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Anotauis. CTaTTs MpUCBIYEHA TTUTAHHSAM ITIBUILIEHHS eKCITyaTallilfHiX sSKocTell ejleKTpoMepekHUX KOH-
CTPYKIifl IpU PEKOHCTPYKIii abo mepeobiaaHanHi, BakIUBY posib TP BUPIllIEHHI MUTaHb MOCUJIEHHS BU-
KOHY€E MaTepiaja KOHCTPYKIIiil, 10 BU3HAYAE XapaKTep poOOTH CIOPYAU B I[/IOMY. PO3IJITHYTO TIUTAHHS HO-
CHJIEHHS METAJEBUX 1 3a/i300eTOHHUX KOHCTPYKI[iil. SIK MPUKIaAU TOCHIeHHS METATOKOHCTPYKIl mpes-
CTaBJIEHO KOMILIEKC TTPOEKTHUX, MOCTITHUX i PEMOHTHUX POGIT, 06'€KTaMU SIKUX OYJIU JiISTHKU eJeKTPHY-
HuX Mepex. Ha mizcrasi aHaisy pesyJ/IbTaTiB 1iaTHOCTUKY i BAKOHAHOTO IlepepaXyHKy HeCyUnX KOHCTPYKIiH
3aIIPOIIOHOBAHO epeKTUBHI MeTOoAM MocueHHs. By samponoHoBaHi TakoX OAATKOBI 3aXOAM LIOJAO IIO-
CUJIEHHST KOHCTPYKITi# OMOp y 3B'I3KY i3 36iIbIIIEHHIM eKCILTyaTaI[iiTHUX HaBaHTaKeHb B MOPIBHSHHI 3 TIPO-
eKTHUMU. HaBeleHO MeTOIM TOCUJIEHHS TIOMIKOKEHUX 33006 TOHHUX KOHCTPYKIiil. 3aCTOCYBaHHS 3aIl-
POMOHOBAaHMX METO/IB MOCUJIEHHST OOTPYHTOBAHO €KOHOMIUHOIO e(heKTUBHICTIO B MOPIBHIHHI i3 3aMiHOI0
KOHCTPYKIiH.

Kimouosi cioBa: ejleKTpoMepeskHi KOHCTPYKILii, IlepepaxyHoK, IIOCUJIEHHS, PEKOHCTPYKILiSL.
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Aunoraiusa. CTaThs TOCBSIIEHA BOIMPOCAM MOBBIIIEHE 3KCIITYaTAIIMOHHBIX KAUeCTB 3JIeKTPOCETEBBIX KOH-
CTPYKIMH TIPH PEKOHCTPYKI[UK WM TepeobopyaoBaHuU. HeMaToBaKHy0 POJb MPH PelieHuH BoIpoca 06
YCUJIEHUH UTPAeT MaTepUasl KOHCTPYKIIUH, OTpefe/SIoNnil XapakTep paGoThl COOPYKEHUS B 1esoM. Pac-
CMOTPEHBI BOIPOCH YCHJIEHUST METAJUTMIECKUX U JKele300eTOHHBIX KOHCTPYKIHUil. B kKauecTBe TpumMepoB
VCUJIEHUS MEeTaJVIOKOHCTPYKITUIT TIpe/ICTaB/IeH KOMILTEKC MPOEKTHBIX, U3BICKATEehCKUX U PEMOHTHBIX pa-
60T, 0OOBbEKTaMH KOTOPBIX OBUTH YUACTKH SJEKTPUUYECKUX ceTeil. Ha OCHOBaHUU aHAMIM3a Pe3yJIBTATOB [HAT-
HOCTUPOBAHUS U BHIIOJHEHHOTO TlepepacyeTa HeCyIUX KOHCTPYKIUIL TpesiokeHbl 3¢ eKTHBHBIE CIOCO-
6Bl yeusieHus. DBUTH PEIOJKEeHBI TAKIKe OTIOJMHUTETBHEIE MEPOIIPUSTHUS IO YCUIEHI0 KOHCTPYKIIUIT OTop
B CBS3M C BO3POCIIMMHM 3KCILJIYaTallUOHHBIMU HArPy3KaMU II0 CPAaBHEHUIO C MPOEKTHBIMU. [IpencTaBiieHbl
METO/IbI YCUJIEHUS TOBPEKIAEHHBIX KeTe300eTOHHBIX KOHCTPYKIUI. [IpriMeHeH e MPeIIOKEHHBIX METOIOB
ycueHs 060CHOBAaHO SKOHOMUYeCKOil 5(pPEeKTUBHOCTRIO MO CPABHEHUIO C 3aMEHOW KOHCTPYKIIUIA

