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ABSTRACT

Purpose is to analyze parameters of a new method to fasten roof bolts with the help of nonadhesive mixtures exten-
ding while hardening along with the development of high expansion pressures.

Methods. The research, concerning forces applied while fastening roof bolts by means of self-extending mixtures,
has been carried out under full-scale laboratory conditions using pressing-in method. Rock mass was simulated by
means of concrete in plastic and metal forms, and steel pipes. The latter simulated ultimate rigidness conditions. Roof
bolts were simulated by means of reinforcement steel fragments. In the context of the research, bolt diameters varied
from 8 to 32 mm, and borehole diameters varied from 26 to 43 mm. Hydraulic 50-ton press was used for the tests.
The testing results were applied to obtain regressive dependences of bolt fastening efforts in terms of different ratios
between roof bolt diameter, borehole diameter, and incapsulation depth. Mine experiments concerning efforts to
fasten Rockbolt System AG roof bolts of J64-27 type to strengthen chamber 1 of level 3 in Velychka mine were
performed using a method of static bolt extraction. Hydraulic extraction device was equipped by ZEPWN CL 18T
sensor and CL 162z-DW recorder.

Findings. It has been proved experimentally that operation mechanism of the roof bolts, fastened by means of self-
extending mixtures during hydration hardening, is close to the modern energy absorbing bolts. Bolt diameter-
borehole diameter ratio range, when ultimate effort of bolt fastening by means of extending mixtures is achieved, has
been determined. Functional connection between the efforts to fasten roof bolts, using extending mixtures, and
diameters of borehole and the roof bolt has been identified as well as linear connection between incapsulation depth
and bearing capacity of the roof bolt.

Originality. A new concept to fasten roof bolts with the help of nonadhesive technique owing to their quazistatic
compression between borehole walls, taking place as a result of hydration self-extension of mixtures which can
achieve 30 — 50 MPa pressures under the conditions of zero deformations, has been developed. Regularities in the
variation of efforts to fasten bolts, using the technique, depending upon roof bolt — fastening mixture — rock mass
system geometry have been determined.

Practical implications. The results can be used to calculate parameters of roof bolting with high bearing capacity
under the conditions of large deformations. The proposed fastening method may be implemented in mine workings.
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1. INTRODUCTION

Roof bolting of underground mine workings are pop-
ular in coal mines and ore mines worldwide (Windsor,
1997; Wen, 2010). History of such a support use for
underground mine workings lasts for almost a century.
During the period, roof bolting systems have experienced
their evolution. According to their operation principle,
modern roof bolts may be divided into five basic catego-

ries: hanging; lacing; reinforcing of fissured rocks, and
block holding; supporting; and combined systems.

Rock hanging (i.e. anchoring) is based upon fastening
soft rocks of immediate roof (since the rocks have ten-
dency to slutting and breaking) to solid rocks of the main
roof using anchors (Fig. 1a) (Habenicht, 1983; Windsor
& Thompson, 1993). In this context, roof locking bolts
with point fastening were mainly considered.

© 2019. 1. Sakhno, S. Sakhno, O. Isaienkov, D. Kurdiumow. Published by the Dnipro University of Technology on behalf of Mining of Mineral Deposits.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

17




1. Sakhno, S. Sakhno, O. Isaienkov, D. Kurdiumow. (2019). Mining of Mineral Deposits, 13(2), 17-26

(b)

(a)

Figure 1. Structural schemes of anchors: (a) rock hanging;
(b) lacing; (c) reinforcing of fissured rocks; (d) sup-
porting anchoring

Such an approach can be implemented if only a layer
of solid rocks is available over unstable layer within the
anchor bolt length; the fact narrows its application area
radically. Under the conditions of the current depth of
coal mines even solid rocks break with time due to the
formation of areas of nonelastic deformations; the fact
prevents from rock hanging implementation.

Lacing concept (i.e. composite beam) (Fig. 1b) relies
upon formation of a single load-bearing structure by a
type of a composite beam or a plate (Windsor & Thomp-
son, 1993). It is formed from separate rock layers having
different strength degrees with the help of their anchor-
ing. Generally, mechanical anchors with point fastening
and possibility to be lengthened are selected.

Methods to calculate anchoring in the process of la-
cing of layers are based upon laws of structural mecha-
nics applied for continuous isotropic bodies only. As it is
known, rocks are not such bodies. Formation of a zone of
nonelastic in the neighbourhood of a mine working is not
taken into consideration. The fact can explain mismatch
between calculation results and experimental results.

Reinforcing of fissured rocks, and block holding
(Fig. 1c) can be implemented with the help of individual
anchors as well as anchoring (Nilsen & Palmstrom,
2000). In this context, basic function of anchors is to
retard the development of available fissures and to pre-
vent from formation of new ones. If fissures are available,
then rocks break with the formation of blocks with differ-
ent shapes. In terms of such a variant, anchors with chemi-
cal bonding are generally used since they have to prevent
blocks from their displacement towards a mine working.
The approach has been analyzed thoroughly with the help
of experiments (Alexander & Hosking, 1971).

