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Summary. Using a computer simulation in the ANSYS Workbench 14.5 software, the investigation of a
rectangular 18000X3600 mm welded roof truss was performed. The values of stresses and deformations along the
bottom chord of a construction and the place of formation of their peak values are revealed. The sites in the
elements of the structures that determine the overall supporting ability of the truss were determined. Based on the
results of calculations, you can increase the bearing capacity of the structure by local strengthening of the bottom
chord of the truss between the lateral nodes. The described modeling technique can be used both in the design of
trusses, and for the verification calculations of trusses which are operated to prevent the onset of the limit state
under the action of possible power influences.
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Statement of the problem. Welded secondary trusses of rectangular configuration are
widely used in civil engineering due to their unification, high technological effectiveness, and
the ability to operate under the influence of various stress factors. They are used while
constructing of multi-span building structures (storage modules, sports complexes, exhibition
halls, shopping centres, industrial premises, etc.). The stress-strain state (SSS) of the welded
truss lower chord considerably determines the structure supporting capacity as a whole;
therefore, their design involves, first of all, the correct determination of SSS parameters in
operational and emergency power influences. The high cost of metal rolling used for welded
trusses manufacturing, specifies the necessity to improve the methods of SSS parameters
determination in truss elements. The common disadvantage of classical calculation methods is
the high complexity of design work and the significant impact of subjective factor while
choosing empirical coefficients taking into account design, technological and operational
features of the real welded truss. Therefore, in order to ensure the guaranteed structure
durability and reliability, the obtained results are corrected in order to increase its material
content, which, in turn, results in the truss cost growth. The current state of computer
technology development and application of numerical computational methods makes it possible
to solve this problem and to estimate SSS parameters of the structure elements under the
influence of external loads by means of computer simulation experiment.

Analysis of available investigations and publications. According to the results of the
analysis of previously carried out researches of welded truss SSS, it was determined that in
modern science and engineering practice a large number of applied software complexes (PC
POPsK-Mirage-PSMK, Lira-W, SCAD, Cosmos Works, Design Space, PCs SCAD and
Mathcad, PC ANSYS Workbench 14.5, etc.) are used for this purpose. Each of the used
software systems has its own principles for welded truss SSS modelling and degree of
approximation to the real structure operation. Application of these software products allows to
reduce significantly the duration of design documentation development, minimizes the
subjective factors influence on the calculation results.
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As a rule, these software systems are based on finite element analysis systems, and
provide an opportunity to carry out structure strength calculations at the design stage, defining
SSS parameters of the welded truss structure elements. With reference to this, the optimal cross-
section of rod elements and welds for their joining are selected, thereby ensuring the design
strength, rigidity, reliability and durability of the whole truss.

The results of welded truss calculations using PC ANSYS Workbench 14.5 [1-5] are
the basis of the described investigations. These investigations are carried out for physical
models of welded trusses, which limits the use of the obtained results for full-scale structures.
However, such approach to investigations made it possible for the authors to carry out semi-
field tests combining them with computer modelling experiment and to verify the obtained
results [2]. On the basis of verification, satisfactory coincidence of the calculated and actual
SSS indicators is determined. This, in turn, makes it possible to carry out a computer modelling
experiment of full-scale trusses using the same methods with the parameters of finite-element
models adopted in previous investigations.

The objective of the paper is to determine SSS indices along the bottom chord
of 18,000x3600 mm rectangular full-scale welded truss under external static loads identifying
the secondary truss operation.

Statement of the problem. In order to achieve the set goal, it was necessary to carry
out computer simulation experiment using the ANSYS Workbench 14.5 software complex for
welded rectangular full-scale truss made of steel rolled-on angle under the external static loads
action.

The objective of the investigation is to determine SSS indices of the bottom chord of
this truss.

