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Abstract.

Research is aimed at the formation and development of innovative developments to increase
the metal structures corrosion protection, as an important means of ensuring the quality and safety
industrial facilities. The method determining the corrosion destruction signs, the procedure of
monitoring and carrying out measures to diagnose the technical condition of lattice metal structures
according to the level of corrosion hazard were adopted. The nomenclature indicators and control
methods (conformity assessment) of determining parameters primary and secondary protection metal
designs against corrosion is established. During this study, the lattice structures operational condition
loader crane’s girder structure was considered. It is revealed that operation of the crane is carried out
in difficult production conditions operating environment’s aggressive influence in combination with
considerable dynamic loadings working operations loading technological process, unloading, sorting
(averaging) of ore yard’s charge of blast furnace shop. Based on the study structures corrosion
condition and operating conditions, measures have been developed to increase the durability ore-grab
crane of the reloader. Based on the analysis of the principles of the ISO 9001 process approach, the
development and implementation design solutions to extend the structures service life in aggressive
environments of metallurgical production. It is proved that the procedure of making constructive and
technological decisions, performance works on increase corrosion resistance promotes maintenance
conditions of resource saving and technological safety industrial constructions. The principles process
is offered to develop and implement design measures to extend the service life of structures in
aggressive environments metallurgical production are proposed. Constructive and technological
measures to ensure durability in accordance with the requirements of the building structure corrosion
risk have been developed, which are determined by the critical indicators metal structures protection
in the conditions corrosion influences within their limit values.

Key words: metal structures, loader crane, aggressiveness of environment, operation, corrosion
wear, resource.

Introduction. One most important principles of achieving the structures’ reliability and
durability is the implementation process approach’s principles to the operation and maintenance [1].
International standards doctrine of ISO 9000 quality system certification means that the main
achievement of these goals is a process approach in ensuring the quality of construction products at
all stages of the building or structure’s life cycle [2].

The work is based on the study of the lattice structure’s operational condition loader crane’s
girder structure. The service life of the crane is more than 50 years, which exceeds the standard service
life (about 20 years). Based on the results of field research, it was found that the reloader’s operation
is in a very difficult operational mode and the crane is close to the development its resource (based
on the calculation of the number of operating cycles). According to the provisions of ISO4301-2:
2015, the load distribution for the crane (K}) depends on the indicators: the average number of cycles
work with the level mass a particular load (C;); total number operating cycles with all loads (Cy); the
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value the masses of individual loads (load levels) in the typical use crane (P;); the mass of the largest
load (nominal load) that can be lifted by crane (Ppax).

¢ Pi |
Kp 2 [ Cr Pmax] (1)

Complex production processes tend to increase the aggressive impact of the operating
environment. In combination with significant dynamic loads technological procedures of loading,
sorting (averaging) ore yard’s charge of blast furnace shop promotes decrease in metal designs’
durability. Corrosion aggressiveness operating environment is due to the influence a number of such
negative factors: industrial dust and metal structures’ surface contamination; periodic humidification
by precipitation; corrosion-aggressive allocations coke production, the formation of which occurs
during coke’s wet quenching. It is established that in order to prevent accidents, during the entire
operation period, planned and metal structures’ preventive repairs and crane’s technological
equipment were carried out, measures were taken to protect them against corrosion.

Analysis of recent research and publications. To control buildings’ and structures’ technical
condition in their construction process, reconstruction, repair and operation provides a set targeted
actions of technical diagnostics using including non-destructive testing methods based on the latest
advances in science and technology [3]. Diagnostics questions a metalwork’s technical condition of
buildings and constructions demand the influence various operational and production factors for
definition an actual condition and service life’s forecasting [4].

The main task of research is to ensure the verification procedure, determining the state in which
the object is currently. Thus, ways realization of check - software and hardware are considered. In
the practice diagnosing the technical condition, both methods are used together, as the result effects
of a given program cannot be replaced by the use of instrumentation or hardware.

Corrosion risk management of operated facilities includes control, regulatory, controlling and
investment-technological components buildings and structures trouble-free operation in conditions f
aggressive climatic and technological influences [5,6]. The use of rational measures metal structures’
corrosion protection provides the opportunity to reduce, by about a quarter, the annual operating costs
(associated with reliability and durability) only by improving the organization work on corrosion
protection [7].