A concept of supporting anchoring (Fig. 1d) has been
developed by scientists and researches of the Institute of
Geotechnical Mechanics named by N. Poljakov of Na-
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tional Academy of Sciences of Ukraine (Dnipro,
Ukraine). Its idea is as follows: a system of highly relia-
ble supports, blocking rock displacements within a mine
working, is developed within a border rock mass with the
help of chemically bonded anchors having high degree of
bearing capacity (i.e. 250 — 110 kN) (Bulat & Vinogra-
dov, 2002). In this context, supports from anchor rein-
forced rocks are immovable ones having possibility to
move towards mine working only owing to elastic de-
formations of anchor bolts. In the neighborhood of the
anchors, rock blocks are compressed; they cannot experi-
ence lamination thus having high bearing capacity. The
idea has been included in anchoring standards developed
by Institute of Geotechnical Mechanics named by
N. Poljakov of National Academy of Sciences of Ukraine.

Recently, systems of two-level support has become
popular; essentially, they are combination of lacing tech-
nique with other ones (Hyett, Bawden, & Reichert, 1992;
Pells, 2002). Its implementation concept is as follows:
short anchors, being as a rule rigid reinforced polymeric
ones, support border rocks; long anchors, being as a rule
flexible anchors, “lace” the reinforced area up to the
undisturbed rock mass (Fig. 2). General view of the most
popular anchors is represented in Fig. 2 (Satola & Haka-
la, 2001). Combined anchoring systems are rather advan-
tageous but need specific equipment for drilling and
anchor mounting.

Figure 2. Structural scheme of the combined two-level
anchoring

Traditionally, the schemes are implemented using an-
chors of the three types:

—with local (i.e. point), generally mechanical fas-
tening (Li, Stjern, & Myrvang, 2014; Korzeniowski,
Skrzypkowski, & Zagorski, 2017);

—with chemical bonding being applied generally
along the whole length of the bolt (i.e. adhesive ones)
(Li, Stjern, & Myrvang, 2014);

— anchors which operation is based upon friction prin-
ciple (i.e. frictional ones) (Li, Stjern, & Myrvang, 2014).

The listed anchors have operational disadvantages
preventing them from retarding significant lamination of
highly resistive rocks (Sakhno, Sakhno, Kurdiumow, &
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Shvets, 2018). Adhesive anchors, being of high bearing
capacity, cannot take up large deformation typical for deep
mines. As for the frictional anchors, they can operate un-
der significant deformation; however, their bearing capaci-
ty is insufficient. Hence, the current anchoring tendencies
are intended to develop energy absorbing bolts (Li, 2011;
Li, Stjern, & Myrvang, 2014). Fundamental advantage of
such systems is to provide high bearing capacity under
significant deformations. Their disadvantages are compli-
cated design and high production cost.

In the context of coal mines, extracting seams at
great depth, development of anchor system which
would have high bearing capacity and make it possible
to preserve stability of mine workings in terms of con-
siderable lamination of rocks within border area, is
topical research and practice problem which solution is
considered in the research.

2. THE RESEARCH METHODS

The authors have developed the idea of nonadhesive
fastening of roof bolts (Sakhno, Sakhno, Kurdiumow, &
Shvets, 2018) according to which a bolt is anchored at
the expense of its compression along the whole length of
a borehole with the help of mixtures extending in the
process of hydration hardening.

Operation of anchors, fastened by means of such mix-
tures, was analyzed under laboratory conditions. Experi-
ments were full-scaled.

Profiled steel bolts are the most popular for chemical
bonding; thus, in the process of the research, anchors
were simulated by means of reinforced steel rods. Many
studies of bolt design (i.e. height, spacing, reinforcing
angle) concerned the problem (Yokota et al., 2018); thus,
the problems were not considered in the paper and stand-
ard armature was used.

To determine effect of deformation characteristics of
rocks on the quality of anchor fastening, during stage one
of experiments the rocks were simulated by means of
concrete filled in steel pipes (Fig. 3a); during stage two
plastic two were used (Fig. 3b). During stage three steel
pipes simulated rocks which diameters were equal to a
borehole diameter (Fig.3c). Thus, increase in the rock
mass rigidness was simulated as follows: concrete filled in
plastic form; concrete filled in steel form; and steel tube.

In the context of the experiments, armature diameter
varied from 8 to 32 mm; borehole diameter varied from 26
to 43 mm. Minimal statistically required number of exper-
iments was calculated for each of the series. Classical
Bienaymé-Chebyshev inequality has been applied. Thus,
for the experiments with concrete samples in plastic tube
and metal tube, borehole diameter had two amounts: 32
and 43 mm; anchor diameter had by five amounts (i.e. 12,
18, 22, 26, and 30 mm; and 12, 18, 22, 26, and 30 mm
respectively). Each of the experiments was carried out
three times. The experimental results were used as a basis
to calculate statistical characteristics.

