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Abstract. The article is devoted to the identification of the patterns of deformation and destruction of powder-
activated concrete under the action of power loads. As research concrete, powder-activated concrete of a new 
generation was considered in comparison with materials of the old and transitional generations. To carry out 
such studies, laser holographic interferometry methods were used, the physical essence of which consists in 
recording wave fields synchronously with the application of the load reflected by the surface under study at 
various points in time and then comparing these wave fields with each other. Using the complete equilibrium 
deformation diagrams and 3D graphs, we determined the parameters of the diagram (cyclicity, ultimate tensile 
strength), and the parameters of surface deformation (photographs with waves of strains and cracks). Using 
laser interferometry methods, it was found that the introduction of microquartz, especially in combination with 
amorphous active silica fume, significantly delays the onset of microcrack formation in cement samples, which 
exhibit a uniform deformation field up to a stress level of 0.90–0.95 from destructive. A sample based on a 
cement-sand mortar without finely dispersed fillers distinguishes a lower level of crack formation, 
corresponding to a stress level of 0.5–0.6 from destructive ones, and with an increase in load, the fracture of 
the sample has a block character. 

1. Introduction 

The composition of concrete in various proportions includes aggregates, a binder, water and modifying 
additives (plasticizing, reactive microbiological, etc.), included depending on the required strength and its 
functional purpose [1–8]. High-quality concretes (HQC) classification combine a wide range of concretes for 
various purposes: high-strength (HSB, HochfesterBeton – HFB) and ultrahigh-strength (UVB, 
UltrahochfesterBeton – UHFB), self-compacting (SUB, Selbstverdichtender Concrete); joint-stock powder, 
dispersion-reinforced (ReaktionspulverВeton – RPB or ReactivePowderConcrete – RPC) and others. These 
types of concrete satisfy the high requirements for compressive and tensile strength, crack resistance, impact 
strength, wear resistance, corrosion resistance, frost resistance and other key performance indicators [2, 6, 
9–12]. 
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The development of concrete science is connected with the concept of highly functional concretes (High 
Performance Concrete – LDC). One of its developers, the Canadian scientist P.-K. Aichin notes its difference 
from the concept of high-strength concrete (High Strength Concrete (HSC). P.-K. Aichin and his followers [13, 
14] saw the development of high-functional concrete technology [13, 14] when they achieved the highest 

possible strength indicators (Rs = 140 MPa), manufacturability, density and durability. The use of high-strength 

concrete is the most effective way to reduce the mass of structures, the complexity and cost of their 
construction, which necessitates the creation of new types of them with increased strength and durability. 
Important in this case is the physicochemical dispersion of highly concentrated mineral powders of various 
chemical and mineralogical nature for the production of building materials with extremely long aggregate 
stability. 

Experimental evidence of the achievement of water-reducing effects equal to 8–15 versus 1.8–2.0 in 
cement dispersions is given in [5]. In these experiments, the gravitational fluidity of plasticized mineral 
suspensions was maintained while reducing water consumption by 8–15 times! It is such cardinal changes in the 
rheological properties and water-reducing effects that served as the basis for the creation of high-strength and 
ultra-high-strength concrete of the new generation [5, 14–16]. A new progress strategy was formulated in 
obtaining highly filled and highly economical concrete of ordinary grades M200–M600 and high-strength 
concrete M600–M1000, high-strength and ultra-high-strength: “Through a rational rheology into the future of 
concrete” [14, 15]. For enhanced implementation of the construction of new varieties of concrete in practice, it is 
necessary to take into account all their advantages in comparison with traditional materials. For the successful 
implementation of the construction of new varieties of concrete in practice, it is necessary to take into account all 
their advantages in comparison with traditional materials, in connection with which an important direction is to 
conduct research on materials to optimize them in terms of static and dynamic strength, durability. At the same 
time, along with the establishment of physic-mechanical parameters of cement composites, it is necessary to 
identify the patterns of their deformation and fracture under the action of power loads [17–21]. 

Traditional methods for studying the mechanics of concrete fracture involves loading the test sample 
and recording its deformation response depending on the magnitude of the load. This approach is quite simple 
and convenient, but gives information only about the limiting states of the object. At the same time, for 
specialists in the field of mechanics of a deformed solid and the calculation of building structures, an important 
role is played by an understanding of the process of destruction of a material and its behavior at all stages of 
testing. 

The objects of research were powder-activated concretes with a high proportion of the suspension 
component, which included, along with cement, sand and water, superplasticizer, rheologically active and 
reactive additives. Concrete of transitional and old generations were considered as compared materials. Old-
generation concretes were formed from a cement-sand mixture, with a superplasticizer, of a transitional type 
– with the addition of a reactive active additive – silica fume. 

