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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). 

 
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 = h/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 1 (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; α = 45°; material of the web is steel “Ст3” with yield 
limit σs = 235 MPa and modulus of elasticity E = 2·1011 MPa. On the figures 2, 3 εi 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. 

 
Figure 2 – The influence of the relative thickness s/h for the range of cyclic elastic-plastic strains εi 

for different levels of the external cyclic loading p/σs 

 
Figure 3 – The influence of the external cyclic loading p/σs for the range of cyclic elastic-plastic 

strains εi for different relative thickness s/h 
 

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 εi grows as relative load p/σs (where σs – yield 
limit) increases. Successive deacreasing of s cause increasing of range of elastic-plastic strains εi for 
the same value of fixed load p/σs. For the extremal load p/σs = 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 εi on 50 ÷ 60% 
(in about 1,5 ÷ 1,6 times). For the thickness s/h = 0,02 the increasing of the load p/σs from 0,27 to 
0,9 (i.e. in three times) cause enlarge of elastic-plastic strains εi in almost 17÷20 times (fig. 2). But 
for the thickness s/h = 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 εi in only about 10 times. Successive increasing 
of s/h mitigates the influence of load p/σs for the range εi. The upper bound of the thickness s/h or s, 
when it don’t affect for the elastic-plastic strains εi depends on parameters H/h, r/h, α and p/σs. Thus 
all these parameters are mutually connected with each other. For too thick web, when there is no 
influence of the s/h the magnitudes of εi are the least from all possible, which cause 
underestimation. Application of plane 2D problem for elastic-plastic calculations causes 
overestimation in determination of εi. 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 εi 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/h = 0,32 
and for the load p/σs = 0,27 (fig. 1) there is no influence of the s/h for magnitude of εi, because the 
sizes of plastic zone (not showed here) are always less that the thickness s/h, 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/h for the development/growth of plastic zones and for 
cyclic elastic-plastic strains εi has to be taken into account. Direct consideration of s/h 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/h on εi. 

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/h cause increasing of magnitude of elastic-
plastic (cyclic and static) strains εi for the same fixed level of the external load. The influence of the 
thickness s for elastic-plastic strains εi grows as external load p increases. Increasing of s/h 
mitigates the influence of load p/σs for the range εi. 
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Соков Валерій Миколайович 
Вивчення впливу товщини в концентраторі напружень суднового конструктивного вузла в 
пластичній стадії 
Анотація. Представлено дослідження впливу товщини на статичні та циклічні пружно-пластичні 
деформації в концентраторі напружень стінки типової суднової балки-стінки зі зламом осі без 
вільного фланця. Матеріал балки ідеально пружно-пластичний. Було доведено та підтверджено що 
ця задача не може бути плоскою, але має місце переходу від плоскої деформації до плоского 
напруженого стану по мірі росту пластичної зони при дії монотонно зростаючого зовнішнього 
навантаження. 
Ключові слова: пластичність, пружно-пластичні деформації, ідеально пружно-пластичне тіло. 
 
УДК 629.5.015.4:539.431 

ДОСЛІДЖЕННЯ ДОВГОВІЧНОСТІ КОНСТРУКТИВНОГО ВУЗЛА 
СУХОВАНТАЖНОГО СУДНА, З ВРАХУВАННЯМ ПРОСТОРОВОГО 

ДЕФОРУВАННЯ ВІДСІКУ 
Литвиненко Д. Ю., к.т.н. 

Національний університет кораблебудування імені адмірала Макарова 
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Анотація. Розроблено 3-вимірну каркасну модель відсіку судна-суховантажника та 
відповідну стрежневу скінченно-елементну модель. Виконано розрахунок 
навантажень на вісік із експлутаційною забезпеченістю. Виконано оцінку втомної 
міцності вузла перетину конструкцій борту та подвійного дна суховантажного 
судна із врахуванням просторового деформування відсіку. Виконано розрахунок того 
ж вузла на втому з використанням ізольованої 2-вимірної моделі перекриття. 
Проведено порівняльний аналіз результатів. 

Ключові слова: втомна міцність; довговічність; конструктивний вузол; 3-вимірнна 
каркасна модель; скінченно-елементний аналіз 

Вступ. Вузол перетину конструкцій борту та подвійного дна може бути критичною 
областю з точки зору утворення втомних тріщин, як це показано у роботі [1] для судна-
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