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S u m m a r y . The article presents the main peculiarities 
of the developed shotcreting technology wherein fine 
grained concrete mixes based on activated binder are 
used. This technology is applied in the repair and 
rebuild of transport and hydrotechnical constructions. It 
is shown that introduction of cement suspension into the 
activation technological process allows increasing 
concrete repair coat operating abilities, reducing the 
production process time along with the minimum binder 
consumption. 
K e y  w o r d s : shotcrete, cement system, activation. 

INTRODUCTION 

Shotcreting is a process of coating a 
surface with concrete mixture or mortar in the 
compressed air jet [3, 5, 7, 13, 31]. Shotcreting 
is used when it’s impossible to use traditional 
ways of concrete placement, for example, in 
thin-walled structural elements fabrication, for 
the production of high-performance material, 
as well as for the repair of various 
constructions, where the high-scale adhesion 
between the new concrete and the repaired 
surface is required [8, 10, 11]. 

A dry shotcreting process was first 
introduced in 1910 by “Cement gun 
Company”, which exhibited a specially 
designed equipment in New York [11]. 

Shotcreting became widely used in 
hillside flanking, in tunnel lining, in capping 
on the surface of a preload tank, for masonry 
enforcement, enforcement of metal structures, 

for butt joint grouting, for the production of 
thin-walled structures of complex shape [1, 2, 
4, 14]. 

Technology of shotcreting is based on 
the following operations: loading of a prepared 
mixture into pneumatic transporter, batching 
of a dry mix to a loader-dozer with the 
simultaneous compressed air admission, hose 
handling of a dry mix in the compressed air jet 
to an edge nozzle atomizer, dosed supply of 
compressed water into the nozzle atomizer, as 
it allows mix blending inside the nozzle, 
coating the shotcrete surface with prepared 
combined jet, which comes out of the nozzle 
atomizer at high speed [6, 12, 17-19]. 

PURPOSE 

Solution of the mentioned problems is 
possible due to the air jet concreting procedure 
performed with activated cement system. A 
considerable increase of the strength of 
shotcrete based on the activated cement system 
is explained by several reasons. It should be 
pointed out that the initial set occurs almost 
instantly due to the activation effect which 
also contributes to the increased adhesion to 
the shotcrete surface. At the same time the 
reduction of the rebound amount up to 6…7% 
is possible on the vertical surfaces, and up to 
8…9% on the ceiling surfaces.  
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RESEARCH DATA 

There are a number of imperfections in 
this technology. Uneven flow of the dry mix 
into the nozzle as a consequence of the 
alternating resistance inside the hoses caused 
by various bends and obstructions, leads to the 
necessity of constant water flow control. When 
dry mix consumption decreases then water 
washes out previously applied layer of 
shotcrete, and when it increases then dusting 
occurs.  The prepared mixture contacts water 
in the spray gun nozzle only for a few seconds, 
so cement particles are not able to adsorb 
water in corpora, and it leads to 
underutilization of cement binding potential. 
For the same reason aggregate rebound from 
the shotcrete surface increases, its value makes 
10…30%. The actual cement content in the 
applied dry mixtures shotcrete with the 
increase of the rebound makes 600…800 
kg/m3, this results in overexpenditure of the 
expensive component.  

In order to remove shortcomings of a dry 
shotcreting process in the middle 60’s of the 
twentieth century a wet shotcreting process 
was developed, it has made it possible to 
monitor the applied mixture composition. The 
principle of the wet shotcreting process 
consists of the following. Concrete mixture or 
a mortar is prepared in a separate mixer, and 
then it is loaded in a compressor gun, 
wherefrom it moves through the hoses to the 
nozzle. Simultaneously, compressed air is 
pumped to the nozzle, it ejects the incoming 
mixture to increase its nozzle exit velocity [15, 
16, 20, 22]. Then the shotcrete surface is 
covered with prepared combined jet. 

