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ABSTRACT

Purpose is to develop anchoring with nonadhesive high-strength roof bolting in terms of large pre-destructive
deformations and its testing under laboratory conditions.

Methods. Laboratory studies of hydration hardening of self-extending mixtures, carried out with the use of digital
microscope Bresser LCD 40-1600x, have determined the features of hydration of the modified mixtures. The de-
veloped mixture, testing by means of unevenly-component three-axial pressure (UCTAP), has determined its
strength within post-hydration period, elasticity module, and deformation module. Bench tests concerning anchor
fastening by means of self-expending mixtures as well as anchor glue Cement KL have helped perform compara-
tive analysis of adhesive technique to hold anchors fixed and nonadhesive one. Underground on-site research to
fasten anchors while Franciszek Karol chamber strengthening in the context of Wieliczka mine made it possible to
determine dynamics of anchor loading.

Findings. It has been grounded experimentally that adding of Sika BV 3M ingredient to self-extending mixture
results in up to 30% intensification of its strength limit on uniaxial compression. It has also been grounded experi-
mentally that maximum effort to fasten anchor bolts by means of self-extending mixtures, excesses efforts for those
bolts fastened with the help of resins more than twice. Analysis of operation mode of such anchors means that the
action of anchor — fastener — rock system is close to that by modern energy absorbing bolts.

Originality. A new concept of anchor fixation at the expense of their fastening by means of self-extending mixtures
throughout the hole length has been formulated. During the hardening process, 30 — 50 MPa pressure is developed
making it possible to intensify maximum fastening effort being more than two times higher to compare with adhesive
technique. Moreover, constant resistance is provided in the process of the anchor bolts displacement within a hole;
the resistance is similar to that provided by adhesive technique.

Practical implications. The obtained results, having sufficient practical accuracy, can be used for the development
of new anchoring in the context of large deformations of a stope boundary. If the parameters are substantiated theo-
retically and bench testing is passed, the proposed anchoring technique can be implemented in the stopes of coal
mines, ore mines as well as nonmetallic ones. That favours the increase in load bearing capacity of the anchorage and
rock support in terms of their elastic deformation.
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1. INTRODUCTION despite the variety of design features, according to a

. . . . technique of their fastening, anchors are divided into:
Anchors, being a technique to provide stability of chniqu ! e, S v

stopes, are used worldwide in ore mines, nonmetallic
mines, and coal mines (Windsor, 1997; Wen, 2010; Li,
2012; Wen, Jiang, Han, Yang, & Wang, 2016; Ghadimi,
2017; Pruska, 2017). Different mining and geological
conditions of their use stipulated the development of a
number of anchoring designs. In this context, anchors are
considered as separate, independent support setting as
well as components of more complex supporting systems
(Kovalevska, Barabash, & Gusiev, 2016). However,

—anchors with local (point), mainly mechanical
fastening;

—anchors with chemical fastening applied mainly
throughout the length of the bolt (adhesive);

— anchors being fixed within a hole at the expense of
friction forces).

Locally fastened anchors are fixed in a bottom part
of a hole with the help of special-design latch mecha-
nisms. Bearing capacity of such anchors is limited by
the latch mechanism fixation effort. Modern anchors
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with the turned fastening are of rather high bearing ca-
pacity; thus, according to data of experiments by Kor-
zeniowski (Korzeniowski, Skrzypkowski, & Zagorski,
2017), bearing capacity of such modified anchors as
Phase II with deforming elements of latch mechanisms
is 165 MPa. Basic disadvantage of such specific anchors
is their complicated design and high labour intensity
involved in their installation.

Anchors of group two are the most popular. Resins,
polymers, or mineral mixtures are applied as fastening
blends. According to studies by Stjern (Li, Stjern, &
Myrvang, 2014), bearing capacity of chemically fastened
anchors with 20 mm diameter is 210 kN if deformations
are 40 mm. Bench studies by Li testify that in terms of
relative deformations (i.e. 13 —20%) such anchors break
down due to local loading of the bolts (Li, 2012). An-
chors of the group are applied by Ukrainian mines.