According to Bienaymé-Chebyshev inequality, the
number of experiments can be calculated with the help of
the dependence (Kolmogorov & Fomin, 1957):

P[|E—M(x)|£8]sl—ixz),

(1)
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where:

n — the number of the carried-out experiments;

X —average value of x amount which is measured
randomly during the experiment;

M(x) — mathematical expectation of x amount;

(M (x)= limfj ;

n—eo

D(x) — dispersion of amount x calculated according to
the results of n experiments;
& — the result accuracy.

Figure 3. Mounting of anchor, fastened by means of a mix-
ture extending while hardening, in the models simu-
lating rocks: (a) with the help of concrete in a plas-
tic form; (b) with the help of concrete in a metal
form; (c) with the help of steel pipes
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Hence, n is:

D(x)
n2—————-, 2)
e (1-Fy)
where:

P;— confidential interval being 0.95.

Following values of efforts, applied for F anchors
fastening, have been obtained as a result of previous
tests: 77.0, 75.9 and 78.1 kN.
XX,

X=—,
n

(€)

—\2
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For instance, if it is required to calculate the number
of tests if borehole diameter is 32 mm, and bolt diameter
is 26 mm for concrete samples in a metal form, D = 1.09
in terms of 3% accuracy to be rational for comparative
research, n >4.62.

Hence, 5 is that required number of each test imita-
tions for the mentioned accuracy.

The experiments were carried out as follows. Plas-
tic foam was placed into a bottom part of the holes
simulating boreholes. Depth was 50 mm. Then, fas-
tening mixture was added and anchor bolt was mount-
ed. Bolt height above a sample was 100 mm. After
hardening, plastic foam was taken away. The samples
were loaded on the press until complete 50 mm sinking
of the bolt with incremental registration of efforts and
deformations.

Series of experiments were carried out to determine
the effect of incapsulation depth on the anchor fastening;
length of anchor fastening varied from 8 to 15 cm. Con-
crete samples in metal form were used; hole diameter
was 32 mm, diameter of bolts was 18 mm, and their
length was 20 cm. The bolts were made of smooth round
mill products. The experiment schedule coincides with
the previous one. Figure 4 demonstrates general view of
the models as well as results.

Full-scale studies concerning efforts of fastening of
Rockbolt System AG anchors of J64-27 type were per-
formed in a chamber 1 of level 3 in Wieliczka mine (Po-
land). Standard technique of statistic pulling of bolts has
been applied (Fig. 5). Hydraulic device for the pulling
has been equipped with ZEPWN CL 18T sensor, and CL
162z-DW recorder.

3. RESULTS AND DISCUSSION

Figure 5 explains operation schedule of rock bolts
fastened by means of extending mixtures. Pressure, re-
sulting from the mixture expansion, holds the bolt in a
borehole. Progress of a zone of nonelastic deformations
in the neighbourhood of mine workings results in fissure
development in turn factoring into rock lamination and
bolt loading. After ultimate load is achieved, anchor
slides within the borehole with conditionally constant
friction resulting from friction forces between the hard-
ened extending mixture, and the bolt (Fig. 6).
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Figure 4. Models to study fastening depth effect on the bear-
ing capacity of anchor system (a); general view of
the experiment (b)

(b)

Figure 5. Device for pull-tests of bolts: (a) pulling device with
loading sensor; (b) hydraulic pump
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Figure 6. Scheme of “bolt — extending mixture — rock” system
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Characteristics of the fastening extending mixture
have been determined before and experiments were car-
ried out earlier; the results have been published in paper
(Sakhno, Sakhno, Kurdiumow, & Shvets, 2018). It has
been determined that the support is of two-stage opera-
tion. First, anchor takes load in a rigid mode, then in a
flexible mode; resistance is more or less constant (Fig. 7).
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Figure 7. Load-deformation dependence graphs in the con-
texts of the tests: 1— bolts fastened using Cement
KL; 2 — bolts fastened using extending mixtures

According to the experimental results concerning
anchors, made of the reinforced steel, bearing capability
of the system was 188.11 kN in terms of a rigid mode,
and 157.50 kN in a flexible mode when fastening length
was 10 cm. In the context of a rigid mode, deformations
were 2.2 and 50.0 mm in the context of a flexible mode.
The effort, applied to fasten bolts with the help of Ce-
ment KL (Orica) mixture, selected as a basic variant of
adhesive bond to compare, was 44.0 kN and defor-
mation was 4.1 mm.

The experiment confirms that the developed support
system makes it possible to prevent from large defor-
mations of border rocks in terms of high resistance fa-
vouring the increased stability of mine workings.

Experiments with different anchor diameter — bore-
hole diameter ratios have been carried out to determine
features of anchor system operation while varying geom-
etry of anchor-extending mixture-rock system and to
identify rational parameters of the technique to obtain
ultimate bearing capacity of the system.

