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Summary. The article studies some deformation features of the full-scale physical model test of the
2000x400 mm rectangular welded truss at thermal influence ranging from 20 to 160°C. Numerical information
based on the values of deformations at seven control points of the truss for chords and nodes was obtained as
a result. A computer simulation experiment using SolidWorks software for similar impact parameters on truss
was performed. Results comparison of full-scale physical model deformation and computer simulation
experiments revealed its similarity. Experimental results can be used in determining the parameters of the
stress-strain state of the elements of the trusses under simultaneous force and temperature effects.
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Problem statement. Welded trusses can be subjected to an action of load and heat
within their operation. Such conditions are caused either by the action of the technological
environment (metallurgical plants, rolling machines, foundries, powder spray booths, etc.)
or by emergencies (fire accidents). A truss heating results in some temperature deformations
in the truss structural parts. Taking into account that all these elements are fixed with each
other into a rigid system, there is no doubt that some extra internal stress is likely to appear
in them. Such temperature stresses overlay with the stress caused by external load and
reduce the calculated bearing capacity of the truss.

Different software packages have been used in welded trusses design having both
advantages and disadvantages, providing different levels of coincidence of the simulation
results with performance figures of the trusses designs. It is undoubtful, that to guarantee
the safe operation of the truss under load and thermal impact conditions, one should know
the expected calculated characteristics provided by the software package chosen for the
design. For the best validity check of the obtained design results, one should use the full-
scale specimen. Nevertheless, tests with the full-scale specimen of the welded trusses are
made in rare cases due to their high cost. Thus, the decision was made to study the above-
mentioned characteristics using a physical model of a 2000x400 mm welded truss.

Analysis of the latest research and publications. To determine the stress and strain
state parameters (SSS) in the welded trusses components a great number of applied software
complexes have been used in modern science and engineering practice (SC POFSC-Mirazh-
PCMK, «Lira-W», SCAD, Cosmos Works, Design Space, SC SCAD and Mathcad, SC
ANSYS Workbench 14.5, SolidWorks Simulation and others [1...4]).

As a rule, these software complexes are based on the systems of finite-element
analysis and make possible the stress and strain state parameters to be calculated in the
welded trusses design elements on the design stage. Taking into account this information,
the most efficient size of the cross-section of key elements and welded joints for their
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joining so that to provide the design strength, rigidity, reliability and durability of the trusses
in general.

According to the results of the study done review dealing with welded trusses due to
the use of the above-mentioned software packages, there is no available information on the
obtained results reliability at the simultaneous impact of force and thermal action.

The software package SolidWorks Simulation has been used for the above-
mentioned study of the welded truss. This software complex enables us to take into account
the multi-parameter impact of design, technological and operation factors on the design
behavior within its operation.

The aim of the paper is to prove the reliability of the results of a computer-aided
simulating experiment dealing with the calculation of a rectangular welded truss under
thermal influence conditions.

Problem (task) setting. To achieve the goal set in the paper under consideration one
had to make a force full-scale and computer-aided simulating experiment using the applied
software complex SolidWorks Simulation for a physical model of 2000x400 mm welded
rectangular truss made of a steel rolled 40x40x4 mm angle profile under thermal influence
conditions.

The task of the study is to prove the reliability of the computer-aided simulating
experiment results using the applied software complex SolidWorks Simulation under the
welded truss thermal influence conditions.

Study outcomes. A physical model design of a 2000x400 mm welded truss, which
was studied, is shown in fig. 1.
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Figure 1. A physical model design of a 2000x400 mm welded truss

The physical model of the truss is made of a hot rolled 40x40x4 mm angle profile of
standard quality steel BCt3mc. All welded joints are made by semi-automatic arc welding by a
wire electrode of 1.2 mm diameter CB-081"2C in the CO2 environment.

The deformation behavior of a welded building truss under temperature variations has
been studied by means of the tests with the full-scale specimen in a special work tool to
determine any temperature deformations of flat trusses [5] (fig. 2).

The tool under discussion to determine any temperature deformations of flat trusses
operates in the following way.

