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Abstract: Deterioration of concrete structures throughout the world and the cost of their repair and rehabilitation 

have become a major concern to engineer and researchers in recent years. Almost cases the repair costs can be 

twice or more of the original cost. For example, in Canada, it is estimated that the cost of repair of parking garages 

is in the range of 6 billion dollars, and over 74 billion dollars for all concrete structures. The estimated repair cost 

for existing highway bridges in the USA is over 50 billion dollars, and 1-3 trillion dollars for all concrete 

structures. In Europe, steel corrosion has been estimated to cost about 3 billion dollars’ year. Excessive corrosion 

problem also exists in Arabian Gulf countries (Benmokrane et al., 1998). Organizations, private industry and 

university researchers are seeking ways to avoid the corrosion problem and thereby eliminate, partially or totally, 

burden of never ending repair costs. One preferred solution, which has assumed the status of cutting edge research 

in many industrialized countries, is the use of fiber reinforced polymer (FRP) rebars in concrete.  

FRP reinforcement has an advantage over steel in that it has high corrosion resistance and a high strength to 

weight ratio, thus for structures built in or close to seawater or at similar corrosive environment. They are also 

non-conductive for electricity and non-magnetic.  
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1.   INTRODUCTION 

In this study, details of the experimental program consisting of testing 12 full scale concrete slabs subjected to moment 

loading is are presented. The main objectives of the experimental program are: 1) to investigate the behavior of using steel 

and GFRP bars to enhance the moment strength of reinforced concrete slabs. 2) to optimize the GFRP bars ratio that leads 

to the ultimate load carrying capacity. 3) To compare between different reinforcement steel and GFRP bars as a main 

reinforcement in behavior on type of load of light weight concrete slabs one and two way. 4) To address the deformation 

and ductility behavior of light weight concrete slabs having steel and GFRP bars. 5) To studding behavior of light weight 

concrete with steel and GFRP bars as a main reinforcement. 

2.   EXPERMINTAL STUDY 

The tested specimens were categorized into two groups as shown in Table 1. The first group (Group I) as a one-way slabs 

had six slabs. Three slabs were reinforced by steel and other three slabs reinforced by GFRP with different ratio of 

reinforcement. The results of the first three specimens of the Group-I were meant to be the reference for the results of the 

other specimens. The second group (Group II) has the same parameter of group but with different dimension as a two-way 

slab. Results of specimens this Groups I,II were used to understand the behavior of concrete slabs having fiber. The slabs 

in these groups were tested under monotonic load condition. They had different reinforcement ratio with different 

dimensions of the slab. Table 3.1 summarizes the geometric characteristics of all tested specimens. 
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Our experimental program included Group I, II reinforced with Steel & GFRP bars. 

Name of specimens wrote as: Sx-y 

Where S: Slab. 

           X: number of group. 

           Y: number of specimens. 

TABLE (I): Specimen Details 

Group Slab 

No. 

No. of 

RFT 

(bars) 

Diameter 

(mm) 

Material Surface 

Texture 

Slab Type Type of 

Load 

Dimensions 

(mm) 

 

 

 

I 

S1-1 8 8 steel Smooth One way Distribution 2000*1000*100 

S1-2 5 10 steel Ribbed One way Distribution 2000*1000*100 

S1-3 10 10 steel Ribbed One way Distribution 2000*1000*100 

S1-4 8 8 GFRP Smooth One way Distribution 2000*1000*100 

S1-5 5 10 GFRP Ribbed One way Distribution 2000*1000*100 

S1-6 10 10 GFRP Ribbed One way Distribution 2000*1000*100 

 

 

 

II 

S2-1 8 8 steel Smooth Two way Distribution 1700*1700*100 

S2-2 5 10 steel Ribbed Two way Distribution 1700*1700*100 

S2-3 10 10 steel Ribbed Two way Distribution 1700*1700*100 

S2-4 8 8 GFRP Smooth Two way Distribution 1700*1700*100 

S2-5 5 10 GFRP Ribbed Two way Distribution 1700*1700*100 

S2-6 10 10 GFRP Ribbed Two way Distribution 2000*1800*100 

 

Fig 1: Reinforcement and Concrete Dimensions of Slab S1-1 

 

Fig 2: Reinforcement and Concrete Dimensions of Slab S2-1 
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Fig 3: Reinforcement and Concrete Dimensions of Slab S3-1 

2.1 Slab Modeling: 

The tested specimens in the experimental program represented full scale prototype for building slabs. The dimensions of 

the tested specimens were chosen to represent one and two way slabs. Typically, the contra flexure points of a slab 

subjected to gravity state of loading are located at distance 0.5L from the center line, where L is the spacing between two 

supports Figure 4 shows the location of flexure points of a typical concrete slab subjected to gravity loads in a residential 

building. Accordingly, the tested specimens were 100 mm in thickness and 17000x17000 mm and 2000x1000 dimension. 

