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Leontyy Korostilyov, Dmytro Lytvynenko, Olena Zolotar

Analysis of existing approaches to solving the problem of fatigue strength of vessels and their
verification

Annotation. The analysis of the problem of fatigue strength of ship hull structures and existing approaches
to solving this problem is carried out. The methods are considered and the reasons for the insufficiently
accurate assessment of fatigue strength are highlighted. Disadvantages and advantages of the main
calculation methods are presented.

Keywords: fatigue strength; fatigue destruction; cyclic load; prediction of destruction; welded joint;
calculation of fatigue; finite element method.
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STUDY OF INFLUENCE OF THE THICKNESS IN THE STRESS RAISER
OF THE SHIP STRUCTURE ASSEMBLY IN PLASTIC STAGE
Sokov Valerii. M., senior lecturer of the Department of Structural Mechanics and Ship
Construction
Admiral Makarov National University of Shipbuilding
Nikolaev, Ukraine
valera.sokov(@gmail.com

Annotation. There are presented investigations of influence of thickness for static and
cyclic elastic-plastic strains in the stress raiser of a web for the typical ship beam-web with
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bend of axis without a free flange. The material is ideally elastic-plastic. It was proved and
confirmed that this problem can’t be considered to be plane, but there is transition from
plane deformation to plane stress state as plastic zone grows under monotonic increase of
external load.

Keywords: plasticity, elastic-plastic deformation, ideally elastic-plastic body.

Introduction. In ship hull 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 ;o
PP
Y, —t

S 4 [ |

; r 5 .

a —>1

<72 lllll b |6 H [,

I X

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

Such beams are affected by the axial loading p1, caused by common bending of a ship hull
and bending loadings p2, caused by local deformation of grillage. Results of previous investigations
are presented in [1, 2, 3]. In [1, 2] there are discussed elastic-plastic deformations of this beam-web
(fig. 1) under static load and appropriate relations are offered depending on geometry and
magnitude of external load. In [3] the dependencies for cyclic elastic-plastic strains in the stress
raiser are presented on basis of relations published in [1, 2]. But in [1, 2, 3] and other publications
there are no discussions about influence of thickness s of plate of the investigated assembly (fig. 1).
Serial calculations in [2] were provided for relative thickness s = /4/20. Such thickness provide
mostly plane stress state relatively plastic zone under moderate external load. But further
investigations showed complex influence of the thickness s for a magnitude of elastic-plastic strains
(both static and cyclic). Thus elastic-plastic behavior in the stress raiser 6 under cyclic loading
applied to edge / (fig. 1) is interesting. Overview of publications showed that this problem is not
investigated systematically.

In this work there is offered some overview in investigation of influence of thickness s for
elastic-plastic strains under cyclic symmetric external loading p = p1.

Main part. The calculations with aim to ascertain the influence of the thickness s for the
range of elastic-plastic strains were produced with the use of the program that realize the finite
element method (FEM) developed by the author using the programming language C++. There was
applied plastic flow model in the frame of FEM for ideal elastic-plastic material. The particulars of
the model were explained in [1, 2]. Soft cyclic loading was realized.

On the fig. 2, 3 there are presented typical graphs which show dynamic of change of s
(relative s/h) under different parameters. Results shown on the figures 2, 3 were obtained for the
web with parameters: H/h = 1,6; r/h = 0,05; a = 45°; material of the web is steel “Ct3” with yield
limit 65 = 235 MPa and modulus of elasticity £ = 2-10'! MPa. On the figures 2, 3 & is the range of
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equivalent elastic-plastic strains (on Mises) obtained in the stress raiser 6 (fig. 1) under cyclic
symmetrical load of p1.
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Figure 2 — The influence of the relative thickness s/A for the range of cyclic elastic-plastic strains &;
for different levels of the external cyclic loading p/cs

4.0e-002[

ls/h =

3.5e-002

~—i4

0,7

3.0e-002 s/l = 0,08 N

2.5e-002 /
/1)

2.0e-002 =
Sih = 0,167/ 032

1.5e-002 ) ///

1.0e-002 /
.