Since the form, made of plastic pipes, is of insignifi-
cant strength, the majority of samples within the form
were deformed before press tests due to mixture expan-
sion. Different-size fissures were formed within the sam-
ples depending upon the mixture amount and borehole
diameter (Fig. 8). Certain share of the samples was
crushed together with their forms.

The fissured samples, where forms were not crushed,
were tested using a press in accordance with the above-
mentioned loading schedule. Figure 9 demonstrates re-
sults of the tests.

Results of the experiments have helped determine the
following: if anchor diameter — borehole diameter ratio
(i.e. d/D) was less than 0.36, concrete samples in plastic
forms were crushed internally; the concrete had open
fissures; thus, it was impossible to carry out the tests. In
the context of samples, where fissures were closed, ulti-
mate effort to fasten anchors was 19 — 35 kN.
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Figure 8. Samples in plastic forms after the mixture expansion
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Figure 9. Dependence graphs of efforts, applied to bolt fas-
tening, upon anchor diameter d-borehole diameter
D ratio: 1-rigid mode (i.e. ultimate fastening ef-
fort); 2 — flexible mode (i.e. average fastening effort)

After the bolt was transited to flexible mode, the ef-
fort decreased by 35 — 45%; however, it remained within
14 —24 kN. Area of ultimate bearing capacity was
limited by 0.55 — 0.75 d/D ratio.

To identify real pressures, under which concrete sam-
ples in plastic forms were crushed, laboratory experiment
has been carried out. 100 mm cylindrical samples with
32 and 43 mm holes, filled with extending mixtures,
were placed between press plates (Fig. 10a).

(2)

(b)

Figure 10. General view of the experiment: (a) before the sam-
ple was crushed; (b) after the sample was crushed

Laboratory temperature was 20°. Mixture expansion
resulted in the increased pressure on the vertical press
plate as well as on walls of the holes (Fig. 10a). Load
increase in time was recorded by the press sensors. In
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this context, vertical deformations were kept as those
close to zero. Value of pressures, under which the sample
experienced its crush, was critical (Fig. 10b). After up-
dating the obtained results per mixture surface area with-
in the borehole, dynamics of increase in real mixture
pressures was determined (Fig. 11). If borehole diameter
is 32 mm, then 7.6 MPa pressures are failure ones. If
borehole diameter is 43 mm, then 3.8 MPa pressures are
failure ones. It is obvious that pressure increase dynamics
depends upon anchor diameter in a borehole; however, in
this context critical pressure value remains invariable for
a borehole having certain diameter.
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Figure 11. Graphs of the extending mixture pressure
increase: 1— diameter of a hole simulating bore-
hole, 43 mm; 2 — 32 mm hole diameter

Figures 12 and 13 demonstrate results of experiments
with concrete samples in steel pipes and when steel pipes
simulated rocks. Figure 14 explains state of the bolts
after the experiment.

Hydration pressures of self-extending mixture under
the conditions, being close ultimately to perfectly rigid
ones, have been obtained as a result of tests carried out
with the plasticized mixture using a device of triaxial
compression when deformations along the three axes
were kept in zero (Sakhno & Molodetsky, 2013).

Analysis of graphs, represented in Figure 12, shows
that the area of ultimate bearing capacity in the tests
with concrete pipes does not coincide with analogous
area recorded in the tests with concrete samples
in plastic pipes. Effective range is limited by
0.55 — 0.85 d/D ratio, i.e. it is shifted towards one. Ab-
solute fastening values are quite larger. Thus, ultimate
efforts to fasten bolts achieve 80 kN (d/D = 0.76) and
100 kN (d/D=0.81) for 32 and 43 mm borehole diame-
ters respectively. Efforts, which kept anchor during
displacement (flexible mode), were 42.0 and 64.8 kN
for 32 and 43 mm borehole dia-meters respectively.
The obtained bearing capacity of the modeled system is
typical for 150 mm length of anchor fastening, and
50 mm ultimate deformation.

The experiments were carried out in terms of the
most rigid mode in steel pipes, demonstrated greater
values of bearing capacity (Fig. 13). Thus, ultimate re-
corded bearing capacity for 26 mm borehole diameter
was 119kN (d/D=0.76), 112kN (d/D=0.57) for
32 mm borehole diameter, and 153 kN (d/D = 0.55) for
43 mm borehole diameter.
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Figure 12. Dependence graphs of efforts, applied to bolt fas-
tening, upon anchor diameter d-borehole diameter
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mode (i.e. ultimate fastening effort); 2 — flexible
mode (i.e. average fastening effort)
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Figure 13. Dependence graphs of ultimate effort, applied to
fasten bolts, upon anchor diameter — borehole
diameter ratio: 1-— borehole diameter is 26 mm;
2 — borehole diameter is 32 mm (2 is armature
bend); 3 — borehole diameter is 43 mm (3 is arma-
ture bend)

However, in this case, the ultimate recorded bearing
capacity is not absolute bearing capacity depending on
the fact that in the context of some experiments bolt did
not move inside a pipe but bended (Fig. 14). In such
cases, it was impossible to record starting point of the
bolt bend. Hence, strictly speaking, it is impossible to
come to conclusion upon potential bearing capability.
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Figure 14. General view of the samples after the experiment

Dash line in Figure 13 explains predicted values of
bearing capacity. It has been determined experimentally,
that under the conditions, close to rigid ones, pressure of
extending mixture becomes 35 — 38 MPa after 12 hours
of hydration process start. Under such pressures, anchor
does not slip within a borehole; thus, it is impossible to
measure fastening efforts.

