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Abstract Purpose: it consists in calculating the bearing capacity of reinforced concrete bridge
beams of inclined sections and improving methods for strengthening them with fabric composite
materials, as well as developing recommendations for calculating the bearing properties of
reinforced concrete beams, taking into account the strength of the overbite and bending effect of
longitudinal reinforcement. Design/methodlogy/ approach: In the course of research, when
measuring, comparing, and processing test results, calculation methods with a mathematical
number were used, methods for evaluating the completeness of reinforced concrete elements are
presented in current regulatory documents.

Key words: strength, transverse bending, bearing capacity, reinforced concrete bridge beams,
inclined section, engagement forces, normal and tangential stresses.

1 Introduction

The article reflects the problems associated with the calculation of reinforced concrete structures
along inclined sections, taking into account the forces in concrete above an inclined crack, in
longitudinal reinforcement crossing an inclined crack, in transverse reinforcement crossing an
inclined crack, and the engagement forces acting along the banks of an inclined crack. The
calculation is based on recommendations. All over the world, since the 80s of the 20th century,
the practice of reinforcing reinforced concrete structures based on fabric composite materials has
been widely used. Maintenance of bridges without complying with the requirements of meiori
(sprinkling with salt to remove ice) led to the development of corrosion processes in the
reinforcement. According to a 2015 report by the American Association of Civil Engineers, in the
United States, almost 40% of automobile bridges have structural and functional faults that make
their further operation impossible. A similar situation can be observed in the countries of Western
Europe, Russia and the Republic of Uzbekistan. The technical condition of most bridges is
characterized by the presence of a large number of defects and damages, which significantly reduce
the operational and long-term durability of structures. In order to safely transfer design loads ona
global scale, major repairs or reconstruction of reinforced concrete bridges require replacement or
reinforcement of head restraints of intermediate devices. An effective way to increase the load-
bearing capacity of reinforced concrete fences is the use of modern reinforcement technology

87



using microns. In this regard, in developed countries, including the US, Germany, Sweden, Japan,
Western European countries, Russia, Canada, Australia, “it is at the expense of such promising
areas as the use of modern design technologies and equipment to ensure the viability and durability
of bridges, roads and other vehicles”. In this regard, it is considered necessary to develop a method
for strengthening reinforced concrete bridges using microns and calculating their strength. The
total length of highways in the republic in the current period is 184,000 km. Of these, 7,114 bridges
and roadways were built with a total length of 165,005 km. The volume of artificial structures that
need reconstruction and strengthening is increasing from year to year. The only and main task is
to ensure the operability of reinforced concrete bridges through their complete or partial repair.
The bearing capacity of 331 intermediate bridge devices does not meet the technical requirements,
of which 144 bridges require complete replacement of intermediate devices, repair, reinforcement
or reconstruction of 187 intermediate bridge devices. The long service life of structures and their
operation in adverse environmental conditions have led to the fact that obsolescence and failure of
reinforced concrete structures have become a serious problem of the construction network. In the
strategy of actions for the further development of the Republic of Uzbekistan for 2017-2021,
including "....Road transport, engineering and communications and the implementation of targeted
programs for the development of social infrastructure and modernization.." the function is defined.
The development of methods for determining the strength of bridge intermediate devices with high
accuracy in the processes of design, construction and commissioning of bridges, improvement of
the method of strengthening existing bridges indicates the relevance of this work.

