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Abstract— RCC Silos are used by a wide range of industries to store bulk solids in quantities ranging from a few tones to hundreds or
thousands of tones. Silos are very demanding in cement industries. Hence RCC silos are widely used for storage of granular materials as
they are an ideal structural material for the building of permanent bulk-storage facilities for dry granular like fillings. In the past, design
of silos was based only on static pressure (BIS code), with no allowance to the pressure difference due to material flow, which creates
bending stresses on the silo wall in filling area. Euro code gives guidelines to take care-of these wall stresses for designing RCC silos. In
order to structurally design a silo, an engineer must determine all loads that are likely to be applied to it. These include, among others,
wind, seismic, external, and loads induced by the stored bulk solid. Numerous codes and standards specify means to calculate the latter.

In previous paper the various pressure are acting at silo wall with different height to diameter ratio are derived from the ANSYS
workbench, which are used for the stress and deformation calculation in this paper. Optimization of the silo are done using Multiple
Obijective Genetic Algorithm (MOGA) in the ANSYS Workbench. In this investigation, the diameter to height ratio is varied and has been
designed and finally, the most economical size is found out. All the designs have been based on the recommendations of British Standard
BS EN 1991-4:2006 and EN 1998-4:2006.

Index Terms— Optimization, RCC silo, ANSYS Workbench, Eccentric silo, Weight optimization.

l. INTRODUCTION
Silos are designing structures broadly utilized as a part of enterprises and ranches to store, nourish and process mass solids that is
fundamental to horticultural, mining, mineral handling, synthetic, delivery and different businesses. Silos are for the most part worked from
solid, steel and aluminum. Regardless of broad test and hypothetical investigations of Silo issues, Silos come up short with a recurrence
substantially higher than the rate of auxiliary disappointment of other mechanical structures.
In a silo vertical walls are considerably taller than the lateral dimension resulting in tall structure. Consequently, the plane of the rupture of
the material stored meets the top horizontal surface of the material. Due to high ratio of height to the lateral dimension, a significant portion

of the load is resisted by friction of the total weight of the material acts on the floor of the structure. For a structure to be classified as silo,
90+ @

H> B tan ( > )
Where, B = Breadth
H = Height of the structure

Types of Silos as per Eurocode
As per EUROCODE the silos are divided by their Height to Diameter ratio. Slender silos and squat silos are widely used in industrial area.
On other hand the retaining silos are used in farms to store, feed and process bulk solids that is essential to agricultural.

SR. NO. Types of Silo Condition
a Slender silo 2 < h./d;
b Intermediate slenderness silo 1<hg/d. <2
C Squat silo 04<h./d. <1
d Retaining silo h./d. <4

The main objective is to optimize the Weight of RCC silo for Granular material considering different height to diameter ratio of 125m*
volume for eccentric discharge.

I1. LOAD CALCULATION
Fig.1 shows the Excel input interface for optimization of steel lattice tower. There are some blank boxes in the interface. The user has to fill
geometry data, material data and shape optimization constraints.
1. Symmetrical discharge load:
For silos in all Action Assessment Classes, the symmetrical discharge pressures Phe and Pwe should be determined as:
Pre = Ch Pt
Pwe = CW ow
Where,
Ch is the discharge factor for horizontal pressure
Cw is the discharge factor for wall frictional traction.
th (Z) = Pho * YJ (Z)
Pwi(Z) = L™ Pro * Y5 (2)
Pu(2) =22 %Y, (2)
In which,
Pro=Y *K*Z

JETIR1805095 ‘ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 532


http://www.jetir.org/

© 2018 JETIR May 2018, Volume 5, Issue 5 www.jetir.org (ISSN-2349-5162)

1A
Zo=—=%
Kuu

Y,(@)=1e
2. Wall pressures under eccentric discharge:

The pressure on the vertical wall in the flowing zone depends on the distance z below the equivalent solid surface and should be determined
as:

- ]

C) pressures

b) channel geometry

Fig. Eccentric Discharge pressure

Phce = Phco (1- e (;—g))

and the frictional traction on the wall at level z as:
Pwce = pn Phce

in which:

Pheo =Y K Zoc

where:

u = the wall friction coefficient for the vertical wall;
K = the lateral pressure ratio for the solid.

