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Abstract: Reducing post harvest losses is considered as a major step towards food security. In India it amounts
to more than 20 million tons per year which is approximately 10% of total food grain produced. In our country
where 20% of the population is undernourished, post harvest losses of 20 million tons annually are a substantial
avoidable waste. Hence, proper storage to save food grain is a burining issue. Storage implies preserving. It is
the process of carrying surplus production for future consumption. Here is lies the significance of improved
storage structure and scientific Storage of grains. The study has carried out in the village level of Akbarpur
Taluka of Ambedkar Nagar in eastern Uttar Pradesh of India. Functional and structural aspects for silo under
dynamic loading of it, has evaluated. This was found that for 1,35,730 Kg of wheat seed the diameter and height
of silo as 8.94m and 13.41m was needed. But for a convenient height ten bins have designed for the above
capacity for easy handling. Lateral pressure as 493718.95 kg/m?, vertical pressure as 1818782 kg/m? were
calculated for which compressive stress on vertical wall of silo was found as 0.27, as well as the compressive
stress due to load transfer at the base of silo as 29236 kg/m?. Stress due to self weight has calculated as 32160
kg/m?. To strengthen design of silo the stress due to wind moment has also evaluated as 589958.75 kg/m?. All
these compressive stress on submission has evaluated as 662074.91 kg/m? (662.07 kg/m?). Since the allowable
stress of steel is 710 kg/ cm?, the proposed structure under dynamic loading was very safe.
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I.  Introduction

In the rural areas of India, where farmers make a living from agriculture have little opportunity to
diversify incomes through additional employment in non-farming activities. At the same time it is seen that food
grain production has been steadily increasing because of advancement in production technology, but the
inappropriate storages results in high losses of food grains. Annual production was 116 million tonnes in 1975-
76, which has increased to 253.16 million tonnes in 2016-17. However there has been a marginal increase in the
structure for food grain storage. According to the World Bank estimate (1999), post harvest losses in India
amount to 17 to 15 million tonnes of food grains per annum, which can nourish one — third of India’s poor
masses. Food grain losses due to contamination is influenced by the types of storage structure, humidity,
temperature variations and moisture present in the food grain etc. Past harvest losses also cause resource
wastage because natural resources, human and physical capital are committed to produce processes, handle and
transport food that no one consumes.

The occurrence and number of stored grain the insect, pests are directly related to climatic and
geographical conditions. Due to lack of proper storage in Eastern Uttar Pradesh of India, the harvest as collateral
to access credit (Sample et. al. 1988; Tefera et. al, 2011) . It is therefore, crucial that appropriate, affordable
storage technologies are readily available to the farmers for them to safely store and maintain quality of their
produce (Thamga- chitja et. al.; 2004). Safe storage at the rural level also is crucial, as it directly impacts on
poverty alleviation, food and income security of the small holder farmers,

The metal silo technology has proven to be effective in protecting the harvested grains from attack not
only from the storage insects but also from rodents and pests (Tefera et. al. 2011). The objectives of this paper
were to assess the effectives of metal silo storage technology in view of comprehensive behaviour under
dynamic loading, for safety.

Il.  Material And Method
In the study progressive farmers from the village Bangaon of Akbarpur Taluka of Ambedkar Nagar
district in Eastern Uttar Pradesh, India has selected. Land areas of cultivars have found from the revenue records
and the average yield by crop cutting samples from individual farmers. The total production of wheat found by
multiplying the average yield to the wheat area shown in the village under study. It was decided to design steel
silo structures which are being commonly used to large grain storage for longer periods under insured safety
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against heat, moisture, insects and deterioration in quality. The structural aspect of design based on shape of
silo, weight of grain and anticipated load of the grain on the silo. Grain load pressures are found by the
Rankine’s and Janseen’s theories which are commonly used to determine the pressure exerted by grain on the
silo walls. However these classical theories do not consider the effect of movement of grain during filling and
emptying operations.

The loads applied to the structural design of a silo according to its intended use, size, structure types
material, design, lifetime, location and environment, in order to assume life safety and to maintain its essential
functions. The applied loads as dead load, live load, snow load, wind load, seismic load, pressure load due to
content, thermal stresses, shock and fatigue loads along with their combination be defined and considering the
actual probability of occurrence. Because when a silo fails it can be devastating , in more ways than one
including loss in container, contamination of material it contains, loss of material, clean — up, replacement costs
and most importantly possible injury or loss of life.

