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1. Introduction

Damping characteristics of structures and their ele-
ments are important for accurate prediction of natural and 
resonant frequencies. In addition, a change of damping 
can be directly related in some cases to structural da- 
mage [1–4].

Thus, a change in the damping ability of a mechanical 
system can be used for vibration-based diagnostics of dam-
ages such as fatigue cracks. At the same time, the effect of 
a crack on the characteristic of damping structural vibra-
tions depends on a series of factors. These include the level 
of vibration damping of an undamaged structure, the co-
efficient of flexibility, the level of tension in the cross-sec-
tion having a crack, etc. In this regard, the experimental 
assessment of the effectiveness of damping change to detect 
damage is extremely time-consuming. The urgency of the 
problem being solved is determined by the need to develop 
simple and reliable methods for diagnosing damages such 
as fatigue cracks. It is proposed to use a change in the char-
acteristic of vibration damping in structural elements as a 
sign of damage.

2. Literature review and problem statement

The practice of using the change of the characteris-
tics of vibration damping in damage diagnostics is highly 
controversial. In a series of studies, a significant increase 
in the characteristics of damping specimen vibrations was 
observed during the initiation and propagation of cracks. 
For example, a 63- and 125-time increase in the damping 
ability of prismatic steel samples when the fatigue crack 
reached 52 % and 74 % of the cross-section, respectively, was 
observed in [5]. A 70-fold increase in the damping ability of 
a cantilever steel specimen when the crack reached 50 % of 
the cross-section was recorded in [6]. It was demonstrated 
in [7] that the decrement of vibrations in prismatic steel 
samples increased up to 30 times with an increase in the 
fatigue crack to 70 % of the cross-section. When testing a 
steel rod on two supports with a crack in the middle, and up 
to 12 times increase in damping characteristic with the crack 
propagation to 75 % of the cross-section was recorded in [8]. 
It was noted in [9] that the vibration damping coefficient of 
cantilever dialuminium specimens increased by 40 % when 
the crack reached half the cross-section. A significant, up to 
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Наявнi експериментальнi дослiдження чутливостi 
характеристик демпфiрування до наявностi трiщини в 
елементах конструкцiї є суперечливими. Деякi дослiд-
ження декларують високу чутливiсть демпфiруван-
ня, проте iншi роблять висновок, що змiна дисипатив-
ної здатностi конструкцiї є недостатньою для надiйної 
дiагностики трiщини. Ця вiдмiннiсть може бути пов'я-
зана з впливом багатьох факторiв на ефективнiсть 
демпфiрування стосовно виявлення трiщин. Для про-
гнозування можливої змiни характеристики демпфiру-
вання з урахуванням цих факторiв була розроблена 
експериментально-аналiтична методика на основi пiд-
ходiв механiки руйнування. Ця методика дозволила 
виявити умови надiйного виявлення крайової трiщини 
в стержнi на двох опорах при поперечних i поздовжнiх 
коливаннях. Було показано, що чутливiсть характе-
ристики демпфiрування до наявностi пошкодження є 
обернено пропорцiйною рiвню демпфiрування неушкод-
женої конструкцiї. Змiна демпфiрування є ефективною 
для дiагностики пошкоджень у вiдносно жорстких кон-
струкцiях. При цьому рiвень напруги пошкодженої дiлян-
ки повинен бути досить високим, щоб трiщина перiодич-
но вiдкривалася або була постiйно вiдкритою. На основi 
аналiзу результатiв дослiджень сформульовано умову, 
яка може допомогти iнженерам досить просто визна-
чати ефективнiсть характеристики демпфiрування 
для дiагностики трiщини. Характеристика демпфiру-
вання є ефективною, якщо вiдношення розсiяної в трi-
щинi енергiї до подвоєної потенцiйної енергiї деформацiї 
конструкцiї перевищує добуток характеристики демп-
фiрування коливань неушкодженої конструкцiї на вiд-
носну похибку її визначення

