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CURRENT PROBLEMS AND PROSPECTS OF APPLICATION OF
PRODUCTS BASED ON CONTINUOUS BASALT FIBER

The progress of science and technology significantly depends on the success in
creating new materials. Composite materials are a heterogeneous structure formed by a
combination of reinforcing elements and isotropic binder (binder) material, currently
widely used in various fields of technology. but for the economy is more important mass
application. For this purpose, more thorough and long-term research and experimental
implementations are carried out, which require significant intellectual and material
costs. Development of structural elements using basalt fiber began in NDIBV since
1987. and experimental samples of prestressed concrete structures with basalt-plastic
reinforcement. Research to identify the interaction of cement with basalt fiber and the
design of effective concrete structures using basalt reinforcement. Concrete beams with
basalt reinforcement were successfully tested. Unfortunately, the results of research
have not been widely implemented. Therefore, this article is devoted to the problems of
mass introduction into construction practice of various types of composite materials,
including basalt reinforcement. The advantages and disadvantages of composite
reinforcement in comparison with steel are discussed. During the theoretical and
experimental studies, both positive and negative aspects of the use of basalt
reinforcement were identified. So experiments have shown that basalt fiber loses
strength in the environment of Portland cement stone. But this shortcoming has been
overcome by the efforts of scientists, it is important to use certain defects of basalt fibers
for specific conditions. There are the following main types of basalt fibers:

1) basalt continuous fibers with a diameter of 8 - 11 microns, 12 - 14 microns, 16 -
20 microns with a fiber length of 25 - 50 mm and more;

2) staple short fibers with a diameter of 6 - 12 microns and a length of 5 - 10 mm
and several diameters;

3) basalt superthin fibers with a diameter of 0.5 - 1 microns with a length of 10 - 50
mm;

4) coarse basalt fibers with a diameter of 100 - 400 microns.

To create structures with certain properties for specific conditions, appropriate
basalt fibers are selected. According to the research results, recommendations and
normative documents have been developed. Suggestions for measures to improve and
successfully widely use composite elements for reinforcement of concrete structures.

Keywords: basalt, composite materials, basalt fiber, Continuous basalt fiber,
basalt plastic reinforcement (BPR), Experimental products based on continuous
basalt fiber, prestressed reinforced structures.
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1 Introduction. The basis of composite reinforcement is a material which is formed
from different fibers: glass, basalt, aramid, carbon, zirconium, aluminosilicate,
aluminmagnezial etc. and usually with binding based on thermosetting synthetic resin
which cures under the influence of the temperature or irreversible chemical reaction
converted into a solid, infusible and insoluble material with the three-dimensional
network structure.

The first continuous basalt thread was obtained in Kiev in the research laboratory of
basalt fiber (NILBVI) by Dimitri Dzhigiris and Maria Makhova [1] in the mid-70s of the
last century. To obtain a continuous filament, basalts were used, brought from Georgia
from the Marneuli deposit, see Table 1. They also investigated the suitability of
obtaining a continuous filament from a basalt deposit located on the territory of Georgia,
see Table 1.

Continuous basalt fiber is a unique product obtained from basalt rock using a special
melt technology. Basalt fiber surpasses other types of mineral fibers in many respects:
thermal resistance, sound and heat insulation properties, vibration resistance, wear
resistance, resistance to aggressive chemical environments, etc.

Due to high cost of composite reinforcing elements as a whole, for the mass
application of composite reinforcement in construction, the most suitable are glass and
basalt fiber [1-8]. One of the most important features of composite materials is a
significant anisotropy of mechanical properties. Therefore, the use of composite
materials makes it necessary to determine the rational schemes of reinforcement and
distribution of the material in the structure taking into account its loading conditions. In
comparison with steel reinforcement, basalt plastic reinforcement (BPR) is more
lightweight (3.3-3.5 times), greater strength (2.5-3.0 times stronger), has significantly
higher corrosion resistance (12-15 times), the heat shield and dielectric properties, it is
non-magnetic and radio transparent [2, 3, 8, 11].

High specific strength of the material is implemented with short-time loading in the
direction of reinforcement. Under loads that cause high levels of stress in the bonding
adhesive, material loses its benefits to a large extent. Thus, the composite materials have
a number of specific features that require the development of special methods of design
and calculation.

