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Abstract. The article presents the assessment of rigidity of ship intermittent connections. 

the structure have been studied. The analysis is based on the results of computational proce-

methods used by other authors who cover the same topic. It has been established that there is 

cannot practically be introduced into the computer-aided system for ship structure design in 
the form presented in appropriate literary sources. In addition, the paper covers various ap-

for their calculation using the example of a discontinuous plate. It is shown how to apply 

design systems. 
Keywords: rigidity of intermittent connections; rigidity factor; computer-aided system for 
ship structure design. 
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interaction of these sections are assessed with the pro-
vision of equality of the deformations along the line of 
their junction. 

Current requirements for the design of ship struc-
tures make a point for employing domestic systems of 
computer-aided ship design, for instance, as it is sug-

Many papers consider the design of intermittent ship 

quite contradictory and dissociated in a large number of 
sources due to the diversity of pairing forms between the 
discontinuous and continuous parts of the structure. 

THE ARTICLE AIM is to generalize and system-

as well as the methods for their assessment. 
The analysis of the methods for determining rigid-

-
duced into domestic computer-aided systems for ship 
structure design in the form presented in appropriate 
literary sources, since they contain many allowances 
poorly implemented in the system. Up-to-date numeri-
cal methods for the assessment of the stress-strain state 

element (FEM) and boundary element (BEM) methods 

numerical methods for the assessment of the stress-strain 
state of hull structures.

Basic material.  Intermittent connections are formed 
both along and across the ship hull, affecting both the 
longitudinal and transverse strength of ship hull struc-

Problem statement. Design dimensions of the con-
nections of ship structures are conventionally assigned 
based on the conditions of strength, rigidity and stability. 
If it is an intermittent structure, the degree of its contri-
bution to the overall strength is usually characterized by 
such a term as rigidity. In turn, the indicator of a struc-

has a completely different interpretation as compared to 
the one adopted for a continuous structure subject to ten-
sion, bending and torsion. The rigidity performance of 
ship discontinuous structures is assessed judging from 
the shear stresses and displacements at the junction be-
tween discontinuous and continuous parts. 

Latest research and publication analysis. Hull 
structures contain a lot of connections with a limited 
length and a sharply changing cross section. These con-
nections are called intermittent because they have a sub-
stantial effect on the longitudinal or transverse strength 
of ship structures (depending on their orientation on the 
ships hull). 

A sharp change in cross section of the hull connec-
tion or its interruption leads to a redistribution of stresses 
and change in rigidity. Numerical evaluation of rigidity 
of a discontinuous structure is performed on the basis 

of the discontinuous part of the structure. In the study 
of deformation of intermittent ship structures, they are 

that is continuous over the entire length of the structure 
and the adjoining discontinuous section, i.e., the one that 
covers only a part of the structure length. The forces of 
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strain state both of the ship structures with large cutouts 
and of the intermittent ship structures. In turn, this allows 
for the use of similar mathematical models, calculation 
procedures, and methods. 

is a stretchable plate having a rectangular cutout with 
a b 

shows an intermittent structure formed when condition-
ally splitting the structure along the longitudinal axis of 
symmetry. Splitting along two axes of symmetry results 

c.
d) and four cutouts 

g), intermittent connections form similarly. For 
the plate with two cutouts, intermittent connections are 

b c. For a plate having four cut-
g), an intermittent connection can take the 

h. 
i presents an intermittent connection typical 

for suspended foundations and structures loaded with 
centripetal forces. 

Intermittent connections appear as design solutions 
devised during the design of hull structures. A brief anal-

by superstructures, which are part of the continuous 

stress-strain state of ship superstructures as a type of in-
termittent ship structures.

In the study of the stress-strain state of intermittent 
connections, their discontinuous parts are mentally sepa-
rated from the continuous part. It is supposed that there are 
shearing and normal interaction stresses along the line of 
their junction. These stresses are determined based on the 
condition that the deformations along the junction line of 
the discontinuous and continuous parts are equal. 

ship connections to the structures that have cutouts. In 
general, intermittent connections are exposed to stretch-
ing, bending, and shearing forces. Formation of intermit-
tent connections of the structures with cutouts is shown 

relatively large cutouts which is subject to stretching. 
It is clear that the intermittent connections are singled 
out through splitting the structures along their symme-
try axes. Such allocation of intermittent ship connections 
allows combining the tasks of assessment of the stress-

Fig. 1. a b, c
at the presence of a single cutout; d e, f
double cutout; g h i -
tion under the action of centripetal forces

b c

d e f

g h i
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kr qx uq

h

xy dy
G

hh

xy

xy is the shear stresses in the cross section of 
the continuous part deduced from the equilibrium condi-

With the purpose of analyzing the stress-strain state 
of the structure, it is feasible to consider a simple struc-
ture in which one of the connections ends abruptly. This 

-
posed to stretching. The aim of these studies is to deter-

It is presented as a ratio of the shear force intensity qx to 
the shear displacement uq of the discontinuous part of 

-

Fig. 2. Diagrams of formation of intermittent connections on the basis of design solu-

a b
power plant; c d
bottom stringers in the forepeak; e f
transition of the keel stringer into a longitudinal framing; g

h
assembly; i
bolting; j
means of attachable belts

b c

d e f

g h i

j
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A somewhat different interpretation of the rigid-

between the shear force qx x. By the shift 
we mean the displacement of the center of gravity of the 
discontinuous part relative to the center of gravity of the 
continuous part. Such a shift is made up of three compo-

. 
Then we have 

i

-

q k q k q k . 