Ключовi слова: логарифмiчний декремент коливань, 
стрижень на двох опорах, крайова трiщина, дiагности-
ка, вiбрацiйна дiагностика пошкоджень
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80 % increase in damping vibrations of a reinforced concrete 
beam, a reinforced concrete panel, and a span of a reinforced 
concrete bridge when multiple cracking of concrete occurred 
was found in [10–12], respectively. A cantilever specimen 
with a crack at the base was tested in [13] and a rod on two 
supports with a crack in the middle was tested in [14]. A 
2-fold increase in the characteristic of damping longitudinal 
vibrations was observed in both cases.

At the same time, in a series of other studies, the change 
of damping vibrations in some structures was considered 
insufficient for a reliable diagnosis of the damage that oc-
curred in them. For example, results of vibration tests of a 
three-span bridge were presented in [15]. They have demon-
strated that the occurrence of significant damage changes 
the damping coefficient by only 10 %. Almost the same result 
was obtained in [16] in the modal analysis of a cable truss 
bridge with multiple cracks. In [17], when testing airplane 
wing caissons, only a 23 % increase in the energy absorption 
coefficient was observed during the initiation of significant 
fatigue cracks.

The indicated discrepancy between the data of the 
above experimental studies [5–17] is explained by the 
fact that the intensity of the crack-induced change in the 
damping characteristic depends on a series of factors. For 
example, it was shown in [15] that the crack parameters 
(size and location) are one of such factors. Besides, it was 
found in [7] that the effect of a crack on damping charac-
teristics is largely determined by the damping ability of an 
undamaged structure (initial level of damping). The stress 
level in the region with a crack is another factor established 
in [9, 13] that affects the rate of change in the damping 
characteristic: a crack located in a weakly stressed region 
cannot noticeably change the damping characteristic. In 
addition, experimental studies [18, 19] showed that the in-
tensity of changes in the damping characteristic is different 
for transverse, longitudinal, and torsional vibrations and 
strongly depends on the coefficient of flexibility.

Thus, the rate of change in damping characteristics de-
pends on at least five factors. The presence of such a series 
of factors is a serious problem in assessing the possibility 
of using the damping characteristics for vibration-based 
diagnostics of damage. Experimental determination of such 
conditions is extremely costly and time-consuming. The 
most effective way to solve this problem consists in the 
elaboration of an experimental-analytical procedure based 
on the approaches of fracture mechanics. The change in the 
damping characteristics caused by a crack that can be pre-
dicted with its use.

However, the creation of such a procedure requires 
knowledge of the analytical relationship between param-
eters of the crack and the energy that is dissipated in it. 
There are four approaches that explain energy dissipation 
in a crack. For example, energy dissipation in a crack was 
associated with friction between its surfaces [20]. It was 
assumed in [21, 22] that energy dissipation in the crack is 
determined by the yield zone in the vicinity of its apex. A 
mixed mechanism was proposed in [23] for energy dissipa-
tion caused by a crack, that is, both friction of the crack 
surfaces and formation of a plastic zone around its apex. 
A thermodynamic theory of explaining the mechanism of 
energy dissipation in a crack was proposed in [13].

The problem we are facing here is that any experimen-
tal-analytical method for determining the characteristics of 
damping vibrations in structures having a crack based on the 

above hypotheses will be unsuitable for engineering practice 
because of its complexity. To formulate conditions for assess-
ing the effectiveness of damping change for crack diagnostics 
suitable for engineering practice is the most effective way to 
this problem solution.

3. The aim and objectives of the study

The study objective is to determine conditions under 
which the vibration damping characteristics of structures 
are effective for detecting damages such as fatigue cracks.

To achieve the objective, the following tasks were set:
– based on the known results of studies in fracture me-

chanics, develop an experimental-analytical procedure for 
establishing characteristics of damping vibrations in a rod 
with a closing crack on two supports;

– to study the effect of crack parameters, coefficient of 
flexibility, damping level of an undamaged structure, type 
and mode of vibrations on the intensity of changes in the 
logarithmic decrement of vibrations.

