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Abstract

Hollow section profiles are widely used in the structural steel industry. An important point to take into consideration in such connections
is the continuous transfer of internal forces from element to element. One of the measures taken to ensure this continuity is to use end
plates. The connection between plates and elements is mainly provided by welds. The aim of this study is to determine an optimum
weld thickness for connections subjected to local buckling of box-beam-columns under bending. Corner and circular fillet welds were
used to join the designed plates with box columns and beams. Hollow section profile connections were experimentally studied in the
Steel Structure Laboratory of the Department of Civil Engineering of Siileyman Demirel University. Results were used to develop
numerical models. Ansys Workbench was used in numerical models to analyze the corner welds of different thicknesses and lengths
depending on plate dimensions and to examine their behavior. It was detected that in corners which the stress concentrations occur,
weld thickness greatly impacts the structural behavior.

Keywords: Hollow section beam-column connections, calculation and construction principles 2016, design of steel structures, welded
connections under local buckling, weld thickness.

Kutu Kesitli Birlesimlerde Kaynak Kalinhiginin Bolgesel Burkulma
Davramisina Etkisi

Oz

Kutu Kesitli profiller yapisal ¢elik endiistrisinde yaygin olarak kullanilmaktadir. Bu tiir baglantilarda dikkat edilmesi gereken 6nemli
bir nokta i¢ kuvvetlerin elemandan elemana siirekli olarak aktarilmasidir. Bu siirekliligin saglanmasi i¢in alinan 6nlemlerden biri de ek
plakalarin kullanilmasidir. Plakalar ve elemanlar arasindaki baglant1 esas olarak kaynaklarla saglanir. Bu ¢alismanin amaci, egilme
altinda yerel burkulmaya maruz kalan kutu kolon- kiris birlesimleri i¢in optimum kaynak kalmliginin belirlenmesidir. Tasarlanan
plakalar, kose ve dairesel kose kaynaklarla kutu kolon-kiris birlesimlerinde kullanilmigtir. Kutu profil baglantilar1 Siileyman Demirel
Universitesi Insaat Miihendisligi Béliimii Celik Yap: Laboratuvari'nda deneysel olarak incelenmistir. Sonuclar sayisal modeller
gelistirmek icin kullanilmigtir. Plaka boyutlarma bagl olarak farkli kalinlik ve uzunluktaki kose kaynaklarmin analiz edilmesi ve
davraniglarinin incelenmesi amaciyla sayisal modellerde Ansys Workbench program kullaniimistir. Gerilme yigilmalarinin yogunlastig
kose noktalarda kaynak kalinliginin yap1 davranigini biiyiik 6l¢iide etkiledigi goriilmektedir.

Anahtar Kelimeler: Kutu kesit kiris-kolon birlesimleri, hesap ve yapim prensipleri 2016, ¢elik yapilarin tasarimi, yerel burkulma
altinda kaynakli birlesimler, kaynak kalinlig1.
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1. INTRODUCTION

Hollow section profiles are widely used in the structural steel
industry in Turkey and in other countries. Cross-sectional
properties of hollow section profiles make the connection details
of these types of profiles different from those of other hot-rolled
ones. The main reason for this is that they are closed section and
cold-formed beams. This changes the connection details and urges
designers to take additional measures depending on the internal
forces of the system behavior. Unwanted deformations, and
sudden capacity loss and brittle behavior due to those
deformations are observed unless additional measures are taken
for connections designed using hollow section profiles. There are
many studies that address the prevention of this situation.