2 Main part. The growth of production of continuous glass fibers is being
constrained by the growing deficiency of raw materials (soda ash, boric acid, sulfate,
etc.), as well as high technical requirements and others. It is well known for the fact that
the limiting factor in the widespread use of fiberglass structures is a relatively high cost,
low limit of fire resistance, low modulus of elasticity and others.

In this regard, in recent decades production of other fibers, instead of glass, has
intensively been expanded. There are currently several technological processes of
continuous fibers (roving) of the widespread eruptive rocks - basalt, which do not
require any additives [1, 8, 11].

In Georgia there are no deposits of iron ore, therefore, steel and all metal products
are mainly imported from abroad, which significantly increases the financial costs of
construction and installation works. On the other hand, there are huge reserves of basalt,
from which you can get high-quality fiber, that naturally causes a great interest to the
basalt technologies.

Continuous basalt fiber production technology with the single-stage method has
good prospects for the use and distribution, but not all of basaltic rocks may be suitable
for production of continuous basalt fiber.

There are several careers on the territory of Georgia (Marneuli, Akhaltsikhe,
Chiatura, Bolnisi and others), from which the raw materials high-quality fibers are
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obtained. The volume of found raw materials only in these careers is estimated at many
millions of cubic meters. The basalt fiber obtained from these quarries has a high initial

strength and durability.
The chemical composition of the investigated basalt quarries in Georgia, which are

suitable for the production of continuous super thin fiber, is given in Table 1.

Table 1
The chemical content of the investigated basalt quarries in Georgia
Studied deposits of Oxides, %
basalt rocks in
Georgia Si0; | TiO, | ALO; |FeOz+Fe | CaO |MgO | Na,O | K,0 | MnO [ P,Os | SOs
Marneuli 5111 | 092 | 155 1045 | 1022 | 6.36 | 464 | 464 | 03 | 05
Akhaltsikhe 44.99 | 1.88 | 14.82 9.86 |11.98 | 9.81 | 3.03 | 1.67 | 0.1
Aspindza 46.28 | 1.57 | 12.06 | 12.08 | 9.22 |11.67| 2.09 | 0.58 | 1.06 | 0.32 | 0.1
Bakuriani 59.06 | 1.16 | 17.54 726 | 486 [294| 37 | 162|071 (093 0.12
Okami 53.41 | 0.63 | 20.38 829 | 7.85 | 256 | 3.75 | 1.07 | 0.73 | 032 | 0.1
Chiatura 4639 | - | 1484 | 1208 |10.08|882| 418 | 418 | - - | 025

BPR “Stress-strain” diagram obtained with this method of production is
substantially rectilinear to failure (see Fig. 1). However, the data are experimental and
subject to further refinement, taking into consideration the content of the fiber. The
essential fact is that the diameter affects the temporary resistance value of the BPR,
thinner reinforcement, the greater its strength.
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Fig. 1. The dependence of the relative elongation ¢ of the stressed o for:
1. BPR;2. Cold-drawn steel; 3. High-strength cable; 4. Steel with high yield stress
The experimental studies of basalt and of other fibers in the concrete confirmed the
decrease of fibers’ strength in time. The results of experimental studies in high humidity
conditions and the alkaline environment of concrete show a significant strength
reduction of basalt, glass and other types of fibers (Fig. 2) [8].
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Fig. 2. Comparative time dependence of the strength loss of basalt and other fibers
types in a hardening portland cement

Experiments show other features of behavior of composite reinforcement in the
concrete. For example, the strength and modulus of elasticity of composite reinforcing
elements are decreased with increase of the rod diameter [2, 4, 6]. The tensile strength of
polymer composite reinforcement decreases significantly during the process of being in
concrete, while the modulus of elasticity changes significantly [3].

Concrete and composite reinforcement (of glass, basalt, carbon, zirconia and other
fibers) are rheologically active materials, therefore the bearing bearing capacity, the
nature of the distribution of forces, deformability and crack resistance of concrete
structures, reinforced with composite, significantly depend on the model of combined
work during the long-term load action.