Anchors of group three make it possible to withstand
large deformations in the context of constant resistance;
however, their resistance is 3 —4 times less than the
resistance of adhesion bolts. Split Set, Swellex, and
Omega are the three basic designs represented in the
group. According to data by Stjern (Li, Stjern, &
Myrvang, 2014), bearing capacity of Split Set anchors is
almost 50 kN if deformations are more than 120 mm.

Energy absorbing anchors are the newest group. In
actual fact, they combine advantages of the three above-
mentioned groups. Basic objective of their development
is to design such an anchoring system providing high
bearing capacity in terms of large deformations (He et
al., 2014; Wen, Jiang, Han, Yang, & Wang, 2016).

It follows from the current studies of anchoring tenden-
cies that large anchor deformations are impossible without
frictional effect. Control over fastening friction effort at the
expense of additional mechanical systems results in the
increased complexity of anchoring design, in multiopera-
tional installation, and the increased anchoring costs.

Thus, the development of anchor system having high
bearing capacity under large pre-destructive defor-
mations and favouring the stability of boundary area
rocks in the context of a simple design and quick installa-
tion is topical research and practice problem.

2. THE RESEARCH METHODS

The experiments were carried out as follows. Hydra-
tion hardening of non-explosive destructive mixtures
(NEDM) was analyzed with the help of digital micro-
scope Bresser LCD 40-1600x. Hydration process of the
samples was observed in diffuse light. For the analysis,
the prepared components were mixed according to stoi-
chiometric calculation of B/T proportion (1) 1:3; then,
they were coated thinly on a microscope slide. Digital
video device recorded the process. Dimensions of the
below illustrations are 63x84 pm.

CaO+H20:Ca(OH)2. (1

Mass of one CaO mole is 56 g/mole; mass of one
H,0 mole is 18 g/mole. Their ratio is 56/18 = 3.11.

Three different mixtures were analyzed: pure NEDM,;
saccharose-added NEDM; and NEDM with Sika BV 3M
plasticizer. The results were analyzed with the help of
visual comparison.
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Stage two studied NEDM mixtures strength after they
were hardened. To compare, pure NEDM with Sika
BV 3M addition was taken. The experiments were car-
ried out using NEDM plant. The samples were aged
during 24 hours until their hardening under the condi-
tions of the limited pressure within a working chamber of
the plant. After that, horizontal press plates were unloa-
ded, and the sample was tested by uniaxial compression
while recording timing stress-deformation changes. The
obtained results became source data for further analysis.

Studies of the proposed technique to fasten anchor
bolts with the help of the self-extending mixture were
carried out on a full scale under laboratory conditions.
Boundary rocks were modeled using concrete which
filled in steel pipes with 100 mm diameter. Height of the
samples was 200 mm. At the age of 28 days, the concrete
strength by uniaxial compression was 34 MPa. Holes were
simulated by means of openings with 43 mm diameter.

Procedure of the experiments was as follows.
Polysterene was placed within bottom part of the ope-
nings at the length of 50 mm. Then hardening mixture
was added and anchor bolt was inserted. The bolt over-
hang the sample by 100 mm. When the mixture became
hard, the polysterene was taken out and the samples were
loaded on a press until the bolt put down by 50 mm.

The technique of anchor fixation by means of shrin-
king in to compare with pulling out is not very popular
(Pytlik, 2013; Pytlik, 2016); however, it is also fre-
quently used.

To determine the effect of armature surface profiling
on the bearing capacity of anchor, when it is being fas-
tened with the help of self-extending mixtures, research
was carried out for bolts made of plain rolled metal with
37 mm diameter and armature steel with 38 mm external
diameter. Internal diameter of a bolt made of armature
steel is 34.6 mm; peak height is 1.7 mm at each side; and
pitch between the peaks is 1.2 mm. To compare efforts of
anchor fastening by means of self-extending mixtures
with standard adhesion fastening, benchmark test series
have been done; anchor glue Cement KL (Orica) has
been used to fasten bolts made of armature steel.

Field studies concerning anchor fastening efforts
were carried out while Franciszek Karol chamber
strengthening under the conditions of Wieliczka mine
(Poland). The experiments were carried out by means of
standard technique of static bolt pulling out (Kilic, Yasar,
& Celik, 2002).

