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Abstract. The purpose of this paper is to consider the development of engineering ways of preventing the
further development of through cracks in the sheet elements of the complex technical structures. The latest
individual approach to the assessment and assurance of performance of structures with cracks, which is to
take into account the features of their operation, has been applied in this work. Preference is given to
methods that reduce the concentration in the danger zone. Studies have shown that the most appropriate and
effective ways to prevent the further development of a through crack are the structural methods and
combinations of the structural and technological methods. The effectiveness of these methods was
determined on the basis of the strength uniformity approach of structural elements with a crack. The
criterion of strength uniformity from the position of fatigue and brittle strength with an error on the safe side
is the value of theoretical stress concentration factor [K ] . The [K ] value was made on the basis of
generalization and analysis of cases of crack formation, the results of tests of typical components of hull
structures and welded joints. The safe concentration of stresses near the holes of various purposes in the
members of the machine-building structures is in the range from 2 to 4. Taking into account the relevant
requirements for the ratio of the radius of curvature and the width of the cutout, we obtain 3.5. The value of
the criterion К1 is determined by the ratio of the calculated crack length to the diameter of the hole drilled at
its ends and the location of the crack.

1 Introduction
The use of fracture mechanics to assess the performance
of machine-building structures made it possible to
proceed to the normalization of various parameters
characterizing the crack resistance of the material [1–9].
This made it possible to choose material in terms of
preventing crack formation. However, structural and
technological deficiencies often lead to the appearance
of cracks in the nodes and parts of mechanical
transmissions.
Existing computational methods do not provide
simple and reliable algorithms to quickly assess the
effect of various cracks on the performance of machinebuilding structures. Hence an individual approach to
assessing and ensuring the performance of nodes and
parts with cracks remains relevant. It takes into account
the features of operation in machine drives [2–4].
In [1], the crack resistance of drive elements of wind
turbine was investigated. Impact tests, chemical
analysis, hardness tests, tensile tests, and fracture
toughness tests were performed on specimens taken out
of the three microstructures of the material. The
influence of mechanical properties and crack resistance
on critical estimates of the crack size is investigated.
The results concerning the influence of material
properties on structural design and structural assessment
are discussed.
*

The study of the crack resistance of machine-building
structures made of magnesium alloys is the subject of
[2]. It is shown that the new technology of laser surface
treatment, the laser shock treatment, promises to
improve the technical characteristics of Mg alloys by
increasing their surface strength, biocompatibility,
fatigue resistance, and anti-corrosion ability. The
process-microstructure ratio of Mg alloys was
established during laser shock processing. The
microstructures before and after laser processing and the
effect of laser intensity on the microstructure were
investigated.
The purpose of [3] is to describe the methodology for
assessing the crack resistance of metal pipes due to
corrosion damage. A gradation scale was developed
representing the magnitudes of each defect type
(dimples, pits, weight loss, and cracks). It allows to
assess the need to repair or replace a part of the metal.

2 Methods to ensure the performance of
structures in the presence of cracks
2.1 Current state of the problem
The existing methods of ensuring the performance of
machine-building structures with cracks by using
doubler plates welded along the contour, or cutting
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sections with cracks and welding of new plates, have the
following disadvantages: the large volumes of welding
and related work; additional concentration along the
contour of the welding; gap corrosion; the possibility of
the effect of the off-center loading; the presence of
tensile residual stresses inside the welding contour.
Crack welding in most cases is also impractical for
the following reasons.
The occurrence of cracks, as a rule, takes place in the
area with increased stress concentration or in the defect
area. After the crack grows, the area of its origin is
unloaded and the zone of the crack`s tip becomes the
most dangerous. The welding of cracks leads to the
restoration of the original pattern of stress distribution,
and therefore to a dangerous concentration.
In addition, residual welding stresses that are tensile
inside the heat-affected zone, as well as imperfections of
the seam shape and possible embrittlement of the
material can lead to an increase in the probability of
cracking [3]. Therefore, it is advisable to give preference
to methods that reduce the concentration in the danger
zone.
Let us consider methods that can be applied in the
case of the detection of equilibrium cracks in the nodes
of the hull machine-building structures at the stage of
choosing a quick and low-cost method of repair.