Easterling and Gonzales (1993) used three types of steel
elements (flat plates, gusset plates and U profiles) and three types
of weld configurations to investigate shear lag effects in elements
and connections under tensile load. They analyzed the design
conditions of the steel elements according to the existing AISC
specifications. Twenty-seven specimens produced using welded
connections were loaded and tested to failure. Korol (1996)
investigated shear lag effects under the tensile loads of welded,
slotted connections commonly used in closed section members.
He analyzed the effects of weld length, weld distance, and other
parameters on connection strength and behavior. 18 specimens
were experimentally tested. Fracture was observed in 11
specimens due to block shear failure and in 7 specimens due to
shear lag. Cheng et al. (1998) conducted endurance tests on 9
specimens with three different tube sizes and four weld lengths.
Fracture was observed in 7 specimens due to ductility while
deformation was observed in 2 specimens starting at the weld.
Depending on plate orientations and connection types, Zhao et al.
(1999) investigated the behavior of longitudinal fillet welds of
high-strength (fy=450 MPa) cold-formed rectangular hollow
section box profiles with a thickness of less than 3 mm. They
analyzed the effect of load conditions, end return welds, and box
profile-plate orientation on weld strength. Cheng and Kulak
(2000) examined shear lag effect in end regions of closed-section
tensile members welded to the gusset plate. 9 different test
specimens with 3 different cross-sections and different weld
lengths were prepared. An elasto-plastic model was developed
using material properties to numerically analyze the connections.
It was argued that ductility might decrease if end return weld is
performed. Willibald et al. (2004) compiled previous
experimental and numerical studies and compared them with
connection details developed for welded and slotted connection
of tube profiles. Four of the six specimens failed by shear lag, one
failed due to block shear tear-out and one failed due to both shear
lag and block shear tear-out. Ovalization was observed in all
specimens before failure. Taking into account weld length,
element length and weld symmetry, Humphries and Birkemoe
(2004) experimentally examined the behavior of various sections
under tensile load. Ling et al. (2006) investigated shear lag failure
in plate welded connections of VHS (Very High Strength) steel
tubes. All 16 specimens failed by shear lag and their final strength
was determined. Willibald et al. (2006) performed compressive
force and tensile force tests on 13 gusset plate elliptical section
members. Experimental study results were compared with current
design procedures and recommendations of other studies. The
effect of connection length, location of the profile section on the
plate and distances between welds were taken into account in the
test specimens. Abi-Saad and Bauer (2006) analyzed the shear lag
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effect causing a reduction in strength of steel tension members
and adopted an analytical approach to evaluate strength reduction
calculations. The approach is based on the assumption that,
similar to the Whitmore concept, forces along inclined lines in
member ends can be used in connection plates. They illustrated
the method with examples for elastic, plastic and ultimate stress
conditions on a basic weld. Martinez-Saucedo et al. (2006) tested
8 specimens with 3 different types of connections under axial
tension and pressure loads, and used the finite element method
(ANSYYS) for analysis. Martinez-Saucedo et al. (2008) examined
the behavior of plate end connections of closed-section members
under inelastic cyclic loading. They conducted tests on three types
of connections, including two new modified slotted plate
connections, in order to avoid traditional slotted, plate connection
and sudden failures. Zhao et al (2008) conducted an experimental
study on weld lengths and types of end welds at welded slotted
plate connections of square and rectangular hollow section
profiles. They tested a total of 30 square and rectangular
specimens using 16 separate connection configurations. They
addressed the effect of weld location, weld length-section ratios
and gusset plates on connections. Zhao et al (2009) performed
tests on welded slotted plate connections of square and
rectangular hollow section profiles by taking into account weld
lengths, profile-plate orientation and weld thickness. They used
the finite element method to develop models taking corner
strengths of profiles into account, and performed parametric
studies using those models, and then compared the test results
with standard strength estimates. Martinez-Saucedo and Packer
(2009) analyzed limit states to determine the capacity of welded,
slotted, plate connections of slotted end hollow structural section
connections under tensile loads according to American, Canadian,
and European specifications. Schmidt and Morgan (2011)
investigated the behavior of tubular steel members and their
connections. Three connection details and two types of steel were
used, one of which was a conventional semi-rigid steel and the
other was a cold-formed rimmed steel.

This study addressed the active force- and local buckling-
dependent behavior of welds used in hollow section profile
connections under bending and revealed capacity losses due to
this behavior. Results were used to determine an optimum weld
thickness for box section profiles.

2. Material and Method

This study investigated the behavior of welds depending on
local deformations in welded connections of hollow section
profiles under bending and analyzed the effect of welds on nodal
point capacity. Box section joints were experimentally studied in
the Steel Structure Laboratory of the Department of Civil
Engineering of Siileyman Demirel University. Results were used
to develop numerical models, which were then used to calibrate
the numerical models. Based on the calibrated numerical models,
the same connections were re-analyzed for different weld
thicknesses in order to reveal the behavior of the weld under
possible deformations. Then, an optimum weld thickness for
welds used in this type of connections was determined.

Models were developed based on specimens used in an
experimental study. RHS 200.200.5 mm box beam column and
RHS 150.200.4 mm rectangular hollow section beams were
welded to obtain specimens. The connection was rigidized with
an end plate to avoid possible local deformations on the column
under cyclic and statically incremental loads. In this type of
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connections, the operation of the end plate and column section as
a whole under bending is of great importance for joint rigidity.
Although the plate and column head cooperate partially in the
pressure zone, especially under bending, they behave
independently of each other in the tensile zone. For this reason,
welding gaps were opened in the end and body regions on the end
plate, and fillet welding as well as peripheral welding was
performed to join the plate and the column.

