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Abstract. The method for calculating parameters of the cast and packed protective-insulating walls was improved.
The method is distinguished by the combined accounting of physical and technical properties of cement-mineral mixture
used in the construction of the wall and the intensity of stress changes in the hardening concrete depending on the min-
ing, geological and technological conditions of the roadway functioning. The following factors are taken into account
when calculating the change in loads on the protection means of the roadway district over time: weighted average com-
pressive strength of the rock layers in the roadway roof and floor; category of cavability of the coal seam roof; step of the
first and subsequent roof falls; rate of longwall face advancing.

To substantiate the correspondence of the mixture physical and technical properties (the intensity of concrete hard-
ening over time) to the change in loads on the protection means of roadway, the values of the limit strength of concrete
for uniaxial compression, obtained according to standard tests in laboratory conditions, are used. In order to take into
account mine conditions for the construction and functioning of the protective-insulating walls, dimensionless coefficients
of influence of the following factors were introduced into the method for calculating their parameters: the wall structure;
irregularities of relief of the underworked and overworked rocks pressing on the wall; chemical aggressiveness of mine
water, which is used to dissolve the mixture.

For the purpose of further controlling condition of supports and protection means in the belt roadway No. 166 of the
production enterprise Lisova Mine of the state enterprise Lvivvugillya and adjusting parameters of the protective-
insulating wall, a method of mine experimental research is proposed. The method provides for complex studies of the
mining condition at all stages of mining operations - during roadway driving, in zone of influence of the longwall bearing
pressure, as well as in zones of intense and constant displacements behind the longwall. The displacement of the road-
way contour and the change of loads on the means of its protection depending on the location of the longwall face and
the speed of its advance are subject to measurement. The criterion for assessing condition of the protective-insulating
wall is its relative vertical deformation over time.

The results of the calculation of rational parameters of the protection means in the belt roadway No. 166 (width of
the berm and packed wall) with the specified physical and technical properties of the cement-mineral mixture are pre-
sented. Based on them, scientific and technical recommendations were developed for support setting and protection of
this roadway.

Keywords: reuse of roadway districts, protection means of roadway, cement-mineral mixtures, cast and packed
protective-insulating walls, intensity of the protection means loading

1. Introduction

The current technologies of coal mining in underground conditions assume the
use of a panel system for coal seam mining. Mine roadways bordering on a coal seam
prepared for mining operations are called the roadway districts. In order to increase
productivity of the mines, the belt roadway district should be saved for reuse as the
air working of the next panel. This reduces the total length of the roadway districts
and contributes to reducing the costs of their drivage and supporting and speeding up
the development of new panels. In addition, the saving of the belt roadway after it has
been passed allows the use of direct-flow ventilation schemes. This reduces the limi-
tation for the rate of coal seam mining by the gas factor.

The main difficulty for maintaining the necessary cross-section of the roadway
districts and their safe operation when mining two adjacent panels is the following.
After the coal seam has been extracted, a cavity is formed in the wall of the roadway
district. In order to prevent the roadway roof fall, protection means are built along it
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to replace the extracted coal seam. There are different types of means for the roadway
protection - various structures made of wood (rows of breaker props, stacked walls,
chocks, clustered chocks, etc.) or concrete walls. The used roadway protection means
should solve the following tasks: to take on the load from the weight of the roof rocks
of the seam after its extraction; to facilitate to the "trimming" of undermined rock
massif outside the formed arch with keeping it balanced; to prevent asymmetry of
load on the roadway supports; to minimize subsidence and, therefore, destruction of
the stable arch; to reduce intensity of crack formation in the roadway roof at the bor-
der with the mined-out space of the longwall; to contribute to the stable condition of
the berm part of the roadway contour; to minimize swelling of the roadway floor; to
prevent leakage of a fresh air stream into the mined-out space of the longwall.

These tasks are effectively managed by concrete protective walls [1-3]. Cast
(CW) and packed (PW) walls have become the most widespread among such road-
way protection means due to their strength properties and effectiveness of their con-
struction. Construction of CW assumes placing of empty packs between the rows of
breaker props followed by their filling with a quick-hardening cement-mineral mix-
ture dissolved with water. While building of PW, packs with dry mixture are laid out
between the rows of breaker props and, then, water is added to the mixture through a
needle injector. That is, both technologies use quick-hardening mixtures in a liquid
state, which, during a certain period of concrete hardening, are not able to take on the
load from the massif of undermined rocks.

