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B po6omi susnaueno 3axonomiprocmi 6nauey Kiavkocmi 6io-
x00i6 30azavenns 3ani3HUX pPYO NPuU PAuioHANLHOMY 3EPHOGO-
MY CKAA0i KOMROHeHmMi6 Ha MiUHICMb 0emonié 3 MIHIMANLHOIO
eumpamoro uemenmy. bemonu, axi maiomv many miynicmo,
3acmocosyomvCs 6 HeapMOBaHUX KOHCMPYKUIAX, MOMY HA HUX
He NOWUPEMbCA 6UM02a 00 MIHIMANLHOI eumpamu uemexmy
0as 3a0e3nevenns 3axucmy apmamypu 6io xoposii. Cymmese
3MeHWeHH sumpamu yemenmy 6 0emoHax HU3bKoi miynocmi
npu 3ade3nevenni neodXionoi it eeaununu moxicna 30iticnumu 3a
PAXYHOK PAUioHANbHOZ0 3ePHOB020 CKNAOY KOMNOHEHMIE Oemon-
HOT cyMmiuti, W0 XapaKmepus3yemoCs Cni6eiOHOUEHHAM KPYNHUX,
cepeonix ma OpioHux xomnomnenmis, axe oopisnioe 52:23:25. Y
maxux cknadax demony meobxiona Kiavkicmo OpiéHozepHUCMOi
CK1a0060i 3ab6e3neuyemovcsa 66€0eHHAM OPIOHOIEPHUCMUX KOM-
NOHeHMi8, HANPUKAAD, 6MOPUHHUX NPOOYKMIE NPOMUCI080CMI,
30Kpema, 6i0x00i6 30azauenns 3ani3HUX PYO.

B pesyavmami nposedenux 00caidxiceHb 6CMAHOBNEHO, WO
npu 3a0e3neueHHi PayioHANIbHOZ0 3€PHO6020 CKIAAOY KOMNO-
Henmie Gemonnoi cymiwi zabesnewyemvcs Heob6Xiona HusvKa
MiyHicmo Gemony npu 3HAUHO MeHWil eumpami yemenmy, HiHc
0a1s1 0emonis, CKAA0 AKUX BUHAUAEMCA 3 THUUMU MemOoOU-
xamu. Becmanoeneno, wo 6 axocmi opionoszepnucmoi dooasxu
00UiIbHO BUKOPUCTMOBYEAMU 6i0X00U 30az2auents 3ai3HUX PYO,
66€0eHHA AKUX 68 PAUIOHANbHIU Kidvkocmi 3ade3neuye 3HayHe
niosumennsa epexmusHocmi 6UKOpUCMAHHS UeMeHmy 6 Gemo-
Hax HU3bK0i MiyHoCMi. 3ACMOCY68anHs 0emoHi8 NPONOHOBAHUX
CKAa0i8, AKI MOHCYMb BUKOPUCMOBYEAMUC 0N MUMUACOBUX
KOHCMpPYKUiti — GemonHoi nid2omoexu 015 61AUMYEAHH nepe-
Kpummie npu bezonany6ounomy Popmysanti, 00360.151€ eKOHO-
Mumu 3HaUHY KiAbKicmb yeMeHmy, Ymuizyeamu 6MmopuHHi npo-
oyxmu npomucnosocmi. J[0caionceHHIMU MAK0OHC 6CMAHOBTEHO,
wo 3acmocyeants naacmuikyouux 006a6ox 00360416 ompu-
Mamu GemoHu 3 pAUiOHAILHUM 3EPHOGUM CKIAAOOM He0OXiOHOT
Jle2KoyKaa0aavHocni

Kmouoei cnosa: 6emomn, miyicmo, 3epnoeuti ckaao 3anoéniosa-
uie, uemenm, 6i0xX00uU 30azaneHns 3ani3Hux pyo
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Cement concretes are among the main building materi-
als for the erection of various structures. In such concretes,
cement is the most energy-intensive component, hence its
amount in concretes crucially affects the cost and energy
intensity of concretes. Therefore, the main area of research
in the field of improving the technology and properties of
cement concretes is to resolve a task on achieving the nec-
essary critical physical-mechanical characteristics at a mini-
mally required cement consumption. This issue is especially
important for the low-strength concretes with an average
strength of less than 15 MPa whose specific cement con-
sumption, required to achieve the unit of strength, is 1.5 to
2 times higher than that in concretes whose average strength
is 25 MPa and larger.

