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Abstract

This article discusses a way to improve some properties of ceramsite concrete, research
when adding a gypsum-cement-pozzolanic binder based on magnesia cement and
phosphorus-slag binder to it, an analysis of the physical and technical characteristics for
promising use in construction..

Keywords: ceramsite concrete, additive, physical and mechanical properties, building
materials, cement, water absorption, frost resistance.

In recent years, special attention has been paid to such a direction of the construction industry
as low-rise construction. This rapidly developing area requires the development and
implementation of new building technologies, as well as building materials that could meet
high requirements for durability, energy efficiency and environmental friendliness and at the
same time have a low cost. One of the most promising building materials that could meet all
of the above requirements is gypsum. This is due to the fact that products based on it meet all
modern requirements for fire resistance, sound absorption, environmental safety and energy
saving at all stages of the life cycle, from the extraction of raw materials to disposal, as well
as the availability of a good raw material base.

Among the existing technologies for the construction of low-rise buildings, one can single out
buildings made of wood, brick, block, monolithic and panel made of lightweight, cellular and
other concrete, as well as ceramics. It is difficult to determine the priority in terms of technical
and economic efficiency of using Portland cement concrete or brick for the construction of
residential buildings, since each of them has its own advantages and disadvantages. From the
point of view of the energy intensity of 1 m of the outer wall of a residential building, these
materials are practically equivalent (30...40 kg.e.t./m? for a brick wall and 32...37 kg.e.t./m?
for a claydite-concrete wall). Residential buildings made of lightweight concrete, both
monolithic and large wall stones, are more industrial and require less labor compared to brick
ones, but the latter have undeniable advantages in terms of aesthetic and sanitary requirements
for housing.

Along with slag-gypsum block houses, fully prefabricated two-story houses were built, the
basis of which was a frame with columns made of gypsum concrete blocks. Gypsum slabs
were mounted between the columns in two rows, and the sinuses were covered with slag. To
increase the rigidity of the holes in the blocks, as the columns were erected, they were filled
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with gypsum concrete. The double-pitched non-attic floor was made of prefabricated gypsum-
reinforced concrete beams with a span of 3.3 m, based on prefabricated girders with a section
of 200x400 mm. The simplicity and lightness of individual elements and structures made it
possible to assemble the walls and ceilings of such a house in 24 hours.

It is possible to ensure a successful combination of the positive qualities of the wall material,
as well as to avoid a number of disadvantages of traditional construction technologies, using
building or high-strength gypsum as a binder for lightweight concrete. A significant advantage
of such concretes is their low cost compared to cement concretes, which is due to low energy
consumption.

It is possible to ensure a successful combination of the positive qualities of the wall material,
as well as to avoid a number of disadvantages of traditional construction technologies, using
building or high-strength gypsum as a binder for lightweight concrete. A significant advantage
of such concretes is their low cost compared to cement concretes, which is due to low energy
consumption.

In the first variant, water resistance and strength increase due to the formation of Portland
cement (PC) hydration products during hardening and the binding of a significant part of
calcium hydroxide, the product of hydration of PC silicate phases, into low-basic calcium
hydrosilicates C-S-H (1). The C-S-H phase contributes to increasing the strength and ensuring
sufficient water resistance of products based on GCPV, solving the problem of obtaining full-
fledged products for exterior walls.

Such a binder also retains an important property of purely gypsum binders - a quick set of
initial strength, sufficient for early stripping (removal) of products after 1-2 hours of natural
hardening. The binder will harden over time and improve the water resistance of products to a
softening factor of 0.55-0.7.

The most important component of HCPV is the pozzolanic additive. As is known, the
combination of gypsum binders with Portland cement causes softening or destruction of the
hardening structure over time due to the formation of a trisulfate form of calcium
hydrosulfoaluminate (ettringite) during the interaction of highly basic calcium
hydroaluminates and calcium sulfates. This reaction is dangerous at the stage of hardening,
when the rigidity and strength of the structure have already formed, since the formation of
ettringite occurs with a significant increase in the volume of the solid phase by 2-3 times [1-
4].

The use of expanded clay concrete in comparison with ordinary concrete gives a noticeable
gain in many areas. When erecting walls, more than two times less mortar is required, the
installation speed is increased by 4-5 times, and the mass of products per square meter of
masonry is reduced by one and a half times.

