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RESEARCH ON A NEW METHOD FOR NON-ADHESIVE FIXING
OF ROCKBOLTS

Purpose. Theoretical and experimental evaluation the mechanism of work, bearing capacity and pre-destructive
deformations of the anchor system with a new nonadhesive fixing of bolts.

Methodology. The research is conducted through the analytical method, using the base law of classical elasticity
theory, and the method of physical modeling. Laboratory tests on the axial load of bolts are made on a real scale on
specimens of concrete filled in metal pipes. Three series of models were tested: two series with fixing bolts with self-
expanding mixtures, and one series with adhesive fixing. The results are presented as “stress-strain” graphs.

Findings. The range of fluctuation of bearing capacity of “bolt-expanding mixture-rock” system with the change
in the main factors is analyzed analytically. The rated bearing capacity of the mentioned system is not less than that
of the known energy-absorbing bolts. The mechanism of anchors attached to self-expandable mixtures is determined
experimentally. The “load-deformation” curve has rigid and flexible zones, which is characteristic of energy-absorb-
ing bolts. The maximum force of fixing anchors with expanding blends exceeds the effort for bolts fixed by resins more
than twice, and the forces in the flexible mode are 67 % larger than the maximum ones in the experiment with fixing
Cement KL (Orica) and 99 % more than the UF-MT-15 resin.

Originality. The mechanism of active frictional fixing of anchor bolts by means of compression by mixtures ex-
tending in a solid phase in the process of hydration hardening is revealed. The created anchoring system has a high
bearing capacity with large pre-destructive deformations. The efficiency of fixing anchor bolts with self-expanding
mixture with hydration with the formation of pressure 30—50 MPa has been proved.

Practical value. The use of research results allows increasing the efficiency of support of roadways by anchoring
systems, as well as increasing the stability of rocks at large post elastic deformations.
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Introduction. Coal mining at depths of about 1000 m
is characterized by structural change in the rock mass
and high stresses and rock failure. The failed rock in-
tends to move towards the open space of the roadway.
Large rock deformations are associated with rock
squeezing, dilatation [1]. Therefore, there is a need for
new methods of engineering response [2]. Existing fix-
ing systems, including metal anchor bolts, fixed with
polymeric resins, are not adapted to such conditions
[3, 4].

Contour deformation of roadways at today’s depths
of mining of coal deposits often exceed yield of arch
support, reaching 1000 mm [3, 5]. Anchoring systems
are the most modern type of rock support that is wide-
spread in the world mining practice to secure stability of
roadways such as tunnels, galleries, and others. Accord-
ing to the fixing mechanism, all anchor bolts can be di-
vided into 3 groups: anchors with point fixing, as a rule,
mechanical, anchors with fixing with resins along the
whole length and friction anchors. Anchors of the first
group are fixed in a hole at two points — in the bottom
part of hole and in the wellhead. The quality of fixing
such an anchor and its bearing capacity are determined
by the reliability of bolt head fixation.

In modern conditions, such bolts are rarely used due
to insufficient bearing capacity (according to Steghern
[6] to 160 kN for axial deformations of 55 mm for bolt

© Sakhno I.G., Sakhno S.V., 2018

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6

with a head with a diameter of 20 mm) and difficult de-
sign. The anchors of the second group are fixed due to
adhesion with resin, cement or other binders along the
whole length. At the same time, the bearing capacity of
reinforcing bolt is used as much as possible. So, accord-
ing to Stillborough’s data for a bolt with a diameter of
20 mm, loading reaches 170 kN, and pre-destructive de-
formations is 20 mm, according to Steghern, these are
210 kN and 40 mm, respectively [6]. Reinforced steel
bolts with fixing along the bolt are most common in the
world due to their advantages: simplicity, reliability, and
installation speed. The disadvantage of this type bolts is
small deformation ability and a rigid mode. Laboratory
tests [1] show that after deformations of 20—30 mm on
the basis of 150 mm, such bolts are destroyed. This oc-
curs because an anchor bolt fixed by the binders has no
possibility to be deformed along its full length, which
leads to its local loading and fracturing at crack and for-
mation of layers (Fig. 1).