At the beginning of the experiment, a test specimen of the truss is heated in the
technological furnace up to 180°C and some fixtures are installed on the base elements (fig. 2).
The values of instant temperature are read by the video filming method according to the indices
of an infra-red thermometer and the indices of 7 linear deformation indicating devices (dial
indicators) (fig. 3).
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Figure 2. A fixture to determine any temperature deformations of flat trusses and a test model
during the experiment
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Figure 3. A scheme of measured temperature deformations for the truss joints and the bottom chord
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The video filming of the temperature and deformations values takes place until the truss
temperature equals the room temperature. While the truss was being cooled, it was determined:
- 5, 8,0 8, 5., 5,, &, — lateral deformations measured in the truss upper and

bottom chords opposite the joints (arrows specify the direction of deformation);
- 5, — horizontal temperature deformations measured in the truss butt end (bottom

chord deformation).

According to the results of the experiment, some information arrays have been obtained
for each indicating device (table 1). To create adequate conditions of comparison with the
results of the computer-aided simulating experiment, the results were reformatted to the form
from t = 20°C to 160°C, unlike those obtained from t = 160°C to 20°C.

Table 1

Deformation of a physical model of a 2000x400 mm welded truss under temperature influence conditions
according to the results of the full-scale experiment

t,°C o1, mm d2, mm O3, mm | &4, mm 45, mm 36, MM 47, mm
20 0 0 0 0 0 0 0

40 0.12 0.06 0.05 0.32 -0.01 -0.08 -0.01
60 0.20 0.12 0.13 0.72 -0.02 -0.14 -0.02
80 0.27 0.18 0.22 112 -0.035 -0.20 -0.03
100 0.33 0.25 0.30 141 -0.05 -0.25 -0.045
120 0.39 0.35 0.40 1.80 -0.07 -0.32 -0.06
140 0.48 0.46 0.51 2.35 -0.09 -0.40 -0.08
160 0.60 0.63 0.63 3.23 -0.115 -0.58 -0.10
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According to the range of temperature accepted for the full-scale experiment, a
computer-aided simulating experiment was made using the applied software complex
SolidWorks Simulation and the proper deformations of the truss elements were determined.
The superimposed curves of temperature deformations of the truss bottom chord are shown in
fig. 4, and on fig. 5 — of the welded truss joints according to the results of a full-scale (curve A)
and a computer-aided simulating (curve B) experiments. Numeric character 1 means the
coordinates of the points obtained due to the experiments and numeric character 2 means the
lines obtained after the linear approximation of the experimental data.
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Figure 4. Superimposed curves of temperature deformations of the truss bottom chord 84 according to the

results of a full-scale (curve A) and a computer-aided simulating experiments (curve B)
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Figure 5. Superimposed curves of temperature deformations of the truss joints (fig. 3) according to the results of
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a full-scale experiment (curve A) and a computer-aided simulating experiment (curve B)

a — for 61; b — for &,; ¢ — for d3; d — for 8s; € — for d¢; f — for &7

weeveer e ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (105), 2022 https://doi.org/10.33108/visnyk_tntu2022.01


https://doi.org/10.33108/visnyk_tntu2022.0

Yaroslav Shved, Yaroslav Kovalchuk, Natalya Shynhera

While making the computer-aided simulating experiment the parameters of a finite
element model and other methodical aspects of calculations were accepted taking into account
the experience of the authors studying the load impact on the trusses’ designs [4 and 6], where
high indices of the simulation results reliability were obtained.

The satisfactory coincidence of the indices is quite predictable according to the results
of a full-scale experiment and a computer-aided simulating experiment at the visual comparison
of the superimposed curves of temperature deformations (fig. 4, 5). While comparing the
numerical bases of the results of the above-mentioned full-scale experiment and the computer-
aided simulating experiment by analytical method, it was found, that the coincidence of the
temperature deformations values equals 95.8...98.7%.

Thus, the software package SolidWorks used for computer-aided simulating
experiments can also be used for simulation of similar structures behavior with a high degree
of obtained results reliability.

Conclusions. A complex study of a physical model of a 2000x400 mm welded truss has
been done by both a full-scale experiment and a computer-aided one as well to define the
influence of temperature on the change of parameters of welded trusses’ stress-and-strain state
and, as a result, their load-bearing capacity reduction under simultaneous thermal and load
influences. The technological range from 20 to 160°C has been studied which is typical for
metallurgical plants, rolling machines, foundries, etc.