Figure 1 shows the layout and images of the end plate welded to
the column. The end plate designed as a rigidizing plate has been
geometrically designed to surround the column to control
deformation in the column upper end and panel area. The
connection was confined to the plate edge and joined under the
plate using the column holes over the column head along the plate
in order to prevent the plate from moving independently of the
column profile. Figure 1 shows the dimensions of the plate. Pv is
the longitudinal length of the plate with 300, 350, 400 mm. Ph is
the horizontal length of the plate, which completely covers the
column face, and therefore, the value is constant (200 mm). This
value of the plate is included in the study as 50, 75 and 100 mm.
The diameter of the fillet welds allowing the plate to cooperate
with the column head at the connection is 15 mm, and they were
placed at a distance of 50 mm on the plate and 100 mm on the
edge of the plate.
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Figure 1. End plate layout and views

The fillet weld dimension parameters for the experimental
specimens were scaled based on the joint geometry, and no
calculation was performed. However, the parameters in this study
were calculated by considering the specifications of Regulation
2016 on Design, Calculation and Construction Principles of Steel
Structures, and numerical models were developed and analyzed
for the new values. The numerical models were divided into 9
main groups taking into account plate dimensions. These groups
were divided into subgroups, including the changes in weld
thickness and fillet weld dimension parameters of the connection.
Table 1 shows the 9 numerical models and their nomenclatures.

In graphs and tables, experimental models are presented with D
and numerical models are presented with S.

Table 1. End plate dimensions used in numerical models
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Figure 2 shows the variance of the dimensional parameters
determined for the fillet welds in the numerical models. Table 2
shows the model nomenclature for these variables.
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b) Frontal view

Figure 2. Variables defined for end plate fillet welds

The models were analyzed using the Ansys WorkBench
V15.0 finite element analysis software. The models were
analyzed using the Ansys WorkBench V15.0 finite element
analysis software. Ansys can perform nonlinear analysis for both
material and geometry. For this reason, profile, weld and bearing
plates were modeled considering the nonlinear material
properties. Column, beam, loading arm and bearing plates were
modeled as "shell" elements, while rider plate and welds were
modeled as "solid" elements. Figure 3 shows the shape of the
numerical model.

Table 2. Sub-groups based on weld thickness and fillet weld dimensions
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a) Numerical model general view b) Numerical model sectional view

Figure 3. ANSYS numerical model general views

For analysis results to be real-like, the quality of the  fragmentation, is performed too often, the result will not change
member's mesh (finite element) must be high in the modeling  and the resolution time will be longer, as the number of elements
phase. In order for this mesh quality to be high, the mesh geometry ~ and the number of nodes will increase. For this, it is necessary to
should be as smooth as possible and reach enough numbers. Ifthe ~ perform meshing in an appropriate range. The mesh range suitable
mesh quality is low, load transfer becomes discontinuous and  for Ansys was determined to range from 24000 to 25000 and
results become less accurate. if mesh, that is, the finite element
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analysis was performed within this range. Figure 4 shows the
desired mesh structure.

a) Nodal point mesh model

b) Mesh model

Figure 4. Ansys model meshed model general view

The finite parts were defined as shell and solid by the
software. The definition of an element as solid or shell in the
software depends on its geometry. In this context, the finite parts
in the weld and end plate with variable forms were introduced as
solid to the software. The other parts with a uniform (rectangular,
square, etc.) form were defined as shell elements.

The study aimed to determine an optimum weld thickness for
a connection exposed to local buckling in the column and beam
under bending. Therefore, the numerical model focused more on
the weld member than on the column and beam, and their
behavior was evaluated. Many studies have ignored welds in such
connections and directly connected the structural members
together. The models in this study took the weld into account and
tried to determine an optimum weld thickness. In other words, this
study examined the possible deformations in welds. Estimates of
these deformations were evaluated performing stress analysis on
the welds.

In the models, fixed bearings which are free to rotate round
the Z axis on the reaction wall connections of bearings but are
otherwise limited in the other directions were defined. This was
generated using the "remote displacement” command in the
Ansys.

In order for the model to behave rigidly, the joints were
connected to each other using the "bonded" command, which
bonds the two surfaces (column-column end plate) to each other.
The algorithm for the nonlinear buckling analysis of the model
was primarily based on linear buckling, and the optimal buckling
mode was determined. Nonlinear numerical analysis was carried
out considering the effects of nonlinear materials based on
deformation.

