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Bigomi umCcrIeHHI NpUKIAgU 3aCTOCYBAaHHS METAaleBHX KOHCTPYKIH, oco0iuBo B
NIPOMHCIIOBHX OyImiBISIX Ta Yy BEJHMKONPOJBOTHUX CIOpPYHaX. 3acTOCYBaHHS METaJeBUX
KOHCTPYKIiil B Oy1iBHULITBI 3yMOBIIEHE, MEPII 32 BCE, iX MEXaHIYHUMHU BIACTUBOCTSAMH. AJie, SIK 1y
BUIIAQJKy 3 IHIIMMH THIAMH KOHCTPYKIWil, YHIKaJbHI Ta BEIUKONIPOJIBOTHI CIOPYIH, SKi
MPOCKTYIOTBCSL 3 METaly, B pe3ysbTaTi TPHBAIOl eKcIulyarauii, 6e3 CBOEYaCHOIO TEXHIYHOTO
00CITyroByBaHHA Ta KaliTalIbHUX PEMOHTIB, HEJOCTATHBOI MII[HOCTI MaTepialiB KOHCTPYKLii, B
pe3ysbTati 3HOCY, KOHCTPYKTHBHHMX AC(PEKTiB, /Ui 30UIBIICHHS HECydoi 3JIaTHOCTI B pe3yJbTarTi
3MIiHM TIOTOJHMX YMOB Ta J{IOYMX HOPMAaTUBHHMX JOKYMEHTIB, MiJBMIIEHHS HaAIHHOCTI,
IIPOJOBXKEHHS eKCILTyaTallii, 30KkpeMa, [0 MalOTh EJIEMEHTH, SIKi IPAIIOI0Th HA 3THH, MOTPEOYIOTh
IMiJICUJICHHSI HECYYUX KOHCTPYKIIIH.

Oco0nMBO BaXIMBUM € BHOIp MaKCHMAaIbHO €()EKTUBHOIO METOAYy, SIK 3 TOYKH 30pY
HagiMHOCTI, Tak 1 3 TOYKH 30py PEHTA0ENBHOCTI, HAa IIO0 BIUIMBaE€ TpUBAJC NPUIUHCHHS
eKCIUTyaranii Cropyau, 3yHHMHKa BHUPOOHHYOro mporecy abo HEMOXIIMBICTH KOPHCTYBATHCS
MIPUJIETIIOI0 TEPUTOPIEIO JUI BUKOHAHHSA POOIT 3 pekoHCTpykuil. [Ipu iboMy HeoOXigHO 30eperta e
TUIBKH OY[IBIIIO B IIJIOMY, ajie 1 30BHILIHIA apXiTeKTypHHUW BUTJSLI criopyau. OTke, BaKIUBOKO €
HE TUIbKY €KOHOMIYHa, KOHCTPYKTHBHA, aJe 1 collialibHa CKIIaJ0Ba.

TpaauiiiiHi MeTOAM MiJCHICHHS, IO 3apa3 BHUKOPHUCTOBYIOTBCS JUIS BiJHOBJICHHS abo
30UIBIIEHHST HECY4Ol 3[aTHOCTI METaJIeBMX KOHCTPYKIH, 3aCHOBaHI Ha 3aCTOCYBaHHI CTalIeBHX
CJIEMEHTIB LUISIXOM iX KpiruieHHsT 0oiTaMu ab0 3BaprOBaHHs, SIKI 30UIBIIYIOTh HABAaHTAKCHHS HA
KOHCTPYKIIiO 1 CXHJIBHI 10 KOPO3ii 1 BTOMH.

AIbTepHATUBHUM METOJOM IIACHICHHA € 3aCTOCYBaHHS
BHCOKOMIIIHUX  (iOpoapmoBannx cucteM (DPAC) nuixom
HAKJICIOBAHHS HA OCHOBHY KOHCTpyKIil0. ®AC MaloTh BHCOKY
MIIHOCTB, Mally Bary, CTilKi 10 KOpo3ii, IPOCTi y BUKOPUCTaHHI.

3 BpaxyBaHHSAM BHIIE3a3HAYCHUX IepeBar (piopoapMOBaHUX
cucreM, OyJIO BHKOHAHO JOCHI/DKEHHS, B SIKOMY pO3IJISIHYTO
BapiaHT MiACWICHHS HECYYHX METAICBHX CJIEMEHTIB BHCSIYOTO
HOKPUTTS, YTBOPEHOIO CHUCTEMOIO 3IMHAIIBHO-)KOPCTKHX HHUTOK
HacKpizHOro mepepisy (Puc.l), 30BHINIHIM apMyBaHHSIM METOJOM
HAKJICIOBaHHS BHCOKOMIIHOI (hiOpoapMOBaHO! CHCTEMH Ha OCHOBI
yrnepoga.  Po3paxyHku ~— Momeni  KOHCTPYKUIT — HOKPUTTS
BUKOHYBAINCh B  Cy4aCHOMY  IIPOrpaMHOMY  KOMIDIEKCI
ABAQUS/CAE, 3acHOBaHOMY Ha METO/Ii CKIHYEHHHX EJICMEHTIB.

