

Fig. 5.1.7 Photographs of stud-type dampers in full-scale tests: (a) Specimen S-1
and (b) Specimen S-2"

(b)

Fig. 5.1.8 Experimental setup in elemental tests: (a) elemental specimen
consisting of two friction units with two sliding surfaces and (b) elemental specimen

consisting of a single friction unit with four sliding surfaces”
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5. 2 #HEIOU5L

AR IA S-1, RBRIK S-2 O 7 1 7T A% Table 5.2.1 1257,

BRI S-1 TlE, RET DRI X L X— 2l EEEmIE A Lo,
) 1 REAR K ST A EIR N 2R T2 Z & 25 E L, Case 1 (X8I
T U F 2 — B ORI 10 YA 7 L DIELRE (B 4. 3s, HROE+10mm, Hk
WelFl] 43s) 72D X H#Efar L, Case 2, Case 3 IZ#H{af#RIE% 10mm %A T=*
30mm F THEIN S W 7= Wikt EZBR TH 5,

AERIR S-2 TIE, #kx A O@EY DRSS O E W EITIC, AR L N —
ZHEHTHZEEEEL, RESCHEBINR2D 5014 7 vE 10 14 7 LV DIERL
W Tl 5 SR A S L7z,

Fig. 5.2.1(a)l%, 10 ¥ A 7 L OIEGLKEGHEA THEH L7z #ifrite e (88 2. 0s, #%
MEIXE1 ICIE# k) Th D,

ABRIK S-3 O#fr 7' 1 7T L% Table 5.2.2 12”7,

BRI S-3 Ti, IEIE & RN R D IR, ISEEMAE, Mk o
WREMHESIC L 2 BEERYOFENEZEE LT 100 A 7 L OIELE (F
H 4. 3s, HR0E=40mm, AkFERFE] 430s) 72 & CHifmT D ERZ T LTz, ISEE
WAL, B 1RE 2IROBEREFNENEI 4.3s & 1.7s OfEEEE
V) O RIS AT CEE L7 5 O T Fig. 5.2. 10 277,

Table 5.2.1 Full-scale test loading programs for Specimens S-1 and S-2"
Loading | Number Amplitude Target velocity
Specimen Case | Waveform | period of cycles of dynamic actuator of damper
T[s] N 0 [mm] Va [mm/s]
1 +10 +14.6
S-1 2 Sine wave 43 10 +20 +29.2
3 +40 +58.4
1,2 2.0 +10 +314
3 4.0 +20 +31.4
4,5, 6,
7.8.9 2.0 +20 +62.8
10, 11 2.0 +10 +31.4
12 2.0 10 +20 +62.8
13 2.0 +10 +31.4
S-2 14 Sine wave 2.0 +20 +62.8
15 0.7 +20 +179.5
16 1.0 +30 +188.5
17 4.0 +20 +31.4
18 2.0 +40 +125.7
19 2.0 +60 +188.5
20 2.5 5 +80 +201.1
21 3.0 +100 +209.4
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Table 5.2.2 Full-scale test loading program for Specimen S-3"

Loading | Number Target amplitude Target velocity
Specimen Case | Waveform | period of cycles of damper of damper
T[s] Ne 0d [mm] Va [mm/s]
0 +5 +7.3
1 +10 +14.6
2 43 +20 +£29.2
3 Sine wave 10 +30 +43.8
S-3 4 +40 +58.4
5 17 +10 +37.0
6 ' +20 +£73.9
7 Assumed response wave
8 Sinewave | 43 | 100 ] +40 +58.4
10
o L
35 T
I MRIATATATATRTATAT AN
W LMY VA
0 2 4 6 8 10 12 14 16 18 20 22 24
Time[s]
(@)
gao N L i
é 13 VHM F T T A AT S T
8 10 Y YA T L AT YNV U WY
% 20 y ! luf \Uf \U/ ALY :
2 %
0 0 20 40 60 80 100 120
Time[s]
(b)
Fig. 5.2.1 Example displacement waveforms for loading tests: (a) normalized 10-

cycle sinusoidal wave with a period of 2.0 s and (b) assumed response wave"
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5. 3 XEHFER

