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Abstract

In 2002, the final recommendation for the bending test of steel fibre reinforced concrete was presented by the RILEM TC162-TDF
Committee. The test is performed on notched beams of 150 x 150 mm cross section with central point loading and makes possible to
obtain representative parameters of the post-peak behaviour, such as the equivalent and the residual strengths. This paper analyses
the possibilities of application of small beams for the characterization of FRC following the general guidelines of the mentioned recom-
mendation. The use of smaller beams may simplify the test and can be particularly justified in FRC for low height structural elements,
considering the effects of fibre orientation. Beams of different sizes cast with concretes incorporating different type and contents of steel
fibres were tested using a closed-loop testing machine; both deflections and the crack mouth opening displacements were recorded. It was
found that the post-peak parameters of FRC can be obtained using beams of smaller size when the fibre length and aggregate size are

compatible with the dimension of the mould.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Several methods have been applied to evaluate fibre
reinforced concrete (FRC), the more frequently used being
the flexural tests [1-6]. It has been widely recognised that a
criterion based only on strength is not enough for FRC
characterization, and that it is necessary to consider the
post-peak behaviour and the gains in toughness. In 2002,
the final recommendation for the bending test for steel fibre
reinforced concrete was presented by the RILEM TC162-
TDF Committee, which improves several aspects of other
standards [7]. From the load—deflection curve equivalent
flexural tensile strength and residual flexural tensile
strength are obtained. These concepts of equivalent and
residual strength have been applied to the analysis of
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FRC under direct tension or shear [8,9]. The equivalent
flexural strength can be directly applied to structural design
[10].

The test is performed on notched beams (150 x 150 mm
cross section) using central point loading. One of the
greater advantages of this configuration is that it guaran-
tees the stability throughout the test even for FRC with
low contents of fibres or for plain concrete. Unlike unnot-
ched specimens, the crack is located very close to the notch
plane and the nonlinear deformations are absent in the rest
of specimen, therefore, all the dissipated energy can be
attributed to crack propagation. Another advantage of
notched specimens is the possibility of characterising
toughness in terms of CMOD (crack mouth opening dis-
placement), which simplifies the test significantly avoiding
the use of the frame [2]. The results are presented in terms
of stresses being easier for design, an objective definition of
first crack is adopted and the possible contribution of plain
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concrete is discarded. The greatest limitation is the require-
ment of a closed-loop testing system, more expensive than
the traditional equipment.

The RILEM TC162-TDF recommendation is supported
by an extensive program developed between several
research centres that studied the variability of the method,
the approach to deflections from the use of the CMOD, as
well as the distribution of fibres in the sections of specimens
[11-13]. The effect of the change in the beams width was
also analysed, concluding that if a standard specimen of
150 mm height, 500 mm span, and notch depth 25 mm is
used, neither the average values nor the variability of
parameters of toughness are modified [14]. When beams
with different height (span and notch depth/beam height
ratio were kept constant) were analysed, it was found that
as height decreases the variability of test results increases,
fibre orientation increases, and the area below the load—
deflection curve decreases for the same deflection. The first
crack stress and its variability also increase as the height
decreases, but no significant effects have been noted on
the post-peak parameters. A strong fibre orientation effect
in thin elements has been verified by X-ray [15]. Finally, the
effects of aggregate and fibre sizes were studied, concluding
that the equivalent strengths and their variability were sim-
ilar for aggregate maximum sizes up to 16 mm; in FRC
with 32 mm maximum size aggregates, the equivalent
strengths tend to increase as the fibres length increases [16].

The size of beams adopted in the RILEM recommenda-
tion makes possible the evaluation of concretes prepared
with the most used aggregate and fibres sizes. However,
keeping aggregates and fiber lengths compatible with the
specimen size, the use of small beams will be attractive as
they are easier to handle. Even more important than the
practical purpose is that they can be more representative
in order to evaluate FRC to be used in thin slabs, concrete
sheets, reinforcements or other low height structural ele-
ments where a preferential orientation of the fibres may
take place. This paper analyses the possibilities of applica-
tion of small beams for the characterization of FRC.