Buxonanuii po3paxyHOK MiJCHICHOI BHCSI40OI MeTalaeBoi
KOHCTPYKIII HACKPi3HOTO Iepepidy 30BHIMIHIM apMyBaHHIM DAC
Ha OCHOBI yriepoaa, B mporpamHoMy komiuiekci ABAQUS,
[I0Ka3aB, [0 HalOUIbII HanpyKeHHS 1 nedopMarii 3'BISIOTECS B
o0acri, OJIM3BKOT J10 30BHIIIHBOTO OMOPHOTO KOHTYPY (Puc.2).

[TincuneHHs HeCy4HX €IEMEHTIB 30BHINIHIM apMyBaHHSIM Ha
Puc. 2. Posnonin HanpyxeHb B OCHOBI yIJiepojia, MPU3BeIIo 10 3HWKEHHs aedopmaltiii ciopyau, a

30Hi OMOPHOTO KOHTYPY TAKOX JI0 MOMKJIMBOCTI 301JIbIIEHHSI HECY4Oi 3/]aTHOCTI.
[Tlicna BriItOYeHHA B POOOTY BYIVICIUIACTHKA BiJICOTKOBE 3MEHIICHHS BEPTHKAIBHOIO IPOTUHY
cknano 26,6% and 3rUHAIBHO-)KOPCTKUX HUTOK, IiJICHICHMX KOMIIO3UTHMM MartepiaioMm 3
ByIJICIUIACTHKA. BenndnHa po3TArylounx Halpy KeHb 3HU3MIACH IPUOIN3HO Ha 14%.

Puc. 1. Mogeins 61oka
3TUHATBHO-)KOPCTKUX HUTOK
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Investigation of the strengthening effectiveness of suspended metal structures of a through
section by external reinforcement using fiber-reinforced polymer systems
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There are numerous examples of the use of metal structures, especially used in industrial
buildings and in large-span structures. The use of metal structures in construction is primarily due to
their mechanical properties. As in the case of other types of structures, unique and large-span
structures designed from metal, as a result of long-term operation, without timely maintenance and
major repairs, insufficient strength of structural materials, as a result of wear, structural defects, to
increase the bearing capacity in as a result of changes in weather conditions and current regulatory
documents, in order to increase reliability, prolong operation, in particular, with bending elements,
need to strengthen the supporting structures.

It is especially important to choose the most effective method, both from the point of view of
reliability and profitability, which is influenced by long-term decommissioning of a structure,
stoppage of the production process or the inability to use the adjacent territory to carry out
reconstruction work. At the same time, it is necessary to preserve not only the building as a whole,
but also the external architectural appearance of the structure. So, not only the economic,
constructive, but also the social component is important. Traditional strengthening methods, which
are now used to restore or increase the load-bearing capacity of metal structures, are based on the
use of steel elements by bolting or welding them, that increase the load on the structure and are
susceptible to corrosion and fatigue.

An alternative modern strengthening method is the use of
high-strength fiber-reinforced polymer (FRP) systems by gluing
to the main structure. FRP-materials have an increased strength-
to-weight ratio, they are more resistant to corrosion, easy to use.

Taking into account the aforementioned advantages of FRP
materials, a study was carried out, in which a variant of
strengthening the supporting metal elements of suspended rod
shell formed by a system of bending-rigid threads of a through
section (Fig. 1.) with external reinforcement by high-strength
Fig. 1. Block model of the FRP-system based on carbon was considered. The computation

bending-rigid threads of the coating structure modeli in the form of a suspended metal
structure of a through section were carried out in the modern
ABAQUS / CAE software package based on the finite element
method. The performed computation of a strengthened suspended
rod shell formed by a system of bending-rigid threads of a
through section with external reinforcement by high-strength
FRP-system, in the ABAQUS software, showed that the greatest
stresses and strains appear in the area close to the outer support
circuit (Fig.2).

. Strengthening of the load-bearing elements with CFRP-
Fig. 2. Stress distribution in material, led to a decrease in the deformation of the structure, as

the area of the outer support well as to the possibility of an increase of the bearing capacity.
circuit After the inclusion of Carbon FRP, the percentage decrease
in vertical deflection was 26.6% for bending-rigid threads
strengthened with a FRP-material. The magnitude of the tensile stresses decreased by about 14%.
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