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Memoowr. JInisi NOCTHKEHHS MTOCTABICHHOM 1e7M ObLIO UCIBITAHO M PACCUUTAHO
JEBATH [MJIMHAPHIECKUX OSTOHHBIX KOJOHH M3 Kepam3ura. B GeToHHYyIO cMech
noGasmsuiock 1,6 % IUCTIEprHpOBAaHHOTO PYOIEHOro 0a3aIbTOBOTO BOJIOKHA, KOTO-
poe CIyXuJIo Uit apMupoBanust 6etoHa. KpoMe Toro, B 9KCIIEPUMEHTAX UCTIOIb-
30Bajiach ceTka u3 0a3aIbTOBOrO BOJNOKHA. Pezymvmamut. LmmHApdecKkas KOJIOHHA
u3 Kepam3ura 0e3 0a3aJbTOBOrO BOJIOKHA JieprKalia Harpy3ky ao 19,6 T B Tede-

HHE 58 MUH, KOJIOHHA € JUCIICPIrUpOBaHHBIM py6HeHBIM 0a3aJIbTOBBIM BOJIOK-

Jast uuTHpoBaHUsI HOM — 710 26,67 T B TeueHue 61 MUH, a KOJOHHA C JTUCIIEPTUPOBAHHBIM py0OIte-
Chiadighikaobi P.C. Improving the compres- HbIM 0a3aJIbTOBBIM BOJIOKHOM, YCHJICHHAass 000JI0YKOW M3 0a3albTOBOH CETKH,
sive strength of lightweight cylindrical con- paspyumuiachk npu 29 T uepes 64 muH. TakuM 00pa3oM, ONBITHI IOKA3alU, YTO
crete column with basalt fiber reinforced poly- JIETKHE NUIMHAPHYECKHE KePaM3UTOOCTOHHBIC KOJIOHHBI, YCHIICHHBIC CETKOH U3
mer acting under imposed load // Ctpouterns- 0a3aJIbTOBOIO BOJIOKHA, BBIJICPKHUBAIOT 00JIee BBICOKHE HArpy3KH MO CPABHEHHIO
Hasl MEXaHUKA WHKEHEPHBIX KOHCTPYKIIHHN U C KOJIOHHAMH TOJIBKO C TUCTICPTUPOBAHHBIM 0a3aIbTOBBIM BOJIOKHOM U C KOJIOH-
coopyxkermit. 2020. T. 16. Ne 5. C. 424-434. HaMH 0e3 BOJIOKHA.

Illgps/ /ggleézrg/ 10.22363/1815-5235-2020- KirioueBbie CJ10Ba: [UIMHIPUYECKUE KOJIOHHBI, KEPAM3UTOOETOH, YCUIIEHUE

0a3aIbTOBO CETKOI1, MPOYHOCTH, OETOHHBIC KOJOHHBI

1. Introduction

Concrete is the widely used construction material throughout the world; however, it completely losses
the load-carrying capacity once cracks/failures are initiated. To overcome these issues, the inclusion of short dis-
persed fibers in concrete has been practiced and studied by various researchers.

The randomly oriented short fibers control the propagation of microcrack and improve the overall crack
resistance of the concrete. Also, the fiber-reinforced concrete (FRC) behaves like a composite material and this
behavior is significantly different from the conventional concrete.

Lightweight concrete (LWC) is generally defined as concrete made of ordinary Portland cement (OPC),
water, river sand (or lightweight sand), and lightweight coarse aggregates, and its density is typically below to
1950 kg/m® [1]. Consider the growing demand, including high-rise buildings, large-span concrete structures, and
floating structures, lightweight concrete that is made by diverse types of aggregate has been widely studied and
successfully developed and applied over the past two decades [2—6].

