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Jlana poGoTa CTOCyeTbCS aKTyaJlbHOI HayKOBO-TEXHIYHOI MpoOiIeMu
MOIIKOJKEHHs 1 pyiHyBaHHs K-moniOHux By3miB 1uiockux 3BapHux depm. Came
K-noi6Hi By3/11 € HaWMOMIMPEHIIUMHU JUIS YCiX (hepMOBUX KOHCTPYKIIiM. 3BapHi
MeTasieBl ¢epMH BIOPOJIOBXK EKCIUTyaTallii 3a3HalOTh KOMIUIEKCHOTO BIUJIUBY
poOOYMX HAaBaHTAXKEHb, BITPY, CHITY, 3MIHU TEMIIEpaTypH, CEHCMIKH, aBapiiHUX
CUTyallid Toio. BHaAcHIAOK HbOro B €JIEMEHTaxX KOHCTPYKIIA Ta B MICIAX iX
3’€JHaHb BIJOYBA€ThCS (POPMYBAHHS IMOLIKOMKEHb, AKI NPHU3BOIATH O BTpPATH
TpUMaNIbHOI 37aTHOCTI W pyiHyBaHHA @epM. OcoOIMBO aKTyalbHUM €
TIOTIEpE/KEHHST pyHHYBaHHS (epM 32 YMOB IIUKJIIYHUX HABAHTaXEHb, OCKIJIBKHU 1X
JIOBrOTpUBaja i BHUKIHUKAE TIMOCTYINOBE HAKOIMUYEHHS TIOMIKOJKEHb, TIOSBY
TPIIMH Ta IX MOIMPEHHS aXX J0 PYWHYBAaHHS MPU HE3MIHHMX CKCILTyaTamiiiHuX
HaBaHTA)KCHHSX.

VY Bcrymi 0OTpyHTOBAHO aKTYalbHICTh JOCIHIJKEHHS, HABEIIEHO 3B’SI30K
po0OTH 3 HAYKOBO-AOCHTIHOIO TEMAaTHUKOI, TMOCTaBJICHO METy Ta BHU3HAYEHO
3aBJaHHS JIOCHI/DKEHHS, 00’€KT Ta TpPEeIMET IOCHIIKEHHS, HaBEJACHO MEepetiK
METO/IIB JOCIIKEHHS, III0 3aCTOCOBYBAJIUCH ISl JOCATHEHHS METH TUCEPTAIlIHHOT
po6otu. CpopmMyTr0BaHO HAyKOBY HOBH3HY, NMpPAKTHYHE 3HAYCHHS OTPUMAaHHX
pe3yJbTaTIB Ta OCOOMCTUI TBOpUYMH BHECOK 3100yBava. [logaHo BiZIoOMOCTI IIOA0
anpoOarrii Ta onmyOIiKyBaHHS PE3yJIbTATIB AOCTIIKESHHS.

Y nmepmioMy po3aiuni 3po0sieHO OIS Tpalb 3a TEMOK JucepTartli,
IpOaHai30BaHO HasiBHI KOHCTPYKUIi K-moaiOHKX By3:1iB BUSIBJICHO OCOOIMBOCTI iX
MOIIKOJKEHHsT W pyWHYBaHHsS 3a pI3HUX YMOB. BusiBneHo, mo cepen ycix

I[OCJ]iI[)KeHL IMTOMa Bara HaATypHHUX eKCHepI/IMeHTiB JOCHUTb HH3BbKaA, a



JOCTOBIPHICTh ~ PE3yJIbTATIB, OTPUMAHUX  KOMIT IOTEPHUM  MOJEIIOI0UUM
EKCTIIEPUMEHTOM, He TIATBepKeHa Bepudikairieto. [lepeBakHa yacTuHA HATYPHHUX
JOCTIPKEHb BY3JIIB BUKOHAHA SIK JJISI OKPEeMHX EJIEMEHTIB 0e3 iX MoeaHaHHS B
noBHOMAacITAOHUX gepmax. 3a pe3yibTaTaMu aHaJi3y Pe3yJbTaTIB JIOCHTIIKEHb,
BUKOHAHUX IHIIMMH aBTOpaMH, cHOPMYIJIbOBAHO 3a/1a4i AJIsl BIACHUX JTOCIIKECHb.

