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ABSTRACT

The paper presents practice of volcanogenic mineral supplements using for obtaining composite
bonding material. Volcanic rocks are formed as a result of an enormous number ejection of melted
rock debris and extremely small lava flour particles. Larger particles are dropped on a slope of
volcano, and the smallest ones are cooled by air and falls on earth as volcanic ash. On the phase
constitution it represents the mixture of partly amorphized glass, silicate and aluminum silicate. It
was demonstrated that the sizes of volcanic particles are very small and have vesicular structure so
the density is lower as for rock material. This property enables arising to the atmosphere and
spreading far through air. They do not dissolve in water forming suspension and mud when wet,
which turn into hard concrete after drying. Elementary composition of ash is related to magma
composition of which it is formed. Given the fact that the majority of elements found in magma
are silicone dioxide and oxygen, generally ash consists of silicon particles. The ash of basaltic
ejection contains 45-55% of silicone dioxide rich in iron and magnesium. With explosive rhyolitic
ejection volcanoes eject ash with high-silica content (more than 69%). After mechanical activation
the volcanic ash was used as an element of composite bonding material. The paper presents the
volcanic ash research and describes the test results of composite bonding material for obtaining
high-strength concrete. It was demonstrated that using of such materials will bring new class of
substances named superplastic bioconcrete, which can be used not only in the construction
industry but also in remastering and renovation of premises that are highly depressive nowadays.
There are represented ways how to optimize situation.
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Introduction

Full savings of cement in providing construction high-quality is one of the most
important problem of concrete producing (Hossain, 2006). To date concrete
technology has a wide range of techniques that under particular conditions provide
reducing of cement specific charge without compromising of concrete technical
properties. In recent years to that end, it was proposed to use in plasticized concrete
mixture active mineral fillers (Al-Zboon et al., 2016; Bebbington & Zitikis, 2016;
Blake et al., 2016; Bonadonna et al., 2016; Cai et al., 2016; Cai & Zhao, 2016). The
idea of charging of disperse mineral fillers to concrete formation is relevant to
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papers of L.I. Dvorkin et al. (1991), C-A. Yu. Murtazaev, M.Sh. Salamanova, W.V.
Vataev (2014) and others.

In concrete technology the mineral fillers traditionally regarded as elements
which were input for preventing cement overspend for low-grade concrete. Using of
superplasticizer supplements made possible to increase significantly the effect
achieved under the process of fillers loading (Chang et al., 2016; Columbu et al.,
2016; Costa et al., 2016; Kurt et al., 2016; Mota-Ldpez et al., 2016). Finely dispersed
active mineral fillers in plasticized concrete mixture with low water content affect
the condition of structure formation and synthesis of concrete properties. As a
result, new area in concrete technology is appeared, realizing significant reserves of
cement savings, hardening, and improving of other concrete properties (Dvorkin et
al., 1991; Bazhenov et al., 2006; Salamanova & Ismailova, 2014; Opoczky, 1993;
Murtazaev et al., 2015a; 2015b).

Materials and methods

As a result, experimental work aimed at research of active volcanogenic
mineral supplement are held at the technical research center of common use
“Modern construction materials and technologies” of Grozny National Oil Technical
University named after M.D. Millionshchikov.

Volcanic rocks in Russia are located in the region near the Chechen Republic —
Kabardino Balkaria, and they are unique raw material for the construction
industry. Silvan and pastoral ranges consist of tuff thick mass, pumice and ash. The
best known mine fields of volcanic rock are Zaiukov (tuff), Kamensk (tuff),
Kurkuzhynsk (tuff, ash), Lechinkaev (lining tuff), Nalchinksk (tuff, ash, pumice),
Kenzhensk (ash, volcanic tuff), Belorechensk (ash).

The rocks were formed as a result of volcanic eruption, an enormous number of
melted volcanic rock debris of different size and extremely small lava flour particles
are ejected from their craters besides extrusive lava. Larger particles are dropped on
a slope of volcano, and the smallest ones are cooled by air and falls on earth as
volcanic ash (Tusa & Langer, 2016; Wang et al., 2016; Zakharikhina et al., 2016). If
volcanic ash retains earthy loose structure in these conditions then it is often named
as ash (puzzolana); if it turns into pore lithoidal rock as a result of secondary process
- volcanic tuff (Kolbasov et al., 1987).