2 Materials and Method

The main researchers of the world and our country, including Jayaprakash J. [2-4,10], who studied
the performance indicators of reinforced reinforced concrete elements using reinforced composite
materials, calculated the reinforcement and strength of reinforced concrete bridge elements with
fabric composite materials., Abdul Aziz A. A. [2-4], Abang A. A. [2-4], Khalifa A. [1], Alhrdaji
T., Nanni A.[1], Kong F. K., Mast R. F., Mukhopadhyaya P., Pamali A. B., Razali M., Chin U. S.,
Ritchie P.A., Taylor H. P. J., Zaitsev Yu.V., Baykov V.N., Berg O.Ya., Bondarenko V.M.,
Gvozdev A.A., Zalesov A.S., Yashin A.V., Mamadzhonov R. K., Ashrabov A.A. [5-10],
Ishankhodzhaev A.A. [8], Raupov C.S., etc. Most of the research work done to strengthen the shear
zone Of reinforced concrete beams was carried out using one-sided oriented fabric composite
materials. Reinforcement performed using bi-directional fabric composite materials has not been
studied in practice. In the conducted studies in the zone of joint action of the bending moment and
transverse forces acting on reinforced concrete elements, the issues of reinforcement of reinforced
concrete elements with fabric composite materials and strength calculation in inclined sections
have not been sufficiently studied. Based on this, it should be noted that the creation of a reliable
and effective method for calculating the strength of reinforced concrete elements along oblique
cross sections requires the creation of a physical model of the element's operation under the
influence of transverse forces.
The general calculation model. The destruction of reinforced concrete elements from the action
of transverse forces, as established by numerous experiments, occurs along an inclined section
passing along an inclined crack, when concrete collapses over an inclined crack. It would seem
that the simplest thing is to isolate a block of reinforced concrete element cut off by an inclined
section, and consider the balance of external forces acting on the selected block and internal forces
acting in an inclined section. However, when determining the forces acting in an inclined section,
a number of intractable problems arise. Consider a block isolated in an element with an inclined
section and a normal section passing along the lower, stretched end of the inclined section, along
which the transverse force Q moment M and the longitudinal force N from external loads act
(Fig.1).
Forces acting in an inclined section (forces in the connections connecting the selected block to the
rest of the elements) include:
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1) forces in concrete over an inclined crack, which can be represented as longitu-dinal and
transverse components Ny and Qp

2) forces in the transverse reinforcement Qsw,

3) forces at the intersection of the inclined section and the longitudinal stretched reinforcement,
which can also be represented as longitudinal and transverse components Ns and Qs;

4) forces acting along the banks of an inclined crack, which can also be represented as longitudinal
and transverse components of Qcre and Nere.

As a result, a general system of equilibrium equations can be written, including the equations of
equilibrium of external and internal transverse forces, bending moments and longitudinal forces
acting in an inclined section.
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Fig.1 A design scheme for calculating the slope, taking into account the transverse force and
bending moment

The equation of moments is presented here as the sum of the moments of all external and internal
forces relative to the intersection point of the inclined section with the longitudinal stretched
reinforcement. Now let's consider the forces acting in an inclined section.

Forces in concrete over an inclined crack. The concrete in the area above the inclined crack is
in a flat stress state. If we consider the sections extending from the tip of the inclined crack to the
face of the element, then normal and tangential stresses obviously act in this section. The limit
values of normal and tangential stresses can be found from the criterion of concrete strength in a
flat stressed state, expressed in terms of the main mutually perpendicular stresses and resistances
of concrete in compressive strength and concrete resistance in tensile strength. Based on this
criterion, the ratio of the maximum normal and tangential stresses acting in this section can be
established. If we assume an approximately uniform distribution of normal and tangential stresses
over the height of the concrete zone above the inclined crack, then we get the ratio of transverse
and longitudinal forces in this zone corresponding to the obtained ratio of normal and tangential
stresses. However, the actual values of the longitudinal and transverse forces in the zone above the
inclined crack remain unknown, since the height of the concrete zone above the inclined crack
remains unknown and, moreover, the ratio between the limit values of the longitudinal and
transverse forces is a variable value. Let’s take a closer look at the definition of the forces perceived
by concrete over an inclined crack, Qpand Np. The criterion of concrete strength under flat stress
in the “compression—tension” and “compression—compression” regions, obtained directly from
experimental data, can be represented as a curved graph in coordinates of the main stresses
compressing 61 and stretching o3 shown in Fig.2. However, such a curved graph is difficult enough
for further interpretation. There fore, it is advisable to replace it with simpler and more careful
linear graphs shown in Fig.3. These graphs can be expressed by simple equations:
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The equations expressed in terms of the main stresses can be expressed using the known relations
of the theory of elasticity in terms of normal stresses op and tangential stresses T
in the “compression—compression” area
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The resulting equations can be represented as a curved graph in the coordinates of normal and
tangential stresses, shown in Fig.4. It can be seen that at zero values of normal stresses op = 0, the
maximum shear stresses 1tp,ult are equal to the tensile strength of concrete Ry, then with an increase
in normal stresses op, the maximum shear stresses tb,ult initially increase to a certain maximum,
approximately equal to 2Ryt at normal stresses ob, approximately equal to 0.5Rp, and then decrease

to zero at normal stresses on, equal to the compressive strength of concrete Rp.
Tb

2Rt

N D

Rut 0 R, Ol
Fig.4 A curved graph structured in coordinates of normal voltage and urinal voltage

