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RESISTANCE OF THE WELDS IN CHS JOINTS
WITH THE RIB PLATES

With regard to the calculation of welds’ resistamte&onnections between hollow
sections in EN 1993-1-8, very general informatismgiven without any indication
of specific calculation procedures. These recommagods are basically as
follows: the resistance of the welds must haveuidlee of the cross-section and
assessment of the welds’ resistance based on finetied lengths is allowed in
cases when forces in the braces are smaller tleareflistance of the joint, but the
detailed method is not specified. The objectivehif paper is to present the most
up-to-date information for the design of welds émerlap joints with reinforcing
rib plates. The article presents the FEM analyéighe welds in the intermediate
joint with the rib in a truss made of circular foil sections. The conclusions from
the analysis were presented.
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1. Introduction

1.1. Welded joints made of hollow sections

Welded joints of trusses made of hollow sectionthwhe reinforcing rib
plates between braces occur mainly in assemblysjahchords (Fig. 1) and in
support joints (Fig. 2) [1]. Similar solutions akso found in the case of design
of overlap joints when there is little overlap ofibes Xov < 25%). For executive
reasons, joints with rib plates are used in the cdigechnological difficulties in
the proper execution of welds on covered sectidnining members or in
order to avoid welding accumulation. The ribs dse ased in K type intermediate
joints of lattice systems when it is necessaryttach an additional structural
element to the joint (Fig. 3).
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Fig. 3. Joint with the head rib and an additiorastp

1.2. Assessment of the resistance of fillet welds

The principles for the assessment of the joingsacdy made of hollow
sections are given in PN-EN 1993-1-8 [2], in mangnographs [3], [4] and
CIDECT guides. To assess the capacity of jointd wlie ribs, the formulas
given in PN-EN 1993-1-8 [2] can be used, referriagK joints with mutual
overlap of the braces [4]. However, the calculatdbmwelds resistance in welded
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joints of members in lattice girders made of hollg&ctions has been treated in
the PN-EN 1993-1-8 [2] very generally without prdivig detailed calculation
guidelinesThe procedure for assessing the capacity of T,d"&joints as well
as K and N joints with the gap was presented bydBadand Broniewicz in
publications [5] and [6]. Calculation of the reaiste of welded K and N overlap
joints made of rectangular and square hollow sestiare given in the
publication [7].

In all examined joints fillet welds with effectidengths calculated on the
basis of experimental research were used. Thesmeas method presented in
Annex K to the pre-standard EN 1993-1-1 [7] hashb&#opted as the basis for
assessing the effective lengths of welds, with eespo gap joints made of
rectangular hollow sections. It is stated thathie tase of K and N joints at the
angle of inclination of the brace$< 50°, both transverse welds are effective in
transferring of stresses and the total length délsvis |, = 2( /sin@ +h), while

in the cased < 60° the transverse weld located on the acute atggs not
participate in the stress transfer dpad= 2h, /sing, + b, .

According to the standard PN-EN 1993-1-8 [2], desdifective lengths
should be used in cases of welded joints maddlef éir groove welds when the
forces in the braces are smaller than the capactitlye joints due to occurrence
of general instability of members or unificatioreith cross-sections. In such
cases it is uneconomic to use the standard critesgothat the design resistance
of the weld per unit length of the circumferencelaf brace is not less than the
design resistance of the cross-section of thisebpae unit of its circumference.
In addition, it may be difficult to properly positi of the welds with the required
thickness, especially on sections of the inclinesmer at an obtuse angle.

The presented indications cannot be extended toa#isessment of the
resistance of welds in the joints with the rib plads the cutting of the ends of
the joined sections is different, so the effectmegths and often the shapes of
fillet or groove welds are different. The rules &alculating the capacity of such
connections are presented in [9].