Y npyromy po3aii 3ampornoHOBAaHO KOMIUIEKCHHA METOAMYHUN MiAXiM 10
JOCIIDKeHHS TIOCKUX 3BapHUX (epMm 13 K-momiOHMMU By31amu, SKUU TMOETHYE
HATypHUN, HAIBHATYPHHM 1 KOMIT I0TepHUl Mosemtorounii ekcriepuMentr (KME)
1 J1ae MOXJIMBICTh Bepu(iKyBaTH OTpUMaH1 pe3yJbTaTH W 3a0€3MEUUTH BHIIY
JIOCTOBIPHICTh ~OTPUMAHUX T[OKA3HUKIB IO BIJHONICHHIO JO (DaKTUYHHUX
eKCIUTyaTallliiHUX 3HaYCHb.

Y TperbOoMy pO3IUII OMHCAaHO pe3yJbTaTH JIOCHIIKCHb, SKI Jajau
MO>KJIMBICTh OLIIHUTH CTYIIHb MOIIKOJKEHHS 1 YMOBU PYWHYBaHHSI BY3J1iB 3BapHUX
depMm 13 0e3()acOHKOBMM BHKOHAHHSM NpH [1i HAa KOHCTPYKIIIO CTaTHYHHX
CWIOBHMX BIUIMBIB. HaTypHuil CHUJIOBHII €KCHEPUMEHT 3IHCHEHO 3a CIapeHOI0
CXEMOI0 HaBaHTa)XyBaHHA (PepM CTATHUHUMHU 30CEPEKCHUMH 3yCHIUISIMH O
[EHTPAIBHOTO By3Jla Ha BEpXHbOMY Tosici. OTpuMaHO Jiarpamy MPOTUHY
HIWKHBOTO TM0sICa JIOCHIKYBAaHOI KOHCTPYKII B MeXax MpyxKHOI aedopmarii.
[ToOGynoBaHo giarpamy JIOKaiabHOTO JepopmyBaHHs. BusiBieHo, 1o Haiciabumm
MICIIEM B JIOCIIPKYBaHUX (pepMax € cepeqHs YacTHHA BEPXHBOTO MOSCY B MICIII
NPUKJIaJaHHs HaBaHTaKEHb. Tam BiAOYyBA€ThCs JIOKAIbHE TMOIIKOKCHHS Y
BUTJISIAI TIPOTUCKAHHS BEPXHBOI CTIHKM 1 BUITyYyBaHHS JBOX OOKOBHX CTIHOK
npodinbHOOT TpyOHU, sika dopmye T-momioHMit By301. Came Il TOIIKOJKEHHS
3YMOBJIIOIOTh HACTAHHSI TPAHUYHOIO CTaHy KOHCTPYKUII ax N0 il pyilHyBaHHS.
BukoHaHO KOMIT FOTEpHUH MOJCIIOIOUHMA EKCIIEPUMEHT 11 TTOBHOMACIITAOHO1
depmu. IloOynoBano niarpamy nedopMyBaHHS HWKHBOTO TMOSICY Ta Jiarpamy
JIOKaJIbHOTO JileopMyBaHHSI B MICIIl 3MHHAHHS BEPXHBOI CTIHKH. OTpUMaHO
JlarpaM#  pO3MOJUTY HampyXeHb 10 BEPXHIM, OOKOBIM Ta HIKHIA CTIHII
BEPXHBOrO MosiCy. BukoHano Bepu@ikaiio OTpUMaHUX PE3yJbTATIB ISl AUISTHKA

