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The stress-strain state of test specimens of the new combined structure of support of a mine opening under loads
is studied. The test specimens are compound modular elements of the designed earlier combined structure of support.
Every single modular element is the triangular prism, consisting of a reinforced concrete slab and a steel grid made of
tube web members. The slab and web members are grouped in a complete element while concreting the slab. The
tension sensor’s method of experimental investigation is applied to the testing specimens. Tests of specimens are carried
out under the load forced with cargoes. Loads are set in the ways that to simulate service conditions, counting the most
adverse. Design features of the support and test specimens are shown. Particulars of the support and its elements,
production technology, assemblies as well as the sizes are briefly described. The methodology of testing specimens, as
well as the analysis of the outcomes, are presente.
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Introduction

To mine working depending on their purposes as well as hydrological and geological conditions,
some techniques are used. However, in all cases to mine working there is necessary to erect supports —
structures for prevention of fall dawn of the soil or rocks, as well as ensuring the service condition, and
the design parameters and sizes of the mine openings. Presently, the profitability of supports is important.
Each support has to provide reliability as well as at the same time to be simple in installation.

In recent times, notable deterioration in mining-and-geological conditions is observed, resulting in
the existing supports steadily undergoes physical depreciation [1-4]. In the present instance, it should be
pointed out that repairing exploited supports or erecting a new one is a labor-intensive operation and
requires big material inputs [5]. For one thing, the coal mining working practice shows that the cost of
renovation and maintenance in operating conditions of the supports can be as high as 10% of the value of
the coal. The arch hypothesis for support designing is widespread. Even if the arches are viable structures
to resist the pressure of soil may not always be possible to achieve necessary results [6, 7]. Presently, the
steel frame-arch supports are often used for mine opening [8].

The analysis of literature and the problem statement

Nevertheless, those structures have shortcomings. In the first place, it is the difficulty of ensuring the
load-carrying ability of the supports of mine openings with an unstable wall rock as well as high mine
pressure [9]. For mine working the anchor-frame and anchor supports are also applied [5] that have
disadvantages too: requirement for the high-priced explosion-proof compressor mobile equipment; the
absence of the highly efficient drilling equipment of domestically produced; labor required and
complexity of anchors’ installation. So, when fields are developed using mentioned above supports, these
disadvantages frequently turn mine working into money-losing one because the need arises in both
enormous human and monetary resources [9]. The present state of the mining sector given, the design of
the new techniques and types of supports of mine opening, requiring the minimum expenses is a rather
urgent challenge [10, 11].

The current study as research already above-mentioned focuses on the need for developing new
designs of supports. In this regard, the novel structural concept of the combined structure of support to
mine working is designed. It is assumed that the support will be resistant to the side pressure of soil, as
well as will be less labor-consuming under construction and will contribute to decreasing the
consumption of steel. The theoretical and experimental researches, including reviewing the existing
supports structures of mine opening, as well as measuring their advantages and disadvantages, and
studying reports of inspections, etc. are executed for the purpose achieve [5, 8, 9, 12—16]. Consequently,
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the novel system of support consisting of the combined elongate structural modular elements [17] is
designed.

Initial experimental investigates [18, 19] and feasibility studies [20] show the efficiency of the
designed constructive scheme. On the other hand, there are still several unstudied issues linked with
designing the proposed support. Some such challenges are to study the stress-strain state of the combined
elongate structural elements and measure the efficiency of the constructive concepts.

Aim of the study

That is why the purpose of the current study is to establish the regularity of developing the strains of
edge fibers of specific cross-sections of test specimens depend on the load rate and also to establish a
load-carrying capacity of test specimens.

Methods

To solve the delivered problem the well-established and approved experimental research method for
full-scale testing specimens under the load forced by cargoes is used. The experimental method provides
studying the stress-strain state of test specimens via dial indicators and tension sensors. Also, the
experimental research method allows receiving strain-load relations for edge fibers of specific cross-
sections of test specimens.

Research results and discussion

As it is already mentioned, the structures are designed for use in the mining sector as the structures of
support of the mine opening (Fig. 1a). As well, the structure can be applied for the installation of retaining
walls (Fig. 1b), walls of wells (Fig. 1c), etc. The making elements of the designed structure are the
combined elongate structural elements (modules). Each such module is made of a slab and web members
and has a triangular prism form. The slab can be a square (this one is not considered) [19, 21] or
rectangular shape (Fig. 2). Also, the slab can be reinforced concrete or steel and concrete composite.

The web members of the module (positions 3 and 4 in Figure 2) are fabricated from steel tubes, which
form a spatial lattice, like "space grid structure”". Normally, web members are hollow items, on the other
hand, if the need arises to increase the load-carrying capacity of the module, they can be filled with
concrete.