Therefore, when calculating the CW and PW parameters, on the one hand, it is
important to take into account the intensity of concrete hardening, and, on the other
hand, the rate of increase of loads on the roadway protection means. That is, the cor-
respondence of the strength of concrete hardening to the expected load over time.

The purpose of the research is to improve the method for calculating parameters
of the cast and packed protective-insulating walls by determining changes of load on
them over time with taking into account the strength of the host rocks and the speed
of the longwall face advancing in order to substantiate the compliance of the mixture
parameters with geological and technological conditions of the coal seam mining.

To this end, it is necessary to solve the following problems:

- to substantiate the necessity and the way to establish the correspondence of the
limit strength of concrete for uniaxial compression during its hardening to compres-
sive stress in the cast and packed protective-insulating walls;

- to substantiate the method for calculating the compressive stress in the cast
and packed protective-insulating walls depending on geological and technological
conditions of the roadway support;

- to substantiate the method for calculating the limit strength of concrete for
uniaxial compression during its hardening with taking into account mine conditions
of operation of the cast and packed protective-insulating walls.

Rate of the load growth depends on the category of cavability of the coal seam
roof according to the DonVUGI classification [4] (Table 1) and the speed of the
longwall face advancing. The faster is the longwall face advance and the weaker is
the roof of the coal seam, the faster the roadway protection means is loaded. In the
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case of a delay in gaining strength by concrete relative to the increased loads on it,
cracks occur and spread in the concrete, which leads to the loss of the load-bearing
capacity of the protection means of the roadway.

Therefore, an important criterion for calculating parameters of the cast or packed
walls is the correspondence of the rate of gaining strength by concrete to the mining
and geological conditions of the roadway location and the technological parameters
of the coal seam mining. This research is devoted to the solution of this problem.

Table 1 — Excerpt from the DonVUGI rock classification

Characteristics Values of Approximate lithological composition for fore-

at . o . .o .
Category of roof rocks | geomechanical criteria casting adjoining rock categories

Cavability of the roof rock massif, A

An even-strength massif of alternating layers of
shale, coal, sandstone, and separating limestone
(fav<4) of small thickness without pronounced
secondary sediments a / m > 5.

Al easily-caving £=0.04; Ky=15%

Heterogeneous massif of alternating layers of
shale, sandstone and limestone (4<f.<6) with
pronounced secondary sediments and a small
cavity step a/m < 5.

A2  |medium-caving| f =0.025; K\=15-30%

Fairly homogeneous massif of strong shale,
sandstone, limestone or a massif with "bridge
rocks" (6<fay<10). Clearly expressed secondary
sediments with a large step of cavity.

A3 poorly-caving | f=0.015; Ky=30-50%

Stability of the direct floor, F

Fl1 unstable oind<10 Shales of "curly" texture with slickensides (f<2).
. Shales, less often sandstones with "curly" tex-
F2 10< 6ina<25 ’
low stability Oind ture (2<f<4).
F3 stable Gin>25 Igpgrzogeneous massif of shales or sandstones

Conventional designations adopted in the classification: f — convergence of rocks
per 1 m of width of the face area in fractions of the seam thickness; K, — coefficient
of variation of convergence; a — thickness of caving rocks, m; m — thickness of the
extracted coal seam, m; f — rock strength coefficient according to M.M. Proto-
diakonov and its average value f.; oing — resistance of the upper layer of the floor to
indentation, MPa.

2. Methods

Research methods consist in studying the mining, geological and technological
conditions of development of the Sokalsky coal seam n,” with the roadway No. 166
of the PE Lisova Mine of the SE Lvivvugillya and taking them into account to calcu-
late the parameters for the protective-insulating wall.

The Sokalsky coal seam n4” is of a simple one-pack structure, relatively strong in
terms of thickness. Coal is black, humus, clarine-durene with fusain smears, semi-
glossy, cracked, friable, step fracture. Thickness of the coal seam is m =1.35-2.08 m
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(1.53 m), coefficient of the coal strength is /' = 1.5, angle of the coal seam dip is
a=6°.

