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Design of the construction and research of vibraties and heat transfer
of mine workings

Elena Pivagiovéd', Kseniia Domning andZuzana Sagové

The creation of safe conditions for the operatidruederground facilities is one of the main taskemsuring the stability of mine
workings.Today, in conditions of great depths and externyalagnic loads, it is necessary to ensure not orgystrength of the linings but
also their resistance to seismic, vibration, andrthal effectsThe solution of this problem is the usage of maiter combined linings,
which expand the possibility of using various miaterfor fastening openings in difficult mining agdological conditions.

This paper presents a study to determine the uségencrete for standing support of walls and roofa mine. It deals with the
research of vibrations and heat transfer of minekiv@s. The construction of a three-layer vibrati@sistant rigid-pliable lining for mine
workings has been developed. Its pliable outerrlagemade of foam concrete reinforced by PET filike inner layer is the sprayed
concrete layer with PET-fiber reinforcing, and timéddle layer is a closed concrete ring of the rififing.

In the article, the mathematical model of impactwevaleformation of the lining ring from external smic and impulse loads is
formalized. The course of temperature fields alibeeheated sample is also studied.

Key words:vibration, heat transfer, mine workings, concrigtég.

Introduction

In the mining operations within mines are used daggantities of concrete products, primarily infroo
supports. Other uses are for walls, floors, ra# tiand also for small temporary buildings, presl blocking
for machinery (Budaj et al.,, 2018). Concrete isduse support mine roofsConcrete props are loaded
perpendicularly to the roof and floor for maximutnesgth. Props are used in faces, mine entries,atomty
haulage corridors (Stone et al., 1985)anding supports in the form of posts and woolschave been used
since the earliest days of underground mining amdained the most common form of support in coalesin
until new support products were developed in thtyel®90s (Barczak, 2005). Roof support is essktdidhe
safety of every underground miner. It has threenary functions: first, to prevent major collapségh® mine
roof; second, to protect miners from small rocksfélhat can occur from the immediate roof skin; &mdd, to
control deformations, so that mine openings rensarviceable for both access and escape, as wdtiras
ventilation of the mine workings.

Application of concrete is necessary to resisteiadtof vertical load stress, maximum horizontassy and
the minimum horizontal stress undergroumte roof load is the vertical force that appliesdof support most
directly. Longwall mining concrete and pillar recovery camaoentrate large vertical loads on gate entries and
pillar lines. Appropriate wood and concrete pillsizing are essential for limiting the roof stressesd
deformations to levels that can be handled by sugdport.The correct column can greatly reduce the loads
applied to the roof. Vertical supports column, ldencrete, wood, or longwall shields, develop load®sponse
to the convergence between the roof and floor (Meutk Barczak, 2000).

There are localities where wood is not only unusudlwhere the wooden types available are notlseita
for even light ground supporConcrete sets deserve consideration for theseitiesalWood props are
sometimes used where the roof above the seam toosiselatively massive rocks that do not cavealgam
most circumstances, wood props are not suitabledal faces where the system of work is such tiet tvould
have to be advanced during each cycle (Wing, 2002).

The usage of concrete sets is appropriate for igbtind support when suitable wood is difficultget.
Because this substitution of concrete for wood imayrincipally an economic problem, the relativetsanust
be carefully comparedConcrete supports column for mines serve a purpaseh different from those for
ordinary concrete structure€oncrete is used as a substitute for wood wheratiter is difficult to obtain in
quantity or when mine conditions are conduciveapid deterioration of woodReinforced concrete is unlikely
to fail instantly (Michaud, 2017). Foam concretedids and lightweight aggregate blocks also candesl wo
build roadside pack§Vithout reinforcement, packs built of these malteréae liable to collapse under relatively
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small loads.The number of concrete supports column under eachsbould be sufficient to maintain the
required support density over the width of the faoeking (Wing, 2002)Before 1980, timber was the dominant
support material with wood cribs and timber posteduexclusively for tailgate and breeder suppoohdtete,
with the compressive strength and material modatlusrder of magnitude higher than wood, hagnovide
superior roof support as was thought at the tiner¢Bak, 2005).

This paper presents a study to determine the uslagencrete for standing support of walls and rimo&
mine. It deals with the research of vibrations hadt transfer of mine workings.

