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Design Overview

MATERIAL PROPERTIES

Material Stainless steel

Grade SS 304

Poisson's ratio 0.31

Density 7750 kg/m3
Modules of Elasticity 193 X103 M Pa
Design Yield Strength 207 M Pa
Ultimate Tensile Strength 586 M Pa
Thermal Coefficient 1.7 X105 /°C




Design Overview

- 4,00 m _._,‘

COMPONENT MASS ( TON) ! - ] -
Tank 3.2
Base 2.2 3.80 m
Lid 1.0

-
Water 38.5 o

~0
Support Structure +mPMTs 6.0 ™ i @—g;}
CDS 0.1 &
Miscellaneous* 0.2 Q
Total ~51 TON |




Lid Detalils




Support Structure Details

667 mm

120 mm
A —

70 mm

216 mm

40 mm

460 mm

5mm

5mm
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3.08 m
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Tertiary Beam Window Details

Outer Flange

Inner Flange
Part Standard Size
Inner Cylinder Schedule 10 18-inch
Outer Cylinder Schedule 5s 20-inch
Inner Flange EN 1092-1 DN 500 T —
Outer Flange Custom made
Flange Bolts, Nuts & Washer M20 Outer Cylinder

Inner Cylinder
— 20x M20

ya ? 400.00

_—— $645.00




Support Structure Static Analysis

Boundary Condition

The bottom beams are fixed to all dofs

W

v WALACAN
4

Loads

Self wt.( Gravity)+ 102 mPMT wt. 40kgs each
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Support Structure Static Analysis

Contour Plot
Displacement(Mag)
Analysis system
— G.768E-01
5.127E-01
4.487E-01
3.846E-01
3.205E-01
2.564E-01
1.923E-01
1.282E-01

TN

Max. Displacement = 0.58 mm

Contour Plot

Element Stresses (2D & 3Dj{vonMises, Max)™ <.

Analysis system

— 1.929E+D1
1.714E+01
1.500E+01
1.286E+01
1.071E+01
8.572E+00
6.429E+00
4.286E+00

[

Max. Stress = 19.30 MPa




Static Structural Analysis °

Conclusion

1.

From the static analysis performed on the two configurations of the support structure, we can
infer that the maximum stress generated is around 20 MPa.

The FOS is 10, thus we can conclude that the structure is safe under given loading conditions.

Sr. T End eere e EmEten Dlsplacer.nent (mm) vonMises §tress (MPa) EO.S
No. Maximum Maximum
1. Diagonal mPMT removal 0.58 19.29 10.73




Lid Static Analysis

Boundary Condition
Contact between the lid and tank edge is defines.

The outer rings and ring connecting members are
in contact with the tank surface

Loads

Self wt.( Gravity)+ 100 kg (CDS) on top rafters
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Lid Static Analysis

|Lid Results

Contour Plot

Displacement(Mag)

Analysis system
0.550
0.490
0.431
0.371
0.312
0.252
0.193
0.133
0.074

0.014
No Result

Max = 0.550
Grids 217377
Min =0.014

Max. Displacement = 0.55 mm

Contour Plot

Element Stresses (2D & 3D){vonMises, Max)

Analysis system
Simple Average
19.247
17.109
14.971
12.833
10.695
8.557
6.419
4,282
2.144

0.006
No Result

Max = 19.247
Grids 27834

Max. Stress = 19.24 MPa
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Lid Results

Contour Plot

Element Stresses (2D & MisespiMax) > -
S T alg® 00 2«
Element Stresses (2D & 3D)}{vonMises, Max) ;

- e——

. = 12.922

Analysis system 11313

Simple Average | * . | 2703
4.874

8.003
— 19.247

— 17.109 n 14.24 MPa

| B 14.9?1 m NoResult

Max = 14.532
Grids 2339970

1 2.833 Min = 0.046
Grids 2314194
10.605
8.557 )
]
— 4.282 - : . . ; L N
— 2.144

= D'DDE Gontour Plot
. N O R esu It [ Elément Stresses (2D & 3D){vonMises, Max)

Analysis system

Simple Average

Max = 19.247 l. o {1 1 . — 19.247
Grids 27834 — 17.109

14.971

Min = 0.006 12.833
10.695

Grids 221466 .

