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Abstract 
The postcracking tensile strength of fibre reinforced concrete must be determined 

experimentally. Best known test methods are the 3-point bending test (EN 14651:2005), the 

uniaxial tension test, the 4-point bending test and the wedge splitting test. All these test 

methods show a large scatter on the test results which is due to the non-uniform fibre 

distribution and the rather small cracked area in the specimen. 

As a result, one of the possible solutions to avoid this large scatter is to increase the 

cracked area. This can be achieved by using the round panel test (ASTM C1550-05). Indeed, 

from round panel tests it has been found that the variation on its test results decreases with 

almost 50% with regard to those obtained by means of the above mentioned tests.  

The research described in the paper examines the feasibility of a reduction of the 

dimensions of the round panel without loosing the small scatter. The investigated parameters 

are: diameter of the panel, thickness of the panel, fibre type (steel – synthetic) and fibre 

quantity. 

At this time a lot of design recommendations for fibre concrete are based on the 3-point 

bending test. For this reason, the link between the results of the round panel test and those of 

the 3-point bending test has been analysed in this research. 

1. INTRODUCTION 

Fibre reinforced concrete (FRC) is a composite that is well known for its postcracking 

tensile strength and ductility. This postcracking behaviour, however, must be determined 

experimentally. Therefore, worldwide different types of test methods have been developed. 

Best known are the 3-point bending test (EN14651:2005), the uniaxial tension test, the 4-

point bending test and the wedge splitting test. All these test methods show a large scatter on 

the test results. This is especially a problem if characteristic values have to be determined. It 

was shown in previous research [1] that this large scatter is due to a non-uniform fibre 

distribution and the rather small cracked area in the specimen. 

One of the possible solutions to avoid this large scatter is to increase the cracked area. In 

this context, Bernard [2,3] developed a bending test on round panels supported on 3 points, 
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resulting in the ASTM C1550-05 standard. Indeed, from round panel tests it has been found 

that the variation on the test results decreases with almost 50% in comparison with those 

obtained by means of the above mentioned methods [4]. The round panel test specimen, 

however, is relatively heavy and difficult to handle (∅ = 800 mm, thickness d = 75 mm). 

The research, described in this paper, examines the feasibility of a reduction of the 

dimensions of the round panel without loosing the benefit of the the small scatter. The 

investigated parameters are: diameter of the panel, thickness of the panel, fibre type (steel – 

synthetic) and fibre dosage. 

At this time a lot of design recommendations for FRC, e.g. the σ-ε-design method of 

RILEM TC162-TDF, use the postcracking tensile strength values obtained by means of the 3-

point bending test. For this reason, it has been investigated if the results of the 3-point 

bending test could be predicted starting from those obtained by the round panel test. 

2. RESEARCH PROGRAMME 

2.1 3-point bending test (EN 14651:2005) 

The RILEM 3-point bending test is a widely known and appreciated test in laboratories for 

its simplicity. The test specimen is a beam of 600 mm length and a cross section of 150×150 

mm². The span of the specimen is equal to 500 mm. In the middle of the span the prism is 

notched, the depth of the notch is 25 mm (Figure 1). The test is performed under CMOD 

(Crack Mouth Opening Displacement) control. Besides the CMOD and the load, also the 

deflections on both sides can be measured (optional). For the measurement of the CMOD, an 

LVDT is glued on the bottom of the specimen over the notch. The centre of the LVDT is 

located at a distance of 5 mm under the bottom of the specimen. This means that the real 

crack width at the tip of the notch (= w) is smaller than the measured CMOD. The advantage 

of this test method is that it is simple and the CMOD control ensures a stable crack growth, 

even for plain concrete. The load-CMOD curve can be used to calculate the σ-ε or σ-w 

relation of the material by using residual flexural tensile strengths at a certain CMOD value. 

  

Figure 1: Test setup 3-point bending test [5] Figure 2 : Test setup round panel test [6] 

2.2 Round panel test (ASTM C1550-05) 

The standard round panel test is performed on specimens with a diameter of 800 mm and a 

thickness of 75 mm. The panel is supported on 3 symmetrically arranged pivot points on a 
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pitch circle diameter of 750 mm. The panel is loaded with a point load in the centre (Figure 

2). The test is displacement controlled by means of the central displacement. 

The observed variation on the test results varies between 5 and 10% [4]. This is remarkably 

lower than the typical variation observed in the 3-point bending test (20-30%). Furthermore 

the round panel test can be of special interest for applications with thin elements (wall 

elements, panels, shotcrete, ..). 