AERIR S-1 D5EBR Case 1~Case 3 D RAERIEEER 72 /X — D AW 5 7] D BEER
71 Pa & FEEVENL 64 DBEFR (BIEL—T) &, BEERT) Py OWFAIE% Fig. 5.3.1 1
Y, KU N—EEER ) Py L EENENT 641%, Fig.5.1.1 TEFRL7-@Y T, XX
—BEES ) Pl, T Faxz—FOHMMEP LFELWEZ X, Fig.5.3.1 121X
HiZEEER ) (600kN) & HAZEEERT)+=10% (540kN, 660kN) Offiz, T T &
DFERR E RO TR, REBRIK S-1 T, Hrihi» S B EEMmES K& ik
BAEEEMR 28 Liz72, 77X TO%EER Case T, MFEHIA L N—DEETIX
BEd2 HAEEEER )] £10% O CLE L TR Y, BRI MR o1 5t ) Ft 2 R
T2 E MR TET,

FBRIA S-2 DFEBR Case 14, Case 19, Case 21 DOFIFERIEEEL &7 L X— D AW
TR T) Py & EEVAENL 64 DRAfR &, XU X—BE¥T) Py DWZIE % Fig. 5.3.2
R T s Pald, 77 Fax—FOHEMME P LEFELWEEX T, FKICIZEE
JE#EL ) (TOOKN) & HEEEE#ER ) +10% (630kN, 770kN) D%, ZIEiLH DE
R ETROMEHRCTRT, BBRIK S-1 LRI T, BBEBEERZE8H Liz7-, 1EH)
BRARIE L > & AR R & L R — 32208 U T R IR 2o~ U, R B o
BRI Z R T 2 ERMERTE 5, 27171, BRIEOE SN RE W2, B
AL B AT O E AR E <, X U —fBEREO LN 501X, BT 2
FaxT—XOEBHEN S LV H 10mm FRE/NSVMEZ R LT,

FRBRIA S-3 D FEBR Case 4, Case 7, Case 8 DFFERIEESEL L L /X — D1 AW 5[]
DEEERT) Pq & THENZEAL 60 DBETR &, BEHRT) Py DWZIE% Fig. 5.3.3 12”7, Py
%, ARBRIK S-1, RBRIKS2 LRIBET, 77 F a2 — X DOHWMMEP LEL WV E
Bz T, FIRICIZBEREEET] (874kN) & HAREEERJ)10% (786kN, 961kN) @
i%, ZNENEHOFEREFROMIRCTRT, 4 HEEMER Y Vo —%, [EEE
MR Tl L 7= 3285 8 (Fig. 5.3.3(b)) 1%, 1E5XHE Tl L 72 EBEE R (Fig.
53.3(a) EREEOEE LT-Zdha R~ L, EREEER OB L2 R 2 L
DHERR T E T2, 100 YA 7 )V OIEGLE (A 4. 3s) THlifar L 72 dLfgisfli far F2HRRS R

(Fig.5.3.3(c) (& D &, D 35 A 7 VFREE, HimRFf 150s F2E F Tl
L UTZ BRI 2R 328, BRI O E BRI, #ifirik TR OB X
200FRE /NS K T o T, FRBRIK S-3 TIE, MFERIEEY L X—DF L X—ED I
Al (Fig. 5.1.3 OBRWADALE) TH o /3—OSREARRHEEN A 2 FHHI L
Teo T OSREFIENIZ L D &, Hifar i B SR RF I FE BN I AR TR RN L 72
MB, B —lE C 20, 5mm F2EL D FREAA XL ([BlA 44 #A%R T 40, 001rad
FBEOENM) WELTWDZ & 2R LTn, Z Ok 803 RN T, AR
S-1~FRBR{K S-3 DEERE ) Py & FEBHZENL 6, DR (Fig. 5.3.1~Fig. 5.3.3) O
W0 W ST N T BRI Ae o 7o EHERR U722, A% b B 72 D apf et
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DMBEEEZ D,

Table 5.3.1 & Table 5.3.2 12, ¥AWI G RIEEERT) Py DB Pomean & BEEAREL
DNE timean & £ & D TART, FIEJEERT) Pamean 13, FIAFEREEER S /X —D3H
B U TR R VX — BNV (& 2 /=D KETT BBV N da D RFE
) ThrLUCHM L7, 3BRIK S-1 OEEBURID I timean 1E, Pamean & MLIXEA
RV~ OE A 150. 0kN &2 VN T, timean = Pamean / (150. 0N X 2 [HEE#E X 6
Ty ) T, BREMK S-2 DEEELREONEIIEIX, wmean= Pamean / (150. OKNX 2 T
BEEEX T® v ) THEH Lz, RBRIK S-3 OBEEAHOFEHMEE, MiXahL k
DIF N /) 136. 5kN Z FHVNT,  ttmean = Pamean / (136. BKNX 4 [HEEE X 5 > )
THRH L7,

i BB BRI 2 B U 723K S-1 D IEEERT] Pymean & BEEARE D V-H)ME
tmean 13, 4 Case THIEDHREE )] (600kN) £10% (540kN, 660kN) DHIFHM,
PR AT 0. 33£10% (0. 30, 0. 36) DHAFHNDEZ R LT,

