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Abstract. The purpose of the work is the development of fiber-reinforced concrete compositions
for rigid pavements with properties of high strength, frost resistance and wear resistance due to the use
of polycarboxylate type superplasticizer and dispersed reinforcement. The experiments were conducted
according to an optimal 3-factor 15-point plan. The following composition factors were varied: the
amount of Portland cement CEM | 42.5 R (from 290 to 350 kg/m®); the amount of basalt fiber
BAUCON®-bazalt (from 0.9 to 1.5 kg/m®); the amount of polycarboxylate superplasticizer
STACHEMENT 2570/5/G (from 0.6 to 1 % by weight of cement). The workability of all
developed mixtures was S1, which corresponded to a cone slump 2...3 cm.

Research results shows when increasing the amount of cement and the amount of
superplasticizer to 0.9 — 1.0 %, the W/C of the mixtures decreases. The amount of basalt fiber
practically does not affect the W/C of the mixture.

Due to increase in the amount of Portland cement, the strength of fiber-reinforced concrete is
increases, as expected. With an increase in the amount of basalt fiber to 1.3 — 1.4 kg/m®, the tensile
strength in bending of concrete increases by 12 — 21 %, while the compressive strength changes
insignificantly. Fiber concrete with a superplasticizer content of about 0.9 % has the highest
compressive and tensile strength in bending.

Moreover, due to increase in the amount of Portland cement from 290 to 350 kg/m?, the frost
resistance of concrete increases to about 100 cycles. Due to the increase in strength of that
composition, the wear resistance of concrete was increased. With an increase in the amount of
basalt fiber from 0.9 to 1.3 — 1.4 kg/m®, the wear resistance of concrete increases by 11 — 16 %, and
frost resistance increases to approximately 50 cycles. The change in the amount of superplasticizer
has little effect on the wear resistance of concrete. However, with an increase in the amount of
additive STACHEMENT 2570/5/G from 0.6 to 0.9 % by weight of cement, the frost resistance of
fiber-reinforced concrete increases to about 50 cycles.

Fiber concretes with a rational amount of dispersed reinforcement (1.3 — 1.4 kg/m®) and
superplasticizer (0.9 %), depending on the amount of cement, have compressive strength from 43 to
60 MPa; tensile strength in bending from 4.9 to 6.4 MPa; wear resistance from 0.31 to 0.37 g/cm?
and frost resistance from F200 to F300. This ensures the high durability of the developed fiber-
reinforced concrete for rigid pavements.

Keywords: rigid pavement, frost resistance, wear resistance, basalt fiber, superplasticizer,
experimental-statistical modeling.

Introduction. To ensure the effective function of the transport system, the task of arranging
structurally and functionally stable road surfaces is important. It is known that asphalt concrete
coatings are the most widespread today. However, in the conditions of gradually increasing of
traffic intensity and high loads on the vehicle axle, rigid cement-concrete coatings became more
popular in many countries of the world. Such pavements distributing the load on the base layers and
soil more effective, they are not prone to rutting and practically do not change their properties
depending on the temperature of the surrounding environment. Also, a significant advantage of
cement-concrete pavements is their high durability, which allows to prolong intervals between
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repairing maintenance. However, to achieve such important result for the economic and ecological
benefits, it is necessary to use concrete with high durability for arranging of road clothes.

In the climatic conditions of Ukraine and most European countries, main indicators that
ensure the durability of rigid pavements are frost resistance and wear resistance of concrete. It is
possible to achieve a simultaneous increase in these indicators, in particular, due to the use of
effective superplasticizers and dispersed reinforcement. However, the raw material base of the
concrete industry is not constant: cement production technologies are changing, chemical additives
are being improved, and new types of dispersed reinforcement are being designed. Therefore, the
task of developing of concrete for rigid pavements with high durability and a guaranteed level of
strength remains relevant.

Analysis of Research and Publications. Due to a number of advantages of roads with rigid
pavements from cement-concrete comparing with roads with asphalt-concrete surfaces, the share of
first is increasing annually [1]. For Ukraine, an additional advantage of cement-concrete rigid
pavements, especially in the conditions of post-war reconstruction, is that their production does not
require using bitumen, which must be imported [2].

The high strength and elasticity of rigid pavements allows better redistribution of the load
from transport on the soil. Cement concretes have stable properties under changes in ambient
temperature and better color indicators of surface visibility [3]. If the required quality of concrete
and base layers is ensured, the intervals between repairs of roads with rigid pavements are two or
more times longer than those of roads with asphalt concrete surfaces [1, 4].