2. The RILEM TC162-TDF bending test

The main objective of the RILEM TC162-TDF recom-
mendation is to obtain dimensional parameters representa-
tive of the post-peak behaviour to be used in FRC
structural design. Prisms with nominal size (width and

Table 1
Groups of specimens

height) of 150 mm and 550 mm length are used. The aggre-
gate maximum size is limited to 32 mm and the fibres
length to 60 mm. A central point loading configuration is
adopted; the specimen is rotated 90° around its longitudi-
nal axis and notch of 25 & 1 mm is performed at the mid-
span. A closed-loop system controlling the rate of increase
of deflection or CMOD must be used. The displacement
transducer that measures the deflection shall be mounted
on a rigid frame that is fixed to the test specimen at mid-
height over the supports. The CMOD is also measured
by a displacement transducer, the distance between the bot-
tom of the specimen and the line of measurement must be
5 mm or less.

The load-deflection (J) curve is used to calculate the
post-peak parameters. Firstly, the first crack load (Fy,
using an offset of 0.05 mm) is defined and after that the first
crack stress (fr..1) and the first crack deflection (dy). Two
equivalent flexural tensile strengths (foq > and fq 3) that rep-
resent the mean stress value up to a defined deformation at
the post-peak are calculated. The established deflections for

Jeq2 and feq3 are 6, =0p +0.65mm, and d3=0p +

2.65 mm respectively. To consider the contribution of plain
concrete a triangle Fy height and 0.3 mm base is dis-
counted. In addition four residual flexural tensile stresses
(fr.i) representing the load capacity at different deflections
or CMOD (implying a same rotation angle) are calculated.
In this case the deflections considered are or ; = 0.46 mm
or CMOD; =0.5mm, dgrp=131mm or CMOD,=
1.5mm, 6gr3=2.15mm or CMOD;=25mm y dr4=
3.0mm or CMOD, =3.5mm. Greater details can be
found in the RILEM recommendation [7]. In 2005 an
European standard based on the mentioned recommenda-
tion has been published [17].

3. Test program
3.1. Test specimens and calculation criterion

Six groups of tests with different types of specimens and
loading arrangements were selected in this study; the main
characteristics are included in Table 1. In all cases the
notch depth/height ratio remains constant. Group A repre-
sents the test configuration given in the recommendation.
In groups A, B, C, D, and F the height/span length ratio
remains constant and equal to 0.25, while in group E this
relationship is 0.18. The effect of beam size can be analysed

Group Beam length Beam height, / Notch depth, a Beam width, w Span length, I a/h (h—a)/l  Rotation respect to casting
(mm) (mm) (mm) (mm) (mm) direction

A 550 153 26 152 500 0.17 0.25 90°

B 450 103 17.5 103 350 0.17 0.25 90°

C 450 103 17.5 103 350 0.17 0.25 0°

D 430 103 17.5 75 350 0.17 0.25 90°

E 430 75 13 103 350 0.17 0.18 0°

F 550 152 26 75 500 0.17 0.25 0°
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Fig. 1. Scheme of deflections and CMOD in the post-peak in beams with
different heights.

comparing groups A and B, group B has typical dimen-
sions adopted by other FRC standards, as for instance
ASTM C 1018 [18]. Groups B and C compare the effect
of rotation, meanwhile groups B and D analyse the influ-
ence of the specimen width. Considering groups A vs. F
and C vs. D both the width and the orientation of the spec-
imens are compared. Finally, groups D and E have differ-
ent orientation and height/span ratio.

The equivalent and the residual flexural tensile strengths
are calculated from the load—deflection or load—-CMOD
curves. Both of them change in accordance with the used
type of beam (see Fig. 1). In the post-peak region, for a
rotation angle 0, a beam with span length =/ and
height = /£, has:

deflection = 7/2 - 0 (1)
CMOD =/ -2-0 2)
then, if the //h ratio remains constant, the deflection/
CMOD is not modified.

In addition, in prisms with heights /; and /,, assuming
K=1/(2h):

deflection, =K - h, - 0 (3)
deflection; =K - hy - 0 (4)
and for a same rotation 6

deflection; = deflection, - (h;/h,) (5)
CMOD, = CMOD;, - (A /hy) (6)

Therefore, if the span/height and notch depth/height ratios
remain constant, the deformation limits to calculate the
equivalent and residual strengths must be corrected in
accordance with the beam height. For instance in a
105 mm height prism, the displacements d, and 63 should
be:

8, =08, +0.65h/150 mm, & = +0.455 mm (7)
83 =0, +2.65 h/150 mm, 35 =y + 1.855 mm 8)

In the same way the adopted offset for the definition of the
first crack load and the deflections or CMOD used to cal-
culate the residual strengths should be also corrected by the
factor /1 (mm)/150 mm.

