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Summary. The behavior of 18000 x 3600 mm welded rectangular truss under external loading was
studied in the current paper. The prototype is made of paired steel rolled angular 100h100h7 mm profile. The
plates in nodes are tapered and made of the steel 10 mm thick plate. It was selected the loading scheme that
identifies the operating mode for this type of construction. According to the results of computer simulation
experiment in ANSYS Workbench 14.5 environment the strain-stress state parameters of truss elements at different
values of the external loading were obtained. The level of stress in truss nodes was discovered and constructive
configuration of gusset plates which enables to increase the fatigue durability by 18.4% was offered. The results
obtained are of theoretical and practical interest both for the new trusses design and for control of the remaining
lifetime of trusses that are being operated under the cyclic loadings.
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Problem setting. Welded truss elements are widely used in construction due to their
high fabricability. It is very important during mounting of large-scale elements on the
construction pitch. They include welded trusses (trusses of purlin bridges constructions, sub-
rafter and rafter trusses, piers and purlin constructions of trestles for technological equipment,
trusses of transporting galleries and so on). The designing and production of welded trusses
assumes adherence of normative requirements for such type of elements due to analysis results
concerning the calculation of stress-strained state (SSS) parameters in their elements. However,
during cyclic stresses the fatigue damages take place along with their propagation at
considerably lower SSS rates than at static stresses. The modern condition of IT development
and application of a number of calculation methods facilitate solving of this problem and
assessing the long-term capability of the element under external stresses by means of computer-
based modelling experiment.

Analysis of the latest researches and publications. The application of finite-element
analysis systems for different software calculation of strength facilitates selecting the most
appropriate weld joints dimensions during the designing stage; foresee the reliability and
durability of entire construction.

During elaboration of weld joints in truss nods one has to take into consideration [1...4]:

1) concentration of stresses on the edges and around the base of weld joints;

2) alteration of mechanic properties of the material in the area of weld joint as a result
of its fracturing;

3) weakening of weld joint section as a result of welding technological defects
(discrepant welding, slags);

4) residual stresses caused by temperature strains.

However, in existing issues little attention was payed to SSS research in gusset plates
of different shape during aggregate impact of cyclic and static stresses.

Research objective is identification of SSS rates in welded truss nods under external
stresses for different types of gusset plates.
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Task setting. To accomplish the given task one had to run computer-based modelling
experiment using ANSYS Workbench 14.5 application software for welded rectangular truss
18,000 x 3,600 mm under external stresses.

The task is to identify the rate of fatigue damage in the nods of rectangular welded truss
with different shapes of nodal gusset plates under aggregate static and cyclic operational
stresses.

Research results. Research was based on rectangular truss with triangular grate (Figure
1). Plates in nods for basic element are standard tapered ones that were made of steel plate 10
mm thick. The truss material is ordinary BCt3mc steel. All weld joints are made with DC semi-
automatic arc welding using wire electrode with diameter 1.2 mm Cg-08I2C in CO2
environment under standardized technologies. Operation welding current was 200 A.

It is selected the stress scheme, which is relevant to operation mode for under-rafter
truss with determined under-crane leads (Figure 2). They are the stresses coming from crane
bridge that form the cyclic stress constituent.
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Figure 1. Welded rectangular truss with Figure 2. Loading scheme of
gusset plates welded truss

The given task was substantially accomplished by mean of computer-based modelling
experiment with numeric methods within ANSYS Workbench 14.5 application software which
is algorithmically based on finite-elements method.

To model the behavior of sub-rafter truss in ANSYS Workbench 14.5 application
software it was elaborated its geometrical (Figure 3a) and finite-element network model (Figure
3b).

P

Figure 3. 180003600 mm truss: a) CAD — geometric model; b) CAE — finite-element grid model

Due to the results of computer-based ANSYS Workbench 14.5 modelling experiment,
it was obtained the stress distribution in truss elements (Figure 4). It has also been identified
the inclined brace under stress-strain state of truss construction elements (Figure 5).

A ettt ean e s ISSN 1727-7108. Scientific Journal of the TNTU, No 1 (85), 2017



Yaroslav Kovalchuk, Natalya Shynhera, Mykola Basara

Figure 4. The stresses distribution in truss elements Figure 5. The geometry of studied truss with gusset
when loaded plates in nodes when loaded

The available plates in nodes facilitate the extension of inclined braces’ welding, though
it forms the bending strains during extension of the lower layer and compression of upper one.
Figure 5 explicitly displays the situation for side nods of lower layer. It creates the substantial
negative impact upon operational expectancy of the element under cyclic stress. The affiliated
stresses at the very beginning of weld joint between the gusset plate and inclined brace stipulate
the origination and propagation of fatigue crack along the thermal impact section.

