E3S Web of Conferences 123, 01012 (2019) https://doi.org/10.1051/e3sconf/201912301012
Ukrainian School of Mining Engineering - 2019

Assessment of the technical state and the
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Abstract. There are about 200 operating mines in Ukraine, most of
which have not been reconstructed for more than 20 years. Modemn
anthropogenic and ecological impacts are caused by local technogenic
catastrophes and the global ecological crisis. The statistical data on the
safety of Ukrainian mines were considered. A literary analysis has been
made of advanced expertise in the technical state assessment of the
building structures. The purpose of the study is to make optimal decisions
when constructing, operating and maintaining the buildings. The
procedure for assessing the building state is the result of research, the
purpose of which is to develop a technique for reliable and operational
assessment of the building structures technical state. In this paper, a
technique is proposed for inspecting the constructions and assessing their
technical state. The maximum efforts in elements of the adapted frame
were used for checking calculations and constructional design. The
obtained calculation results were used in determining the sufficiency of
existing cross section value of the structure elements. According to the
calculation results, a conclusion has been made that hardness, stability
and rigidity of the frame elements as a whole are ensured; further
operation of the building structures is possible providing for the project
development to strengthen building structures and to implement the
design solutions at the construction site. In order to ensure the continued
normal operation, it is necessary to develop a project for strengthening the
structures, as well as a project for fire protection of building structures.

1 Introduction

Ukraine is the first in Europe and the eighth in the world in terms of geological reserves of
fossil coal. The explored coal reserves of Ukraine amount to about 50 billion tons. The
undiscovered reserves — about 120 billion tons. The structure of balance reserves includes
all grades from brown coal to highly metamorphosed anthracite coal.

Mine method of coal mining is very dangerous. There are collapses and explosions of
natural gas in the mines. By the number of mine accidents, Ukraine is second only to China
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in the world.

There are about 200 operating mines in Ukraine, most of which have not been
reconstructed for more than 20 years and require changes in the ventilation equipment.

Modern anthropogenic impact and ecological damage, conditioned by local technogenic
catastrophes [1, 2] and the global ecological crisis, evidence that the current ecosystems
state constitutes a significant threat to all mankind [3 — 5].

The causes of accidents in the mines:

— methane explosion;

— coal dust explosion;

— fire;

— collapses.

Risk factors for injuries in the explosion at the mine:

— powerful shock wave that spreads through the mine workings and causes considerable
destructions;

— high temperature flame, which leads to fires;

— high concentration of poisonous gases;

— collapses.

The safety of Ukrainian mines: 90% of mines are gas hazardous; 30% of mines are
dangerous because of sudden emissions of coal, rock, gas; 70% of mines are hazardous due
to explosions of coal emissions; 30% of mines are hazardous due to spontaneous
combustion of coal [6, 7].

Also recently in Ukraine, there have been frequent cases of collapse, destruction of
buildings and structures as a result of unreliable work or failure of building structures and
systems as a whole, leading to the occurrence of fires. The number of fires in Ukraine,
occurred in buildings and structures, made up 53% of the total number, and the death toll in
them was about 96%.

During the period from 2007 to 2018, at an average, 34 752 fires occurred in buildings
and structures, from which 2 546 people died, 1 346 people were injured. For a certain
period, at an average, 22 353 buildings and structures for various purposes were destroyed
or damaged, of which 4 281 buildings were completely destroyed.

According to statistical data for 2018, 43.2% (33,949) of all fires in Ukraine occurred in
buildings and structures; 5.5% (4 346) — in transport; 47.6% (37 451) occurred in the open
space of materials storage, open areas, external installations and the like; 3.7% (2 862) —
occurred on other objects that are not included into the list.

The work [8] summed up the engineering assessment study of the degree of thermal
damage to reinforced concrete structures. The fire arose in the area of the reinforced
concrete structure and significantly damaged the bearing external foundation wall. The
purpose of assessment was to quickly assess the technical state of the wall and to
recommend the necessary variants for repairing or replacing. The engineering assessment
of damaged wall included a phase of non-destructive evaluation consisting of ultrasonic
testing a pulse velocity and laboratory testing of concrete samples extracted from the
damaged wall. The results of non-destructive and laboratory evaluation have shown that the
concrete fracture zones are edged by the near-surface layer. The recommendations for
repairing were based on the removal and replacement of damaged concrete sections
specified by the test program.