4. A procedure for determining a characteristic of 
damping vibrations in a rod with a crack  

on two supports 

In the case of a closing crack, logarithmic decrement of 
vibrations in the simply supported rod (Fig. 1) can be deter-
mined for symmetric vibrations from equation [24]

( ) ( ) ( )
( ) ,

2
c c

c

U

U

∆ σ
δ σ = δ σ +

σ
 		  (1)

where δ is the logarithmic decrement of vibrations in an un-
damaged rod; U is the potential energy of the rod; ∆Uc is the 
energy dissipated in the crack; σ is the maximum amplitude 
of stresses along the rod.

Fig. 1. Simply supported rod with different cross- sections

The so-called closing (or breathing) crack periodically 
opens and closes during vibrations. The logarithmic dec-
rement of vibrations in the formula (1) is determined in 
relative units.

Experimental studies [22] have made it possible to relate 
energy dissipation determined by the plastic zone in the vi-
cinity of the crack apex to a magnitude of the stress intensity 
factor (SIF) as follows: 
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where сU∆  is energy dissipated in the crack related to the 
length of its front; ∆KI is the SIF range. It should be noted 
that equation (2) is valid provided that the crack does not 
propagate.

In a case of symmetric vibrations, the SIF range is deter-
mined through the maximum SIF, namely, ∆KI=KI. Accord-
ing to [25], for the crack considered, the following is valid for 
a prismatic rod under transverse vibrations:

2

3 4

1.122 1.40 7.33
,

13.08 14.0
I cK a

 − α + α −
= σ π  − α + α 

		   (3)

where σc is the stress amplitude in the damaged section; 
a is the crack depth; α=a/h is the relative depth of the 
crack in the prismatic rod; h is the height of the rod’s 
cross-section.

With longitudinal vibrations of a prismatic rod,

2

3 4

1.12 0.231 10.55
.

21.72 30.39
I cK a

 − α + α −
= σ π  − α + α 

 		  (4)

With transverse vibrations of a cylindrical rod [26],

( )21.1105 2.6475 5.6875 ,I cK a= σ π − γ + γ 		  (5)

where γ=a/d is the relative depth of the crack in the cylindri-
cal rod; d is the diameter of the rod. In equations (3) to (5), 
α=a/h≤0.6 and γ=a/d≤0.6.

Since stress amplitude in the region of the crack location 
depends on the rod shape, it is necessary to relate it to the 
maximum stress amplitude along the beam:

( )sin ,c i ck Lσ = σ  		  (6)

where Lc is the crack location. The factor sin(kiLc) takes 
into consideration the influence of vibration mode on the 
SIF value. For the i-th transverse and longitudinal modes of 
vibration of the simply supported rod, ki=iπ/L (L is the rod 
length).

Since the SIF is assumed to be constant along the crack 
front [25], energy dissipated in the crack can be calculated 
from the formula:

2 ,ccU c U∆ = ∆  		  (7)

where 2c is the crack width. In the case of a prismatic rod, 
2c=b (b is the width of the rod cross-section) and in the case 
of a cylindrical rod, ( )2 2 .c a d a= −

The potential energy of a prismatic simply supported 
rod under transverse and longitudinal vibrations and a cy-
lindrical rod under transverse vibrations can be calculated 
respectively as follows:
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Formulas (8) for determining potential energy of the rod 
are valid for any vibration mode.

5. Study of the effect of crack parameters,  
coefficient of flexibility, level of an undamaged structure 

damping, type, and mode of vibrations on  
the intensity of change of the logarithmic decrement  

of vibrations

To study the influence of the flexibility coefficient 
on change of intensity of the damping characteristic, the 
rod length was taken L=0.2, 0.4, 1, and 2 m. The damping 
characteristic of an undamaged rod was taken in the range 
δ=0.002...0.2. The above range of the logarithmic decrement 
of vibrations includes almost all materials used in the manu-
facture of structural elements [27].