3. RESULTS AND DISCUSSION

The idea of anchoring, meeting the abovementioned
requirements, is that anchors are fastened in holes not at
the expense of adhesion but at the expense of length-
wise squeezing by means of mixtures self-extending
while hardening. First of all, it concerns calcia-based
NEDM. The matter is that in the process of hydration
hardening they can experience their three-time increase
in a free state; in terms of limited deformations, taking
place with the anchor in a hole, expansion pressure may
reach 30— 50 MPa. Properties of such mixtures are
studied thoroughly (Sakhno & Molodetsky, 2013);
analysis of their characteristics within the task area is
considered below.
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Use of the above-mentioned mixtures to fasten an-
chors results in the fact when self-extending mixture
squeezes anchor bolt between hole walls despite quality
of the walls, availability of dust and moisture. The mix-
ture extension changes stress field in the neighbourhood
of the hole with anchor; among other things, in radial
directions. That improves corresponding components of
stress field restricting both development and formation
of any fissures and linear defects within the rock mass;
moreover, available fissures, oriented normally to vec-
tors of radial stresses, are also cemented which favours
stope hardening.

Hardening self-extending mixtures are the basic in-
novative element of the concept. The mixtures must meet
specific requirements: they should develop 30 — 40 MPa
expansion pressure under the conditions of limited de-
formations; their shear strength should be close to
strength of rocks of coal formations; they should with-
stand changes in temporary geomechanical stresses typi-
cal for stope roofs; and initial pressure of the mixture
should be developed in no time. The modified mixtures
were developed and studied under laboratory conditions.

Results of the analysis and comparison of the exper-
iments results helped determine that NEDM hydration is
of gradual nature. Stage one involves formation of films

or, most probably, hydration shell around crystals
(Fig. 1a). Thickness of the hydration shell is 1.3 to
1.5 um. The stage is well observed on the typical refrac-
tion of the latter. Further hydration is characterized by
formation of needle-like crystals within the contact
boundary (Fig. 1b). Hydration shell ruins with time and
the needles disappear; then, calcia starts to transform
into hydroxide around output crystals; the process is
observed as darkening with iteration of boundary of
initial crystallization centres (Fig. 1c). The darkening
areas are stipulated by the increased thickness and densi-
ty of the mixture layer resul-ting from the increase in its
volume and, consequently, poorer light transmission.
Velocity slows down due to the impeded water penetra-
tion to active CaO. Dark zones interlock and the process
decelerates down to its termination (Fig. 1d). At the final
stage of the experiment, the mixture becomes of mesh-
like structure: it is thinner in the central part and thicker
along its boundary. The meshes are round; they imitate a
boundary of the initial crystal.

Figure 2 represents typical stage of NEDM hydra-
tion mixture hardening with saccharose addition. Sharp
acceleration of hydration is a characteristic feature of
the process. Growth of crystals within the contact of
hydrate shells cannot be documented visually.

Figure 1. Hydration stages of NEDM: (a) formation of hydration shells; (b) origin of crystal formation; (c) decomposition of
initial crystals with relics remained; (d) termination stage
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Figure 2. Stages of NEDM hydration with saccharose addition: (a) formation of hydrate shells; (b) hydroxide build around initial
crystals with relics remained; (c) fissure growth beginning within the mixture; (d) termination stage

It confirms the fact that volumes of the mixture
increase (Fig. 2b). Hydration shells are observed only
during stage one of the hydration. Quick hardening and
sharp stress increase results in the fact that the formed
mineral matrix is decomposed by means of extension
stress (Fig. 2c). The phenomenon develops; over the
course of time it results in the sample decomposition due
to fissure formation (Fig. 2d). Thus, acceleration of the
reaction can be stated as the undoubtedly positive phe-
nomenon at the beginning of the process; however, stress
increase leaves behind mineral matrix formation resulting
in the sample decompositions and its extreme brittleness.

Figure 3 demonstrates typical stages of hydration
hardening of NEDM mixture added by Sika BV 3M
plasticizer.

