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DYNAMIC PROPERTIES OF SMALL-SIZED
BUNKER CAPACITIES FROM SMALL
GRAINED HEAT-REINFORCED STEELS

Abstract: The purpose of this publication is to present
the results of the analysis of dynamic properties and their
changes for small-sized bunker capacities made of steels of
different strength levels. The structure of a steel bunker of
bypass for the supply of charge materials for blast furnaces
designed for PAO Severstal is the object of research. The
design of the bunker capacity made of two types of steels
of different strengths - C255 (St3sp5 and Ct3ps5) and
C440 (10G2FB) grades was analyzed. The research was
done using the finite element method based on the SCAD

for Windows design complex. As a main result it was



concluded that increased strength of steel for the container

structure reduces the natural frequency values by an

average of 15% for every 100 MPa of increase in strength.
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MaJOMICHUX OyHKEPHUX €MHOCTEH 31 CTajed PIZHOro PIBHS
MilIHOCTi. OOG'€KTOM JOCIHIPKEHHSI € CTPYKTypa CTaJIEBOTO
OyHkepa Oairaca g mojayl 3apsAgHUX MaTepiaiiB s
JOMEeHHUX mederd, po3pobienux it [TAO "Cesepcrams'.
[IpoananizoBaHO KOHCTPYKIIIFO OYHKEPHOI €MHOCTI 3 JBOX
THUIIIB CcTaJIe pi3HOi MiHOCTI - Mapku C255 (St3sp5 1 Ct3ps5)
ta (C440 (10G2FB). J[lochimkeHHs NPOBOAMIOCH 3a
JIOTIOMOTOI0 METOJIy KIHIICBUX €JIEMEHTIB, 3aCHOBAHOTO Ha
npoektHoMy komruiekci SCAD mms Windows. B skocrti
OCHOBHOTO pe3yJbTaTy OyJio 3poOJIeHO BHCHOBOK, IO
MiIBUINCHA MIMHICTh CTajl JUIi KOHCTPYKII KOHTEHHEpa
3HIDKYE TIPUPOJHI 3HAYEHHS YacTOTH B cepeaHbomy Ha 15%
Ha koxkHi 100 MITa 301/1b11IeHHS] MIITHOCTI.

Kuo4oBi ciioBa: 1uHaMiyH1 BIaCTUBOCTI, IPiOHO3EpHUCTA

CTajb, EMHICTh OyHKeEpa.

CraneBi OyHKEpHI €MHOCTI Ha Temep € OCHOBHUM
BUJIOM JINCTOBUX CIOPYJ, NMPU3HAYECHUM JJIsl 30epiraHHs
PI3HOMAHITHUX CHITYYHUX MaTepialgiB B pPI3HUX Tally3sX
IIPOMUCIIOBOCTI. B mportieci ix poO0oTH BHHHUKAE I1iJ1a HU3KA

cnenu(pIYHUX JMHAMIYHUX BIUIMBIB, TIOB’SI3aHUX 13 PyXOM



CUITy4Oro Matepiajly miJi yac MOoro 3aBaHTAXKEHHS Ta
BUBAaHTAXCHHS. ToMy nmpoOjiemMa  JOCTIDKEHHS Ta
KepyBaHHSI JIMHAMIYHUMH BJIACTHUBOCTSIMHU OyHKEpPHUX
€EMHOCTEH € JIOBOJI aKTyaJbHOI Ta BaxiuBow [1].
BiacyTHICcTb 1i pillieHHS 4aCTO MPU3BOJIUTH 10 BUHUKHEHHS
aBapiiHUX CUTyallil Ta BIIMOB TaKUX CIOPYJ, Kl TATHYTb
3a co0010 3001 B pOOOTI IMITMX TEXHOJOTTYHUX KOMILIEKCIB
[2].

