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Abstract. The considered method for assessing the quality of the repair
work to restore the rack supports of transmission lines is based on the
method of vibration diagnostics. Power transmission line supports with a
symmetrical destruction of the protective layer of concrete in the ground in
violation of the construction section were chosen as an object. Finite
element modelling package Ansys was used in assessing the quality of
repair work. The example of evaluating the quality of repair using the
relative adhesion defective area design criteria in the analysis of natural
vibration frequencies is given.

1 Introduction
Existing recommendations for repair of reinforced concrete structures contain the
methodology and the recommended sequence of repairs, establish requirements for the
repair materials and technical means to carry out these works. The compositions and
mixtures of types of repair are selected taking into account the technical requirements for
the design, economic efficiency and specificity of the region [1-3].
Results mainly repairs evaluated visually that an objective assessment of insufficient
quality. One of the alternatives is to assess the state of the construction method of nondestructive testing using vibration diagnosis based on the analysis of the parameters of their
own design oscillations [4-11].
This method can be implemented on the basis of specific algorithms, mathematical
processing of the input information about the vibrations design and solution of inverse
problems of the theory of vibrations to restore the missing information about the parameters
of the core structure [12-17]. In [18-19] shows the process of modeling vibrations corpulent
beam structure with defects. As the rod structures cantilever type can be considered
exploited concrete pillars stand electrical transmission line.
For the identification of defects and determination of the critical state of development of
generalized design criteria required. In the process of diagnostics set types, localization,
defect parameters, the volume of planned repair work, etc.
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This material is well represented in [20-22]. Analysis of the research shows that the use
of the vibration method allows you to quickly and effectively assess the state of the
structure. In constructing the problem of identification of defects and find effective
solutions need to be clarified the most typical localization of damage. The system is
considered an example of identification presents an analysis of options dangerous defect
localization cantilever type beam structures on the example of the rack line supports
support is the base of the zone.
The aim of the research is to develop a condition assessment methods and quality
control of the repair work on the restoration of one of the elements of power transmission
line (PTL) - rack supports, based on the method of vibration diagnostics.

2 Мaterials and Methods
2.1 Object of study
As the object of study selected rack concrete supports of type of power transmission line
SV 95-3 (in Russia), which is a solid brick structure, which is in operation for more than 20
years, with a symmetrical destruction of the protective layer of concrete in the foundation
and opening of cracks, in violation of the construction section (Figure 1) that It is a
necessary condition for its overhaul.
Mark of
support
M, T
L, мм
Lz, мм
b, мм
b1, мм
h1, мм
h2, мм

a)

SV 95-3
0,8
9500
1850
185
175
265
165

b)

Fig. 1. Reinforced rack SV 95-3: a) the geometric parameters of the PTL; b) the type of defect.

Selection of repair compounds for the repair of surface defects and restore section
overhead transmission line supports strut design has been based on the analysis of the
normative and technical documentation [1-3]. In this paper, as the repair composition used
modified fine concrete that meets regulatory requirements.
To assess the quality of repairs to restore the concrete pillar determines the amount of
adhesion of repair layers to the substrate (concrete pillar) by vibration diagnostics. For the
modeling area with simulated different variants of values of adhesion layers to the base
repair includes the following cases:
1. coupling the layers together complete;
2. adhesion between the layers partially;
3. adhesion between the layers is virtually absent.
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In subsequent calculations options considered pronounced geometric size of the
adhesion area.
2.2 Modeling
Modeling symmetrical failure of the bearing structure of the protective layer of concrete at
the base of the oscillation in violation of the construction section (the defect) carried out in
a complex finite element (FE) Ansys. As a criterion for assessing the effectiveness of
rehabilitation work taken relative value of adhesion. The modeling is based dependence of
the parameters of natural frequencies at different values of the adhesion area.

Fig. 2. Arrangement of areas in the support pillar of the defect area.

Scheme a defective design area is shown in Figure 2. The figure shows: V0 - intact area
of support; Vd - the defect area, has undergone repair; Lp.- the length of the damage; Ln0 complete clutch repair area and base layers; Lnd - region in violation of the clutch repair
and base layers.
The relative value of adhesion t , can be estimated as the ratio of the area in violation
of contact between the repaired and the base layer to the total length of the damaged area:

t

Lp -2 Ld
Lp

(1)

FE model without damaging the bearings can be represented in the form of threedimensional beam corpulent 3D structure having rigid fastening at the base nodes. Finite
element model of reinforced concrete pillars with a defect in the base shown in Figure 3.
An area with Lfd damage located on a distance from the lower end of the support.
FE model without damaging the bearings can be represented in the form of threedimensional beam corpulent 3D structure having rigid fastening at the base nodes. Finite
element model of reinforced concrete pillars with a defect in the base shown in Figure 3.
An area with Lfd damage located on a distance from the lower end of the support.
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Fig. 3. The finite element model of reinforced concrete pillar with a support base in the field of
defect: 1 fragment of the support without damage; 2 - damaged area, 3 - area of the base of support
with rigid fixation of the mesh nodes FE on the surface.