Analysis of the problems

As a rule, the problem of ensuring the strengttalbtypes of linings is solved. However, at pres¢ne
volume of mine workings carried out in complex gaptal conditions (high seismicity, neotectonic pbeena,
etc.) is continuously increasing. In this caseadditional requirement for resistance to seismid wibration
effects should be presented to the linings, whéahot reflected in any regulatory document.

During operation, linings are exposed to natur&isfaic activity) and man-made (caused by human
activity: blasting and construction work, traffigibrations. Vibration can cause damage to the dginnreducing
its operational reliability: decrease stabilitygdede the carrying capacity.

Natural and man-made vibrations, perceived by thesttuctions of the linings, differ in their nature
Vibration from natural sources is concentratedha tower frequencies, characterized by high powethe
source and extends over long distances.

Vibration can cause significant damage, so in @aufeconstant or expected action of vibration sesiyc
special requirements should be placed on the lisingture:

« the lining material must be resistant to dynamauksgy

e structural lining elements must be interchangeable;

« fastening elements of the lining should not onlgwer the rigidity of the connection but also dampen
vibration.

At great depths, traditional single-layer suppémetal, concrete, ferroconcrete) are ineffectivegause the
main material of the structure of the lining forars almost rigid structure, and with intensive disgiments of
the contour rocks, the production is destroyed.ddrtde conditions of dynamic action, fiber-reinfedcconcrete
structures are the most effective.

Materials and methods

Overview of existing types of the lining of horizotal mine workings and requirements for them

In recent years, the approach to safety at undengrdacilities has changed significantly. Mines are
becoming deeper and deeper, which poses a serf@llerge for the industry to control mine workingfs
elevated temperatures, strains, and pressuresolve these problems, it is necessary to introdumteonly a
more advanced technique but also advanced techaslfmy mine working and consolidation of rocks.

The main means of ensuring the sustainability afenivorkings throughout the entire service lifehis t
erection of lining.

The lining of mine workings performs a number ofpontant functions to protect the underground
structures from rock falls, to ensure the designeatisions of workings, the perception of external eternal
loads, to prevent the destruction of rock mass fnweathering. There are many lining structures trat
successfully used in large depths. In the modeassdication of the lining of mine workings, the ima
classification feature determining the type of rigiis its purpose, that is, for which group of uggeund
workings lining is intended (BaklaSov and Kartozif®84). On this basis, the lining can be dividetb ithe
lining of capital (overburden), preparatory, arehatment workings.

In accordance with the current classification, calirently existing lining of capital and prepargtanine
workings are divided into three classes accordinth¢ main structural and technological featuresme, solid
and anchor (Aksenov et al., 2012). In turn, théntis of the first two classes depending on theirt@or are
divided into two subclasses: with an open and dasmntour. Besides, the solid lining can be mohualiand
prefabricated. The class of anchor linings is disaed into two subclasses: with the fasteningméhors in the
bottom part of the well (with distance lock devicasd with the fastening of anchors along the eréngth of
the well or a significant part of it.

Each of the subclasses of the frame and soliddéie divided depending on the conditions and eatdr
the interaction of the lining with an array of rec&nd constructive solutions into groups: rigidalple, hinged,
hinged-and-pliable. In addition, each of these Rgdses, as well as classes of anchor linings, diépgmon the
material used for their manufacture are metal, wanthcrete, reinforced concrete, polymeric and chixéhe
subgroup of lining determines the material of tr@m{bearing) structure or element of the lining.
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By the nature of the work, linings are enclosintgulating, and bearing. Fencing linings are desigoe
protect people and equipment from accidental Idoatping of pieces of rock. Insulating linings aesigined to
protect the outcrops of rocks in the workings framathering, waterlogging, leaching and crackingaridwy
linings have the main purpose to perceive the foam the mountain pressure.

According to the deformation characteristics lirirgan be rigid (offset up to 50 mm), little plialflep to
100 mm), pliable (up to 300 mm) and very pliable(enthan 300 mm).

By the structure, linings can be single-layered emudti-layered.

According to the methods of erection, linings ardimary and special (hammered, crushed, submerged,
lowered, pre-compressed, etc.).

By the ability to move linings can be stationary anobile.

In accordance with the main regulatory documertts, mining lining must meet a set of technical,
economic, and functional requirements:

« to withstand the pressure of rocks without breakind to ensure the working condition of the prouunct
throughout the entire service life;

e to be technological (simple to manufacture), tramgble, easy to use during construction in theemin
available in service during operation;

e not to interfere with the implementation of prodantprocesses in the development;

e  to be resistant to corrosion and decay;

e to ensure minimum material and labor costs forcthastruction and operation of the lining.