JIoBOJII MEpPCHEKTHBHUM HAIPSMKOM PIIIEHHS JaHOi
npoOIeMH, SIKOMY TMPAaKTHYHO HE MPUIIIAETHCS yBardm B
Crieliali3oBaHiil JiTepaTypi, € 3aCTOCYBaHHs CTajied 3
MOKPAIICHUMH MEXaHIYHUMH XapakTepucTukaMu. O HUM 3

PI3HOBU/IIB



TaKMX CTajied, ki HaOyBalOTh BC€ OLIBIIOrO MOLIMPEHHS B
VYkpaini Ta B CBiTi, € IpiOHO3EPHUCT] TEPMO3MIIIHEH1 CTaJi.
[X BHpOBa[KEHHS TaKOXK IiATPUMYETHCS HOBITHHOIO
HOPMAaTUBHOIO 0a3010 YKpaiHW B raiy3i MNPOEKTYBaHHS
METaJOKOHCTPYKLIH — ctangaptoMm [3]. o Takux cranei
HajeXaTh, Hampukiaa, craib 10I20b, ska ocTaHHIM
4acoM CTaJia JIOBOJII MOMYJSIPHOIO JUIsl KOHCTPYKIIH, IO
MPAaLOITh B CKIAAHUX yMOBax [4]. BoHa BiZHOCUTBCS 10
kinacy MinHocTi C440. OxpiM MiIBHUILEHOI MIITHOCTI
(rpanuns tekydocti 430 MIla 1 rpanuns mimHOCTI 520
MIla) taka ctaib Ma€ TOCUTh BUCOKI MOKA3HUKH yJIapHOI
B’s3kocTi (32 imgexkcom KCV ™' ma piBHi He Hmxue 59
Jix/cm® 1 3a ingekcom KCU® ma piBHi He Hmkue 39
Thx/cm?).

B eBpomelicbkii  TPaKTUIll ICHYE  CIEUiaJbHUAN
CTaHIAapT Ha  JaHUM  PI3HOBUJ  JPIOHO3EPHUCTHX
TEPMO3MIITHEHUX cTajed [5], SKuil MICTUTh HEOOXIJHY
TEeXHIYHY 1H(OpMAIlI0 CTOCOBHO 8 TakuxX crajiei (KiaciB
Bim S275 1 nmo S460). Ilomibny crtanh e(peKTHBHO

3aCTOCOBYIOTH Il OYIIBEIBHUX  KOHCTPYKIIIHA, IO



MPaLoIOTh B CKJIAJIHUX YMOBax [6].

Mertorw nanoi myOmikaiii € BUKIIQIEHHS pPe3yJbTaTiB
aHajizy JWHAMIYHUX BJIACTUBOCTEM Ta I1X 3MIHU A
MaJOpO3MIpHUX OYHKEPHUX €MHOCTEHM, BHUKOHAaHMX 13
cTajei pi3HOTO PIBHS MIITHOCTI.

O06’exkT nocaigxenb. B sxocTi 00’€KTy HOCTIIKECHD
po3risganach KOHCTPYKIlisl CTaJIeBOro OyHKepa 0OBIIHOTO
TpaKy IMojadi MMUXTOBUX MaTepiajiB AJisi JOMEHHUX Meye.
byHkepu cnemiaJibHO MPOEKTYBAIUCh 3 YpaXyBaHHAM
poOOTH 3a TMOHWKEHUX TEMIIEpaTyp JIsi YMOB TIBHOMI.
[IpuitnsiTe neranbHE KOHCTPYKTUBHE PIIIEHHS OYHKEPHOI
€MHOCTI OINHUCAaHO B PoOOTI [7]. 3aBBaXUMO JHIIE, MO
EMHICTh  fABJISIE  CO0OI0  MipaMidalbHO-NIPU3MATHYHY
CHOpYIy 3arajibHol0 BHCOTOIO 4,5 M 00yMOBJIEHY
TEXHOJOTIYHUMU  BuUMoramu. Ilpm 1pOMy  BHCOTa
nipamigaibHOi 4acTUHU craHoButh 4,0 M 1 BHcCOTa
npU3MaTUYHOI YyacTUHU cTaHoBUTH 0,5 M. KoHCTpykilis €
CUMETPUYHOI0O B 000X TUIONMHAX. Po3Mipu €MHOCTI
MoBepxy  JOpiBHIOIOTE 6,052 M, a  po3mipi

