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ABSTRACT

Assistant, Ferghana Polytechnic Institute, Fergana, Uzbekistan

An analysis is given of the possibility of using glass-composite non-metallic reinforcement in
compressed concrete elements. The results of comparison of studies of strength and deformability
with high-strength composite and steel (class A800) working reinforcement in our country and abroad
are presented. Proposals are given for further research of composite reinforcement as longitudinal in

compressed elements.
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INTRODUCTION

Reinforced concrete compressed elements are
the main load-bearing vertical structures of
buildings and structures for various purposes,
taking the load from floors and coverings,
transferring it to the foundation and further to
the base soils. Therefore, along with reliability,
they must have high economic performance
and corrosion resistance, which largely
depends on the materials used and calculation

methods. Prospects for the development of
reinforced concrete are inextricably linked with
the use of both new materials and their
combination with already proven traditional
materials [1]. Along with this, there is an
optimization of the already proven structural
solutions of reinforced concrete structures [2,

3]
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Reinforcement in  reinforced concrete
structures is used primarily to absorb tensile
forces and reinforce concrete in compressed
zones of structures. Therefore, in the
normative document on the design of
reinforced structures [4], the
normative and design characteristics of the
reinforcement in tension and compression are
assigned. The
reinforcement is determined by its physical and

mechanical characteristics (yield point and

concrete
tensile work of the

elastic modulus) obtained during testing.

The design resistance of the reinforcement to
compression is determined to a greater extent

by the ultimate compressibility of concrete €py

= 2-103 The ultimate compressibility of
concrete depends on the strength of the
concrete, its class, composition, and the
duration of the load application. With an
increase in the class of concrete, the ultimate
deformations decrease, however, with an
increase in the duration of the load application,
they increase.

Since, due to adhesion, the reinforcement is
deformed together with the concrete esc =
ebu, then the limiting stresses in it are
determined by the formula (Hooke's law)

Oschu = Esc " Es =2-1073-2-10°
= 400 MPa,
where Es is the modulus of elasticity of steel.

Consequently, the design resistance of steel
reinforcement will be equal to Rsc = 400 MPa,
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which is accepted in modern design standards

[4]-

If the applied load acts for a long time, then
due to the creep of concrete, the ultimate
compressibility increases, therefore, the
design strength of the
reinforcement can be increased to 500 MPa,
although the actual compressive stresses can

compressive

reach large values. In this case, of course, the
design resistance cannot exceed the design
yield strength of the steel, i.e. Rsc <Rs. From the
above, we «can conclude that steel
reinforcement of both A500 and A600 classes
is better suited as compressed reinforcement
under prolonged exposure.
resistance of reinforcement of higher classes
(A800, A1000) turns out to be underutilized. It

can be noted that the indicated calculated

Compression

values of the limiting deformability of concrete
ebu are taken in the norms to be the same for
concrete of all classes. However, in fact, with a
decrease in the «class of concrete, its
deformability increases, along with this, ebu
will also increase and, therefore, the ultimate
stress for reinforcement will increase.

Itis known that if a transverse reinforcement is
installed in a compressed element, which is
capable of effectively restraining transverse
deformations, then this can significantly
increase its bearing capacity. Experiments have
shown that concrete has an increased
resistance to compression within the core,
enclosed within the transverse reinforcement,
by analogy with pipe
compressed, flexible reinforcing bars tend to

concrete. When

lose stability (bulge) long before the ultimate
strength is exhausted and tear off the
protective layer of concrete, which can cause
premature destruction of structures. To
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prevent this dangerous phenomenon, it is
necessary to install transverse reinforcement
(clamps). The transverse reinforcement, like a
cage, restrains the transverse deformations of
concrete  arising  during  longitudinal
compression, and thus causes an increased
resistance of concrete to longitudinal
compression, incl. and after the appearance of
the first longitudinal cracks in it. The concrete
within the core resists external influences even
after peeling of the outer concrete layer and
until the stress in the transverse reinforcement
yield Longitudinal
deformations of elements reinforced with

reaches the point.
indirect reinforcement are very large and the
greater, the stronger the
reinforcement.

transverse

The works of some researchers have shown [5-
7] that in the presence of a certain amount of
transverse reinforcement, it is possible to limit
transverse deformations in concrete, and,
longitudinal
deformations according to Poisson's law,

consequently, an increase in
which, accordingly, will lead to an increase in

ultimate stresses in compressed
reinforcement. So, it was proved that when
using a sufficient amount of transverse
reinforcement as a compressed one,
reinforcement of classes AT800 (AT-V) with
stresses up to the yield point can be used. The
studies obtained helped to introduce high-
strength steel reinforcement of the AT800
class into real structures (columns produced at

the Mospromzhelezobeton plant).
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Composite rebar offers a number of
advantages over traditional steel rebar. These
are low weight, high strength, corrosion
resistance, transparency to magnetic fields.
The disadvantages of such reinforcement are
low modulus of elasticity (4 times compared to
reinforcement), fragility upon
fracture (no yield strength) and susceptibility

strength under high

steel bar

to a decrease in
temperatures.