KmoueBbie cioBa: SJIEKTPOCETEBBIE KOHCTPYKIUH, IEPpEpacUeT, YCUJICHNE, PEKOHCTPYKIUA.
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Abstract. The article is devoted to the questions of improving operational characteristics of power supply
structures under reconstruction or re-equipment. Not the least of the factors of strengthening is a structure
material that determines the character of the structure operation in the large. There are considered the
question of strengthening metal and reinforced concrete structures. As examples of strengthening metal
structures there is taken a complex of design, investigation and repair works at the sections of the power
supply systems. On the basis of analysis of the results of diagnostics and re-calculation of carrying structures
there were suggested some effective methods of strengthening. Additional measures on strengthening support
structures in terms of larger operating loads as compared to the design ones were suggested too. There are
considered the methods of strengthening of the damaged reinforced concrete structures. Application of the
suggested methods of strengthening is grounded by economic efficiency as compared to the replacement of

structures.

Keywords: power supply structures, recalculation, strengthening, reconstruction.

Introduction

Power supply structures are a considerable part of
the basic production facilities of power supply en-
terprises of any state. Failures of the overhead pow-
ertransmission lines (OPTL) and outdoor switch-
gears (OS) greatly damage customers and operat-
ing organizations [2, 7]. That’s why research in-
stitutions and energy companies are so much in-
terested in the development of effective preven-
tive and repair measures to increase a service per-
formance of structures [12-15].

The problem is that more than 1/3 of the pow-
er supply structures under operation have exhaust-
ed their resources [2, 5, 7]. Because of a sharp de-
crease of the development in the energy field, a
principal significance belongs to the technical
measures undertaken to prolong the service life of
the existing structures.

The main measure to increase a carrying ca-
pacity of structures under reconstruction is their
reinforcement that means an increase of their car-
rying capacity in the operating position [1, 3]. A
necessity of reinforcing power supply structures
can be caused by two reasons: first, a reduction of
their carrying capacity caused by defectsand dam-
ages as a result of a continuous service and second,

an increase of loads at their reconstruction and re-
equipment.

Until recently problems of reconstruction of
power supply structures connected with a change
of design loads and re-equipment remained aside
from the main trends of construction in power
engineering. More often there appeared the prob-
lems connected with a reinforcement of metallic
structures which had a considerable corrosive wear
and operational damages [1, 3, 4]. Meanwhile, the
essence of repair measures usually came to the elim-
ination of these damages by increasing the sections.
Some questions of the repair emerged when carry-
ing structures of the OPTLs crashed because of
natural climatic phenomena [2, 7]. Such repair
measures were of a global recovery character and
aimed at a speedy recovery of the damaged power
supply systems at the expense of a complete re-
placement of the structures damaged.

Strengthening works caused by changing the
design loads seem to be the most interesting from
the point of view of performing revised designs
taking into account the changes in the normative
documents [8-11].

Not the least of the factors when solving the
question of strengthening is the material for these
structures that determines the character of a
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structure operation in the large. Further we shall
separately consider the questions of strengthen-
ing metallic and reinforced concreted structures.

1. Strengtheing of metal structures of the
overhead PTLs

Thereis presented a complex of design, survey and
repair works performed in 2006-2007 at the OPTL
section “Kurakhovskaya thermal power plant
(TPP) — Novoselka” of 110 kV of Donetsk West
electric networks of the public company “Do-
netskoblenergo”. The purpose of the work being
performed by a team of design people with the
author’s direct participation was a complex recon-
struction of the OPTL section providing neces-
sary conditions of the OPTL getting as far as the
public company “Electrostal”. A necessity of these
works performance was specified by the custom-
er’s demands to re-equip the OPTL and guaran-
tee its further safe operation.

Design characteristics of the OPTL construc-
tive part. The OPTL was put into operation in
1971. The line route is located on the territory of
the Kurakhovskaya TPP. Before reconstruction the
OPTL had 10 double-chain metallic towers with a
wire suspension only on the right chain mounted.

