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Abstract. Traditionally, fibers for fiber-reinforced concrete are made of 

metal, polypropylene, basalt or glass. На сегодняшний день для 

строительства актуально использование волокон с уникальными 

электрофизическими свойствами. The possibilities of using a microwire 

made of an amorphous ferromagnetic alloy based on cobalt with a shell of 

borosilicate glass in concrete technologies are studied in this paper. The 

influence of the content of fibers of different sizes (length 7 and 15 mm) on 

the rheological and physico-mechanical properties of the solution was 

established. The deterioration of the workability of mixtures and the 

average density of the composite with the introduction of the studied fiber 

is shown. It has been established that the spread diameter of the mortar 

mixture with a fiber content of 0.5...3.0 % by weight of Portland cement is 

reduced by 9.8...26.1% compared to the control composition. It is shown 

that the short fiber (7 mm) at the maximum content (3 %) leads to a more 

significant decrease in the average density (up to 9.6 %) compared to the 

long fiber (15 mm) of the same concentration (reduction is no more than 

4 %). A positive effect on the flexural strength and crack resistance of the 

solution was established. The increment of flexural and compressive 

strength ranges from 1.11 to 1.54 and from 0.99 to 0.78 respectively with 

increasing fiber concentration. The presence of fiber in the composition of 

the solution allows you to increase the crack resistance from 0.098 to 

0.164. The increase in the crack resistance coefficient for compositions 

with a fiber 7 mm long is 51...68 % and compositions with a fiber 15 mm 

long is 22...37 %. The possibility of using such microwire based on a 

ferromagnetic alloy for dispersed reinforcement of cement solutions opens 

up prospects for the creation of "smart" materials. 

1 Introduction 

The use of modern building materials is determined by the need to create structures with a 

complex set of properties. One of the well-known directions for improving the properties of 

materials is the use of dispersed reinforcement. The introduction of various fibers allows to 

control the physical, mechanical and deformative properties of concrete. One of the main 
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advantages of fiber-reinforced concrete is increased crack resistance, bending and impact 

strength, as well as abrasion resistance and frost resistance [1, 2]. However, the 

achievement of these positive qualities of fiber-reinforced concrete is typical for 

homogeneous systems [3]. A frequent problem in dispersed reinforcement of concrete is the 

uniform distribution of reinforcing fibers in the volume. 

Currently, there are many types of fiber, differing both in the type of material and in 

geometric dimensions and shape. The most common are basalt, metal, polypropylene and 

glass fiber [2-7].  

The use of steel (metal) fibers is very limited due to high cost and low corrosion 

resistance. Steel fiber has high mechanical properties, therefore, it allows to increase crack 

resistance, tensile and bending strength, as well as resistance of concrete to aggressive 

environment [3]. As a rule, such fibers are used to increase impact strength and reduce 

shrinkage deformations, which is in demand in the manufacture of reinforced concrete 

slabs, road surfaces or floor screeds [2]. Basalt fiber has been widely used in construction 

since the nature of the substance is similar to concrete. This provides high adhesion, 

allowing you to increase the strength, chemical resistance, and frost resistance [8, 9]. In 

[10] shows that the addition of basalt fiber in an amount of not more than 1.5% by weight 

of the binder increases the compressive strength by 4.5%. Due to their qualities, basalt-

fiber-reinforced concretes are used in hydraulic structures, in construction in seismically 

hazardous regions, in road construction of roads, bridges and the construction of nuclear 

power plants and radioactive waste storage facilities [11]. Polypropylene fiber is 

characterized by the ability to control properties, which allows to optimize the effectiveness 

of concrete reinforcement [6, 7]. Such fibers, along with basalt fiber, are effective in 

protecting concrete from brittle fracture. The advantage of polypropylene fiber is a high 

modulus of elasticity and elongation factor, but the limitation is the relatively low melting 

point. In the process of mixing mixtures with an excess of polypropylene fiber, clumping 

also occurs. This leads to an increase in air entrainment. To prevent this effect, fiber is often 

pre-mixed with moistened fine aggregate [12]. Materials with the addition of glass fiber 

fibers have high flexibility and elasticity. The disadvantage of glass fiber is its low 

resistance to corrosion in alkaline environments. 

The experience of different countries [2, 6, 10] shows the technical and economic 

efficiency of the use of steel fiber reinforced concrete in various types of building 

structures. However, in [11, 13-14] conflicting data are presented on the effect of fibers 

from various materials on the compressive strength of concrete. So, in one case (the use of 

basalt fibers), a decrease in this indicator by 4% is observed, and in the other case (the use 

of polypropylene fibers), an increase is established within the same limits. Such changes are 

correlated with the experimental error limits. At the same time, for concrete with basalt 

fiber, a positive effect is noted [11, 15-18]. The compressive strength of concrete increases 

by 6.5 %. The effective fiber concentration for concrete modification does not exceed 

3.0 %. 

