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Abstract. The article deals with the problem of increasing the durability 

of underground and buried buildings. One of the methods of solving this 

problem is ensuring the reliable protection of underground structures from 

the effects of water of different origin. Among the existing waterproofing 

coatings, mineral-based compositions are the most effective. However, the 

main disadvantage of such systems is the low crack resistance of hard 

coatings, which limits their applicability. We have made an attempt to 

develop a cement-based waterproofing material that would have high 

elasticity, strength, crack resistance and adhesion to a concrete base. We 

have conducted studies to justify the possibility of obtaining an effective 

waterproofing material by including microsilica and ethylene vinyl acetate 

in the mix. The optimal composition of the material was worked out. On 

the basis of the experimental data, the main physical and mechanical 

properties of the material were established. Based on the obtained results, 

it was found that the resulting material had high physical and mechanical 

characteristics and could be recommended for the protection of concrete 

structures used in underground construction.  

1.  Introduction 

The development of the underground space of large cities is one of the main directions of 

modern construction. The erection of underground and buried structures represents the 

highest class of complexity and requires a special approach to the design, construction, 

protection and maintenance. In this regard, improving the reliability and durability of 

underground structures is particularly relevant. One of the factors affecting the durability of 

underground structures is the impact of infiltration and groundwater, as well as 

anthropogenic sources [1].  

The most important measure for the protection of bearing and enclosing underground 

structures is the arrangement of high-quality waterproofing systems. Particular attention 

should be paid to the choice of a waterproofing coating. Various types of waterproofing 

coatings based on bitumen, bitumen-polymer and polymer roll and mastic materials; steel 

and plastic sheets, bentonite mats, as well as mineral-based compositions are used to protect 

underground structures [2-7]. 

Nowadays, waterproofing coating compositions on cement base are widely used. 

Among the advantages of these materials the following ones should be mentioned: the 

possibility of applying to the concrete base in the early stages after concrete has been laid, 

                                                      
*
Corresponding author: olga.lyapidevskaya@inbox.ru 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 97, 02008 (2019) https://doi.org/10.1051/e3sconf/20199702008
FORM-2019

mailto:olga.lyapidevskaya@inbox.ru


the formation of a seamless coating, no need to erect the guard wall, the possibility of using 

both in the construction of new and in repair of old structures, as well as environmental 

safety [2,8].  

However, along with the indisputable advantages over other coatings, cement 

compositions can only be used in the construction of underground objects that do not 

experience significant temperature effects and various deformations. Alternate freezing and 

thawing, temperature drops cause the appearance of cracks, which entails the coatings 

destruction. The use of rigid cement coatings is permissible only when the concrete has 

maximum cracks opening width no greater than 0.3 mm [9]. 

In order to increase the elasticity of the coatings, waterproofing cement compositions 

modified with acrylic emulsion have been developed; they are able to provide crack 

bridging up to 0.5 mm [2, 10]. However, such compositions have low frost resistance and 

adhesion to the concrete surface. Dry adhesive mixtures with enhanced adhesion 

characteristics (for example, masonry and tile mortars) using various redispersible powders 

are known [11]. But in our country, waterproofing cement materials for underground 

construction, which contain redispersible powders, are not fully studied and therefore are 

not widely used.  

Thus, the analysis of materials used in waterproofing systems indicates the need to 

develop an effective elastic mineral-based coating material to protect the underground parts 

of buildings and structures, which would be devoid of the above disadvantages. 

2. Materials and theoretical analysis 

We have made an attempt to develop a waterproofing dry mixture, which includes a 

mineral binder, fine aggregate, filling compound and additives.  

It was assumed that the use of Portland cement, quartz sand, microsilica, redispersible 

powder, superplasticizer and water-retaining agent will make it possible to produce an 

effective protective material. 

For the research we used Portland cement class CEM–I 42.5 N. 

In order to reduce shrinkage deformations of the cement stone and improve its physical 

and mechanical characteristics by creating a rigid framework and compaction the structure, 

we used fine quartz sand of fractions 0.16-0.63 mm as aggregate. 