 

Fig 4: The location of flexure point and details of reinforcement 

Figures 5 show typical steel reinforcement mesh of the tested specimens. This reinforcement is shown for the Slab of 

group I as a representative example. The twelve slabs have the same reinforcement mesh by different in type of 

reinforcement, as shown in Figure (5). The same configuration was used in all the tested slabs.  As example for slab S1-1 

The layer of the mesh had 11 deformed bars of diameter 8 mm at 200mm spacing in 2000mm direction and 9 deformed 

bars of diameter 8 mm at 100mm spacing in 1000 direction. The steel reinforcement ratio was chosen to ensure that the 

flexure capacity of the slab covered all cases.  

 

Fig 5: Reinforcement layout of Slabs of Group I 
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2.1 Materials: 

2.1.1 Concrete Mix Design 

TABLE (2): Summary of Mix Design 

139 L/m3 Water 
250 kg/m2 fcu 

450 kg/m3 Cement 100mm Max Slump 

630 kg/m3 Coarse Aggregate 50 mm Min Slump 

40 kg/m3 Silica Fume 
25 mm Max Aggregate Size 

330 L/m3 Poly Foam 

0.31 
Water Cement 

Ratio 

13.5 L/m3 Super Plasticizer Lightweight Concrete Type 

630 kg/m3 Fine Aggregate 

1500 kg/m3 

Unit Weight of 

Coarse Aggregate 

2.1.2 Light weight concrete Compressive Strength 

Light weight concrete cubes (15x15x15 cm) were tested in the laboratory after 28 days using the compression universal 

machine. The universal machine is shown in Figure 6. The average light weight concrete cubic compressive strength and 

density of cubes are shown in Table (3) for different concrete batches to achieve properties of light weight concrete. From 

the table, it was obvious that light weight concrete reach to compressive strength 250Kg/cm2 and density of it not 

increase more than 2000 Kg/m3 

 

 

Fig 6: Universal Machine and tested cubes 

TABLE (3) :  Test Result of Cube Strength. 

Group 

No. 

Cube 

No. 

Strength 

(Kg/cm2) 

Average 

 

Density  (Kg/m3) 

 

 

 

 

I 

Cube 1 257  

 

 

250.5 

1946 

Cube 2 245 1936 

Cube 3 236 1966 

Cube 4 280 1992 

Cube 5 235 1983 

Cube 6 256 1933 

Cube 7 245 1922 

Cube 8 250 1900 
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II 

Cube 9 282  

 

 

245.5 

1942 

Cube 10 257 1933 

Cube 11 234 1892 

Cube 12 247 1937 

Cube 13 280 1892 

Cube 14 230 1906 

Cube 15 222 1937 

Cube 16 195 1820 

2.1.3 Casting and Compaction 

The internal surfaces of the wood forms were covered with a polyethylene layer before pouring the concrete. Then the 

reinforcement meshes were placed in their place. The strain gauges were finally fixed at their specific locations on the 

reinforcement rebars. Figure 7 show the reinforcement details and the steps of casting the concrete. In the figure, the 

strain gauges’ locations are shown. Finally, the concrete was compacted using a vibrator. The slab thickness was limited 

to 100 mm. eight test cubs of 15 cm side length were taken and tested. The test molds for cubes were coated with oil 

before casting. Then concrete was placed and mixing on three layers. Each layer was compacted using a standard rod with 

25 blows. then tested to measure the concrete compressive strength after 28 days. The objective was to measure the exact 

concrete tensile/compressive strength of the specimens in the testing day 

 

Fig 7: Reinforcement and Concrete Dimensions of Slabs 

2.1.4 Curing 

After the molds and forms were compacted, the specimens were covered with wet burlap for 48 hours. The slabs were 

then cured by emerging the surfaces using water. The cubes samples were totally submerged in water until testing. all 

samples were tested after 28 days. This meant to measure the exact concrete compressive strength in the same day of 

testing, Figures 8 show the curing of concrete. 

 

 

 

 

 

 

 

 

 

Fig 8: Curing the concrete 
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2.2 Instruments 

2.2.1 Deflection Measurements 

Three dial gauges were used to record vertical deflection of the slabs at various locations. The gauges were installed on 

the bottom surface of slab. Two gauges were attached on edges of slabs at L/2 from center of slab in each direction. 

Another one gauge was installed at the mid-point of the slab. Figure 9 shows the three locations of the strain gauges of the 

Specimen S1-1 as an example.  

 

Fig 9: Reinforcement and Concrete Dimensions of Slab S3-1 

2.2.2 Strain Measurements 

Before casting the slabs, electric resistance gauge (10mm length, 120 ohms’ resistance with gauge factor of 2.10) were 

mounted and glued to the reinforcement. The locations of the strain gauge are shown in Figure 3.17. The steel strain was 

measured and recorded using a digital strain meter device (Figure 10). The strain meter was connected to the strain gauges 

using wires and the readings were recorded at each load increment. 

