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 
Abstract: Ferrocement is one of the most inexpensive and 

alternative construction techniques. The beauty of this materials 
attracts in analyzing and designing the ferrocement (F.C.)  silo. 
This has encouraged the search for new materials like F.C. to 
provide an alternative to reinforced concrete. During last two 
decades, many attempts have been made to develop computational 
models for analysis of silos particularly in steel and reinforced 
cement concrete. However, very less work is reported on scientific 
development of analysis of F.C. silo. This indicates that there is a 
need to continue with more focus and detailed research on F.C. 
silo. There is a need to analyze F.C. silo for various parametric 
findings related to pressure and behavior of silo in tension, 
compression and flexure. Present paper reports new aspects of 
analysis of silo. The parametric study of stresses developed in wall 
of F.C. silo for different H/D ratio, thickness and storage capacity 
is done with help of commercial ANSYS version R14.5.   

Keywords: Wall stresses, Wire mesh, Ferrocement silo, 
Structural analysis. 

I. INTRODUCTION 

The concrete technologist is facing with the problem of 
improving the inherent properties of concrete composites in 
order to fulfil the designer's requirements. This encouraged 
the search for new materials like ferrocement to replace 
reinforced concrete. The industrial world depends on 
handling operations of bulk solids to a very large extent. As 
bulk tonnages increase, there is an ongoing need for more 
efficient, higher capacity storage and transport systems. In 
turn, more sophisticated analysis and design procedures are a 
continuing necessity. Some significant developments in 
ferrocement silo is the need of future of   the various industrial 
world. Ferrocement, over the year have gained structural 
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popularity in term of its superior performance and versatility. 
[1] It is not only preferred in housing industry but its potential 
is being continuously explored for its industrial use. 
Ferrocement is more durable, the skills for ferrocement 
construction can be easily acquired. The fabrication process 
of ferrocement is simple; it requires no formwork; it requires  
no skilled labours, and construction to any complicated shape 
is possible which cannot be easily done with standard 
masonry, reinforces concrete or steel. Ferrocement is one of 
the most inexpensive and alternative construction techniques.  

The beauty of this materials attracts in analyzing and 
designing the ferrocement silo. [2,3] Each year, an alarming 
number of silos fail due poor analysis and design. Many 
failures are due to loading conditions which are not 
considered by the designer. Various codes which are used 
worldwide, does not cover many common load cases. A 
comprehensive literature survey indicates a need of analysis 
to reduce the overall cost of silo and enhance the stability. 

During the last two decades, many attempts have been 
made to develop computational models to represent the 
analysis of in silos particularly in Steel as well as reinforced 
cement concrete. However, very less work is reported on 
scientific development of analysis of ferrocement silo. This 
indicates that there is a need to continue with more focus and 
detailed research on ferrocement silo. The analysis of 
ferrocement silo is unique because very little technical 
information is available on features of ferrocement silo. It is a 
very much need to analyze ferrocement silo numerically, so 
that the various parametric findings regarding pressure 
developed in accordance with tension, compression and 
flexure may be taken in to account. In this report presents a 
"Finite element model for the analysis of ferrocement silos 
using the capacities of the ANSYS R14.5 software. 

II. EXISTING THEORIES / METHODS FOR SILO 

ANALYSIS 

Classical research has classified the pressures on the wall 
of silos as static and dynamic. For many years, research on the 
prediction of silo pressure was mainly governed by analytical 
methods, numerical methods and experimental. 

2.1 Analytical methods  

Since late 19th century, a variety of analytical formulae 
have been developed for the prediction of bulk material 
pressures on wall of silos such as Janssen’s theory, Walker 

theory, Walters theory, Jenikes theory. Janssen’s theory 

(Janssen 1895) is widely used for static pressure in silo though 
it is not predicting emptying pressure.  
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[4] In present paper, the Janssen’s theory is used to 
calculate various stresses resulting for static condition, based 
on static equilibrium of a slice of granular material stored in 
circular silo with help of following equation.  