Low-strength concretes are used in non-reinforced
structures, so they are not subject to the requirement for a
minimal cement consumption to ensure the protection of
reinforcement against corrosion. A significant reduction in
cement consumption for the low-strength concretes, while
maintaining the required strength, can be ensures by the
rational grain composition of the concrete mixture com-

ponents. In such formulations, the required amount of a
fine-grained component is ensured by introducing the fine-
grained components made, for example, from the secondary
products of industry, specifically, the iron ore dressing waste
(tailings). Disposing of term in concretes could solve an
important environmental issue, as they occupy large areas
and significantly pollute the environment. However, it is im-
portant to determine patterns in a change in the strength of
such concretes due to the amount of cement and fine-grained
components made from the secondary products of industry.
Concretes of an average strength from 10 to 15 MPa
and less are much needed in the construction of buildings
and public facilities. For example, when installing a mono-
lithic reinforced concrete foundation slab with a thickness
of 0.6-0.8 meters, it is necessary to arrange a concrete cap
with a thickness of 0.1 meters from the concrete of average
strength of about 10 MPa. The walls of basements at such
buildings are constructed from non-reinforced foundation
wall blocks made from concrete of average strength of about
10-15 MPa. When building underground parking facili-
ties using the formwork-free technology “top-down”, below
each floor slab and each covering slab with a thickness of
0.2-0.3 meter is a concrete cap made from concrete with a




average strength of about 10 MPa with a thickness of 0.1 me-
ter, which is destroyed after erecting the floor slab. At indus-
trial facilities, when constructing reinforced concrete floors,
below them is a concrete cap made from concrete of average
strength of about 10 MPa with a thickness of 0.1 meter.

Thus, given that the volumes of concrete with an average
strength of 10-15 MPa amount to about one per cent of the
total annual volumes of concrete used, that makes up tens of
thousands of cubic meters. If the efficiency of cement utiliza-
tion in them could be close to the efficiency demonstrated by
concretes with a higher strength, one would save thousands
of tons of cement annually.

There are no standard requirements to the physical-me-
chanical characteristics of concrete for such a concrete
cap. However, given that this concrete must not break
down under the action of load from workers that move at
its surface and a concrete mixture laid on it, its standard
strength at 95 % reliability may not exceed 5 MPa. Acting
norms in Ukraine regulate the rules for determining rational
formulations of concretes, starting at the class of concrete
compressive strength C8/10 and above. For the concrete
of class C8/10, it is recommended that the cement with an
activity of 30 MPa should be used. As for concretes of lower
classes when using highly active cements, it is recommended
to introduce a variety of mineral additives in order to re-
duce cement consumption provided the physical-technical
characteristics of the concrete mixture and concrete are
maintained. Industry does not produce cements with an
activity below 30 MPa. Therefore, any of the cements used,
including that with an activity of 30 MPa, is highly active
for concretes with a standard strength of 5 MPa. Therefore,
to design the formulations for such concretes, it is important
to determine a pattern for determining the rational amount
of mineral additives, ensuring the improved efficiency of
cement utilization to the efficiency that would equal the
effectiveness of its use in concretes of higher strength.

