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Abstract. Since the adhesion of reinforcement to concrete is the main factor of 

their joint operation, and the studies of fiber-glass composite bars with concrete 

are obviously insufficient despite the growth in their use in road and housing 

construction, an analysis was conducted to compare the adhesion between metal 

and fiber-glass reinforcement with heavy-weight concrete by the beam method. 

The adhesion forces create a complex stress-strain condition in the concrete 

adjacent to reinforcement bars. Such condition results in distribution of stresses 

along the reinforcement axis, so that the longitudinal forces on the 

reinforcement become variable along the entire bar length. It has been 

experimentally proven that as the stress on the concrete beam is increasing in 

the areas of contact between the reinforcement and concrete, shear stresses are 

observed to be shifting from the starting points towards the end ones within the 

anchoring area; and for metal reinforcement, the shear stresses are less than for 

glass composite. It has been determined that the adhesion stress between glass-

fiber reinforcement and concrete is significantly higher than steel 

reinforcement.  

Keywords: metal reinforcement; fiber-glass composite reinforcement; heavy-

weight concrete, adhesion between reinforcement and concrete; beam method 
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1 Introduction 

Year by year, the interest to using composite reinforcement in supporting construction 

designs of buildings and structures is growing. It is predetermined by its improved 

corrosion resistance, high tensile strength, viscoelasticity nature of relative elongation 

over the entire range of stresses, small values of elongation at rupture (0.5-3.0%), 

thermal expansion coefficient close to concrete, low specific gravity, high chemical 

resistance, including resistance to alkalis, as well as magnetic inertness, dielectric 

properties, radio transparency and low heat transfer coefficient (100 times less than 

steel) [1, 2]. FRP strength corresponds to the class steel reinforcement Am-IV, at the 

same time characterized by low modulus values (3.5 times), LTEC (2.5 times) and 

elongation (4-5 times) [3]. In the works [4, 5] it has been proved that for the metal 
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rebars with diameter of 16 mm the tangential stresses of the reinforcement and 

concrete bonding are 9.4% less than for the fiberglass reinforcement with diameter of 

10 mm. 

Despite the above advantages, composite reinforcement has some disadvantages: as 

compared to steel reinforcement, 4 times lower modulus of elasticity [6], brittleness at 

failure (absent fluidity limit), anisotropic properties of the material (low values of 

ultimate shear strength and axial compression), low fire resistance (up to 100 °C) and 

slight water absorption, which can lead to a loss of structures strength over time. To 

prevent water absorption, it is possible to treat composite rods with special 

substances, for example, "SILOL®" made in Ukraine, which also contributes to a 

significant increase in the adhesion of rods with concrete [7]. 

In most cases, glass-fiber and basalt composite reinforcement is used in erection 

(repair) of infrastructure facilities in road [8, 9], hydraulic engineering and 

geotechnical construction [10]: for reinforcement of slabs on distributed bases, 

basements of buildings and structures, as well as for reinforced concrete structures 

which are not subject to fire resistance requirements. To extend the scope of using 

composite reinforcement, it is conduct major studies and comparisons with the 

traditional metal reinforcement. In the researches [11, 12] it was found that the 

carrying capacity of beams with composite reinforcement (depending on the diameter 

of the rods) is 1.5 times higher and more than of beams with metal reinforcement. In 

almost all tests it was found that the outer shell of composite rebar works most 

efficiently, while the core - composite fibers - work within the limits of 10...15% by 

volume. 

More and more scientists are currently dealing with issues of composite 

reinforcement functioning in flexural elements. Such research works may be divided 

into two groups: concrete elements reinforced exceptionally with composited 

fiberglass rebar FRP (AKC), and elements with combined reinforcement [13,14]. It 

has been carried out the comparison of the considered methods of calculation in USA, 

European Union, Russia and Ukraine and it has been defined that under-estimating of 

calculated resistance to tension of FRP that leads to inaccurate definition of fracture 

character of a bending element and construction over-reinforcing up to 50% [15, 16]. 

The improved methods of calculation are offered [17, 18, 19], that allows to estimate 

more accurately and reliably the fracture character of elements and to define breaking 

forces. 

The adhesion between the reinforcement and concrete is an important property of 

reinforced concrete which determines its supporting capacity, rigidity and crack 

resistance, and it depends on a great number of factors, such as concrete strength, 

reinforcement type and diameter, the length of making bars into concrete, the nature 

of loads, hardening conditions, the location of bars during concreting, etc. Due to 

these, that at different parameters of die-rolled section [20-23] the composite 

reinforcement of different manufacturers will have different adhesion characteristics 

with concrete [24, 25].  