In spite of some advantages of the wet 
shotcreting process, the aggregate rebound 
reduction was not achieved, on the contrary, 
when the coarse aggregate is used then the 
rebound increases only. One of the 
disadvantages of the wet shotcreting process is 
an air blocking tendency, which leads to the 
irregularities in the shotcreting procedure [21, 
23, 25]. The aggregate rebound is one of the 
peculiarities of the processes considered 
above, in many ways it establishes shotcrete 
materials requirements, requirements for its 

composition, works execution rules and it 
directly affects the hardened shotcrete 
properties [24, 26-28]. The rebound is a 
material reflected from the shotcrete surface 
due to the elastic energy of the applied 
material jet blow. The amount of the rebound 
is determined by the shotcrete surface 
elasticity and the applied material elasticity. At 
the beginning of shotcreting when the gun 
mixture jet strikes sufficiently rigid surface, 
rock or concrete, the amount of the reflected 
material is more than in the next phase of work 
when the jet strikes a much less elastic layer of 
a freshly placed shotcrete.  

The composition of the rebound is 
mainly determined by the elasticity of the 
particles of the applied material. Cement paste 
makes 10…40% of the initial mixture in the 
composition of the rebound. The actual cement 
content in the applied dry mixtures shotcrete 
with the increase of the rebound makes 
600…800 kg/m3, this results in 
overexpenditure of the expensive component. 
The increase of the amount of sand in the 
initial mixture elevates its content in the 
rebound. Rebound increases at bar mat 
reinforcement shotcreting due to the vibration 
of the latter during the process of application 
of the mixture. The rebound material is 
considered to be a loss [29, 30]. 

The hardeners are admixed to the ready 
mixes to reduce the setting time and the 
amount of the rebound. However, the use of 
the powdered admixes becomes complicated 
because of their high hygroscopity, which 
leads to sticking to the feeder walls and 
impossibility of a precise components 
batching. 

 It is obvious that existing shotcrete 
technologies, fundamentally different from 
each other, dry shotcreting process and wet 
shotcreting process, cannot solve all the listed 
problems. 

The disadvantages of the modern 
shotcrete technology significantly impair its 
properties and at the same time increase the 
cost price. As it is well known, the strength of 
rocks, out of which the cement is obtained by 
grinding or kilning, comes up to 200 MPa. The 
strength of the cement stone of the same 
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mineralogical composition is 6…8 times less, 
the concrete strength is even much less. This is 
mainly caused by low bulk concentration of 
hydrated newgrowths in a material volume 
unit due to under-utilization of cement binding 
potential.  

E. Freyssinet showed that the increase of 
the level of compaction concurrent with 
hydration activation make it possible to 
increase concrete strength in 3…4 times, up to 
100 MPa. At the same time concentration of 
solid in the cement stone was about 80% and if 
it is increased to 100% the strength may rise 
up to 170…180 MPa. 

Modern technology even by maximum 
possible reduction of W/C ratio cannot 
essentially increase bulk concentration of a 
solid. Not only quantitative factor has a 
significant effect on the shotcrete strength 
enhancement, but, to a greater extent, 
qualitative composition of newgrowths, that’s 
why there’s no need to bring up the 
concentration of solid to 100%. 

The attempts to get a higher density of 
the cement stone resulted in the reduction of 
shotcrete density due to the rebound increase. 
Consequently, a paradox emerged - low-
density shotcrete contains high-density cement 
stone. Therefore, nowadays high-strength 
shotcrete coatings are produced with the 
application of mixes with extremely low W/C 
ratio. However, this resulted in the 
requirement of a considerable cement 
consumption increase in a cement volume unit 
(up to 600 kg and more) with a simultaneous 
increase of the amount of the rebound. Surplus 
of the most expensive and scarce component, 
which serves as a plasticizer, reduces 
construction properties of shotcrete, and this is 
especially dangerous in extreme conditions, as 
it causes considerable bulk deformations of 
concrete, increases inherent stresses, 
accompanied by crack formation and reduction 
of product life and structural durability.  

The modern concrete technology is, in 
essence, not able to overcome the existing 
contradiction between the concrete strength 
and concrete mix viscosity. The application of 
different admixtures, including complex 
admixtures, only partially improves the 

situation. As is known, when the degree of 
plastification increases the concrete strength 
decreases. Consequently, the application of 
chemical additives, progressive from the point 
of view of improvement of hydration 
processes and binder structure formation, 
doesn’t contribute to the comprehensive 
solution of the technological problem of high-
tensile and high-density products manufacture. 