the results of tests of typical components of hull
structures and welded joints; experimental and
theoretical studies of stress concentration in hull
connections.
The most provocative areas for occurrence of cracks
are the angles of isolated and grouped cutouts. The safe
concentration of stresses near the holes of various
purposes in the hull elements of machine-building
structures is in the range from 2 to 4. The typical welded
joints are characterized by similar interval of theoretical
stress concentration.
The value [K ] was taken from 2…4 interval in
accordance with the following. For hulls of machinebuilding structures it is allowed to make in shell plates
the unsupported insulated cutouts having a width
(diameter) of less than 20 thicknesses or 300 mm,
whichever is less. Taking into account the relevant
requirements for the ratio of the radius of curvature and
the width of the cutout, we obtain 3.5.
The value of the criterion for the specific abovementioned methods is determined primarily by the ratio
of the calculated crack length to the diameter of the hole
drilled at its ends and the location of the crack.
The cracking is explained in most cases not by the
high level of stress macroconcentration (except for the
presence of hard points) as much as by the combination
of
macroconcentration
with
microconcentration
(technological concentration reflected by the effective
concentration ratio) and such adverse factors as poor
quality steel, low temperature, dynamic loads, etc. [1,
11–22].

2.2 Criteria and methods for assessing the
performance of structures
Studies have shown [2, 4, 10] that the most appropriate
and effective ways to prevent the further development of
a through crack situated in a flat structural element
during operation and repair are the structural methods
(complete drilling of cracks, a system of unloading holes
at the end of the crack, doubling plates installed without
welding) and combinations of the structural and
technological methods (welding seams and stiffeners,
placed at a certain distance from the crack location).
The effectiveness of these methods was determined
on the basis of the strength uniformity approach of
structural elements with a crack, repaired by such
methods and other structural elements made of the same
material, operating under similar conditions, containing
structural or technological stress concentrators permitted
by the standards [1].
The criterion of strength uniformity from the position
of fatigue and brittle strength of flat elements at a
moderate level of nominal stresses (typical for the main
members of the mechanical engineering design's hulls)
with an error on the safe side is the value of theoretical
stress concentration factor [K ] .
Thus, in order to choose a way to prevent further
crack development, it is necessary to determine the value
of the theoretical stress concentration factor K for the
intended constructional or technological method, and
also compare it with the acceptable value [K ] from the
condition K  [K ] .
The [K ] value was made on the basis of
generalization and analysis of cases of crack formation,

2.3 Calculation schemes
The fatigue tests of specimens of machine steel [1]
have shown that the processing of the reamer holes made
at the crack tips allows, at a moderate level of nominal
stresses, to eliminate almost completely the effect of
microconcentration.
The diameter of the hole made by mechanical drilling
with reamer in elements up to 20 mm thick under
conditions of operation and repair of real structures is
limited to about 50 mm. Thus it is advisable to subdivide
the cracks by the length criterion into short ones – up to
30 mm, medium ones – up to 100 mm, long ones – more
than 100 mm. According to the location criterion cracks
can be of two types: the one passing the plate or hole`s
edges and the other cracks, conventionally called
"insulated"
The most common types of cracks are shown in fig.
1–4. Full drilling can be used only for short cracks:
insulated cracks (Fig. 1), cracks passing through the edge
of the element (Fig. 2), cracks passing through the edge
of a round hole (Fig. 3), cracks passing through the edge
of a rectangular hole (Fig. 4). For the long isolated
cracks, drilling with the installation of doubler plates can
be used (Fig. 5).
The basic reference value for determining the value
is the crack`s effective length determined by the formula:

l  c  mS ,

2

(1)
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where c – is the distance between the tips of an
insulated crack, or the distance between the crack`s tip
and the element or hole`s edge that are passed through
by the crack; S – is the thickness of the element at the
tip of the crack; m – is the empirical coefficient ( m =1 if
the crack passes through the edge of the element or hole;
m = 2 – for an isolated crack).

Fig. 3. The crack passing the edge of a round hole: 1 – hull; 2
– structural round hole; 3 – crack; 4 – drilled hole.

After determining the value l it is advisable to
adhere to the following method choice sequence:
complete drilling (Fig. 1–4), stop drilling of one hole,
stop drilling of three holes; stop drilling with the
installation of doubler plates (Fig. 5); combination of
constructional and technological methods. In this case,
unloading holes at the tips of the cracks are necessary for
medium and long cracks.

Fig. 1. Insulated crack: 1 – hull; 2 – crack; 3 – drilled hole.

When determining c the distortion of crack path
from the straight line is not taken into account, since the
stress concentrator formed after drilling its ends, is
almost equivalent to the concentrator of two holes
connected by a straight section. The term mS was
introduced to have regard to the curvature of the front of
the crack propagation through the thickness of the
structural element and the plastic zone developing in the
area of the crack tip.

Fig. 4. The crack passing the edge of a rectangular hole: 1 –
hull; 2 – structural hole; 3 – crack; 4 – drilled hole.

