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The concrete mortar was designed to get a 
compressive strength (fcu) of 25MPa at 28days. 
Mix proper , 
(2009) Table 2. 

 
  

 

 
 

Expanded Wire Mesh  Welded Wire Mesh  

Diamond 
size 

16.5 × 31 mm 
Dimension
s Size  

12.5 × 
12.5 
mm  

Weight  1660 gm /m2  Weight  
600 
gm/m2  

Sheet 
ThickNes
s  

1.25 mm  
Wire 
Diameter 

0.7 mm 

Modulus 

12000(N/mm2

) 
Modulus 

17000 
(N/mm2

) 
Yield 
Stress  250 (N/mm2) 

Yield 
Stress  

400 
(N/mm2

)  
Yield 
Strain  

9.7 × 10-3 Yield 
Strain  

1.17× 
10-3  

Ultimate 
Strength  380 (N/mm2) 

Ultimate 
Strength  

600 
(N/mm2

) 
Ultimate 
Strain  

59.2 ×10-3 
Ultimate 
Strain  

58.8× 
10-3  

 
 

Mix 
Design 

Cement 
(kg/m3) 

Sand  
(kg/m3) 

Water 
(kg/m3) 

Super 
plasticizer 
(kg/m3) 

M 1 700 1400 245 7 
 

 
  The experimental program consists of two 
ferrocement concrete slabs. All slabs were cross 
section of: 600 mm, 200mm and 1200 mm in 
width, depth and effective span length of the beam 
respectively. Composite ferrocement slabs 
consists of steel channels of dimension 200 x 50 x 20 
mm and ferrocement layer cover of thickNess 30mm. 
The specimens were tested under two point-load 
loading 300mm load distance. The specimens were 
divided into expanded wire, and welded wire mesh. 
All the slabs were cast and cured for 28 days. The 
admixture used in this study was Super-plasticizer. 
Concrete dimensions details for slabs are shown in 
Fig. 2. The slabs specimens are summarized in 
Table 3. 
 
 

 
 



  
 

 

Specimens ID Wire mesh type Specimen No. Specimens description 

    

    

    

    

 
 

 
 

 
  The slabs specimens were tested under two 
point-load loading on a universal testing machine 
of maximum capacity of 5000 kN with 1200mm 
effective span length and 300 mm load distance as 
shown in Fig. 3. Load was affect at 5 kN 

accuracy of 0.01mm were placed in the bottom of 
the slab at the mid-point to find the deflection. The 
load was increased until the specimen reached to 
failure. Load & displacement were recorded. 
 

 

 
 

 
 
 
 

 
 

 Table 4 & Fig. 4 show the ultimate loads of tested 
slabs. As shown in Table 4, ultimate load for 
expanded wire mesh slabs S1 & S2 was higher than 
ultimate load for welded wire mesh slabs S3 & S4. 
The ultimate load of the expanded wire mesh slabs 
was 33.95kN & 40.27kN for one & two layers 
expanded wire mesh slabs respectively. While, the 
ultimate load of the welded wire mesh slab was 
29.88kN & 33.46kN for one & two layers welded 
wire mesh slabs respectively. The increase of the 
load carrying capacity of the expanded wire mesh 
slabs is due to increasing the volume fraction. 

 
 Table 4 & Fig. 4 show the ultimate deflection of 
tested slabs. The deflection of slabs was 1.37mm 
for one layer & 1.46mm for one & two layers 
expanded wire mesh slabs with respect to 1.23mm 
&1.35mm for one & two layers welded wire mesh 
slabs. The decrease of the ultimate deflection of the 
expanded wire mesh slabs is mainly due to 
increasing the volume fraction 
 

 
 
 
 
 



  
 

 

 
 

 
 
 
 

 

 

 
 

The analytical study was done to verify the results 
obtained from the experimental study.  Slabs of 
dimension 300x 600 x 1200mm were modeled and 
analyzed by using ANSYS.  

 
  Non-linear finite element analysis; (NLFEA) was 

carried out to investigate the flexural behavior of 
ferrocement composite slabs specimens using ANSYS 
14.5 Software as indicated in Fig. 5. The ultimate 
carrying capacity, ultimate deflection and cracks pattern 
of the examined slabs were investigated. 
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Slab 

Specimens 

ID 

Failure load 

Pult. 

(kN) 

Max. mid span deflection 

ult. 

(mm) 

S1 33.95 1.37 

S2 40.27 1.46 

S3 29.88 1.23 

S4 33.46 1.35 

 
 

  

 



  
 

 

 
  In this research, SOLID 65 for the concrete as it is 
suitable for presentation of compression stress- strain 
curve for concrete other properties. The steel channels 
were modelled using SHELL63 element. Also, the other 
innovative composites materials were represented by 
calculating its volumetric ratio in concrete element using 
its special properties. The volumetric ratio refers to the 
ratio of steel to concrete in the element. ANSYS allows 
the user to enter three rebar materials in the concrete. 

