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The restoration of buildings bears both cultural and common 
significance for the development of the country and the nation as 
a whole. The attractive appearance of cities promotes tourism, 
which contributes significantly to the well-being of the country.  

Repair and restoration are the second most important tools, af-
ter the construction of new buildings to maintain and improve the 
appearance of Russian cities [1]. 

The restoration and repair of buildings largely depends not only 
on the technology used for this [2, 3], but also on the materials that 
are used. At this stage in the development of the building materials 
industry there are a large number of different mixtures and com-
positions used for repair work. Every year the requirements for 
these materials are becoming stricter. This contributes to a more 
thorough analysis of the materials developed and a positive final 
outcome. 

Despite of this, the problem of developing building materials, the 
characteristics of which meet the requirements of modern realities 
of economic and physical - chemical indicators, is not solved [4]. 
There is still the question of the compatibility of restoration mate-
rials of old and new times. High-strength α-modification gypsum, 
which has an average density of 1900 kg/m3, is the most often used 
material in restoration work [5]. However, the use of such gypsum 
in compositions can destroy the old wooden ceilings of restored 
monuments and other objects when restoring the ceiling elements. 
Authors [6] believe that the introduction of a certain amount of 
hollow glass microspheres in a restoration composition can lead to 
reduction in the weight of the element by almost half without loss 
of strength.  

Gypsum composites are not as durable in an environment where 
they are exposed to precipitation, as cement-based composites, 
which in this case have a significant role, as the intended compo-
site will be used for exterior finishing of buildings and restoration 
of architectural monuments.  

The working life of materials used in restoration is determined 
by the influence of precipitation and temperature changes. These 
conditions clearly cause deformations in the finishing layer. Con-
densation leads to the delamination between the layer of the build-
ing envelope and the element to be restored [7]. The behavior of 
materials with a porous structure depends directly on the process 
of mass transfer within these materials [8, 9].  

According to the previous studies we can say that the main dis-
advantage of lightweight cement composites is the reduction of 
strength by reducing the density. The use of hollow glass micro-
spheres, which are durable fillers but with low density, solves this 
problem and makes it possible to obtain a material with the com-
pact particle packing. In this material, the cement stone is a thin 
bonding layer, which makes it possible to obtain a material with a 
conglomerate type of structure [10]. 

During the repairs, it is necessary to choose the appropriate mix-
ture to ensure compatibility of materials [11]. It is necessary to 
consider the activity of the outer layer in its interaction with the 
environment because the surface layer of the material has a struc-
ture different from that of the inner layer [12]. 

The paper [13] proposes the following mortar for civil and indus-
trial purposes, including repair work. Mortar includes cement, 
sand, modifiers, water, and active mineral additive containing 
aluminosilicate microspheres (cenospheres), amorphous silicon di-
oxide (microsilica) and high calcium ash, with the following ratio 
of components, %: cement 25.0-40.0, sand 5.0-30.0, active min-
eral additive 35.0-60.0, modifiers 0.2-2.0. 

The authors [14] initially studied the structuring of the cement 
matrix when ash microspheres were introduced into it. The second 
part of the study consisted of mechanical activation of ash micro-
spheres. The microspheres were ground in a ball drum, which 
made it possible to achieve more active hardening of the composi-
tion at the boundary between the cement matrix and ash micro-
spheres. The formation of calcium hydrosilicates and hydroalumi-
nates proceeds more intensively due to the formation of mechani-
cally activated microspheres of the base sheet 14]. This indicates 
the increase of structural density and leads to the improvement of 
the cement-containing material properties. Thus, the results ob-
tained by the authors [14], when using in concrete mechanically 
activated particles of 15% of the weight of the cement, showed 
fairly good results: water resistance grade increased from W10 to 
W16, strength reached 75 MPa, and frost resistance increased by 
two steps. 

The compositions of building mortars contain fill materials in 
the form of spheres such as fine-dispersion fillers based on calcium 
silicates, which are used for acceleration of the lime composites 
structure formation [15-17].   

In this regard, the development of lightweight cement mortars 
with hollow glass microspheres for the restoration of architectural 
monuments is a pressing issue. 

During the experiment there were the compositions of mortars 
selected to evaluate the effect of carbonate microfillers, the ratio of 
hollow glass microspheres and PVA on the strength, density, frost 
resistance and water absorption of the mortar. The quantity of wa-
ter was taken according to the optimal plasticity of the mortar. 

To obtain the complex characteristics of this mortar there were 
molded sample cubes 100x100x100 mm. The size of the samples is 
important for measurement of thermal conductivity. The sample 
cube of 70,7x70,7x70,7 mm serves for measuring of frost re-
sistance, water absorption, softening factor; 20x20x20 mm serves 
for measuring of porosity, density, compressive strength. The 
standard methods require larger samples to obtain these charac-
teristics, but it was decided to characterize the material by smaller 
samples for economical use of the expensive materials. Replacing 
large samples with smaller ones did not distort the results because 
the structure of the developing material does not have the coarse 
filler and is fine grained. The characteristics were determined by 
standard methods. 

Data on the complex analysis of samples are shown in summary 
table 1. 

The material has a fine-grained structure with the inclusion of 
pores of significant size. Approximately, these pores may have re-
sulted from the mortar undervibration.  