According to the results of the study, some thermal deformations taking place in the
welded truss components were found within the range of technological temperatures, which
have caused some extra internal stresses under the truss closed and rigid design conditions.
Such stresses together with the stresses caused by the load impact result in the truss bearing
capacity loss. Taking into account the fact, that under the above-mentioned temperatures the
mechanical properties of structural steels change very little (durability limit and yield limit), a
great number of scientists and engineers have neglected the thermal impact. Due to such
approach, the truss damage can occur under the prelimit design load action conditions.

The study of thermal impact has been done using the computer-aided simulation in the
software complex SolidWorks according to the directions similar to the full-scale experiment. Some
information basis was obtained and superimposed curves of temperature deformations were built.
The 95.8...98.7% coincidence of temperature deformations values was calculated according to the
results of information bases comparison of a full-scale and a computer-aided experiments.

The obtained results of the research can be used in welded trusses design under
simultaneous load and temperature impact conditions. The software SolidWorks providing the
high reliability of the calculated results should be applied.
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Pe3tome. 3sapmui  hepmosi  KOHCMPYKYIl  3a3HAIOMb  KOMNWIEKCHO20 GNAUBY eKCHIYAmAayiliHuXx,
MEXHONO02IYHUX Ma a8apitiHux YUHHUKIG. Lle yck1aouioe usHauentss KOHCMPYKMUGHUX NPOEKMHUX NOKA3HUKIE,
sKi 6 3a0e3newunu Oezasapilne QYHKYIOHY8AHHI MAKUX Gepm Ynpooostc Nianoeo2o nepiody excniyamayii. [lpu
CYMICHOMY CULOBOMY Ui MEMNePANmypPHOMY 6NIUBAX HA PEPMOSY KOHCTNPYKYIIO NOUWKOOHCEHHS 8 KOHCMPYKMUBHUX
eneMenmax i micyax ix 3’€OHaHHA BUHUKAIOMb YHACAIOOK 3MIHU MEXAHIYHUX 61ACTUBoCcmell mamepiany,
NOEOHAHHI GHYMPIWHIX HANPYHCEHb 8I0 MEMNEPAMYPHUX 0eopMayiil 3 HANPYICEHHAMU 6I0 306HIUHIX
HABAHMAICEHb. ICHYIOUT pO3PAXYHKOBI MEMOOUKU He OaI0Mb MOJICIUBOCTI 6PAXYEAMU MAKUU KOMNIEKCHULL 6NIUG
3 BUCOKUM cmyneHem Oocmogipnocmi. Jna eusenenns ocodoiusocmeti 0epopmy8anus U pyuHy8amHs 36apHoOL
NPAMOKYMHOI (pepmu BUKOHAHO HAMYPHI eKCHepUMEHMANbHI 00CHiodxcents 0as pizuunoi modeni 2000x400 mm
npu memnepamypnomy eénausi 6id 20 0o 160°C. Ompumano uucenvny ingopmayiiiny 6asy npo 3uauenms
Odeghopmayii y 7 KOHMPOIbHUX MOuKax gepmu ons noscie i 8y3nie. Buxowano xomn tomepHuil MoOenioryutl
excnepumenm npozpamuum naxemom SOlidWOrks ons ananociunux napamempis enausgy na pepmy. Illo6yodosarno
cymiweni epa@ixu 8i0nN0GIOHUX Oehopmayill 3a pe3yIbmamamyu HAmypHO20 i KOMA TOMePHO20 MOOen004020
eKCnepumMenmis, SIKi 0aromv MONCIUBICMb GI3VAILHO SKICHO NOPIGHAMU CMYRIHb CRIBNAOAHHA OMPUMAHUX
nokasznuki. Ilpu uucenvHoMy nOpiGHAHMI pe3YIbMamié HAMYpHO20 i KOMN I0MEPHO20 MOOEN0I0U020
excnepumeHmis euaeieHo ix cnignadamna Ha pieui 95,8...98,7%. Le ceidyume npo payionanvHuii ubip
npo2pamHo20 naKema O KOMN T10MEPHO20 MOOCNI08AHH Ma ONMUMANbHI RAPAMEmPU CKIHYeHO-eleMeHMHOT
mooeni. Ompumani pezyromamu pobomu i SUKOPUCNAHT NPU OOCTIONCEHHAX MemOOUYHi NiOX00U OOYINbHO
3acmocogyeamu  npu  GU3HAYEHHI NAPAMEmpIG HANpYICceH0-0ehopMieHo20 cmany eiemMenmie gepm npu
00HOYACHUX CUNOBUX [ MEMNEPAMYPHUX BNIUBAX.
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