LWC offers several advantages, such as saving dead loads for foundations, high strength/weight ratio, and
service as ideal filled materials for sandwich structures. Thus, lightweight concrete has many potential applica-
tions in the construction industry. Nevertheless, some drawbacks in lightweight concrete’s natural mechanical
properties have limited applications, especially as load-bearing structural members [3]. At the same mixing ratio
and compressive strength, the brittleness of LWC is much higher than normal concrete (NC). Plus, the defor-
mation capacity of lightweight concrete is also poor when compared with NC [7].
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Figure 1. Mechanism of weak column strong beam Figure 2. Mechanism of formation of
in a building frame [8] plastic hinge in beams [8]

In many recent earthquakes, it has been observed that buildings with relatively weak columns collapsed in
a pancake fashion. This is due to the presence of soft stories and due to the presence of strong beams but com-
paratively weaker columns (Figure 1). In multistory reinforced concrete buildings, it is desirable to form plastic
hinges in beams rather than in columns to dissipate earthquake induced energy by yielding of the beams rather
than the columns (Figure 2). The columns are responsible for the overall strength and stability of the structure,
during severe seismic jolt. Furthermore, columns are compression members and axial compression reduces
the ductility of reinforced concrete columns, thus necessitating more stiff confining reinforcement. Therefore,
it is preferable to control inelasticity in columns, to the extent possible, while dissipating most of the energy
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through yielding of the beams as a measure against the total collapse of the structure [9; 10]. To achieve this
“weak beam strong column” objective, the columns of a building can be made stiffer against deformation by
wrapping them with fiber-reinforced polymers (FRP). Research work was done to conduct experimental studies
of reinforced concrete retaining walls, including considering their reinforcement by inclined reinforcing bars [11].
The results obtained from the research showed the opening of horizontal interblock joints, the formation of inclined
cracks emerging from the joints. An increase in the strength of reinforced concrete structures of retaining walls
and a decrease in their deformability due to reinforcement by inclined rods in the interblock weld were recorded.

Confinement has been known to add both strength and ductility in the axial direction for concrete column
and this idea originally developed back in the 1920s [12]. Numerous conventional techniques, e.g. ferrocement,
concreting overlay, grout injection, external reinforcement, post-tensioning, near-surface retrofitting, etc.,
are available and getting popular for retrofitting of the concrete column. In recent years, the use of fiber-
reinforced polymers as an external strengthening has gained considerable popularity over conventional streng-
thening and repair of concrete structures. The FRP composites have been used successfully for rehabilitation and
strengthening of existing reinforced concrete elements to meet the higher standard of seismic loading. One po-
pular technique of FRP strengthening is the wrapping of reinforced concrete columns to increase their axial
strength, shear strength, and seismic resistance.

Fiber-reinforced polymer composites have become a favorite material of professionals in both engineering
and construction due to its advantages. Major ones include lightweight, high strength, and construction conve-
nience [13—-19]. FRP composites provide excellent corrosion resistance, which keeps costs down and increases
the service life of structural materials [20-29]. The circumferential confinement of FRPs restrains the transverse
expansion of concrete; thus, the strength and ductility of FRP-confined concrete are notably enhanced when the con-
crete is subjected to a triaxial compressive load [30-33]. Therefore, it can be inferred that the problem of high
brittleness and the poor ductility of lightweight aggregate concrete can be effectively solved by using FRP con-
finement. Thus, FRP application can make it an effective method to reduce self-weight in structural design.
The advantage of the composite structure is that it can fully use the characteristics of the multi-materials [34-36].

Concrete elements are known for their brittleness therefore the need to strengthen the elements. The column
is a very important load-bearing element in structures. Though a lot of researches have been done on the strength
improvement of conventional concrete columns, very few researches have been done on the strength of light-
weight expanded concrete with or without basalt fiber (BF). Based on the above, this research work has the task
to suggest or solve the problem associated with the brittleness of lightweight concrete structural elements.

2. Materials and methods

This experimental study of concrete is carried out by using the state standard GOST 10180-2012 [37].
The materials for the lightweight concrete mix and the production of the concrete for this study are listed below
for better illustration.

1. Lightweight expanded clay aggregate of 5-8 mm fraction as coarse aggregate. The lightweight expanded
clay was washed to remove the dust in the aggregate. After washing the aggregate, it was spread on the metal
surface for 48 hours to dry up. Expanded clay aggregate is a lightweight aggregate from clay. The clay is dried,
heated, and burned in rotary kilns at 1100—1300 °C inhabiting essential properties like lightweight, insulating, strong,
non-combustible, and fire-resistant, extremely stable and durable, natural material for sustainable construction,
versatility, and high drainage capacity [38—42].