The goal of our work was to study the stages of development of the processes accompanying the 
destruction of samples, with the fixation of the fields of deformation movements synchronously with the 
application of the load. 

The objectives of the research were: 

1. Investigate the stage of destruction of samples of powder-activated concrete; 
2. To compare the performance of powder-activated concrete with concrete of the old and transitional 

generations; 
3. To identify the effect of water-cement ratio, the content of superplasticizer, finely dispersed fillers on 

crack formation. 

2. Methods 

The tests were performed using laser holographic interferometry methods, the promisingness of which 
for the study of building materials of complex structures was confirmed by a number of successful experimental 
studies that revealed previously unknown features of the fracture mechanics of various building materials, 
including those based on cement binders [22–27]. 

Cement composites were made on CEM I 42.5 N cement of the Ulyanovsk cement plant of the Russian 
Federation: cement composite with Melflux 1641F hyperplasticizer filled with sand of fractions 0–0.63 and 
0.63–2.5 mm (composition No. 6); cement composite with Melflux 1641F hyperplasticizer, filled with sand 
fractions 0–0.63 and 0.63–2.5 mm with the addition of microquartz (composition No. 4); cement composite 
with Melflux 1641F hyperplasticizer filled with sand of fractions 0–0.63 and 0.63–2.5 mm with the addition of 
microquartz and silica fume (composition No. 5). 

To load the samples, a press with a force of up to 200 kN equipped with a power hydraulic cylinder was 
used. 
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The analysis of interferograms was performed according to the method described in [8, 22], where the 
displacement at a point was determined by the formula: 

                                                                        ( )i od r r n  ,                                                            (1) 

where d  is the vector of displacement of a point on the investigated surface;  

ir  is a single vector of illumination of the investigated surface;  

or  is a single observation vector of the investigated surface;  

  is wavelength of laser radiation;  

n  is the order of the interference band.  

The experimental data were processed using the AutoCAD graphic complex. In Fig. 1 shows one of the 
interferograms at the stage of decryption.  

 

Figure 1. Interpretation of the interferogram with the construction of graphs of the field of movement 
along the sections. 

For a more visual representation of the deformation of the sample, 3D visualization of the displacement 
field, shown in Fig. 2, which significantly reduces the analysis time of interferograms. 

 

Figure 2. Presentation of data on the field of movement of the sample in the form of 3D graphics. 

The effect of microquartz (composition No. 4) or a mixture of microquartz with silica fume (composition 
No. 5) on the properties of sand concrete was studied by comparison with a control composition that does not 
contain finely dispersed quartz (composition No. 6). In all the studied compositions, in addition to cement and 
water, Melflux 1641F brand hyperplasticizer and two-fraction quartz sand were used. To ensure equal mobility 
of the cement-sand mortar, the water-cement ratio of the control composition was 14 % lower than that of the 
composition on microquartz, and 9.5 % lower than that of the composition on a mixture of microquartz and 
silica fume. The latter is explained by the plasticizing effect of microquartz. 
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3. Results and Discussion 

Interferograms, 3D-graphs, surface deformations and deformations for samples of compositions 6, 4 
and 5 are shown in Figs. 3, 4 and 5. 

 

Figure 3. Interferograms (A–C, E, G), 3D-graphs (D, F) of surface deformations and a photograph (H) 

complete equilibrium deformation diagram (I) of sample No. 6 (Δσ = 1.53 MPa,  

other explanations are given in the text). 

 

Figure 4. Interferograms (A–C, E, F) and 3D-graph (D) of surface deformations, complete equilibrium 

deformation diagram (G) of specimen composition No. 4 (Δσ = 1.53 MPa,  

other explanations are given in the text). 
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Figure 5. Interferograms (A–C, E, G–I), 3D-graphs (D, F) of surface deformations and a photograph 

(K) complete equilibrium deformation diagram (l) of sample No. 5 (Δσ = 1.53 MPa,  

others explanations are given in the text). 

In concrete without quartz micro-filler (composition No. 6) at a stress level of 0.27σ size. Deformation 

of the sample is observed as an isotropic body with minor anomalies in the zone of its contact with the loading 

plates of the press (Fig. 3). With an increase in load to 0.59σ a zone of increased plastic deformations is 

identified, identified as a visually unobservable crack, and a slight anomaly appears in the zone of local 

deformation of the sample, which, with an increase in stresses up to 0.72σ, develops with the formation of new 

anomalous zones. At a stress level of 0.82σ the vertical zone of plastic deformation almost completely 

intersects the surface of the sample, dividing it into two blocks, but is inhibited by the structural element of the 
material. In the lower left part of the sample, a zone of high gradient deformation develops, parallel to the 
crack, dividing it into two subunits. The previously observed anomaly forms a local crack. The formed blocks 

behave as separate elastic elements with substantially different deformation fields. At a stress level of 0.95σ 

the main crack develops along the entire length of the sample. 