Local deformations are observed in the column, beam and
cross member at a node point designed using box beam profiles
under bending. These deformations in the structural member play
a role in the connection exhibiting rigid or semi-rigid behavior.
Studies indicate that local buckling effects on the column play an
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active role in connection behavior. CIDECT and Euro Code 3 Part
8 have addressed this extensively. These regulations have
established criteria for rigid and semi-rigid definition of such
connections and developed empirical formulas based on some
coefficients calculated using column and beam dimensions for the
determined stiffness range. Ultimate bearing capacities of
connections have been determined using those formulas. Figure 5
shows the connection in CIDECT and Eurocode.

Figure 5. Connections and dimensional parameters used in
connections in CIDECT and Eurocode

The coefficients in the design guides mentioned above; the
beam width/column width ratio, B, and the column wall
thickness/column depth ratio, y, are proportional coefficients.
Joint rigidity was defined based on these coefficients. Depending
on the value of the factor B, which plays a key role in determining
rigidity, deformations on the column are observed in the head or
body or both. In general terms, when = 1.0, deformation is
observed in both the head and body of the column, and the joint
exhibits rigid behavior. When  <0.9, the deformation is limited
only to the column head, and the joint exhibits semi-rigid
behavior. The definition and accepted formulations here are based
on the dimensional parameters of the structural member in
question and on possible deformation regimes. However, in this
type of welded connections, welds connecting the joints together
should preserve the integrity of the weld and be free of any
discontinuities that may occur with any fracture or failure in order
for the accepted formulations to be effective. This study
demonstrates the behavior of the welds, which are used in these
types of connections under bending, and examines their effect on
capacity.

Welding is a thermal connection method which causes
changes in the chemical structure of the structural member that it
connects. The most significant change in these types of thermally
connected joints takes place on the carbon structure of the
material, which causes the material to become brittle, and thus,
lose its ductility, and results in wundesired and sudden
deformations. This applies to all weld connections. Therefore, all
regulations in the literature define safety coefficients for welds
separately from those of other connection types. However, the
definitions for welds assume that the connected member
maintains its section integrity under the influence of internal
forces and that the connection is rigid. However, the occurrence
of local buckling in connections where box beam profiles are
used, particularly in the joint area, brings about additional stresses
which are not calculated for welds. For this reason, dimensional
parameters such as weld thickness and length defined for welds
are insufficient. This study evaluated the weld dimension
parameters defined in the literature and determined the ideal
dimension parameters for the numerical model.
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3. Research Findings and Discussion

Analyses were grouped under 9 main models. These models
consist of end plates depending on geometrical features varying
according to fixed column and on the beam size. This study is
about the performance of dimensional variables of connected
welds under local deformations. To this end, the 9 main models
were divided into 36 sub-models under different combinations of
dimensions and geometric layout of welds used in the
connections. At this point, two different analyses were performed
for the end plate-column connection girth seams corner weld
thickness and beam-end plate girth seams corner weld thickness.
The former is a = 3 mm, which is the value calculated for such a
connection according to the criteria in the Regulation 2016, AISC
360-10 and Euro Code for the Design, Calculation and
Construction of Steel Structures. The latter is a = 6 mm, which is
defined by the TUBITAK 111-M-125 project for this type of
connection member and calculated using the (Apeqmx1400 =
0, 7xlweldxaweldx1100 formula.

Other parameters included in the study are the fillet welds
used to ensure the performance of the end plate together with the
column to which it is connected. The first of these are intermediate
distances between end plate and fillet weld Ld (b) = 50mm,
intermediate distances between body and fillet weld Ld (g) =
100mm, and fillet weld diameter Dd = 15mm, which are the
parameters of the experimental specimens used for calibration.
The other group values defined for fillets welds are those obtained
using the criteria in the regulations. These values are intermediate
distances between end plate upper region and fillet weld
Ld(b)=64mm, intermediate distances between body and fillet
weld Ld(g)=100mm and fillet weld diameter Dd=16mm.

Table 3 shows the mechanical properties of the welds used in
numerical analysis. These values are used in modeling of welds in
numerical analysis (Values are the factory data for the inert-gas
unalloyed welding wire).

Table 3. Mechanical properties of welds used in manufacturing

Yield Stress Ultimate Elongation Elasglcllty
(kg/mm?) Stress (%) Modulus
(kg/mm?) (kg/mm?)

46 59 28 21000

The numerical models were calibrated to experimental
specimens, therefore, the mechanical properties of the profiles
were defined according to the mechanical values of the profiles
used in the experiments. For this reason, the steel material
properties include the tensile test results of the specimens taken
from the experimental specimens of the project 111-M-125.
Figure 6 shows the result of the tensile test for the steel used in
the specimens.