The hollow microspheres should prevent undesirable shrinkage 
of the material. They prevent the material from being destroyed by 
precipitation. This hypothesis can be confirmed by microscopic 
analysis. Photomicrographs of the structure on the sample bent 
fracture were made in the laboratory of Research Institute of Syn-
thetic Fiber with the Pilot Plant (VNIISV), Tver, Russia. The ma-
terial sample was a fragment of a cement monolith separated by 
brittle fracture.  

Table 1. Complex characteristics of the optimal composition 
Characteristics Average value 

of one sample set 

Compression strength, MPa 16.0 
Average density, g/cm3 1.4 
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True density, g/cm 3 1.8 
Moisture, % 24.4 
The water absorption by mass, % 20.4 
Total porosity volume, % 26.3 
Thermal conductivity, W/ (m-K) 0.502 
Softening factor 0.40 

The surface of the fragment for observation in an electron scan-
ning microscope was coated with a film of aluminum by vapor sed-
imentation method in vacuum. Photomicrographs were obtained 
by using a Hitachi-S450 electron scanning microscope. The accel-
erating potential was 10 kV, the photos were obtained on second-
ary electrons.  

Fig. 1 shows photos with increasing magnification of the cleav-
age of surface. It can be seen that the glass microspheres (as well as 
traces of fallen out microspheres) are chaotically distributed 
throughout the material. The size of the microspheres varies 
greatly. The protruding part of the surface of the microspheres is 
almost flat (Fig. 2) and bears no traces of interaction with the ce-
ment. As microspheres pass through a crack in the material (see 
Fig. 2), they separate from one of its edges, usually without being 
subjected to fracture. 

Fig. 3 shows a photomicrograph of a crack and a dimple caused 
by the microsphere. It can be seen that there are no fragments of 
the microsphere wall in the dimple. The contact surface is the same 
as the microsphere surface, i.e., the contact of the microsphere with 
the cement mass occurs almost over the entire surface, but without 
the formation of persistent bonds. 

Based on the data obtained in Table 1 and Fig. 1-3, we can draw 
conclusions about the characteristics of the developed material.  

One of the important characteristics of this composite is the re-
sistance of the cement stone in the material to periodical moisten-
ing and drying-out. Frequent moistening and drying-out leads to 
accumulation of permanent deformations and material wear. But 
in contrast to laboratory tests, where temperature and humidity 
were high enough, in real conditions the composite is not dried to 
zero humidity so its values can be taken from 10 to 100%. It means 
that it is impossible to remove water completely from the compo-
site. 

Also, the average density of the sample is quite low (1400 kg/m3) 
for the restoration composition. According to the paper [5], the av-
erage density of high-strength gypsum alpha-modification used for 
the restoration should be 1900 kg/m3. Further density reduction is 
possible by introducing an additional amount of hollow glass mi-
crospheres but may have a negative effect on other physical and 
mechanical properties of the composite, such as average strength, 
softening factor. 

As the material is expected to be used in an environment and will 
be subjected to precipitation, alternating freezing and defrosting, 
these pores may give rise to micro-cracks in the material due to the 
expansion of water at low temperatures. It could affect the dura-
bility of the material. Thus, the mixture has to be compacted more 
thoroughly to avoid the formation of large spores. 

The softening factor is the water resistance of the material re-
lated to water absorption and the nature of the aggregate sub-
stance. The water absorption is related to the porosity and struc-
ture of the material. The same factors determine the frost resistance 
of the filler. The material is not expected to be used in an aqueous 
media (the coefficient of softening of the material should not be less 
than 0.8), the value of 0.4 can be considered satisfactory. 

 
Fig. 1. The surface of the glass microsphere at high magnification 
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Fig. 2. The surface of the glass microsphere at high magnification  

 
Fig. 3. Morphology of the material in the crack passage zone 

Microspheres are used to reduce the weight of finished products. 
This can lead to a reduction in labor costs to perform reconstruc-
tion and will reduce the load on the wooden structures of historic 
buildings or obsolete parts of stone products. A stable pore struc-
ture can also be created. The proper spherical shape of the filler 
makes it possible to use a smaller number of binders for wetting, 
which leads to a reduction in viscosity and shrinkage. The micro-
spheres act as a «damping» additive. 

The use of natural carbonates as an additive has a positive effect 
on the regulation of the water - solid ratio of the gypsum molding 
plaster. This additive has the plasticizing effect which can signifi-
cantly reduce the water - binder ratio and increase the strength of 
the final product. Also, the positive effect on the formation of the 
material structure can be achieved. Reducing the amount of water 
will reduce the number of capillary pores, thereby increasing the 
frost resistance of the material. 

 

CONCLUSIONS 

The lightweight corrosion-resistant dry mix mortar including 
hollow glass microspheres used to create, repair and restore archi-
tectural elements. Also, it will increase the crack resistance of prod-
ucts due to the "damping" effect and microspheres themselves serve 
as a framework for the cement matrix, which prevents its undesir-
able shrinkage. In addition, the presence of hollow glass micro-
spheres in the material reduces its alkalinity and makes it more 
resistant to aggressive media. 

Development of composition and production technology for 
lightweight corrosion-resistant dry mix mortar with a density of 
900 kg/m3 and compression strength of 5.0...10.0 MPa (grades 50, 
75, 100) will allow to improve the quality of repair and restoration 
work and durability of architectural elements and facades of build-
ings so as improve their appearance. 

 
The paper is published with the support of the Innovations Assis-

tance Foundation, UMNIK-2019 program. 
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