0.5e-002 /
I plos

0 01 02 03 04 05 06 0.7 0.8 09 1.0
Figure 3 — The influence of the external cyclic loading p/cs for the range of cyclic elastic-plastic
strains & for different relative thickness s/A

Analyzing graphs on the figures 2 and 3 it is possibly to tell next. It was clarified that the
influence of the thickness s for elastic-plastic strains & grows as relative load p/cs (where os — yield
limit) increases. Successive deacreasing of s cause increasing of range of elastic-plastic strains & for
the same value of fixed load p/cs. For the extremal load p/cs = 0,9 successive decreasing of the
thickness s from s/h = 0,32 to s/h = 0,02 (in 16 times) cause enlarging of the range & on 50 + 60%
(in about 1,5 + 1,6 times). For the thickness s/A = 0,02 the increasing of the load p/cs from 0,27 to
0,9 (i.e. in three times) cause enlarge of elastic-plastic strains &; in almost 17+20 times (fig. 2). But
for the thickness s/4 = 0,32 (i.e. in 16 times more than for the first thickness) the same change of
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external load cause enlarge of elastic-plastic strains & in only about 10 times. Successive increasing
of s/h mitigates the influence of load p/cs for the range ¢:. The upper bound of the thickness s/4 or s,
when it don’t affect for the elastic-plastic strains €; depends on parameters H/h, r/h, a. and p/cs. Thus
all these parameters are mutually connected with each other. For too thick web, when there is no
influence of the s/A the magnitudes of & are the least from all possible, which cause
underestimation. Application of plane 2D problem for elastic-plastic calculations causes
overestimation in determination of €. Moreover plane problem doesn’t consider all the components
of the stress and strain tensors.

One of particulars of the parameter s is that it doesn’t influence for elastic strain-stress state
(SSS) but affect for the elastic-plastic SSS. The thickness s doesn’t affect for the value of the
elastic/theoretical stress factor at notch 6 (fig. 1).

In [4] experimental study of plastic zones in plates with cracks showed that form of plastic
zones in process of its growth under successive increasing external load depends on a plate
thickness. Stress raisers like 6 on the fig. 1 can be considered as zero length cracks. The direction of
initial propagation of such “zero” cracks is perpendicular to an edge in point where maximum
elastic stresses act. At initial growth of plastic zone at notch/crack, when characteristic sizes of
plastic zone are less than plate thickness, the process of elastic-plastic deformation is 3D
volumetric. For this case plastic zone expands along crack. But when the sizes of plastic zone are
commensurate with web thickness there is change of the mechanism of development of plastic
zone. There is plane stress state relatively plastic zone. Thus in [4] it was concluded that there is
transition from plain deformation/strain state to plane stress state in development of plastic zones.
There are indirect proofs that stabilization of influence of thickness s for elastic-plastic strains & is
connected with above described process. The less thickness s the faster/earlier transition from plane
strain (volumetric) state to plane stress state takes place. For example for the thickness s/4 = 0,32
and for the load p/os = 0,27 (fig. 1) there is no influence of the s/4 for magnitude of &;, because the
sizes of plastic zone (not showed here) are always less that the thickness s/, that’s why there is no
transition from plane strain (volumetric) state to plane stress state. But ship hull structures are
mostly thin-walled, so the influence of s/i for the development/growth of plastic zones and for
cyclic elastic-plastic strains & has to be taken into account. Direct consideration of s/i will cause
huge enlarging of laboriousness of serial calculations. Thus there is unsolved problem of searching
of the ways how to consider the influence of s// on ..

