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ABSTRACT: In steel structures, connections play an important role in the behavior of the structure. In
this article, by using numerical modeling with Abaqus finite element software, several different models
of beam to steel column connection have been modeled and investigated. This article has investigated
the effect of beam-to-column connection with two types of shield and corner connection. Hence, 20
models with different conditions of different thicknesses and different types of hardeners, as well as 6
models with columns filled with concrete, have been investigated and studied. Abaqus finite element
software is used for modeling and cyclic load is used for loading. The results show that the model with  Keywords:
the shield stiffener had a higher capacity and compared to the corner stiffener, it had a 12-28% higher ;. 1,
bending capacity in the connection. By increasing the thickness of the corner or shield of the beam to

. . . . . corner
the column connection, the capacity has increased by about 12 to 25%, in the thickness of 18 mm, the )
anchor capacity has increased by 12%, and in the thickness of 20 mm, it has been observed to increase by connection
hardener

25%. The column model filled with concrete has a difference of 15-25% compared to the similar model

without concrete, and the column model filled with concrete has a higher bearing capacity. cyclic loading

1- Introduction

Yosoja et al.[1], in an article, have studied the connections
of columns filled with concrete. In this study, in the first
step, the available literature on the bending strength of
circular concrete-filled steel tubes (CFSTs) is reviewed.
Using a much larger database of published bending tests than
previous review studies, the applicability and conservatism
of four common design standards for evaluating the bending
capacity of circular CFSTs have been demonstrated through
this review. This was confirmed regardless of the type of
concrete used to fill the circular CFST. Reliability analysis
performed on 219 circular CFST bending tests obtained from
the literature confirms that the capacity factors listed for steel
and concrete in AS/NZS 2327 provide an adequate level of
confidence for structural design.In an article, Nader Fanai et
al.[2] studied the behavior of beams to steel columns filled
with concrete connection with T-shaped stiffeners. Their
research showed the concentration of stress in the connection,
which leads to a decrease in flexibility. In this research,
two sets of analytical models with fixed and variable holes
were investigated. In a study on the seismic behavior of the
proposed steel connection with a box-shaped column filled
with concrete, the results of these studies showed that the
optimal number of holes and the appropriate drilling pattern
of the wing of the beam improved the performance and
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seismic behavior of the connection [3].

2- Methodology

For the column, a box-shaped column section with
dimensions of 550 x 550 with a thickness of 20 mm 1is used,
and the width of the I-shaped beam wing bfb = 20 cm, the
thickness of the beam flange tfb = 1.6 cm, the thickness of the
beam web twb = 1.02 cm, the depth of the beam is db = 50
cm. Table 1 shows the characteristics of beams and columns
in the study connection.

The distance between the axes of the columns on both
sides of the beam is 5.2 meters. The parameters considered in

Table 1. Specifications of beams and columns

Section beam column
Type Section IPE Box
Height (mm) 500 550
flange Length (mm) 200 550
flange thickness (mm) 16 20
web thickness (mm) 10.2 20
Material Specifications St37 St37
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Fig. 1. Support and loading conditions of the studied
model

Table 3 for the models are:

The hardener is considered as shield and corner

The thickness of the hardener is considered in three
categories: 15, 18, and 20 mm. Three categories are set from
weak to strong, and in this case, the percentage of increase in
hardness and ductility along with resistance is obtained.

According to the above parameters, the number of models
is 26.

Of the 6 column models filled with concrete, the
compressive strength of concrete is 25 MPa.

In the table below, the specifications of the studied models
are shown along with their names.

Loading is also applied from the protocol shown in Figure
3, this protocol is based on ANSI/AISC341-10 standard [4].
ST37 steel is used for the beam and column materials. Figure
1 shows the support conditions and loading method.

2- 1- Comparison of stresses

In this section, the stresses created in some models are
displayed based on the applied load. In Figure 2, the Mises
stress resulting from the software is displayed.

According to Figure 2, as can be seen in the place of
the beam from where the stiffener is placed, the tension in
the beam has increased from all points, and this tension has
continued up to 200 cm from the place of the beam. And it
happened in the flange and web of the beam. The highest
amount of stress occurred in the protected area of the beam.
As can be seen from the figures, in addition to the buckling
stress, distortion also occurred in the RBS connection.
Shrinkage has also occurred in the BSEEP connection at the
end of the hardener. Summary. Using the numerical results
obtained from the Abaqus software, the diagram and numbers
related to the maximum anchor have been extracted. In Figure
3, a comparison has been made between the anchor diagram.
This comparison is done in several categories.

Figure 3 shows the comparative diagram of anchor
models. In the comparison made between the model with
concrete and without concrete, it can be seen that the model
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Fig. 3. Anchor comparison chart

with concrete has between 7 and 18% higher capacity than
without concrete. Comparing the results of the BSEEP
connection where two types of BOX and I-shaped columns
are placed, it can be seen that the BOX-shaped column has a
10% higher bearing capacity. In Figure 4, the model with the
best result is compared with the model with the worst result.