Computer-based modelling experiment produced the stress graphs in the right cross stay
(Figure 6). The peak points on the graph prove the bending of inclined braces (Figure 5). Here,
the intensity of these peak points grows at stress strengthening on the truss.
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Figure 6. The diagram of stresses in the right cross stay at different loading levels (N)

It was obtained the stress diagram along the weld joint on gusset plate at linking to truss
belt (Figure 7) for different values of external stresses. Maximal stresses are spotted at the
brinks of weld joint. Like in the previous case with cross stays (inclined braces), the intensity
of stresses growth increases at raising of external stress upon the construction element. These
sections are probably likely to be the spots where fatigue damages are originated.

Having analyzed the obtained research results, one has to generalize that the gusset plate
is a construction element of welded truss, which predetermine the stiffness of entire
construction at static stresses and fatigue durability at cyclic ones.
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Figure 7. The diagram of stresses along welded joint at different stress levels (N)

To improve the truss operation durability the unique design of gusset plates has been
suggested (Figure 8).
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Figure 8. The gusset plates constructions: a, b — the standardized options; ¢, d — the offered options

The suggested design (as it shown on Figure 8) facilitates decreasing of the affiliated
stresses in weld joint at gusset plate brink of inclined brace spot. This is achieved by strain of
gusset plate itself resulting in inclined brace deformation. Figure 9 displays the results of
computer-based modelling of stress distribution along the surface of gusset plates under
external stress upon the truss.
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c d

Figure 9. The stresses distribution in gusset plates: a — tapered; b — with cut corners;
¢ — with round cutout; d — with a slot

It has been determined that for the gusset plate with round cutout (Figure 9c) the
maximal stresses are 16.2% less than for basic design of tapered gusset plate (Figure 9a) at the
same external stresses on the truss.

Using ANSYS Workbench 14.5 the modeling of the fatigue fracturing at the section of
weld joint between the gusset plate and inclined brace for different types of plates in nods was
performed. The fatigue curves were obtained (Figure 10).
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Figure 10. Fatigue curve for the nodes with different gusset plates shapes

According to the obtained fatigue curves it is obvious that the highest fatigue durability
of the element is achieved with the usage of gusset plate with round cutout. Comparing to basic
tapered gusset plates the truss fatigue durability has increased on 18.4%. The design of gusset
plate with a slot is also to be paid attention as it is substantially more technological, and
according to its fatigue durability is almost the same as the gusset plate with round cutout.

The obtained results are based on the previously substantiated method of computer-
based modelling experiment with verified results and high rates of convergence with the results
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of natural experiment [4]. The parameters of finite-element modelling were selected due to
existing methods that secured the high rate of trustworthiness of obtained modelling results.

Conclusions. According to the results of computer-based modeling experiment it has
been obtained the diagrams of stresses for construction elements of welded rectangular truss
18,000 x 3,600 mm of paired rolled angle pieces100x100x7 mm with gusset plates in nods
under different values of external stress. In accordance to accomplished experiments, it was
discovered that gusset plates are the place of localization of peak stresses and the rates of these
stresses were determined. The authors suggested the gusset plates with round cutout design,
which enables static stress decreasing on 16.2% and improvement of fatigue durability on
18.4% under cyclic stresses. The suggested methods are worth to be applied both in design
calculations for welded trusses and for verification of reliability and durability of welded trusses
in order to prevent their force major fracturing.

References

1. Alpatov V.Yu. Optymalnoe proektyrovanye metallycheskykh struktur. Diss. dokt. tek. nauk. Samara, 2002,
23 p. [In Russian].

2. Aldushkin R.V. Razvitie i sovershenstvovanie racional’'nyx metodov usileniya i regulirovaniya usilij v
metallicheskix konstrukciyax balochnogo tipa i fermax. Diss. dokt. tek. nauk. Orel, 2008, 20 p. [In Russian].

3. Dubenets V.H., Savchenko O.V. Praktykkum z obchysliuvalnoi mekhaniky. Rozrakhunok i proektuvannia
konstruktsii ferm na APM WinTruss. Kyiv, Znannia Publ., 2005. 67 p. [In Ukrainian].