It has been determined experimentally, that under the
conditions, close to rigid ones, pressure of extending
mixture becomes 35— 38 MPa after 12 hours of hydra-
tion process start. Under such pressures, anchor does not
slip within a borehole; thus, it is impossible to measure
fastening efforts.

It is understood that such a result is stipulated by
imperfect experimental schedule. In-site anchor expe-
riences its extension rather than compression. Accor-
dingly, either ultimate share strength of fastening mix-
ture or ultimate yield strength of anchor would be criti-
cal rather than bend as it was recorded in the tests.
Moreover, under actual conditions, bolt experiences is
expansion; hence, its diameter decreases and real values
of bearing capacity are less to compare with those ob-
tained experimentally where bolts becomes thicker
while compressing. Nevertheless, despite the fact it is
quite obvious that bearing capacity of anchor-fastening
mixture-rock mass system varies according to certain
regularities which to the first approximation can be
formulated basing upon the experiments.

Analysis of the results has helped determine d/D ra-
tio range in terms of which fastening of rock bolts by
means of extending mixtures is ultimate while harden-
ing. Hence, for samples with closed fissures (i.e. con-
crete samples in plastic forms) it is 0.55 — 0.75, and it is
0.55-0.85 for tougher conditions. In the context of
case one, efforts to fasten anchors within 32 mm diame-
ter boreholes achieves 20 —35kN depending upon
diameter of anchors under the pressure of extending
mixture being almost 7.5 MPa. In case two, efforts to
fasten anchors achieve 80— 100 kN depending upon
d/D ratio. In this context, extending pressure of fas-
tening mixture achieves 35 — 38 MPa. When decrease in
d/D ratio is less than 0.55, fastening mixture turns out
to be a weak component within the fastening system
since it becomes too thick.
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Axial load of the bolt results in shear stresses exceed-
ing ultimate shear strength of the mixture provoking
armature slip. Increase in d/D ratio of the abovemen-
tioned values factors into the decreased mixture amount
and, subsequently, pressure relief developed by it; thus,
minor effort for anchor fastening takes place.

The obtained results have been used to determine
functional dependence of anchor fastening effort upon
the fastening system geometry being anchor diameter —
borehole diameter ratio, and length of anchor fastening
within a borehole.

To do that, statistical processing of the laboratory
modeling results has been performed. SPSS package
became the analysis tool. The analysis was separated
for samples in plastic forms, and samples in concrete
forms. PSS. Experimental results, concerning samples
in metal pipes were not analyzed due to insufficient
number of numerical results since the bolts bended
during the tests.

In the context of each analysis, sampling involved
50 values. Borehole diameter D and anchor diameter d
were selected as basic modeling data. The carried out
correlation analysis made it possible to connect the indi-
ces. Matrix of corresponding pair correlation between the
indices as well as basic statistical characteristics has been
calculated with the help of SPSS.

Chaddock scale has been applied to evaluate correla-
tion between the indices. Direct proportion is typical for
each index. High correlation level is observed for F —d,
pair of indices; correlation is significant at 0.01 level.
Correlation of a mean level is typical for F—D pair
where significant level is 0.05. Only d — D pair is corre-
lated weakly. However, such a correlation is not im-
portant physically for the research.

Regressive nonlinear analysis, carried out with the
help of SPSS functional, has helped determine functional
connection between the parameters. In terms of
R?>=10.879 correlation coefficient, the connection is ex-
pressed with the help of function:

F =52.51-0.05D> -0.12d% +0.19Dd . 5)

Similar calculations were performed for concrete
samples in plastic forms. Regressive dependence
R?=0.839, obtained with the correlation coefficient, is:

(6)

For frictional type bolt (Li & Hakansson, 2018), fas-
tening effort is directly proportional to the fastened area
length. To support such an effect in the process of bolt
fastening with the help of mixtures, expanding while
hardening, a number of experiments were carried out
where length of anchor fastening varied from 8 to 15 cm.
Figure 15 demonstrates results of the experiments.

The experimental results show that linear connection
between incapsulation depth and bearing capacity is
preserved. It should be noted that if fastening length is 15
cm, anchor bolt bended in terms of 123 kN effort
(Fig. 15); however, no displacement was observed.
Hence, fastening effort exceeds bending effort.