6.419

4.282

T 19.24 MPa

No Result

u
Max = 19.247
ids 27834
f.006 d
: |
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I

Beam Window

Contour Plot Contour Plot
Element Stresses (2D & 3D)(vonMises, Max) Displacement(Mag)
Analysis system Y Analysis system
Simple Average 1.822
Case 1 36.070 1.625

32.063 1.428
- 28.056 1231
24.049 1.034
20.041 0.837
16.034 0.640
12.027 ’ 0.443
8.020 0.246
4.013 0.049

0.005 “- No Result
No Result Max =1.822
Max = 36.070 Grids 196991

Grids 130047 Min = 0.049
Min = 0.005 Grids 239703

Grids 218116

Lid Stress = 36.070 MPa Lid Displacement = 1.822 mm
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Beam Window

Contour Plot

Contour Plot

Element Stresses (2D & 3D)(vonMises, Max)
Case 5 Analysis system
Simple Average

Displacement(Mag)
Analysis system

0.723
0.647
0.572
0.497
0.422
0.346
0.271
0.196
0.121
0.046

— 29.355

Lun v

= 26.094
w 22.832
l 19.571
16.310
= 13.049
l 9.787

6.526
3.265

No Result

Max =0.723
Grids 217374
Min = 0.046
Grids 253119

Max = 29.
Grids 27834
Min = 0.004
Grids 219776

Lid Stress = 29.355 MPa Lid Displacement = 0.723 mm
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Lid Static Analysis

‘ Conclusion

» Under expected loading conditions the maximum stress on the lid is~ 20 MPa with a
displacement of 0.55 mm.

* From the Tank Lid Safety studies, we can infer that direct load on lid ( Case 1) causes
higher stress compared to other cases.

* The minimum factor of safety is5.7 for the lid.

Lid Case Study

. Max.
Max. VonMises .
Case stress (MPa) Displacement FOS
(mm)
1 36.070 1.822 5.7
5 29.355 0.723 7.0




Support Ring Clamps Static Analysis

Max. Stress = 98 MPa

Max. Displacement = 0.05 mm
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Hydrostatic Analysis

Boundary Condition
The bottom plates are restricted to all dofs.

Loads
Self wt.( Gravity)+ Hydrostatic Pressure on tank walls
( ht. of water =3.4m) +500 kg (CDS) on top rafters

 Wit. of Water = 38.50 tons
 Ht. of Water level = 3400mm
e Tank Wall Thickness = 6mm




Tank Results

Contour Plot Contour Plot
Displacement(Mag} Element Stresses (2D & 3D)(vonMises, Max)

Analysis system Analysis system
— 0.667 Simple Average
& 0.593
0.519
0.444
0.370
0.296
0.222
0.148
0.074

— 57.422

= 51.066
44.710
38.355
31.999
25.643
19.287
12.932
6.576

0.000
No Result 0.220

Max = 0.667 No Result
Grids 429528 Max =57.422

Max. Displacement = 0.67 mm Max. Stress = 57.42 MPa




Base Support Results

Contour Plot Contour Plot
Displacement(Mag) Element Stresses (2D & 3D)(vonMises, Max)

Analysis system Analysis system
— 0.219 Simple Average

0.195 — 60.704

i 0.171 = 53.959

0.146 47.214
0.122 40.469
0.098 33.724
‘ |

0.073 26.979

0.049 . ' 20.235

0.024 ' 13.490
)00 : : ‘ ] y 6.745

y ) : 0.000

No Result

Max. Displacement = 0.22 mm Max. Stress = 60.70 MPa




Base Support Results

Contour Plot

Element Stresses (2D & 3D)(vonMises, Max)

Analysis system

Simple Average

— 60.704

= 53.959
47.214
40.469
33.724
26.979
20.235
13.490
6.745

Contour Plot

Element Stresses (2D & 3D)vonMises, Max)
Analysis system

Simple Average

— 60.704




Hydrostatic Analysis

Tertiary Beam Window Results

* Overall, the max, stress is in bolt due to preload of about 150 MPa. i,:gg:gaﬁ?:'::w.m.m,