MPY>KHOTO JepopMyBaHHS IO HIYKHHOMY TOSC1, TIOPIBHSBIIMN iX 3 aHAJOTIYHUMU



MOKa3HUKaMHU I HATypHOTO eKcrepuMenTy. OTpuMaHo iX CHiBIaJaHHs Ha pIBHI
87,5...92,6%. 3ampomoHOBaHO BapiaHT 3MIIHEHHS IIEHTPAJbHOIO BYy3Ja
HaKJIQJaHHSM JIBOX CIIAPEHUX KyTHUKIB. BHWKOHaHO MOJIETIOBaHHS 3BapHOI
MOBHOMACIITaOHOT hepMU 3 MMiICHIICHUM IIEHTPAIbHUM BEPXHIM BY3JIOM Y BUTJISII
JIBOX crapeHux KyTHHKiB. [loOymoBaHo nmiarpamy JIOKaabHOTO Ne(OpMyBaHHS B
MICIII MACUIIEHHS BEpXHBOI CTiHKHA. CyMIIIEHO OTPHUMAaHI JlarpaMu JIOKaJbHOTO
neopMyBaHHS I BapiaHTIB 0€3 IMiJICUJICHHS Ta 3 MiJCUIeHHIM. BusBieHo, 110
JUIS BaplaHTy 3 MiJCHUJICHHSIM MILHICTh B MICII MPOTHUCKAHHA BEPXHbBOI CTIHKH
30upIIMIIacs Ha 7,6 %. OTpumaHo aiarpamu po3noJuUTy Hampy>KeHb IO BEPXHIH,
OOKOBIl Ta HWXHIN CTIHIIl BEpXHHOrO Mosicy. BusnaueHo aedopmaiiii B3I0BK
BEPXHBOTO MOSCY 3BapHOI (hepMU TPH Pi3HUX HABAHTAKCHHSX.

HatypHi ekcrnepuMeHTaabH1 JIOCHIPKEHHS BUKOHAHO [IJIi MAacIITaOHOTO
3paska 3BapHOI bepmu. CunoBuii EKCIIEPUMEHT BUKOHAHO Ha
cepBporiapaBiigHoMy BunpoOyBasibHOMY KomIuiekci CTM-100. 3a pesynapTaTamu
JIOCIIIJIKEHHSI BUSBJICHO, 1[0 TOIIKOJDKEHHS (PepMH BiOYBAIOTHCSA 32 PaXyHOK
IUIACTUYHOI JAe(opMallii 3SMUHAHHSAM y BEpXHIH YaCTHHI BEPXHBOTO MOsica B MICII
MPUKJIaJaHHs HaBaHTAXEHHS, 5K 1 17151 moBHOMacITabHoi dhepmu. [Ipu npromy K-
noAi0HI BY3JIM 3aJIMIIAIOTHCS HE MOIIKOHPKEHUMHU 1 HE BU3HAYAIOTh TPUMKICTh
dbepmu B 1imomy. OTprMaHoO Jiarpamy MpOrMHIB HUKHBOTO MOSICY.

MeTonoM CKIHUEHHHUX €JIEMEHTIB MPOMOJEIbOBAHO TMOBEIIHKY (Hi3UYHOI
Mozell (MaciTabHOro 3pa3ka) HpH All CTaTUYHUX HABaHTAXKEHb. OTpUMaHO
JiarpaMmy JOKaJIbHOTO JepopMyBaHHS IS MICIS TPUKIAJaHHS HABAaHTA)KEHHS Ha
BepxHbOMY TOsicoBi. [loOyaoBaHo miarpamy po3noainy aedopmariii o BepxHii
CTIHII BEPXHBOIO MOSACY Ta JiarpaMy MPOTMHIB Ha HIKHBOMY IMOSICI 3BApHOI
dbepmu. Bukonano Bepudikailiio OTpuMaHuX pe3yabTaTiB JUIsl NUISHKH TPYKHOTO
nedopMyBaHHS HUXKHBOTO osicy. PiBeHs ciiiBnaganHs cranoBuTh 93,3...96,4%.

VY 4deTBepTOMY pO3/UII BUKOHAHO CEPit0 JOCIIKEHb I 3BapHUX depM 13
PI3HOMaHITHUMH KOHCTPYKTHBHUMH BHKOHAHHSMHU BY3JIIB TpH i MHKIITYHHX

HaBaHTaeHb. [[i BaplaHTH MaroTh pi3HI TUOU BY3diB (0e3hacoHKOBI, 31



CTaHJAApTHUMU (HaCOHKAMH, 3 OpUTIHATIBLHUMHU (acoHKaMU, (HacCOHKAMH BIIACHOI
KOHCTPYKIIi1).