The tensile strength of basalt plastic reinforcement (BPR) at T = 20°C is 12000-
18000 MPa and depends on the composition and percentage of binder in the product
(which is typically 25-30%). Some other typical parameters:

- product density 1.95-2.2 g/cm®;

- product elasticity modulus at 20°C ranges between 75000-90000 MPa;

- index of thermal conductivity of the product depends on many factors and can
vary within 0,04-0,1Wt/m*K;

- linear expansion coefficient (0.5-0.7)x10°%, at t =200°C;

- product melting point is determined on parameters of the binder and varies
widely from 1800°C to 6000°C; initial softening temperature of the fibers is 6200°C, the
softening temperature - 6350°C;

- basalt fiber melting temperature range from Marneuli quarries is 1150-11800°
C; at a temperature of 12000°C fiber begins to char;

- special surface finishing is not required, the color of the product can vary from
perfectly-black to light brown depending on the type of used binder.

Basic physical, mechanical and technical characteristics of BPR and Alll
reinforcement are shown in Table 2:
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Characteristics of BPR and Alll reinforcement

Value of the indicator

Name BPR AlIIT reinforcement Note
Temporary tension 4 4
resis{’ame}’kg/cmz 1.2x10*-1,8x10 3650-3800
Modulus  of elasticity,
kg/cm?.
Tension- 50.7-0.9));105 2x10°
Compression- 0.4-0.5)x10° 2x10°
Poisson's ratio 0.22-0.26 0.3
Corrosion
resistance increasing
(times): )
In an acidic environment-
In salt solutions- 12-15 1
In hydrogen sulfide 9-12 1
environment- 15-20 1
Coefficient of I|_r11ear (58-85)x107 (111-150)x107
expansion, grad
Volume weight, kg/cm® 19-21 7.8 Ll_?hter than steel by
3.7-4.1 times

The composite rebar in comparison with steel one has a number of disadvantages:

- low modulus of elasticity;

- low fire resistance and durability at high temperatures;

- inability to manufacture the bent reinforcing rods of composite reinforcement at
the construction site;

- inefficiency and sometimes impossibility to use it in compressed zone of
concrete;

- most of fibers, which form the basis of the composite reinforcement, lose
strength in hardening Portland cement;

- during the long-term loading the nonlinear deformation of glass and basalt
composite reinforcement is observed even at load level 0.25-0.4 of breaking point. This
makes it necessary to take it into account in calculations;

- the higher cost comparable with the cables of high-strength steel (ropes);

- compressive strength of composite reinforcement is much lower than the tensile
strength;

- the virtual absence of plastic deformations in the composite reinforcement, low
elongation at break - about 2%, which means an increased risk of brittle failure.

Due to the low elasticity modulus of composite reinforcement, the concrete
structural elements may be destroyed in bending conditions. This character of
destruction of the same section of the bent concrete structure with steel reinforcement is
not possible. For this reason, high strength characteristics of composite reinforcement in
most cases, remain unused.

The most effective area of application of composite reinforcement (BPR, in
particular) in accordance with their features (high strength and low deformation
modulus) is in prestressed concrete structures [3-6,9,10]. However, clamps used for
prestressed steel may not be applied since a composite (and basalt plastic) rebar strength
in that case is determined by the strength characteristics of the polymer binder which is
significantly less than tensile strength of fiber [8, 9, 10, 11]. This circumstance makes it
necessary to develop a special type of clamp for realization of prestressing. The value of
controlled stress in composite reinforcement should be taken not more than 50% of
ultimate stress.
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In view of the foregoing, before the use of composite rebar in ordinary and
prestressed structures it is necessary to carry out a number of investigations to assess the
efficiency of local composite materials, including:

- the influence of solar radiation and sea humid climate on the behaviour of
concrete structures reinforced with composite reinforcement;

- the influence of the rheological properties of the binder polymer on the contact
surface between the composite reinforcement and concrete;

- the influence of stress regime, especially under sign variable loads, which is very
important in seismic zones and under dynamic effects;

- the influence of creep and shrinkage of concrete and interaction features on the
contact surface, taking into account long-term strength of the composite reinforcement
and different types of concrete.

One of the most important features of composite materials is a significant anisotropy
of their mechanical properties. Therefore, the use of composite materials makes it
necessary to determine the rational schemes of reinforcement and the material
distribution in the cross section taking into account the relevant loading conditions.