The joint operation of composite rods with concrete is ensured by the adhesion of 

the cement with epoxide coating rather than by mechanical interlocking of the coils in 

the concrete matrix, as opposed to die-rolled section metal rods. The arrangement of 



the die-rolled section by means of a sticking the impregnated binder bundle made of 

composite fibers is inexpedient, as this winding is cut from the surface of the rod at 

pulling, and the adhesion of concrete to the epoxy coating exceeds the cohesive 

strength of concrete and is sufficient to anchor the rods in it. It is more appropriate to 

die-roll the core itself by "crimping" it with a thin bundle in 1-2 steps of the core 

diameter. This increases the specific area of contact with concrete, improves the 

conditions of joint work of the composite with concrete under load, which will more 

fully realize the strength properties of the reinforcement when working in the 

supporting structure [26, 27]. 

The peculiarity of interaction between reinforcement and concrete is the presence 

of mutual displacements between them, resulting in a redistribution of forces. The 

areas in which the redistribution of forces is observed are called reinforcement 

anchoring zones. This issue is well known for reinforced concrete, but for composite 

reinforcement is almost not studied, despite its wide application in construction. It 

follows from the stated above that nowadays there is an urgent need for researches of 

composite reinforcement bonding with concrete and improvement of calculation 

methods and anchoring on the basis of experimental research results and comparison 

with metal reinforcement. 

2 Methods 

2.1 Structure of test specimens and their manufacturing materials 

The experimental research program provides for the testing of three BMR beams (a 

beam with metal reinforcement of sickle profile) and three BCR (beam with glass-

composite reinforcement manufactured by LLC "Ekibazh" Technology Group). Test 

beams with a total length of 1230 mm made of concrete class C20/25 of rectangular 

cross-sectional size 120x220 mm and consist of two halves that are connected in a 

stretched area by a reinforcing bar. 

The diameters of the rebars are adopted based on the equal strength replacement of 

the rods. The ultimate tensile strength of the composite reinforcement AKC800 is 

almost twice stronger than metal reinforcement (tab. 1), thus it was decided to 

compare the adhesion with the concrete of Ø16A500C and Ø12AKC800, the 

adhesion area of which is twice smaller due to smaller length of anchorage 10d (160 

mm - Ø16 A500C and 120 mm - Ø12AKC800). 

Table 1. Comparative analysis of A500C and AKC800. 

Material Steel Fiberglass 

Ultimate tensile strength, , MPa 495 958 

Modulus of elasticity, E, MPa 199 51 

Relative elongation, % 8…25 1…3 

Replacement of reinforcement 

(by strength) 
16 A500C 12 AKC800 

Weight of 1 linear meter, kg 16 A500C – 1.58 12 AKC800 – 0.169 



 

Fig. 3. Structure of test specimens – concrete beams BSR and BFR: 1 – steel reinforcement 

Ø16 A500C; 2 – plastic tube; 3 – steel cylinder; 4 – fiberglass composite reinforcement Ø12 

AKC800. 

In the compression area, a swivel joint was used in the form of two embedded parts 

with a steel cylinder between them. In each half of the beam, the bar had adhesion to 

the concrete at a length of 10d (d – bar diameter), whereas other areas were free of 

adhesion because the reinforcement bar was placed in plastic tubes with the length l 

(l = 220mm – for steel reinforcement Ø16 and l = 240 mm – for composite 

reinforcement Ø12) of each. In the compression area, the distance from the axis of the 

tested bar to the axis of the metal cylinder (lever arm) was 167 mm, the length of each 

half of the beam was 600 mm, the distance between the haves was 30 mm. The 

structure of the beams is given on Fig. 3. The reinforcement was fitted with tension 

gauges for studying the dynamics of tensions in the reinforcement bars. 

2.2  Methods of Experimental Studies  

The selection of samples and experimental studies of testing concrete beams were 

carried out using the RILEM/CEB/FIB beam method [28] for bending (Fig. 4a, 

Fig. 4b), since it is a generally accepted standard in most developed countries. This 

method consists in measuring the motions of free ends of the tested bars during the 

test procedure, and the measurements are recorded by means of dial indicators 

graduated in 0.001 mm located on the beam ends. The beams were stressed with two 

concentrated forces P1 (P/2), the distance between which was 400 mm. 