Using the above equations linking the limit values of normal and tangential stresses ob,ult and
th,ult 1s difficult enough for further analysis.There fore, let's move on to further simplifications.
The limit values of normal and tangential stresses ob,uit and tb,ult can be assumed independent of
each other and equal to their maximum values, i.e. ohut = Rp and thut = 2Rt or some average
values, for example, oput= 0.5Rp, to,uit = 1.5Rut. You can replace the curved graph showing the
relationship between the limit values of normal and tangential stresses with a linear one, for
example, shown in Fig.5. This graph is expressed by the equation
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As a result, we obtain a dependence showing a continuous linear decrease in the limit values of
tangential stresses with an increase in normal stresses, i.e. a fairly simple dependence linking the
limit normal and tangential stresses. It is clear that this dependence overestimates tangential
stresses at low normal voltages and underestimates at high values of normal voltages [15-18].

3 Results

Analysis of the calculation. Substituting the obtained expression for the height of the concrete
zone above the inclined crack x into the above equations and strength conditions for concrete above
the inclined crack, we obtain the final dependencies for calculating strength over inclined sections.
The strength condition, expressed in terms of transverse force, looks like this

E, A; hy 1 MRy, 1
Q =< ZRb,ShthE_b T

bhy ¢ 1+L.Rb-55’1 Z Ry 1+E.Rb-5h’
hg Rb Fe Rb

(8)

Thus, it can be seen that the magnitude of the maximum transverse force perceived by concrete
over an inclined crack, and therefore the magnitude of the maximum transverse force perceived by
the element as a whole, depends on the ratio of the working height and the projection of the inclined
section ho/s, on the relative content of the longitudinal stretched reinforcement As/bho and on the
bending moment in the normal the section passing through the lower stretched end of the inclined
section M. With an increase in the ratio ho/c, the limiting transverse force increases, it also increases
with an increase in the relative content of the longitudinal reinforcement As/bhoand decreases with
an increase in the moment M. As you can see, the resulting calculated dependence includes the
main parameters present in the calculated dependencies in the above regulatory documents. Let's
analyze the obtained strength condition under the action of a transverse force. If we exclude from
the calculated dependence an expression that takes into account the influence of the bending
moment

M Rp,sn 1

Z Ry 1+i.Rb-5h
hz Rp

(9)

an expression that takes into account the ratio between the resistance of concrete to shear and
compression

1
1+—-—b
ho Rp
replace the expression that takes into account the influence of longitudinal reinforcement
E. A
5 75 (1 1)
E, bhyg

by some coefficient, and we express the resistance of concrete to shear through the resistance of
concrete to stretching, we get a dependence identical in its structure to the dependence adopted in
international norms

0 < @pRptbh? (12)
[
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A comparative analysis of the calculated dependence obtained and the dependence adopted in
international norms shows which factors are not taken into account in the normative methodology
and how they can be taken into account using the presented calculation model. On the other hand,
this analysis shows that the normative methodology basically reflects the resistance of reinforced
concrete elements to the action of transverse forces. Obviously, the presented general dependence
was obtained using very conditional and approximate approaches and techniques. Therefore, it
requires further research and analysis by comparing it with experimental data and introducing
corrections and numerical coefficients. Adjustments can be made by including in the calculation
model the nagel (transverse) forces in the longitudinal reinforcement, the engagement forces in the
inclined crack, clarifying the parameters of the deformation dependence and the forces acting in
concrete above the inclined crack. Of course, this will make the calculated dependence even more
complex and cumbersome compared to the already obtained rather complex and cumbersome
dependence, and even more so compared to the dependence adopted in regulatory documents.
Therefore, in further research, it is necessary to strive for the simplest calculation dependence
while maintaining the basic principles of the calculation model and the most significant factors
affecting the bearing capacity of the element under the action of transverse forces. Another way,
more logical, is to take into account the transverse (nagel) forces in the longitudinal reinforcement,
Qs, which we neglected in the presented analysis. It should be noted that the comparison with the
current regulatory documents in this case is quite justified, since the empirical calculation
dependencies adopted in them are obtained based on the analysis of numerous experimental data
[11-14].

Some additional remarks. Obviously, a solution could be considered based only on the
equilibrium equations without using the deformation dependence. For example, for elements
without transverse reinforcement, from the equation of equilibrium of moments relative to the
resultant forces in concrete over an inclined crack, we obtain forces in longitudinal reinforcement.
A similar calculation can be performed for elements with transverse reinforcement. An alternative
is to take full account of the shortening, elongation and shear deformations in concrete above the
inclined crack, in the reinforcement crossing the inclined crack, and in the inclined crack itself
across and along the inclined section. Another approach to the calculation is to use the so-called
two-block or three-block model, which includes a block allocated by an inclined section, a block
allocated by a normal section passing through the top of the inclined section, and an intermediate
block located between the inclined and normal sections.

