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1. INTRODUCTION:  
Interest in the use of composite reinforcement is growing every year. This is clearly seen in scientific and 

scientific-practical publications that are devoted to the study and use of composite materials in construction. Due to the 

fact that the established rules and norms for the design of concrete structures with composite materials are still not 

sufficiently developed, there are obstacles to the widespread use of this technology in engineering practice. Therefore, 

methods for calculating structural elements today are one of the most important tasks in improving and studying the 

stress-strain state of concrete elements reinforced with composite reinforcement. And it should be noted that here the 

most important role is played by modern computer systems. In the study of the stress-strain state, software systems such 

as Lira 9.6 are widely used. The model of the studied beams. According to preliminary calculations, it was found that 

the elements are destroyed when stresses in the lower tensile reinforcement yield strength. 

 

2. The purpose and method of numerical research: 

Combined reinforcement is double reinforcement, the lower reinforcement of which is made of reinforcing steel, 

and the upper of composite reinforcement. And here the goal of the work is to determine the stress-strain state of 

continuous concrete beams with composite reinforcement. Under the action of concentrated loads on two-span concrete 

beams, three series of beam behavior are given. The loading scheme and geometric parameters are indicated below. 

Geometrical characteristics of beams: cross-sectional dimensions 160 × 300 (h) mm. For the manufacture of 

beams used concrete class B30. The bottom reinforcement of all series is made of 2Ø10 mm A400 class. The upper 

reinforcement is made of fiberglass reinforcement (Rs = 1000 MPa): the first series of 2Ø10 mm; the second is 2Ø12 

mm and the third is 2Ø14 mm. 

 
Fig.1. Loading diagram and geometric parameters of the examined beams. 

 

Abstract: This article studies the operation of two composite reinforcement span beams under concentrated 

forces. With the participation of a three-dimensional model, the nature of the stress-strain state of beams with 

composite reinforcement on the basis of computer modeling is considered. Three series of samples were studied. 

In the course of numerical study of non-cut beams reinforced with metal and composite reinforcement, final 

results were obtained, as well as on increase of percentage (%) of reinforcement of upper (composite) 

reinforcement the dependence of stressed-deformed state was established. According to the next loads of beams, 

experimental dependencies of beam deflection change were obtained by means of loads attached to them. Stresses 

in concrete surface, as well as stresses in upper and lower section of stretched and compressed steel and 

composite reinforcement are given in case of structure destruction. 
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3. DISCUSSION: 

With the help of the lira program with regard to the volumetric stress state, a simulation of the stress-strain state 

of the beams was made. With stiffness type 236, the volume finite elements of the concrete beams were given for the 

strength calculation of the continual objects. The final stiffening element 210 has been installed in the model of fiberglass 

and metal reinforcement, which makes it possible to calculate all types of rod systems taking into account the physical 

nonlinearity of the material. 

 
Fig-2. The overall view of the beam model is shown below. 

Preliminary calculations of the beams showed that the destruction of the elements occurred as a result of the 

achievement of stresses in the lower (span) stretched reinforcement limit. On the basis of this, the possibility of 

destruction of beams along the concrete of the compressed zone was not considered. Diagram «σb-εb» for concrete is 

adopted as three-line according to recommendations [4]. 

 

4. RESULTS OF THE STUDY: 

At different stages of beams loading it was possible to obtain diagrams of cracks location, as well as diagrams 

of beams deformation. The strength of the beams increases with the diameter of the upper reinforcement. Destructive 

loads are installed using simulation. For the first, second, third series of beams. The deflection of the beam, which is 

located at the point of application of concentrated forces, is assumed to be the movement of the node. Note that the 

stiffness of beams at breaking load is zero, but the value of deflections at breaking load is twice that obtained by 

calculation at elastic operation of these materials. For the first series-9.2mm. For the second series-6.3mm. For the third 

series-2.6mm. Stress dependence on applied loads in compressed and stretched rods is shown below. With this graph in 

mind, it is possible to divide the tensile reinforcement into three sections. 

- The first section, which corresponds to the operation of the element without formation of cracks, i.e. in stretched 

areas of concrete at load of 0.8 t, 

-This section, while non-elastic deformations begin to appear in span sections of stretched reinforcement. 

-Trium section corresponds to plastic work of span reinforcement. 

 
Graph.1 

0

5

10

15

20

25

30

0 2 4 6 8 10 12

Lo
ad

in
g,

 (
t)

Deflection, (mm)

The first series

The second series

The third series



INTERNATIONAL JOURNAL OF RESEARCH CULTURE SOCIETY          ISSN: 2456-6683        Volume - 3, Issue - 12, Dec – 2019 

Monthly, Peer-Reviewed, Refereed, Indexed Journal                                                                     Scientific Journal Impact Factor: 4.526 
Received on : 29/11/2019                                                     Accepted on : 11/12/2019                                                Publication Date: 31/12/2019 

 

Available online on - WWW.IJRCS.ORG Page 27 

From this graph, you can display the sharp bend point of the beam, decreasing the stiffness to 0. During 

formation of plastic hinge in span sections, output point corresponds to load on beam. The steel reinforcement is located 

in the lower zone of the span section at the moment the stresses reach 390MPa the stress in the stretched fiberglass 

reinforcement is approximately within the limits of 480...730 MPa. Tension of steel fittings in flights it is equal 1,1...1,64 

in relation to tension in fiberglass fittings in basic section. The load value at the moment of which a plastic hinge is 

formed in the span section: for the first series the value is -14.2 t. In the second series-14.3ts.; For the third series on the 

compressed zone of concrete there is destruction as per the above specified program it is possible to see stress 

distribution at breaking loads in concrete along the height of beam cross-section at destruction of concrete stresses in 

the most compressed fibres reach: in span sections in concrete 20...28MPa; In the support section 22...26MPa. there 

corresponds to its durability on stretching the error of modeling of the compressed zone in flying sections in the first 

series makes 6 cm in the second and third 3 cm in the basic section 1 and 2 of a series of 4 cm and 2 and 5 cm It should 

be noted that the provided schedules show nonlinear work of concrete that corresponds to real work of concrete of the 

compressed zones of the bent elements as the above of the moment of formation of cracks in basic and flying sections 

of a beam the first cracks in final elements appeared in basic section at loading of 0,6...1,1 MPas at loading of 1,2...1,5 

MPas flying sections cracks appeared. 

 

5. CONCLUSION:  
 According to the results of modeling the stress-strain state of two spans of uncut concrete beams with composite 

reinforcement from the top, taking into account non-linear diagrams of material deformation, we can compare with 

theoretical data that were determined according to the current design standards, the deviations for all quality indicators 

do not exceed 9.5% 

According to the calculations of modeling beams using the program Lira 9.6. crack pattern corresponds to real 

geometrical crack patterns. 

Based on the fact that the modeling of beams showed that the possibility of using composite reinforcement as a 

top reinforcement in continuous concrete beams is an economical and very promising way to form beam interfloor 

ceilings of structures and buildings. 
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