Amorphous microsilica MS 85 was used as an active mineral additive. The introduction 

of microsilica increases the strength and watertightness of the mortar due to the reaction of 

interaction of silica dioxide SiO2 and calcium hydroxide Ca(OH)2 with the formation of 

low-basic hydro silicates, which compact the structure of cement stone [12,13]. 

Considering the high specific surface of microsilica (18000 cm2/g), a plasticizer was used 

to reduce the water-solid ratio (W/S) and achieve the desired effect. A superplasticizer 

Melflux 2561 F polycarboxylate was used as a plasticizing additive. The action of 

polycarboxylate is based on the mechanism of steric repulsion of side chains of adsorbed 

molecules [14, 15]. 

In order to increase the elasticity and adhesion characteristics of the material, an 

additive of ethylene vinyl acetate (EVA) Mowilith Pulver DM 2072 R was used. This 

additive is a dry redispersible polymer powder of yellow color, obtained by the method of 

spray drying of latex emulsion. When mixed with water, the powder forms aqueous 

polymer dispersion [16, 17]. Due to the elastic polymer bonds, which EVA forms between 

the particles of the mortar mixture, the mortar has increased tensile strength and crack 

resistance. After mixing the dry mixture with water redispersible powder dissolves, turning 

into an emulsion. As the binder hardens and the fraction of the aqueous phase decreases, the 

polymer from the emulsion coagulates, being distributed on the surface of solid particles in 

the form of polymer films. The polymer itself does not chemically interact with cement and 
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other components, but forms flexible bonds, giving the mortar stone increased elasticity. 

After the formation of a single membrane in the mortar, the tensile strength begins to form 

in the material and the adhesion strength increases. The tensile strength of the films and 

their adhesion to solid particles can reach 5 MPa [17], which contributes to the growth of 

the tensile strength of the mortar. Due to its elasticity, the redispersible powder retains 

polymer "bridges" even in those areas where, for whatever reason, the existing chemical 

bonds between the mineral components of the two bodies have not been formed or broken.  

When applying the coating material to a concrete base, water is absorbed from the 

mortar mixture, which can lead to shrinkage cracks. To retain water in a thin layer by the 

formation of stable aqua complexes, a cellulose-based water-retaining agent was used — 

methylcellulose Tylose H 300 p 2, which is a fine white powder.  

3. Methods 

In order to develop the optimal composition of the waterproofing coating, the influence of 

the percentage of different components on the basic physical and mechanical properties of 

the coating material was studied. Considering the mutual influence of several factors, the 

studies were carried out using mathematical methods for planning an experiment.  

The following parameters were taken as independent variables: consumption of 

microsilica (MS) and consumption of the additive EVA (in % by weight of cement). The 

compressive strength (Rc, MPa) and the adhesion strength of the coating to the concrete 

base (Rа, MPa) were taken as optimization parameters.  

For all compositions the following parameters were accepted as permanent: 

- materials consumption (% by weight of cement): fine aggregate (quartz sand) – 36,7; 

superplasticizer –  0,35; water-retaining agent – 0,2; 

- curing temperature +20°C; 

- humidity – 98%. 

As a result of the experiment and data processing, the dependences shown in figure 1, 2 

were obtained. 

 
Fig. 1. Dependence of compressive strength on MS and EVA content, % by weight of cement. 
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Fig. 2. Dependence of adhesion strength on MS and EVA content, % by weight of cement. 

 

The following conclusions can be drawn from the analysis of the obtained results. 