to connect the discontinuous and continuous parts, the 

 becomes equal to zero. 
k  

n

x x
e

xy

q q
k

dy
G

ne
x xq qx

e
xy dy

G
d

n
xyxy

,

where G is the shear modulus, en is the distance between 
the center of gravity of the discontinuous part and its bot-

xy is the shear stresses in the cross sections of 
the discontinuous part depending on the distance from 
the bottom edge to the discontinuous part. 

are the same, the product of this parameter by the half-
h

the distance of the center of gravity of the discontinuous 
part to its bottom edge en.

h
intermittent plate with the length of the discontinuous 
part l h -
tion between the discontinuous and the continuous part 
along an arc of a circle with the radius R that is equal 
to the height h. The results of the comparison show that 

xy
( )

y
x

xydy
x

)yx xy

y
xx (dy (( xy(d

xx
(dy

discontinuous area that is remote from the end cross sec-
tions, normal stresses hardly depend on the y coordinate 
of the cross section in the discontinuous part. The shear 
force intensity along the line of attachment of the discon-
tinuous part to the continuous one is equal to

)(
h
y
txy

h
y

xy

-
t is the thickness of the discontinuous part of the 

plate, h is its width (height), y is the coordinate of the 
xy)  is the shear 

stress on the bottom edge of the discontinuous part with 
the thickness t h -
placement point from the line of attachment to the con-

-
gitudinal force perceived by the discontinuous part and 
determined according to the approximate theory is equal 

-
ing an exact solution of the plane problem of the elastic-
ity theory.

-

elasticity theory does not have an exact solution for all 
intermittent ship structures. Thus, determination of the 

displacement of which is equal to its mean displacement 
during uniform stretching of the discontinuous part. It is 
the difference in displacement of this point and the point 
of application of the shear forces (in the same cross sec-

-

theory of intermittent connections. It makes an allow-
ance that in the cross sections of the discontinuous part 

stresses hardly depend on changes in the vertical coordi-

Fig. 3. h l
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-
ciency of the structure, and concentration of stresses. 

The potential opportunity to approximate the shear 
stress distribution along the junction line between the 
continuous and discontinuous parts of any structure can 

-

b that sheer stresses decrease 
systematically as the cross sections approach the free 
edge of the discontinuous part of the plate. The peak of 
sheer stresses is observed on the arc of coupling of the 
discontinuous and continuous parts of the plate at the 
point of intersection of the radius originating from the 

Determination of sheer stresses, such as that shown 
– c, can be easily realized by means of numer-

ical methods, including the boundary element method. 
The structures of intermittent connections can be rather 
diverse. Therefore, there arises the problem of determin-

various designs using the possibility of computation of 
the sheer stresses at the junction line between the discon-
tinuous and continuous parts of a ship structure. For ex-

c should be analyzed 

a can have 
the following form. 

-
ment point from line of junction to the discontinuous part 
of the structure can be used instead of the distance from 
the center of gravity of the discontinuous part to its bot-
tom edge. Analyzing the diagrams of the formation of 

h en for most of them. 
Using the numerical methods for assessing the 

stress-strain state of a structure, it is much simpler to plot 
a diagram of the shear stress distribution along the line 
of junction of the discontinuous and continuous parts of 
the structure. With the help of these stresses, one can cal-
culate the deformations and, ultimately, the rigidity coef-

-
a. The 

establish the shear stresses in the intermittent connection 
and assess the stress-strain state of the entire structure. 

b presents the 
diagrams of sheer stresses arising in this case at different 
levels of the discontinuous part of the plate. At the end, 
the shear stress distribution is approximated with linear 

c
By analyzing the pattern of the formation of intermit-

that some of them are symmetric, while some lack sym-
metry. In the intermittent connections with no symmetry, 

Fig. 4. Diagram of stretching of a discontinuous plate and distribution of sheer stresses along the height of the discontinuous part

a

b

c
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A somewhat different representation of the rigidity 

kr  ,

depending on the ratio h l; at h l
h is the height of the discontinuous part of the connec-
tion, l

kr is 

-

kr .

Summing up the results of the calculations with the de-
kr

kr
The same applies to the expressions presented in pa-

kr
-

determined with the help of approximate formulas. When 

to be able to determine both shear stresses and strains at 
the junction between the discontinuous and continuous 
parts of the structure, which would allow obtaining the 

CONCLUSIONS. The patterns of occurrence of in-
termittent connections as part of a ship structure were 

intermittent connections based on splitting of the struc-
tures with cutouts and formation of intermittent con-
nections on the basis of design solutions. Analytical 
determination of many quantities necessary to calculate 

stress-strain state of discontinuous structures by means 

algorithm was tested using the example of a stretchable 
discontinuous plate.

discontinuous parts of the plate into equal sections with 
x. 

qij ij jk x

where i, j and k are the boundaries of individual sections.
uqij

uqij ti ij G

where ti is the plate thickness, and G is the transverse 

G E

for steel, G  MPa. 

kr q uqij

where qijcp is the averaged intensity of the load in the in-
terval. 

Based on the results of calculation of the sheer stress-
es ij -

) was calculated according to 
-

cedures, it was established that kr
It is expedient to compare the results of calculations with 
the dependencies proposed by other authors with the ex-

a. 

kr ,

where e  is the distance of the center of gravity of the 
cross section of the discontinuous part to its bottom 
edge, f  is the total cross sectional area of the discontinu-
ous part, f t h. 

), 
t e  is calculated with the help of the 

,

__________________________________________
 