The use of non-metallic composite
reinforcement (in particular, based on glass
fibers) as

reinforcement

non-stress
steel
reinforcement in reinforced concrete elements

compressed
instead of traditional

will increase the corrosion resistance of
compressed elements operating in corrosive
(tanks, offshore
structures, etc.). This will provide an economic
effect by
associated with the absence of the need for

environments silos,

reducing the operating costs

frequent repair, reinforcement or replacement
of structures due to corrosion of the steel
reinforcement. Glass composite reinforcement
(due to its low cost compared to other types of
non-metallic reinforcement, it accounts for the
vast majority of the use of composite
reinforcement) is comparable in cost to steel
reinforcement and may well be used as a
replacement for steel in reinforced concrete
structures operating in corrosive
environments. The table shows the main
comparative characteristics of traditional steel

and non-metallic composite reinforcement.

Comparative characteristics of steel and fiberglass reinforcement

Indicator name A400

(A-llN)

(AT-11IC)

A500 A600 A800 A1000 ASK

(AV) | (AV) | (AV)
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Yield strength, MPa 400 500 600 800 1000 —
Ultimate tensile strength, MPa 500 600 740 1000 1200 1200
Tensile elongation,% 16 14 12 8 7 2,5
Elastic modulus in tension/ 200 200 200 200 200 50
compression, GPa
200 200 200 200 200 —*
Compressive strength 400 500 600 800 1000 300%
Design Compression Resistance 350 435 (400) 470 500 500 —
(400)
(400) | (400)

-1 Note. The Rsc value in brackets is used only for short-term loading.

* - the method for determining and the requirements for the value of the modulus of elasticity in
compression are not defined.

However, there are practically no experimental
data on the strength and deformability of
compressed elements reinforced  with
composite non-metallic reinforcement.
Therefore, the design standards of Western
countries [8-11] either do not contain methods
for calculating compressed members with non-
metallic reinforcement, or allow its use, but
with zero design compressive strength [12]. In
our country, design standards for structures
with composite reinforcement have not yet
been developed.

Also, one of the problems of using composite
reinforcement is the uncertainty in obtaining
the compression characteristics of composite
reinforcement. Abroad, there are no standard
methods for testing composite reinforcement
for compression, mainly due to the many
different types of fracture patterns [8]. The
nature of the destruction of samples can be
expressed both in the loss of stability of the
entire sample and in individual fibers. For flat
sheet composites, many axial compression test
procedures are some kind of variation
ofCelanese compression tests, as in ASTM

D3410 (2008) or ASTM D695-10 [13] for rigid
plastics.

This method assumes a thin, straight-sided
specimen, which is very similar to the specimen
in central axial tension, except for the distance
between the grips of the testing machine,
which is much smaller. Compression testing of
composite reinforcement bars is usually
hampered by the appearance of fiber buckling
due to the anisotropy and inhomogeneity of
the composite material and lead to inaccurate
measurement results. In view of this, standard
test methods have not yet been established
abroad. Different researchers for composite
rods suggest different values of reduction in
compressive strength - on average, from 30 to
50% of its tensile strength [14, 15].

In the Russian Federation, compression testing
of composite reinforcement bars is regulated
by GOST 31938—2012, which was put into
effect since 2014 [16]. According to the
methodology described in Appendix B [17], the
test specimen consists of a piece of a rod, at
the ends of which test sleeves are installed on
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the adhesive layer (Fig.). The total length of the
specimen is determined by the design of the
bushings. The length of the working section of
the rod between the bushings should be 6d.
The device for testing specimens for
compression consists of a guide sleeve, which
ensures the possibility of applying a load
strictly along the axis of the rod, and two test
sleeves installed at the ends and ensuring the
destruction of the specimen in the working
area.

Nevertheless, the methodology of GOST 31938-
2012 [16] is based on the method of GOST 4651-
82 [17], which was originally intended for
structural plastics for gasket and sealing
purposes, and not directionally fiber-
reinforced composite reinforcement rods,
obviously differing in both structure and
composition. and working conditions. The
spread of compressive strength in [14, 15] and
the difference in the nature of fracture
depending on the test method indicates the
difference and underestimation of the
conditions for the real operation of composite
reinforcement rods in concrete.

