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First of all we must say that presented by the authors
tests are very interesting and provide many important
observations. However, it seems that the results of the
tests can be interpreted in a different way.

Authors of the paper concluded that shear stresses
calculated along the adhesive level using elastic theory
should not exceed 0.80 N/mm2 to avoid debonding fail-
ure of CFRP laminates. Meanwhile our tests of the
beams strengthened for flexure with CFRP composites
[1], shows two main modes of debonding failure.

The first one called ‘‘Z’’ started in the pure bending
region close to the vertical crack and moved in direction
to one of the supports. The plate debonded on the long
segment including the pure bending region as well as the
support region. The shear stresses were close to zero and
the reason of the failure by debonding was vertical pres-
sure of the concrete cover on the plate, which starts to
debond from the steel reinforcement close to the vertical
crack. The strains of the CFRP composites depend on
the ductility of it, and in case of stiff plates are approx-
imately few per mills and dozen per mills in case of
slender sheets.

Second mode of failure is called ‘‘P’’ and was located
in the support region, close to the end of the CFRP lam-
inate. The plate debonded on the short segment includ-
ing the support region only and did not reach the place
where loading point was located. Composite plates deb-
onded with concrete cover. Process started during steel
yielding at the non-strengthened cross-section of the
beam. Also in this case the shear stresses in adhesive
are not the cause of the CFRP debonding. Fig. 1 pre-
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sents both modes for single span beam strengthened
for flexure with CFRP plates.

The similar conclusions about the failure of the
beams strengthened using CFRP are presented by
authors in [2] and [3].

We can estimate the strains of the beams tested by
authors especially these which cannot be described by
computational model presented by authors, i.e. beams
H6, S5 and E4.

In the analysis transfer of the load over the some
length of the beam was taken into account. The segment
was assumed a = 2 * 0.175 m at the middle of the beam�s
height (Fig. 2a).

For numerical estimation of the strains in the critical
cross-sections of the beams the non-linear model was
used. The model takes into account non-linear r–e rela-
tionship for concrete in compression and experimental
r–e relationship for reinforcing steel and CFRP compos-
ites. There is also a tension stiffening principle and
assumption that cracks perpendicular to element axis
are smeared over its length.

A rectangular cross-section of the beam with internal
steel reinforcement and external CFRP composites was
considered (Fig. 2b). The cross-section was divided over
its depth into layers. Compressive and tensile steel rein-
forcement and CFRP laminates are treated as a separate
layers with known position.

External load value was calculated based on the equi-
librium condition of generalized forces in the cross-
section. Load for which limit strain of one of the
materials was reached was accepted as the load bearing
capacity of the cross-section.

The beam H6 first failed over the middle support,
where the CFRP composite broke. Presumably, first
the CFRP debonded with average computational strains
et = 8.73& steel reinforcement.
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Fig. 2. Analytical model assumptions. (a)
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Fig. 3. Experimental bending moment diagram and computati
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Fig. 1. Failure modes of the beams strengthened for flexure with
CFRP plates.
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Due to internal forces redistribution, the continua-
tion of loading was possible. The load was taken over
by high reinforced spans. Debonding strains of the
CFRP sheet in the middle of the span were approxi-
mately 3&, so they were lower than expected. The cause
of failure was not for sure the deformation of cross-
section by the end of composite plate, because reinforce-
ment steel did not yield there.

In the beam with signature S5 the failure was caused
by debonding of the composite with average strains of
the CFRP only 2& (point Mh in Fig. 4). In our opin-
ion the composite plates debonded in the compres-
sion region near the middle support and the cause of
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debonding was the contraflexure of fairly stiff layer of
the composite.

Debonding of the CFRP composite occurred in the
beam E4 when its strains reached value et = 6.5&, just
after that tensile steel reinforcement reached yielding
strength. Fig. 5 presents that mechanism.

For comparison in Figs. 3–5 calculated relationships
bending moment–strains for non-strengthened cross-
sections are also presented.

Following the experimental results given by authors
in their article, the failure mode ‘‘Z’’ occurs also in the
beams E2 and E3. Calculated in the same way as above
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Fig. 5. Experimental bending moment diagram and computat
strains are respectively et = 6.5& and 5.9&. Those
beams E2, E3 and E4 were strengthened using the same
type of CFRP plates with the same ductility, so approx-
imately constant value of debonding strains is evident.
This prove that analytical model is correct.

In the beams strengthened with CFRP sheets there
were different composite reinforcement ratios. Using 2,
4 or 6 layers of sheet leads to different ductility of the
CFRP reinforcement. Computational values of debond-
ing strains in failure mode ‘‘Z’’ are presented in Fig. 6.
As we can see, transverse ductility of the composite very
clearly influences debonding strains.
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Fig. 6. Computational values of debonding strains versus number of
composite layers.
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Presented analysis of the load state is not possible for
the beam S4, because experimental value of the bending
moment is about 30% higher than computational capac-
ity of the cross-section. It seems that results given by the
authors in article must be verified.

Above considerations leads to the following con-
clusions:
• Estimating of load bearing capacity of the beam
strengthened with CFRP composites should take into
account analysis of normal strains in the critical
cross-sections of the beam.

• In general shear stresses in the contact surface of the
CFRP composite and concrete are not the main rea-
son of CFRP plates or sheets debonding.

• Estimating of the flexural capacity of the strength-
ened cross-sections of the beam should take into
account that forces in the composite are limited by
limit strain et,lim.

• There is no obligation to excessive lengthen the
CFRP plates or sheets over the tension region of
the continuous beams.
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