Results of the investigation. Rectangular 18,000x3600 mm truss with triangular girder
made of 100x100x10 mm angle (Fig. 1) without plate use is accepted for the investigation.
Structurally, the truss with 18,000x3600 mm dimensions is made of 100x100x10 mm rolled-on
angle of steel VVSt3ps. The design of nodes is adopted without hitch plates. All welded seams
are made by semi-automatic arc welding with direct current by Sv-08G2S wire electrode 1.2
mm in the diameter in CO2 environment with observance of standard technologies compliance.
Operating welding current is 200 A

Characteristics of mechanical properties of VVSt3ps steel while stretching were obtained
in previous investigations by the authors as the results of a series of field experiments for the

statistical sample [6], that is tensile strength (sampling mean) for the main material E: 380
MPa, for the weld seam a_ = 283 MPa, sampling means of yield strength =273 MPa, tensile

strength E: 360 MPa. These indicators are introduced as input information base during

computer modelling experiment.

The structure load scheme corresponding to the operating mode for secondary
truss with distance between axes of the support pillars 18 m and distance between
hitches 6 m (Fig. 1) is chosen.

P/2 P/2

Figure 1. Structural design of welded truss and the scheme of its loading
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The research of SSS in the bottom chord of the welded secondary truss under the action
of static loads is carried out by computer simulation experiment using ANSYS Workbench 14
software package application which is algorithmically based on the finite element method. The
objective of finite-element analysis is to find the system response to the given external
influence.
Its geometric and finite-element network model (Figure 2) is developed in ANSYS
Workbench 14.5 software complex in order to model the behaviour of secondary truss:
— CAD geometric model together with the given loadings is formalized physical model
(Fig. 2, a);
— CEA finite element network is mathematical representation of CAD geometric
model; this is the calculation model (Fig. 2, b);
— the calculations accuracy is determined by physical model assumption and grid
density.

0,00 500,00 (mm) )\
) s X

250,00

Figure 2. Truss with dimensions of 18000x3600 mm:
a) CAD is a geometrical model of the truss; 6) CAE is a complete-element net model of the truss

According to the results of computer simulation experiment, the value of the
longitudinal deformation along the truss bottom chord at different levels of external loads on
the structure was obtained. The obtained results are visualized on the diagram of extension
along the truss bottom chord (Fig. 3). A similar methodological approach of investigations is
implemented in order to determine the deflection along the truss bottom chord (Fig. 4) and
stresses along the bottom chord (Fig. 5). Areas with maximum stresses in the truss bottom chord
determining the supporting ability of the structure as a whole are obvious.

According to the obtained diagram of the truss deflection under different external loads
(Fig. 6), the boundary loads for the structure elastic strain were found.
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Figure 3. Load-extensions along the bottom chord
for different loading levels
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Figure 5. Stresses along the bottom chord of the truss
for different loading levels
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Figure 4. Deflection along the bottom chord of the
truss for different loading levels
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Figure 6. Chart of deflection of the truss for
different external loadings
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Figure 7. Visualization of truss deformation on the limit state level loadings
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Thus, according to the results of computer simulation experiment, quantitative and
qualitative pattern of full-scale welded secondary truss behaviour under the action of static
loads of different levels was defined.

According to the results of computer simulation experiment the loss of truss supporting
ability occurred at Pmax= 620 KN load, the truss plastic strain was observed at 498 kN load.

It is obvious from Fig. 5 that the maximum stresses are localized in the central part of
the truss bottom chord. Therefore, in order to increase the bearing capacity of the investigated
secondary truss structure and its reliability it is efficient to strengthen this particular area of the
bottom chord.

Conclusions. In order to prevent accidents and fractures of welded secondary trusses,
designed or operated ones, it is necessary to have information about the indices of stress-strain
state in structure elements at various degrees of external load influences. The investigation was
carried out using computer simulation the ANSYS Workbench 14.5 software complex. The
stresses and deformations values along the bottom chord of the welded secondary truss and the
place of their peak values formation are determined. Locations in structural elements that
determine the supporting ability of truss as a whole are detected. According to the calculation
results, it is possible to increase the structure bearing capacity by local strengthening of the
truss bottom chord between the lateral nodes. The described modelling technique can be used
for check calculations of operating trusses and prevention of boundary condition under the
influence of possible load influences.
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HATIPYKEHO-IE®OPMIBHUHN CTAH HUKHBOT'O ITOSICA
NIIKPOKBSIHOI 3BAPHOI ®EPMHU