Availability of hydrate shells during the whole pro-
cess is its characteristic feature (Fig. 3a —c). In this con-
text, the hydration shells are thicker to compare with pure
NEDM sample; it is 1.7 — 2.5 um. Moreover, growth of
calcium hydroxide crystals is of distinct nature; needles
are seen clearly (Fig.3c). Their length is 3 —4 pum;
thickness is less than 1.0 pm. It is impossible to conclude
decisively whether they are monocrystals of crystalline
concretions. However, it is quite obvious that the process
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of formation and growth of crystals is more intensive to
compare with the mixture hardening process; that
increases a component of pressure increase. Hence,
NEDM added by Sika BV 3M plasticizer is more pro-
spective to be used as the agent to fasten anchors within
the holes by means of compression.

A process of a slide washing has shown that plasti-
cizer-added slide is washed off harder than that where
saccharose is added even after the slide is heat up which
results in the increased hydration and calcium hydroxide
layer separation.

Figure 4a demonstrates the results of self-extending
mixture strength studies in the form of stress and defor-
mation changes taking place in time. To analyze the
results in more convenient manner, they are represented
traditionally in the form of stresses-deformations de-
pendences (Fig. 4b). The results have determined that
NEDM elasticity modulus is 3.67 hPa within a stable
zone of elastic deformations (5 — 23 MPa). During early
stage of the tests a sampled was compressed and the
modulus increased from 1.33 hPa. Plastic deformation
started from relative deformations 0.088 in terms of
23.6 MPa pressure. Deformation modulus was 2.73 hPa.
Compression strength limit was 24.6 MPa.
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Figure 3. NEDM hydration stages if Sika BV 3M is added: (a) formation of hydration shells; (b) growth of hydration shells;

(c) growth of crystals-needles; (d) termination stage
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Figure 4. Graph of deformation change depending upon uniaxial compression of NEDM sample with Sika BV 3M in the context
of CPF in time (a) and diagram of the sample deformation (b)

Since displacement strength limit, being critical while
calculating efforts to be applied for anchor fastening, is
the important parameter, it has been calculated with the
use of a dependence proposed by L.I. Baron:

Tshst. NEDM = 0.54/0 -0} 3 (2)
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TonsengDM = 0.5+/24.62.46 = 3.88 MPa. 3)

The obtained result means that in terms of NEDM, a
value of displacement strength limit is close to values of
argillaceous shales and sandy shales.
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The experiments were repeated when content of
Sika BV 3M plasticizer within the solution varied. That
helped determine the dependence of Sika BV 3M addi-
tion per the hardened mixture strength limit on uniaxial
compression. The results were used while developing
nonexplosive self-extending mixture (Sakhno, Isayen-
kov, Lyashok, & Sakhno, 2017). Then, the nonexplo-
sive self-extending mixture has been patented. The
mixture contains calcium oxide, caustic ash, plasticizer,
and sodium humate. Water solution of the modified
Sika BV 3M magnesium lignosulfonates are applied as
the plasticizer. Following ratio of components is used:
caustic ash is 2.3 —7.0%; sodium humate is 0.8 — 4.6;
20 - 40% is water solution of Sika BV 3M-30; and
calcium oxide — others.

To produce nonexplosive self-extending mixture,
NEDM powder is added by water solution of a plasticizer
of the modified magnesium lignosulfonates Sika
BV 3M-30. Concentration of the water solution to be
added was 10, 20, 30, 40, and 50%. Table 1 explains
results of the proposed mixture formulations tests.

Table 1. The results of the laboratory tests

Composition of the nonexplosive

self-extending mixture, % 5 = ”

. v 2 753

i 2 el
5 S 2 25 5 » E=Q

g Q £ T m S<g0o

: 2 E £F 2 2 TPy
63.10 30.7 230 27 3 27.2
63.10 33.0 2.30 24 6 28.4
63.10 36.0 230 21 9 30.7
63.10 174 230 18 12 33.0
63.10 262 230 15 15 36.0
66.93 30.7  2.30 21 9 17.4
65.40 339 230 21 9 26.2
54.10 358 230 30 9 30.7
60.80 19.1 230 21 9 339
5920 246 230 21 9 35.8
65.02 307 038 21 9 19.1
64.63 342 077 21 9 24.6
63.10 348 230 21 9 30.7
60.80 4.6 4.60 21 9 342
59.70 4.6 5.70 21 9 34.8

