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0.0. HEMUVK, B.B. CTPEJIbBILIBKUI

OpechKuii HAaIOHATBHUI MOPCHKHI YHIBEPCHUTET

EKCIIEPUMEHTAJIBHE JOCJIKEHHA BIVIMBY HAITPAIIIOBAHHA
HA TPIIIIUHOCTINUKICTDH CTAJIEN MIOPTAJIbHUX KPAHIB

06’ekmom docaidxceHHs1 € nopmasabHi KpaHu, kompi eidnpayloeanu HopmamueHuil mepMiH ma ekcnayamyromauscs 8 piuKosux
nopmax. [lonadnopmosa ma mpusaaa ix ekcnayamayis 8 pejxcumi IHMeHCU8HO20 YUKATYHO20 HABAHMANCEHHS. Ma 8 CYKYNHOcmI 31 3MiHOW
disuko-mexaniuHux esacmusocmell eHacaidok kopo3siliHoi dezpadayii memasny 3azocmpioe npobaemy 3HuxceHHs ix npayezdamHocmi. 3a
yMmoe sidcymHocmi docmamHubo2o (iHAHCY8AHHS AKMYya/bHOK 3a0a4er) € 8CMAHOB/AEHHS pecypcy KpaHie, Wo 8U3HAYAEMbCS ONipHicmMio
8MOMHO20 pYUHY8AHHS NOPMAAbHUX KPAHi8. Memoto po6omu € 8CMaHO8/1eHHS 8N/U8yY HANPAY8AHHS 8 YMOBAX A2PeCUBHO20 cepedosulyd
Ha xapakmepucmuku mpiwuHocmilikocmi 3paskie Mema/s0KoOHCMPYKYill nopmaavHux Kpawie. /[J5 docaiddxiceHs 6yau 8UKOpUCmMaHi naocki
3pasku, sueomosseri 3i cmani St38b2, siki supizaHi 3 HUXCHLOI Ma 3a0HLOI NoAUYL X060MA, @ MAKONC CMPIAU NOPMAALHUX KPAHI8 muny
«Anvbampoc», wo Hanpayrosaau 28, 36 i 45 poku e Xepconcvkomy nopmy. ExcnepumenmanbHi 3pasku Ha8aHmMaxicy8aau NAOCKUM 32UHOM
Ha 8unpo6ysanbHill MAWUHI 3 HCOPCMKUM MUNOM HABAHMAdCeHMs,, yacmomoto 16 Iy, acumempieo yuxkay R 0,05. 3 ompumaHux
eKcnepuMeHmMaabHUX KiHemu4Hux diazpam 6moMHO20 pylUHYSAHHsA Mamepiany 8udHo, wo 36i1bWeHHS] Hanpayloe8aHHs npu3sodums 0o
iHmeHcugixayii pocmy mpiyuHu Ha HU3bKO- Ma cepedHbOAMNAIMYOHUX OiAsIHKAX, 30Kkpema 8 dianasoHi 3HaveHb K=12..30 MIlla-m'/?
weudkicms 36inbwyemocst y 1,5-2 pasu. O0HAK 8 mexcax 8ucoKoamnaimydHoi QinstHKU po36icHOCMI Midc WEUOKOCMSMU HE3HA4Hi, ujo
y320031cyemubcs 3 0aHUMU, HagedeHUMU & AimepamypHux dxcepeaax [5, 13].

Karuosi cnoea: nopmanvHull KpaH, Koposis, cmass St38b2, weudkicms pocmy 8momHoi mpiujuHu.
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AN EXPERIMENTAL STUDY OF THE IMPACT
OF AGE ON THE CRACK RESISTANCE OF THE PORTAL CRANES

The subject of the study are portal cranes, which have fulfilled the regulatory deadline and are operated in river ports. Overtime
and their long operation in the mode of intensive cyclic loading and in combination with the change of physical and mechanical properties
due to corrosion degradation of the metal exacerbates the problem of reducing their efficiency. In the absence of sufficient funding, the
urgent task is to install a cranes resource, which is determined by the fatigue resistance of portal cranes. The aim of the work is to establish
the influence of operating time in an aggressive environment on the fracture toughness characteristics of metal structures of portal cranes.
Flat beam specimens with one-sided incision were used for the studies. They are made of sheet low-carbon ferrite-pearlite grade St38b2 steel
(similar to St3sp), and are carved from the bottom and back shelves of the trunk, as well as the right wall of the column of portal cranes of
the Albatross type, operated for 28, 36 and 45 years in the port of Kherson. The number of samples from each element is 10. The cut-outs of
the samples were chosen taking into account the scheme of the acting stresses in the designs of the crane elements. The flat specimens were
loaded with a cantilever bend on a rigid load type test machine with a frequency of 16 Hz, with a cycle asymmetry of 0.05 (close to the
sinusoidal shape of the cycle) and an ambient air temperature of 20°C. The values obtained were averaged for each sample group. The
results of the experimental studies show that: 1) absorbs the experience of gantry cranes on the characteristics of the fracture toughness of
St38b2 steel structures; 2) the increase of time leads to the intensification of the growth of the crack in the low- and medium-amplitude
sections, in particular in the range of values K = 12... 30 MPa - m1 / 2 the velocity increases in 1.5-2 times. However. within the high-
amplitude region, the differences between the velocities are insignificant;3) the characteristics of the fracture toughness of the samples of
metal structures of gantry cranes with a time of 28, 36 and 45 years have not changed significantly.