Apocaas Kosanbuyk; Harauia Illlunrepa; Haranis Yopnoma3s

Teproninbcokull HayioHAIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Pe3rome. 13 3acmocysanusim KOmMn 'IOMEPHO20 MOOeniosanus 6 npocpamuomy xomnaexci ANSYS
Workbench 14.5, sxuii aneopummiuno 6azyemocs Ha MemoOi CKIHUEHHUX eNeMEeHmie, OOCHIONCEHO NPAMOKYNHY
3eapny niokpokesny gepmy 18000x3600 mm. @epmu maxko2o muny 3acmocogylons He Jue y RPOMUCIO80MY ma
YUBIIbHOMY OVOIBHUYMEI, ane U 0N CHOPYONCEHHA THWUX GIONOGIOANbHUX KOHCMPYKYIN, 30KpeMd NPO2OHi6
mocmis. Koncmpykmueno gpepma 6UKOHana 3 00HOPIOH020 CIMAbHO20 8abybosano2o Kymuuxa 100x100x10 mm
0e3 3acmocy8aHHs 8y3108UX (DACOHOK, WO CHPOWYE MEXHONO2II0 iT OMmpUManHs, a, omoice, i eapmicme. 36apHi
WielU BUKOHAHO HANIBAGMOMAMUYHUM eJIeKMPOOY208UM 38APIOGAHHAM 30 CMAHOAPMUZOBAHUMU MEMOOUKAMU.
THosHnomacwumabny 36apHy ¢epmy Oocniodceno npu Oii 308HIUHBLO20 CMAMUYHO2O HABAHMAICEHHS DIZHOT
IHMEHCUBHOCMI 30CEPEOHCEHO HA 084 BY3/IU BEPXHBO20 NOSCA, WO BIONOBIOAE PEANbHUM YMOBAM eKCHILYAMAYIUHUX
8NIUGI6 HA KOHCMPYKYIIO. 3a pe3yrbmamamu KOMA FIOMeEPHO20 MOOETII0H020 eKCNEPUMEHNY OMPUMAHO YUCETbHY
ba3zy, AKy 6i3yanizo8aHo U HaAeeOeHo 6 pobomi y epa@iunomy uensdi. Buseieno Geiudunu HaAnpysicenvb ma
oeghopmayiil y300694C HUICHbO2O NOSCA KOHCMPYKYIT ma micys gopmyeanns ix nikosux 3Hauenv. Busmaueno
SPAHUYHI 306HIUHI HABAHMANCEHHS HA OOCIONCYBAHY KOHCMPYKYIIO, KL (YOPMYIOMb 3A6ePULEHHSI YMOB NPYICHOL
Odeghopmayii enemenmie ghepmu ma HABAHMAN CEHHA HA PIBHI epAHUYHO20 cmaHy. Buasneno micys Ha HUHCHLOMY
nosci KOHCMpYKYii, AKI BUHAYAMbL MPUMKICMb hepmu 8 yinomy. 3a pezyromamamu 00CAi0NCeHb OUEBUOHUMU €
OUIAHKU HUICHLO2O NOSICA (hepMu MIdC OOKOSUMU GY31aMU, 5KI NIOAA2AOMb JOKANbHOMY nidcunenHio. Taxe
RIOCUNIeHHsT 3yMOBUMb NIOSUWEHHS 3A2aNbHOI Hecyuol 30amuocmi pepmu 6e3 3MIHU IHWUX i1 KOHCMPYKMUGHUX
enemenmie. Onucana memoouxka OOCTIONCEHHs MOJice Oymu 8UKOPUCMAHA K NPU NPOEKMYBAHHI HOBUX (epM,
mak i 0Jis1 nepesipiosaIbHUX PO3PAXYHKIG yoice icHytouux gepm. Taxuil memoouuHuii nioxio 0acms MONCIUBICMb
nonepeoumu HACMAKHS 2PAHUYHO20 CMAHY KOHCMPYKYIl npu Oii MOJNCIUGUX CUTOBUX GNIUBIE YRPOOOBIIC
excniyamayii ¢hepmu.

Knrouoei cnosa: 36apna gepma, nanpysiceno-oe@opmieHuli cmam, mpumKkicmo.
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