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Abstract
In Belgorod Shukhov State Technological University, instead 
of the previously used Barium-Iron-Serpentine (IBS) concrete 
designed Iron-Magnetite-Serpentine (IMS) concrete reinforced 
with nano-tubular chrysotile and organized its industrial 
production. We calculated and made the new heavy concrete on 
the base ordinary Portland cement, more effective than before, for 
biological protection of quick neutron reactor. The new concrete 
corresponds to all conditions of exploitation. New concrete has 
the following main characteristics: working temperature to 300°C; 
density dried at 110ºC concrete – 4000 ± 100 kg/m3, compressive 
strength after 28 days. Curing – 45-60 MPa, number of chemically 
bound water at 300ºC – 1-2 wt. %.
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I. Introduction
Biological protection is an integral part of any nuclear installation. 
The main purpose of the biological protection of the reactor - 
slowing down fast neutrons and absorption of all types of 
ionizing radiation as a reactor, its technological equipment 
and in the protection of safe provision conditions operation of 
Nuclear Power Station personnel for at least 30 years. Material 
requirement(s) for such protection is very high. Issues of cost 
and reliability of biological protection is given more attention 
[1-5]. To reduce the ionizing radiation to the maximum allowable 
level of protection in the biological protection uses heat-resistant 
super heavy concrete, weakening the entire spectrum of ionizing 
radiation to the normative level. Ratio obscuration γ-radiation 
in the stationary reactor generally uses iron, which is good for 
slowing down fast neutrons to heat, which, in turn, are well 
absorbed hydrogen contained in structural concrete water and 
fillers (usually serpentinite).

II. Requirement(s) for the Concrete Composition 
Shielding of Nuclear Reactors
From minerals containing structure, water is the most optimal 
technical and economic indicators of the mineral serpentine, 
which is the main component rock serpentinite. Serpentine has 
three varieties of minerals: plate – antigorite, lizardite and nano-
fibrous chrysotile. Stocks of deposits are practically inexhaustible. 
Also located within the serpentine concrete water remains for a 
long time at temperatures up to 500°C. To increase the protective 
properties of serpentinite concrete a cheaper and heavy element 
iron is imposed in a different form. Heavy iron-serpentinite 
concrete enhances protective properties and keeps operating at 
high temperatures [3].
Thus, inexpensive and effective concrete for biological protection 
of nuclear reactors of Atomic Power Station should contain 
iron, filler with high-temperature structural water (we applied 
chrysotile), boding material and technological additives to provide 
the required technical specification of quality. 

III. Calculation of the Composition of the New Super 
Heavy Concrete
The task of the designers of the new concrete is the selection 
of rational ratios of the components, which will provide the 
weakening of the flow of ionizing radiation to a safe level at 
minimum cost of construction of the reactor plant. We have 
carried out the necessary calculations to determine the effects 
of components of the new concrete on the radiation-protective 
properties. The calculation of the protective properties of concrete 
was conducted at IMS program ANISN [5] that implements a one-
dimensional solution of the transport equation by the method of 
discrete ordinates with the scattering anisotropy. All data used in 
the relative normalization without reference to the real power of 
a nuclear reactor of high power.
To test the effect of iron content on the properties of the concrete 
protective changing the calculations for the amount of iron in the 
concrete for 60 to 80 wt. %.
As can be seen in fig. 1, increasing the iron content in the concrete 
results in a significant decrease flux of fast neutrons.

Fig. 1: Fast Neutron Flux Density Thickness IMS Concrete When 
the Iron Content 60% (1) 65% (2) 70% (3) 75% (4) 80% (5)

To determine the relative changes in the protective properties 
of concrete introduced IMS protection factor (K) which is the 
ratio of the neutron flux density at the initial concentration of the 
components (I0), to the neutron flux at different (new) component 
concentration at the same depth of material (Ivar), ed. e.
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We obtained the following relation (Fig. 2 and 3):
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Fig. 2: The Dependence of the Concrete Protection from the Iron 
Content, %

Fig. 3: The Dependence of the Concrete Protection From Structural 
Water Content, %

The mentioned dependences clearly demonstrate the dominant 
influence of the iron content of the concrete protective 
properties. 
Fig. 4 shows the results of the joint effect of iron and water in the 
concrete at the rate of protection for concrete IMS:

Fig. 4: The Dependence of Coefficient Protection from the 
Concentrations Iron and Structural Water, %

Using estimates for the new super heavy IMS concrete (Fig. 
4), we can obtain the radiation-protective concrete with higher 

protective features, compared to the previously used, super heavy 
iron–barium–serpentinite (IBS) concrete.