Influence of vibration on the lining

Vibration is a mechanical oscillation: a combinatif impact and alternating load. Tension or corsgicn
deformations occur when oscillations propagate solad. Wave motion is an oscillatory process inichhthe
oscillation energy is transmitted in the directioihwave propagation. The cause of the oscillatoycess is
constant or single external influences. As a rglegle external oscillations are harmonious andyote
sinusoidal law. Oscillations are constant with astant impact of forces; oscillations turn into gémg when
the action of forces ceases.

If the solid in which the oscillation process tak#ace is based on an elastic base, then the idbsaare
reflected from this base, and the waves go in dppabsrections. The phenomenon of resonance, thathe
summation of the vibrational wave energies may nd@esonance can also occur under the action afiable
in time, but constant in duration load. The impaican impulse can create waves that go parallebtth other
and overlap, increasing the amplitude of the cacitly process. Resonance is undesirable for thetremtion, as
it leads to the destruction of the constructiomioy strength (Gao et al., 2018).

Direct and reverse impulses (compression and tensib the oscillatory process alternate each other.
Alternating loads appear in the solid, which letaishe phenomenon of material fatigue and destoatif its
structure. Fatigue always occurs, but the timeteddy state may be different. It depends on thength of the
impulse of the oscillating wave impact and thergith characteristics of the construction. Thesenelds are
determined only by experience (Lu and Zhao, 2013).

To ensure the strength of the concrete lining, stresses arising in the construction must meet the
following condition:

o="ng[q], (1)

whereRy, is the impact forced, is the area of the impact: for the lining of acalar cross-sectioy =ndg,

whered is the diameter of the lining, is the wavelength of the impacis][is the permissible tensile or
compressive stress for the concrete lining.

The impact force can be determined in two ways.
1. Based on the theory of oscillations of mechanigatesns, harmonic oscillations are described by the
equation (Birger, 1968):
x= Asir(at + ), )
whereA is the oscillation amplitudew:z_l_—n is the circular oscillation frequency, wheFes the oscillation

period;t is the current timeyp is the initial phase.

With harmonic oscillations the speed and accelenadiso change according to the harmonic law:

17



Elena Pivaréiova, Kseniia DomninaandZuzana SagovaDesign of the construction and research of vibratiand heat transfer of mine
workings

v =Accodat +¢); ®3)
a=-Aa’sin(at + @) = -wPx. (4)

According to Newton's second law:
F = ma=-mAa’ sin(at + #) = -ma’x. (5)

2. Evaluation of the concrete quality can be carried loy the impact wave method, which is based on
measuring the velocity of propagation of longitwadinvaves in it, caused by mechanical impact. In its
physical essence, the impact wave method is baseiaog of the dependencB,— vi,,", whereR, is the
indicator of the concrete compressive strengthis the speed of the impact wave.

According to the condition, the impact force mustduch as to ensure the creation of a sound imjnulse
the construction, but not even cause a local varabf the concrete structure. The generated sdunpdise
propagates at a certain speed in concrete. Tondigieithe speed on the surface of the investigatedtauction,
it is necessary to install two sound receivers seatjally at a given distance. The sound impulseixed by the
first receiver is converted into an electrical signvhich turns on the microsecond meter after droation.

When it reaches the second sound receiver, thedseane, in the same way, turns off the microsecond
meter, which will record the distance between the $ound receivers by the sound pulse.

The speed of the sound wave of a mechanical imipaeticulated by the formula:

I
Up =—10, (6)
im
wherel is the distance between the sound receitgris the time of propagation of the impact wave.
The strength is determined on the basis of thertbpee R, — V.
The value oR, for concrete can be calculated by the followingrfolas:

for R <30MPe

R = W (7)
for R >30MPe
_ R,
- 8,8w,- 7,87,

act

R (8)

whereq is the coefficient calculated &= whereR,*" is the actual compressive strength of conciRge;

4 L
im
is the strength of concrete at the constructiog, sithere the maximum velocity of the impact wayg, was
found not less than at five siteg;is the initial velocity of the impact wave.