pPO3BaHTaXyBaJbHOTrO OTBOPY — 1,2X%1,2 M. Haxunm rpaneit



nipamifabHOI YaCTUHHU YTBOPIOIOTH KYTH 13 TOPU30HTOM B
59 m®e i 63 me, BignoBigHo. [loBHHIT 00’eM OyHKepa
CTaHOBUTH 68 M’, KOpuCHHIT 00’eM — mopsaky 40 w’.
Cumyuyum matepianiom, 30epirants sIKOro nepeadayvyaeThes
B €MHOCTI, € CKpam OIUIaKOBaHWW, TYCTUHA SIKOTO
BiNMOBIZHO 10 BMXIZHMX JaHHX cArac 3 T/M°, a KyT
BHYTPILITHBOTO TEPTS — 45 .

[Ipoliec 3aBaHTa)KEHHS CUITy4OrO Marepiaidy B €MHICTb
BIJIMOBIAHO /IO TEXHOJOTIYHMX YyMOB TiepeadadaeTbes
aBrocamocBaiami. [Ipu 11boMy 00CST CHITy4Or0 MaTepiany,
SKUH OJTHOPA30BO BUBAHTAXYETHCS B €MHICTh, CTAHOBHTH
omu3pko 50 1. B cBOro dYepry BHBaHTaXEHHS CHITy4OIO
Marepialy 3 €MHOCTI  CYIPOBOJDKYETHCS €O
CHeIlaIbHOTO BiOpOMiTaTEeNs, KU KOPCTKO 3aKPIIUICHUN
Ha KOHCTPYKIli camMoi OyHKEpHOi €MHOCTI. 3a JaHUMHU
3aMOBHMKAa  pPEXKHUM  POOOTH  IBOTO  MPHUCTPOIO
nepeadavaeTbCs JIOTO00O0BUM. KoHcTpyKTHBHO
BiOpormiTarens Mae podouy 4acToTy koiauBanb 50 ['11.

MeTtoa nociinkenb. B sKocTi METOAY JOCHTIIKEHD IS

OIIIHKM Ta aHaji3y JWHAMIYHUX BJIACTUBOCTEH CTaJeBOl



OyHKepHOi €MHOCTI OyB oOpaHWN METOJ CKIHYCHHUX
€JeMEHTIB. 3aBIsSKM HUBII JIOBOJII BIIOMUX TepeBar Ta

MOYJIUBOCTI



aHaNi3y CKJIQJHUX TPOCTOPOBHX KOHCTPYKIIH METOA €
HAWOLIBII BIATUM ISl pillleHHs c(OpMYJIbOBAHOI 3ajadi.
[IpakTryna peainizailisi METOIy CKIHYEHHX €JIEMEHTIB OyJia
oOpana Ha 0a3i TPOEKTHO-OOUYNCITIOBAILHOTO KOMILICKCY
SCAD for Windows, sixuii € po3poOkoro gaxiBuiB YKpainu
[8].

Metoguka fmocaigxenb. B xoml  gociiikeHb
IIPOBOJIMBCS] MOAAJIBHUIA aHaNI3 JJIsl IOPOKHBOI OYHKEPHOI
€MHOCTI, TOBHOI OYHKEPHOI EMHOCTI, @ TaKOX MpHU PIBHA 1i
3aBaHTaxyBaHocti B 1/4, 1/2 1 3/4 m1OBHOI BHCOTH.
Cumyunit MmaTepial MOICIIOBABCA MPUKIIAJaHHSIM TUCKY Ha
MOBEPXHI €MHOCTI, SIKI CTBOPIOBAIM HEOOXITHI 3HAYCHHS
auHAMIgHUX Mac. [Ipu 11b0My BUKOPHUCTOBYBAIUCH OKpEMi
HAIpPAIIOBAHHS MO0 MOJIENIOBAaHHS I'PYHTOBHX MAacCHBIB,
npeacTaBieHi B [9].