400
L]
w 300 Yield Stress 314N/mm2
£ 250 Ultimate Stress 379N/mm2
“ 300 E.Mad. 208210N/mm2
150
100
50
0,05 01 0,15 0,2 0,25
Strain %
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Figure 6. Stress-deformation diagram of tensile test

This study investigates the effect of variation in dimension
parameters of welds used in welded box section connections
exposed to bending on weld and joint performance. Evaluations
were made on the numerical models developed using the results
in the experimental models. Figure 7 compares the load-
displacement curves obtained from the experimental results for
these connections and the results of the models developed using
the ANSYS Workbench V15 for the specimens.
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Figure 7. Comparison of load-displacement graphs of
experimental and numerical models

The capacity curves in Figure 7 show that the load-
displacement values for all the models are particularly in line with
the linear boundaries. The differences in some graphs are due to
the fact that the beam element became brittle owing to thermally
connected weld in the experimental study and that the brittle beam
element tore in the boundary line where it was welded using seam
welding. The graphs are different because numerical models did
not define the embrittlement of the material depending on the
thermal effect in this boundary line. However, since the graphics
are in harmony in general, the numerical models were verified.
The sub models developed based on the subsequent weld
dimensions were replicated using these numerical samples.

The local deformations in the 9 main models defined
according to the end plate dimensional parameters depended on
the dimensions of the plate along the column and its depth. This
study discusses the variations in local deformation of welds
according to the formation pattern and first explains the
deformation algorithm in the connection before interpreting the
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graphics in this section. The analysis results and stress-
deformation distributions obtained according to the results show
that similar behaviors are observed for different stress values. For
this reason, common results obtained in all items were explained
through SM1-3/D15 model data.

The first model, SM1-3 / D15, which differs from the main
models due to weld thickness and dimension factors, was
analyzed under repetitive cyclic loading using ANSYS
Workbench V15. Figure 8 shows the views of the deformed state
of the node. When the deformed state is interpreted as a pressure
zone and a tensile zone, the column head and body (panel region)
move in the same direction in the tensile zone. Thus, internal
forces can easily be transferred from the column head to the body.
The deformation due to the forces transmitted in the same
direction is parallel to each other at the head and body, and the
column section properties significantly affect the capacity.

a) Deformed side view

-
e

b) Tensile zone views

c) Tensile zone views

.

d) Pressure zone views

Figure 8. SM-1 Model post analysis general views

However, the views for the pressure zone in Figure 8 show
that the column head plate used the body as a bearing and behaved
like a simple beam (membrane behavior), therefore, the cross-
sectional capacity was insufficient. In this model, the views of the
deformation of the connection were similar in all other models
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and it was only that the deformation in term of the stiffness
dimension provided by the end plate was more controlled.

Axial Stress

om0 0030 w80 )
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WE 00

a) Types of stress in corner weld

osn CEE]

b) Beam circumference corner weld

oo 50 00 Geed)
1

b) Deformed stress distributions

Figure 9. Stress distributions in pressure and tension zones
under bending

Figure 9 shows that the behavior of the section in the stress
zone and tensile zone is different. The movement of the column
and end plate in the tensile zone together also applies to the welds
connecting these two elements. The circumferential welds are
subjected to extra shear stresses other than normal stresses due to
the shape and sequence of the deformations in the column head
and body in the stress zone. The next section will interpret the
deformation-related behavior of the welds in relation to the graphs
obtained from the analyses. The welds in the graphs will be
referred to as in Figure 10.

D 00 D% 0 800 {rmiy

c) Plate head fillet welds

d) Plate body fillet welds
Figure 10. Nomenclature of welds

Figure 11 shows the stress distributions for the deformed state
of the circumferential welds connecting the end plate-column and
beam-end plate.
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a) Plate circumference corner weld

a) Tensile zone stress distribution general view
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Figure 11. Deformed welds stress distributions

The graphs show that the stresses in the circumferential welds
connecting the plate-column and beam-plate in the tensile zone
are in the same direction and continuous as the profiles. However,
stresses from the profiles in the stress zone disintegrate in the
welds, and even changes signs at the corner points. The change in
sign of the stress applied in the same plane and in the same
direction in the weld is due to the deformations depending on the
membrane behavior of the profile.

Maximum and minimum displacement values of all three
axes of the seams and the stress and deformation curves were
plotted to examine the effect of the local deformations of the
connection on the welds. The data were compared within
themselves and with each other.

