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Abstract 

The article presents the research results of mineral fiber use as a reinforcing component for concrete. The introduction of 
nanosilica to fiber cement compositions improves the corrosion resistance of the mineral fiber, due to the fact that nanosilica 
binds Ca(OH)2 during Portland cement hydration. Physical and mechanical properties of cement and fiber-reinforced concrete 
with the introduction of mineral fibers from basalt and slag waste materials and nanosilica are determined. A significant 
improvement of the properties of fiber-reinforced concrete is explained by the complex action of mineral fibers and nanosilica. 
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1. Introduction 

The development of construction materials industry is associated with improvement of physical-mechanical and 
performance characteristics of concrete, concrete products and structures. It is known that the flexural strength of the 
concrete is much lower than compressive strength. The disperse reinforcement is used to solve this problem, which 
improves not only the growth of physical and mechanical properties, but is favorable to the improvement of 
deformation properties, crack resistance and concrete durability [1]. The use of mineral fibers is promising in 
producing fiber-reinforced concrete for a number of reasons; the examples of such mineral fibers are thin staple fiber 
and basalt roving, which are mainly produced by centrifugal-spinneret method and characterized by stable 
properties, uniformity of diameter and a low content of wastes.  

Mineral fibers have been obtained with electrothermal method for melting raw material [2, 3]. The multi-step 
process is replaced by a one-step process for the electrothermal method in contrast to the cupola and bath methods, 
which allows reducing equipment costs and facilitates its operation. Melting is carried out on natural raw materials 
and industrial wastes in an electrothermal melting unit with further production of fibrous materials (basalt fiber and 
slag and ash fiber) and thermal insulation products based on them. The use of basalt rocks, deposits of which are 
found in Irkutsk region, Buryatia and the Trans-Baikal region, and slag waste for production of thermal insulation 
materials and products can not only expand the base of raw materials, but also utilize the ash and slag waste, which 
will reduce the environmental stress in the Baikal region. The experience with electro-melting units allowed to build 
a number of mini-factories in order to produce thermal insulating fibrous materials in the Republic of Buryatia and 
Zabaikalsky region. Mineral fibers are formed by the centrifugal blow method, which is the most common method 
for producing mineral fibers due to its high performance and relatively economic efficiency compared to others.  

Mineral fibers can interact with Portland cement due their chemical resemblance. However, this factor might 
result in the destruction of mineral fibers and the reduction of reinforcing effect. The authors of the research [4] 
summarized different approaches to this problem and identified the main directions of the mineral fiber protection 
from the effects of cement alkaline medium: 

- the use of cementless and cement low binders in fiber-reinforced concrete; 
- modification of the mineral fiber surfaces; 
- modification of the mineral fiber structure; 
- the introduction of additives which reduce the alkalinity of the medium of fiber-reinforced concrete. 
Each of the presented directions has its advantages and disadvantages; their use should be determined by the 

qualitative effect of improving characteristics of the final product and the technical and economic feasibility. Many 
studies were carried out in regard to the use of additives which reduce the alkalinity of the medium. They are mainly 
based on the use of silica-containing additives of various composition and origin [5, 6]. It should be noted that the 
mechanism of action of such additives for cement and mineral fiber is complex, and dosages of these additives varies 
over a wide range (5-20%). Silica-containing additives used for these purposes have generally a micro-level particle 
size.  This particle size determines the mechanism and kinetics of cement hydration. The mechanism of action of 
nanoscale silica-containing additives towards the cement with fibers has not been studied extensively.  

The objective of the research is to increase the corrosion resistance of the mineral fibers in the composition of 
hardening cement with nanosilica Tarkosil® T50 and to obtain a fiber-reinforced concrete with improved 
characteristics. 

2. Materials and methods 

The following raw materials were used for the current research in order to produce a fiber-reinforced 
concrete: plain Portland Cement (OPC) CEM I 32.5 N, mineral fibers on the basis of basalt and ash and slag waste, 
nanosized silica (NS) Tarkosil® T50. 

Nanodisperse silica Tarkosil® T50 was produced by the apparatus, developed at the Khristianovich Institute 
of Theoretical and Applied Mechanics, Budker Institute of Nuclear Physics SB RAS and Bardakhanov LLC 
(Novosibirsk, Russia). Tarkosil® T50 has a specific surface Ssp = 50.6 m2/g (according to BET), so its primary 
particles have an average size of about 53 nm. 
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Mineral fibers from basalt (BF) and ash and slag waste (ASWF) have characteristics, which are shown in 
Table 1. Basalt and ash and slag fibers are thin fibers (8-10 μm in diameter) and are characterized by high 
mechanical characteristics. These mineral fibers are obtained as a result of melting raw materials in the 
electrothermal melting unit and are resistant to acids and alkalis. However, thin mineral fibers can be destroyed in 
fiber-reinforced concretes due to long term exposure to the alkaline cement environment. The successful use of 
mineral fibers in fiber-reinforced concretes is impossible without sustaining their corrosion resistance by various 
methods [5-7]. 