Friction bolts are fixed by the friction force between
the walls of borehole and bolt. They allow for large de-
formations, but have a small bearing capacity for quasi
constant resistance. So according to Stillborough’s and
Steghern’s tests for Split Set bolts, the bearing capacity
is about 50 kN for deformations greater than 120 mm.
And for anchors of Swellex type, after Steghern’s tests,
the maximum bearing capacity was 121 kN for defor-
mations of 26 mm, and after shift by 180 mm it made
63 kN [6].
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Fig. 1. Destruction of two anchors, fixed along the bolt of
roadway roof [1]

Flexible cable bolts and fiberglass bolts should be in-
cluded into a separate group. Cable bolts fixed along
their full length according to Steghern’s under the action
of axial loading rigidly resist to 170 kN at deformations
of 25 mm, after which they begin to slip in a hole up to
250 mm with increasing load up to 210 kN [6]. The au-
thors of the tests explain this effect by dilatation pro-
cesses in the hole. Bolts from fiberglass with a diameter
of 22 mm reach a load of 380 kN at deformations of
37 mm, and then they collapse. These bolts are the main
competitor of reinforcing steel bolts fixed along the full
length with binders, the volume of their implementation
in the world is increasing every year. However, the bolts
of fiberglass do not allow holding back large deforma-
tions without destroying.

Creating an anchoring system, which would have a
high bearing capacity at large pre-destructive deforma-
tions, is an urgent scientific and practical task. This
trend has been observed in the scientific field for over
30 years. During this time, a large number of anchor
bolt designs have been developed, but their main draw-
backs, which restrain active industrial implementation,
are structural complexity, high complexity of installa-
tion and low load bearing capacity.

Analysis of the recent research. Among the most im-
portant in the outline of developments in recent years
there should be Garford Dynamic bolts, Roofex bolts
[6], D-Bolts [1, 6], and Yield-Lok bolts [6], He-Bolts
[7] and the Mechanical Dynamic Sandwick Bolts (Dar-
lington bolts). In the literature all these anchors refer to
energy-absorbing or plastic bolts [1, 5—7]. The main
conditions of applying these bolts are mine roadways
with large deformations and those under the dynamic
influence. In essence, these bolts have the same princi-
ple of working: tensioning a part of a bolt with a locally
modified diameter with high friction or with extrusion
through another half of the bolt or a hole wall.

Ukrainian scientists have also worked on the devel-
opment of bolts with large displacement. The most sig-
nificant contribution was made by the following scien-
tists. Bondarenko V.I., Kovalevska I.A., Simano-
vych G.A. and Porotnikov V. V. have developed a tube
anchor TA2 for the conditions of weak contouring rocks,
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which represents the modification of a bolt, which is set
by energy of explosion. Kasyan M. M. has patented a
yielding anchor that consists of a metal rod with a resin
attached the wavy forming end at the bottom of the hole,
with the rest of the rod made in the form of a twisted
band, the inner surface of which contacts the run-around
roller, and the free end of which is directed towards the
fixed part and has a locking ring that covers the strip.

An alternative variant of containment of large defor-
mations by bolt fixing is proposed by Nazymko V. V. The
essence of the proposed method is that the bolts are not
sent to the hole completely, and the section between the
embouchure of boreholes and pin nut extending into the
cavity makes 0.01—0.5 of the total length of the bolt.
However, despite the diversity of ideas, the development
of domestic scientists has not had large scientific reso-
nance and industrial implementation. Therefore, we
will concentrate on the analysis of the most well-known
energy-absorbing systems.