 

Fig 10: Installation of the Strain Gauges to the Steel and GFRP Reinforcement 

3.   EXPREMENTAL RESULTS 

The tested specimens were designed to fail in flexure mode of failure in two groups. All slabs tested under distributed 

load and divided into 6 slabs reinforced by steel bars and 6 slabs reinforced by GFRP bars as a reference slabs with other 

parameter as dimensions, reinforcement ratio, surface texture and area of steel bar. All specimens to represent the typical 

flooring slab system. Table 4.1 showed the cracking load, ultimate failure load, and failure mode of the slabs. The results 

in Table 2 were presented for the twelve specimens. These specimens were those that were tested under Distributed load 

condition. The results of the slabs subjected to moment loading condition. The ultimate load carrying capacity in group I 

and II is presented as well in Figure 4.1 and 4.2. In the figure. 
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TABLE (4): Experimental results of tested slabs 

 

Group 

 

Specimen 

Crack load Ultimate Crack/Ultimate (%)  

Failure mode Pcr 

(kN) 
cr  

(mm) 

PU 

(kN) 
 u 

(mm) 

Load 

(%) 

Deflection 

(%) 

 

 

I 

S1-1 21.00 4.10 57.00 64.80 32.5 6.30 Flexure 

S1-2 20.00 5.54 53.00 26.11 37.7 21.22 Flexure 

S1-3 55.00 8.64 137.0 48.28 40.15 17.89 Flexure 

S1-4 15.00 5.11 49.00 28.40 42.86 17.00 Flexure 

S1-5 13.00 2.12 56.00 40.50 23.22 5.230 Flexure 

S1-6 16.00 5.88 110.0 55.00 14.50 10.69 Flexure 

 

 

II 

S2-1 77.00 9.27 170.0 34.51 45.30 26.86 Flexure 

S2-2 46.00 5.83 230.0 44.11 20.00 13.20 Flexure 

S2-3 108.0 9.22 372.0 31.40 29.00 29.36 Flexure 

S2-4 61.00 4.50 161.0 24.39 37.89 18.45 Flexure 

S2-5 32.00 4.42 124.0 54.30 25.80 8.14 Flexure 

S2-6 82.00 6.52 252.0 39.40 32.54 16.5 Flexure 

As show in Figure 11 and Table 4, Specimens S1-1, S1-2 and S1-3 (specimen with steel bars) had the maximum ultimate 

load capacity with an increase of more than 45% over that of the slabs S1-4,S1-5,S1-6 (specimen with GFRP bars). The 

cracking load of the specimens ranged from 15 (Specimens S1-4) to 55 kN (Specimens S1-3) with an increase of 46.4%. 

The cracking loads reported in Table 4.1 was the recorded load levels where the first major crack was noted.  

 

 

 

Fig 11: Experimental ultimate load carrying capacity of the specimens for Group II 

In case of the specimen S1-1 as shown in figure 12  (The slab with steel reinforcement), the cracks were first initiated 

radially at a load level of 21 kN. With the increase of the applied load, several radial cracks initiated underneath the 

loading point and propagated toward the slab ends. These cracks were developed on the bottom side of the slab. Closer to 

the failure load, the radial cracks were dominated by a flexure cracks. 

                       

                    i) Bottom View Before Test                                     ii) Elevation View Before Test 
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i) Bottom View                                                      ii) Top View 

Figure (12): Crack Pattern for Specimen S1-1 (Failure Load = 57KN) 

2.3 Load Deflection Curves 

 

 

 

Fig 13: Load-central Deflection for Group II 

Furthermore, comparing the deflection profiles of the specimens S2-1, S2-2, S2-3, S2-4, S2-5 and S2-6 were given in 

Figure 13, for the deflected shapes. The figures showed that the maximum deflection was recorded in the center of the 

specimen and it decreased as toward the supports. 

III.   CONCLUSION 

1- The load deflection curve Behavior of concrete slabs reinforced with GFRP rebars up to cracking followed by an 

approximately was linear with lower stiffness before cracking and then a softer linear part from cracking to failure.  

2- Comparing the failure loads of the slabs reinforced with the same cross sectional area of steel bars by GFRP rebars, 

there was 25% increase in the failure load of steel reinforced slabs. This increase was due to lack of dowel action of 

GFRP bars and low elastic modulus of GFRP bars in comparison to steel bars. 
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3- The load deflection curve behavior of concrete slabs reinforced with GFRP rebars up to cracking followed by an 

approximately was linear with lower stiffness before cracking and then a softer linear part from cracking to failure. 

4- The stiffness of GFRP reinforced concrete slab was significantly lower than it for the steel sample reinforced with the 

same area of reinforcement after cracking, consequently, larger crack, deflection and strains. Increasing the area of the 

reinforcement of GFRP rebars.
 

5- Deflections of slabs reinforced with GFRP bars are significantly larger than slabs reinforced with conventional steel 

bars there was 30% increase in the deflection of GFRP reinforced slabs. This due to the low elastic modulus of GFRP bars 

in comparison to steel bars. 

6- The result of this work, shows that light-weight concrete can be designed to meet the criteria of compressive strength of 

load bearing concrete and suitable solution in construction. Besides, light-weight concrete has been identified as a suitable 

material to replace the normal concrete. At the same time, the density of light-weight concrete can be designed and 

controlled according to the ratio of the mixture used.   

7- The change of bar diameter resulting in change the failure load and small difference in deflections. This due to the 

change in the surface area of reinforcement. 
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