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Fig. 1 Details of reinforcements of RC frame

Table 1 Properties of steel materials

Steel materials . oy & E,
(mm?) | (MPa) | (%) | (GPa)

Rebar D10 71 357 0.19 184
DI3 127 403 0.18 227

Hoop or 3.7¢ 11 371 0.20 188
stirrup D6 32 468 0.25 191
Dowel PC bar (13¢) 133 1243 0.62 201
t=1.2mm - 281 0.14 208

t=3.2mm 306 0.15 203

Steel plate t=4.5mm 367 0.17 211
t=6.0mm 313 0.15 203

t=9.0mm 304 0.15 209

t=16.0mm - 315 0.15 208
BH-75x75x4.5x4.5 966 342 0.16 216
BH-75x75x6X6 1235 334 0.15 220

Notes: a=cross sectional area, cy=yield strength, e,=yield strain,

Es=Young’s modulus.
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Table 2 Details of specimens

R0O9B-C RO9B-CT RO9B-CS R0O9B-CL
t/=4A5mm t/=lA2mm t74A5mm t74A5mm

- 7 — ) — S [ ) — | —

S : : : : : : : :

£ : : : : : : : :

8 s I’ s s IR s s I’ o B N s

) » N I N

BH-75x75x4.5x4.5 BH-75x75x4.5x4.5 BH-75x75x6x6 BH-75x75x4.5x4.5
8 | 23.3MPa, (x08=63.6MPa) | 19.7MPa, (468=57.2MPa) 19.7MPa, (65=59.1MPa) 13.0MPa, (y05=61.2MPa)
=
Z R 0.2 (per column) 0.2 (per column) 0.2 (per column) 0.4 (per column)
o

" Column and beam connections Connection of bottom steel beam to the stub
|
g Column Beam m Steel Grout Bottom steel
5 65 D=175 0.8D e COlum%ase plate ,/ beam 200
2 Steel u \ / t=16mm
23w a9 1 frame ¥ ® Z
BEE e Ry == s b TR ,
w4 Trans. ¥ _ﬂ:ﬂ = iy Grout
° == reinf. /ﬁlﬁ © " @ .
= Steel plate PC bar 205 PC bar
& —_— 139 100 2 3e 10
S Steel plate  PC bar €, CS,CL| CT 100, —
A t=3.2mm 13¢  ~t=4.5mm |t=1.2mm R09B-C, RO9B-CT, RO9B-CS R09B-CL

Notes; 0B is grout strength (MPa), N/(bDoB) is axial force ratio, Reinf. in column: -main reinf.: 8-D10 (pg=1.85%), Hoop: 3.7¢-@105
(pw=0.12%), Reinf. in beam: -main reinf.: 4-D13 (pg=1.63%), Stirrup: D6-@120 (pw=0.43%). [unit: mm]

SRIEETR A LTV B, ZHUE, Bk L7z & 9 ICEBE o a4
MR WT, MhBECH v VI LY, ZE TO 2 JEHIR
ERWMREOEALNNERGEEEZEEL TS, £
C, RESOMIRIL, BRI L R0 EMET B0, SE
TV —RA L DA H T DR RIDOHE LT,

AT BN TIHE L 72 5 ROIB-CERBR A (LL T, ROIB
IZEWE) 1%, PR OWIE t=4.5mm, #F 7 L — A Dk
T ASBH-75X75x4.5%4 5 £ 12 > TR Y BB DO TR %
Y&, $E P lc_R— 27 L— | (516mm) Z¥%#: L
THEERD LML T > — (PChar- 13¢) Z8AFHNT T &
HT7 L EEEAS L TV A RRBRIRI, 8F 7 L — RO
JEANZ Ko T AMPRET 5 L 5 ICFmE L7, CT R K
8 T L= A R OT A Z 7 L OB HEITCRERIE & [
BEL U722, i AV 728 o= 2 1.2mm & fih
ORI LY L Lz, ZTHIC & - TEREREB O
PR EE, RBRE LI TR F oSO TREEL 2D &
DIZEHE L7, CSEBRMERIL, RHIRE VTR & 7 & Dk
AEZCREBR IR & [FRE & L7z, 808 7' L — 2 O Wi~k
% BH-75x75x6x6 & L7o, ARBIRIZE W T, RAaHmE
DI NEEZTICEE T L —RADM %8 & LiF5Z &
IZ & o T, RBREo A T EERZE) 2 B4 L7, CLR
BRIRIL, BETFRCY L— AW a7 U — R MR
(o5=13MPa) & 72> TV, $'F 7 L — A2 L OZHIKILC
RPE L RETH L0, SETRETRAY T EEERD
EHiLTT > J— (PChbar-13¢) & 14 KN THES L1z, K
AR, MR 2T BEFERCT L—a a7 — Ll
FEPMMEIECTh - Th, HEEOREHK CHimsT s &
WX > C, CREERE RV A XOEE T L—AE B 1T