 

Fig. 4a. Design scheme for concrete beams. 



 

Fig. 4b. General view for concrete beams. 

The longitudinal strains of the bar embedded into the concrete were measured with 

resistance strain gauges in the beams at each stress stage. In the reinforcement bars of 

the test specimens, longitudinal grooves with the depth of 2 mm were symmetrically 

selected, and the resistance strain gauges were located in them to measure the bar 

strains during the flexural test of the concrete beam.  

The resistance strain gauges were glued with epoxy glue BF2 and waterproofed 

with epoxy resin. Lead wired were set from the resistance strain gauges, and then the 

resistance strain gauges were connected to the tension gauge station. 

3 Results and Discussion 

3.1 Distribution of strains in adhesion between reinforcement and concrete 

in the test specimens BSR (feather-section bar A500C with steel reinforcement) 

and BFR (AKC800 with fiberglass composite reinforcement) 

The destruction of all experimental twin beams occurred at fairly close loading 

values. Samples with BMR metal reinforcement were destroyed at 52.8; 54.0; 55.0 

kN, and with glass composite reinforcement BSR at 44.0; 45.0; 46.2 kN. Further, the 

work shows the values of stresses at control points along the beams, which collapsed 

under medium loads. 

When the specimen – concrete beam BSR – was tested by means of the resistance 

strain gauges, the strains of the reinforcement bar εsi arising in the middle of the bar 

length, i.e. in the points i - 1, 2, 3, 4, 5, 6, 7, 8, 9 (Fig. 7) were measured. 

The maximum value of the strain arising in the reinforcement bar fydm= 168.16 

MPa was recorded in the middle under the stress close to the destroying value of Pu = 

54 kN. 

 

Fig. 7. Layout of the resistance strain gauges in the test specimen – concrete beam BSR. 



It was more interesting to assess the distribution of tangential stresses in the 

reinforcement bars when in contact with concrete. For this purpose, the anchoring 

areas (10d in width) containing the points і - 2, 3, 4, 6, 7, 8 were examined in detail 

for BSR. These points divided the anchoring (concrete adhesion) areas of the bar into 

9 zones. It was assumed that the force fydiAs affects each ith zone of the bar, and then 

it is transferred to concrete due to emerging adhesion strains, as well as to the 

following bar zones (which concerns only the zones located within the anchoring 

areas). In such case, the tangential adhesion stresses in the middle of the zones τmi 

may be determined by the formula: 

τmi =
(fydi−fyd,i−1)⋅As

πdli
    (1) 

where fydi and fyd,i−1 are the strains in the bar in the ith and previous zones; 

As- the area of reinforcement; 

li - the length of the ith zone. 

The mean tangential adhesion stresses between the reinforcement and concrete may 

be determined by the formula: 

τm =
(f)⋅As

πdl
     (2) 

where f − is the strain in the bar; 

l - is the bar length. 

Based on the determined mean tangential adhesion strains in each section, the 

curves of their distribution have been drawn along the length of anchorage of the 

reinforcement bar in concrete for different level of stresses, namely P = 5, 15, 25, 35, 

45, 50 kN and under such destroying stress as Pu = 54 kN (Fig. 8). 

 

Fig. 8. Diagram of distribution of the tangential stresses in the zones of adhesion between the 

rod and concrete, depending on the stress P: a – adhesion area 1 in which the tension gauges 2, 

3 and 4 are located, b – adhesion area 2 in which the tension gauges 6, 7 and 8 are located;  

 – P = 5kN;  – P = 15 kN;  – P =25 kN;  – P = 35 kN;  –  P = 45 kN; 

 – P = 50 kN;  – Pu = 54 kN (destroying force), τmax − represents the maximum 

tangential adhesion strains between the reinforcement bar and concrete determined by the 

formula (2). 



In the first adhesion zone (measured with the tension gauges 2, 3 and 4) at the first 

levels of stress P = 5 kN, P = 15 kN and P = 25 kN, the maximum strains emerged at 

the distance of x = 30 mm (4) from the starting point of the anchoring area, and they 

were equal τ = 1.14, 1.53 and 2.31 MPa, respectively. As the stresses increased, the 

maximum tangential adhesion strains grew in the points 3 and, to a lower extent, in 2. 