The proposed vibration-resistant structure of the ining
A promising construction that extends the use afioud materials for securing workings in difficult
conditions is a multi-layer combined lining.
For effective sound absorption and vibration igolgtthe following lining construction is proposéelg. 1).

Fig. 1. The proposed construction of a fiber-reiced lining: 1 is the
layer of reinforced foam concrete; 2 is the layEprecast fiber
concrete; 3 is the sprayed concrete layer.
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The lining has a circular cross-section, whichtie best option both in terms of structural paramete
providing durability and reliability, and in easkrmanufacture.

The design of the lining is three-layered, consgtf three shells with a layer of moving matebatween
them. The middle layer (2) is load-carrying and haggid structure. The outer (1) and inner (3)el@yare
pliable and vibration-proof, providing sufficienegistance to the displacement of the output cirguithe
formation of fracture zones. The material for tbad-carrying layer (2) is selected depending onggadogical
conditions and is calculated by the formulas (3)-{&e materials used to create a pliable layertrmest the
requirements of sufficient strength and the abilityesist loading, sufficient cheapness, the tghidi work for a
given service life of production, as well as tedbgecal applications in real conditions. In the poged lining
construction as the material of the outer layer {tl)s recommended to use non-autoclaved foam retac
reinforced by polyethylene terephthalate fibers THiber) (Domnina and Pivarciova, 2019; Qaizadaakt
2016). This layer is intended for damping naturad Auman-made vibrations, and one of the conditfonds
creation is that both the material of the layer #imel reinforcement must dampen vibrations. Foancrete
absorbs sound and vibration well without reflectaure to the cellular structure. PET fiber is a kigength
polymer material (Sviatskii et al., 2018). The pufrs simultaneously possess the properties ofllmptials and
solid elastic and plastic bodies. Plastic deforaraiabsorb impact load by changing their own shape,they
do not return to their original shape and sizestRlamaterials during operation accumulate changeshape
before losing steady state as supporting structares they must be calculated for a certain nurobstrokes,
after which they are not workable. It is necesdaryake into account, plastic deformation due tgdaforces
often turns into deformation of fluidity, in whicthe action of the impact force is not felt, theseonly the
movement of the compressed layer. However, wheagtieldarriers are reached, the impact may remain
noticeable, so it is more advantageous to useipldsformations rather than fluidity deformatiorastic
deformations absorb impact without return.

The middle layer of the lining (2) is proposed t® tmade of heavy concrete. The lining construct®n i
assumed to be in block design.

The usage of the sprayed concrete as the innar ddyi@ing (3) allows simplifying the process dataching
a pliable layer on the walls of the middle layegngiicantly. As a pliable element, sprayed concretlh PET
fiber inclusions can be considered. The signifiadifference of such an element is that the beagieghent in
the composite is the matrix, and the pliable elam@rhe inclusion of fibers. After the stresseshe matrix
reach their limit values, the matrix is destroyadd the pliable elements, in this case, they aré fiters,
provide the movement of the contour of productiarttee technologically acceptable value.

As a moving material between the layers, it is psggl to use graphite deposition with a thickneagpao
5 microns. The purpose of graphite is to reduaidm between concrete layers.

Impact-wave model of ring deformation from externalseismic and impulse loads

In our case, the most realistic model of impactodehtions is presented in Fig. 2. It is convenient
consider a separate layer of lining as a rod atbadine of action of the impact forés: L = d,, whered, is the
diameter of lining ring. Since the speed of passHgn impact wave is close to the speed of soand,the rate
of deformation of the layer of lining as a ringté® slow, it can be neglected. During this times ifmpulse will
have time to deform the entire material of the tayad the shape of the ring will not change. # tmpulses
come with great frequency, the ring can break fthenfatigue of the material, and not from changessi shape.

N

Fig. 2. Impact scheme: L is the length of the o the speed of the impact force,
m is the mass of the soil.
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Between the impact force and the rod, there islament with a certain complianee In our case, this
element is the outer layer of the lining (1) madéler foam concrete). Since plastic deformatiaeg layer by
layer, the next stage of the continuation of thpaot deformation repeats the first one with they aifference
that the length of the rod becomes less by the atmfiplastic deformation of the previous layer The impact
speed remains constant. The work of the impacef@aot only on the course of deformation but aleadhe
heating of the deformable layer of material (Visieat al., 2012).