Bukonano CUJIOBUH EKCTIIEPUMEHT Ha CEPBPOTiAPABIIYHOMY
BunpoOyBaipHOoMy  KoMmiiekci CTM-100 pgms  macmrabHOoro 3paska 13
6e3(hacoOHKOBMM BHKOHAHHSIM BY3JiB . [[MKIIYHMIA CHUIOBHI BIIUB 3iHCHEHO Ha
HEHTPaJbHUM BY30J BEPXHBOTO MOSCY. 3a pe3yibTaTaMH I[bOTO JOCIIIKEHHS
BUSBICHO, 1O B K-momiOHMX By3Jlax HAaKOMUUYYIOTHCS TOMIKOJKEHHS, SKi
3yMOBIIOIOTh TMOSIBYy W TOUIMPEHHS BTOMHOI TPIIMIMHA aX A0 pyHHYyBaHHS
KOHCTPYKIIi MicJisi NEBHOTrO HampaioBaHHA. OTpUMaHO KUIBKICHI TMOKa3HUKU
IIUKJIIB 10 3apOJKEHHSI BTOMHOI TPIIIMHU Ta 10 MOMEHTY pyHHYBaHHS (EepMH.

KoM’ roTepHuii MOAENIOI0YMH €KCIEPUMEHT BUKOHAHO JJIS MAacIITaOHOTO
3pa3ka 3BapHOi (depMu 3 0e3(pacOHKOBUM BHUKOHAHHSAM BY3miB. IloOymoBaHO
JiarpaMmy BTOMHOTO pydHyBaHHs. OTpUMaHO 33J0BUIbHE CIIBHAJAAHHS KIJIBKOCTI
UKJIIB O MOMEHTY 3apOJKCHHsSI BTOMHOI TPIIIMHH 1 IO MOMEHTY PYWHYBaHHS
KOHCTPYKLIi B MOPIBHSHHI 3 pe3yJbTaTaMU HAIIBHATYpHOIO €KCHEPUMEHTY Ha
piBHi 91,7...92,5%.

Buxonano KOMII ' FOTEpHUI MOJIETIOI0Y M EKCIIEPUMEHT s
NOBHOMACIITAOHUX (epM 13 PI3HOMAHITHUM KOHCTPYKTUBHUM BHUKOHAHHSIM
BY3JIIB.

[ToOynoBaHO KpUBI BTOMHOTO PyHHYBaHHS JJI1 KOXHOTO KOHCTPYKTUBHOTO
BukoHaHHs K-moniOHux By3miB. BusiBneno, mo cranpaptHi (aconku B K-
noAiOHUX BY3JIax MiJIBUIIYIOTh pecypc poOOTH 3BapHOi (epMH MPU HUKIIYHUX
HAaBaHTAKEHHAX Ha 6...8,3% B mopiBHIHHI 3 0€3(DaCOHKOBUMHU KOHCTPYKIIISIMHU, a
BUKOPUCTAHHA  OpUTIHAJIBHUX  (ACOHOK  J1a€  MOMKJIMBICTh  MIJBUILUTH
HaIpaIroBaHHs GepMH 10 HaCTaHHS TpaHu4yHOro cTany Ha 11...18,7% .

HayxoBa HOBU3HA 0O/IepKaHUX Pe3yJIbTaTiB!

1)  Bmepmie orpuMaHo rpadiyHy 3aJCKHICTH JUIS  BH3HAYCHHS
HaIpaIfoBaHHs IUIOCKOI 3BapHOi ¢epMu 3 pI3SHOMAHITHUM BHUKOHaHHsSM K-
noAiOHUX BY3JIB O MOMEHTY pPYHHYBaHHS KOHCTPYKIIi 32 YMOB LHMKJIIYHHUX

HaBaHTa)KEHb;



2)  BrHeplie OTPMMAHO YKCEJbHE CIIBBIAHOIICHHS MK HalpalfOBaHHIM
IJIOCKUX 3BapHUX (PepM 10 MOMEHTY pyHHYBaHHS KOHCTPYKIIi 32 YMOB HUKJITYHUX
HaBaHTOKeHb Il K-momiOHWX By37iB 3 PI3HUMH KOHCTPYKIISIMH (haCOHOK B
MOPIBHSHHI 3 HaMpalfoBaHHSAM aHajoriyHux d¢epm 3 0Oe3daconkoBumu K-
NOoJIIOCHUMH BY3JIaMHU;

3) BhOepmie OTPUMAaHO ONTHMAIbHI TEOMETPHYHI MapaMeTpu Ui
OpUTIHAJIBHOI BIaCHOT KOHCTPYKIIii hacoHku K-moaiOHoro By3:ia;

4)  OoTpUMaJ MOJAJIBIIHA PO3BUTOK KOMILICKCHI JOCIIHKCHHS TUIOCKUX
3BapHUX (epMm, SKI MOEAHYIOTh HATypHHH, HAMIBHATYPHUM 1 KOMIT FOTEpHUHN
MOJICTIIOIOYMI EKCIIEpUMEHTH 1 Jal0Th MOXJIMBICTH BepU(]IKyBaTH OTpUMaH1
pe3yibTaT W 3a0€3[EeYUTH BHILY JIOCTOBIPHICTh OTPUMAaHMX TMOKA3HHUKIB B
MOPIBHSHHI 3 (PAKTUYHUMU EKCIUTyaTallliHUMU JaHUMHU.