Another easier procedure to calculate the post-peak
parameters with the small beams (with the same span/
height ratio), is to multiply directly the deformation in
the load—deflection (or CMOD) curves by the relationship
150 mm/h (mm), and then to calculate as it is indicated in
the RILEM recommendation.

Although, due to size effect, small beams can present
higher tensile strength they can be more representative in
order to evaluate FRC to be used in thin structural
elements.

3.2. Materials and concrete mixtures

Four FRC were prepared varying the type and content
of hooked-ended collated steel fibres (F1 and F2, see Table
2). Concrete were prepared using water/cement ratio 0.40;
natural siliceous sand, granitic crushed stone (19 mm max-
imum size), and a naphthalene-based superplasticizer. As it
can be seen in Table 3, FRC with high, medium and low
contents of F1 fibre were included. Slumps between 90
and 150 mm and Inverted Cone times between 7 and
13 s, were measured. In concretes C1-40 and C1-80 all
groups of prisms were analysed, in concretes C1-20 and
C2-40 only some of the groups were studied. Six prisms
for each group plus four standard cylinders (150 x
300 mm) were cast. Specimens were filled and compacted
by external vibration.

Table 2

Characteristics of the fibres

Steel fibers F1 F2

Carbon content High Low

Tensile strength (MPa) >2500 >1100

Maximum elongation (%) >1.0 >0.8

Length (mm) 30 60

Aspect ratio 60 80

Table 3

Concretes

Concrete C1-20 Cl-40 C1-80 C2-40

Water/cement 0.40

Ordinary Portland Cement (kg/m®) 400

Fine aggregate (kg/m?) 900

Coarse aggregate (kg/m°) 900

Superplasticizer (1/m>) 2.5

Fibre type F1 Fl1 F1 F2
Content (kg/m?) 20 40 80 40

Type of cast beams A,B,D A-F A-F ABE

Results on 150 x 300 mm cylinders

Compressive strength (MPa) 37.4 56.0 59.7 53.6
Standard deviation 3.1 1.2 0.9 0.2

Modulus of elasticity (GPa) 32.9 39.3 36.6 35.7
Standard deviation 1.4 2.8 0.4 1.0
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Fig. 2. Concrete C1-80: stress—deflection and stress-CMOD curves corresponding to each specimen of group A.
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3.3. Experimental details

Tests were performed at 28 days. The notches were sawn
one day before testing. In groups C, E and F the specimens
were not rotated, applying the load on the casting surface.

Flexural tests were performed with an INSTRON
closed-loop system using the deflection as a control signal
at a rate of 0.20 mm/min. The LVDT was mounted
between two rigid frames fixed at both sides of the test
specimen, which can be adapted to different span lengths
(500 or 350 mm). The CMOD was measured through a
clip-gage fixed at 2 mm from the bottom of the beam.

The first crack load (F1), equivalent (fq) and the resid-
ual (fr) flexural tensile strengths were calculated from the
load—deflection () or load-CMOD curves, as indicated
in the recommendation. In the smaller prisms (Groups B,
C, D and E) the results were obtained from the corrected
curves (deflections and CMOD were corrected applying
Egs. (5) and (6), respectively).

301
4. Results and discussion

Concrete C1-80 is a typical example of high fibre content,
where a strengthening type post-peak behaviour and a less
marked first-peak load are expected. Fig. 2 shows the
stress—deflection and stress—-CMOD curves of the six speci-
mens of Group A. The observed variability can be accepted
as characteristic of FRC. The initial portion of the curves
(see inset) shows that after the first linear part there is not
a decrease in loading capacity, then the first-crack load
was obtained from the intersection between the curve and
the parallel with an offset of 0.05 mm. It can be seen that
the first crack points are very close. After a deflection near
40-50 um the CMOD increases more than the deflection,
that is in accordance with the theoretical relationship
between CMOD and deflection indicated by the RILEM
Recommendation (CMOD = 1.18 * 6-0.0416 mm).

The stress—deflection and stress-CMOD curves of
concretes C1-80, C1-40, C1-20 and C2-40 are given in
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Fig. 4. Concrete C1-40: stress—deflection and stress-CMOD curves corresponding to a typical response of each group. Below: relationship between

CMOD and deflection.
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Figs 3-6. The curves nearer to the average behaviour of
each group are represented. As it was indicated in Section
3.1, the deformations (deflections or CMOD) were cor-
rected by a factor 150 mm/h mm in order to compare the
bending behaviour of beams with different height.