* The stress on Flanges is about 50 MPa and on cylinder is 40 MPa. S

205.38 Max
182,56
159.74
136.92

11441

91.283

The Design seems to be safe in this FEA Study. 560

22.823
0.0025037 Min

?otsammﬁon A.sml: it
. Equivalent Stress
Type: Total Deformation Type: Equivalent (von-Mises) Stress
Unit: mm Unit: MPa
Time: 15 Time: 15
20/03/2022 06:16 PM 20/03/2022 06:15 PM
0.067839 Max 205.38 Max
0.060302 182,56
0.052764 159.74
0.045226 136.92
0.037689 1141
0.030151 21,268
0.022613 68463
0.015075 Saen
0.0075377 22823 _
e 0.0025037 Min




Hydrostatic Analysis

Tertiary Beam Window Results

18/04/2022 01:02 PM 18/04/2022 01:02 PM

337-;759"“ 0.56463 Max
i 0.50189
= i = 043916
| 20822 ] 037642
s & 0.31368
| 1249 04508
| 83287 . 0.18821
41644 0.12547
1.5061e-6 Min g.::zm

n

Max. Stress = 38 MPa Max. Displacement = 0.57 mm




Hydrostatic Analysis °

Conclusion

From the results we can infer that

2. The maximum stress and displacement due to Hydrostatic Pressure on the Tank assembly occurs
on the Tank base of 60.70 MPa .

3. The maximum displacement is obtained on the tertiary beam i.e., 0.50mm

In the study, the model appears to be safe by the factor of safety 3.46 ( w.r.t to yield stress of 207

MPa)
Tertiary Beam
Tank Window Base Mesh Factor
Max. Max. Max. Max. Max. Max. Of
VonMises Displacement VonMises Displacement VonMises Displacement Safety
stress (MPa) (mm) stress (MPa) (mm) stress (MPa) (mm)
57.42 0.67 45.20 0.50 60.70 0.22 3.46




Lifting Analysis

Support Structure Lifting Analysis

Boundary Condition
The Bottom End of the Beam Fixed

Loads
Self wt.( Gravity)+ 102 mPMT wt. 40kgs each




Lifting Analysis

Support Structure Lifting Analysis

Support Structure Lifting Results

Contour Plot
Element Stresses (2D & 3D){(vonMises, Max)
Analysis system
— 3.163E+01
= 2.812E+01

2.460E+01

2.109E+01

1.757E+01

1.406E+01

1.054E+01
— 7.030E+00
— 3.515E+00 B SR~ S ) "r_ !
— 3.367E-04 A n e - B WM03973% o
m NoResult I E 2 ~=5tatic Max. Value = 31.632
Max = 3.163E+01 R R O £, ] .
2D 10397391 e ST atyt T F _
Min = 3.367E-04 LI . r e R
2D 5073306 R :

1397391
- Static Max. Value = 31.632

i |
0

‘.

d

y

N - S VRN, -G S

Max. Stress = 32 MPa




Lifting Analysis

End Cap Lifting Analysis

3.2
2.880E+01
2469401

1.647E+401
1.2376401

Model Info: C:/HARSH's LAPTOP/PROJECT-WCTE Canada/BUCKLING/STATIC1 Contour Plot

Element Stresses (2D & 3D)}(vonMises, Max) 201011792 4011792
Analysis system 2 ;gn‘;;‘.;ng . i StaticMax.Value
— 3.701E+01

3.290E+01

2.880E+01
[ 2.469E+01
2.058E+01
1.647E+01
[ 1.237E+01
~— 8.259E+00
4.151E+00
4.373E-02
No Result
Max = 3.701E+01
201011792
Min = 4.373E-02
2D 4731062

Max. Stress = 37 MPa

29




Lifting Analysis ®

Tank Lifting Analysis

Boundary Condition

Top Ring Constrained smeds,,,,m

Loads
Self wt.( Gravity)




Lifting Analysis

Tank Lifting Analysis Results

|

'i‘ S \i. d

Total Deformation
Type: Total Deformation
Unit: mm

Time: 15

21/04/2022 07:44 PM

2421 Max
21.52

18.83
16.14
13.45

10.76

8.07

5.38

2,69

0 Min

-~ HE .

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

21/04/2022 07:45 PM

26.388 Max
23.456

20,525

17.593

14.661

11.729

8,797

5.8652

2.9333
0.0014701 Min

Max. Displacement = 24 mm

Max. Stress = 27 MPa




Buckling Analysis

Buckling Analysis

Boundary Condition
e The base are restricted to all dofs.