Bond strength of composite reinforcing thin rod with the concrete depends on the
structural features of the production process, the mechanical characteristics of the rod
and the environment, however, when designing should take into account that the
interlaminar shear strength of the polymer is provided with a relatively weak
component. The strength of the connection between a composite reinforcing thin rod and
concrete depends on the structural features, of the production process, mechanical
characteristics of core and environment. And during design it should be considered that
the interlayer shear strength of the polymer is ensured by a relatively weak binder
component.

Fig. 3. 4mm, 6mm and 8mm diameter rebars made of basalt fiber; tension test
results of rebars made of basalt fiber
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Fia. 4. Distribution of stresses in concrete in contact zone with BPR: in normal
concrete (left); in expanding concrete (right). Figure 4, shows the experiment
results- distribution of stresses in concrete in the contact zone with BPR
(author's development)

The tension elasticity modulus of the composite reinforcement E, g, (including basalt
plastic) can be calculated by the formula:

Ersp = BEaFs + ESFs, (1)

where E, and E; — the tension elasticity modulus of the fiber and a binder,
accordingly; F¢ and Fs — volume content of glass (basalt) and binder in the composite.
The elastic stresses in composite reinforcement:

6 sp = VIiE1& + VHEEy, )

where V, and V, — volume content of glass and binder in the composite, accordingly;
E, and E, — the elasticity modulus of fiber and binder; €, u €, —deformation of fiber and
binder.

The Poisson ratio m of the composite reinforcement in longitudinal and transverse
directions are different. For BPR m varies in longitudinal direction within 0.25-0.35
depending on type of binder.

Prestressed concrete structures reinforced with BPR, should be calculate for both
groups of limit states: strength, cracking and deflections. Calculations of members with
BPR are based on the following provisions: sections remain plane; stress diagram in the
compressed zone has a parabolic shape at extreme edge of the compression stresses that
are equal to calculated resistance at compression R.. If the edge compression stress is
0.7R. or less, the diagram is simplified to the linear one.

The chosen diagram form of compression stresses and the magnitude of the
boundary stresses depends on technological and structural factors. Reinforcement of the
compressed concrete zone using any type of composite reinforcement is not
economically justified. From our opinion, an obstacle in the practical use of all the
positive features of BPR is the insufficient study and reflection in the existing
regulations [12-27] and, most important, the absence of studies and an appropriate
normative basis for the effective application of basalt plastic reinforcement in conditions
of Georgia, the local deposits of basalt, its properties for the local realization in
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construction, especially under seismic loads, as well in offshore structures, under solar
radiation, low temperatures and in other conditions.

With the aim of large-scale application of continuous basalt fiber in construction, we
have made various products: I-beams, channels, angles, brake pads, pipes of different
diameters and purposes, etc. see Fig. 5. Elements for the construction of roofs of any
buildings and structures, and practically, for any climatic region, have also been
manufactured.

Fig. 5. Experimental products based on continuous basalt fiber, manufactured in
Thilisi

3 Conclusion. It’s completely impossible to replace the steel reinforcement by the
composite one in the modern concrete products. But it’s expedient and effective the use
of composite reinforcement in certain conditions instead of steel. Primarily we are
talking about chemical resistance, radio transparency and dielectric properties of the
composite reinforcement.

Thus, it’s appropriate to apply the composite reinforcement to the following
construction sites: in structures exposed to aggressive environments, causing corrosion
of steel reinforcement; in road-transport infrastructure; in concrete prefabricated and
monolithic structures on elastic foundation (foundations, roads, airfield slabs etc.); in
water treatment plants; for reinforcing the masonry; in structures operating under
conditions of high electromagnetic fields and the potential difference; in tunnels, soil
and bank revetment structures; in prestressed structures; during reconstruction,
restoration of buildings and structures.

In our opinion, in order to expand the area of the composite reinforcement
application in the construction activity, it is necessary to perform the following:
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- develop standards and norms with calculation requirements of composite
reinforcement taking into account its mechanical properties and methods of control,
based on local materials and conditions including extreme conditions;

- prepare specifications on different types of periodic profile of composite
reinforcement taking into account types and classes of concrete;

- work out standard solutions to ensure the required level of fire resistance of
concrete structures reinforced with composite reinforcement;

- compile an inventory of composite construction materials and technologies
necessary for preparation of normative documents;

- standardize the typical solutions of the bent rebar elements and work out the
rules for their manufacture, quality control etc.

