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EXPERIMENTAL STUDY ON THE RESTORING FORCE
CHARACTERISTICS OF “Y-BRACED STEEL FRAME”

By Kiyoshi KANETA and Akio NakAavama

Synopsis

The elasto-plastic behavior of braced frame becomes very complicated on the onfluence of
the slender’s ratio and the shape of cross section, etc. of bracing members. This is mainly be-
cause of the instability of compression member. The braced frame is commonly used as K-
braced or X braced frame. In such a case, the restoring force characteristics of the frame largely
depend upon the slender’s ratio of the braces as following.
(1) When the slender’s ratio of the braces A is less than 30, the experiment of this braced frame
produces the stable hysteritic loops.
(2) If the braces are relatively light ( A =200), the braced frame shows the deteriorating hysteri-
tic loops.
(3) The frame with ordinary braces (200> A >30) shows the reversed S—shaped hysteritic loops,
which is caused by inelastic lengthening of the braces while in tension and by thier buckling
when in compression.

These tendencies of the braced frame are caused by the buckling of the braces.

The authers would like to improve the restoring force characteristics by introducing the new
brace system, what we call, “Y-braced frame”.

The exprimental results and the elasto-plastic behaviors of “Y-braced frame” are described
in detail herein.
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Table 1. List of steel members
Specimen | Member | X (mm) Used Steel Shapes
Column H-150% 150X 7% 10
Beam H-148X 100X 6X9
A Brace H- 75X 75X6X6 (built up)
Column H-150x 150X 7X 10
Beam H-148X100X6X 9
B Brace H- 75X 75X 6X6 (built up)
Strut 200 H-148xX 100X 6% 9
Column H-150Xx 150X 7% 10
Beam H-148X%100X6X9
¢ Brace H- 75X 75X6X6 (built up)
Strut 400 H-148X100X6X9
Column H-150xX 150X 7 X 10
Beam H-148X100X6X9
P Brace H- 75X 75X6X6 (built up)
Strut 200 H-210X100%6X9 (built up)
Column H-150X 150X 7% 10
Beam H-148X100X6X9
£ Brace H- 75X 75X 6X6 (built up)
Strut 400 H-210X 100X 6 X9 (built up)
Column H-150%X 150X 7X 10
Beam H-148Xx 100X6X9
F Brace H- 75X 75X6X6
Table 2. Mechanical properties of materials
Yield Stress | Ultimate Strength | Elongation
(kg/mm?) (kg/mm?) (%)
Flange 275 435 25.6
(H-148/100)
e 25.0 429 29.3
Plate-9 279 44.0 285
Plate-6 35.6 51.8 27.3
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Fig. 7. Load-deflection curve of A-type speci-

Fig. 8. Load-strain curve (A-type specimen)
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Fig. 10. Load-strain curve (A-type specimen)
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Fig. 11. Load-strain curve (A-type specimen)
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Fig. 15. Load-strain curve (B-type specimen)

Photo. 1. Shear deformation of Y-brace

(B-type specimen)
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Photo. 2. Plastic deformation of B-type
specimen after repeated loading
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Fig. 17. Load-strain curve (C-type specimen) Fig. 18. Load-strain curve (C-type specimen)

Photo. 3. Shear deformation of panel-zone Photo. 4. Plastic deformation of C-type
(C-type specimen) specimen after repeated loading
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Photo.5. Shear deformation of Y-brace Photo. 6. Plastic deformation of D-type
(D-type specimen) specimen after repeated loading

RIHODLBRIET D, 60ton TEEIBRLTCVT, WE-EMMBOERL L —HLTWE,
EBETHRORBREDIKIT % Photos. 5~6 (28T A, EMOLAMERSEETHY, ANy - O%
Toizhsuy,

5) E#147 (YHITL—X) #Eik

E %A 78EKIED ¥4 T EFEHE, EMIZH-210X100X 6 X 9 (built up) 2 AV, HHOEXIC ¥
A 7AEOm E LY RZTL-A4BHTH L, TORBRKOWE —SHEENOERER T Fig. 2112
TRTHS, BMOEML, D4 7Ly/hswico, Bk SRMICETFERWER L 2> Twbh, BIKIE40
ton BED ST Y, 70ton TEWMTE RO THERB LT o720 HEFOHE, FHOBH OO I
BEEERARETY, EROMRKIEETH 72, BIL, B2H 1 7 VOBFIIBVTIEROHROENIZNH
HizhIHh ERET, BRYA 7 VOB EITV, FEAROBEIZL VAR &h, BXEtHIE 150
ton THotze RMEBEDNRINT = VB LI-O¥ Y M= VD45 FMDO O AEREY Fig. 22 127R
To CORBEOEMOERDEE% Photos. T~8 IZ7RTHY, D ¥4 7L B L THEMIIHMITERDEE
BRKEL, F7, FOLOEMOBEEGE AN = B D RERTAMERYEL TV,