A U < o BARERIR M A 8 U723 BRIK S-2 & BRI TT Pamean & BEBRELD
SEYIE pimean 1%, BEERREEERT) (TOOKN) £10% (630kN, 770kN) OFIFHPA, EEER
£2E0F 0.3310% (0. 30,0.36) OFPANDEZ =~ LTz, RERIK S-2 1%, #BR{K
DE S MVRENTZD, MM & B ROBMEER N RE <, Fr3—0if
BN 641%, BT 7 F2ax—2OEM 6 LV Y 10mm FEE/ NS L, BT 7 F
a2 T —HZ OZAL S DY 10mm LA N DIGE, BEER A V3 — 38 L e WEEIR & 72 o 72,

BRI S-3 1T BB Z 50 L TN RV, & O 7= O EEEER N B in LI
PEERM & AT o L AR DO BRI FE DN/ X <, Case 0 DERJEEERT) Pymean 13,
HESREEE S L0 /NS B & 7o 7o, EO%IE, FAIC X o CTE Il m fE 23 HY
L, BAEkaEEERS) (874kN) £10% (786kN, 961kN) DOHPHIN, EEEALRERIT 0.32
+10% (0.29,0.35) OHFPHANDIEE R LTI,

HATHEEIZE B L, BRI S-2 TENMIRIE dq 23 £20mm &5 L <, #HEN R
% Case 3, Case 12, Case 15 #Ltig4 25 &, BHEE#MHHEE V23 31 4mm/s 705
62.8 mm/s, 179.5 mm/s &AL T H EEELREL timean | L FLE L 0. 337, 0. 341,
0.333 TEENIIT L A EHER TE RV, BERIK S-3 TENIRME 04 25 +20mm T
LU Case2 & Case 6 # b3 % &, BHIEHMEE V23 29. 2mm/s 2> 6 73. 9mm/s
(ZHEIN 2 & BRI D I imean 1 0. 337 05 0. 312 ~EEZHD LT,
FARERIR S-1 T, B 723 4. 3s TEHL L, BAHRIE 60 DZEAGITPE Y B AEH AT
P V23 14, 6mm/s 25 29. 2mm/s, 58. 4mm/s & HEAN4 5 Casel, Case2, Case3
% L9 5 & BEBRE timean 18, T4 0. 355, 0.362, 0.352 CEENE, 1F&
A ETERTE R\, T DOFERNG, BIR LT A /3 —I3, s 3
MUTHEEINL, ZEAERUNMENIBDTIHIRETHD Z ERDLND,

KRB TR LI FERE RS, BEA =Ko =y & EEIAA THE
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F UM 2 o X~ DRI L, B R—FRa =y N OEEET)
ERAIIANTEHAR 2 = MEOFETHE X < T rTRE72 2 & SR TE 72,
AREOREBFESRIL, REBEOMFEREE Y X — O L)~ H IS & BT
N2 Z LR EHETHERO—DOTHDHLEXD, ZORRERERENEON
7228 T, 2. 2HITT/R LI, REBOMMHAIEEE X L/ N— O FZdEY)~D1E H )3
FH LT,

F7o, 2HBRIK (S-1, S-2, S-3) OFERALZIEL T, MHEOHERR EDREE
PREENIFE Lo T2,

RERIR S-3 OAEBRIK TIRIT, BEERY X —HERE R % feal U 7o 03 R BE
ZHBER RS LD BN > BEGIIME CE o7 (Fig. 5.34),
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Fig. 5.3.1 Experimentally obtained hysteresis loops (along with target friction

force and +10% variation; upper figure) and friction force time history (lower figure) for
Specimen S-1: (a) Case 1, (b) Case 2, and (c) Case 3"
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Fig. 5.3.2

force and +10% variation; upper figure) and friction force time history (lower figure) for
Specimen S-2: (a) Case 14, (b) Case 19, and (c) Case 21"