I11. DATA IN ANSYS SsTUDY
A. Geometry Data
Geometry data contains overall height and the diameter of the silo. Which is various with different Model. But from the Eurocode for
Granular material different data to be provided in the Ansys workbench.
B. Material Data
Material data contains allowable stress, modulus of elasticity and density of RCC. This data is added to the Ansys. Here the
Granular material Wheat is considered and the data should be taken from Eurocode EN-1991 Part 4.

Wall surface category considered D3

Modification coefficient for lateral pressure ratio (ay) 1.14
Modification coefficient for wall friction coefficient (a,) 1.24
Mean value of lateral pressure ratio (Kp,) 0.53
Mean value of wall friction coefficient (uy,) 0.53
Modification coefficient for internal angle friction (a,) 1.14
Mean value of internal angle friction (@) 31
Patch load solid reference factor (Cqp) 0.5

C. Optimization Constraint

Our problem is to optimize the overall weight of the silo subjected to certain conditions which are called constrains.
So, our Objective Function is to minimize the overall weight

Total weight = Weight of cylinder + Weight of hopper bottom

WTotall = WCyIinder + WHopper

W =PAL; + PAL,

=PAa L1+ PL, (
Where,
An- E(DZOA'DZiA)

= % (Doa-Din) (DoatDin)
— g (t) (DoA+DiA)

2

(AB+AC)
)

=2 (1) (avg. of Dp)
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Ag- E (D?p-D%g)
= E(DOB'DiB)(DoB"'DiB)
— g (t) (DoB+DiB)

= g (t) (avgz. of Dg)

Ac= E (D’sc-Dic)
=2 (Doc-Dic) (Doc+Dic)
4
_m (DoC+DiC)
= % (t) e
=3 (t) (avg. of D¢)
Woror = PLy g (t) [avg. of Daj+ %g (t) [avg. of Dg + avg. of D]
DoA+DiA pL2 DoB+DiB DoC+DiC
=Ly () 5721 505 0 2572 + {55570
=Ly (1) [avg. of Dy 52 % (1) [(Dos+ Doc) + (Dig*Dic)]
=PL, g (t) [avg. of Daj+ %g (t) [sum of outer dia. At B + sum of inner dia.at C]
The constrained conditions are as follows:
1. Thickness (t) in mm
t =100 mm
2. Outer diameter and inner diameter
0m<D; D,
3. Direct Hoop tension
o < oy Allowable
Where, P = density of steel
A =total area of member
L = length of member (X3)
Da=dia. Measured at Cylinder free end (X,)
Dg=dia. Measured at Cylinder and Hopper joint
Dc=dia. Measured at hopper bottom end
t = wall thickness

IV. CURRENT MODELLING IN ANSYS WORKBENCH:
In the ANSYS® Workbench, the geometry was prepared and after that fluent flow calculation and deflection are carried out for different
points in the response surface optimization. Interpretation of result can be done with the help of response graphs as well as from the candid

o
s

Parameter Set

Responce Surface Optimization
Step 1: Geometry

In this step first of all geometry section is added to the working window.

v A
1

2 () Geometry
> 3 [pd Parameters

circle

After that in the Design Modular (DM) geometry is prepared. The new plane is prepared at the height desired for our height of the structure.
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The desired shape is drawn at both of our plane and appropriated dimensions are given.
After that, with the help of skin final geometry is prepared as shown below.
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Step 2: Fluent flow '
After that, in the model sub-component mesh is generated
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Then after the Physical properties of Granular materials are setup in the fluent flow. First of all, applied velocity in downward direction.

General
Mesh
Scale Ohech Report Quasity
Cagxay
Solver
Type veloaty Farmadanon

®) Presmae Hased ®) Abackite
Densty -flased e

Trme
() Steady

® Trangent

iGramty Urets
Cr sl ional Acceler abor

x i) I

In Multiphase model applied Eulerian Multiphase model with Dense Discrete Phase Model. And in Viscous model apply K-epsilon model
with standard wall function. Apply the Group injection above the silo for Granular material and define the Granular material properties.Run
the calculation with Phase coupled Simple solution method and we will got the pressure on the wall silo surface.