Each material corresponds to x, y, and z. The orientation 
angles refer to the orientation of the reinforcement in the 
smeared model. Therefore, expanded & welded wire 
meshes were presented as smeared layers with 
volumetric ratio as it is referred below. The analytical 
solution scheme adopted for non-linear analysis was an 
incremental load procedure. The geometry and node 
locations for elements type solid65 and SHELL63 are 
shown in Fig. 6a, 6b respectively. 

 

 

 

 

 

 

 

  

 

 
This part shows the material properties for concrete, 

reinforcing expanded & welded wire mesh. 

 
 

Elastic modulus of elasticity (Ec   fcu=22000 

N/mm2 =0.3)  
203/2017. 

 
 

  

 
 

 
 

 
 

 
 

  

 
 

 
 

 
 

 
 

  The finite element analysis of the model in this study 
examines cracking, yielding of the steel and failure 
strength of the slab. The nonlinear response is 
computed by the Newton-Raphson method of analysis. 
Loading was incrementally increased until 
unconvergence which means failure. The finite 
element analysis predictions including the ultimate 
loads and deflection are summarized in Table 6. 

 
 Table 6 & Fig. 7 show the ultimate loads of all 
slabs. As shown in Table 4, ultimate load for 
expanded wire mesh slabs S1 & S2 was higher than 
ultimate load for welded wire mesh slabs S3 & S4. 
The ultimate load of the expanded wire mesh slabs 
was 32.93KN & 39.57KN for one & two layers 
expanded wire mesh slabs respectively. While, the 
ultimate load of the welded wire mesh slab was 
27.67KN & 31.08KN for one & two layers welded 
wire mesh slabs respectively. 
4.2.2. Ultimate displacement 
  Table 6 & Fig. 7 show the ultimate deflection of 
all slabs. The deflection of slabs was 1.34mm for 
one layer & 1.42mm for one & two layers 
expanded wire mesh slabs with respect to 1.21mm 
&1.31mm for one & two layers welded wire mesh 
slabs. 
 
 



  
 

 

 
Slab 

Specimen 
 

Failure load 
Pult.  

(kN) 

Max. mid span deflection 
ult. 

(mm) 

S1 32.93 1.34 
S2 39.57 1.42 
S3 27.67 1.21 
S4 31.08 1.31 

 
 

 
 

 

 

 
 
 

 
  The goal of the comparison of experimental and non-
linear results is to ensure that NLFE models are 
suitable to exhibit the behavior response of the 
ferrocement composite slabs. 

The analytical models were compared with the 
experimental results in terms of ultimate load, ultimate 
deflection, and crack pattern.  

 
  Table 7 and Fig. 8,9 showed a good agreement 
between the experimental & NLFEA load capacity. Pu 
NLFEA/Pu exp. ratio of the expanded wire mesh 
slabs was 0.970 & 0.983 for one & two layers 
expanded wire mesh slabs respectively. While Pu 
NLFEA/Pu exp. ratio of the welded wire mesh slabs 
was 0.926 & 0.929 for one & two layers welded wire 
mesh slabs respectively. The NLFE analysis showed 
the object of test parameters considered on the load 

carrying capacity. 

 

  Table 7 showed comparison between deflection from 
experimental test & NLFEA.  Fig. 8, 9 showed the load 
displacement curves for all slabs for both experimental 
and analytical studies. The load displacement curves 
for tested specimens and analytical results showed a 

NLFEA exp. of the expanded wire mesh slabs 
was 0.978 & 0.973 for one & two layers expanded 
wire mesh slabs respectively, NLFEA / 

exp. of the welded wire mesh slabs was 0.984 & 
0.970 for one & two layers welded wire mesh slabs 
respectively. 

The analytical models provided an acceptable load 
deflection response. Fig. 10 showed the typical 
deformed shape of ferrocement slabs. 
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Slab 
Specimen 

Failure Load 
Pult. (kN) 

Deflection 
 ult. (mm) 

 
 
 

 

 
 
 

 

NLFEA EXP NLFEA EXP 

S1 32.93 33.95 1.34 1.37 0.970 0.978 

S2 39.57 40.27 1.42 1.46 0.983 0.973 

S3 27.67 29.88 1.21 1.23 0.926 0.984 

S4 31.08 33.46 1.31 1.35 0.929 0.970 
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5.3. Cracks Pattern 
Fig. 10 indicate comparison between crack pattern 

obtained from experimental test & NLFEA. All slabs 
exhibited similar patterns of crack propagation as 
shown. 

 

 
 

  
 

 

  
The main conclusions can be summarized as 

follows: 
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