Experimentally obtained hysteresis loops (along with target friction
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Table 5.3.1 Results of full-scale tests for Specimens S-1 and S-2"
Number Amplitude of dynamic Average friction force Friction coefficient
Specimen Case of cycles actuator of damper per sliding surface
Ne 0 [mm] Pamean [kN] MUmean
1 +10 639 0.355
S-1 2 10 +20 652 0.362
3 +40 634 0.352
1,2 +10 - -
3 +20 707 0.337
4,5, 6,
7.8.9 +20 741 0.353
10, 11 £10 - -
12 10 +20 716 0.341
13 +10 - -
S-2 14 +20 711 0.339
15 +20 700 0.333
16 +30 698 0.332
17 +20 713 0.340
18 +40 715 0.340
19 +60 696 0.331
20 5 +80 680 0.324
21 +100 661 0.315
Table 5.3.2 Results of full-scale tests for Specimen S-3"
Number Target amplitude of Average friction force Friction coefficient
Specimen Case of cycles damper of damper per sliding surface
Ne 0d [mm] Pamean [kN] Umean
0 +5 601 0.220
1 +10 829 0.304
2 +20 920 0.337
3 10 +30 875 0.321
S-3 4 +40 865 0.317
5 +10 831 0.304
6 +20 853 0.312
7 Assumed response wave 835 0.306
8 100 +20 809 0.296
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Fig. 5.3.4 Components of Specimen S-3 disassembled after all loading tests”
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6. 1. 2 MFETIL (Main Frame ETIL)
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NOBEFE#EZ, o= MFE7Z LVOEAEB LY T 572058 T
LIZEDNHERTH D, ARFTIE, FDEFALOEAGEHNPME 7 /Lo
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Table 6.1.1 Column list for the analytical model (unit: mm)"
Story Cl1 C2 C2A C3
22-30 | o-600 x 600 x 19 x 19 0-600 x 600 x 19 x 19 0-600 x 600 x 36 x 36 | 0-600 x 600 x 19 x 19
1921 0-600 x 600 x 19 x 19 0-600 x 600 x 22 x 22 0-600 x 600 x 45 x 45 | §-600 x 600 x 22 x 22
16-18 | ©-600 x 600 x 22 x 22 0-600 x 600 x 25 x 25 0-600 x 600 x 50 x 50 | ©-600 x 600 x 25 x 25
13-15 0-600 x 600 x 25 x 25 0-600 x 600 x 32 x 32 0-600 x 600 x 65 x 65 | 0-600 x 600 x 32 x 32
10-12 | o-600 x 600 x 28 x 28 0-600 x 600 x 32 x 32 0-600 x 600 x 65 x 65 | 0-600 x 600 x 32 x 32
7-9 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32 0-600 x 600 % 65 x 65 | 0-600 x 600 x 32 x 32
4-6 0-600 x 600 x 36 x 36 0-600 x 600 x 40 x 40 0-600 x 600 x 80 x 80 | -600 x 600 x 40 x 40
1-3 g-600 x 600 x 50 x 50 0-600 x 600 x 45 x 45 0-600 x 600 x 90 x 90 | ©-600 x 600 x 45 x 45
Table 6.1.2 Girder list for the analytical model (unit: mm)"
Floor Gl G2 G3
26-R H-850 x 200 x 16 x 19 H-850 x 200 x 16 x 19 H-850 x 200 x 16 x 19
20-25 H-850 x 200 x 16 x 19 H-850 x 250 x 16 x 19 H-850 x 250 x 16 x 19
17-19 H-850 x 250 x 16 x 19 H-850 x 250 x 16 x 22 H-850 x 250 x 16 x 22
14-16 H-850 x 250 x 16 x 19 H-850 x 300 x 16 x 22 H-850 x 300 x 16 x 22
11-13 H-850 x 250 x 16 x 22 H-850 x 300 x 16 x 25 H-850 % 300 x 16 x 25
2-10 H-850 x 250 x 16 x 25 H-850 x 300 x 16 x 25 H-850 x 300 x 16 x 25
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6. 1. 3 FDETJ/L (Friction Damper ETJL) E#HIIRBEE
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Table 6.1.3 Specifications of brace-type dampers in the analytical model”
Frictional force Horizontal component .
Story of each damper of'total frictional force Cross-sectional geometry
in axial direction [kN] of four dampers [kN] of each brace member [mm]

