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Abstract. The work presents the results of research on the strengthening of soil basement in the
center of the urban nucleus of Vladimir, which are loam, sandy loam in soft-plastic state, and also sandy
loam with silt. The technology of applying the strengthening composition in the soil has been developed.
The results of the investigation of physical and mechanical properties of soils and their water resistance
have been presented. The microstructure of the concrete has been studied and compositions of masonry
material suitable for the construction of residential premises have been developed. The advantages and
prospects of development of domed buildings have been studied. The expediency of using domed
buildings in terms of energy efficiency has been substantiated. The possibility of using the developed
building materials for the construction of domed buildings has been considered.
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Introduction

The paper presents research data on strengthening of soil foundation (such as loam, sandy loam
in soft-plastic state, and also sandy loam with silt) in the center of the urban nucleus of Vladimir city. This
research includes manufacturing technology development of applying the strengthening composition in
the soil and compositions for masonry materials suitable for the construction of residential premises. The
scientific work shows research data of physical and mechanical properties of soils as well as their water
resistance. Additionally, there has been studied concrete microstructure and justified the perspective of
domed buildings from the standpoint of energy efficiency.

There are a lot of examples of housing made of soil in almost all countries of the world, including
Russia (Priory Palace in Gatchina, built in 1798). The application of such material is governed by its
strength, environmental friendliness and cost effectiveness [1].
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Nowadays, when it seems that there is nothing left to invent in the construction field, the global
issue to improve the energy performance of buildings and structures remains open. From the energy
point of view, the determining factor is the shape of the building. As it is known, dome is one of the most
stable shapes in nature. To increase the adhesion of the dome to the base surface, the spoiler effect is
used. The dome (bubble) house, erected from compact-grained soil-concrete is a stable structure [2].

Energy performance of the domed house lies in the shape of the spherical structure. There is an
inverse dependence between the area of the external face of the structure and energy consumption for
room heating. The less the area of walls and roof is, the higher the performance coefficient is. The heat
loss through the building footing depends on the ratio of the perimeter of the floor to its area. In this case,
the dome, having a smaller perimeter-to-area ratio, in comparison with a conventional house, gains the
upper hand [3i 5].

One of the advantages of domed buildings is that wall structures and roofing are made of the same
materials. It gives the possibility to put them up in a single cycle. This fact in combination with full
mechanization and automation makes it possible to reduce the construction period and the cost of the
erected building. As a result, one of the promising areas of domed construction is the erection of above-
ground structures by means of 3D printing. In the course of this study, there was considered a possibility
of a single cycle construction with the use of a 3D printer. While the roofing is being assembled, the
mortar layers will be compressed and will not allow the entire roof to collapse even in the process of
construction without auxiliary devices such as formwork and other supporting tools. However, in sloping
roof structures the mortar has to have an extremely high setting speed to prevent local dropout of the
material. In addition, a precise adjustment of the printer speed is required [67 8].

There have been created a number of models, which confirmed the possibility of building
construction by means of a 3D printer in a single cycle.

Figure 1 shows a dome house model printed on a 3D printer.

Figure 1. Dome house model printed on a 3D printer

One of the main factors affecting durability and reliability of buildings is the stability of the footing
on which the building is erected. The reason for footing instability is the state of the soil, depending on its
origin [9, 10].

Nowadays, cities are developing at a quick rate, and the most favorable areas have already been
"covered" (built up) with industrial and civil buildings. However, having examined a city map in details,
almost everywhere one can see "white spots" i.e. city areas that do not have any buildings. The reason is
the occurrence in these territories of soft soils such as clay, loam, sandy loam, and peat. These types of
soils are subject to mandatory strengthening before building any structures on it. In Vladimir city there are
a number of undeveloped sites that are vivid examples of such "white spots” [117 13].

Methods

In this paper there was set a task of integrated use of soil and a magnesia binder derived from
dolomite raw materials to construct spherical buildings. There was made an attempt to strengthen
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