Here, Concrete and steel are not connected to each other. So, applied Stell APDL command and Concrete APDL Command for both and then
after connect in the Static solution field via Pre processor command.

CONCRETE COMMANDS:

ET,MATID,SOLID65

R,MATID,0,0,0,0,0,0

RMORE,0,0,0,0,0

MP,EX,MATID,29250
MP,PRXY,MATID,0.2
MPTEMP,MATID,0

TB,CONCR,MATID,1,9
TBTEMP,22
TBDATA,1,0.3,0.8,1.5,25

REBAR COMMANDS:
ET,MATID,LINK180
MPDATA,EX,MATID,,2e5
MPDATA,PRXY,MATID,,0.3
TB,BISO,MATID,1,2
TBDATA,,460,2100
R,MATID,12,,0

PRE PROCESSOR COMMANDS:
/PREP7

ESEL,S,ENAME,,65
ESEL,A,ENAME,,180
ALLSEL,BELOW,ELEM
CEINTF,0.001,
ALLSEL,ALL

/SOLU

OUTRES,ALL,ALL

Set Material and Physics in fluent flow:
Set the material and the boundary condition of the silo as per the data, which is gives the velocity and the pressure distribution of the silo.

JETIR1805095 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 536


http://www.jetir.org/

© 2018 JETIR May 2018, Volume 5, Issue 5 www.jetir.org (ISSN-2349-5162)

B AFhad Fow (Frest) Pt S Lamovo £ (30 dp g, been] (ANSYS CFOY
Fin Muh Owies Sche Gdet Surlece Orgley Repot Paslel View by

B o WD S RE 7 & MO W-e- WomuN |

| ety Buwmnbary Cupdifoes
Less KB

e e

[ — onta regoc-ty
Yo e

L cs i _gande

e 15

e b2

Cof 2ovw Condbore w4

Ve Y tom o]

Dyvae ey wk-gin_grande

Kl n takeey

Sonsor ]
Seton Metod

Se o Cordron.

Perviary

Sk VRO

MM ALY e T
Fur Cocdaton A Tyee
Sondn -t -ln

—y
Gaten e fweiors <
- e R Weih Pen 10,3010
:' - || v, REYE Tt 180 02, dp, phnk. Lero
” Puwwtn Cpavetrg Conine. ;
[revre B T writiog ep variadlon ... Dene. -
D.'::; " - writieg dosaln variasles ... Den

writleg silo grasular (U lllll) (nixturw) ... Buse,
£ writing silo (type sellid) (mixture + Dane.
. writiog wall-8-saadow (type wall) (d.lun) . Dane.

L witiog wll-8 {twe vall} (nixtwre) ... dose.

writing wall-12 (type wall) (misture) ... Dane.

writiog wall-11 (tgpe wall) (mixture) ... Dane,

writing wall-sile_granslar (type wall) (mixture) ... Bave,
writiog wall-sils (type wall) (mdxturs} ... Dane.

writiog Inteviar-sile_granslar [(type lnl-rhr) (mixturw) .. Dane,
writing Enteriar-sile (type inter T-) (mixtere) ... Dear,
writieg contact reglon-src (type interface) (-.ln-n een Deme.
writleg contuct region-trg {type Eerface) (mixtere) ... Deaw.
writing sliglng-interface contact reglon ... Sose

Step 3: CFD-Post:
In CFD post we got the pressure variation and velocity with particle tracking.
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Step 4: Static Structural
Then after various supports and loads are applied in the setup sub-component.
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Import the Wall silo pressure from the Fluent flow and apply on the geometry.
After applying the loads various output parameters are established in the solution. In our case the desired output are deformations and

’
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Equivalent (von-Mises) Stress. After solving the analysis various desired outputs are mate as follows:

Step 5: Parameter Set

In this section various input and output parameters are selected. Various parameters are set in appropriate component. It will set by tick
marking the check box at left side of the value.