Basis NEDM mixture
61.1 4.6 2.3 2 30 0 24.1

Owing to the decrease in surface liquid tension within
the boundary of separation of phases and the solution tight-
en after filling, addition of 20 —40% water solution of the
modified Sika BV 3M magnesium lignosulfonates (being
condensation compounds of magnesium, sulphur, methox-
yls, and hydroxyls) provides the control over hardening
processes as well as increase in dimensions and the number
of new structural components in the process of recrystalli-
zation of calcia to hydroxide; together with other compo-
nents it factors into the increased strength of the solution
after its hardening. Moreover, at the expense of friction
reduction between ground lime and other components,
Sika BV 3M water solution provides the required mobility
of the mixture favouring the decrease in water need.
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Owing to free water fixation, sodium humate pro-
vides stabilization of water and velocity of hydration
hardening reaction restricting uncontrolled temperature
increase; moreover, it also restricts random mixture dis-
charge from openings with 50 mm diameter under the
conditions of underground stopes.

Caustic ash favours the crystallization frame exceed-
ing the mixture strength both in the hardening process
and after its termination.

Figure 5 illustrates preparation of the samples for la-
boratory bench experiments. Figure 6a, b demonstrates
general view of the experiment; its results are repre-
sented in Figure 6¢.

Figure 5. Preparation of the samples: (a) polysterene placing;
(b) filling of NEDM hardening mixture; (c) taking
out of polysterene
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Figure 6. General view of the experiments with the use of
bolts made of plain rolled product (a) and arma-
ture (b); results of the laboratory experiments (c):
1 — maximum fastening effort; 2 — efforts of the
bolt motion

The results processing has helped determine that
bearing capacity of the system (if its mode is hard) is:
170.7 kN for anchors with plain armature; 188.11 kN for
NEDM-fastened reinforced steel; and 84 kN for that
fastened by means of Cement KL mixture. It has also
been determined that bolts with adhesive fastening have
rigid deformation mechanism. Up to the peak bearing
capacity, load is almost linear with minor bolt defor-
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mation (i.e. 4.0 — 4.6 mm); then, it decreases with slow
growth of deformations. NEDM-fastened anchors had
quite different deformation mechanism. After the anchors
experienced their peak bearing capacity, they slid and
moved then within a hole with approximately constant
resistance. According to the results of the tests, in terms
of yielding mode, average bearing capacity of the system
was 100 kN for rolling plain anchor and 157.5 kN for
reinforced steel anchor.

Thus, peak effort of self-extending mixture fas-
tening is twice more to compare with effort by resin
fastening. Comparison of testing results concerning
plain rolling anchors and those made of reinforced steel
gives ground for following conclusions. Bolt forming
favours the increase in both maximum bearing capacity
and efforts of anchor while displacing. In the context of
the experiment, bolt forming effect on the maximum
bearing capacity is 10%; the effect on displacement
effort is 57%. It should be noted that when anchors are
fastened with the help of adhesive mixtures, the form-
ing effect on the bolt fastening is more significant. The
phenomenon has been studied thoroughly by
M. Ghadimi (Ghadimi, Shahriar, & Jalalifar, 2015;
Ghadimi, 2017). Hence, bearing capacity of anchor
under compression fastening depends less on bolt walls
roughness than those with adhesive fastening.

The deformations and, loads obtained under labora-
tory conditions, were stipulated by geometry of physi-
cal model and its design. Actual fastening anchor length
was 150 mm; peak deformations were 50 mm. In this
context, bearing capacity is proportional to the working
part of the anchor.

Figure 7a, b demonstrates results of field studies con-
cerning anchor fastening with the help of Cement KL
(Orica) mixtures while Franciszek Karol fastening by
means of fast and slow modes of the bolts taking out.
Slower loading scheme (Fig. 7b) is closer to the laborato-
ry testing results.

Demands placed to the anchor fastening quality re-
strict their load at the level of 100 kN with no sliding.
According to the above-mentioned results of the labora-
tory tests, anchor fastening with the help of self-
extending mixtures guarantees such fastening efforts
starting from 15 cm; if length is 1.0 m then ten-fold
strength coefficient will be reached.

