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Summary. The investigation of the welded roof truss behavior under the complex influence of static and
cyclic loads is carried out. The truss is made of the shaped pipes and its size is 24000x2400 mm. The technique of
computer simulation experiment by means of SolidWorks Simulation software is used. It is found that the maximum
stresses are formed in the area of thermal impact from the weld in the truss heel joints. During the truss operation,
these stresses initiate the emergence of fatigue cracks and their growth until the structure ultimate state. The
fatigue curve for the investigated structure is constructed. It is determined that the design service life of the truss
under operational load modes is going to be 52 years.
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Statement of the problem. Welded roof trusses are widely used in civil engineering
due to the optimal combination of their cost, high technological effectiveness and ability to
operate under various force factors. They are used in the construction of long-span building
structures (production facilities, warehouses, sports complexes, exhibition halls, shopping
centers, etc.). However, the precautions factor that limits the use of such building structures is
the complexity of calculation of their lifespan under cyclic loads. Such loads are formed from
suspended conveyor tracks and crane-beams. The initiation of fatigue cracks and their growth
until the limit state occur under normal operating loads. Classical analytical calculations do not
enable to predict the safe service life of welded roof trusses under cyclic loads with sufficient
probability. Therefore, in order to ensure the guaranteed fatigue strength and reliability of the
structure, the obtained results are adjusted in the direction of increasing its material
consumption, which, in turn, results in the truss cost increase. The current state of computer
technology development and the use of numerical calculation methods makes it possible to
determine the origin of fatigue cracks and the dynamics of their growth during the structure
operation with a high degree of probability with less complexity of design calculations.
Computer simulation experiment, as the methodological approach for the investigation of
welded trusses behavior under the action of cyclic loads is the most widely used today.

Analysis of available investigations and publications. According to the results of the
analysis of previously carried out investigations of the stress-strain state (SSS) in welded trusses
elements, it was found that in modern science and engineering practice a large number of
applied software packages are used for this purpose (SP POFSK-Mirazh-PSMK, «Lira-W»,
SCAD, Cosmos Works, Design Space, PC SCAD and Mathcad, SP ANSYS Workbench 14.5,
SolidWorks Simulation, etc. [1, 2, 4, 5]). Each of the used software packages has its own
principles of SSS simulation in the welded trusses elements and the degree of approximation to
real structure operation. The application of these software products makes it possible to reduce
significantly the duration of the design documentation development and minimizes the impact
of subjective factors on the calculations results.
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Typically, these software packages are based on finite element analysis systems and
make it possible to determine the parameters of SSS in the structural elements of welded trusses
at the design stage. Based on this, the optimal cross-sectional dimensions of the rod elements
and welds for their connection are selected, thus ensuring the design strength, rigidity, reliability
and durability of the truss as a whole.

The described investigations are based on the results of computer simulation experiment
carried out for welded roof truss using SolidWorks Simulation SP. This software package
makes it possible to take into account the multi-parameter influence of design, technological
and operational factors on the behavior of the structure during operation under cyclic loads.

The objective of the paper is to identify the places of primary origin of fatigue cracks
and the nature of their propagation in 24000x2400 mm welded truss elements under the
complex influence of static and cyclic loads which identify the operating mode of the
investigated structure, and determine the safe life of the truss.

Statement of the problem (task). In order to achieve the stated goal, it is necessary to
carry out computer simulation experiment using application suite SolidWorks Simulation for
welded roof truss made of steel tubular rectangular rolled profile, with combined action of static
and cyclic loads on the structure. The task of the investigation is to identify the design resource
of this truss.

Results of the investigation.

The problems of crack resistance and durability of welded trusses are very important for
structures that are subjected to cyclic loads. In industrial buildings roof trusses of roof cladding
operate under such conditions. In addition to static loads (own weight, roof weight, snow in the
winter) they also carry cyclic loads from temperature differences (climatic or technological),
wind influence and loads from suspended technological means (conveyers, bridge cranes,
crane-beams and telphers).

From this perspective 24-meter-long roof truss made of bent-welded profile pipes is
chosen for the investigation (Fig. 1).
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Figure 1. Structural design of welded truss

The upper chord of the truss is made of 180x180x6 mm shaped pipe, the lower belt is
made of 140x140x5 mm shaped pipe, the support braces are made of 120x120x5 mm pipe, the
non-supporting braces are made of 100x100x5 mm pipe. The truss is obtained in compliance
with all regulatory requirements for the design and technology of its manufacture.