Producing a ton of the Portland cement of grade M400
requires about 289 kg of fuel equivalent, and the extraction
of 1 m3 of fillers requires only 5-6 kg of fuel equivalent. In
this case, out of 100-200 kg of fuel equivalent needed to
produce 1 m? of heavy concrete, up to 70 % is used for cement
production. The fuel for annealing and obtaining the clinker
includes gas, fine-shredded coal, sometimes fuel oil. These
are the non-renewable energy sources whose cost constantly
increases in proportion to a decrease in their reserves in
nature and due to complexity of mining technology. When
they are burned, a significant amount of carbon dioxide is
emitted into the atmosphere (according to some estimates,
up to one and a half tons per a ton of cement), which results
in additional environmental damage.

One of the techniques to reduce the consumption of ce-
ment in concretes is the use of a mineral additive made from
the fine-grained secondary products of industry. It is advis-
able to use predominantly the silicon-containing products
as such a mineral additive, for example the iron ore dressing
waste or fly ash from thermal power plants, which take up
large areas and lead to the environmental pollution. At their
rational introduction to a composition of concretes as a min-
eral supplement, it becomes possible to successfully solve
environmental problems by utilizing these products in con-
cretes thereby decreasing cement consumption in the latter.

Therefore, it is a relevant task to determine the rational
granulometric compositions of concrete mixtures in order to
obtain concretes of low strength while minimizing consump-

tion of the Portland cement and maximizing possible amount
of local secondary iron-containing products from industry in
these compositions.

2. Literature review and problem statement

Paper [2] reports results of the successful partial replace-
ment of a fine filler with the iron-containing waste from iron
ore dressing in heavy concretes, in which the Portland cement
was applied as a binder. However, the authors did not take into
consideration the effect of the amount of large filler. Study [3]
confirmed the effectiveness of introducing into the composition
of heavy concretes a certain portion of only the finely dispersed
components from the iron ore dressing waste. In addition, this
study established a positive effect of the iron ore dressing waste,
introduced to the composition of concretes as a fine filler, on the
physical-technical properties of hardened concrete based on a
cement-gypsum- pozzolanic binder. However, the authors did
not take into consideration the joint influence of all fractions
in fillers, both fine and large. Efficiency of utilization of the
iron ore dressing waste in concretes was estimated by research
results reported in [4]. An important feature of this work is the
results of studying the influence of surface-active chemicals
on the properties of concretes based on the Portland cement
and the finely dispersed tailings of iron ores. However, the
effect of a granulometric composition of the filler, taking into
consideration the presence of iron ore dressing waste is not in-
vestigated. The positive impact of the introduction of different
mineral complexes to the structures of concrete mixtures on
the properties of cement concrete is described in [5-8]. The
obtained regularities are very important to test the possibility
of using differently dispersed industrial wastes containing iron
compounds in concretes. Including the tailings of iron ores.
However, the influence of a granulometric composition of the
filler, taking into consideration the presence of iron ore tailings
is not known. Papers [9, 10] revealed important patterns in the
influence of plasticizers and superplasticizers on technological
characteristics of the modified concrete mixtures and hardened
concretes whose composition includes the iron ore dressing
waste. However, the influence of a granulometric composition
of the filler, taking into consideration the presence of iron ore
tailings, was not, similarly for the above works, studied. Inter-
esting results from studying the properties of new formations
in cement concretes that use the iron ore dressing waste as a
fine filler and surfactants, were obtained in [11]. These results
explain the positive influence of iron-containing impurities
on the properties of cement concretes. However, the authors
did not define the influence of a granulometric composition of
fillers taking into consideration the presence of iron-containing
fine-grained supplements in concrete.

An analysis of results of available studies has revealed
the efficiency of applying the iron-containing fine-grained
industrial waste, including the iron ore dressing waste, as
a component of concrete. As well as that the combined ap-
plication of the specified wastes and modern surface-active
substances improves the physical-technical properties of
concrete mixes and hardened concretes.

However, the lack of optimization of the granulometric
composition of fillers in the examined concretes leads to that
for such concretes a cement utilization efficiency indicator,
defined by the achieved strength per unit of cement con-
sumption, remains considerably less than that for concretes
of higher strength.



