yu] =,

The paper presents the results of experimental
studies of concrete and compressed reinforced con-
crete elements from cementless claydite-concrete. An
experimental study of reinforced concrete elements
with central and eccentric application of forces was
carried out to determine their increased sensitivity.
The construction material is cementless expanded
clay concrete, obtained by a mixture of finely divid-
ed granular electrothermophosphorus slag. The tests
were carried out on reinforced concrete compressed
elements with central and eccentric application of
longitudinal force to determine their bearing capac-
ity. According to the test results, the strength and
deformation properties of new concrete on a glass-
slag binder and the calculation of reinforced concrete
structures are checked.

The selection of compositions of glass-slag clay-
dite-concrete of various grades has been made. The
use of concrete with a clinker-free binder in con-
struction makes it possible to reduce the need for a
scarce building material — cement.

Studies of the physical and mechanical prop-
erties of glass-slag expanded clay concrete grades
M50+M150 with a bulk density of 1,000—-1,400 kg/
m> were carried out under a short-term static load.
At the same time, the strength and deformation prop-
erties of glass-slag expanded clay concrete were
studied under short-term action of compressive and
tensile loads.

The use of any new building material must be
preceded by a comprehensive study of it — determi-
nation of its strength properties, study of concrete in
the structure under load, etc.

Building codes and regulations are adopted for
the standard construction material, the properties
of aggregates are not taken into account. Our stud-
ies show that the properties of fillers increase the
strength properties of the structure when using clay-
dite concrete on a glass-slag binder in reinforced
concrete structures
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1. Introduction

2. Literature review and problem statement

In the chemical industry, funds are spent on waste dis-
posal, on average, about 8—10 % of the cost of circulation of
the main product. At the same time, dumps, as a rule, sur-
round natural resources, the environment and water bodies.
The use of concrete with a clinker-free binder in construc-
tion makes it possible to reduce the deficit in the building
material — cement.

The use of aggregates solves the issue of strength pa-
rameters, as well as saving the base material. The presence
of a significant amount of industrial slag puts forward the
difference in their complex use in the national economy. The
solution to this problem may be the use of waste from phos-
phorus plants in building materials.

Therefore, studies that are devoted to the use of aggre-
gates in the main material of structures today are of scien-
tific relevance.

The work [1] presents the results of a study of phospho-
rus with excessive use of fertilizers and manure as one of the
main sources of biogenic pollution has recently increased in
wastewater as a result of intensive farming and industrial-
ized and densely populated areas. The novelty of the current
work is shown to be the improvement of the vertical aerated
rock filter (VARF) using steel slag and limestone medium
to improve the efficiency of the rock filter (RF) to remove
total phosphorus (TP) from domestic wastewater. But issues
related to the experimental study of efficiency and removal
require further study in order to determine the best condi-
tions for TP, taking into account unstable temperature and
the presence of other contaminants that can adversely affect
removal efficiency in unstable conditions. This approach is
used in [2], however, in the chemical industry, on average,
about 8—10 % of the cost of the main products produced is




spent on waste disposal. At the same time, dumps, as a rule,
occupy valuable agricultural land and serve as a source of
industrial pollution of the atmosphere and water bodies.

In [2], the author suggests that reuse in valuable mate-
rials is one of the important approaches to the use of phos-
phorus tailings resources. At present, a mature technical
system has been developed for the reuse of phosphorus slag
in building materials and silicon fertilizers in the extraction
of yellow phosphorus. But studies on the reuse of high-val-
ue phosphorus tailings have not been conducted. In order
to ensure the safe and efficient use of phosphorus tailings
resources, this study focused on how to solve the problem
of light agglomeration and complex dispersion of phospho-
rus tailings micropowder when it was processed into road
asphalt. In the experimental technique, the micropowder of
phosphorus tails is treated in two ways. One method is to di-
rectly add it in varying amounts to asphalt to form a mortar.

All this makes it possible to state that corporate research
on the presence of a significant amount of industrial slag
puts forward the task of their integrated use in the national
economy. The solution to this problem can be the use of
waste from phosphorus plants in building materials.

The following is an analysis of the use of other additive
materials. Each study shows the use of aggregates in the
base material and provides parameters for calculating the
strength of the structure.

