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Abstract. The development of modern civil construction has created a signifi-
cant demand for concrete, which must characterize increased qualities, such as
high compressive strength, flexural strength, impact resistance. While concrete is
designed primarily to withstand structural loads, it must also contend an array of
environmental effects, which determines its durability. The paper is presented the
investigation results of the durability of modified high strength fiber-reinforced
concrete under the dry-wet cycles effect, which can occur both under the weather-
ing and human activities influence (car washes, industrial floors etc.). The analysis
criteria were deterioration in compressive strength and impact resistance of con-
crete. The compressive strength of developed concrete after 100 dry-wet cycles
decreases by 1.9–2.8%. Dispersed reinforcement with polypropylene fiber pro-
vided an effective increase in resistance to impact loads under the combined effect
of dry-wet cycles. The impact strength of modified high strength fiber-reinforced
concrete after 50 and 100 dry-wet cycles decreases by 2.2–3.4% and 3.1–5.4%
respectively.

Keywords: High strength concrete · Polypropylene fiber · Complex modifier ·
Wet-dry cycle · Impact resistance · Compressive strength

1 Introduction

Concrete has become the most economical and most used structural material in con-
struction. However, its environmental impact in the world is significant, as it requires a
significant amount of natural resources and energy, and generates an enormous volume
of waste [1]. In this regard, concrete technology has evolved from conventional to high
strength concrete and in recent decades—to high strength concrete with high durabil-
ity. Therefore, when design structures, it is necessary to take into account not only the
influence of loads, but also the influence of environmental conditions, which plays an
important role in effective forecasting of the life cycle of structures. Factors which affect
the durability of concrete or damage to structures can be related to changes in internal
pore hymidity or temperature (carbonation, freeze–thaw cycles, wet–dry cycles, effect
of chloride salts, sulfates), as well as with the influence of various forms of loading
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[2–4]. Considerable attention of researchers has been focused on the problem of the
behavior of concrete under the influence of dry-wet cycles [4–7]. In practical construc-
tion, taking into account the single factor of the wet-dry cycle makes the prediction of
concrete durability somewhat limited, and it does not contribute to the accurate determi-
nation of the service life of buildings. The operating conditions of building structures are
often associated with cyclic changes of moisture, which are caused by natural precip-
itation or technological processes and impact loads (hydraulic structures and transport
infrastructure, industrial floors, car washes, production shops) [7, 8]. Multiple change
of moisture causes the development of swelling and shrinkage deformations, which
causes the breaking of material structure and leads to irreversible changes and a prema-
ture decrease in operational characteristics [5]. Therefore, the development of concretes
with high resistant to dynamic loads and wet–dry cycles is of practical importance.

First of all, the load-bearing capacity and resistance to destruction of building struc-
tural materials is determined by the compressive strength [9]. The development of high
strength concrete is based on the use of high-quality cements, fine aggregates, superplas-
ticizers and supplementary cementitious materials, including ultrafine mineral additives
[10–14]. The use of organic and mineral nanocomposites—materials of mineral and
polymeric components based on silica additives of different origin and polycarboxylate
superplasticizers is effective for obtaining of high strength concrete [15].

The high strength concrete is a brittlematerial inwhich deformation is localized at the
site ofmanifestation of thefirst crack after the ultimate loading. Fiber-reinforced concrete
has been developed to effectively address this problem, with high tensile strength, crack
resistance, durability and impact resistance [16–18]. Dispersion fiber over-comes the
opening of surface cracks at ultimate loading and disperses deformation. The effect of
disperse reinforcement depends on the structure, strength of the matrix, as well as on the
fiber parameters and their properties [19–23]. With the introduction of the disperse fiber
the part of it works in tension, while the part prevents the displacement of the particles,
ensuring the integrity of the system [24].

The purpose of the study is to research the influence of dry-wet cycles on the strength
and impact resistance of high strength concrete and fiber-reinforced concrete.

2 Experimental Program

2.1 Materials

Ordinary Portland cement CEM I 42.5R according to EN 197-1 was used in the investi-
gations. Natural sand of Zhovkva quarry (MF = 2.1) and coarse aggregate of 5–20 mm
fractionwere used for concrete production. For the research of the effect of dry-wet cycles
five concrete mixes were produced containing varying amounts of Portland cement (350
and 400 kg per 1 m3) and fiber. The mix proportions of concretes are given in Table 1,
which were designed to have an average slump between 160 and 210 mm under EN
206-1 for S4 concrete workability class.