F =35.14-0.08D% —0.19d% +0.246Dd .
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Figure 15. Dependence graphs of bolt fastening efforts upon
incapsulation depth (a): 1 - rigid mode (ultimate
fastening effort); 2 — flexible mode (mean fastening
effort); (b) it is seen from the bottom part of the
simulated borehole that firee space is within the bot-
tom part but the bolt does not displace; (c) anchor
bolt bended during the experiment

Relying upon the abovementioned and taking into
consideration (5) and (6) it is possible to conclude that
anchor fastening effort under the conditions, being simi-
lar to the experiments with samples in metal form, i.e.
under the conditions of continuous medium, and in terms
of 35 —38 MPa mixture expansion as well as fastening
length / is:

F= (52.51—0.051)2 —0.12d? +o.19Dd)z . (7)

As for the bolt fastened under conditions, being simi-
lar to the experiments with samples in plastic forms, i.e.
in a fissured rock mass, in terms of 3.8 — 7.6 MPa expan-
sion pressure and fastening length, effort is:
F= (35.14—0.08D2 ~0.194% +0.246Dd)l. (8)

The pressures, obtained under laboratory conditions
and calculated on dependence 3, to fasten bolts with the
help of expanding mixtures exceed significantly mini-
mally admissible values recorded in-site. For example,
they are ten and more times more to compare with indi-
ces recorded in the context of pull-tests of Rockbolt
System AG of J64-27 type (Fig. 16) carried out in cham-
ber 1 of level 3 in Wieliczka mine (Poland).

Requirements for rock bolt fastening specify their
100 kN load without slipping. In accordance with the
abovementioned results, concerning anchor fastening
with the help of self-expanding mixtures, they exceed
such efforts significantly.
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Figure 16. Testing results concerning quality of Rockbolt
System AG J64-27

The obtained anchoring parameters correspond to the
modern energy absorbing roof bolting systems (Li, 2011;
Li, Stjern, & Myrvang, 2014). Analysis of operation
schedule of anchors, fastened with the help of expanding
mixtures, confirms that mechanism of anchor-fastener-
rock system is close to the modern energy absorbing
bolts (He et al., 2014).

4. CONCLUSIONS

Innovative concept to fasten anchor bolts at the ex-
pense of their quazistatic compression between bore-
hole walls resulting from hydration self-expansion of
mixtures which can achieve 30— 50 MPa pressures
under the conditions of zero deformations has been
developed.

Laboratory modeling of anchor fastening in the
pull-test mode have been carried out. Geometrical
parameters varied. As a result of processing of the
laboratory research results, anchor diameter — borehole
diameter ratio has been determined in terms of which
ultimate anchor fastening effort is achieved with the
use of self-expanding mixtures. Regularities concern-
ing effort variation of anchor fastening depending upon
the geometry of anchor-fastening mixture-rock mass
system as well as upon bolt incapsulation depth have
been identified.

It has been determined that under the conditions, be-
ing close to absolutely rigid ones, bolt fastening efforts
are so high that exceed critical bending anchor efforts.
The pressures, obtained under laboratory conditions and
calculated on the dependence 3 to fasten bolts with the
help of expanding mixtures, exceed significantly mini-
mum allowable efforts recorded in-site.

It has been demonstrated experimentally that in the
context of hydration hardening, operating principle of
anchor bolts, fastened with the help of self-expanding
mixtures, is close to operating principle and performance
capabilities of the modern energy absorbing bolts.
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JIABOPATOPHI JOCJILIZKEHHS 3AKPIIIVIEHHA AHKEPHHUX
BOJITIB CYMIIIAMMU, IO CAMOPO3IINPIOIOTHCA

1. Caxno, C. Caxno, O. Icaenxos, /. Kypatomos

Merta. JlocnipkeHHsT TapamMeTpiB HOBOTO Croco0y 3aKpilyIeHHs] aHKepHUX OOJITIB Heaare3ifHUMHU CyMilllaMu, SIKi
IIPU TBEPIiHHI PO3IINPIOIOTHCS 3 PO3BUTKOM BUCOKHMX THCKIB PO3IIHPEHHS.