The direct roof of the coal seam is argillite. The argillite is dark gray, dense, hori-
zontally layered, with fragments of brown silicified concretions, with veinlets of cal-
cite along the bedding, with remains of carbonized flora, with slickensides. The argil-
lite thickness is m = 1.90-6.40 m (4.15 m), strength coefficient is /= 3. On the con-
tact with the coal seam, a "false" roof with a thickness of m=0.10-0.61 m can be
seen, which will fall during stoping operations following coal extraction by a cutter-
loader.

The main roof of the seam is siltstone with thin layers of argillite. Siltstone is dark
gray, micaceous, with inclusions of brown silicified concretions, with veinlets of cal-
cite along the bedding. The layer thickness is m = 3.70—7.05 m (5.37 m), strength co-
efficient is /= 5-6.

The immediate floor of the coal seam is represented by quartz sandstone, gray,
strong, medium-grained, the upper part is of the lumpy structure of the "curly" type
with fragments of carbonized flora, vertically cracked. The thickness of the sandstone
layer is m =2.10-10.0 m (6.05 m), strength factor is /= 8.

The analysis of mining and geological conditions shows that, according to the
classification of DonVUGI, the Sokalsky coal seam 7n-” belongs to seams of medium
thickness, main roof is medium caving A2, direct floor is F3 (see Table 1).

Stoping operations in the longwall No. 166 are partially carried out in a zone of
the Sokalsky coal seam n,” erosion and of increased rock fracturing (ZIRF), where
the roof rocks are saturated with water from chalk deposits. In the dangerous zone,
the cracking of the coal seam roof'is 12—17 cracks/r.m, it is prone to spontaneous fall.

Natural gas-bearing capacity of the coal seam is 5 m? per ton of daily ash-free
matter. A potential source of methane release is the coal seam ng, which is located at
a depth of ~19.0 m along the normal to the rocks bedding from the floor of the coal
seam n7’.

Depth of the development is 265 m, length of the longwall is 270 m, average
speed of the longwall face advancing is 2 m/day, ripping of the floor of the roadway
district relative to the bottom of the coal seam does not exceed 0.45 m.

3. Results and discussion

Calculation of parameters for the protective-insulating wall.

While calculating parameters for the protective-insulating wall, it 1s important to
correctly estimate the expected loads on it. Load intensity depends mainly on the
structure and strength of the roof rocks. The combined influence of these factors is
taken into account by the coefficient of change in the roof rock strength & (rad) at a
height of up to 20 m above the seam [5]. This height is affected by the influence of
underworking while mining coal seams of small and medium thickness.

fizhi + frrzzhm + fazha
0,5fih7 + [yl (B + 05k )+ fuhy (b + by +0,5h,)

kfzarctg (1)
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where, fi, fm are the rock strength coefficients for the immediate and main roofs, re-
spectively, according to M.M. Protodiakonov; #i, A, are thickness of the rocks in the
immediate and main roofs, respectively, m; f, is the strength coefficient of the rocks
in the layer with the thickness of 4, =20 — (h; + hy).

According to the mining and geological forecast, the calculation by formula (1)
shows that the coefficient of change in the strength of the roof rocks at a height of 20
m is equal to k= 0.42 rad.

The plan of protection means location in the roadway district is shown in fig. 1.
The expected load on the protective-insulating walls is determined, according to the
roadway supporting passport, by formula [6]

Pp = 447(b + bpey + bwall)' m().skf €Xp(0.0025H/fim ), @

where P, is the calculated load per running meter of protective wall, kN/m; y is volu-
metric weight of the roof rocks within the thickness of 20 m, AN/m?>; b is width of the
roadway, m; by, 1s width of the berm, m; b,,; is width of the protective-insulating
wall, m; H is depth of mining, m; m is thickness of the extracted coal seam, m; fin, is
the average strength coefficient of the direct and main roofs within the thickness of
20 m

fim =it + foaltm + faha)]20. (3)

b
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Figure 1 — Plan of protection means location in roadway district

For the conditions of mining the Sokalsky coal seam n;” with longwall No. 166
with taking into account the margin of strength of the protective-insulating wall
fim=4.54.

According to the guidance document [7], with a medium-caving roof (category
A2), the width of the concrete wall is b, = 1.0 m, where m = 1.5 m.