2. Quartz sand of 0.6—1.2 mm fraction as fine aggregate. A feature of the proposed quartz is the presence
of coarse-grained sand, with a large modulus of fineness up to M3,5. Quartz sand has a rounded part with a low
content of clay inclusions and inclusions of soft rocks. The resulting quartz sand undergoes additional enrichment
and drying. The moisture content is up to 0.2% [43].

3. Mineral filler Silverbond quartz flour of 50 pm. Quartz flour is produced by grinding chemically pure,
natural quartz sand to a finely divided state. The technology used guarantees the stability of the chemical composition
during grinding and allows to get a constant particle size distribution of quartz flour. The crushed quartz flour is
represented by rounded particles with uneven, broken edges. Quartz differs from other mineral fillers in hardness,
abrasion and chemical resistance, anti-corrosion, and low coefficient of thermal expansion. Quartz is a chemically
stable mineral, it is soluble only in hydrofluoric acid. With a low oil absorption and a small surface area of
the particles, the use of quartz flour will enable to get a system with a high degree of filling.

4. Binder Holcim Portland cement M500 D20 CEM 1II 42.5 N. The characteristics of Holcim Portland cement
M500 D20 CEM 1I 42.5 N: M — brand, 500 is a figure showing the average compressive strength for 28 days in kg/cm?,
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D — additives, 20 — allowable number of additives in % (up to 20%), CEM II — cement containing additives, and
the content of additives is 6-20%, I-type additives, limestone, 42.5-class compressive strength for 28 days, must
be at least this value, and B-quick hardening.

5. Organic mineral-based additives: silica fume, and fly ash.

6. Super plasticizing and water-reducing additive Sika Plast concrete.

7. Tap water at room temperature. Generally, water that is suitable for drinking is satisfactory for use in concrete.

For concrete reinforcement, the following materials are needed.

8. Chopped basalt fiber. The length of the chopped basalt fiber used is 20 mm and the diameter 15 pm.

9. Basalt mesh. Technical characteristics of the construction grid Ecostroy (basalt mesh):

o tensile strength: longitudinal direction — 50 kn/m, transverse — 50 kn/m;

o the relative elongation (longitudinal, transverse direction) is about 4%;

e the surface density is 200 g/m%;

o characteristics of the roll: width — 36 cm, length — 50 m;

o cell parameters: 25%25 mm.

The tests will be done on nine expanded clay concrete (ECC) cylindrical columns of four sets of lightweight
concrete mixtures. The dimensions of the concrete cylindrical columns are height 300 mm x diameter 150 mm.
The percentage of BF used as dispersed chopped BF in the ECC is stated in Table in the result section. The three
sets of cylindrical concrete mix are:

1) three cylindrical concrete columns without both dispersed chopped basalt fiber and confinement basalt mesh;

2) three cylindrical concrete columns with dispersed chopped basalt fiber without confinement basalt mesh;

3) three cylindrical concrete columns with dispersed chopped basalt fiber and confined with basalt mesh.

Figure 3. Process of ECC cylindrical column:
a — euro cylinder with basalt mesh for confinement inside; » — ECC in mold; ¢ — ECC cylindrical columns

Figure 4. The compressive test is done Figure 5. Strain gauge sensor location on ECC cylindrical column
on hydraulic press PG-100
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The columns will be molded in a Euro cylinder of dimensions @150 mm x height 300 mm. The concrete
columns are molded in Euro cylinder forms according to Eurocode 1 and 2 [44; 45] as shown in Figure 3. After
pouring the ECC in cylindrical columns molds, the molds were covered with polytelin and kept at room tem-
perature (20 £ 5) °C and relative air humidity (95 + 5)%. On the 76™ hour, the ECC columns were removed from
the molds and kept in the curing bath till the 28" day then the columns were tested for deformation on a com-
pressive test on a hydraulic press PG-100 (Figure 4).

After the test, a comprehensive strength comparison of the three sets of concrete will be done. From the
analysis, the stress deformation and time will be analyzed from the average results of three columns from each of
the three sets for comparison. Three strain gauge sensors are clued on the body of the ECC cylindrical column
and numbered 1, 2, 3 as shown in Figure 5. Sensors 1 and 2 are for measuring the stress-strain deformation on
the vertical zone of the column while sensor 3 is for measuring the horizontal deformation of the column.