In the thesis [9], in order to determine the mechanical behavior of reinforced concrete
columns in the case of a fire, it is proposed to apply simplified methods as well as the table
values given in EN 1992-1-2 (2004). From the point of view of safety and efficiency, the
table values represented in Eurocode 2 (2004) should be revised, and the existing simplified
methods for designing the reinforced concrete columns at ambient temperature should be
adapted for use in the conditions of high temperatures.
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The assessment of the existing buildings state with the use of non-destructive testing
method is studied in [10]. The continuous monitoring of reinforced concrete structures
using the appropriate methods and available methods of reconstruction contributes to a
significant decrease in the responding speed of concrete structures, thereby increasing the
service life of structures. The non-destructive testing methods [11, 12] have a greater
advantage in assessing the uniformity, durability, degree of reinforcement corrosion in
concrete, etc. for damaged structures.

In the work [13], a review is represented of the principles and practices of assessing the
state of existing reinforced concrete structures, as well as a technique of work to assess the
technical state before repairing, from the point of view of an expert. The non-destructive
testing methods, methods for experimental research into materials, the choice of samples
and the development of assessment variants are also considered.

To assess the technical state of buildings and their structures, the methods of risk
analysis can be used. These methods can be used for pricing the construction according to
the state, age and use. The method of assessing the universal matrix of the risks analysis is
applied in the work [14].

The purpose of the study [15] is to provide the parties involved in the construction
industry with some key performance indicators that can help them in optimal decision-
making in the construction, operation, maintenance and repair of the building. The
procedure for assessing the state of a building is a result of the original study, the purpose
of which was to develop a technique for reliable, but quick assessment of the assets state,
which should be made before they are acquired or the main decisions on their
reconstruction are made.

2 Formulation of a problem

The cost of coal, the reliable and safe operation of coal mines are largely determined by the
stability of mine workings [16 — 18]. The mine fastening is the most important factor to
ensure it, and, at the same time, the fastening of mine workings is the most difficult and
labour intensive process in the technology of mining operations. The steel frame fastening,
which is a combination of separately located frames and interframe fencing (laggings), is the
most widespread in the coal industry.

The laggings are an important lifting and distribution element of the mine fastening. It is
recommended to set metal laggings with anti-corrosion coating in mine workings with a long
service life. To ensure the mine working stability in difficult mining and geological
environment, plate (laminar) laggings of steel sheet with a thickness of 2-3mm are used. In
order to create a strong structure that operates in a pliable mode, a lagging of thin steel sheet
has been developed, made in the form of a spatial thin-walled element in the form of a groove
with the hooks on the ends.

Until now, the mechanism of laggings interaction with a rock massif has not been studied
thoroughly, there are no reasonable recommendations for their designing, and areas for the
rational use of interframe fencing in various mining and geological conditions are not defined.

A significant influence on the state of interframe fencing has an aggressive mine
environment due to the presence of a large amount of moisture and gases.

The corrosion of metal worsens the state and restricts the service life of steel lattice and
sheet structures, since the destruction rate of the metal surface layer in mine environments
reaches up to 0.1 — 0.2 mm per year, which requires effective corrosion protection.

Thus, it can be concluded that in the coal industry, wooden and reinforced concrete
laggings do not correspond to the operation mode of steel fastening in terms of their load-
bearing capacity and durability (wooden laggings), therefore, they do not ensure safe
operation of mine workings. The universally accepted practice of applying the same type of
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lagging along the entire frame perimeter does not correspond to the principle of optimal
designing and leads to excess consumption of material resources.

As it can be seen from the above analysis, the issues of technical regulation of both
building structures and the building as a whole in order to avoid mistakes during the
inspection, evaluation of the technical state of building structures and restoration of the
serviceability of existing structures, as well as predicting the technical state and possible
destruction after exposure to high temperatures (fires), is an actual scientific and technical
problem, the solution of which will positively affect the main indicators of fire statistics
(deaths and injuries of people, the number of fires, fire damage, the average duration of
localization and liquidation of fires).

