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Introduction 
 

Testing of concrete plates with different reinforcement and thickness was conducted on July 4, 

2007 at the Structural Laboratory of Boğaziçi University. The objective of these tests is to 

investigate the behavior of Forta Ferro polypropylene fibers and wire mesh, used as secondary 

reinforcement in concrete, before cracking and at ultimate states. To accomplish this objective, 

tests of 16 plates were conducted with 4 tests in groups of 2 different thicknesses and 2 different 

secondary reinforcements in accordance with EFNARC (European Federation for Specialist 

Construction Chemicals and Concrete Systems) testing procedures. 

 

The results were analyzed in terms of load-displacement and energy-displacement relationships. 

Observations from testing such as damage types and failure modes, and also load-displacement 

and energy-displacement relationships for cracking and ultimate stages were recorded. 

 

 

Type and the Stiffness of the Test Machine 
 

The test setup, as shown in Figure 1, consisted of 200-kN load capacity close loop rigid steel 

frame. The load applied to the specimen through a 200-kN load capacity hydraulic cylinder that 

was placed inside the test setup. 

 

Displacement measurements were recorded along the axis of the applied load, at the center and 

underneath the specimens. At the same time, the magnitude of load was measured with a load 

cell. All these measurements were recorded with a data aquision system. 

 

Appendix 1 includes the French Plate Test Method as per EFNARC’s standard test 

recommendation. 
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Figure 1: Test setup 

 

 

Specimen Identification 
 

The test specimens were produced, as shown in Figure 2, in forms of 600mm x 600mm 

dimensions with C20 (20 MPa) ready mix concrete grade. Total of 16 specimens of 100mm and 

200mm thicknesses, and two different reinforcing details of fibers and wire mesh were prepared. 
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Figure 2: Production of concrete plate specimens 

 

For each concrete cylinder specimen, slump tests were conducted at the site and compressive 

strength tests were carried out at the day of testing. These parameters are summarized in Table 1. 

Figure 3 illustrates the secondary reinforcement details used in concrete plates. 
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Table 1: Characteristics of specimens 

Specimen 
Name

Type of 
Reinforcement

Concrete Plate 
Thickness (mm)

Concrete Slump Value 
Used (cm)

Average Concrete 
Compressive Strength 

Used (MPa)

WM-10-1 Wire mesh 100 24

WM-10-2 Wire mesh 100 24

WM-10-3 Wire mesh 100 24

WM-10-4 Wire mesh 100 24

FF-10-1 Forte Ferro fiber 100 2

FF-10-2 Forte Ferro fiber 100 2

FF-10-3 Forte Ferro fiber 100 2

FF-10-4 Forte Ferro fiber 100 2

WM-20-1 Wire mesh 200 24

WM-20-2 Wire mesh 200 24

WM-20-3 Wire mesh 200 24

WM-20-4 Wire mesh 200 24

FF-20-1 Forte Ferro fiber 200 5

FF-20-2 Forte Ferro fiber 200 5

FF-20-3 Forte Ferro fiber 200 5
FF-20-4 Forte Ferro fiber 200 5

20

24

20

25

 

 
Figure 3: Specimen details 
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Test Specimen Dimensions 
 

4 at 600mm x 600mm x 100mm concrete and 150mm x 150mm x 6mm wire mesh reinforcing 

4 at 600mm x 600mm x 100mm concrete and 5.0 kg/m3 FORTE FERRO polypropylene fiber 

 

4 at 600mm x 600mm x 200mm concrete and 150mm x 150mm x 6mm wire mesh reinforcing 

4 at 600mm x 600mm x 200mm concrete and 3.5 kg/m3 FORTE FERRO polypropylene fiber 

 

 

Curing Conditions and Age at Testing 
 

The test specimens were produced inside a factory building and they were cured with water-

saturated burlap cover material placed over the specimens. Burlaps were kept moist at all times. 

This type of curing was performed for a period of 4 weeks. After 4 weeks of casting the concrete, 

the test specimens were transported to the Structural Laboratory at Boğaziçi University and 

testing started the day test specimens arrived to the Laboratory. 

