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IHHOBAIIIi B CYTHOBYYBAHHI TA OKEAHOTEXHIIII XIV MikHapoaHa HAYKOBO-TeXHIYHA KOH(pepeHuis

BucHoBKH.

1. By3on mepeTHHy MOB3JOBXKHBOTO pedpa KOPCTKOCTI JAHUINA Ta (JIOpy BHUIPOOOBYE SIK
HABaHTKEHHS MICIICBOTO XapakTepy, TaK 1 BiJl 3arajJbHOTO IOB3IOBXHBOI'O 3THHY KOPIYCY Ha
XBHJIIOBaHHI. TaKuM YWHOM, BETMYMHA BTOMHOT'O TOIMIKOPKEHHS CYTTEBO HE 3MIHIOETHCS.

2. By3om mepernHy INMAHrOyTy i3 MOABIHHMM [HOM BHIIPOOOBYE JIMIIE HABAaHTAKCHHS
MICIIEBOT'O XapaKTepy, IHTEHCUBHICTD SIKUX 3pOCTa€ y KiHIEBOCTAX. LluM 00yMOBIIOETBCS 3pOCTaHHS
PIBHS BTOMHOTO TTOIIKO/PKEHHS By3J1a Y HOCOBIM YaCTHHI KOPITYCY OUTBII HIXK y 2 pa3u B MOPIBHSHHI 3
paifoHOM Mi/IeIb-IIITaHT 0y Ta.
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Research of fatigue damage variation of typical structural joints of dry-cargo ship along its
length
Dmytro Lytvynenko, Leontyy Korostilyov, Vlad Sotsenko

Annotation. Beam models of hull structures of the dry-cargo ship has been developed. Structural
loads with moderate exceeding probability level of side and double bottom structural joint and bottom
longitudinal and floor structural joint are determined. Variation of fatigue damage of mentioned typical
structural joints along the ship’s length is determined.

Keywords: fatigue strength; structural joint; beam model; finite element analysis
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DEPENDENCIES FOR THE OPTIMAL DESIGN PARAMETERS OF THE BEAM-WEB
WITH BEND OF EDGES UNDER STATIC LOAD IN ELASTIC STAGE

Sokov V.M.,
assistant of the Department of Structural Mechanics and Ship Construction of Admiral Makarov
National University of Shipbuilding, Nikolaev, Ukraine,
valeriy.sokov@nuos.edu.ua,

Abstract. There are offered dependencies of determination of optimal design geometrical
parameters of the beam-web with bend of edges. The beam-web is under static load and there are only
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elastic strains takes place even in the stress raiser. The mentioned dependencies were developed on
basis of expressions of the theoretical stress concentration factor for tension-compression. There are
two problem statements for the optimal design is reviewed. The objective function is aimed to
minimize mass and manufacturing laboriousness.

Keywords: optimal design, optimal parameters, objective function, minimization.

Introduction. In constructions there are beams with bend of axis without a free flange, which
may be attached to the top curvilinear/broken edge (fig. 1).

L .
noon
v - ST
/ r 5 |
a —
£ 4 ] K " L
\ 7 [" 3]
~l A ‘ -

Fig. 1. General view of a beam with break of web without a free flange

Such beams are affected by the axial loading p;, caused for example by common bending of a
ship hull and bending loadings p», caused by local deformation of grillage. For nowadays there are no
systematic relations for calculation of its strain-stress state (SSS) and design. Studies were passed for
tension-compression as for the most dangerous state.

In the articles [1, 2, 3] there are presented relations for theoretical stress concentration factors. In
the paper [4] there are offered diagrams of optimal design parameters and (very) brutal approximating
primitive formulae which can't be used in optimal design practice.

In this work there are offered relations of optimal design geometrical parameters under static
external loading p;, which cause only elastic deformation in the whole beam-web.

Main part. The problem statement of the optimal design of the beam-web (fig. 1) is that it is
necessary to find out its optimal geometrical parameters, which provide minimum of prime cost and
mass.

It is considered that there are desired/fixed quantities are relation H/h and the stress
concentration factor magnitude, but varying quantities are o and 7/h, optimal values of which can
provide minimum to some objective function. Objective function provides minimization of mass,
produce time and cost and wastes. In the result of optimal investigations for tension-compression and
bending there were data stored for its further handling and appropriate graphs were created.

