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Abstract. The paper suggests design principles of pavemament concrete, which covers

optimization of compositions and structures atdtege of mixture components selection due
to the use of plasticizing agents and air-retairsmfpstances that increase the viability of a
concrete mixture. It also demonstrates advisabdityising plasticizing agents together with

air-retaining substances when developing pavenmmirete compositions, which provides for

the improvement of physical and mechanical propsrtof concrete and the reduction of
cement binding agent consumption thus preservingngth indicators. The paper shows
dependences of the main physical-mechanical paesimef concrete on cement consumption,
a type and amount of additives.

1. Introduction

In terms of its structure, properties and requinetsiethe cement concrete used for road pavement and
base significantly differs from other types of cmete intended for industrial, civil, hydraulic
engineering and other structures [1]. The structfineavement concrete and its properties depend on
many factors: a type and quality of mother subs&amtesigned concrete mix, applied chemical
additives, preparation practices, concrete mix iptacand compaction, efficiency of pavement
reinforcement, quality of concrete curing [2].

Thus, chemical additives, providing for targetedluience on cement stone and concrete
structurization, modification of cement stone andnarete structurization, improvement of
technological parameters of concrete mixtures amg-term concrete pavement performance are
widely used in the technology of concrete workstipalarly in the construction of cement concrete
pavements and bases.

The study included calculation and optimization amincrete mix compositions for pavement
concrete via mathematical planning. It suggestspasitions of road concrete of the B35 class of
compression strength index; Btb4.4 bending terssilength; P1 placeability grade; 4-6% of entrained
air; at least 1 hour of concrete mix viability. Ri=s, there are dependences of the main physical-
mechanical properties of concrete on cement consom type and amount of additives.

2. Materials and methods

The following raw materials were used to developdreoncrete compositions — cement CEM | 42.5
N, additives of LLC MS-Bauchemie — superplastiaigiagent Muraplast FK 88, hyperplasticizing
agent Muraplast FK 68, air-retaining substance @emnt Air 202, quartz sand with a 1.43 fineness
module, crushed stone of 5-20 and 20-40 fractions.
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The selection of tailored compositions for road arete and the study of influence of separate
components on technological and physical-mechapicgierties of concrete, obtained on their basis,
were performed via mathematical experimental plagniThe sample strength was determined
according to GOST 10180-90, bending under tensehwas carried out in compliance with GOST
10180-90.

3. Development and properties of pavement cemeobncrete

At present, flexible road pavements are mainly usedussia. One of the main reasons for this is a
relatively simple technology of construction angaie of such flexible pavements. However, they
have a fundamental defect, i.e. short-term serbiedife in severe operating conditions. As donmesti
and international experience shows, only flexildad pavements are able to meet the increasing
demand of road traffic, since their service lifefdne overhaul can reach 50 yedB. They are
resistant to aggressive influence of the envirorirarsure high wheel adherence and absence of dust.
Such roadway is relatively resistant to wear (Orh per year); its thickness does not exceed 16-22
cm.

Stable transport and operational indicators, l@argit performance make them advantageous
compared to pavements built with organic bindingrdg; cement concrete pavements are put from
newly-laid concrete by pavement layers of the oedl [4].

Concrete pavement is laid on the artificial grourase processed with cement, crushed stone
treated with a binding agent or on a base fromrosiiong materials. The required evenness and
durability of the road base provides for significaeduction of tension in cement concrete pavement
and increase in its operating capacity [5-6]. [Eolhstruction mechanization ensures leading position
of concrete pavements among other advanced paveimnethe world.

From ecological standpoint, the use of cement irepeent construction instead of organic binding
agents is highly favorable. It is known that in gz of preparation and laying, hot-mixed asphalt
emits toxic polycyclic hydrocarbons. In order topimmave adhesive properties of bitumen surface-
active additives such as alins and coal, tar prisdbeing toxic are added during surface treatment.
While in operation, they are partially washed cud avaporate thus causing environmental pollution.

The structure of pavement concrete and its pragzedepend on many factors: type and quality of
mother substance, designed concrete mix, appliethicial additives, preparation practices, concrete
mix placing and compaction, efficiency of pavemeimforcement, quality of concrete curing [7].