 
Table 1. Characteristics of mineral fibers. 

Characteristic Basalt fiber Ash and slag waste 
fiber 

The average fiber diameter, μm 10 8 

Tensile strength, MPa 1350 1390 

Chemical resistance (loss of mass),% while processing: 
- НCl 
- KOH 

 
 

69.3 
91.5 

 
 

78.6 
90.6 

 
The initial fiber samples were boiled in a saturated solution of calcium hydroxide (pH = 12.1) for 4 hours 

according to A.A. Pashchenko method to evaluate the corrosion resistance of fibers. Another fiber sample was 
boiled by adding NS (1% by weight) for comparison with the first sample.  

The electron microscopic analysis of the mineral fibers was carried out on the scanning electron 
microscope Jeol JSM 6510 LV (Centre "Progress", East Siberia State University of Technology and Management) at 
1000 magnification. 

The rotational viscometer was used (Fungilab, the Khristianovich Institute of Theoretical and Applied 
Mechanics SB RAS) in order to determine the rheological properties of cement pastes containing nanopowder 
Tarkosil® T50 and mineral fibers. The sonication was applied to distribute NS in water for 10 min. The 
compositions of cement pastes were mixed with water and water and nanosilica suspension for 5 min. Before the 
test, all compositions of cement pastes were soaked for 5 min and then a dynamic viscosity was determined in the 
rotational viscometer. 

The samples of cement with mineral fibers were prepared with dimensions 20*20*20 mm. The samples of 
fiber-reinforced concretes were prepared with dimensions 100*100*100 mm and 100*100*400 mm.  The samples 
were stored at 20-22 °C, 95-100% of humidity for 28 days.  

The binders and concrete were tested using standard techniques, corresponding to the requirements of 
standard documentation of the Russian Federation on the verified equipment. 

3. Results and discussion 

There are several approaches for evaluation of corrosion resistance of mineral fiber in the concrete 
hardening medium [5, 6, 8]. In [8] basalt fibers are placed in an aqueous extract of cement laitance, and the change 
in their structure and properties is measured when exposed to normal temperature. In other studies fibers are placed 
into chloride-containing mediums at elevated temperatures [6]; some studies observe the state of soaked fiber in 
fiber-reinforced concrete for a long time in natural conditions [5]. 

The accelerated method involving boiling fibers in a saturated lime solution according to A.A. Pashchenko 
was used to evaluate the chemical resistance of the mineral fibers [9].This method is comparable with the exposition 
of fiber-reinforced concrete for 10 years. Figure 1 shows the images of basalt and ash and slag fibers before and 
after boiling, carried out in the scanning electron microscope (SEM) Jeol JSM 6510 LV.  

The original fibers are characterized by a smooth flat surface before boiling (Fig. 1, a, d), after boiling there 
are traces of interaction with the lime and fiber which causes the occurrence of defects and new growths on the fiber 
surface (Fig. 1, b, e). The surface of the fiber, boiled with addition of nanosilica, remains smooth and flat with minor 
inclusions of new growths, products of interaction of NS with lime (Fig. 1, c, f). The comparison of fibers made 
from different raw materials allows to see that the number of defects and inclusions on the BF surface is greater than 
on the ASWF surface, due to the higher corrosion resistance of this type of fiber. 
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Fig. 1. Scanning the electron microscopy of the mineral fibers surface: the original - a) ASWF d) BF; after boiling in lime solution - b) ASWF, e) 

BF; after boiling with addition of NS to lime solution: c) ASWF, f) BF 
 
The improvement of corrosion resistance of the mineral fibers by introducing nanosized silica leads to the 

improvement of physical and mechanical properties of fiber-reinforced cement stone (Fig. 2). 
 
a 
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b 

 
Fig. 2. The compressive (a) and flexural (b) strength of the fiber-cement composites: 

1 – control sample, 2 - with ASWF; 3 – with ASWF and nanosilica; 4 - with BF; 5 - with BF and nanosilica 
 
The combined use of BF and NS increases the compressive strength of the cement stone by 25% after 28 

days of hardening, flexural strength - by 64% compared to the control composition. The use of ASWF and NS 
improves the compressive strength by 31% and the flexural strength by 70%. NS with advanced specific surface 
area and high chemical activity interacts with the lime formed during cement hydration and prevents the corrosion 
of mineral fiber. It effects the increase of cement stone strength and enhancement of the reinforcing effect of mineral 
fibers. 

The properties of fiber cement composites improve due to complex impact of mineral fibers and nanosilica 
which are present in the system. The analysis of changes in hydration temperature (Fig. 3) of cement and cement 
with mineral fibers and nanosilica indicates that there is an increase of hydration temperature by 5-7%. The presence 
of NS does not change the concentration of Ca2+ ions in the liquid phase of the cement paste in the first minutes and 
intensifies the process of hydration. 