 

 

Rate of Deformation 
 

The applied load protocol was displacement-controlled loading type with a loading rate of 0.05 

mm/sec. 

 

 

Data Analysis and Failure Modes of Specimens 
 

The values from the data acquision system were transferred to the computer and the data was 

analyzed with Microsoft Excel program. The analyses were conducted on the determination of 

Load-Displacement and Energy-Displacement relationships before cracking and ultimate load 

levels. Figure 4 illustrates the Load-Displacement curves for each specimen, whereas Figure 5 

shows the failure modes at ultimate loading. 
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(a) Load-Displacement relationships until first crack (100mm concrete plates) 
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(b) Load-Displacement relationships at ultimate loading (100mm concrete plates) 

Figure 4: Load-Displacement curves of test specimens 
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(c) Load-Displacement relationships until first crack (200mm concrete plates) 
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(d) Load-Displacement relationships at ultimate loading (200mm concrete plates) 

Figure 4: Load-Displacement curves of test specimens (Continued) 
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(a) FF-10-1 

 
(b) FF-10-2 

 

Figure 5: Failure modes 
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(c) FF-10-3 

 
(d) FF-10-4 

 

Figure 5: Failure modes (Continued) 
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(e) FF-20-1 

 
(f) FF-20-2 

 

Figure 5: Failure modes (Continued) 
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(g) FF-20-3 

 
(h) FF-20-4 

 

Figure 5: Failure modes (Continued) 
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(i) WM-10-1 

 
(j) WM-10-2 

 

Figure 5: Failure modes (Continued) 
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(k) WM-10-3 

 
(l) WM-10-4 

 

Figure 5: Failure modes (Continued) 
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(m) WM-20-1 

 
(n) WM-20-2 

 

Figure 5: Failure modes (Continued) 
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(o) WM-20-3 

 
(p) WM-20-4 

 

Figure 5: Failure modes (Continued) 
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First Crack Load and Maximum Load 
 

For each specimen, the values of displacements corresponding to first crack load and ultimate 

load is given in Table 2. 

 

Table 2: Load-Deformation curves of specimens 

Load            
(kN)

Displacement     
(mm)

Load            
(kN)

Displacement     
(mm)

WM10-1 28 1,1 78 9,4

WM10-2 36 0,9 70 7,5

WM10-3 33 1,0 68 10,4

WM10-4 36 0,9 74 6,7

FF10-1 37 1,2 40 5,6

FF10-2 44 1,1 44 1,1

FF10-3 39 0,8 39 0,8

FF10-4 39 0,9 39 0,9

WM20-1 110 1,4 192 6,1

WM20-2 125 1,2 171 5,1

WM20-3 118 1,4 193 5,1

WM20-4 97 1,4 187 3,3

FF20-1 125 1,4 125 1,4

FF20-2 113 1,1 113 1,1

FF20-3 137 1,1 137 1,1
FF20-4 161 1,2 161 1,2

First Crack Load Ultimate Load
Specimen 

Name

 
 

 

Calculated Energy-Deformation Curves 
 

The area under the Load-Deformation curve gives the energy absorption amount or capacity. 

Figure 6 shows the energy amounts of all the specimens for specific displacements. 
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(a) Energy-Displacement relationships until first crack (100mm concrete plates) 
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(b) Energy-Displacement relationships at ultimate loading (100mm concrete plates) 

 

Figure 6: Energy-Displacement curves of test specimens 
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(c) Energy-Displacement relationships until first crack (200mm concrete plates) 
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(d) Energy-Displacement relationships at ultimate loading (200mm concrete plates) 

 

Figure 6: Energy-Displacement curves of test specimens (Continued) 
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Energy Absorption in Joule at First Crack
 

The area under the Load-Displacement curve corresponding to a displacement at first crack load 

represents the absorption capacity at first crack. These values for each specimen are given in 

Table 3. 