Pavement concretes are usually classified by coasseand type of aggregates (fillers). Concrete
based on coarse and fine fillers belongs to thegoay of normal-weight concrete with dense
structure, of which the entire space between grafir@mpact filler (coarse and fine) is filled wislet
cement stone and pores of entrained air or othedge to application of air-retaining (gas-forming)
additives [8]. When a coarse filler is excludedniréghe concrete mix composition, the pavement
concrete belongs to the category of fine-grainedepeent concrete with a dense structure, which
space between grains of fine dense fillers isdiligth set cement stone and pores of entrainetbair
another gas).

The so-called particularly low-crushed-stone corcegC,=~ 0.1...0.2 iYm*serves as a transitional
structural type of concrete ranging from a finelged to coarse-grained structure, which, in other
words, represents fine-grained concrete with aigmificant amount of crushed stone.

The following is typical for road low-crushed-stomxes: enhanced segregation resistance during
technological treatment; high workability; highetalsility of edges and sides of newly molded
pavement after sliding form construction; highraitaining and air-holding capacity [9].

Technological features of low-crushed-stone coercediow using them in pavement construction
with track concrete-placing machines with slip ferrhow-crushed-stone concrete is mostly efficient
in the construction of cement concrete pavements figh-performance machines with sliding forms
[10]. The use of low-crushed-stone concrete allogceiving strong and durable cement concrete
pavement at reduced content of crushed stone by3@%, which also contributes to the reduction of
pavement cost.
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At present, fine-grained (sand) concrete becomes mere important in road construction, which
is explained by lower cost of fillers, possibilif radical improvement of technology to manufacture
products with specific properties of fine-graineshcrete, which causes its wide application and
makes it highly efficienf1]].

Fine-grained concrete is widely used in road cao$ion, which requires enhanced crack
resistance, bending and tensile strength thus makpossible to abandon imported crushed stone and
to reduce the road construction cost. The futufineftgrained concrete is connected with theirHfart
improvement in relation to various constructionhiealogies (in sliding form, rolling, use of flowing
concrete]12].

Another kind of road concrete is carbonaceous @eacmwhich uses carbonaceous sedimentary
rocks (limestone, dolomite) as fine and coarsersll Technical efficiency of carbonaceous condeete
caused by high adhesion of such fillers with censwahe. The cement content of this concrete in
comparison with standard equivalent concrete idlemay 10-15%.

As a rule, lightweight expanded clay aggregatesappied in areas without local stone materials
and with production plants located nearby. Suctcairs have excessive deformation but lower wear
resistance.

Literature sources often refer to the notion ofattohigh-strength concrete”. Some researchers
believe that the strength of this concrete is equdligher than the cement activity, while othérgk
that the absolute strength of this concrete isdrighan a certain minimum val§&3]. To produce
high-strength road concrete, it is necessary tdigtdy active (in terms of bending strength) cetaen
Meso- and macrostructures of such concretes shafldrked by the enhanced extension coefficient in
order to completely exclude a coarse filler andt $bihighly strong fine-grained structures.

The production of continuously reinforced cementarete pavements is caused by the desire to
eliminate temperature contraction and expansiomtjoibeing the most vulnerable in concrete
pavements. The fundamental difference of continlyousinforced structures in comparison with
standard unreinforced ones is the fact that extanimences and available fittings lead to the
formation of transverse cracks spaced at 1.5-3.@nth their openings spaced at 0.2-0.4 mm on a
surface. Insignificant crack opening ensures temsf the shear force between plates and prevents
water penetrating into fittings since cracks doagén at the fitting level.

To enhance the competitiveness of cement conceatenments, there is a need to improve road
concrete, construction technology and structuregsobasis. At the same time, on the one hand, this
requires the increase in long-term pavement pedooa (service life), and on the other hand, the
reduction in material consumption and constructiost.

In recent years, there has been a tendency to muekck concrete with enhanced strength and
service life [14]. This is achieved by modificatiohconcrete composition with chemical components:
plasticizing, air-retaining and gas-forming agents.