Figure 12 shows the X direction displacement values of the
circumferential weld with a 3 mm and 6 mm thickness of plate-
column connection under load. The X direction displacement
values of the plate circumferential weld are in the same direction
as active force applied to the joint, and the maximum values
represent the tensile zone and the minimum values represent the
stress zone. The results of the deformed state show that, under
bending, local deformation first and effectively occurred in the
stress zone, and afterwards, interaction with other regions resulted
in deformation, depending on the section effects. This is also
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apparent in the graphics in this section. The X direction minimum
and maximum displacement values in Figure 12 shows that the 3
mm and 6 mm welds are in harmony with each other in the tensile
zone but the curves are different from each other in the welds in
the stress zones where local deformation occurs and that the shear
line is clearly visible in the curve for the 3mm weld.

The end plate-column connection circumferential weld Y
direction displacement values in Figure 12 are affected by the
local deformation of the column body. Occurrence of the
deformation in the plate under confinement effect first in the head
and then in the body reduced the interaction of the welds. For this
reason, the same results were obtained for the seams with different
thicknesses in the displacement analyses in this section. Figure 12
shows the Z direction displacement values of the end plate-
column joints circumferential welds. The Z direction is the same
as the deformation of displacement values. Using the same
structure member and the same rigid plate evened out the
deformation of the joint. The curves in the graph show that the 3-
mm weld is parallel to the 6-mm weld while the former is below
the latter in terms of rigidity.
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Figure 12. X, Y, Z direction load-displacement graphs of end
plate circumferential weld

The plate circumference displacement curves according to
numerical analysis results of SM1-3/D15 and SM1-6/D15 models
are given as load-deformation and load-stress curves in Figure 13.
The graphics clearly show the behavior of the 3mm and 6mm
weld in the connection undergoing local deformation. The
situation in which the different thicknesses of the welds exhibit
the local effect most prominently in the X direction displacement
curves has also been confirmed by the deformation curves.

The harmony of the welds in the tensile zone, where the X
direction maximum displacements were expressed, was also
similar in this section. In the maximum deformation graph, the
6mm and 3mm welds had different values in the linear zone but
in the same direction, whereas the deformation rate of the 3 mm
weld was higher than that of the 6-mm weld in the plastic zone.
In the stress zone where the deformation in the connection was
active, the 6 mm weld was able to control the deformation of the
joint while the 3 mm weld failed to have enough stiffness and
deformed more than the 6 mm weld. The curves of load-stress
distributions clearly show that the local deformations had a large
effect on the behavior of the weld. The graphs of maximum and
minimum stress distributions clearly show that the 6 mm welding
stress values were within the linear boundaries whereas the 3 mm
welds exceeded the limits.
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Figure 13. Graphs of plate circumference corner weld

Figure 14 shows the deformation and stress diagrams of the
plate head fillet welds used to ensure that the end plates used to
prevent possible deformation of the column in the connection
under bending was connected to the column head. The fillet weld
thicknesses used in the connection were equal to the thickness of
the plate (8mm). The diameter was 15mm and the interspace is
50mm. The results in the graph were separated for the plate
circumference corner weld thickness. For this reason, the
dimensional effect of the plate circumference corner weld did not
significantly alter the behavior of those upper fillet welds whereas
the results of the 3mm circumferential weld model were less than
those of the 6mm circumferential weld model.

Stress values show that the plate head was fully connected to
the column head by the fillet weld and that the stresses were in
agreement with the deformation and stress distribution in the
column head.
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Figure 14. Graphs of plate head fillet welds

Figure 15 shows the plate body fillet weld deformation and
stress values. The values yielded similar results to those of the
upper fillet weld. The plate body fillet welds provided rigid
connection to the column body, deformed along with the column
body, and made the stress transfer continuous. The results of the
3 mm circumferential weld model were again less than those of
the 6mm circumferential weld model.
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Figure 15. Graphs of plate body fillet welds

In the models, the beam-end plate in the other connection,
where the weld thickness was a parameter, was a circumferential
weld. The behavior of the weld used in this section was based on
the deformation of the end plate to which it was connected. The
end plate used to absorb and prevent the deformation of the
connection played an active role in the connection and therefore
no local deformation was observed at the beam and end plate
joint. For this reason, the changes in the welds did not depend on
the deformation, and were caused by the brittleness of the
thermally connected member under cyclic loading. This is evident
in the experimental study, the results of which were used to
calibrate the numerical models. This is explained in detail in the
111-M -125 TUBITAK project.

