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Abstract. The deflection of a welded sub-rafter truss under external static loads applied to the nodes of
the upper chord was investigated. Experimental force testing and computer simulation experiments were
conducted on a physical model of the truss with dimensions of 2000x400 mm. Based on the study results, numerical
and graphical data sets were obtained regarding the deflection of the investigated truss under external loads
ranging from 2.5 kN to 45 kN. The results from the computer simulation closely matched those from the
experimental force testing, with a 94.2% correlation, indicating linear deformation behavior. Furthermore,
computer modeling was used to study the truss's deformation behavior under higher loads, identifying the locations
of maximum stress concentration. The study also determined the load limits that induce the structure's ultimate
state. The methodology and findings are recommended for designing such trusses to ensure high accuracy in
results, thus providing the necessary durability of welded sub-rafter trusses throughout their service life.

Key words: welded truss, experimental testing, computer simulation experiment, deformation behavior
of the structure, load-bearing capacity, truss stability loss.
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1. INTRODUCTION

The design of complex metal structures in buildings, including welded trusses, is
now conducted through applied software applications that utilize algorithmic
methodologies based on the finite element method. This engineering approach is referred
to as a computer modeling experiment, which presents numerous advantages when
compared to traditional computational engineering methods. Primarily, it offers
significantly enhanced productivity in design activities and the capacity to consider a
complex interplay of various influencing factors, including constructive, technological,
operational, and emergency considerations. However, it is important to note that a computer
modeling experiment does not eliminate the potential impact of subjective factors on the
resulting design outcomes. This influence results from the introduction of sufficient input
information for modeling, specifically the structural scheme of the truss, its support and
loading configurations, the actual properties of structural materials, weld parameters, and
the operating conditions of force and temperature. Additionally, it is imperative to
accurately select the parameters of the finite element model, which will serve as the
algorithmic foundation for the computer calculation. The degree of reliability of the derived
calculation results is determined by verifying the outcomes of computer modeling, that is,
by comparing them with the results of full-scale force experiments conducted on a real
structure post-manufacture and loading. However, for full-scale truss structures, force
experiments are typically not conducted due to the high costs associated with samples, the
substantial dimensions, and the requirements for testing equipment. Nevertheless,
verification of the results of computer simulation alongside full-scale experiments can be
accomplished through the analysis of the results obtained from studying the physical model
of the truss.
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2. ANALYSES OF RECENT PUBLICATIONS

A rectangular welded truss is a conventional metallic structure utilized predominantly as a
rafter in industrial and public edifices characterized by considerable inter-support spans. This aspect
fundamentally influences the design and load-bearing scheme of the structure. Predominantly, the
main load types encountered under such conditions are static loads applied to the nodes of the upper
chord. However, this truss configuration, whether in a planar or spatial arrangement, may also
function as a supporting element subjected to cyclic loads, as observed in applications such as
bridge girders, overhead conveyors, crane structures, and power line supports. Consequently, a
number of investigations have been conducted regarding this specific truss configuration. For
instance, the study referenced as work [1] examined the effect of the height of the angular profile
on the deformation behavior of a rectangular welded truss measuring 18000x3600 mm, employing
a computational modeling approach within the ANSYS Workbench 14.5 framework (see Fig. 1).
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Figure 1. Deflections along the lower chords of 18000 x 3600 mm trusses made of different angular profiles:
a —80x80x10 mm; b — 120x120x10 mm

The locations of maximum stresses have been identified, as well as the magnitude of the load
on the truss at which at which the limit state of the structure is formed. However, due to the significant
size of the studied truss and the lack of appropriate equipment, a physical strength experiment was
not conducted, and consequently, the verification of the calculated results was not performed.

In the work [2], a combination of computer modeling experiments in the SolidWorks
environment and real thermal experiments for a physical model of a 2000x400 welded truss was
carried out regarding its deformation under increased temperature without applying external loads to
the structure. In these studies, the verification of the results obtained from computer modeling was
performed. The coincidence of the values of thermal deformations was found to be 95.8...98.7%.