Step 6: Response Surface Optimization
It is attached to the Parameter component. This is the very important component for the interpretation of final result.
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Design of Experiments (DOE):
In the Design of Experiments (DOE) sub-component the values for the input parameters are given. There will be Lower Bound as well as
Upper Bound of the value should be given. There are many methods available for the DOE like Central Composite Design, Optimal Space
Filling Design, Box-Behkan Design, Custom, Sparx Grade Initialization and Latin Hypercube Sampling Design. We have used Sparx Grade
Initialization for the Circle geometry and Optimal Space Filling Design with Full Quadratic Modal Samples in the sub-step for all other
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After updating the all Design Points, the values of various output parameters are obtained as shown below:

Lol

Type herd 10 search

A 8
"
1 New M| s
-~
3 W) | s
3 wiFy) | m
. u(P ) | 2as
5
7 ”,(;”.. 1
3 iitwm 23%8
» w(Fd) | w2
10 O(FX) | 19xe
TR
(53 _ﬁ(;ﬁl %08
i | aees) »
n | DN | 1w
W | (0PI} | z9xe
w | e | 1mm
r | B(OPI) | 2938
s N(PS) mu
W | (oeal) | zoxe
2 | Rib!) b
% | mes) | 19w
3 =) | s
n | doem) i
- %;(-5—17_147A 23
= e
x | ww)  :m
| aoe ) 208
B sy I3

-2Td

S50 piog

24l Lot
.

#2. | WD, °
! i~

9.2 2.1

5.2 201
[z 2.01

8638 | 0.007157

mese 2

3784

3.7

136%

18,65

.

0o

2.3 Lol

LR )

19,78

574

0.2

0.

2 a0
2.3 com
5 oon
2.2 201
9.1 o001

S,

=

o
a1z
Q.4
Q168
0.1188
Q.1
Q.18
0,165
0.1165

0.1188

Q.18

0.13

0134
0.124
01284
0.1
0,134
QA2
0.2
0124

0.3

[ 0.2

012
[ 38 5
LI
0.1

LR

Recpose Chart i

“

#1i- PASTn
Maswnum ()
[+ 0.3993¢-10
5108 220718
0.2 SATE19
23 L1918
13 Lm0
1 LUME-19
23+ 4250018
L 4IAE-19
23 70919
84 LENE-19
o s
2 INSIE-2
1 IATIR-17
2+ 6.850-19
23 2.229%-15
Lo5 LE0E 18
2% JoorE-L?
i LR 3L Bl
18 1IN0
(S L TINE- D
Q LS9
[ [ 17%E18
2 980618
2 LN
ANIE-
u 10X
Q 6. 29019

P12

Sobd Mass

R u:m
Syes Nawnum Fa) Svess
Mrsws )
| L3aaseon LEMR-13
“anER L2213
| L51e08 SATE M
LOGEN SAE M
.‘.5’:'24"! ixan-1
| L0 | Doace- 14
L0228 1OWNE-13
L 1525808 3 AN 14
| 2uEe 4073
TassEn LaaiE
anEN L=
LR S tLing-4
RO Lm0
L3405 358571
| asneEa? 1251
35%EM LOE3E 3
) mER | PS8
..‘l.".‘JOI Lime-n
L0209 153513
380 LSESE-D
347 TEAE 14
) ET 3t
| & e 00 L 7SE
| LD SR, ) B
LaxEa A8 1) S8
B.8661E07 477312
LHATIEDS 53514

P12 - S

P aw

!h.m':.:"

LS S

189S

| 238610
LEVEM
2058 00

sS4z 10
ARz S0
5901810

LOME LS

l%aE?
94581510

NYBYS

P8 - e

s}
2 MEN0S
TR0
2R %
A0S 2
reeE,
L1x-0
LAnq s
LGINSE-20
2956520
Sy 2
£ 8E-D
48)x-%
LI
TWME-0
7. 530508
58030
Lo
140
LAN-05
A 43X-10
AB51E-11
LISED
760%.-2
LY
LT o5
-7,9038C-08
081

|

720

Response Surface: After that in Response Surface component various graphs are prepared. Many graphical representations are provided in
the response surface such as response surface graphs, goodness of fit, local sensitivity chart, etc. In the response chart they show the values
of various output parameters with respect to input parameters in the form of graph. There are many methods available for Response Surface
like Standard Response Surface, Kriging, Non-parametric Regression, Neutral Network and Sparx Grid. We have used Standard Response
Surface method for the Circle.
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In the min-max search, it will show the min and max value of all the output parameters with respect to variable inputs.
Goodness of fit indicates the accuracy of result.
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Optimization: This is the final step. In this step finally, the optimization of weight is done with certain conditions which are called
constrained conditions. In our analytical work the constrained conditions are in the form of deformation and Max. VVon-misses Stress.

