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Material Properties:

Table below shows the list of Standard Material Properties and the corresponding parts to which they are applied.
Some parts (i.e. - Strainer) may consist of sub-components of various materials. In these cases, one material is

assumed for the entire part in this analysis.

Part Material name

4in-BUTTERFLY_VALVE ASTM A351 Gr. CF-8M

A4IN-STRAINER ICAST STEEL ASME 106 - B

IGASKET Flexitallic 150# CGI Gaskets - Stainless Steel Grade 304
BALL VALVE ASTM A351 CF8M

FLOW METER VALVE ASTM A 516 GR 70

ICONTROL VALVE ASTM A216 Grade WCB Cast Steel

ICAM LOC COUPLING Aluminum alloy

PIPES IASTM A-106 GR B BBE

ICHECK VALVE IASTM 126, Cast Iron Alloy

INJECTOR PACK BLEED RING

ASTM A516 GR 70

VACUUM DRAIN

IASTM A351 CF8M

BRODIE BIROTOR PLUS METER

IASTM A516 GR 70

THERMAL RELIEF

IASTM 60-40-18 (ISO 400-18, EN-JS 1025) Ductile Cast Iron

ICAPS

STAINLESS STEEL

STEEL FRAME / Hooks

STEEL A36

IActuator Body / Disc

ASTM A351 Gr. CF-8M

Actuator O — Rings

Silicone Rubber

IActuator washer

Flexitallic 150# CGI Gaskets - Stainless Steel Grade 304
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Geometry Connections:

* Piping structure is constrained to the frame by |-Rods

shown in green in pictures above.
* All other direct component & part contacts are defined

as welded connections.




Seismic Analysis:

« Two (2) types of analyses are carried out under seismic analysis of this Skid structure:

* Modal Analysis: This sub-analysis is performed to calculate the natural frequencies of
the structure.

* Response Spectrum Analysis: This sub-analysis is performed to calculate the response
of horizontal earthquake excitations (design spectrum acceleration with time or

frequency).



Modal Analysis:

* Boundary Conditions




Modal Analysis:
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Modal Analysis:
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Modal Analysis:

Mode Frequency (Hz) Displacement (in)
1 10.5 0.62151
2 14.418 0.82547
3 14.575 1.6507
4 15.902 0.88764
5 16.809 0.93409

Mode Frequency (Hz) Displacement (in)
6 17.828 1.4685
7 19.157 1.0966
8 22.933 1.2718
9 23.713 1.1775
10 25.796 1.085




Response Spectrum (RS) Analysis:

» There are two (2) methods to carry out Response Spectrum Analysis — It can be performed
either by Response Displacement & Response Velocity (also referred to as or Response
Acceleration).

» For this Analysis, design response acceleration (g) is calculated based on Skid site location,
and we assume Ss (0.1499) and Sl (0.082g), which should be conservative estimates.

- A MATLAB script is written to calculate the acceleration (g) at different time periods
(T = 1/freq.) as shown in the next slide.



Response Spectrum (RS) Analysis:

Design spectral acceleraion (g)
o = N w B
o (9] = (9] N (9] w (9] B (9]

0 20 40 60 80 100 120

Frequency (Hz)
Acceleration (g) at different time period (T = 1/freq.)

 The above data is imported into Simulation Software as Response Spectrum
Acceleration (RS).

* RS Analysis is done for the first 5 Modes for Modal Analysis.

» Y direction is considered for horizontal earthquake excitation (design spectral
acceleration).

Freq. (Hz) Acc. (9)
1 2.1785
1.5152 3.3007
2 3.9108
2.5 3.9108
3.5714 3.9108
4 3.9108
4.5455 3.9108
5 3.9108
5.5556 3.9108
6.25 3.9108
6.6667 3.9108
7.6923 3.9108
8.3333 3.9108
9.0909 3.8811
10 3.6705
11.111 3.4598
12.5 3.2492
14.286 3.0386
16.667 2.828
20 2.6174
25 2.4068
33.333 2.1962
50 1.9855
100 1.7749




Response Spectrum Analysis:

» Total Deformation




Response Spectrum Analysis:

« Max Von-Mises Stress

D: Response Spectrum
Equivalent Stress
Type: Equivalent Stress
Unit: psi

Time: 0

3/12/2017 01:09

522.22 Max
E 4ed.2
40617
— 34815
el 29012
= 232.1
— 174.07
116.05
gl 55025

2.7714e-5 Min




Response Spectrum Analysis:

 Direction Acceleration (Y direction)




Response Spectrum Analysis:

 Direction Acceleration (X direction)

----------

u
- <
{ I

2

2.0792
1.7822
1.4851
1.1831
— 0.29108
0.52405
0.29703
0 Min

wr

A
ll
|

)
-
% —

LY
i

wd T H

F e x5

r W




Response Spectrum Analysis:

Directional Displacement (Y) Directional Displacement (X)
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Conclusion:

All deformations and stresses are relatively small compared to the Ultimate Tensile Strength
of the applied materials of the Skid Structure.

Therefore, after performing this analysis, we can conclude that the overall Skid Assembly

passes all structural integrity tests performed under the Seismic Analysis (Modal and
Response Spectrum Analysis)

» Therefore, Skid Assembly is safe according to this Analysis.