The height, width, and diameter of the rod’s cross-sec-
tion were chosen the same: h=b=d=0.02 m. Young’s shear 
modulus, density and Poisson’s ratio of the rod material 
were as follows: E=200 GPa and G=80 GPa, ρ=7,800 kg/m3, 
ν=0.26, respectively.

The stress amplitude should be as low as possible to 
prevent crack propagation during testing to detect damage. 
Experimental study [22] has shown that the condition for 
non-propagation of a crack is satisfied if stress does not 
exceed 10 MPa. At the same time, error in determining the 
logarithmic decrement of vibrations at this stress level was 
acceptable [19]. Therefore, in calculations of the logarithmic 
decrement of vibrations of the rod with a crack, it was as-
sumed that σ=10 MPa.

Fig. 2–4 demonstrate the effect of the crack size on the 
damping characteristic of a prismatic rod with different flex-
ibility factors and low (δ=0.002), average (δ=0.02) and high 
(δ=0.2) level of the logarithmic decrement of vibrations for 
an undamaged rod. As can be seen, an increase in the coeffi-
cient of the flexibility of the rod significantly suppresses the 
intensity of changes in the damping characteristics because 
of the crack propagation.

Fig. 2. Dependence of relative change of the decrement of 
the first mode of transverse vibration of the prismatic rod on 

the relative depth of the edge crack (δ=0.002; Lc/L=0.5):  
L/h=10 (solid line); L/h=20 (dash line); L/h=50 (dot line); 

L/h=100 (dash-and-dot line)

Provided that error in determining the logarithmic dec-
rement of vibrations does not exceed 15 % [19], reliable dam-
age detection is possible if the change in the logarithmic dec-
rement of vibrations exceeds this value. Suppose this change 
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is 20 %. In this case, the relative change in the damping 
characteristic is δc/δ=1.2. This change is shown in Fig. 2–4 
with a thin horizontal line. This line was used to estimate 
the smallest crack size that can be detected based on changes 
in the logarithmic decrement of vibrations (αdet, γdet).

Fig. 3. Dependence of relative change in the decrement of  
the first mode of transverse vibration of the prismatic rod on 

the relative depth of the edge crack (δ=0.02; Lc/L=0.5):  
L/h=10 (solid line); L/h=20 (dotted line);  

L/h=50 (dash line); L/h=100 (dash-and-dot line)

Fig. 4. Dependence of relative change in the decrement of 
the first form of transverse vibrations of the prismatic rod 

(δ=0.2; Lc/L=0.5) on relative depth of the edge crack:  
L/h=10 (solid line); L/h=20 (dotted line);  

L/h=50 (dotted line); L/h=100 (dash-and-dot line)

As can be seen from Fig. 2, a change in the logarithmic 
decrement of vibrations can respond to a birth of a rather 
small crack (αdet=0.04) provided that the damping charac-
teristics of the undamaged rod are low (δ=0.002) and the 
rod is relatively rigid (L/h=10). In the case of δ=0.02, a crack 
with a size of αdet=0.35 can be detected (Fig. 3). At the same 
time, if the structural material has a high damping ability 
(δ=0.2), a change in damping can hardly be suitable for de-
tecting cracks of size α≤0.5 (Fig. 4).

The natural frequency of a rod with a crack on two 
supports was determined using the analytical procedure 
and program code developed in [28]. As indicated in [29], 
reliable diagnostics of damage is possible if a change in the 
natural frequency of the structure is at least 5 %. Fig. 5 
shows that the smallest crack found under the condition  
fc/f=0.95 was αdet=0.23. Thus, the sensitivity of the rela-
tive change in natural frequency to the presence of a crack 

is much lower than that of the damping characteristics un-
der the condition δ=0.002 but is comparable with the sen-
sitivity of the damping characteristic under the condition 
δ=0.02. Besides, the higher the beam rigidity, the higher 
the sensitivity of both damping and natural frequency to 
the presence of cracks.

