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Considered and analyzed existing methods used for calculating the anchorage length of reinforcement in 

concrete. Determined by the use of techniques for fiberglass reinforcement. 
 
Polymer materials and polymer composites have gained an important place in modern technology. Rein-

forced polymer composite materials (PCM) with unidirectional fiber orientation substantially exceed all modern 
metal construction materials. These advantages are even more significant if we take into account the low density 
of PCM (1300-2000 kg / m3). 

For the moment the most common in the construction of composite material is fiberglass reinforcement. 
Fiberglass reinforcement is characterized by a heterogeneous system consisting of oriented glass fibers and a 
polymer binder. Fiberglass reinforcement properties depend on the properties and characteristics of the glass 
fibers and the polymer matrix structure, and physic-chemical interactions of these components, they work to-
gether in the perception of external loads, corrosive reagents and other factors. Knowledge of the properties of 
the raw materials allows you to control the properties of fiberglass reinforcement. High-strength glass fiber al-
most entirely perceived influence of tensile forces, determines the deformation properties of reinforcement, ex-
plains the change in strength characteristics under the influence of external factors. For all types of fiberglass 
reinforcement elongation is directly proportional to tensile loading up to failure. This is the cause of brittle fail-
ure of reinforced concrete structures reinforced with fiberglass reinforcement only. In [7], confirmed that the 
strength and the tensile modulus substantially depend on the diameter of the bar: the smaller the diameter of the 
armature, the higher its strength and modulus. 

Properties that do not allow to perform a complete replacement of the metal reinforcement in the composite: 
− Low modulus of elasticity; 
− Low strength transverse loads; 
− Lower fire products, reinforced composite reinforcement; 
− Difficulties in the manufacture of  prestressed structures; 
− Knowledge gap on the bond strength of composite reinforcement with concrete. 
Adhesion to concrete reinforcement is a key factor in ensuring their co-operation in reinforced concrete 

structures. Investigation of the influence of the diameter and length of bars embedment strength and deform-
ability of adhesion to concrete composite reinforcement in flexural elements received considerable attention.  

Made in Belarus and imported to the republic composite bars is wide variation in the physical and me-
chanical characteristics, geometrical parameters and raw materials. The lack of regulations standards the re-
quirements for composite reinforcement, leading to differences in manufacturing technology and the geometric 
dimensions of periodic profile. Fittings from different manufacturers will have excellent adhesion characteristics 
with concrete. 

The length of the anchoring fiberglass reinforcement in concrete may be determined according to the 
guidelines SNB 5.03.01-02, SNIP 2.03.01-84 * TAP EN 1992-1-1-2009, CAN / CSA-S6-00, CAN / CSA-S6-02, 
JSCE. 

Methods for calculating the SNB 5.03.01-02 is based on tests with a favorable combination of structural 
factors (large concrete cover, concrete subjected to compression). 

Calculation of anchoring tensile reinforcement is made using the parameter – the basic (nominal) length 
of anchoring (lb). This value is determined by the conditions under which the force in the longitudinal rein-
forcement is perceived resistance of concrete adhesion to the reinforcement (fbd) on the perimeter of the bar (Us) 
over the length of the anchorage. 

Adhesion resistance determined depending on the tensile strength of concrete (fctd). 
 

1 2 3bd ctdf f= η ⋅η ⋅η ⋅ . 
 

Basic anchorage length is determined by the conditions under which the clutch stress contact concrete and 
reinforcement do not reach the limit values to achieve in the armature stress corresponding to the Settlement 
armature resistance (fyd). 
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Hence, the base anchoring length, according to the calculated dependence, does not guarantee the reliabil-
ity of the anchorage at stresses in the armature corresponding to the physical limit yield. 

On the basis of the basic anchorage length is determined by the calculated anchoring length, taking into 
account the additional factors: the thickness of the concrete cover, transverse compression within the length of 
anchoring, the ratio between the actual and the desired area of the valve on the calculation, etc. 
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The minimum length of anchoring ,minbl  must not be less than a multiple of bl  (Tab. 1). 

 
Table 1. – The minimum length of anchoring ,minbl  

Normative document 
For the tensilebar is equal to the 
greater of the following values: 

For compressed bar equal to the 
greater of the following values: 

SNB 5.03.01-02 {0,6 lb; 15∅; 100 mm} {0,3 lb; 15∅; 100 mm} 
 
It can be concluded that the SNB 5.03.01-02 guidelines allows large stocks when determining the length 

of the anchoring base and minimum values of the tensile length of the anchoring rods;limits the minimum length 
of the anchoring bars is cut off in span and for intravascular inner face of the support. 