3. EXPERIMENTAL PROGRAM 

The test program, carried out at the Reyntjens Laboratory, Department of Civil 

Engineering, KU.Leuven together with BBRI, involved 3-point bending tests (also called 

beam tests) [5] and round panel tests [6]. To investigate the influence of the scatter of the test 

results on the dimensions of the round panel, three different “dimensions” for the panels were 

used: 

− diameter ∅ = 800 mm & thickness d = 75 mm (hereafter called ∅/d = 800/75), 

− diameter ∅ = 600 mm & thickness d = 75 mm (hereafter called ∅/d = 600/75), 

− diameter ∅ = 600 mm & thickness d = 60 mm (hereafter called ∅/d = 600/60). 

Two types of fibres are applied: undulated steel fibre (length = 50 mm, diameter = 1 mm) 

and macro synthetic fibre (length = 50 mm). The dosage varied between 20 and 60 kg/m³ for 

the steel fibres and between 4.5 and 9 kg/m³ for the macro synthetic fibres. 

The test program is summarized in Table 1. The concrete composition is mentioned in 

Table 2. A normal strength concrete was used. The cube compressive strength (side = 150 

mm) varied between 46 and 51 MPa. 

Table 1: Test program: number of specimens 

Test 
Undulated steel fibre Macro synthetic fibre 

20 40 60 4.5 9 

Beam test: 6 6 6 6 / 

Round plate test:      

 ∅/d = 800/75 4 4 4 4 / 

 ∅/d = 600/75 4 4 4 4 4 

 ∅/d = 600/60 4 4 4 4 4 

Table 2: Concrete composition 

Composition (kg/m³) 

Crushed limestone 14/20 341.2 

Crushed limestone 10/14 235.6 

Crushed limestone 7/10 209.6 

Crushed limestone 4/7 260.2 

Sand 0/5 856.4 

CEM I 42.5 R 320 

Water 176 

Fibres see Table 1 
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4. TEST RESULTS 

The individual load-deflection curves for series “40 kg/m³ undulated fibres” are shown in 

Figure 3 (beam tests) and Figures 4 to 6 (round panel tests, respectively ∅/d = 800/75, ∅/d = 

600/75 and ∅/d = 600/60). 
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Figure 3: Test results of 3-point bending test 
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Figure 4: Test results of round panel test (∅/d = 800/75) 
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Figure 5: Test results of round panel test (∅/d = 600/75) 

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30 35 40 45

Deflection [mm]

L
o

a
d

 [
k

N
]

Round panel test: ∅∅∅∅/d = 600/60

40 kg/m² undulated fibres

 

Figure 6: Test results of round panel test (∅/d = 600/60) 

The relative variation coefficients for the different test methods were compared at the same 

crack level (= w). The results are given in Table 3 for series “40 kg/m³ undulated fibres” and 

in Table 4 for series “4.5 kg/m³ macro synthetic fibres”. The other results can be found in 

detail in [7]. 

Both from Figures 3 to 6 and Table 3 (steel fibres), it can be seen that the scatter on the 

beam test results is much larger than on the different round panel test results. Moreover, 
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although the cracked area of the smallest round panel (∅/d = 600/60) reaches only 60% of 

that of the large panel, the variation on the test results of both tests is comparable. For the 

macro synthetic fibres, the variation is comparable for the two panels with a thickness of 75 

mm. However, for the thinner panel, the variation is larger and comparable with that for the 

beam test results. More results are needed to make firm conclusions. 

Table 3: Relative variation coefficients (-) for the different test methods for series “40 kg/m³ 

undulated fibres” 

w (mm) Beam test 
Round panel tests 

∅∅∅∅/d = 800/75 ∅∅∅∅/d = 600/75 ∅∅∅∅/d = 600/60 

0.5 0.21 0.13 0.13 0.14 

1.0 0.21 0.11 0.13 0.15 

1.5 0.19 0.08 0.13 0.17 

2.0 0.20 0.11 0.14 0.12 

2.5 0.18 0.18 0.11 0.12 

3.0 0.14 0.20 0.10 0.11 

Table 4: Relative variation coefficients (-) for the different test methods for series “4.5 kg/m³ 

macro synthetic fibres” 

w (mm) Beam test 
Round panel tests 

∅∅∅∅/d = 800/75 ∅∅∅∅/d = 600/75 ∅∅∅∅/d = 600/60 

0.5 0.15 0.04 0.23 0.15 

1.0 0.20 0.06 0.05 0.25 

1.5 0.21 0.07 0.07 0.20 

2.0 0.21 0.06 0.06 0.20 

2.5 0.21 0.06 0.05 0.20 

3.0 0.21 0.07 0.04 0.20 

5. CALCULATIONS OF THE 3-POINT BENDING TEST STARTING FROM 

THE RESULTS OF THE LARGE ROUND PANEL TEST 

Although the round panel test has many advantages, it can not be used for design since 

there are no design parameters or a constitutive law derived from these test results. For this 

reason, it would be most interesting if a link could be established between the round panel test 

and the 3-point bending test. In this paragraph a method is summarized how the σ-w relation 

can be derived from a round panel test and how this σ-w relation can be used to predict the 

load-CMOD curve of the 3-point bending test. All details of these calculations can be found 

in [7]. 