Fig. 5. Dependence of relative change in frequency of  
the first mode of transverse vibrations of the prismatic rod 
(δ=0.2; Lc/L=0.5) on the relative depth of the edge crack: 
L/h=10 (solid line); L/h=20 (dash line); L/h=50 (dot line); 

L/h=100 (dash-and-dot line)

Fig. 6, 7 show the effect of crack location on the loga-
rithmic decrement of transverse vibrations of the prismatic 
rod. The most intense change in damping is observed if the 
crack is located close to a substantially stressed region of 
the rod. For example, the most stressed region of the rod is 
in its middle for the first mode of natural vibration and at 
a quarter of the rod length from the support for the second 
mode (Fig. 1). Thus, as follows from Fig. 6, 7, change in the 
logarithmic decrement of vibrations is directly proportion-
al to the level of stress along the rod. As a result, a crack 
cannot be detected by a change in the damping character-
istic if it is located close to supports or weakly stressed rod 
sections.

Fig. 6. Dependence of relative change in the decrement of 
the first mode of transverse vibration of the prismatic rod 

(δ=0.002; a/h=0.5; Lc/L=0.5): L/h=10 (solid line);  
L/h=20 (dash line); L/h=50 (dot line);  

L/h=100 (dash-and-dot line)

A direct comparison of the logarithmic decrement of 
transverse and longitudinal vibrations demonstrates (Fig. 8) 
that the characteristic of damping of transverse vibrations 
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is most effective for detecting relatively small cracks in the 
prismatic rod. At the same time, detection of a relatively 
large crack in a cylindrical rod (γ>0.4) is more effective 
when using transverse vibrations.

Generalized data on the sensitivity of vibration-based 
diagnostics of damage using changes in the logarithmic dec-
rement of vibrations and natural frequency of the first mode 
(case Lc/L=0.5) are given in Table 1.

Fig. 7. Dependence of relative change in the decrement of  
the second form of transverse vibrations of the prismatic rod 

(δ=0.002; a/h=0.5; Lc/L=0.5): L/h=10 (solid line);  
L/h=20 (dash line); L/h=50 (dot line);  

L/h=100 (dash-and-dot line)

Fig. 8. Dependence of relative change in the logarithmic 
decrement of the first mode of transverse (solid and dash 
line) and longitudinal (dash line) vibrations of the prismatic 

(solid and dash line) and cylindrical (dot line) rod:  
L/h=10; L/h=10; L/h=0.5; δ=0.002

As can be seen from Table 1, in contrast to the damping 
characteristic, the relative change in the natural frequen-
cy is independent of the damping level of the undamaged 
structure. This is an obvious advantage of the natural 
frequency in relation to the damage detection. At the same 
time, change in the logarithmic decrement of vibrations is 
more intense than that in frequency. This difference is the 
greater the lower the logarithmic decrement of vibrations 
of the undamaged structure. This conclusion is obvious 
from Table 1 which shows the relative size of the crack 
determined by the change in the logarithmic decrement of 
vibrations (δ) and the change in the first natural frequen- 
cy (f) according to the criteria δc/δ=1.2 and fc/f=0.95, 
respectively.

Table 1
Crack detection efficiency based on damping (δ) and 

frequency (f)

Rod cross- 
sectional 

shape

Vibration 
mode

δ L/h
αdet, 
γdet 

(δ)