However, the task of ensuring the necessary durability of concrete for rigid pavements
remains relevant. This is due to the fact that it must be solved taking into account the need for
rational use of resources and the available raw material base [3, 5].

For Ukraine, one of the main factors affecting the operational quality of the road surface is the
damage caused by the cyclic effects of a dynamic influence and the action of freezing and thawing
[3, 4, 6]. As the studies of many authors show, in such conditions, the most effective materials are
fiber concrete with corrosion-resistant dispersed reinforcement [7-11]. Polypropylene, basalt, metal
and glass fibers are most often used in road construction [8, 9, 11, 12]. The use of fiber allows to
increase the frost resistance and wear resistance of concrete, as well as their tensile strength and
crack resistance. In addition, dispersed reinforcement reduces the autogenous shrinkage of concrete.
At the same time, basalt fibers have certain advantages that allow effective use of this fiber in road
concrete. First of all, this is the relatively low cost of basalt fiber and its fairly easy distribution in
the mixture during mixing [13-15]. It is also known that in nowadays conditions, concrete and fiber
concrete of rigid pavements can provide the required level of strength and economic efficiency only
with the use of modern additives, primarily superplasticizers [4-6, 8, 10, 12, 15].

Accordingly, the task of developing of effective dispersion-reinforced road surface concretes
modified with polycarboxylate type superplasticizer is relevant for modern materials science. It is
necessary to solve such a problem relying on the domestic raw material base, which is important for
the post-war recovery of the country, taking into account the significant amount of destruction
caused by aggression.

The purpose of this work is develop compositions of fiber-reinforced concretes for rigid
road pavements with high strength, frost resistance, and wear resistance by using polycarboxylate
type superplasticizer and dispersed reinforcement with basalt fiber.

Materials and methods of research. The experiment was conducted using an optimal 3-
factor 15-point plan [16, 17]. The following factors of the fiber-reinforced concrete composition
were varied in the experiment [18]:

— X1, the amount of Portland cement CEM | 42,5 R (produced by PJSC "Dyckerhoff Cement
Ukraine") from 290 to 350 kg/m®;

— Xz, the amount of basalt fiber BAUCON®-basalt (fiber length 12 mm, diameter — 18 um)
from 0.9 to 1.5 kg/m®;

— X3, the amount of superplasticizer STACHEMENT 2570/5/G (based on polycarboxylates)
from 0.6 to 1% of the cement mass.
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Granite crushed stone fraction 5 — 20 mm and washed quartz sand with a fineness modulus of
2.0 were used as aggregates.

The workability of all investigated concrete mixtures was constant, cone slump was 2 — 3 cm,
corresponding to the requirements of DBN V.2.3-4:2015 "Highways" [19]. This was achieved by
adjusting the amount of water in the composition of the fiber-reinforced concrete mixture.

Table 1 shows the plan of the experiment and the compositions of the investigated fiber-
reinforced concretes. The transition to coded values of factor levels (range from —1 to +1) was
carried out according to the standard procedure [16].

Table 1 — Plan of the 3-factor experiment and compositions
of the investigated fiber-reinforced concretes

Factor levels Fiber-reinforced concrete composition (kg/m®)
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1 -1 -1 -1 830 0.9 1.74 126
2 -1 -1 1 837 0.9 2.90 122
3 -1 0 0 290 1225 833 1.2 2.32 125
4 -1 1 -1 830 15 1.74 127
5 -1 1 1 834 15 2.90 124
6 0 -1 0 803 0.9 2.56 133
7 0 0 -1 798 1.2 1.92 136
8 0 0 0 320 1215 801 1.2 2.56 134
9 0 0 1 803 1.2 3.20 133
10 0 1 0 801 15 2.56 134
11 1 -1 -1 765 0.9 2.10 146
12 1 -1 1 772 0.9 3.50 141
13 1 0 0 350 1205 770 1.2 2.80 143
14 1 1 -1 763 15 2.10 147
15 1 1 1 768 15 3.50 144

Research results. Due to the fact that the mixtures of all investigated fiber concretes had
equal mobility, their W/C depended on the composition. Based on the obtained experimental data,
the appropriate experimental-statistical model (ES-model) was designed [16, 17]. According to ES-
model, one-factor diagrams were built, they reflect the influence of various factors on W/C in the
zones of minimum and maximum values (extremes). In the diagrams, the levels of two factors not
displayed on each of them were fixed at the values that provide the maximum and minimum value
of W/C, respectively (Fig. 1).
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Fig. 1. Influence of varied factors on the W/C of mixtures with equal workability in zones of
minimum and maximum values