Laboratory tests on static axial load allowed estab-
lishing that Garford bolts withstand 170 kN axial load at
270 mm deformations [6], Ruffes — 94—108 kN at
703—840 mm [6], D-bolts — 281 kN at 140 mm [6],
Yield-Lok — 99—81 kN at 175—230 mm [6], Ne-Bolts
MG-12-2 NPR with a dynamic axial load — 318.76 kN
at 702.16 mm [7], MD Sandvick — bolts 200—250 kN at
300 mm.

Thus, they all have a significant advantage over de-
formations over classical anchor bolts, while providing a
sufficiently high bearing capacity. But constructively, all
of these bolts are much more complicated than steel
resin bolts or cable bolts, which, accordingly, increases
their cost and reduces the efficiency of implementation.
In addition, some of the bolts listed require special in-
stallation technology.

The prototype of energy-absorbing bolts are Cone
bolts [8] (Fig. 2, a). Its construction is extremely simple,
although the performance is not so high (axial load is
190 kN, deformation makes 120 mm [8]). The yielding
mode of the bolt is ensured by the displacement of its
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Fig. 2. Modified cone bolt (a) and the mechanism of its
operation (b) [6]

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6



MINING

bottom part (in the form of a cone) in the direction of
embouchure boreholes with the destruction of hardened
resin between the walls of hole and the bolt. The mecha-
nism of work of the bolt is shown in Fig. 2, b.

Problem statement. Taking into account the afore-
mentioned development of an anchoring system with a
simple construction and low labor-intensiveness of in-
stallation with high bearing capacity and large destruc-
tive deformations is an important scientific and practical
task. Creating such an anchoring system and studying
the mechanism of its work is the task of the research
presented in the article.

The idea of the developed method for fixing bolts
consists in the fact that fixation of a bolt in the hole does
not occur due to adhesion, but due to compression
along the bolt mixture with self-expansion in the pro-
cess of hardening [9]. After reaching the initial maxi-
mum load, the bolt moves in a hole with a conditionally
constant resistance, which is provided by friction be-
tween the solidified expanding mixture and the bolt
(Fig. 3).

The advantage of this method for fixing bolts over
known friction bolts is that expansion pressures, de-
pending on the mix specification, reach 30—50 MPa
[10], which significantly increases the quality of fixing.

In this case, the geometry and material of the bolt
may be different: it may be a smooth (no rebar) bolt of
constant or variable diameter, a cable, a tube, a bolt of
fiberglass, a cone bolt, and others. Filling the mixture
into the borehole can be done in any known way: encap-
sulation, spraying, and so forth.

Moreover, regardless of the location of cracks form-
ing and their number, the mechanism of operation of
the bolt near the crack along the length will be the same.

The bearing capacity of the anchoring system will
depend on the pressure of expansion of the binder, the
coefficient of friction between the bolt and the binder,
the coefficient of friction between the rock and the bind-
er, the geometry of longitudinal section of the anchor
bolt and its tensile strength.

Research method. The research was done by the ana-
Iytical method using laws of the classical theory of elas-
ticity and method of laboratory research.
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Fig. 3. Scheme of “bolt — expanding mixture — rock”
system
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The diagram of forces in the anchorage system with
the fixation of bolt with the self-expansion mixture to
the smooth steel bolt of the constant cross section is
shown in Fig. 4.

For this case, the bearing capacity can be calculated
by functional connection

F=min(Fy Fp; Fos Foi Fy), o))

where £, is the frictional force between the bolt and
binder, kN; F;, is the frictional force between the binder
and rock massive, kN; F,,, is the shear force of the bind-
er at the dangerous section, kN; F}, is the tensile strength
of bolts, kN.

FfrzPem'T['db'l'ff‘ra (2)

where P, is the pressure caused by expanding binder
mixture, kPa; d, is the bolt diameter, m; /is the length of
the bolt in rock massive, m; f;, is the coeficient of fric-
tion between the bolt and the self-expanding mixture.