Linear FE Wind Loading Analysis:

Wind Loading Analysis in +XY Direction
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Material Properties:

Table below shows the list of Standard Material Properties and the corresponding parts to which they are applied.

Some parts (i.e. - Strainer) may consist of sub-components of various materials.

assumed for the entire part in this analysis.

In these cases, one material is

Part Material name

4in-BUTTERFLY_VALVE ASTM A351 Gr. CF-8M

A4IN-STRAINER ICAST STEEL ASME 106 - B

IGASKET Flexitallic 150# CGI Gaskets - Stainless Steel Grade 304
BALL VALVE ASTM A351 CF8M

FLOW METER VALVE ASTM A 516 GR 70

ICONTROL VALVE ASTM A216 Grade WCB Cast Steel

ICAM LOC COUPLING Aluminum alloy

PIPES IASTM A-106 GR B BBE

ICHECK VALVE IASTM 126, Cast Iron Alloy

INJECTOR PACK BLEED RING

ASTM A516 GR 70

VACUUM DRAIN

IASTM A351 CF8M

BRODIE BIROTOR PLUS METER

IASTM A516 GR 70

THERMAL RELIEF

IASTM 60-40-18 (ISO 400-18, EN-JS 1025) Ductile Cast Iron

ICAPS

STAINLESS STEEL

STEEL FRAME / Hooks

STEEL A36

IActuator Body / Disc

ASTM A351 Gr. CF-8M

Actuator O — Rings

Silicone Rubber

IActuator washer

Flexitallic 150# CGI Gaskets - Stainless Steel Grade 304




Geometry Overall:
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Geometry Connections:

* Piping structure is constrained to the frame by |-Rods

shown in green in pictures above.
* All other direct component & part contacts are defined

as welded connections.




Applied wind pressure on Skid structure

Loads and Boundary Conditions:

+ Wind is considered as flowing in
+XY direction.

» Gravity loading is also included in
this wind loading analysis.

* Wind Pressure calculated at
90mph is 0.1152 psi

+ XandY component calculation of
resultant wind loading:

ard Earth Gravi

. Pressure: 01152 psi

Resultant Wind load:
U = 0.1152psi

X-component = U*cos(45°)
8.146E-02psi

Y-component = U*sin(45°)
8.146E-02psi

z
Applied wind pressure on Skid structure surfaces
normal to wind +X direction



Results:

» Total Deformation (X, Y & Z axes)
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Results:

» Directional Deformation (XY Axis)
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Results:

* Von-Mises Stresses

G: Static Structural WindLoading XY-dir_updt_4-1
Enquivalent Stress 2

Type: Equivalent (von-Mises) Stress

Unit: psi

Time; 1

372017 00:22

251,26 Max
22335
19543
167.52
1396
1

0.021598 Min

G: Static Structural_WindLoading_XY-dir_updt_4-1
Equivalent Stress 10
Type: Equivalent (von-Mises) Stress
nit: psi

Tirne: 1
3/7/2017 00:25

393.59 Max
349.86
306,13

0.01 71 56 Min
G: Static Structural_ WindLoading_XY-dir_updt_d-1

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Linit: psi

Time: 1

3/7/2017 00:20

5328.3 Max

: G: Static Structural WindLoading XY-dir_updt_d-1
3242

Equivalent Stress €
= Type: Equivalent {von-Mises) Stress
3552.2 Unit: psi
2960.2 Time: 1
e En 3772017 00:26
23681 {2

17761
11841

99.573 Max
88513
77.453
66393
55.333
4274
3 4

154
11004
0.034155 Min

G: Static Structursl_WindLoading_XY-die_updt_4-1
Equivalent Stress 12
Type: Equivalent (von-hises) Stress
Uit psi
Turiei 1
3/7/2017 00:24

249.38 Max
20167
192 96
16625
13854

27
0.0024477 Min



Results:

G: Static Structural_WindLoading XY-dir_updt_4-1
Equivalent Stress 19

Type: Equivalent (von-Mises) Stress
Urit: psi

Time: 1

3T/2017 00:36

137.14 Max
12192

« Von-Mises Stresses

395
0.17619 Min

G: Static Structural_WindLoading_updt_4-1
Equivalent Stress 16

Type: Equivalent (von-Mises) Stress
Unit: psi
Time: 1
3/2/2017 16:20

672.21 Max
597.52
522.83
44314

74.691
0.00062599 Min



Results:

* Von-Mises Stresses

G: Static Structural_WindLoading_XY-dir_updt_4-1
Equivalent Stress 12

Type: Equivalent (von-Mises) Stress

Linit: psi

Time: 1

3772017 0039

91.597 Max
5 £1.424
71.251
— 61.077

—1 S0.204
— 40.731

e
g 0.038552 Min




Results:

G: Static Structural_WindLoading_XY-dir_updt_4-1
Safety Factor
Type: Safety Factar
Time: 1

* Safety Factor (SF) D

15 Max
11.296 Min

S
1

o

Maximum Safety Factor for the entire
Structure is 15 (Very High).



Conclusion:

» The deformations and stresses are all relatively small compared to the Ultimate Tensile
Strength of the applied materials of the Skid Structure.

» Therefore, after performing this analysis, we can conclude that the overall Skid Assembly
passes all structural integrity tests performed under the force of the 90 mile-per-hour wind
loading in the +XY wind direction.

» Therefore, Skid Assembly is safe under this wind loading.