Thus, the effectiveness of the use of fiber in concrete is related to many factors, such as 

the material, its size and shape, method of introduction, etc. The introduction of fibers often 

increases impact strength, flexural strength, and crack resistance. At the same time, the 

control of these factors makes it possible to improve various properties of the material: 

flexural and compressive strength, wear, water and frost resistance, hardness, etc. However, 

the effective use of fibers is possible only with a uniform distribution of fibers in the 

volume of concrete. 

Traditionally, reinforcing fibers for fiber-reinforced concrete are made from a material 

with a homogeneous structure (metal, polypropylene, basalt, etc.). However, adding fibers 

to concrete can result in unique properties such as radio absorption or radio transparency. 

This is possible when using a material with specified electrophysical properties as a fiber. 
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One such material that has unique magnetic, mechanical and magnetoelastic properties is a 

cobalt-based amorphous ferromagnetic alloy [19]. It is made in the form of a microwire, 

covered with a sheath of borosilicate glass. The possibility of using such a microwire in 

concrete technology opens up prospects for the creation of "smart" materials [20]. For 

example, this can be used to monitor structures during operation or initiate (activate) self-

healing processes by exposure to a magnetic field. At the same time, the possibility of using 

such a microwire in cement composites as reinforcing fibers is an important issue. 

2 Methods 

In this paper, the study of the effect of fibers from an amorphous ferromagnetic alloy on the 

properties of cement mortars based on Portland cement CEM I 42.5 N (PC), quartz sand (S) 

fr. 0.16-0.63 mm (C/S = 1/3), microsilica MS-85 (MS = 15% by weight of binder), water 

(W) at W/C = 0.5 and polycarboxylate plasticizer (P = 1.0% by weight of binder). Alkali-

resistant microfiber with a metal core made of an amorphous alloy based on cobalt in a 

glass borosilicate sheath was used as reinforcing fibers (content of SiO2 – 80 %, B2O3 – 

12...13 %, Na2O – 3...4 % and Al2O3 – 1...2 %). Fiber density is 7300…7800 kg/m
3
; 

modulus of elasticity is 120…170 GPa, elongation coefficient 2.5…4.0 %. 

Two types of fiber were studied: 

 series 1: bundles of fibers with a length of 7 mm (diameter d = 12 µm) glued 

with a water-soluble varnish (Fig. 1a); 

 series 2: separated fibers with a length 15 mm (diameter d = 30 µm) (Fig. 1b). 

a) b) 

  

Fig. 1. Fiber from an amorphous ferromagnetic alloy in a glass borosilicate sheath in a glued 

(a) and separated (b) form. 

The content of fiber in the solution varied in the range of 0.5...3.0 % of the mass of 

Portland cement. The fibers were introduced into the pre-mixed mortar mixture. 

The preparation of the mortar mixture was carried out using an automatic mortar mixer 

according to GOST 30744. As the estimated indicators, the following were chosen: 

mobility according to the spread diameter on the Hegerman table after shaking (Dsp, mm), 

average density (ρm, kg/m
3
), flexural (Rb, MPa) and compressive (Rcom, MPa) strength 

according to GOST 31376. The resistance to crack development was evaluated by the 

coefficient of crack resistance as the ratio of flexural strength to compressive strength. 

The value of the standard deviation for the diameter of the spread and the average 

density was less than 2 %, for the flexural and compressive strength was less than 10 %. 
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3 Results 

As a result of the studies carried out to assess the possibility of using a microwire made of 

an amorphous ferromagnetic alloy in a borosilicate glass sheath as reinforcing fibers for 

cement compositions, the dependences of rheological (Fig. 2a) and physico-mechanical 

(Fig. 2b, 3 and Table 1) properties were obtained. 

a) b) 
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Fig. 2. Dependence of the spread diameter of the mortar mixture (a) and the average density 

of the solution (b) on the content of fibers from an amorphous ferromagnetic alloy. 

It has been established that the introduction of reinforcing fibers into the composition of 

cement mortars leads to thickening of the mixtures. Thus, the spread diameter Dsp of the 

mortar mixture is reduced by 9.8...26.1 % compared to the control composition with a fiber 

content of 0.5...3.0 % by weight of Portland cement. Such a dependence is typical for each 

type of fiber under study (series 1 and series 2). 

40.0

50.0

60.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Content of fibers, % by PC

S
tr

e
n

g
th

, 
M

P
a

4.0

6.0

8.0

10.0

- Series 1; - Series 2; - compressive; - flexural
 

Fig. 3. Dependence of flexural and compressive strength of solutions on the content of fibers from an 

amorphous ferromagnetic alloy. 