Fig. 3 shows the stress—deflection and stress—-CMOD
curves of C1-80. The enlargement of the initial part up to
250 pm and the theoretical and experimental deflection
vs. CMOD curves are also included. It is evident that the
different Groups conform a coherent set. In group E, where
a different height/span ratio was used, the relationship
between deflection and CMOD changes.

Concrete C1-40 is a FRC with a well defined first peak
and a post-peak behaviour without strengthening. Fig. 4
shows representative stress—deflection and stress—-CMOD
curves of each group. Again it can be seen that the curves
obtained with the different test configurations fit a coherent
set. Unlike C1-80, an elasto-plastic behaviour is now
observed. It is also verified the relationship between
CMOD and deflection, with the exception of Group E.

Concrete C1-20 constitutes a typical example of very
low contents of fibres where a post-peak behaviour with
a constant decrease in load capacity after first crack must

be expected. Fig. 5 shows that the stress—deflection and
stress—sCMOD curves of the studied groups (A, B and D)
are very close. The initial part of the curves shows that
the first crack deformations are smaller than those mea-
sured in C1-80 and C1-40. This fact can be attributed to
the lower crack control capacity of the reinforcement.

The fibre length is limited to 60 mm in the RILEM Rec-
ommendation, then the fibre length/minimum dimension of
specimen ratio is 0.4. Concrete C2-40 incorporates 60 mm
length fibres (F2) with aspect ratio higher than F1, for this
reason a preferential orientation as the mould dimensions
decrease may take place. Using this type and content of
fibres, an elasto-plastic behaviour with a greater strength-
ening than those observed in C1-40 was expected, even
though F2 are low carbon steel fibres. Fig. 6 shows typical
stress—deflection and stress-CMOD curves obtained from
groups A, B and E. While the initial part of the curves is
similar, the post-peak load capacity increases as the beams
height decreases; this fact is attributed to a stronger fibre
orientation.

The mean results and the standard deviation (SD) from
the different Groups of concrete C1-80 are presented in
Table 4. It includes the dimensions of the beams, the dis-
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Fig. 5. Concrete C1-20: stress—deflection and stress-CMOD curves corresponding to a typical response of each group. Below: relationship between
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placements (d;, and CMOD, ) and stress (ff(1,) correspond-
ing to first crack load, and the maximum stress (fir, cal-
culated from the maximum load obtained along the entire
test). As post-peak parameters the equivalent strengths f.q»
and f.q3 and the residual strengths fr 1.cmoD, fR.2-cMOD»
Sr.3-cmops and fri.s, fro-s, fr3-5 and fra.s are included. In
the same way the results corresponding to C1-40, C1-20
and C2-40 are given in Tables 5-7.

Experimental data was statistically analysed using the
software SYSTAT (SYSTAT, Inc., Evanston, Ill., USA,
1990) version 5.0. First, an analysis of variance (ANOVA)
was performed. When significant differences were detected,
a Dunnett test was applied to know which of the median
were different from control. The significance level ()
employed in all cases was equal to 0.10. This relative high
value was chosen in order to minimise the probability of
accepting that the measured property does not differ from
control (group A) when it does.

Some differences were detected in stress (fi) corre-
sponding to first crack load, and the maximum stress
(frer.r) Of groups B, D, E and F, specially for low or med-
ium fibre contents. There were also found differences in the

first crack displacements (op or CMODy). However, it
must be empahasised that the post-peak parameters calcu-
lated for all Groups show no significant differences
(p > 0.10) when compared with group A.

It was verified that the test method is robust showing
variability equal or lower than other standards for bending
test of FRC. From the results of Tables 4-7 it can be seen
that, as expected, the variability tends to be higher in the
post-peak parameters than in fio g OF in fiee 1.

Comparing the mean values of the different groups,
some effects can be inferred. Usually the first crack deflec-
tion (dr) and CMODy are similar for all groups, with the
exception of group E, where a different height/span ratio
was used.

There are differences in the first crack stress between
small beams and standard beams that can be justified by
fracture mechanics. However, it must be noted that con-
crete C1-80, prepared with high content of fibres no differ-
ences were observed.

