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3.5 Comparison of bond strength test methods

Comparing the test methods (tensile by diametrical compression, ver-
tical shear and oblique shear), it was realized that the latter showed 
higher bond strength average value than those obtained in the other 
test types. While the values obtained in bond strength test by indirect 
tensile and vertical shear ranged from 2 to 4 MPa, those obtained in 
the oblique shear test were in the range of 21 to 23 MPa. Such dis-
crepancy between the results of bond strength tests should be mainly 
due to stress states that predominated in specimens. It could be ex-
plained by the fact that the predominant stress states, in this test type, 
is a combination of compressive stress and shear stress. Compres-
sive stress is the more favorable condition for concrete.
Variations between the results of testing, on specimens with dif-
ferent interfacial treatments for the same type of test, were noted 
as quite important. While for oblique shear bond test there was an 
increase in bond strength, between specimens with epoxy resin 
treatment and specimens only with brushing, of 12%, for bond test 
by vertical shear, that increase was 178%. Thus, it can be stated 
that, for different test types, the importance of the treatment ap-
plied to the interface between the concretes is variable. That is, for 
the bond strength test by vertical shear, the effect of the interfacial 
treatment showed more important than for other test types.

3.6 Bond strength between steel and concrete

Results of pull out tests of steel bar inserted in concrete are shown 
in Table [5]. It was noted no significant difference for steel-concrete 
bond strength for the steel bar inserted into the still fresh concrete 
or inserted into concrete after 90 days age. Although specific con-
ditions of this study should be considered, test results may sug-
gest that the anchoring steel bars at recovering structures, using 
epoxy resin bonding, can be approximate in performance of steel 
bar originally inserted in concrete.
After testing, it was noted that the specimens that did not receive bond-
ing bridge with epoxy resin had fragmented concrete, while those who 
received that bonding bridge showed cracks that have spread from the 
bar insertion point in the concrete, as shown in Figure [11]. It can be 
assumed that the steel that was inserted into the still fresh concrete, 
when steel bar is pulled out, the concrete surrounding the steel bar is 
punched, creating a tensile stress state to be supported by concrete. 
The insertion of steel bar with bonding bridge of epoxy promotes reduc-
tion of damage caused by pull out of steel bar, because this polymer is 
endowed with higher tensile strength than that of concrete.

4. Conclusions

Results from bond strength test in tensile by diametrical compres-
sion showed that even with the use of interfacial treatments be-
tween substrate concrete and recovery, the bond between these 
two concretes is not equal to indirect tensile strength value of the  
monolithic element, composed of single concrete. Comparing the 
bond strength between substrate and recovery concretes and the 
tensile strength by diametrical compression of specimens with sub-
strate concrete, it was observed a reduction in strength of about 
8% even when interfacial treatment was applied with brushing and 
subsequent bonding bridge of epoxy.
Comparing the results from bond strength tests of traction by dia-
metrical compression between substrate and recovery concretes, 
it was noticed that there was a 15% increase in bond strength, 
when in addition to simply brushing, a layer of mortar was applied 
at the interface between the concretes. When the treatment con-
sisted of brushing and a epoxy bonding bridge, this increase was 
37%, compared to bond strength at interface between concretes 
that was simply brushed.
Bond strength tests by oblique shear between substrate and re-
covery concrete showed a minor variation for the three types of 
interfacial treatment applied. Specimens that received brushing 

Table 5 – Results of bond strength test between 
steel and concrete

Bond 
condition

Bond strength parameters

Average 
(MPa)

Coef. of variation 
(%)

Steel bar inserted 
during casting

13.47 16.8

Steel bar inserted 
by drilling and 

epoxy
13.40 12.5
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and mortar layer had an average bond strength value only 4% su-
perior, compared to those who received only a brushing at inter-
face. Specimens that received, in addition to brushing, the epoxy 
interfacial layer had increased the average bond strength value of 
about 12% compared to those who received only brushing.
For bond strength tests by vertical shear, the results showed a 
highly significant variation between the average values of the bond 
strength between the two types of concrete for the different treat-
ments at the interface. This increase reached 178% among the 
specimens receiving epoxy layer at the interface and those that 
receiving only a brushing. Among those who received mortar layer 
and those who received only brushing, the increase was 108%.
Momayez et al. [17] stated that, among the bond strength tests for 
concretes, which showed the highest reliability, based on coeffi-
cients of variation, was the oblique shear. However, when assessing 
the means values of bond strength tests between concretes for the 
three types of tests performed, it was realized that bond tests by 
oblique shear showed the highest average values for this property, 
in a range between 20 and 24 MPa. For bond strength tests by indi-
rect traction and vertical shear, average bond strength values were 
in the same order of magnitude ranging between 1.5 and 4.0 MPa.
In this study, the results showed that the bond strength test by 
indirect tensile and by vertical shear caused stress states in speci-
mens that requested more intensely the interface between the 
substrate concrete and recovery concrete. It can be assumed that 
the greatest bond strength averages observed in the oblique shear 
tests were a result of the stress state to which the specimens were 
subjected during the test, with a prevalence of compressive stress-
es in the concrete. As compressive stress is the best condition for 
concrete, it can be concluded that this factor had a great influence 
in determining values for the resistance in this test type.
The analysis of bond strength between concrete and steel showed 
irrelevant difference in the interface bond strength between the two 
materials, both when the steel was inserted in the fresh concrete, 
as when the steel was inserted by drilling in the hardened concrete, 
with bonding bridge of epoxy. This shows the great adhesiveness 
of epoxy, in relation to the concrete and steel.
It was possible to conclude that the interfacial treatment that pre-
sented the best results in bond strength between the substrate 
concrete and recovery concrete, among the three types studied 
treatment was brushing the surface and then applying epoxy bond-
ing bridge. This treatment can be taken as the best alternative for 
repair or reinforcement of concrete structures, among the stud-
ied treatments, surpassing in up to 178% as compared to simply 
brushing, as showed in results of vertical shear test.
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