3. The aim and objectives of the study

The aim of this study is to determine the effect of gran-
ulometric composition of the concrete filler, which is repre-
sented by a mixture of mineral particles of large, medium,
and small size, when using the iron ore dressing waste.

To achieve the set goal, we identified the following task:

to establish the degree of influence of the granulometric
composition of components in low-strength concrete on its
durability when using the iron ore dressing waste.

4. Materials and methods of this study

4. 1. Materials and equipment used in experiments

When conducting experiments, we used the Portland
cement of grade CEM 42.5 from Kryviy Rih as the binder.
The large filler used was the granite rubble with a maximal
grain size of 20 mm. The fine filler used was quartz river sand
with an average rock density of 2,630 kg/m3, a bulk density
of 1,550 kg/m?3, a rock voidness of 41 %, a size module of
1.56. The content of harmful impurities is within the normal
range. Sieving results are given in Table 1.

Table 1
Results of sieving the Dnieper River quartz sand

) due. Sieves’ hole size, mm
Steveresidue, % 1T ST 063 [ 0315 | 0.4 | Jess 0.14
Partial 10| 24 | 785 | 379 |4205| 88
Full 10340 | 11.25 | 4915 | 912 | 100

The mineral additive used was the iron ore dressing waste
from the Southern ore-dressing and processing enterprise
(Ukraine), which met the requirements of regulations. A feature
of the iron ore dressing waste from the Southern ore-dressing
and processing enterprise is the irregular grain composition,
which considerably depends on the location of their selection.
These wastes may consist of both larger fractions, belonging
to the fine filler (sand), and the finer fractions, belonging to
mineral additives fillers. Fractional composition of the iron ore
dressing waste from the Southern ore-dressing and processing
enterprise (GOK), which was used in our experiment, is given
in Table 2, chemical —in Table 3.

Table 2

Granulometric composition of the iron ore dressing waste
from the Southern GOK

Content, % by weight of fractions the size of, um
less 5| 6-10 |11-20|21-30(31-40[41-50 |51-66|67—100 1‘f§gr
413 | 354 | 793 [15.71| 197 [ 12.41 [11.48 | 1539 | 9.71
Table 3

Chemical composition of the iron ore dressing waste from
the Southern GOK

Chemical composition, %
FeO F6203
9.06 10.84

SiO, AlyO4
67.47 1.3

CaO
4.64

MgO
6.69

To modify concretes, specifically to improve the techno-
logical properties of the concrete mixture, we used the com-

plex additives PLKP-2, produced locally. These additives are
made based on secondary products from coke production.
These additives contain mostly thiosulphates, sodium sul-
phate, radonides, and some other substances. To improve
the plasticizing properties, we additionally introduced the
additive C-3.

4. 2. Procedure to determine indicators for the prop-
erties of concretes

We determined compositions of the examined con-
crete mixtures based on the requirements of regulations.
In accordance with the requirements of regulations, we
introduced the iron ore dressing waste to concrete as a
mineral additive, whose granulometric composition is giv-
en in Table 2, chemical — in Table 3. A concrete mixture
was prepared at a lab concrete mixer of forced action with
a capacity of 25 liters. The components were dosed by
mass; we agitated the dry ingredients first and then with
water. Mixing time of a single batch was 3 minutes. We
pressed control samples with a side size of 100 mm at a
standard laboratory vibratory table with a vibration action
frequency of 50 Hz, amplitude 0.35-0.5 mm. The samples
hardened under standard conditions at a temperature of
(29+2) K at relative humidity (95%5) %; we tested them
on day 28 for compressive strength in accordance with the
requirements of regulations.

