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The experimental study of the cyclic behavior of a new T-shaped bending
connection of steel beam to steel column filled with concrete (CFT)

H.M. Garfamy, O. Rezayfar

Abstract

T-shaped elements are widely used in many beam-column connections due to the abundant advantages, such as ease of
implementation, economic efficiency, and appropriate ductility. The through bolts were utilized to connect the Tee profile to
the column flange. However, the direct transfer of stresses to the body of the column decreases the performance of bolts
under the cyclic loads. Therefore, in an innovative effort, the external diaphragm of the column with the through bolt was
used to evaluate the combine effect of them on the connection performance. Based on the validated models in ABAQUS
software, two samples were designed and assembled with and without the external diaphragm and the performance of them
was evaluated in the laboratory. The results indicated that the overall performance of both connections were quite well and
they passed the acceptance criteria according to AISC and FEMA codes and can be used in the special moment resisting
frames as fully restraint connections. Both experimental specimens achieved a relative rotation of 0.06 radians without
strength degradation. The final failure in the specimen without the external diaphragm occurred in the first cycle of the 0.07
relative rotations with the separation of the nut from the through bolts, while this issue in the specimen with an external
diaphragm is ductile and deformable in the flange and the web of beam.

Keywords
Beam-to-column flexural connection, CFT composite column, T-shaped connection, Through bolt, External diaphragm
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=24 x22x4070 = 15628.8 kg
R, =min(R,,R,,) = 11721.6 kg

T,
@.ny. Ry,
3 33014
T075x4x2x%x11721.6

twr1 =

=047 cm

O b e 5 2o (ALY L Rl 5 JL B0
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T,<¢.T,=33014 <09 x 133 X t,r, X 3120

= ty,r, = 0.88 cm

Ay =(b—2x(Dy+02))
=133—(2x (1.6 +0.2)) = 9.7 cm

A, =085xb=0.85%x133=11.31 cm
—_ Tu
" @ xmin(4,,4,) X E,

_ 33014
7 0.75 x 9.7 x 4070

twr = max(tyr1, twrz, twrs) = 1.2 cm

tw,rs

=1.11 cm

oAl S e

be—g _12-64

= > > = 2.8 cm
g ter 64 15
b—2 > r—2 > 1=145 cm
_ T, 33014 8254 K
“3 T a2 T &
100bd3 — 14wt}
| 62adE + 21wt
— g254 100(1.45)(1.6)2 — 14(6)(1.5)2
- 62(2.8)(1.6)2 + 21(6)(1.5)2
= 2066 kg
My, =Fb—Qa
= (8254 x 1.45) — (2066 X 2.8)
= 6184 kg.cm

M,, = Qa = 2066 X 2.8 = 5784 kg.cm

M, = max(M,;,M,,,) = 6184 kg.cm

12 Te?
ZT = 7 X fT = 1.5Tf7~2

M, < oM, = 6184 <09 X 1.5TfT2 x 3120
= Tpr 21.21 cm
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My =@.M, =9 XZ, XE,
=0.9 X 286 x 2810 x 107° = 7.23 ton.m

M,
dp
_723x10°
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C, =T, =

=33014 kg

Ty

Stress ratio = ————
@. App-np. Fyy
33014

T 0.75x 2.01 x 4 x 2 x 0.45 x 10000
=0.61

Lc,mid = 3db - db = Zdb = 3.2cm
1
Lc,end =2d, — Edb =1.5d, =24 cm

Rp1=12XLoeng X F,
=12x24%x4070 =11721.6 kg

Ry, =24 XDy XF,

2gd g ojlw ¢ lingfy g (ale alls /R
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= 1015 kg/cm?

Vinax 6 x 1000

foo = 2n, A 2(2)x 201

= 746 kg/cm?

fr = JEDZX (Fp)? = /(1015) x (746)2
= 1260 kg/cm?

F, = 0.2F, = 0.2 x 10000 = 2000 kg/cm?

St ti —ﬁ’—1260—063
ress ratio = E, = 2000

ol il G S J S
A, = [hg, —n,, (D, + 0.2)]ts,

=[10 — 2(1.6 + 0.2)] x 0.8
=512 cm?

V, =03FA, = 0.3 X 3690 X 5.12 x 1073 = 5.67 ton

Vmax — L — 10
V, 567

Stress ratio =

o VS/'}LA G Cwlhs ol
Py ;" = 2.86(4t; + tg)tcfey +3.30 hatyfay
if =45° = h; =23 cm
foy = fay = foy = fay = 3120 kg/cm?

Py — (114417,
417 2.86t.f., + 3.3hafa,
33014 — (11.44 x (0.6)2 x 3120)
~ (2.86 x 0.6 x 3120) + (3.3 x 2.3 x 3120)
= 0.69 cm

Range of validity: % > 0.152’—‘f
c d

b .
——— = 015X ——=—=1.04 cm

tg = max(td_l, td,Z) = 1.04 cm = Selectt; = 1.5 cm

0o/ MWgo g ojw (iltagh g ol aypls

M, = Z,.f, = 286 x 2810 x 10~° = 8.03 ton.m

+ 2810 + 3690
cprzfy fu _ =1.15
2f, 2 x 2810

My, = Cpy-Ry. M, = 1.15 x 1.15 x 8.03 = 10.62 ton.m

_2My,, _ 2%10.62 _

=T T Tae5 0 ton
_2xL1x M, 2x11x723_
max = TT001 265 x001 0 o0
v, 6 x 1000
f, = m“"Dzz ez = 1492 kg/ cm?
My X T X =4 2X T X ==

F, = 0.2F, = 0.2 x 10000 = 2000 kg/ cm?

St ti —f”—1492—075
ress ratio = F, 2000 "

O Jlasl Gy d xS

v, 6 % 1000
f,=15x—"—% =15

SX——= 2
hy X £, T0x08 1125 ke/em

F, = 0.4F, = 0.4 x 2810 = 1124 kg/cm?

st d _f,,_1125_1
ress ratio = E=12d

n n,\2
T X (D, X S,)? x 2 x(4(7‘”) -1
24

T x (1.6 x 42)? x % X (4 (%)2 -1

24

=18 cm*

n 2
Vimax = (7‘”— 05) x4.2 = (E_ 0.5) x 42 =21 cm

_ Vmax X SOW X Ymax
for = 2

6 x1000 x 29x 2.1
B 2(18)

1 Shop drawings

2 Ultrasonic test

3 Self-compacting concrete

4 T-Stub with through bolts

5 T-Stub with through bolts & outer diaphragm
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