When m = 1.5 m, the expected load per running meter of the wall with a width of
bwar = 1.5 m is determined by formula (2)
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P, =44-26-(4.18+0.45+1.5)-2°7-0.42 exp(0.0025 - 265/4.54) = 4850 kN/m.

Thus, the calculated maximum compressive stress in the protective-insulating
wall is

o P,/b,, =32 MPa. 4)

comp calc = p

The calculated maximum loads on the concrete wall will be reached at the mo-
ment before the roof fall, that is, at maximum values of the length of the cantilever of
suspended rocks. Therefore, the higher is the category of roof caving (table 2) [§], the
more the maximum loads on the wall will be achieved. On the other hand, the rate of
load growth, on the contrary, is greater with weak roof rocks, that is, with a lower
category of its cavability.

Table 2 — Excerpt from the classification of rock cavability of DonVUGI

Category of roof cavability | Step of first roof fall | Step of subsequent roof falls
Al Sr<10m is not manifested
A2 Sr=25m S5<15m
A3 25 m<§<50m 15 m<S§,<30m

Roof of the coal seam n;’ refers to the category A2. Therefore, at an average
speed of stope advancing of 2.0 m/day, before the maximum load is reached (first
roof fall), the mixture hardening time will be about 12.5 days. Further roof falls will
occur every 5.0-7.5 days. According to the nomogram obtained from experimental
data [9], with the roof of category A2 and speed of stope advancing of 2.0 m/day, the
load on the wall will be 10 MPa after 5 days, and 15 MPa after 12.5 days.

In order to construct protection means in the belt roadway No. 166, it is planned
to use the mixture GiSiV-Sh. According to the mixture technical characteristics (Ta-
ble 3), and in compliance with the standard tests, concrete strength Rcomp 18 not less
than 19.3 MPa after 3 days and 26.0 MPa after 7 days. Thus, the intensity of concrete
hardening over time exceeds the intensity of growth of loads on the wall, therefore,
physical and technical characteristics of the GiSiV-Sh mixture correspond, with a
margin, to the conditions of the Sokalsky coal seam 7,” mining with longwall No. 166
at the PE Lisova Mine of the SE Lvivvugillya.

To improve the accuracy of calculations, dimensionless coefficients of concrete
walls weakening ks under the influence of their structure, irregularities in the relief
of the underworked and overworked rocks k., and the influence of the aggressive-
ness of mine water, which is used to dilute the mixture, should be taken into account
[9]. Evaluation criterion: with an increase of the coefficients, the bearing capacity of
the wall increases.

During the construction of the cast wall, the liquid cement-mineral mixture is
poured into large containers - approximately 1.0 m in length and width and a height
equal to the coal seam thickness. Due to this, the wall has a monolithic structure,
which helps to increase its bearing capacity. Therefore, when calculating the CW pa-
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rameters, the coefficient of the structure is ks = 1.0. The packed wall consists of
packs of small sizes filled with a mixture, weighing 20 kg, which have an irregular
geometric shape. Therefore, in the case of calculating the PW parameters, the coeffi-
cient of the structure is ks—= 0.7.

Table 3 — Physical and technical characteristics of the GiSi1V-Sh dry mixture
and mortar on its base

Physical and technical parameter Value
Bulk density, kg/m? 1300-1400
Moisture %, by mass, not more than 0.5
Coarseness of the filler, mm, not more than 5.0
Working life, min., not less than 30
Spreadability, cm, not less than 11.0
Flowability, cm, not less than 8.0

Limit of compressive strength after hardening under normal
conditions, MPa, not less, age:

1 day 14.3
3 days 19.3
7 days 26.0
14 days 29.8
28 days 32.0

Limit of bending tensile strength after hardening under nor-
mal conditions, MPa, not less, age:

1 day 2.0
3 days 3.4
28 days 5.0

Strength of adhesion to the concrete base at the age of 28
days, MPa, not less than, after setting:

— in air-dry conditions 1.5
— at soaking in water 1.5
— at alternating freezing and thawing, 50 cycles 1.2

Waterproof for 24 hours. at the age of 28 days, MPa, for

layer with a thickness of 10 mm, not less than 0.4

After extraction of the coal seam, its roof and floor rocks have an uneven relief.
These irregularities concentrate stress in some points of the protective wall, which
leads to formation of cracks in it. At the same time, in case of the CW use, mainly
vertical cracks appear in the concrete, which grow to the entire height of the protec-
tive means and cause its destruction. Therefore, for CW, k,.; = 0.7. In case of the PW
use, only the top and bottom layers of the packs are destroyed under the influence of
irregularities of relief; these layers make the load balanced along the area of the other
layers of the packs. This helps to increase bearing capacity of the PW, therefore,
when calculating its parameters, k.., = 1.0.