When using this method for fiberglass reinforcement, you must first calculate the required value of the 
coefficient  η3. 
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Calculation of anchoring tensile reinforcement according to EN 1992-1-1 TAP guidelines is also per-

formed using the parameter – the basic (nominal) length of anchoring (lb,rqd),which is determined by the worst 
combination of structural factors (minimally acceptable standards of concrete cover, the distance between the 
bars, etc.), which can be reduced under favorable conditions. 

The formula for determining the basic anchorage length does not depend on the calculated armature resis-
tance, and depends on the operating stress in the bar (σsd) in place, which is measured with the anchoring must 
be taken into account the form of reinforcing steel and adhesion properties to the bars. 
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Ultimate bond stress (fbd) should be sufficient to avoid the failure of the debonding. 
The estimated length of the anchoring lbd determined based on the length of the anchoring base, taking 

into account the effect of the bar at a sufficient protective layer; the minimum thickness of the protective layer of 
concrete, etc.: 

 

1 2 3 4 5 , ,minbd b rqd bl a a a a a l l= ⋅ ⋅ ⋅ ⋅ ⋅ ≥ . 
 
The minimum length of anchoring lb,min must not be less than a multiple of lb (Tab. 2). 
 

Table 2. – The minimum length of anchoring lb,min  
 

Normative document 
For the tensilebar is equal to the 
greater of the following values: 

For compressed bar equal to the 
greater of the following values: 

TAP EN 1992-1-1-2009 {0,3 lb; 10∅; 100 mm} {0,6 lb; 10∅; 100 mm} 
 

When calculating the length of the anchoring SNIP 2.03.01-84 longitudinal rods are tensile and com-
pressed reinforcement should be instituted for the normal to the longitudinal axis of the cross section for the 
length of not less than lan, defined by the formula: 
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But at least lan = λan d. 
Values  wan, ∆λan, λan  defined in Table 3. 
 

Table 3. The coefficients for determining the anchoring Free of tension reinforcement 

The coefficients for determining the anchoring  
Free of tension reinforcement 

Periodic Profile Smooth 
λan lan, mm λan lan, mm 

Operating conditions Free  
of tension reinforcement 

wan ∆λan No less 
wan ∆λan No less 

1. Closing the valve: 
• Tensile in cracked concrete 
• Compressed or tensile in the 
compressed concrete 

0,7 
0,5 

11 
8 

20 
12 

250 
200 

1,20 
0,80 

11 
8 

20 
15 

250 
200 

2. Overlap joints reinforcement 
• In tensile concrete 
• The compressed concrete 

 
0,9 
0,65 

 
11 
8 

 
20 
15 

 
250 
200 

 
1,55 
1,00 

 
11 
8 

 
20 
15 

 
250 
200 

 
For the elements of fine concrete values are increased by lan 10d for concrete in tension and 5d – com-

pressed. If rods anchorage bars are delivered with a margin on the cross-sectional area compared to the required 
calculation, the anchorage length may be reduced, by multiplying by the ratio required for the calculation and the 
actual area of the valve section. 

The Canadian Standards [13] and [12] proposed formula to calculate the required length of anchoring 
NCA. In the recommendations [13] provides for the estimated demand for carbon fiber and organic-fitting. Fi-
berglass reinforcement only considered as constructive. Standards [12] provide for the use of glass-fiber rein-
forcement, but only as a tendon whenever possible to ensure its longevity. 

The formula determining the necessary anchorage length of the zone is based on a similar formula for the 
steel reinforcement of the Canadian regulations and has empirically established coefficients, specifying actual 
work for steel reinforcement: 
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where ld – anchoring zone length;  

k1 – the coefficient corresponding to the position of reinforcement;  
dcs – the shortest distance from the core center to the edge of concrete or step bars, mm; 
Ktr – index of transverse reinforcement; 
k4 – additional indicator clutch NCA, equal to the ratio of strength NCA adhesion to strength clutch steel 

bars, but not more than 1.  
In accordance with Japanese standards JSCE [11] the length of the anchoring base is determined by the 

formula: 
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where 
− α1 accepted: 

− 1,0 for kc ≤ 1.0; 
− 0.9 for 1.0 < kc ≤ 1.5; 
− 0.8 for 1.5 < kc ≤ 2.0; 
− 0.7 for 2.0 < kc ≤ 2.5; 
− 0.6 for 2.5 < kc; 

− calculated strength fbod clutch is determined by the formula 
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γs = 1.3 at fck  < 50 MPa and 1.5 for fck ≥ 50 MPa;  
α2 – ratio, which expresses the ratio of the strength of adhesion to the NCA corrugated steel reinforcement 

bond strength, but not more than 1.0. 
A total of, the following conclusions. 
Standards of various countries provided many techniques to determine the length of anchorage reinforce-

ment in the concrete, but not all of them adapted to the fiberglass reinforcement.To determine the applicability of 
each of the methods for calculating the additional investigations necessary. 
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