 

Table 3: Energy absorption capacity of specimens first crack load 

Specimen 
Name

Energy Absorption 
Capacity (Joule)

Average Energy 
Absorption Values 

(Joule)

WM-10-1 13,5

WM-10-2 15,6

WM-10-3 13,6

WM-10-4 15,4

FF-10-1 16,3

FF-10-2 18,3

FF-10-3 12,6
FF-10-4 12,6

WM-20-1 57,8

WM-20-2 58,9

WM-20-3 55,7

WM-20-4 45,5

FF-20-1 52,1

FF-20-2 38,9

FF-20-3 68,9
FF-20-4 60,1

54,5

55,0

14,5

15,0

 
 

 

Energy Absorption in Joule for a Deflection of 25mm 
 

The energy absorption capacities of 100mm-thick specimens with respect to the area under Load-

Deformation curve at 25mm deformation are shown in Table 4. 

In calculations, 1 Newton·meter = 1 Joule relationship was used. 
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Table 4: Energy absorption capacity of specimens at 25mm 
displacement 

Specimen 
Name

Energy Absorption 
Capacity (Joule)

Average Energy 
Absorption Values 

(Joule)

WM-10-1 1075

WM-10-2 1095

WM-10-3 615

WM-10-4 1195

FF-10-1 575

FF-10-2 400

FF-10-3 565
FF-10-4 460

995

500

 
 

 

Conclusions 
 

After conducting the aforementioned tests the following results are established: 

 

The analysis of Load-Displacement relationships of wire mesh and Forta Ferro fiber reinforced 

specimens shows that they display similar behavior until the first concrete crack for 100mm 

specimens. Furthermore, the analysis of average load levels that correspond at the time of 

concrete cracking with a displacement of 1.0mm on average, the fiber-reinforced plates carry 

15% more load than wire mesh-reinforced plates. As a result, when the energy levels are 

compared, the fiber-reinforced plates, on average, absorb 10% more energy compared to wire 

mesh-reinforced plates. 

 

On the other hand, similar results, as mentioned above, are achieved for 200 mm plate specimens. 

Average load value corresponding to first crack displacement of 1.2 mm on average, carry 50% 

more load for fiber-reinforced plates compared to wire mesh-reinforced ones. In addition to that, 

comparison of the absorbed energy amounts shows that until the concrete reach its cracking 

displacement, fiber-reinforced plates absorb 40% more energy. 

 

Ultimate load is the same with first cracking load for the fiber-reinforced plates. 
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At the ultimate load level, load bearing capacities of the fiber and steel mesh-reinforced plates 

differs; steel mesh-reinforced plates carry 80% more load for 100 mm-thick plates, and 30% 

more load for 200 mm-thick plates. The reason behind this is the fact that wire mesh carries the 

tensile stresses until its rapture strength. In this case, the diameter and the spacing of wire mesh 

are the deciding parameters for the ultimate load bearing capacity of the specimen, after the 

concrete cracks. As a direct result of this, the average absorbed energy level for 25 mm of 

displacement is approximately 2 times higher in wire mesh-reinforced plates. The reduction in 

wire mesh parameters will reduce the ultimate load bearing capacity and consequently lower the 

difference in energy absorbing levels. 

 

At Annex 1, the French Plate Test standard recommended by EFNARC is given. This standard 

provides Load-Displacement, and Energy-Displacement curves for steel fiber-reinforced ( such as 

Dramix) specimens. The tests conducted in the Structures Laboratory of Boğaziçi University also 

have the same trends for Load-Displacement relationships and the equivalent relation for Energy-

Displacement for the polypropylene fiber-reinforced specimens. In the figures that are given in 

EFNARC standard, a wire mesh comparison has been given and it is shown that this relationship 

is lower in values than for steel fibers. Since there is no explanation, we assume that an 

equivalent rebar diameter (or volume) for wire mesh has been used in lieu of steel fibers. 

 

It is observed that the polypropylene fiber-reinforced specimens, generally, have more ductile 

failure behavior while wire mesh-reinforced specimens have failure behavior in the form of 

sudden rapture of rebars or punching. 

 

The test results showed that in the case of an elastic design of a concrete member, polypropylene 

fiber reinforcement is more advantageous than wire mesh reinforcement in terms of load bearing 

capacity and energy. 
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Encl. Appendix-1: EFNARC Standard for French Plate Test Method 
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Appendix-1: EFNARC Standard for French Plate Test Method 
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