AmnanmizyBanach KOHCTPYKIIsl OYHKEpHOI €MHOCTI,
BUKOHAHOT 3 JIBOX BHUJIB CTajeld pi3HOi MIIHOCTI
BIJIMOBIAHO JI0 BITYM3HAHOTO cTaHAapty [3] — kiaciB C255
1 C440. o nepmoro kiacy C255 BITHOCATHCS CTall MapoK

Cr3cn5 1 Cr3ncS5, 3 AKX TpaaulidHO BHUKOHYIOTH



oyukepa. Jlo wmacy C440 BimHOCUTH JpiOHO3EpHUCTA
TepMidHO3MilHeHa cTaib 101 2Db, sxa po3rismaerbes sk
anbTepHAaTUBA TpaauLiiiHUM cTtansMm [4]. g KOXHOro
BapiaHTy MOMNEPEIHbO BUKOHYBABCS CTAaTUYHUN aHaMI3 1
mia01p mepepi3iB OCHOBHUX KOHCTPYKTUBHUX €JIEMEHTIB.

PesyabTatn gochimkenn. Ilomepen Bchoro cimia
3aBBAXUTH, 10 YACTOTHUU CIIEKTP SK TMOPOKHBOI, TaK 1
3aBaHTaXEHOI Ha pI3HUX PIBHAX CTaleBOi OYHKEPHOi
€MHOCTI € JpoBoim IuIbHEM. Ile BIZHOCHTBCS 10
3aCTOCYBaHHA CTalied OyAb-sIKOTO PIBHS MIIHOCTI, TOOTO
BiH SIKICHO HE 3MiHI€E cutyarito. lle nmemo yckiamgHioe
aHaii3 MapUIiHUX XapaKTEPUCTHK JUJISl PI3HUX EJIEMEHTIB
KOHCTPYKIII €MHOCTI, a/pkKe HEOOXITHO JOCUTh TOYHO
BIJICIIIIKYBaTH 3MIHY KOXXHOi 3 HHX, BHUIUIMBIINA 13
3arajibHOl MacH.

BiamosigHo hifo) IIEBHO1 dbopmu KOJINBaHb
BIJICJIIIKOBYBAJIMCh BJIACHI TApIIMHI YacTOTH KOJUBaHb.
Bonu HaBeneni B Tabi. 1 1 Tabn. 2 ayig pi3HUX €JIEMEHTIB
KOHCTPYKIUIi pO3IJISIAYBaHOI CTajgeBOi OyHKEPHOI €MHOCTI

Opy  PI3HUX  PIBHAX  3aBAaHTAXKYBAHOCTI  CUITyYUM



MarepiagoM. YacToTw 3rpymnoBaHi BIAMOBIIHO JO PIiBHA
MIIIHOCTI 3aCTOCOBaHOi cTami. Hymepaiiisi rTopu3oHTaIbHUX
pebep KOPCTKOCTI Ta [JUISHOK CTIHKM MIK HHUMHU
MOYMHAETHCA 3BEPXY OYHKEPHOT EMHOCTI.
Tabauys 1. TlapiiifiHi 4acTOTH BIIACHUX
KOJIMBaHb CTajeBOi OyHKEpHOI €MHOCTI,

BUKOHAHOI 31 cTam kiacy C255

[Tapmiitaa gactora (I'mx)

Ng Enement IIpH piBHI
€MHOCTI 3aBaHTaXyBaHOCTI
€MHOCTI

0 1/4 | 172 | 3/4 1

1 | Bynkepna Oanka 38, | 38, |37,5] 36, | 35,5
69 69 7 96 8

2 | 'opuzoHTaNIbBHE 30, | 30, (29,4 | 12, | 9,12
pedpo Ne 1 34 | 34 8 94

3 | 'opuszonTanbHe 41, | 39, [ 16,6 | 11, | 9,52
pebpo Ne 2 17 | 73 1 80

4 | 'opuzoHTaNBHE 69, | 64, [42,6 | 32, | 28,2

pedpo Ne 3 96 | 45 6 89 1




Hinsaka ctinku Ne 1| 43, | 43, [ 37,3 | 22, | 13,7
58 | 58 9 87 5
Himstaka criaku Ne 21| 36, | 32, | 28,1 | 13, | 9,95
83 | 41 9 95
Hinsaka ctinku Ne 3| 43, | 41, | 18,5 | 13, | 10,2
09 | 68 9 40 6
HMinsaka ctinku Ne 4| 58, | 27, [ 20,0 | 15, | 12,3
51 | 38 2 51 3