In [3], the author proposes to experimentally investigate
the effect of the content of shrinkage reducing agent (SRA)
and the type of filler on the deformability characteristics
of polymer concrete based on unsaturated polyester (UP)
resin. In particular, set shrinkage, thermal expansion, maxi-
mum compressive strain and modulus of elasticity of polymer
concrete UP were analyzed. However, the introduction of
a slightly porous material as internal water reservoirs can
reduce the strength and durability properties. On the other
hand, cracking due to autogenous shrinkage has a signifi-
cant negative effect on the durability of concrete. Studies on
the durability of internally cured concretes with very low
water-cement ratios are of great interest because there is
very little information on this subject in the literature. The
work studied the sensitivity to cracking of concrete made at
a water-cement ratio of 0.21...0.33 and subjected to internal
curing with a water-saturated light aggregate of volcanic
origin (pumice) [4].

In order to reduce cracking, a strain hardening cement
composite with strain hardening and multiple cracking
properties was prepared to study the effect of interface
roughness and repair layer thickness on shrinkage, cracking,
and delamination patterns of concrete beams repaired [5].
The results show that under the action of shrinkage stress
in the repair layer, instead of local fractures, multiple small
cracks appear, and interfacial delamination is effectively
controlled. However, it has a greater effect on the length of
the interfacial delamination and the maximum delamination
height of the repaired beam. With an increase in the rough-
ness of the interface, the length of the delamination and
the height of the repaired beam are significantly reduced.
The results of this study can serve as a theoretical basis for
the production and application of SHCC with high impact
strength and low shrinkage.

The study [6] investigated columns made of reinforced
concrete (RC) and strain-hardening cement composite
(SCC) subjected to lateral loads in combination with a
constant load, both experimentally and predictively, with

two distributed inelastic finite element models set on stiff-
ness and flexibility. Compared to experiments involving
reinforced concrete columns and reinforced strain-hardened
cement composite (R-SHCC), the current flex method has
shown relatively accurate estimates of lateral loads and dis-
placement responses of column systems, as well as localized
non-linear cross-sectional responses. is evaluated by axial
deformations of longitudinal steel reinforcing bars. Com-
pared to the rigidity method, the current flexibility method
gave more accurate solutions both at the elemental and con-
structive levels, which manifested itself in experiments and
solution calculations.

This study [7] considers the possibility of improving
the basic properties of concrete products by using a mix-
ture of Portland cement and sulfoaluminoferritic clinker
as a binder. It has been found that during the hydration
of the binder, aluminate and ferruginous ettringite are
formed, which increases the strength properties of concrete
during normal hardening and thermal and wet treatment
by increasing the strengthening structure. The main sign
of hydration of sulfoaluminoferrite clinker is the stability
of ferruginous ettringite, which provides compaction of the
concrete structure. The density of the concrete structure,
especially the contact zone, when using sulfated clinker,
ensures non-shrinkage of concrete and eliminates shrinkage
deformations, thereby increasing the crack resistance of
concrete samples.

The results of studies of modern binder composites [8]
opened the way for their wide use in construction. The intro-
duction of short, discontinuous, and randomly distributed
fibers into these composites altered their inherent brittle-
ness. Extensive studies have been carried out on the effects
of using monofilaments in a cement composite. However,
limited reports are available in public sources on the use of
hybrid fibers.

Further developments have recently been achieved
through the development of ultra-high-performance ce-
mentitious composites. The issue of creating high- and
ultra-high-cement composites using various types of fibers
and particles is receiving great attention from the scientific
community.

Almaty NIIstromproekt has developed a method for
activating the binding properties of phosphorus production
waste with substandard liquid glass, as a result of which
a new clinker-free binder for concrete (author’s certificate
425870), called glass-slag binder, has been obtained. The se-
lection of compositions of glass-slag expanded clay concrete
of various classes was made. The use of concrete with a clin-
ker-free binder in construction makes it possible to reduce
the need for a scarce building material — cement [9].

There is also experience with the use of aggregates in soil
materials, as well as arguments in favor of parameters that
take into account the requirements for aggregates.

The content of large soil fractions in the soil complicates
the experimental part of the research, but the modeling
method makes it possible to determine the effect of soil filler
on slope stability. The paper presents the results of an ex-
perimental study of the strength of coarse clastic soils with
different percentages of large fractions of gravelly soil (up to
20 mm) and aggregate (up to 5 mm) when studying the sta-
bility of slopes. The studies were carried out on three types
of experimental equipment, which confirms the reliability
of the results. Recommendations are given on the use of the
values of the strength characteristics of coarse-grained soils



when calculating the stability of slopes. The test results are
carried out in the tray and shear testers. A mixture of soil
fractions from 2 mm to 50 mm was used. The purpose of the
tests is to determine the actual soil strength parameters j
and C, taking into account the influence of impurities on the
slope stability [10].