Selection of previously unsolved parts of the overall problem. From the standpoint of
structural mechanics, the apparatus, the allowable reduction elements’ bearing capacity for a given
system structures’ corrosion protection can be taken into account in the calculations of the boundary
conditions using fictitious external loads [8]. The essence planned research is to substantiate the
conditions of monitoring and diagnosis of corrosion’s signs in the maintenance building metal
structures on the actual condition [9].

European design standards (EN ISO12944, ISO8501 - ISO8504) define the regulatory
requirements for the justification corrosion protection measures during the service life. This is due to
the technical requirements that require the implementation corrosion protection’s quality
management based on approaches to the assessment boundary conditions in order to ensure the
technological safety of buildings and structures. In accordance with the regulations, it becomes
important to establish requirements procedure for detecting defects and damage. At the same time,
there is a need to determine the most effective measures of primary and secondary protection against
metal structures’ corrosion, as well as the adoption of the necessary procedures to maintain the
working condition of structures [10].

Setting objectives. The paper provides the improvement approach, which includes the main
stages of technological safety’s risk assessment: the appointment methods for controlling the
structures’ parameters on the damage indicators and the allowable maintainability interval value;
indicators’ quantitative assessment based on the calculation structures for corrosion resistance and
durability; analysis of the vulnerability’s level structures depending on the criticality degree
(categories of defects and damage); assessment threats (categories of technical condition) in the
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operation conditions according to the actual condition at the established values of maintainability;
implementation measures to restore performance, extend the life structures and reduce risk in the
implementation of measures to ensure the reliability actual situation [11].

The description reliability indicators is performed using block diagrams, which are represented
by flow graphs. The diagrams describe the changes in the corrosion state of metal structures, taking
into account the design and technological options primary and secondary protection in the
maintenance of facilities in the actual condition during the established service life. The structure of
durability indicators of structures in corrosive environments includes calculation and experimental
assessment, technical control and diagnostics of operational properties during the life cycle of steel
structures (Fig. 1).

|

7 7
SR

0 = I - = S = —»= P
A
/ Y Y
Z P R

Fig. 1. Generalized structural model of design requirements for corrosion resistance, durability
and maintainability in the operation metal structures.

Calculation of corrosion resistance is associated with the consideration primary and secondary
protection measures based on the characteristics of the boundary conditions the first and second
groups. Determination of corrosion resistance, maintainability and durability is performed according
to the calculation schemes and data tables of the elements of the drawings of the KM. The calculated
dependences for substantiation of constructive decisions of primary and secondary protection at the
stage of KMD have the form:

I limit state:

(I-y,) AT <m-5(-1/T) )
II limit state:
F, = ( I F/yzk+1/f)>2
Yzf 2

3)
T'z}/2 yzn'Tz (4)

The analysis of influence constructive and technological features on quality indicators at
production of works on anticorrosive protection is carried out [12].

Basic material and results. This approach was used in the diagnosis of technical condition and
extension of the ore reloader’s life by ensuring the durability and serviceability the girder metal
structure (Fig. 1, Fig. 2).
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Fig. 2. Constructive scheme of the ore-grab crane.

The assessment metal structures’ actual technical condition indicates the need to develop a
methodological approach, which involves a comprehensive consideration of the parameters of the
structures’ actual condition and operation factors [13]. A systematic description diagnostic process
according to the criterion of providing measures of primary and secondary corrosion protection
allows the implementation of the reconstruction program on the basis of technical monitoring.

At the stage of assessing the technical condition, the values wear that exceed the maximum
allowable (Fig. 3). Areas of operation structures that correspond to characteristic defects and damage
have been identified (Fig. 4).
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Fig.3 Typical defects and damage to structural elements of the girder structure: a) sheet
structures and their connections; b) elements service structures, joints lattice structures.
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Reducing the serviceability creates the possibility achieving the structures’ ultimate state due
to the loss of nodes’ bearing capacity at existing (passport) operating loads. On the basis of the
performed experimental model researches riveted joints’ restoration measures on heads’ repair rivets
with use washers and electric welding are developed.

In order to optimize the operating costs for repair and restoration work to maintain the working
condition of the crane-reloader developed a research method and monitoring the technical condition
reloader’s metal structures. The technical task and performance restoration works which provide
effective primary and secondary protection a metalwork against corrosion at maintenance of normal
operation mode of the reloader’s ore-grab crane are developed.