So the mathematical model of impact -wave deforomatf the lining ring from external seismic and
impulse loads can be represented by (Repko, 2005):

N
P, =& BinkcT;k, = t o= 1.

e EF GO (2EFS) 2EFS

gl
5 :WT"W(L"W)QZ+ r, L -W) i, v(L-W)] .
T VAT, -WI w VIAT,-WI | ©)
cT 41-v?)p >
Eemfew =20 (R =0)=0;
L e nbE 2'(z )=0
Um:Lj:Tn=[Tn:Tmin=O,OJ[rn];z=vEr;

Z,— (l+ vh ]zO—PZ_V P22

2abE)"° DbE 2ab’[E’ J
86 <[e]
B

whereP, is the impact force;

v is the speed of the impact force;

o is the coefficient of compliance of the outer fill@am concrete layer;

¢ is the speed of the impact wavefront;

T is the compression time per a single stroke;

E is the modulus of elasticity of concrete;

F is the cross-sectional area of the rod;

¢ is the mass equivalent to the part of the maskeed in a strip of positive or negative impact eaf the
oscillatory process of the saoill;

L is the rod length;

P_, is the impact resistance force;

| is the width of the load bearing support;

W is the volume of the compressible lining layer;

T, is the ultimate shear stress occurring in a linaygr;

ATy is the duration of one impulse;

zis the impact half-wave lengttz :% ;

cT is the length of the passage of the impact wave;

a, bare parts of the impact area;

U,, is the impact energy;

m is the mass of the soil located in the strip dfifpee or negative impact wave and transmittingailon to
the structure of the lining;

[z.] is permissible ultimate tangential stress;

Tmin IS MiNimum tangential stress;

A@ is the temperature difference before and aftelactip

7y is the value at which the maximum tangential stesg;.x occur at the impact forde,, leading to plastic
shear;

f is the coefficient of volumetric thermal expansadrconcrete;

[4] is the permissible temperature in the impact zone

Using the task (9) the stresses arising from vibinatand the heating temperature of concrete firags the
action of impact waves are determined. It is neargseot only for the modeling of strength and digbbf
constructions to vibration but also to establish slafety of explosive proportions of combustibleggain the
mine.
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Fatigue issues require a separate approach. écisssary to conduct a number of experiments tordate
the fatigue of concrete, and the results of theedrments should be compared with the conditionthefpassage
of impact waves in specific mines.

Visualization and analysis of concrete temperaturéelds

Monitoring of the stress resulting from the heatiemgperature of the concrete rings from the impéthe
impact waves is necessary to determine the safegéxmlosive proportions of combustible gases in itiae
(Xiaobing and Xueping, 2011).

Therefore, part of the research was devoted tovihgalization and analysis of temperature fieldgerov
heated samples of concrete reinforced with polyetiey terephthalate (PET) fibers, which are obtaibgd
recycling polyethylene terephthalate waste.

Holographic interferometry was used to visualize temperature fields. This method has been able to
detect temperature fields without touching and tnitor and record in real time the on-going procesthe
boundary layer at the concrete interface — the emitenvironment. By a quantitative analysis ofithages of
holographic interferograms, the temperatures of idmhermal curves above the heated samples were
determined.

The goal was to gain new knowledge about the theprnaperties of concreteThe samples of size
40x40x15 mm were used to measure heat trandfeinfrared emitter with a power of 225 W was useda
source of heating.

In Fig. 3, we can see the course of temperatulgsfigbove the heated samplée can observe a uniform
increase in the thickness of the thermal boundayerl Interference strips represent isothermalntaéfield
curves. By a quantitative analysis of holographterferograms, the temperatures of the isotheronales were
determined.For more information about the method used and rtHationships used, see the literature
(Pivarciova and Cernecky, 201dernecky et al., 2014).

start the experiment 8 minutes of heating 12 minutes of heating
14 minutes of heating 22 minutes of heating 31 minutes of heating

Fig. 3. Holographic Interferograms of concrete fmarature fields.

In Fig. 4, there is a graph showing the temperatab®ve sample calculated from holographic
interferograms.
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The temperature above sample

Height [mm]
25

20

15

10

300 320 340 360 380 400

R R R R Temperature [K]
—®— 31 min 22 min 12 min 8 min

Fig. 4. Temperature above sample.

Heat transfer is a combined case of heat sharihgele® two fluid-separated walls. From warmer fltod
solid wall, heat passes through convention, conduoctand radiation; solid wall transmits heat thgbu
conduction and from the wall to the cooler fluichagby convection, conduction, and radiation.