The area is the site of injury thickening finite element mesh as compared to the
undamaged area. For the lower part of the support to move the nodes of the finite element
mesh model on surfaces made rigidly fixed, thereby fixing wondered conditional support.
For the calculation model parameters ground mass stiffness is not taken into account at the
base of support.

3 Results
The calculation for the area with simulated damage taken following characteristics repair
mix: the modulus of elasticity of 3.45 * 10 9 Pa, the strength of 28 day old 35.8 MPa,
density of 2320 kg / m3, the adhesion with the concrete base of 1.6 MPa.
Simulation of a defect-free region was considered as a full contact V0 support volumes
and the repaired area Vd. The results of calculation of the natural frequencies of the support
model fluctuations without damage are shown in Table 1. The natural frequencies are used
as a base for further calculation of the value of adhesion. In the next step the natural
frequencies are calculated with different structural oscillations adhesion value t , and set
the relative values Δωi own frequency according to the Equation 2.

i =

di  0i
100%
di

(2)

Table 1. The natural frequencies of the support model variations and their relative values with the
value of adhesion t = 0.05.
Mode
oscillation

The absolute values of the natural frequencies of
oscillation, Hz

0i (t  1) / di (t  0.05)

Relative Frequency

di (t  0.05) ,%

1

0.6363 / 0.5237

-17.70

2

0.8176 / 0.784

-4.11

3

3.6713 / 3.3431

-8.94

4

4.3448 / 4.2222

-2.82
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Built a graphical display of dependencies Δωdi relative values of natural frequencies of
the value of adhesion t .

Fig. 4. The dependence of the damage caused by the relative change in the first four natural
frequencies of oscillation Δωd design stand defective bearings.

For selected events with different sensitivity to changes in the natural frequencies of the
magnitude of adhesion were obtained correlation equations depending on the estimated
relative frequency of their own 1-4 modal tMi (di ) to the value of adhesion with certainty
approximation R> 0,95. On the basis of the dependence of each oscillation mode in the
presence of the relative change in the parameter value of the natural frequency of the
adhesion of the repair area can be determined. According to the results obtained for the
average value of each mode of damage can be calculated as:
N

t ср 

t

Mi

(i )

1

(3)

NM

4 Discussion
As an example, the equation constructed dependence of adhesion on the relative change in
the natural frequencies of the previously defined dimensions of injury.
Example assessment of the repair area of the model structure of adhesion. To perform
calculations with the model of the previously described dimensions. Adopted by the value
of the repair composition of the adhesion to the substrate, which is equal to t =0.2.
Produced modeling spectral analysis in Ansys complex. We obtained the following natural
frequencies of the model: d 1 = 0.563 Hz, , d 2 = 0.794 Hz, d 3 = 3.44 Hz, d 4 = 4.255
Hz. By using data from a table 1 of natural frequencies model with full adhesion of the
repaired area with the previously defined parameters we calculate relative changes in
frequency according to the formula (2): d 1 = -11.494%, d 2 = - 2.935%, d 3 = 6.295 %,

d 4 = -2.059%. Based on these dependencies determines the amount of

adhesion. Results are presented in Table 2.
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Table 2. The results of calculation of the adhesion values.
Natural frequencies

di ( t =0.2), (Hz)

Mode
oscillation

own

oscillation
1
2
3
4

The relative
frequency of its

0,563
0,794
3,440
4,255
The average value of
adhesion

di ,%

The
value of
adhesion

tMi (di )

-11,494
-2,935
-6,295
-2,059

0,181
0,218
0,210
0,214

tср

0,206

For the obtained numerical simulation results define error in determining the value of
adhesion:

t =

tcp  t0
t0

100% 

0.206  0.2
100%  3%
0.2

In this example, the calculation of the value of adhesion is
the desired value of adhesion is

(4)

tcp = 0.206. Deviation from

t = 3%. These values are estimates.

Сonclusions
1. A method for assessing the quality of the repair work to restore the rack supports of
overhead power lines on the basis of the method of vibration diagnostics.
2. The criterion of assessing the quality of repair work to restore the design section relative value of adhesion.
3. The example of plotting the relative frequency of its own full-bodied design of the
oscillation of the relative value of adhesion.
4. Calculation of assessing the relative value of adhesion to concrete repair mortar model
design stand.
5. Evaluation of the critical state of the core structure requires further research on the
example of a corpulent simulation with finite element approach.
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