Unfortunately, in modern technology the 
system “binder-water-aggregates” never 
attains equilibrium, as chemicals desorbing, 
accumulation and reforming never stop in this 
system, especially in the conditions of the 
direct influence of the environment.  

Thus, modern methods of improving 
shotcrete properties by increasing cement 
consumption, application of chemical 
additives are not able neither in a complex, nor 
individually resolve the main contradictions of 
concrete technology. At the same time it is 
important to note the well-known phenomenon 
of underutilization of cement binding 
properties. Experiments have shown that in 
traditionally prepared shotcrete mix cement 
particles with a diameter of about 20µm can 
hydrate not more than 60% of the initial 
volume.  

When the degree of grinding of cement 
clinker increases and its particles grow 
smaller, the degree of hydration of cement 
increases very slowly. Moreover, author [8] 
showed that the increase of the specific surface 
area of cement over 600m2/kg leads to its 
flocculation and, consequently, to the 
reduction of the degree of hydration. The 
degree of hydration also reduces due to 
significant precasting process duration in the 
modern technology and due to the concrete 
dehydration caused by environmental effect. 
Therefore, it can be asserted that even when 
favourable conditions are established not more 
than 60% of cement participates in the 
“cement glue” formation. Rest of the cement 
volume is only inert filler of the concrete. This 
phenomenon of “microconcrete” [14] is 
theoretically based and is known as a concrete 
“clinker stock”. 

According to some researchers, the 
content of unhydrated cement grains in the 
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binder is conductive to rehydration when 
concrete is remoistened [7]. However, the 
phenomenon of crack bridging presents great 
difficulties, considering that almost 40% of 
cement doesn’t show their binding properties 
in the initial period of concrete structure 
formation [8, 9]. 

The developed method of applying the 
shotcrete based on the activated binder allows 
repairing drowned hydrotechnical 
constructions and transport constructions. As 
is known, such types of work are difficult and 
expensive as a result of a requirement to apply 
special types of a binder, polymer and other. 
The air jet way of applying a protective layer 
on a damaged surface is defined by a relatively 
low cost and high quality factors.  

Shotcrete technology in the repair and 
rebuild of transport and hydrotechnical 
constructions makes it possible to enhance 
their operating abilities using minimum 
amount of a binder and reducing the 
production processes. 

The technology is based on 
physicochemical activation of a binder which 
takes place in an activation reactor. The 
activation reactor is a cylindrical vessel with a 
closed loop line [12]. Cement and warm water 
are conveyed to the activation reactor at the 
rate of 60…70% of the estimated amount. 
Thorough mixing of the cement paste is 
performed with the compressed air. Organo-
mineral complex (OMC) based on the rest 
amount of the water is prepared in a separate 
vessel. OMC is loaded in the activation reactor 
at a certain time [20]. Activated cement glue is 
conveyed by the compressed air to the mixing 
gun nozzle. The estimated amount of the fine 
aggregate is conveyed to another nozzle of the 
mixing gun.  

The direction of components movement 
is chosen in a way to intersect the jets of the 
activated binder and aggregate at a certain 
angle. This way aggregate is mixed with the 
binder and the surface of aggregate particles is 
shotcreted with the cement glue. 

The generated aggregate and activated 
cement system mix is pushed out by 
compressed air jet from the mixing chamber 
and directed to the application surface area. 

For shotcreting with mixtures based on 
activated binder a plunger straight-flow pump 
of batch action with pneumatic adaptor was 
used to form an air-mortar mixture. 

Experimental shotcrete compositions 
based on activated binder are presented in 
Table 1. 