This overhead line consists of 5 anchored sec-
tions (No. 1-3, 3-6, 6-7, 7-10, and 10-11) separat-
ed by water barriers. The line twice crosses the
cooling channel (see Fig. 1) in sections No. 11-10
and No.7-6, and twice crosses the lock channel of
hot water in sections No. 1-2 and No. 2-3.

The section is planned to be re-equipped into a
double-chain OPTL forits to get as far asthe pub-

lic company “Electrostal”. Asthe section between
towers No. 10-7 is in an immediate vicinity to the
territory of the public company “Electrostal”, the
entry is to be done from the corner dead-end pole
No.7 (the left chain) and tower No. 10 (the right
chain) is to be unsoldered.

By the construction arrangement all towers are
made of steel, of the tower type, double-chain, with
the cross arms arranged in three tiers and wires
suspended by the scheme “barrel”. The towers are
made of steel of the industrial welded brands with
the bolt assembly connections.

At the first stage of the design works there were
formulated and solved the following basic tasks:

— an in-situ study of tower building structures of
the OPTL section, that is localization of faults
and damages of metallic OPTL towers and
bases using visual and instrumental testing
methods;

— an estimation of the tower technical state on
the base of the in-situ study methods taking
into account the analysis of their operating
conditions;

— recalculation of the OPTL carrying structures
to specify a real stress-deformed state of the
structures by the improved loads taking into
account a planned re-equipment of the line and
the existing defects and damages;

— development of measures to improve a carry-
ing capacity and to prolong a service life of the
OPTL structures.

When examining, there were found out and
analyzed specific OPTL defects and damages.

All towers of the OPTL section had a paint-
and-lacquer coating damaged. The towers located

Fig. 1. The scheme of the OPTL section before reconstruction.
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in an immediate vicinity to a water storage basin
had a more corrosion damaged upper part because
of wind flows of a higher humidity. An average
depth of the corrosion damage of the elements was
about 0.5...0.8 mm (up to 10% of the profile).

A local unequal corrosion got its development
at the level of the tower foundation edge, these tow-
ers are located in thick plantations where moisture
and dust impurities accumulate because of a poor
airing and activate the process of corrosion. The
depth of the corrosion damage of the tower elements
here is about 2.5...3.0 mm (up to 30% of the profile).

There was fixed a development of crevice cor-
rosion for almost every edge joint on the superim-
posed and overlapping: joints accompanied by a
loss of carrying capacity of the joints because of a
clearance of up to 6..9 mm, cavities being filled
with the corrosion products, the latter results in a
curvature of joint plates, in cracking of weld seams,
in failure of weld and single bolt joints with the
lattice elements being torn.

Most of all crevice corrosion influences the sec-
tion bolt joints (Fig. 2 a, b) into which moisture
flows by vertical elements and accumulates in the
joints if dust impurities are available there.

The corner dead-end poles greatly suffer of the
deformation of tower diagonals, angle flanges and
lattice pressed elements within a panel, that is an
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indicative of the element stability loss (Fig. 2, ¢).

There is observed a protective layer damage,
breaks of the foundation concrete as deep as 50...80
mm, armature exposure and corrosion on some
towers. On the foundation surface there are ob-
served cracks as wide as 1...1.5 mm.

In the large, using the results of the technical
diagnosis found out that the OPTL section “KuT-
PP” of 110 kV could not be used for a normal op-
eration and needed to be reinforced.

Recalculation of the tower building structures
was done to specify a real stress-deformed state of
their structural elements, and to control the sec-
tions taking into account load changes of wires as
a result of the OPTL re-equipment.

Another purpose of the recalculation work was
to register an increase of the design wind and ic-
ing loads [7] in accordance with the new norms
[8] adopted in 2006 due to a thorough regional-
ization of the territory of Ukraine by different cli-
matic factors and changes of the design principles
in comparison with those built into the standard-
ized design before. The rules of arranging electric
devices [8] take into account positions and con-
ceptions fixed in basis of foreign norms [9-11, 16].

The results of re-calculation exposed the ele-
ments of supports, which it is necessary to
strengthen (Fig. 3).