By elementary composition the volcanogenic supplements largely consist of
silicon earth and aluminum earth (70-90%), there are CaO and MgO in small
amounts (2-4%), alkali Na20 and K20 (3-8%), and hydrate water that removed on
ignition (5-10%). On the phase constitution it represents the mixture of partly
amorphized glass (50-80%), silicate and aluminum silicate, as well as solid state
hydrates. Generally they contain different additional materials (Kolbasov et al.,
1987).

Volcanic ashes are found in the form of flour particles mixture (less than 0, 15
MM) in amounts of 60-65% and more, as well as pumiceous particles of sand and
break stone (0, 15-70 mm) of medium hardness. The density of volcanic rock ranges
2, 3-2, 6 h/cm3. Specific weight of tuffs (in pieces) is averagely 1200-1500, trass —
1800-2000, and pumice about 500 kg/m3 (Murtazaev et al., 2014).

Results and discussion

In the Kabardino-Balkar Republic the volcanic ash is used as small fillers for
expanded-clay concrete, for solid and porous structural insulating concrete of ash
B3, 5-B7, 5 with average density 1200-1550 kg/m3 and for plaster mortar. This
publication illustrates the result of experimental work aimed at research of volcanic
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ash for development of composite bonding material and obtaining effective high-
strength concrete on their basis. Volcanic ash, used as micro filling materials taken
together with effective superplasticizer, serves as structure-forming supplement for
obtaining high-strength concrete.

As part of the study in order to solve the issue the qualitative materials were
used as source materials. Portland cement with constant elementary and mineral
composition CEM I 42H of Chiri-Jurtovsk cement factory was used at the heart of
bonding material. General properties and chemical analysis in the tables 1 and 2
below.

Table 1. General properties Chiri-Jurtovsk cement

Standard Density, Setting time, Activity,
consistency %  kg/m3 hour - minute MPa, 28 days

Manufacturing Specific

factory and surface area Start Finish Pressure Bend
brand m2/kg
Chiri-Jurtovsk
CEM | 42H 330 25 3100 2-15 3-40 52,6 6,2

The local filler was used as large and small aggregate: break stone of Argunsk
fracture mine field 10-20 mm and sand of Chervlensk mine field MK=1,8. Sampling
for the researches was carried out as per GOST30515, GOST 8269 and GOST 8735.

Table 2. Elementary composition of portland cement, %

Name SiO; ALOs Fe,0s MgO Ca0 SO3 TiO; K0 Na,0

Chiri-Jurtovsk 17,45 3.88 3,72 1,12 71,56 0,76 0,33 1,07 0,11

As mentioned previously, the volcanic ash of the Kabardino-Balkar Republic
(figure 1) which was exposed to mechanical activation in the roller sampler
pulverizer during 30 minutes and has specific surface area 850 kg/m? was used as
micro filling material. Aimed milling time was set after experimental researches.

Examining of the volcanic ash particles with scanning electron microscope
(figure 2) illustrates that there is roughness with different shapes and sizes on the
flake surface, and independent layers have closed porosity, therefore, the surface of
ash particles is an inoculating of genesis and crystal neogenesis growth. The
volcanic ash consists of the particles of amorphized silicon earth SiOz+2H20 which
readily reacts with calcium hydroxide released during hydration of cement in so
doing increasing of number of hydrated silicate type CSH (Maki et al., 1993; Kakali
& Tsivilis, 1993).

Chemical analysis of the volcanic ash particles in Table 3 below.

Table 3. Elementary composition of the volcanic ash, %

Percentages
MgO ALl,O3 Si0 K20 Ca0 Fe20;3 Na,0 CuO of other
impurities

0,20 13,57 73,67 6,00 1,79 1,52 2,85 0,40
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Figure 2. Micrographics of the volcanic ash particles of the Kabardino-Balkar
Republic

Super-effective plasticizer SikaSikaViscoCrete 5-600 SK was used to obtain
concrete with stress-related properties. This additive with polycarboxylate esters
base has supreme plasticizing and hydro-reducing effects. Experimental
composition and general properties of the high strength concrete with using of micro
filling material from volcanic ash and superplasticizer SikaViscoCrete 5-600 SK in
the table 4 below.