MeToauka. JlocmipkeHHsT 3yCHILIsE 3aKPIIJICHHS. aHKEPiB CyMilllaMH, 1110 CaMOPO3LIMPIOIOTHCS, OyJM NpOBEAEH] B
J1a00PaTOPHUX YMOBAX y HATYPaJbHOMY MAcCIITabi METOIOM BAaBiOBaHHS. [1opoJHUI MacHB MOIECTIOBABCS OCTOHOM,
3aJIUTHM Y TUTACTHKOBY Ta METAJEBY OMalyOKy, i craneBuMu TpyOamu. OcTaHHI MOICTIOBAIA YMOBH MaKCHMAaJbHOI
KOPCTKOCTI. AHKEpHI OOJNTH IMITYyBaIMCh BiJpi3KaMH apMaTypHOI cTaii. B mocinimpkeHHsX 3MiHIOBaNu giamMeTp OONTiB
Bix 8 1o 32 mm, niamerp mimypiB — Bix 26 no 43 mm. TectyBaHHS IPOBOMIIOCS Ha TifpaBiidHOMY 50-TOHHOMY Hpeci.
PesynbraT TecTyBaHHS OyJM BUKOPHCTaHI sl OTPUMAHHS PETPECiHHUX 3aIeKHOCTEH 3yCHILIS 3aKpIIUICHHS! aHKEepiB
MIPH Pi3HUX CITBBIIHOMICHHSAX iaMeTpy aHKepa Ta JiaMeTpy mimypy i rmowuHi iHKancymamii. [IlaxTHi moxsoBi gocTi-
JOKEHHS 3yCHJUISA 3aKpiruieHHs aHkepiB Rockbolt System AG tumy J64-27 mpu ykpiruteHHi kamepu | ropu3oHTy 3
1. Benmuka (Ionpina) npoBOAMINCE METOJOM CTATHYHOTO BUTATYBaHHS OONTiB. ['inpaBimiuHuil mpuinax Iuis BUTATY-
BaHHs Oyio oonaanano garaunkom ZEPWN CL 18T i peecrpatopom CL 162z-DW.

Pe3yabTaTu. ExciepiMeHTanbsHO TOBEIEHO, MO aHKEpHI OONTH, 3aKpiIUieHi cyMillamMy, IO CaMOpPO3LIMPIOIOTHCS
IpY TipaTauiiHOMy TBEpIiHHI, MAalOTh MEXaHi3M PoOOTH, OJM3bKHI 10 Cy4acHHX eHepro-adbcopOyrounx 60iriB. Bu-
3HAYEHO Jliana3oH CHIiBBIIHOUICHHS JliaMeTpa aHKepy J0 JiaMeTpa LIIypy, B SKOMY JOCATAEThCS MAKCUMaJIbHE 3YCHILIS
3aKpilIeHHs] OONTIB CyMilllaMH, IO PO3IIMPIOIOTHCS. BcTaHOBIIEHO (YHKIIOHATIBHUI 3B’ 30K MK 3yCHIUISIM 3aKpill-
JICHHS! aHKEPIiB CyMilllaMH, 1[0 PO3IIMPIOIOTECS, 1 JiaMeTpaMy IIIypy Ta aHKepa. BcraHOBIEHO JiHIHHMHN 3BS130K MK
TIIMOMHOIO IHKATCYJISILIT i HECy4oro 3JaTHICTIO aHKepa.

HayxoBa HoBM3HA. PO3BHHYTa HOBa KOHLEIMIs 3aKpIIUICHHS aHKEPHUX OOJNTIB HEaAre3ifHUM CIOCOOOM 3a paxy-
HOK KBa3iCTATUYHOTO 3aTHCHEHHS IX MK CTIHKaMH IIITypy, SKe BiIOyBAa€ThCS y pe3yNbTaTi TiApaTaIliifHOTO caMOpO3-
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HIMPEHHs CyMilleH, mo 3aatHi gocaraty TuckiB 30 — 50 MIla B ymoBax HynboBuX Aedopmariii. BcranoBineHo 3aKoHO-
MIPHOCTI 3MIiHEHHSI 3yCWIUIS 3aKpiIUIeHHS OOJNTIB HaBelleHHM CIOcoOOM BiJl T€OMETPUYHHUX MapaMeTpiB CHCTEMH
“aHKep — 3aKpiILIIO0Ya CyMill — MacuB”.

[pakTHyna 3HAYUMICTb. Pe3ynpraTn MOXKyTh BUKOPHCTOBYBATHCS [UISl PO3PAaXyHKY MapaMeTpiB aHKEPHOTO Kpir-
JICHHS! 3 BHCOKOIO HECYYOIO 3J[aTHICTIO B YMOBax BENMKHX AedopMalliii KOHTypy BHpOOKH. 3alpOIOHOBAaHHMH cHOCIO
KpiIJIEHHS! MOKe OyTH peali3oBaHUM y TIpHUYMX BUPOOKaxX IIaxT.

Knrouosi cnosa: auxep, ixcayia ankepis, adeesis, 2ipcbKi NOPoOU, HANPYHCEeHHS

JIABOPATOPHBIE UCCJIEJJOBAHUS 3AKPEIIVIEHUSA
AHKEPHBIX BOJITOB CAMOPACHINPAIOINIUMHUCA CMEAMHA

H. Caxno, C. Caxno, A. Hcaenkos, JI. Kypmromos

Heas. MccnenoBanne mapameTpoB HOBOTO CHOCO0A 3aKPEIUICHHS aHKEPHBIX OOJITOB HEAAr€3HMOHHBIMH CMECSMH,
KOTOPBIE TP TBEPACHUN PACIIHMPSIIOTCS C Pa3BUTHEM BBICOKHX JABICHUH PACIIUPEHHS.