29-30 1000 2499 H-350 x 350 x 12 x 19
26-28 1200 2999 H-350 x 350 x 12 x 19
22-25 1400 3498 H-350 x 350 x 12 x 19
19-21 1600 3998 H-350 x 350 x 16 x 19
16-18 1800 4498 H-350 x 350 x 19 x 22
14-15 2000 4998 H-500 x 350 x 19 x 22
11-13 2200 5497 H-500 x 350 x 19 x 22
9-10 2400 5997 H-500 x 350 x 19 x 22
7-8 2600 6497 H-500 x 350 x 19 x 22
5-6 2800 6997 H-500 x 350 x 19 x 22
34 3000 7496 H-500 x 350 x 19 x 22
2 3200 7996 H-500 x 350 x 19 x 22
1 3200 6437 H-500 x 350 x 22 x 28

85




6. 1. 4 AHhEE

B ISERMTIX, 3 2oD 7 N—T D ANSJHEE) TEM LT,

1OHOZ V—T1%, ERAXRT MVEAHE S (M1 ~M5) THERK L7,
2OHD I N—T1, BE R T 7INOOERME DRI S M 0
WEEMIHES) (LPLD) 33 (CH1, OS1BXWSZ 1) THALZ,
3OHDO T N—T1F, ERTWE R O T RIHES) & 2016 FFREAHUE OBLHIE O
i3 (3CP, 3CFBBIUKM) OEFAH LA HER) CHERL L 72,
ARELFH7TEORFCIE, ELRBEEDPHIRNEE R LERFRHHER
%ﬂ% DL RPN R R AR (2 6 D AR EHH R B K O R
’%#éﬁ%éﬁ%ﬁbkiﬁﬁ@ﬂ%’%w%iﬁ%%éﬂéﬁ%%ﬂw
xﬂ SH) 1Y, 2016 AEREAR MR R REAS LN U 7= MBI R Y A LT,
BT N—T D NS JHE @JO)JEED% Z LA IZRT,

(1) FERARY FLEEK

12D NV—TDERANRT MVEGIIT, BAROEERBEYREREY
DOEERFF TR SN TV A HUES) T, 2000 12 8F é@ir%1mrﬁfré
N & —757 MIEEEIGE AR~V (BEEREERTS) PIC#HA T 5 H DT,
ARETCHERT 2ERARY MVEGHE 5 M1 E~M5¥) 1%, CHk 7) T
TERL S T BR BB HUE B Th 5, EEE S %D X —7 > MEEEISE A
N7 MU, AN 0.64 7 D REWEEIKT, —EDREEHEINEZ T H D
T, 2TCT7 U H LA TER SN HEE Th 5, ERIEOFRHE%L Table6.1.4 12,
B AL R L% Fig. 6.1.2(a)l2, M 1 I OBZI I E % Fig. 6.1.3(a)lRd,
N5 50 RE M1E~MBE) &, ZALDIREA 1.5 5k Lz
RO 2 OEMEE 2 H T 5, 2o &2 LI, U USRI, sk
T EFT D, TR ER (AABREEES 2004) PIZFEHO 100 F£B LW
500 SE AR ONEE & g9 5 &, 4V U VEREE X Ok SR O F
HMRNL, THENAATSERB IO 25004ELEZ D2 ENTE D, E-xtn
T 5 50 BRI, TNEIN10%EN 2% TH D,

(2) #EEFFHORVWREALSHES

2 OB DT N—T7 DO/ ORWREESIMESNE, THEeEEEdFEIcRlT
HFEWE N7 7IWOEREIC L 2 EEWH#E @ﬁ%;ow1<&mm% )|
([E +-42384 2016) 710 CoR SN 7= i FHRGT R IR E) ©, SRR 100 4F
~150 4=C, 414 30 FELLN O MRS AE MRS T0%~80% & Tl 'V & TV 5
W7 7V OEKRHE Mw8~Mw 97 7 R) #MEL, HRAT bV
B AV D FNVEIREE) ORE A X D AREMEDSIEFITE W E B X LD REE

86



DOFESE, HRHIX, KB, 6 OV X 2 RPSRICFHR S 75 R AR
HHER 3 (Db 3 WAL, CH1W, OS 1, SZ 1Lt %) T,
UREHLIXIZ G S 402 8 8 ) ORISR G OB Gk & L TEH ST
%o WA AT KL% Fig. 6.1.2(b)I1Z, AR % Fig. 6.1.3(b)IZ~d,