One of the advantages of the material is its high thermal insulation properties, which makes it
preferred for use in both warm and cold climates.

Expanded clay "breathes”, regulating the humidity in the room. Buildings made of expanded
clay concrete blocks are practically eternal and do not require maintenance. The material does
not rot, does not burn and does not rust, having the positive properties of wood and stone at
the same time.
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Expanded clay concrete has good thermal insulation properties. Various tests of expanded clay
gravel, which is an aggregate, carried out by specialized research institutes, have shown that
its use can reduce heat loss by more than 75%.

Expanded clay concrete blocks are adapted to cold climates, environmentally friendly,
architecturally expressive. The variety of shapes and textures gives freedom in creativity.
Claydite concrete facades, as a rule, do not require external finishing and are perfectly
combined with various decorative elements - forged gratings, metal and wood decorations.
Expanded clay "breathes", regulating the humidity in the room. Buildings made of expanded
clay concrete blocks are practically eternal and do not require maintenance. The material does
not rot, burn or rust, having the positive properties of wood and stone at the same time.
Expanded clay concrete has good thermal insulation properties. Various tests of expanded clay
gravel, which is an aggregate, carried out by specialized research institutes, have shown that
its use can reduce heat loss by more than 75%.

Blocks made of expanded clay concrete are adapted to cold climates, environmentally friendly,
and architecturally expressive. The variety of shapes and textures gives freedom in creativity.
Claydite concrete facades, as a rule, do not require external finishing and are perfectly
combined with various decorative elements - forged gratings, metal and wood decorations.
Expanded clay concrete is widely used in construction. Increasingly, piece materials from
expanded clay concrete, aerated concrete, foam concrete are used. Among them, the first one
is the most widespread. Expanded clay concrete has greater strength and less water absorption.
Foam concrete and aerated concrete have lower strength, but also lower thermal conductivity,
which increases significantly with increased humidity or water saturation of the material.
Customers, as a rule, prefer expanded clay concrete, based on its ability to better withstand
moisture [5].

But expanded clay concrete also has disadvantages such as poor moisture resistance and
insufficient strength with some technological solutions.

To partially reduce the impact of shortcomings during their operation, scientists Goryachev
D.E., and Kramarenko A.V. proposed to use gypsum-cement-pozzolanic binder (HPCV) with
magnesia cement as an additive in expanded clay concrete. As a result of the research, it was
noticed that the increase in the strength characteristics of expanded clay concrete when using
this additive. The obtained samples showed a slight decrease in thermal conductivity and a
slight change in water absorption to the level of expanded clay concrete without additives,
however, these shortcomings are covered by an increase in frost resistance and strength of the
sample due to the properties of magnesia cement. Increased strength characteristics for
compression and bending, as well as the complete absence of shrinkage in concrete based on
them, wear resistance, environmental friendliness of the composition, bactericidal properties.
Thanks to the use of gypsum-cement-pozzolanic binders with magnesia cement, it is possible
to almost completely abandon the heat and moisture treatment of materials, which, of course,
will reduce material costs for manufacturing [6].

Kramarenko Arkady Viktorovich and Putilova Margarita Nikolaevna proposed a method for
improving the strength of expanded clay concrete by adding phosphorus slag to it, and analyzed
the physical and technical characteristics for comparison with analogues.
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On the basis of the obtained data, it is possible to assume the prospect of using the obtained
new material. This sample showed a slight increase in thermal conductivity and a slight change
in water absorption to the level of expanded clay concrete without additives, however, these
shortcomings are covered by an increase in frost resistance and strength of the sample due to
the properties of the phosphorus binder. Increased strength characteristics for compression and
bending, as well as the complete absence of shrinkage in concrete based on them. Thanks to
the use of phosphorus-slag binders with clinker, it is possible to almost completely abandon
the heat and moisture treatment of materials, which, of course, will reduce materials
manufacturing costs [7].

Expanded clay concrete is widely used in construction. Increasingly, piece materials from
expanded clay concrete, aerated concrete, foam concrete are used. The use of a gypsum-
cement-pozzolanic binder based on magnesia cement and a phosphorus-slag binder as an
additive in expanded clay concrete is rational and is a promising direction in which further
research and experiments should be carried out.
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