In this paper, a technique is described for inspecting the constructions and assessing their
technical state. Inspection of structures and assessing their technical state is proposed to
conduct in the following sequence:

— analysis of the data contained in the provided design documents;

—on-site visual and instrumental inspecting the bearing structures of a building,
identification and photographing of defects and damages;

— performing the necessary calculations of structures;

— preparing the conclusion about the technical state of bearing structures before repairing.

3 A technique of determining the technical state

As an object for inspecting the technical state, it has been chosen a building used for the
needs of mining industry.

According to the tasks set, the following works have been carried out:

— familiarization with the object under study;

— visual and instrumental structures inspecting;

— measurment works with the development of measurment drawings;

— performing the necessary calculations of structures with account of the inspection
results of building structures with further development of recommendations for the
weatherization of the wall cladding and roof of the building;

—assessing the technical state of structures based on the results of visual and
instrumental inspection;

— preparing the conclusion about the technical state of structures;

—developing the technical documents under the necessity for repair and the
weatherization of the wall cladding and roof, as well as recommendations for ensuring the
long and reliable structures operation.

When performing the work of structures inspection, the following instruments and
devices were used:

— a laser rangefinder Sturm DL 1040 to measure dimensions;

— camera OLYMPUS SP-510UZ;

— a metal measuring reel according to GOST 7502.

The object has been analyzed according to the first point of a technique. Thus, by the
plan, the building is a rectangular one-story structure with a steel framework, built in the
70s of the last century. There are no building documents.

The structural system of the building is skeletonized. The columns with built-up cross
section are made of steel channels No. 20. The total dimensions of the columns cross
section — 200%400 mm. The roof of the building is made of rolled sections. The steel arches
are used as the bearing elements of the roof, and the girders are rested on their upper belts
(Fig. 1).

The columns are connected to separate reinforced concrete foundations with the help of
roof bolts. The wall cladding and coating are made of steel sheets.
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The spatial rigidity of the building structures is ensured by the joint work of columns,
trusses, a system of vertical ties along the columns, horizontal struts along the columns,
spans and a system of horizontal and vertical ties rigidly connected with the foundations

(Fig. 1).

Fig. 1. View of bearing structures of the building.

According to the second point of a technique, it has been performed a visual and
instrumental inspection of the structures, as well as the measurment works with the
development of measurment drawings.

When inspecting, individual defects and damage have been revealed:

— destruction of a protective anti-corrosion coating on certain parts of structures;

— connection of the elements of ties and struts with columns is made with deviations
from typical design solutions;

— the lack of the protective cladding of steel structures;

— the absence of bolts in connections, counter nuts or other measures against the self-
unscrewing of nuts in the area of bolted connections;

— lack of horizontal ties in the coating in the axes 1-2, 8-9;

— lack of vertical ties in the coating in the axes 1-2, 8-9.

According to the third point of a technique, necessary calculations have been made with
account of the inspection results of the building structures. The load on the structures was
adopted according to DBN V. 1.2-2:2006 [19].

The criticality-based safety factor y, = 1.1, when calculating the structures, is accepted
depending on the class of consequences (responsibility) of the object and the category of
responsibility of structures by the Table 5 DBN V. 1.2-14-2018 [20]. The class of
consequences (responsibility) of the structure is accepted as CC2 according to the Table 1
DSTU-N B V.1.2-16: 2013 [21].

There are no more than 50 people permanently at the facility (filled at least 8 hours a
day for not less than 150 days a year), which corresponds to the CC1 class. From time to
time there are up to 100 people, which corresponds to the CC1 class. Outside the facility,
danger is possible for a number of people up to 100, which corresponds to the CCI class.
The volume of potential economic damage from 2 000 to 150 000 minimum wage that
corresponds to the CC2 class. An object of local significance can be lost (the object does
not have the status of a national monument and has no national significance), therefore the
CC2 hazard class. The stopping of functioning the facilities of transportation lines,
communications, energy and other engineering networks — is local, which corresponds to
the CC2 class. Therefore, CC2 is the maximum class of consequences by all criteria. The
object complexity category — III (Table A.1 of annex A [22]).