In general, the calculation is performed as follows. The various positions of the beginning of the
inclined section along the length of the element with the corresponding values of the transverse
force and moment in the normal section passing through the beginning of the inclined section are
considered. For each position of the starting point of the inclined section, different positions of the
inclined section with different projection lengths of the inclined section on the longitudinal axis of
the element are considered. The most dangerous position of the inclined section is determined
along the length of the element and along the length of the projection of the inclined section,
according to which the strength of the reinforced concrete element is estimated for the action of
transverse forces and bending moments [19,20].

4 Conclusion

1. Above, we showed that on the basis of a general calculation model that includes equations of
equilibrium of moments, longitudinal and transverse forces with the involvement of deformation
conditions, in principle, it is possible to obtain fairly simple calculation dependencies for
estimating the strength of reinforced concrete elements along inclined sections. However, at the
same time, as it was shown, it is necessary to include approximate, rather conventional techniques
and approaches in the calculation.

2. When calculating reinforced concrete elements for the action of transverse forces, the main
parameters present in the above normative documents are taken into account: the relative length
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of the projection of the inclined section c¢/hg, the relative content of the longitudinal reinforcement
As/bhg, the relative magnitude of the moment M/z. Thus, the presented model makes it possible to
replace the empirical dependencies present in various regulatory documents. As for the empirical
dependence present in domestic normative documents, expressed in terms of the relative length of
the projection of the inclined section c/ho, this model allows us to supplement the normative
dependence with the influence of the relative content of the longitudinal reinforcement As/bh0 and
the relative moment M/z, which generally corresponds to experimental data.

3. Empirical formulas have been developed for the values of the bearing capacity when cutting
reinforced disk samples. It is noted that there are no sufficient experimental or theoretical results
of studying reinforced disk samples.

4. Of course, the considered model requires further development, refinement and adjustment. First
of all, it should be brought in accordance with experimental data by clarifying the strength of
concrete above an inclined crack, the height of the concrete zone above an inclined crack, the
pressure resistance of longitudinal reinforcement, the engagement forces along the banks of the
inclined crack. Nevertheless, this model, due to its simplicity and physical content, is more
attractive compared to the empirical dependencies contained in the above regulatory documents.
It can also serve as a justification or show the need to adjust certain empirical dependencies.

5. Considering the presented model, it can also be concluded that it is impractical to complicate
the methodology for calculating reinforced concrete elements for the action of transverse forces
due to the inability to accurately assess the main forces acting in an inclined section.

6. The new calculation method for inclined sections developed under the guidance of Prof. A.A.
Ashrabov is more progressive, since it quite realistically evaluates the mechanism and process of
resistance along inclined sections of bent reinforced concrete elements.

7. Practical recommendations have been developed for calculating the strength of inclined sections
of T-beams of bridges reinforced with high-strength composite materials, ensuring the reliability
of transport structures.

8. The results obtained will replenish the data bank on the operation of bent reinforced concrete
beams, taking into account the combined action of the bending moment and transverse forces,
taking into account the engagement forces in cracks and the nagel effect of longitudinal
reinforcement. They will form the basis of proposals to clarify the existing regulatory methodology
for calculating the strength, stiffness and crack resistance of inclined sections of bent reinforced
concrete elements, will create a complete physical picture of their work in conditions of complex
stress-strain state, as well as in the development and implementation of new design solutions for
transport structures of the Republic of Uzbekistan.

References

1. Khalifa A., Nanni. A (2002). Rehabilitation of rectangular simply supported RC beams with
shear deficiencies using CFRP composites. Constr. and Build. Mat.,Vol.16, pp135-146.

2. J. Jayaprakash, Abdul Aziz A. A., Abang, A A. A., and Ashrabov, A. A. (2004a) External
Shear Strengthening Strategies of RC Beams with Bi-Directional Carbon Fibre Reinforced
Polymer Sheet. Proceedings of International Conference on Bridge and Hydraulic structures, pp
219-224.

3. J.Jayaprakash, Abdul Aziz A. A., Abang, A A. A., Ashrabov, A. A. (2004b). Rehabilitation
of RC Beams using Bi-Directional Carbon Fibre Reinforced Polymer Fabrics. The Third
International Conference on Advances in Structural Engineering and Mechanics (ASEM'04), 2-4
September 2004, Seoul, Korea.