Keywords: gantry crane, corrosion, St38b2 steel, fatigue crack growth rate.

IocranoBka npodaeMu

Haii6inpi po3noOBCIOKEHUMH TIEPEBaHTAXYBAILHUMH MalllMHAMHU PIYKOBHX TOPTIB € MOPTAJIbHI KPaHH,
3a JIOTIOMOTOI0 SIKHX BHKOHYIOTH OCHOBHHH 00’€M po3BaHTaXyBalbHHX poOiIT. Bix ix magiitHoi Ta Ge3nmepepBHOI
poOOTH 3aNeXUTh MPOAYKTUBHICTH TOPTy. OcoOIMBY yBary NMpHIUISIOTH €JIeMEHTaM METAJIOKOHCTPYKIIH, Tak K
MTOHAJHOPMOBA Ta TPHBAJa iX €KCILTyaTallis B peXXUMi IHTEHCHBHOTO IIMKJIITHOTO HABAaHTAXKEHHS Ta B CYKYITHOCTI 3i
3MiHOIO (Di3UKO-MEXaHIYHMX BJIACTUBOCTEH BHACHIOK KOPO3ilHOI jAerpanmamii MeTany 3arocTproe MmpodieMy
nomko/kyBanocti  [8—12]. HeOesneka KOpoO3iHHMX NOMIKO/OKEHb B TOMY, IIO BOHHM MOXYTh CIIyTyBaTH
KOHLIEHTPAaTOpaMH BTOMHUX TpimuH. CIif 3a3HauWTH, IO MiJ Yac iX MPOEKTYBaHHS KOHCTPYKTOPH YCTAHOBHIIH
YUMaJli 3aracy MiIHOCTi. 3a YMOB BIJICYTHOCTI JIOCTaTHHOTO (hiHAHCYBAHHS aKTYaJIbHOIO 3a]a4er0 € BCTAHOBJICHHS
pecypcy KpaHiB, KOTPHI BU3HAYa€ThCS OIIPHICTIO BTOMHOTO PyHHYBaHHS IIOPTaJIbHAX KPaHIiB.

AHnaui3 nyGaikauii

Awnari3 npoBeaeHux gociimkens [1-12] mokasas:

1) MinHiCTs Ta TIACTHYHICTH CTATI KOHCTPYKINi KpaHiB, siKi HampaioBaan Oinbire 30 pokiB, iCTOTHO He
3MIHWJIKCS, 3aTe TOTIpIIMIacs yaapHa B’ I3KicTh MeTary, TOOTO HOro OMipHICTh KPUXKOMY pyiiHyBanHO [1-7, 13];
TOMY MOKHA MIPHUITYCTHUTH, IO MOTIPIIUTECS 1 OIip BTOMHOMY PyHHYBaHHIO.

2) KOpO3iiiHi YIIKOIKEHHS METAIEBUX KOHCTPYKILM MOPTAIbHUX KPaHIB MAIOTh BUIVISJ 3B UM MOBEPXHEBUX
VILIKOKEHD, HOCAThH BHIIAJIKOBHI XapaKkTep Ta iCTOTHO BIUIMBAKOThH Ha 3AJMIIKOBY JOBroBiuHicTs [1-7, 13];

3) 3i 301IBLIEHHSAM TEPMIHY CIIY>KOU 3HIKYIOTBCSA MEXaHiuHi XapakTepucTuku MaTepianis [1, 5, 13];

4) BIIUB HANPALOBaHHS HEOJHO3HAYHO MMO3HAYAETHCS HA MEXaHIYHUX XapaKkTepucTukax sromu [1-7, 13].