Figure 16 shows the weld displacement values. Deformations
in the beam circumferential weld joints were avoided, and
therefore, 3 mm and 6 mm welds gave similar results.
Circumferential weld Y displacement values are given. This graph
shows that the deformations obtained for both thicknesses were
similar, and that the 6mm weld was more efficient in terms of
capacity and stiffness than the 6mm weld. The graph also shows
the displacement values of the circumferential weld Z direction
and the results are similar.
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Figure 16. X, Y, Z direction load-displacement graphs of beam-
end plate circumferential weld

The results of the load-deformation curves of the beam-end
plate circumferential welds are also similar for the load-
deformation graphs given in Figure 17. The graphs show that the
maximum deformation in the tensile zone was located at a parallel
slope for both welds, whereas neither of the welds distorted the
weld integrity in the stress zone, where displacements were
effective on the seam behavior, and had enough rigidity. In the 3
mm weld, the deformation ratio in the range near the maximum
of the load increased markedly, which was due to the fact that the
stresses on the weld exceeded the linear boundary. This was the
case for the effective area of the 3 mm weld was weaker than that
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of the 6mm weld. However, this change did not depend on
deformation but on stress accumulation. Figure 17 shows the plate
circumferential weld load-stress distributions. As can be seen
from this section, the 6 mm welds were within the linear
boundaries while the 3mm welds had values in the plastic zone.
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Figure 17. Graphs of beam/end plate circumferential welds

This study analyzed 36 different models under static
incremental load using different weld dimension parameters in
areas where local deformation was effective in a connection that
was rigidized using an end plate. The effect of local deformation
of the welds was investigated using weld load-displacement, load-
deformation and load-stress curves. The results of the analysis
show that the displacement values of deformations under bending
were, albeit small differences, similar in all models.

For this reason, instead of analyzing the results of all models
separately, the values of model SM1-3/D15 were explained in a
representative and comprehensive manner in the previous section.
In this section, the load-deformation and load-stress curves
demonstrating the behavioral differences in the welds affected by
the local deformation of the connection were presented
comparatively for the 6 mm circumferential weld. The results
show that the deformation of the 3 mm weld was high in the
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connection and that it exceeded the linear stress limits and failed
to preserve its integrity. For this reason, this section investigated
the results for the weld thickness calculated according to the
formulation defined in the project of TUBITAK 111-M125 for the
models used in the study and confirmed the calculated value under
deformations.

Figure 18 shows the effect of dimensional change, the
activity of which increases in the plate body, on the weld, that is,
it comparatively presents the results to express the effectiveness
of the welds against deformation in the models in which Group 1
end plate defined in Table 1 was used. According to Figure 18, the
effectiveness of the end plate increased and welds exhibited
similar behavior in dimensional changes. However, in the case
where the smallest plate was used, that is, for the model with
effective deformations, the 6 mm weld differed from other models
but all welds were within linear boundaries according to stress
values.
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Figure 18. Graphs of plate circumferential weld for Group 1 end
plate

Figure 19 shows the deformation and stress values of the
beam-end plate circumferential welds in which Group 1 end plate
was used. The figure shows that the 6 mm weld was actively used
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in all end plates and that the stress values on the weld ensured
linear boundaries for all results.
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Figure 19. Graphs of beam-end plate circumferential weld for
Group 1 end plate

Figure 20 shows the results of the model in which Group 2
plate head was used. The increase in the confinement effect on the
column with an increase in the plate size, and confronting the
stress and internal forces from the beam in a wider area reduced
the deformations on the column to a minimum, which increased
the effectiveness of the welds involved in these parts. The stress-
deformation graphs in Figure 20 show that the values of the welds
in all models overlapped and that all the stresses remained within
the linear boundaries.
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Figure 20. Graphs of plate circumferential weld for Group 2 end
plate
The graphs of deformation and stress distributions in Figure
21 belong to the connection point of the beam and end plate. The
increase in the confinement effect of the plate on the column
positively affected the rigidity of the column and of the plate
connected to this column. Therefore, the values of the welds in
this section were within the desired limits. The deformations were
relatively smaller. The stress values in the linear boundary
confirm these results.
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Figure 21. Graphs of beam circumferential weld for Group 2 end
plate

The data in Group 3 models in which plates with the largest
dimension parameters were used are in agreement with other
results. In other words, the increase in the confinement effect of
the plate positively affected the welding behavior, the deformation
tendencies of the welds decreased, and thus the stress values
decreased in the elastic zone. The graphs illustrating this are given
in Figure 22.
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Figure 23. Graphs of beam circumferential weld for Group
3 end plate