Basic material and results. Based on the results performed research, design and technological
measures to ensure the effectiveness of primary and secondary corrosion protection are proposed.
The program, which is developed before the start work, stipulates a list of organizational techniques
aimed at identifying performers, coordinating their interaction. The list performance works, structure
and technical documentation’s terms and materials are defined. The task for the material supply,
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equipment and devices is issued in agreement with the nomenclature, stipulates the list and
composition of the material used. At the preparatory stage, the qualifications contractors are
identified. Regulatory support is approved and an independent examination is conducted in
accordance with ISO9001 and ISO9002. When developing technical requirements for materials,
protective coatings and technologies for their application, the indicators established by the
international standard ISO12944 are used.

The technology providing access to structural elements and determining their actual technical
condition (carrying out works on measuring geometric characteristics, determining the planned height
of the main structures, assessing the state of corrosion protection) is developed and justified in
accordance with the methods preparatory work. The works include: hydro-jet cleaning structures
from dust, layers of rust and old paint; mechanical cleaning structures from corrosion products;
surface treatment with compressed air. The works are performed in accordance with the map-scheme
cleaning surfaces location with the indication of the approximate execution volumes.

The choice characteristics of a protective covering, preparation a surface is carried out
depending on and according to instructions of 1SO12944-5 (ISO12944-4) where requirements to
drawing protective covering’s material are stipulated. The offered durability a covering not less than
2 years.

Conditions corrosion effects are defined as highly aggressive (indicator of corrosion losses of
unprotected steel up to 6900 g/m>+year). The operating mode corresponds to the corrosion category
up to C5-1 (according to ISO12944-2) and contains the characteristic components of aggressive
emissions: carbon oxides, coal dust, sulfur dioxide, hydrogen sulfide, ammonia, phenol, water vapor;
tmax = 60 °C, W = 95 ... 98%. Operating conditions according to GOST9.104 are marked V1.
Determination the color gamut paints and varnishes performed on the basis of the approved color
scheme.

These requirements are set out in the technical documentation: drawings the stage A3;
postoperative technological maps by types of work. Technical conditions are provided by the
contractor before the start of work. Delivery of materials is carried out in the presence of certificates
conformity with the necessary technical data reflecting requirements technical conditions or
standards. At development technological maps of painting works’ production, the methods
recommended by the enterprise - the manufacturer of paint and varnish production are used.

Inspection structures’ condition after work is performed for ultrasonic control of the elements’
residual thickness. Based on the full-scale inspection data cleaned surfaces, measures are assigned to
determine the riveted joints’ condition nodal joints to assess the corrosion wear’s degree (loss cross
section) of the rivets’ base metal (body), slit corrosion parameters in the joint. When performing a set
of measures, the metal structures’ technical condition was investigated: the main trusses of the crane
bridge; wind farm; transverse trusses; driving beams and elements their fastening to farms; horizontal
elm farms.

Conclusions. Based on the analysis field research data, the need to develop and adjust design
solutions during monitoring to ensure the necessary passport characteristics and operation modes of
the crane-reloader. It is possible to leave the truck on the cantilever section girder structure from the
rigid support’s side. On the basis of the data from field inspection cleaned surfaces measures for
definition of riveted connections’ condition nodal connections by selection of bearing designs’
control samples and riveted connections are appointed. As result control samples’ selection and
research condition of knot connection’s fragment the conclusion of metalworks’ condition a console
site of the crane’s bridge from the rigid support is made. Paints’ quality control and varnishes is
performed by sampling and evaluation indicators set in the certificates for each batch. Their further
processing is performed in accordance with ISO1512 and ISO1513.

Before the beginning surface anticorrosive works preparation according to working drawings
instructions stage A3 is carried out. The application material protective layer is carried out according
to the manufacturer's recommendations and technological characteristics set in the working drawings.
At each stage works operational control with use of the corresponding control and measuring devices
is provided: non-destructive control (definition of thickness of a covering according to ISO2808);
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destructive testing (determination of adhesion according to 1SO2409 and ISO4624). To ensure
coating quality control during the painting works, areas reference surface with a size of 1m? to 5m?
with a homogeneous surface condition and aggressiveness of the operating environment are
determined. Surfaces are used to determine the minimum acceptable standards for corrosion
protection and quality control coating. Reference surfaces are documented and fixed on the structure
itself. Author's supervision over the works performance is carried out by a specialized organization
for operative quality control purpose anti-corrosion coatings, work coordination, observance of the
requirements established in the design documentation.
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I'BY3 «llpuazosckuii 20cyoapcmeeHtblil mexHuyecKutl YHUSepCumem

AHHOTAIHUA.