To the production of a lattice, tubes in different diameters according to GOST 10707-80 or other tube
standards for the mining industry are used. The bar mesh (Figure 2 shows where bar meshes C—1 and C-2
are located) are fabricated from the bars at least class A400. The inserts (embedded parts) made of steel
sheet (positions land 2 in Figure 2) serve as the connecting links between steel tube web members and a
slab. The slab is reinforced with such embedded parts and the bar meshes.

b) 9w
Fig. 1 - General view of combined elongate structural elements (a) and using the designed structures in the mining sector as a
support of a mine opening (b).

In more detail about designed support as well as methods of production of the combined elongate
structural elements can be found in the research result [22]. The geometric parameters of combined
elongate structural elements and their components are defined by calculation, guided by codes of design
steel, and reinforced concrete or steel and concrete composite structures [23—25]. The tilt angle of the web
member lies between 30° and 60°. It is well-known from the rules of grid structures designing.

However, in both previous [17-20, 22] and the current studies angle of 45° is used. Because, such
angle is known from experience designing to be the most favorable angle for grid structures, as well as to
use in many similar structures [26].
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Fig. 2 — Details of the test specimen of the combined elongate structural elements (module) for mine opening: 1 and 2 — inserts
from steel sheet; 3 and 4 — steel tube web members; C1, C2 — bar meshes.

The designed support is assembled from modules through connections, which can have different
designs depends on the shape of the support. The combined elongate structural elements are assembled
into one support, which can have as flat and as curvilinear shapes (see Fig. 1).

The amount of modules for assembling support is defined by calculation, based on the feasibility study
and trial design. The method of determination of the modules amount is similar to the well-known space
grid structures. This method considers such characteristics of a structure as depth and span of the module
as well as the tilt angle of the web member [27].

Production of the combined elongate structural elements is carried out by monolithic or prefabricated
(in this work is not considered) ways. The choice of a way depends on the size of the mine opening as
well as available equipment. The features of monolithic production of modules lie in the way of
concreting of elements.

Concreting carried out when the frame of the module lays turned side on the site (Fig. 3a) instead of
the proper location (Fig. 3b). In this case, web members play the bearing and reinforcing roles (Fig. 4). In
this way, the integrity and solidity of the module are reached.

b)
Fig. 3 — Concreting (a) and the proper location (b) of the specimen

When the prefabricated way is selected, the production of the module follows to that order: to begin
with, the slab is concreted, then the web members are connected to inserts by bolts (such technique is
presented in results of research [19]).

Fig. 4 — Monolithic production of the combined elongate structural elements

The application of the designed support for mine working is to achieve certain economic benefits, no
matter what the way of production of the module is selected [20]. Furthermore, there is no need for a wide
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range of special racks and timbering, as is often the case during concreting in the permanent position of a
structure (should not be confused with monolithic production of modules).

In greater detail, the design features about the designed support are available in the monograph [28] or
guide [29].

Developing the technique of the experimental research is caused by insufficient data about of the
stress-strain state of the making elements of the designed support, and their behavior under the load. The
load-carrying ability of combined elongate structural elements is considered to depend on different
impacts, especially on the geometrical sizes, physic-mechanical properties of materials (steel and
concrete), ways of loading as well as constructive schemes, etc. Several tasks are delivered while the
program of experimental researches is drawing up. The tasks are to learn the behavior and the stress-strain
state of elements of the designed supports under the load; to define the load-carrying capacity of elements
of the designed supports; to check whether the combined action of steel tube web members and a
reinforced concrete slab is ensured; to obtain displacements of characteristic points while testing the
specimen; to plot the strain-load curves, etc.

The test specimens of the combined elongate structural elements are designed and made to obtain
experimental data that allows getting sufficiently assess the characteristics of the elements of the designed
supports. The strains and displacements are measured in specific points of elements of the support (Fig.
5). Strains are measured via tension sensors with the multichannel measuring system VNP8 as well as dial
indicators. Tension sensors are glued on web members and flank sides of the slab as Figure 3b shows.

Ensuring the proper procedure of experimental researches, control samples are made of materials of
the test specimens. These are concrete cubes of 150x150%150 mm, strips of length 280 mm and 135 mm
are cut from both steel sheets and tubes respectively and also segments of length 190 mm are cut off from
reinforcements bar. The control samples are made to obtain the physic-mechanical properties of the used
materials for making the test specimens. The control samples are tested at the same time as test
specimens.

The test specimens are tested under uniform load (the load is imposed on the entire surface of a slab)
as Figure 5 shows.

Fig. 5 — Way of loading the test specimens and the placement of tension sensors:
1 — sensors of tension; 2 — dial indicators; numbers next to sensors 1, 2, ..., 83 are numbers of tension sensors.