5.1 Determination of the σσσσ-w relation from the round panel tests 

In order to determine the σ-w relation, it is necessary to make some assumptions about the 

postcracking behaviour of the panel. In the present analysis, it has been assumed that the 

panel suffers three symmetric radial cracks, each of which bisects the 120° sector between 

each pair of supporting pivots (Figure 7). 
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Each uncracked sector of the specimen has been assumed to suffer negligible deformation 

compared to the cracks and therefore essentially remains plane. Yield Line Theory has been 

assumed capable of adequately modelling both the cracking and postcracking load capacity of 

the panel [2,3]. 

Based on a yield line moment capacity mp (per unit length of crack), the central point load 

capacity P can be calculated as: 

r

Rm
P

⋅⋅°⋅⋅
=

230cos3 p
 (1) 

The relation between the central deflection δ and the crack opening w, which is assumed 

constant along the crack, is equal to: 

( )xh

rw

−⋅°⋅

⋅
=

pl30cos2
δ  (2) 

with hpl the depth of the panel and x the height of the compression zone. 

However, before deriving the σ-w relation, a shape of the curve has to be chosen. In this 

research, the 2-level model proposed by Dupont [8] has been used (Figure 8): after reaching 

the tensile strength (fct,fl), the stress drops until a certain postcracking strength level (= σ2) and 

when the crack width becomes larger than a certain value (= w2), a second drop is foreseen (= 

σ3). The crack widths w2 and w3 are chosen as 0.5 mm and 3.5 mm. The corresponding 

CMOD-values for the 3-point bending test are 0.65 mm and 4.4 mm respectively. 

 
crack width [mm]

S
tr

e
s
s
 [

M
P

a
]

w3w2

σ3

σ2 

fct,f l

 

Figure 7: Yield Line pattern Figure 8 : 2-level model for the σ-w relation [8] 

In this way, only the stresses σ2 and σ3 have to be determined in order to know the entire 

σ-w relation. These values can be obtained by solving the static equilibrium equations of axial 

forces and bending moment at the place of the crack. 

The characteristic length, necessary to transform crack width values into strains is equal to 

125 mm, i.e. the depth above the notch in the prism used for the 3-point bending test. 
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5.2 Prediction of the load-CMOD response of the 3-point bending test 

Once the σ-w relation is calculated, the load-CMOD curve of the beam tests can be 

calculated. For each point on the σ-w curve, the static equilibrium equations of axial forces 

and bending moments at the notched section can be solved in order to determine the moment 

capacity (= M) for a certain CMOD-value. The load capacity is then equal to: 

L

M
P

⋅
=

4
 (3) 

with L the span of the beam (= 500 mm). 

6. VALIDATION OF THE MODEL 

In Figures 9 and 10, examples of the predicted load-CMOD curves are shown together 

with the average curve of the test results and their upper and lower limit curves. Especially the 

correspondences around CMOD-values of 0.65 mm and 4.4 mm have to be looked at, since σ2 

and σ3 have been determined from the panel test results at the corresponding crack widths. 

Taking the heterogeneity of FRC into consideration and the different types of test methods, 

the correspondence of the predicted curve with the test results is relatively well, since the 

predicted curve is situated between the two limits. For some series, there is an overestimation, 

for other series an underestimation. 
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Figure 9: Prediction of the load-CMOD curve for beam tests, starting from the results of the 

large round panel test  for series “20 kg/m³ undulated fibres” 
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Figure 10: Prediction of the load-CMOD curve for beam tests, starting from the results of the 

large round panel test  for series “40 kg/m³ undulated fibres” 

7. CONCLUSIONS 

From the research program executed at the Department of Civil Engineering of the 

K.U.Leuven the following conclusions can be drawn: 

− For both steel and macro synthetic fibres, the variation on the beam test results is the 

largest. 

− With regard to the round panel test, it has been found that the dimensions of the round 

panel do not have any influence on the value of the scatter when using steel fibres. 

When macro synthetic fibres are used, the scatter increases as the thickness of the panel 

decreases. 

− The load-CMOD curve of the 3-point bending test can be predicted with reasonable 

accuracy from the results of the large round panel test by applying the Yield Line 

Theory and the 2-level model proposed by Dupont for the σ-w relation. 
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