4. CONCLUSIONS

A new concept concerning anchor fastening within a
hole has been formulated. The concept is based upon the
anchor fastening at the expense of their compression
throughout the length with the help of self-extending
mixtures hardening. To compare with fastening by means
of resins and other adhesive matters, fixation results from
active friction effect rather than the expense of adhesion.

Thus, horizontal components of stress tensor increase
in the hole adjacent area, effecting positively the stability
of stopes. The results of studies concerning hydration
hardening of non-explosive calcia-based mixtures carried
out using microscopy techniques and bench tests using a
plant of integrated gas preparation helped developed the
modified mixture which properties are sufficient to fasten
anchors at the expense of extending.
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Figure 7. Testing results concerning quality of anchor fastening with the help of Cement KL (Orica) adhesive: (a) fast loading
mode; (b) slow loading mode
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JOCJIII)KEHHS HOBOI'O, HEAI[FE3II7[HOFO, CIIOCOBY AHKEPHOI'O KPIIIVIEHHSA
1. Caxno, C. Caxno, /1. Kyparomos, 1. llIsers

Merta. Po3poOka aHKepHOI CHCTeMH 3 HeaAre3iifHUM 3aKpilyIeHHsM OOMNTIB, sSIKa Ma€ BUCOKY HECydy 34AaTHICTh IpH
BEJIMKHX MpeApyHHIBHUX AedopMaIllisx Ta ii TeCTyBaHHS B Ta0OPaTOPHUX YMOBaX.

Metoauka. JIabopaTopHUME TOCTiKSHHAMH TiIpaTaiifHOro TBEpHiHHS CyMIIeH, M0 CaMOPO3IINPIOIOTHCS, Me-
TOIOM MIKpOCKOIII 3a qormoMororo nudposoro Mikpockomna Bresser LCD 40-1600x BCTaHOBICHO O0COOIHMBOCTI MPOTI-
KaHHsI rigparanii MoaugikoBaHux cymimeid. TecTyBaHHSIM po3po0IIeHOT CyMillll Ha YCTaHOBII HEPIBHO KOMIIOHEHTHOT'O
tpuBicHoro criucky (YHKTC) BusHadeHo ii Mil[HICTh Y MOCTTiApaTaliiHINA Mepio]], MOIYJIb MPYKHOCTI, MOIYJb Aedo-
pMmauii. CTeHI0BI JOCIIIKEHHS 3yCHIUIS 3aKPIIJICHHsI aHKEePiB CyMilllaMu, 110 CaMOPO3LIMPIOIOTHCSI, i aHKEPHUM KJICEM
Cement KL no3Bosmiii BUKOHATH MOPIBHSJIBHUE aHai3 aAre3iiHOrO Ta Healure3idHoro crocodiB Qikcarii aHKepiB.
[laxTHi TONBOBI AOCIIIKEHHS 3yCHILIS 3aKPIIUICHHs aHKepiB IpH yKpituieHHi kamepu Franciszek Karol B ymoBax mrax-
i “Benudka” 103BOJIMIIM BCTAHOBUTH JHMHAMIKY HAaBAaHTAXKCHHS aHKEPIB.

Pe3yabraTu. EkcniepuMeHTanbHO J0BEIEHO, 0 BBeAeHH: qoMimku Sika BV 3M y ckmax cymini, o caMopo3niu-
PIOETHCSI, TIPH TiApaTalii miIBUILYe MKy 1i MIIHOCTI Ha 0JHOOCKOBUII cTucK 10 30%. ExcriepuMeHTanbHO 1OBENCHO,
10 MaKCHMallbHE 3yCHJUISA 3aKpIIUICHHS aHKEPHUX OOJNTIB CyMilllaMH, IO PO3IIUPIOIOTHCS, NEPEBUILYE 3YCHILIS IS
0O0JTiB, 3aKPITICHIX CMOJAaMH, OiIbINe, HIXK y /IBA pa3u. AHAJ3 pSKUMY POOOTH TaKUX aHKEPIiB CBIAYUTH, IO CHCTEMA
“aHKep — 3aKpIILTIOBaY — MOpoIa” Ma€e MEXaHi3M POOOTH ONM3BKHIA IO CYJaCHUX eHepro-adcopOyrodnx OONTiB.