An optimal value of the angle o for the fixed values of the stress concentration factor k; for
tension-compression is possibly to define by the next relations:

(0,09In H, +0,12) arctanh (sin ((% +2, 38} -(k, - I)D ,
n

h
o= skio H —h > r(1—cosa) — KpoMKa 5 iCHYE;
(L55H, —0,24)k, —1,51H, +0,22, sxwo H —h > r(1—cos ), (D

sxmo H —h < r(1—cosa) — KpOMKH 5 HEMae,

SKIIO O >§—>oc =g, a0 o < 0,1396, (8°) = a. = 0,1396;

H,=H/h, a,rad.
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An optimal value of the relative radius /A for the fixed values of the stress concentration factor
ki for tension-compression is possibly to define by the next relations:

r 0,31tanh(l,68H, —1,47)
n 1n(0,83%,)

skmo r/h>1—>r/h=1, axkmor/h<0,05—>r/h=0,05 (2)
H,=H/h, o,rad.

—0,21tanh(2,16H, —1,94),

Formulae (1), (2) are valid for the next restrictions:

8°<a<90° 0,05<r/h<l, 1,2<H/h<3, 1,2<k <3. 3)

The particularity of the formulae (1) is that for the fixed stress concentration factor 4; it is not
known is rectilinear edge 5 exists or no. That’s why it is necessary for the fixed k; to check the next
condition

k, <k, — KpomKa 5 icHye, Kk, =k, —> KpOMKH 5 HEMae,

(4)

k, =0,56tanh(1,98%—1,477j,

Relation for a and »/A by (1) and (2) are obtained for the top limitation 7/4 < rj max = 1.

Maximum allowable stress concentration factor km,.x, which have to be acted in (1), (2) can be
found as

o =L )
p-n,

where [c] — allowable equivalent stresses; p — quantity p; or p, (fig. 1);

n; = 1,2 — safe factor for the stress concentration factor.

If the magnitude of the radius 7 is restricted, for example due to technological conditions, the
value of the angle a for the fixed k;, H/h, /h can be calculated from the next expression

p
1,82 (k, —1)(%)

o =16, 7 arctanh 7
tanh(l, 77 - 1,2]

-tanh(l,Z%fo,Sj-(%jy : (6)

B=07-0,16-1 y=—0,04 025 oo
H h

which was obtained from the expression for the stress concentration factor in [1].

Conclusions. Thus in this paper there are presented approximate relations for optimal design
geometrical parameters for two occasions: 1) optimal a and »/2 when there are fixed ki, H/h; 2)
optimal a when there are fixed k;, H/h, r/h. For the 1-st occasion the top limitation /4 < r; max = 1. But
for other limitations of r/A there will other graphs and other approximate dependencies of optimal
parameters. So it’s necessary to tell about one more variable 7, m. in addition to known which
influence for the magnitudes of optimal design geometrical parameters. This problem has to be
investigated in future.

Jlireparypa
[1]. Kopoctunsos JI. 1., CokoB B. M. OneHka KOHUEHTpalluy HaNpsDKEHUH B TUIIOBBIX Oyarax
KOHCTPYKTHBHBIX Y3JIOB Kopmyca cyaHa. 30ipauk HaykoBux npais HYK. Mukomnais: HYK, 2008. Ne 5
(422). C. 11-17.
[2]. CoxoB B. M., KopoctunsoB JI. I. KoHnenTtpauusi HanpsokeHUd B TUIIOBOM OYare TOHKO-
CTEHHBIX KOHCTpYyKIuii. 30ipHuK HaykoBux npaups HYK. Muxonais: HYK, 2010. Ne 1 (430), C. 10-16.

68



IHHOBAIIIi B CYTHOBYYBAHHI TA OKEAHOTEXHIIII XIV MikHapoaHa HAYKOBO-TeXHIYHA KOH(pepeHuis

[3]. CoxoB B.M. IlpyxHo-mnactuure aedhopMyBaHHS CTIHKH Oaikuy 31 371aMOM KpoMmok. BueHi
3anmucku TaBpiliChKOro HalioHaJmbHOrO yHiBepcutery imeHi B.I. Bepnancbkoro. Cepis: TexHiuni
Hayku. Oneca: «'enbBetrnkay, 2021. Tom 32 (71) Ne 4. C. 13-23.