Table 1. Experimental shotcrete compositions based on  
activated binder 

Grade o
cemen

Shotcrete composition, kg/m3 Compressiv
strength, 

MPa cement sand OMC water W/C 

400 374 1058 71,13 161 0,43 67,8 
348 1044 66,12 143 0,41 64,2 
332 1006 63,20 159 0,48 66,4 

500 357 1027 71,42 157 0,44 72,9 
330 1032 66,08 155 0,47 74,6 
315 1015 63,11 132 0,42 72,1 

 
Field studies of the restored area showed 

good adhesion of the shotcrete based on 
activated binder and the application surface. 
At the same time the amount of the rebound 
didn’t exceed 6,5%. Economic effectiveness of 
the developed shotcrete consists in the 
possibility of cement consumption reduction, 
decrease of the rebound and improvement of 
the surface operating abilities. 

The process of the concrete and 
reinforced concrete products technology is 
connected with the solution of the following 
main questions: 

- preparation of the cement glue 
saturated with solid phase (minimal W/C ratio) 
to the limit and with the most complete cement 
particles hydration regardless of their strength, 

- physicochemical activation in optimal 
terms, 

- applying of the activated cement 
paste layer on the aggregate grains should 
provide filling of their surface microrelief and, 
consequently, a high degree of adhesion 
between the glue and the aggregate, 

- the concrete strength is adjusted by 
compaction of the aggregate particles with 
cementing coating to a given density, 

- reduction of cement consumption to 
the level required for the formation of the 
cement glue volume with optimal amount of 
water enough to coat aggregate grains with 
minimum thickness layer. 
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On this basis an extra strong concrete 
and reinforced concrete products advanced 
technology was developed, it allows 
manufacturing concrete products of a tailored 
composition with minimum binder 
consumption and allows reducing production 
processes. 

Cement-water suspension activation 
starts from the moment of organo-mineral 
complex introduction, being accompanied by 
the super plasticization effects and having a 
special impact on spatial structure formation. 

The aftereffect of the activation 
treatment is being observed in the composite 
material for a long time of its life due to the 
phenomena of structural heredity and 
maintenance of a certain orientation of 
hydration which was specified in the initial 
stages of binder transformation in a ductile 
cement-water suspension.  

The activated cement system at the 
bottom of the activation reactor is pumped into 
the closed loop line and is ejected at high 
speed in the middle part of the reactor from 
two opposite nozzles. Conditions for the 
cavitation effect are created at the jet impact, 
this contributes to the activation of cement and 
micro filler particles chemical interaction in 
the activated system in the environment of a 
structural formation chemical optimizer. 
Particles of the mineral component of the 
organo-mineral complex are the cavitation 
nucleus carriers. 

The generated aggregate and activated 
cement system mix is pushed out by 
compressed air jet from the mixing chamber 
and directed to the precast-concrete mould. 
The mould and the jet device are able to move 
relative to each other that allow molding 
products of any shape. After casting the 
products are sent to the thermos maturing 
chamber. The mixture in the form consolidates 
intensively due to the use of the flow kinetic 
energy which allows excluding vibration from 
the technological process. Physicochemical 
activation of the binding mix effects the 
temperature of the products. Products 
manufacturing process is intensified due to the 

directed structure formation of the activated 
cement system. 

The table 2 lists the equivalent 
compositions of the activated binder concrete. 
The design strength of concrete is 70 MPa, 
Portland cement M 500, W/C = 0,45. A 
composition with minimal cement 
consumption was chosen, it equals to 317 
kg/m3 of concrete. 

Table 2. Equivalent compositions of the activated 
binder concrete 

х 
Cement
, kg 

Water, 
l 

Sand, 
kg 

Crushed 
stone, kg 

concrete, 
kg/m3 

1,6 335 150 536 1370 2391 
1,7 329 148 559 1357 2393 
1,8 325 146 585 1345 2404 
1,9 323 145 614 1321 2403 
2,0 317 142 634 1310 2402 
2,1 318 143 668 1276 2404 
2,2 318 143 700 1244 2405 
2,3 321 144 738 1203 2406 
2,4 325 146 780 1156 2407 

 
From a practical point of view it is 

reasonable to make not one composition, but a 
set of equivalent compositions of the given 
materials which comply with two 
requirements: the necessary concrete strength 
and specified concrete workability. For this 
it’s necessary to work out sand-cement ratio 
values and to calculate the compositions with 
specified workability and strength. 

Concrete mechanical characteristics are 
presented in Table 3. 