The reliability of the results was confirmed by the com-
parability of the results of previous tests [11-13].

In the analyzed scientific papers [1-14], various aspects
of applying a filler to the main material of a structure are
studied. An unexplored problem remains, the experimental
justification for increasing the strength characteristics of
the base material (concrete in our case) by aggregates. The
application of the obtained strength characteristics allows
you to make changes to the regulatory requirements of the
standards.

The analyzed works show the use of aggregates in the
base material. Each author of the following works, in his re-
search on the use of placeholders, implements his own type.
Of course, each study requires colossal work and time with-
in the framework of the experimental part of the research.
Due to the requirements of the experimental program, the
conditions for selecting the material and type of aggregates,
as well as the required time for conducting experiments, the
analyzed studies do not cover all aspects of the statics and
dynamics of the issue under study.

3. The aim and objectives of the study

The aim of the study is to determine the possibil-

vibrator. After the end of vibrating, the excess concrete
mixture was cut flush with the edges of the mold, followed
by smoothing the surface with a trowel.

The molded samples were covered with wet sawdust over
paper and stored for 4-5 days. After stripping, the prisms
and cubes were again covered with wet sawdust. In this
state, the samples were until the moment of their testing.

Before the start of the test, the prisms and cubes were
subjected to a preliminary inspection, measurement of all
geometric dimensions and weighing, after which the volu-
metric mass of concrete was determined.

When examining samples — cubes, the supporting faces
were chosen, which will be adjacent to the press plates. The
support faces were chosen so that the compressive force
during the test was directed parallel to the layers of the con-
crete mix in the molds. For testing, the cube was installed on
the lower support plate of the press centrally relative to its axis,
using the risks marked on the plate. The load on the sample
increased continuously at a constant rate of 4—6 kgf/cm? per
second until its destruction. The maximum force achieved
during the test was taken as the value of the breaking load.
The tensile strength of concrete was calculated for each sam-
ple according to the formula:

N
M

where N, — breaking load;
A is the average area of the sample.
The results of tests of cubes and prisms are given in Table 1.

ity of using expanded clay concrete based on a binder Table 1
from phosphorus slag in building structures. Results of tests of cubes and prisms
To achieve this aim, the following objectives are C X - 3
. onsumption of materials per 1 m
accomplished: . concrete, kg Bulk Reate/ R
—to study the compressive strength of concrete; Expanded Phosphorus | . weight, kg/m3 MPa
— to study the impact resistance of concrete; clay Sand slag Liquid glass
~to study the possi.bility of using gdditional pay- 210 190 130 130 1.030 2.98/1.83
Lne'lll(? or acgustmgnts 111l the c‘alculatlon formulas of 320 190 180 130 1,030 2.98,/1.83
utlding codes and regufations. 300 | 190 180 130 1,030 3.02/2.57
250 190 180 130 1,030 3.02/2.57
4. Materials and methods 300 [ 190 190 130 1,060 4.8/3.06
250 190 180 130 1,030 5.31/3.3
The object of the study is compressed reinforced 360 240 190 120 1,060 6.75/4.9
concrete elements from cementless expanded clay 360 230* 220 160 1,120 8.6/7.42
concrete. 370 290 270 180 1,350 10.88/7.84
Prototypes for studying the operation of elements of 240 290 270 180 1,350 9.4/7.6
reinforced concrete structures were made from 4 batch- 410 340 250 130 1,300 12.9/10.32
es of glass-slag expanded clay concrete. Expanded 400 240 290 200 1.400 14.6/11.05

clay with a fraction of 5-20 mm was used as a coarse
aggregate in all batches, a binder was liquid glass with
adensity of 1.3 g /cm3with a modulus of 1.8 and ground
phosphorus slag, and a fine aggregate was quartz sand.

Note: *Expanded clay sand, for other compositions — quartz.

Before the line — expanded clay fraction 5-10 mm, after

Simultaneously with the prototypes for the study of the
strength and deformation properties of glass-slag expanded
clay concrete under axial compression and tension, prisms
with dimensions of 15x15x60 cm and cubes with edges of
15 cm were made from concrete of all 4 batches. The forma-
tion of prisms and cubes was carried out in groups in metal
inventory cassettes. Before concreting, the inner surfaces of
the formwork were smeared with a thin layer of oil. Com-
paction of the concrete mixture was carried out by a deep

the line — 10-20 mm.