ﬁ}rl:Pcm'n'dbh'll 'f_/:"rls (3)

where d,, is the hole diameter, m; /is the length of a hole
with an self-expanding mixture in the rock massive, m;
Jpm is the frictional force between the binder and rock
massive, kKN.

ﬁvsm =Tsm " Sxma (4)

where 14, is the shear strength of self-expanding mixture
MPa; S, is the area of dangerous cross-section of the
binder mixture, m?.

Fsr = Tgr* Ssra (5)

where 1, is the shear strength of rock, MPa; S, is the
area of dangerous cross-section of rock around bore-
hole, m>.

The given formulas are obtained according to an ide-
alized scheme. It does not consider the non-linearity of
distribution of both normal and tangential stresses,
strength properties of rock, binder and metal, moving
the contact surface along the bolt in the process of yield-
ing. Therefore, they can be considered as the first ap-
proximation to the calculation of bolt parameters.

Laboratory studies were conducted on a natural
scale. The rocks were imitated by concrete poured into
steel pipes with an internal diameter of 100 mm and a
height of 200 mm. The term of concrete hardening is
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Fig. 4. Scheme of forces in the “bolt — expanding mix-
ture — rock” system
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28 days. The strength of single-axial compression, es-
tablished on the test results on concrete samples, was
34 MPa. The samples were formed by holes of 32 and
43 mm in diameter, which simulated the boreholes.
Anchor bolts were modeled with reinforcement of 20
and 32 mm in diameter. Two series of tests were con-
ducted:

- on samples with a ameter of boreholes of 32 mm
and diameter of bolts of 20 mm;

- on samples with a diameter of boreholes of 43 mm
and diameter of bolts of 32 mm.

The scheme of the experiment was as follows
(Fig. 5). In the bottom part of boreholes on a thickness
of 50 mm, foam plastic was placed, after which a mix-
ture was poured into the hole, which was expanding
with hydration, and the anchor bolt was set. The bolt
protruded above the sample by 100 mm. After solidifi-
cation, the samples were loaded on the press (Fig. 5). In
this case, fixed axial load and deformation were record-
ed. The test was performed until the bolt was fully low-
ered by 50 mm.
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Fig. 5. Scheme of the laboratory experiment (a) and its
general view (b)
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This setting of a laboratory experiment is idealized.
In-site bolt works on tensile, not compression, in the
experiment conducted. In-situ the bolt is tensile, and at
the same time its diameter decreases slightly. Therefore,
the actual values of bearing capacity will be less than
those obtained in the experiments, where the bolt be-
comes thicker when compressed. But in spite of this, it is
obvious that the bearing capacity of the “bolt — expand-
ing mixture — rock” system varies according to certain
laws, which in the first approximation can be formulated
on the basis of experiments.

Research results and their discussion. The pressure
developing the fixing mixture during expansion in the
process of hydration hardening depends mainly on the
formulation of mixture, temperature of rocks and their
deformation properties [10]. This shear strength of the
fixing mixture is also a function of the parameters given.
Investigation of properties of self-expanding mixtures
allowed establishing the corresponding dependences of
expansion pressure and their shear characteristics on the
specified parameters [10].

Examples illustrating dependency analysis (1—5) for
bolt diameter d, = 20 mm, borehole diameter d,, =
=32 mm, a length of the borehole with expanding mix-
ture, in rock massive /= 0.2 m are shown in Figs. 6, 7.

The multivariable factor relations do not allow us to
uniquely estimate the given dependencies for the entire
range of conditions. But if we confines ourselves to rocks
of medium strength and strong ones (with a strength of
not less than fixing mixture) and bolts with diameters
overl8 mm made of steel and fiberglass, then the shear
force of fixing mixture and the frictional forces between
the bolt and the fixing mixture will be the most danger-
ous (the smallest) with other equal conditions. This is
due to the smaller plane of the anchor surface than the
hole.