           (1) 

           (2) 

                              (3)     

where– Ph = Horizontal pressure at depth h (kN/m2); ᵞ = 
Specific weight of material stored(kN/m3); R=Hydraulic 
mean depth.is defined as ratio of the cross-sectional area of 
the silo to the perimeter of silo (m); K= the ratio of lateral to 
vertical pressure ( Ph/ Pv); µ = coefficient of friction of stored 
material on the bin wall; h = depth from the surface of 
material(m); Pv=vertical pressure at depth h, ɸ=angle of 
repose.  

2.1 Experimental methods  

In addition to analytical approach, many experimental 
studies have been performed to evaluated the pressure on wall 
of silos. [5] Most experiments are conducted on models of 
silos. However, several tests of pressure on actual silos have 
also been reported to calculate the pressure developed due to 
grains in silo. Apparently, experimental research is essential 
for getting the primary idea of pressure distribution on walls 
of silos.  

2.3 Numerical methods 

Due to potential in solving problems of complicated 
geometry recently some researchers have attained their 
interest to numerical modeling. [6,7,8]. Also, focused on 
simulation of complex behavior of stored bulk material in 
silos. Several attempts to use the finite element method to 
predict bulk material pressure on the walls of silo have been 
reported. 

III. METHODOLOGY 

The study of existing designing method applied to silo is 
used to design and analyze the F.C. silo, because the behavior 
of F.C. silo and interaction with the material is differed. 
Identification the limit of existing silo design, the design of 
F.C. silo can be done to new design aspects. For that 
conducting parametric study on performance for F.C. silo on 
the basis of parameter such as tension, compression and 
flexure. It is required to develop totally new design criteria by 
analyzing F.C. silo. While analyzing F.C. silo various 
dimensional parameter such as H/D ratio, storage capacity, 
steel requirement and durability aspect have been considered. 
The F.C. silo was design for static condition only. The result 
obtained by numerical approach are validated with the results 
obtained by other researcher using software approach. 

IV. MODELLING AND ANALYSIS 

The main objective of this research paper was to 
analyze silo using the finite element method as a tool. 
Silo was modelled in 3-D modelling software CREO, version 
3.0. ANSYS workbench 19.2 educational version and file of 
3-D model was imported in ANSYS. Ferrocement was 

modelled in material library to impart the various properties. 
The loads were applied in the form of pressure loads with 
horizontal and vertical components.[9] The hoop stress was 
modelled as normal stress in cylindrical radial direction and 
longitudinal stress as normal stress in vertical direction.  
Following input parameters were considered for the analysis 
is shown in Table 1. 

Table- I: Input Parameter for analysis [1]. 
Parameter Value 

Cefficient of friction between cement 
powder and silo wall (µ)                 

 
0.554                             

Specific weight of cement powder  (ᵞ) 15.2 kN/m3             
Angle of repose (ø)                                17.5o               
Ultimate tensile strength                        7.25x 103 kN/m3                          
Modulus of Elasticity                             25000x103 kN/m3                          
Poisson’s ratio                                        0.2                       
Bulk modulus                                         13889 x103 kN/m3     

Shear Modulus                                       10417 x103 kN/m3     

V. RESULTS AND DISCUSSIONS 

The results presented below analysis the variation in static 
pressure. The horizontal pressure (Ph) and vertical pressure 
(Pv) correspond to longitudinal and hoop stresses are 
calculated and presented in this paper. The silo was assumed 
to be fixed at ring beam level and the calculated load 
components Ph and Pv by Janssen’s method were applied on 

the wall of silo.[10] The maximum tensile stresses were 
considered within limiting criteria for the analysis of 
ferrocement composite. The different capacities of 600 m3, 
500 m3, and 400 m3 were considered. The different height to 
diameter ratio (H/D) considered were 3,4, and 5. Variation of 
Ph and Pv with respect to height for various capacities and H/D 
ratios is shown in Table 2. 