Depending on mineral composition of mine waters, which are used for dissolving
the cement-mineral mixture, the compressive strength of concrete in CW and PW de-
creases, on average, by 10%, therefore, 4, = 0.9.
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It was decided to use a packed wall to protect belt roadway No. 166. Therefore,
taking into account mining conditions for the PW operation, its compressive strength
for uniaxial compression Reomp m after 7 days of the wall hardening will be

R =R

comp m comp *

k

str Koy K,y =26-0.7-1.0-0.9=16.4 MPa, (5)
where Rcomp 18 the uniaxial compressive strength of concrete in laboratory conditions
according to standard tests.

Therefore, it follows from the comparison (4) and (5) that Reomp m > Gcomp cale, 1-€.,
with taking into account the coefficients of the concrete walls weakening, technical
characteristics of the GiSiV-Sh mixture also meet the conditions of the coal seam 7,
mining with the longwall No. 166.

Stability of the roadway floor is affected by the strength of the layer, thickness of
which is equal to the width of the roadway. According to the geological survey, for
the conditions of the belt roadway No. 166 location, the weighted average compres-
sive strength of the considered layer of the floor rocks is 80 MPa. According to the
classification of DonVUGI (see table 1), the immediate floor is classified as stable
(F3). In these conditions, the minimum distance of the wall from the rough contour of
the entry is

Bpor = 0.6y, =0.6-0.45=0,27 m, 6)

where by 1s the calculated minimum width of the berm, m; /. 1s the berm height
(bottom ripping), m.

When choosing the final width of the berm, it should be taken into account that
the smaller is its size, the smaller load on the frame support should be expected.

The scientific novelty of the research consists in substantiation of the ratios for as-
sessing the correspondence of the limit strength of concrete for uniaxial compression
during its hardening to compressive stress in the cast and packed protective-insulating
walls depending on geological and technological conditions of the roadway support,
and differs from other researches by taking into account the coefficients of the wall
structure, unevenness of the relief of underworked and overworked rocks and the in-
fluence of the aggressiveness of mine water, which is used to dissolve the mixture.

Based on the calculations, scientific and technical recommendations were devel-
oped regarding the protection parameters of the belt roadway No. 166 for its reuse
during the development of the adjacent panel.

Methodology of further experimental studies.

In the future, in the process of the panel mining, the state of supports and protec-
tive-insulating wall in the belt roadway No. 166 at the RE Lisova Mine of the SE
Lvivvugillya will be monitored. This will make it possible to establish patterns of the
wall loading and deformation depending on its parameters and the speed of the
longwall face advancing.

The methodology of experimental research is as follows.
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In order to obtain information about the state of supports of the roadway and the
rocks surrounding it, it is necessary to undertake a set of measures to control those
parameters, which determine stability of the roadway. These parameters include the
convergence of the roof-floor and the walls of the roadway, load on supports, stress
state, degree of cracking and degree of rock massif separation, etc.

For different mining, geological and technical conditions of the coal seam mining
and passports for supports of the roadways, an own plan of measuring stations layout
is made with an indication of survey stakes and the complex of equipment, which the
station includes. Each monitoring station is assigned an individual identification
code. When signs of significant and dangerous changes are detected during the pro-
cess of monitoring, it is necessary to strengthen the control over this area.

Stress-strain state of the protection means of the roadway district and the degree
of deformation of its supporting is measured with taking into account location of the
longwall face at the stages of its mining and its further operation.

The change of compressive stresses in the protection means of the roadway during
the longwall face advancing is measured by special hydraulic devices consisting of
metal containers filled with oil and equipped with a high-pressure hose with a pres-
sure gauge [10]. These devices are installed in the protective wall at different distanc-
es from the roadway contour. This makes it possible to study the patterns of load dis-
tribution across the width of the wall.

