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ABSTRACT

The design and construction of connections joined the concrete-filled tubular
(CFT) column to steel beam are difficult although the CFT columns possess several
advantages such as high strength and ductility. Behavior of those connections highly
depends on the connection details. An experiment was conducted to study the seismic
behavior of flange plate connection, which was proposed by penetrating steel plates to
CFT column and welding to beam flange. Six beam-to-column subassemblage
specimens were designed and tested. Four of them were designed to have strong shear
capacity in the panel zone, and forming plastic hinge in the beam was expected. The
other two specimens were designed to have weak panel zone shear capacity. Test
results indicated that specimens with flange plate could develop flexural strength of
the beam by transferring the force into the CFT column; however, the crack of the
weld joined flange plate and steel tube resulted in the pinching hysteretic behavior.
The specimen with whole beam through CFT column possessed excellent hysteresis
curve. Two specimens with weak panel zone shear capacity had similar behavior as
flange plate connection due to the same failure. Proposed design procedure and
prediction of the panel zone shear capacity can predict the mode of failure of flange

plate connections used between CFT column and steel beam.

Keywords: concrete-filled tube column, beam-to-column connection, flange plate,

panel zone.
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2 31 » 2EHAFEFW R

Wide of Wide of
Column Tube Beam T-Flange B-Flange Total Length of
A572 Gr.50 A572 Gr.50 Plate*, A36  Plate*, A36 Flange Plate
Specimen (mm) (mm) (mm) (mm) (mm)
H4GL 350x350x9 H450x200x9x14 200 240 770
H4GT 350x350x9 H450x200x9x14 200 240 770
HAFT 350x350x9 H450x200x9x14 200 240 770
H4BT 350x350x9 H450x200x9%x14 - - e
H2GT 350x350x9 BH280x180x8x18 180 200 1150
H3GT 350x350x9 BH300x200x9x20 200 240 1150

*T-Flange Plate 3 %27 % ¥ 4 - B-Flange Plate 7 %75 7 ¥ ¥ -

% 3.2 & EFERR I S ERD
Beam . FP
A572 Gr.50 f; Tube / Transverse Connection
Specimen (mm) (MPa) FP Weld Weld Bolt Vo/Vu MMy
H4GL H450x200x9x14 34.46 Groove No 4-F10t M24  1.77 2.06
HAGT H450x200x9x14 34.46  Groove Yes 4-F10tM24 177 2.06
H4FT H450x200x9x14 34.46 Fillet Yes 4-F10tM24 177 2.06
H4BT H450x200x9x14 34.46 N/A N/A N/A 1.77 2.06
H2GT BH280x180x8x28 34.46  Groove Yes 4-F10tM24 0.93 1.79
H3GT BH300x200x9%x20 34.46 Groove Yes 4-F10t M24 0.78 1.36

% Tube D/t =39
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233 mF mEZFITEFLHERRL

Yield Strength  Ultimate Strength

Item Steel Grade (MPa) (MPa)
Tube A572 Gr.50 371 491
A572 Gr.50 444 573
Flange A572 Gr.50 412 519
A572 Gr.50 425 541
A572 Gr.50 361 483
Web A572 Gr.50 439 590
A572 Gr.50 427 530
A572 Gr.50 367 501
Flange Plate A36 286 440
A36 279 415
A36 267 404

% 34 LM RS BAE

Age fl
Specimen (days) (MPa)
HAGT 28 39.7
Test 42.5
H4BT 28 23.5
Test 25.6
H4GL 28 39.7
Test 44.9
HAFT 28 39.7
Test 51.1
H2GT 28 39.7
Test 44.5
H3GT 28 39.7

Test 46.9
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Specimen

Failure Mode

HAGT

H4GL

H4FT

H4BT
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H3GT
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*“ﬁﬁig‘é\zéigw%q/o

TR P CFT 2 #8423 B 2 h 9B
MEHIERALIREEZT A Ao
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Material Plastic ~ Maximum Test Ratio of Test to
Flexural Strength  Flexural Strength ~ Material Strength

M p M p test M
Specimen (kN-m) (kN-m) M,

H4GT 702 +779 -692 1.11 0.99
H4GL 702 +750 -752 1.07 1.07
HAFT 702 +861 -692 1.23 0.99
HABT 702 +797 -715 1.14 1.02
H2GT E 351 +296 -190 0.84 0.54