At the expansion pressure of a fixing mixture being

ff T

0 0.1 0.2 0.3 0.4 0.5
300
250 /{ P
200 ——]
g L
A =3
= 150
= / -2
[/@Er%
50 =
0
0 7000 14000 21000 28000 35000
Pem, kPa

Fig. 6. Graphs of friction force between the bolt and the
fixing mixture (curves 1, 2) and fixing mixture and
rock (curves 3, 4) from the expansion pressure of fix-
ing mixture (curves 1, 3) with a coefficient of fric-
tion = 0.3 and a coefficient of friction (curves 2, 4)
with an expansion pressure = 30.000 kPa
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Fig. 7. Graphs of dependence of the shear force of fixing
mixture and rocks on the strength of shear fixing mix-
ture (curve 1) and rock (curve 2)

30 MPa and the coefficient of friction 0.3 the emerging
forces are equal to the share forces of fixing mixture with
a margin of strength of 9 MPa. For a bolt with a diame-
ter of 20 mm and a length of 0.2 m, the design value of
the force is 113.04 kN.

Increasing the coefficient of friction between the
mixture and the bolt, for example due to the use of a
profile anchor bolt or increasing the pressure of expan-
sion of fixing mixture, will not increase the bearing
capacity of the bolt. This is because the strength of fix-
ing mixture on the cut will not change, which will lim-
it the carrying capacity of the “bolt — expanding mix-
ture — rock massive” system to the smallest factor F,,
according to (1). According to the above dependen-
cies, it is obvious that an increase in the length of the
working part of the bolt leads to a proportional in-
crease in the bearing capacity of the system. In this,
the fixing mechanism in the proposed method coin-
cides with the known friction bolts Swellex, Omega,
and others. Accordingly, the bearing capacity of 1.0 m
in length will increase proportionally and make up
565.2 kN, which is not less than the known energy ab-
sorbing bolts.

Laboratory tests allowed checking the theoretical re-
sults obtained in practice. It is established that the mode
of operation of anchors has two characteristic zones:
ridding and yielding. In a ridding mode, the bolt works
at relative deformations of about 0.95 %, after which the
bolt is slid relative to the fixing mixture and its move-
ment occurs with a roughly constant resistance (Fig. 8).
The bearing capacity of the system in the ridding mode
on the basis of the calculation results for an anchor di-
ameter of 20 mm is 84.75 kN, according to the results of
the tests it is 102 kN, for the bolt of 32 mm in diameter —
135.6 kKN and 146 kN, respectively.

Deformations and loading obtained in laboratory
conditions were due to the size and design of a physi-
cal model. The actual length of bolt fastening was
150 mm, the maximum deformation was limited to
50 mm. The bearing capacity in such a statement is
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Fig. 8. Dependence diagrams “loading — deformation”
while testing bolts fixed by self-expanding blends:
1 — the diameter of the bolt is 20 mm, the diameter of a
borehole is 32 mm; 2 — the diameter of a bolt is 32 mm, the
diameter of a borehole is 43 mm

linearly proportional to the length of the working part
of the bolt.

In order to evaluate the efficiency of attachment of
bolts to self-expanding blends, a control series of tests
were conducted for the given experimental scheme. In
these tests, fixing of bolts with a diameter of 20 mm in
hollows with a diameter of 32 mm was carried out with
fast-hardening mixtures: a bolt resin Cement KL (Ori-
ca) and a resin KF-MT-15 with anhydride fixing mix-
ture in a proportion of 10 : 1. The results are presented
in Fig. 9.

It has been established that adhesive-bonded bolts
have a rigid mechanism of deformation. The load car-
rying capacity reaches the maximum load almost lin-
early, after which it decreases with the slow growth of
deformations. Under these conditions, the maximum
expansion effort of exhausting blends exceeds the
strength of the bolts fixed by the resin by more than
twice, and the forces of yielding are by 67 % more than
in the experiment with fixing Cement KL (Orica) and
by 99 % more than the resin KF-MT-15 Thus, the ef-
ficiency of the proposed solution has been experimen-
tally proved.