Fig. 2. Tower element damages: a, b — crevice corrosion of multiple-bolt joints of tower sections; ¢ — deformation of
rod elements.
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Fig. 5. Strengthening of rod elements.
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At the second stage there was worked out a
contractor that provided a complex reconstruction
of the operating OPTL section, an entry of the
OPTL left chain onto the territory of the public
company “Electrostal”, as well as a right chain
unsoldering and an arrangement of a standby ap-
proach.

There were solved the tasks connected with
planning repair measures for metal structures
caused by tower operational damages:

— repair of section junctions at a partial replace-
ment of connecting elements and bolts;

— repair of arm-cross edge joining with a tower
body;

— repair of attachment joints of lattice diagonals
and tower belts;

— leveling the belt rods and lattice elements;

— strengthening of the deformed rods of diago-
nals and belts, as well as elements that require
an increase of their carrying capacity by the
recalculation data regarding a planned re-
equipment of the line;

— installation of the tower elements absent;

— strengthening of a support foot and concrete
solidification of tower foundations;

— tower coating with a protective anticorrosive
material.

Below there are given the main methods ap-
plied to the contractor design to repair and
strengthen the OPTL elements and joints.

To repair the joining units of a tower body, there
was suggested to perform a scalding of plates con-
necting tower sections (see Fig. 4), crevice cotrro-
sion preliminary removed and element leveling
performed.

A repair of the deformed rods of diagonals and
belts, and their strengthening in accordance with
the recalculation on the planned loads meant an
accomplishment of leveling of the elements whose
bending was not more than 50 mm, at larger val-
ues of bending strengthening with additional ele-
ments is needed (see Fig. 5).

In view of a necessity to re-equip an OPTL into
a double-chain one, on the base of the recalcula-
tion done there were put forward additional mea-
sures to strengthen tower structures because of
larger operational loads in comparison with the
design ones, in particular to strengthen tower di-
agonals in the lower sections along every face of
corner dead-end poles.

Ya.V. Nazim, T.Yu. Chernykh

The design measures of strengthening struc-
tures being approved by a customer, the suggested
technologies were applied to the object.

At this stage, there were fulfilled the tasks of
the field supervision of the works under way con-
nected with the OPTL repair, strengthening, and
reconstruction.

2. Strengthening of reinforced concrete
structures

Until recently the problems of reconstructing
power supply structures of pre-cast reinforced
concrete were aside of the basic trends of con-
struction in energy. Active measures usually
meant a complete replacement of the damaged
structures, no preventive measures connected
with the repair works being done.

The essence of the measures suggested by the
group of developers s to increase a carrying capacity
and prolong the service life of reinforced concrete
power supply structures by their strengthening. Be-
low there are considered real examples of strength-
ening bases for the outdoor switchgear (Fig, 6).

To prolong the service life of the structures
of reinforced concrete column bases that can
not used for a normal operation and to recov-
er the working capacity, there were suggested
three variants of performing repair-and-renew-
al operations [6].

Variant 1. Strengthening of column bases by air-
placed concrete. An increase of the carrying capac-
ity of column bases is done by putting air-placed
concrete on the existing structure of a column base.
Strengthening is done with the help of four flat
frames installed on the whole height of the col-
umn base under strengthening and connected into
a spacious framework. A strengthening structure
rests on a monolithic reinforced concrete founda-
tion around the existing column base.

Variant 2. Strengtheing of column bases by mono-
lithic reinforced concrete collars. Tn this case the
strengthening of reinforced concrete column bases
isreached by making a monolithic concrete collar (a
shirt) around the existing structure. The wall thick-
ness of the collar (80...100 mm) is specified by a pos-
sibility of performing a concrete mixture vibrocom-
paction when carrying out concrete works, and by a
possibility of arranging a reinforcing cage along the
length of a column base and a foundation pile.
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Fig. 6. Damages of column bases for outdoor switchgears.

Variant 3. Strengthening of column bases using
the up-to-date production of building chemistry. To
recover a carrying capacity of reinforced concrete
structures of column bases for outdoor switchgear,
the up-to-date materials for restoring concrete (on
the example of the production of the firm
«MAPEI») were suggested for using.

To strengthen reinforced concrete column
bases in accident conditions, a method of their
strengthening with steel collars was recommended
(for example, for outdoor switchgear of 220 kV in
the settlement “Mikhailovka” of the Donbas elec-
tric energy system of the National energy company
“Ukrenergo”). The collar design is given in Fig. 7.

