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Abstract— A silo is a tall and big (heavy) structure for storing 

bulk materials. Silos are used in agriculture to store grains. 

These are more commonly used to store coal, fly ash, cement, 

carbon black, woodchips, ore, crushed stone, gravel, food 

products and sawdust. Silos are special structures subjected 

to different static and dynamic loading conditions, which 

cause unusual failure modes. Janseen’s theory is used for 

pressure calculation in static condition and theoretical 

approach for calculation of additional pressure due to seismic 

action. The standards viz. ARE 1893-2002may be used for 

comparison of “Base Shear Force” at the bottom of a Silo. 

The calculation is based on respective codal provisions 

applicable to Indian Seismic Zones, Site Conditions, etc. 

Nonetheless, a thorough investigation is required to know the 

structural behavior of the silo under seismic loading for 

proper design and improved performance. Linear dynamic 

analysis is done using software STAAD.Pro V8i as per IS 

1893(Part I):2002. The Indian Standard “IS: 4995 (Part-I)-

1974” is preferably used to assess the silo for angle of internal 

friction and bulk density of various materials stored in. Badly 

designed silos have buckled and unexpectedly collapsed due 

to earthquakes. Structural response to earthquakes is a 

dynamic phenomenon that depends on dynamic 

characteristics of structures and the intensity, duration and 

frequency content of the exciting ground motion. In the 

present work, dynamic analysis of a typical silo is done for 

earthquake Zone V as per Indian code. Two distinct analyses 

are carried out namely, Equivalent Static Analysis (ESA) and 

Response Spectrum Analysis (RSA) using STAAD.Pro V8i 

software. The Load combinations are considered as per 

Indian code. The results in terms of Fundamental natural 

period, Natural Frequency, lateral Displacements are 

compared for the different silo models considered in the 

present study. 
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I. INTRODUCTION 

Silo, bins, or bunker are container used for storing bulk solids. 

Although no specific definition for all these terms, shallow 

structure use for storing coke, coal, crushed stone, gravel, ore 

& other similar material are usually called bunkers & bins. 

Tall structures use for storing grains, cement is often called 

silos. Most of industries used silos to store bulk solids, 

quantity ranges from a thousand tones to hundred to few 

tones. Power station, cement plant, gas work in many more 

short and big establishments where storage of bulk material 

is necessary, for the purpose of storing material silo is used. 

Silo structure may be elevated or rest on ground 

have circular, square or rectangular in shape. Rectangular or 

Square silos usually have single outlet with pyramidal 

bottom, but sometimes a trough bottom is used with a single 

elongated outlet or two or more circular or square outlet. Silo 

which is in circular shape have flat bottom or conical bottom 

with single outlet. Material used for construction of silo may 

be steel & reinforced concrete. 

Governing factor in design of silos are the type of 

material stored in it and their properties. Bulk material 

density, frictional properties & pattern of material flow varies 

generously, the applied loads and load caring system different 

in structure like silo than other traditional structure. Silos are 

designed as special structure & also design is based on the 

strength design method. 

A. Terms 

1) Silo: - A storage structure, circular or polygonal in plan 

& intended for storing bulk material in vertical direction. 

The line of rupture start from bottom edge of bins 

intersects the wall it is called silo. 

2) Bunker: - The line of rupture start from bottom edge of 

bins intersects the top surface of the material it is called 

Bunker or shallow bunker. 

3) Bins: - Bins is common name for bunker & silos. 

4) Silo Loads: - Loads exerted by a stored material on the 

wall of silo. 

5) Pressure: - Force per unit area normal to wall of silo. 

6) Initial pressure: - Pressure exerted by bulk solids on the 

walls of the silo during & after charging, but before any 

withdrawal of the material. 

7) Strain energy: - The energy of a flowing mass of solid 

which could be recovered by a relaxation of boundary 

forces & displacement 

8) Wall friction: - Force per unit area along the silo wall 

(vertical or inclined) on account of friction between the 

bulk material and the silo wall. 

9) Flat bottom: - The internal base of silo, when it has an 

inclination to the horizontal less than 5 degree. 

10) Horizontal load ratio K: - A value which specifies the 

relationship between the mean horizontal load acting on 

the vertical silo walls, and the mean vertical load at this 

position in the bulk material. 

11) Bulk material: - A term used to describe a granular 

material ranging from a dust-like to a large-grained 

variety with and without cohesion, which contains pores 

in addition to and in-between the individual solid 

material particles that may be filled with air or moisture. 

B. Objectives 

1) Analysis and design of different shapes of RCC silo by 

using Janssen’s theory.  

2) To perform dynamic analysis by using software. 

3) To compare natural frequency, time period and 

displacement for different mode shapes of different 

shapes of silo.  

4) Validate results of natural frequency and time period 

using Rayleigh Ritz method. 
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Fig. 1: Partial collapse of grain silo during 1974 Lima, Peru 

earthquake 

II. METHODOLOGY 

Silos and their supports should be designed to contain all 

applicable loads taking into account the properties of stored 

materials, the shape of the silos, methods of material 

handling. The shape of the silo should be as simple as 

possible, be symmetrical about its axis, and should have 

structural members which are proportioned to provide 

adequate strength. Physical property tests using actual 

granular materials are expected to find weight per unit 

volume, internal friction angle; and deformation 

characteristics. In silos the weight of material stored is 

supported by bottom of silo and side wall of silo resulting 

reduction in lateral pressure. Vertical weight carried by wall 

causes direct compression in wall. 