[IpakTiuHe 3HAYCHHS OTPUMAHUX pE3yJbTATIB TIOJNATAE B TOMY, IIIO
chopMyIbOBAaHO peKOMeHAAIli Ajisi MpoeKTyBaHHs K-MoaiOHUX BY3JiB IJIOCKUX
3BapHUX (epM Uil poOOTH B yMOBaxX IUKIIYHUX HABaHTaXEHb, SKI JaIOTh

MOJKJIMBICTH MIABUIMTH EKCIUTyaTalliiHuiA pecypc KoHcTpykii Ha 11...18,7%.

Knwuosi cnosa: 3BapHa ¢depma, CTHUKOBHM BYy30J, BTOMHA TpIIIMHA,
(bacoHKOBHIA By30J]1, TPUMaJIbHA MILIHICTb, JOBIOBIYHICTh 3BapHOI (PepMH, BEPXHIN

MOSIC, HIKHIM MOsIC, BTOMHE TIOIIKOKEHHS, pyiHyBaHH K-1o/110HUX By3IiB.



SUMMARY

Basara M.A. «Fracture and damage of K-shaped nodes of flat welded
trusses».- Qualification scientific work with the manuscript copyright.

Ph.D thesis on a specialty 131 "Apply mechanics" in the field of knowledge
13 "Mechanical Engineering”. — Ternopil Ivan Puluj National Technical
University. Ternopil, 2021.

This paper presents the current scientific and technical problem of fracture
and damage of K-shaped nodes of flat welded trusses. K-shaped nodes are the most
common among all truss structures. Welded metal trusses during operation are
exposed to the complex effects of workloads, wind, snow, temperature changes,
seismic, emergencies and more. As a result, damage is formed in the structural
elements and in their joints, which can lead to loss of bearing capacity and fracture
of trusses. It is especially important to prevent fracture under cyclic loads, as their
long-term action can cause the accumulation of damage, initiate cracks and their
propagation till fracture at constant operating loads.

The introduction substantiates the relevance of the study, links the work with
the research topic, sets the purpose and objectives of the study, object and subject
of research, lists the research methods used to achieve the goal of the dissertation.
The scientific novelty, practical significance of the obtained results and personal
creative contribution of the applicant are formulated. Information on approbation
and publication of research results is given.

In the first section the review of works on a dissertation theme was made,
the available designs of K-shaped nodes are analyzed, features of their damage and
fracture under various conditions are revealed. It was found that among all studies,
the proportion of full-scale tests is quite low, and the reliability of the results
obtained by computer simulation test is not confirmed by verification. The vast
majority of full-scale tests of nodes performed for individual elements without
their combination in full-scale trusses. Based on the results of the analysis of the
results of research performed by other authors, the tasks for own research are

formulated.



The second section proposes a comprehensive methodological approach to
the study of flat welded trusses with K-shaped nodes, which combines full-scale,
semi-scale and computer simulation tests (CST) and allows you to verify the
results and ensure higher reliability of the actual indexes in relation to actual
operating values .