Analysis of the diagrams presented in Fig. 1 shows that all varied factors nonlinearly affect
the W/C of mixtures with equal workability. When the amount of cement increases, the W/C
predictably decreases. Increasing in the amount of superplasticizer STACHEMENT 2570/5/G to
0.9-1.0 % allows for a 3 — 3.5 % reduction in the W/C of the mixture without losing its
workability. The limited decrease in the W/C with changes in the amount of superplasticizer in this
experiment takes place due to the fact that even at an additive amount of 0.6 % of the cement mass,
it has a sufficiently high effectiveness [15, 18]. When varying the amount of basalt fiber within the
experiment, the W/C of mixes changes by no more than 1.5 %.

For all investigated fiber-reinforced concretes, compressive strength, tensile strength in
bending, wear resistance and frost resistance were determined (Table 2).

Table 2 — Mechanical properties of the investigated fiber-reinforced concretes

Point No Compressive Tens_ile strength in ~ |Wear resistgnce, G Frost resistance
" |strength, f. (MPa)|  bending, f.(MPa) (g/cm?)
1 36.1 3.68 0.41 F150
2 39.3 3.97 0.40 F150
3 40.4 4.58 0.38 F200
4 38.8 4.46 0.39 F150
5 40.7 4.60 0.38 F200
6 49.7 5.23 0.38 F200
7 48.2 5.50 0.36 F200
8 52.2 5.68 0.34 F300
9 51.8 5.62 0.34 F200
10 51.5 5.67 0.32 F200
11 54.3 5.29 0.37 F200
12 58.5 5.56 0.36 F300
13 59.6 6.35 0.32 F300
14 56.4 6.11 0.32 F300
15 59.8 6.30 0.32 F300

Based on the data from Table 2, ES-models were designed, which describe the influence of
varied composition factors on the compressive and tensile strength of fiber-reinforced concretes for
rigid pavements. Using these ES-models, one-factor diagrams were built, which are shown in Fig. 2
and illustrate the influence of varied factors on the strength of fiber-reinforced concretes in zones of
minimum and maximum values.
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Fig. 2. Influence of varied factors on the compressive strength (a) and tensile strength in bending (b)
of fiber-reinforced concretes in zones of minimum and maximum values

Analysis of the diagrams from Fig. 2 allows us to conclude that due to the increase in the
amount of Portland cement, compressive and tensile strength of fiber-reinforced concretes
expectedly increases. Increasing in the amount of binder from 290 to 320 kg;/m3 causes a more
noticeable growth in strength than after binder increasing from 320 to 350 kg/m~.

Variation in the amount of basalt fiber within the experiment has a negligible effect on the
compressive strength of fiber-reinforced concretes. With an increase in the amount of fiber from 0.9
to 1.3 — 1.4 kg/m?®, the level of f., increases on average by only 4.5 %. The amount of basalt fiber
has a more noticeable effect on tensile strength in bending. Due to the increase in its amount to
1.3-14 kg/m3, the f. i level increases by 0.7 — 0.8 MPa, or by 12 — 21 %.

The highest strength is observed in fiber-reinforced concretes with an amount of superplasticizer
STACHEMENT 2570/5/G around 0.9 % by cement mass. An increase in the amount of
superplasticizer from 0.6 to 0.9 % has a greater effect on compressive strength than on tensile strength.

As mentioned above, during operation, concrete for rigid pavements are subjected to constant
wear from vehicle wheels, and in the winter period, they are also subjected to repeated freezing and
thawing. Accordingly, in typical weather conditions for Ukraine and other countries with a temperate
climate, the durability of rigid pavements is primarily determined by abrasion resistance and frost
resistance of concrete.