HIREDNE D D EMRGET H HAY TR L7,

BB 7 L — 2O T SR I3 S T HTEEE (DL T,
BHIESH) Td 572, = O F1HME 2 RGET 5 72 HBH
TESH O AR 24T o 7=, JEMRRBRICH W72 BHTES I,
W i~ 8 BH-75%75%4.5%4.5 J2 UNBH-75X75x6X6 % [ i 0
FVDOMEDE S TENETN2ET S HE Lz, JTEMHER
&, BRI & B, SRR TH 2 v & U CRBRZ 1T
W, BEBRIRIZEE Y T 70T RS —DIZ L) EREO T A
ZHE L, EMERBR O R % Fig. 210R1, ok, KH
Wi, RO 7= D8Ik O 5 BRRBR O R b TR LT
BY, WA (t=4.5mm, 6mm), 2 857 BH JEHR
HHHIY H LU= HK (t=4.5mm, 6mm) O 5| iR RS R, 2
03 BHIZSH O JEMERBE R TH D, Fig. 21%, FHHEIC
—HEVRBRIEOHAE Z BN R LTEY, 7T 7 Ofithh
VA FEAE 77 & SRR O W iR B CBR U7 RS T, BRI
OFHTF =L HEMBTH D, Fig.2 LV, BHH
DJEAE SR O 55 F 1L, 2HE O SR D 51 BERER S R 0 )
BIGEVEZRL TS, 2D LD, KB iT 5

BH-75x75x4.5x4.5 BH-75x75x6x6
500  (MPa) 500f ¢ (MPa)
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Notes; Compression test for built-up H shape steel , Tension test
for (1) and (2). (1) is steel plate, (2) is part of built-up H shape steel.
Fig. 2 o-¢ relationship

-1124-



Vertical reaction frame | 4/®\,F _

D-
(2)- Servohydraulic actuator
®- Load cell | [T T
(@- Counter balance
(®- Specimen | | | |
[
2
@ @
©)
[ YON 0
L gi ]
(i

Fig. 3 Test setup
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Notes; i) Loading direction from left to right is push(+) and vice versa. ii) Plot(¥) is maximum strength. iii) Dotted line is 0.8 Viax.
Fig. 4 Observed cracking patterns at final drift angle and experimental V-R relationships
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Fig. 5 Fundamental mechanisms of the test specimens
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Fig. 6 Typical connection at the top
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RO9B-C RO9B-CT
LQ (kN kN
g A00rQ () .Q,=705.6kN Q (kN)
< o 300} Steel plate
23 Vinax v Buckling
£ 200 Y < ;/
ﬁ ‘g Steel brace o6 Q~144.1kN
S 100f Buckling {Qpu=50.2kN
. R ) /j R<%)
0 1 2 3 4 500 1 2 3 4 5
RO9B-CS R0O9B-CL
400 Q (kN [0 (kN
= QN Tar05.6kn] || | QMN[0 7705 6kn
= o 300f L Vi
25
Q
£ Yy, -
§7 100} R=Drift angle
Z R ()| |/ | offirststory | R (%)
0 1 2 3 4 5 |0 1 2 3 4 5

Notes: i) Plot(V¥) is point of maximum lateral force, ii) Plot(®) is
point of buckling (steel brace or steel plate), (Q,: shear yielding
strength, (Qy,: buckling strength.

Fig. 7 Caluculated shear force of top steel plates(both sides)

Za| X Z U2 CTaRBR A, 2 (10) o J T 58 B D i % 42
AR DM S & L TEM L, Fig. 7 CHEIE % D8 IXTEME 2
AMETOT R TIEARWZO8EB TRL TS,

.Q, =min{,Q,. Qy, (8)

sz = ts sLef sGy /\/5 (9)
’E

. =k\—(—hS Lt

szu 5121_\,2 hs/ts)z sef *s (10)
4.00

k,=534+——

: (sLef/h )2 (11)

ZIT, Qy: B ABTRRRTREE, (Qy, : HHAR 0 A i 5
FE, tg: SROIRIE, Lo AMHMRE S, o, SROER
SRIE, ko FEJEAREL, Eo: AOY U RE, v R T Y
VI, b BOMERE S TH D,

ZEERAR DF AR EEIZ K - TRBRE Lo R F o 7
CTEERRE SN D EE, AR L X 9, FEgE S v
F LT TEET A R L R BRI I E AL

TR 5,7 2, HEER S F o T TR S

WU DR O AT VW & R D BN B D, Fig.

INEVWVEZ SR DR AMTIREE & U TR T D, HEEEE _ﬂ“ﬁ‘i 0T, SR ORI AVMETRIREE S 2, B L
‘ B DA Bs:‘/xyhs Txy Q
I sQp
cspu | 6:4 le % S
C Qpu teel plate under
i I = Q shear deformation
[ [ h
A - ! Strain gauge : | RC punching
| chu gaug T]L'Qr'
== | f hs F
. o L — | ! Lt
Opu Os 3 (slip at the top)
Pure shear state in steel plates e Cgpu (g O,4mm) <10
¢ ° 65 = ny:max hS 65

Notes: sQp: direct-shear force carried by steel plate, cQpu: pushing resistance of RC columns, n: resistance contribution factor of steel plate,

Opu: relative displacement at top at which pushing failure of RC columns is likely to happen, s8p: relative displacement in the steel plate at

its ultimate elastic strength, hs: effective height of steel plate, txy: shear stress, yxy: shear strain.

Fig. 8 Contribution of RC columns and steel plates in shear resistance

-1127-



[ ] Experimental result [ ] Type I (steel brace buckling)

[ ] RC column
ili Type II (punching at the top)

Top connection

RO9B-CT RO9B-CS R09B-CL

700 f
600 |
500 f
400 f
300 f
200 f
100 f

V (kN)

RO9B-C
Fig. 9 Comparisons of experimental and calculated results
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