The third section describes the results of research, which made it possible to
assess the degree of damage and conditions of fracture of welded trusses with butt
joints design under static loads. The full-scale test was performed according to the
paired scheme of the trusses under static concentrated forces to the central node on
the upper chord. The deflection diagram of the lower chord of the investigated
structure within the elastic strain obtained. It was found that the weakest part in the
researched trusses is in the middle of the upper chord at the place of application of
loads. There is local damage in the form of squeezing the upper wall and bulging
of the two side walls of the profile pipe, which forms a T-shaped node. It is these
damage that determine the onset of the ultimate state of the structure until its
fracture. A computer simulation test was performed for a full-scale truss. The
diagram of deformation of the lower chord and the diagram of local deformation in
the place of folding of the upper wall are constructed. The diagrams of stress
distribution on the upper, side and lower wall of the upper chord obtained.
Verification of the obtained results for the area of elastic deformation in the lower
chord, comparing them with similar indicators for the full-scale test was
performed. Their coincidence was obtained at the level of 87,5...92,6%. A variant
of reinforcing the central node by superimposing two paired angles is proposed.
The simulation of a welded full-scale truss with a reinforced central upper node in
the form of two paired angles was performed. The diagram of local deformation in
the place of reinforcement of the upper wall is constructed. The obtained diagrams
of local deformation for variants without reinforcement and with reinforcement are
combined. It was found that for the variant with reinforcement, the ultimate
strength at the part of compression of the upper chord increased by 7.6%. The

diagrams of stress distribution on the upper, side and lower wall of the upper chord



obtained. Deformations along the upper chord of the welded truss at different loads
are determined.

Semi-scale test was performed for a semi-scale sample of a welded truss.
The force test was performed on the STM-100 servo-hydraulic test complex.
According to the results of the research, it was found that the damage to the truss
occurs due to plastic deformation by creasing in the upper part of the upper chord
at the place of application of the load, as for a full-scale truss. The K-shaped nodes
remain undamaged and do not determine the strength of the truss as a whole. The
diagram of deflections of the lower chord obtained.

The behavior of a physical model (semi-scale sample) under the action of
static loads is modeled by the finite element method. A diagram of local
deformation for the place of application of the load on the upper chord obtained.
The diagram of distribution of deformations on the upper wall of the upper chord
and the diagram of deflections on the lower chord of the welded truss are
constructed. Verification of the obtained results for the area of elastic deformation
of the lower chord was performed. The level of coincidence is 93.3... 96.4%.

In the fourth section, a series of researches for welded trusses with various
designs of nodes under the action of cyclic loads was performed. These options
have different types of node (butt joints, with standard gussets, with original
gussets, gussets of own design).

A force experiment was performed on the STM-100 servohydraulic test
complex for a semi-scale sample with butt joints design . Cyclic force was exerted
on the central node of the upper chord. According to the results of this research, it
was found that in the K-shaped nodes accumulate damage that causes the initiation
and spread of fatigue cracks until fracture of the structure after a certain time.
Quantitative indicators of cycles to the fatigue crack initiation and to the moment
of fracture of the truss obtained.

A computer simulation test was performed for a semi-scale sample of a
welded truss with butt joints. The diagram of fatigue failure was constructed. The

acceptable coincidence of the number of cycles to the moment of initiation of



fatigue crack and to the moment of fracture of the structure in comparison to the
results of the semi-scale test at the level of 91.7... 92.5% was obtained.

A computer simulation test was performed for full-scale trusses with a
variety of nodes designs.

Fatigue failure curves are constructed for each design of K-shaped nodes. It
was found that standard gussets in K-shaped nodes increase the service life of the
welded truss at cyclic loads by 6... 8.3% compared to butt joint structures, and the
use of original gussets allows to increase the operating time of the truss to the limit
state by 11... 18.7 %.

Scientific novelty of the obtained results.

1)  For the first time a graphical dependence was obtained to determine
the operating time of a flat welded truss with different K-shaped nodes until the
fracture of the structure under cyclic loads;

2)  For the first time the numerical ratio between the operating time of flat
welded trusses to the moment of fracture of the structure under cyclic loads for K-
shaped nodes with different designs of gussets in comparison with the operating
time of similar trusses with K-shaped butt joints was obtained,;

3)  For the first time the optimal geometric parameters for the original and
own design of the K-shaped nodes are obtained;

4)  Comprehensive researches of flat welded trusses have been further
developed, which combine full-scale, semi-scale and computer modeling tests and
allow to verify the obtained results and ensure higher reliability of the obtained
indicators in comparison to the actual operational values.

The practical significance of the obtained results is that the
recommendations for the design of K-shaped nodes of flat welded trusses for
operation under cyclic loads was formulated, which make it possible to increase

the service life of the structure by 11... 18.7%.



Key words: welded truss, butt joint, fatigue crack, gusset node, bearing
strength, durability of the welded truss, upper chord, lower chord, fatigue damage,

fracture of K-shaped nodes.
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