Microsilica and Aerosil-380 were used as supplementary cementitious materials
for modifying of concrete. The specific surface area of microsilica and Aerosil-380 is
18600 cm2/g and 300± 30 m2/g respectively. A lignosulphonate plasticizer Centrament
N3 (LS) was used as a water reducing agent for concrete mix C1 and polycarboxylate
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Table 1. Composition of concrete mixtures (kg/m3).

Component Sample codes

C1 C2 C3 C4 C5

Portland cement 350 350 350 400 400

Sand 700 710 710 670 670

Coarse aggregate 5/20 1200 1150 1150 1120 1120

Microsilica – 17.5 17.5 20 20

Aerosil-380 – 1.75 1.75 2 2

Water (W/C) 142 (0.41) 123 (0.35) 137 (0.39) 144 (0.36) 160 (0.40)

Polypropylene fiber – – 3.5 – 4

Superplasticizer PCE 3.5 3.5 4 4

Plasticizer LS 1.75 – – – –

superplasticizer Master GLENIUM ACE 430–PCE (BASF Construction Chemicals)
was used as a water reducing agent for concrete mixes C2-C5. Concrete mixtures C3
and C5 were proportioned with polypropylene fibers measuring 12 mm in length and
18 µm in diameter to increase an impact resistance of modified high strength concrete
after effect of dry-wet cycles.

2.2 Experimental Process and Methods

A compulsory mixer was used to prepare concrete specimens with dimensions of 100×
100× 100 and 70.7× 70.7× 70.7 mm. For this purpose, the coarse and fine aggregates,
Portland cement and mineral additives were firstly added to the mixer separately and
mixed for about 2 min; then, mixing water with plasticizing admixtures was added
and mixed. Then the polypropylene fibers were added in the case of preparing of fiber
reinforced concrete. Mixing was continued for further five minutes to achieve uniform
distribution of the fiber. The concrete is mixed according to the mix ratio shown in
Table 1. Workability of fresh concrete was determined by the slump test according to
EN 12350-2. Finally, the mixture was put into the mold. The specimens were molded
for 24 h and then cured under standard conditions (temperature = 20 ± 2 °C; RH =
90–100%) for 28 days. The samples100× 100× 100 mm were testing for compressive
strength and water absorption (open porosity). The concrete specimens with dimensions
of 70.7 × 70.7 × 70.7 mm were subjected to wet-dry cycles test.

The accelerated application of wetting and drying cycles in the laboratory was simu-
lated to intensify the weathering or process. Initially, the strength and impact resistance
of the main samples each composition were determined. Other samples were dried at
a temperature of 100 ± 5 °C in a laboratory oven for 10 h and then saturated in water
for 14 h (t = 20 ± 2 °C). Some properties of the specimens were tested, such as the
compressive strength and impact resistance after 50 and 100 dry–wet cycles.
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The method of estimating the value of the specific impact viscosity recommended by
ACI Committee 544 was used to determine the impact resistance of the developed high
strength concrete and fiber-reinforced concrete. The resistance of concrete to the impact
load was established as the ability to withstand repeated impacts, taking into account
the absorbed energy, until the moment of sample destruction.

After effect of dry-wet cycles, the concrete samples were tested on compressive
strength and sprayed with a 0.1% alcoholic solution of phenolphthalein (a colorimetric
indicator for calcium hydroxide) to determine the carbonization depth [2]. Spraying the
phenolphthalein solution onto the freshly chipped surface of a concrete sample can create
a clear color change boundary between carbonated zone (gray) and noncarbonization
zone (crimson).

3 Results and Discussion

During the wetting period, the open pores are filled with water, and during the drying
period, only the surface area of the element is completely dried. This phenomenon causes
the outer layers to shrink, while the inner core (wetter than the outer surface) blocks the
volume change [4]. It leads to the formation of microcracks in concrete and a decrease
in physical and mechanical properties. As can be seen from Fig. 1, modification with an
organic and mineral additive allows to adjust the porosity parameters of concrete. Thus,
the volumetric water absorption (open capillary porosity) of modified concretes C2 and
C4, aswell as fiber-reinforced concretes C3 andC5 decreases by 2.3–2.7 times compared
to concrete C1. Due to the density of the surface layer of concrete, a smaller amount of
water will be absorbed and such concrete will be characterized by better resistance to
dry-wet degradation.
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Fig. 1. Water absorption of concrete.