Based on the data provided in Table 2, an ES-model (1) was designed, which reflects the
influence of varied composition factors on the wear resistance of the investigated fiber-reinforced
concretes.
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G (g/cm?) = 0.340 —0.027x; + 0.009x> —0.006X:X, =+ 0x1X3
—0.019%, + 0.009x,? + 0X,X3
—0.005x3 + 0.009x5° (1)

One-factor diagrams constructed according to ES-model (1), and illustrate the influence of
varied factors on wear resistance in zones of minimum and maximum values (Fig. 3).
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Fig. 3. Influence of varied factors on the wear resistance of fiber-reinforced concretes in zones of
minimum and maximum values

Analysis of the diagram and data from Table 2 show that with an increase in the amount of
cement in the composition of fiber-reinforced concretes, their wear resistance increases due to the
increased strength of the material. Increasing in the amount of basalt fiber from 0.9 to 1.3 -
1.4 kg/m® reduces the abrasion of concrete by 11 — 16 %. The variation in the amount of
superplasticizer within the experiment has a negligible effect on the abrasion resistance of concrete.
When using a rational amount of dispersant and superplasticizer, the wear resistance of fiber-
reinforced concretes increases to 0.31 g/cm? for concretes with the maximum amount of cement.
The wear resistance for concretes with the minimum amount of cement (290 kg/m?®) is 0.37 g/cm?.
Thus, such fiber-reinforced concretes are characterized by sufficiently high wear resistance,
ensuring their durability for road pavement structures under the influence of vehicle wheels.

The ES-model designed based on the data from Table 2, which reflects the influence of varied
factors on the frost resistance of fiber-reinforced concretes, is as follows:

F (grade) = 240 +55x; + 25X;°  +0xiX» =+ 0x1X3
+ 15%, — 25X22 + 0xoX3
+15x3 — 25X5° 2)

It should be noted that the accuracy of this ES-model is limited by the significant discreteness of
determining of the frost resistance level using the accelerated method according to DSTU B V.2.7-49-
96 [20] for freezing up to —50 °C and thawing in saline water. According to this methodology and
according to Table 3 of DSTU B V.2.7-47-96 [21], concrete for road and airport pavements is
classified only by grades F100, F150, F200, F300, F400 and so on. Accordingly, the experimentally
determined values of the grade by frost resistance of the investigated fiber-reinforced concretes were
within the values operated by the accelerated method. However, this did not significantly affect the
identification of general trends in the influence of varied factors on the level of concrete frost resistance
due to the approximation that occurs when designed ES-models [16].

One-factor diagrams were built based on the ES-model (2), which are shown in Fig. 4 and
illustrate the influence of varied factors on the frost resistance of the investigated fiber-reinforced
concretes in zones of minimum and maximum values.
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Fig. 4. Influence of varied factors on the frost resistance of fiber-reinforced concretes in zones of
minimum and maximum values

Analysis of the diagrams shows that an increase in the amount of Portland cement in the
composition from 290 to 350 kg/m® increases the frost resistance of fiber-reinforced concretes by
approximately 100 cycles. Increasing of the amount of basalt fiber from 0.9 to 1.3 kg/m® increases the
frost resistance of rigid pavement concretes by approximately 50 cycles. A similar increase in frost
resistance occurs with an increase in the amount of superplasticizer from 0.6 to 0.9 % by weight of
cement. When using a rational amount of basalt fiber and superplasticizer STACHEMENT 2570/5/G,
fiber-reinforced concretes already provide frost resistance of F200 with a cement content of 290 kg/m?,
which meets the requirements for materials of road pavements [19].

Conclusions and prospects for further research. The best quality indicators of the
investigated fiber-reinforced concretes, namely the highest compressive and tensile strengths, the
highest frost resistance and wear resistance, are achieved when using BAUCON®-bazalt basalt
fiber in an amount of 1.3 — 1.4 kg/m® and superplasticizer STACHEMENT 2570/5/G in an amount
of 0.9 % by weight of cement. Concretes with this amount of dispersant and superplasticizer,
depending on the cement content, have compressive strengths ranging from 43 to 60 MPa, tensile
strengths in binding ranging from 4.9 to 6.4 MPa, abrasion ranging from 0.31 to 0.37 g/cm?, and
frost resistance ranging from F200 to F300. This ensures high durability of the developed fiber-
reinforced concretes for rigid pavements under typical operating conditions in Ukraine.