(3) REA#/ILAME

3OHDIZN—T DR SNV AMER) 3D, HWEINE AT L& Fig.
6.1.2(c)l, WLIIEIEIE % Fig. 6.1.3()C 7T, 3WMDHH, 3CPIKE 3CFK
V3, T I O O TR AR 365U C TRBRRF R PR R k5 %
S HET S L O ENEICET AR N3 C, Y —2 A 3DHE
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Table 6.1.4 Properties of Kokuji waves"”

Wave name M1, M2, M3, M4 and M5
Corner period of pseudo-velocity spectrum 0.64 s
Phase angles Random numbers
Duration time of main motion in time 30
envelope function
Input amplitude 1.0 (original) and 1.5 (enhanced)
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Table 7.1.1 Column list for the analytical model (unit: mm)"
Story Cl1 C2 C3
22-30 0-600 x 600 x 19 x 19 0-600 x 600 x 19 x 19 0-600 x 600 x 19 x 19
19-21 0-600 x 600 x 19 x 19 0-600 x 600 x 22 x 22 0-600 x 600 x 22 x 22
16-18 0-600 x 600 x 22 x 22 0-600 x 600 x 25 x 25 0-600 x 600 x 25 x 25
13-15 0-600 x 600 x 25 x 25 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32
10-12 0-600 x 600 x 28 x 28 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32
7-9 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32
4-6 0-600 x 600 x 36 x 36 0-600 x 600 x 40 x 40 0-600 x 600 x 40 x 40
1-3 g-600 x 600 x 50 x 50 0-600 x 600 x 45 x 45 0-600 x 600 x 45 x 45
Table 7.1.2 Girder list for the analytical model (unit: mm)"
Floor Gl G2 G3
26-R H-850 x 200 x 16 x 19 H-850 x 200 x 16 x 22 H-850 x 200 x 16 x 19
20-25 H-850 x 200 x 16 x 19 H-850 x 250 x 16 x 22 H-850 x 250 x 16 x 19
17-19 H-850 x 250 x 16 x 19 H-850 x 250 x 16 x 25 H-850 x 250 x 16 x 22
14-16 H-850 x 250 x 16 x 19 H-850 x 300 x 16 x 25 H-850 x 300 x 16 x 22
11-13 H-850 x 250 x 16 x 22 H-850 x 300 x 16 x 28 H-850 % 300 x 16 x 25
2-10 H-850 x 250 x 16 x 25 H-850 x 300 x 16 x 28 H-850 % 300 x 16 x 25
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RAETRIERIR X S — % 2T Y 2 7 L — A L B —DNY 1 7 L— AT,
WIS RBERIATRIA D= AL 70 D K9G L=, Y 2 7 L— AT, [
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Table 7.1.3 Specifications of stud-type dampers in the analytical model”
Sliding force of each - . .
Story friction damper in the Total sliding force of six dampers Cross-sectional geometry of each

horizontal direction [kN]

in the horizontal direction [kN]

stud member [mm]

29-30 400 2400 H-1200 x 200 x 16 x 25
26-28 500 3000 H-1200 x 200 x 16 x 25
22-25 600 3600 H-1200 x 250 x 16 x 25
1621 700 4200 H-1200 x 250 x 16 x 25
14-15 800 4800 H-1200 x 300 x 16 x 25
12-13 900 5400 H-1200 x 300 x 16 x 25
10-11 1000 6000 H-1200 x 300 x 16 x 25
7-9 1100 6600 H-1400 x 300 x 19 x 25
3-6 1200 7200 H-1400 x 300 x 19 x 25
2 1300 7800 H-1400 x 300 x 19 x 25

1 1100 6600 H-1400 x 300 x 19 x 25
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Fig. 7.2.1 Peak displacement response relative to the ground: (a) mean for original

Kokuji waves (amplitude x 1.0), (b) mean for enhanced Kokuji waves (amplitude x 1.5),

(c) LPLD motions, and (d) pulse-like motions”
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Fig. 7.2.2 Peak story drift ratio response: (a) mean for original Kokuji waves

(amplitude x 1.0), (b) mean for enhanced Kokuji waves (amplitude x 1.5), (c) LPLD
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motions, and (d) pulse-like motions"”