Along the solid wall in the direction of the liquglream, a thin layer of fluid is formed, callee tinermal
boundary layerlt is formed by the adhesion of the fluid moleculeshe surface of the solid bodyharing of
heat in this layer is only convection as if thedlwas still. The large temperature gradient inltbandary layer
results from the low thermal conductivity of thaidls.

In the transport process, it is also difficult todf that their mathematical analysis is only pdssikith a
number of simplifications, but it also gives rigesystems of differential equations which in maages cannot
be solvedDue to the complexity of the theoretical solutiont@nsmission phenomena by mathematical and
modeling methods, which always presuppose certaipldications, optical methods can be used to sdhese
problems.

One possible application of holographic interfertmnés to visualize the temperature distributidrhe
interference method allows not only to evaluate tiserved phenomena quantitatively, but also geves
comprehensive picture of the size and shape ofettmperature fields at a given time, and the medsuatues
are not influenced by the sensAnother advantage of this method in real-time &pbssibility of recording the
entire time course of heating. This method allowanitoring the temperature field as a whole, not josal
variations, as measured by thermocouples.

The demonstration of the temperature field in thginborhood of the heated oven in the case of alatur
convection of air is shown in Fig. | the interferogram image, the temperature boyntiyer is visible, in
which the air flows upwards. Behind the boundaryetais the surrounding environment with constamt ai
temperature. The thermal boundary layer gradualbives around the circumference of the oven andralg
towards the topThis expansion of the boundary layer causes a tieuin the temperature gradient as well as a
reduction in the heat transfer parameters.

An experimental and numerical investigation of fimfluence of insulation defects on the thermal
performance of walls is deal work (Nardi et al.19]
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Fig. 5. Demonstration of the holographic interfgram of the temperature field in the surroundin§the heated oven in the case of
natural convection of air.

Results and Discussion

In our research, we proposed a new constructica tbfee-layer vibration-resistant rigid-pliableitig for
mine workings. Multi-layer concrete constructione good because they simultaneously have high ggtren
wear-resistant, sound insulation, and low thermsiilation properties.

Depending on the purpose and conditions of operatiwulti-layer concrete constructions can be used a
road surfaces in Siberia and the Far North anielir€oatings. Rational distribution of materiaisdiepth should
be established on the basis of the laws goverhiaddrmation of a stress-strain state of the stinect

They can also be a solution to the problem of sdoadlation of compressor stations and busy higlsvay
(usage as enclosing panels). In recent years sosathtion instructions and standards have beemtepd The
main factor in the updated instructions affectingdern construction is the tightening of the requieats for
isolation from impact noise. Problems of reduceésst in mining are also devoted to work (Baranoalgt
2017).

Thanks to the developed mathematical model (9)cavealso predict impact-wave and heat deformations
of the lining ring from external seismic and immuleads. In the future, it is necessary to buikl tethodology
for refining the mathematical model based on theutated experiment.

The course of temperature fields above the heaetple is also studied. As we can see in Fig. 3, the
thickness of the thermal boundary layer increasgf®oumly. The results of the interferometric visizaktion of
the temperature fields are represented by the imafmterferograms. Based on holographic integeams, the
temperature above the samples was calculated @jigln the future, we can conduct a qualitative and
guantitative analysis of interferograms, which vaillow us to determine the local heat transfer facefts a
necessary for subsequent calculation of the hewtuwdivity coefficientl.

Conclusions

The creation of safe conditions for the operatidrunderground facilities is one of the main tasks o
ensuring the stability of mine workings.

Today, in conditions of great depths and externalathic loads, it is necessary to ensure not orgy th
strength of the linings but also their resistarmadismic and vibration effects. The solution a$ throblem is
the usage of multi-layer combined linings, whiclpamxd the possibility of using various materials festening
openings in difficult mining and geological condits.

At this stage of research, the construction ofragHayer vibration-resistant rigid-pliable linifigr mine
workings has been developed. It is distinguishethlkyfact that the pliable outer layer is madeoaifi concrete
reinforced by PET fiber, and the inner layer is speayed concrete layer with PET-fiber reinforcimge middle
layer is a closed concrete ring of rigid liningsaring the stability of the mine workings duringe service
life.

Further researches are aimed at exploring the potsjef creating mixed multi-layer types of linings
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