What will be the new technical solutions in the direction of wider application of
composite reinforcement for concrete reinforcement, unfortunately, still has no clear
answer. However, practice requires that they should be studied in greater detail, which
offers vast scope for theoretical work and creative research. Success largely will depend
on the creation and discovery of new types of fibers, binders and their joint application
for conventional or special types of concrete, and especially for concretes made with the
use of expanding cements.

Conclusions:

1. To design prestressed reinforced structures of basalt-plastic reinforcement,
proposed technology requires no special gripping devices that are inconvenient for
service and also tend to damage the reinforcement at bar tightening zone. According to
the proposed technology, transfer of tensile forces is due to the shear stresses that arise
when expanding of stressing cement occurs and develops along the contact line
reinforcement-concrete;

2. The results of the proposed methods and the methods of SNIP 11-21-85 and
computer modeling to determine the stress-strain state of structures differ by an average
of 15%;

3. The use of self-stressing cement or low-energy expansion and a minimum
diameter of BPR (6.5mm) to design a pre-stressed structure should be considered
ineffective, because destruction of the beams occurred before reaching the limit values
of BPR;

4. A substantially rectilinear relationship o-¢ (stress-strain) of the BPR to tensile
fracture retains prestressed position when cracking occurs and to the destruction of
concrete beams, additionally, reduces the deformation parameters of construction
elements;

5. High technical and deformation performance of concrete elements reinforced
with basalt reinforcement determine the feasibility of using such structures for
earthquake-resistant and special buildings and structures;

6. The numerous studies that are conducted prove that the sticking coefficient of
concrete to BPR is less than the sticking coefficient of concrete to the steel
reinforcement. Therefore, improving factor of the bonding of BPR with concrete should
be given greater role and attention;

7. Basalt reinforcement and other products do not corrode, which leads to an
increase in the service life of concrete;

8. The specific gravity of basalt plastic reinforcement and basalt composites is 4
times less than that of steel, which leads to a decrease in the weight of the frame, the
cost of handling and transportation costs.

9. The studies carried out show the promise of large-scale application of
continuous basalt fiber for various areas of both the technical industry and for
construction.
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. Tizineiweini, /1. I'izineimeini, I. Yuxeaiose, B. Casenxo

Cyuacni npoonemu ma nepcreKmMueU 3ACMOCY8AHHA NPOOYKUII Ha OCHO8I
be3nepeenozo 6azanbmoseozo 6010KHA