The main objective for determining the rational com-
position of concrete for a cap under foundations and a floor
slab, arranged by the method of formwork-free molding, is
to ensure the required compressive strength at a minimum
consumption of cement. A generalizing indicator for the ef-
ficiency of cement utilization is an appropriate factor (K.
that shows the obtained specific strength of concrete per a
cement consumption unit in it, determined from formula:

Kefc=10][cﬂ/c, (1)

where /., is the average compressive strength of a concrete
sample in the form of a cube with an edge size of 150 mm in
MPa, determined according to the test results, needed to
ensure the required concrete strength class; C is the cement
consumption per a cubic meter of concrete, kg.

The average strength of a concrete sample for compres-
sion in the form of a cube with an edge size of 150 mm at a
concrete strength variation coefficient C,=13.5 % is deter-
mined from formula:

fcm:.fck4cube/0~778v (2)

where [ cupe is the characteristic strength of a concrete sam-
ple for compression in the form of a cube with an edge size of
150 mm in MPa.

Characteristic strength of a concrete sample for com-
pression in the form of a cube with an edge size of 150 mm in
MPa is determined from formula:

fck.cube:fcm(1_1764cv)v (3)

where C, is the coefficient of concrete strength variation.

Next, determine the water/cement ratio, necessary to
ensure the required workability of a concrete mixture and
strength of the hardened concrete:

W/C=ARC/(fcm+0y5ARc), (4)



where R, is the activity of the cement used; A is a coefficient
whose value shall be taken according to norms.

After determining the required water/cement ratio, they
determine the required consumption of cement per a cubic
meter of concrete in order to obtain the required concrete
strength:

Part of the concrete compositions given in Table 5 was
calculated according to the requirements of regulations and
part — based on the patterns, which we established earlier,
by maintaining the ratio between large, medium, and small
components of 52:23:25.

Table 5

C=W/(W/C). 5) Compositions of concrete filled with the iron ore dressing waste
i- Materials consumption per m3, k

The required water consqmptiog (W) per a (é?omnlﬁzl. clulprlsh £ Wp PFS%% l\f/ImIr)“a Kopo=10/0m/C
cubic meter of the concrete mixture is calculgted 1 75 1425 | 550 | 1.175 | 180 | 0.5C-0.25H | 97 129
according to norms, depending on the required

. o - 2 75 | 130 | 820 | 1,200 [ 180 [ 0.5C+0.25H | 5.3 0.71

concrete mixture workability and the maximum
grain size of a filler. 3 100 | 400 | 550 | 1,175]180 | 0.5C+0.25H | 14.8 1.48

Based on standards, the minimum concrete 4 100 | 130 | 800 [1,200| 180 0.5C+0.25H | 8.2 0.82
class implied is C8/10, so designers apply this class 5 125|375 | 550 [ 1,175 | 180 | 0.5C+0.25H | 18.4 1.47
of concrete for structures where high strength is 6 125|130 | 775 [ 1,200 | 180 | 0.5C+0.25H | 12.1 0.97
not required. When the concrete of this class is 7 150 | 350 | 550 | 1.175| 180 | 0.5C+0.2511 | 215 1.43
provided, the average compressive strength of a 3 150 1130 1 750 1 1.200 [ 180 | 0.5C10.251 | 13.9 093
concrete sample in the form of a cube with an edge . - : : :
size of 150 mm (fcm) must be 12.85 MPa. For a 9 175|325 | 550 | 1,175[180 | 0.5C+0.25H | 24.2 1.38
concrete cap under a floor slab, arranged by the 10 175 | 130 | 725 | 1,200 | 180 | 0.5C+0.25H | 168 0.96

formwork-free technology, the average compres-
sive strength of 5-7 MPa would suffice.

5. Results of research into the strength of concrete and
the required cement consumption

To solve the task set in this work, we calculated the required
consumption of cement for several types of heavy concrete
based on the granite rubble with a 20 mm fraction (Table 4).