αdet, 
γdet 

(f)

square transverse

0.002

10 0.040 0.228
20 0.082 0.315
50 0.210 0.457

100 0.354 >0.5

0.02

10 0.351 0.228
20 0.497 0.315
50 >0.5 0.457

100 >0.5 >0.5

0.2

10 >0/5 0.228
20 >0.5 0.315
50 >0.5 0.457

100 >0.5 >0.5

square longitudinal

0.002

10 0.098 >0.5
20 0.172 >0.5
50 0.297 >0.5

100 0.397 >0.5

0.02
10 0.397 >0.5
20 0.492 >0.5

50…100 >0.5 >0.5
0.2 10…100 >0.5 >0.5

round transverse

0.002

10 0.054 0.231
20 0.104 0.441
50 0.246 >0.5

100 0.367 >0.5

0.02
10 0.367 0.231
20 0.75 0.441
50 >0.5 >0.5

0.2

100 >0.5 >0.5
10 >0.5 0.231
20 >0.5 0.441
50 >0.5 >0.5

100 >0.5 >0.5

6. Discussion of the results obtained in the study of 
conditions for effective use of damping characteristics for 

damage diagnostics

The data presented in Table 1 demonstrate that the 
change of the logarithmic decrement of vibrations is highly ef-
fective for detecting damage in the case when δ=0.002...0.02. 
Since most metals and alloys have a relatively low ability to 
dissipate the energy of vibration [27], the vibration-based 
diagnostics of damage of the structures made of these mate-
rials based on damping change seems promising.

An increase in the coefficient of flexibility leads to a 
decrease in the potential energy of the rod with other con-
ditions being equal. Therefore, according to formula (1), 
a change in the damping characteristic caused by a crack 
is directly proportional to the structure rigidity. Thus, a 
change in damping can be effective for diagnosing damages 
in relatively rigid structures. In this case, the damaged area 
must be loaded so that the crack periodically opens during 
vibration or is constantly open. A permanently closed crack 
cannot be detected by changing the damping characteristic.

Experimental determination of the effectiveness of the 
damping characteristics for detecting cracks is a complex 
task and a laborious process. Based on analysis of the results 
obtained, a condition was formulated that can help engineers 
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to determine in the simplest way effectiveness of the damp-
ing characteristic for crack diagnostics, namely

.
2

cU
U

∆
≥ κδ 			   (9)

The coefficient κ is determined from the error of exper-
imental determination of logarithmic vibration decrement. 
For example, if this error does not exceed 20 %, the coeffi-
cient κ in relative units should be taken equal to κ=0.2. This 
value is substituted into equation (9).

Thus, to assess the effectiveness of damping character-
istics in order to reliably detect cracks, it is necessary to 
determine the energy dissipated in the crack, ∆Uc, using 
equation (2) or (7) (depending on the crack type). Besides, 
it is necessary to calculate maximum energy of deformation 
of the structural element, U, for a given mode. Data on the 
initial level of damping of the structural element material for 
a given vibration mode can be found, for example, in [27].

In the general case, in order to correctly assess the 
possibility of using the damping characteristic in damage 
diagnostics, six factors must be taken into consideration. 
These are size and location of the crack, type of the crack, 
type of vibration (transverse, longitudinal or torsional), 
damping characteristic of an undamaged structure (initial 
level of damping) as well as level of the flexibility coefficient. 
Therefore, experimental assessment of the effectiveness of 
the damping characteristic for vibration-based diagnostics 
of damage taking into consideration all of the above factors 
is an extremely expensive and time-consuming process.

To solve this problem, a unique experimental and analyt-
ical procedure is proposed that takes into consideration the 
above factors to predict a change in the damping character-
istic of the rod on two supports when a crack appears and 
propagates. Based on the proposed procedure, it was shown 
that the intensity of change in the damping characteristic is 
directly proportional to the crack depth and stress level in the 
section with a crack. In this case, the damping characteristic 
of longitudinal vibrations changes less intensively than that 
of transverse vibrations. For example, under the condition of 
a low initial level of damping (δ=0.002), a crack with relative 
depth a/h=0.2 located in the most stressed region of the rod 
increases the damping characteristic by 51 % for longitudinal 
vibrations and by 94 % for transverse vibrations which is 
sufficient for reliable crack diagnostics. At the same time, at 
a high initial level of damping (δ=0.2), the same crack causes 
an increase in the damping characteristic not exceeding 10 % 
which does not enable reliable crack detection. In addition, 
the effect of a crack on the damping characteristic depends on 
rod compliance. For example, in the case of a low initial level 
of damping (δ=0.002), a crack with relative depth a/h=0.2 in 
a rod with relatively high compliance (L/h=100) causes an in-
crease in the damping characteristic by only 1 % and by 94 % 
in a stiffer rod (L/h=10).