The stress-strain state of the protection means of roadway is assessed by criterion
of its relative vertical deformation under the pressure of the underworked roof at var-
ious stages of concrete hardening. For this purpose, benchmarks are set on the top
and bottom borders of the packed wall, the distance between which is used for calcu-
lating relative vertical deformation of the wall. With the help of notches on the frame
supporting, roof-floor convergence of the roadway is measured with reference to the
location of the longwall face.

All of the listed measurements are carried out from the moment the roadway dis-
trict drivage starts until its transition to the mode of permanent deformation along the
line of the stope. Therefore, the studies cover all stages of the roadway deformation -
before the influence of stoping operations begins, in zone of bearing pressure ahead
of the longwall, as well as in zones of intense and permanent displacements in front
of the longwall.

4. Conclusions

1. The method of calculating parameters for cast and packed protective- insulating
walls is improved. The following factors are taken into account when calculating the
change in loads on the protection means of the roadway district over time: weighted
average compressive strength of the rock layers in the roadway roof and floor; cate-
gory of cavability of the coal seam roof; step of the first and subsequent roof falls;
rate of longwall face advancing.

2. When calculating parameters for cast or packed walls, it is proposed to use cor-
respondence of the rate of gaining strength by concrete to the mining and geological
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conditions of the roadway location and the technological parameters of the coal seam
mining as a criterion for evaluating their effectiveness.

3. In order to substantiate the correspondence of intensity of concrete hardening
over time to the change in loads on the roadway protection means, the values of the
limit strength of concrete for uniaxial compression and dimensionless coefficients of
influence of the following factors are used: the wall structure; irregularities of relief
of the underworked and overworked rocks pressing on the wall; chemical aggressive-
ness of mine water, which is used to dissolve the mixture.

4. The method of mine experimental studies of the condition of supports and pro-
tection means of the roadway district is proposed for adjusting parameters of protec-
tive-insulating walls. The displacement of the roadway contour and the change of
loads on the means of its protection depending on the location of the longwall face
and the speed of its advance are subject to measurement. The criterion for assessing
condition of the protective-insulating wall is its relative vertical deformation over
time.

5. Rational parameters of protection means for the belt roadway No. 166 of the PE
Lisova Mine of the SE Lvivvugillya (width of the berm and packed wall) were calcu-
lated with the specified physical and technical properties of the cement-mineral mix-
ture. Based on them, scientific and technical recommendations were developed for
support setting and protection of this roadway.
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PO3PAXYHOK NAPAMETPIB 3ACOBIB OXOPOHU OINIbHUYHUX BUPOBOK,
Yy CKnAfl AKWX BUKOPUCTOBYOTbCA LLIEMEHTHO-MIHEPAIbHI CYMILLI
CmadHuuyk M.M., Kpykoecbkut O.l1., KypHocoe C.A., Makeeeg C.1O., CemeHrok M.1.

AHorTauif. BoockoHaneHa MeToguka po3paxyHKy napameTpiB IUTUX i NaKeTOBAHUX OXOPOHHO-i30Moumnx cmyr. Me-
TOAMKA BiAPI3HAETHCA OOHOYACHWM BPaXyBaHHSAM (Pi3VKO-TEXHIYHMX BIACTMBOCTEN LIEMEHTHO-MiHEPAnbHOI CyMiLLi, Lo
BMKOPWUCTOBYETLCS NPY CMOPYIKEHHI CMYriA, Ta IHTEHCUMBHOCTI 3MiHW HaNpYXeHb B TBEPAito4OMy GETOHI B 3aneXHOCTI Bi
FiPHWYO-TEOMNONYHMX Ta TEXHOMOMYHMX YMOB (hYHKLiOHYBaHHS BUPOBKM. [pK po3paxyHKy 3MiHM HaBaHTaXeHb Ha 3acib
OXOPOHM AiNbHUYHOI BMPOBKM B Yaci, BPaxOBYKTbCA HACTYMHI YNHHUKW: CEPEeAHbO3BAXEHA MILHICTb Ha CTUCK NOPOAHMX
LapiB NOKpPIiBNi i NigoLwLBy BUPOBKK; kaTeropis 06BantoBaHOCTI NOKPIBIi BYFifIbHOTO NAacTa; Wwar NepBUHHOTO Ta noganb-
Lnx o6BaneHb NOKpiBAi; LWBUAKICTb NOCYBaHHS BUOOK Nasy.