Table 4

Cement consumption per a cubic meter of concrete
and its strength

oo | it | i | WrC | Gt | Kyemt0fC
Rc=30 MPa; OK=5-7 cm; A=0.6; W=200 dm?’/m3
1 5 6.43 | 1.16 172.4 0.37
2 10 12.85 | 0.82 243.9 0.53
3 15 19.28 | 0.64 312.5 0.62
4 20 2571 | 0.52 384.6 0.67
Rc=30 MPa; OK =5-7 cm; A=0.6; W=180 dm?/m?
5 5 6.43 | 1.16 155.2 0.41
6 10 12.85 | 0.82 219.5 0.59
7 15 19.28 | 0.64 281.2 0.69
8 20 2571 | 0.52 346.1 0.74
Rc=40 MPa; OK =5-7 cm; A=0.6; W=200 dm?/m?
9 5 6.43 1.3 153.8 0.42
10 10 12.85 | 0.97 206.2 0.62
11 15 19.28 | 0.77 259.7 0.74
12 20 25.71 | 0.64 312.5 0.82
Rc=40 MPa; OK =5-7 cm; A=0.6; W=180 dm?/m?
13 5 6.43 1.3 138.5 0.46
14 10 12.85 | 0.97 185.6 0.69
15 15 19.28 | 0.77 233.8 0.82
16 20 25.71 | 0.64 281.2 0.91

Table 5 gives the results from testing the samples of
hardened concrete.

Notes: C— cement; H- filler (iron ore dressing waste); Sh—rubble; P— sand; W-water

Fig. 1, 2 show dependences of cement utilization factor
on concrete strength.
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Fig. 1. Dependence of cement utilization factor on concrete
strength: 1_4 — concrete compositions No. 1-4 from Table 4;
5_8 — concrete compositions No. 5-8 from Table 4;
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6. Discussion of results of studying the strength of concrete

An analysis of the research results given in Tables 4, 5
and shown in in Fig. 1 and 2 has helped establish the fol-
lowing patterns.

When determining the minimum required consump-
tion of cement for such concrete based on conventional
procedures (Table 4), a cement utilization efficiency coef-
ficient is almost two times less than that for concretes of
higher strength.

The research conducted earlier had established that the
reason for such a drastic decline in the cement utilization
efficiency coefficient in concrete with low strength is the
non-rational grain composition of the concrete mixture
components [9]. The established rational granulometric
composition of components, which ensures reduced defects
in the concrete’s structure, and, consequently, the effective
use of Portland cement, is the composition with a ratio be-
tween large, medium, and small components of 52:23:25 by
weight [9]. At a deviation from a given ratio by each of the
components within 2-3 parts, the cement utilization effi-
ciency, expressed by the respective factor, determined from
formula (1), almost does not change. The average grain size
of large, medium, and small components must be approx-
imately 100:10:1 with a possible change within 10-15 %.

The introduction of an additives-filler made from the
iron ore dressing waste, as well as the rational amount
of a plasticizer, ensures a significant improvement in the
strength of hardened concrete. As well as, accordingly, in
the cement utilization efficiency coefficient compared to
the predicted, defined based on the requirements of norms
(compositions 1, 5,9, 13 from Table 4 and compositions 7-10
from Table 5). Introduction of the recommended amount
of the iron ore dressing waste improves by 1.4-1.8 times
the efficiency of cement application compared with the
compositions that containing the maximum recommended
amount according to the requirements of regulations.

In order to obtain the concrete of class C8/10 for
strength when introducing the standards-recommended
amount of the iron ore dressing waste of 130 kg/m® and
the rational amount of a plasticizing additive, about
125 kg/m? of cement would suffice (composition 6 from
Table 5). This is considerably less than the norm-based
calculated amount of the same cement (compositions 10,
14 from Table 4) without the iron ore dressing waste.
However, concrete of the same class of strength can be
obtained at a strength margin of 15 % at a cement con-
sumption of 100 kg/m? and the introduction of 400 kg/m?
of iron ore dressing waste, ensuring the rational grain
composition of the concrete mixture components.

Concrete of strength of about 10 MPa can also be
obtained at a cement consumption of 75 kg/m? of the con-
crete mixture and 425 kg/m? of the secondary products
from iron ore dressing waste, ensuring the rational granu-
lometric composition of the concrete mixture components
(composition 1 from Table 5).