But under the stress of 35 kN (64% of the destroying value), the maximum tangential 

adhesion strains were already recorded at the point 3 where they were much higher 

than at the point 4. As the stressing forces was growing, the adhesion strains were 

increasing in point 3 and were gradually decreasing in the points 2 and 4, which 

indicated gradual destruction of the contact layer in those points, as well as pulling of 

the reinforcement out of the concrete body. When the beam BSR (Pu = 54 kN) was 

destroyed, the maximum adhesion strains reached their ultimate value 

τmax= 9.6 MPa. The beam was definitely destroyed due to an insufficient length of 

bar anchorage, which was 10d. For the reinforcement to be broken, the necessary 

length of embedding should be at least 25d. 

A similar pattern was also recorded in the first adhesion zone (with the tension 

gauges 6, 7, 8). Under the minimum stresses P = 5 kN, P = 15 kN and P = 25 kN, the 

maximum strains arose at the distance of x = 30 mm (6) from the starting point of the 

anchoring area, and they were τ = 0.60, 2.124 and 3.29 MPa respectively. The 

maximum tangential adhesion strains in the point 7 under the stress of 25 kN were 

twice lower than in the point 6, but when the stress was increasing up to 35 kN (64% 

of the destructive value), the tangential adhesion strains started lowering in the point 6 

and increasing in the points 7 and 8, and in all these points it was equal to a lower 

value: τ = 3 MPa (35% of the maximum value). As the stresses were growing, the 

maximum tangential adhesion strains were increasing in the points 7 and 8, while they 

were lowering in the starting point of the anchoring area (6). Before the beam BSR 

was destroyed under the ultimate stress of Pu = 54 kN, the maximum adhesion strains 

between the reinforcement and concrete reaches the maximum value τmax=8.8 MPa 

in the middle area of anchoring (8). 

The analysis of each adhesion zone shows that as the stress on the beam BSR 

anchored with steel reinforcement Ø16 of the grade A500C is increasing, the 

tangential strains gradually move from the starting point of the anchoring area to its 

ends. Before the destruction, the maximum adhesion strains were τmax1= 9.6 MPa in 

the left adhesion zone and τmax2= 8.8 MPa in the right one. 

Concerning the test specimen – the concrete beam BFR reinforced with fiberglass 

composite Ø12AKC800, its destruction strain was P = 45 kN, which was 17% less 

than the ultimate stress of the beam BSR. 

To compare the stress-strain behavior in the test specimens – beams BSR and BFR, 

it is necessary to assess the distribution of the tangential strains in the composite 

reinforcement bar when in contact with concrete. For this purpose, the anchoring 

zones with a length of 10d containing the points і - 2, 3, 5, 6 were examined in detail. 

These points divided the anchoring (concrete adhesion) areas of the bar into 6 zones 

(see Fig. 9). 

 



 

Fig. 9. Layout of resistance strain gauges in the specimen BFR. 

Based on the determined mean tangential adhesion strains, the curves of their 

distribution along the length of anchorage of the reinforcement bar in concrete have 

been drawn in each zone  for definite stress levels, namely P = 5, 15, 25, 35 kN, as 

well as for the destructive stress of Pu = 45 kN (Fig. 10). 

 

Fig. 10. Diagram of distribution of the tangential strains in the zones of adhesion between the 

bar and concrete, depending on the stress P: a – adhesion zone 1 in which the tension gauges 2 

and 3 are located;  b – adhesion section  2 in which the tension gauges 5 and 6 are located;

 – P = 5 kN; – P =15 kN; – P =25 kN; – P =35 kN; – Pu = 45 kN 

(destroying force), τmax- maximum tangential adhesion stresses between the reinforcement bar 

and concrete determined by the formula (2). 

In the first adhesion zone (with the tension gauges 2 and 3) (see Fig. 10, a), under the 

minimum level of stress P = 5 kN, the maximum stress emerged in the proximal 

anchoring point at the distance of 35 mm (3) where it was equal to τ = 0.69 MPa. 