* Top edge is only allowed in axial dir. ( Y-dir.)

Tank properties
e Thickness=6mm

* Length=3400mm

e Diameter=3800mm

ALLOWED ONLY IN Y dir.




Buckling Analysis °

Nonlinear Buckling Analysis

iewport: 1 ODB: D:/Softwares/ABAQUAS 2020/SIMULIA/temp/WB.odl Viewport: 2 Plot: XYPlot-2 iewport:3 ODB: D:/Softwares/ABAQUAS 2020/SIMULIA/temp/WB.odl|

1
: 10.
Displacement

_temp_4

Deformation Force — Displacement response graph

Non-Linear Buckling Critical Load = 1136 ton. Actual load is 2 tons. Hence Safe




Buckling Analysis °

Conclusion

* The critical buckling load of the Tank in Non-Linear Buckling analysis under axial compression is
1136 tons .

* Since the self weight ( 2 tons) is less than calculated critical buckling load, the Tank is safe to
buckling.

Analysis Critical Load
Linear Buckling 2633 tons
Nonlinear Buckling 1136 tons




Modal Analysis

Modal Analysis

Boundary Condition

The bottom plates are restricted to all dofs.

Loads
Self wt.( Gravity)+ Hydrostatic Pressure on tank walls
( free surface ht. =3.4m) +100 kg (CDS) on top rafters

Analysis up to 50 Natural Modes

Structure and Tank are not coupled in this Study




Contour Plot 4
Eigen Mode(Mag) Subcase 2 (Modal) : Mode 1 - F = 1.044219E+01 : Frame 4

Contour Plot 1:1 Contour Plot
Eigen Mode(Mag) Subcase 2 (Modal) : Mode 2 - F = 1.068287E+01 : Frame 4 Eigen Mode(Mag) Subcase 2 (Modal) : Mode 3 - F = 1.681691E+01 :
Analysis system Analysls‘system

Contour Plot 1:1 Contour Plot ili281 Contour Plot 1:1
Eigen Mode(Mag) Subcase 2 (Modal) : Mode 4 - F = 2.907985E+01 : Frame 4 Eigen Mode(Mag) Subcase 2 (Modal): Mode 5 - F = 3.054273E+01 : Frame 4 I} Eigen Mode(Mag) Subcase 2 (Modal) : Mode 6 - F = 3.591176E+01 : Frame 4
A_nalysis system Analysis system




Modal Analysis

Results

EIGID BODY

MODAL PARTICIPATION FACTORS FOR SUBCASE

MODES BASED ON REFEEENCE POINT AT ORIGIN

3

OF BASIC COORDINATE SYSTEM

=t

Critical frequency of tank with structure is:

e Xdir.= 10.44 Hz

[ T o T o S B, SO O TNY S PR O B
(SN TRy UL I OV R FE N SV I SV I S

.044E+01
.068E+01
.682E+01
.872E+01
.908E+01
.505E+01
.591E+01
.607E+01
.613E+01
.669E+01

L077E+00
.391E-02
.458E-05
.483E-02
.511E-03
.656E-02
.413E-02
.163E-02
.311E-03
. 178E-03

* Ydir.=29.08 Hz
e Zdir.=10.68 Hz

.128E-07
.424E-05
.006E-03
.873E-02
.250E-01
.340E-02
.247E-03
.327E-04
.411E-03
.531E-03

[T Y - T o T WP Y Sy S R

|
[#5]

.367E-02
.06E8E+00D
.195E-05
. 1T79E-02
.631E-03
.890E-01
.619E-04
.122E-03
.133E-04
.214E-04

[T N I % T % T R o T O 5 R i A B

.464E+02
.878E+03
.119E-01
.492E+01
172E+01
.916E+02
.521E+02
.932E+02
.264E-01
.105E-01

.731E-01
.150E-01
.656E+03
.873E+02
.516E+01
.880E+01
.622E+00
.510E-01
.0358E-01
.1458E+01

.888E+03
.463E+02
.466E-01
.444E+01
.505E+00
.038E+01
.417E+02
.911E+02
.323E+01
.333E-02




Thank You e