All welds are made by semi-automatic DC arc welding by wire electrode with 2 mm
diameter Sv-08G2S in CO2 medium in compliance with standardized technologies. The
operating current of welding is 270 A. The weld leg is taken on the smallest thickness of the
connecting elements, i.e. 5 mm.

The characteristics of mechanical properties of VVSt3ps steel in tension were obtained in
the previous authors’ investigations according to the results of a series of natural experiments
for statistical sampling [3], i.e. ultimate strength (sampling mean) for the base material

a_g = 380 MPa, for the weld a_ = 283 MPa, sampling mean values of the yield strength
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o+ = 273 MPa, the ultimate strength o, = 360 MPa. These indicators are introduced as an

input information base in computer simulation experiment.
The scheme of basing and loading of the investigated truss is developed (Fig. 2).

Figure 2. Scheme of basing and loading of welded truss

The length of the truss on both sides is limited by vertical flanges (Fig. 3), by means
of which it is based on the inner surface of the building frame columns with the support on the
lower part of the flanges and is fixed in the design position by threaded elements through
flanges holes.

Based on design and operational factors, the parameters of force effect on the truss are
determined. The total static component per truss iS Peman=378 KN. The amplitude of the cyclic
component is P,.=32 KN. The cycle period is 7=7 s (Fig. 4). The operating mode is two-
shift.
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Figure 3. The design of mounting Figure 4. The mode of complex force effect
flange on the investiggated welded truss

At the first stage of the investigation the places of formation of maximum stresses in the
truss under the action of static loads (Fig. 5), i.e. in the fastening units, are determined by the
method of computer stimulation experiment in SolidWorks Simulation environment. In
addition to the visualization of the truss behavior under loading, numerical values of local
maximum stresses at 160 MPa under operational forces are obtained (Fig. 6). Therefore, the
structure deformation occurs within the limits of base material elasticity.
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Figure 5. Identification of the place of maximum stresses formation Figure 6. Localization of stresses in
in the truss the welded joint

A detailed investigation of the distribution of stresses and strains at their maximum
localization, i.e. in the area of thermal influence around the weld is carried out. Visualization of
the distribution of residual stresses (Fig. 7) and residual plastic deformation is obtained (Fig. 8).
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Figure 7. Distribution of residual stresses Figure 8. Distribution of residual plastic deformation

According to the obtained results, the process of fatigue crack initiation and propagation
along the boundary of the front and flank welds and the base material is simulated (Fig. 9).

The stresses in the vicinity of the crack tip (Fig. 10) and their influence on the dynamics
of the structure fatigue damage are determined. The fatigue curve for the investigated area
(thermal impact area) in the welded roof truss is constructed according to the obtained
numerical values of SSS parameters in the area of fatigue failure, values of mechanical
characteristics of the main material and weld material, taking into account the dynamics of the
structure fatigue damage (Fig. 11).

The fatigue curve determines the dependence of the number of load cycles to the
structure fracture (abscissa axis in Fig. 11) depending on the magnitude of the force impact on
the truss. The value of the total external load forms the stresses magnitude in the investigated
section of the truss (ordinate axis in Fig. 11). According to the obtained fatigue curve, it is
possible to determine the design resource during truss operation under various force factors,
both in terms of load and frequency of its application.
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Figure 9. Stress in the joint under cyclic loads Figure 10. Stress around the crack tip
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Figure 11. Fatigue curve for the area of the weld thermal impact in the outermost joints of the truss

Based on the operating modes of loading for the investigated truss, mentioned above,
the guaranteed design life of the truss, constituting 52 years is determined according to the
fatigue curve (Fig. 11). The influence of force factors changes or the roof truss operation mode
on the structure service life can be easily defined by simple analytical calculations according to
the fatigue curve constructed in this paper (Fig. 11).