There are many methods available in the optimization toolbox for the optimization like Screening, MOGA (Multi Objective Genetic
Algorithm), NLPQL (Nonlinear Programming by Quadratic Langrangian) and MISQP (Mix-Integer Sequential Quadratic Programming).
We have used MOGA method in our case.
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After the optimization process, optimized results are obtained from the response surface graphs and the candidate points are found. Each
candidate point is than verified by the actual analysis.

How the actual optimization of weight is done, it can be understood easily by the graph shown below. After the analysis of vast number of
sample point, the final optimized results can be obtained.

47z

V. NUMERICAL EXAMPLES

Material property and section database is kept same for all examples.
As described above, total 24 models of different height and diameter are considered in thesis work. The details of all the models are
described below:

. Volume
eytingrical | TP |y | Hetontor | | el | ©f | Toul -~
Sr.No . dia - frustum . frustum | volume Eccentricity
portion Ratio hopper | portion 5
(m) cone (m) 3 cone (m?)
0, 0, 0,
1 199 | 28 | 7141 | 115 05 12253 | 286 | 12539 | O 5A0%,
0, 0, 0,
2 192 | 285 | 674 | 118 05 12248 | 303 | 12551 | O 2A0%,
0, 0, 0,
3 161 | 31 | 519 | 13 05 12151 | 388 | 12540 | O 5A0%,
0, 0, 0,
4 141 | 33 | 427 | 14 05 12050 | 469 | 12528 | O 2>A0%,
0, 0, 0,
5 125 | 35 | 357 | 15 05 | 12026 | 560 | 12586 | O 2>0A0%
0, 0, 0,
6 01 | 405 | 225 | 178 05 11723 | 870 | 12593 | O 2n40%

Silo Volume H/D Ratio Eccentricity

| 125m° ]‘ 7.11 }—{ 0% , 25%, 40%, 60%J
S e
\{ aira ]_] 0% , 25%, 40%, 60%]

—— ]—[ 0% , 25%, 40%, 60%]

0% , 25%, 40%, 60"0]

B ]——LO% , 25%, 40%., 60%]

225 —{ 0% , 256%, 40%, 60% |
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VI. RESULT
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VIIl. CONCLUSION

Here, Total Six cases are considered for the different Height to Diameter ratio of the silos. The Eccentricity of the silos are considered

as 25%, 40% and 60% in the outlet diameter of the hopper. So that it was considered as Outlet Eccentricity and the difference in the
pressure are observed in the ANSYS workbench. After that the Silo pressure is Imported in Static Structural and Compute the Deflection
and Stresses in Silo. In Response Surface Optimization the optimization of silo to be done and find the Optimum weight of Silo.

The conclusions achieved from present work are:

1.
2.

3.

When the depth of silo is increased the pressure is also increased it is independent from the eccentricity of the Silo.

Pressure on wall in falling zone is continuously decreasing when the Eccentricity of the Silo is increasing from 25 percent to 60
percent, on different cases of silos these pressure is gradually decreasing when the Height to Diameter of Silo is decreasing.

High pressure on wall at static zone is continuously increasing when the Eccentricity of the Silo is increasing from 25 percent to 60
percent, on different cases of silos these pressure is gradually increasing when the Height to Diameter of Silo decreasing.

When the Eccentricity of Silo is increased from 25 percent to 60 percent the Silo weight is also increased with them and
deformation is also increased with the Eccentricity of the Silo.

When the Height to Diameter ratio is decreased the overall weight of the silo is also decreased, from the Graph we can easily say
that when the Height to Diameter ratio is around 2.0 the Optimum weight of the silo we can get. These geometry dimensions are
optimum dimensions of the silo.

In the present work, Using ANSYS workbench tool of “FLUENT FLOW” and “STATIC STRUCTURAL” we can easily find the
optimum dimension of the RCC eccentric Silo for Granular material.
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