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FATIGUE FAILURE OF GUSSET PLATES NODES
OF WELDED TRUSS
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Summary. The fatigue failure modeling of welded rectangular truss 4954 x 1596 mm size with gusset
plates joints under external cyclic loading was studied in the paper. The sample is made of steel shaped tubes with
various cross section areas. Loading and support schemes that identify the operating mode for this type of structure
were selected. According to the results of computer simulation experiment in ANSYS Workbench 19.1 the stress
value of welded truss nodes and the fatigue sensitivity curve were obtained. The results obtained in the paper can
be applied both in the design of new trusses to prevent the destruction of structures in service.
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Statement of the problem. The influence of cycle loadings on the welded trusses
caused by exploitational influences leads to the initiation of the fatigue cracks located in the
heat affected zone of the weld bead. The cracks growth and their maximum length contributes
to the limit state achievement and failure. To find the failure degree of welded trusses being
under the cycle force effects, it is necessary to find the dependence between the stress-strain
state (SSS) parameters in the area of the weld joint and its fracture.

Analysis of the latest investigations and publications. Researching of the fatigue
failure nodes of welded trusses was carried out using:

o full-scale experiment [1-3]

e semi-scale force experiment [4, 5]

e computer modeling experiment [2, 3, 6]

The cumulative influence of structural, technological and operation indicators are taken
into account the most completely using the computer modeling experiment.

But according to the analysis of results obtained by the other researchers, it was found,
that:

- there were investigated the nodes themselves, but not the truss in whole;

there were no taken into account such effects as:
a) the changes of physical-mechanical properties of the weld joint surrounding area;
b) residual stresses caused by the thermal deformations;
the welded nodes were investigated using the method of finite elements and using
the sheII elements of the «<SHELL» — type.

The objective. To determine the level of fatigue failure of the welded truss with gusset
plates nodes under the external concentrated cycle loading of the central joint of the upper layer.

Method of investigation. To solve the problem in question the software complex
ANSYS WORKBENCH 19.1 for the welded construction truss of 4954 x 1596 mm size was
used (Figure 1).

Statement of the task. To find the fatigue cracks initiation location and the intensity of
their propagation depending on the value of the force effect and the geometric parameters of
the structural nodes of the welded truss.
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Fatigue failure of gusset plates nodes of welded truss

The investigation was carried out for the welded rectangular truss with the gusset plate
nodes. The truss elements are made of shaped tubes of different sizes (Table 1) made of BCt3mc
steel. Gusset plates are made of the cast sheet steel of 5 mm thickness as trapezoidal shape.
Weld beads are made by semi-automatic arc welding in the CO environment using the wire

electrode Sv08G2C.
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Figure 1. Constructional scheme of welded truss

Table 1

Types of cross section areas and the elements length of welded truss

Element number Shaped tube, mm Length, mm
1 80x4 4830
2 80x4 4840
3 100x6 1186
4 100x6 1186
5 60x4 1870
6 60x4 1910
7 60x4 1465
8 60x4 1910
9 60x4 1870

The truss support is made at the base nodes of the bottom chord and the cycle loading P
is applied on the central node of the top chord (Figure 2). The loading mode and the cycle
parameters are presented on Table 2. Such conditions are almost similar to those of the
exploitation mode of the truss, on which the structures with under-crane roads for the bridge

lifting crane are mounted.
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Figure 2. Support and loading scheme
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To find the parameters of the fatigue failure of the welded trusses under the cycle
loadings the geometric (Figure 3, a) and discrete models (Figure 3, b) were created.

Figure 3. Models of welded truss
a — geometrical model of welded truss; b — finite element model of welded truss

To create the finite-element mesh of the geometric model of the welded truss the group
of finite-elements of the SOLID 226 type was used (Figure 4) [7]. This finite element consists
of 20 nodes, every of which consists of 6 degrees of freedom. This is the finite element, which
was chosen as it supports all types of geometric figures of the determined elements, as well as
makes possible to take into account the heat effect and to find the residual stresses after them.
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Figure 4. Finite element Solid 226

To calculate the truss under the cycle loadings in the installed module Static Structural
the Fatigue Tool was used. The type of analysis for finding the fatigue failure is that of Stress
Life, which is based on the empiric fatigue curves. To correct the average cycle stresses the
Gerber theory for the plastic materials has been chosen, which takes into account the material
force characteristics (1). The fatigue strength factor is Kr=1.

2
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endurance limit, S — is the steel ultimate strength limit.
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Fatigue failure of gusset plates nodes of welded truss

To identify the stresses in nodes, in the welded joints in particular, the force component
was used according to the Mises criterion of the equivalent stresses (2):

2
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where ¢, — are normal stresses along the axis X of the finite element, correspondingly, o, —
along the axis y, ¢, —along the axis z, z,, — are the tangent stresses towards the xy of the finite

element, z . —towards yz, z . —towards yz.

Results of investigation. According to the results of computer modeling experiment
the SSS parameters in the welded truss elements and in the welded joints have been obtained
(Figure 5). To identify the fatigue failure of the welded truss, there were found the places, in
which the maximum stresses are concentrated and, thus, the fatigue cracks are initiated.
According to the obtained distribution, the maximum stresses are revealed in the central node
of the bottom chord, that is, in the heat affected zone of the weld bead (Figure 5, a, 1, I) from
the side X — global coordinate system. Thus, the initiation of the first fatigue crack occurs at the
beginning of the welded joint in the place of the central post connection to the gusset (Figure
5 a, 2, Il). Besides, it was found, that the stresses concentration in the places
(Figure 5 a, 1, I) occurs on the welded joints borders at the surface of the central post
perpendicular to its axis.