HayxoBa HoBu3na. ChopmynboBaHa HOBa KOHIEMNIis (ikcallii aHKepiB 3a paXyHOK 3aTUCHEHHs 1X 10 BCii JOBXKH-
HI LIIypy CyMillIaMH, 1[0 PO3LIMPIOIOTHCS y Mpoleci TBepiHHs i cTBOprotoTh THCKK 30 — 50 MIla, o mo3Bosise mia-
BUILUTH MaKCHMaJIbHE 3yCHJUISl 3aKPIIJICHHS, TIOPIBHIHO 3 aAre3iiiHuM criocoOoM, Oijblie, HiXk y 2 pa3u npu 3abesre-
YeHHI NOCTIHHOTO OIOPY NPH MEPEMIlIeHH] aHKepHHUX OOJITIB Y IIITypi HE MEHIIe, HiX aAre31iHIM CrIocoOoM.

IpakTnyna 3HaunMicTb. OTpUMaHi pe3ysbTaTd, 3 JOCTATHBOIO VISl MPAKTHYHOTO 3aCTOCYBAaHHS TOYHICTIO, MO-
XKYTb BUKOPHCTOBYBATHCS JUII PO3POOKH HOBUX CIIOCOOIB aHKEPHOTO KPIIUICHHS NPH BEJIUKHX JieopMamisix KOHTYpY
BUPOOKH. 3amponoHOBaHMH CIIOCIO aHKEPHOTrO KPIIUIEHHS, 32 YMOBH TEOPETHYHOIO OOIPYHTYBAaHHS IapaMeTpiB Ta
CTEHJIOBOI NepeBipKU, MOXKe OyTH peasli3oBaHUil B TIPHUYMX BUPOOKax BYTUIBHHX, PyJHHX 1 HepyaHux maxt. Lle crpuse
M IBUIIEHHIO HECYYOi 3aTHOCTI KPIIJICHHS Ta MIATPIMAaHHIO ITOPIiJ IIPH iX 3ampyKHOMY AeQOopMyBaHHI.

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

HNCCJIEIOBAHHAS HOBOI'O, HEAATI'E3NOHHOTI'O, CIIOCOBA AHKEPHOI'O KPEIIJIEHUWSA
. Caxno, C. Caxno, JI. Kypatomos, U. I1Iser

Leap. PazpaboTka aHKepHOW CHCTEMBI C HEaAre3MOHHBIM 3aKpEeIUICHHEM OOJITOB, KOTOpas HMEET BHICOKYIO HeCy-
IIYI0 CIOCOOHOCTH MPH OOJIBIINX TpeApa3pyIAoInX qeopMalniX U €€ TECTUPOBAHHE B JTA0OPATOPHBIX YCIOBHAX.

Metonuka. lccienoBanusaMu THAPATALMOHHOIO TBEPICHUS CaMOPACIIMPSIOMINXCS CMecell METOIOM MHKPOCKO-
IIMH YCTaHOBJIEHbI OCOOCHHOCTH MPOTEKAaHHs THApaTannd MoIuQuuupoBaHHEIX cMeceil. TectupoBaHueM pa3paboTaH-
HOM CMeCH Ha yCTaHOBKE HEPaBHOKOMIIOHEHTHOTO TPEXOCHOT'O CXKAaTHs OIpeneieHbl €e IPOYHOCTh B IOCTTHIpaTa-
MOHHBIN TIEPHOJI, MOJYJIb YIIPYTOCTH, MOAYIb eopmanni. CTEeHJOBbIE HCCIIEA0BaHUS YCUIINS 3aKPEIUICHNS] aHKEPOB
caMOpacHIMPSIOMUMUCS cMecsiMU U aHkepHbIM kiieeM Cement KL mo3BOJIMIM BBIMONMHUTH CPaBHUTENBHBIN aHAW3
aJI'€3MOHHOTO U HEaJre3MOHHOT0 CII0C000B (DHKCALUH aHKEPOB.
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Pe3yabTaThl. DKCIIEpUMEHTAILHO JI0Ka3aHO, YTO BBejaeHue no0aBku Sika BV 3M B cocraB camopacumpsironecs
IpY THApATAlldK CMECH IMOBBIIIAET Npeiesl €€ MPOUYHOCTH Ha OJJHOOCHOe cxkaTHe 10 30%. DKcrepuMeHTanbHO J0Ka3a-
HO, YTO MAaKCHUMaJIbHOC YCUJIMC 3aKPCIJICHUS aHKEPHBIX 60J'ITOB CcaMOpacCInPpAOIIUMHACA CMECCAMU NPEBLIIACT YCUIIUA
Jutst OONTOB, 3aKPEIUIEHHBIX CMOJIaMH, OOJbIle, YeM B JIBa pa3a. AHaIN3 peXnMa padOoThl TAKMX aHKEPOB CBUCTEIb-
CTBYET, YTO CHCTEMa ‘“‘aHKep — 3aKpeNuTeNb — I0poJa” UMEEeT MeXaHW3M paboThl, OJM3KHHA K COBPEMEHHBIM 3HEPIO-
abcopOupyrommm 6onram.