HccnenoBanus HarpaBieHbl Ha (OPMUPOBAHKUE U PA3BUTHE MHHOBAIIMOHHBIX pa3paboTOK MO
HaIpPaBJICHUIO MOBBIIICHUS KOPPO3HMOHHOM 3alUIIEHHOCTH METaNIMYECKUX KOHCTPYKLHUH, Kak
BXHOTO CpEACTBa oOOecreueHus: KadecTBa W 0€30MaCHOCTH JKCIUTyaTallud MPOMBIIUICHHBIX
COOpYKEHHMH. Y COBEpIIEHCTBOBaHa METOJUKAa ONpPENENCHUs TMPU3HAKOB KOPPO3UOHHOTO
paspyuieHus, AMATHOCTUKN TEXHUYECKOTO COCTOSHUS PEIIeTYATHIX METATMYECKHX KOHCTPYKIIHMA
[0 YPOBHIO KOPPO3MOHHOW omacHOCTH. Ha OCHOBaHMM W3Yy4€HHS KOPPO3HOHHOTO COCTOSHUS
KOHCTPYKIMA ©  YCIOBUH OKCITyaTallud pa3paOOTaHbl MEPONPUSTHS TIO IOBBIIICHUIO
JOJTOBEYHOCTH  pyIHO-rpelipepHOro  KpaHa Ieperpyxareiis. YCTaHOBJIEHBI  MPUHIUIIBI
KOHCTPYKTUBHBIX M TEXHOJOTHYECKHX Mep O0OECleUYeHHs] JOJTOBEYHOCTH B COOTBETCTBUU
TpeOOBaHUSM KOPPO3HMOHHON OMacHOCTH coopykeHus. OrmnpeneneHbl KPUTHUYECKHE MOKa3aTeNln
3alUThl METAJUIOKOHCTPYKIIMHA B YCIOBHSIX KOPPO3HMOHHBIX BO3ACUCTBUN B TMpeaerax WX
MpeEIbHbIX 3HAUCHUH.

KiroueBble cJioBa: MeTaNIMYECKHME KOHCTPYKIUHU, KpaH-TIEperpykarelib, arpecCUBHOCTh
Cpelbl, SKCIUTyaTaI|sl, KOPPO3UOHHBIA U3HOC, pECypC.

TEXHOJIOI'TYHE 3ABE3INNEYEHHSI BTOPUHHOI'O 3AXUCTY METAJIEBUX
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AHoTtauis. JlocnimpkeHHs cipssiMoBaHi Ha (POpPMyBaHHS 1 PO3BUTOK 1HHOBALIMHUX PO3POOOK y
HaIpsIMKy TiABUIIECHHS KOPO31MHOI 3aXHUIIEHOCTI METAJICBUX KOHCTPYKIIIH, SIK BaXJIMBOTO 3acO0y
3a0e3neueHHs KOCTI Ta Oe3MeKH eKCIUTyaTallii MPOMUCIOBUX CHOPYA. Y IOCKOHAJIEHO METOAUKY
BU3HAUCHHA O3HAK KOPO3IMHOro pyHHYBaHHS, MIarHOCTMKH TEXHIYHOTO CTaHy IpaTdacTHX
METaJeBUX KOHCTPYKILINA 3a piBHEM KoOpo3iiiHoi HeOe3neku. Ha migcraBi BUBYEHHS KOpPO3iIHHOTO
CTaHy KOHCTPYKIII 1 YMOB €KCIUTyaTaiii po3poO0sieHl 3axOoAu MO0 MiABUIIEHHS JOBTOBIYHOCTI
pyaHO-TpeliepHOro KpaHa IepeBaHTaXKyBaua. BCTaHOBIEHO MNPUHLUMIN KOHCTPYKTHUBHHX 1
TEXHOJIOTIYHHUX 3aX0/1iB 3a0€3MeUYeHHs TOBrOBIYHOCTI BiJIMOBITHO JI0 BUMOT KOPO31ifHOT HEOE3MeKn
ciopyaud. Bu3HaueHO KpUTHYHI MOKAa3HMKH 3aXHUCTy METAJIOKOHCTPYKIIH B yMOBax KOpO3iHHHMX
BIUIMBIB B MEXaX iX 'PaHUYHUX 3HAYCHb.

Kiro4uoBi cjioBa: MetasneBi KOHCTPYKIii, KpaH-TIEPEeBaHTAXXyBay, arpeCUBHICTh CEPEIOBUIIIA,
eKCIUTyaTarlisi, KOpo3iiHuM 3HOC, pecypc.
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