The study of the strength of welded trusses under static loads was conducted in works [3—
5]. Special emphasis was placed on the formation of damages that determine the strength of the
welded truss as a whole, at its nodes under both static [6—10] and cyclic [11-16] loads.

As a continuation of the studies performed and taking into account the technological
feasibility of a force experiment for a physical model of a 2000400 welded truss regarding its
deformation under the action of a static load on the nodes of the upper girders, it is advisable to
computer simulate the deflection of the truss in the middle of the lower girders and assess the
degree of coincidence of the results obtained by physical and computer simulation.

The objective of this work is to determine the parameters of the stress-strain state (SSS)
in the elements of a physical model of a 2000x400 welded truss under its loading using the
method of computer simulation experiment, to perform a full-scale force experiment for this
truss within its elastic deformations, and to verify the results obtained.
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To achieve this goal, it is necessary to perform a computer simulation experiment for a
physical model of a truss up to the destruction of the structure, to form numerical and graphical
information arrays on the parameters of the NDT in the truss elements, in particular, the
deflection of the middle of the lower belt, to make a full-scale sample of the physical model of
the truss, to perform a full-scale force experiment for loads within the elastic deformation of
the structure, to determine the deflection of the truss in the middle of the lower belt for discrete
values of the applied loads, to analyse the experimental findings and their verification.

3. RESEARCH FINDINGS

The study of the deformation behaviour of a welded truss under static loads is carried
out by a computer simulation experiment using the ANSYS Workbench 14.5 application
software package, which is algorithmically based on the finite element method. The following
mathematical model is used for the solution of this task:

— The CAD geometric model along with the specified load is a formalized physical
model (Fig. 2, a);

— The finite element mesh is a mathematical representation of the CAD geometric
model; it is a computational model (Fig. 2, b).

500,00 (mm)

Figure 2. Truss with dimensions of 2000x400 mm. a — CAD — geometric model;
b — CAE — finite element mesh model

A full-scale force experiment was performed on a test bench (Fig. 3).

Figure 3. Test bench for determining the deflection at the midpoint of the lower chord of a 2000x400 mm
truss under various loads through experimental testing
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To conduct field experiments, the physical model sample of the truss 1 is installed
in the frame structure 2 with a base on supports 3. The forces on the upper chord joints
of the truss are transmitted through the compression elements 4, placed on the
crossbeam 5. Discrete load values are created by the power unit 6, and their magnitude is
determined by the dynamometer 7 with a measuring device 8. The dial indicator 9, mounted
in the clamp 10 on the left support joint of the truss, provides information about the
elongation of the lower chord due to the movement of the rod 11, fixed by the clamp 12 in
the right support joint of the truss. The dial indicator 13 is fixed on the lower beam of the
frame structure 2, and its operating rod is brought into contact with the lower chord of the
truss 1.

Based on the results of the computer modeling experiment, graphs of deflection
along the lower chord of the truss under the action of static discrete loads were
obtained (Fig. 4).
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Figure 4. Deflection of the 2000x400 mm truss along the lower chord under various loads based on the results
of a computer simulation experiment

In the same manner, stress diagrams along the lower chord of the 2000x400 truss under
the action of static discrete loads were obtained (Fig. 5).
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Figure 5. Stress diagram along the lower chord of the 2000x400 mm truss under various loads based on
the results of a computer simulation experiment
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Fig. 4 shows that the maximum deflection of the truss occurs at the midpoint of the
lower chord. When comparing the deflection diagrams of the 18000x3600 truss (Fig. 1)
and the 2000x400 truss (Fig. 4), their graphical similarity is evident, indicating
that the parameters of physical modeling were correctly chosen during the
research.

According to the stress diagram along the lower chord of the 2000x400 truss (Fig. 5),
it is evident that under loading, the maximum stresses are formed in the vicinity of the
extreme nodes on the lower chord. These areas determine the truss's stability. In Fig. 5, a
horizontal line is drawn at the stress level of 300 MPa, which is the limit for welded joints
and areas affected by thermal influence. These stresses correspond to a load of 80 kN on
the truss.