Increase in the bearing capacity of an anchor system,

50

40 A ’\f“.’\\‘
Z 30 ﬁ b3 M -1
= o =2

20 R \

10

0

0 2 4 6 8
U, mm

Fig. 9. Dependence diagrams of “loading — deforma-
tion” while testing bolts fixed by fast-hardening mix-
tures (the diameter of a bolt is 20 mm, the diameter of
a borehole — 32 mm)

1 — Cement KL (Orica); 2 — resin KF-MT-15 with anhy-
dride fixing mixture 10 : 1
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when attached with expanding mixture, in a yielding
mode can occur due to implementation of the bolt of the
alternating section or the formation of local zones with a
larger diameter of the bolt.

Conclusions and recommendations for further re-
search. The efficiency of fixing anchor bolts with self-
expanding blends with hydration with a pressure of
30—50 MPa has been theoretically and experimentally
proved. Analyzing the operating conditions of such
bolts, it can be stated that the “bolt — fixing mixture —
rock massive” system has an operating mechanism
similar to energy — absorbing bolts. In order to accu-
rately estimate the energy of bolts fixed by the self-ex-
panding mixtures and their adequate comparison with
known structures, it is necessary to perform their par-
allel testing. The presented results are the initial step of
the study. Further work will be aimed at improving the
proposed solutions and their testing in mine condi-
tions.
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Meta. TeopeTruHa Ta eKcriepuMeHTalIbHa OLliHKA
MeXaHi3My poOOTH, HECYYOi 3MaTHOCTI Ta MPpenpyiiHiB-
HUX Aedopmalliii aHKepHOi CUCTEMU 3 HOBUM HeaJre-
3iiHUM 3aKpirVIEeHHSIM OOJITIB.

MeTtoauka. {ociaxeHHs MPOBEAECHO aHATITUMHUM
METOIOM, 3 BUKOPHCTAHHSIM ITOJIOXKEHb KIIACUIHOI Te-
Opii TIPY>XKHOCTI, i MeToaOM (hi3MYHOTO MOJESTIOBAHHSI.
JlaGopaTopHi TecTu Ha akciaJbHE HaBaHTaXXKeHHSI 00JI-
TiB IIPOBEIeHI B HATypaJIbHOMY MacllTa0i Ha 3pa3Kax 3
OCTOHY, 3aJIMTOr0 B MeTajieBi Tpyou. BumpoOyBaHHS
MPOMIIJIN TPU cepii Moneseil: IBi cepii i3 3aKkpirieH-
HSIM OONTIB cyMilllaMM, IO CaMOPO3LIMPIOIOTHCS, i
OIHA cepis 3 aAare3iiiHuM 3akpirjeHHsaM. Pesyiabratu
MpencTaBieHi y BUMISIAIB rpadikiB ,,HABaHTaXXEHHST —
nedopmanis .

Pe3ynbTaT. AHAJTITUYHO BCTAHOBJIEHO [iana3oH
KOJIMBaHHS HECY4ol 31aTHOCTI CUCTEMU ,,00T — Cy-
Milll, 110 PO3LIUPIOETHCS — MOPoaa“ TIpU 3MiHi OCHO-
BHMX (bakTOpiB. Po3paxyHKoBa Hecyda 34aTHICTh 3ra-
JIaHOI CUCTeMM He MEHIIe HiX Yy BiIOMMX eHepro-ad-
copOyrounx OoutiB. EkcrepuMeHTalbHO BU3HAYEHO
MeXaHi3M poOOTH aHKepiB, 3aKPilJICHUX CyMilllaMU,
110 caMOpOo3NIupIoThcs. KpuBa ,,HaBaHTaXXeHHST —
nedopmalig® Mae KOPCTKY ¥ MiZIATIMBY 30HH, IO
XapaKTepHO JIsd eHepro-abcopOyouux 0oiaTiB. Mak-
CUMaJIbHE 3YCUJUIS 3aKpillJIEHHsI aHKepiB CyMilllaMHU,
10 PO3LIMPIOIOTHCS MEPEBUIILYE 3YCUILIS /i1 OONTIB,
3aKpilJIeHUX CMoJlaMu, OiJibllie HiXX Y JBa pa3u, a 3y-
CUJUISI B MiANATIMBOMY pexkumi Ha 67 % Oinbliie Hix
MaKCUMaJIbHi B €KCIEpUMEHTI i3 3aKpilUIEeHHIM
Cement KL (Orica) i Ha 99 % O6iibile HiXX CMOJIOTO
K®-MT-15.