3. Results

The 1.6% dispersed chopped basalt fiber used in this research experiment was derived from the compres-
sive test results in Table where ECC cube with 1.6% BF showed better compressive strength.

Table
Results of the laboratory tests of ECC specimens of 100100100 mm on the compressive strength

Compressive strength, MPa

Curing period, days

0% BF 0.45% BF 0.9% BF 1.2% BF 1.6% BF
7 14.145 15.861 18.248 20.189 23.573
14 19.738 21.596 24.969 27.771 31.326
28 22.524 25.123 28.497 31.926 36.235

Figures 6, 9, 10, and 11 show the views of the ECC cylindrical columns after they have undergone
imposed loads. From the experiments, the ECC cylindrical column could hold imposed loads of up to 19.6 tons.
The deformations were measured at a pace of 5 tonnes. The compressive test started at time 18:05 and noticeable
deformation started at 18:53 and complete test destruction ended at 19:03. Therefore, it took 58 minutes to achieve
the compressive test result at deformation. Figure 9 shows the comparison of the maximum compressive load
strength of the columns. Figure 11, it is seen the effect of the load on the strain gage. In Figure 11, the strain
gage 1 (in green line graph) sustained from 18:02 — 18:55, strain gage 2 (in red) sustained from 18:02 — 19:02
while strain gage 3 (in blue) sustained from 18:03 — 18:56.

Figures 7, 9, 10, and 12 show the views of the ECC + BF cylindrical columns after undergoing imposed
loads. The ECC + BF cylindrical columns could hold imposed loads of up to 26.67 tons. The deformations were
measured at a pace of 5 tonnes. The compressive test started at time 16:56 and complete test destruction at 17:57.
It took 1 hour and 01 minute for the complete deformation. Figure 12 shows that strain gage 1 (in green line graph)
sustained from 16:56 — 17:57, strain gage 2 (in blue) sustained from 16:59 — 17:57 while strain gage 3 (in red)
sustained from 16:59 — 17:57.

b c

Figure 6. ECC cylindrical column after imposed loading shows deformation:
a — at tensile gage 3; b — at tensile gage 1; ¢ — at tensile gage 2
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Figure 7. ECC + BF cylindrical column after imposed loading shows deformation:
a — at tensile gage 1; b — at tensile gage 2; ¢ — at tensile gage 3

C

Figure 8. ECC + BF + basalt mesh cylindrical column after imposed loading shows deformation:
a — at tensile gage 1; b — at tensile gage 2; ¢ — at tensile gage 3

5 |

ECC cylindrical column ECC + BF cylindrical ECC + BF + Basalt mesh
column cylindrical column
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Figure 9. Compressive load diagram of ECC cylindrical columns
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Figure 10. Compressive load time diagram of ECC cylindrical columns
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Figure 11. The time-deformation of ECC cylindrical column
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Figure 12. The time-deformation of ECC with BF cylindrical column
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Figure 13. The time-deformation of ECC with both BF and basalt mesh confined cylindrical column
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Figures 8, 9, 10, and 13 show the results of ECC + BF + Basalt mesh confined cylindrical columns after
imposed loads. The ECC + BF + basalt mesh sustained a load of 29 tons. The compressive test started at time
16:56 and noticeable deformation started at 17:50 and complete test destruction ate 18:00. It took 64 minutes for
the complete deformation. Figure 13 shows that strain gage 1 (in green line graph) sustained from 16:59 — 17:59,
strain gage 2 (in blue) sustained from 16:59 — 17:59 while strain gage 3 (in red) sustained from 17:00 — 18:00.

4. Conclusion

From the experimental results, the following conclusions are made.

1. The addition of basalt fiber in ECC affected the strength of the concrete and the destruction time.

2. The BF increased the compressive load of the column by 36% compared to the regular column.

3. The ECC column with both BF and basalt mesh improved the compressive strength by 48% compared
to the regular column.

4. A 9% increase in strength was calculated when comparing the ECC column with BF and basalt mesh to
the column with the only BF.
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