IV. Properties Super Heavy Iron-Magnetite-Serpentine 
Concrete
We found that at high doses γ-irradiation (25-30 MGy) compressive 
strength of concrete IMS 40-45 MPa and density of 4000 kg/m3 
practically remained the same.
The results confirm the known data insignificant effect on the 
γ-radiation properties of portland cement concrete as compared to 
the neutron exposure. To determine the radionuclide composition 
of the concrete and the magnitude of the induced radiation after 
neutron irradiation of concrete, a related research has been carried 
out. Analysis of the γ-spectrum was carried out by a special 
technique. The results of measurements for determining the 
activity and radionuclide composition IMS concrete after neutron 
irradiation have shown that at these indexes it is better than the 
known IBS concrete.
For thermal neutron removal cross sections and relaxation length 
defined for the field of a steady state, when the attenuation curve 
flux density goes to the exhibitor. For concrete IMS this occurs 
since the thickness of 30 cm.
Performed comparative calculations IBS protective properties of 
concrete used for manufacturing protective units of quick nuclear 
reactor, and developed alternative IMS concrete agreement with 
the experimental data. They show that the protective properties of 
the material relative to IMS γ-radiation of 5-10 % are higher than 
IBS and with respect to neutron radiation markedly superior to 
IBS material. The relaxation length of fast neutrons and neutron 
dose the material IMS 10-20% less than IBS. When replacing the 
protective blocks on the floor slab of the quick nuclear reactor of 
IBS concrete blocks of concrete IMS, neutron dose rate is reduced 
by 1.5-2 times.
Studies have confirmed that IMS concrete is superior to known IBS 
concrete in their basic physical, technical and radiation-protective 
characteristics Basic physical and mechanical characteristics of 
the protective concrete blocks production batch  is as follows:
Compressive strength after 28 days curing hardening (28 daysRst) 45 
± 5 MPa (on the all Union Standard of Russia No 310.4-81)
The density of the concrete dried at 110°C 4000 ± 20 kg/m3 (on 
the all Union Standard of Russia No 12730.1-78)
Exploitation temperature up to 300°C
Quantity chemically bonded water at 300°C 1-2 wt. %
Relaxation length of the dose capacity of gamma radiation 60Co 
is 5.7 ± 0.1, for 137Cs is 4.4 ± 0.1;
The relaxation length for the neutron spectrum is 10.9 ± 0.2 cm, 
and for fast neutrons (E> > 1 MeV) 9.6 ± 0.2 cm
Specific effective activity of natural radionuclides 226Ra, 232Th 
and 40K is 19.6 Bq / kg (according with the all Union Standard 
of Russia No 30108-94)
IMS concrete does not corrode steel.

V. Conclusion
The calculations show the possibility of increasing the effectiveness 
of the protective properties of the heavy concrete IMS. Experimental 
tests of concrete IMS fully confirmed its high protective properties 
obtained by calculation.
New IMS concrete by performance than the previously used in 
biodefense quick nuclear reactor IBS concrete. IMS concrete 
protective material is effective as shielding against neutron fluxes 
and fluxes to the γ-rays and can be used at temperatures up to 
300°C in an atmosphere with high humidity. Various products can 
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be manufactured from this concrete on typical plants of concrete 
products and building nuclear power station landfills.
When replacing the unit of radiation protection «quick» reactor of 
IBS concrete to alternative IMS concrete, neutron dose rate above 
the bottom plate in the reactor hall is reduced to 1.5 ... 2 times.
The experimental and calculated data can be used in the design 
of radiation protection of various sources of ionizing radiation 
with an operating temperature up to 300°C.
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