Table 1 uses the following symbols:

Reupe — cube strength, for determining the brand of
concrete, used in press (axial compression), dimensions
15%15x15 cm.

R, — prismatic strength, to determine the brand of
concrete, press (axial compression), used in a sample with
dimensions of 15x15%60 cm.

Reube/ Ry — prismatic strength coefficient.



Normative data used in building standards use cube
strength. We suggested the results indicated in Table 1
to use the prism strength, which is obtained by the ratio
Reuve/Rpr cubic strength. Reupe/Rp, ratio gives the prism
strength factor, which more accurately corrects the mate-
rial strength.

Determination of prismatic strength, deformability and
initial modulus of elasticity of glass-slag expanded clay
concrete during compression was carried out on prisms with
dimensions of 15x15%60 cm.

For testing, the prism was installed on the lower support
plate of the press centrally relative to its axis, using the risks
marked on the plate. Then the sample was centered at a load
level equal to 25% of the expected breaking force. When
testing, the load on the prism was applied in steps until fail-
ure. The value of the first two steps was 0.05 of the expected
breaking loads, then the step value was doubled. Starting from
the 0.7-0.8 N, s, increase in load stepping to failure, all sub-
sequent loading steps were again reduced to 0.05*N,, — failure
load in order to more accurately determine the magnitude of
the breaking load. At each stage, the load was held for 3 min-
utes. Reports on the readings of strain gauges were taken before
and after exposure.

The prism strength of concrete was determined by (1).
Table 2 shows the characteristics and test results of prisms. A
comparison of the experimental values of the prismatic strength
coefficient from Table 2 with its values determined by the for-
mula of Building codes and regulations was made [15]:

R,=R-(0.77-0.0001-R). 2)

Fig. 1 shows that the experimental and standard values
of the prism strength coefficient are close to each other.

where )4 is the sum of stress increments at each stage from
0.05 N, t0 0.3 N,

Zae ym — the sum of increments of relative elastic-instan-
taneous deformation at each step within the same limits.

It is proposed to determine the initial modulus of elastic-
ity for glass-slag claydite concrete according to the formula
from [13] with the introduction of an adjustment — the coef-
ficient 14.5 should be replaced by 8.5, which took the form:

E,=85v-4R, @)

where Ej, is the modulus of elasticity of concrete, tf/cm?;

y — bulk density, t/m?;

R — cubic strength (concrete brand), kgf/cm?.

Determination of the strength of concrete “Rj,” and its
maximum deformation was carried out by testing prisms
with dimensions of 15x15x60 cm for axial tension. Tensile
testing of concrete prisms was carried out using special in-
ventory devices, the traction bolts of which are screwed into
a steel head, glued with epoxy resin to the cleaned ends of
the prisms (Fig. 1).

Longitudinal deformations were measured using four strain
gauges pasted on each face of the prototype. Before testing, the
samples were centered with trial loads up to 0.2 N),. Similarly,
to test prisms for compression in axial tension, the load was
applied to the sample in steps with a three-minute exposure.

Table 2
Compression test results for prisms
Batch Volumetric Dimensions in cm Break%ng Prism strength in MPa
number | weight, kg/cm? a B H loilg\lm in a separate | average
1 2 3 4 5 6 7 8
(st 1,070 14.9 |14.58| 59.9 75 3.45 3.3
1,060 14.78 | 15.03| 60.1 70 3.15 —
1,150 14.84 | 15.67 | 59.85 60 2.58 -
gnd 1,140 14.82 | 14.64| 59.9 53.5 2.46 2.57
1,100 15.58 | 14.75| 59.7 45 1.96 -
1170 15.07 11486 601 60 268 — Fig. 1. Tensile test of prisms
1,220 15.01 | 15.05| 60 41 1.81 1.83
3rd 1,220 15.02 | 15.05| 60 41 1.81 - The experimental value of the ultimate
1,220 15.0 |15.05| 60 42 1.86 - strength of glass-slag expanded clay con-
1,160 153 | 153 | 594 70 299 , crete was determined by (1), but only in
4th 1150 150 | 154 | 589 75 3.20 306 | this case, N, denoted the maximum load
1.140 55 | 154 | 595 75 314 . that caused the destruction of the prototype

during central tension. The test was subject-

ed to 3 prisms from each batch.
Characteristics of prototypes and the

results of their tests are given in Table 3.

