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ABSTRACT  
This paper is focused on the finite element analysis of the Self Compacting Concrete 

(SCC) Ferrocement slabs with Weldmesh as the reinforcement. The thickness of slabs is 

varied as 25mm and 30mm and the number of layers of Weldmesh are varied as 2 bundled 

and 3 bundled. 8 slabs were analysed under two point load; the data of analysis were 

compared with the experimental data provided by Dasarathan, Thenmozhi and Deepa Shri[1]. 

ANSYS 10.0 program is used in Finite Element analysis. The results obtained from analysis 

gave good agreement with experimental result when compared to the loads at failure. The 

results showed that with increasing number of layers of Weldmesh, the ultimate load carrying 

capacity of slabs is increased.  

 

Key words: SCC, Ferrocement, Weldmesh, ANSYS 

 

Corresponding Author: S.Rohini 

 

INTRODUCTION  

Ferrocement is a thin composite made with a cement-based mortar matrix reinforced 

with closely spaced layers of small diameter Weld mesh. The mesh may be made of metallic 

or other suitable materials. Ferrocement is suitable for low-cost roofing, Pre-cast units and 

man-hole covers. It is used for the construction of domes, vaults, grid surfaces and folded 

plates. It can be used for making water tanks, boats and silos. Ferrocement is the best 

alternative to concrete and steel. The most significant contribution of Ferrocement is that 

most of the structures made of traditional materials can also be constructed in Ferrocement .   

Self Compacting Concrete (SCC) is used in order to eliminate the external vibration 

and to achieve easier placing, faster construction, better surface finish, thinner concrete 

sections, reduced noise level and safe working environment. The advantage of SCC is 

resulted from the improvement of internal structure of the material as compared to that of the 

normal concrete. Ferrocement slab is „„a thin shell of highly reinforced Portland cement 

mortar‟‟.  

Generally, Ferrocement slabs range from 10 to 25 mm in thickness and the 

reinforcement consists of layers of steel mesh, usually with steel reinforcing bars sandwiched 

midway between. The resulting slab or panel of mesh is impregnated with a very rich (high 

ratio of cement to sand) Portland cement mortar. Other hydraulic cements may also be used. 

ANSYS simulation software gives designers the ability to assess the influence of this 

range of variables in a virtual environment. We can advance through the design and materials 
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selection process quickly and efficiently. ANSYS tools guide the user through coupled rock 

and soil mechanics analysis; material-specific maximum load assumptions; linear, nonlinear, 

static and dynamic analyses; sensitivity and parametric studies; and other related work which 

together provide significant insight into design behavior that would be difficult with single 

analysis runs.  

MATERIAL PROPERTIES 

Finite Element Model  

Program ANSYS is capable of handling dedicated numerical models for the non-

linear response of concrete under static and dynamic loading. Eight-node solid brick elements 

(Solid 65) were used to model the concrete. These elements include a smeared crack analogy 

for cracking in tension zones and a plasticity algorithm to account for the possibility of 

concrete crushing in compression regions. Internal reinforcement was modeled using 3-D 

spar elements (Link 8) and these elements allow the elastic-plastic response of the reinforcing 

bars.  

Element Types 

The following were the element types used in the simulation. 

 SOLID 65 for concrete 

 LINK 8  for Reinforcement and Studs 

Concrete 

 An eight-node solid element, Solid65, was used to model the concrete. The solid 

element has eight nodes with three degrees of freedom at each node – translations in the 

nodal x, y, and z directions. The element is capable of plastic deformation, cracking in 

three orthogonal directions, and crushing. The geometry and node locations for this 

element type are shown in Fig.1.  

                                                    

Fig. 1   SOLID 65 – 3D Reinforced Concrete Solid                              

Link 8 

 LINK 8 is a 3D spar element.  It is a uniaxial tension-compression element with three 

degrees of freedom at each node. Plasticity, creep, swelling and stress stiffening capabilities 

were included. A Link8 element was used to model shear connectors. Two nodes were 
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required for this element. Each node had three degrees of freedom, – translations in the nodal 

x, y, and z directions. The element was also capable of plastic deformation. The geometry 

and node locations for this element type are shown in Fig.2 

 

Fig.  2 LINK 8 – 3D Spar (or Truss) 

 INPUT DATA 

 Concrete 

 Following are the input data required to create the material model for concrete in 

ANSYS. 