Table 3. Strain characteristics of concrete samples 

Prism 
code

Rcube, 
MPa 

Rprism, 
MPa 

Е0, 
MPa 

Ultimate 
strains, 10-3

    
 

    1     2 

N-4-3 41,4 33,3 43200 1,14 0,357 0,29
N-4-4 42,2 34,8 42700 1,24 0,386 0,34
N-5-7 50,6 42,7 49500 1,46 0,437 0,30
N-5-9 56,8 47,5 37000 1,74 0,493 0,28

N-5-11 54,7 45,2 42800 1,67 0,702 0,42
A-5-7 84,2 73,3 64900 1,70 0,391 0,23
A-5-9 89,7 78,0 65000 1,90 0,475 0,25
A-6-5 103,4 90,0 67000 2,39 0,573 0,24
A-6-7 118,7 104,5 67100 2,40 0,552 0,23
A-6-8 112,6 98,0 67000 2,40 0,624 0,26
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Continue table 3 
 

Prism 
code 

Plasticit
y 

coefficie

nt   

Е of 
total 

strains, 
MPa 

Coeffici

ent  , 
106 

Microcrack 
formation 
boundaries 

Prism 
streng

th 
coeffi
cient 

    Botto
m  

Upper  

N-4-3 0,322 29200 6,14 0,62 0,83 0,80 
N-4-4 0,337 28000 5,93 0,63 0,86 0,82 
N-5-7 0,409 29200 10,57 0,68 0,81 0,84 
N-5-9 0,262 27300 2,79 0,71 0,82 0,84 
N-5-11 0,388 27100 4,70 - - 0,83 
A-5-7 0,336 43000 6,44 0,76 0,91 0,87 
A-5-9 0,368 41000 6,30 0,82 0,90 0,87 
A-6-5 0,438 37600 6,15 0,85 0,93 0,87 
A-6-7 0,351 43500 4,92 - - 0,88 
A-6-8 0,390 40800 5,46 0,87 0,91 0,87 

 
The developed air jet way can be also 

applied for the manufacturing of extra strong 
concrete and reinforced concrete products 
based on a coarse aggregate. In this case 
products molding is made by prepacked 
concreting. The cement-sand mortar is 
prepared according to the considered scheme. 
The prepacked coarse aggregate is shotcreted 
with the activated cement system from the 
nozzle atomizer. A considerable mixture 
kinetic energy provides penetration of the 
cement glue into the coarse aggregate voids, 
which results in the further formation of a 
dense and strong spatial structure. 

CONCLUSIONS 

1. The developed shotcrete technology 
makes it possible to raise efficiency of the 
commercial concrete guns, to cut down the 
maintenance staff, to cut down on 
transportation and processing expenditures, to 
maintain reliability and safety during the 
concrete gun work, to mechanize fine 
aggregate loading, to provide engine driven 
batching of cement and organo-mineral 
complex, to improve shotcrete works quality, 
to enhance shotcrete operating abilities. 

2. An extra strong concrete and 
reinforced concrete products advanced 
technology was developed, it allows 
manufacturing concrete products of a tailored 
composition with minimum binder 

consumption and allows reducing production 
processes. 

3. The introduced air jet way of extra 
strong concrete and reinforced concrete 
products manufacturing makes it possible to 
save about 40% of cement, to increase the 
density of concrete and, hence, to debulk 
products. 
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ТЕХНОЛОГИЯ ТОРКРЕТИРОВАНИЯ  
НА АКТИВИРОВАННОМ ВЯЖУЩЕМ  

Наталья Руденко 

Аннотация . В статье приведены основные 
особенности разработанной технологии 
торкретирования мелкозернистыми бетонными 
смесями на активированном вяжущем, применяемой 
при ремонте и восстановлении транспортных и 
гидротехнических сооружений. Показано, что 
введение в технологический процесс активации 
цементной суспензии позволяет повысить 
эксплуатационные свойства ремонтного слоя бетона 
при сокращении продолжительности 
производственных процессов наряду с 
минимальным расходом вяжущего. 
Ключевые  слова : торкрет-бетон, цементная 
система, активация. 
 

 
 
 