Table- II: Maximum values of hoop and longitudinal 
stresses for various capacities 

Volumes 
(m3) 

H/D        
Longitudinal 

stress kPa                         
Hoop stress 

kPa               
600 5 63x103 4.82x103 
500 5 41x103 4.31x103 
400 5 36.6x103 3.84x103 
600 4 46.6x103 5.31x103 
500 4 39x103 4.52x103 
400 4 37.2x103 4.36x103 
600 3 42.8x103 5.88x103 
500 3 4.4x103 4.96x103 
400 3 35.5x103 4.54x103 

The Finite Element model was developed considering 
Tetrahedral mesh elements (5 node -Tet elements). Free mesh 
was adopted as meshing style as shown in Figure 1. 

 
Figure1:  Mesh formation. 
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The distribution of hoop stresses over the silo wall by finite 
elements (FE) models are shown in Figures 2-a to 2-i. 
Graphical variation of hoop stress vs height for various 
capacities and H/D are presented in Figures 4-a to 4-c. It can 
be observed that, static pressure shows a similar distribution 
to the distribution by Janssen’s equation. Maximum hoop 
pressure is observed at the bottom silo which goes on 
increasing from top to bottom over the height in longitudinal 
direction. Also, the distribution of longitudinal stresses over 
the silo wall by (FE) models are shown in Figures 3-a to 3-i. 
Graphical variation of longitudinal stress vs Height for 
various capacities and H/D are presented in Figures 5-a to 5-c. 
Also, the longitudinal stresses go on increasing with height 
from top to bottom. 

 
Figure 2-a: Hoop stress distribution,600m3 and 

H/D=5.

 
Figure 2-b: Hoop stress distribution,500m3 and 

H/D=5.

 
Figure 2-c: Hoop stress distribution, 400m3 and H/D=5. 

 
Figure 2-d: Hoop stress distribution,600m3and 

H/D=4.

 
Figure 2-e: Hoop stress distribution, 500 m3 and 

H/D=4.

 
Figure 2-f: Hoop stress distribution, 400 m3 and H/D=4 

 
Figure 2-g: Hoop stress distribution,600 m3 and 

H/D=3.

 
Figure 2-h: Hoop stress distribution,500 m3 and 

H/D=3.

 
Figure 2-i: Hoop stress distribution,400 m3and H/D=3. 

 
Figure 3-a:  Longitudinal stress distribution,600m3 and 

H/D=5.
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Figure 3-b: Longitudinal stress distribution,500m3               

and H/D=5. 

 
Figure 3-c: Longitudinal stress distribution,400m3and 

H/D=5.

 
Figure 3-d: Longitudinal stress distribution,600m3 and             

H/D=4                 

 
Figure 3-e: Longitudinal stress distribution,500 m3and 

H/D=4. 

 
Figure3-f: Longitudinal stress distribution,400 m3 and 

H/D=4.

 
Figure 3-g: Longitudinal stress distribution,600 m3 and 

H/D=3.

 
Figure 3-h: Longitudinal stress distribution,.500 m3and 

H/D=3.

   
Figure 3-i: Longitudinal stress distribution,400 m3and 

H/D=3. 
   The variation of hoop stresses on the cylindrical silo wall 

with respect to height of silo for various capacities and H/D 
ratio is presented below in Figure 4. The variation of hoop 
stresses on silo wall were superimposed and graphically 
shown for different H/D ratio.   It is observed that initially 
hoop stresses are increased exponentially and then for rest of 
the height the curve follows asymptoticly. It also shows 
clearly with increase in H/D ratio hoop stresses are decreases 
in wide range for the same capacity. Also, quit lower value is 
noticed with increase in H/D ratio for the same capacity 
Figure 4.  

 

 
Figure 4-a: Variation of Hoop stress vs Height for various 

H/D-600 m3. 
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Figure 4-b: Variation of Hoop stress vs Height for 

various H/D-500 m3. 

 
Figure 4-c: Variation of Hoop stress vs Height for 

various H/D-400 m3. 