117



31 31
e 2
21 0 S R S — 21
Fo R R e e e T I 316
[ ——MF [
—o—FD
T i S S e 11
R R 3 it S S 6
1 1 v: 1 1 1 1 1 > 1
0 2 4 6 8 10 0 2 4 6 8 10
Peak acceleration [m/s?] Peak acceleration [m/s?]
(@ (b)
31 ! 1
—e—MF (3CP)
! X : ——MF (3CF)
26 : """"" —=— MF (KM)
' : —o—FD (3CP)
21 - : - SR S i| ——FD(3CF)
o\ ¥ E i |_—°=FD (KM)
F R e e £ - e BT - B S 0 8 s S
LL i
—e—MF (CH1)
11 ——MF (0S1) | 11 (-t 9Ok Wk i-mmeoee g
—=—MF (SZ1) , }
6 —0—FD (CH1) E N
——FD (0S1) | XL |
—o—FD (SZ71)
1 H H H ] H H L H
0 2 4 6 8 0 3 6 9 12 15
Peak acceleration [m/s?] Peak acceleration [m/s?]
(© (@)
Fig. 7.2.4 Peak acceleration response: (a) mean for original Kokuji waves
(amplitude x 1.0), (b) mean for enhanced Kokuji waves (amplitude x 1.5), (¢) LPLD

motions, and (d) pulse-like motions"”

118



7. 2. 3 BEHOIRILF—RINE

BEANS BT IMEFET VLV EFDET VOO T 1L X —INE
(EZAEOEVER I = R VX — &, BB R — ORI V¥ —&, L—1 —
BRI L > TR SN VX —8&) % Fig. 7.2.5 127,

HHR A =P HIE = R —Z I L, WIS ENMER L7722 & T, FDE
TN FEEEDO BRI = L ¥ — & (FZEEOHEE= L X —IRINE) 1L, M
FE7/VOME L ik LT, Fig. 7.2.5(a) ~Fig. 7.2.5(e)IRnT AV U FERE -
sEAL 7RI & MR R O & W R JE IR B A I T 55% ~85%, Fig. 7.2.5(f)
~Fig. 7.2.5(WIZRTKJEH L 2 HUEB) A )R TR 30% ~65% 184 L7z,

F7-, FDEFTITEEY L R—NRFKIL L7 3L X —EOB T KL —
INEIZKRIT DR IE, 4V TSR - S R & LR O B R JE

T A S TR 45%~50%, FE /L 2 HZEE) A S CRI 40% ~45% T o
72

IO DENTRERMNS, 6. 2. STHDOT L—RABIEEER L X— %25 H L7 F
DETINVEREET, # 2= R X —WIUZ K 5 FZEE OB SRR I
FJEH SOV AHBEENA )R & bl U, 4V O F VIR %ﬁmﬁbm&mmuﬁ#ﬁaﬁ
DEWEAMHEBIASGEO TN RKE N ERNbnD,

119



m Plastic energy absorbed by main frame m Energy absorbed by friction dampers
@ Rayleigh damping energy

o
0 3 8 3
o o o
N < [e ] o
—_ ©
=
Lo o o
— ™ ©
= o
> <
O o o o
5 « <
c
= 5
o s S
o o o o
MF FD MF FD MF FD MF FD
O-Kokuiji E-Kokuji CH1 OS1
(a) (b) (©) (d)
o o ) o
~ < < oS
o
©
— o 3
E
Z
S g
o
P o <
2 &
Q
c
w o
N
o
—
o o
MF FD MF FD MF FD MF FD
SZ1 3CP 3CF KM
(e) ® (8 (h)
Fig. 7.2.5 Energy absorbed during earthquake response: (a) mean for original

Kokuji waves; (b) mean for enhanced Kokuji waves; (¢c) wave CH1 (LPLD motion); (d)
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Fig. 8.3.1 Analytical high-rise building model: (a) plan view of typical floor (half

model divided at the CL), (b) elevation view of the Y2 frame, and (c) perspective view”