Meroto poOOTH € BCTAaHOBJIGHHS BIUIMBY HAlpallOBaHHS B yMOBaX arpeCHMBHOIO CEpElIOBHUILNA Ha
XapaKTEePUCTUKH TPILIMHOCTIHKOCTI 3pa3KiB METAIIOKOHCTPYKIIH MTOPTAIbHUX KPaHiB.
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Bukiag ocHOBHOro MaTepiany
Jist ocItiKeHb BUKOPUCTAHI TUIOCKI 0aN0O4Hi 3pa3Ku 3 OJHOCTOPOHHIM Hazapizom (puc. 1). BurorosneHi 3
JIFCTOBOI HU3BKOBYTJIEIIEBOI (pepuro-mepiiTHOro kmacy craimi St38b2 (amamor Cr3cm) Ta BHpizaHi 3 HIKHBOI Ta
3aIHBOI MOJHIB X000Ta, a TAKOX TPaABOi CTPUIM MOPTAJbHHUX KpaHIB TUIY «AJBOATPOC», M0 €KCIUTyaTyBaJHCS
npotsiroM 28, 36 i 45 pp. B piukoBoMy mopTy XepcoHa. KimbkicTh 3pa3kiB 3 KOXKHOTO erneMeHTa — 1mo 10.
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Micns BupizaHHS 3pa3KiB BHOHMpPAIHCh 3 BpaxyBaHHAM CXEMH JIFOYUX HANPYKEHb B KOHCTPYKIIAX
eneMeHTiB KpaHa. J[ms 3a0e3nedeHHS HEOOXiTHUX PpO3MIpIB MICHsA BHUpI3aHHSA 3pa3KW OCTATOYHO INLTi(yBamm
(BimxuieHHS po3MipiB He mepeBumryBand +0,02 mm). s MOKpaIIeHHs CIIOCTEPIraHHA 32 PyXOM TPIIIHHU OOKOBi
NOBEPXHI poOOYOT YaCTHHH MOJIPYBaJH, IO JO3BOJIMJIO 32 JOIMOMOIOK Mikpockoma 3 ToyHicTio go 0,01 MM
Bi3yaJIbHO PEECTPYBATH JOBXKHHY TPIIIMHM. Y TpOLEci AOCIIKEHb Ha 3aJlaHUX pexHuMax BHIPOoOyBaHb 32 oOoMa
MOJIPOBaHUMH OIYHMMHM TOBEPXHSMH 3pa3KiB IEepiOJUYHO BHUMIpPIOBAIM JOBXMHY TpimHu. [lpu npomy
(ikcyBanocst BiAnoBigHe uynciao MMKIIB. [T1ocki 3pa3ku HaBaHTa)KyBaJld KOHCOJHHUM 3TMHOM Ha BHNPOOYBaNBHIH
MAIllMHI 3 JKOPCTKMM THIIOM HaBaHTaXXCHHs, dyacTororo 16 I'm, 3a acumerpii mukiay R 0,05 (maOmmkena o
CHHYCOInabHOT (HOPMH IIMKITY) Ta TeMIlepaTypH 30BHIIIHbOro noBiTps 20°C.

OTprMaHi 3Ha4eHHsS YCEPEIHIOBAIM Ul KOXKHOI IpymH 3paskiB. 3a OTpUMaHUMH JaHUMH OyAyBajH
KiHeTHYHI JiarpaMd BTOMHOTO PyHHYBaHHS «MaKCHMaJbHE 3HA4YCHHS KOeQillieHTa IHTEHCHMBHOCTI HAaINpYXCHb
(KIH) Kmax — mBuakicts pocty Tpiuuau da/dNy (puc. 2) 3a metoaukoro [5].

Tak SK TOBIIMHHU 3pa3KiB JJIs BUNPOOYBaHb HAa IMUKITIYHY TPIMIMHOCTIHKICTH 1 METaJIeBUX KOHCTPYKIIN
OJTHAKOBI, TO 3 MEBHOIO WMOBIPHICTIO MOXKHA NPUIYCTUTH, MO i OIBHUAKOCTI POCTY TPIMIMHU JJIS JAHOTO MAIOTh
Oytn HabmmxeHi. e m03BOs€ BUKOPHCTOBYBAaTH OTpUMaHI KiHETHYHI JiarpaMul JJIsl MPOBEACHHS iH)KEHEPHUX
PO3paxyHKiB Ha JOBTrOBIYHICTh Ha cTafil mpoekTyBaHHA. Il yac mocmimkeHb 2 3pa3Ku NepeayacHo BHALUIH 3 Jaxy
BHACJIJIOK MPUXOBaHHUX Ae(deKTiB B MeTali, KpiM Toro Ha 10 3pa3kax crocrepiranocs CIOBIIbHEHHS IIBHIKOCTI
PO3IOBCIOIKEHHSI TPILINHH.