A fragment in the lower left corner of the sample undergoes continuous movement. The abnormal zone 
in this case generates a third vertical crack, which provides freedom of movement to the newly formed block. 
The destruction of the sample is observed, in which large blocks are held by a geometric closure at the 
boundary of their surfaces before its physical disintegration into fragments by a main crack. 

In samples with microquartz at a stress level of 0.15σdestr local microfractures are observed in the zone 

of their contact with the loading plates, associated with roughnesses in the end surfaces and their hugging 
with increasing load, which develop with increasing load and manifest themselves at a stress level of 

 0.5σdestr, leading to the onset of the formation of a main crack along the compressive load and initially not 

visually detectable even at a stress level of 0.91σdestr, and then clearly observed on the interferogram at a 

stress level of  σdestr. 

For a sample with microquartz and silica fume with an increase in the load from the stress level 0.13σdestr 

до 0.26σdestr the field of displacements over the entire surface of the sample remains uniform, without local 

anomalies. 

At a stress level of 0.47σ the local annular structure of interference fringes in the upper left corner of the 

sample indicates a shift in the contact forces to this zone, which is explained by the ongoing pressure testing 
of its surfaces in contact with the press plate. For most of the sample, uniform deformation is observed without 

signs of abnormal plastic deformations. Increment of stresses by 38 % – from level 0.47σdestr до 0.65σdestr 
caused deformation of the central part of the sample, which is explained by the manifestation of the "cage 
effect" – its cramped deformations in the zone of contact with the press plates. 

At this level of stress, zones of abnormal plastic deformations are still not observed, in contrast to the 

composition with microquartz, which has a stress level of  0.5σdestr the beginning of the formation of a main 

crack, or a control composition, was observed, in which, at a stress level of 0.59σdestr, a zone of increased 
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plastic deformation appeared, identified as a visually unobservable crack and a zone of local deformation of 
the sample. 

At a voltage level of 0.78σdestr up to 0.91σdestr the nature of the displacement field does not change 

significantly – there are no local anomalies, there are no signs of crack nucleation, which fundamentally 
distinguishes the behavior of the composition with microquartz and silica fume from other studied 
compositions. In this case, the loss of contrast of the interference bands in the upper and lower parts of the 
sample is explained by the beginning of its destruction in the contact zone with the reference and loading plate 

presses. Such a uniform deformation of the sample up to a load of more than 0.9σdestr resulted at a stress 

level of 1.0σdestr spontaneous development, apparently, from the zones of contact of the sample with the 

support and loading plates of the press of a vertically directed main crack, which divided the sample into two 
equal fragments. 

4. Conclusion 

1. The relevance of researching the durability of concrete is shown, since structures based on them 
are subject to cracking during operation. The purpose of the study was to study the stages of development of 
the processes accompanying the destruction of concrete samples by laser interferometry with fixation of the 
fields of displacements synchronously with the application of the load. 

2. As a result of the research revealed the following: 

 A decrease in W / C causes a more elastic behavior of the material under load, a significant (4–5 
times) lengthening of the descending branch of the full equilibrium diagram of the deformation of 
cement stone and a change in the fracture mechanism of the material, with W / C 0.267, through the 
formation of a main crack in the early stages of loading and its subsequent development up to the 
fragmentation of the sample, and at W / C 0.350 – through the formation of a block structure with the 
subsequent closure of transverse cracks in the blocks and the merging of longitudinal block cracks 
into a main crack;  

 Laser interference studies generally confirmed the block nature of the prefracture of the specimen 
with the Melflux 1641F hyperplasticizer, followed by the formation of a main (main) crack, leading to 
its physical destruction and fragmentation into separate plates. 

Using laser interferometry methods, it was found that the introduction of microquartz, especially in 
combination with amorphous active silica fume, significantly delays the onset of microcrack formation in 

cement samples, which exhibit a uniform deformation field up to the stress level of 0.90σdestr – 0.95σdestr 

Cement-sand stone without finely dispersed quartz distinguishes a lower level of crack formation, 

corresponding to a stress level of 0.5σdestr – 0.6σdestr from destructive ones, and with an increase in load, the 

fracture of the sample has a block character. 
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