Note: axbxh — the cross-sectional dimensions of the samples for determining the strength
by a prism; a — section length, b — section width, h — sample height

Limiting longitudinal and transverse deformations aver-
aged 1.8 %o and 0.4 %o, respectively.

The initial modulus of elasticity of concrete in compres-
sion is determined by the formula:

S
E;= She, 3)

Table 3 shows that according to [8], the strength values
Ry, of claydite concrete on a slag-alkaline binder are higher
than in the experimental ones. Therefore, a change is intro-
duced into the formula for determining the tensile strength
of concrete.

R =0.53R?. (5)



Table 3

Characteristics of prototypes and the results

, According to Building codes and op According to [1], P According to the w ) T2

RMPa | Rz, MPa o lations 2.03.01-84*Ry, MPa | % / B R, MPa | R/ R a5y R wpa | R R
2.98 0.4 0.345 1.16 0.48 0.83 0.35 1.14
4.8 0.54 0.521 1.03 0.66 0.82 0.48 1.12
6.75 0.63 0.683 0.92 0.83 0.76 0.6 1.05
14.6 0.99 1.197 0.83 1.93 0.71 1 0.99

Note: R — cube strength, MPa;

Ry? — prismatic tensile strength of concrete obtained empirically;

Ry — according to Building codes and regulations.

Therefore, a change is introduced in the formula for the
concentration density for sensitivity:

R™2=0.36YR?, (6)
where R]' — standard strength according to Building codes
and regulations;

R]? — tensile strength obtained experimentally.

The discrepancy between the experimental strength and
its value calculated by the formula (6) is on average 4 %.

The maximum longitudinal deformations in axial tension
were 0.22-0.24 %o. The change in the strength of concrete
did not have a significant effect on its deformability.

5. Results of experimental studies of concrete and
compressed reinforced concrete elements from
cementless claydite-concrete

3. 1. Operation of glass-slag expanded clay concrete
in compressed reinforced concrete elements

To study the operation of glass-slag expanded clay con-
crete in compressed reinforced concrete elements, 10 columns
were made with cross-sectional dimensions of 15%30 ¢m and
a height of 70 cm. Longitudinal reinforcement consisted of
4 rods with a diameter of 16 mm, class A—III steel. Clamps
made of steel class A—I with a diameter of 6 mm are supplied
with a step of 100 mm. The supporting sections of the col-
umns were reinforced with welded meshes and an end plate.
Reinforcing cages were assembled in a conductor. Before
assembling the frame, two pairs of strain gauges with a base
of 20 mm were glued on the longitudinal reinforcement in the
middle of its length, which was isolated with epoxy before
concreting. The samples were concreted in a metal formwork.
Concrete was laid in layers with compaction by a deep vibra-
tor. The composition of concrete is given in Table 4.

When testing the prototypes, the longitudinal compres-
sive force was applied with a relative initial eccentricity,
divided by the height of the column section — relative eccen-
tricityof 0.1; 0.2; 0.3; 0.4.

Composition of concrete

The reinforcement of the centrally compressed and the
most compressed reinforcement of the eccentrically com-
pressed columns at the moment of failure reached yield
strains. At the same time, the compressed concrete also
reached its limiting deformations. Table 5 shows the aver-
age values of the experimental breaking load of the tested
columns for two twin samples and comparison with their
standard values calculated according to Building codes and
regulations 2.03.01-84*.

When studying concrete for compressive strength, it was
revealed that the limiting longitudinal and transverse defor-
mations of concrete during compression of average density
are 1.8 %o and 0.4 %o, respectively.

3. 2. Impact resistance of concrete

Table 5 shows the values using experimental strength in-
dicators and calculated standard indicators of samples of re-
inforced concrete elements from expanded clay concrete on a
binder from phosphorus slags based on a slag-alkaline binder.