The load imitates earth pressure on supports. It should be emphasized that the test’s ways of
specimens imitate the worst boundary conditions that can be in the operation of the designed supports. It
allows estimating a resource of load-carrying ability the designed supports objectively. Loads are
imposed on the slab of the combined elongate structural element as cargoes in the form of the short solid
cylinders (Fig. 6).

Arrangement of tension sensors on the surface where put the cargoes on is unreasonable because they
are damaged by cargoes. Nevertheless, that arrangement of tension sensors allows measurement of strains
correctly with consequent analyzing the stress-strain state of test specimens objectively and accurately.
Based on the structural specifics as well as experience of experimental investigation for measurement of
strains of materials are used tension sensors of certain lengths: 30 mm — for steel; 50 mm — for concrete.

Following the experimental researches program, the test specimens are not broken down. As a result
of the tests, the value of the strain in the extreme filament of the cross-sections are obtained and some
strain-load relations are plotted (Fig. 7).

HAYKOBO-TEXHIUHMI XYPHAJI “CYYACHI TEXHOJIOT'Ti, MATEPIAJIM I KOHCTPYKIUI B BYIBHULITBI” 23



BYIBEJIbHI KOHCTPYKIIIT

40 40

35 | 35

30 30
e e
B E s

10 | 10 |

5 5

00 L L L 0 0—1t L L L

0 5 10 15 20 0 2 4 6 8 10
Strain £x10-3 Strain £x10-3

—O—sensor 17 —O—sensor 18 —O—sensor 19 —O— sensor 20

Fig. 7 — The strain-load relations in the extreme filament of the cross-sections

The analysis of the test results shows in general that combined elongate structural elements are in the
elastic behavior during the test. This stress-strain state of elements under such loadings, in general, is
usual and corresponds to the well-known patterns. It means that the technique (the current codes for
calculation of carrying structures [23-25, 29] that is used for the test specimens designing is an acceptable
one. It means that at this stage of researches there is no need to develop the theory of calculation of the
designed supports of mine opening. The experimental data shows the designed structures are effective
under the load. It should be noted that during testing at the load that is 85% from design ultimate load still
elastic work of materials is observed.

Conclusion

First of all the new support structure for the mining industry use has been created as well as studied.
Experimental researches of the combined elongate structural elements of a mine opening were conducted,
as a result, the delivered goal was reached, such as the new data is established that has both the scientific
novelty and the practical value as well as gives awareness about specificities of structure behavior under
loading, as well as both the stress-strain state and the efficiency of the structure are established. Besides,
the actual strains depending on the level load in characteristic sections, and also the load-carrying ability
of test specimens are obtained. Taking into account that the test specimens are tested under operational
load, during the experiment the steel structural elements are deformed linearly, that is, there is a direct
relationship between the strains and load.

After analyzing the results, both tensile and compressive forces are found to act in cross-sections of
steel tube web members. That is common for space grid structures.

From the results, tensile forces are found to act in cross-sections 1-1 and 2-2 (see Fig. 5). As well as,
strains are found to increase more on the bottom side of the tube (tension sensor 4 in cross-section 1-1,
tension sensor 8 in cross-section 2—2) than on the top side.

From the results also, compressive forces are found to act in the normal section of the reinforced
concrete slab. Besides, in the hight of the normal section, the strains are roughly the same, in contrast to
the steel tube.

In common, it should be noted that all components (web members, reinforcement, inserts, and slab) of
the combined elongate structural elements are in combined action during all the loading stages. All
mentioned and other results in the previous investigation demonstrate the efficiency of the structural
concept of the combined elongate structural elements for the mining industry use.
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BYJIIBEJIbHI KOHCTPVYKIIIT

I'. M. Taciii’
0. B. I'aciii’

JIABOPATOPHI BUITPOBOBYBAHHSA KOMBIHOBAHHUX
INOAOB)KEHHHUX CTPYKTYPHHX EJIEMEHTIB JIJI51
KOHCTPYKUIHN KPIIVIEHHS TTPHUYOI BUPOBKHA

' CyMchkuit HaLioHanbHWiA arpapHui yHiBepcuTeT, Cymu, Ykpaina
2 MonTaBcbkuit yHiBepcuTeT ekoHoMikK i Toprieni, MNonTasa, YkpaiHa