MeToauka. VccrenoBanusi yCuins 3aKperyieHUs] aHKEPOB PACIIMPSAIOMINMUCS CMECSIMU ObIIIM IMPOBEAEHBI B J1a00-
PaTOPHBIX YCIOBHSIX B HATYpaJIbHOM MaclITabe METOIOM BJaBiuBaHus. [1opogHBIN MacCHB MOAENUPOBAICS OETOHOM,
3aJIMTHIM B MJIACTHKOBYIO M METAJUIMYECKYIO ONayOKy, M cTaubHbIMU TpyOamu. Ilociennne MoaennpoBanu ycioBHs
MaKCHMAaJIbHOM KECTKOCTH. AHKEpHbIE OOJTHl MIMUTHPOBAJIHMCH OTPE3KaMH apMaTypHOU crayiu. B mccienoBaHusx u3-
MEHsUIH JuameTp 00aToB oT 8 10 32 MM, aquamerp mmypoB — ot 26 g0 43 mm. TecTipoBaHHe NPOBOAMIIOCH HAa THUIPAB-
nmueckoM S0-ToHHOM mpecce Pe3ysbraThl TecTHpOBaHMS OBUIM MCIIOJIB30BaHbI JUIS TIOJyYEHUS] PETPECCHOHHBIX 3aBH-
CHMOCTEH YCHJIMS 3aKpEIICHHUsI aHKEPOB IPH Pa3IMYHBIX COOTHOIICHHSX JMaMeTpa aHKepa W JuaMeTpa IIIypa U Tiy-
6une mHKancyssiuuu. llaxTHeIe moyieBble MCCeNOBaHMs YCHIMs 3akperuieHus ankepoB Rockbolt System AG Tuma
J64-27 npu yxperutennn kamepsl 1 ropuzonra 3 m. Bennuka ([Tonbira) npoBoamIMCcs METOIOM CTaTHYECKOTO BBITSTH-
BaHus 6onToB. ['mapasmiraeckuii mpubop 6611 060pynoBan garankom ZEPWN CL 18T u peructparopom CL 162z-DW.

Pe3yabTaThl. DKCIIEpIMEHTAIFHO JJOKA3aHO, YTO aHKEPHBIE OOJTHI, 3aKPETIICHHBIE PACIIHPSIONMMUCS TIPH THAPA-
TAI[MIOHHOM TBEPJICHUH CMECSIMH, UMECIOT MEXaHW3M Pa0OTHI, OMIM3KUN K COBPEMEHHBIM YHEPro-abcopOnpyrommmM 60I-
tam. OnpeneneH AMANa3oH COOTHOIICHMS JUaMETpa aHKepa K AWaMeTpy IIMypa, HIPH KOTOPOM JOCTUTAETCS MAaKCH-
MaJlbHOE YCHJIME 3aKpeIUIeHHS OOJTOB PACIIMPSAIOIIMMHUCS CMECSIMH. Y CTaHOBJIEHA (YHKIHOHANBHAS CBSI3b MEXKIY
YCUIINEM 3aKpETICHUS] aHKEPOB PACIIUPSIFOIIMMUCS CMECIMH M JUaMETPaMU IIIypa ¥ aHKepa. Y CTAHOBJICHA JINHEHHAs
CBSI3b MEX/y ITyOMHOM MHKAIICYIISALUH U HECYILEH CIIOCOOHOCTBIO aHKepa.

Hayunasi HoBu3Ha. Pa3BuTa HOBasi KOHUENIHS 3aKPEIJICHHs aHKEPHBIX OOJITOB HEAJre3MOHHBIM CIIOCOOOM 3a CueT
KBa3HMCTATUUECKOT'0 3aKaThsI MX MEXIy CTEHKAaMH LIITypa, KOTOPOE IPOUCXOANT B pe3yiIbTaTe T'HAPATAlMOHHOTO CaMo-
pacumpeHus cMeceil, KoTopble MOTyT gocturath faasiaeHuit 30 — 50 MIa B ycnoBusix HyneBbIx nedopmanuii. YcraHos-
JIEHbI 3aKOHOMEPHOCTH M3MEHEHHs yCHIIUS 3aKpeIuIeHus] 00JITOB MPUBEIEHHBIM CIIOCOOOM OT T€OMETPHYECKUX Mapa-
METPOB CHCTEMEI “‘aHKEp — 3aKPEIUIAIoIIast CMECh — MACCHB.

IpakTHyeckasi 3HAYMMOCTb. Pe3yIbTaThl MOTYT HCIIOIB30BATHCS I pacuyeTa apaMeTpOB aHKEPHOTO KPETICHUS
C BBICOKOW HECYIIeH CTIOCOOHOCTBIO B YCIOBUAX O0NMbIMX AedopManuii KOHTypa BeIpaboTku. [IpemmoskeHHbIi criocod
KPEIUICHUS] MOXKET OBITh PealM30BaH B TOPHBIX BHIPAaOOTKAX IIAXT.

Kntoueswie cnosa: anxep, uxcayusn ankepos, aozesus, 20pHvle NOPoObl, HARPAHCEHUS]
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