 
Figure 5-a: Variation of Longitudinal stress vs Height 

for various H/D-600 m3. 

 
Figure 5-b: Variation of Longitudinal stress vs Height 

for various H/D-500 m3. 
Also, the variation of longitudinal stresses vs height of silo 

for various capacities and H/D ratio is presented below in 
Figure 5. The variation of longitudinal pressure on silo wall 
were superimposed and graphically shown for different H/D.  
It is observed that with increase in H/D ratio longitudinal 
stresses are increased.  

 
Figure 5-c: Variation of Longitudinal stress vs Height 

for various H/D-400 m3. 
The static models for F.C. silos are shown below, the 

variation of the hoop and Longitudinal stresses on the wall 
compares very well with those obtained by means of 
traditional theories and international standards [Figure 12]. 
As shown in figures the hoop stress varies initially 
exponentially and then becomes asymptote. [11,12] 

 
Figure 6: Variation of Hoop stress vs Silo Depth/ Grain 

Depth Ratio for H/D=3 
The hoop stresses obtained from numerical models and by 

analytical equation are compared in [ Figure 6-11]. In  
analytical equation, the hoop stress occurred in cylindrical 

silo increases exponentially with depth and reaches 
asymptoticly, which observed in numerical models. Variation 
of hoop stresses with analytical equation shows a good 
agreement with the numerical   model results. Adherence in 
both the results could be seen in [ Figure 6-11]. But there is 
some deviation at the vicinity of ring beam level. In numerical 
model, hoop stresses distribution gives slightly upper values. 
Since in analytical equation tends to underestimate the hoop 
stresses with incorporating additional parameters such as 
dilation angle in the analytical formulation may improve in 
the predictions. 
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Figure 7: Variation of Hoop stress vs Silo Depth/ Grain 

Depth Ratio for H/D=4 

 
Figure 8: Variation of Hoop stress vs Silo Depth/ Grain 

Depth Ratio for H/D=5 

 
Figure 11: Variation of Longitudinal stress vs Silo Depth/ 

Grain Depth Ratio for H/D =3 
 
 
 

 
Figure 9: Variation of Longitudinal stress vs Silo Depth/ 

Grain Depth Ratio for H/D =4 

 
Figure 10: Variation of Longitudinal stress vs Silo Depth/ 

Grain Depth Ratio for H/D=5 

 
Finite element method, Caquot and 

Kerisel (1956),  Janssen (1895),    Reimbert 
and Reimbert (1980),  Eurocode) (1995)                       
DIN 1055-6 (1987). 

Figure 12: Variation of Hoop stress vs Silo Depth/ 
Grain Depth Ratio by traditional theories and 

international standards [12]. 
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VI. CONCLUSIONS 

The analysis for static and dynamic loading is possible. 
However, the static condition of material at rest is presented 
in this paper. For both statics condition and centralized 
discharge, finite elements models capable of simulation the 
behavior of silo stored material was developed. The walls of 
ferrocement silo with fixed conical hopper was analyzed for 
central axi-symmetrical discharge. The material stored in silo 
was considered as cement. In these models, parameters such 
as capacities of silo and various H/D ratios was considered 
which gives a great influence on longitudinal and hoop 
pressure. It is evident from Figure 6-11 that the nature of 
curve validates the relationship of longitudinal stress and 
hoop stress with the H/D ratio for various capacities of F.C. 
silo. Maximum longitudinal pressure is observed at the 
bottom silo which goes on increasing from top to bottom over 
the height in longitudinal direction. Also, the hoop stress goes 
on increasing with height from top to bottom.  It is observed 
that with increase in H/D ratio hoop stresses are decreases and 
with increase in H/D ratio longitudinal stresses are increased. 
Work is validated with number of research numerical models 
given by Janssen, Caquite, Riembert, Eurocode and F. Ayuga 
as shown in Figure 12. The overpressure of longitudinal stress 
has been attributed at the junction of silo and hopper ring 
beam which validates the "elephant foot stress effect" [13]. 
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