Figure 3 shows that the introduction of fiber from an amorphous ferromagnetic alloy 

leads to an ambiguous effect on strength. There is a positive effect on flexural strength and 

a negative effect on compressive strength. The increment of flexural strength Rb is from 

1.11 to 1.54, and increment of compressive strength Rcom is from 0.99 to 0.78 (table 1). 

Those, the introduction of fibers makes it possible to increase the resistance of the system 
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under study to flexural loads  by at least 10 %, but leads to a decrease in compressive 

strength by 22 %. In this case, the maximum flexural strength is 7.92 MPa (for the control 

composition Rcom = 5.15 MPa). 

Table 1. Strength increment of solutions with fiber from an amorphous ferromagnetic alloy. 

Properties Fiber 
Fiber content, % by weight of Portland cement 

0 0.5 1.0 2.0 3.0 

Flexural strength increment 
Series 1 

1.00 

1.54 1.50 1.35 1.29 

Series 2 1.22 1.21 1.18 1.11 

Compressive strength increment 
Series 1 0.99 0.89 0.90 0.78 

Series 2 0.92 0.89 0.87 0.87 

A complex parameter that takes into account the change in the mechanical properties of 

the material is the coefficient of crack resistance. It allows to evaluate the impact on 

fracture resistance due to the formation of defects (crack propagation). The ratio of flexural 

strength to compressive strength is used to calculate this coefficient (Fig. 4). 
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Fig. 4. Dependence of the crack resistance coefficient on the content of fibers from an amorphous 

ferromagnetic alloy. 

Fig. 4 shows an extreme dependence on the concentration of fibers, which is associated 

with the manifestation of multidirectional changes in the strength characteristics of 

solutions with fiber from an amorphous ferromagnetic alloy. This pattern is typical for each 

series, regardless of the type of fiber. At the same time, the introduction of fiber into the 

solution makes it possible to increase the crack resistance from 0.098 (for the control 

composition) to 0.164 (at a fiber concentration of 1.0% (series 1)). For compositions with a 

fiber 7 mm long (series 1), the increase in the crack resistance coefficient is 51…68 %, and 

for compositions with fiber 15 mm long (series 2) is 22…37%. 

 

 

 

       FORM-2023

https://doi.org/10.1051/e3sconf /202341001010E3S Web of Conferences 410, 01010 (2023)

5



4 Discussion 

Fig. 2a shows that the introduction of fiber leads to a regular decrease in the spread  

diameter of the mortar mixture. This is due to the structuring of the mixture due to the 

violation of the uniformity of the components in shape. Those, fibers have a 

disproportionate ratio of geometric dimensions compared to the mineral component of the 

mixture. The intensity of the decrease in mobility is proportional to the increase in the 

concentration of fibers in the composition. An excess of fibers in the volume leads to their 

poorer distribution at a constant mixing mode. 

Despite the introduction of a component with a higher density (fibers from an 

amorphous ferromagnetic alloy) into the composition of the studied systems, the average 

density of solution samples is decreased with increasing fiber concentration (Fig. 2b). This 

is due to a decrease in the fluidity of the mortar mixture, which leads to air entrainment and 

a deterioration in workability. Note that a shorter fiber (7 mm - series 1) at the maximum 

concentration (3 %) leads to a more significant decrease in average density (up to 9.6 %) 

compared to 15 mm fiber of the same concentration (reduction is no more than 4 % ). This 

is due to the initial state, which is the fibers glued with acrylate varnish. That is, for the 

homogenization of such fibers, additional technological methods should be performed. For 

example, preliminary dissolution of varnish in water, longer mixing or a change in the 

stages of fiber introduction. The standard mixing mode used is not sufficient to distribute 

the fibers. 

It is obvious that the change in mobility, which leads to a decrease in the density of the 

solution, is reflected in the mechanical properties (Fig. 3). The results obtained indicate the 

ambiguous effect of the studied fiber on the strength of the solution. Thus, an increase in 

bending strength may indicate satisfactory adhesion at the interface between the cement 

stone and the glass shell. However, the investigated range of concentrations is rather 

excessive for increasing the compressive strength, since it leads to a violation of the 

homogeneous structure of the solution due to clumping of the fibers and air entrainment. 

Increasing the fiber concentration leads to a decrease in the positive effect on flexural 

strength and an increase in the negative effect on compressive strength. The established 

regularities indicate that a fiber with a smaller fiber size (L = 7 mm) has a less negative 

impact. At the same time, the concentration of the reinforcing additive, not more than 0.5% 

by weight of cement, can be considered as having no effect on the compressive strength 

(the increment is 0.99). Taking into account the indicators of mobility and average density, 

the indicated concentration can be considered the limit of the effective use of fibers from an 

amorphous ferromagnetic alloy. 