1.3. Welded joints with the rib plate made of circlar hollow sections

In welded trusses joints made of hollow circulasctems between the brace
members and chords, depending on the location ef weld on the
circumference of the member butt welds, fillet veeldr groove welds are
designed. In the case of using circular hollowisestat the contact points of the
brace with the upper wall of the chord, fillet antbwelds are used, with the
appropriate method of beveling of the walls of ¢ireular member, while at the
contact points of the brace with the side wallle# thord the groove welds are
used. In the case of rectangular hollow sectioenathe width of the brace is
smaller than the width of the chord, fillet welds aised, or butt welds when the
width of the brace is equal to the width of thercho



170 P. Milewski, M. Broniewicz

In the paper [1], it was pointed out that the folasu given in PN-EN 1993-
1-8 [2], referring to assessing of the capacityodrits with mutual overlapping
of the brace members, can be used to assess gaphsiich joints with a rib
plate. The evaluation of the resistance of filleldg laid in connection of the
braces with the rib plate is different due to thféedent way of cutting the ends
of joined members. The effective lengths of thedselnd the shapes of fillet or
groove welds are also different.

Fig. 4 shows the intermediate welded K-joint of timétom truss chord made
of circular hollow sections with the same diametethe brace members. Due to
the low overlap value of the braces, in order toihwvelds along the spatial
curve, which imitates the contact of the brace wh#hchord, a rib plate has been
used.

Fig. 4. Joint made of circular hollow sections watheinforcing rib plate

Preparing the ends of circular members accordirgy $pecific spatial curve,
ensuring proper matching of connecting elementgpdssible using modern,
numerically controlled cutting machines. Making tight welded joints requires
chamfering of walls with different angle of incliran. The spatial shape of the
joint, as well as the variability of the type of lak@n its length and its cross-
section, make it difficult to assess the capacftguch welds. The thickness of
such welds should be determined in accordancetidin shapes, usually treated
them as fillet or groove welds.

An exemplary arrangement of welds in the connacitid braces with
a chord in a K-joint with the rib plate made ofceitar hollow sections, at the
inclination angle of the braces to the ché&d50° is shown in Fig. 5.
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Fig. 5.Welds layout in circular hollow section olegr joint with reinforcing rib plate

An analytical method for determining the effectigagths of welds of such
a joint is presented in the publication [8]. Théues of mutual overlapping of
bracesq andp were evaluated in accordance with PN-EN 1993-2}8The rib
plate is connected to both the braces and the claoidl participates in
transferring forces from the braces to the chord.otder to determine the
capacity of welded joints between the braces aacdiiord and the rib plate, the
thickness of individual weld sections and theieefive lengthsg, X, V;, Vi, bieff
andb;er were determined. The valuesxgfx; are the effective lengths of welds
connecting the braces with the chord, while thaiesl;, yi are the effective
lengths of welds connecting the braces to theldtep

The effective lengths of welds depend on the sugukiy of the connected
member walls. Welds are loaded with component®ifes occurring in braces
parallel and perpendicular to the plane of the dlard the rib. Stresses in welds
¢ and ¢" are calculated taking into account the load dioectparallel or
perpendicular to cross-section of the weld.

2. Description of the K-type CHS joint with the rib plate FEM
analysis

2.1. Assumptions adopted for the joint analysis

The intermediate K-type joint with the rib plate aweaof circular hollow
sections was analyzed. In order to obtain diffesergles of braces inclination,
the lattice girder with the same span of 12.0 m warsed in terms of heights,
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which were successively 1.70 m, 1.40 m and 1.1@amresponding angles of
braces inclination to the bottom chord weré, @, 48. The truss was loaded
with concentrated forces from the standard loadadq@dsnow, wind loads) in the
joints of the top chord. As the sections of the & bottom chord, circular
hollow sections RO 88,9x5 mm were assumed, whith@sraces RO 57x4 mm.
The thickness of the rib plate was taken equal tons The girder schema for
variant | is shown in Fig. 6. The joint adopted &oralysis is marked with the
letter "A". The joint model, which was used for tREM analysis is shown
in Fig. 7.