4. J.Jayaprakash, Abdul Aziz A. A., Abang, A A. A., Ashrabov, A. A. (2005). An Experimental
Investigation on Shear Enhancement of Partially Cracked RC Beams with Bi Directional Carbon
Fabrics. Sixth International Congress, Global Construction-Ultimate Concrete Opportunities, 5-7,
July 2005, UK. (Accepted).

93



5. Axmedov.Sh.B. Strength of rc elements strengthened with external fiber
polymerreinforcement // International Journal of Advanced Research in Science, Enjineering and
technology.- India, 2019.Vol.6, Isue 9, September 2019. 10851-10856 (ISSN: 2350-0328).

6. Axwmenos lI.b., Ampa6oB A.A. [IpouHOCTH MOCTOBBIX TaBPOBBIX JKEI€300€TOHHBIX 0AJIOK,
YCHJICHHBIX YIVICIUIACTUKOBBIM BHEIIHMM apMupoBanueM // “TAMU xaGapHoMach” HMIMHii-
Texuuk xypHamu. Tomkent: TAMJIKOU, 2019. Nel, 40-46 6.

7. Ashrabov. A.A. To the research of the contact interactions in the cracks of the reinforced
concrete elements//Proceedings of the Russian Academy of Architecture and Construction,
Moscow, 2009, 89-94 c.

8.  Ashrabov A.A., Ishonkhodjaev A.O., Raupov Ch.S. On shear force transfer across the cracks
in RC elements reinforced with fibre polymer materials // Journal of the Academy of Sciences of
Uzbekistan "Problems of mechanics", - Tashkent, -2006. -Ne5, p. 7-11.

9. SH.B.Axmedov., Ashrabov. A. A. On sheer force transfer across the cracks in RC elements
// Kypuan AH PVY3 «Ilpob6aembr mexanukny, TamkeHT,2016.Ned,p.25-29.

10. Ashrabov A. A., J. Jayaprakash. Rehabilitation of Pre-cracked RC Push-off Specimens with
CFRP Fabrics. First International Conference on Advances in Bridge Engineering, Brunel
University, 26th - 28th June 2008, West London, UK, pp. 309 — 312.

11. Influence of the inertia force of underground pipeline systems under seismic loads. AIP
Conference Proceedings 2637, 050002 (20 October 2022). https://doi.org/10.1063/5.0119606

12. Multivariate Statistical Modeling of Strength and Parameters of Diagrams op—epn for
Expanded Clay Concrete. AIP Conference Proceedings 2637, 050005 (20 October 2022).
https://doi.org/10.1063/5.0120127

13.  Methodology Of Techno-Economic Feasibility Study For The Reconstruction of Road
Bridges. International Conference on problems and perspectives of modern Sciense (June 2021).
https://www.scopus.com/results/authorNamesList

14.  Strength of reinforced concrete T-beams of bridges reinforced with external reinforcement
from fabric polymeric composites. E3S Web of Conferences 401, 01068 (2023).
https://doi.org/10.1051/e3sconf/202340101068

15.  Modeling of dissipation of vibration energy in problems of structural dynamics. E3S Web of
Conferences 401, 05025 (2023).

https://doi.org/10.1051/e3sconf/202340105025

16. Evaluation of effect of deviations in width of cross-section of connected elements. E3S Web
of Conferences 401, 02049 (2023).

https://doi.org/10.1051/e3sconf/202340102049

17.  Calculation of the intermediate support of a three-span overpass. Universum. 2023. 5(110).
https://7universum.com/ru/tech/archive/item/15557

18. Investigation of stress transfer through cracks in reinforced concrete elements. E3S Web of
Conferences 401, 03023 (2023).

https://doi.org/10.1051/e3sconf/202340103023

19. Ground behaviour and settlements analysis on tunnelling of shallow-buried metro in
Tashkent city. E3S Web of Conferences 401, 01062 (2023).
https://doi.org/10.1051/e3sconf/202340101062

20. Numerical approach for assessment of stress strain state of road culverts. AIP Conference
Proceedings 2637, 050003 (20 October 2022);

https://doi.org/10.1063/5.0119096

THE ECONOMIC VALUE OF INSURANCE FOR AGRICULTURAL
PRODUCTS EXPORTED TO THE CHINESE MARKET

Kalenov K, Associate Professor, Karakalpak State University
Email: kalenovkuzbergen6@gmail.com

94




