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Abstract 

The structure used for storage of bulk solids is called bunkers, silos, or tanks. A commonly accepted definition 

for these terms is, shallow structures with coal, crushed stone, gravel, and similar materials are called bunkers, 

and tall structures with materials such as grain, cement, and wheat are usually it is called as silo. In the present 

work a detailed Finite Element Analysis and simulation (STAAD.Pro) has been conducted on different types of 

silos to evaluate different results in which the results with respect to different structure types are mentioned which 

are total displacement, lateral displacement, axial displacement, transverse displacement, von-mises stress, bend-

ing moment in the x, y, z direction, lateral force, axial force and transverse force included. The present work takes 

into account six types of silo structure, including shape and ring beam parameters, with different profile shapes 

for analysis, including both concrete and steel. Additionally, work has also studied the effect of structure with 

ring beams ranging from 0 to 5 and without ring beams. 
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1. Introduction 

Steel silos in common use are usually circular in cross section, and may be ground-supported (Fig. l) or elevated. 

Typical elevated silos generally consist of a conical roof, a cylindrical shell and a conical hopper (Fig. 1-2) and 

may be supported on a load-bearing skirt (Fig. l-2) or on discrete supports. The junction between the vertical wall 

and the hopper is termed the transition. A stiff ring is usually provided at the transition. Typical forms of the 

transition junction are shown in Figure 1-3. In practice, there are many forms of support, which locally contact 

the shell, and which may be described as discrete supports. Columns of various widths have been widely used as 

supports and these may terminate below the transition junction, extend to the eaves or engage into the shell for a 

short distance (Fig. l – 2). In this thesis, the term ‘discretely supported silo’ is used to mean that the silo cylinder 

is directly supported on local supports of a defined width. 
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There are different types of cement silos such as the low-level mobile silo and the static upright cement silo, 

which are used to hold and discharge cement and other powder materials such as PFA (Pulverised Fuel Ash). The 

low-level silos are fully mobile with capacities from 100 to 750 tons. They are simple to transport and are easy to 

set up on site. These mobile silos generally come equipped with an electronic weighing system with digital display 

and printer. This allows any quantity of cement or powder discharged from the silo to be controlled and also 

provides an accurate indication of what remains inside the silo. The static upright silos have capacities from 200 

to 800 tons. These are considered a low-maintenance option for the storage of cement or other powders. Cement 

silos can be used in conjunction with bin-fed batching plants. 

2. Methodology 

From the collecting information from all literatures, it is observed that the structural performance of silo depends 

some many factors which includes, material stored, wind interaction, type of supports, wall flexibility, staging 

height, stiffeners etc. In this chapter will discussed about the mathematical and software evaluation in the field of 

silo structure analysis. The analysis is done using Finite Element Method and the simulation is done using 

STAAD.Pro. The advantage of using the FEM methodology is that unlimited number of beam and column can be 

added to the model, which can be placed at any direction inside the plate element. The formulation accepts eccen-

tric and concentric beam and column of different cross-sections in different levels. 

 

Figure 1. Wireframe model of silo structure 
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(a)                                                     (b)                                                      (c) 

Figure 2. Profile or cross-sectional view of proposed silo models (a) Circular, (b) Rectangular, (c) 

Hexagonal 

3. Results and Discussion 

Present work a detailed Finite Element Analysis and simulation (STAAD.Pro) on the various types of 

silos has are conducted to evaluate the different results of the silo structure. Silo shape and ring beam is 

the parameters of the work. Present work various results have been obtained viz. total displacement, 

lateral displacement, axial displacement, transverse displacement, von-mises stress, bending moment in 

X, Y and Z direction, lateral force, axial force and transverse force with respect to different structure 

types respectively as shown in figures below: 

 

 

Figure 5.1 Effect of total and lateral displacement in different silo model consideration of with and 

without ring beam (RB) in range from 0 to 5 
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Figure 5.3 Effect of axial and transverse displacement in different silo model consideration of with and 

without ring beam (RB) in range from 0 to 5 

 

Figure 5.5 Effect of von-mises stress in different silo model consideration of with and without ring 

beam (RB) in range from 0 to 5 

 

 

Figure 5.6 Effect of base bending moment in X and Y-direction in different silo model consideration 

of with and without ring beam (RB) in range from 0 to 5 
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Figure 5.8 Effect of base bending moment in Z-direction in different silo model consideration of with 

and without ring beam (RB) in range from 0 to 5 

 

 

Figure 5.9 Effect of lateral and axial force in different silo model consideration of with and without 

ring beam (RB) in range from 0 to 5 

 

Figure 5.11 Effect of transverse force in different silo model consideration of with and without ring 

beam (RB) in range from 0 to 5 
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4. Conclusions and Future Scope 

Following are some of the key findings of the work: 

• A careful selection of silo geometry plays an important role as deeper silos results in higher values of lateral 

forces acquiring thicker silo walls and deep foundation for the column or walls.  

• From analysis it has been concluded that the total displacement is changing up and down and the maximum 

total displacement is found in RCC rectangular (R-RCC) and minimal on steel hexagonal (H-Steel) models. 

• The maximum lateral displacement is found in R-RCC model and minimum at steel circular (C-Steel) 

model. Also, the maximum axial displacement is found in C-RCC model and minimum at R-RCC model.  

• The maximum transverse displacement is found in R-Steel and minimum at C-Steel model.  

• The maximum von-mises stress is changing up and down and the maximum stress is found in R-Steel model 

and minimal on H-RCC models. Also, it has been noticed that the minimum stress found in without ring 

beam (RB=0). 

• The maximum base moment in X, Y and Z-direction is found in C-RCC, R-RCC and R-Steel respectively. 

And the minimum base moment in X, Y and Z-direction is found in R-steel, H-RCC and H-RCC respec-

tively.  

• The maximum lateral force found in C-Steel model and minimum at R-RCC model, the maximum axial 

force found in R-RCC model and minimum at C-Steel and the maximum transverse force is found in H-

RCC and minimum in H-steel model.  

• Also, it has been noticed that the minimum displacement, stress, bending moment and forces found in 

without ring beam (RB=0). 

 

Future Scope 

• This evaluation of more precise results can be further enhanced with experimental or prototype in the 

future. 

• This work can be done in future with a theoretical solution as well as with finite element or analytical 

method. 

• An additional work for expansion of new technologies in construction such as slim-floor slabs with semi 

continuous connection, new steel sheet, composite sheet to minimize time and creation. 

• The idealizing statement of column-to-beam contacts as hinged or entirely rigid owing to absence of more 

realistic supervision in view of modeling activists for further research on non-linear response of links/joint 

considering rotational stiffness, moment of resistance and rotational capacity. 

• The research of strategies for modeling dissimilar type of connections may also demonstrate very helpful. 
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