The visualisation of deformation and stress distribution for a welded truss 2000x400
obtained by a computer simulation experiment at the level of the structural limit state is shown
in Fig. 6.

500,00 {mrm)
1

Figure 6. Visualization of deformation and stress distribution for the 2000x400 mm welded truss, obtained
through computer simulation at the structure’s ultimate limit state

This visualisation (Fig. 6) confirms the graphical dependence of the stress distribution along
the lower chord (Fig. 5), namely the formation of maximum stresses between the extreme nodes.

The numerical base obtained from the results of computer modelling and full-scale
experiments is summarised in Table 1.

Table 1

Maximum strsses and deflections in the center of a 2000x400 mm welded truss under load

Load
PN 5 [ 15 ] 25 | 35| 5 | 75| 8 | 95 | 100 | 105
Sress 188 | - | 924 | - | 184 | 279 | 315 | 347 | 367 | 397
G, MPa
Deflection ofthe | ) 55| | 555 | . | 543 [ 824 | 991 | 11,41 12,90 23,65
lower chord, &;
Deflection oftthe 1 53 | 156 | 250 | 361 | 503|773 | - | - | - | -
lower chord, &2
Ration C between 0963| - 0952 - 10945[0938| - - - -
o1 and &2
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The table shows:
01 — deflection of the lower chord according to the results of a computer simulation
experiment;
02 — deflection of the lower chord according to the results of a full-scale experiment.

Ratio C between 61 and 6, are determined as

C=061/0.

Based on the obtained data arrays, deflection diagrams of the lower chord of
the 2000x400 welded truss were built (Fig. 7).
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Figure 7. Deflection diagram of the lower chord of the 2000x400 mm welded truss based on the results of
the computer simulation (A) and full-scale force experiments (B)

According to Fig. 7, there is a visually noticeable satisfactory match of the deflection
values of the truss determined by computer simulation and full-scale force experiments. The
numerical values of the ratio C between 31 and 6, are defined above and presented in Table 1.
For low loads, a match of 0.963 was obtained, and for loads approaching the ultimate state of
the structure, — C=0.938.

The limit state of the 2000x400 mm truss made of a 40x40x4 mm angle profile,
according to the results of a computer simulation experiment, was formed under a load of
Pmax= 80 kN, while plastic deformation of the structure, according to the calculations, occurred
at forces of 85 kN.

4. CONCLUSSIONS

The paper proposes a methodological approach aimed at increasing the reliability of the
results of a computer simulation experiment when analysing the deformation behaviour of
welded trusses under the influence of loads. The main goal of this approach was to generate
input data that would correspond to the actual operating conditions of structures of this type.
Based on the research results, an input information array was formed, which includes indicators
of the stress-strain state of a welded truss in its various locations and in a wide range of loads.
A satisfactory agreement between the results of computer modelling and full-scale experiments
of at least 93.8% was obtained.

The obtained research results can be used for modeling the behavior of welded trusses
using modern applied software packages. The application of these software tools will allow for
the consideration of the complex influence of design, technological, and operational factors in
the process of designing welded trusses, ensuring optimal strength, reliability, and durability of
the structure under various operating conditions.
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MOJIEJTIOBAHHS JTE®OPMAIIMHOI TOBEAIHKH
NIJAKPOKBSIHOI 3BAPHOI ®EPMH

SApocaas Kosaabuyk; Hatauis lllunrepa; Makap Hlunrepa

TepHoninbcokuul HaAYyioHaAIbHUL MeXHIYHULU YHigepcumem imeHi leana Ilynios,
Tepnonins, Ykpaina

Pestome. Jlocniooiceno npozun 386apHoi nioKpokesHoi gepmu npu Oii Ha 631U 6epXHbO2O NOACA
308HIWHIX CIMaMUYHUX Hasanmadicens. Hamypuuil cunoeuii ma komn 1omepHuti MoOearo YUl eKCnepuMeHmu
BUKOHAHO HA Qi3uunil MoOeni NpAMOKYmuoi niokpokesanoi 3eapnoi gepmu 3 pozmipamu 2000x400 mm,
sucomosnenoi 3 Kymuukogozo npogino 40x40x4 mm 3i cmani BCm3nc. Koncmpyxyito @izuunoi mooeni