It should be noted that the method described
in [16] does not imply the measurement of the
modulus of elasticity in compression.
Meanwhile, composite reinforcement s
anisotropic and, therefore, multi-modulus

material, i.e. the modulus of elasticity in
compression and tension differ, as noted in [14,

15].

So, the modulus of elasticity of the composite
reinforcement in compression is about 30 GPa,
and the compressive strength is about 0.3 ...
0.35 of the tensile strength. In addition, GOST
establishes the requirement for composite
reinforcement for compression (Table 4 [16]) -
not less than 300 MPa. The requirements for
the modulus of elasticity in compression are
not mentioned in this standard, and as noted
above, this characteristic is extremely
important for assessing the calculated value of
the compressive strength of composite
reinforcement, especially in light of the
upcoming set of rules for the design of
structures with composite reinforcement ...
Most likely, this document will not contain
methods for calculating compressed members
with composite reinforcement due to the
aforementioned lack of test data for such
structures.

In this regard, the provision of GOST [16],
which imposes requirements for compressive
strength and does not contain any
requirements for the modulus of elasticity in
the absence of calculation methods, does not
seem entirely logical.
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1 test sample, 2 load distribution traverses, 3 hydraulic dampers, 4 columns, 5 support columns, 6
base plates, 7 bases, 8 hydraulic jack manometers,

Type of compression tests of a fiberglass
reinforcement bar in accordance with GOST
31938 2012: a - sketch in accordance with GOST
31938—2012; b - full-scale test sample

Thus, using Hooke's law (1), it is possible to
obtain that the ultimate stresses in composite
reinforcement at an elastic modulus of 30 GPa
will reach only about 50 ... 60 MPa, which can
be comparable with the compressive stresses
of concrete. At such stresses, taking into
account the value of the percentage of
reinforcement in compressed structures
(usually no more than 2 ... 3%), the share of the
participation of composite reinforcement in
the bearing capacity of the column will be very
small, comparable to the calculation error,
which greatly limits the prospects for its use in
compressed elements. ...

However, as noted in foreign standards, and as
shown in [18-19], the compressive strength of
composite reinforcement should not be
neglected.

Tests of columns reinforced with non-metallic
composite reinforcement were carried out

abroad. It was shown in [19] that the strength
of columns with composite fiberglass
reinforcement with a sufficient transverse step
of reinforcement is only 7% lower than that of
columns with steel reinforcement of a similar
design, and the strength of columns with
carbon fiber reinforcement is 5% lower than
that of columns with steel reinforcement.

Studies carried out in our country by the author
of this article showed [18] that with a sufficient
amount of transverse reinforcement, with a
step half the recommended rate, composite
reinforcement gives an increase in strength up
to 1.8 times compared to a pure concrete
sample. At the same time, other studies show
[20] that when clamps are installed with a pitch
close to the upper limit of the norm, there is
practically no increase in bearing capacity
compared to pure concrete columns without
reinforcement.

From the above, it can be concluded that
compressed members with composite
reinforcement should be designed using other
methods than compressed members with steel
reinforcement. Requires more frequent, in
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comparison  with  steel reinforcement,
transverse reinforcement. At the moment,
there are no universal calculation methods,
despite a certain layer of accumulated
research. For glass-composite reinforcement,
the question of the optimal percentage of
reinforcement with an accelerated setting of

transverse reinforcement has
studied.

CONCLUSIONS

The use of non-metallic fiberglass
reinforcement is promising from an
economic point of view in order to reduce
the operating costs of buildings and
structures  operating in  aggressive
environments.

The studies carried out show that non-
metallic glass-composite reinforcement,
with a reasonable setting of transverse
reinforcement, can be used in compressed
elements with a bearing capacity of only 5%
less than similar samples with steel
reinforcement.

Placing a sufficient amount of transverse
reinforcement in compressed concrete
elements increases the strength of
columns with composite reinforcement up
to 1.8 times compared to concrete
specimens without reinforcement. 4. To
substantiate the use of composite
nonmetallic reinforcement in compressed
elements and to introduce methods for
calculating such elements into the design
standards, it is necessary to carry out full-
scale studies to study the effect on the
strength and deformability of samples of
such parameters as the shape of the cross-
section of the samples, the pitch and
diameter of the transverse reinforcement,
the percentage of  longitudinal
reinforcement , eccentric and cyclic loads.
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