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EXPERIMENTAL STUDY ON STEEL BEAM-TO-COLUMN
CONNECTION UNDER CYCLIC LOADING

By Kiyoshi KANETA, Isaco KOHZU, Keiichiro SUITA,
Masanori KOHZUMA, Yok HYODOH

Synopsis

Inelastic behavior of welded steel beam-to-column connections with different details have
been investigated experimentally, under cyclic reversed loading conditions. The attention
was focussed to clarify how to improve the deformability of the connections without distinct
deterioration of load carrying capacity, from the view point of the durability of the moment
resisting frames in the event of earthquakes. From the resuits, panel zones can be effectively
strengthened by applying the stiffener plates of adequate thickness, such as diaphragms,
vertical stiffners and/or the panel flanges. And the particular attention should be paid to low
cycle fatigue phenomenon at the critical section of the connections under cyclic loadings.
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Fig. 1. Test specimen and detail of panel zone
Table 1. Summay of tgst specimens
DOUBLER | STIFFENER | STIFFENER PANEL = |FRACTURE

SPECIMENS "oy ATE | IN PANEL | IN BEAM | DIAPHRAGM STRENGTH ™"y /onp
XAO-M — - P 2PL-16 0.26 _
XAO-C R B —  — 2PL-16 0.26 1
XAN-C — o —_— 2PL-16 0.26 1
XBN-C 2PL-10 o _— 2PL-16 0.88 (1)
XDN-M e 2PL-9 2PL-9 2PL-16 0.26 —
XDN-C —_— 2PL-9 2PL-9 2PL-16 0.26 1
XDIN-C e 2PL-16 — 2PL-25 0.26 1
XEN-C 2PL-10 2PL-9 —_— 2PL-16 0.88 2
XFIN-C PL-10 2PL-9 —_— 2PL-16 0.57 2
XF2N-C 2PL-5 2PL-16 e 2PL-25 0.57 2
XKN-C 2PL-5 2PL-9 2PL-9 2PL-16 0.57 3
XIN-C* — 2PL-9 2PL-16 0.26 4
XEN-C** — 2PL-16 —_— 2PL-25 0.47 5

* : outer rib 2PL-9 fillet-welded to column and beam flanges
** : panel web PL-16 and panel flange PL-25
(1) : test was interrupted
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Fig. 2. Details of panel zone of test spec-
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Table 2. Mechanical properties of mate-
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BEAM

COLUMN

FRANGE| WEB

FRANGE

WEB

YIELD POINT

(ton/cm?)

3.71 13.42 |3.98

3.82

YIELD STRAIN

(%) 0.175]0.18510.169/0.176

STRAIN AT THE BEGINNING OF

STRAIN HARDNING

1.29 |1.85

(%)

1.57

TENSILE STRENGTH  (ton/cm?)

5.52 15.38

5.53

ELONGATION

(%) |46.4 |46.1

38.0

YOUNG'S MODULUS  (ton/em)

2120 1854
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Fig. 6. Fracture patterns
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ORI L o> TR (Fig. 42H),

P=(Px+P.)/2 (3)

6=Rs—7(1-b/L—d/h) €]
Re=(8r+48.)/L

Qe=P((L—b)/d)-Qc (5)
QC=PL/h

re=(/d?+b?/bd)d 6)
o=(|&l+le2])/2
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3.2.1 W|MHIITS

(1) XAO-M, C, XAN-C (Photo. 1)
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PRV T 9 mm O SRVREE) TRUBAF 7 H I L DR L 54 7 Ch 5, HBHRATE
BEBIT 2 T 5 L, /SAVEERBEORIMEICZLRD 5h, BERN CRENEOBE CETRREDR
EHR D, RAHERIEEL b RIRFALThH- e, BEREIC & 2 BREMREERESY 4 7L BT 5 &,
BAIOBIYE, AV ORBREE, (I EREORIMEV TR FEELERITAD Shikd T, B
RAET5 %I ERBRIEDOHBBE 5 72, NANVHREY 7 ILEORIMR A VBRTESASCEL 3
REDHRIBR S et o lee RBRBTRRI SV YDORT IV ONDESEEBE CORNHSEL,
$72, FAT 7750075 I OEERBEBEHRCOBBORENED Sz, SAVRREY) 71254 7
77 5 OEBERIAFETREMCHITER R E L T,

(3) XDIN-C (Photo. 4)

XDN & FROBHEFER S A 7 TH B, NAVARY 72 16mm, ¥4 7755% 5mm L TH
%o BAWHE, RAEANIFIZ XAN, XDN & B L T0%BERT L, %7200 V8 ANER 1258 E

— 6 —



&5 FE-KE EFE G5 ¢ ﬁk’%ﬁﬁHﬁﬂlE%&D%@?ﬁlﬁ % & UIZ KRR BT S 5 KERAUIZ 505
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(4) XEN-C (Photo. 5)
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(5) XFN-C (Photo. 6)
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(6) XFIN-C (Photo. 7)
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(7) XF2N-C (Photo. 8)
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(8) XKN-C (Photo. 9)
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Photo. 1. Panel zone delormation after
test (SPEC. XAQ-C)
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Photo. 3. Panel zone deformation after
test (SPEC. XDN Q)
, g

Fe i e #
Photo. 5. Panel zone deformation after

test (SPLC. XEN O)

Photo. 2. Panel zone deformation after
st (SPEC. XBN )
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Photo. 4. v Panel zone deformation after
test (SPEC. XDIN-C)
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Photo.‘ 6. Panel zone defornlati(nﬁ“ after
test (SPEC. XFN-C)
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Photo. 7. Panel zone deformation after Photo. 8.

Panel zone deformation after
test (SPEC. XFIN-C) test (SPEC. XF2N-C)

Photo. 9. Panel zone deformation after Photo. 10, Panel zone deformation alter
test (SPEC. XKN C) test (SPEC. XIN )

{9) XIN-C (Photo. 10)
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Fig. 13. Local strain distributions Fig. 14. Local strain distributions
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&,=0.176%
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