HaykoBa HoBu3HA. PO3KpHUTO MeXaHi3M aKTHBHOTO
(bpuKIiiTHOrO 3aKpiIIcHHS aHKEPHUX OOJTIB 3a paxy-
HOK CTHCHEHHS CYMilllaMH, IO PO3IIMPIOIOTHCS Y
TBepaiii (asi y mpolleci rigparauiilHOro TBEpHiHHS.
CTBOpeHa aHKepHa CHCTeMa Ma€ BUCOKY Hecyuy 3/1aT-
HiCTb MPU BEJIMKUX NMpeapyiHiBHUX qedopmatisx. Jlo-
BelleHa €(DEKTUBHICTh 3aKPirIEeHHS aHKEPHUX OOJITIB
CyMilllaMH, 1110 CaMOPO3IIUPIOIOTHCS MPU TimpaTallii 3
yTBOopeHHSIM Tucky 30—50 MI1a.

IIpakTuyna 3HaummicTb. BuKopucTaHHS pe3yJibra-
TiB JOCTIIXEHHS JO3BOJISE MiABUIINTH €(PEKTUBHICTD
MiATpUMAHHS TipHUYUX BUPOOOK aHKEPHUMU CUCTE-
MaMU, NiABUILUTU CTIMKICTh MOPiA MPU BEJIMKUX 11032~
MEXHMX TepopMalIisix.

Kmouosi cnoBa: anxepruii boam, necyya 30ammicmo
aukepa, deghopmauii, cymiui, w0 camopo3uuprEMbCs,
eHepeo-abcopbyouuil 604m, 3aKpinieHHs aHKepa

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6



MINING

HccnenoBanne HOBOro crocoda
HEAJAre€3MOHHOI0 3aKpeIjieHus aHKEepOB

HU. I’ Caxno, C. B. Caxno
locynapcTtBeHHOE BhICIIee yuyeOHOe 3aBeneHue ,,JloHenkuin

HALMOHAIbHBIA TeXHUYeCKUil yHuBepcuTeT, r. [IOKpOBCK,
VYkpauna, e-mail: ivan.sakhno@donntu.edu.ua

Heab. Teopernueckass U 3KCHepUMEHTaIbHAS
OLIEHKAa MeXaHM3Ma paboThl, HECYIIEH CITOCOOHOCTH 1
npeapaspyiaroimx rehopMaumnii aHKepHONH CUCTEMBbI
C HOBBIM Healre3MOHHBIM 3aKpeTuIeHUEeM OOJITOB.

Metoauka. MccinenoBaHue NpoBeaeHO aHAIUTUYE-
CKHIM METOIOM, C MCTIOJIb30BaHUEM MOJIOKEHMI Kitac-
CHUYECKOU TEOPUHU YIIPYTOCTH, K METOIOM (DU3UIECKO-
ro MomeanpoBaHus. JIabopaTopHBIE TECTHI Ha aKCH-
aJbHOC HarpyXeHHue OOJITOB IIPOBEICHBI B HATypaslb-
HOM MaciiTabe Ha obpasliax u3 OeToHa, 3aJIUTOrO B
MeTaJinyeckre Tpyosl. McrblTaHus MpOILId TpU Ce-
puu Mojesell: 1Be cepuu ¢ 3aKperieHueM 00JITOB ca-
MOPACIIUPSIIOIIMMUCST CMECSIMU U OJTHA CEpUsI C ajare-
3WOHHBIM 3aKperuieHreM. Pe3yiabTaThl MpeacTaBIeHbBI
B BUJE TpahuMKOB ,,Harpy3ka — aepopManus .