Conclusions. The investigation of fatigue damage of the heel joint of welded roof truss
is carried out by means of computer simulation in SolidWorks software package. Locations of
maximum stresses in the elements of welded roof truss are identified. The process of fatigue
crack initiation and propagation up to the structure failure is investigated. The fatigue curve for
the roof truss is obtained. This curve makes it possible to determine the allowed time of the
truss safe operation at different values of force and load modes. According to the calculation
results, the structure fatigue life can be increased by local strengthening of the truss heel joint.
The described simulation technique can be used for design calculations of construction trusses
and checkup calculations of operating structures and prevention of the limit state occurrence
under cyclic loads action.
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BTOMHE IOIIKOIKEHHSI OITIOPHOT'O BY3JIA 3BAPHOI
KPOKBSIHOI ®EPMU

Apocaas Kosanbuyk; Hatania IHllunrepa; Spocaas lBex;
Bacuabs Boponuak

Teproninbcokull HayioHAIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Pe3tome. Jlocniooiceno nogedinky 3eaphoi kpoxeanoi gepmu 24000x2400 mm 3 npoginenux mpyb npu
KOMAIEKCHOMY 6NIUB08I HA Hel cmamuunoeo I Yukiiunoeo Haeanmadcenv. Koncmpykyito cdepmu 63amo 3
npoekmuoi 0oKymeHmayii UPOOHUY020 NPUMIWEHHS, NPU3HAYEeH020 Oid poOomu 3 RIOBICHUM KOHBEEPOM
mexnon02iunoi Ninii. Bubpano cxemu 6asysanms i HABAHMANCYBAHHS pepMmu, AKi 6I0N08I0aOmMsb YMoeam pobomu
docnidacysanoi koncmpyxyii. Excniyamayis Hecy4ux KOHCMPYKYIl 3a MaKux ymos 6e3 nonepeoHix 0ociiodlcens
€ Hebe3neuHolo, OCKINbKU NOUKOONCEHHS QOPMYIOMbCA | HAKONUYYIOMbCA 30 HOPMAMUBHUX YUKTIUHUX
HABAHMAIICEHb, A PYUHYB8AHHA HACMAE PANMOB0 NPU 00CASHEHHI 8MOMHOI MPIWUHU KPUMUYHUX pO3MIpi8. [l
NONEPeONCeHHsL PYUHYBAHHS KOHCMPYKYIL 1l 6U3HAYEHHS OONYCMUMO20 TEPMIHY eKCnayamayii pepmu UKOHAHO
00CNIONHCEHHS 3 BUKOPUCTNAHHAM MeMOOUKU KOMA T0MEPHO20 MOOenI04020 eKCHEPUMEHMY 3d O00NOMO20I0
npoepamuoco xomnaexcy SolidWorks Simulation. BusaeneHno, wo MaxcumanbHi HANpylceHHs: opMyromvcs Ha
OlnAHYl MepMIuH020 6NAUBY BI0 38aPHO20 wiea 8 onopHux eyznax epmu. Came 8 yux micysx 6i00Oyeaemvcs
3apPOOJICEHH 6MOMHUX MPIWuUH [ IX noOwUpenHs axc 00 HACMAHHA 2PAHUYHO20 cmawy KoHcmpykyii. Ilpu
O00CNIONCEHHAX 8PAXOBAHO KOMNLEKCHULL 8NIUG KOHCMPYKMUGHUX, MEXHOIOIYHUX I eKCRAYAMAYIHUX YUHHUKIE
Ha (hOpMYBAHHS NAPAMEMPIE HANPYIHCEHO-0eOPMIBHO20 CIAHY 00 3APOONCEHHS 6MOMHOT MPIWUHU U YIPOO0BHC
il nowupenns. Ilpu KomntomepHOMY MOOen08AHHI BUKOPUCMAHO (DAKMUYHI XapaKxmepucmuxku MiyHocmi
OCHOBHO20 mMamepiany, OLIAHOK 38aPHO20 WA I MEPMIYH020 GNAUBY, AKI OMPUMAHI A8MOPAMU 8 NONEPEOHIX
docniddicentsx. 3a ompumanumu pesyrbmamamu no6yO008aHO Kpusy 6momu 071 ONOPHO20 8Y31a 38apHOL
Kpoxeanoi gpepmu. Jano pexomenoayii wodo ymos excniayamayii gepmu ma MONCIUBOCHE BUKOPUCMAHHSL
OMPUMAHUX Pe3yTbmamis 015 N00AIbUUX 00Cai0JceHb. Busnaueno, wo npoekmuutl pecypc pobomu gepmu npu
EKCNIYAMAYItIHUX PeXCUMax HA8AHMANCYBAHHA CMAaHo8UmMuUMe 52 poxu.
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