The diameter of the drilled hole is determined by the
formula

DlS .

(2)

Fig. 2. The crack passing through the edge of the element: 1 –
hull; 2 – crack; 3 – drilled hole.

For machine-building structures with building
thicknesses in the range of 6–18 mm, the dimensions of
the plastic zone in fracture mechanics are determined
according to Irwin [1] and do not exceed the thickness of
the metal.
The additional reference values are the diameter of
the main hole D made at the crack tip; width of the
doubler plate B ; diameter of the additional unloading
hole d ; the characteristic dimensions of the holes D1
and H through the edge of which the crack passes.

Fig. 5. Long crack: 1 – hull; 2 – crack; 3 – unloading hole; 4
– doubler plate.

3
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For crack passing through the edge of the element
when using the doubler plate

2.4 Theoretical models
coefficients for various
Determination of
K
concentrators represented by drilled cracks is performed
either by well-known dependencies, or by the results of
solving the corresponding problems with the methods of
the two-dimensional elasticity theory, or experimentally
[1, 3, 23–29].
For short cracks, completely drilled with a hole with
a diameter of D =50 mm, the values of stress
concentration factors are as follows: a short crack
passing the edge of the element K =3.83, an insulated
crack – K =3.
If the crack passes the edge of a circular hole with a
diameter of D1 , then

D1
1 D 
K  1  1   2
1
2
D
D

lB
K  0.7
  2.65 ,
 D 
for insulated crack

K  1 2

H
1 .
D

l
1 .
D

(11)

When using two additional unloading holes in the
case of insulated crack

l
1 ,
D

(12)

lB
K  0.35
  2.65 .
 D 

(13)

K  0.62  1.24

(3)

when using the doubler plate

and if it passes the edge of a rectangular hole, with a size
H , then

K  1 2

(10)

In case of long cracks, the unloading holes made in
the crack tip and the doubler plates are used.
For the crack passing the edge of the element, two
doubler plates are used that are installed perpendicular to
the crack direction. The first B wide plate is placed near
the unloading hole, the second B 2 wide plate is placed
at the edge of the element.
The figure 5 shows a nomogram for selecting the
width of the doubler plate for the long crack, drilled with
a hole D =40 mm.

(4)

In the case of medium thicknesses, the additional
unloading holes and doubler plates are used besides stop
drilling of the crack ends. The diameter of the unloading
hole is determined by the formula
l
d
.
(5)
2  (l D )
The width and length of the doubler plates is
determined respectively by the dependencies:

2D  l

B 
6

 L  2 B

(6)

Two additional unloading holes are placed next to the
main one, slightly penetrating into it. The centers of the
additional holes lie on the line passing through the center
of the main hole and perpendicular to the direction of the
crack. The doubler plate is mounted on rivets
perpendicular to the direction of the crack at the edge of
the element.
If the crack passes the edge of the element, then

K  1 2

2l
1
D

(7)

on the edge of a circular hole with a diameter of D1

l  0.5 D1
1 D 
K  1  1   2
1 .
2
D
D

Fig. 6. Nomogram for selecting the width of the doubler
plate: 1 – crack passing the edge of the element; 2 and 3 –
insulated crack with two and three doubler plates,
respectively.

(8)

The following conditions must be fulfilled:

When using two additional unloading holes

2l
K  0.62  1.24
1 .
D

5 D  2l p

B 
.
6

L  2B


(9)

4

(14)

MATEC Web of Conferences 287, 02004 (2019)
Power Transmissions 2019

https://doi.org/10.1051/matecconf/201928702004

For the insulated crack a stiffener is installed next to
each of two unloading holes, with conditions

5D  l

B 
6

 L  2 B

9.
10.

(15)

11.
12.

Or an additional third stiffener is installed between
them with conditions

14 D  l

B 
12

 L  2 B

13.
(16)
14.

The installation of the doubler plates selected
according to this nomogram and the formulas above,
provides for the resulting concentrator values of K =3.0.

15.
16.

3 Analysis of results

17.

The authors propose the following ways of preventing
development of the crack: full drilling of the cracks,
drilling of unloading holes at the crack tip, using the
doubler plates. The formulas (3)–(16) and schemes
presented in the article allow to provide the permissible
value of the stress concentration coefficient for these
methods.

18.
19.

4 Conclusion

20.

Constructional methods of crack arrest associated with
the stop drilling of their ends are effective for hull
machine-building structures. They allow to avoid repair
by replacement. For short and medium cracks,
constructional methods reduce the stress concentration
factor to acceptable values. For long cracks the doubler
plates are used additionally.

21.
22.
23.
24.
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