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Abstract - In this study, to investigate the seismic performance of beam-column joints using concrete-encased and -filled circular
steel tube(CEFT) columns, two types of tests were performed: (1) column - flange tension test and (2) beam - column joint cyclic
load test. In column - flange tension test, test parameters were concrete encasement and connection details: flange width and
strengthening rebar. Five specimens were tested to investigate the load-carrying capacity and the failure mode. Test results
showed that increase of flange width from 200mm to 350mm result in increase of connection strength and stiffness by 61% and
56%, respectively. Structural performances were further improved with addition of tensile rebars by 35% and 92%, respectively.
In cyclic loading test, three exterior beam-column joints were prepared. Test parameters were strengthening details including
additional tensile rebars, thickened steel tube, and vertical plate connection. In all joint specimens, flexural yielding of beam was
occurred with limited damages in the connection regions. In particular, flexural capacity of beam-column joint was increased due
to additional load transfer through tube - beam web connection. Also, connection details such as increase of tube thickness and
using vertical plate connection were effective in improving the resistance of panel zone.

Keywords - Beam-column joint, Composite column, Steel beam, Connection tensile test, Joint cyclic loading test
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Table 1. Properties of specimens for column — flange tensile test

Test parameters TE-200 TE-350 T-200 T-350 T-350R
Column CEFT CEFT CFT CFT CFT
Dimensions of CEFT cross section Bx B (mm) 700700 700700 - - -
Thickness of concrete encasement (mm) 45.2 45.2
(hollowness ratio®) (60%) (60%)
o 4-D25 4-D25
Longitudinal bars 3D16 2D16 - - -
Steel tube (mm) $609.6x9 $609.6x9 $609.6x9 $609.6x9 $609.6x9
Diameter-to-thickness ratio D/t 67.7 67.7 67.7 67.7 67.7
(sectional slenderness category®) (Noncompact) | (Noncompact) | (Noncompact) | (Noncompact) | (Noncompact)
Tube area ratio (%) 35 3.5 5.8 5.8 5.8
Transverse ties D13@300 D13@300 - - -
U-cross ties D13@300 D13@300 - - -
. 350<25 +
Flange section b,xt, (mm) 200x25 35025 20025 350<25 4-D19 (Rebar)
"Calculated as (vD?/4)/ B>
"Refered to ANSI/AISC 360-10""
| S A= Longitudinal bars Steel tube -._| - a5
‘ S {77 (4-D25, 8-D16) (Omm thick) /E\ 5
‘ Flange: HSAB00 25mm ’% —_— %* Flange: HSAS00 25mm | £ \ — : 4}* <
Specimen TE-200 A N / / y
< T Specimen T- 200
Conventional ties -=-~~
(D13@300) ~--.___ - g
S Welding between - o5
ST 7 tube wall and flange g; : —3 ¥ (
PR O g1 j
U ti = £
#D13) T /LJ
S | Specimen T- 350
s et ,
8 ) )
) \ -
—1 g High-strength flange | \ L
(25mm thick) — T 5
2 —
| Pl
5y —T| & Tension bars ’-,’ N I // -
4-D19) -= =~
B | ( ) Specimen T-350N/

(a) Overall dimensions and rebar details

(b) Connection details

Fig. 2. Specimen details for column - flange tension test
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Table 2. Material properties of column - flange test specimens

Ik

Thickness/ Yield Tensile .
. . Elongation
Material | Diameter | strength strength %)
(mm) (MPa) (MPa) ’
STKT590 9 572 670 38.1
HSAS00 25 725 868 20.4
D25 509 633 35.8
SD500
D1 1 4 2
(Rebar) 9 518 63 33
Dl16 508 622 333
SD400 D13 511 619 29.3
Concrete strength ,
= 22.0 MP:
(Infill & encasement) . :

0 100 (mm)
M
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Fig. 4. Results of column - flange tension test

Table 3. Results of column - flange tension test

Initial Yield point Peak point
Specimen| stiffness | Load def. Load def.

(kKN/mm)|  (kN) (mm) (kN) (mm)

TE-200 285 670 3.85 1,044 15.44
TE-350 523 1,208 3.77 1,600 10.48
T-200 231 702 4.84 1,009 14.13

T-350 360 1,269 5.10 1,629 12.89
T-350R 692 1,662 3.59 2,198 10.78
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After testing After testing

(b) Specimen TE-200

Complete tearing

(a) Specimen T-200

Fig. 5. Failure modes of column - flange tension test specimens
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Fig. 8. Dimensions and details of beam-column joint test specimens (dimensions in mm)

Table 4. Properties of beam-column joint test specimens

Specimens Connection details CEFT column Steel beam
: Wide flange Sectional dimensions: 690690 (mm)
I-350R Tension bars (4-D19)
. Steel tube: 9609.6 (OT, STKTS0) |y o ion: 600%20011x17 (mm)
1-350T Wide flange Longitudinal bars: 4-D25, 8-D16 Flexural strength: 1,042kN-m
Thick tube (17T, STKT590) Concrete strength: 31.7MPa t
1-200C Vertical plate (22T) Flexural strength: 2,726kN-m
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Table 5. Material properties of beam - column joint specimens

Thickness/ Yield Tensile .
. . Elongation
Material | Diameter | strength strength %)
(mm) (MPa) (MPa) ’
STKT590 17 583 682 43.3
SM490 11 355 531 352
SM490 17 368 540 36.3
SM490 22 416 502 31.8
D25 550 694 35.1
SD500
D1 2 .
(Rebar) 9 520 666 353
D16 538 667 31.6
SD400 D13 483 603 329
Concrete strength /= 31.7MPa

(infill & encasement)
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