W 351 +284 -214 0.81 0.61
H3GT E 545 +350 -241 0.64 0.44

W 545 + 357 -323 0.66 0.59
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V Vu,AIJ \

u,test

Specimen (kﬁ) (kN) (kN) Vi NVuet  Vaas Mues
HAGT 2583 2524 1978 1.31 1.28
HAGL 2637 2542 1902 1.39 1.34
HAFT 2787 2590 2205 1.26 1.17
HABT 2194 2394 1741 1.26 1.38
H2GT 2421 2943 1950 1.24 151

H3GT 2719 2762 2568 1.06 1.08
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CUT HORIZONTAL SLOTS IN TUBE TO MATCH CONNECTION STUB FLANGES.
‘SLOT SHALL BE CUT WITHIN 5mm TOLERANCE.

camm TOP & BOT. FLANGE EA. SIDE

I (%) 19:mm p A325 Bols

rq

|

v + +—— -

\,
\_L Wi |

| ) \
6.4 mm

=
355.6 mm ¢ x 6.4 mm STEEL PIPE
L. CONNECTION STUB FLANGE TO MATCH
(wu FLANGE WIDTH & THICK.
+ )| )
\ /. Il
o
115 mm

Bl 1.3 ¥4 75 » e pe 2 B (Schneider and Alostaz 1998)

|, STEEL TUBE

N STEEL
BEAM
PASSING
THROUGH
COLUMN

B 14 225 N 4&eppe B (Azizinamini et al. 1995)
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BEAM ALIGNS WITH W.P. AT
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Bl16 g P RAPHZEEF Rl ¥4 &l B
(Alostaz and Schneider 1996)
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20mmg x 90mm HEADED STUDS TYP.

_________ \A_r_( C.P. FLNG PL. TOWEB PL. TYP.

STEEL TUBE CUTOUT
REPLACE & C.P.WELD T.&B.

-

BEAM ALIGNS WITH W.P. AT
COLUMN CENTERLINE

Bl L7 g p IR =B RE T4 &R B
(Alostaz and Schneider 1996)
ifener hot, silllener

< beam CFT column
|
i

re-har

A
Bl 1.8 # % s\ ¥ g pe ¥ B (Kang et al. 2001)

71



YrosesrAIY i ddrronran

' i re @ A
nn-s11m~r-\ R O T

°
] Connection 1
o
( °
o
W24x62 § IEPPPIL L T | LLE RERERER
R ax15x1
Connection 2

A32S5 Boits: 25mm Dia.
(typ.)

—

? e213 =nﬂ":}‘l!'?_"
| R}

—iﬁ’ﬁg_—.g section A-A
2 ax15x1/3— / [stnicturst Shear Studs: 18 mm Dla. x 102mm
Tube typ.)
16x16x1/2
ST 7.5x25 4

Bl 1.10 4F & &g ® 6)(1)  (Ricles et al. 1995)

72



B 111§ 57 S E A4 g R Rhdksp

73



B112 §9 S FHeEam s msnt 2hng

74



e 2

. e

st
e sise o —

Bl 2.1 Rt Ea04m B R 2 RdEg (48> k¥ 4 2000)

Bl 2203427 $5 2 Faideg (48> k% 4 2001)



M1
< ‘

—
Moment Diagram Shear Force Diagram

Bl 2.3 = ® X 4 L H7H

v <
v —» —>
PE PW
/l/

-«

¥
Miown

76



STRESS 2

1 1.500e-+01

2 1.800e+01

/’_—-\2 1 3 2.000e+01
5 3 4 2.100e+01

Ty = 18.7 ksi @ M, = Mp

B 25 242 ¢ w%p T4 A 6HHF & M (Tsai and Popov 1990 )
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Horizontal Tiltmeter

Vertical Tiltmeter

B 2.19 148 ¥

84



b17
S
) Q
~ [0
AN
bl
o
Top View
H400x200x8x13 H400x200x8x13 H400x200x8x13
S -
o H450x200x9x14 H450x200x9x14 2
X o
S X o S S
3 B < ¥ &
™ )] )]
™ 2 |[H456x201x10x17 h% 456x201x10x17 E H456x201x10x17 %
~ =
A=45 cm?
3@7m J
-

] 3.1 CFT/BRB = & # 1 7 Bl

Elevation View

85



Inflection B B

oint * >
P Ground excitation

W32 S8 ok ® 4 60 2 %775 LW

CUT HORIZONTAL SLOTS IN TUBE TO MATCH CONNECTION STUB FLANGES.
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B 3.4 4 ;%42 (Engelhardt and Sabol 1998)
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TiltMeter

Spec. H4GL ~ H4GT ~ H4FT
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