With the introduction of microsilica (ceteris paribus) the compressive strength increases 

in direct proportion to the microsilica content (% by weight of cement): when MS = 5% Rc 

= 44.5 MPa, when MS = 10% Rc = 48.4 MPa, when MS = 15% Rc = 54.3 MPa. The 

adhesion strength, on the contrary, decreases with increasing of microsilica content: from 

1.2 MPa when MS = 5% to 1.1 MPa when MS = 15%. 

The introduction of the redispersible additive causes a significant increase of the 

adhesion strength to the concrete base (ceteris paribus): when EVA = 2% Ra = 1.3 MPa, 

when EVA = 5% Ra = 1.47 MPa, when EVA = 10% Ra = 1.71 MPa. With a further increase 

of the redispersible additive consumption, the adhesion strength varies slightly. The 

compressive strength rises with increasing redispersible powder consumption from 2 to 5% 

(from 42.4 to 47 MPa); however, with a further growing of EVA consumption, it is going 

down. 

Thus, when processing the results, it turned out that the best properties had a 

composition with the following content of components (% by weight of cement): quartz 

sand – 36.7; microsilica – 10; redispersible powder – 5; superplasticizer – 0,35; water- 

retaining agent – 0,2.  

These results were achieved with a water-solid ratio of 0.32. This composition was 

recognized as optimal (table 1). 
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Table 1. The optimal composition of waterproofing coating material. 

Component Consumption, kg
 

Portland cement  660 

Quartz sand 241 

Microsilica  66 

Redispersible powder  33 

Superplasticizer 2,3 

Water-retaining agent 1,3 

Water-solid ratio W/S = 0,32 

4. Results  

The main physical and mechanical characteristics (water-retaining capacity, compressive 

strength, tensile strength and watertightness) of the waterproofing cement-based coating 

material with additives of microsilica and ethylene vinyl acetate were carried out according 

to standard methods [18-22]. Samples were stored under normal conditions: at temperature 

(20±2)°C, atmospheric pressure and relative humidity (95±5)%. 

Adhesive strength, water permeability and static crack bridging ability were determined 

according to EN 14981 [23].  

Classes of waterproofing material on the crack bridging capacity were established in 

accordance with EN 1504-2 [24]. Test conditions were adopted according to method A 

(continuous crack bridging) according to DIN EN 1062-7 [25] (table 2). 

 

Table 2. Test conditions by the A methodа. 

Class 

Static crack-bridging 

expressed as maximum 

crack width, mm
 

Скорость 

раскрытия 

трещин, мм/мин 

A1 > 0,100 - 

A2 > 0,250 0,05 

A3 > 0,500 0,05 

A4 > 1,250 0,5 

A5 > 2,500 0,5 
 

а
Note. The test temperature recommended for classes A2 - A5 is - 10°C, for class A1 

21°C. 

 

Samples made from an optimized composition at the age of 28 days showed the best 

results in compressive strength, tensile strength and adhesive strength to a concrete base. 

Waterеtightness tests (by the “wet spot” method) showed a result corresponding to W14 

(table 3). 

Thus, according to the data given in table 3, it can be concluded that the developed 

material meets the requirements of Russian and foreign standards in terms of physical, 

mechanical and technical characteristics. 
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Table 3. Physical, mechanical and technical characteristics of the developed composition. 

Properties Value 

Values in accordance 

with the requirements 

of the standards 

Standards 

Water-retaining capacity, % 95 Not less 90 GOST R 56703 

Compressive strength, MPa 46 
Waterproofing 

coating should not 

reduce the design 

strength of the 

protected concrete 

GOST R 56703 

Tensile strength, MPa 1.3 GOST R 56703 

Adhesive strength, MPa 1.7 more than 0.5  
EN 14891,  

GOST 31357 

Crack bridging, mm 0.8 more than 0.75 EN 14891 

Class on the crack bridging 

capacity 
А3 more than 0.5 mm  EN 1504-2 

Watertightness, atm, grade W14 not less than W6 GOST 31357 

Consumption per 1 m
2
, kg 1.5 – 1.8 - - 

5. Conclusion 

The test results showed that the waterproofing material developed on the basis of cement 

with additives of microsilica and ethylene vinyl acetate has high tensile and compression 

strength, adhesion strength to the concrete base, as well as high watertightness and can be 

recommended as a protective coating for concrete structures used in underground 

construction. 
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