However, at such a low cement consumption, one re-
quires a very thorough agitation of the concrete mixture
components in order to ensure the uniform distribution
of a binder.

Visual observations have helped establish a good
uniformity, cohesion, non-stratification, and a good com-
paction of mixtures with the rational grain composition of
components (compositions 1, 3, 5, 7, 9 from Table 5).

Concretes with a cement consumption of 300-45 ki-
lograms and mineral additives of up to 130 kg per a cubic
meter of concrete, whose compositions are determined
based on the requirements of regulations, practically meet
the requirements, which we defined, for the rational grain
composition of components. Therefore, in order to ensure
the improved cement utilization efficiency coefficient in
the low-strength concretes, it is necessary to purposefully
ensure that the rational, previously defined, grain compo-
sition of components should be 52:23:25.

When designing a concrete mixture composition with
the rational granulometric composition of components, a
large filler should include grains the size exceeding 5 mm,
medium — from 5 mm to 0.14 mm, small — from 0.14 mm
and less. Therefore, if the composition contains rubble of
fractions 5—-0.14 mm in the amount of 97-98 %, it can be
attributed to the large fraction. Based on the fractional
composition of sand presented in Table 1, 92 % should be
attributed to the medium fraction, and 8 % — to small. In
the granulometric composition of iron ore dressing waste
(Table 5), about 90 % belong to the small fraction (min-
eral additives fillers), and about 10 % — to the medium
fraction. The small fraction also includes all cement with
grains less than 0.1 mm (100 pm).

The composition of a cubic meter of heavy concrete in-
cludes dry components in the amount of 2,200-2,250 kg.
To determine consumption of each of them based on the
above condition for ensuring the rational granulometric
composition of components, we accept their total consump-
tion to be 2,200 kg per a cubic meter of concrete mixture.
Since the content of small fractions in the composition of
sand is about the same as in the iron ore dressing waste, we
can determine the content of each component based on the
ratio between large, medium, and small fractions equal to
52:23:25 without any amendments to the content of other
fractions. Hence, based on our procedure, it is required
for the newly designed compositions: rubble (Sh) Sh=
-2,200-0.52-1,144 kg; sand (P) P=2,200-0.23=506 kg;
cement (C) and a mineral additive from the iron ore dress-
ing waste (H) C+H=2,200-0.25=550 kg.

The results of our study make it possible to decrease
by 15-20 % the consumption of cement when making
concretes of low strength. However, one should take into
consideration a variability in the granulometric composi-
tion of the iron ore dressing waste. This entails the neces-
sity to strictly control properties of the specified waste
and to operatively adjust, if necessary, the compositions
of concretes.

The results of our research make it possible to increase
the utilization of iron ore dressing waste, which would
lead to the improvement of ecological situation at the
regions of mining and processing of iron ores. A scope of
application of the research results described in this work
is the monolithic construction of buildings and facilities,
first and foremost for a concrete cap under slabs when
constructing underground parking facilities based on the
technology “top-down”.

The present study is part of a multi-year research into
opportunities and application of the iron ore dressing
waste for the production of building materials and in the
search for ways to reduce cement consumption during
concrete production.

The results of this study could become the basis for im-
proving the rational compositions of concretes by applying



hyper-plasticizers, using a micellar catalysis, and other cur-  nents on its strength. It has been confirmed that the optimal
rent solutions in the field of construction materials science.  composition for a filler is the one based on the ratio between

large, medium, and small components of 52:23:25 by weight.

2. We have determined the degree of influence of the
7. Conclusions amount of iron ore dressing waste on strength of the

low-strength concretes, which ensures an increase in the

1. We have determined the degree of influence of a gran-  cement utilization efficiency coefficient in these concretes
ulometric composition of the low-strength concrete compo- by 1.4 times to the level of the high-strength ones.

10.

11.
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