 

  
Fig. 3. The temperature of cement hydration: 1 - OPC (control), 2 - OPC + mineral fiber, 3 - OPC + mineral fiber + Tarkosil T50

® 
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It is known that mineral fiber can be characterized by adsorption of water on their surface, but this process 
is rather long and does not significantly effect the amount of water in the first hydration hours. The simultaneous 
presence of mineral fiber and NS leads to acceleration of cement hydration process, which affects the increase of the 
physical and mechanical characteristics of the fiber-cement composites. 

The introduction of mineral fiber and NS in OPC changes technological and rheological properties of the 
cement paste and setting time. The dynamic viscosity was identified by the rotary viscometer Fungilab in order to 
explain the processes occurring in the system with the introduction of mineral fibers (Fig. 4, 5).  

 

 
Fig. 4. Dynamic viscosity of cement pastes: 1 – control, 2 – with Tarkosil® T50 

 

 
Fig. 5. Dynamic viscosity: 1 - OPC + ASWF, 2 - OPC + ASWF + Tarkosil T50®, 3 - OPC + BF, 4 - OPC + BF + Tarkosil T50® 

 
The absence of sharp changes in viscosity indicators on viscosity curves means the uniform distribution of 

fiber in the composition of cement pastes. The fact that the viscosity of the disrupted structure of cement paste with 
fibers is below the level of initial cement paste at high shear stresses, is quite common. The further increase of the 
viscosity of cement pastes with mineral fibers is more intense than in initial cement paste. The introduction of NS 
leads to higher viscosity indicators. The studies of rheology of cement paste at the initial hydration period confirm 
the assumption about the mechanism of the influence of NS on cement system. It allows to improve main physical 
and mechanical properties of fiber-cement composites.  

The optimization of compositions fine fiber-reinforced concrete was accompanied by the change in the 
content of BF and NS. It is possible to conclude that the variation of binder amount (Tab. 2) in fiber-reinforced 
concrete allows to get maximum concrete characteristics at a rate of 550 kg. The physical and mechanical 
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characteristics of fiber-reinforced concrete are reduced by 15-20% at the rate of OPC 500 kg per cubic meter, and by 
25-35% at the rate of OPC 450 kg per cubic meter.  

 
 Table 2. The properties of fine fiber-reinforced concretes. 

Material consumption per 1m3 of concrete, kg W/C The percentage of 
reinforcement, % by 

weight of OPC 

Strength 
after 28 days of hardening, 

MPa 

Prismatic 
strength, 

MPa 
OPC Sand Mineral 

fiber 
Nanosili

ca 
compressive flexural 

450 1575 

- - 

0,4 

0 35.1 6.3 19.1 

9 
0.55 

2 39.6 9.4 22.2 

18 4 44.1 10.8 27.3 
27 6 37.8 8.6 21.0 

500 1500 

- - 

0,4 

0 39 7 22.5 
10 

0.55 

2 44 10.4 26.2 

20 4 49 12 32.2 

30 6 42 9.6 24.7 

550 1375 

- - 

0,4 

0 44 9 30 

11 
0.55 

2 55 13 35 
22 4 62 15 43 
33 6 52 12 33 

 
There is a tendency of the increase in the physical and mechanical properties associated with the increase of 

the reinforcement of concrete with mineral fiber and NS. It was found that at 4% reinforcement by weight of the 
binder the maximum physical and mechanical properties can be obtained: compressive strength - 62 MPa, flexural 
strength - 15 MPa, prismatic strength - 43 MPa. A further increase of fiber reinforcement to 6% by weight leads to a 
slight decrease in strength - by 15-20%. 

The varied percentage of reinforcement influences the change in water absorption and frost resistance of 
fiber-reinforced concrete. The percentage increase of reinforcement to the optimum level (4%) leads to changes in 
fiber-reinforced concrete structure and the establishment of high density structure. Uniformly distributed pores help 
to increase the frost resistance of fiber-reinforced concrete from the F150 to the F200-250. The increase of frost 
resistance is associated with a significant reduction in the impact of degraded osmotic pressure of hardening 
concrete. As a result, the concrete has a minimum content of micro-cracks and interconnected pores. 

4. Conclusions 

The following conclusions can be drawn from the research: 
- The increase of corrosion resistance of the mineral fiber based on basalt and ash and slag waste in the alkaline 

cement medium by introducing nanosized silica is proved. NS binds the lime, formed by the cement hydration, 
thereby preventing the alkaline corrosion of fibers; 

- The analysis of cement hydration temperature demonstrates that the simultaneous presence of mineral fibers and 
nanosilica leads to faster hydration process; 

- Compositions of fine fiber-reinforced concrete with thin basalt and ash and slag fibers are developed with 
improved physical-mechanical and performance characteristics. 
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