Table 5

Average values of the experimental breaking load of the
tested columns

Sample Prism Initial eccena| e - be
mark stg\e/[ng;h, tricity e,, cm N,V kN| N »o kN Ny /N,
K1-0 3.06 0 495 464 1.07
K1-3 3.06 3 395 370 1.07
K1-6 3.06 6 315 301 1.04
K1-9 3.06 9 282 256 1.10

K1-12 3.06 12 215 223 0.96
K2-0 7.84 0 748 748 1.00
K2-3 7.84 3 680 595.7 1.40
K2-6 7.84 6 640 492.5 1.30
K2-9 7.84 9 610 421.6 1.45

e, — initial eccentricity of longitudinal force application, cm;

N*, kN — experimental breaking load (compressive);

N zc, kN — standard breaking load (compressive) accord-
ing to Building codes and regulations;

Table 4 N /N’ — the experimental values of the
bearing capacity exceed the normative ones by
an average of 5 %.

Consumption of materials for 1 m3concrete, in kg Table 5 shows that the experimental values
Expanded clay sand Bulk Strength in MPa| Of the bearing capacity exceed the normative
Quartz | Phosphorus |Liquid weight, kg /m3 ones by an average of 5 %. At the same time,

5-10 mm|10-20 mm| sand slag glass - —— the bearing capacity of the samples was deter-
cubic |prismatic| 1 ined without reducing the design resistance

300 250 190 190 130 1,060 48 3.06 of the longitudinal reinforcement by multi-
240 370 290 270 180 1,350 1088 | 7.84 plying by the coefficient of the reinforcement




operating conditions for elements on porous fillers of classes
B7.5 and below, recommended by Building codes and regula-
tions 2.03.01-84* [13]. As you can see, with this type of con-
crete, there is no such need. The calculation of the strength
of normal sections of compressed reinforced concrete el-
ements made of expanded clay concrete on a slag-alkali
binder can be carried out according to Building codes and
regulations 2.03.01-84* [13—18], assuming the coefficient of
reinforcement operating conditions equal to one.

The design tensile strength of expanded clay concrete on
a slag-alkali binder should be determined by the formula (7).

5. 3. Design indicators of building codes
Table 6 presents data on the limits of longitudinal and
transverse deformation of concrete during compression.

according to the normative document N¢* /N¢, will help
us specify the design characteristics for calculation.

Here, N} /Nlb,", where N7° is the strength of the
column, obtained experimentally; N’ — strength of the
column obtained by calculation according to the formulas
of the normative document 2.03.01-84* “Concrete and rein-
forced concrete structures”.

Structures made of a glass-slag binder were considered
similarly to ordinary lightweight expanded clay concrete.
The calculation of compressed and bent structures made of
glass-slag expanded clay concrete was carried out according
to generally accepted formulas of regulatory documents, i.e.
according to building codes. When studying concrete for
compressive strength, it was revealed that the limiting longi-
tudinal and transverse deformations of concrete during com-
pression of average density

Table 6 are 1.8 %o and 0.4 %o, re-
Column test results spectively (Table 2).
] ‘ Building codes According to the results
Dupensmns Reinforcement Experienced and regulations of the experimental study,
Sample| Ry, mem e, cm 2.03.01-84* N;' | the following was found:
mark | MPa ’ N 1. The desi tensil
b h oA =A. Gy - ’ - | b e I ? . ( emgn ensile
s7 "% | MPa o;, MPa| NV, kN| 0" MPa| N/, kN strength of expanded clay
KO0-1|3.112 (1508|294 | — | 764 |4240| - —424.0 480 —424 | 46191 | 1.04| concrete on a slag-alkali
K0-2[3112[152[29.75] — | 7.64 [4240] - | 4240 | 510 | —424 | 464.66 | 1.1 | binder should be deter-
K3-1]3.112 | 152 | 26.1|3.1| 3.82 |4240|1435| 288 | 390 | 2492 | 371.23 | 1.05| mined by the formula (6).
K3-2[3112 | 146 | 26 |3.4| 382 |424.0|14.18| -232 400 | -2480 | 36581 [109] 21 The lnltllf‘l {n(’dullus
K6-1]3.112 | 148 | 263 35| 382 |4240] 174 | 92 320 | 946 | 3019 | 1.06 :X ea I?(Sl‘;‘d“gao . Ogni:tz alf
K6-2(3.112 | 148 [ 265 (36| 382 [424.0( 176 | 80 310 | -90.0 | 3007 |1.03 b Y
lower than that of conven-
K9-1]3.112| 148|262 (32| 382 |[424.0] 204 12 270 70 | 2574 [1.05] ional concrete and is well
K9-2|3.112 | 146 [ 264 [35| 382 |424.0| 20.6 40 295 131 | 25414 | 116 | described by the proposed
K12-1]3.112 | 148 [ 26.2[3.2] 382 [424.0] 234 - 210 851 | 22345 |0.94| dependence (7).
K 12-2|3.112 | 146 {263 [3.1| 382 |4240| 235 40 220 828 | 22353 | 098 The results of tests for

