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AT glad sed Slasein N g
. Axial E ted
Specimen Type of Column Beam section Type of Type of xia xpecte
NO. o . diaphrag load lateral
label joint section d X by xt,Xts column
m (kN)  load (kN)
1 IND-1 Interior 280x15 300x150x8x12 Internal Built-up 500 200
2 EXD-1 Interior 280x15 300x150x8x12 External Cold-formed 500 200
3 IND-2 Exterior 280x15 300x150x8x12 Internal Built-up 300 100
4 EXD-2 Exterior 280x15 300x150x8x12 External Cold-formed 300 100
Table 1. Specifications of experimental specimens
b iy gadus sl Ak Slix Y Joser
EXD ol (315305 b (slads s
tc b, ta hq Fay Fay Pyy Pory ho My
(mm) (mm) (mm) (mm) (MPa)  (MPa) (kN) (kN) (mm) (kN.m)
15 280 20 40 370 240 1307.7 915 320 292.8
Cpr R, E, A M,, L Sh Vor My, My,
(MPa)  (mm’) (kN.m) (mm) (mm) &N) (kN.m) oM,
1.2 1.15 240 670750 2222 5000 300 144.5 265.5 0.91
IND =1 (.flJ}Li: Lo slad gas
Vpr ty bp Ag Fy d h, M, My My
(kN) (mm) (mm) (mm?) (MPa) (mm) (mm)  (kN.m) (kN.m) oM,
144.5 20 190 3800 240 300 320 291.8 265.5 0.91
2Mpr
s Myc =My + VS o My = Pogy X ho 0t A, X by, Vor = =B+ Voravity Mpr = CorRy B Z

Table 2. Design details for cover plates
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NO. Specimen Py ﬂ Z My, Z M;b X My, ov, Vip %
label (kN) P, (N.m) (RN.m) I M, (kN) (kN) Vup

1 IND-1 - 0.15 660 531 1.24 1300 1460 0.89
2 EXD-1 1307.7 0.15 660 531 1.24 1300 1460 0.89
3 IND-2 - 0.09 697 265 2.63 1300 730 1.78
4 EXD-2 1307.7 0.09 697 265 2.63 1300 730 1.78

Table 3. Design parameters

0L S s bl AR LT Slad 5as Flas Slo sas £ Jguer

NO. Components t(mm) Fy,(MPa) F,(MPa) Elongation %
1 Diaphragm 20 272 4523 26.4
2 Box-built-up 15 276.7 438.3 27.5
3 Beam flange 12 306 382.8 27.6
4 Beam web 8 330.3 398.3 28.1
5 Box-tube 15 245 390 27

Table 4. Material properties of specimens based on coupon test
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Ductility Energy

Axial p F Max. Max. . R
NO. load P—r M ; lateral load  drift ratio coefficient  dissipation Failure mode

(KN) c (MPa) (kN) % (KN.m)

1 0 0 240 150 7 5.6 587.5 beam

2 800 0.24 240 150 7 5.5 591.7 beam

3 1400 0.42 240 160 6.5 5.4 631.5 column

4 1900 0.58 240 140 4.7 4.4 404.1 column

5 2350 0.71 240 123 3.2 2.5 205.3 column

Table 6. Summary of results for axial load
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Thickness of Max. Max. Ductility Energy
NO. column plate ™ ; ) Lateral load  drift ratio Coefficient dissipation Failure mode
(mm) (kN) % (kN.m)
1 8 240 87 5.2 43 256.3 column
2 10 240 110 7 6.8 4272 column
3 12 240 130 7 6.4 487 column
4 15 240 150 7 5.6 587.5 beam
Table 7. Summary of results for thickness of column plate
g LG, s (¢l @L:S Gaod A Jgd>
Thickness of F F,, Max. Max. Ductility Energy
NO. EXD (M:: ) (Mi’ ) Lateral load Drift ratio Coefficient dissipation Failure mode
(mm) (kN) % (kN.m)
1 10 240 240 118 7 6.6 4442 column
2 10 240 450 150 7 5.6 547.1 column
3 10 450 450 140 7 5.1 484.6 beam
4 15 240 240 150 7 6.2 541.1 column
5 20 240 240 150 7 5.6 587.5 beam

Table 8. Summary of results for thickness of cover plates
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Abstract:

The present paper focused on experimental and analytical study for evaluating the behavior of
three-dimensional welded steel moment connection of I beam to box column under constant axial
load on the column, cyclic loading in one direction and constant gravity load on the other
orthogonal direction of the connection. Box columns are suitable sections for bearing loads on
buildings because they have the same geometrical properties in two directions due to the symmetry
around the two orthogonal axes and on the other hand they facilitate the joining of the orthogonal
beams. However, due to the lack of easy access to the inside of the box sections and the need to use
continuity plates or stiffeners that can perform the duty of continuity plates, the relevant solutions
under different conditions and proper understanding of the behavior of connection components are
still under investigation. In this research, first four specimens, including two internal and two
external three-dimensional joints, are made and tested. The internal specimens consist of a cold-
formed steel box column (HSS) and connected beams from four sides with the external diaphragm,
and the other one with a built-up steel column and inner diaphragm. The external specimens are
also the same as the internal samples include two types of inner and two types of the outer
diaphragm. In all joints with the outer diaphragm, the steel cover plate connected to the column as a
collar by groove welding and the web of beams by fillet welding. Then after, based on the
experimental results, analytical finite element models are developed using ABAQUS software and
the effect of three parameters such as the axial load of the column, the column steel plate thickness,
and the thickness of cover plates on the behavior of internal joints with external diaphragm are
studied analytically. Generally, experimental results of all specimens showed that the seismic
behavior of samples with the external diaphragm is more close to the other one with the inner
diaphragm and the failure mode followed by occurring plastic hinge in the beam precisely at the end
of cover plate. However, there is a little bit different due to the experience of smaller strains than
the yield limit of the panel zone in the internal joint specimen with the outer diaphragm compared
to the inner diaphragm. The results extracted from the nonlinear analysis also illustrated suitable
accuracy with the experimental results. Each of the parameters mentioned above could change the
failure mode and ductility of the connection system. In other words, increasing the ratio of the axial
load to the nominal capacity of the column to the value of 0.42, the failure mode transfers from
beam to the column despite the growing of ratio of energy dissipation. Meanwhile, for the column
bearing load ratio more than 0.58, global buckling of the column and brittle failure will happen.
Moreover, by decreasing the plate thickness of the column less than 15 mm, the failure mode
transfers from beam to column and the energy dissipation of the specimens reduces. Also, for cover
plates, less than 20 mm thick, the mode of failure will take place in the column.

Keywords: Outer and inner diaphragm, three-dimensional moment connection, cold steel column (HSS),
cyclic lateral load.
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