Table 4. Composition and properties of the high strength concrete

. [T -

% Charge, kg/1m’ %ng % U o~ Compressive
35 S 2 a © é‘g strengths mature,
55 %é’s\ ;B\ §§;,, days MPa
£ C VA s Bs. W §3 & o=

© <5 7 78
0,45 450 - 560 1120 202 - 3,7 2330 23,1 32,4
0,35 430 80 540 1120 150 1,3 3,5 2320 40,6 65,2
0,33 430 100 520 1120 142 1,5 2,8 2312 39,1 65,9
0,35 430 120 540 1120 150 1,4 2,1 2360 46,9 66,7

Notes: C - cement, VA - volcanic ash, S - sand, B.s. - break-stone, W-water
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Conclusion

According to the results of undertaken study the effective influence of finely
disperse volcanic ash along with superplasticizer SikaViscoCrete 5-600 SK on
structure formation of concrete. In these conditions concrete stress-related
properties are significantly improved as well as cement specific charge is reduced.

The explored compositions of concrete mixtures with using of micro filling
materials and modern chemical additives provide producing of durable concrete for
high demands of strengths, waterproofing, cold-resisting and crack resistance.

Disclosure statement

No potential conflict of interest was reported by the authors.

Notes on contributors

Said-Alvi Murtazaev, PhD, head of the department of Construction production
technology on the faculty of Civil engineering at the Grozny State Oil Technical
University named after acad. M.D. Millionshchikov, Grozny, Chechen Republic.

Sharputdi Zaurbekov, PhD, head of the department of Ecology and nature
management on the Geological and industrial faculty at the Grozny State Oil Technical
University named after acad. M.D. Millionshchikov, Grozny, Chechen Republic.

Madina Salamanova, PhD, assistant professor of the department of Construction
production technology on the faculty of Civil engineering at the Grozny State Oil
Technical University named after acad. M.D. Millionshchikov, Grozny, Chechen
Republic.

Vakha Khadisov, PhD, assistant professor of the department of Construction
production technology on the faculty of Civil engineering at the Grozny State Oil
Technical University named after acad. M.D. Millionshchikov, Grozny, Chechen
Republic.

References

Al-Zboon, K. K., Al-smadi, B. M., Al-Khawaldh, S. (2016). Natural Volcanic Tuff-Based Geopolymer
for Zn Removal: Adsorption Isotherm, Kinetic, and Thermodynamic Study. Water, Air, & Soil
Pollution, 227(7), 248. doi:10.1007/s11270-016-2937-5

Bazhenov, Ju. M., Demianova, V. S., Kalashnikov, V. 1. (2006). Modified high-quality castables.
Moskow: ACB.

Bebbington, M., Zitikis, R. (2016). Dynamic Uncertainty in Cost-Benefit Analysis of Evacuation Prior
to a Volcanic Eruption. Mathematical Geosciences, 48(2), 123-148. do0i:10.1007/s11004-015-
9615-9

Blake, D. M., Wilson, T. M., Gomez, C. (2016). Road marking coverage by volcanic ash: an
experimental approach. Environmental Earth Sciences, 75(20), 1348-1360.

Bonadonna, C., Cioni, R., Costa, A., Druitt, T., Phillips, J., Pioli, L., Wallenstein, N. (2016).
MeMoVole report on classification and dynamics of volcanic explosive eruptions. Bulletin of
Volcanology, 78(11), 84-90.

Cai, G., Noguchi, T., Degée, H., Zhao, J., Kitagaki, R. (2016). Volcano-related materials in concretes:
a comprehensive review. Environmental Science and Pollution Research, 23(8), 7220-7243.
doi:10.1007/s11356-016-6161-z.

Cai, G., Zhao, J. (2016). Application of sulphoaluminate cement to repair deteriorated concrete
members in chloride ion rich environment-A basic experimental investigation of durability
properties. KSCE Journal of Civil Engineering, 20(7), 2832-2841. d0i:10.1007/s12205-016-0130-
4.