Pe3ynbTaThl. AHATUTUYECKN YCTAHOBJICH AUAMTa30H
KoJjiebaHUs Hecylleil cCrocOOHOCTHU CUCTEMBI ,,00JIT —
CaMOpaCIINPSIONIascs cMeCh — ITopona‘ IIpu U3MeHe-
HUM OCHOBHBIX (pakTOpoB. PacuerHas Hecymast crio-
COOHOCTB JaHHOI CUCTEMBI HE MEHEE YeM Y M3BECTHBIX
3HEPro-adbcopoUpPyOMMUX O0ITOB. DKCIEPUMEHTAIb-
HO OIlpelesieH MeXaHW3M pPabOThl aHKEPOB, 3aKpe-
TUICHHBIX caMopacIIupsiionMucs cmecsiMu. Kpuast

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6

,Harpyska — gegopmanusi‘ umeeT KeCTKYIO U IToJaaT-
JIUBYIO 30HBI, UTO XapaKTEPHO JJIsI IHEPTO-abcopoupy-
oKX 00JTOB. MakcUMallbHOE YCUJIME 3aKPErIeHUs
AHKEPOB PACIIUPSIIOIIMMUCI CMECSIMM IIPEBBIIIACT
YCUJIUS [1JTs 00JITOB, 3aKPEIICHHBIX CMOJIaMU, OOJIbIIIE
yeM B JIBa pasza, a yCUJIHUs B MOJATIMBOM peXUMe Ha
67 % Oonbllle YeM MaKCUMaJbHbIE B 3KCIIEPUMEHTE C
3akperuieHneM Cement KL (Orica) n Ha 99 % Goblire
yeM cMoJioit KDO-MT-15.

Hayunast HoBu3Ha. PacKpbIT MeXaHM3M aKTMBHOTO
(PUKLIMOHHOTO 3aKpeIUIeHUs] aHKEepHBIX OOJITOB 3a
CYCT CXATUSI CMECSIMM, CaMOPACIIMPSIOMMNMUCST B
TBepHoit (paze B mporecce THAPATAIIMOHHOTO TBEpIe-
Husa. Co3maHa aHKepHas CMCTeMa, KOoTopasl o0ramaeT
BBICOKOII HecCyIlel CHOCOOHOCThIO MpU OOIBIIMX
npenpaspymatomux aedopmarnusx. Jlokaszana apdek-
TUBHOCTb 3aKPETUICHUS aHKEPHBIX OOJITOB CMECSIMU,
KOTOpbIE CaMOPACIIUPSIIOTCS, TIPY TUApaTallii C 00-
pasoBaHueM gasieHus 30—50 MI1a.

IIpakTyeckas 3HaumMocTh. lcrmosb3oBaHue pe-
3yJIbTATOB MCCJIEJIOBAHUST TTO3BOJISIET TOBBICUTH (-
(PeKTUBHOCTDL TIOAIEPKAHUS TOPHBIX BHIPAOOTOK aH-
KEPHBIMU CUCTEMaMH, TIOBBICUTD YCTOMUMBOCTD ITOPOT
IIpY OOJIBIIINX 3aMPeaeTbHBIX 1e(hOPMALIUSIX.

KimoueBbie clioBa: aukepHbiii boam, Hecyuiasi cnocoo-
HOCMb aHKepa, deghopmaniiu, CaMopacUUPOUascs cMecs,
3Hepeo-abcopbupyrowuil 60am, 3aKpenienue aHkepa

Pekomendosarno 0o nybaikauii dokm. mexH. HayK
C. B. I[lookonaesum. [lama Haodxo0dceHHs DPYKORUCY
06.11.17.
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