Figure 24 analyzed the behavior of the welds in the end plate
of the models formed for Groups 1, 2 and 3 end plate with a body
length of 50 mm constant and a longitudinal distance of 300, 350
and 400 mm. The most effective result was obtained from Group
1 and 2 plates. However, in terms of stress distributions, the
results were similar for all welds.
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Figure 22. Graphs of plate circumferential weld for Group 3
end plate

In Group 3 models in which plates with the largest dimension
parameters were used, the plate confined the column head and
body better, thus, preventing deformation and optimizing the weld
behavior. This has also been confirmed by the stress and
deformation graphs of the circumferential welds. The graphs are
given in Figure 23.
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Figure 24. Graphs of plate circumferential weld for length

change graphs of 50 mm end plate

Figure 26 analyzed the behavior of the welds in the end plate
of the models formed for Groups 1, 2 and 3 end plate with a body
length of 100 mm constant and a longitudinal distance of 300, 350
and 400 mm. The greatest confinement effect was in this
comparison. The results of the welds for all models were the same
in terms of stress and deformation. In other words, every case,
where deformations were effectively controlled, positively
affected the weld behavior.

Min. Deformation

Figure 25 analyzed the behavior of the welds in the end plate
of the models formed for Groups 1, 2 and 3 end plate with a body
length of 75 mm constant and a longitudinal distance of 300, 350
and 400 mm. The most effective result was obtained from Group
1 and 2 plates. However, the results were similar for all welds in

terms of stress distributions.
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Figure 25. Graphs of plate circumferential weld for length

change graphs of 75 mm end plate

e-ISSN: 2148-2683

50000  —%—300/400 6 mm 350/400 6mm  —e—400/400 6 mm
50000
40000
8 30000
2
v
Z 20000
10000
0
-0,00015  -0,0001  -0,00005 0 000005 00001  0,00015
mm/mm
Max. Deformation
60000 —=—300/400 6 mm 350/400 6mm  —e—400/400 6 mm
50000
40000
£ 30000
£
3
)
Z 20000
10000
0
0 00005 0001 00015 0002 00025 0003 00035
mm/mm
Min. Stress
—=—300/400 6 mm 350/400 6mm  —+—400/400 6 mm
50000 -
40000
g
3 30000
z
20000
10000
0
-350 -300 -250 -200 -150 -100 -50 0
Mpa
Max. Stress
60000 —%—300/400 6 mm 350/400 6 mm  ——400/400 6 mm
50000
40000
§ 30000
£
3
o
Z 20000
10000
0
0 100 200 300 400 500 600 700 800
Mpa

Figure 26. Graphs of plate circumferential weld for length
change graphs of 100 mm end plate

4. Conclusion and Recommendations

Section, connection and system integrity must be protected
under effective loads so that the capacity value of a structural
member composing a joint can be calculated based on the inertia
value. This can only be achieved by avoiding local buckling
effects on the section and by maintaining the continuity of the
connecting parts holding the joint together.

Continuous plates can control the deformation of connections
designed using hot-rolled open-section profiles but not in cold-
rolled box beam profiles. Some studies have used box fillets,
confinement plates and end plates to prevent the local deformation
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of box beam connections under bending. In this study, an end plate
was used to control the deformation and capacity of the node
point. 36 models were developed using welds with different
dimension parameters, and they were examined under static
incremental load using ANSYS WorkBench. The main
determining variable in the models is the circumferential welds
that connect the column with the end plate. Based on the relevant
specifications, a 3 mm weld thickness calculated for the
connection and a 6mm thickness calculated according to the
assumptions of TUBITAK 111-M125 project were used.

The results show that welds must be protected from
additional forces other than the accepted stresses for welds in
order to obtain capacity values under the static calculation rules.
In other words, in a connection under load, when stress values in
welds are supported by additional stresses due to unexpected
deformations, weld integrity is compromised and linear
boundaries are exceeded and fracture occurs in the welds. The
results also show that the optimum weld thickness (3 mm)
specified by the regulations is insufficient for this connection. In
the models, in which the second value (6mm) was used, the weld
provided the required capacity and the section integrity remained
intact although deformations were observed in the connections. In
addition, the dimensional values specified by the regulations are
sufficient and effective for fillet welds used to keep the connection
between the end plate and column continuous.

In conclusion, in cases where the local deformation of a joint
under bending are prevented, the formula used for the weld
thickness defined by the relevant regulation is insufficient.
Therefore, additional stresses due to deformations should also be
taken into consideration for weld thickness in box beam
connections where deformations cannot be adequately controlled.
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