6 Fa17 (KFTL—2) Ak

FOATHEBEIIAZATERAY, KET7L-ARFHTHLY, CORBKITL-RET—22D
BAOLOTLy PTL—=bEALTENRNV MEATHV TV AHDR L 5TV d, ZOMBREKOAE -
EEMOERER Y Fig. 23 18T, A ¥4 7L EEE, T OREMKS 60 ton §ifk I TIRREMMEZIRL,
FOHL LT ORI T LT 5, ke & RSN 2R T, F2 94 7 VOERFRIC B

E -Type Py E-Type wso noBa [l
» Mex Load 1054 4

VAR 100] # 100

[0y 50 t 50

-2 -5 -10 \y as 10 3 29 oG

Te

Fig. 21. Load-deflection curve of E-type speci- Fig. 22. Load-strain curve (E-type specimen)
men



388 OB SERFETAES %319 B-1 W63, 4 (1988)

Photo. 7. Shear deformation of panel-zone Photo. 8. Plastic deformation of E-type
(E-type specimen) specimen after repeated loading
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Fig. 23. Load-deflection curve of F-type speci-
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Fig. 28. Calculated results of E-type speci-
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Fig.29. Analysed load-deflection curve of
each specimen



390 AR KAFZCATESR  #315B-1 IE63. 4 (1988)
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BRHEL, HHIZ—BERET S, WM OBRKIENITHRD 0,=2.85 ton/cm® # V156 E, B~EDL Y A
TOBRTEIIRD L ) 1272 5,

B#%47; P=384ton

C#%47: P,=48.7 ton

D#%47; P,=53.1ton

E#%A47:. P,=64.8ton

CORRFEEIIEMOY 2 7AW TRRTAMELRT. EMOEWC ¥4 7RUE 74 7t
IPRRGE Y LE > TV 555, BHMOEWB ¥4 7RUD ¥4 7 TREBOBIKFEIEL &b,

RIZ, FMERDBEHMNANVOBRREER L, EBRFERPOLLBLPIC, CONSRNVY - OBKLE
HMOBEIZE 2 EBIIREV, i, EMORWC ¥4 TRUE ¥ { 7ORBEIZ/ RV Y — 0 OBEK
PHREIZHEN TV %, 78RNV — » ORBKRFTEIXFIBRIC von Mises DFEREH 2 HV B, SRV Y =i
P bEARMIZEITE- 2 P2REVCTE > TEIELRDEHIZT S,

p=Mt/2ﬂh_Qa .................................................................................... (1)

22U, My AN EDOBERTOERMOMITE—2 b
Qp; B OEANH
2ub; Edn

NIV =Y HTORAMNDOGHIE—HTHS LIREL TRRFTEL KDL L, £5 14 TOREKKIZOWN
T, ROLILHEEPBOLNS,

B %47 P,=59.4ton

C#%47;, P,=28.6ton

D %47, P,=136.6ton

E %47, P,=45.1ton
Thbb, CYATRIE YA TONRINY — L OBKFEIEMOMITERELVETT LI LIZR 5,
ZIT, EBHEROUVTABENPOEMENIV Y - OBIKEEZThb, BYATOEE, Eite/n
V= OFE— T A (Fig. 13 XU Fig. 156) 288U T, HH i 30 ton WifE CTRIKATEET D, 40
ton BETEMHELL TWAEA, RNV — vid60ton BETHERLTWE, Thbb, EHodAWBEKRS
%79 %, MBIZD ¥4 7 THEMOBKIEATL (Fig. 20) 50 ton BETHEKT 5, SHIIKLT, B
HOEWC ¥4 7RUE %17 (Fig. 18 .U Fig. 22) Ti&, &4 35ton RU 45 ton BET/SR L —
PREAWRBRIRL TV A, COEBRERIOCOVHOL LRI, EHOEWB YA TRUD ¥ 1 7HEBED
BEIIEMOTARBRIETL, EMORWC ¥4 TRUE 714 TREEIEM LB EDEAR/ AL
= DRERDSEATST 5o COZEIBIHEREED L, F-RRFTELFEEETH S, RUOOBITTIX
WHOMITRIKEIRE L2729, BIRHEIEL 22EA2R LD, EREOLIICEMRENF LS -0 D
BRE2ZEZAZEIZIVEMBIEBOBRMTELIZIIHE L S, TNOSOERERRUEBEN LY Y
TVL—ADRERNY -~ VEEMOREIL - TEDL-TLKBbDEEZLNL, Thbb, MGV
BHEMORABBRICKEEN, EHFROEGEARM L RBOBGH SANVORERIZE D ZDOEFHITIE S
Nd, COBRTHMEMETL, 74 YREORMMENES LAS SO NIFLEA LT, 20%5 -2
DERICE Y BRI GET D, DEFY R T L - A E5HOBETH 545, FOREIIMBITEL L TR
L7 tri-linear BIFRIC L VI SN B EEZ TV, T/, BEOF ¥ 1 THEBERIX A 74 T LRLHMT
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Ellh B,

(3) SEOBEEOTTETESMIIGHIERL, ZOHTORAMHIRPHITE— X~ b & MOEM
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