[4]. CoxoB B. M., Kopoctunsos JI. I. [IpoekTpoBaHie KOHCTPYKTHUBHOTO y3J1a KOpITyca CyJHa C
y4eTOM TeXHojorudeckux (axropos. 30ipHuk HaykoBux npanb HYK. Mukonais: HYK, 2010. Ne 5
(434), C. 3-10.

3aj1e:KHOCTI I ONTHUMAJIBHUX NPOEKTYBAJbHMX MapaMeTrpiB O0ajKU-CTIHKH 3i 3j1amMoM
KPOMOK IIPH CTATHYHOMY HABAHTAKEHHI y NPYKHiil o0/1acTi.

CokoB Banepiii MukomnailoBuu, acuCTeHT Kadenpu OyZiBelbHOI MEXaHIKM Ta KOHCTPYKLIi
KOpITyCy Kopaoisi.

AHorania. IlpencraBieHo 3aJe€XHOCTI /s BHU3HAUYEHHS ONTHUMAIbHUX TE€OMETPUYHHUX
napaMeTpiB OaJKU-CTIHKM 31 3JlaMOM KpOMOK. banka-cTiHKa 3HaXOOUTbCS B YMOBaX CTaTMYHOIO
HABAaHTAXXCHHS 1 B Hill MPHUCYTHI TIJIBKU TPYKHI nedopmariii HaBiTh y KOHIIEHTPATOPi HAINPYKCHb.
3rajaHi 3anexHocTi Oyiun po3poOiieHI Ha OCHOBI BHUpa3iB I TEOPETHMYHOrO KOoe(iLieHTY
KOHIICHTpALIi U1 PO3TATY-CTUCKY. PO3risiHyTO Bi Ipo0IeMu oNTUMalIbHOTO MTpoeKTyBaHHs. LlimpoBa
(GyHKIIIs HAIIEHa HA MIHIMI3allil0 Macu Ta TPYJOMICTKOCTI BUTOTOBJICHHS.

KawuoBi cioBa: onTuMaigbHE NPOEKTYBaHHS, ONTHMANbHI TMapaMeTpH, IUIbOBa (QYHKIIL,
MiHIMI3alis.
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AHoOTalis. BuxoHaHi po3paxyHKH MiclIeBOi MIIIHOCTI MOJBIHHOTO OOPTY KOHTEHHEPOBO3a IPH
HaBaHTAXEHHAX B1Jl KOHTEHHEPIB B TPIOMI 3 ypaxyBaHHSIM MPUCKOPEHb B MONEPEYHOMY Hampsimi Bix
O0opTOBOT XWTaBHIl. PO3paxyHKH BHKOHYBAJIMCh METOJOM CKIHYCHHHX €JIEMEHTiB. Po3poliieHi
peKoMeH allii 3 KOHCTPYIOBaHHS Ta MPOEKTYBaHHS MIAKPIMIEHb TOABIHHOTO O0OpTY.

Kawu4oBi ci10Ba: KOHTEITHEPOBO3; 0OMMBKA OOPTY; METO/] CKIHYEHHUX €JIEMEHTIB; HaNpy>KeHO-
nepopMoBaHMii CTaH.

BerynHa yacTuHa. BUKOHAHO J0OCHIPKEHHST 0COOIMBOCTEH HaNpy KeHO-Ae(OPMOBAHOIO CTaHy
MoJBiHHOTO OOpPTY KOHTEHHEpPOBO3a MpH il HaBaHTaXEHb BiA KOHTeiHepiB. Jlns mpoBeneHHs
JOCTII)KeHb BUKOPUCTOBYBAIIMCS PO3PaXyHKOBI CXEMU IMPH IJIACTHMHYACTIHN ieanizallii KOHCTPYKIIii
MOJBIHHOTO OOPTY 3 BUKOPUCTAHHSM METOIY CKiHUYCHHHX elieMeHTiB. HaBeneni pexkomeHmarmii 3
KOHCTPYIOBAHHS Ta MPOEKTYBaHHS MiAKPIMJICHb MOABIHHOTO OOPTY.

Meta podotru. Po3poOutn pexoMmeHmamii UIsi MOJACTIOBAHHS IMiJKPIIUIEHb MMOABIMHOTO OOpTY
MIpH [ii HaBaHTa)XEeHb BiJl KOHTEHHEPIB Ha OOPT.
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