 
Fig. 2: Plan of silo showing horizontal pressure acting on the 

silo wall 

 
Fig. 3: Elevation of silo showing vertical pressure acting on 

silo wall 

A. Software Simulation 

Finite element Analysis tool STAAD-PRO V8i is used for 

simulation. In analysis following assumptions are made: 

1) Base of silo is assumed to be fixed. 

2) Pressure applied is based on Janssen Theory. 

3) Stored materials is uniformly distributed throughout silo 

depth. 

After analysis following results is obtain to understand 

behavior of silo. 

1) Lateral Deflection along depth of silo wall. 

2) Membrane stress SY along depth of silo wall. 

3) Bending Moment MX along depth of silo wall. 

III. PROBLEM STATEMENTS 

In this RCC single hopper silos and double hopper silo are 

analyzed using STAAD-PRO V8i. 

A. Self-Weight 

DL= Volume × Density =25x0.2= 5 kN/m2 

B. Load on Vertical Walls 

Ph = γhk 

=25x3x0.4 

=30kN/m2 

Where k is 0.25 ≤ k ≤  0.6(Ref. Jansson’s theory ) 

1) Earthquake Load 

Zone-V 

Zone factor-0.36 

Soil Condition-Medium 

Time Period-Ta=0.09h/√d=0.5sec 

Sa/g-2.5 

Damping Ratio=0.05 

Type of support-Fixed support 

2) Analysis of Silo 

For calculation of static pressure on silo wall parameter 

consider for silo design as per IS code. While calculation 

done for seismic force parameter used for calculation of 

seismic force will varies with their respective code condition 

that parameter. Following data consider for calculation of silo 

pressure. 

Type RCC silo RCC silo 

Purpose of silo 
Storage of 

cement 

Storage of 

cement 

Configuration 

A single free 

standing 

rectangular shape 

A single free 

standing circular 

shape 

Height of silo 12m 12m 

Length 3m Diameter = 3.4m 

Width 3m  

Thickness of silo 200mm 200mm 

Storage product 

density 
15.50kN/m3 15.50kN/m3 

Angle of internal 

friction 
25 25 

Friction 

coefficient of 

tank wall 

0.46 0.46 

coefficient of 

wall friction(ȝ) 
tan𝜑 tan𝜑 

Seismic zone V V 

Grade of RCC M30 M30 

Table 1: Problem statement 
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Fig. 4: Modeling in STAAD PRO 

IV. RESULT 

 
Graph 1: (Time-Acceleration for rectangular silo) 

 
Graph 2: (Time-Displacement graph for circular silo) 

 
Graph 3: (Time-Velocity graph for Rectangular silo) 

 
Graph 4: (Time-Velocity graph for circular silo) 

 
Graph 5: (Time-Acceleration for rectangular silo) 
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Graph 6: (Time-Acceleration graph for circular silo) 

Comparison of natural frequency and time period for 

analytical and STADD-PRO values for Rectangular silo 

Mod

e 

shap

e 

no. 

Analytical value STADD-PRO 

NATURAL 

FREQUENC

Y 

(CYCLES/SE

C) 

TIME 

PERIO

D 

(SEC) 

NATURAL 

FREQUENC

Y 

(CYCLES/S

EC) 

TIME 

PERIO

D 

(SEC) 

1 38.92 0.0256 39.906 0.0251 

2 48.87 0.0204 51.98 0.0192 

3 50.25 0.0199 52.37 0.0190 

4 56.13 0.0178 55.26 0.0180 

5 60.99 0.0163 60.01 0.0166 

6 64.25 0.0155 62.75 0.0159 

Table 2: (Natural frequency) 

 
Graph 7: Natural Frequency and time period comparison for 

analytical and STAAD- PRO for Rectangular silo 

Comparison of natural frequency and time period for 

analytical and STADD-PRO values for Circular silo 

Mod

e 

shap

e no. 

Analytical value STADD-PRO 

NATURAL 

FREQUENCY 

(CYCLES/SE

C) 

TIME 

PERIO

D 

(SEC) 

NATURAL 

FREQUENCY 

(CYCLES/SE

C) 

TIME 

PERIO

D 

(SEC) 

1 38.11 0.0262 39.74 0.0251 

2 54.45 0.0183 53.25 0.0187 

3 54.45 0.0183 53.25 0.0187 

4 75.11 0.0133 76.00 0.0131 

5 93.55 0.0106 95.11 0.0105 

6 100.8 0.0092 102.7 0.0097 

Table 3: (Natural frequency) 

 
Graph 8: Natural Frequency and time period comparison for 

analytical and STAAD- PRO for Circular silo 

V. CONCLUSION 

On the basis of the present study, following conclusions are 

made:  

1) Natural frequency of Circular silo is 24.15% more than 

rectangular silo. 

2) Time displacement along X-direction for empty 

condition in circular silo is 7.07 mm and which is less 

than the rectangular silo 10.01mm. 

3) Time period for Circular silo is less as compare to 

Rectangular silo. 

4) Principal stresses and Moments generated in circular silo 

are less as compare to rectangular silo. 

5) Circular silo is more suitable than rectangular silo. 
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