Table 6 uses the following symbols:

b — section width, cm;

h — section height, cm;

a’ — reinforcement cover, cm;

A, — cross-sectional area of less compressed reinforce-
ment, cm?;

A, — sectional area of compressed reinforcement, cm?;

o, — reinforcement yield stress, MPa;

e — eccentricity, the distance from the neutral axis to the
point of application of the load, cm;

o — experimental stress in the armature, MPa;

s

N?" — experimental breaking load, kN;
6" — normative stress in reinforcement, MPa;

NS’;” — standard breaking load, kN;
b, _
Nbc

the ratio of experimental and normative breaking

loads gives us a value equal to approximately 1.

The initial modulus of elasticity of glass-slag expanded
clay concrete is lower than that of conventional concrete and
is well described by the proposed dependence

E,=85-%R. (7

6. Discussion of application of claydite-concrete strength
parameters to improve the quality of building structure

We have found that the ratio of the strength parameters
obtained experimentally and those obtained by calculation

the strength of concrete in
compression of reinforced concrete elements with the central
and eccentric application of a proportional force to deter-
mine their absorption capacity allow using the possibility of
measuring the reinforcement density coefficient for elements
on porous aggregates equal to 1.

Based on the results of the identified tests, the resistance
to a specific impact, which manifests itself in the fact that
the experimental values show the tested abilities of the
samples, exceeds the standard resistance by an average of
5 % (Table 6).

The possibility of using surcharges or adjustments in
the calculation formulas of chemical norms and rules was
obtained experimentally. At the same time, the bearing ca-
pacity of testing the column is observed without assessing
the resistance of the proportion of reinforcement, which
causes multiplication by Sensitivity of the reinforcement
performance coefficient.

The use of various materials in the form of resin and
industrial waste makes it possible to realize the possibilities
of concrete as a structure and at the same time increase
its strength. The possibility of increasing the resistance to
structural loads makes it possible to change the standard
coefficients.

The test results are presented in Table 5, which show
that the experimental values of the endurance of the tested
samples exceed the standard endurance by an average of 5 %.

At the same time, the bearing capacity of testing the
column is observed without assessing the resistance of the
proportion of reinforcement, which causes multiplication



by Reduction in the reinforcement performance coefficient
for elements on porous aggregates of classes B7.5 and below,
recommended by Building codes and regulations.

The test results are shown in Table 6, which indicates that
the experimental values of the bearing capacity of the tested
samples exceed the standard strength by an average of 5 %.

At the same time, the bearing capacity of the experimen-
tal columns was determined without reducing the design
resistance of the longitudinal reinforcement by multiplying
by the reducing coefficient of the operating conditions of
the reinforcement for elements on porous aggregates of
classes B7.5 and below, recommended by Building codes and
regulations 2.03.01-84*. As you can see, with this type of
concrete, there is no such need. Therefore, the calculation
of the strength of normal sections of compressed reinforced
concrete elements made of expanded clay concrete on an al-
kali-slag binder should be carried out according to Building
codes and regulations, assuming the coefficient of reinforce-
ment operating conditions equal to 1.

These studies were carried out under short-term static
load. Therefore, it is necessary to continue research on struc-
tures made of glass-slag claydite-concrete under long-term
and dynamic impacts.

7. Conclusions

1. The ratio between the prism and cubic strength of
glass-slag expanded clay concrete is in good agreement with
the dependence set forth in Building codes and regulations
2.03.01-84*.

2. The limiting longitudinal and transverse deformations
of concrete during compression are on average equal to

1.8 %o and 0.4 %o, respectively. The design tensile strength
of expanded clay concrete on a slag-alkali binder should be
determined by the formula R,,= 0.363/R”.

3. The initial modulus of elasticity of glass-slag expanded
clay concrete is lower than that of conventional concrete and
is well described by the proposed dependence.

E;= 8.5YR. The bearing capacity of compressed ele-
ments on a glass-slag binder is recommended to be taken
without reducing the design resistance of longitudinal rein-
forcement by multiplying by the coefficient of reinforcement
operating conditions, as is customary for elements on porous
fillers of classes B7.5 and below in Building codes and regu-
lations 2.03.01-84*.
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