The design diagram of bearing structures was adopted in the form of a frame (Fig. 2).
The load from the wind pressure and from own weight of the structures is applied in the
form of a uniformly distributed load along the length of the sections into which the frame
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was conventionally divided. The load from the production equipment weight is applied in
the form of concentrated forces in the places of setting the equipment.
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Fig. 2. Section drawing 1-1.
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The obtained maximum efforts in the elements of the adapted frame were used for
checking calculations and constructional design. The obtained calculation results were used
in determining the sufficiency of existing cross section value of the structure elements. The
results of checking calculations are represented in Fig. 3.

According to the calculation results, the following conclusions have been made:

— hardness, stability and rigidity of the frame elements as a whole are ensured. It is
required to set additional elements to increase rigidity;

— further operation of the building structure is possible providing for the project
development to strengthen building structures and to implement the strengthening at the
construction site;

—on the basis of the calculations made, it is necessary to develop projects for repairing
the building structures.

According to the fourth point of a technique, the general conclusions have been
prepared on the technical state of the bearing structures in connection with the repair, and
possibly with the use of protective cladding to increase the degree of fire resistance of such
structures.

The obtained calculation results were used in determining the sufficiency of existing
cross section value of the structure elements.

Checking calculations were performed using the Lir-STK calculated complex. The
sufficiency of existing cross sections of the structure elements has been determined.

The results of the calculations are represented in Table 1.
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Fig. 3. Diagrams of bending moments (a) and axial forces (b) under loading 1.

a

Curve My
Units of measurement-kNm
-

554

478
i

Minimal effort - 5.5219

i Maximum effort 57.8031
Iy

B

b

Curve N
Units of measurement- kN

129
127

Minimal effort — 454.977
Maximum effort 439.24

1 2
451 :J}/!

Iy

Px

Fig. 4. Diagrams of bending moments (a) and axial forces (b) under loading 4.

Curve My
Units of measurement- kN

Minimal effort - 57.8031
Maximum effort 16.1968

Curve N
Units of measurement- kN

129

130
T
-126
T

Minimal effort - 454.977
Maximum effort 439.24

a1 4
a7 48
—

44
A

Iy

B

Fig. 5. Diagrams of bending moments (a) and axial forces (b) under loading 5.



E3S Web of Conferences 123, 01012 (2019) https://doi.org/10.1051/e3sconf/201912301012
Ukrainian School of Mining Engineering - 2019

Table 1. The results of checking calculations of the column elements.

Lattice The exhaustion percentage of the bearing capacity El
. . - ement
Element | NS | Group spf;_icmg of the column by cross sections, % length,
( 1:15)’ nor [UY1|UZI [UYZ|GY1|GZ1|US | UP |1PS |2PS [MU| m
Cross section: 2. Section Molodechno 150x4
Section: 150x4; GOST 30245-2003
Steel: C245; GOST 27772-88
Assortment: steel roll-formed closed square sections for building structures
UK22 Selected:2. Section Molodechno 180x5
Section: 180x5; GOST 30245-2003
Steel: C245; GOST 27772-88
13 1 UK22 0.00 5910 0 0 7 7 [ 681 0 |59 7 |68 2.15
13 2 UK22 0.00 98 1 0 0 0 7 7 [ 62] 0 [ 98| 7 |62 2.15
14 1 UK22 0.00 981 0 0 0 7 7 16210 98] 7|62 2.15
14 2 UK22 0.00 671 0 0 0 7 7 [ 66 0 | 67| 7 |66 2.15
15 1 UK22 0.00 64| 0 0 0 7 7 166 0 | 64| 7 |66 2.25
15 2 UK22 0.00 651 0 0 0 7 7 166 0 | 65| 7 |66 2.25
16 1 UK22 0.00 641 0 0 0 7 7 166 0 |64] 7 |66 2.25
16 2 UK22 0.00 5910 0 0 7 7 16710 |59 7|67 2.25
17 1 UK22 0.00 62| 0 0 0 7 7 [ 6710 [62] 7 |67 2.15
17 2 UK22 0.00 9% | 0 0 0 7 7 16210 |9 | 7 |62 2.15
18 1 UK22 0.00 9% | 0 0 0 7 7 16210 | 9% | 7 |62 2.15
18 2 UK22 0.00 581 0 0 0 7 7 | 68 ] 0 | 58] 7 |68 2.15
Cross section: 3. Section Molodechno 120x5
Section: 120x5; GOST 30245-2003
Steel: C245; GOST 27772-88
Assortment: steel roll-formed closed square sections for building structures
UK12 Selected: 3. Section Molodechno 160x4.5
Section: 160x4.5; GOST 30245-2003
Steel: C245; GOST 27772-88