Astrengthening collaris a tetrahedral rod struc-
ture made of metallic angles connected by plates at
welding. A collar resting on the foundation is done
by a base made of two angles. When strengthening
column bases for current transformers, for bus iso-
lating switches, and for linear isolators, a metallic
color head is supplied to the overlying metallic
structures and are rigidly connected with them. At
asimilar design concept, climatic loads and loads of
the equipment are simultaneously taken by a rein-
forced concrete column base and by a reinforcing
structure. At a further concrete damage, a reinforced
concrete structure is taken away from the opera-
tion and acting loads are taken by a metallic collar
only. When strengthening column bases for insula-
tors, they directly rest on a collar head and the re-

inforced concrete column base is fully taken away
from the operation. The collar rests on a monolith-
ic reinforced concrete foundation put around the
existing column base.

The practice of repairing strengthened struc-
tures showed a high processability of the design
concepts taken, and the operational practice con-
firmed reliability and efficiency of the suggested
methods.

Conclusions and the prospects of further
researches

1. Edition of new «The rules of arranging electric
devices» requires realization of new approaches
at the decision of questions of reconstruction.

2. Application of the suggested methods of
strengthening is proved by an economic effi-
ciency in comparison with the replacement of
structures. Besides, these methods make it pos-
sible to avoid significant economic losses con-
nected with switching off the systems of pow-
er supply during the reconstruction period.

3. A decision either to use these methods or not is
quite individual, and in every case it should be
taken after considering the existing technical
possibilities and rational financial expenditure.

4. The suggested methods of strengthening re-
quire a new approach to the problem of renew-
als and the development of the fidelity criteria
of the technical decisions taken.
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Fig. 7. The scheme of a structure for strengthening with a steel collar.
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Hasim fpocaas BikropoBuu € momenrom kadenpu «Merasesi KoHCTpyKIii» J[oHOAChKOT HAITIOHATBHO]
akageMii 6yaiBHAITBA i apxiTekTypu. YaeH Ykpainchbkoi acomianii 3 MeTaseBuX KoHCTPYKIiil. Haykosi
iHTepecH: eKcIIyaTallifina HaJifiHiCTh Ta AOBTOBIUHICTh €eKTPOMepekKHUX KOHCTPYKIliH, AnHAMIUHI
BIUIMBH Ha Gy/IiBeTbHI KOHCTPYKIIIT eeKTpOMepex.

Yepuux Tersana IOpiiBHa € marictpanTom kadeapu «Merasesi koHCTpyKIii» /loH6achKO1
HallioHaJIbHOI akafemii OyaiBHMIITBa i apxiTekTypu. Haykosi iHTepecn: exciuyaTaniiiHa HagifiHiCTh Ta
JIOBTOBIUHICTH €JeKTPOMEPEKHUX KOHCTPYKIiH, pO3paXyHOK Ta MPOEKTYBaHHS MOBITPSIHUX JiHIH
eJIEKTpoIepeTaBaHHsI.

Hasum SIpocaas Bukxroposuu — foment kadeaphl «MeTananyeckne KOHCTPYKIHN» J{OHOGACCKOM
HallMOHAJIbHOM akajieMWy CTPOUTENbCTBA W apXUTeKTypbl. YeH YKpauHCKoOil acconuanuu 1o
METATMUECKAM KOHCTPYKIMSIM. HayuHble MHTepecH: aKCIIyaTallMOHHAS HAIE)KHOCTh U IOJITOBEUHOCTh
BJIEKTPOCETEBBIX KOHCTPYKITHH, AMHAMHUUYECKUE HATPY3KH HA CTPOUTE/IbHbIE KOHCTPYKIIMY 3JIEKTpOCETEH.

Yepubix Tarbana I0pbeBna — Marucrpanr Kadeapsl «MeTanandeckue KOHCTPYKIUU» JLonbacckoii
HAIlMOHAJbHON aKkajieMWu CTPOUTETbCTBA U apXUTEKTYphl. HayuHble MHTEpECH: aKCIIyaTaliioHHas
HAMEKHOCTD U JOJTOBEYHOCTD 3/IEKTPOCETEBBIX KOHCTPYKITU, pacyeT U MPOeKTHPOBAaHNE BO3MYITHBIX
JIUHUH s7eKTponepenaui.
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