Fig. 6. Analyzed truss and the designation of tieyaed joint
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Fig. 7. Analyzed join modeled in the FEM analysisgram

The same material parameters were adopted for ach Both truss
chords, braces, ribs and welds were modeled fro8b Sgel, which has a yield
strength of 235 MPa and Young's modulus of @@ MPa. The material was
defined as Bilinear Isotropic Hardening”

The mesh density of the analyzed joint was 5 mnilewh order to achieve
more accurate results, the mesh was thickened @rmu® mm near the welds.
In order to facilitate computer analysis, threeidsolof welds were modeled
which were not connected to each other. At the stime, their length is as
large as possible.
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Additionally, in order to obtain a more accurateage of stresses not only
outside the joint, but also inside it, it was deddo cut the joint along the axis of
symmetry of the bottom chord in the plane of thesgr The model of the joint
together with the mesh of finite elements and thiEls of the welds is shown in
Fig. 8. The main object of the analysis was thelwehnecting the brace with the
bottom chord. In addition to the three height vatseof the truss, each joint was
modeled with three variants of weld thickness sssigely: 4 mm, 3 mm, 2 mm.
In the model connections between the bottom choddkaaces and the rib was
defined as sliding with a coefficient of frictiorf .15, while the remaining
connections, between welds and individual elemevese defined as bonded.
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Fig. 8. View of the meshed joint with the welds

Computer analysis was carried out in a programguBieM type analysis.
After the joints modeling, they were loaded witmcentrated forces occurring
in a given truss joint. In the figures below (Fegto 14) the results of von Mises
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Fig. 9. Stress in the joint for the angle of @d welds 4 mm
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stresses for the truss of%6énd 48, as well as for the thickness of welds 4 mm
and 2 mm were presented.
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Fig. 10. Stress in the joint for the angle of 84d welds 4 mm
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Fig. 11. Stress in the joint for the angle of 48d welds 4 mm
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Fig. 12. Stress in the joint for the angle of @ad welds 2 mm
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Fig. 13. Stress in the joint for the angle of &4d welds 2 mm
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Fig. 14. Stress in the joints for the angle of 48d welds 2 mm

3. Conclusions

After analyzing the test results, it can be conetuthat the distribution of
stresses in the welds connecting the braces wétlthbrd varies and depends on
the angle of inclination of the braces in relatiorthe chord and the thickness of
the weld. In the case of an angle< 60°, the greatest stresses in the welds
connecting the brace with the chord can be obsénviik groove weld located on
the side of the obtuse angle, near the place dfithaate. Stress values decrease
in the longitudinal weld together with the distarican the rib plate, in order to
reach its minimum on the opposite side of the hragein the transverse weld on
the side of the acute angle. A smaller variationthia stress values in both
transverse joints occurs in the case of aghi#48°. The transverse weld located
on the side of the acute angle more effectivelysiers stresses from the brace to
the chord.

This is especially evident in the case of weldshwétthickness of 2 mm
because a greater role in the transfer of strggagsorizontal welds connecting
the brace with the chord. Increasing the thickrefsaelds to 4 mm disturbs
slightly the described stress distribution in theldg, causing that the greater
part of the transferred force falls on the vertiwalds connecting the brace with
the rib.
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If the brace is compressed, it can be observedhkamnaximum stresses in
the longitudinal welds are shifted towards its carpart. However in the case of
tension brace the largest stresses can be obsergase proximity to the rib
plate.

These analyses indicate that not all welds joirtivegbrace members to the
chords carry the load in the same way. On the lHs®mputer analyzes it is
impossible to determine exactly which sections efds are fully effective and
which transfer only a small load. This is espegialifficult in the case of
longitudinal welds. However, the calculations irsdécthat the standard assessment
of stresses in welds of hollow section joints iy@pproximate and does not fully
reflect the actual distribution of stresses inwedds, which confirms the earlier
studies of Packer and Henderson. To verify thekmiletions, experimental tests
should be carried out on real truss joints. Howetrer analysis will confirm that
the recommendations given in the literature regardhe calculation of welds’
resistance can be optimized and new computatiataliens can be introduced,
which however, are impossible to propose at theentistage of research.
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