 Elastic Modulus, (Ec) 

 Poisson‟s Ratio, (ν) 

Modulus of elasticity 

Peak compressive strength 

The peak compressive strength, f‟c is assumed to be 0.8 times the characteristic cube 

compressive strength of concrete, fck.  

f‟c = 0.8fck  

                 

The compressive strength f‟c, strain at peak stress 𝜀𝑜 , strain at 0.8f‟c, in the descending branch 

ε8o and the initial tangent modulus fit, are the main parameters used in this investigation to 

characterise the stress-strain relationship of SCC. The experimentally obtained values of 

these parameters for the SCC mixtures are presented in Table 1.  

 

Table 1 Variation of Average Compressive strength for various mixes 

 

 

 

 

 

The initial tangent modulus Eit increases with an increase in crushing strength. The 

following regression expression best represents the trend in Eit values for the range of SCC 

strengths considered in this study  

 

                               𝐸𝑖𝑡 = 5300𝑓′
𝑐

0.46
                                                              (1) 

Series 
% Of Silica 

Fume 

Average Compressive 

Strength In Mpa 

SERIES A  0 27.2 

SERIES B 25 29.3 
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Where both Eit and f‟c are in MPa. 

It has been reported in EFNARC, 2005[3] that the modulus of elasticity of SCC may 

be equal to or marginally less than that of CVC on account of the relatively higher paste 

content and the smaller size of coarse aggregates in the former. Based on a database of results 

from around the world, Klug and Holschemacher (2003)[6] found that the modulus of 

elasticity of SCC was typically lower than that of Conventional Concrete (CVC). 

Poisson’s Ratio 

 The Poisson‟s ratio is the ratio of the fraction (or percent) of expansion divided by the 

fraction (or percent) of compression, for small values of these changes. Poissons ratio for 

linear elastic isotropic materials cannot be lesser than -1.0 nor greater than 0.5. 

 

Weld Mesh 

 Mesh Reinforcement                                                                                                                                                                      

Weld mesh is arranged in different layers in Ferrocement slab instead of 

reinforcement. Weld mesh of size 590 mm X 290 mm with grid size 20 mm X 20 mm and 

diameter of rod 1.2 mm skeleton reinforcement is used for casting Ferrocement slabs. The 

number of weld mesh layers (2 and 3) is tied with binding Weld and no spacing is provided 

between them, and this is placed with a clear cover of 3 mm from bottom of the slab.Fig.3 

shows the weld mesh adopted in this investigation. 

 

 

 

 

 

 

 

 

 

 Fig.3.Mesh reinforcement with details 

Youngs modulus for welded Weld mesh = 2.1 x 10
5
 N/mm

2
 

Poissons ratio for welded Weld mesh = 0.2 

ANALYSIS WORK 

Details of the Specimens 

This programme is designed to study the flexural strength of Ferrocement slabs of 

size 700mm X 300mm with thickness of 25mm and 30mm.The programme consisted of 

analyzing 8 simply supported slabs to which two concentrated forces were applied at one-

third spans. There were two series of slabs. Series-1 shows the slabs without Silica Fume and 

Series-2 shows the slabs with Silica Fume. Details of the test parameters and specimen 

identifications is given in  Table 2 & Table 3. 



International Journal of Emerging trends in Engineering and Development                                                             

Issue 2, Vol.4 (May 2012)                                                                                                             ISSN 2249-6149 
 

 Page 504 
 

Table 2. Test parameters and Specimen Identification for Series 1 

 

 

 

 

 

 

Table 3. Test parameters and Specimen Identification for Series 2 

SLAB 

ID 
t n 

fck 

N/mm
2
 

E 25 2 B 

29.1 
F 25 3 B 

G 30 2 B 

H 30 3 B 

  

Finite Element Discretization  

Finite Element Analysis (FEA) represents a numerical method, which provides 

solution to problems that would otherwise be difficult to obtain. The numerical analysis 

investigations were performed with commercial software ANSYS. This software is a suite of 

powerful engineering simulation programs, based on finite element method, which can solve 

problems ranging from relatively simpler linear analyses to the most challenging non-linear 

simulations. The analysis of a structure with ANSYS is performed in three  stages: 

a) Pre-processing  – defining the finite element model and environmental factors to be 

applied to it. 

b) Analysis solver – solution of finite element model. 

c) Post-processing of results like deformations, contours for displacement, etc., using 

visualization tools. 

As an initial step, a finite element analysis requires meshing of the model. In other 

words, the model is divided into a number of small elements, and after loading, stress and 

strain are calculated at integration points of these small elements. A convergence of results is 

obtained when an adequate number of elements is used in a model.  