In further research is planning to implement the developed fiber-reinforced concrete
compositions on an experimental-industrial scale to assess their performance in road pavement
structures under natural conditions.
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AHoTanisg. Mertoto pobGotu € po3poOka ckiaaiB (GiOPOOETOHIB KOPCTKUX JIOPOKHIX
MMOKPHUTTIB 3 BHCOKOIO MIITHICTIO, MOPO3OCTIMKICTIO 1 3HOCOCTIHKICTIO 32 PaXyHOK BUKOPHUCTaHHS
cynepriacTuikaropy MoMiKapOOKCHIIATHOTO THUIY 1 JUCHEPCHOTO apMyBaHHs. EKcrepuMeHT
MIPOBOJIMIIACS 33 ONTHMAaJIbHUM 3-X (pakTopHUM 15-TH TOUKOBUM ILIaHOM. BapiroBanucs HacTymHi
dakropu ckmany: Kimbkicte moptiaanamementy IIL] I-500P-H, Bix 290 mo 350 Kr/M>; KiIBKiCTB
6a3anpToBOi (iopu BAUCON®-bazalt, Big 0,9 mo 1,5 KF/MS; KUTBKICTh TOJIIKapOOKCHIATHOTO
cynepmiactudikaropy STACHEMENT 2570/5/G, Bix 0,6 mo 1% Big macu nemeHTty. PyxoMicTb
BCiX cymimei 6yna piBHoro, OK =2..3 cm.

[Tpu migBUIICHHI KUTBKOCTI IEMEHTY Ta KuUTbKOCTi cyneprmactudikaropy ao 0,9-1,0% B/I1
cyMimieit 3HnkyeThes. KinbkicTs 0a3anbroBoi GpiOpu npakTuyHO He BIuMBae Ha B/L] cymiri.

3a paxyHOK MiBHINEHHS KUTBKOCTI MOPTIAHIIEMEHTY MIIHICTh (iOpOOETOHIB O4iKyBaHO
3poctae. [Ipu 30inbiIeHH] KibkocTi 6a3anpToBoi Gidpu mo 1,3-1,4 Kr/M° MiLHICTD Ha PO3TAT TIpH
3ruHi OeToHiB 3poctae Ha 12-21%, mpu mpoMy MIIHICTH Ha CTHCK 3MIHIOETBCS HE CYTTEBO.
Haii6inpiry MIIHICTh SIK Ha CTHCK, TaK 1 HA PO3TSr MPHU 3TUHI, MalOTh (iOpoOETOHH 3 KUTBKICTIO
cynepruiactugikaropy 61m3pko 0,9%.

[Tpu 306inbIIeHi KuTbKOCTi neMenty 3 290 no 350 Kr/m® MOPO30CTIHKICTh OETOHIB 3pOCTa€E Ha
piBenb 10 100 nuKIIiB, a TAKOXK 32 paXyHOK ITiABUIIEHHS MIIHOCTI 3HU)KYETbCSI CTUPAHHICTh OETOHY
(3poctae 3HOCOCTIHKICTB). [Ipu migBUIEHH] KUTbKOCTI 6aszanbroBoi ¢iopu 3 0,9 mo 1,3-1,4 K/
CTUPaHHICTh O€TOHIB 3HIKYeThcs Ha 11-16%, a MOpo30CTiiiKiCTh 3pocTae Tpubau3Ho Ha S50
LUKITIB. 3MiHA KIJIBKOCTI CynepriiacTU(dikaTopy HECYTTE€BO BIUIMBA€E Ha 3HOCOCTIMKICTH O€TOHY.
[Mpore mpu migumenHi kimbkocti 106aBku STACHEMENT 2570/5/G 3 0,6 1o 0,9% Bix macu
LIEMEHTY MOPO30CTilKiCcTh (piOpOOETOHIB 3pocTae Ha piBeHb 10 50 LUKIIIB.

®i6poGeToHn 3  pamioHAaNBHOK KimbKicTio mucmepcHoi apmarypu  (1,3-1,4 kr/m®) i
cynepmactudikaropy (0,9%) B 3a1€KHOCTI Bil KITBKOCTI IIEMEHTY MalOTh MIIHICTh Ha CTHUCK BiJ
43 no 60 MIla, minHicTh Ha po3TAar npu 3ruHi Bix 4,9 no 6,4 Mlla, ctupannicts Bix 0,31 mo
0,37 r/em® i Mopo3ocriiikicts Bigx F200 mo F300. Lle 3abe3nedye BHCOKY JOBIOBIUHICTH
po3pobneHux GhiOpoOETOHIB KOPCTKUX JOPOKHIX MOKPUTTIB.

KuarouoBi cjoBa: 3KopcTke JOpPOKHE TOKPHUTTS, MOPO3OCTIMKICTh, 3HOCOCTIHKICTD,
6azanpToBa (i0pa, cynepruiacTudikaTop, eKCIePUMEHTATbHO-CTATUCTUYHE MOJICITFOBAHHS.
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