As can be seen, in the diagram the DS03 model has
tolerated more anchor and this has led to an increase in energy
absorption and the area under the curve. On the other hand,
in this chart model, there has been an increasing trend. In
the DS03 model, the diagram shows an increase in the load-
bearing capacity of the anchor, and less deterioration has
been observed in the anchor part.

3- Conclusion
the area under the pre-approved connection curve is
smaller than the proposed connection, on the other hand, the
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Fig. 4. Comparison between the best model and the
worst model of the studied shield and corner

tolerable anchor of the proposed connection is less than the
connection of the tenth subject. According to the figure, it
can be seen that the ductility in the proposed joint is equal to
the joint of the tenth subject. In the proposed connection, the
drop and deterioration of resistance have been less. While in
the connection of the 10th topic, the drop and deterioration
of the resistance of the 10th topic connection has been high.
Finally, considering the easy implementation of the proposed
connection compared to the connection of the 10th topic, it
can be said that the performance of the proposed connection
is suitable and better than the 10th topic of the national
regulations In all studied connections, the stress in the
protected area of the beam and along this distance is higher

than the other points. In the pre-approved RBS connection,
buckling and distortion occurred in addition to the tension
in the beam. Shrinkage has also occurred in the BSEEP
connection at the end of the hardener. One of the features of
the proposed connection is that the local stiffness in one area
is not as high as the BSEEP connection in one area, therefore
this local stiffness has caused buckling in the model, this is
not observed in the proposed connection due to the more
uniform stiffness. In addition, buckling has occurred in the
RBS connection due to the decrease in stiffness. Therefore,
one of the weaknesses of connection is the reduction of
stiffness or the increase of local stiffness in one area of the
connection.
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Fig. 1. Geometric specifications of the numerical model [16]
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Table 1. Characteristics of laboratory sample materials [16]
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Fig. 2. Numerical model made in the software
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Fig. 4. Comparison of the load diagram - displacement of the numerical model with laboratory samples
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Table 2. Specifications of beams and columns
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Table 4. Specifications of materials
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Fig. 9. Von Mises stress (unit of stress in N/m2)(Continued)

yenm



VEVA B YF0 docio VF+Y Jlo VY 0)loud D0 0553 S ool (lpos suokito & pis

BSEEP-08

BSEEP

(&20 s 32 (P g 5 dalg) o (9B (T A JSUS

Fig. 9. Von Mises stress (unit of stress in N/m2)

odalie (5508 Jlgj S s ) g Cusl 0390 ST sk e b
Jlasl jl jiSa S onds aolb Liw 5l Jlasl pove ) pdaw Cawl oud
5 50 sSlagty JLal Jaos 6 S o 1 el (oo (s3laiy
odnlie S 4 o g b adl o [V o3 G 0 Aol i 51 L]
w2 Eone Jlal (sglue (ooloiutny JLasl )3 (s pdy S5 &5 398 (0
S 0l 039y yieS Cunglio Jlg; 5 el (golpiuins Jlasl o il
035 3bj w3 Cone Jlasl Cuoglie Jlg5 9 Cdl pad e Jlasl j> a8
Jlail & s ool Jlail coly lpl 4 dagi b cales 3 cul
5 canlio (ool Jlasl 5,Slos &S S I3 o 540§ p2d Coree

Bl o o il yhe i) Cone Ay Cowd yipg

G g0 =¥

slael g lges woSUl 581 o5 5l ol (eoae ol I edlazul b
O Slalio W JSS 53 sl oad gzl ) woyjSle @ by
ol 04 plodl diwd i > duwlie (pl .ol ol plosl (S loges

2 ol o 00l Ginles b e ,S (gl dunlie Hlaged VY S 50
(o oalde sl oad bl (i (e g i b Jhe (g & (6l Alie
Of 9 4 S 53Vl byl 0o 3 VALY o i b Jie 45 395
03> yisles aslibl cpl 5o dslllas 550 (sledde (olod VY IS5 3 3
Iy BOX (500 g5 95 & BSEEP Jlal ol dulio .l o

ey

o i3S dunlie =Y —Y

b oo o odd dbul Jolee Stodly gl (15,8 Caond ol
Dad (o 03b Lisles Jlasl jb bl

2 Sy GI5)S 290 odmlie Ve S (59 5l &S Hoblen

OB 5 JU el o odalie cunl 039 by i m5e5 &S ol Jore
leas Sgodly 55 )l 55 5

Ot Salage =Y Y

b loln b Jae 53 ol sl ) yiass jlged Cond pl 5
dlie Caz jyimen lajldges 1 d9d (o o3 ol (Jlos]
oy g ol 03 03 Liales 0.8MP ol b el Jlasl e
oololy g dnole JLail jloxe (93 Y 405 b Gebate 5 Slos zglaw
ke 093 69y 5 il Zobaw )yt cpl p3 oad pMel sl el
IVA] ol 045 duuslna