Hayuynas HoBu3Ha. ChopMyanpoBaHa HOBast KOHLETIUS (pUKCAIMy aHKEPOB 3a CUET 3aKaTHs WX I10 BCEH AJIMHE
[Ty pa CaMOPACIIUPSIONIMMICS CMECSMH, KOTOpBIE B IIpoliecce TBepaeHus co3natoT gasieHus 30 — 50 MlIla, uro mos-
BOJISIET MOBBICHTh MaKCHMAaJIbHOE yCHUIINE 3aKPEIUICHNS, 110 CPAaBHEHHIO C a/iT€3MOHHBIM cIIoco0oM, Oonee, yeM B 2 paza
IIpy 0OECIICUCHUHU TIOCTOSIHHOTO COIPOTHUBIICHUS IIPU IEPEMEICHUN aHKEPHBIX OOJITOB B IIMype HE MEHEE, YeM IpU
a/iIre€3MOHHOM 3aKPETJICHUH.

IIpakTHyeckas 3HAYMMOCTB. [lomyyeHHbIE pE3yNbTaThl, C JOCTATOYHON JUIA NMPAaKTHMYECKOTO NMPHUMEHEHHS TOYHO-
CTBIO, MOT'YT MCIIOJIB30BAThCS JUIsl pa3padOTKU HOBBIX CIIOCOOOB aHKEPHOT'O KPETUICHUS MpY 00X AeOpMaLUsIX KOH-
Typa BeIpaboTKu. [IpemioskeHHbIi crocod aHKepHOTro KPEeIUICHHs, IPH YCJIOBHU TEOPETHYECKOTO 00OCHOBAHUS TTapamMeT-
POB ¥ CTEH/IOBO NPOBEPKH, MOXKET OBITh PEAIU30BAH B TOPHBIX BBIPAOOTKAX YrOJIbHBIX, PYJAHBIX U HEPYIHBIX LIAXT. DTO
CIIOCOOCTBYET MOBBILIEHHIO HECYIIEH CIOCOOHOCTH KPEIH U TIOJUIEPKaHHIO TTOPOJI IIPU MX 3ayIPYyroM JieopMUpOBaHHH.

Kniouesvle cnosa: anxep, uxcayus ankepos, aozesus, 20pHvle NOPOObl, HANPAICEHU

ARTICLE INFO

Received: 5 November 2017
Accepted: 14 April 2018
Available online: 23 April 2018

ABOUT AUTHORS

Ivan Sakhno, Doctor of Technical Sciences, Professor of the Department of Mineral Deposits, Donetsk National
Technical University, 2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: sahnohuan@gmail.com

Svitlana Sakhno, Senior Instructor of the Geological Exploration and Enrichment, Donetsk National Technical University,
2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: svitlana.sakhno@donntu.edu.ua

Dmytro Kurdiumow, Master of Engineering, Company of Mining and High-Altitude Work “AMC”, 10/2 Danilowicza St,
32-020, Wieliczka, Poland. E-mail: kurddm@gmail.com

Thor Shvets, Candidate of Chemical Sciences, Associate Professor of the Department Chemical Technologies, Donetsk
National Technical University, 2 Shybankova Ave., 85300, Pokrovsk, Ukraine. E-mail: ihor.shvets@donntu.edu.ua

94