Under the stress of P = 15 kN, the maximum strains were τ = 1.78 MPa. As the 

stresses were increasing up to the level of P = 25 kN, the maximum strain was already 

recorded in the distant point at the distance of 85 mm from the starting point of 

anchorage – in the point 2 where it was equal to τ = 4.21 MPa. Before the beam BFR 

was destroyed under the ultimate stress Pu = 45 kN, the maximum adhesion strains 

between the reinforcement and concrete reached their maximum value:  τmax = 

10.7 MPa in the distant area of anchorage (2). 



Analyzing the location of the curves on the graph showing the distribution of the 

tangential strains (see Fig.10, b) shows that the adhesion zone 2 (with the tension 

gauges 5 and 6) symmetrically reflects the adhesion zone 1. Under the minimum level 

of stress P = 5 kN, the maximum strain was recorded in the area of the 5 gauge where 

it was equal to τ = 0.98 MPa. As the force is increased up to P = 15 kN, the strains 

reach their maximum value τ = 2.21 MPa in the both gauges 5 and 6. The maximum 

strains are τ = 4.76 MPa under the strain of P = 25 kN, and under the ultimate strain 

of Pu = 45 kN the maximum adhesion strain between the reinforcement and concrete 

reached the maximum value of τmax= 10.1 MPa in the distant area of anchorage (6) 

(tab. 2). 

Table 2. Values of tangential adhesion strains τ, MPa of metal reinforcement Ø16A500C and 

Ø12AKC800 with concrete/ 

Stress level, 

kN 

Tangential adhesion strain 

 τ, MPa, between metal 

reinforcement Ø16A500C and 

concrete 

Tangential adhesion strain 

 τ, MPa, between composite 

reinforcement Ø12AKC800 and 

concrete 

 left, 

MPa 

 right, 

MPa 

 mean, 

MPa 

 left, 

MPa 

 right, 

MPa 

 mean, 

MPa 

5 1.14 0.6 0.87 0.69 0.98 0.83 

15 1.54 2.12 1.83 1.78 2.21 1.99 

25 2.31 3.29 2.80 4.21 4.76 4.48 

35 4.67 2.88 3.77 7.17 7.53 7.35 

45 6.92 4.27 5.59 10.7 10.1 10.4 

50 8.31 6.19 7.25    

55 9.60 8.80 9.20    

 

The graph shows the dependence of average values of the mean values of the 

maximum tangential adhesion strains between the reinforcement bars and concrete τ, 

MPa in the adhesion zones of the beams BSR and BFR on the strains in the 

reinforcement fyd, MPa (Fig. 11). 

 

Fig. 11. Dependence of the mean value of the maximum tangential adhesion stresses between 

the reinforcement bars and concrete τ, MPa, of the adhesion zones of the beams BSR and BFR 

on the reinforcement fyd, MPa,  - Ø16A500C;  - Ø10AKC800. 



The curves of dependence of average values of maximum tangential tensions of rebar 

and concrete bonding from tensions in rebars have similar character. The maximum 

values are on average in metal rebar Ø16A500C - τc= 9.2 MPa, and in fiberglass 

rebar Ø10AKC800 - τc= 10.4 MPa, which is 11.5% higher. 

3.2 Discussion 

After analyzing each of the adhesion sections, it shows that with an increase in the 

load of a concrete beam in the areas of contact between reinforcement and concrete, 

the maximum values are on average in metal reinforcement Ø16А500С - τmax= 9.2 

MPa, and in fiberglass reinforcement Ø10AKC800 - τmax= 10.4 MPa, which is 

11.5% more. 

With the anchoring length of 10d, the ultimate destroying strain in the beam BSR 

was equal to 54 kN, and in the beam BFR it was 45 kN. It is due to the fact that the 

anchoring length is 1.3 times longer, and the area of the contact layer of concrete with 

the metal rebar is 1.7 times larger than that of fiberglass rebar. 

The graph in Fig. 11 shows that significant normal strains in composite 

reinforcement do not cause any increase in tangential strains. It is due to lower stress-

strain properties of fiberglass composite reinforcement, although the maximum 

tangential adhesion strains with concrete are only 11.5% higher as compared to metal 

reinforcement. 

4 Conclusions 

1. The nature of distribution of tangential adhesion strains of both metal and 

fiberglass reinforcement with concrete is the same, and it is parabolic in form. 

2. At maximum breaking loads in a concrete beam in the areas of reinforcement 

and concrete contact, the maximum stresses of metal reinforcement Ø16А500С are 

11.5% less than for fiberglass rebar Ø12AKC800. 

3. With a larger contact layer of concrete with metal ribbed rebar Ø16A500C in 

1.7 times compared to fiberglass rebar Ø12AKC800 the maximum breaking load is 

only 17% higher. 

4. Experimentally proved the possibility of equal replacement of metal rebar with 

fiberglass rebar of smaller diameter by the example of Ø16A500C and Ø12AKC800. 
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