Silo design primarily governed by the type and properties of stored material, walls of the silo are
typically subjected to normal pressure and vertical frictional shear produced by material stored inside the silo.
Depending upon the relative dimension i.e. height and diameter a shallow structure is one which has a relation h
< 1.5d, where h and d is the height and diameter of the structure. Lateral pressure has calculated by using
Rankine’s formula i.e. PL =w.h [ (1 -sin® )/ ( 1 + sin®), where PL is the lateral pressure, w = bulk unit
weight, Kg/m®, h = depth below the free surface and © = Angle of repose of the wheat grain stored. The vertical
pressure on the bottom of silo is also calculated by Rankine’s formula i.e. Pv = w.h, where Pv is the vertical
pressure in kg, w is the bulk unit weight, kg/m? and h, is the depth below free surface, m. The compressive
stress has calculated by dividing the vertical load by base area of silo. Stress due to self weight of silo has
obtained by height of steel silo to the unit weight of steel per sq meter. Wind load has assumed to act at the
middle of the total height of the silo, which causes the bending of the structure and produces tensile stress at one
edge of the silo and compressive stress at the other edge at the base of silo. The moment of Inertia (MI) =11/ 64
[(External diameter)* — ( Internal diameter)®] is used to calculate stress due to wind moment, by formula
(Moment of wind pressure / MI) x External radius of silo. The sum of addition of compressive stress, stress due
to self weight and stress due to wind moment gives the maximum compressive stress of the silo structure. If this
maximum compressive stress is less than allowable working stress of steel, then the designed structure shows it
is safe or vice-versa.

I1l.  Result and Discussion
The mechanical behaviour of AlISI-416 stainless steel under compressive loading is investigated in this
paper. Silos are special structures subjected to different static and dynamic loading conditions, which cause
unusual failure modes. The designing comprises of calculation for diameter and height of the structure, lateral
and vertical pressure on the structure, wall of the Steel structure etc. The details are described as under:
The weight of wheat to be stored = 135730 kg.
The volume of wheat to be stored= Weight of wheat /Density of wheat
= 135,730 kg / 1070 kg/m®
=126.85 m i.e. 127m”.
Design for diameter and height of the structure:
Since, grain storage structure is a shallow type, which has a relation between height and diameter as h < 1.5d
Now,
Volume of structure = [T/ 4d*h + 1/3 X I/ 4d*h

=T1/4d*h+11/12 d*h

= (3 I1d*h + [1d*h)/12

= 4TId*h /12 m®

Volume of structure = VVolume of wheat
4TId°h /12 = 126.85 m*
411 d°h =126.85x 12
d*h =(126.85x12) /411
d*=80m’
Diameter of structure from d® = 17759/220
d=8.94m
Height of structure from the relation, h = 1.5 x 8.94
h=1341m
Since the volume of wheat to be stored is large quantity (i.e. 127 m®) which will give an inconvenient height and
diameter of the hopper type bin. Hence, ten bins volume of 33.78 m*® have taken for design consideration.
Lateral pressure on wall on the structure:
On the basis of Rankine’s formula,
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PL=w.h[(1-sin®)/(1+sin®)
PL =135.730 x 13.4 [ (1 —5sin35°) / (1 + sin35°)]
PL=135,730x13.4[(1-0.573) /(1 +0.573) ]
PL = 493718.95 kg/m?
Vertical pressure on the bottom of structure:
Pv=w.h=135730x 13.4
= 1818782 kg/m?
Estimation of Compressive stress to the load transfer:
The ratio of compressive stress can be found out by the following equation;
Compressive stress = (Load transfer on vertical wall of structure) / (Load transfer at the base of structure)
=493718.95 /1818782
=0.27

Compressive stress due to load transfer:

= (Vertical load of the wheat at the base of structure) / (Area of the base of structure)

=[181782/ (Il/4 (8.9)%)]

=1818782/62.21

= 29236.16 kg/m®
Hence, 27% of the total pressure in supported by vertical wall and 74 % of the total pressure is supported by
bottom of the structure.
Estimate of stress due to self weight of the structure:
This stress is found by multiplying the height of structure to the weight of concrete.
Therefore, stress due to self weight = 13.4 x 2400 kg/m?