Chang, E., Park, Y., Moon, S., Park, K. (2016). 4-Dimensional portrayal for volcanic ash diffusion
utilizing voxel standardization in case of volcanic ash diffusion models. Spatial Information
Research, 24(5), 589-598. doi:10.1007/s41324-016-0055-5



12686 SAID-ALVI MURTAZAEV ET AL, ()()

Columbu, S., Sitzia, F., Ennas, G. (2016). The ancient pozzolanic mortars and concretes of
Heliocaminus baths in Hadrian’s Villa (Tivoli, Italy). Archaeological and Anthropological
Sciences, 9, 1-31.

Costa, F. L., Torres, A. S., Neves, R. A. (2016). Analysis of concrete structures deteriorated by alkali-
aggregate reaction: case study. Journal of Building Pathology and Rehabilitation, 1(1), 13- 22.

Dvorkin, L.I., Solomatov, V.N., Vyrovoy, B.N., Chudnovskiy, S.N. (1991). Cement concrete with
mineral admixtures. Kiev: The builder.

Hossain, K.M.A. (2006). High strength blended cement concrete incorporating volcanic ash:
performance at high temperatures. Cem Concr Compos, 28(6), 535-545.

Kakali, G., Tsivilis, S. (1993). The effect of inter grinding and separate grinding of cement raw mix
on the burning process. II Cement A. Concrete Research, 23(3), 651-662.

Kolbasov, V.M., Leonov, LI, Sulimenko, .M. (1987). The technology of binding materials. Moskow:
Stroyizdat.

Kurt, M., Kotan, T., Gul, M. S., Gul, R., Aydin, A. C. (2016). The effect of blast furnace slag on the
self-compactability of pumice aggregate lightweight concrete. Sadhana, 41(2), 253-264.
do1:10.1007/s12046-016-0462-2

Maki, I, Ito, S. Tanioka, T. et al. (1993). Clincer grind ability and textures of alite and belitel. II
Cement A. Concrete Research, 23(5), 1078-1084.

Mota-Lépez, M. 1., Fort, R., Alvarez de Buergo, M., Pizzo, A., Maderuelo-Sanz, R., Meneses-
Rodriguez, J. M., Ergeng, D. (2016). Characterization of concrete from Roman buildings for
public spectacles in Emerita Augusta (Mérida, Spain). Archaeological and Anthropological
Sciences, 4: 1-16.

Murtazaev, S.-A.Y., Lesovik, V.S., Bataiev, D.K.-S., Chernysheva, N.V., Saidumov, M.S. (2015a).

Fine-grainedcellular concrete creep analysis technique with consideration forcarbonation.
Modern Applied Science, 9(4): 233-245.

Murtazaev, S.-A.Y., Mintsaev, M.S., Saydumov, M.S., Aliev, S.A. (2015b). Strength and strain
properties of concrete, comprising filler, produced by screening of waste crushed concrete.
Modern Applied Science, 9(4), 32-44.

Murtazaev, C-A. Yu., Salamanova, M.Sh., Vataev, W.V. (2014). Cement industry of the Chechen
Republic. Bulletin of the Academy of Sciences of the Chechen Republic, 1(22), 109-114.

Opoczky, L. (1993). Problems relating to grinding technology and quality when grinding composite
cements. IT Zement-Kalk-Gips, 46(3): 136-140.

Salamanova, M.Sh., Ismailova, Z.H. (2014). Formation of structure and effective properties of
modified concrete. International external research-to-practice conference “Current issue of
research paper and educational activities”. Tambov.

Tusa, G., Langer, H. (2016). Prediction of ground motion parameters for the volcanic area of Mount
Etna. Journal of Seismology, 20(1), 1-42. doi:10.1007/s10950-015-9508-x

Wang, W., Wang, M., Lu, S., Chen, S., Zheng, M., Wu, X. (2016). Basin modelling of gas migration
and accumulation in volcanic reservoirs in the Xujiaweizi Fault-depression, Songliao Basin.
Arabian Journal of Geosciences, 9(2), 166-173.

Zakharikhina, L. V., Litvinenko, Y. S., Ryakhovskaya, N. 1., Gainatulina, V. V., Arguneeva, N. Y.,
Makarova, M. A. (2016). The geochemical transformation of natural soils and enhancement of

agricenosis productivity due to volcanic ejecta entering the soil. Journal of Volcanology and
Seismology, 10(3), 203-217. doi:10.1134/s0742046316030064