ISSN 2522-4433. Bicnux THTY, Ne 2 (118), 2025 https.//doi.org/10.33108/visnyk_tntu2025.02 .......coocovveoeeeeeeeeeereerecerene, 115


http://elartu.tntu.edu.ua/handle/lib/24735
http://elartu.tntu.edu.ua/handle/lib/24735

Deformation behavior simulation of a sub-rafter welded truss

po3pobneno 3  OOMPUMAHHAM KIACUYHUX NpuHyunie meopii noodionocmi. Cxema 6a3zyeanHa U
HAGAHMAMICY8AHH  (PI3uuHOl MoOeni ei0nosidac ymoeam excniyamayii niOkpokesinoi ¢epmu. 3a
Pe3yIbmamamt. HamypHo20 CUI08020 Md KOMRI I0MEPHO20 MOOeNon4020 eKCNepUMEeHmie OmpumMano
yucerbHy ma epagiuny iHgopmayitini 6asu npo GeluduHy NPOSUHY O0CIIONCYEAHOI KOHCMPYKYIL npu il
308HIWHbOMY Hasanmadicysanui 6i0 2,5 kH 0o 45 kH. Buseneno, wo npu maxux HA8AHMAICEHHAX NPOSUH
00CNIOAHCYBAHOI KOHCMPYKYIT € 6 NIHIUHILU 3A1eNHCHOCMI 3 NPUKIAOeHUMU 00 Gepmu 3y curisimu. Ipu yvomy
pe3yabmamu, OMpUMAani KOMnR 1OMePHUM MOOeNoI0UUM eKCNePUMEHTNOM, CNIBNAOaomy 3 pe3yibmamamu
npAMO20 CUN08020 ekcnepumenmy Ha pieHi 94,2%. Kpim moeo, Komn’romepHum MOOenonuum
eKcnepuMeHmom 00CniodxHceHo Oeopmayiiny noeedinky QisuyHoi modeni epmu 3a mexcamu AiHIUHO20
dianaszony ii Oeopmy8anHA Ui BUSHAUEHO HANPYIHCEHHA B30084C HUNMCHbO2O nosaca. Busaenewo, wo
MAKCUMATbHI HANPYIHCEHHA TOKANI3VIOMbCA Y NPUONOPHUX 8Y31AX HA HUNCHLOMY NoAco8i pepmu. Busnaueno
2PAHUYHI HABAHMANCEHHA HA  (hepMy, WO 3VMOBIIOIOMb (QOPMYBAHHA SPAHUYHO20 CMAHY KOHCMPYKYIL.
Buxopucmany memoouxy komn’iomepHo2o MOOen08aAHHA NAPAMEmpi8 HANPYICEHO-0edh)OPMIBHO20 CMAHY
niOKPOKBAHOT 36apHOT (hepmu, NPULlHAMI NPU MOOENI0BAHHI NAPAMEemMPU CKIHUEHHO -eleMeHmHOI Mooeni ma
ompumani pesyrbmamu  00CAIONHCeHb OOYINbHO 3ACmOoco8yéamu  Oisi  GUSHAYEHHS KOHCMPYKIMUGHUX
napamempisé eiemenmie epmosux KOHCmMpYKyitl npu ix npoekmysauni. ILle 3abe3neuums GuUCOKY
00CMOGIPHICMb OMPUMAHUX Pe3YTbMAmie, a, omaice, NOMPIOHY MPUMKICMb 36APHUX NIOKPOKGIHUX (epm
ynpooosoic ix ekcniyamayii.

Kniouosi cnosa: 36apna epma, HamypHuii eKCnepuMeHm, KOMN IOMEPHUL MOOeoo Ul
excnepumenm, Oegopmayiina noeediHKA KOHCMPYKYil, Hecyua  30amHiCmb, 6mpamda MpUMKOCHI

depm.
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