Tabauys 2. TlapiiiitHi 4aCTOTH BJIACHUX

KOJIMBaHb CTajeBOi OYHKEPHOT EMHOCTI,

BUKOHAHOI 31 cTani kiacy C440

[Tapmiitna yactora (I'n)

Ng Enement IIpH piBHI
€MHOCTI 3aBaHTaXyBaHOCTI
€MHOCTI
0 1/4 | 1/2 | 3/4 1
1 | Bynkepna Oanka 31, | 31, (30,4 |28,4 |269
75 | 75 9 51 3
2 | 'opuzoHTanbHe 26, | 26, | 22,7 (9,07 | 6,77
pedpo Ne 1 18 18 9
3 | 'opuzonTanbHe 33, 32, (12,7 11,4 | 6,00
pebpo No 2 96 | 88 7 2
4 | 'opuzoHTaNIBHE 47, | 47, 26,9 (23,5 ]19,2
pedpo Ne 3 9% | 41 1 0] 3
5| Humsgaka criaka Ne 1| 32, | 31, | 31,3 | 16,6 | 9,32
87 | 85 8 5
6 | Jinsuka crigkm Ne 2 | 29, | 26, | 23,2 | 10,1 | 6,68
70 | 27 7 0




7 | dinsuka crigkm Ne 3 | 35, | 34, | 12,4 |7,56 | 6,93

69 | 47 0
8 | Hinsaka crinku Ne 4| 46, | 17, | 10,6 | 10,5 | 8,87
12 86 4 1

Sx BUIHO 13 TPEICTAaBICHUX B TAONMIIX PE3yIbTATIB
BJIACHUN YaCTOTHHMM CHEKTP CTaJeBOi OYHKEPHOI €MHOCTI
3HUKYETHCS 13 301JIBIISHHSIM PIBHS MIITHOCTI 3aCTOCOBAHO1
craml. KuipkicHo 1€ craHoBuTh Big 15 mo 45 % B
3aJIeKHOCTI BIJ PIBHA 3aBaHTAXyBAHOCTI OyHKEPHOI
emHocTi. CaMm  piBeHb  3aBaHTaXXyBaHOCTI  €MHOCTI
IPU3BOJIUTH JI0 CYTTEBUX 3MIIIEHb CHEKTPY BJIACHUX
4acTOT B HUXYY CTOPOHY, IMOPIBHSHO 13 TOPOKHBOIO
KOHCTPYKITIEIO — JJIT OKPEMUX KOHCTPYKTHBHUX €JIEMEHTIB
3HWKEHHS Jocsirae 5 pa3. B mpakTuil 1e npu3BOAUTH 10
TOro, IO BHHHUKAE HEOOXIIHICTH B 3MEHIICHHI YacTOTHU
KOJauBaHb BiOpomiTarens. HaiOinemm AOHUIBHUM NpH
IbOMy € TUIaBHE PETYNIOBAaHHA YacTOTH POOOTH
BiOpomniTarens B aiana3oHi g0 50 ' 3amicTh #oro cramoi
pobOTH 3 AaHOK YacTOTOIO, IO 1 OyJI0 PEKOMEH]I0BAHO

PO3pOOHUKAM.
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CAPACITIES FROM
SMALL-GRAINED
HEAT-REINFORCED STEELS

The purpose of this publication is to present the
results of the analysis of dynamic properties
and their changes for small-sized bunker
capacities made of steels of different strength

levels. The structure of a steel bunker of bypass



for the supply of charge materials for blast
furnaces designed for PAO Severstal is the
object of research. The design of the bunker
capacity made of two types of steels of different
strengths - C255 (St3sp5 and Ct3ps5) and C440
(10G2FB) grades was analyzed. The research
was done using the finite element method based
on the SCAD for Windows design complex. As a
main result it was concluded that increased
strength of steel for the container structure
reduces the natural frequency values by an
average of 15% for every 100 MPa of increase

in strength.