Sl oad ooy Gisled by Jde e ieas g3 VY JSS )
odnlie 45 jglailon .ol oud duslio wa b Jdo o (59 o Jlos]
ol ol g ol 03905 oo (5 iy ;S 905 DSO3 Jao 55 095 o0
Ol 93 (Bib Sl sl oad (pxie 5w g (636l e il 4o

sl s Ja5 DS03 Jae j5 .l aily iol33l K59y loges Jdo



PEEQ

SMNEG, (fraction = -1.0)
{Avg: 75%)
+4.133e-01
+3.76%e-01
+3.4d4d4e-01
+3.100e-01
+Z.7595e-01
+2.411e-01
+2.067e-01
+1.722e-01
+1.375e-01
+1.033e-01
+6.88%e-02
+3.d4de-02
+0.000e+00

S5 s DL-01

DS-05 DS-04 DL-03

DSC-01 DSC-02

(5,15 aolal) Joleo Sy (4,8 Ve JSUS

Fig. 10. Equivalent plastic strain( Continued)
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Fig. 10. Equivalent plastic strain
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Fig. 11. hysteresis diagram of models( Continued)

ey,

-—10

—- 18

08Mp

O BackBon

-0



(N.m), <3

YEYA B YY+d dxbo NF-Y JL» MY b)‘.o.aﬁ AT 0)9d ‘)g.f)ml u‘)a& L{w_\a.p(o 4.!)..:.:

1000
500
0.8Mp
400 P S0
20
9 LS
8 0
%
200 —CP
400
0.8Mp 0.8Mp
600
800
1000
008 006 004 202 0 002 004 006 008
Rad)
LS 10 10 LS
cp ' [ '
900 ' ¢ '
1 ] ] |
1} 1
0.8M 1
R | ) P
00 (A -=-10
' ]
-eL§
-100
1 '
' ' —cr
' '
1} )
w0 | 08Mp 2 i osvp
'
N :
[ ] ] )
' [ '
L 1 ' '
1100
008 006 004 002 0 002 004 006 0.8
(Rad)
1000 LS 10:410 L§
~] 1 1 1 1
500 | te et %
1 0
) 1 1y '
0.8Mp H
40 H y cp —-—i0
H
g D | i
3 1 y -LS
i ° {
Z [l
200 H s
'
400 ; A A ;
0.8Mp 1 ' i ongp
&0 1l H
/ '
'
800 1 |
1 ) 1 1
-1000 2 1.1 !
-0.08 £0.06 0.04 002 0 0.02 0.04 0.06 0.08
(Rady
TS L'S 19 l? LS
cp !
" ) D
500 ! ]
L (]
60 ' (]
0.8Mp ! h
", ' / h Cp O BackBon
| |
200 2 iy
0
'\ LS
200
...... cp
400
0 08Mp
800
1000
008 006 004 202 o 002 004 006 008

DCS-01

i LS 10 10 LS
1000 T T T
CcpP ) 1 | )
800 ] [ ]
800 H I
1
600 ! -
0.8Mp H P
400 1 y7 a0,
1
) 200 ! ! A
3 y y s
g 0
Z
<] ' h
-200 ! 1 —CP
|
400 H A H
0.8Mp ] ] 0.8Mp
600 )
(& '
)
-800 1 1 | 1]
| [ i
1000 1 1 ' L)
008 0.06 0.04 002 0 002 0.04 006 008
Rad) 5
Ls 0 10
1000 5 T '-:5
cp '
200 ! o i i
'
600 : : ]
0.8Mp
10 1 P cp o
'
‘,( 1 ) -LS
g 0 [}
£ i
200 | —cp
!
20 i
0.8Mp ' 0.8Mp
600 !
]
]
800 ]
]
-1000 J
0.0 0.06 004 0.02 0 0.02 004 0.06 008
Rady
LS 10 10 LS
cp ' LI '
200 | (] '
| [ ?
i
0.8M : : y
.8Mp
1 () C
400 1 P =aelD
'
1
1 '
H LS
)
100 ]
'
' —cp
H
i
w00 | 0.8Mp : 08Mp
'
1 '
1 1 1 '
' ) ' '
1100
008 006 0.04 002 0 002 004 0.06 0.08
Rad)
1000 L,S I(,) 10 LS
cp; ! z &
s ) 1 [}
) (]
600 1] )
0.8Mp H y
100 ) h cp ~O—BackBon
) 1
‘ 200 i y H =0
: 0 Ls
“ h
200 1 ]
[ [ S S g cp
400 _— h v H
. ) ]
600 v ' W 1 08Mp
l 1 ]
] ]
800 P ]
I :: j i
-1000 2
0,08 006 004 002 0 002 004 006 008

(5,15 dolsl) L Juo (yuus j yianmsd 413905 1Y JSCu

Fig. 11. hysteresis diagram of models( Continued)
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Fig. 11. hysteresis diagram of models( Continued)
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