4. Shynhera N.Ya. Statystychna model dlia vyznachennia zalyshkovoho resursu typovoi zvarnoi fermy pry
tsyklichnykh navantazhenniakh. Diss. dokt. tek. nauk. Ternopil, 2012, 166 p. [In Ukrainian].

Cnmcoxk BHKOPUCTAHOI JIiTepaTypu

1. Anmaros, B.IO. OnTuMansHOe MPOEKTUPOBAHUE METALIHIECKUX CTPYKTYP: aBTOped. HC. ... KaH[. TEXH.
Hayk: crenuaibHocTh BAK 05.23.01 «CtpounTesnbHble KOHCTPYKLUH, 34aHUS U coopyxeHus» [Tekcr] /
A.B. Ipoxun. — Camapa, 2002. — 23 c.

2. Anpymkul, P.B. Pa3BuTre u coBeplIEHCTBOBaHNE pallMOHAIBHBIX METOIOB YCHIICHUS U PEryJIUPOBaHUS
YCHIINH B METAJUIMYECKUX KOHCTPYKIMAX OaouHoro tuna u gepmax : aBroped. Juc. ... KaHA. TeXH. HayK:
cnenuanbocth BAK 05.23.01 «CtpoutesnbHble KOHCTPYKINH, 30aHUS U coopykenus» [Tekcr] / P.B.
Anmymkus. — Open, 2008. — 20 c.

3. Hy6eneus, B.I'. [Ipaktukkym 3 obuncmroBanbHOi MexaHiku [Tekcr]| / B.I'. dyb6erens, O.B. Cauenko //
Po3paxyHok i npoexTyBaHHs KOHCTpyKLil (pepm Ha APM WinTruss / B.I'. [lybenens. — Kuis, 2005. — 67 c.

4. Ilunrepa, H.S. Cratuctndna MoAeNb 1715 BUSHAYEHHS 3aJIMIIKOBOTO PECYPCY THITOBOI 3BapHOi (hepMu pH
UUKIIYHUX HABAHTKECHHAX: AWC. ... KaHA. TexH. Hayk: 01.05.02 — maTemaruyHe MOJENIIOBaHHS Ta
obuuncmoBanbhi Mmeroau [Tekcr] / H.S. [unrepa. — Tepuomine, 2012. — 166 c.

YK 621.177; 621.314

KOHCTPYIOBAHHA BY3JIIB 3BAPHUX ®EPM I3
BUKOPUCTAHHSAM IIK ANSYS

Apocaas Kosanbuyk; Harauia lllunrepa; Muxkosaa bacapa

TepHoninbcokuil HAYIOHAILHUU MeXHIYHUL YHieepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Peztome. Buxonano oocniodcenns nogedinku 3eapnoi npamoxymuoi gpepmu 18000 x 3600 mm npu 0ii
306HIWHIX HaGanmaoicery. JJoCniOHUIl 3pA30K 8U20MOGLEHO 3i CHAPEHO20 CMATIbHO20 8ANbYbOEAH020 KYMHUKOBO20
npogino 100x100x7 mm. Byznosi gpacouku euxonano mpaneyenodionumu 3i cmaabHoi niacmunu moswunoiwo 10
Mm. Bubpano cxemy Hasanmasicyganus, aKka i0enmu@iKye excniyamayiunuil pesxcum 0asi KOHCMPYKYii makozo
muny. 3a pe3ynibmamamu BUKOHAHHS KOMN TOMEPHO20 MOOenioio4o2o excnepumenmy 6 cepedoguuyi ANSYS
Workbench 14.5 ompumano napamempu HJC enemenmie ¢hepmu 3a pi3HUX 3HAYEHb 306HIULHBOSO
Haeanmaoicents. Buseneno pieenv manpyscenv 'y 6y3nax Qepmu ma 3anponoHO8AHO KOHCHPYKMUGHY
KoHicypayilo aconok, sKa 0ae MOACIUSICIL RIOGUUMU 6MOMHY 008208iuHicmb KoHcmpykyii na 18,4%.
Ompumani pezynomamu CmanoGIsAMy MeoOpemuyHUll i NPAKMUYHUL iHmepec K 015 NPOEKMY8aAHHs HOBUX ghepM,
Max i 0151 nepesipKu ix 3anIUUK08020 pecypcy, AKI eKCHIyamyomscs npu Oii YUKIIUHUX HAGAHMAINCEHD.

Kniouosi cnosa: 36apna gpepma, KOCUNKU Y 8V31AX, 6MOMHA 006206IUHICb.
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