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Anomauin

Tlompeba 6yodisenvHol iHOycmpii y cmeopeHHi ma 3acmocy8anti OYOiGeIbHUX MAMepPIanie 3 GUCOKUMU DI3UKO-
MEXAHIYHUMU NOKAZHUKAMU MOdce Oymu 3a00804eHA 34 PAXYHOK GUKOPUCHAHHS OeesUX 8i0X00i8 NpoMUcIo80CH.
Mooicnugicms  3acmocy8anHs OOMEHHUX WLIAKIE 8 SIKOCMI 3aN06HI08awie OJii OMPUMAHHS JHCAPOCMIUKUX OemoHis
ocHosana Ha momy, wo npu Haepieanni 0o memnepamypu 800°C winaxu marwome Oilbll GUCOKY MIYHICMb, HINC
nopmianoyemenm i mpaouyiiHi HanosH8aul. Y mou e uac winaxkosi sanosHiosaui 6 1,2-2 paszu Oeweswi 3a
npupooui i nompeOyromv 3HAUHO MeHWUX (Qinancosux eumpam. 3acmocy8aHHs WIIAKOBUX 3AN0GHIOBAUIE OJisl
00€ePIICAHHSL  JHCAPOCMIUKUX — OemOHi6  003601UMb  GU2OMOGISAMU  JHCAPOCMINUKI  KOHCMPYKYIL 3 8UCOKUMU
excniyamayitnumu  xapakmepucmuxamu. Kpim moeo, euxopucmanus 6i0X00i6 MemanypiiiHozo eupoobHuymea
OOMEHHUX WIIAKIE NOKPAUYE eKONO2TUHY 0OCMANHOBKY, MAKONC € AKMYANbHUM DIUUEHHAM PeYUKIUH2d .

Knrouoei cnosa: oomenni winaxu;, scapocmitikuii Oemon; 3an06HI08aui.

Abstract

The need of the construction industry in the development and application of building materials with high
physical and mechanical characteristics can be metthrough the use of cheap waste from the metallurgical industry —
blast furnace ground and granulated slags. The possibility of using blast furnace slag as aggre- gates for the
production of heat-resistant concrete is based on the fact that when heated to a temperature of 800° C, the slags has a
higher strength than Portland cement and traditional fillers. At the same time, slag aggregates are 1.2—-2 times cheaper
than natural ones and require significantly lower financial costs. The use of slag aggregates for the production of heat-
resistant concretes will make it possible to produce heat-resistant structures with high operational characteristics. The
use of metallurgical waste in the form of blast furnace slag improves the environmental situation.
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Introduction

One of the main wastes of the metallurgical industry is blast furnace slag, which occupies hundreds
of hectares of land in dumps, polluting the environment. Utilization of waste from the metallurgical industry
is a pressing economic and environmental problem worldwide. Slags are characterized by a relatively
constant chemical composition [1-2]. In our country, only about 20% of blast furnace slag is used in the
building materials industry, while in highly developed countries up to 90% [3]. The use of blast furnace slag
in the production of various types of building materials is an urgent task, since it makes it possible to obtain
materials with a number of specific properties, significantly reducing the material and energy intensity of
production [4].

Research results

Heat-resistant concretes are used for the manufacture of load-bearing building structures operating in
conditions of elevated and high technological (operational) temperatures. The use of heat-resistant concretes
allows to significantly reduce the terms of construction and repair of thermal units, to reduce the cost and
labor intensity of work [5]. The main components of blast furnace slag are quartz, aluminum, calcium and
magnesium oxides, which can account for 85-90% of the total composition of the slag. The remaining 15-
10% may include manganese, iron and sulfur compounds, impurities of other elements. However, it should
be noted that the main oxides that make up the slag are not found in free form [6-7]. In blast furnace slag
cooled by air, the oxides combine into various silicates and aluminosilicate minerals, such as melilite,
merwinite, wollastonite, etc. [8-9]. In crushed and ground slags, these elements are present in the form of
glass.

Having a similar chemical and mineralogical nature to Portland cement, blast furnace slags, reacting
with calcium hydroxide, provide good adhesion of cement stone to the aggregate, high strength and increased
durability of concrete [10-11].

The chemical composition of slags varies within certain limits, depending on the raw materials
loaded into the blast furnace [12-14]. Therefore, the use of blast furnace granulated and crushed blast furnace



slags as aggregates for heat-resistant concretes of a given quality requires special research on the selection of
concrete compositions and testing of special properties.

When heating reinforced concrete structures, destructive processes occur not only in cement stone,
but also in aggregates. Conventional silicate and carbonate aggregates are used for the manufacture of heavy
concretes operating at temperatures not higher than 200°C. Aggregates for heat-resistant concretes with an
application temperature of over 200°C should not collapse under prolonged exposure to high temperatures
and should not be a source of internal stresses in the structure of structures.

To develop the compositions of heat-resistant concretes BR P B25 F300 W6, the following raw
materials were used:

— binder — Portland cement;

— fine aggregate — chamotte powder fraction 1-3 mm;

— large aggregate — crushed stone fractionated from crushed blast furnace slag fraction 10-20 mm
with the following characteristics: bulk density — 1160 kg/m?®; strength — 1000 g/m?®; frost resistance — F200;
CaO content — 35.5%; SiO, content — 33.3%; Al.O3 content - 7.9%; MgO content — 10%; content of foreign
impurities — 1.4%; superplasticizer — Sika Visco Grete 5600SP.

Determination of compressive strength of experimental cube specimens was carried out at the design
and intermediate ages after hardening and drying regimes. Table 1 shows the strength of concrete BR P B25
I3 at the intermediate and design ages.

Concrete strength at intermediate and design ages

Table 1
After hardening under normal After hardening under normal conditions
Age of concrete conditions and drying at a temperature (1055)°C
Compressive strength, Concrete Compressive strength, Concrete
MPa class MPa class
2 days 13,67 — — —
7 days 23,99 — — —
28 days 39 B30 45,8 B35
Table 2 shows the results of studies of thermal shrinkage of concrete BR P B25 13
Results of studies on thermal shrinkage of concrete
Table 2
) ) Sample labeling
Dimensions, cm 13-1 13-2 13-3
Before After Before After drying Before After
drying drying drying drying drying
a 10 10 10 10,98 10,05 7,02
b 10,11 10,05 10,10 10,07 10,1 7,05
h 10,1 10,04 10,15 10,1 10,2 7,16
Sum of 30,21 31,09 31,25 31,15 31,35 21,23
measurements
Shrinkage (&), % 0,6 0,5 0,6
Average shrinkage 0,57%

The conducted studies have shown that ground crushed slag can be used to obtain heat-resistant
concretes with specified performance characteristics. Blast furnace slags, introduced into the composition of
heat-resistant concrete as a filler, allow to provide the necessary strength characteristics of concretes. Such
concretes can be used for typical products for various purposes, for example, for elements of industrial and
domestic heating and cooling systems.

Conclusion
As a result of the conducted research, heat-resistant concrete with the following characteristics was
obtained:




— compressive strength — class B35;

— concrete class at maximum permissible temperature — 13;
— residual strength after heating to 300°C — 0.6%;

— coefficient of thermal shrinkage of concrete — 0.57%;

— frost resistance — F1100;

— water resistance — W10.
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