23 1 UK12 0.00 76 | 80 | 80 | O [ 27 | 27 |72 |72 |80 |27 |72 2.20
23 2 UK12 0.00 97 193 [ 92 | 0 [ 29|29 [ 747497 29|74 2.20
24 1 UK12 0.00 93 190 | 88 | O [ 28 | 28 | 72 |72 |93 |28 |72 2.20
24 2 UK12 0.00 90 | 87 | 86 | O [ 28 |28 | 71 | 71 | 90 | 28 | 71 2.20
25 1 UK12 0.00 75 172 [ 71 ] 0 [ 26 |26 |64 | 65| 75|26 |65 2.30
25 2 UK12 0.00 55 | 58 [ 58] 0 [ 24 |24 | 65| 65| 58 (24|65 2.30
27 1 UK12 0.00 74 | 78 | 78 | 0 [ 27 |27 |72 |72 |78 |27 |72 2.20
27 2 UK12 0.00 94 191 [ 90| 0 [ 28 |28 |73 |73 |94 |28]73 2.20
28 1 UK12 0.00 90 | 87 | 8 | 0 [ 28 |28 | 71 | 71 | 90 | 28 | 71 2.20
28 2 UK12 0.00 88 | 86 | 84 | O | 28 |28 | 71 | 71 |88 |28 |71 2.20
29 1 UK12 0.00 76 | 72 [ 71 | 0 [ 26 |26 | 64 | 65| 76 | 26 | 65 2.30
29 2 UK12 0.00 55 | 58 [ 58] 0 [ 24 |24 | 65| 65| 58|24 ]|65 2.30

4 Conclusions

Recently in Ukraine, there have been frequent cases of collapse, destruction of buildings
and structures, including in the mining industry, as a result of unreliable work or failure of
building structures and systems as a whole, leading to the occurrence of fires. In this regard,
in this paper, a technique is proposed for assessing the technical state of building structures
of the mining industry.

A structure, which belongs to the mining industry, was built in the 70s of the last
century. There are no any design and enforcement documents for a building. When
inspecting the structures, it has been determined their technical state. The technical state of
the building structures was conducted by means of a visual and instrumental inspection
with photographic evidence of defects and damage.
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According to the calculation results, the following conclusions have been made:
hardness, stability and rigidity of the frame elements as a whole are ensured. In accordance
with the requirements of European standards (mechanical resistance, stability and fire
safety) for buildings of the mining industry, further operation of the building structures is
possible providing for the project development to repair building structures and to
implement the design solutions at the construction site. In compliance with the
requirements of current regulatory documents [19], the technical state of existing structures
is considered as unserviceable for normal operation.

In order to ensure the continued normal operation, it is necessary to develop a project for
strengthening structures, as well as a project for fire protection of building structures, as well
as repair the bearing structures according to the developed project. When reconstructing, to
provide the repair of existing bearing structures of the framework (columns and coatings) with
the replacement of separate elements and by setting additional ties.

Authors express their gratitude to O.I. Holodnov, Doctor of Technical Sciences, Professor, Head of
Department of OJSC V. Shymanovskyi Ukraininan Research and Design Institute of Steel
Construction for the help and consultations in performing this work.
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