The complex crack resistance parameter (Fig. 4) also indicates the need to limit the fiber 

content in the studied compositions. In this case, the boundary concentration for each of the 

series is 1.0%, since a further increase in the amount of fiber leads to a decrease in Rfl/Rcom. 

5 Conclusions 

Thus, the performed studies of fibers from an amorphous ferromagnetic alloy in a glass 

borosilicate shell allow us to formulate the following conclusions: 

 The use of a microwire made of an amorphous ferromagnetic alloy based on cobalt 

in a borosilicate glass shell can be promising for dispersed reinforcement of 

cement compositions; 

 The introduction of the studied fibers into the cement mortar makes it possible to 

increase the bending strength by 50%; In this case, the effective concentration is 

the content of 0.5% by weight of the binder; A study of lower fiber concentrations 

is required to evaluate the positive effect on compressive strength; 

       FORM-2023

https://doi.org/10.1051/e3sconf /202341001010E3S Web of Conferences 410, 01010 (2023)

6



 Research is required to establish the possibility of changing the injection 

technology or fiber geometry to improve efficiency, taking into account the 

additional qualities (electro-physical properties) acquired by the composite in the 

presence of ferromagnetic components in the composition. 

 
The authors express their gratitude to the students of MGSU Aleksandr Petryukov and Vadim 

Shchetinin for assistance in preparing samples for study.  

 

This work was financially supported by the Ministry of Science and Higher Education of Russian 

Federation (grant # 075-15-2021-686). Tests were carried out using research equipment of The Head 

Regional Shared Research Facilities of the Moscow State University of Civil Engineering 

References 

1. V.A. Gurieva, T.K. Belova, Building materials. 1-2, 104-106 (2016) 

2. A.P. Pustovgar, A.Yu. Abramova, N.E. Eremina, Concrete technologies. 7-8, 34-42 

(2019) 

3. A.S. Inozemtcev, .V. Korolev, High-strength lightweight concrete (SPbGASU, St. 

Petersburg, 2022) 

4. S.V. Klyuev, Engineering and Construction Journal. 8 (34), 61-66 (2012) 

5. S.S. Kaprielov, I.A. Chilin, Building materials. 7, 28-30 (2013) 

6. A.S. Inozemtcev, T.Q. Duong, E3S Web of Conferences. 97, 02010 (2019) 

7. T.Q. Duong, N.T. Vu, A.S. Inozemtcev, E.V. Korolev, Journal of Physics: Conference 

Series. 1425, 012067 (2020) 

8. U.B. Satynbek, T.M. Kasymov, Science and innovative technologies. 4 (25), 205-219 

(2022) 

9. Yu.V. Pukharenko, Modern problems of science and education. 4, 359 (2012) 

10. Q. Du, C. Cai, J. Lv, J. Wu, T. Pan, J. Zhou, Materials. 13, 3796 (2020) 

11. T.A. Levkovich, N.I. Tokar, Z.A. Mevlidinov, I.A. Lasman, I.S. Fedorov, Lasman 

V.S., Bulletin of Eurasian Science. 13 (1), 6 (2021) 

12. N.A. Eroshkina, M.O. Korovkin, M.Yu. Chamurliev, Don Engineering Gazette. 2 (49), 

217 (2018) 

13. J. Qin, J. Qian, Z. Li, C. You, X. Dai, Y. Yue, Y. Fan, Construction and building 

materials. 188, 946-955 (2018) 

14.  D.P. Dias, C. Thaumaturgo, Cement and concrete composites. 27, 49-54 (2005). 

15. I.V. Belousov, A.V. Shilov, Z.A. Meretukov, L.D. Mailyan, Don Engineering Gazette. 

4 (47), 165 (2017) 

16. V.G. Solovyov, E.A. Shuvalova, International research journal. 9-3 (63), 78-81 (2017) 

17. M.O. Korovkin, N.A. Eroshkina, A.R. Yanbukova, Don Engineering Gazette. 2 (45), 

129 (2017) 

18. A.N. Morgun, Science, technology and education. 7 (43), 101-105 (2015) 

19. O.L. Sokol-Kutylovsky, International research journal. 5 (47), 178-179 (2016) 

20. K. Carrera, R. Sovjak, V. Papez, K. Kunzel, Materials Today: Proceedings. 62 (5), 

2624-2627 (2022) 

       FORM-2023

https://doi.org/10.1051/e3sconf /202341001010E3S Web of Conferences 410, 01010 (2023)

7