Bio ycnixie y cmeopenni nosux mamepianieé iCmomHoO 3a1eXHCUmb npoepec HaAyKu i
mexniku. Komnosuyiini mamepianu s61510mb  c00010 HEOOHOPIOHY —CMPYKMYPY,
VIMBOPEHY NOEOHAHHAM APMYIOUUX eeMeHMI8 I I30MPONHO20 8 SHCYH020 (CNOIYYHOZ20)
mamepiany, 6 Oauuil 4ac WUPOKO BUKOPUCTOBYIOMbCS 6 DPI3HUX  00aacmsx
mexuiku.Bioomi pizHozo pody HOI KOMRO3umHi Mamepiaiu 3 00CUmMb YIKAGUMU
KOPUCHUMU 8ACUBOCMAMU | HABIMb MAIOMb NEe6Hi BNPOBAONCEHHS HA NPAKMUYI, ale
Ol eKOHOMIKU Mae Oinbui 8azome 3HAYEHHS MAcoge 3acmocyeanua./[na ybozo
npoeoosmvcsi Oinbl pemenvHi i 00820MpPuUani OOCHIONCEHHS | eKCnepUMEeHMAalbHi
BNPOBAOICEHHSA, AKI NOMPeOdYIomb  3HAYHUX — [HMENeKMYanbHux [ MamepiaibHux
sumpam.Po3pobka KOHCMPYKMUGHUX eleMeHmi8 13 3ACOCYBAHHAM 0a3d1bIM08020
6onokna nouanace 6 HIIBB nouunaiouu 3 1987 p. Ilowas cmeoprosamuce
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KOMRosuyitiuil  mamepian  6a3aibmoiopobemon ma eKCnepuMenmanbHi  3pasKu
NONepeoHbO  HANPYJICeHUX OemOHHUX KOHCMPYKYIl 3  6a3a16mo-nidcmuKogoio
apmamypoio. J{ocniodicenHs 3 Memoio GUsBNeHHsl 83AEMO0Il yemeHmy 3 6a3anibmosum
BOIOKHOM | KOHCMPYIOBAHHS eheKMUBHUX OemOHHUX KOHCMPYKYIU i3 3aCMOCY8AHHAM
bazanomosoi apmamypu. Ycniwno npouwniu  eunpobyeanHs OemoHHi 6anku 3
bazanomosoro  apmamyporo.  Haoicane  pesynomamu  0ocniodicenb  wuporoeo
enpoeadcentnss He Habyau. Tomy Oana cmamms RPUCEIYEHA NPOOIEMAM MACOBO20
8Np0OBaOINCEHHS. 8 0YOi8elbHY NPAKMUKY DISHUX 6UOI6 KOMNOZUYIUHUX Mamepiania, y
momy uucni 6azanemogoi apmamypu. (062080pHI0OMbCA  nepeeacu mMa HeOOIKU
KOMRO3UMHOT apmamypu 8 NOpieHAHHI 3i CMAegor. 3a 4ac npoedeHHs MeoPemuyHUX i
EKCNEPUMEHMANTbHUX O0CTI0MNCeHb OYI0 GUAGIEHO K NO3UMUGHI, MAK | He2amueHi
cmoponu 3acmocygéants 6azanemogoi apmamypu. Tax excnepumenmu NOKA3amU, Wo
basanbmose 80IOKHO GMPAYAE MiYHICMb 8 cepedosui NOPMIAAHOYEMEHMHO20 KAMEHSL.
Ane yeil medonik Oy8 nNOOONAHUL 3YCULIAMU BUEHUX, MAE GelUKe 3HAYEHH:
BUKOPUCMAHHA NeBHUX 8a0i8 0A3ANbLIMOBUX B0JOKOH OJisi KOHKDEMHUX yMos..IcHyromo
HACMynHi 0CHOBHI 8UOU OA3ANLINOBUX BOJIOKOH:

1) 6azanvmogi nenepepsni 6onokna oiamempom 8 — 11 mx, 12 — 14 mx, 16 — 20 ux
0086rcunoro eonoxna 25 — 50 mm i binvwe;

2) wmanenvHi KOPOMKi GONOKHA Olamempom 80N0KOH 6 — 12 mk i doeocunow 5 —
10mm ma kinvka diamempig;

3) basanemosi cynepmonki eonoxna diamempom 0,5 — 1 mx ooexcunoro 10 — 50 mm;

4) epy6i 6azanvmosi 6onokna diamempom 100 — 400 ux.

s cmeopentss KOHCMPYKYill 3 NeGHUMU GLACIMUBOCMAMU OISl KOHKDEMHUX YMO8
subuparomovcs  GiON0GIOHI  0A3anIbMOBI  ONOKHA. 3a  pe3yrbmamamy  O0CHIOHCeHDb
Hanpayvbo8aHi pekomeHoayii i HopMamueri OOKyMeHmu. Bucroeneno nponosuyii wooo
3ax00i8 w000 600CKOHANEHHS MA YCHIWHO2O WUPOKO20 3ACMOCYS8AHHA KOMNO3UMHUX
enieMenmia 0Jisi apmMy6aHHs OeMOHHUX KOHCMPYKYIl.

Knrwuoei cnoea: oaszanvm, komnozuuiiini mamepianu, 0aszanvmoee 6010KHO,
cyyinene 0Oazanvmoee  6010KHO, Oazanvmonnacmuune apmyeanna  (BIIP),
EeKCRepUMEHmManbHa RnPOOYKYin HA OCHOGI CYUIIbHOZ0 0a3a1bMO6020 B0710KHA,
nonepeoHbo HAnPYIceHi apMOBAHI KOHCMPYKUIT.
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