B: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
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Figure 5. Fatigue failure location

The number of cycles up till the fatigue crack initiation and till the limit state have been
found (Table 2).
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Table2

Fatigue failure indicators of welded truss

Loading. kN Fatigue failure during operation
9 Cycle ratio, r Freq_uency of Before fatigue crack | Before limit state
' loading, v Hz
Pmax | Pmin Number of cycles | Number of cycles
50 10 0,2 0,1 457488 938940
40 10 0,25 0,1 959073 1542600
30 10 0,3 0,1 1625886 2943700
20 10 0,5 0,1 3495522 6695700

It was found, that for the maximum loading mode P=50kN the maximum crack length
is 117,2 mm. According to the results of computer modeling experiment the fatigue sensitivity
curve has been built (Figure 6) [7].
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Figure 6. Fatigue sensitivity curve

The obtained fatigue sensitivity curve demonstrates the intensity of the fatigue failure
for different values of the external loadings and makes possible to determine the level of fatigue
failure of the welded truss both at the stage of its design and during its operation.

Conclusions. According to the results of researching it was revealed, that the fatigue
crack, which specifies the structure strenght loss during its operation, is initiated in the cenral
node of the bottom chord at the beginning of the weld bead connecting the post and the gusset.
The welded truss failure level was revealed while connecting the parameters of the force effect
and stresses distribution in the nodes. The obtained results are worth being used both while
designing of new trusses and preventing the structures failure being in operation.
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BTOMHA MOMIKOJI)KYBAHICTb ®PACOHKOBUX BY3JIIB
3BAPHOI ®EPMU

Muxoaa bacapa; SIpociaas KoBanbuyk; Haranis Illunrepa

Teprnoninbcokuu HayionanrbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina

Pe3tome. [3 8UKOpUCMAHHAM KOMN TOMEPHO20 MOOEMO8AHHA Y npocpamuomy komnaekci ANSYS
Workbench 19.1 6uxoHano O0CHiONCEHHS 6MOMHOI NOWKOONCYBAHOCMI 38APHOI  NPAMOKYMHOI ¢hepmu
4954 x 1596 mm npu 0ii 30cepeddceH020 YUKIIYHO20 HABAHMANCEHHS HA YeHMPATbHUL 8Y30] 8EPXHLO20 NOSCA.
Koncmpyxmusno 3eapna gpepma eucomosiena 3 npogpinbrux mpyo pisnomanimuux posmipie 3i cmani BCm3nc.
Byszno6i 3’ eonanns pepmu suxonani uepes gpacouxy. Bysnosi paconuku ueomosieni 3 npoKamuol Iucmosoi cmaii
MOBWUHOIO 5 MM Y 8uenadi mpaneyii, AKi 6CMAHOGIEHT Y NONEPEeOHbO BUKOHAHT GUPI3U Y noscax gepmu. 36apHi
3’€OHanHs BUKOHAHO HANIGABMOMAMUYHUM OY208UM 36apiosanHim y cepedosuwi CO2 3 uKopucmaHuam
opomoeozo enexmpooa Ce08I'2C, xamem 38apHnozo wea 5 mm. Obpana cxema HABAHMANCYBAHHSA MA OA3YEAHHS
i0enmugbixye excniyamayiiHull pexcum Oas maxKoeo muny Gepmosoi Koncmpykyii, a came O/ NiOKPOKGIHUX
depm, 00 AKUX NPUKpInIeHi NiOKPOKEAHI WIAXU MOCMOBUX NIOBICHUX MeXAHI3MI8. 3a pe3yivmamamu 6UKOHAHHSL
KOMN 10MepHo20 MO00en4020 excnepumenmy 6 cepedosuwyi ANSYS Workbench 19.1 ompumano pigens
HAanpysiceHb ma ix posnoodin 6 eleMeHmax ma 6y3nax 36apHoi ¢epmu. Buseneno micys 3 HanOinbuwumu
HAnPYJICeHHAMU, Y AKUX OYOYyMb 3apO0A*CY8AMUCS 6MOMHI MPIUUHU, d cAMe Y HABKOIOUWOBHIL 30HI MEPMIUHO20
6NIUBY 3 EOHAHHS (PACOHKU 13 YEHMPATLHOIO CMIUKOK Y YEHMPATbHOMY Y3/ HUICHbO20 NOsCA 36apHOL hepmu.
Takooic ompuMaHo NOKA3HUKU GMOMHOI NOWKOONCYEAHOCMI 8 YUCAI080MY 6U2Is0i KITbKOCMI YUKIie 00
3apPOO0NHCEHHSA 8MOMHOI MPIWUHU MA 00 HACMAHHA 2PAHUYHO20 CIAKY KOHCMPYKYIi. Busnaueno, wo o1a pexcumy
3 MakcumanbHum Hasanmadicenusim P=50xH kpumuuna Oossicuna mpiwunu cmanosums 117,2 um. Ha 6a3si
OMPUMAHUX HUCTOBUX NOKAZHUKIE NOOYOOBAHO KPUBY 6MOMHOI WYMIUBOCMI, AKA Gi3YaANI3YE [THMEHCUBHICID
B8MOMHOI NOUIKOOHNCYBAHOCMI 3ANEHCHO 8I0 BENUUUHU NPUKIAOEHO20 308HIUNHb020 HABaHmadceHHa. Ompumani
pesyavmamu 0arms MONCIUBICMb BUSHAYAMU PIBEHb 8MOMHOI NOWKOONCYBAHOCMI 36APHUX hepm AK HA cmadii
NPOEKMYBamHsl, MaK I 6NPoO0BIIC IX eKCayamayii.

Knrwouoei cnosa: 36aprna gpepma, 8y3iu gpepmi, BmMomMHa NOWKOOICY8AHICMb.
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