[ns obrpyHTYBaHHS BiANOBIAHOCTI (YI3NKO-TEXHIYHWNX BMACTMBOCTEN CyMilLi (IHTEHCMBHOCTI TBEPAIHHSA BETOHY B Yaci)
3MiHi HaBaHTaxeHb Ha 3acib OXOPOHK BUPOBKM, BUKOPUCTOBYHOTLCS 3HAUEHHST MEXi MILIHOCTI BETOHY Ha OAHOOCHOBUIA CTUCK,
OTpUMaHi 3a CTaHAAPTHUMI BUNPODYBaHHAMM B NabopaTopHIX yMOBaX. 3 METOK BpaxyBaHHs! LIAXTHUX YMOB CrIOPY/HKEHHS i
(PYHKLOHYBaHHST OXOPOHHO-I30MIOKYMX CMYT, B METOAMKY PO3paxyHKY iX napameTpiB BBefeHi 6e3po3mipHi KoediLlieHTu
BMIMBY HACTYMHWUX (DaKTOPIB: CTPYKTYPW CMyru; HEPIBHOCTEN penbeddy Nigpobnerunx i HagpobneHnx nopia, Wo TUCHYTbL
Ha CMYry; XiMi4YHOi arpecBHOCTI LAXTHOI BOAU, IKa BUKOPUCTOBYETLCS A1 PO3UMHY CYMiLL.

[ns 30iCHeHHs NoAarbLLIOro KOHTPOIKO CTaHy KpinneHHst i 3acoby oxopoHu KoHBeepHOi BUpobku Ne 166 BIT «LLla-
xta llicosa» [I «JIbBiBBYrinns» Ta KOpUryBaHHS MapameTpiB OXOPOHHO-i30MI0YOI CMYTM 3anpornoHoBaHa MeToduka
LWaXTHUX eKCepuUMeHTanbHKUX gocnimpkeHb. MeToauka nepenbayae KOMMNEKCHI QOCTIMKEHHS CTaHy BUPOOKM Ha BCiX
eTanax BefleHHs ripHU4YMX pobiT — nig Yac NpoBeAEHHS BUPOOKM, B 30HI BNNWBY OMOPHOTO TUCKY NaBM, @ TakoX B 30HaX
iHTEHCMBHWX | CTanMX 3MilLeHb 32 NaBo. BUMIPIOBaHHIO MiansaralTb 3MiLLEHHS] KOHTYPY BUPODKY Ta 3MiHA HaBaHTaXEHb
Ha 3acib ii OXOPOHM B 3aNeXHOCTI Bif MOMOXEHHS BUOOK NaBM i LUBMAKOCTI MOro nocysaHHs. Kputepiem OLiHKM CTaHy
OXOPOHHO-i301TH0I0YO0T CMYTU € T BiHOCHA BepTUKanbHa Aechopmalis B Yaci.

MpencTaBneHo pesynbTaTi po3paxyHKy paLioHarnbHIX napameTpie 3acoby 0XOpOHU KOHBEEPHOI BUPOBKM Ne 166 (Lun-
PWHW BepMu i MaKeTOBaHOI CMyrn) Npu 3agaHux 4i3KO-TEXHIYHNX BNACTMBOCTSX LEEMEHTHO-MiHeparnbHOi cymiwi. Ha ix
OCHOBI P03p006EHO HAYKOBO-TEXHIUHI pekoMeHAaLil 3 KpINMEHHS | OXOPOHW Liei BUPODKH.

KnioyoBi cnoBa: NoBTOPHE BUKOPUCTAHHSA AiNbHUYHNX BUPOBOK, 3aC06M OXOPOHM BUPOBOK, LLEMEHTHO-MIHEPANbH
CYMiLLi, MapaMeTpu IUTUX | NAKETOBAHMX OXOPOHHO-I30MTHOKUNX CMYT, iHTEHCUBHICTb HAaBaHTaXeHHS 3ac00iB OXOPOHMU.
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