The slight tendance to variation of the mean values
between groups B and C (same specimen but different orien-
tation) can be attributed to a better termination and



Table 4

Concrete C1-80

Group h a w op CMODy  fL Srerr Jea2 Jeas Tr-s fra-s Sr3-s Sfra-s fri-cMop  frR2-cMop  fR.3-CMOD

(mm) (mm) (mm) (pum) (pum) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

A Mean 154 27 152 96 78 6.6 8.7 9.2 8.3 8.1 8.7 8.0 6.9 8.1 8.5 7.0
SD 1 2 2 4 6 0.4 0.9 0.9 1.0 0.8 0.9 1.2 0.8 0.8 1.0 1.4

B Mean 101 18 101 105 84 7.2 9.1 9.5 8.6 8.3 9.0 8.3 7.2 8.3 9.0 8.0
SD 1 1 2 4 7 0.7 0.9 1.1 0.8 1.0 0.8 0.7 0.4 0.9 0.8 1.0

C Mean 101 17 101 99 83 6.5 8.6 8.9 8.2 7.8 8.4 7.8 7.7 7.8 8.4 7.9
SD 1 1 1 7 6 0.3 0.6 0.6 0.6 0.6 0.7 0.8 0.4 0.6 0.7 0.7

D Mean 104 16 75 11" 90 7.2 9.1 9.8 8.4 8.4 8.7 7.6 6.8 8.5 8.5 7.6
SD 1 1 1 18 23 0.7 1.0 1.2 1.0 1.0 1.1 1.0 1.5 1.1 0.9 1.1

E Mean 75 14 104 136" 69 6.4 8.4 8.3 8.0 6.9 8.1 8.0 7.5 7.3 8.3 7.5
SD 2 3 1 14 8 0.5 0.8 1.0 0.8 0.7 0.8 0.8 1.0 0.9 0.8 1.0

F Mean 153 23 77 96 81 6.3 8.2 8.7 7.5 7.7 7.7 6.3 - 7.7 7.8 6.5
SD 2 2 4 4 3 0.4 1.0 0.8 1.2 0.7 1.3 1.6 - 0.7 1.2 1.3

" Mean values that differ from control (group A) with a significance level of 10% (o = 0.10).

Table 5

Concrete C1-40

Group h a w oL CMODL  frL Jretr J‘::qZ fcqs Sri-s Sr2-s fr3-s Sra—s Jri-cmop  fr2-cmop  fR3-cMOD

(mm) (mm) (mm) (pm) (pum) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

A Mean 155 26 149 80 69 52 5.5 5.5 4.8 5.0 52 4.8 4.1 4.9 52 4.1
SD 1 1 1 16 16 0.4 0.5 0.7 0.6 0.7 0.6 0.7 0.6 0.5 0.6 0.7

B Mean 102 19 100 89 75 58" 5.8 5.4 4.9 4.9 5.3 4.6 44 4.8 5.2 4.7
SD 1 3 2 15 27 0.2 0.2 0.6 0.5 0.7 0.6 0.2 0.3 0.6 0.6 0.4

C Mean 99 16 102 89 66 5.5 5.6 5.1 4.7 4.7 4.8 4.5 4.1 4.4 4.7 44
SD 3 1 2 15 16 0.4 0.3 0.4 0.5 0.6 0.5 0.6 0.7 0.3 0.6 0.7

D Mean 104 17 76 61 38" 6.0° 6.2" 5.1 5.1 5.0 53 52 4.6 438 5.4 52
SD 1 1 1 6 5 0.2 0.5 1.4 1.1 1.1 1.0 1.0 0.9 1.2 1.0 1.1

E Mean 76 13 104 124" 66 5.7 5.9 6.0 53 4.9 5.0 53 4.9 5.1 5.2 4.9
SD 1 1 1 27 18 0.3 0.4 0.7 0.7 0.5 0.7 0.7 0.8 0.6 0.7 0.8

F Mean 151 23 75 70 51 53 6.1" 5.8 5.3 5.0 5.5 5.4 4.7 54 5.5 4.7
SD 2 4 2 10 13 0.7 0.7 0.7 0.9 0.9 0.8 1.1 1.1 0.7 1.1 1.1

* Mean values that differ from control (group A) with a significance level of 10% (o = 0.10).
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Table 6
Concrete C1-20