The paper studied the possibility of modifying adacement concrete using plasticizing and air-
retaining additives, such as superplasticizing tigdaraplast FK 88 and air-retaining substance
Centrament Air 202 by MC Bauchemie.

The study included calculation and optimizatiorcohcrete mix compositions using mathematical
planning, which established mathematical relati@ween prescribed properties of concrete and
consumption and properties of component mateffdis.received mathematical dependence is used to
select and search the tailored compositions. Madliead dependences are set via special laboratory
tests with their further piloting in production.

To make mathematical planning of experiments simaled to reduce the number of variability
factors, it was established that the following da@ used as the most critical parameters of
optimization characterizing physical-mechanical gemies of road concrete: the amount of
plasticizing and air-retaining additives and theoant of water (Table. 1). Then, the necessary $evel
of factor variations were chosen so that any coation, implied by the plan, was implemented
within the designed models and considered reahtdolgical conditions.
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Table 1. Experimental design conditions

Factors Variability levels
Variability
intervals
Natural form Code -1 0 +1
type
Plasticizer content FK 88, % 1 x 0.2 0.5 0.8 0.3
Air-retaining substance content, X, 0.1 0.3 0.5 0.2
Air 202, %
Cement content X 365.5 430 4945 64.5

The first stage included assessment tests wittowsrcombinations of parameters to compare

theoretical and experimental data, define majailofacand choose intervals of their variation.

The second stage included experimental tests \Wighapplication of multifactor planning. The

results were analyzed via mathematical statiskas (L3).

With an intention to obtain reliable results, eatdge of the study implied the analysis of several

samples molded and studied in identical conditenmg at invariable process parameters.
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Figure 1. Dependence of concrete density with the use ofipfasticizing agent MURAPLAST FK 88 on

additive content and cement consumption



Cement, kg

Cement, kg

MEACS 2017

IOP Publishing

IOP Conf. Series: Materials Science and Engineering 327 (2018) 032011 doi:10.1088/1757-899X/327/3/032011

4 L
FK 88, %

[as A

o o ﬁ;‘___,...c.z._—.-a‘z.\ ™~
~ < ML‘,‘QH.u—'-_mD-\'?‘{
g g m,‘;a‘a-"_g'a_‘."\u 4.0\.
O O w RN ) :

- 1
‘ S
025 0.0 038 040 oas o,

Cement, kg
Cement, kg

FK 88, %

AIR, %

TG 4
0 / 3
6.
4 —"
015
i \‘6 1
010 F
02 03 04 05 06 or (1]

FK 88, %

FK 88, %

FXag g

Figure 2. Dependence of concrete bending strength with skeofihyperplasticizing agent MURAPLAST FK
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Figure 3. Dependence of concrete compression strength hétluse of hyperplasticizing agent

MURAPLAST FK 88 on additive content and cement eongtion
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The obtained three-dimensional diagrams displayirgginfluence of major factors on concrete
parameters are considered; the doubly curved sgfae oriented towards axes of the content change
of plasticizing, air-retaining additives and waters

Thus, by setting one of the parameters, it is ptsdo define the composition of concrete and to
forecast other physical-mechanical properties.

4. Conclusions

The use of plasticizing additives together withratiaining agents in the development of road cdacre
compositions allows improving physical-mechanicabperties of concrete and reducing the
consumption of cement binding material thus praegrthe strength indicators.

The study included calculation and optimization agincrete mix compositions for pavement
concrete via mathematical planning. It suggestspasitions of road concrete of B35 class of the
compression strength index; Btb4.4 bending tersiifength; XF3 operational environment index;
F150 frost-resistant grade; P1 placeability graddé% of entrained air; at least 1 hour of concrabe
viability. Besides, it demonstrates dependencekeofnain physical-mechanical properties of concrete
on cement consumption, a type and amount of a@ditiv

It should be noted that the suggested compositidgtis additives are cheaper than a traditional
heavy road concrete. The use of Muraplast FK 88/n@02 additives allows reducing the cost of 1
m® of concrete mix by 8.22% in relation to nominahtant without reducing the grade strength. The
use of Muraplast FK 68 and Air 202 additives alloegucing the same cost by 6.6%.
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