~9)
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Table 8.3.1 Column list for the analytical model (unit: mm)® ~*
Story Cl C2 C3
22-30 0-600 x 600 x 19 x 19 0-600 x 600 x 19 x 19 0-600 x 600 x 19 x 19
19-21 0-600 x 600 x 19 x 19 0-600 x 600 x 22 x 22 0-600 x 600 x 22 x 22
16-18 0-600 x 600 x 22 x 22 0-600 x 600 x 25 x 25 0-600 x 600 x 25 x 25
13-15 0-600 x 600 x 25 x 25 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32
10-12 0-600 x 600 x 28 x 28 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32
7-9 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32 0-600 x 600 x 32 x 32
4-6 0-600 x 600 x 36 x 36 0-600 x 600 x 40 x 40 0-600 x 600 x 40 x 40
1-3 0-600 x 600 x 50 x 50 0-600 x 600 x 45 x 45 0-600 x 600 x 45 x 45
Table 8.3.2 Girder list for the analytical model (unit: mm)® ™
Floor Gl G2 G3
26-R H-850 x 200 x 16 x 19 H-850 x 200 x 16 x 19 H-850 x 200 x 16 x 19
20-25 H-850 x 200 x 16 x 19 H-850 x 250 x 16 x 19 H-850 x 250 x 16 x 19
17-19 H-850 x 250 x 16 x 19 H-850 x 250 x 16 x 22 H-850 x 250 x 16 x 22
14-16 H-850 x 250 x 16 x 19 H-850 x 300 x 16 x 22 H-850 x 300 x 16 x 22
11-13 H-850 x 250 x 16 x 22 H-850 x 300 x 16 x 25 H-850 x 300 x 16 x 25
2-10 H-850 x 250 x 16 x 25 H-850 x 300 x 16 x 25 H-850 x 300 x 16 x 25
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Table 8.3.3  Specifications of an equivalent shear-type 30-degree-of-freedom
(30DOF) system model”

Story Story stiffness Story height Weight

[kN/mm] [m] [kN]
30 196.28 4 6912
29 231.17 4 4608
28 256.74 4 4608
27 276.32 4 4608
26 292.83 4 4608
25 309.27 4 4608
24 324.58 4 4608
23 335.34 4 4608
22 344.93 4 4608
21 360.65 4 4608
20 370.01 4 4608
19 386.31 4 4608
18 415.08 4 4608
17 425.78 4 4608
16 440.32 4 4608
15 474.35 4 4608
14 486.10 4 4608
13 503.63 4 4608
12 527.77 4 4608
11 540.25 4 4608
10 556.05 4 4608
9 580.20 4 4608
8 593.80 4 4608
7 608.32 4 4608
6 647.02 4 4608
5 662.84 4 4608
4 679.43 4 4608
3 72531 4 4608
2 734.89 4 4608
1 612.01 5.5 4608

Total weight
[kN] 140544

Table 8.3.4  Natural period, natural frequency and damping factor of each mode
(Rayleigh damping factor : hi=h,=0.015)

Mode Natural period [s] Natural frequency [Hz] Damping factor
Ist 3.69 0.271 0.0150
2nd 1.37 0.729 0.0150
3rd 0.833 1.20 0.0205
4th 0.601 1.66 0.0267
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Fig. 8.3.2 Participation vectors of an equivalent shear-type 30-degree-of-freedom

(30-DOF) system model
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Table 8.3.5 Specifications of tuned mass damper and fail-safe mechanism models"

Model Parameter Symbol | Value Unit
Weight of additional mass of TMD W5 2931 kN
Mass ratio u 0.05
TMD (Initial) stiffness of TMD spring Ka1 7.87 kN/cm
(C.FV.D) (Initial) viscous damping coefficient of TMD damper Ca1 13 kN/(cm/s)
Optimal tuning period T4 3.87 s
Optimal damping factor hq 0.134
Weight of FS mechanism platform W3 293 kN
F Initial stiffness of friction device of FS mechanism Ks1 12896
kN/cm
Second stiffness of friction device of FS mechanism Ko 0
\% Second viscous damping coefficient of TMD damper Cq2 1300 | kN/(cml/s)
Second stiffness of TMD spring Kgo 787 kN/cm
W, T Weight of controlled structure : w; =58612kN
2931 kN S .
TMD Tg= Voor Mass ratio : y = 0.05
kdl&’w @cdl » Weight of additional mass of TMD : w, = w; =2931kN
Additional mass of TMD : m,=299kN -s2/m = 2.99kN-s2/cm
W1
58612 kN Optimal tuning condition . T,
- -0952 " Yon
Controlled< o Yot 1+u :
structure TS =
Ws . . . Kar =m2 (Yopt* w2)
Optimal damping condition
kW (CE e
_ 3u N Cq1=2 Copt'Yopt'WZ'mZ
Copt= A\ / st Na—0134
S
o
Fig. 8.3.5 Design and specifications of tuned mass damper'”
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