Conclusions. It was clarified that the thickness of web s influence for elastic-plastic state in
the stress raiser 6 (fig. 1). Decreasing of the thickness s/k cause increasing of magnitude of elastic-
plastic (cyclic and static) strains &; for the same fixed level of the external load. The influence of the
thickness s for elastic-plastic strains & grows as external load p increases. Increasing of s/h
mitigates the influence of load p/os for the range €.
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BuBuYeHHs1 BIUIMBY TOBUIMHHU B KOHLEHTPATOPi Hamnpy:KeHb CYJHOBOr0 KOHCTPYKTHBHOIO BY3Ja B
IJIACTHYHIN cTamii

Anomauis. IIpeocmagneno 00CHIONCEHHS GNAUY MOBUUHU HA CIAMUYHT A YUKTIYHT NPYICHO-HAACHUYHT
Odepopmayii 6 KOHYeHMpamopi HANPysIceHb CMIHKU MUNO0BOI CYOHO80I OANKU-CMIHKU 3i 31AMOM OCi Oe3
sinbHo20 Qranys. Mamepian 6anku ideanvHo npyscHo-naacmuynuii. bynro ooeedeno ma niomeeposiceno wo
ys 3adava He Modce OYmMu NIAOCKOIH, aie Mae micye nepexody 6i0 NI0cKoi Odegopmayii 00 NIOCKO2O
Hanpyxceno20 cmauy no Mipi pocmy HAACMUYHOI 30HU NpU Oii MOHOMOHHO 3POCMAIOY020 308HIULHBO20
HABAHMAICEHHS.

Kniouosi cnoea: niacmuunicmo, npysicHo-niacmuyti degpopmayii, ioeanrbHO NPYICHO-NAACUYHE MITO.

VK 629.5.015.4:539.431

JOCJIIIZKEHHSA JOBI'OBIYHOCTI KOHCTPYKTHUBHOI'O BY3JIA
CYXOBAHTAXHOTI'O CYJIHA, 3 BPAXYBAHHSM IMTPOCTOPOBOI'O
JAE®OPYBAHHA BIICIKY
JlutBunenko /. 1O., k.T.H.

Hamionanbuuii yHiBepcuTeT KopabieOyayBaHHs IMEHI aamipaiia MakapoBa
VYkpaina, Mukodais
dmytro.lytvynenko@nuos.edu.ua

Anomauia. Po3pobneno 3-sumipny xapkachy mooensb 8i0CiKY CYOHA-CYXO08AHMANCHUKA Md
BIONOBIOHY ~ CMpEJCHe8)  CKIHUEHHO-eleMeHmH)y  Mooelb.  Bukonano — po3paxyHok
HABAHMAJICeHb HA BICIK i3 eKcniymayilinolo 3abe3neueHicmio. Bukonano oyinky émomHoi
MiyHOCMi 8Y31a NnepemuHy KOHCMPYKYill 6opmy ma noosiluHo20 OHA CYXOBAHMANCHO20
CYOHA 13 8PAXYBAHHAM NPOCHOPOBO20 0edhopMy8aHHus 8IOCIKY. Buxonano po3paxyHok mozco
HC BY31A HA 6MOMY 3 BUKOPUCMAHHAM 1301608aHOI 2-8UMIPHOI MOOeni nepekpummsi.
IIposederno nopigHsbHULL AHATI3 pe3yTbMAMIE.

Knrwouoei cnosa: emomua miynicmos, 008208i4HICIb, KOHCMPYKMUBHUL 8Y301; 3-8UMIDHHA
KApKACHa MOOeb, CKIHYeHHO-eJleMeHMHUL aHAli3

Bcmyn. By3on nepetrHy KOHCTPYKIIM OOpTYy Ta MOJBIMHOTO JHA MOXE OyTH KPHUTHYHOIO
00JIacTIO 3 TOYKH 30pY YTBOPEHHS BTOMHHX TpIIIMH, SIK II€ MOKa3aHo y poOoTi [1] anms cynaHa-
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