3a OTpUMaHUMH EKCIIEPUMEHTAIbHUMH IaHUMHU po3paxoByBaiu koediuieHTH C 1 n, XapaKTepHUCTHKH
UKJIIYHOT TpilMHOCTIIIKOCTI MaTepiany Ha ninsHui [lepica, 3a 3anexHictio (1); pe3ynbraTi HaBeaeHi B Ta0m. 1:

d—a=CAK". (1)
dN

SIk mokazaB aHasli3 3pa3KiB METAIOKOHCTPYKIIH KOPO3iiiHi YIIKOIKEHHs NPOSBISIIOTHCS y BUMISAML 3B Ta
MOBepXHEBHX JAedexTiB. MeranorpadiuHuii aHaii3, MPOBEJCHUI 3a OMOMOIOK ONTHYHOTO MIKPOCKOIY, ITOKa3aB
BIZICYTHICTh MDKKPUCTAIIYHOT KOPO3Ii.

3a 3a/1aHOT acUMeTpil LMKy eKCIUTyaTallisl CTajll He BIUIMHYJIA Ha IIBUIKICTh POCTY BTOMHOT TPILLIMHH.

3 OTpUMAaHUX EKCIEPUMEHTAIbHUX KIHETUYHUX JiarpaM BTOMHOI'O PYHHYBaHHS MaTepially BCTAHOBJICHO,
mo 30UTPIICHHS HAIMpAalIOBaHHS MPU3BOAWTH 10 iHTeHcH(ikamii pocTy TpIMIMHA Ha HU3BKO- Ta
CepeIHbOAMIDTITYTHUX TUISHKAX, 30KpeMa B Jiama3oHi 3HaueHb Kmax=12...30 MITa-MY2 mBuakictsh 30LTBIITY€THCS
y 1,5-2 pasu. OpHak B MeXaxX HU3BKO- T4 BHCOKOAMILTITYTHOI TUISHKH PO301KHOCTI MiXk IIBUJKOCTSAMH HE3HAYHI,
[0 Y3TO/UKYEThCS 3 IAHUMU HABEJCHUMH B JIITEpaTypHUX mxepenax [5, 13].

Tabimns 1
XapaKTepuCTHKH HUKJIIYHOI TPIlIMHOCTINKOCTI 3pa3kKiB 3 craJi St38b2
XapaKTepUCTUKH IIUKIITYHOT ..
Enemenr xpana HanpartroBaunsi, p. TPINIMHOCTIHKOCTI Koe(blmelf
C . KOPEJISILT

28 6,12-102 2,76 0,97

Xo6ot 36 8,5-1012 2,74 0,96
45 1,4-101 2,67 0,98

28 5,81-102 2,84 0,97

Crpina 36 8,46-1012 2,79 0,96
45 1,07-10 2,81 0,98

BucHoBkn

3a OTpUMAaHUMHU PE3yJIbTaTAMH EKCIICPUMCHTAIBHUX JOCIKEHb BUIHO:

1) Ha XapaKTEPUCTHKH TPIIIUHOCTIAKOCTI 3paskiB METAJOKOHCTPYKHid 3i crami St38b2 BmnuBae
HAIpPAIIOBAHHS MMOPTAJIbHUX KPaHIB;

2) 30iIbIIEHHsT HANpPAaIlOBAaHHSA MNPU3BOJWTH 1O iHTeHCH(]IKalii pocTy TPI[MHA Ha HHU3BKO- Ta
cepeNHpOAMILTITYAHUX AiAHKAX, 30KpeMa B Jiana3oHi 3Hadenb K=12...30 MIIa-MY? mBuaKicTs 36imbIIyeThCS ¥
1,5-2 pasm.. OnHak B MeKaxX BUCOKOAMILTITYIHOT JUITHKHA PO301>KHOCTI Mi’K IIBUAKOCTSIMH HE3HATHI,
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3) XapaKkTepUCTUKH TPILIUHOCTIMKOCTI 3pa3KiB METAIOKOHCTPYKIiil MOPTaIbHUX KPaHIB 3 HAIPALFOBAHHAM
28, 36 145 pokiB 3MIHWINCH HE CYTTEBO.
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Puc. 2. Kinernuni giarpamu BToMHOr0 pyiiHyBaHH# 3pa3kiB 3 craji St38b2, Bupizanux 3 xo6oty (a) Ta crpisu (0), 0 HanpawBaIN
28 (1), 33 (2) Ta 45 (3) pp.
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