The analysis of the test results showed that compressive strength of concretes C2-
C5 slightly increases after 50 cycles (Fig. 2). In this case, the stability coefficient Kst,
defined as the ratio of strength after cycles to the strength of concrete after 28 days, is
1.01. It is explained by the activation of pozzolanic reactions in the non-clinker part of the
cementmatrix of concretemodifiedwith a complex additive based onmicrosilica, aerosil
and polycarboxylate superplasticizer, as well as lower porosity of the surface layer of
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concrete. At the same time, the strength of concrete C1 after 50 cycles increases by 20%
(Kst = 1.2). The authors [25] explain this growth by the emergence of new interface
surfaces, which contributes to an increase in the degree of hydration of Portland cement
and restores the functional properties of the material.

The compressive strength of modified high strength concretes after 100 dry-wet
cycles decreases by 1.9–2.8% compared to the strength of concretes after 50 cycles.
When polypropylene fiber, which perceives tensile stresses during drying, was added,
the compressive strength of modified fiber-reinforced concrete does not change after
100 cycles, regardless of the consumption of Portland cement. While the strength of
modified concrete C1 after 100 cycles decreases by 8.5%.
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Fig. 2. Compressive strength after wet-dry test.

An increasing of compressive strength can also be associated with partial carboniza-
tion of the surface layers of concrete samples. When carbon dioxide acts on cement
concrete under normal conditions, not only calcium hydroxide is carbonized, but also
other hydrates, in particular calcium hydrosilicates, calcium hydroaluminates, etc. [2].
The rate of carbonization increases with alternating wetting and drying and can cause
some increase in strength, but negatively affects the stability of reinforcement in con-
crete, reducing its hydrogen index. The carbonation depth of concrete C1 is 3 mm after
28 days (Fig. 3a) and after 100 dry-wet cycles carbonation depth increases to 6 mm
(Fig. 3b), which is due to the increased porosity of concrete C1. The depth of carboniza-
tion of the modified high strength fiber-reinforced concrete C5 before the dry-wet test
is 1 mm (Fig. 3c), after it −1.5 mm (Fig. 3d).

The combination of impact loads with multiple dry-wet cycles leads to irreversible
damage of the concrete structure and a decreasing of its stability. The fatigue process of
concrete under the action of alternating wetting and drying, during which sign-changing
deformations were created, led to a decreasing of the impact strength of concrete C1 by
19.1% after 50 cycles (Fig. 4). After 100 dry-wet cycles the reduction of impact strength
was 27.4%.
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a                b 

c                d 

Fig. 3. Carbonation depth: concrete C1 after 28 days a and after 100 cycles b; concrete C5 after
28 days c and after 100 cycles d.
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Fig. 4. Impact resistance of concrete after wet-dry test.

The adding of a complex organic andmineralmodifier into concrete led to an increas-
ing of strength to 89.3 and 99.4 MPa, respectively, for concrete with a Portland cement
consumption of 350 and 400 kg per m3. In this case, the impact resistance also increased
to 10.5 and 12.6 J/cm3, respectively. The creating of optimal microstructure of the modi-
fied concrete ensured a decreasing of the impact resistance of concrete C2 andC4 by 11.4
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and 12.9%, respectively, after 100 cycles. Dispersed reinforcement with polypropylene
fiber provided an effective increasing of resistance to impact loads with the combined
dry-wet effect. Thus, impact resistance of modified fiber-reinforced concrete decreases
by 2.2–3.4% and 3.1–5.4% after 50 and 100 dry-wet cycles.

4 Conclusions

It has been established that complex modification of the structure of the cement matrix
of concrete and dispersed reinforcement with fibers provide an increasing of the com-
pressive strength of concrete and resistance to dynamic impact (impact resistance is
75–80 J/cm3). Significant impact energy absorption of the modified matrix when using
dispersed fiber is determined by the reduction of defects in the surface layer, compaction
of the structure and creation of three-dimensional cross-linking of the structure.

The loss of compressive strength of developed concretes is 1.9–2.8% after dry-wet
cycles. Disperse reinforcementwith polypropylene fiber provided an effective increasing
of resistance to impact loads with the combined dry-wet effect. The impact strength of
modified dispersed reinforced concrete after 50 and 100 dry-wet cycles decreases by
2.2–3.4% and 3.1–5.4%, respectively.
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