Group h a w oL CMODL  frL Sretr Jeq2 Jeg3 Jri-s Sr2-5 Sra=s Sra—s JrRi-cmMob  fr2-cmop  fr.3-cMOD
(mm) (mm) (mm) (um) (um) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
A Mean 155 25 154 50 46 4.0 4.0 24 1.9 2.3 1.9 1.7 1.3 2.4 2.0 1.7
SD 1 1 1 39 5.5 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0.4 0.3
B Mean 102 15 102 76" 58 48" 48" 2.8 2.1 25 2.0 1.8 1.6 2.5 2.0 1.8
SD 1 1 2 4.9 7.0 0.2 0.2 0.5 0.4 0.4 0.3 0.3 0.3 0.4 0.3 0.3
D Mean 104 16 78 57 40 4.7 4.7 2.7 2.2 2.5 2.2 2.1 1.7 2.5 2.2 2.0
SD 1 1 1 9.9 12.0 0.2 0.2 0.4 0.5 0.4 0.5 0.5 0.7 0.4 0.5 0.5
* Mean values that differ from control (group A) with a significance level of 10% (o = 0.10).
Table 7
Concrete C2-40
Group h a w oL CMOD, JrerL Jer Jea2 Jea3 Jri-s Jr2-s Jr3-s Sra—s Jr.1-cmop Jr2-cmoD Jr3-cmop
(mm) (mm) (mm) (um) (pm) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
A Mean 154 27 151 62 47 4.7 6.6 43 5.7 4.0 6.1 6.2 44 5.4 6.1 6.3
SD 1 2 1 17 18 0.3 1.0 0.8 0.9 0.6 0.9 1.1 1.4 0.9 1.2 1.1
B Mean 102 16 102 87 69" 5.1 6.5 4.5 5.4 3.9 5.4 6.1 4.1 5.5 5.9 6.1
SD 1 1 2 10 5 0.6 1.6 1.3 1.6 1.1 1.8 1.7 0.9 1.7 1.9 1.9
E Mean 75 14 104 152" 7" 5.1 8.3" 5.8 6.2 4.9 6.4 7.6 4.7 5.7 6.7 7.8
SD <1 3 2 38 20 0.7 1.1 1.2 0.8 0.5 0.9 1.4 1.0 0.5 0.9 0.9

* Mean values that differ from control (Group A) with a significance level of 10% (o = 0.10).

90§-£62 (8007) 0§ sa1s0dW0D 2120100 P JUUIDD | [V 12 01IVID D

So¢



306 G. Giaccio et al. | Cement & Concrete Composites 30 (2008) 297-306

parallelism of the surfaces, as other studies indicate that
there are no substantial differences in the fibre orientation
between both planes [19]. The mentioned effect can justify
the small differences in the stresses in groups A and F of
C1-80 (changes in the orientation and reduction of the width
of the beams), as previous studies demonstrated a reduced
influence of the beam width on the test parameters [14].

From the analysis of concretes C1-80, C1-40, and C1-20
it appears that for this type and size of fibre there is no lim-
itation for the use of beams of minor height for the quan-
tification of post-peak parameters. From the results of C2-
40, it can be seen that most parameters tend to increase in
small beams, especially in group E, however the curves are
qualitatively similar. The variability was higher than that
found in concretes prepared with F1, this fact could be
related to the own characteristics of the fibres.

5. Conclusions

The use of small beams to evaluate the flexural behav-
iour of steel FRC following the general guidelines of the
RILEM TC 162-TDF Recommendation was analysed.
Concretes with different content and type of fibres were
studied. The main conclusions are summarised as follows.

The general guidelines for the bending test can be
applied on smaller beams to obtain the post-peak parame-
ters of FRC. When the fibres length and aggregate maxi-
mum size are sufficiently small to be compatible with the
dimension of the mould, the use of smaller specimens sim-
plifies the test. The use of small beams can be particularly
justified when the specimen dimensions are more represen-
tative of the FRC application, considering effects of fibre
orientation.

The post-peak parameters (equivalent or residual
strengths) do not differ from standard beam considering
a significance level of 10%.

When small beams were used there were found some
effects in the maximum and first crack strengths especially
in concretes incorporating low contents of fibres.

The use of small beams with the same height/span ratio
does not modify the relationship between deflection and
CMOD. Then, it will also be possible to obtain the post-
peak parameters by means of the CMOD response without
requiring the measurement of the deflection and avoiding
the necessity of using the frame to fix the transducers. In
this way the test can be remarkably simplified.
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