BusyeHo HanpyxeHo-0eghopmogaHuli cmaH 3pa3kie HO80I KOMBIHOB8aHOI KOHCMPYKUIT KpirneHHs1 2ipHU4oi eUPOBKU
nid HasaHmaxeHHsIMU. EkcnepumeHmarnbeHi 3pasku — MOOYJ/bHI eneMeHmMu paHiwe po3pobreHoi KombiHosaHoOI
KOHCMPYKUii  KpinneHHs. KoxeH okpemul MOOyrnbHUU eneMeHm — mpuKymHa npuama, Wwo ckiadaembscs i3
3ani306emoHHOI nnumu ma cmarsnegoi pewimku, 8u2omosnieHoi 3 mpybyacmux enemeHmie. EnemeHmu nnaumu ma
pewimku epynyrombcs y yinicHul ennemeHm nid 4ac 6emoHysaHHs ninumu. [ns docnidxXeHHS 3pa3Kie 3acmoco8yembCs
mMemod ekcriepuMeHmasibHo20 O0CTiOXEHHS 3 BUKOPUCMAaHHAM meH3ope3sucmopie. BunpobysaHHs 3pa3kie nposodusnucs
nid HagaHMaXxeHHAM, MpuknadeHo20 y euansadi Memarnesux eaHmaxie. HasaHmaxeHHs npuknadanocss makum YUHOM,
wob imimysamu ymosu pobomu, epaxosytoqu Halbinbw Hecrnpuamusi. [NokazaHo ocobnugocmi KOHCMpyKUii 0ocniOHUX
3paskie ma eunpobysaHHs. Kopomko onucyrombcsi KOHCMPYKUISi KpinneHHss ma i enemeHmis, mexHosoais
supobHuuymea, 8y3nu, a makox po3mipu. [MpedcmasneHo mMemodosnozito e8unpobysaHHs 3pa3kie, a MmakoX aHani3
pes3ynbmamis.

Knroyoei cnoea: cmane3sanizobemoHHi KoHCmpyKuii, KoMbiHo8aHi KOHCMPYKU,i, HanpyxeHo-0eghopmosaHuli cmaH,
pewimka, 2ipHu4ya supobka.
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I'. M. Tacuii’
E. B. acnii’

JIABOPATOPHBIE UCIIBITAHUSA KOMBUHUPOBAHHBIX
YAJIUHEHHBIX CTPYKTYPHBIX 3JIEMEHTOB JJI5
KOHCTPYKIHUH KPEIIVIEHUSA 'OPHOU BBIPABOTKH

! CyMckoli HaLMOHanbHbI arpapHbIil yHUBEpCUTET
% MonTaBCKNi YHUBEPCUTET SKOHOMUKIA 11 TOPFOBIN

U3yyeHo HanpsixeHHo-0eghopMmuposaHHoe cocmosiHue o06pa3yos8 HoBoU KOMBUHUPOBAHHOU KOHCMPYKUuU
KpenneHusi 20pHoU 8bipabomku rnod Hazpy3kamu. IKcrepumeHmarsibHbie 0b6pa3ubl — MOOYSIbHbIe 3NeMEHMbI paHee
paspabomaHHOU KOMGUHUPOBaHHOU KOHCMpyKuuu kpenneHusi. KaxObili omoesibHbIl  MOOY/bHbIU 3/1eMeHm —
mpeyeonbHasi npusmMa, cocmosiujasi U3 xene3zobemoHHoU nnaumel U cmanbHol pewemku, U320mosseHHol U3
mpy6yambix 3/1eMeHmMo8. JneMeHmbl Maumbl U PewemKu epynnupyromcsi 8 UesloCMHbIU 31eMeHm 60 8peMs
6emoHuposaHusi naumel. [ns uccrnedosaHusi 0bpa3yoe rnpumMeHssemcsi Memoo 3KcriepuMeHmasibHo20 uccriedoeaHusi ¢
ucronb3o8aHueM meH3opesucmopos. McnbimaHusi obpa3yoe nposodunucb nod Hazspy3kou, npurnoxeHHol 6 eude
Memarnnu4yeckux epy3o8. Haepyska npuknadbieanacb makum o6pa3om, 4Ymobbl umumuposambs ycro8us pabomesl,
y4Yumsbieasi Haubonee HebnaeonpusmHble. [NokazaHbl 0COBEHHOCMU KOHCMPYKUUU OMbIMHbIX 06pa3yo8 u UcrbimaHus.
Kpamko onuckigalomcsi KOHCMPYKUUSI KPENeHUs U ee 3/1eMEeHmos, MexHomoaus rnpou3sodcmea, y3nbl, a makxe
pasmepsi. [pedcmasneHbl Memodosioeusi UcrbimaHusi 06pa3yoe, a makxe aHau3 pesynbmamos.

Kntouesbie criosa: cmariexene3o6emoHHbIe KOHCMPYKUUU, KOMBUHUPOBAHHBLIE KOHCMPYKUUU, HarnpsXeHHOo-
degpopmuposaHHOe COCMOsIHUE, pellemka, 20pHasi ebipabomka.
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