The cause of the revealed regularities consists, firstly, 
in the physical nature of energy dissipation in a crack and, 
secondly, in the features of determining the damping charac-
teristics, in particular, logarithmic decrement of vibrations.

Energy dissipation in a crack of normal detachment is 
determined mainly by the plastic zone at the crack apex. 
Therefore, energy dissipated in the crack will be greater the 
deeper the crack and the higher stress in the section with 
the crack. Thus, as shown in Fig. 6, 7, even a relatively large 
crack formed in the low-stress region of the structure does 

not cause a sufficient change of the damping characteristic 
for a reliable diagnosis.

On the other hand, many damping characteristics including 
the logarithmic decrement of vibrations are relative values. For 
their determination, energy dissipated during a vibration cycle 
belongs to the potential energy of the system (1). A change in 
the structural element size (in this case, the coefficient of flex-
ibility) changes its potential energy and thus affects relative 
change in the damping characteristic of a rod with a crack.

The conventional method of vibration-based diagnos-
tics of damage consists of determining changes in natural 
frequencies of structural vibrations. As shown in Section 5, 
under certain conditions, a change in the vibration damping 
characteristic is a much more sensitive indicator of damage 
than a change in natural frequencies. Given the multifac-
torial effect of the crack on the damping characteristic of 
vibrations of a rod with a crack, the problem consists in the 
determination of these conditions. A solution to this prob-
lem was proposed in equation (9) which formulates a rather 
simple for engineering practice condition for assessing the 
effectiveness of a change in the characteristic of vibration 
damping for crack diagnosis.

Determining the damping characteristic of vibrations 
for actual structures is a more difficult task than that for 
specimens under laboratory conditions. However, current-
ly, there are well-developed experimental procedures and 
corresponding equipment for modal analysis of complex 
structures [30]. They make it possible to determine with 
high accuracy not only natural frequencies but also modal 
damping of complex structures with an accuracy sufficient 
for reliable vibration-based diagnosis of damage.

Further development of this study involves testing of the 
proposed procedure for vibration-based diagnostics of com-
pressor blades in gas turbine engines at the stage of their repair. 
These blades are made of low-damping titanium alloys which 
makes the vibration-based diagnostics of damage, such as fa-
tigue cracks, based on changes in damping characteristics more 
promising than based on the changes in natural frequencies.

7. Conclusions

1. Based on the approaches of fracture mechanics, a pro-
cedure has been elaborated for calculating the characteristic 
of damping of lateral and longitudinal vibrations of a simply 
supported rod with an edge crack of mode I. The essence of 
this procedure consists of the experimental and analytical 
determination of energy dissipation in a crack of mode I and 
damping characteristic of vibrations in a rod with a crack 
taking into consideration the crack parameters, structural 
features of the rod and properties of its material. Application 
of this procedure has made it possible to identify conditions 
under which the change in damping characteristic is a reli-
able indicator of damage, for example, a fatigue crack.

2. Based on the analysis of the calculation results, it was 
shown that the sensitivity of the damping characteristic to 
the presence of damage is inversely proportional to the initial 
level of damping of the undamaged structure and directly pro-
portional to the structural rigidity and the level of stresses in 
the damaged section. The damping characteristic is effective if 
the ratio of the energy dissipated in the crack to the two-fold 
potential energy of structure deformation exceeds the product 
of the vibration damping characteristic of the undamaged 
structure by the relative error in its determination.
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