= 32160 kg/m*
Estimation of wind load:
The stress due to wind load 5m height of the structure at 100 kg/m?
=100 x 5 x 55.03 = at 100 kg/m”
= 26515 kg

In the design wind load has been assumed to at the middle of the height of structure which will cause binding of
the structure and produces tensile stress at one edge and compressive stress at the other edge of the structure.
Therefore, Moment of the wind pressure about the base of the structure.

=26515x5
= 132575 kg-m
Moment of Inertia of Wall section
=11/64 [ (9.30)2 — (8.90)%]
=0.356 m*

Stress due to wind moment,
= (132575) x (8.9/2)
= 589958.75 kg/m?
On adding all the calculated stress, the maximum compressive stress is found as :
= 29236.16 kg/m? + 32160 kg/m’ + 589958.75 kg/m’
=662074.91/1000
= 662.07 kg/cm?
Since the allowable working stress of AISI — 416 is 710 kg/cm?, the proposed structure is very safe.

Several research studies are reported in the literature on the mechanical behaviour of different grades of
stainless steel under dynamic loads. Lee and Yeh (1997) have investigated the deformation behaviour of various
grades of steel. the results shows that the flow stress increases with increase in strain rate. Reimbert theory and
Janseen’s theory is used for pressure calculation by Ajay Chaubisa (2018) also. The study under taken by them
to know the displacement of silo along x — direction by using software. Indrajeet chawdhury and Raj Tilak
(2010), has worked for circular steel silo by ignoring the seismic effect. The geometry of the silo considered as
diameter of silo as 10m and height also 10m. column height of 8m at 4m each with column cross section 0.5m x
0.5m. The pressure distribution along the wall of the silo, using Janssen’s formulation and is being compared
with the increase or decrease in pressure on the walls. They found the result in corroboration to the results in the
present study.

The Spanish research team, F. Ayuga et. al. (2005), tried t o provide relevant results related to silo.
They gave the activity of filling and discharge phenomena of silo, as much as eccentricity influence are
simulated to better understanding for the silo behaviour. The accurate simulation of the mechanical behaviour of
the bulk solid, the silo wall, the contact between them and the dynamics of the phenomena. Tatko, Radoslaw
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and Kobielak, Sylwester (2008), have carried out laboratory test in the steel flat bottomed silo model fill with
sand, subjected to external dynamic loads. Horizontal pressure-time curves were used to analyze the influence of
subsoil vibrations on the distribution changes due to these pressures. They concluded that a stable increase or
decrease of pressures, horizontal pressure depends on the silo wall displacements which is in corroboration to
our study.

Xie, Yu (2015), conducted a research to determine the structural behaviour of silo and lateral
displacement of corrugated sheet under grain load. The finite element model developed in this study was used to
optimize the silo structure. The grain load equation as developed was also validated using a field full scale silo
structure. A series of conclusions were made like (i) The maximum lateral displacement of the wall occurs at the
height of 1.47 m from the top of the foundation. (ii) Janssen’s equation was found to be able to accurately
predict the horizontal pressure load on the side wall. (iii) Hoop strain always remains positive and (iv) Vertical
strain of the side wall became negative when silo is fully filled. This indicates that the side wall is under
compression in the vertical direction, which is similar with the study. Kishore B. Vanghela and Hiten J. Shah
(2017) worked on the analysis and design of large cylindrical steel silos composed of horizontally corrugated
sheet with stiffeners. They concluded that the increase in the horizontal pressure of silo is directly proportional
to the height of grain storage.

The research work carried out by Yong Hongwu (1990), for the prediction of bulk material pressure on
the silo walls and the internal stresses in silo shells under both static and dynamic conditions. A finite element
method formulated in terms of velocity as the primary variable is developed for the simulation of the flow of
bulk material and the structure response of the silo shell. The analysis shows that a change in the material elastic
modulus has no effect on pressure in rigid — walled silos. The side wall friction, the stiffness of silo wall and
the material constitutive relationships have significant effects on the distribution and magnitude of bulk material
pressures on silo walls and also on the internal stresses in the silo shells as tried to analyze the study undertaken.

I11. Conclusion
In this study the pressure behaviour of steel silos due to dynamic loading has analyzed which gives
significance of improved storage structure by providing the safe and economical means of grain storage for long
durations. Need of the hour is to strengthen traditional means of storage with modern inputs and to provide
cheaper storage to farmers so as prevent enormous storage losses. The results reported here will be useful for
designers working on the dynamic behaviour of structures made from stainless steel.
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