A Ferrocement slab with a cross section of 700mm x 300mm with the same material 

properties were modeled in ANSYS with an increasing number of elements.  Weld mesh is 

also modelled with the same material properties. All the nodes were merged with one another 

to provide a stiff model. The following figures show how the various parts of slabs were 

SLAB 

ID 
t n 

fck 

N/mm
2
 

A 25 2 B 

27.2 
B 25 3 B 

C 30 2 B 

D 30 3 B 
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modelled.  Fig.4 shows the 2-bundled Weld mesh layer (reinforcement) of Ferrocement slab 

and Fig.5 represents FEM discretization of concrete portion. 

                   

Fig. 4 Weld mesh 2-bundled layer of Ferrocement slab 

        

Fig.5 FEM discretization of concrete portion. 

 
Loading and Boundary Conditions  

Displacement boundary conditions were needed to constrain the model to get a unique 

solution. To ensure that the model acts the same way as the experimental slab, boundary 

conditions were needed to be applied at the ends. The beams were simply supported with an 

effective span of 600mm c/c. Two point loads were applied transversely at one third distances 

from support using a cross beam. Fig.6 shows Ferrocement slab with boundary conditions 

and loading. 
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Fig.6 Loading and Boundary Conditions. 

Analysis 

Nonlinear Analysis 

 In nonlinear analysis, the total load applied to a finite element model was 

divided into a series of load increments called load steps. At the completion of each 

incremental solution, the stiffness matrix of the model was adjusted to reflect nonlinear 

changes in structural stiffness before proceeding to the next load increment. The ANSYS 

programme (ANSYS 1998) uses Newton-Raphson equilibrium iterations for updating the 

model stiffness.   Newton-Raphson equilibrium iterations provide convergence at the end of 

each load increment within tolerance limits.   A force convergence criterion with a tolerance 

limit of 5% was adopted for avoiding the divergence problem. Equilibrium iterations to be 

performed were relaxed up to 100.   Failure load of each load were obtained and are 

presented in Table 4.   

RESULTS AND DISCUSSION 

This section compares the results from the ANSYS finite element analysis with the 

experimental data for the slabs.  The comparison is made for ultimate loads carrying capacity. 

The following results were obtained from ANSYS for all the tested specimens. 

 Deflection contours at failure load 

 Bending stress distribution  

 Failure load 

Deflections were found out for various load values. The development of cracks was 

captured at various load intervals. The failure loads for slabs were obtained from ANSYS and 

compared with the experimental data. The ratio between the failure load from experiment 

(PEXP) and ANSYS (PFEM) was found out for all the slabs.  All the results were tabulated in 

the Table 4. 
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Table 4. Experimental and Numerical results 

SLAB 

ID 
t (mm) n 

fck PFEM PEXP 
PFEM/PEXP 

N/mm
2
 kN kN 

A 25 2 B 

27.2 

4.82 4.56 1.06 

B 25 3 B 7.16 6.54 1.09 

C 30 2 B 5.09 5.12 0.99 

D 30 3 B 8.56 7.34 1.17 

E 25 2 B 

29.1 

5.34 4.955 1.08 

F 25 3 B 6.69 6.97 0.96 

G 30 2 B 5.84 5.119 1.14 

H 30 3 B 7.97 7.46 1.07 

                                                         

Where, t=thickness of the slab 

n=number of layers of Weldmesh 

B= Bundles 

fck=Compressive strength of the concrete 

PFEM=Ultimate load in Finite Element Modelling analysis 

PEXP=Ultimate load in experimental analysis 

 The variation between the experimental and numerical failure loads was around 10%.  

The contours of deflection are shown for a selected specimen and are given in Fig.7 and the 

bending stress contours are shown in Fig. 8. The graphical comparison of Ultimate loads of 

experimental and numerical results were shown in the Fig.9. 

   

Fig. 7 Comparison of deformed shape from undeformed shape for Slab A 

   

Fig. 8 Contour showing Stress in X-direction of Slab A 
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Fig. 9 Comparison of PFEM and PEXP 

CONCLUSION 

 Finite Element Modelling is done using ANSYS software and the ultimate load 

carrying capacity of the Ferrocement Slabs is found out. The results obtained from ANSYS 

were compared with the results obtained from experimental study. The comparison between 

the experimental and numerical values proved to have good agreement with each other. 
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